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Mpeaucnoeue
peAaKTOpa nepeeoAad

Knura Crpaiiepa npencrasiser coboit opu-
THHANILHOE, OY€HBb YJa4HO COCTABJICHHOE PYyKO-
BOJICTBO N0 OOIIeH THHAMHUYECKOH OHOXHMMUH,
KOTOPOE MOXHO IOpsS40 PEKOMEHA0BATh Che-
UUANU3UPYIOIIHMCA 10 OHOXUMUHU CTyAEHTaM
YHHBEPCUTETOB, aclIMpaHTaM, a TAKXKE Ipeno-
AaBaTeisaM, BEAYIIUM 3aHATUSA 1O OHOXUMUHU
B PA3JIMMHBIX BBICIUIMX M CPEIHHX CEUHATbHBIX
y4eOHbIX 3aBeeHUsX. B kHMre oTIM4HO M3JNO-
XEHbl JAHHBIE O JUHAMUKE NPEBPAILEHUI OHO-
JIOTHYECKH BAXHBIX COEAMHEHHH W NORPOOHO
pa3o0paubl (hpepMEHTATUBHEIE OCHOBLI OOMeEHa
BEINECTB u 3Heprun. HecMoTps Ha o6cTosTe ND-
HOCTb M3JIOXKEHUS U CIIOKHOCTh NPHBOIHMBIX,
BIIOJIHE COBPEMEHHBIX JaHHBIX O GHOXHMMH
U MOJIEKYJIAPHOH OUOJIOTHH, MaTepuas H3ja-
raercs HaCTONBLKO MMPOCTO U HHTEPECHO M C Ta-
KAMH 3aMeYaTeNbHbIMK WLTIOCTPALMAMH, YTO
pa3obpaTbCs B HEM HE NMPENCTABSET CIOXKHO-
CTH JaXe 1 OTHOCHTEIBHO MAJji0 MOArOTO-
BleHHOro wuratens. HMcmons3oBats kHuUry
Crpaiiepa Kak cCnpaBoOYHOE M3AaHKE IO GUOXH-
MHH HEBO3MOXHO: B Heil HeT TabJIul, xapaKkTe-
PH3YIOIMX COCTaB KPOBH, MOYH, OpraHoB
¥ TKaHEH, HET ONHCAHHSA CBOMCTB M CTPYKTYpbl
PasIM4YHbIX OMONOrMYECKH BAXHLIX COEIMHE-
HMH, HO 3aTO CTPOTO MOC/IEAOBATENLHO pa3ou-
PaeTcsa U oueHUBacTcs (pU3MOJIOTHYECKAS 3HA-
YAMOCTh MX lpeBpaimieHud. Ecth, Kak Mmue

KaxeTcs, u ynymenus. HanpuMep, B kHure Hu
CloBa HE CKa3aHO 00 O- M -OKUCJICHHH
XHPHBIX KMCJIOT, TOTAa Kak OIIUCaHHe HapyLile-
HHS 0-OKHCJIEHHMs JaeT BO3MOXXHOCTb OCTaHO-
BUTBCA Ha OJHOM M3 MHTEPECHBIX Haclen-
CTBEHHBIX 3a60JIeBaHuUil U OOCYIUTH NPOLECCHI
[MAPOKCHUJIMPOBAaHHS, HIPAIOLIME CYIIECTBEH-
HYIO pOJib MPU Pas3IUYHLIX peakuusx oOMeHa
BeiecTB. Bo MHOrux Apyrux ciayyasx BecbMa
YMECTHO TPHBOAATCS HIPUMEPHI  HACTEd-
CTBEHHBIX 3a00JI€BaHUil, CBA3AHHBIX C BLINAJE-
HHEM CHHTE3a TOro WiM JApyroro ¢epMeHTa.
B >TOM OTHOIIEHMH Q4HHAS KHMTa NpeNcTa-
BJII€T HECOMHEHHbIH HMHTEpeC M IJIf Bpaue,
XKEJAIMX MONOJHUTh CBOEe OHOXHUMUMECKOE
obpa3oBaHue.

C GONBUINM YAOBIETBOPEHNEM MOXHO KOH-
CTAaTUPOBATL, YTO B IIOCJIEAHHE TOAbl NEPEBO-
Has 6HOXMMHYECKas IUTEPATYPa NONOIHUIIACH
nocjie OTAMYHOIO yyeOHmuka A. Jlenunaxepa
TakuMHU GyHIaMEHTANLHLIMU PYKOBOLCTBAMHY,
kak «buoxumus» J1. Meusepa (M.: Mup, 1980)
# «OcHoBbl 6uoxumun» A. Vaiita, ®. Xenmie-
pa, 3. CmuTa u ap. (M.: Mup, 1981). Hano ay-
MaThb, YTO CPEAM ITHX KHUT y4eOHOe pyKoBoI-
crBo Crpaitepa 3aliMeT JOCTORHOE M MOYETHOE
MecTo, OBICTPO NpuoOGpeTeT NONYJISIPHOCTH
y 3aUHTEPECOBAHHbIX MUTATENEH M BBLUIONHUT
TaKHM 06pa3oM BaXHYIO POJb B paclpocTpa-
HEHMH M YIriIyOsieHnH OHOXMMHUYECKHMX 3HaHHMM
B HaluleH CTpaHe.

C.E. Cepepun



MonMm yuutensm I1. Bpannayeiiny,
O. Xappucy, J. Cmury, 3. bnayty,
3. Napcemty

Mpeauncnoeue
KO BTOPOMY W3AAQHUIO

Pa3putne 6HOXMMHM B INOCJIEIHHE TObI
IIUIO TMOPAa3HTENbHO OBICTPHIM TEMIIOM.
DTOT NpOrpecc paclUMpui HAIIM IIPEACTa-
BJICHHS O MOJIEKYJISPHBIX OCHOBAX >XH3HH

W CTHMYJIHPOBAJ Pa3BUTHE MHOIMX HOBBIX
obnacreil uccienosanmns. K uucny BaxHeii-
IIMX HANpaBJICHHH COBpeMeHHOH OHOXMMHHU
ClieNyeT OTHECTH aHAU3 INOCJIEI0BATENbHO-
ctu HykiaeotunoB B JJHK, cozganue u xno-
HHpPOBAHHE HOBLIX COYETAHUH T'€HOB, BBISC-
HEHHE MEXaHU3MOB PEryysiliuu meTabosinde-
CKMX IPONECCOB, U3yueHHe MeMOPaHHOTO
TPAaHCIOPTa U TpeBpalleHHs dHepruu. OnHa
U3 3a7ay, KOTOPOH s PyKOBOACTBOBAJICH
[P TIOATOTOBKE HACTOSILUETO H3/1aHHs,— BBE-
JIEH¥E B TEKCT [JAHHBIX, MOJYYEHHBIX YK€
[OCJIE BBIXOA B CBET IMEPBOrO H3ZaHHS.

S cTpeMmics yUyYUIATL KAYeCTBO KHMUTM
KaK y4eOHHKA, MCIONb3Ys HOBBIA MaTepHall
npu OO6CYXKIeHHH OOLIUX TeM, Tae 310 Obl-
JIO BO3MOXHO, U HEONHOKPATHO BO3Bpa-
aACh K TE€M WJIH MHBIM TPHHIIHMIAM.

A Taxke CTPEMMICA K TOMY, YTOOBI U3JI0-
KEHHME MpeaMeTa OHOXHMHHM OCTaBJISUIO BIie-
YaTJICHHE MHTEUIEKTYAIbHOH MOLIM U Kpa-
COTBL.

S mpunowy 6narogapHocts Tomacy
Omepn, I'enpn Dncraiiny, Anekcanapy
Ineiizepy, Pomxepy KopuGepry, Pobepry
Mapriny, Jxebdpu Cxnapy 3a coseThl,
KPUTHYECKHE 3aMEYaHHUsS U MOMIEPXKKY
B TIpolecce MOATOTOBKH 3TOro usgaHus. Po-
6ept Bonnymnn, Yapas3 Kaurtop, Puuapn
Kanpuonn, [daBun JitzenGepr, Anau
®epwit, Pobepr ®nerrepux, Tepbepr
®punMan, Xopeiic /xekcoH, Puuapn
Keitne, Cyn-Xoy Kum, Aapon Kisor, Aptyp
Kopubepr, dsunen Kouutana, Camrosis
JlaTT, Buncent Mapuesu, O3sua Hencos,

Fapr Huxoncon, Bepuon Ou, Pobept Pe-
uran, Kapn Poac, ®penepux Puvapac,
Hxeiimc Potman, ITurep Capaxent, To-
Bapa Wlaxman, Moaxum Cuur, Dpux Ily-
Tep, Dmu3aber CuMonc, [xeiimc Cryauy,
Teomop Crek, Tomac Creiitu, FOaut
Crenn, Pobept Tpencran, Kpucrodep
Yomm, CumoH VutHu u Bepuxapa Yurkon
TaKXe 1aBaj¥ MHE IEHHbLIE COBETHI.

IMaTpunus MUTTENBINTAAT OTPENAKTHPO-
Basa 00a M3naHus KHUTH. S BHICOKO NEHIO
ee BKJaAd M KPHTHYECKME 3aMeyaHus.

S 6naromapes HoHHe CoiMOH 3a ee 3aMe-
YaTeabHbIE PHCYHKH. MHOXeCTBO mpe-
KPaCHBIX 3JIEKTPOHHO-MHUKPOCKOIMYECKHUX
CHHMKOB MHe npegoctasiwin [I3sun Creii-
ToH, asun [lpeccnep, [{xon Xe&iizep, JIuuH
Mepcep, Kenner Muunep, Jxopax INamnna-
e, Hurenb Ay u Pobuu Ywuibsamc.
bertu XoraH nepeneyarsiBania pyKomnHCh

¥ ObUla HE3AMEHMMBIM MOMOIIHHKOM IIPH
noaroToske ee k neyatu. Kopu Jleiinen

1 Kapen' Map30TTO TIIATENBHO BLIBEPHIH
rpanku. Sl xody nobjaromapuTh Takxke
Maiixsa I'peiiBca kak oTimdHOro Qortorpa-
da.

Mos xeHa AHOpea U CbIHOBbS Maiiki
v JI3HHET OXOTHO COIJIACHJINCh IPHHATDH
9Ty KHUTY B 4ieHbl Hamled cembu. S riy-
60oxo GnarofgapeH MM 3a TEpIEHHE U ONTH-
MH3M. AHZpe€a [ajla MHE MHOTO IIOJIE3HBIX
COBETOB OTHOCHTEJIBHO CTHJIS H3JIOXKEHHSA
¥ pacnojIOXKEHHs MaTepHalia B 3TOM H3Ja-
HHH, TaK X€ KaK U B OPEAbLIYLIEM.

51 rnyboko TPOHYT MHOXECTBOM IMHCEM
YUTaTeNed Mo MoBOAY nepBoro uimanms. Mx
cooOpaxeHHss U KPUTHKA OKa3auCh IS
MeEHsS BeCbMa MOJIE3HBIMH M MOCTYXHIH
CTHMYJIOM IS JaNibHeHIed paboTsL
Sl Hagerochb Ha MPOOOJDKEHHE 3TOro Auaso-
ra ¢ YMTaTeJIIMH U B OyayiueM.

Asryct 1980 T. JIrobepr Crpaitep



Mpeancnosue
K NEepBOMY M3AAHUIO

OTa KHHra—IJI0[] HAKOIIEHHOrO MHOIO
OMbITAa MNpENonaBaHUs OMOXHMHU CTYIEHTaM
CTapILIKX KypCOB W IWILUIOMHHMKaM, a TaKXe
cTyaeHTaM-MenukaM B Heiine u Craudopae.
S craBun cebe HeNbIO H3JIOXKEHUHE OOIIMX
NPUHIHTIOB OGHOXMMUHU Tak, YTOOBI yUTATENbL
YCBOMJI OCHOBHBIE KOHIIENIIMU M OBIaAEs
6uoxumimieckoil TepmuHoONorHei. Kpome Tto-
ro, MHE XOTEJNIOCh, YTOOBl YHTATENb 110YYB-
CTBOBAaJl M OLCHWI IPOLECC MOUCKA U OT-
KpbiTHd B OHoxumuu. OyHaaMeHTaIbHbIE
OHMOXMMHYECKHE MPYHLANBE M3araloTcs MpH
O0CYXKIEHUH CJIYIOIIMX OCHOBHBIX TEM:

1. Kondopmanus —Ha npumepe cBA3U Me-
KOy NPOCTPAHCTBEHHON CTPYKTypoll OeakoB
1 ux OHOJIOrHYecKoil aKTUBHOCTHIO.

2. BripaboTka M HakoOMJEHHE SHEPrHH.

3. buocuATe3 MpealUeCTBEHHHKOB Makpo-
MOJIEKY L.

4. UundopmManus — HAKOIIEHHE, Tepeaaya
M JKCIIPECCHS TEHETHYECKON HH(popMaluH.

5. MonekynspHas (QU3HOIOTHSA —B3aHMO-
cBsi3b Mexay uHpopManuei, KoHGopMaluen
H METabONU3MOM B (PU3HOJIOrHYECKUX IIPO-
eccax.

PackpeiTHe Ha NMPOTSHKEHHU MOCHIEAHUX
JIET IIPOCTPAHCTBEHHOW CTPYKTYpPhI O€JIKOB,
HYKJIEHHOBBIX KHCIOT U APYrux OGuomonexys
3HAYMTENBHO PACLUMPHUIIO HALUM MPEACTABIIE-
HHS O MOJIEKYJISIDHBIX OCHOBaxX XH3Hu. U3-
jlarag 3TOT acmeKT OMOXMMHH, S OYEHb LUM-
POKO MONBL30BAICA MOJEKYTAPHBIMH MOJe-
JasSMH, 4TOOBI CO3JaTh XXHMBOE MpeaCTaBJie-
HHe 00 apXUTEKType ¥ NHHAMHKE HA Ma-
KPOMOJIEKYJISPHOM ypOBHeE. JIpyroif BOOXHO
BJISIIOLLIMI M NPEKPACHbIl acmekT Ouoxu-
MHH-3TO €€ BCE BO3pacTaroiias CBS3b
C MeaMUHMHOHN. S mpUBOXY MHOroO NMpPUMEPOE
Takoi CcBA3M. OOCYXKIOEHHE MOJIEKYISAPHbBIX
DoJie3Hel, B 4aCTHOCTH CeprOBHIHOKJIETOM-
HOH aHeMuH, WIH MeEXaHW3Ma NeHCTBHA Ta-
KHMX JIEKADCTBEHHBIX NpENapaToB, KaK MEHH-

IWLUIMH, oforalaer npenoaaBaHue O6HOXH-
muu. Hakonen, s nocrapaics obpucoBarthb
HEKOTOphIE HOBbIE yBJIEKaTEIbHbIE 00mMacTh
COBPEMEHHBIX OMOXUMHYECKMX HCCIIeIOBa-
HUH, HallpUMEP MOJIEKY/ISPHBIE OCHOBBI BO3-
6ynumocTH.

IIpu nmoarotoBke 3TOH KHUIM s LIMPOKO -
MOJIL30BAJICS COBETAMM, KPUTHYECKUMH 3a-
MEYAHUSAMHU U NMOJJEPKKOH MHOIMX KOJjier
u yuenukoB. Jlepoit Xyn, Aptyp Kopu6Gepr,
HNxedpdpn Cxnap m Ywiiesm Byn namm
MHE LEHHYIO KOHCYJbTAlUI0 OTHOCUTEIBHO
obmel cTpykTypbl kuuru. Puuapn Kanpuo-
s, Jdasun Koyn, Anekcannp Ineiizep, Po-
O6eprt Jleman u Ilutep Jlenmxuen o3Hako-
MUWINCh ¢ OONbIIMMH pa3fielaMH PYKOIUCH
M [1alli OYeHb MHOIO MOJIE3HBIX COBETOB.
A kpaiine 00s3an Ppenepuxy Puuapncy 3a
T€ MBIC/IH, KOTOPBIMH OH NOAENHICS CO
MHOH OTHOCHTENBbHO KOHGOpMAlUH Makpo-
MOJIEKYJl, U 32 MOAPOOHBIE YKA3AHHUSA, KA4K
Jiydlie W300paKaTh NMPOCTPAHCTBEHHYHO
cTpykTypy. Hopux baynnc, Tomac bpokep,
Hxex 'puddur, Xpro Xakcau u xopmx
[Tannane npegocTaBHIM MHE 3aMeva-
TCJABHBIE JICKTPOHHO-MHUKPOCKONMUYECKHE
cHUMKH. Sl Takxke o4yeHb OnaromapeH Pu-
yapay ukepcony, JdsBuny Dizcubepry,
Moiizecy Ditszenbepry, 'etipu Oncraiiny,
Jxo3zedy Ppyrony, Mumemo Connbepry,
Jxeiimcy ['puzonua, Puuapay Xeunepcony,
Xapsu Xumemo, [Iaucy Xorueccy, Heiiny
Kaiizepy, Camroamo Jlarty, Celozan JIEBw,
Buncenty Mapuesn, [Tuepy Mypy, Aniany
Oseposy, dxopnany ITo6epy, Pacceny Poc-
cy, Dneapay Paiixy, Mapky Cwmury,
Jxeiimcy Cnynwmy, Ixoan Creiitu, Tomacy
Creiituy u AnaHy BarroHepy, coseramu
¥ KPDHTHYECKMMM 3aMeYaHUSMH KOTOPBIX
s BOCIOJIL30BAJICSI NPU MOATOTOBKE 3TOM
KHHUI'H.

[Mpunouy 6naronapuocts I'ocynapcteer-
HOMY (poHAY 3a NMPeROCTABNEHHE IEHEXHbBIX

IIpeancsioBre K nepBoMy
H3JaHHIO 7



CPEICTB, NO3BOJIMBILNX MHE NPHUCTYIHTH
K HalMCaHHIO 3TOH XHuMru. B camoe Tpyn-
Hoe BpeMsi MHe nmomorau Pobepr Ineitsep,
Teppan Kunnan u Ksurr Huroton. OnHa
U3 3a/1a4, KOTOPYIO s MOCTABWJI MEPEN CO-
6oii, coctosna B TOM, YTOOBI JOCTHYbL MOJ-
HOTO €IMHEHUS CJIOBA M PUCYHKA M KdK
MOXHO XHBEEC U HarsaHee MU306pa3uTh XH-
MHUYECKHE NPEBPALLICHHS M [POCTPaH-
CTBEHHBbIE CTPYKTyphl. OTCloma—MQs ocobas
npusHaTeabHOCTh JJoHHe CosnMoH, [IXOHY
®octepy u [Ixeiin PocTep 3a BbIMOJ-
HEHHbIE MMM DHCYHKM, TPapUKH M CXEMBIL.
Hemano moneit B MembckoM yuuBepcuTere
CMoco6CTBOBANO 3aBEPLICHHIO MOEr0 TPy/ja.
S ocobenno Gnaronapen Mapraper BenTton
u Illapes VacTHH 3a mepemeyaTky pyKonu-
cy, Yuuibamy IMommapay—-3a ¢ororpadupo-
BaHHe NPOCTPAHCTBEHHBIX Moaeneil 1 Map-
Te Ckapd 3a obecriedeHue KOMIBIOTEPHBIX
1306paxeHuit MOJIEKYISPHBIX CTPYKTYp (3TH
1300paXKeHHus JIETJTH B OCHOBY MHOTHMX MII-
Jmoctpauui). Boasuiyro nomMomp MHe oka-
3aJM Takxe corpyaHuku Hayynoit 6ubmuno-
Tek¥ BO rijase ¢ JIxoHOM XappHCOHOM.
3HauuTENbHAS YACTh KHMIHM ObLIa HAIHCa-
Ha B AcneHe. S nomkeH BbIpasuThL 6Giaro-
IapHOCTE PuznueckoMy HEHTpPY B AcneHe
u UHCTHTYTY nmatoGHosornn, arobe3Ho
NPUHUMABIIMM MEHS HE ONHO JIeTo. Y Me-

Hsl COXPAHWINCh CaMbi€ TEIUIble BOCIIOMMHA-
HHs 06 yBJeKaTesbHbIX IUCKYCCHSIX MO IIpO-
6meMaM OHOXMMHM M MOJIEKYJISIPHBEIM ac-
[eKTaM MEQHIMHBI, TPOHCXOAUBILHX B Ipe-
KpacHoM napke MHcrturyta marobuonoruu
WK BO BpeMs IMPOTYJOK MO XHBOIMMUCHBIM
OKpEeCTHOCTSM. Bosbllloe ynoBONBLCTBHE N0-
CTaBJIAIO TAKXe MOCEUIEHHE KOHLEPTOB

B AcmieHe, OCOOEHHO MOCJe LEJOro JHS HH-
TEHCUBHOH paboThI.

A uckpenHe GiaromapeH CBoOeW xeHe AH-
npea u aetaMm Maiikay u [IsHueny 3a ux
NOAIEPXKKY, TEPIIEHHE H A00POE OTHOLIEHHE
Ha IPOTSDKEHHH BCETO TOrO BPEMEHH, MOKa
nucasiach KHura. OHM AEHCTBUTENBHO y4a-
CTBOBA/IH B €€ POXXIEHHH, MPOLECC KOTOPO-
ro OKa3ajcs AJMTeIbHee, YeM Ipearoiara-
JI0Ch. AHOpea IaBana MHE COBETHI MO IIOBO-
Iy CTWIS W PaCHOJIOKEHHS Marepuaa,

a Takxe obpaTuia Moe BHHUMAHHE Ha 3aMe-
yaHue kutanckoro yyenoro XIII sexa Taii-
T’yna (Tai T'ung, The Six Scripts: plinciples
of Chinese writing): «Ecan 6bl s xnan co-
BEPILUEHCTBA, TO HUKOTJAa HE 3aKOHYMJ Obl
KHHTY».

S 6yny pan nro0bIM 3aMeYaHUSIM YHMTaTe-
TIei.

OxkTs6ps 1974 1. JlroGepr Crpaitep



FMABA 1.
Monekynbl u *u3Hb

BroxymMus —3T0 HayKa 0 MOJIEKYJISIPHBIX OCHO-
Bax Xu3HH. CyliecTByerT HECKOJABKO NPHYHH
TOMY, YTO B Halll¥ AHY OHOXHUMHUSA NPHBJIEKAET
6osbII0€ BHMMaHUE M OLICTPO pa3BHUBAETCH.
Bo-nepesvix, 6uoxumukam ydasocv 6viACHUMb
Xumuueckue OCHO8bl pAda 6axcHeluux buoo-
euueckux npoyeccos. Ha3oBeM, B 4acTHOCTH,
TaKHE BBIIAIOIIUECS NOCTHXKEHUS, KAK OTKPBI-
THE ABYXIENOYEYHOH COMpasld ne30KCupubo-
HykiaenHoBo# kucnotsl (JIHK), pacumdporka
TEHETHYECKOTO KOJa, ONpenesieHHe Tpexmep-
HOH CTPYKTYpBI HEKOTOPBIX O€JIKOB, OMUCAHUE
OCHOBHBIX MNyTeH Metabosnusma. Bo-emopwix,
obHapyxcer vl 06wue nymu npespawjeHus moe-
Ky4 u 06ujue npunyunsi, 1excawue 8 OCHO8e pas-
HOOBpasubix npoagaenuit ncusnu. OKa3aoCh,
4TO CTOJIb Pa3jIMYHbIE OPraHU3MBbI, Kak OaxTe-
pus Escherichia coli u 4enoBek, UMEIOT MHOTO
obuero Ha MoJieKyJIapHOM ypoBHe. O6a opra-
HM3Ma WCIOJB3YIOT OOHM W TE€ XK€ CTPOH-
TebHBIE 6J10KM U1 06pa30BaHUs MAKPOMOJIe-
Kyl1; B NPHHOWIE OIWHAKOBO TMPOUCXOINT
nepenaya reseTudeckoi Hpopmanuu ot JHK
K pubonyknenHoBoil kucnote (PHK) u manee
x Oenxam; oba BHAQ HCHOJB3YIOT aJ€HO3MH-
Tpudochar (ATP) B KauecTBe IHEPreTHIECKOM
BAIOTHL B-mpemyux, 6uoxumus oxasvieaem ece
bosee zayboxoe 8030eiicmeue Ha MeOuyuHy.
Tak, Hampumep, omnpexeseHHE AaKTUBHOCTH
(EPMEHTOB WrpaeT B HACTOSAUIEE BPEMS Bax-
HYIO poJib B KJIHHMYECKOW auarHoctuke. Co-
I€PXKaHHUE ONpPENEICHHBIX (HEPMEHTOB B ChIBO-
POTKE KPOBH MOXET CIYXXHTb LIEHHBIM KPHTE-
PHEM NPH IHArHOCTHKE HEAABHO MEPEHECEHHO-
ro uddapkra muoxapna. Kpome Toro, 6Moxu-
MHs TIOCTENEHHO CO3AAET OCHOBY IS PalMO-
HAJIbHOTO HAa3HAYEHUS JICKAPCTBEHHbIX Mpena-
patoB. MICKIIOMHTENBHYO BAXHOCTD MPEACTa-
BJISIET BHISSCHEHHE MOJIEKYJISPHBIX MEXaHH3MOB
HEKOTOpPHIX 3aboJieBaHMil, HalpuMep cepro-
BHIHOKJIETOYHOH aHEMHH HIIH GOJIBLIOrO YHC-
JIa BPOXIEHHbIX HapyLIeHMH MeTabonamu3ma,

MCCJIEIOBAHHBIX K HACTOSIIIEMY BPEMEHH. B-ye-
meepmulx, 6vicmpoe pazeumue GUOXUMUU 6 HO-
caedHue 2006l NO360AUAO UCCAI08AMENAM NPU-
CMynums K U3YYEHUK CAMbIX OCMpbIX, KO-
perubIX npob.aem buosozuu u meduyursl. Kaxim
o6pa3oM Ha NpOTSHKEHUM HHAMBUIYAIBLHOTO
Pa3BUTHUA U3 OJHOW KJIETKH BO3HHKAIOT TaKUE
pa3sHooOpa3Hble KJIETKH, KaK MbILIEYHAs, HEPB-
Has wiM neveHoyHas? Kax xjeTknm Haxomst
JpYT Apyra npu GOPMHPOBAHHH CIOXHOI'O Op-
ranusma? Kak KoHTpoiupyercs pocT kieTok?

-9

Puc. 1.1. Monens  gBoHHOM  crimpanu
AHK. {uameTp cnupanu okoso
20 A.

1. Mosekyabi H XH3HL 9
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Puc. 1.2. ITpocTpaHcTBeHHbIE MoJenu
aTOMOB BOAOPOAA, YIjepona,
a3orta, kuciopoma, ¢ochopa
U cepslL

Kakos mexaHusM namsatu? Kakum o6pazom
BO3HMKAET HEPBHBIA MMITYJIbC B CETYATKE rja3a
npu nedcTBHM cseta? B yem mpuuuna paka?
KakoBb! mpuyuHbl mm3odperun ?

1.1. Monekyasipupie MO/e/IH

B3anMocBA3b MEX1y TPEXMEPHOH CTPYKTYpOi
6uoMonekyn u ux Ouosormdeckoi Qysximei
COCTaBJISIET JIEKTMOTHB HACTOAIIEA KHHIH.
[ ns onyMcaHus apXUTEKTYPbl MOJIEKYJT MBI BOC-
NOJIb3YEMCS aTOMApHBIMH MOJEIAMH  TPeEX
THUIIOB: 1) npocTpaHCTBEHHBIMY, 2) no-
CTPOCHHBIMHM M3 ILIAPOB M MaloyYeKk M 3) cKe-
JIeTHBIMU. [1pocmpancmeennvie modeau Haubo-
Jiee pealucTHYHbl. Pasmep M koHdurypauns
aToMa B IPOCTPAHCTBEHHOH MOJEJHM Ompene-
JIIETCS €r0 BAJEHTHOCTBIO M PAMyCOM BaH-

10 1. Mosekynl B XH3HBL

Z€pBAAIbCOBBIX B3aUMONEHCTBHI (puc. 1.2).
Jlns 0603HAYEHHS 4TOMOB B MOJENAX npu-
HATBI CJIEAYIOLINE LIBETA:

BOAOpOA — Oenblif,

YIJIEPOX — YePHbIiA,

430T — CHHMIA,

KHCJIOpOJ — KPACHBIH,

dochop — xenTsii,

Ccepa —KEeJThIi.

Ha puc. 1.3 mokasansl npocrpaHcTBeHHbIE
MOJIEJIM HEKOTOPBIX MPOCTHIX MOJIEKY.I.
Modeau u3 wapoe u nasouex MeHee TOYHO

OTPaXaioT CTPOCHHE MOJNIEKYJI, YeM NPOCTPaH-
CTBEHHBIE, TaK KaK B HUX aTOMbI [IPEICTABIIEHbI
B BHIE IIAPMKOB MEHBILIETO Paauyca, YeM pa-
NHUYC BaHIEPBAATbCOBbIX B3aUMOEHCTBHIA.
Onnako 3TH Moznenu nawT Gosee HarlsaHOE
NPEICTABJICHHE O PACTIONIOXKEHUH CBSA3EH, KO-
TOpBIE B JAHHOM Cilydae u306paxaroTcs npo-
CTO B BHIE NMaJIOYeK. 3a0CTPEHHBIA KOHEI[ Ma-
JIOYKH yKa3bIBA€T HANPABJICHUE CBA3M: Pacrio-
JIOXKEHA JIM OHA BNEPEAM WIH I03aIN ILIOCKO-
CTH pucyHka. B mesnoM Ttakas mMonens mywine,
YEM IPOCTPAHCTBEHHAS, MO3BOJSET PACCMO-

* 8 <

Boga Auyerar ®opmamug
0
7 /H
H,0 H,C—C\ H,N—C\
O~ (¢}
DY

B-D-rnmoxo3a L-yucrenn
HOCH,
o H
N
H /W O x—c—n
-0
HO H CH,—SH
H HO A
Puc. 1.3. ITpocTpancTBEHHBIE MOIEH BO-

Ibl, aueraTa, popmMaMuaa, rio-
KO3bl M IMCTEHHA.



10 A
CpaBHeHHne pa3nuyHbIX MoJesel
ATP: A-cxenetHasi, b—u3 1a-
poB W majo4ek, B-upocTpaH-
creennas. Ha wMomenax A w
b atoMmbl BOAOpOJA HE IOKa-
3aHBL

Pue. 1.4.

TPeTh CIOXHYIO CTPYKTypy. Ewe 6omee npo-
CTOE NpEICTaBI€HHE O CTPOCHHH MOJIEKYJ
MOXXHO TOJIYYUTh C TOMOIUBIO CKeAeMHbIX MO-
Oezeil, B KOTOPBIX U300paxaeTcsi TOJILKO MOJIe-
KyndpHas cetka. CaMH aTOMBl B CKEJIETHBIX
MoneNsIX HE U300paxaroTcs, HO noapalyme-
BaETCA, YTO OHH PAcIONIOKEHBI B MECTax nepe-
cedeHUs cBaA3eil M Ha MX KoHuax. CKeJeTHbIe
MOIEJIM HACTO WCMOJB3YIOT ISl OMHCAHUS
CJIOXKHBIX OMOJIOTHYECKHX MaKpOMOJIEKYJI, Ha-
opumep MoJiekysn Oefika, COCTOAIIMX U3 He-
CKOJIBKHX THICAY aToMOB. CpaBHEHHUE TPEX TH-

nop Mopeneid ATP-npocTpaHcTBeHHOH, U3
11IaPOB ¥ NAJTOYEK ¥ CKEJIETHON — MPUBENEHO HA
puc. 14.

1.2. IlpocTpancrBo, BpeMs H JHeprus

IIpu pacCMOTPEHHH CTPYKTYPbI MOJIEKYJT BaX-
HO MpeacTaBnsTh cebe ux pasmepsl (puc. 1.5).
W3mepenunss AJMHBI Ha aTOMapHOM YpPOBHE
TIPOM3BOMAAT OOBIMHO B AHICTPEMAX ; O/IMH aHT-
crpem (A) pasen 10~ '° merpa (M) win 0,1 Ha-
HoMeTpa (um). Hanpumep, ainna cessu C—C
coctapasier 1,54 A. HebGonbiuue Ouomorne-
KyJbl, B YaCTHOCTU caxapa HJIH aMMHOKHC-
JIOTBI, KAaK NMPAaBUJIO, UMEIOT JJIMHY B HECKOJb-
KO aHrcTpeMm. buonormyeckue MaKpomolle-
KyJbl, HanpuMep Oe€sKHM, MO KpaiiHeH Mepe
B JecaTb pa3 kpynHee. Tak, reMorjoouH — 6e-
JOK 9JPUTPOUMTOB, MEPEHOCAIHA  KHUCIO-
pon,-umeeT nuamerp 65 A. Eiie na nopsaok
GosibLIe MO pa3Mepy HAJMOJIEKYJIAPHBIE KOM-
nnekcel. Hanpumep, nuamerp pubocom-—Oe-
JIOK-CHHTE3UPYIOIMX OPTaHeNT KJETKH —CO-
cTapiser okono 300 A. B nnamasone ot 100 A
(10 um) mo 1000 A (100 uM) JIeXaT Takxke pas-
Mepbl 6obUIMHCTBA BUpYcoB, Knetku xe, Kak
NpPaBHJIO, UMEIOT B COTHH pa3 Oonbluue pas-
Mephl M H3MEPAIOTCH YX€ B MHKPOMETpPAX
(MxM). Hanpumep, HauGonbllas ATMHA 3pH-
TpouuTa paBHa 7 mkm (7-10* A) BaxHo oTme-
THTD, YTO TIPEAE)I paspellalomel cnocobHocTH
CBETOBOTO MHKPOCKOIA COCTaBJIsSET OKOJIO
0,2 MkM (2000 A), 4TO COOTBETCTBYET pazmepy
MHOTHX KJIETOYHBIX opraHemn. Tak, B cBero-
BOM MHKpDOCKONE BUHBI MHTOXOHIpPHH - OC-
HopHble npoussoauresin ATP B aspobHbix
KjeTkax. BoJiblliasg 4aCcTh HAILMX MpEacTaBlle-
HHH 0 GHOJIOrHuecKuX CTPYKTYPax pa3sMepamu
or 1A (0,1 nM) g0 10* A (1 MKM) noTyuena
fyarogaps MCNOJIL30BAHUIO YJIEKTPOHHOH MU-
KPOCKOIMY ¥ OUGPAKIUH PEHTTEeHOBCKMX JIy-
qeH. .

MoJiekyJibl, COCTaBSIOUINE KHUBOE, TOIBEP-
1aloTCsA NOCTOSHHBIM TIpeBpalieHusM. B 6uo-
JIOTUYECKUX CHUCTEMaX XHMHWHMCCKHE PEAKLHH
KaTanu3upyrTcs GepMeHTaMH, KOTOphIe Cro-
CcoOHBI MpeBpalaTh cyOcTpaT B AIPOAYKT peak-
UMM 33 BpeMs, HCYUCIAEMOE, KaK TPaBMIIO,
MuUtHcekyHnamu (Mc, 1073 ¢). Hekoropsie
tbepmeHTH paboTaloT elle OnICTpee: peakuus
3aBepluaeTcs 32 HECKOJIBKO MUKPOCEKYH (MKC,
10~ ® ¢). KondopmalHoHHbIE H3MEHEHNS GHO-
JIOTHMECKUX MaKpOMOJIEKYT TPOTEKAIOT TaKXKe
oueHb ObicTpo. Hanpumep, Ha packpyuuBaHue
noitHoit cniupanu JJTHK, veobxonumMoe nis ee
penvKanuy ¥ IKcopeccud, TpebyroTcs UL

1. Monexyanl H XH3HbL 11



MAKPO-

HAAMONEKYNAPHbLIE

ATOMb! MONEKY b KOMMNEKChI KNETKK
MONEKYNbI
Mpeaen padpeweHnn
CBETOBOrO
Censs C-C remMornobuH MUKpOCKONa ApuTpoymnt
mokoaa Pubocoma Bakrepus
1 1 1 1 1 1
1A 10A 102A 103 A 104 A 105 A
1070 107%m 1078 m 1077 m 1076y 1075 m
1 Hm 1 MKm

Puc. 1.5, Paamepsl HekoTOpeIX GHOMOJIE-
KyJl, HaaMOJIEKYJISPHbIX KOM-

IIJIEKCOB H KJCTOK,

MUKpOCcekyHabl [10BOopoT onHoro nomeHa Geji-
Ka 10 OTHOILEHHIO K APYTOMY 3aHHMAaeT HaHo-
cexyHasbl (H, 10~ ? ¢). MHOTHe HeKOBaJIeHTHEIE
CBA3H B MAaKPOMOJIEKyax obpa3yroTcs U pas-
PBIBAIOTCH B TEYEHHE JIMILIL HECKOJILKUX HAHO-
cexynn. Ilpouecchl, mporekaromme ewe Obl-
CTpEe, MOXHO OLEHHTL JIHILIL C HOMOLLBIO
O4YeHb KOPOTKMX CBETOBBIX MMIYJBLCOB Ja-
3ePHBIX yCTaHOBOK. IIpumMevarenbHo, 4TO Ha-
4anbHOE COOBLITHE NP 3PUTEILHOM BOCIIPHS-
THH — U3MEHEHUE CTPYKTYPEI CBETONOIIIOIAN0-
UIMX IPYNIIHPOBOK - IPOUCXOAUT B TeYEHHE
HECKONIEKMX NMKOCEKYHA (rnic, 10~ % ¢) mocne
noryoumenus ¢ortoHa. Bce 3To noxasmbisaer,
4TO CKOPOCTH GHONOTHYECKUX TPOIECCOB MO-
TYT BapbHpOBaTb B IWIMPOKHX npefesax
(puc. 1.6). BecbMa BaXHO npencTaBnsaTh cebe
TaKKe IUTHTENLHOCTh 3BOJIOLMOHHOIO Bpe-
Meuu. dKu3Hb Ha 3emite Bo3nukaa 3,5-10° ner

TOMY Hasan, ¥TO cootsercTByer 1,1-10'7 ¢,

PaccMOTpUM Takxke H3MeHeHHMs 3Heprum,
NPOMCXOASIUME TIPH DPa3IW4HBIX  MOJIEKY-
JIAPHBIX peBpatueHuax (puc. 1.7). [TeppmuHbM
MCTOYHHKOM HEOOXOAMMON IS KU3HH JHep-
ruw sBisietes Connue. [ornolenne BuauMoro
CBeTa, Hanpumep (GOTOHOB 3ENEHOTO CBETA,
Aaet 57 KWIOKaJopHil Ha MOJbL (KKaJi/MOIB).
Conepxanue Hepriy, 3anaceHHoOi B MOJNeKy-
nax ATP - ynupepcanbHOI JHepreTHYeckoif Ba-
JIOTBl B GHOJNOTHYECKMX CHCTeMaX,— coCTa-
BrisieT 12 kxan/moins. ITo cpaBuenuio ¢ sTumn
BEJIMYHHAMH CPENHAA BHEPTUS KaXJoH U3
cTeneHed cBo6oab! K0IeOaTeNLHOTO ABIKEHHA
Mojiekyn Hepenuka: 0,6 kkan/mons npu 25°C,
YTO 3HAYHTEJBHO HUXKE, 4eM 3TO Tpebyercs
U [AMCCOLMAUMH  KOBANEHTHBIX  CBs3ei
(83 kkan/mons ana cessu C—C, Hanpumep).
Ortcrona cnenyer, 4To 06pa3oBaHHbI KOBA-
JICHTHBIMH CBA3IMH CKeJieT GHOMOJeKyn cTa-
OMiieH B OTCYTCTBHE (EPMEHTOB WM TIPHTOKA
sHepru. C Apyroli cTOpoHbI, yka3zauuas Be-
JIMYHHA TEMUIOBOH 3HEPruM OKa3bIBAeTCH JO-

BpawatensHoe
ABWXEHUE B depmeHTaTUBHAR Renenne
MepBuunan Genkax peakyus GaKkTepumn
PeaKyus 3pUTenLHOro Packpyuuearue
BOCNPUATURA cnupanu [HK CuHTes Genka
| 1 1 1 | 1
1012 10-° 1076 1073 1 103
( nc) ( He ) ( mkc ) ( mc)
Bpema, ¢
Puc. 1.6. Tunuynele CKOPOCTH OpOTEKa- CTATOYHOM I 06pa3oBaHyusi WIM Da3priBa
HUS DEaKuMil B OMONOrHYECKMX B OUOJNIOTMYECKMX CHCTEMAX HEKOBAJICHTHbIX
cUCTEMaXx. CB#A3€#, FHEPrUsl KOTOPBIX COCTABAET OOBMHO
JIMLIB HECKOTIBKO KHJIOKANOpHH Ha Mok, [Ipo-
1ecChl BLIPAGOTKH H HAaKOILIEHHUsl 3HEPTHHU 1101
12 1. Monexyim u *u3nb pobHO paccMaTpuBaroTcs B uyacTu II kuurum.



CnaGan
XUMUyeckan

Tennosas CBA3b

L 1

ATP

3eneHbin  CeRab

ceet C—C nioko3sa

I )

0,1 1 10

100 1000

KonuuecTeo aHeprum, kkan/mons

Pue. 1.7. HekoTopble OHONIOrU4ecKd Bax-

HbIE BCJIMMHUHbI JHCPIUHU.

1.3. CrpykTypa NaHHOH KHMI'H

Hacrosmas kHHra COCTOMT M3 NATH YacTeii,
TOCBALICHHBIX CIEAYIOIMM OCHOBHBIM BOIIPO-
cam.

I. Kondopmauns U THHAMHUKA.

II. TenepupoBaHue U xpaHeHHe MeTaBoIM-
YECKOH 3HEpruu.

III. BuocuHTE3 NPENNIECTBEHHUKOB MaKpo-
MOJIEKYII.

IV. lenernueckas undopManus.

V. MonekyaspHas ¢u3HoIOrus.

Yacte I nocBsmeHa ri1aBHEIM 006pa3om omu-
CAHMIO B3aUMOCBSI3H MeXIy TPEXMepHOI
CTPYKTYpOH M GHOJIOTHYECKOH aKTHUBHOCTBHIO
Ha npuMepe Genkos. IMoapoGHO paccMmatpr-
BAKTCA CTPYKTYpa M (YHKUHS MuOrIoOMHA
 remorIo6MHa — 6eNKoB, TPaHCIOPTHPYIOLIMX
KHCIIOPOZi Y TO3BOHOYHLIX, IOCKOJIBKY HA 3TOM
MaTepuasie MOXHO NPOWLUIIOCTPHPOBATh He-
KOoTOprle obuime npMHUMNGBL [ emMornobuH
NPENCTABNAET OCOOEHHO OOnbLIION MHTeEpec
B CBS3H C T€M, YTO CBA3LIBAHUE UM KHCJIOpOAA
PEryupyercs creuudHyIeckuMHi BelecTBaMu
okpyxarower cpenst. OMUCHIBAETCA TAKKE MO-
JIEKYJIApHAs NATOJIOTHA reMoriobuna, B 4acT-
HOCTH CEPIIOBHOHOKJETOYHAs aHeMHA. B pas-
[eie, OCBAILEHHOM GepMeHTaM, MBI TO3HAKO-
MHMCH C Te€M, KaKHM 00pa3oM NpPOHCXOOMT
y3HaBaHue cybcTpata depMeHTOM M Kak ¢ep-
MEHT MOXET YBEIMYMBATL CKOPOCTb PEAKIIHM
B MWUIHOH ¥ 6onee pa3. ITonpoGHO omuchI-
BAIOTCA TakHe (PEPMEHTHI, KaK JIN3OLUMM, Kap-
OokcunenTHmaza A ¥ XHMOTPHIICHH, [IPH H3Y-
YEHHH KOTOPhIX OBbUIM BBIABIEHB MHOTHE
oflmue NPUHLMNBI KaTaliu3a. B HECKONBKO
MHOM aCIIEKTE W3JIaraeTcs BOmpoc o KOoHop-
MaluM B rj1aBe, NOCBAIIEHHOH AByM Oejkam
COCAMHHUTENBLHON TKaHU — KOJUTATEHY ¥ JMacTH-
Hy. 3aKTIOYUTENbHAS IJIaBa 4acTH I CyxuT
BBEICHHEM B NpoOJieMy GUONIOrHIECKUX MeM-
OpaH, npencTaBiIsAlOWMX COGOH OpPraHM3o-
BaHHLIE OEKOBO-THIIHAMbLIE KOMILIeKChl. Ha-

JiM4ue MeMOpaH B OHOJNOTHYECKHMX CHCTEMax
obecneunBaeT CO3JaHue B KJIETKE OTIAENbHBIX
KOMIIaDTMEHTOB (OTCEKOB).

Yacts II nmocBsmeHa Bonpocam oGpa3oba-
HHS W HAKOIUIEHHA 3HEPruM OOMEHA BEIIECTB.
B nepsyio ouepens paccMmarpusaercs obmias
crparerns Metabonusma. B xirerkax npoucxo-
AT TIPEBPAIEHNE JHEPTHH U3 «TOMIMBHBIX»
Mosekya B ATP. O6pasyrouruiics ATP B cBoo

20A

Puc. 1.8. CrpykTypa (GbepMeHT-cybeTpar-
HOro komiaekca. K kxapbokcu-
nentHaase A (TMAPOJUTHYECKHA
¢$hepMeHT) IPHCOCIMHEH TIMIIKAII-
THPO3UH (M306paKeH KPACHBIM).
ITokasana TONBKO OJHA uYe-
TBEPTh  (epMeHTa. [Lips-
comb W.H., Proc. Robert A.
Welch Found. Conf. Chem.
Res., 15, 141 (1971)].

1. MoaekyJu H XH3HBL 13



10A
Mouzens CDP-gnanunrimuepo-
1ld — aKTHBUPOBAHHOTO  [IPOMeE-
KYTOYHOTO NPONYKTa B CHHTE3E
psAna MeMOpaHHBIX JIMNUIOB.

Puc. 1.9,

o4epenb 0OeCleuHBAET NPOTEKAHHE BOJIbILIMH-
CTBa JHJEPTOHMYECKUX MPOUECCOB (T.€. mpo-
LECCOB, MAYIIMX C MOTPEOJICHHEM 3HEPrUH).
Hapsiny ¢ ATP B KJIeTKax npOMCXOIUT Takxe
o6pa3oBaHNe BOCCTRHOBUTE/ILHBIX SKBHBAJIEH-
TOB B (hopMe HHKOTHMHAMHIUTHHYKJIEOTUAdOC-
tdara (NADPH), pacxoayemoro B mpoueccax
6uocuntesa. Ilytu  oOpazosanus  ATP
1 NADPH onucbBatorces noapo6uo. Hampu-
mep, obpazoBanne ATP npu paciuennenun
TJIFOKO3BI TPEOYET moc1e0BaTENBLHOIO NPOTe-
KaHUd Tpex MPOUECCOB— IIIMKONN3a, LHKJIa
TPUKapOOHOBBIX KHCJIOT (HA3LIBAEMOI'O TAKXKe
JIMMOHHOKHCIIBIM LIUKJIOM, WK LikIoM Kpe6-
ca) M OKHCIHMTENbHOTO (ochopuiMpoBaHys.
IMocnennne nBa mpouecca yyacTBYIOT Takxke
B obpazopanuu ATP npu okucieHud Apyrux
JHEPTEeTHYECKHX PECYPCOB, 2 HMEHHO >XHPOB

14 1. MoneKy/ibl W KH3Hb

1 HEKOTOPBIX aMUHOKHCIIOT. DTOT HPUMED Wil-
JIFOCTPUPYET MPHUHINI 3KOHOMHOCTH Ha MoJle-
Kyl1apHOM ypoeHe. B uactu II paccmarpu-
BAKOTCA TAKXKE IBE OCHOBHBIE (DOPMbI HAKOTIJIE-
HHS JHEPreTHYECKUX pPECYypCOB B KJETKax,
4 MMEHHO [JIMKOTEH W TPHALIIIHUEPObI
(HeHTpanbHBIE . XKHUPLI). 3aKIIOYNTETbHAS TJ1a-
BA 3TOM 44CTH KHUIH NOCBSAILEHa GOTOCHHTESY,
MepBUYHAS PpEAKIMs KOTOPOro—aKTHBMPO-
BaHHbIN CBETOM NEPEHOC 31EKTPOHA OT OTHOTO
BELECTBA K IPYrOMY NIPOTUB rPpaeHTa XHMHU-
4eCKOI'0 IOTEHIHAJIA.

B wactn IIl paccmarpusaetcs Guocuntes
NPEAIIECTBEHHUKOB  MakpoMouiekyia.  Ha-
YHHAETCSA 3Ta Y4CTh C ONMHUCAHUS CHHTE3d MEM-
OGpaHHBIX TMIHIOB U CTepounos. Ocobblii HH-
Tepec MNPEACTABIAET CHMHTE3 XOJECTepoa,
C,,-cTeponna, BCe yriepomHble aTOMbI KOTO-
poro o0pa3yroTcs M3 ABYYrIepOIHOro mpes-
weCTBeHHUKa. B crienyroweit rnase obcy-
KIAKOTCH pPeaKUHy, BEAYIIHE K CUHTE3Y psiaa
AMUHOKHCIIOT W rema. MeXaHu3Mbl peryasuun
JruX myTed obmeHa BeliecTB MMeIOT dyHIa-
MeHTanbHOe 3Ha4enne. Janee paccmatpusaer-
€31 GHOCHHTE3 HYKJICOTHOB — AKTUBUPOBAHHBIX
npeawectseniukos JHK u PHK. 3axmroqu-
TelbHasl IJ1aBa TMOCBALIEHA MHTErPAUMH [pO-

2000 A
0,2 MKM

Puc. 1.10.  DnexTpoHnas MukpodoTorpa-
bus monekynst JHK. (Ieva-
TaeTcs ¢ mobe3Horo paspeiue-

uug a-pa T. Broker.)



1eccos obMeHa BerecTs. M3 Hee yuraTens y3-
HaeT, kakuM oOpa3oM peakuud, uAyLIHE
C BBLIICJIEHNEM JHEPrHM, M PeakUuH, Uaylue
¢ ee moTpebiieHneM, OKa3biBalOTCS COATAHCH-
POBaHHBIMU U 0GECIEYNBAIOT HYXIbI OPraHHU3-
Ma.

HaxkomnneHue, nepenaya u skcnpeccus (Bbipa-
XKeHue B (EHOTHIIE) reHeTHYecKoit uHpopma-
MM COCTABJIAIOT OCHOBHYIO TeMy 4actu IV.
B Hauane OmMUCHLIBAIOTCA 3KCMIEPUMEHTHI, MO-
kaswiBarome, yto JHK sBnsgercs reneruue-
CKUM MaTEpHaJIoM, a TaKXe HCTOPHUS OTKPbI-
THsA aBoiHoM cnupanu JIHK. 3atem cnenyer
onucaHue (GepMEHTATHBHOTO MeEXaHHU3Ma pe-
mmkanuu JTHK. lanee mMbl nepeiiaem x 3Kc-
NPECCHH TeHETHYeCKOoH WHGOpManuH, 3aKIio-
yeHHo B JJHK, HavaB ¢ onmucaHus OaHHBIX
o posu mHpopmanuonHoit PHK kax npomexy-
TOYHOrO nepexocyuka uHpopmauuun. 3atem
pacCMaTpHUBAETC NMPOLIECC TPAHCKPHUIIIUHY, T. €.
cuntes PHK B cooTBeTcTBUM € HHCTpYKIIMAMMU,
3akaro4eHHbIMHE B MaTpudoi [THK. U3 sToro
JIOTHYECKH BBITEKAET ONMUCAHWE [€HETUYECKOro
KO/a, T.€. B3aUMOCBA3M MCEXAY NOOCIeq0Ba-
TenbHOCTHIO ocHoBaHuM B IHK (wnu B TpaH-
ckpubupyemoii ¢ nee uadpopmauuonsoit PHK)
M TIOCTIEN0BATENbHOCTHI0 AMHHOKUCIIOT B CO-
OTBETCTBYIOIEM beike. ['eHermucckuit kog,
oOLIMit 1J151 BCEX XXHUBBIX OPraHM3MOB, MPEKpa-
CeH cBoell npocroroil. Tpu ocHOBaHMS COCTa-
BJIAIOT KO/JIOH — €IMHHMILY KOJ1a, COOTBETCTBYIO-
yro ogHOM aMHHOKHCT0Te. KonoHbl B HHdoOp-
MannoHHo# PHK nociienosarenbHO cHuThI-
BalOTCs MolekylaMu TpaHcnopTHbix PHK,
KOTOpbIE BHIMOJHAIOT POIb aJalTOPOB B CHH-
Te3e Oenika. Jlajiee Mbl 1EPEXOAMM K MEXAHH3-
My OeKOBOro CHHTE3a, @ IMEHHO K NpOIlecCy
TPAHC/IALHK, B XOI€ KOTOPOTO 4eThIpexOyk-
BEHHBIH alQaBUT HYKJIEHHOBLIX KHUCJIOT, B KO-
TOpOM KaxxJas GyKBa IIPEACTABIICHA COOTBET-
CTBYIOLLCH Napoi OCHOBAaHMH, MepeBOAMTCS
B 20-GykBeHubiii andasut 6enkos. Tpaucasnus
MPOHCXOAMT Ha pubocoMax U obecnievnBaeTcs
KOOpPAMHHPOBAHHBIM B3auMoeiicTBuem boJiee
YEM COTHH PA3/IMYHBIX BBICOKOMOJIEKYJISPHBIX
coenvHeHMH. B cneaytoleii riase onucuIBacT-
Csl pEeryJisiiing 3KCIIPECCUU I'€HOB y OakTepwid,
NPHYEM OCHOBHOE BHUMaHHUE yIeaseTCs OnNepo-
HaM J1aKTO3ki U TpunTodana y E. coli, kak Hau-
Oonee u3ydyeHHBIM B HacToslllee Bpems. [lanee
00CyKIaroTCa pe3y/bTaThi MOCAEAHHX HCCIe-
[IOBaHMH 3KCIIPECCHH reHOB y Gostee BLICOKOOP-
TaHH30BAHHBIX OPraHW3MOB (T.€. y 3YKapHoT),
OTJIMYAOIIMXCS OT GakTepuit (mpoxapuot) 60-
nee BrICOKUM coepxanuem IHK u Hanuunem
O(OPMIIEHHOr 0 siapa, 4TO o6ecneYuBaeT AuQ-
depeHunpoBky KJIETOK. 3aTeM paccMaTpu-

10A
Monenb 11-yuc-peTunans —cBe-
TONOTJIOIIAIOIIEH  CTPYKTYphI
B popomncuHe. M3omepuzanus
sToro xpomodopa mnox nae-
CTBHEM CBETa SIBJISETCA TEPBBIM
3TANOM MNpoUECCa 3PUTEJIBHOIO
BOCTIPHATHS.

Puc. 1.11.

BAIOTCA Pa3MHOXEHHE BUPYCOB U cOOpka Bu-
pycHbIx yacTui. ITpouecc cOOpKM BUPYCHBIX
4acTHI WJUTIOCTPUDPYET OOIIME NPUHIIMITBI
00pa3oBaHNS BHICOKOYMOPSAOUEHHBIX CTPYK-
Typ U3 OHOJIOTHYECKHX Makpomodiekyn. Oco-
0oe BHMMAHMC yOECICHO BHPYCAaM, BbI3bIBAlO-
[IMM PAKOBBIE ONYXOJIH Y IKCNEPUMEHTATbHbIX
JKUBOTHBLIX. 3aKJItouuTeNblas ryiasa yacta 1V
MOCBSAILIEHA 00Pa30BaHUIO HOBBIX T€HOB TyTeM
pPEKOMOUHAINH, a TaKxke 00CYKIEHHIO BOIPO-
ca o 3HaucHun knouuposauus JJHK.

Yacte V, ozarnasnenHas «MonekynapHas
tuznonorns», mpeactasaser coboi mepexon
ot Ouoxumun Kk duznonorun. [pu nzmoKeHuH
MAaTepHaia 34€Cb HCMOJBb3YHOTCA MHOTHE H3
KOHUENUUH, chOPMYTUPOBAHHLIX B MPEABLLY-
LIMX pai3fejiaX KHHI'H, TOCKOJIbKY (‘1’)“3!{0.]101'""
NPUXOIUTCS MMETh JIeTI0 ¢ HHbOpMalneii, KoH-
¢dopManueit U mpoueccaMu MeTaboIH3Ma B HX
B3aUMOCBs3U. BHauane onucniBaercs opraHu-
3a1us KJIETOYHBIX MeMOpaH U obonoyex OakTe-
PHAJBHBIX KJIETOK M BBIICHSIE1CS BOMpPOC, Ka-
KHUM o6pa30M KJIETKA ONPCACHACT MMOJIOXCHHEC
CHHTE3MpYeMBIX ero OenkoB. Janee cieayeT us-
JIOXKEHHE MOJIEKYISAPHBIX OCHOB HMMYHHOTO
OTBETA: KaK OPraHU3M Y3HAET YyXKEPOJHbIE Be-
uiecTBa. B cnenyroueil 1nase peds uaer o upo-
6yieMe nmpeoGpa3oraHUs JHEPIMH XHMHYECKHX
CBA3€i B KOOpaMHUpOBaHHOe NBWxeHue. Kak
[I0KA3aJy MCCIEAOBAHUS IOC/IEAHUX JIET, aK-
THH U MHMO3HMH — OCHOBHbIE O€JIKH MBI — BbI-
MOJIHAKT QYHKLUMIO COKpaIleHHs B GOJIBILNH-
CTBE KJETOK BBICUIMX oOpraHu3moB. [lanee
OMMHCHIBAKOTCH MOJIEKYJISAPHBIE OCHOBBI [€H-

1. Mosieky/ il H XH3Hb 15



CTBUs T'OPMOHOB, NpHYeM 0coboe BHHUMAaHUE
yaensercss HEKOTOpbIM OOIKMM TeMaM. 3aTeM
MBI TMEPeXONUM K TPAHCIOPTY MOJIEKYJ
1 HoHoB, B yactHocti Na* K * u Ca?*. Mo-
JIEKYISpHbIE HOHHBIE HAcoOCHl, JIOKAJIH30-
BaHHbIe B MeMOpaHax, TPaHCIOPTHPYIOT HOHBI,
CO31aBas rPAJAHEHTH] MX KOHUEHTPAUKY, J1exa-
e B OCHOBe Bo30yamMocTH. B mocneneit
[JIaBe, MOCBAIIEHHOM CEHCOPHBIM NpoIeccaM,
pPaccMATPUBAIOTCS CIIEAYIOIHE BOMPOCHI: Ka-
KM 00pa3oM mnoTeHuuan ASHCTBUS pacmpo-

CTPaHSETCH [0 HEPBHBIM KJIETKaM U IPOXOAUT
uepe3 cuHanc? Kak oausouHbni hoton Bo36y-
KIOaeT Majo4yky B ceryarke rnasza? Kakmm
o06pa3oM bakTepuyu onpeaensfoT HCTOYHHK ITH-
INM B cpene M JABWKYTCA B HalpaBJIeHUH
K Hemy?

Opna u3 HaubGoJiee MPUBJIEKATENBLHBIX OCO-
OeHHOCTEH 6MOXMMHM COCTOMT B TOM, 4TO 3Ta
HayKa MOCTOSIHHO paclUUpseT Hallldi NpeacTa-
BJIeHHs O OHOJOrMYecKMX mpoleccax Ha BCex
YPOBHSIX OpPraHH3alLHH XHBOTO.
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MABA 2.
OcHoBHble NpeacTaBneHns

O CTPYKTYpe 1 hyHKUMUK
Benkos

benku urparor peluarolyro posib MpakTHYeCKH
BO Bcex OMonOrHYeckux mpoieccax. 3Hauedue
W yOAMBUTENbHOE pa3zHooOpa3ue ux GyHKUMi
OYEBHIIHO H3 CJIEAYIOLMX NPUMEPOB.

I. @epmenmamuenniit kamaauz. B 6Guonoru-
HECKMX CHCTEMaX [OYTH BCC PeaKiMM KaTasld-
IMPYIOTCA CHEIHPUIECKUMH MaKpOMOJIeKyia-
MH, Ha3biBaeMbiMu (epmeHTamu. HexkoTophble
U3 STUX PEaKLuii, TAKHe KaK TMAPATUPOBAHHE
JIMOKCHAA YIJepoja, oueHb HpoCThl Jlpyrue
Xe, HALPMMED perUTMKalus BCEH XPOMOCOMEL,
B BBICHICH cTeneHu cioxubl ITouTH Bce dep-
MEHTBbI—MOLIHLIE KATAJIW34TOPHKI, MOBBHIIIAIO-
LIME CKOPOCTH peaKlMH 110 KpaiiHei Mepe
B MUJUITUOH pa3. Tak, B oTcyTcTBHE PEepMEHTOB
XHMHHYECKWE TIpEBpalleHus in vivo yaaerca
BBIABHTH OuYelib penko. B macTosiuee spems
0XapaKTePH30BAHO HECKONBKO THICHY (EePMCH-
TOB, IPHYEM MHOTHE U3 HUX BbIIEJIEHKI B KpH-
crammgeckoll opme. IMopasutenen Tor dakr,
4TO BCE U3BECTHbLIE (PEPMEHTHI ABNSAIOTCH G-
kamu. CreoBaTeNbHO, MMEHHO OEJIKH Oompene-
JIFIOT X0 XUMHYECKHX MPEBPAILICHHI B OMOJIO-
THYECKUX CHCTEMaX.

2. Tpaucnopm u naxonaenue. TpaHcuopT
MHOIMX HeOONBIUMX MOJIEKY] M HOHOB OCY-
wecTBasercs crnenubuueckumu Genkamu. Ha-
LIPUMED, COMEPXKAILMIACSA B IPUTPOLIUTAX [EMO-
rJ100MH IEPEHOCHT KUCJIOPOJ K TKAHAM, TOTAd
Kak 61m3kuit X Hemy Gesiok MUOTJIO6HH 3ama-
CacT KMCIIOpOI B Mblilnax. B miasme xposu
KENE30 TPAHCIOPTUPYETCH B BHIOE KOMILIEKCA
C TpaHCQeppHHOM, a B MEYEHH OHO HaKam-

Yacms |
18 Komnpopmauus u aHHAMHKZ

JIMBAETCS B BMJAE KOMILIEKCA ¢ OpPYruM Oe-
KOM — GEPPUTHHOM.

3. KoopounuposanHoe Osuxmcenue. bei-
KM — OCHOBHOH KOMITOHeHT Mmblinn. Cokpare-
HHMC MBINIILI OOECIEYHBAETCH CKOJIhKEHHEM
ABYX TUNOB OETKOBBIX HHTEH OTHOCUTEILHO
apyr apyra. KoopanHupoBaHHbIe IBUXEHUS HA
MHKPOCKONIMYECKOM  YpOBHE,  Hanpumep
pacxoXaeHWe XpPOMOCOM BO BpPCMs MHTO3a
WITH NPOBMKEHUE CIEPMHUS [IPU MOMOIIIH KTy~
THKA, TAKXKE 0OECIIEYMBAFOTCS COKPATHTEbHEI-
MH CTPYKTYPaMH, COCTOSIIMMH H3 O€JiKOB.

4. Mexanuueckaa onopa. Bbicokas ympy-
rocTb KOXH M KocTed 00ycnoBneHa HalMiHeEM
tdubpurapHoro Genka KonjareHa.

Puc. 2.1. MuxkpodoTtorpabus xpucranna
reKCOKMHa3bl — KJI1o4eBoro ¢ep-
MEHTA YTHIM3ALHH [JIHOKO3bL.
(ITeyaTaercs ¢ awobe3doro pas-
pewenns a-pa T. Steitz u a-pa

M. Yeager.)
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IMTonepeunsiii cpe3 neraTesbHOIM
MBIl HACEKOMOTO MOJ 3J€K-
TPOHHBIM MHKPOCKONOM. BraHo,
4TO OEJIKOBBIE HUTH ABYX THIOB
obpasyioT reKCaroHaJbHbIe
cTpykTypsl. ([leyataercs ¢ jro-
6e3Horo  paspewieHus  A-pa
M. Reedy.)

Pnc. 2.2.

5. Hmmynnas 3awuma. AHTUTENA—3TO BbI-
cokocrnennpuyeckue Oenku, CocoOHbIE y3HA-
BaTb M CBA3LIBAaThL TaKUe YyXepOMHbIE
OOBEKTHI, KaK BUPYCHI, GAKTEPHH U KJIETKH APY-
rux opraiu3moB. Takum o6pa3oM, Genku
WIPAIOT XHM3HEHHO BAXHYIO pOJIb, pa3jivyas
CBOE M 4yXOe€.

6. I'enepuposanue u nepedaua HepeHbIX UM-
nyabcos. OTBET HEPBHBIX KIJIETOK Ha crenudu-
YECKHE UMMYJILCHI ONOCPE/IOBAH PELEeNTOPHbI-
Mu Genkamu. HampuMep, pomoncus — potope-
UENTOPHBIA GEJTOK KJIETOK MAJQYEK CEeTYATKH.
Monekynbl penenTopos, NPUBOIMMEIE B Jeii-
CTBHE CIELMPUYECKUMH BEIUECTBAMH HEOOJIb-
LLIOH MOJIEKYJISPHOM MacChl THIIA ANETHIXOJIH-
Ha, 00eCeYUBAIOT EPEAYY HEPBHBIX HMIYJIb-
COB B CHHANCax, T.€. B MECTaX COEIMHEHMHs
HEPBHBIX KJIETOK.

1. Pezyaayua pocma u Ouddepenyuposu.
Crporas perynsauus moclenoBaTENbHOCTH
IKCNIPECCHH TEHETUYECKOH HHPOpMAaMH UMeET
KpadHe BaXHOE 3HA4Y€HHE IS YNOPSAO4EHHO-
ro pocta 1 AubdepeHIUpOBKH KIIeTOK. B mro-
60if OTPE30K BpEMEHH XU3HH OrpaHU3Ma IKC-
NPECCUPYETCS TONLKO HEDONbIIAg 4YaCTh IEHO-
Ma KJIETKH. Y OaKTepuil OCHOBHBIM 3JIEMEHTOM
PEryJIsiUMK CIyXaT pelpeccopHble OelKH, Ko-
TOPbIE 3aCTABJIAIOT «MOJIYATHY CHEUPHIECKHE
yyactku kieroynod JIHK. Cosepuienno npy-
THM IyTeM MNPOUCXOIUT perynsuus Geaxamu

2%

npouecca AudepeHIIMpOBKY KIETOK, YTO BUI-
HO Ha npuMepe dakropa pocTa HepBOB-—Gel-
KOBOTO KOMILIEKCa, TIOX AEHCTBHEM KOTOPOTO
¢dopMupyeTcs ceTb HEHPOHOB ¥ BBICILHX Opra-
HHU3MOB.

2.1. BeJIKH NOCTPOeHbI H3 AMHHOKHCJIOT

OCHOBHOH CTPYKTYpHOM enuHULEH OelKoB
ABNAOTCS aMHHOKHUCIOTHL. Kaxnas aMuHokuc-
JI0OT4 COCTOMT W3 aMHHOI'DYIIbL, KapOOKCUIb-
HOH Ipynnel, aTOMa BOJOPOAA M ONpE/EIeH-
HOH R-rpynnbl, DpHCOENMHEHHOW K aToMy
yriepozaa, Ha3bIBAEMOMY Q-yTJIEPOAOM
(puc. 2.5). R-rpynmbl Ha3BIBalOT  60K080
Yenvi0o MO INPHYUHAM, KOTOPbIE CTaHyT o4e-
BUIHBIMH B XOJ€ JajbHEHIEr0 H3JIOKEHMs.
ITpn HeliTpansHoM 3Hadenun pH amMuHOKMC-
JIOTBI B PACTBOPAX HAXOAATCS HE B BUIE HEHO-
HU3HMPOBAHHBIX MOJIEKYJ, @ TPEUMYILECTBEHHO
B BUIE OUNOAADHBIX UOHO8 (YBUMMEPUOHOE ).
I1pu 3TOM aMHHOrpYyNNa OKa3bLIBAETCS MPOTO-
HUpoBaHHO# (—NHJ ), a kKap6oKCUIbHAS TPyTI-
na— quccouuuposantoi (— COO™). Honwusa-
11l aMUHOKHCJIOTBI 3aBHCUT OT 3HaveHus pH
(puc. 2.6). B xmcibIXx pacTBopax (Hampumep,
npu pH 1) xapbokcunbHas rpymna HaxOAUTCS
B HEHoHM3MpoBaHHOH ¢opme (—COOH),
a amuHorpymmna wuoHM3MpoBaHa (—NH7J).
B menounsix pactBopax (Hampumep, npu pH
11), Ha060pOT, MOHU3UPOBAHA KAPOOKCHIbHAS
rpymna (—COQO ™), a aMHHOrpynna He HOHU3U-

Puc. 2.3. DnekTpoHHas  MHUKpodoTOrpa-
¢us  KOJNIATEHOBOrO BOJIOKHA.
(ITeyaTaercs ¢ mobe3Horo pas-
pewenns a-pa J. Cross u a-pa

R. Bruns.)

2. OcHoBHbIe NpeaCTaBICHHSA
0 CTpPyKType H QyHKuMH OeikoB 19



®aKTop poCTa HEPBOB

Puc. 2.4. MukpodoTorpadpus  raHrams.
Buasa nponudepauus HEPBOB
nocie pobarnenus  daktopa

pOCTa HEPBOB, MPEACTABIFIONIE-
r0 ¢06oit komnexc 6enxos. (ITe-
4aTaercs ¢ ioOe3HOro paspelle-
Hus n-pa E. Shooter.)

poBana (—NH,). IlpeacraBnenuss o poiu
pH ¥ KMCITOTHO-IIIE/IOYHBIX CBOACTBAX AMHMHO-
KHCJIOT JONOJHUTENLHO OBCYXaaroTcd B MpH-
JIOKEHUU K ITOH riase,

Pacronoxenue B BHIE TETPAdIpa HETLIPEX
Pa3’HbIX XHMUYECKHX IPYIN BOKPYT &-yIJIepoa-
HOTO aToMa 00YCIOBIMBAET ONTHYECKHE CBOM-
CTBa aMHMHOKHUCIOT. CTPYKTYDEHI, TIpEACTaBJIs-
omue coboll 3epKkalbHOE OTPAXKEHHE IPYr
Apyra, HasbiBaroTes L- # D-uzomepammu
(puc. 2.7). B cocmas 6Geakog 6x00aAm MOAbKO
L-amunoxucaomel. I103T0My B TOCI€EMyIOIIEM
H3J0XEHUH MbI Bynem onyckaTb 0603HaYeHHE
M30MEpa, UIMest B BUAY, YTO B T€X CIIy4asx, KOr-
I1a pedb HIET O CTPYKTYpe OeJIKOB, MoapasyMe-
BAIOTCS L-aMHHOKHCJIOTHI (33 HCKIIOYEHHEM

CHEnHAIbHO OTOBOPEHHBIX CIIy4YacB).

B Genkax Bcrpedaercs 20 BMOOB GOKOBBIX
AMHMHOKHCJIOTHBIX Lened, pa3IM4aloluxcs no
pasmepam, gopme, cnocobHocmu 06pa3zoesl-
eams  8000POOHbIE CEA3U U XUMUYECKOU
peakyuonnocnocobnocmu. TlomvepkHeM, 4TO
BCe Oenkm BCEX BMIOB XKHMBBIX CYILECTB-—OT
6akTepuH 10 Yea0BeKa — MOCTPOEHBI U3 OIHOrO
¥ TOro Xe Habopa 20 aMUHOKHUCIIOT. DTOT YHHU-
BepcallbHbI OenkoBbi angaBUT CylIecTByeT
yXxe okosio 2 Mipa. jet. Tor dakT, 4To Genku
cnocoGHB! BBIIOJIHATL pasiu4Hbie (QyHKUMH,
ofycnoBneH pasHooOpasueM u THOKOCTBEO
CBOHCTB cocTasnsromMx MX 20 CTPYKTYpHBIX
3JIeMEHTOB. B nocienyromux riaBax Mbl yBH-
MM, KaK Ha OCHOBe 3TOro ajdaBUTa BO3HU-
KaloT C/AOXHEALHNE TPEXMEPHBIE CTPYKTYpHb,
6marogaps KoTOpeIM OeNk# cnocobHbl ywa-
CTBOBATb B CTOJb OOJIBILIOM YHCIIE GHOJIOr MY e-
CKHX IIPOLECCOB.

PaccmorpuM 3TOT Ha0Op aMUHOKMCIIOT,
ITpocTefimit B uX pAxy —IMLMH, Y KOTOPOTO
Ha MecTe HOKOBOI LENMH HaXOMUTCA ATOM BO-
nopoaa (puc. 2.8). ¥V ananuHa 60koBas Uenb
npeacTasneHa METHWIbHOR rpymmoif. Banus,
JICHIYH, H30JIEAIIMH U NPOJIHH CoepXaT yrile-

NH, v NH,*
|

H-—(I:—COOH H—C—C00- H—C—co0-
R R

AmutHoxucnora s
HOMOHUIUPOBAHHOW hopme

Amunokucnota 8 copme
AWNONAPHOro MOHA

Bokosan uens

(4BuTTEPMOHA)

Puc. 2.5. CTpyKTypa aMHHOKHCJIOTEI B HE-
HOHU3UPOBaHHOK  ¢dopme u
B Gopme LBUTTEPHOHA.
Hacms |

20 Kondopmaimsa H auHamuxa

BonopoaHsie 6okoBrie nenu. [ponun, omHako,
OTJIMYaeTcH OT APYTHUX 19 aMHMHOKHCIIOT Oc-
HOBHOTO Habopa TeM, YTO UMeeT BTOPHYHYIO,
a He TEepBHYHYIO aMuHOrpymny (puc. 2.9).
CTporo roeops, NPONUH SBJISETCA UMHHO- (a
HE aMHUHO-) kMcnoToH. BokoBas uens B nposn-



N
H—C—COOH
R

®opma, npeobnagaouan
npu pH 1

|
H—(I:—
R

+H*

Puc. 2.6. 3aBHCHMOCTh HOHH3AUUH aMH-

HOKMCJIOTBI OT 3HaveHus pH.

L-Wsomep D-Uiomep

Puc. 2.7. ABCoMmOTHbIE KOH(PUTYpalMK L-

¥ D-W30MEPOB dAMHHOKHUCIIOT.

ce

CH
H,c/ \

Anaunn
(Ala)

TAnumH
(Gly)

AMHMHOKHCAOTEL ¢ amnudaTuye-
CKUMH OOKOBBIMH LIEMNAMHU.

Puc. 2.8.

CH, HC._CH;

CH,

NMponkn
(Pro)

Anannx
(Ala)

Puc. 2.9. IIponun oTnuyaercs OT APYrux
OOBIYHBIX AMHHOKHCIIOT HaJIH-

4UE€M BTOPHYHON aMHHOTDYIIIBL.

He NpPHCOEAMHEHA KaK K aMHHOrpymme, Tak M
K 0-yrjepoay, ¥ B Pe3yJIbTaTe [OJIy4aeTcs K-
JIMuecKas CTpyKTypa.

JIBe aMHHOKHCIIOThI —CEPHH U TPEOHHH — CO-
JepxaT  anudaTtuveckue — IMAPOKCHIBLHEIE
rpynnst (puc. 2.10). '

NH,*

®opma, npeobnanaoujan
npupH 7

4 - o
H3N L,

CH,

Banuu

(Val)

1
H—(—C00"
R

®opma, npeobnagaouan
npu pH 11

COO~

_
_

+H*

MMeroTcs TpH LIMPOKO pacnpoCTpaHEHHbIE
apoMaTH4eCKue aMHHOKHMCJIOTHI: (eHmnana-
HHWH, THpO3MH M TpunTodaH (puc. 2.11).

VY BCex BhIILIENMEPEYHCIEHHBIX AMUHOKUCIOT
OOKOBBIE LIENH HE HECYT 3apsaa NpH GU3HOIO-
rudeckux 3Hauenusix pH. Obpatumcs tenepb
K aMHHOKHCJIOTAaM C 3apsSOKCHHBIMH O0XOBBIMHU
uensimu. [1pu HelirpanbioM 3HayeHud pH su-
3MH U APrMHUH HECYT MOJIOXHTEIbHBIA 3apsn,
a FHCTPUZ[HH—J'IHGO 3apAXKEH NOJIOXHUTECIBHO,
nubo HeHTpaneH B 3aBUCUMOCTH OT MHKpPO-
OKpYXEHHS. DTH OCHOBHbIE AMUHOKHUCIOTBI
nmokasaHbl Ha puc. 2.12. BoxoBsle nenu riyra-
MHHOBOH H acniaparuHoBOu KUCa0T (puc. 2.13).
HECYT OTpHULATeNbHbLI 3apsan. Janee mul Oy-
A€M HA3bIBATH 3TH AMHUHOKHUCJIOTHI COOTBET-
CTBEHHO TJyTaMaT M aclapTaT, NoJYyepKUBas
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CH
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H—C—CH,
i
CH,

Waonenymnu
(Ne)

2

H,C

NeuuuH
(Leu)

‘TOT (akT, YTO MpH (PUZHOIOTHHECKHX 3HAYe-
HUSX pH OHM HeCcyT oTpuuATE/bHBIA 3apsl.
CyiuecTBylOT He3apshkeHHbIE IPOU3BOIHBIE
rJlyTaMaTa M acnapraTta—[JIyTaMHH M acnapa-
ruH (puc. 2.14), KOTOpBIE BMECTO KOHLEBOH
KapOOKCHJIBHOH rpynibl COAEPKAT aMHIHYIO
rpynny. HakoHern, y AByX aMHHOKHCIOT B 60-
KOBOM LENM HAXOOUTCH aTOM CEphL. JTO Me-
THOHMH M uycTenH (puc. 2.15). Kak Oyner no-
Ka3aHO [aJjiee, IIMCTEMH BO MHOrux Oenkax
urpaer ocobyro pois, obecriewnBas obpa3osa-
HUE MOMEePEeYHbIX TUCYJTbOUIHBIX CBSA3EH.

2.2. Ocobbie IMHHOKHCJIOTBI JOTIQIHAIOT OCHOB-
HO# Ha0Op, HACYHTHIBAIOIIMH ABAANATL AMHHO-
KHCJIOT

B psine 6enkoB cogepxarcs ocoOble aMHHOKHC-
JIOTBI, OOpa3ymowyecss nyTeM MogH(pUKaLUH
OOBMHBIX AMHHOKHC/IOT IOCJIE UX BKJIIOYEHHUS

2. OcHoBHBbIe NpeICTaBICHHS
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Yt SO0
Wi PN

THONG O M FHN = oo
' ) i
H—C—OH H—(I:—OH
|
H CH,
CepuH TpeoHuH
(Ser) (Thr)
Puc. 2.10. V cepuHa u TpeonuHa 60KOBas

uenb npeacTaBieHa amddarhye-
CKOH THMAPOKCHIBHOH TpYyMIOii.

i SO0 I aTe

Y] ~ : ~
d

NoCOH AN -0 H
THz ]i/“z
OH

.

.
NC
H

DeHunananun Tupoann Tpunrodan
(Phe) (Tyr) (Trp)
Puc. 2.11.  ®enunnanaHu, THPO3UH W TpHI-

TOpaH HMEIT apOMaTHYECKHE
OOKOBLIE LEIH.

ol e M g { +ig B
A W ¢
(':H2 ?Hz (I:_C'ZH
(]:Hz C|ZH2 “H N\\‘C/ NH
(|:|.|2 N--H H
NH. = C=NH,~
NH,
Nuank Aprunuux rucTuauu
(Lys) (Arg) (His)
Puc. 2.12. Jlu3uH, apruHMH W THCTHIMH

HMEKT OCHOBHbBIE OOKOBBIE Iie-
MH.

B NIOJIHNENTHAHYIO Lenb. Tak, Hanpumep B co-
CTaB KOJUIareHa BXOAUT TUAPOKCUIIPOJIHH — [H-
APOKCHINPOBAHHOE NPOM3BOAHOE  IPOJIMHA
(puc. 2.16). Kax Gynet nokasaHo nasee (pa3n.
9.7), monoHUTeNbHAS TMAPOKCHIIbHAS rpynna
CTabUITM3HPYET CTPYKTYPY KOJLIAT€HOBOI'O BO-
JIOKHA. BHOJIOrHuecKoe 3HaueHne ITONH MOIu-
(puKauMH aMHHOKHCIOTBI CTAHOBHTCH OYEBH/I-

Yacre |
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HBIM IPU LHHIE, PA3BUBAIOLIEHCA B pe3yb-
TaTe HEAOCTATOYHOIO IHAPOKCHIUPOBAHHS
koarena. Eme ogna MoaupuuupoBaHHas
KucoTa - y-kapbokcuriayramar.  Hapymenue
KapOOKCHIIMPOBAHMS TJIyTAMaTa B MPOTPOM-
OuHe - GeJIke CBEPTHIBAOILEH CHCTEMBI KPOBH —
MOXET NPUBECTH K KPOBOTOYHBOCTH (pasn.
8.23). U3 obnapykenHbix B 6eykax MoaubH-
LMPOBAaHHBIX aMHHOKHCJIOT Yallle BCETO BCTpe-
qaeTcst pocdocepun. leiicTBre psiaa rOPMOHOB
onocpeayercs npoueccamu ochopunupona-
HUS WM AepochHOpHIMpOBaHHs Crienupuyec-
KHX OCTAaTKOB CEpHHA B Pa3jM4HBLIX Oeikax
(pa3an. 16.11).

(A (", H H}w ~ ]
iZHz (I:H2
~ CH
0/ \O_ é 2
7\
o o-
Acnaprar Cnyramar
(Asp) (Glu)
Puc. 2.13.  Acnmaprat W riytamMatT uMerOT
KHCJIOTHbIE OOKOBbIE LEINH.
CO0” Coo
H N- L -H “t,N-—-( —ri
S,
o CH,
¥
o7 “NH, s
VRN
o “NH,
Acnaparun Fnyramun
(Asn) {(GIn)
Puc. 2.14.  Acnaparus u riayTaMHH MMeroT
aMHHble GOKOBBIE LENU.
o
SH ?-lz
S
CH,
Uncreun MeTnoHuH
(Cys) (Met)
Puc. 2.15.  LluCTeHH ¥ METHOHHH UMeIOT ce-

pycoaepxaiuye OOKOBble HEmu.



Tabnuua 2.1. CokpawieHnble 00O3HAYEHHN AMHHOKHCIOT

AMMHOKHCIOTA Tpexbyk- OnHobyxk-
BEHHOE BEHHOE
COK- obo-
paleHue 3HAYCHHE
AlaHuH Ala A
ApruHsH Arg R
Acnaparud Asn N
AcnaparyH WJIH acnaparu-
HOBasg KHMC/IOTa Asx B
AcnaparuHoBas KHCIOTa Asp D
Banun Val \Y
TucTuauH His H
| HET Gly G
[nyTaMuH Gln Q
CayTaMuH MM Glx Z
riyTaMHHOBas KHCIOTa
IayTaMHHOBAs KHCNOTa Glu E
W3oneituun Ile I
Jleiunn Leu L
JInzun Lys K
MeTHOHHKH Met M
IMpoaun Pro P
Cepun Ser S
Tpeonun Thr T
Tpuntodan Trp w
Tupo3ux Tyr Y
DennaiaHuH Phe F
Luctenn Cys C

2.3. AMHHOKHCJIOTBI, CO€/MHSISICb MeNTHIHOH
CB3bI0, 00pa3yIOT NOJHHENTHIHbIE LeMH

B Oenkax o-kapOOKCWIbHAsg rpynna OXHOH
AMHHOKHCIIOTBI COEIUHEHA C o-AMUHOT PYNIOA
OPYroif aMHHOKHUCIOTBI NenmuoHoll CEA3bI0
(Ha3pIBaeMOM TakXXe aMHUOHOH cBsa3pro). Ha
puc. 2.17 moka3aHo, KaKk 13 ABYX aMHHOKHCIIOT
obpasyeTcss AMIENTHI C BBICBOOOXKIAECHUEM
OJIHOM MoJIeKyJTsl Boabl. PaBHOBEcHe 3TOH pe-
aKIHM CWIBLHO CABMHYTO B CTOPOHY T'HAPOJIH3a,
a e cuntesa. CrieqoBaTeNIbHO, OMOCHHTES Neln-
THOHBIX CBs3ell TpebyeT MpUTOKa CBOOOIHOM
9HEpruM, TOrJa Kak THUAPOAM3  HIET
C BBICBOOOXKACHHEM OSHEPrHUM.

[Tpu coenuHennH 60LIIOrO Yucaa (0OBMHO
60J1ee COTHH) aMHHOKHUCIIOT NyTemM oOpa3oBa-
HHS NENTHIAHBIX CBA3eH GopMupyercs noaunen-
mudHas yenv, HUMEIOIIAs HEPa3sBETBJICHHYIO
CTPYKTYpy (puc. 2.18). Kaxayro aMHHOKHCIO-
Ty, BXO/SIIy}0 B COCTAB IOJTHNENTHUAA, HA3bI-
BAIOT aMUHOKUCA0MHbIM ocmamkom. TTonwmer-
THAHAS UeNb UMEET ONpee/IeHHOE Harpaslie-
HHE, MOCKOJILKY KaXIbI U3 €e CTPOMTEJIbHBIX
6JI0KOB MMeeT pa3Hble KOHIbI—JHOO a-aMH-
HO-, THOO %-KapOOKCWIbHAS I'pynna. YciaoBu-
JINCh CYHTATb, YTO NOAUNenmudOHAA Yenb Ha-

CoO~ CO0- C0o0-
HN——C—H HN—C—H HN—C—H
H,C . CH; CH, CH,
/C\ !
H OH /CQ 0
-ooc” “coo- -0 b0
i
(¢]

Fuapoxcunponun y-Kapbokcurnyramar O-®ococepun

Puc. 2.16. Psax mMoauduuupoBaHHBIX aMH-
HOKHCJIOTHBIX OCTaTKOB, COAEp-
xammxcs B Oeikax: TMAPOKCH-
NpoJMH,  Y-KapOOKCHIJyTamMaT
U pocpocepun. KpacHbiM 1oka-
3aHbl TPYNNBI, KOTOPbIE MPHCOE-
JIHHSAIOTCS K @MHHOKHCIOTHOMY
OCTATKY IOCJIE ero BKJIIOYEHHS
B MNOJIMNENTUAHYIO LEMb.

H H
A |
’H3N—C|Z-—C\ + - ."'N_c|:_
R, O R,
(0] H
] P
‘H3N—(|:——C-—N—(|I-—C\ +H,0
R, I W R, O
MenTngHan

CBA3b

Puc. 2.17. OO6Gpa3oBaHue NMENTHIHOH CBS3H.

yunaemca ¢ N-konya, m.e. ¢ KoHya, Hecyuje2o
amunozpynny. TIpH H300paKeHHH MOCIET0BA-
TEJILHOCTH AMMHOKHCIIOT B MOJHMIIENTHAHOH
nenu HayuHaloT ¢ N-KOHIEBOro ocTaTka. Tak,
B TpMIENTUNE AJIAHHH-TIHLMH-TPUNTO(AH
ajJaHMH HeCeT KOHIIEBYIO  aMHHOIpyNmy,
a  TpUnTOdaH —KOHIEBYIO KapOOKCHIIbHYIO
rpynny. OGpaTuTe BHUIMaHHE, YTO TPUITODAH-
[JIMIMH-aJIaHHH — 3TO YK€ APYTOH TpHUIenTHI.

[MonunenTUaHAas UeNb COCTOUT U3 peryJsp-
HO MOBTOPAIOLMXCS YYacTKOB, 06pa3yroux
OCHOBHYI0 Yenb, U BAPHAOEIHbHOH 4aCTH, BKIIO-
yarolneit B ceOs xapaKkTepHbIe 6okoebie yenu
(puc. 2.19). OCHOBHY!O II€NIb HA3bIBAIOT UHOTAA
CKEJIETOM, WJIH OCTOBOM, MOJIEKYJIbI.

B psime GenkoB OT/AeqbHBIE GOKOBHIE LENH
COEIMHEHBI MEXY COO0M ducyab@dudHbIMuU C6A-
3amu (MOCTHKAMH), KOTOpbIe 0O6pa3yroTCs IIPH
OKHCJICHHMH OCTATKOB IMCTenHa. BosHukaro-

2. OcHoBHbIe NPeJCTABJICHHA
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H O H O H O H O H
L L L L LA
B 0 I I
R, H R, H R, H R, H Ry O
N-KoHYeson — C-xoHyeson
ocrTarok OCTarToK
Pue. 2.18.  Ilenrtanentun. Kaxapii amuuo- MOAEKYAbl, pacmeopumocms, 3apsad, cneyugbu-
KHCIIOTHBIA  OCTATOK BBIGJCH  4ecKoe CpodCmeo CEA3bIBaHus. O6b1uHo  mpn-
PamMKkOH. [IlenTumnas uenb Ha-  MeHAIOT HECKOJBLKO PAa3HBIX METONOB OYHCTKH
YHHAETCA ¢ AMHHOKOHIA.  CPaBHUBAIOT WX 3 eK TUBHOCTL MyTeM onpe-
ACHHS MHTEpPECYIoIero Genka no kakoMmy-To
H O H O H O cBocTBy. Hanpumep, depMenTs! onpenensior
[l L [l N0 YACTBHOM KaTaJIUTHYECKOH AaKTUBHOCTH.
—T—C—C—T—C—C——T—C— - Ipu 3TOM M3MepsiOT Takke n Obwiee KOJu-
H i H i H i YeCTBO OesKa, YTO MO3BOJSET YCTAHOBUTD CTe-
Pre. 2.19. TNonuuentuanas nens COCTOWT H HH O
H3 CKeaema, UMEIOLLIr0 Pery.sp- [ o
HYI0, IOBTOPSKOIIYIOCH CTPYKTY- —N- —(IZ—C— —N--C—C—
PY. U OTIOENBHBIX 60K06BIX Yenel CH, (,:H
(R, Ry, R3; noKkasanbi 3eneHbim). I [ 2
SH S
- |
SH S
! I
UM TIPH 3TOM JNCYJIbGUI Ha3bIBAETCS [[UCTH- ‘,:Hz ?Hz
HOoM (puc. 2.20). Kakux-mubo apyrux KoBa- —N—C—C— —N—C—C—
JICHTHBIX CBsA3ell B Oellkax OOBMHO He BCTpe- I o
yaercs, H H O HHO
Uuctenn Luertun
2.4. Beeu coctost H3 OJIHOM MM HECKOMLKHX  p,. 5 50 Jucy nbgumnbii MOCTHK
TOHNENTHAHLIX Henel (-——S—S—) o6pasyercs  wu3

Mmuorue 6enku, B 4aCTHOCTH MHOTJIO6MH, CO-
CTOSAT U3 OXHOM NOJMNIENTHAHON lIenH ; Apyrue
colepxkar IBe uernd wiu Gosee, nprwieM Lemu
MOTYT OBITh OAMHAKOBLIMHA WM pa3HbMu. Tak,
MOJIEKyJ1a TeMOrIoOHHA TOCTPOeHa U3 2 uerneit
OIHOTO THNMA W 2 Lened APYroro Tuma; 3TH
YeThblpe LeNHU CBA3aHbl MEXIY COoOOH HekoBa-
JIEHTHBIMH CBS3AMH. B HEKOTOPBIX MHOTOLENO-
YeYHBIX OeyIKaX NOJIMIenTHIHBIE LEeNu COEH-
HEHBI ANCYIbYUAHBIMM MOCTHKAMH. B HHCyH-
HE, HaNpUMeEp, [BE COCTABJIAIOIIHE €[O LENH
COCIHHEHb! ABYMSI TUCYIbOUAHBIMH CBS3SIMMU.

2.5. JI1s ouHCTKH GeIKOB MOXHO HCNO/Ib30BaTh
MHOXECTBO Pa3/H4HLIX METOI0B

Jlns BBIACHEHHS MeXaHM3Ma IelcTBuS Genka
€ro HEOOXOOUMO BHUIEINTL B OYUILEHHOM BH-
ZAe. B HacToslee BpeMsi B YHCTOM BHIIE MOJTy4e-
HO yXe HECKOJIbKO Thics 6enkoB. B nponecce
BBIIC/NIEHUS U OYHMCTKM O€JIOK OTAENAOT OT
Ipyrux OeJIKOB M OT HeOelKOBBIX coemuHe-
HU, NCXOZIS U3 TAKHX €TO CBOWCTB, KaK pazmep

Yacts |
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CyabbruapunsHbIX rpynm ( — SH)
ABYX OCTATKOB LMCTeHHa. ITpo-
IYKTOM peakLnH SBJISAETCH OCTa-
TOK yucmuna.

KpynHbIe MONEKynel He NpoxoanT
4yepes MeMbpaHy

HeGonbwue monexynsl NPoOXogaT
yepes MeMbpaHy

Puc. 2.21.

Pazpnenenve Monekyn no pasme-
py nyTeM aManuia.



NeHb OYHCTKH AaHHOro Oeska Ha KaxIaoM
3Tane BbIAEJICHHUS.

Ortaenenne 6€IKOB OT HU3KOMOJIEKYIAPHBIX
BELLECTB NPOBOMAAT MyTEM JHaIU3a Yepe3 MO-
JIynpoHuuaeMyio MeMOpany (puc. 2.21). Ben-
KH, MOJIEKY/IIpHAast Macca KOTOPBIX MPEBbILIAET

Hasvmon (Ja)-

15 xmnopaneton (x/la) ocraroTcs BHYTpH
OOBIMHOTO JIHAJNHM3HOTO MEIUOYKA, TOr4a Kak
60J1e€ MENKHME MOJIEKYJIbI H HOHBI IIPOXOASAT Ye-
pe3 MOpbl AMATM3HOH MEMOPaHbI ¥ BBIXOIAT U3
MeEUIOYKa B QUAJIH3aT.

€AMHMIA MacChl, MPaKTHYECKH paBHAas Macce atoMa Boaopoxa (T.e. 1,0000 mo
1IKajie aTOMHBIX Macc). TepMunaMH «JaJbTOH» H «MOJIEKYJISPHAS MAcCa» IOJib-
3YIOTCs Kak B3aMMO3aMEHsIeMbIMH ; HannpuMep, 6esiok B 20 000 1abTOH HMEET MoJTe-
KyjaspHyro Maccy 20000. HammenoBaHue nano B uects Jlxoma JlanbToHa
(1766-1844), pa3paGoTaBiIEro aTOMapHyo TEOPHIO CTPOCHHS MAaTEPHH.

Kuaodasemon (x[1a)—

€AMHHLA Macchl, paBHas 1000 nanbTon. Macca 601bLIMHCTBA G€JIKOB JIEXHT B Npe/e-

nax ot 10 go 100 xman.

Pasnenenne GexoB mo pasmepy MOsEKYsbl
NPOBOAAT TAKXKE METOAOM 2eab-huibmpayuu
(puc. 2.22). B aToM ciyyae npoby HaHOCAT HA
KOJIOHKY M3 HEPACTBOPUMOIO, HO BBICOKOTH/I-
PaTHPOBAHHOTO YIJIEBOJHOTO IOJHMEPA, CO-
CTOSILLEr0 U3 MEJIKMX YaCTHUL B BU/IE 3€PEH Ha-
MeTpOM 00bryHO 0,1 MM. OBBIMHO HCIIOJB3YIOT
umeromiics B nponaxe cedagexc. Hebonpine
MOJIEKYJIbl TIPOHMKAIOT BHYTPb YacCTHI[ MOJIH-
Mepa, a KpynHeie—HeT. B pesynbrare HH3KO-
MOJIEKYJISAPHBIE BEILIECTBA OKa3bIBAIOTCS B BOJ-
HOM pacTBOpe KaK BHYTPH 4YacTHl, Tak
H MEeX]y HHMH, TOIJa KaKk BBLICOKOMOJIEKY-
JSPHBIE —B BOJHOM pAacTBOPE TOJIBKO MEXIY
4acTUUaMH. BCenicTBHE 3TOr0 BEICOKOMOJIEKY-
JISIpHBIE BELLECTBA, OKA3aBIIUCH B OTHOCHTE -
HO MeHbiIEM OOBEMe, ObICTpee NpPOXOaAT
CKBO3b KOJIOHKY Y NNEPBBIMH CHHMAIOTCS C Hee.

Pasnenenue 6elkOB Ha OCHOBE pa3MYHMil
B ofmeM 3apsne OCyLIECTBIISIETCS METOLOM

KpynHbie MONeKynbi He MPOHUKAIOT
BHYTPb 4acTuy nonumepa

Menkue Monekynbi PacTBOPRIOTCA B
BOAHOW pa3e BHYTPU HacTuy

nonvmepa
YacTuua yrnesog -

HOro nonumepa

Puc. 2.22.  PaspeneHne Mosekyn no pasme-

PY METOAOM refib-OUIbTPalvH.

uOHO0OOMeHHOU Xxpomamozpaguu. Ecnu 6Gesok
HUMeET NOJIOKHTEbHBIH 3apsa npu pH 7, To on
OOBIYHO CBS3BIBAETCS HA KOJIOHKE HOHOOOMEH-
HHUKa, COAEPXAIIEro KapOOKCHUIIbHBIE TPYMIbI,
TOT/a KaK OTPUIIATENBHO 3apsDKEHHbIM GeloK
TaKKM HOHOOOMEHHHKOM He cBs3biBaeTcs. Ta-
KOH TNOJOXUTENBHO 3apsDKEHHBIH OesoK CHH-
MaloT C KOJIOHKM IyTeM j00aBieHus B 3JH0U-
pyroumii Oydep XJOPUCTOrO HATPHS WM
Kakon-1u60 apyro# coam. I1pu 3TOM HOHBI Ha-
TPHs. KOHKYPUPYIOT C IOJIOXHUTENIBHO 3aps-
KEHHBIMH TpyNnaMH O€KOB 3a MecTa CBSA3bI-
BaHMs Ha KoJioHke. Te O6esikH, y KOTOpbIX
IUIOTHOCTh TIOJIOKHUTEIBHOTO 3apsiia HHXE,
BBIMBIBAIOTCS C KOJIOHKHM NEPBLIMH, 32 HMMH
caenyroT 6esku ¢ 60Jiee BBICOKOM MIOTHOCTBIO
NOJOXHUTENbHOrO 3apsina. Ilomumo o6miero
3apsja Ha noBejieHHe OeJIKOB MPH HOHOOOMEH-
HOM XxpomaTorpadum OKa3bIBAIOT BJIMSHHE
u aApyrue ¢pakTopbl. O6LMii 3apsx Genka onpe-
IeNAeT TAKXX€ M CKOPOCTb €ro MHIpaiuu
B 3JIEKTpHYecKOM nose. Ha 3ToM npuHnmme oc-
HOBaH METON 3.1ekmpodopesa, KOTOPHIA Mbl
noapoGHee 06CYIMM B OMHOM H3 CNEAYIOLIMX
rnas (pa3a. 5.3). 3aech xe CTOUT OTMETHTD BbI-
COKYIO pa3pemiarolyro cnocobHOCTh MeToaa
anekTpodopesa. Tak, NCNONB3Ys IBYMEPHBIH
3;1eKTPodope3, yaaloch NOIydyuTs 6oaee 1000
pa3iuYHbIX (PpaKknuii NPU OAHOKPATHOM pa3-
JlesTIeHuH OEJIKOB TAKOTO MPOCTOrO OPraHu3Ma,
kak OGaktepus E.coli (puc. 2.23).

Eme oauH MOIIHBIH M YHUBEPCAJIbHBINA CIO-
co6 ouucTKM 6enKoB-—xpomamozpagua no
cpoocmey (agdunnas xpomamozpagus). B oc-
HOBE METO/A JIEKHUT XapaKTepHOE AJI1 MHOIHX
6e7IKOB BBICOKO€ CPOJICTBO K Crenunpuyeckum
XHMHYECKHM rpynnaM. B uyactHOCTH, pactu-

2. OcHoBHBbIE NpeaCTaBJICHAS
O CTPYKTYpe H ¢yHKkumm Genaxos 25



s o - — = - .
et ool I R

- - - ‘.: > - -

= LR g LS~

Puc. 2.23.  JIByMepHbi#t iekTpodopes Gen-
koB E.coli. Metoa mno3Bouser
BuIABUTE Gostee 1000 paznuuiibix
6emkoB 3TO0i GakTepuu. Pasucie-
HHUE MPOUCXOJUT HA OCHOBE pa3-
YU B H303JIEKTPUYECKOH TOU-
ke  OemxoB  (3aekTpodopes
B TOPU3IOHTAJIBHOM HampaBJie-
HUM) M Ha OCHOBE pa3Juuui
B MOJIEKYJIAPHOI Macce (BepTu-
kasbHbIR ekTpodopes). (ITeya-
TaeTcs ¢ mobe3HOTO pa3zpelie-
nusa g-pa P.H. O’Farrell.)

TeJIbHBIA GENOK KOHKAHABAJIUH A MOXKHO BhI-
JIEJIMTb U3 HEOUMIIEHHOrO 3KCTpakTa, Mponyc-
kasg IKCTPaKT 4epe3 KOJIOHKY, COIepXalllyro
KOBAJIEHTHO NPHCOCAMHEHHYIO TIr0K03y. Kon-
KaHaBaJiuH A, o0nagalouMi  CpoACTBOM
K TJIFOKO3€, CBA3BIBACTCA C KOJIOHKOM, TOraa
KaK OCTaJlblble OEIKH, KaK PaBUIIO, HA KOJIOH-
Ke He ancopOupyrotes. [anee cBA3aHHBIA KOH-
KaHABaJIMH A CHUMAKT C KOJIOHKH KOHIEHTPH-
POBAHHBIM PacTBOPOM I/10KO3bL [Ipn 3TOM
B y4aCTKax CBS3bIBAHUSA TJTFOKO3bI B MOJIEKYIaX
KOHKaHaBaJIMHAa A NPOUCXOOUT 3aMeELICHUE
MPUCOEIHHEHHBIX K KOJIOHKE OCTAaTKOB TIJHO-
KO3Bl Ha IJIIOKO3Y, HAXOASIYIOCS B PACTBOpE
(puc. 2.24). YtaK, ¢ NOMOLULIO XpOMATOIpa-
¢$uu no cpoaCTBY MOXHO BbIIENATH OeJiKH, KO-
TOpBIE PACMO3HAIOT KaKywo-TO rpynmy X; mis
storo: 1) X wm ee MpOU3BOAHOE KOBAJIEHTHO
NIPUCOEANHSAIOT K KOJIOHKE; 2) HAHOCAT Ha KO-
JIOHKY OEJIKOBYIO CMECH U 3aTEM HE CBA3ABLLIME-
cs 6esky yransroT 6ydepom; 3) amoupyroT uc-
KoMblif Genok, nobapisa X B BUAE pacTBOpa
BBICOKOH KOHUEHTpALHH.

Yacrs |
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bBenok, ceA3biBaOWUR
rNIOKo3y

AoGasneHne
rnioKo3bl )

BeicBoboguBwmMrcH

Genox
Puc. 2.24. Xpomartorpadus no cpoacrsy
(appunuas XpoMarorpachus)

KOHKaHaBanuHa A  (nokazan
KeJITBIM) Ha KOJIOHKe, COIepxa-
ulell  KOBAJCHTHO  IPUCOEIH-
HEHHBIE OCTATKU rmwoko3sl (IN).

2.6. INMocaen0BaTe/ILHOCTL AMHHOKHCIIOT B 0eJi-
KaX YHHKAQTbHA W JeTePMHHHDPYETCH TeHAMH
B 1953 r. ®penepux Crurep (Sanger) onpeue-
JIAJ TOCTIENOBATETBHOCTE AMHHOKHCJIOT B OeJ1-
KOBOM TOpPMOHE —uHCYynuHe (puc. 2.25). Dma
puaboma npedcmagasiem coboit 8exy 6 pazgumuu
buoxumuu, ubo ¢ Heii gnepevle 6v140 NOKA3AHO,
umo 6e40K umeem cmpozo onpedeAeHHyI0 nocae-
dogameavHocmb amunokuciom. Kpome Toro,
9TO JOCTHXEHHE TOCAYXKUJIO CTUMYJIOM ISk
JIPYTUX HCCIeNOoBaTeseil MOABEPrHYTH AHAJIO-
FMYHOMY aHaJIu3y GOJBIIOE MHOXECTBO 6en-
KoB. M1 nelCTBUTENBHO, K HACTOSAILEMY Bpeme-
HH YCTAHOBJICHA NMOJIHAA NMOCJIE/I0BATE/IbHOCTD
aMHHOKHMCJIOT Y HECKOJIbKUX COTCH OelkOB.
CaMoe MOpasHTE/bHOE, YTO Kaxabli 6eyok
UMEET YHUKATIBHYK), TOYHO OMPEAC/ICHHYIO IO~
CJIC/IOBATEILHOCTh AMMHOKHCJIOT. B cepuu
OCTPOYMHBIX paboT, NpPOBENEHHbIX B KOHIE



S — —S
| |

Uens A
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Puc. 2.25. TlocnenoBaTenbHOCTb  aMHHO-
KHCJIOT B HHCYJIHHE KPYIHOTO

poraToro ckota.

50-x ~Hawane 60-x romoB 6bUTO0 OGHApPYXKEHO,
YTO 110CTEAOBATENLHOCTE AMUHOKHUCIOT B OeJi-
Kax I€TepMUHHUPOBaHa resernyecku. [Tocneno-
BaTenbHOCTh HykneoTHaoB B JJHK - BemecTne
HACJEACTBEHHOCTH — OTIPEIIESISAET KOMIIJIEMEH -
TapHyI0 [OCIEA0BATENBHOCTh HYKJIEOTHAOB
8 PHK, a nocnennss 8 cBoro ouepenn onpese-
J€T  110C/IE0BATE/IBHOCTE  AMHHOKHCJIOT
B Geske (1. 25). Bonee Toro, cuHTE3 Beex Oell-
KOB M3 COOTBEICTBYIOUIMX aMHHOKHMCIOT
UMEET €UMHBIH MeXaHUu3M.

OnpeneneHne nociea0BaTENLHOCTH AMUHO-
KucnoT B Qeskax MpeICTaBiseT MHTEPEC MO
YETHIDEM  npu4MHAM. Bo-mepBeix, Takue
[@aHHBIE UMCIOT BOJbLIOE 3HAYEHHE i1 BRIAC-
HCHUS MOJIEKYJIAPHOM OCHOBBI GHOJIOrHYeCKOH
akTUBHOCTH Ocnka. CBeleHMS O MOC/IEI0BA-
TEJIBHOCTH aMHWHOKHMCJIOT NpHOOpEeTaroT 0co-
6y10 LIEHHOCTL NPH MX COIIOCTABIEHHH C JPYTH-
MU XHMHYECKMMH ¥ (U3HYECKUMH XapaKTepuc-
THKaMH. BoO-BTOpBIX, H3yueHUE MNOCJELOBA-
TeJILHOCTH ~ AMHHOKHCJIOT B COYETAHHM
C JETajbHBIM aHAJM30M OpPOCTPAHCTBEHHOMN
CTPYKTYpLl HEOOXOAMMO IS BBIACHEHHMS TeX
NPHHLUIIOB, HA OCHOBE KOTOPbIX W3 MOJUIEN-

Beaku—

21
S

S

THAHBIX Uened (GOPMHUPYIOTCS BLICOKOCTIEIH-
¢Guunblie TpexMepHbie popmel ITpu sTOM mo-
CJIEA0BAaTEIbHOCTb AMUHOKHCIOT B OeJke
CJIY’KUT CBA3YIOUIMM 3BEHOM MEXY reHeTHYe-
ckoll mudopmarmeit, szanoxennod B JHK,
U TPEXMEPHOH CTPYKTYpoO# Oeska, nexaluei
B OCHOBE €ro OHMOJIOTHYECKOH dKTUBHOCTH.
B-TpeTbux, H3MEHEHU B HOCIEIOBATE/ILHOCTH
AMHHOKHCJIOT MOTYT IPHUBECTH K HapyUIEHHIO
HOpMaJIbHON ¢yHkiuK Oefka, a CleRoBaTellb-
HO, M K COOTBETCTBYOIIEH 60ne3uu. B vacTnoc-
TH, TaKkas TsKenas 60se3Hb, Kak CePrHOBUIHO-
KJIETOYHAs aHEMMs, HEPCAKO NPUBOAALIAs
K JIETAIbHOMY HMCXOJY, BO3HHKAET B Pe3Yy.ibTa-
Te 3aMEHBI BCEIO JHIUL OJIHON-€AMHCTBCHHON
AMHMHOKHUCIOTBI B OAMOM-EIMHCTBEHHOM 6ei-
xe. Takum o6pa3om, onpejienenne noceiosa-
TEJbHOCTH AMMHOKHCJIOT OTHOCHTCH K HOBOIA
001acTH MEeIUITMHBI — MONEKYTSPHON NAaTOM0-
rud. B-4eTBEpPTHIX, AAHHBIE O TOC/IE1OBATE -
HOCTH aMHHOKHCJIOT B O€JKe MOTYT MIOTroe
pacckasaTthb o ero 3BoouuH. JIeso B TOM, 4T0
B HEPO/ICTBEHHBIX OenKax TH MOCIeN0BATE b-
HOCTH COBEPIIEHHO pa3jiMyHbl. Bejku JHiub
B TOM Cilydd€ HUMEIOT CXOJMYIO NOCHE/OBa-
TeJIBHOCTh AMHMHOKHCJIOT, €CJIM OHU MPOUCXO-
AT oT ob1ero Genka-npeawecrseHduka. Che-
[OBATENILHO, M3YY4eHUE NOCJIETOBATE IbHOCTEM
AMMHOKHCJIOT B 0Oenkax MO3BOJIAET 1pocIie-
JIUTH 9BOJIIOLIMIO HAa MOJIEKYJISIPHOM YPOBHE.

Ha')ble}OT TAKXKE 1IPOTCHUHAMM. IMocneanmuii TEPMUIL, BBCICHHBIH Bapuennycom B

1838 r.!

» TOAYEPKUBACT BAXKHOE 3HAYCHUC 3TOT O KJ1acca BEHICCTB, TepMHll 06pd'£0BaH

OT TPEYECKOLO CIOBA proteios, 4HTO O3HAYAET IICPBOCTENEHHLIR».

2.7. DKCepHMEeHTa/IbHbIC METObI. Ofipe e /IeHHS
NoCAe0BATEC/IbHOCTH AMHHOKHCIOT

PaccMoTpHM cHavana, KAk MOXHO OMNPENEIUTh
[OCNENOBATEIbHOCTD AMHHOKHCIIOT B KOPOT-
KOM nenTue. JlonycTum, 4To nenTua COCTOMT
3 6 aMUHOKHCIOTHBIX OCTATKOB, PACHOJIO-
KEHHBIX B CJIEQYIOLIEH MOC/Ie10BATEILHOCTH

Ala-Cly-Asp-Phe-Arg-Gly.
! Tepmun «npoTenH» BBeneH Mysinepom (Lieben F.

Geschichte der Physiologischen Chemie, Leipzig und
Wien, I. Deutike, 1935, s. 359).— ITpum. peo.

(s 0003HAYEHHUS AMMHOKHMCIOT HCMOIb30-
BaHbl OOLIENPUHATBIE COKPALUEHUSA, TPUBE-
neHHele B Tabn. 2.1, crp. 23.) Ilpexne scero
HEOOXOMMMO OUPENEIUTb dMUHOKUCAOMI bl
cocmas nenmudad. JIns 3TOTo ero ruIpoJIU3yIoT
0O COCTABJISIOIINX aMHHOKHCJIOT Harpesa-
Huem 1o 110°C B Tewenue 24 4 B 6 n. HCL Ja-
Jiee aMUHOKHCIOTBI 110Jy4€HHOrO THAPOJIH3a-
Ta pa3iensroT MeTO/I0OM HOHOOOMEHHOH xpo-

2. OcHOBHbLIE Npe/ICTABJICHHSA
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MaTorpaQud Ha KOJIOHKE C CyJbGOHHPO-
BaHHBIM  MOJIMCTHPOJOM.  DpakuHOHMPO-
BaHHBIE aMHHOKHCJOTBl ONPEAENsIOT Mo
okpacke, 0Opa3yloHIeiiCs NpH HarpeBaHUH
C HUHZUODUHOM: O-AMHMHOKHCIIOTBHI JalT C

¢ OH

HuHrugpus

HUHTHAPHHOM HHTEHCHBHOE CHHEE OKPALIHBa-
HHE, 3 WMHMHOKHMCJIOTBI, HANIPUMED MPOIHH,—
xenroe. MeTon noHOOGMeHHON XxpomaTorpa-
$uu obnagaeT BBICOKON YYBCTBHTEIBLHOCTBIO:

C €ro MOMOLIbI0 MOXHO ONpEeIe/HThL Aaxe
OIMH MMKPOTPAMM aMHHOKHCIIOTHI, T.€. NPH-
MEPHO CTOJIKO, CKOJIBKO COJEPKHUTCA B O-
HOM oTneyaTke nanpua. Konnyectso amuno-
KHCJIOTBI  TMPOTNOPLHOHANBHO  ONTHYECKOH

Q

(0]
®nyopeckamuu

TIOTHOCTH pPacTBOpa MOC/I€ HATPEBAHUA ¢
HUHTUAPUHOM. Ecnu Tpebyercs onpenenuts
€LIE MCHBIIME KOJIMYECTBA AMHHOKHCJIOTHI -

nPO®UNb INIOUMU NENTUAHOTO TMAPONUIATA
Gly
Asp Ala Phe Arg
5252 g >3 2 FE .3 52 g o D
T LT 1T
-NPO®UNL INIOUNUU CTAHAAPTHBIX AMUHOKUCNOT
pH 3,25 pH 4,25 pH 5,28
0,2 m UuTpar HaTpus 0,2 M UuTpat HaTpus 0,35 m UuTpar Hatpus

OGvem 3niouumn

Puc. 2.26.  AMHMHOKHCIOTBI, CoucpXaLIHECs
B ruapomu3aTte 6Geyka, pasje-
JIIIOT METOAOM MOHOOOMEHHOI
XxpoMmaTtorpagun Ha Cy’abdOHH-
POBaHHOM NOJIMCTHPOJIE (HAMPH-
Mep, aaydkc-50). Jns smronuu
AMMHOKHCJIOT C KOJIOHKM HC-
noJe3yioT 6ydeps! ¢ Bozpacraro-
muM 3HaveHneM pH. IlepsbiM
CHMMAETCs C KOJIOHKH acmaprar,
HUMEIOLIMH KHCIIOTHYIO OOKOBYIO
Lenb; aprHHUH C OCHOBHOM 60-
KOBOH IHENBIO IJIIOHPYETCS MO-
cnennuM. ITo ocu opaunar otio-
KEHO MOTJIOLICHHE.

Yacts 1
28 Konpopmaims u 1uunamuxa

NOpSAAKa HECKOJBKUX HAaHOTPAMMOB, TO HC-
NONB3YIT Payopeckamun, KOTOpbIH pearu-
pPyeT ¢ ®-aMHHOTDYNNO#, 00pa3ys CHJIBHO
dnyopecuupyromee coemuHenune. O npupoae
aMMHOKHUCJIOTHI CYAAT N0 00BEMY 3JTFOMH, T. €.
o 06seMy Oydepa, HCTOTb30BAHHOMY ISl BbI-
MBIBAHUSl JAHHOH AMHHOKHCJIOTHI C KOJOHKH
(puc. 2.26). CpaBHeHHE pe3yIbTATOB XpOMATO-
rpaduu ruAPOJIH3ATA CO CTAHAAPTHOM CMEChIO
AMHHOKHUCIIOT CBHJETENILCTBYET O TOM, 4YTO
HCCNIEYeMBIH NENTHI HMEEeT CieayrolIui
AMHHOKHCJIOTHBIH COCTaB:

(Ala, Arg, Asp, Gly,, Phe).

Cxo0KH NOKa3bIBAOT,YTO peub MAET O COCTaBE,
4 He [MOCJeAOBATEbHOCTH aAMHHOKHCJIOT
B NENTHAE.
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Puc. 2.27. Onpenenenne N-kOHIEBOIO OC-
TaTka nentuga. Ilentun MeTAT
dbTopaMHUTPOGEH3010M  (peak-
B C3Hrepa) M 3aTeM TMAPOJIU-
syror. JJH®-npoussoanoe amu-
HOKHCJIOTBI (B NIPHBEAEHHOM
npumepe JJHD-ananun) HACHTH-
¢$buuupyroT no xpoMarorpaduye-
CKHM XapaKTepPUCTHUKaM.

JIns onpenenenus B Oesike HJIH NeNTHAE KOH-
LIEBOr0 OCTATKA, HECYLEr0 aMUHOTPYIIY, €ro
METAT C IOMOLIBIO COEMHEHHs], 0Opa3yIomIero
CTaOWIIBHYIO KOBAJEHTHYIO CBfI3b C a30TOM

HyC /CH 3
NO, N
NO, ‘
E SO,CI
PropauHKTpoGeH3on Rancunxnopng

amuHorpynnsl (puc. 2.27). Bnepseie 1 3TOM
ueau Canrep HCIoNIB30Bajl Pmopounumpoben-
304 (DPIHB), pearupyrolmii ¢ He3apspKEHHOH
a-NH,-rpynno#t ¢ o6pa3oBaHueM AMHUTpOde-
HUMbHOro (AH®) npousBogHoro mnentuaa
xentoro usera. Ceasp Mexay JIH® u xoHie-
BO aMHHOTPYNIOii CTaOHJIbHA B YCJIOBHSIX, HC-
NOJIB3YEMBIX JUIS THAPOJIH3a MENTHIHBIX CBS-
seit. [Toaromy npu runponuse JHD-npous-
BogHoro mentuna Ala-Gly-Asp-Phe-Arg-Gly
B 6 H. HCI BricBOoOOXgaercsa JJH D-aMuHOKUC-
JI0Ta, KOTOPYIO MOXHO HIACHTU(PULHPOBATH
xpomatorpapuueckn kak JHP-ananun.

Jiis upeHTUGUKAnud N-KOHUEBbIX aMHUHO-
KMCJIOT B HACTOSIIEE BPEMs HacCTO HCIOIb-
3YIOT OAHCUAXA0pUd, KOTODBIA NPH B3aUMO-
MEACTBMM C AaMHHOTPYNNOM JIaeT  CTa-
OuibHOE, HHTEHCHBHO (uyopecuupytollee
cyJbhaMHIHOE TPOU3BOAHOE. DTOT METON MO-

3BOJIAECT BBIABHTH N-KOHl.lCBy}O AMHHOKHUCIIOTY
(l'lOCJ'lC KHUCJIOTHOTO TIuApOJad3a NENTUIHBIX

2. OcHoBHble Npe/ICTaBJICHHA
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CBs3€H), NPUCYTCTBYIOIIYIO B TAKOM HE3HAYHM-
TEJIbHOM KOJIMYECTBE, KaK HECKOJILKO HAHO-
IPaMMOB.

Ipu Beex nOCTOMHCTBAX METOOB ONpence-
HAS. N-KOHIEBBIX aMHHOKHMCIOTHLIX OCTATKOB
¢ nomompo JH® unm fpaucunxnopuna ux,
K COXAJICHUIO, HEB3S MCLOIB30BATh ABAX/IbI
IPUMEHHUTEJIHHO K OJIHOMY M TOMY Xe NenTuay,
TOCKOJILKY TTOCIIE/IHHMI IOJTHOCTBIO paclagaeT-
Csl IpH KHCJIOTHOM ruaposuse. Ilepy Damany
(P. Edman) ynanocs paspaborats MeTon map-
KNpoBaHUs N-KOHIIEBOrO OCTATKA W OTHIENIe-
HUS Cro OT menTuaa 6€3 ComyTClBYyHOIEro
pacLIeIUIeHHs OCTANIbHbIX TENTUAHBIX CBA3EH,
Hezpadayus no Iomany (peakyus Ddmana)
COCTOHI B CTYNEHYATOM (MO OMHOMY) OTLIE-
IL7ICHUH AMHMHOKHCIOTHBIX OCTATKOB C aMUHO-
KOHI@ nentuja (puc. 2.28). Qenu.tuzomuoyua-
Ham PearupyeT ¢ HE3aPSHKEHHOU KOHLIEBOMH

DOHUNUIOTHOLHONAT

4AMUWHOTPYLNOH TenTHaa ¢ oOpa3oBaHueM ¢e-
HUJITHOKAPHaMOMALHOTO MpoussoaHoro. Jla-
nce B CJIAOOKUCIION cpene MPOMCXOAUT OTLie-
NJelide UUKJIHYECKOTO TPOU3BOHOIO N-KOH-
NEeBOH# AMUHOKHC/I0THI, & OCTABLUKICS HEepas3py-
LICHHBIM LIEATH/T OKa3bIBAETCA YKOPOYEHHBIM
Ha OJTMH AMHHOKHC/IOTHBIH OCTATOK, YKa3zaH-
HOE THKIUYEeCKOe 1IPONU3BOAHOE npeacrasiaseT
co00it  (hEHUNTHOTMIAH TOMH-AMUH OKUCIIOTY
(®TT-amun0KuCIHOTY). Ero naeHTHOUUAPYIOT
METOAOM Xxpomarorpacdun, Jlanee aMUHOKWUC-
JOTHLIA COCTAB YKOPOYEHHOTO TenTuaa

(Arg, Asp, Gly,, Phe)
CPaBHHMBAKOT C HCXOIHBIM:
(Ala, Arg, Asp, Gly,, Phe).

Oxa3pIBACTCA, YTO PABIMUUC COCTOUT B OTHOM
ocrartke anaHuua. ClleloBaTenbHO, B UCXOA-
HOM TEUTHAE aJlauuH 3aHHMaeT N-KOHIEBOe
nonoxenue. Jlerpajgauuro no DaMaHy MOXHO
BHOBb TIOBTOPUThL 11 YKOPOUYEHHOM MENTH/IE.
Mcxounst ¥3 aMHHOKHCIIOTHOTO COCTABA TIOC/IE
BTOPOR CTyNEeHHW ierpajaluu

(Arg, Asp, Gly, Phe)

MOXHO ﬂpHﬁTl’l K BLIBOAY, YTO BTOPBIM OCTAT-

Yacrs 1
30 Kondopmamus u munamnxa

KOM ¢ N-KOHIa ABNSETCSA MMIMH. DTO 3aK/Ii0-
YEHHE MOATBEPKAAIOT NYTEM XPOMATOrpadu-
yeckort uaentudukauun OTI-rnuumna, nony-
YEHHOTO Ha BTOPOH CTYLIEHH [derpaaanu
uentaa. Eue Tpu crynenu merpajaunu mo
D/Mally NO3BOJISHOT MOJHOCTBIO PACKPBITH 110~
CJIE/I0BATEILHOCTE AMMHOKHC/IOT BO B3STOM
NenTH/IE.

CTpaTernio aHanusa MOCNEAOBATEILHOCTH
AMWHOKHC/IOT B Q€NKaX MOXHO ONpPEeNeNHTh
KaK «pasflesisii M BracTByi». Besiok momeep-
FAIOT cneyuduueckomy pacujenierui na 6otee
Koponkue nenmudw, HOCIETOBATCIBHOC I, AMHU-
HOKUCJIOT B KOTOPBIX ONPEUECIIAIOT 110 DAMaHy.
Crenuduyeckoe paciuenienue MoxHO npo-
M3BOIHTb XWMHYECKUMH MM (epMeHTa-
TUBHBIM  meTOogaMH.  Tak, B. Yutkon
(B. Witkop) u 3. I'pocc (E. Gross) obuapyxcu-
Jn, uT0 GpomucTeri unan (CNBr) pacmennser
NOJIMICTITHAHYO LENb TOJBLKO [0 NCTTHIHOMN
CBSI3M, 0OPa30BaHHON KapOOKCHJIBHOMN Ipym-
MOH OCTaTKa MCETHOHHHA (puc. 2.29). Ecuu
B Gestke conepkuTca 10 METHOHHHOBRIX OCTaT-
KOB, TO nocJjie 06paboTku BPOMHCTBIM ITHAHOM
o0bIY10 mosyyaercs 1| menTunos. Beicokociie-
uuduIecKoe paclIenieHue T0CTUIAETCS TAKXKE
C TNMOMOLUBIO TPHUICHHA — TPOTEOJUTUHECKOI O
(hepMeHTa MOKeTyAOUHOM Kee3bl. Tpuncux
PACILIETUIAET MOTHIEN TH/THBIE HENH 1O HEMTHII-
HOW CBsA34, 0Opa3oBaHHON KapOOKCUILHON
TPYNIIOH OCTATKOB APIMHWHA W JIM3MHA
(puc. 2.30). B pesysbTate Genok, copepxamuii
9 ocTaTkoR JM3MHA M 7 OCTATKOB APrMHHMHA,
NoCne paclIenyeHus TPUICHHOM PacnajacTcs
Ha 17 uentunos. Kaxablii u3 2Tux NEeNnTHIOB,
KPOME MenTHAA, PacTio/IoKEHHOIO Ha KapOok-
CHJILHOM Koliue Genka, GyneT kouvaThes apru-
HMHOM WIM NU3MHOM. Psnx Jpyrux cnoco6os
CeuHPHUYECKOr0  PacCLUEnIeHUs  [1OJHMEl-
TH/HBIX peneil 1puBesed B Tabm 2.2.

I[Tentuasl, nonyueHHbIe npu cneunpHecKkom
XHUMHYECKOM WM (EPMEHTATHBHOM paciien-
JieHnu Oenka, pa3aensiioT METOAaMH XPOMATO-
rpadpuu. Jlanee nociaenoBaTeNnbHOCT AMHHO-
KHCJIOT B K4XIOM H3 TENTHAOB ONpPERETSIOT
Metonom Damana. Takum o6pasom, DOCTH-
raeTcs 3Tail, KOrla OCNeN0BaATENBHOCTh AMH-
HOKHCJIOT B OTAE/NbHBIX NENnTHAAX (pparmen-
Tax OenKa) N3BECTHA, HO OCTAETCH HCBBISCHEH-
HOM I110CNENOBATCABHOCTL CAMHX IICHITHIOB.
IMocneanio ycTaHaBJIMBAIOT C [IOMOIIBIO TAK
Ha3bIBAEMBIX  NEpPeKpuisanuyuxca nenmudos
(puc. 2.31). Tlpu 3TOM HCIONL3YROT YXKe He
TPUIICHH, & KAKOH-THOO PCPMEHT, paculensisio-
LM OJIMNENTHUHYIO LeNb B APYTHX y4acTKax,
HallpuMep XUMOTPUIICHH, KOTOPBIA pacllc-
ILTAET NeNTWIHBIE CBA3W [JIABHEIM 00pa3oM 1o
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Herpajanus no Djamany. OT
NENTUAHOW UENH OTIUCMJIAIOT
MeyeHblit N-KOHIEBOH OCTATOK
aMuHokucnoThl  (PTI-ananuu
Ha NepBOM CTYNEHHU Aerpalalu).
OcTaTOK MENMTHAHONH LEmu NpH
9TOM He.ruapoau3yercs. Ha Bro-

poOH CTyneHHu AcrpajalMH onpe-
AensoT caeayroumit  N-KoHLe-
BOH AMHHOKHCJIOTHbIH OCTATOK.
Eme 1pu cTyneHu [nerpajanuu
110 DIMaHy MO3BOJAT YCTaHO-
BUTh BCIO MOCJIEAOBATEJBHOCTD
AMHMHOKHUCJIOT BO B3SITOM NENTH-
ne.
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Puc. 2.29. BpoMucThii uMaH pacliennser
NOJIMNENTUALl MO KapOOKCHIIb-
HOH rpynme METHOHUHOBBIX
OCTaTKOB.
KapOOKCHILHBIM ~ TPYINAM  apOMAaTHYECKHX

U OpYrux OGOJBLIMX HENOJAPHBIX AMMHHOKHC-
JIOTHBIX ocTaTkoB. IlenTunsi, oGpasyrouimecs
noj OEACTBUEM XHMOTPHMIICHHA, HEH30EXHO
NEPEKPLIBAIOT BA WM 0o0Jiee TPHOTHYECKHX
NENTHIA, YTO MCTIOJB3YETCS MUIA YCTAHOBJICHUA
UX TMOCJIENOBATENBHOCTH. TakuM MyTeM I0Jl-
HOCTBIO ONDENEANOT MOCIENOBATEIbHOCTD
aMHMHOKHCIOT B Oeike.

OnxcanHsie METObI NPUMEHAMBI K GeskaMm,
COCTOSAILIMM M3 OOHON NOJHIIENTUAHON ey,
HE UMeEIoLLEH TUCYIb(UAHBIX CBs3eii. B Tex xe
cnydasx, Kkorna B Oejlke HMEIOTCS AUCYJIb-
¢bunHbIe cBA3Y Wik 6oNiee OOHOM NOMUTIENTHA-
HOH nenu, To HeOOXOAMMBI JONOJHATENLHbIE
MeToawdeckue npueMbl. Hanpumep, ecnu Ge-
JIOK COEPXUT 1B UM GoJiee MoMMNenTHIHbIE
LMY, COCAMHEHHbIE HEKOBANICHTHBIMH CBS3f-
MUY, TO, BO3AEHCTBYS IEHATYPUPYIOILIMMH ATEH-
TaMH, TAKMMH, KaK MOYEBUHA HJIH FyaHHIHHT U-
OPOXJOPH, BBI3BIBAIOT AHCCOLMAIMIO LIENEi.
AuccounypoBaHHble LENW PasAEnsoT H TOMb-
KO 1ocie 3TOr0 NPUCTYNAKT K ONpPENE]eHHIO
NOCNeN0BaTENBHOCTH AMHHOKMCIOT B KaXKIOH
u3 wux. Ecyn xe nonunenTuanbie Heny coenu-
HEHBI KOBAJICHTHBIMH JHCYIL(HIHBIMH CBSI34-
MH, KaK 3TO HMEET MEeCTO B MHCYJIHHE, TO HX
OKHCJIIIOT HAOMYPABLHHOH KHCIOTOH; mpu
3TOM [OHCYAL(PHOHBIE CBS3M PaspLIBAIOTCA
H 06pa3yroTca OCTATKH MUCTEMHOBOH KHCIOTBI
(puc. 2.32).

AHaNH3 CTPYKTYpHI 6EKOB YAANOCH 3HAYH-
TEJbHO YCKOPHThL NYTEM CO3aHus ceKeeHamo-
pa—cnenyuanbHoro npubopa 111 aBToMaTHYec-
KOro onpenesieHus nocjieROBaTebHOCTH aMH-
HokucnoT. Ilpu Takom ompenenenun 6emok
B BHIE TOHKOH MUIEHKH IIOMELIAIOT BO Bpa-
LIAOIIMACH WHWIHHAPUYMECKHH cocya, TIE OH
nojasepraercs Jerpanaunu no Damany. Peak-
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NaxToH romocepuna
Tabnuua 2.2. Cneundmyeckoe paciuenenne noNHNENTHIOB

PeakTun MecTo paclienneHua uen-
THIHbIX cBA3eH, oOpa3osun-
HBIX
XnMHuYeckoe pacuenie-
HAe
BpomMucTBIil Lnan KapbokeunsHo# rpynnoi

OCTATKOB METHOHHHA

Cuapokcunamun CBA3b ACHd pATHH —TIMUMH
2-HuTpo-5-THOLMAHO-  AMHHOIPYNNO#  HHCTCHHOBBIX
Gensoar ocTaTkOB
DepMeHTaTHBHOE  pac-
wenaense
Tpuncuu Kap6okcuasnoi Tpynno
OCTATKOB JIH3HHA W APruHUHA
Knoctpunaun Kap6okcunsHoi TPYNiioi
OCTATKOB APTHHHHA
Cradunokokkopas Kap6okcunsHoit rpynnoii
NpoTeHHasa OCTAaTKOB

4CTaparMHOBOR W TJIYTHMHWHO-
BOH XHCIOT (TJIyraMuHOBOI
KHCIIOTOH — TOJIbKO B onpene-
JIEHHBIX YCJIOBHSX)

THBBI H PACTBOPHTENIH NPOXOAAT HAl UMMOGH-
JIM30BaHHOIl GelKOBOM IieHkoH, a BHICBOOO-
Knawwuecs PTT-amunoxkucaoTEl  MOABED-
ralTcs KHIKOCTHOH Xpomatorpaduu npwu
BBICOKOM AABJIEHWH M TAKUM 06PazOM HIEHTH-
dunupyrorca. OnuH UMK aerpajanuy no -
MAaHy 3aHHMAET NMPH ITOM MeHee NIBYX YacoB,
C noMouis1o CeKBEHATOPA MOXKHO ONPENETHTD
aAMMHOKHCIIOTHYIO NOCJIEI0BATEILHOCTD IOJH-
nenTHIA WK 6eska, CONEPx AILEro 10 CTa aMH-
HOKHCJIOTHBIX OCTATKOB,

2.8. Kondopmauns noamnenTuIHbIX uenei

[MopasurensHasg 0cO6EHHOCTh GENKOB COCTOUT
B TOM, YTO KaX[blit U3 HUX MMEET 4ETKO ONpe-
JENEHHYIO TPEXMEPHYIO CTPYKTYpy. Kak moka-
3aHO HWKE, OyAydM pa3BEpPHYTHIMH WIM YJIO-
XEHHBIMH CIIyYallHBIM 00pa3om, TMOJHIen-
TUAHBIC UENHU JIMIIEHbI OHONOTHYECKOH AKTHMB-
HOCTH. (DYHKUHOHAJIbHLIE CBOWCTBA 6EJIKOB
ONPENEnsOTCa UX KoH@opmayueil, T.e. mpo-
CTPAHCTBEHHBIM  PACIOJIOXEHUEM  ATOMOB.
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| | | Tpuncum [l | 7
wril—?—c—lr—c—c N—C—C + H,0 —— mrla—?—c—rf—c—c\ + H,N—C—C~
H R H b R, H R H o” R,
Nuanx Nn3nn
wnu unu
apruHuH apruHuH
Puc. 2.30.  TpuncH rHAPOH3YET Noymmen-  BaXHYIO poJib IPU 3TOM HMIpaeT NOCHeNOBa-

THIBE O KapOOKCHIILHOI rpynme
OCTATKOB JIM3UHA M AaprHHHHA.

Tpummecxue nenTugol XMMOTDHHTMHOCKIM'Q nentug
Ala—Ala—Trp—Gly—Lys Val Lys—Atla—Ala—Trp
Thr—Asn—Val—Lys
‘Tpun'rmecxnn nenTug TpunTU4eCKUA NenTug
Thr—Asn-- Val—Lys—Ala—Ala—Trp—Gly—Lys
l'Iepexp‘mnaloumn XMMOTPUNTUYECKUI NENTUA

Prc. 2.31. Tlentua, obpasyrouiica npu
XMMOTPHITHYECKOM pacClliernje-
HHH, MEPEKPLIBACT ABa TPUITH-
YecKUX nenrtuaa; bnaronaps ato-
MY MOXHO YCTAaHOBUThH IlOCHE-
JOBATENBHOCTL  PACOJIOKEHHS
nernTHIOB.
LimcTun
H—ril r\ll—H
H— (it CH,—S—S—CH,— (IZ H
C=0 0=C
f §
i
H=—C- 0—0—H
HagmypassMHaR KHCnOTA
H—ril ril—H
H—(I:—CHZ—SO,* —O,S—CH,-—(i.‘—H
C=0 0=C
{
UucrenHosan xucnota

Puc. 2.32. [ucynsdumel  paciuenisrorcs

HaJgMypaBbHHOH KHCJIOTOM.

3-665

CJICAOBATCITBHO,

TEJIBHOCTh aMHHOKHCITOT, TAK KaK B KOHETHOM
cYeTe HMEHHO OHA ONpeAENseT KOH(popMaIHio
Oenka.

B kxonue 30-x rogos JI. [Tomunr (L. Pauling)
u P. Kopu (R. Corey) Hauaji IpOBOIHTH PEHT-
FEHOCTPYKTYPHBIE HCC/IEMOBAHHS AMMHOKHC-
JIOT ¥ neTHAoB. OHH ONpeaessi CTaHIAPTHBIE
IUTHHBI M YTJIBI CBA3€H, C TEM YTOOBI HCXOA U3
9THX JAHHBIX Npeacka3aTh KoHpopManuro Gen-
x0B. bou1 obHapyxen BaxHbli HakT: nenmuo-
Hasa eouHuya obaadaem i cecmKoll NAGHAPHOU
(naockoii) cmpykmypoii. Bonopo B 3aMellieH-
HOM aMHWHOTpymme IIO9TH BCErga 3aHHMaeT
MPAHC-TIONIOXKEHHUE MO OTHOLIEHHIO K KUCIIOPO-
ny kapOGoHUNbHOM rpymmsl (puc. 2.33). Ceasb
MeEX1y aTOMOM yriepona KapOOHWILHOR
TPyNIbl ¥ aTOMOM a30Ta NMENTHAHOH eIWHUIIbI
HMeeT 4acTHYHO XapakTep NBOUHOH CBA3H, H,
BpallleHHe BOKPYr  9TOi
(puc. 2.34) cBA3M NOJDKHO OBITH 3ATOPMOXEHO.
Jlnuna cesi3u coctasnser 1,32 A— —CpeaHee 3Ha-
HEHHWE MEXJy [UTMHaMHM OIMHAPHOH CBI3K
C—N (1,49 A) u gBoiinoii cesan C=N (1,27 A).

Mentugnan rpynna

Pue. 2.33. Ilentuosas rpynma MMeeT XecCT-
Kyl [l1aHapHYy1o CTPYKTYpy. ITo-

Ka3a"bl [JIMHBI CBsded (B A).

2. OcHoBHble NpeACTABIECHHN
0 cTpyxType H QyHKuHH OGeakon 33



Anzcmpem (A)-
€OMHHMLA OJIMHBI,

paBHas 10710 p,

1 A=10"1M=10"% cm=10"* MM =

= 107" um. Ha3Bano B uecTs yi€HOro-cnexTpockonucra A. Aurctpema (1814-1874),

B otimune ot PacCMOTPEHHOTO Cilyvas CBS3b
MEXIY 0-YIJIEPOAHEIM ATOMOM H YIJIEPOAHLIM
aTOMOM KapOOH WIILHOM IPYNNEl HCTHHHO OIH-
HapHas. CaedosameabHo, no obeum cmoponam
HCECMKOT nenmudHol  edunuy bl 80KDY2 3mux

0 0"
I |+
N
H H
Puc. 2.34.  [lnanapuocTs uenTuuuoi rpyn-

bl 06YCJIOBIIEHA TEM, YTO CBA3D
a30T--YTJIEPOJ HOCHT Y4CTHYHO
XapakTep ABOHHOH CBA3M.

H H {0 lH l 0 H O
Tl L3 Lol
NN e
R, H| R, H| R,
XecTkan XKecTtkan
CTPYKTYpa CTpyxTypa
Puc. 2.35. B obnacru ceieii MEX/y mnen-
THAHBIMH TPYNNaMH U Q-yrie-
POJHBLIMH ATOMaMH MMEETCS 10-
BOJILHO BBICOKAaA CTeNeHb CBO-
6omw Bpaluenus.

Puc. 2.36.  Onpeuenenue yriaos ¥ ou

V XapaKTepusyeT BpallleHHe OT-
HOCHTEJILHO OJMHAPHOH CBS3M
C.—C; ¢ xapakTepusyer Bpa-
IIEHHE OTHOCHTENBHO OJHHAP-
Ho# cpasu C,—N. (Levinthal C.
Molecular model building by
computer, Scientific American,
Inc., 1966.).

Yacrts I
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ceA3ell umeemca 6biICOKAA cmenens cgob0Nb!
épaujenus (puc. 2.35). Bpaluenus oTHOCHTEb-
HO OTHX CBA3€H ONMCBHIBAIOTCH YIaamu \f H
¢ (puc. 2.36).

Ans nonasoro onmcanus xoHbopMauuu oc-
HOBHO# LIENHU MOJUNENTHAA HEOBXOTMMO 3HATH

V B ¢ Ans KaXA0ro aMHHOKHCIOTHOTO OCTAT-
Ka.

2.9. epnoamyHbie CTPYKTYpbI: aabda-crmpans,
Gera-ckramuareii  coi, CAHPAJbL KOJIJIAreha
Moxet /1 nonunenTHAHAS Henb GbITh yII0Ke-
Ha B CTPYKTYPY, COCTOSANIYIO H3 PErYISPHO MO-
BTOPSAIOLIMXCA y4acTKoB? UTO6bI OTBETHTL Ha
atoT Bonpoc, Moaunr u Kopu cpasaunn psn
TOTEHIHATEHO BO3MOXHBIX KOH(GOPMAIH 1mo-
JIMNENTUI0B, NOCTPOMB MX TOYHbIE MOJEKY-
nspHbie Moaenu. IIpu 3Tom crporo cobnropa-
JIUCH 3KCIEPHUMEHTAJIBHO YCTAHOBJIEHHBIE s
AMHHOKHCIOT W HeOOMNbIINX NENnTHOOB BETH-
YHHEI YTJIOB CBAi3eH H MEXAaTOMHBIX PacCTos-
Huid. B 1951 r. ouw npennoxunu nse nepuoan-
HECKHE  MOJIMNENTHAHbIE CTPYKTYpHI, Ha-

3BAHHBIE COOTBETCTBEHHO Q-CIMPAIL H P-
CKIagyaTuiii Coi,

a-Cnupaab ameeT BUA cTepxas. Tyro 3aKpy-
HEHHAs OCHOBHAA LEMb NONMIIENTHIA CO3TAET
BHYTPEHHIOIO YaCTh CTEPXHA, a GOKOBLIE Lieny
HAnpapJ/ieHbl HAPYXY OT OCHOBHOM lienH, pac-




Paccrtoanue no
BbicoTe 1,5 A
yron nosopota
100°

4
TNy

Puc. 2.37. Mogaens npaBo3akpy4eHHOH o-
cnupasu. A. Ha cnupanu noka-
3aHBl TOJBKO  -yTJIEPOIHBLIE
aTtombl. b. Tloka3aHbl TOJIBKO
atoMbl aszota (N), obpa3syromme
CKEJIET MOJIEKYJIbl, ATOMBI Q-
yraepoaa (C,) 1 xkapOOHHIBHOTO
yraepona (C). B. [MosHoe wu3o-
6paxenne cnupajnd.  Bomo-
ponHble cBs3H (Ha puc. B 060-
3HA4€Hbl KPACHBIMH TOYKAMH)
mexay NH- u CO-rpynnamu
CTaOMJIM3UPYIOT CHUPAIb.

nojarasce mo coupanu (puc. 2.37 u 2.38).
a-Cripaiib cTaGUIM3HPOBaHA BOJOPOIHBEIMH
cBs3sMu Mexay NH- u CO-rpynnamMu ocHOB-
Holi nenu. CO-rpynna kaxaoi aMHHOKUCIIOTHI
COeqUHAETCS BOOOpOAHOH cBs3blo ¢ NH-rpyn-
MO AMHHOKHCIIOTbI, PACHOJIOKEHHOHN B JIUHEH-

3*

HO¥ MOCIIENOBATENLHOCTY Ha 4 OCTaTKa BIiepe-
mu (puc. 2.39). Takum ob6pa3zoMm, sce CO-
u NH-2pynnvl 0cHOBHOU yenu C8:3aHbI MeNCOY
coboit 86000p0oOHbIMU c8a3AMU. B TIpoeKkMU Ha
OCb CIMPAJIH OXMH OCTATOK OTCTOHUT OT JPYro-
ro Ha 1,5 A, a yroj Mexny HUMH COCTaBJIsSeT
100°, T.€. HAa NONHBI BHTOK COMPAJIM MPUXO-
auTCs 3,6 aMHHOKHCJIOTHBIX OCTaTKa. Takum
00pa3oM, aMHHOKHCJIOTHI, OTCTOSIIHE IPYT OT
apyra Ha 3-4 ocTaTka B JMHEHHOH nocnenosa-
TEJILHOCTH, B CTPYKTYPE 0-CIIHPAIH NPOCTPaH-
CTBEHHO pAacClOJIOKEHbl O4YeHb OJM3KO Apyr
K Apyry. HampoTuB, aMHHOKHCIOTHI, pasfe-
JIEHHBIE B JTMHEHHOH! MOCIIE0BATENLHOCTH IBY-
M OCTaTKaMH, NPOCTPAHCTBEHHO pacnoJia-
ralTCs Ha IPOTHBONOJIOKHBIX CTOPOHAX CIH-
palM M MO3TOMY B3aUMOJEHCTBHE MEXAY
HUMH ManoBeposTtHo. lllar a-cnupanu cocras-

2. OcHoBHbIe MpeaCTaB/IeHHA
0 cTpyKkType B ¢yHKUMH OesxoB 35
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Puc. 2.38.  a-Cnupans B nonepeunom pas-
pese. O6paTute BHMMAaHME, YTO
6okoBble uenM (mokazaHel 3e-
JIEHBIM)  HAXOAATCA  CHAPYXH
cnupanyd. BanneppaanncoBwl pa-
OUyChl 4TOMOB Ha CaMOM Jefe
GoJibie, yeM H306paxeno Ha pu-
CYHKE; BCJIEACTBHE 3TOTO BHYTpPH
CTUpPAIy NOYTH HET CBOBOAHOTO
MPOCTPAHCTBA.

JasieT 5,4 ,7\3 PacCTOsIHHE MEXY OCTaTKaMH (110
ocu)—-1,5 A ¥ YHCIO OCTATKOB Ha OIMH 000-
pot—3,6. Cnupane MOXeT 3aKpyuHMBATLCH 10
4aCOBOH CTpeENKe (IIpaBasi COHPaIb) WM IPO-
THB YaCOBOH CTPEJIKH (/1eBas Cupalib); Bce UC-
CJIEIOBaHHbIE O-COHpPATH OENKOB OTHOCATCA
K TpaBoOMy THIY.

Conepxauue o-cumpaneit B Genkax, us-
YYCHHBIX K HACTOsILEMY BPEMEHH, KpaitHe Ba-
puabenbno. B HekoTOpbIX 6enkaX, HanpuMep
MHOTJIO6HHE W reMOrIObuHE, a-CnMpaihb Ne-
XHT B OCHOBE CTPYKTYphL. Jlpyrue 6Genku, Ha-
OpUMED NHUIUEBAPHTENbHbIH (DEPMEHT XHMO-
TPHIICHH, IPAKTHYECKH JIMUIEHBI A-CIIUPATEHON
CTPYKTYphl. OQHHApHAA A-CliMpalih, 0 KOTOPOH
peyb LA BBIIE, KaK NPABUIO, JOBOILHO KO-
poTka, o0brHO MeHee 40 A B nuuy. BapuauTsi
Q-CHHpPaJIed HCHob3YIOTCH NpH obpa3oBauuu
JJIMHHBIX TspkeH, nocturaromux 1000 A u 60-
Jiee B [utnHYy. [IBe nitn Gonee a-coupanu MoryT
3aKpy4MBaTLCA OHA BOKPYT IPYro, Kak TsOKH
B xaHare. Takas cTpykTypa—a-cnupaiuzosan-
Haa cynepcnupaab—oO6bHapyXeHa BO MHOTHX
OeJlkax: B KepaTHHE BOJIOC, MHO3MHE H TPOIIO-
MHO3UHE MBILUL, SMHIEPMHUCE KOXH ¥ PHOpu-
HE, B CrycTKax KpoBH. CnupaiH3OBaHHbIE «Ka-
HATBL 3THX OENIKOB BBLIIOJHAIOT MEXaHHYE-
CKYI0 POJib, 06pa3ys NIOTHbIE MYYKH BOJIOKOH.

«Ecnu npHATH, 4T0 GUOPHLIAPHbIE GesIKH SMHUAepMACa, GelIKH KepaTHHH3UPOBAHHBIX TKAHeid,
OCHOBHO#H 6€/10K MBI MHO3HH, a Teneph ¥ GQUOPUHOTeH KPOBH — BCE MMEIOT B OCHOBE ONHY U Ty
xe 0cobyIo hopMY MONEXYIAPHOM CTPYKTYDBI H IOTOMY, BEPOATHO, PEICTABASIOT COBOM aaan-
TAUMOHHBIE BAPUAHTLI OJIHOTO HCXOAHOTO NPHMHIIMNA, TO 3J€Ch Mbl, BHIUMO, CTOKHYJIHCh C O/I-
HHM M3 BEIHKHX (aKTOB IBONIOUMH GHONOrMYECKHX MOJEKYI.

K. Bailey, W.T. Astbury, K.M. Rudall, Nature, 1943

CrpykTypa a-cnupann ObLla OpeiackasaHa
[Monunrom u Kopu 3a 6 ner no Toro, kak ee
YA4NOCh IKCTIEPHMEHTAILHO BBISBHTH METO-
IOM PEHTTEHOCTPYKTYPHOrO aHa/In3a MHO-
rnobuna. OmKpeimue cmpykmypel Q-chupaiu
npedcmasasiem coboti 8aXcHyI0 6eXy 6 pazeumuu
MOAEKYAAPHOU BUOAO2UU, NOCKOABKY 3MO Om-

Kpvimue 00KA3GA0, MO MONCHO RpedcKazams
KOH@OpMayuio noaunenmudnoit yenu, ecau moy-
HO U36eCMHbl C60UCMEA ee KOMHOHEHMOS.

B rot xe ron ITomuur n Kopu otkpsuin apy-
TOH BApMAHT MEPHONUYECKOH CTPYKTYpBI, KO-
TOPBLIA OHH Ha3panu f-cKJamyaTeiM ciioeM (B
MOTOMY, YTO 3TO ObUIA BTOPAA—IOCIE X-CTIH-
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Puc. 2.39. B a-cnupann NH-rpynna n-ro
OCTaTKka CBf3aHAa BOJOPOIHOM
cBaspio ¢ CO-rpynnoi ocrarka

(n—4).
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pajiM—OTKpLITas MMH CTpykrypa). B-Cxaad-
yamwlit cAofi CYIIECTBEHHO OTJIMMAETCA OT O-
CIIHPATH TEM, YTO OH HMEET IUIOCKYI0, 4 He
CTepXHEBUAHYIO PopMmy. [TonunenTuanbie ne-
N4 B -CKJIaAKaX NOYTH MOJHOCTHIO BBITSHYTHI
(puc. 2.40), a He TYrO CKpYUeHbl, KaK B o-CIIHpa-
Jn. PaccrosHue mo ocH Mexay IBYMs mpuie-
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Kondpopmauus  aunentuaHon
€IMHHMLBI B CKJIag4aToM f-cioe.
IMonunentnauas uens Npu 3TOM
NPAKTHMECKH MOJHOCTBIO BBITH-
HyTa.

Prc. 2.40.

KaUUMH = aMHHOKHCJIOTAMH CcoCTaBisteT 3,5,
ane 1,5 A, xak B a-cnupanu. Jpyrasa ocoben-
HOCTb B-cknmam¥aToM CTPyKTYphl COCTOHT
B TOM, YTO OHa CTAOMIH3NPOBaHA BOJAOPO/IHbI-
MH CBA3AMH Mexay NH- u CO-rpynnamu pas-
HbIX TSDKEH MOMMNENnTHIHBLIX LIENeH, Toraa Kax
B 0-CIMPANH BOOOPOIHBIE CBSI3M 00pPa3yrOTCA
MEXAY 3THMH TDyNnaMH B NPENENax 00HOi
u moit nce nonvmenTUaHOH Lenu. ITpunexaiiue
Hend B CKJaQ4aToM [-ClI0€ MOTYT MATH
B ONHOM H TOM X€ HanpaejaeHWW (napas-
AeavHblil B-c.10il) AT B IPOTHBOMIOIOKHBIX Ha-
NpaBNeHUsX (awmunapanrenvhviii B-caoit). Ha-
npumep, (UOPOMH 1uenka COCTOMT IOYTH
HEIHKOM M3 «wTabesieil» aHTunapaieNbHbIX
B-cxanyartbix cioes (puc. 2.41). AHanoruYHbIE
061acTH B-cKITaMATHIX C/I0EB BCTPEYAIOTCA BO
MHOTHX Ipyrux Oenkax. OcobeHHO MIHPOKO
pacopoCcTpaHeHbl CTPYKTYPHBIE EIMHMIBL, CO-
CTOSMIIME W3 2-5 mapajisieNbHbIX WIH aHTHIIA-
paJuTeJIbHBIX [3-CKIamoK.

Tperuit THID HEPHOAHIECKOM CTPYKTYphl—
KoaAazeH06aA cnupaay—OyneT noapobHO pac-
CMaTpPUBATLCSA B TJ1. 9. DTa cnenHaIM3HPOBaK-
Has CTPyKTypa oDecnedHBaeT BBICOKYIO ynpy-
rOCTh KOJLJIareHa — OCHOBHOTO KOMIIOHEHTa KO-
XM, KOCTEH M CYXOXHJIMA.

2,10. TloaunenTHIHAN Lenb MOXET NOBOPAYH-
Batecs Ha 180° OGnaromaps oGpazoBanmio
B-n3rnéos

BoJbLUMHCTBO GENKOB MMEIOT KOMIAKTHYIO
wapoobpasnyro (r1o6ynspHyio) bopmy, obyc-
JIOBJICHHYIO T€M, YTO UX NOJHNENTHIHbIE LENH
AENalT MHOTO H3rM60B, MEHANOILUX Hanpa-
BJleHHe uenu Ha 180°. Mccnenosanus Tpexmep-
HOW CTPYKTYPBI MHOTOYHCJIEHHBIX GeJIKOB mo-
Ka3aJig, 4TO BO MHOTHX CJIy4asiX OBOPOT IIENH

e

B MPOTHBOIOJIOXHOM HANPABJIEHHH OCYILECT-
BJIseTca 61arogaps HaJIMYHIO OJHOTO M TOTrO
K€ CTPYKTYPHOTO 3JIEMEHTA, Ha3LIBAEMOro -
uz2ubom. ITOT U3rub, IMEIOLIMH BHJI LITUILKH
L7181 BOJIOC, 00pa3yeTcs B pe3y/bTaTe TOro, 4To
CO-rpynmna ocTaTka n B MOJHNENTHIHON HEMH
NPUCOEIMHACTCA  BOAOPOAHBIMH _ CBA3AMH
kx NH-rpymne ocrarka (n + 3) (puc. 2.42). B pe-
3yJIbTaTE HANPABJIEHHE MOJHIENTUIHON Lenu
MEHACTCA Ha MNPOTHBONOJIOXHOE,

2.11. CTpyKTypHnie YPOBHH B AapXHTEKType
0eskoB

ITpunsTO pasiaM4aTh 4YeTHIPE CTPYKTYPHBIX
YPOBHSI B APXHTEKType OGEIKOBOH MOJIEKYJIbL.
Ilepsuunas cmpykmypa—3T0 IIPOCTO NMOCAENO-
BaTEJIBHOCTh AMHHOKHCNIOT B Oejike W JJOKaJIH-
3alMs AVCYIb(HUAHBIX MOCTHKOB, €CJIM Ta-
KOBBIe uMeroTcsa. Takum oOpa3oM, mepBUYHas
CTPYKTypa npeacraBnfeT co0oH mnosmoe onu-
CaHMe KOBAJICHTHBIX CBA3€H B Genke. Bmopuuy-
Haa cmpykmypa obpa3yeTcs B Pe3yabTaTe cTe-
PHYECKOFO B3aUMOACHCTBHSA AMHHOKHUCIOTHBIX
OCTATKOB, PaclloJIOXKEHHBIX BOM3N ApyT Apyra
B JIMHEHHOH nocienopatensHocT. HekoTopele
H3 3TMX CTEPHYECKHX B3aUMOAEHCTBHH HOCAT
pery/spHbIi Xapaktep, OOyC/IOBJHBasA TeM
CcaMbIM IIEPHOIUMHOCTD CTPYKTYPHL [IpuMepa-
MM BTOPHMHOH CTPYKTYPhI MOTYT CIyXHTb O
CNHpANb, CKIaA4aThii B-CTI0H M KOJUIareHoBas
cnupans. Tpemuunas cmpykmypa o6ycnosnena
CTEPHYECKHM  B3aMMOJCHCTBUEM aMHHOKHC-
JIOTHBIX OCTATKOB, JAJIEKO OTCTOSIUMX APYr OT
Apyra B JIHHEHHOH nocnenoBatenbHOCTH. Clie-
IyET OTMETHTb, UTO Pa3Nuyue MeXIy BTOpHY-
HOM M TPETHYHOH CTPYKTypamH AOBOJILHO yc-
nosHO. benkH, conepxaniue HECKOIBKO MOJIH-
NEeNTUJHBIX Hened, obnagaroT eme OAHHUM
YPOBHEM CTPYKTYPHOH OpraHH3alldH, & HMEH-
HO uemeepmuunoti cmpykmypoii. Ilon uerBep-
THYHOW CTPYKTYpOH MOAPA3yMEBAIOT CIOCOH

2. OcHoOBHbIe UPEACTARICHAN
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Puc. 2.41. AnTHnapannenbHbii  B-ckman-
) 4aTelil cnio#, INMpunexamme THKH
MOJIMICNTHAHOM uenuv HAYT
B MPOTHBOIOJIOXHBIX HanpaBJe-
nuax. CTpykTypa cTabUIH3HPO-
BaHa BOJIODOJHBIMH CBA3IMH
mexay NH- u CO-rpynnamu
npuaexanmx Tskei. BokoBble
Heny (MOKa3aHbl 3EJIEHBIM) Jie-
AT BBILIE H HHXKE TNJIOCKOCTH
cros.

Puc. 2.42. Crpykrypa B-u3ruba. CO-rpyn-
ma ocratka | wu300paxeHHOro
30€Ch TCTPAaneuTUUa MPHCOCIH-
HSAETCH BOJOPOIHBIMH CBA3AMH
k NH-rpymme ocrtatka 4; B pe-
3yapTaTe 0Opa3yeTcs TakoH ke
u3rub, Kak B IINTHJIBKE.

Yacrs |
38 Kondopmaims 1 IHHaMHKa

YKJIAJKH Leled OTHOCUTEIbHO APYr APYra.
Kaxas nonunenTHaHas uens B TakoM Oenke
HOCHT Ha3BaHHe cybvedunuys. JYacTo HCHOIbL-
3YIOT TaKXKe TEPMHH 0omeH, KOTOPBIM 0603Ha-
YarT KOMNAaKTHYIO TJIOOYJIAPHYIO EIUHHIY
OenxoBoit cTpykTypbl. MHOrHe Oesiku cocToar
13 HECKOJIBKMX JOMEHOB ¢ Maccoii o 10 mo 20
k/la. B Oenkax 6o0JibuIoi MOJEKYJIAPHOR
MACCHI OTHENBLHBIE JOMEHBI COENUHSIOTCS Mé-
X1y co00# OTHOCHTENIBHO THOKMMH Y4aCTKaMH
NONUMENTUAHON LEnH.

2.12. Ioc1eaoBaTeILHOCTL AMHHOKHC/IOT onpe-
OeJIAeT TPeXMepHYI0 CTPYKTYpY

B3auMocCBS3e MEXIY I1OCIEN0BATENLHOCTHIO
AMHWHOKHCIIOT B Oenke U ero koudopmarvei
6nuna obnapyxena Kpuctnanom Auduncenom
(C. Anfinsen) npy H3ydeHHH pHOOHYKJi€a3ni—
¢depmenTa, pacuenasiomero PHK., PuGony-
Kjea3za oOpa3oBaHa OJHOM NONMUMENTHIHON
LENbIo, cocTosed w3 124 aMHHOKHCIIOTHBIX
ocTaTKoB (pHc. 2.43). OHa COAECPXHT 4YeThIpe
JUCYAbGUIHBIX MOCTHKA, KOTOPbIE MOXHO He-
0OpaTHMO OKHCIIUTh HAOMYPABbUHOU KUCAO-
moii ¢ oOpa3oBaHUEM OCTATKOB IHCTEHHOBOMH

0

I
H—C—0—O0OH
HagmypassuHan xucnora

KHCJIOTHI (CM. pHC. 2.32). MOXHO Takxe BbI-
3BaTh OOPATUMOE PACIEILIEHHE 3THX THCYJIb-
(puAHBIX CBA3EH MyTEM BOCCTAHOBJICHHS MX Ta-
KUM pPEAKTHBOM, KaK [-MepKanmosmanos; npu
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Puc. 2.43.

IMocnenoBaTeabHOCTH
KUCIOT B puboHyKI€ase KpynHo-
ro poratoro ckota. LBeToMm BbI-
JeeHsl YeThipe OUCYNbbuaHbie
cea3u. [D. Smyth, W.H. Stein,
Moore S., J. Biol. Chem., 238,
277 (1963).]

aMHHO-

3TOM 00pa3yloTCs CMeIaHHbIe AUCYIbGHIbI

HO—CH,—CH,—SH
B-MepKanTOITAHOI

B-mepkanTo3TaHONa ¢ GOKOBLIMM LEMSAMH IIH-
crenHa (puc. 2.44). B npucyTcTBHH 60Mb1LUOIO
u30BITKa B-MepKaNTOITAHONA CMELIAHHBIE JH-
CynbQHIBI TOXKE BOCCTAHABINBAKOTCH, H B pe-
3ynsTaTe obpasyercs Oenok, B KOTOPOM Bce
IUCYyNIbGUAHBIE TPyl (OCTATKH IMCTHHA)
TIOJIHOCTbIO MPEBPALLEHbI B CYJIb()I'MIPUILHEIE
(octaTkn uucrenna). Oxa3ajoch, OIHAKO, YTO
npu 37°C u pH 7 peakuys BOCCTAHOBJIEHHs PH-
GOHYyKJIea3bl B-MepxargoaTaHonom npoTeKaer

I
H,N—C—NH,
Mouensuna

NH,* CI-

H,N—C—NH,
Tyannguurugpoxnopup

@@@@é®@
CEPEREEEERE

R
Coos ST

@ﬁ?

JIMLUIL B TOM Cilydae, ec/ii NpeiBapuTeIbLHO Ha-
pPyUIaloT KOMIIAKTHYIO CTPYKTYpy Oenka, ya-
CTMMHO pa3BepThIBas €ro myreM oOpaboTku
JNEHaTypUPYIOLIUMH areHTaMH (mMouesuHoi
WIN  2YaHuouHzudpoxaiopudoom). XOoTH Mexa-
HU3M JEeHCTBHUA 3THX JEHATYPHUPYIOIIMX areH-
TOB /10 KOHI]a HE BBISCHEH, BCE K€ OYEBHIHO,
4TO OHHM Ppa3pbiBalOT HEKOBAJICHTHBHIE CBA3H.
HOJIHHEI'ITHJI[HBIC HEMH, JIMIICHHLIC 3THX CBA-
1eii, B § M pacTBOpe MOYeBHHBI WJIH B 6 M pac-
TBOpE TYaHUIMHTHIPOXJIOPHIA CBEPTLIBAIOTCS
cly4aiHeIM o00pa3oM, T.e. oOpa3yror cay-
yatiHblll KAy6oK, O 4EM CYIAT MO TAKHUM (u3u-
4eCKUM NapaMeTpaM, Kak BS3KOCTb H CHEKTPbI
onTuieckoro BpaineHus. Ecnm pubonykieasy
obpaborars f-mepkanTo3TaHonoM B 8 M pac-
TBOPE MOYEBUHBI, TO MPOAYKTOM peakuuu Oy-
JIET NOJHOCTBIO BOCCTAHOBJIEHHAS, CIIy4aiiHbIM
00pa3oM CBepHYTas NOJIUIIENTHAHAS [EMb, AU-
weHHan Pepmenmamuenoti akmusnocmu. Jlpy-
TUMH CJIOBaMy, 374 00paboTka BHI3BIBAET Oe-
nHamypayuto pubonykieasnl (puc. 245).
AHduHCeH caenan oyeHb BaXKHOE HaOmmome-
HHE: eClIM JEHATYPHPOBAHHYIO PHOOHYyKj1ea3y
OYHCTHTBH MYTEM JHAJIA3a OT MOYEBUHBI H fB-
MEpKanTO3TaHoNa, TO (epmeHTaTUBHAA aK-
THBHOCTb 6€nka mNOCTENeHHO BOCCTAHABIIM-

2. OcHoBHble npenCTaB/ICHHA
0 cTpyKType H Qynxkumu Oeskon 39
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Oxucnennbin Genox

Puc. 2.44.  BoccTaHoBieHME THCYILOUIHBIX
cBasei B Genkax HM36bITKOM
CYyIb(PTHAPUILHOTO COEAMHEHUS

THNA B-MepKanTosTaHona.

BaeTca. AHQUHCEH MOHSI, KAK BEIWKO 3HAde-
HHE ITOrO CNy4aiHOro HaGJIIONE NS, M TYT XKe
Jan  eMy OOBLACHEHHWE: Cyab(TrHIPUIbHbLIE
IPYTNbI JEHATYPHPOBAHHOTO (PEPMEHTA OKHC-
JIAXOTCA BO3AYXOM, H (PEPMEHT BHOBB CIIOHTAH-
HO IIPUHUMAET KaTAJIATHYECKH aKTUBHYIO Qop-
My. JlanbHeHlue AeTaabHBIE HCCIIENOBAHUS
MOKA3aJIH, YTO MyTeM OKHCIEHHS B COOTBET-
CTBYIOILMX YCJTOBHAX BCeX CYIbOIMAPHIBHBIX
TPYIN MOXHO IPAKTHYECKH NMOJHOCTBIO BOC-
CTAaHOBMTb HMCXOJHYIO (PEPMEHTATHBHYIO aK-
THBHOCTG (pHC. 2.46). Bee uccnenosannble du-
3MYECKME M XHMUYECKME CBOMCTBA TaKoro
PEHATYPUPOBAHHOTO (epMeHTa ObLIM MpaKTH-
HeCKH UEHTHYHBI CBOWCTBAM HATUBHOTO (ep-
MeHTa. DTH OIBITHI NOKA3AIH, YTO 6cA uHPop-
mayus, onpedeasioyan cneyuduueckyio npo-
CMpancmeennylo cmpykmypy pufonykaeasb,
3GKAI04€EHA 8 NOCAC008AMEALHOCIMU AMUHOKUC-
aom. Ilocnenyromue paboTe! Ha Ipyrux Gemkax
BBISBW/IM YHHBEPCAILHOCTD ITOTO IEHTPATE-
HOTO B MOJIEKYJIAPHOH OHOJOrUM NpHHLMNA:
nocaedosameabHocms onpedeisem Kongopma-
yuio,

CoBeplueHHO JIpyride pe3yJbTAaThl TONY-
HaloOTCs, €CJIM BOCCTAHOBJIEHHYIO (XEHATYPHPO-
BaHHYI0) pHOOHYK/Iea3y MOJBEPTHYTh OKHCIIE-

8 M MouesuHa u
B-mepxanvoaranon

Cmewannmi gueynschupn

R—SH R-S$—S--R

S—S—R

Benox
H

Boccranoanennuin Genox

Huio B 8 M pacTBOpE MOYEBHMHBI H JIHILb MOCTIE
3TOr0 YOAIUTh MOYEBHHY NYTEM [HMANH3a,
®epMeHTaTHBHAS aKTHBHOCTb TAKOTO Ipemna-
paTa puGOHYKJI€a3sl COCTABISET TOJbKO 1%
AKTMBHOCTH HaTuBHOro Genka. Ilouemy npu
OKHMCJICHHH NeHATYPUPOBAHHOM PHOOHYKIea3bi
B OTCYTCTBHE MOYEBHHBI (DEPMEHTATHBHAA aK-
THBHOCTh BOCCTAHABJIMBAETCH, a4 B MPUCYT-
CTBHH MOYE€BMHBI—NpakTudeckd Her? Ortser
33aKJIFOYAETCA B CIICAYIOLLEM: KOTJIA OKHCIIe-
HHIO MOABEPraeTcs CyyaiHbIM 06pa3oM cBep-
HyTas MOJIEKyJla BOCCTAHOBIEHHOTO 6enka,
obpasyloTcs  OIIMOOYHBIE  IHCY/bOUIHBIE
Napki, T.€. CBA3AHHBIMHA JUCYILOUAHBIMH MO-
CTUKAMH OKa3bIBAIOTCA Napbl aMHHOKHUCIOT,
UHBIE, Y€M B HATHBHOM Oeike. Bosmoxubr 105
Pa3JIMYHbIX CIOCOGOB CBAILIBAHMSA BOCHMH IIH-
CTEMHOB ¢ obpa3opaHuem 4 aHCYIbGOUAOB;
TONBLKO OAHA U3 3THX KoMOuuauwit obiaagaer
(hepMEHTATUBHON aKTHBHOCTLIO. OCTAIBHLIE
104 xomb6unanum 6bUIM OGPa3HO HA3BAHBI
«pa3bonrannoi» (scrambled) pubonykeasoi.
Brocnencteun AndmuceH OGHapykmiI, 4YTO
«pa3bonTaHHas» puGOHYK/Ea3a CIOHTAHHO
NpEBPALIAETCS B NOJHOCTLIO AKTUBHYIO, Ha-
TUBHYIO, GOPMY, €CIH B PACTBOP BHOBL OKHC-
nsgemoro (epmenTHOrO Oenka no6aBHTL Cie-
JOBble  KOJM4ecTBa  P-MepkanTosTaHona
(puc. 2.47). loGaBnennsii B-MepkanToITaHON
KaTIU3NpYeT MNepepacnpele/ieHue IUCYJib-
(GUAHBIX MOCTHKOB, KOTOPOE B KOHEYHOM HTO-
Ié NPHBOAHT K (OPMHPOBAHMIO HATHBHOI

1 c
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Hatusrnas pnboHykneasa

Puc. 2.45.  BoccraHoBnenue u JenaTypanus
PHUOOHYKJIea 3kl
Yacts 1
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flenatypuposaHHan BOCCTAHOBNEHHAR
pubonyxneala
CTPYKTYPEI, YTO 3aHMMaeT mnpumepro 10 y,
Bech npouecc nejiMkoM uaer 3a cYeT CHIDKeHuUs
cBOOGOJHOM 3HEPruM CHCTEMbI MO MeEpe TOTO,
KaKk «pa3boyTaHHbie» KOH(OpPMAUHMH npeBpa-
IAI0TCs B CTAOWILHYIO HATUBHYIO KOH(OpMa-



Aexarypuposanuan

BOCCTAHOBNEHHaR N S
PnGoHyKneasa Avanua gna OxucneHve
yaaneHus BO3AYXOM
MOYEBMHLI MU CYNbdruapUNbHbLIX
f-mepkanto- rpynn soc-
3TaHona CTaHOBNEHHON
puOOHYyKnea3bl  HaTtuBHaa puGOHykneasa

Puc. 2.46.  PenaTypauns puOOHYyKJI€a3bl.
umo ¢Gepmenta. Takum obpazom, Hamuenas
opma pubonykaeasvl aganemca, no-6uGUMOMY,
mepmoouramudecku Hauboaee  cmabuabHOU
cmpyKkmypoii.

Anduncen (1964) nucan:

«MeHg MOpa3swiIo, Y10 HA CAMOM [EJie Moce-
NOBATENLHOCTL AMHMHOKHKCIIOT B MOJIEKYJie
Geska, KOTOpBI JO/DKEH NPHHATH TOYHO
ONpeneneHHyl0 TeOMETPHYECKYI0 (opMy,
CJIeNyeT paccMAaTpHBATL KaK MEJIORHIO, Ha-
MHCaHHYIO B KAHOHHYeCKoii popMe; o npea-
nucanuio [Tpupoast ata Menoaus, HakJaakbl-
BasCh caMa Ha ce0s, JOKHA CO3JaTh Takue
rAPMOHMYECKME CO3BYYHMs, KOTOpBIE CO-
OTBETCTBYIOT OHonormdeckoit  dynkuum,
IIponomxas anamormio panblle, MOXHO
NPEIOIOKHTD, 4TO OeJlku ¢ «pa300TaHHBI-
MH» JHCYJIb(QUOHLIMH MOCTHKAMH, O KO-
TOpbIX $ TOBOPWI BBIUE, AAKOT AHWCCO-
HAHTHBIE CO3BYYMsl, OMHAKO €CIIH BO3HUKAET
BO3MOXHOCTb IIEPEeCTpOiKH npH ngobasiie-
HMH MEPKaNTO3TAHOA, TO MyTeM IOCTENeH-
HOH MOIYJIAlMY BHOBb JOCTHTAETCA TA MPH-
ATHAs TapMOHHMs, KOTOpas CBOHCTBEHHA
HATUBHOMY Oenky. MOXHO JIM Ha 3TOM OC-
HOBaHWM CYMTATh, YTO My3blka Mouapra
obnanaer Gonbluedl TepPMOAMHAMMYECKOMH

YCTOHYHBOCTBIO, 4eM My3wika llgnbepra,
s IPENOCTABIAI0 PEIIUTh punocodaM ITOH
ayAUTOPHUID.

2.13. PopMHpPOBaHHE CBEPHYTOH MOJIEKY.ThI (eJr-
KOB NPOHCXOJHT IyTeM ACCOUHALMH O-CIHpaJIeH
H CKIaquaThiX P-ciioes
Kax BO3HHMKaeT rapMOHHA NPH NPEBpalIeHHH
pa3BEpPHYTOH MOJIMIIENTHAHON LENMU B CBEpHY-
Tyro0 MoJiekyny Geska? A priori oiHa H3 BO3-
MOXHOCTEH COCTOMT B TOM, YTO IPOUCXOTHT
nepebOp BCEX BO3MOXKHBIX KOH(popMarwmii
U BeIOHpaeTcs 3HepreTHdeckH HanbOonee BEHI-
ronHas ¢opma. CKoNbKO BpeMEHH 3aliMeT Ta-
KOH Cly4yalHbI{ INOHUCK CTaOWJIBHOH CTpYK-
Typrl? PaccMoTpuM 11 npumepa HeOOMbILOH
Oenok u3 100 aMMHOKHCIIOTHBIX OCTAaTKOB.
Ecnu kaxaeii ocraTtok MOXET NPUHATH
3 pasHble KoHpOpManuH, To oblIee YHCIIO BO3-
MOXHBIX CTPYKTYP cocTaBuT 3'%° wm 5-10%7.
Ecnu npespainenue ofHOH CTPYKTYphl B ApYy-
ryto npoucxoaut 3a 107 '3 ¢, To obuiee Bpems
TIOMCKA ONTUMAILHOH KOHGOPMALMH COCTABUT
5.10*7-10""3 ¢, T.e. 5-10* ¢, unu 1,6-10%7
Jler! OTMeTbTE, 4TO 3TO BPEMS MUHHMAJIBHO,
NMOCKOJILKY HCTUHHOE YHMCJIO BO3MOXHbIX KOH-
¢dopmanuii B pacuyeTe Ha OJMH OCTATOK AMUHO-
KHCJIOTHI BBILLE TPEX, 4 BpeMs, HEOOX0oAMMoe
[J15 epexoja OfAHOH KOH(GOPMaIHHU B APYTYIO,

26
40 —>
58 110 CneaoBbie KonMYecTea
7 65 p-MepxantoartaHona
d 124

Pre. 2.47. OOpazoBaHue HaTHBHOM pubo-
HyKJIeasbl W3 «pa30oJTaHHOH»
B NPHCY TCTBUH CIIEAOBBIX KOJIH-

4eCTB B-Mepxau'roa'rauo.rla.

Hatusnan pnGonykneaaa
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Packpy4eHHan yens

|

BpemeHHO obpasylouueca a-cnupanu

|

CrabunuanposaHHbie « -Cnupanu
(aa -eguHKYbI CKPYYHBAHKA)

Puc. 2.48. Ilpennmomnaraemele sTambl CKpy-
yupaHusa Oenxos. [IBa yuactka
B Pa3BEPHYTOH NOJHMNENTHIHOM
LENH HA KAKOH-TO MOMEHT IpH-
HUMAIOT CTPYKTYPY OX(-CIIMPAJIH.
Janee mpoucxoaut cTabuiinza-
s obeux crnupalierd 6naronaps
00pa3oBaHHIO KOMILIEKCA Me-
XKAY 3TUMH y4acTKaMH.

BepoATHO, npesbiuaer 10713 ¢. Cosepiuenno
OYEBHIHO, YTO Aaxe A Hebosbiworo Genka
BpeMsl BBIOOPA JHEPreTUYECKH ONTUMAIBHOH
koHpOpPMalMH IIyTeM ciy4allHOro nepebopa
BCEX BO3MOXHBIX CJIMIIKOM BEJIMKO.

Kak e nonydaercs, uto 6€nKu NPUHAMAIOT
HY>XKHYI0 KOHOOPMAIHIO B TEYEHHE HECKOIBLKHX
CeKyHA WM MUHYT? OTBET NOKA HEW3BECTEH,
HO BBICKa3aHa JOBOJIbHO yOeauTesbHas THIO-
T€3a, YTO 6aAXNCHYI) pOAb 8 3IMOM npoyecce

Yacrs 1
42 Kondopmamnsa u muuamuxa

uzpaiom Heboabwiue  YUACMKU ~ 6MOPUUHOIL
cmpykmypbl. COTJIACHO TPENJIOKEHHOH Moje-
JI1, KOPOTKHE OTPE3KH ( ~ 15 aMHHOKHCJIOTHBIX
OCTaTKOB) Pa3BEPHYTOH MOJHUIENITUIHON LIETH
00pa3syloT KOPOTKOXHBYIUKE CTPYKTYPhI: O-
CIupanu WIH B-CJIOW. DTH NIPOMEXYTOYHBLIE
CTPYKTYpHI CONMXaloTCs B pe3ynbTaTe auddy-
3UM ¥ CTAOUIIM3UPYIOT APYT Apyra nytem ¢op-
MHpPOBaHHSI KOMIJIEKCOB (puc. 2.48). Homny-
CTMUM, YTO MNpOM3OUUIO COMDKEHWe OBYX
0-CITMpaJIeH, WM ABYX B-CJI0€B, WM O~CIIMPAJIH
 B-cnios. O6pa3oBaBInecs KOMILIEKCHI oo, BB
WM of, KOTOPbIE Ha3bIBAIOT eOUHUYAMU CKpY-
YUBAHUA, UTPAIOT [aJiee POJib HEHTPOB, CTA0HU-
JU3UPYIOIIKX APYTHE BBICTYNAIOLIKE HJle-
MEHTHl BTOPHYHOH CTPYKTYpbl. OTa MOAeb
UMeET Ppsid  IKCIEPUMEHTABHBIX  JI0Ka3a-
TenbcTB. [Ipexae Bcero, cnocoGHOCTL IOJIHM-
nenTHaAa K 06pa3oBaHUIO IPAaBWILHOM BTOPHY-
HOH CTPYKTYpbl B 3HAYMTEJILHOM CTENEHH
3aBMCUT OT AMHMHOKMCJIOTHOTO cocTaBa. Tak,
OCTaTKM TJIyTaMara, METHOHHMHA, aJlaHMHAa
W JieflMHA CIMOCOOCTBYIOT OOpPa3OBaHUIO O-
Cnupasiedd, TOrga Kak OCTaTK¥ BaJidHa, H30-
JieH¥Ha ¥ THPO3HHA YCWIHMBAIOT 00pa3oBaHue
B-ciioes. Bo-BTOpBIX, mepexoi OT Ciy4aiHOro
KJ1yOKa K o-CIMPaIi MPOMUCX OIUT MEHEE YeM 3a
OnHy MHKpocekyHay. CienoBaTenbHO, KOpPOT-
KHE Y4YaCTKH BTOPMYHOH CTPYKTYpBI MOTYT
bopMHpPOBaTLCH O4EHb OBICTPO. B-TpeThbux,
NOCTYJIAPOBAHHBIE  EOMHMLB  CKPYYHBAHUS
(xommtexch! oo, B U aff) mpeacTasnsoT coboi
IO CYIIECTBY OCHOBHBIE 3JIEMEHTbI CTPYKTYPHI
6enka. 3amada B HACTOsILEE BPEMs COCTOHT
B TOM, 4YTOOBl HEINOCPEACTBEHHO BBHISBHTH
¥ WIEHTH(UIUPOBATE KOPOTKOXHMBYILME [IPO-
MEXYTOYHBIE CTPYKTYPhI, OOpasyroiuecs: Ipu
crnenupUIecKOM CKPYIHBAHUM [TOJTMNENTHIHOM
LENy, ¥ TaKUM 06pa3oM BOCCO3AaTh TOT MYTh,
KOTOpBI¥ MPHUBOAMT K (HOPMHUpPOBaHHUIO (YHK-
IMOHAJILHO aKTHBHOM CTPYKTYphl Oenka.

3akouenue
bemxn HrpaloT KIIFOYEBYIO POJIb IOYTH BO BCEX
6uonormyeckux npouneccax. Bce dhepmenTs, ka-
TaJIM3aTOPbl XHMHUYECKHX Peakuuii B Guonoru-
YECKHMX CHCTeMax, ABistoTcs Oenxamu. Cnemo-
BATeJIbHO, O€JIKH ONPEAEIIAIOT X0 OuoIorude-
CKMX MNpeBpalleHMil B kieTkax. Benku yua-
CTBYIOT B OCYLUECTBJICHMHM MHOXECTBAa IPYTUX
(GyHKuMiA,— TaKMX, HalpuMep, KaK TPaHCIOpT
BEIIECTB M HX HAKOIUIEHHE, KOOPAMHMPO-
BaHHBIC JBMXEHHA, MEXaHHYeCcKas Oropa, uM-
MYHOJIOTHYECKas 3alMTa, BO3OyAUMOCTD, pe-
ryasuus pocta u nudbepeHumuposka.
OCHOBHOH CTPYKTYpPHOH eIMHHIEH OeaKoB



ABJIAIOTCS aMUHOKHCIIOTHL Bce Genku Bcex Bu-
JIOB JKHMBBIX CYILIECTB — OT OaKTEpHH A0 4esioBe-
Ka—-Ccozepxat OaWH M TOT xe Habop u3 mBaj-
LaTH AaMHHOKHUCJIOT. BOKOBBIE 1lenH aMHHOKKC-
JIOT pa3JIM4aroTCs IO pa3Mepy, hopme, 3apany,
crocobHocTH 06pa3oBLIBATH BOAOPOIHBIE CBS-
34 M XMMMYECKOH peakTUBHOCTH. MIX MOXHO
pa3/ieIuTh Ha CJeAYIOIUME IPYNnbl: a) amuda-
THYECKHE OOKOBBIE LENH — IJIMLKMH, aJIaHKH, Ba-
JIHH, JIeRIUH, H301eAUMH ¥ NpOoJMH; 6) THAPOK-
CHIIMpOBaHHble anudatuyeckue OGOKOBbIE lie-
MM—CEPUH U TPEOHHH; B) APOMATHMECKHE
6okoBble  menH-— GEeHHNANAHUH,  THPO3WH
M TPUNTO(]AH ; I') OCHOBHbIE GOKOBBIE LIENH — JIH-
3HH, ApPTMHHH U TMCTHIMH; 1) KHCJIBIE OOKOBbIE
IENH —acllaparnHoBas W [JIyTaMHHOBas KHC-
JIOTBL; €) aMHIHbIe GOKOBBIE LN — ACHAPATHH
H TJIyTaMHH ; ) cepycoaepxaile OOKOBBIE Ile-
NN —LKUCTEHH ¥ METHOHWH,

AMUHOKHCIIOTEI, B KOJIMYeCTBE OOLIMHO HE
MeEHEe CTa, COCOMHAIOTCH MeXay coOoM men-
THIHBIMH CBA3AMH, 00pa3ys MOJUNEOTHAHYIO
uenb, [lenTuaHas cBA3b coenMHACT a-kapbOok-
CUIBLHYIO TPYNMy OJHOM aMHHOKHCIIOTHI C O-
aMHHorpynnoi npyroi. B nekoropeix Genmkax
OTAeNbLHbIE OOKOBBIE LENH COSOUHAKOTCS Me-
X1y cobo¥ HCynhOHUIHBIMH MOCTHKAaMH,
00pasyroLMMHCS TIyTEM OKHCIIEHHA OCTaTKOB
uuctenHa. Besku cOCTOAT M3 OOHOW WIHM He-
CKOJIbKMX MOJIMMENTUAHBIX Heneit. Kaxapii He-
JIOK UMEET YHUKAILHYIO MOCIEA0BATELHOCTh
aMHHOKHCJIOT, KOTOpas AETEPMHUHHPYETCA Te-
Hertuueckn. OmnpeneneHue NOCTENOBATEIbHO-
CTH aMHHOKHCJIOT B OeiKax MpOBOAAT CIIEAYO-
muM obpazom. CHavana onpeAensroT oGIuii
AMHHOKHCJIOTHbIA COCT4B, MOABEpPras KHC-
JOTHBIH THAposM3aT Oenka Xpomatorpaduu
Ha MOHOOOMEHHUKE, H NPOBOJAT UAEHTH(PHKA-
110 N-KOHIIEBOT0 AMHUHOKMCIOTHOIO OCTATKA
€ MOMOHIBIO peareHTa Ha KOHUEBYIO aMHUHO-
rpymny, HanpuMmep aancwixjopuaa. Crenyro-

LM 3Tan COCTOUT B CHEM(HYECKOM pacHIen-
nennu Oenka Ha HeOonblowe nentuabl. Hc-
MOJIB3YIOT, B YACTHOCTH, TPHIICHH, KOTOPBIA
TUOPONH3yeT OeJIKkM IO TNENTUAHOH CBS3HY,
o0pa3oBaHHOH  KapOOKCWIBHOH  IpyNoi
OCTaTKOB JIM3MHA M apriHHHA. 3aTeM onpexe-
JISIOT MOCTIEAOBATEIbHOCTh AMHHOKHCIIOT TO-
JIy4€HHBIX TIENTH/IOB N0 METOAY DAMaHa, T.e€.
MyTEM TOCTENIEHHOT O OTIEMIeH!Us N-KOHIIEBO-
ro oCTarTka. Haxox-teu, YCTAaHABIIMBAKOT MOCIIE-
IOBATEJIbHOCTH IENTH/IOB B O€JIKE NYTEM COIIO-
CTaBJICHNS IIOCNECIOBATEIbHOCTEH aMUHOKHC-
JIOT B NEPEKPHIBAIOLINXCA MENTHAAX.

PemraronmuM  akTopoM,  onpenensromM
Ouosormeckylo (QyHKIHIO O€IKOB, ABIAETCH
uX xoHpOpMauus, T.€. PACIOJOXKEHHE B IPO-
CTPAHCTBE aTOMOB OeNkoBOH MoJekyibl. W3-
BECTHBI TPH PErYJISPHO IOBTOPSIOLIMECS KOH-
dopMaluy NOMUNENTHAHON LENH: A-CIIUPAIID,
cK/1ag4aThie B-CII0M M KOJUTareHoBas CMpab.
Koportkne yuacTkum o-cupasim W B-ciioes
BCTpedarorcs BO muorux 6enkax. ITpuuuu-
[IHAJIBHO BAXCEH TOT cbax'r, HTO TpPEXMEpHas
CTpykTypa Oenka omnpenenseTcsd MOC/IeoOBa-
TEJIbHOCTbIO AMUHOKHCIIOT ; BIEPBBIE 3TO OBIIIO
OOHApYXeHO NpH H3YYeHUHd PHOOHYKJICA3DL
BuL1o mokazaHo, 4TO BOCCTAHOBIIEHHAA, pa3-
BEpHYTas MoJieKyJjla PHOOHYKJIeasbl cnocobHa
K CHOHTAHHOMY BOCCTAHOBJIEHHIO CBOEH CTPYK-
TYpHI (¢ 0Opa3oBaHHEM JUCYIILGUIHBIX MOCTH-
KOB MEXJIy LIUCTEUHOBLIMH OCTATKAMH B Tpa-
BWIbHON KOMOMHALMM) U MOJHOMY BOCCTHHO-
BJICHHWIO (DEPMEHTATHBHOW AKTHUBHOCTH, €CJIU
yAAIMTh MEPKaNTOITaHOJI U MOYEBHHY H JIeHa-
TYpHPOBaHHBIH (DePMEHT MONBEPTHYTL OKUCIIE-
HHUIO KHCIIOpOJIOM Bo3ayxa. CkpyuuBaunue 6eil-
KOB OCYUIECTBJISETCH NYTEM ACCOHUAIUMN KO-
POTKHMX MOJIMIENTHAHLIX Y4acTKOB, oOpasyro-
ILHX KOPOTKOXHMBYILYIO HOPMY O-CITHPAJIH HITH
B-cnos.
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MPUNOXEHUE.
NMoHAaTuA kKucnoTHOCTH
U OCHOBHOCTM

Homnzauns BoanI

Bona nucconuupyer Ha o ruaponus (H,O ")
1 ruapokCrIbHbI HoH (OH ™). Ins npoctoTsl
HOH FMAPOHMs 00O3HAYMM KaK HOH BOAOPOAA
(H*), u Torna mpomecc IMCCOHMMALHH BOIbI
B COCTOSIHUM PaBHOBECHS IPUMET BHUJ

H,0 2 H* (OH".

Koncranta pasnosecus K, aToro npouecca
COCTaBHT

_ [H*][OH"]

K
P [H0]

1)

T BeJIMYMHBI B KBaJpaTHBIX ckoOkax mnpen-
CTaBJICHbl B MOJISPHBIX KOHUEHTpauusax. Ilo-
CKOJIBKY KOHHEHTpauusi Boabl (55,5 M) npu
HOHHM3alMM MEHAETCS Mauo, ypaBHeHue (1)
MOXHO YIIPOCTHTD:

[H][OH™], @

rae Ky,o0—MOHHOE mpousBeneHue Boasl. Ilpu
25°C
Ko = 1,0 - 10714,

Ku,0 =

Cnenyer oOpaTuTb BHHMaHue Ha O6GpPaTHO
NPONOPHHOHAIILHYIO  3aBHCHMOCTD  MEXIY
KOHLeHTpauusmMu uoHos H* u OH ~. Ecnu
noBeIIaeTCs KoHUeHTpauus H ¥, To chinkaer-
ca koHuentpauus OH ™, u Hao6opot. Hanpu-
mep, ecn [H*] = 1072 M, o [OH"] =
= 10712 M.

Onpenesienine KHCJIOT H OCHOBaHHi
Kucnora ciyuT qOHOPOM NPOTOHA, OCHOBA-
HHE— aKIENTOPOM MPOTOHA.

H* 4+ OcnoBanue
CH; — COOH =2 H* + CH; — COO~

VkcycHas KucioTa AlleTaT-HOH

Kucnora F=d

NH{ 2

Hon ammonus

H* + NH,

AMMHak

IMpu monuzaumu kuciaoTsl obpasyercs co-
OTBETCTBYIOIIEE i (CONMpPSDKEHHOE) OCHOBAHUE,
HHa060POT: IPH NPOTOHMUPOBAHUM OCHOBAHHUS
obpasyeTcst COOTBEeTCTBYIOIAs KHCIOTA. Tak,
YKCYCHast KUCJIOTa M alleTaT-HOH SBJIAIOTCH CO-
NPsHKEHHOW Napoi KHCJIOTa — OCHOBAHHE.

Onpenenenne 3nagenuii pH u pK

pH pactBOpa sBNsg€TCA Moxa3zaTeneM KOHLEH-
TpallMy B HEM HOHOB Bojopona. 3HaueHue pH
ONPE/IENSIOT, UCXOAS M3 PaBEHCTBA

1
H=Ig—— = —ony[H"]. 3
P & TH ] Say[H"] &)
IIpeacrasum npoiiecc HOHU3aUUHU C1aboi Kuc-
JIOTBI B COCTOSIHUM DPAaBHOBECHS:

HA 2 H" + A~.

Kaxyuiasicst koHcTanTa paBHOBecus K upouec-
Ca MOHHM3alUH BBIPAXAETCS YpaBHEHUEM

(H'][A7]

K= -———10 = 4
[HA] )

Otcrona pK KHCIOTBI MOXHO ONPENETHTh KaK

1
pK——IgK—lg?. (5)

U3 ypasuenus (4) cnenyer, umo pK kucaomo
npedcmasasem co6oti mo 3Hauenue pH, npu ko-
MOpOM KUCAOMA HANOAOBUHY OUCCOYUUPOBAHA.

Ypasuenune Xennepcona—Xaccean6aibxa
KakoBa B3amMocBs3b Mexny 3Hauennem pH
H COOTHOLIEHHEM KHMCIJIOTHI U OCHOBaHHMS B pac-
TBOpe? M3 ypaBHeHHs (4) MOXHO NONYYHTH
HyXxHYI0 hopMyny. Crenaem crenyroiee mnpe-
obpazoBaHue:

[H'] ~ K [HA] ©)
ITponorapudMupyemM 3TO BbIpaxKeHUE:

1 1 [A-]
Ig—= = lg— 1 . 7

3amenue Ig1/[H* ] u lg 1/K cooTBeTcTBEHHO
Ha pH u pK, nonyuum

(A7]
K Ig——=. 8
pK + lg [HA] ®)

pH =
ITocnennee BhIpaXEHWE IMHPOKO HM3BECTHO
Kak ypaBHeHHE XeHOepcoHa—XaccennOanbxa.
W3 ypaBHeHust (8) MOXHO BLIMMCIHTD 3HaYe-
Hue pH pacTBopa, eciu H3BECTHBI MOJIEKy-

2. OcHoBHbIE NpeICTaB/ICHHS
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3kBUBaneHTbi godasneHHbix OH™-rpynn

Puc. 2.49.

KpuBasi TUTpOBaHMs YKCYCHOM
KHCJIOTBI.

JspHble cooTHoweHns A~ u HA, a taxxe pK
KHCJIOTBI.

HomnyctM, yTo umeetcst pacteop 0,1 M yk-
CYCHOHM KHMCTIOTHI, comepxaineil 0,2 M anmerat-
HOHOB. pK ykcycHO# kuciotsl paBHO 4,8. Cre-
nosartensno, pH pacTBopa coctaBuT

0,2
H = 48 lg—— =
P + 301

= 48 + 03 = 5.1

AHaJIOrMYHO MOXHO paccuuTaTh pK KHCJIOTHI,
€CJIM M3BECTHBI COOTHOILLIEHHE MOJISPHBIX KOH-
ueHTtpauii A~ u HA u pH pacrtsopa.

48 + 12 =

Bydepnas eMkocTb

ComnpsbkeHHas mapa KHCJIOTa—OCHOBAaHHE (110-
noOHas NPUBEICHHOW Mape yKCycHas KHCJIO-
Ta—auerar-uoH) o00J1anaeT BaXHLIM CBOM-
CTBOM: OHa IpPENATCTBYeT H3MeHeHuro pH
pacTBopa. JIpyrUHMH CJIOBaMH, OHa SIBJISIETCS
6ygepom. TIpencraBum cede, 4TO K PacTBOPY
ykcycHo# xucnorsl (HA) mobaBnstor OH™:

HA + OH™ 2 A~ + H,0.

I'padux 3aBucumoctu pH Taxoro pacrtBopa
0T KosiM4ecTBa jobasyienHblx HoHoB OH ™~ Ha-
3BIBAIOT Kpugoii mumposanus (puc. 2.49). Orme-
THM, YTO KpHBas MMe€eT TOYKY neperuda mnpu
pH 4,8, cooTBercTByIOmYyo pK ykCycHON KHC-
JoTel. B6mu3u sroro 3Hauenus pH cpasHu-
TeJIbHO OOMNbIINE KONMHYecTBa A00aBJIEHHBIX
OH ™ -MOHOB BBLI3BIBAIOT TOJIBKO HE3HAYUTENb-
Hoe wusMmeHeHue pH. B mnenom wuMeHHO

Yacrs |
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Ta6auuna 2.3. Besnunhnl pK  HeKOTOPHIX aMHHOKHC/IOT

AMHHOKHCIIOTA pK (25°C)
a-COOH- a-NH3+- 6oxoBas
rpynna rpynna uenb

AnanuH 23 99

APpTHHHH 1.8 9,0 12,5

AcnaparuHoBas 2,0 10,0 39

KHCI0Ta

Basnuu 23 9,6

uctuanu 1,8 92 6,0

[ uuus 24 9,8

[yramuuHoBas 22 9,7 43

KHCIIOTa

Jlu3ux 22 9,2 10,8

Cepun 2,1 9,2

Tupo3sun 22 9,1 109

denunanaHui 1.8 9,1

Lucreun 1,8 10,8 8,3

ITo J.T. Edsall, J. Wyman. Biophysical Chemistry,

Academic Press, 1958, ra. 8.

B obsactu 3Ha4yenuit cBoero pK cnabbie Kuc-
JIOTBI MPOSBIAIOT HaWTyulIHe OydepHble CBOM-
CTBa.

3nayennss pK aMHHOKHCJIOT

Y aMHHOKHCIIOT THNA [JIMIMHA MOTYT MOHHU3H-
pOBaThCA OBE IPYNIBI: A-KAPOOKCHWIbHAS TPYII-
na ¥ NPOTOHUPOBaHHas o-aMUHOrpymma. Ux
MOXHO OTTHTPOBATh MYTEM AOOABJICHUS OCHO-
Banus (puc. 2.50). pK a-COOH-rpynns! cocra-
saser 2,3, pK o-NH; -rpynmsi —9,6. ITpumepHo
Takue Xe 3HaueHust pK 3TuX rpynm ¥ y Apyrux
aMHUHOKHCIIOT. Y HEKOTOPBIX aMHMHOKHUCJIOT,
B YaCTHOCTH y aclaparuHOBOH KHUCJIOTBI, MO-
XET HOHU3UPOBATLCS Takke OOKOBas HEb.
3HayeHuss pK HOHM3MPYIOLIMXCS OOKOBBIX Iie-
neid aMMHOKHCIIOT JieXaT B aMamna3oHe oT 3,9
(acnaparusoBas kucinora) no 12,5 (aprunus)

H H
+H,N—<|:—coou Lo, +H,N—é—COO‘
4 N

H
AL HZN—CI—COO‘
N

Puc. 2.50. TurpoBaHHE HOHU3HPYIOLIUXTA

rpynn aMHUHOKHCJIOTHI.



Bonpocbl u 3aaaun

1. B xumuu 6Genka 4acto HConb-
3YIOTCS CIEAYIOLIHE PEAKTHBbI:
CNBr Jancunxnopun
Mouesuna 6 1. HCI
B-Mepkanrostanon Hunruapun
Tpuncua DEeHUTH30THOLMAHAT

HanmypaBeunas kuciaora XuMOTpPHICHH

Kaxoit u3 3TMx peakTHBOB ClieqyeT NPUMEHHTH

IPH PEILEHUM CIEAYIOLUMX 3a]ad:

a) onpenesieHHe NOCJIEAOBATENLHOCTH dAMUHO-

KHCJIOT B HeOONBILIOM NENTHAE;

6) uneHTH()UKAUMS AMHHOKOHIIEBOI'O OCTATKA

B NENTHAE (KOJIMYECTBO KOTOPOIO COCTaBJIsiET

Menee 1077 r);

B) oOpaTuMas meHaTypauus Genka, He comep-

Xaulero qucyabuanbix cesseil. Kakoii nona-

JOOMTCSl [OTIOJIHUTENIbHBIA PEAaKTUB, eCiu

B Oesnke mMeroTcs OUCyJbduaHbie cBs3u?

) THAPOJIM3 MENTHIHBIX CBsA3ed NO KapOok-

CHIBHOH TpyNNe apoMaTHYECKMX 4MMHOKHC-

JIOTHBIX OCTaTKOB;

I) paclUeIUICHHe MEeNTHAHBIX CBA3€H MO Kap-

GOKCIWIBHOM Ipynne METHOHHHOB;

€) THAPOJIM3 NENTHAHBIX CBA3€H MO KapOOk-

CHWIBbHBIM TpYIIIaM OCTAaTKOB JIM3MHA M aprH-

HuHa?

2. Kakoe 3nayenne pH cremyrommx
pacTBOPOB:

a) 1073 n. HCI;

6) 1072 . NaOH;

B) cMecH paBHbIX 00BeMoB 0,1 M ykcycHoi

kucsoThl U 0,03 M ykCyCHOKHCIIOro HaTpus;

r) cMecH paBHbIX 0O0bemoB 0,1 M rimiuna

u 005M NaOH;

) cMecd paBHbIX 0O0bemoB 0,1 M riuuuna

u 0,05 M HCI?

3. KakoBo coOTHOILIEHHE OCHOBaHUS
u kucothl ipu pH 4, 5,6,7 u 8, ec-

J4 pK kucnoTel paBHo 67

4. MpiieyHbit 6€J10K TPONOMHO3HH
NpeacTaBaser coOOM  Cynepcu-

PaJIb COCTOSILIYIO M3 IBYX O-CITUPATH30BAHHBIX

TsDked. Macca storo 6enka-70 k[la. Cpen-

HSsl Macca OJHOTO aMHHOKHCJIOTHOTO OCTaTKa

okono 110 Jla. Paccyuraiite anunHy Mmosne-

KYJIBL

S. JInsg  pacIiemieHHs TeNTHIHBIX
cBsa3el B Genkax HCOJB3yIOT 6e3-
BOOHbIA ruapasuH. KakoBbl NpomykTsl peak-
mun? Kak MoXHO 6bUI0 Obi BOCIIONIB30BATLCA
9THM METOAOM A1 uaeHTU(ukauund C-KoHile-
BOW aMHHOKHCIIOTHI?
6. AZIpEeHOKOPTHKOTPOIHBIA TOPMOH
4eJI0BeKa NPeACTaBIsgeT COOOH Io-
JIMIIENTHA CO Cleaylolled aMHHOKUCIOTHOM
nocnenoBaTenbHocThio: Ser-Tyr-Ser-Met-Glu-
His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-Lys-
Lys-Arg-Arg-Pro-Val-Lys-Val-Tyr-Pro-Asp-
Ala-Gly-Glu-Asp-Gln-Ser-Ala-Glu-Ala-Phe-
Pro-Leu-Glu-Phe.
a) PaccuuraiiTe npuMepHO o0t 3aps) ITOM
MoOJieKyJbl IpH pH 7, npuHsB, YTO 3HAYEHHS
pK GOKOBBIX HENed aMHUHOKHCIIOT PaBHbI IPH-
BeleHHbIM B Tabs. 2.3, u cuutas pK KOHIEBBIX
—NH;- u —COOH-Tpynn paBHBIMH CO-
OTBETCTBeHHO 7,8 U 3,6.
6) CKONBLKO MOJIy4UTCS NENTHAOB MpH OOpa-
60TKE ropMOHa OPOMHCTHIM IIHAHOM ?
7. OTWIEHUMHH pearupyer ¢ 6o-
KOBBIMH IEMSIMH HUCTEUHA B Oel-
ke ¢ oOpa3oBaHHEM S-aMHHOITWIBLHBIX MPO-
u3BOAHbIX. IlenTHaHbIE CBA3HM, 06pa3OBaHHbIE
KapOOKCWIBHBIMM TDYIIIIAMHU 3THX MOAUDHIIH-
POBAaHHBIX IIUCTEMHOBLIX OCTATKOB, 'MAPOJIH-
3yIOTCSl TpHICHHOM. [Toyemy?
8. BriaeneH $hepMeHT, KaTanu3upyro-
M OOMEHHBIE pPeakLUH MeXay
IUCYNbOUIHBIME U CYTbOrUAPUIBHEIMU [PYII-
namu. Heaktusnas «pasbonranHas» pubony-
KJiea3a mox AeHCTBHEM 3TOro QepmeHTa Obl-
CTPO NPEBpALIAETCs B KATAJVIATHIECKH aKTHB-
Hyto ¢opMy. C Opyroii CTOPOHBI, 3TOT Xe€
$epMeHT ObLICTPO MHAKTUBHMPYETCS MO [AEH-
cTBHEM HMHCynuHa. Kako#t BBIBOI OTHOCHTEIb-
HO B3aUMOCBA3M MEXAY MOCJIEAOBATENb-
HOCTBIO aMHHOKHCJIOT B MHCYJIMHE ¥ €ro
TPEXMEPHOH CTPYKTYpPOH MOXHO COejiaTh Ha
OCHOBaHWM 3TOro ¢daxkra?

Jononuurenbusle Bonpocsl cM.: Wood W. B,
Wilson J.H., Benhow R. M., Hood L.E.
Biochemistry: a Problem Approach, Benjamin,
1974, ri 2, H Montgomery R.H.,
Swenson C.A. Quantitative Problems in the
Biochemical Sciences, 2th ed., Freeman, 1976,
. 6-8.



MABA 3.
MepeHocunkn kucnopoaa-—
MUornobuH u remornobux

lMepexon oOT aHa’pOGHOrO CylIECTBOBAHHS
K a3poOHOMY — BaXXHEWILHA 3Tan 3BOJIIOLMH,
160 OH OTKpPBUT GoraTeHIIne UCTOYHUKU JHEp-
run. B npucyTcTBHM KHMCTIOpoAa M3 TJIFOKO3bI
MOXHO nony4uTh B 18 pa3 Gosble 3Hepruu,
4EM B €70 OTCYTCTBHE. B X0/€ 3BOJIIOLMH Yy 11O-
3BOHOYHBIX BHIPA0OTAJIMCh /B4 OCHOBHBIX Me-
XaHu3Ma, obecrneyMBaroUMX CHaO)XEHHE Kie-
TOK TOCTOSHHBIM H JOCTaTOYHBIM KOJH4E-
cTBoM kucnopoaa. [lepBwlii —3TO cHCTema
KpoBOoOOpalleHus, KOoTopas akTHBHO IOCTa-
BJISET KJeTKaM kuciopoa. Ecnu 6b1 He 6buio
CHCTEMBI KPOBOOOpAIICHHA, TO pa3Mepsl as-
POOHBIX OPTaHU3MOB HE NIPEBLILATHM Obl MHJI-
JIUMETPA, MOCKOJIBKY AUDY3Us Kucnoposa Ha
606bILME PACCTOAHMS OKA3aJIaCh GBI CITHIIKOM
MEJUICHHOH ¥ oTcTaBajia Obl OT notpebHocTeit
KJ1eTok. Bropoe Baxueiiiuee npucnocobieHue
15 cHaGXeHH s KJIETOK KUCIOPOAOM —3TO Mo-
ABJIEHHE B MPOLIECCE IBOJIIOLUHU CIICHUATBLHBIX
MOAEKY A —NEPEHOCHUKOB xuc/wpoba, 1O3BOJIUB-~
ee npeoaoJe€Tb OTpPaHHYCHHUS, HaKJaldbl-
BAEMBIE HM3KOH pPacTBOPHMMOCTBIO KHCJIOpOJa
B BoZ€. Y NMO3BOHOYHBIX LEPEHOCUHKAMHU KHUC-
JIOPOJA CIIYXAT OCIIKH 2eM02406UH W MU02 .10~
oun. Femornobuu, comepxaiuics B 3pUTpO-
[HTaX, BBLINMOJHAET (QYHKUHIO NEPEHOCYHKA
Kuclopoga KpoBbrko. Hanuume remornobuna
PE3KO yBEIMYMBAET COCOOHOCTL KPOBH Tepe-
HOCHTb KHCJIOpoA —¢ 5 10 250 mn O, B pacuere
Ha OJI{H JIUTP KpoBy. 'eMornobun urpaer tak-
Ke XKH3HEHHO BAXHYIO DOJIb B TpaHCHOPTE
yIJIEKMCJIOTO Ta3a ¥ HOHOB BOsoposa. Muo-
TJOOVMH, HAXOAAIUHACA B MBILLILAX, BLIIOJHACT
GyHKIMIO Pe3epBHOrO MCTOYHMKA KHCJIOpO4a
H o6JieryaeT TpauciopT KMCIOPOaa B MBIIITIAX.

Yacts |
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3.1. Kucaopoa npucoeMHSIeTCS K NMpoCcTeTHYE-
CKOW rpynne rema

Cnoco6GHOCcTh MHOrn06MHa M reMorjiobuHa
CBA3bIBATb KHUCJIOPOA OOYCJIOBJICHA HaM4MEM
B HUX HEOOJNHMNENTHAHOTO KOMIIOHEHTA,
a UMCHHO r1ema. [eM ONpPENEAET TaKXe
KpacHbiii LBET 3THX OeakoB. Boobuwe ouenn
MHOTHE O€JIKM COAEPXAaT NpPOYHOCBA3AHHBIE
CleUU(PUIECKHE HENMOJMNENTUAHbIE KOMIIO-
HEHThI, HEOOXOAMMBIE IS TposBAeHUa Groto-
FHYECKOH aKTMBHOCTH. TakHe KOMIOHEHTHI 110-
JIyYHTTH  HA3BaHHE npocmemuueckux 2pynn.
benox, nuIIEHHBIH CBOEH NPOCTETHYECKOI
rpyibi, Ha3bIBAKOT anonpomeuHomMm.

I'eM cocTOMT M3 OpPraHMY€EcKOi YaCTH M 4TO-
ma xeiesa. Opranudeckast 4acTb—npomonop-
¢upun —obpazoBaHa M3 YETBIPEX NUPPOAbHBIX
rpyni. YeTsipe nupposia COCOHHAIOTCS METH-
JICHOBLIMH MOCTHKaMH, oOpasys TeTpanup-
ponbHOe Kouibno. K HeMy npucoennneHs! 4 Me-
THJIbHBIE, 2 BUHWJIbHBIE W 2 TPOMUOHATHLIE
6oxossIe nend. BoimoxH 15 BapHaHTOB Npo-
CTPaHCTBEHHOTO PacMOJIOKEHUS ITUX 3AMECTH-

Puc. 3.1. H3o06paxkenne spuTpoumTa, 110-
JIY4eHHOE € MNOMOUIbIO CKAHM-
PYIOILIErO 3JeKTPOHHOTO MHK PO-
cxona. (IMevataercs ¢ mobesno-
ro paspeuiesuss Ja-pa M.
Goldman u a-pa R. Leif)



H3obpaxenne
(mBoskOBOTHYTOH opMBI) U
JIEHKOUUTOB (OKPYIJIBIE) B MEJ-
KOM KPOBEHOCHOM cocyle, NO-
JIy4€HHOE C TOMOIIBIO CKaHH-
PYIOILEro 3JIEKTPOHHOTO MHKPO-

3PUTPOLIUTOB

ckoma. (Kessel R.G.,, Kardon
R.H. Tissues and Organs,
W.H. Freeman and Company,
1979.)

Tesnel. B OHOJNIOrHYECKHX CHCTEMax IIPUCYT-
CTBYET TOJBKO ONHH H3 H30MEDPOB, Ha3H-
BaemMbldi npotonopdupun IX.

ATOM xene3a B reMe IPHCOEeIHHEH K 4 aTo-
MaM a30Ta B LEHTPE NpOTONOpGHPHHOBOTO

4-665

koJbua (puc. 3.2 u 3.3). XKene3o MoXeT 1aBaTh
el1le JONOJHHTENBHBIE CBA3H — 10 06€ CTOPOHBI
IUIOCKOCTH rema. OTH HalpaBJIeHHs CBA3EH
0603Ha4at0T KaK IATOE HJIH IIECTOe KOOPIHHA-
HUOHHBIE TOJIOXKEHHS. ATOM Xeje3a B reme
MoxeT OuTh B heppodopme (+ 2) unu deppu-
dopme ( + 3). CooTsercTByronme GopMul re-
MOrJIOOMHA Ha3BIBAIOT eppozemMoza00un HIIH
deppuzemozrobun. PeppHreMOrinobHH Ha3bi-
BaeTca Takxe MeTreMorjobnHoM. Tombko
depporemornobus ( + 2) cnocobeH CBA3bIBATH
KHCJIOpO/l. AHAJIOTHYHAasi HOMEHKJIATYpa NpH-
MEHHMa H K MHOTJIOOHHY.

3. TlepeHOCYHKH KHC.10pO/a —
MHOII00HH H TeMOr100HH 49
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Mporonopcupun IX

3.2. PeHTreHOCTPYKTYPHLIH aHAJIM3 KpPHCTAJ-
JIOB BbISIBJIACT MNPOCTPAHCTBEHHOE PACHO,IONKe-
HHE aTOMOB

BuisiBIEHHE TPEXMEPHOM CTPYKTYPHI MHOTJIO-
6una JIxonoM Kenapsro (J. Kendrew) u remo-
rnobuna Makcom Ilepyriom (M. Perutz) sipu-
JIOCh BBIIAIOIIMMCS TOCTHXKEHHEM MOJIEK Y IsIp-
HOH OHOJIOTHH. DTH HMCCICAOBAHHUS, YCHIELIHO
3aBepLUEHHBIE B KOHHE 50-X romos, mokasaiu
NPAMEHMMOCTh PEHTTEHOCTPYKTYPHOTO aHa-
nu3a (PEHTIEHOCTPYKTYPHOH KpHCTaJLIorpa-
GuM) 10 U3yYEHHS CTPYKTYPbl TAKMX MAakKpo-
Monekyn, kak Oemxn. o 1957 r. camoit
60bIIOH M3 HUCCIEROBAHHBIX 3THM METOIOM
monekyn 6bin BuTamMuH B,,, MosexyispHas
mMacca KOTOpPOro Ha MOPSAAOK MEHBILE MOJIEKY-
JgpHO# Maccsl muornobuna (17,8 x/{a) uam
remorynobuna (66 x/la). Onpenenenne mnpo-
CTPaHCTBEHHOH CTPYKTYpbl 3THX O€JIKOB MoO-
CIIyXHJIO OTPOMHBIM CTHMYJIOM [UISl Pa3BUTHS
6emxopoii kpuctayorpadun. [TposoasTes uc-
CJIE[IOBAHUSl O YCTAHOBJICHHUIO NPOCTPAH-
CTBEHHOH CTPYKTYpbl OOJIBINOTO MHOXECTBA
pa3nuyHbIX OenkoB. Bonee yem mis 50 Genxos
NPOCTPAaHCTBEHHAs CTPYKTYpPa K HACTOSILUEMY
BPEMEHH H3Y4Y€HA YX€ NETaJbHO. Penmzeno-
CMpYKMypHblil AHAAU3 6HOCUM 6OAbWION 6KAA0
6 Hawu npedCcmMagAeHus o cmpykmype u @yHk-
yuu 6eaxos, nOmomy umo 3mo eQUHCMEeHHbill
Memoo, 6blA6AAIOWULL NPOCMPAHCMEEHHOE paC-
nosoxnceHue 6oavuuHcmea amomos 6 bOeaxe.
LleHHbIM MCTOYHHMKOM HHpOpMALHMH O CTPYK-
Type OMOJIOrMYECKHMX MAaKpOMOJIEKYJ] MOXET
CIIyXHTh TaKXe€ 3JEKTPOHHAs MHKPOCKOIIHS,
OJIHAKO MOKa €Il[e OHA HE MO3BOJIET BHIABUTH

Yacts 1
50 Kondopmauns u aunaMuka

C\OO— /COO—
T -
CH, H /(:H2

\C—II\J | c/
4 N \
HCC Fq XH
Vi \|N_°\\
H,C
N\ C, C C—CH
Daad
CH H
3 S*tnz

Tem (Fe-nporonopcdupun IX)

APXHTEKTYPY MOJICKYJIBI Ha YPOBHE aTOMOB.

[Ipexne 4eM 0OpaTHTBCA HEMOCPENCTBEHHO
K IIPOCTPAHCTBEHHOR CTPYKTYpe MMOTIOOHHA
H reMorjiobuHa, pacCMOTPHM HEKOTOPhLIE OC-
HOBHBIE aCIEKTHl METOAA PEHTTEHOCTPYKTYp-
Horo aHam3a. [Tpexne Bcero ananusupyemblit
GesIoKk NOJDKEH OBITh BBLIENEH B KPUCTAILIHYE-
CKOM BHAE. MHOTI06MH, HalIpUMep, KpHUCTal-
J3yercs npu 1o6aBieHun cyabdara aMMOHHS
K KOHUEHTPMPDOBAHHOMY pacTBOpYy 6ejka
(puc. 3.4). B xonuenTpanuu 3 M cynbdar am-
MOHHS 3HAYHMTE/IbHO CHHXKAET PacTBOPUMOCTD
MHOrI00MHA M TEM CaMbIM NPUBOIUT K €ro
KpucTajumsanuu. PactBopuMocTs GoJibiuuH-

s—{Fel—s

NnockocTts
pacnonoXXeHus
rema

Puc. 3.2. ATOoM Xene3a B reMe Cnocoben
o6pa3oBbIBaTh HIECTh CBSA3EH.
Yerblpe U3 HHX DacHOJIOXKEHBI
B IUIOCKOCTH rema. Ilsras naxo-
JIMTCS O OAHY CTOPOHY OT 3TO#
TUIOCKOCTH, IeCTas — 10 APYIryIo.
PacnonoxeHue CBSI3aHHBIX C Xe-
JIE30M aTOMOB Ha3bIBAIOT TAKXe
KOOPJIMHAIIMOHHBIMH  HOJIOXE-
HUSAMHU.



Puc. 3.3. I'eM reMorjio0MHa (XEIThIM TO-
ka3zaHo Fe, cunuM—N, kpac-

HeiM — O, depHbM —C).

crBa OelKOB cHHXaeTcsl NpH A00aBleHUH
JOOBIX COJIEH B BLICOKOW KOHLEHTPAIUH. DTOT
3pdexT HasbiBaeTcs gbvica.usanuem. Ilomy-
YeHHble TaKUM 0OpPa3oM KPHUCTAJUIBl MHOTIJIO-
6uHa (puc. 3.5) MOryT QOCTUraTh HECKOJIbKHX
MH/UIMMETPOB B JIJIMHY.

Jnst upoBeNeHUs PEHTIEHOCTPYKTYPHOTo
aHanu3a HeOOXOAMMBI TPU KOMIIOHEHTA: uc-
MOUHUK PEHMZEeHOBCKUX Ayyeil, Kpucmana beaka
u 0emekmop (puc. 3.6). PeHTrenoBcKoe u3nyye-
HHE C [IMHOM BOHBI 1,54 A monydaioT myteM
60MOAp/IMPOBKH ME/IHOM MUILIEHH YCKOPEHHBI-
MM 3ICKTPOHAMH. Y3KHHl My4OK PEHTICHOB-
CKHX JIyYed HAmpaBjfeTcs Ha KpHCTay Oestka.
[Ipu 3TOM 4acTh Myuyka NMPOXOAHUT yYepe3 KpH-
CTajul, He MEHsIsi CBOETrO HanpaBiieHHs, TOrja
KaK Apyras 4acThb pacceusaemcsi B pa3iMYHBIX
HanpasJeHusx (Quppakyus  ayueir).

Lo6asneHune
(NH‘,)2$O4

Mwuorno6un B
pasBefeHHoOM Bydepe

Puc. 3.4. Kpucrannuszauus muorioduna.

4%

Pac-

Muorno6ux s
3 M (NH,),S0,. pH 7

cesHHbIE MYyYKH Jyded momagaror Ha ¢oro
IUICHKY, IPUYEM CTeNeHb MOTEMHEHHUS 3MYJIb-
CHM Ha TUJICHKE MPOINOPIHOHAJIbHA HHTEHCHUB-
HOCTHM TMajaroliux Ha Hee Jyuyell. B ocHoBe
METOo/a JICKAT Caeaylolue Qu3nieckue MpuH-
IUIbL:

1. PEeHTTeHOBCKHE JIyYH PacCEMBAIOTCS JIEK-
TPOHaMH. AMILIMTY/JAa BOJIHBI, pacceuBaeMoOH
aTOMOM, MPOMOPUHOHAIbHA YHCIY 3JEKTpO-
HOB B aToMe. Tak, aTOM yrjiepoja pacceMBacT
JIyYH B IUECTH pa3 CHJIbHEE, YEM aTOM BOJOPO-
aa.

2. PaccesHHble BOJIHBI B3aMMOJEHCTBYIOT
apyr ¢ apyrom (uxtepdepupyror). Kaxabii
aTOM BHOCHT CBOH BKJIa/l B OTKJIOHCHHE KaX-
I0TO My4ka Jydeil. PaccesiHHBIE BOJIHBI MOTYT
YCHIMBAThH WJIM FaCHThb JPYT Apyra B 3aBHCH-
MOCTH OT TOrO, COBIIA/IalOT OHH 1O (a3se WM
HET.

3. XapakTep B3aUMOJEHCTBUS PaCCEAHHBIX
BOJIH LIEJIMKOM ONPEAEIISETCS PACIIOTOKEHHEM
4TOMOB B HCCJIEAYEMOM BEIIECTBE.

3.3. Dransl PeHTreHOCTPYKTYPHOTO aHAJM3a
MHOT J100HHA
Kenapeto BbIOpan MHOTJIOOMH Uit POBEe-
HHMSI PEHTTEHOCTPYKTYPHOTO aHajau3a B CHIIY
MHOTHX NPHYMH: 3TO OTHOCHTEJIbHO HEDOJIBb-
woil Genok (17,8 x/la), ero jerko noJy4uTh
B DOJIBLINX KOJTHYECTBAX, U OH JIETKO KPUCTAJI-
s3yetca. Kpome Toro, MHOr1oOMH HMeeT U TO
JIOCTOMHCTBO, YTO OH OY€Hb CXOJIEH C TeMOrJo-
OMHOM, HCCIIEJOBAHHEM KOTOPOIO YXe 3aHH-
mascs kostera Kenapero Ilepyrn. B pabote
ObLT MCMOB30BAH MMOTJIOOMH M3 CKEJIETHBIX
MBILIL] KaluaJoTa, OTJIHYAIOIIHMCH CTAOMIIb-
HOCTBK) M CMOCOOHOCTBIO BENIMKOJIENHO KPH-
cTamu30BaThcs. CKeIeTHbIE MBILIIIBI HBIPSIO-
WMX  MJIEKONMTAIOIIUX —KUTOB,  TIOJICHEH,
Jie1b(UHOB — 0COOEHHO GOTaThHl MHOTJIOOHHOM,
KOTOPBIH CITYXXHT /I PE3EPBUPOBAHUS KHCIIO-
poaa, HUCMOJb3YEMOrO BO BpeMsi HBIPSHHS.
Kpucrann muornobusHa nomemaroT B Ka-
NWUISP ¥ CTPOTO OPUEHTHPYIOT 1O OTHOLIE-

Heckonbko aHen

Kpucrannel muornobuHa

3. INepeHOCHHKH KHCJIOPOJA—
MHOTJIOOMH M T'eMOTrJIO0MH 51



HHIO K Iy4YKY PEHTI€HOBCKHX JIy4€el U K IIJICHKE.
B pesysibTaTe npeLecCHOHHOTO IBUXEHUS K PH-
CTajlsla Ha PEHTreHOBCKOM (poTocHHMKe 0Opa-
3y€TCs peryjispHas peleTka nsaTeH (pedek-
coB). Pentrenosckas dotorpadus, nokasanuas
Ha puc. 3.7, mpencraBiseT coboil nByMepHOE
CEYEHHE YEpe3 TPEXMEPHOE MHOXECTBO pe-
¢nekco. Kpucramn muormobuna maer 25 000
pednekcos. U3MepsiroT MHHTEHCHBHOCTD KaXHO-
ro pednaekca. IMomyyaembie BelMYMHBLI Npes-
CTaBJIAIOT cOOOH Te€ HCXOOHBIE IKCNEPHMEH-
TajbHbIE NAHHBIE PEHTTEHOCTPYKTYPHOTO aHa-
JIA3a, KOTOPBIMU OMEPHPYIOT [aJiee.

Ha cnenyromeM 3Tane BOCHPOM3BOAST
CTPYKTYPy MHOIJIOOHHA, HCXOAS M3 MOJY-
YEHHBIX 3HAY€HHWH HHTEHCHBHOCTH peQIIeKCOB:
3TO NPOU3BOAMTCS C MOMOILBIO MAaTEMATHYE-
CKOTO METO/A TIPEICTABIICHUS CIIOKHBIX PYHK-
UMHA B BUJE FrapMOHHYECKHX paoB Pypwe. On-
HAaKO BEJIMYMHbI MHTEHCUBHOCTH pepiekcoB OT
KPHCTaJ/UIOB MHOTJIOOHHA aIOT TOJILKO YacTh
MHPOPMAaLUH, HEOOXOIMMOM IS TAKUX pacye-
toB. Henocraromwme namHele o ¢aszax pac-
CESHHBIX MYYKOB JIy¥eH NMOJY4YaroT W3 IOJHOH
KapTHHBI 1M(QPaKIHH JTyyel KPUCTAIIIOM MHO-
rjIo6uHa, COAEPKAIErC isKENbIE aTOMbI, Ha-
[pUMEP ypaH WMJIH CBHMHEN, 1O OAHY WJIM ABE
CTOpOoHbI MOJIeKYIbl. [Tocne aToro nepexoast
K pacyeTy KapThl 3JIEKTPOHHBIX MJIOTHOCTEH,
Hcnosb3ys ObicTpomeiicTByromme DBM. Tlo
CYaCTbIO, PA3BUTHE KPHCTAJLUIOTPaPHIECKHX
HCCTIeIoBaHui MHOTJIOONHA COBRAJIO MO Bpe-
MEHH C NOsBJIEHHEM ObICTPOAEHCTBYIOIINX
OBM ¢ GombumMm o6veMoM namsTH. OKOH-
YaTesIbHBIA pacyeT No MeToay psaoB Pypbe

-

Dotorpadus KpUCTAUIOB MUO-
rnobuHa. (IMeyaraercs c ar06e3-
HOro paspewenus a-pa J. Ke-
ndrew.)
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PaccennHble nyyn ~..
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WAcTounux | PeHTreHosckui nyy

PEHTreHos~
CKMX Nyyewn

Kpucrann

AeTextop (Hanpumep, nnexka)
Cxema YCTAHOBKH [Jif NIpOBE/ie-
HHA PCHTICHOCTPYKTYPHOI O aHa-
JIM3a: penrrenoncxm‘i JIy4, KpH-
CTaJUl, A€TEKTOP.

Puc. 3.6.

Ans MHOrIoOMHAa BKIIO4Yan B cebs okoso
MWJIJIHAPJa BEJIHYHH.

B pesynbTaTe npoBedeHHOH MaTemaTHue-
CcKkoH 00paboTKM NMOJYYarOT BEJMHMHBLL 3JleK-
TPOHHOH IUUIOTHOCTH B 6OJIBIIOM YHCIIE pery-
JISPHO PAaCIOJIOKEHHBIX B MPOCTPAHCTBE TOYEK
Kpuctaiia. [Ipu 3ToM TpexmepHoe pacnpexe-
JICHHE JJIEKTPOHHBIX NJIOTHOCTEH HMMEET BHI
CEPHH HACJIOEHHBIX OJHMH HA/ JPYTMM napaj-
JIeJIbHBIX cpe30B. Kaxabiil cpe3 npeacraBiser
co60it Npo3payHyIO IIACTHHKY U3 CHHTETHYE-
CKOTO MaTepuaJa, Ha KOTOpo# pacnpefieieHHe
SJIEKTPOHHBIX TJIOTHOCTEH IIOKA3aHO KOH-
TYPHBIMH JMHUAMH (puc. 3.8). Takoe uzobpa-
XKEHHE MOXHO CpaBHHUTb C KapToil penbeda
3€MHOM TIOBEPXHOCTH, HA KOTOPOH KOHTYDHBI-
MU JIMHHSIMH 0603Ha4aeTcs BBICOTA MECTHOCTH
HajJ ypoBHeM Mops (puc. 3.9).

Cnengyrommii 3Tan paboThl COCTOUT B pac-
HPPOBKE KAPThlI 3JIEKTPOHHBIX TJIOTHOCTENL.
KpuTtueckum pak TOPOM IIpH ITOM BBICTYIIAeT
paspewaowas cnocobHocms METO/Ia PEHTIEHO-
CTPYKTYPHOTO aHaJiu3a, KOTOpas OlpenesseT-
Csl KOJIMIECTBOM PEQIIEKCOB, HCIIOJIb30BAHHBIX
B obpatHoM mnpeobpasoBanun @Pypee. [lpa-
BUJILHOCTb H300paXXeHUs 3aBHCHT OT paspe-
1IaroLue criocobHocTH o6paTHOro npeobpaszo-
BaHUs Pypbe, KaK 3TO MOKA3aHO C MOMOIIBIO
ONTHYECKOH aHajorud Ha puc. 3.10. Ananus
MHOTJIO6HHA OBl BHINOMHEH B TpH JTana. Ha
NEpBOM 3Tarfle, 3aBepLIeHHOM B 1957 r., aHanu-

T

Kawanot



TOJIMIENTHAHBIX LENEH HX IEHTPbI PaCXOAATCS
Ha 5-10 A. YToObl BBISBUTH PACIOJIOKEHHE
rpynn aToMOB, OTCTOAIMX Ha 2,840 A Apyr
OT Jpyra, WiH OTHAE/bHBIX aTOMOB, pa3fe-
JIEHHBIX paccrosiHueM B 1,0-1,5 A, Tpebyrotcs
KapThl O0J1ee BEICOKOro paspeineHus. B 1959 r.
ObL1a MOJIyvyeHa Kapta MHOIJIOOHHA ¢ pa3spe-
wennem 2 A (10000 pedrexcos), a B 1962 r.—c
paspeuienneM 1,4 A (25000 pednekcos). Ilpe-
e paspewiaronleii cnocoGHOCTH PEHTreHo-
CTPYKTYpPHOTO aHaju3a OIpeAesieTcs CTe-
TNIEHbIO COBEPIUEHCTBA CTPYKTYpPbl KPHCTaIA.
515 6eKOB 3TOT npeen oOBIYHO He HHXe 2 A.
B 1957 r. Kenapbio u €ro COTpyAHHMKH YBH-
JIENH TO, YEero [0 HUX HMKTO He BHIEN: Impo-
CTPAaHCTBEHHYIO CTPYKTYpy OejkoBoil Moute-
KyJbl BO BCell €€ CIOXHOCTH. Mogaesb,
NOCTPOEHHAsl Ha OCHOBaHMM OOpAaTHOTrO mpe-
Puc. 3.7.  Pentremorpamma  kpuctamia 0bpasosanns ®ypse c paspewenueM 6 A, co-
MHOTLJIOGHHA. cTosuta U3 Habopa OTPe3KOB BBICOKOH IJIOTHO-

CTH, UMCIOLIMX HMMEHHO T€ pa3Mephl, KaKue
U TNPUIUCHIBAJIUCh TOJHIENTHIHOW UeNHU
(puc. 3.11). Monekyna HMena OYEHb KOM-
nakTHbI BuA. bonee noxpobHoe usyuenue no-
Ka3aJio, YTO OHA COCTOHMT U3 CJIOXKHOH H Iepe-
TUIETAIOINEHCS CETH 3THX OTPE3KOB, KOTODbIE

Prc. 3.8. YacTte KapThl  3JICKTPOHHOI
NUIOTHOCTH MHOINIOOMHA: y4a-
crok rema. Iluk B ueHTpe co-
OTBETCTBYET MOJIOKEHHIO aTOMa
xeneza. (Kendrew J.C., The
thredimensional structure of
a protein molecule, Scientific
American, Inc., 1961.)

3y 6bLM NOABEPrHYTHI TONBKO 400 BHYTPEHHHX
pediekcoB Ha OUPAKUHOHHON KAPTHHE, YTO Puc. 3.9
COOTBETCTBOBaJIO paspeiueHuto 6 A. Kak Oy- t
IET TI0OKa3aHO HECKOJILKO HHXe, Takas KapTra
3JEKTPOHHBIX MJIOTHOCTEH HU3KOIo pa3pelie-

HHUs ONMCBIBACT MOJUNENTUAHYIO LIENh, HO BbI-

SIBJISIET MAJIO APYruX aetanei cTpykTypel le- 3. IMepenocunmkn Kuc.1opona—

JI0 B TOM, YTO H3-3a OCOOEHHOCTEH YKIAJAKH MHOrJIOOHH H reMor/j00uH 53

Yactsb puzuueckoit kaprsl CIIA;
moka3aH yvactok Kanmurosn-nu-
ka, wrat Konopano.
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Bnusune paspewaromeii cno-
COGHOCTH Ha Ka4eCTBO DPEKOH-
CTPYMPOBAHHOTO M300paXeHHus.
JLns WIUTIOCTPALIMHM HCTIONB30BaH
ONTHYECKHH aHaor Audpakuuu
PEHTreHOBcKMXx Jay4ei. A—Ilap-
tenon, b-kapruna audpakuun
ot ITapdenona, B u I'—u3obpa-
XKEHHs, NIOJIy4EHHBIE 110 JJaHHEIM,
B3ATbIM U3 puc. B. Jlns noxyye-
HHUA H300paXxKeHHsl, I0Ka3aHHOT O
Ha pHc. I', ucnonp3oBano 60b-
e TOYeK, 4YeM IS MOJIyYeHHus
n3obpaxenus Ha puc. B. Co-
OTBETCTBEHHO u3o06paxenue
I' 3Ha4YuTENBHO BbHILIE Kaye-
creoM. [Iedaraercs ¢ nobe3Ho-
ro paspeiteHus a-pa T. Steitz (A)
u a-pa D.De Rosier (B).]

Yacts |
Kondopmaims u nunamuka

TO LLJIM IPSAMO HA HEKOTOPOM HPOTSKEHHH, TO
JeNlaii yTOJ, MeHss HamnpasjieHue. PacnoJo-
KEHUE aTOMA XKeJe3a B reMe 6bLIO Jierko ycTa-
HOBHUTb, TaK KakK XKEJIe30 COAEPXUT 3HAYHTEIIb-
HO GonbIE 3NIEKTPOHOB, YeM 06O Apyroi
aToM B Genke. CaMoe TOpa3uTeIbHOE B CTPYK-
Type MOJIEKY/Ibl~3TO €€ HENpaBHIbHOCTh
H TIOJIHOE OTCYTCTBHE CHMMETDHH.

3.4. CTpykTypa MHOI/I06HHA XapaKTepH3yeTcs
KOMINIAKTHOCTBIO H BBICOKOH CTeNeHbI0 o-CHHpa-
JIH30BAHHOCTH

ITonyyeHHas aByMs rogaMH IMO3Xe KapTa
9JIEKTPOHHBIX MJIOTHOCTEH MHOIrJIOOHMHA C BbI-
COKHM Da3pelIeHHEM COjepXasa KOJIOCCAJIb-

“% ‘

TEER TS eon -

Puc. 3.11. Mogenb mMuorno6una, NOJTy4eH-
Hasi IpM HU3KOM pPa3pelleHHH.
(Trobe3no IPEAOCTaBNIeHA

a-pom J. Kendrew.)



Puc, 3.12. Mogenb MHOTJIOOHHA, MOJIyYeH-
Has [IPH BBLICOKOM pa3peLICHUM.
ITokazaHpl |, TONMBKO  Q-yIJe-
poaHble aToMbl. KpacHeiM naH
rem. (Dickerson R.E. In: The
Proteins, H. Neurath, ed. 2th
ed., v. 2, Academic Press, 1964,

p. 634)

HOe KoMdecTBO uHGOpPMALUU OTHOCHTENBHO
neranei cTpykTypnbl 6enka. U3 1260 atomos,
T.C. BCCX 4TOMOB, KpOM€ BOOOPOAA, IONI0XE-
uue 120 atomMOB OBLIO OMpeaeneHo ¢ TOY-
HOCTBIO, mpeBbiLlatomeit 0,3 A. Obee paciio-
JI0Xelne OCHOBHOM IIEMHU U remMa 110Ka3aHo Ha
puc. 3.12. CTpyKTypa MHOTTIOOHHA UMEET Clle-
JyrolMe OCOOEHHOCTH:

I. Monexyna MHOIJIOOHHA  4pe36bIuaiiHO
komnakmna. Ee o6peM pasen 45 x 35 x 25 A.
BHyTpM MoKyl NOYTH HeT cBoboaHOrO
NPOCTPANCTBA.

2. Oxono 75%, OCHOBHOM IENMH HAXOUMTICH
B Kongopmayuu o-cnupasu. Bce a-cnupamm
npaBo3akpyueHHbie. KMMeerca 8 OCHOBHBIX
yY4acTKOB CilHpaJIM3aliii, KOTOpble 0003Ha-
YeHbl nepBuiMKM 8 OYKBaMH JIaTUHCKOro asda-
puta: A, B, C, ..., H. Ilepsblii aMHHOKHC-
JIOTHBII OCTAaTOK B cnupayu A 0603Ha4aroT Al,
BTOpOii A2 4 T. . (puc. 3.13). Mexny obnacTs-
MH CLIMPaJU3aliiK HaXOAMTCH NATh HECHHUpa-
JIM30BAHHBIX Y4acTKOB (0003Ha4aeMbIX, HApH-
Mep, CD, ecnu y4acTOK PpACHOJIONKEH MEXAY
cnupansmu C u D). UMeroTcs elle 1Ba HECHH-
PAJIM30BAHHBIX y4yacrTKa: ABa AMHHOKHC-

JOTHBIX OCTATKA HA N-KOHIIE MOJIEKY bl (HA3BI-
paemble NA1 u NA2) u nsite OCTaTKOB—Ha
C-xoHue (0603HAYarOTCH COOTBETCTBEHHO OT
HC1 go HCS).

3. He Bce pakTOpbl, onpeaeiolHe TeEpMu-
HMPOBAaHHME YYACTKA CHUPAIU3ANHH, YXKE Bbls-
Bienbl. VI3BeCTHO, OHAKO, YTO BaXXHYIO POJib
B OTOM MpPOIECCe MIPAlOT OCTATKH MPOJIHHA.
ﬂpo/mH He Moxwcem 6blmb BKANOYENHNBIM 8 A-ChU-
paas (pa3Be TOJNBLKO OJJHAM KOHLOM), IIOTOMY
4TO NATHYJIEHHOE MHPPOIMAOHOBOE KOJBLO
npocTo He MOXeET B Hell yMeCTUTkCH. B Muo-
rnoOuHE COAEPKHUTCH YETHIPE OCTaTKa Mpo-
JMHA ¥ BOCEMb OKOHYaHWH O-CIIMPAJibHbIX
yuacTkoB. fIcHO, YTO MMeIOTCA U ApyIHe (dak-
TOPBI, ONpEeAeNSIOUE 3aBEPIICHUC CLMPAJIH.
Tax, HanpUMeEp, B OTAEIBHBIX CIyYasx OPOUC-
XOIHT npepbiBaHue a-cnupany, ecom OH-rpyn-
na cepuHa WM TPEOHWHA B3aUMONCHCTBYET
¢ KapOOHMILHOH Tpynnod OCHOBHOH HENH.

4, lNenTtuauble rpynnsl UMEKOT RAAHAPHYIO
cTpykTypy. Kapbonunshiass rpynna 3aHumaer
mpanc-noioxenue oTHocuTeabHo NH-rpynnsi
OCHOBHOI 1enu. [{JiMHa CBA3€H W YIJbl MEXI1y
HHUMH COOTBETCTBYIOT TAKOBBIM B JMMENTHIAX
¥ OJM3KMX K HUM COEAMHEHHSX.

5. UeTKO pa3/IiMYalOTCs BHYTPEHHSA U Ha-
PYXHast YHaCTH MOJIEKYJIbl. BuympenHnaa yacmo
MOAEKYAbl ROYMU YEAUKOM COCMOUm u3 Heno-
AAPHBIX ocmamkoé JeHLNHa, BajJHHA, METHO-
HUHA, PEHUIIAIAHHUHA U HE COIEPXHT 6OKOBBIX

3. IlepeHOCHHKH KHCJIOpoaa—
MHOTJIOOHH H TeMOr/100uH 55



Val-Leu-Ser-Glu-Gly-Giu- Trp-Gin-Leu- Val -
NA1 NA2 A1 A2 A3 A4 A5 A6 A7 A8
Leu-His- Val -Trp - Ala - Lys - Val -Glu-Ala-Asp-
A A10 A11 A12 A13 A14 A15 A16 AB1 B1
Val-Ala-Gly- His- Gly -GIn-Asp- lle -Leu- lle -
B2 B3 B4 B5 B6 B7 B8 B9 B10 BI1
Arg-Leu-Phe- Lys- Ser-His - Pro-Glu-Thr-Leu-
B12 B13 B14 815 B16 C1 C2 C3 C4 C§
Glu-Lys-Phe-Asp-Arg-Phe- Lys-His-Leu- Lys-
C6 C7 CD1 CD2 CD3 CD4 CD5 CD6 CD7 CD8
Thr-Glu- Ala-Glu-Met- Lys- Ala -Ser-Glu-Asp-
DI D2 D3 D4 D5 D6 D7 E! E2 E3
Leu-Lys-Lys-His-Gly-Val -Thr-Val-Leu-Thr-
E4 E5 E6 E7 EB8 E9 E10 E11 E12 E13
Ala-Leu-Gly-Ala- lle -Leu-Lys-Lys-Lys-Gly-
E14 E15 E16 E17 E18 E19 E20 EF1 EF2 EF3
His-His-Glu-Ala-Glu-Leu-Lys-Pro-Leu-Ala-
EF4 EFS EF6 EF7 EF8 F1 F2 F3 F4 FS5
GIn-Ser-His-Ala-Thr-Lys-His-Lys- lle - Pro-
F6 F7 F8 F9 FG1 FG2 FG3 FG4 FG5 G1
lle -Lys- Tyr-Leu-Glu-Phe- lle -Ser-Glu-Ala-
G2 G3 G4 G5 G6 G7 G8 G9 G10 Gt1
lle - fle - His- Val-Leu- His - Ser-Arg- His - Pro-
G12 G13 G14 G15 G16 G17 G18 G19 GH1 GH2
Gly -Asn-Phe-Gly-Ala-Asp-Ala-Gin-Gly- Ala-
GH3 GH4 GH5 GH6 H1 H2 H3 H4 H5 H6
Met-Asn-Lys-Ala-Leu-Glu-Leu-Phe-Arg-Lys-
H7 H8 H9 H10 H11 H12 H13 H14 H15 H16

Asp- lle -Ala-Ala-Lys- Tyr-Lys-Glu-Leu-Gly-
H17 H18 H19 H20 H21 H22 H23 H24 HC1 HC2

Tyr-GiIn-Gly
HC3 HC4 HCS
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Puc. 3.13.

AMHHOKHCIIOTHAas  MOCNeZOBa-
TeJIHOCTh MHOTJIOOMHA Kalla-
Jgota. Hudppst u OykBnl nox
K2XIbIM OCTATKOM YKa3bIBa:OT
Ha €0 MOJIOXEHHE B A-CIIUPAISX
WIH B  HECHHPaJIHM30BaHHBIX
yyacTkax Mexay mumu. Hanpu-
Mep, B4 obo3Havyaer ueTBepThIif
ocTaTok B cnupamm B; EF7-7-i
OCTaTOK B HECNHPAJIH30BAHHOM
y4acTKe Mexay cnupaismu E
u F. [Edmundson A.E., Nature,
205, 883 (1965); Watson H.C.,
Prog. Stereochem., 4, 299-333
(1969).]
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Tpeonun Tuposun Tpunroan

HeneHd rIyTaMHHOBOW M aclapardHOBOM KHC-
JIOT, IIyTAMHHA, acllaparuHa, JIN3WHA WK ap-
THHHHA. AMHHOKHCJIOTHBIE OCTATKH, HMEIOILIHE
TONAPHYIO M HENOJAPHYHO YacTH, 4 MMEHHO
TPEOHMH, THPO3MH M TPHNTO(AH OPHEHTHPO-
BaHBl TaK, YTO BHYTPb OOpaIlEHH HX HENO-
JIpHble y4acTKH. ECTh TONBKO nBa monspHBIX
OCTaTKa BHYTPH MOJIEKYJIbI MHOTJIOOHHA —3TO
JiBa THCTHAMHA, PAclOJIOKEHHbIE B aKTHBHOM
UEHTPE M MIPAIOLUME TIABHYIO POJIb B (YHK-
UHOHANIbHOW axTHBHOCTU. Ha HapyxHO#M cTO-
POHE MOJIEKYJIbI PACIlOIOKEHbI KaK MOJISPHLIE,
TaK ¥ HEMOJIAPHbIE aMHMHOKHCJIOTHBIE OCTATKH.

3.5. YuacTok cBA3bIBAHHS KHC/IOPOAa B MHO-
r/j106HHe

I'pynna rema nokanusyercs B yriy6neHun Ha
MoJjiekysie  MHOrIobuHa. BeicokomonspHbie
NponKOHaTHLIE 6OKOBbIE HENMH reMa Pacroo-
XEHBI HA IOBEPXHOCTH MOJIeKyJTbL. [1pu pusuo-

Fwctugun F8 He =N
N - L
N C SN ‘
N Fe O
c. T E7
-~ c MUCTURUH
CH, "
’ Nnockocte
pacnonoxeHus
rema
Puc. 3.14.  Cxemarmyeckoe u30bpaxkenue

y4acTKa CBS3bIBAHHs KHCJIOpOAa
B Muornobune. Ilsroe xoopn-
HHALHOHHOE IOJIOKEHUE 3aHATO
THCTUAMHOM F8 (mpoxkcu-
MaJIbHBIA THCTHIMH); KHCIOPOI
CBS3BIBAETCA B LIECTOM KOOPH-
HalMOHHOM TOJIOXEHHMH; TIH-
cruavH E7 (nucransHebi ructu-
JIMH) pacnojiioXeH BOIM3N wie-
CTOrO KOOPAHHALIHOHHOTO
MOJIOXKEHHUS.



fucTuamn F8

Puc. 3.15. Mopgens yuacTka CBA3bIBaHHS

KHcaopona B Muornobune. Ilo-

Ka3aHbl TeM, IPOKCUMAIbHBIH
ructuauH (F8) n nucrasnbHbll ru-
crunun (E7).

JnoruyeckoM 3HayeHunm pH oHM HaxoxgsTcA
B HOHH3HPDOBAHHOM COCTOSIHUM. OCTajnbHbIE
YaCTH TeMa [MOrpYXeHbl BHYTPb MOJIEKYJIbI
MHOrJI00HHA, I/Ie €€ OKPYXAIOT HENOJISPHBIE,
33 MCKJTFOYEHHEM JIBYX THCTHIHHOB, aMHHOKHC-
JIOTHBIE OCTATKH. ATOM Xefie3a B reMe npHcoe-
JOHMHEH HEMOCPEACTBEHHO K OOHOMY M3 3THX T'-
CTHIHMHOB, 3 HMEHHO K ocTaTky F8 (puc. 3.14
1 3.15). OToT OCTaTOK, 3aHMMAIOIIMA MATOE
KOOPAMHALMOHHOE TIOJIOKEHHE, Ha3bIBAETCH
OPOKCHMAJIbHBIM THCTHAMHOM. ATOM Xeje3a
npumepHo Ha 0,3 A BBICTYNaeT Hajn IuUIo-
CKOCTBIO NOPOHPHHA HA CTOPOHE THCTH/IH-
Ha-F8. Yuacmox ceasvisanus kuciopoda pacno-
A0OMCeH no  Opyzyl0  CMOpPOHYy  naoCKocmu
6 wecmom KOOPOUHAYUOHHOM nosoxceHuu. Ps-
IOM pAacroyiaraeTcst BTOPOH OCTaTOK THCTH-
nuHa (E7), naseiBaeMbiil aucTanbHbiM. OcTa-
TOK JucTajbHOro rucruauHa-E7 ¢ remom He
cBa3ad. Ha puc. 3.16 noka3aH yuacTtoK KapThl
IEKTPOHHBIX IUIOTHOCTEH, BKIIOYAIOMIMHA 06-
JIaCTb TeMa.

Boutn mccnenoBaHbl TpH (DM3HOJIOrMYECKH

mctugun E7

6-e KOOpPAWHAUMOHHOE NONoXXeHue,
Y4acTOK CBR3bIBAHWS KMCNOPOAA

3Ha4HMBbIe HPOPMBI MHOTJIOOHHA : IE30KCHMHO-
TJIOOHH, OKCUMHOTJIOOUH H (eppUMHOTIOOHH.
Io xoHdopMauK OHH OYEHb CXOAHBI BO BCEM,
KpOMe IIECTOTO KOOPAMHAIMOHHOTO IOJIOXE-
Hud (Tabn. 3.1). B peppumuornobune B 3ToM
MOJIOXKEHHH CTOMT BOJA; B JIE30KCHMHOTJIOOU-
HE OHO CBOOOJHO; B OKCHMHOII0OMHE 3TO MO-
JIOXEHHE 3aHATO kuciopoaom. Csi3b ¢ O, Ha-
XOAUTCS NOI YIJIOM K CBA3M XKEJIE30 — KUCIIO-
poxn (puc. 3.17). AToM Xeje3a MpH OKCHIEHH-
POBAaHHMH NOJOABHIacTCH K ILUIOCKOCTH rema
npumepHo Ha 0,2 A. Baxnuo OTMETHTh, 4YTO
reM, TakuM oOpa3oMm, He SBJIAETCS XKeCTKOi
cTpykTypoi. bonee Toro, nepeMelieHue aTtoMa
KeJjie3a MPU OKCUT€HHPOBAHUH MrpaeT KJIro4e-
BYIO pOJib B GYHKUHOHHPOBAHHH TCEMOIJIO6-
HHa, YTO GYJET MOKa3aHo B ClEAyIOILEii T1aBe
(pa3ao. 4.11).

B KOHTaKT ¢ reMoOM BXOOAT aMHHOKHC-

Ta6auua 3.1. Oxpyxenne rema

Yem 3aHATO

dopma Ba- 5-xoop- 6-¢ koopau-
JIGHT- JHMHAlH- HalUOHHOE
HOCTb OHHOE  IOJIOXKEHHe
KeJesa [ojoxe-
HHe

Je3okcuMuornobux +2 HisF8 Ceobonxo
Oxcumuoraobun +2 HisF8 O,
deppHMHOTIOOHH +3 HisF8 H,0

3. IlepeHocuHKH KHcJI0poaa —

MHOIJIOOHH H TeMOr/I00HH 57



Puc. 3.16.

Puc. 3.17.

®parMeHT KapThl 3JIEKTPOHHOM
IUIOTHOCTH MHOTJIOOMHA BOIH3HU

YYacTKa CBA3bIBAHUS KHCIIOPOAA.
OJIeKTPOHHOILIOTHAsA  06J1acTh,
TSAHYIIAsCA BAOJIb HYXKHEH 4acTH
kapThl,—cnupans E. (ITeyaTaercs

¢ Mo6e3HOro paspelueHus a-pa

J. Kendrew.)

MnockocTe

pacnonoXxeHusa

rema NS

N
/N—Fe—O\\O

Haknon u opuedtanus cBa3u
KHCJIOpO/Ia C aTOMOM XeJle3a
B OKCHMHOIIOOUHE. Yron Mme-
xay ocbro O, u cBs3bio Fe—O
cocTaBiusier 121°,

Yacrs |
Kondopmauns 1 annamuka

JIOTHBIE OCTATKH, NPHHAUIEKAIME Ppa3HBIM
y4YacTkaM JIMHEHHOH IOC/Ie0BaTENLHOCTH,
B 4acTHOocTU octatkd C4 u H14, coorser-
CTBYIOLIME AMHHOKHCIOTAM 39 u 138 mnuHeii-
HO# nocyienoBaTenbHocTH. OTCI0Aa BHAHO, YTO
ysacmok, ceﬂabwarowua 2em, 6 ceoell 3Ha4u-
meAbHOUl Yacmu umeem mpexmepHyio cmpykmy-
py.

3.6. XKecTkoe okpyxenwe rema oGecmedmBaer
006paTHMOCTL OKCHI€HHPOBAHHS

Ha pomo yyactka, B KOTOPOM HpPOMCXOMHT
CBSA3bIBAHUE KUCIIOPOAA, MPUXOAUTCS JIMILD HE-
Gonblias yacTe 06beMa Beell MOJIEKYIIBI MHO-
rnobuna. B camom nete, kucnopoa Henocpen-
CTBCHHO MPHCOEIMHAETCS TOJNLKO K aToOMy
xejie3a B reme. KakoBa xe poJib nosunenTtH-
HOIi 4aCTH MOJIEKYJIbI B CBSI3BIBAHMH U TIEPEHO-
ce kucmopoxa? Jlng oTBeTra Ha 3TOT BOIpPOC
PacCCMOTPHM, KaK CBA3BIBAETCSA KUCJIOPOJ CBO-
GomHbiM remoM. B BomHOM pacTBOpE CBO-
Goaublii hepporemM cnocobeH CBA3ATL KHCIO-
PO, HO JIMIUb HAa KOPOTKHI MOMeHT. O6bsic-
HSETCH 3TO TeM, YTO B Boae (epporem ObicTpo
OKHCIISeTCs 10 heppureMa, KOTOPHII He CBSI3bI-
BaeT kucnopoxa. IlpomexyTounsiM npoayk-
TOM B 3TOH PEaKLIUH SIBJISIETCS CAHABHYEBOE CO-
eautieHue, obpa3opanHoe aByMs remamu ¢ O,
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Puc. 3.18.  [Ipu cBs3bIBAHMM KMCIIOPOAA W3-
MEHSIOTCS CMEKTPhl MOTJoLLe-
HUsI MHOTJIOOHWHA W reMo1106U-
Ha B 00iacTH BHAMMOIO CBETa.
Muoryiobus u  reMoriaobux
AMEIOT OY€Hb CXOAHBIE CTEKTPBI

OOTJIOLUEHUA BHUIAUMOIO CBeETaA.

MeXIy HUMH. B muoziobune zem meHee uys-
cmeumenen K OKUCAeHur0, NOCKOAbKY 0se moue-
Kyabl Muoza0ouna npakmuvecku ue CROCOOHBL
K accoyuayuu u 06[)(1308("-“1)0 caudeuueeoeo co-
edunenus zem—0,—zem. O6pa3oBalue TaKoro
KOMMJIEKCa CTEPHYECKH 3a0J10KHPOBAHO M-
CT4JIbHBIM THCTHIWHOM M JPYrHMH OCTaTKa-
MH, OKPYXKAILMMHU LIECTOE KOOPAMHALUOH-
Hoe monoxeHHe. Cample yOeuHTENbHbIE
JIaHHbIE B [10JIb3Y TOTO, YTO cTEpuyecKue ax-
TOPHBI OTPEENIIOT CKOPOCTh OKHCIICHHS TeMa,
OBITH TIOJTyYeHBI TIPH H3YYEHHH CHELHabHO
CHHTE3HPOBAaHHBIX MOJE/BHBIX COEAUHEHU.
Ixeiime Konnman (J. Collman) cunrtesuposan
:»ce.ae:conopﬁupunoable KOMNAEKCHl, 020PONCEH~
Hble «uacmokoiom» 3amecmumeneil (puc. 3.19),
HMHTHPYIOLIHE YYaCTKH CBA3BIBAHHUSA KHCJIOPO-
Ia B MHornobuxe u remornoduue. B 3tux co-
€IMHEHHAX Ha OAHOH CTOPOHE NOPPHPHHOBOIO
KOJIbI1a UMEJIACh «OrOPOXEHHas» 06s1acThb 115l
cesizpiBaHus O,, TOrna kKak apyras CTOpOHa
0CTaBaJIaCh HE3AKPbITOH H MOIJa CBA3bIBATH
ocHoBaHHe. OKa3anock, 4TO €CJIM B KayecTBe
OCHOBAHHSI MPHCOEIMHSAJICS 3aMEIIEHHBIH UMH-
23071, 3TOT KoMiLieke (puc. 3.20) upuobperasn
TaKO€ ¢ CPOJACTBO K KHCIOPOHY, Kak H MHO-
rinobud. bonee TOro, «OropoXeHHOCTb» CTa-

6uwmsupyer  deppodopmy sroro  xenezo-
noppupuHa, B pe3ynbTaTeé Yero OH IpH-
obpcTaeT cmocoGHOCTh K 0GPATHMOMY CBSI3BI-
BAaHWIO KHCJIOPOAA Ha JUIMTENbuoe BpeMs. Oc-
HOBHOE€ Ppa3jH4He MEXAY 3THM MOIEILHLIM
COEIHHEHHEM M OOBIMHBIM IE€MOM COCTOMT
B HAJTMYHE 3aMECTHTEJICH, CO3AAIOUINX «OrOpo-
XEHHYIO» CTPYKTYpPY, U TeM caMbIM OJIOKH-
pyromux obpazoBaHHe AHUMEPHOro CaHaBHYa
reMm—Q, —rem.

CllenoBaTeIbHO, B MHOTJIOOHWHE CO3MAETCs
TAKOE€  MHMKPDOOKDYXEHHE  IIPOCTETHYECKOMH
rpynmnbl, 61arogaps KOTOpoMy oHa Npuobpe-

|
R = NHC—C(CH,),
WM — Npon3BoaHOe
nmmApalona

Puc. 3.19. Cxemaruueckoe u3oOpaxeHue
«OTOPOXEHHOT0»  KeJe30Mop-
¢upuHa co ceazaHHbM O,. «Ya-
CTOKOJI» XMMHYECKHX 3aMECTH-
TeJIed NPEeNATCTBYET COMMKEHHUIO
ByX nop¢upuHOB M 0Opa3oBa-
HHIO IPOMEXYTOYHOTO TPOIYK-
Ta OKHUC/CHUA.

3. TMepeHocunkH KucJIopoas —
MHOT/I00MH U remMor.100uH 59
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Puc. 3.20.  Crpykrypras gopmyna «oropo-
XEHHOTO»  KENe30nopdUpHHa.
[Collman J., Brauman J.I,
Rose E., Suslick K.S., Proc. Nat.

Acad. Sci., 75, 1053 (1978).]

TAET XapaKTepHbIe CBOHCTBA. JTO ObuIEee mpa-
BUJIO, YTO (fYHKYuUs npocmemuueckoii 2pynnuvi
YACMUYHO 3a6uUCUM OM ee NnoAUNenmuoHo20
okpyxcenus. B camom fiene, TOT ke caMblif rem
BBINOJIHSAET COBEPIIEHHO MAPYrylo (QYHKLHIO
B COCTaBE€ IMTOXpoMa c¢—0ejKa KOHEYHOro
YYacTKa JbIXaTeIbHOH IEMH B MHTOXOHIPHSX
BCeX a’pOOHBIX OPraHH3MoB. B muToxpome ¢
reM 0o6paTHMO NEPEHOCHT 3JIEKTPOHBI, a He
kuciopoa. Hakowen, cosceM Ipyryro poib
HIpaeT reM, BXOAAIIMIA B cocTaB pepMenTa Ka-
TaJa3bl, [JI€ OH Pa3JaraeT NepeKHCh BOAOPOIA
Ha BOIY M KHCJOPOI.

3.7. TlpucyTcTBHE NUCTAILHONO FHCTHAMHA CHH-
KaeT CBA3bIBAHHE OKCHIA YrJepojaa

Oxcun yrieposna SIOBHT, Tak Kak, PHCOEIH-
HAACh K (eppoMuoriobuHy umm epporemo-
r106HMHY, OH MpPENATCTBYET TPAHCTIOPTY KHUCIIO-
poaa B opraHusmMe. ['eMy cBOCTBEHHO BbICO-
koe cpoactBo k CO. B BogHoM pacTBope
cBsasbiBaine CO CBOGOIHBIM reMOM NpOHCXO-
AT npumepro B 25000 pa3 cuibHee, yem
cBs3piBande  O,. OpHako B cocraBe
reMorio6MHa Wl MHOTJIOGHHA CPOACTBO remMa
k CO npesbimaeTt cponcTso k O, TOALKO MpH-
MepHo B 200 pa3. Kakum xe o6pa3om 3tu 6en-
KH MOJABJIAIOT MPHPOAHOE NPEANOYTEHHE Te-
MoM okcuaa yriepoaa? OTBeT Gbun mosyyen
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I PEHTICHOCTPYKTYPHOM aHaJIH3e W HH(pa-
KPacHO# CIIeK TPocKonuu komiiekcoB CO u O,
C MHOTJIOOHHOM M MOJEJILHBIMU XKENE30MOp-
¢bupunamu. Kenesonopdupuns o6namaroT
O4eHb BbICOKOI cTeneHbto cponctsa k CO; B ux
koMmiekcax ¢ CO atomsl Fe, C u O pacrono-
XEHBl Ha OfHOM mpsMo# (puc. 3.21). B xom-
tekce xe muornaobuna ¢ CO oce CO Haxo-
auTca noa yriaom k cBsizu Fe—C. Pacnonoxe-
Huro CO Ha oxHO#M npsiMoii co cBs3bio Fe—C
NPENSTCTBYET IJIaBHbIM 00Pa30M HAIHYHE H-
CTaJIBHOTO rUCTHAMHA. C APYroil CTOPOHBI, OCh
O, HaxonuTest nox yrioM k cssu Fe—O kak
B OKCUMHMOTJIOOHHE, TaK H B MOZIEILHBIX COEAM-
HeHusx. Caedogameavo, nod eéausanuem 6Geaxa
CO koopdunupyemcs ¢ xncesezom nod yzaom
k céasu Fe—C, a ne Ha 00noil npamoii ¢ Heil.
Taxaa naxaonnan zeomempus, obycaossennan
2a06unom, ocaabasem @3aumodldeiicmaue 2ema
¢ CO u 6 mo xce spema cozdaem onmumansHbie
ycaosus 0as ceasviéanus 0,.

INonmxkesHoe CPOACTBO MHOIIOOHHA H Te-
Moryobuna k CO MMeeT O4eHb BaXHOE 3HaYe-
HHE Ui OMONOTrMYecKMX mnponeccoB. OKcHn
yrJlepo/ia NPeACTABIAT MOTEHIHAILHYIO OMac-
HOCTDb €IUE 3a/I0JIT0 N0 Pa3sBUTHS HHIYCTpHA-
Ju3anui. [leno B oM, yto CO o6pa3syercs 3u-
JIOTEHHO NPH pacluenjeHHH rema (pasa. 21.16).
Takum o6pa3om, renepuposanue okcuaa yrie-
poaa B OpraHu3Me HEPa3pbIBHO CBSA3aHO C HC-
NOJIb30BAHHEM WM TeMa. DHIOTeHHO o6pa-
3yeTcs Takoe koymuecTBo CO, KkoTopoe 6110kH-
pyeT ~ 19 y4acTKOB CBsi3bIBaHHs KHCIOPOIA
B MHOIJI00KMHE M remoriobune. Pasymeercs,
Tako# YpOBEHb TOPMOXeHHs HeBeHK. OQHAKO
ecid Obl OTHOCHTEILHOE CPOJICTBO 3THX 6el-
k0B K CO 6bUIO NPUMEPHO TaKUM, KaKoe Xa-
PaKTEpU3yeT CBOOOMHBIE XKeENEe30NOPPHUPHHDI,
TO JHIOTeHHO 06pa30BaHHbIH OKCHA yriaepoaa
BBI3bIBAJ Obl cepbesHoe oTpasiieHHe. I1pupo-
7la peluia BOMPOC TakMM oOpa3oM, 4TO B
X0j1€ 3BOJIIOLUM NOSABHIIICh [EMOCOAEPXKAIIHE
GeJIKH, KOTOPBIE B CHITY CTEPHYECKHX (PAKTOPOB
ocmabusiior cBaspiBanme reMom CO, Ho He O,.

3.8. B pacTBopeHHOM BHIE H B KpPHCTa/lIHYe-
CKOM COCTOSIHHH MHOTJIOOHH HMeeT NPaKTHIeCKH
OJIMHAKOBYIO CTPYKTYpY

C noMomIBIO PEHTTEHOCTPYKTYPHOTO aHaIu3a
BBICOKOTO pa3pellicHHs ObUla MOJIyYyeHa 3aMe-
HaTeNIbHO NETalbHAs, XOTs CTATHYECKas, Kap-
THHA MOJIEKYJibl MHOTIOOHHa. Bo3Hukaer cy-
IECTBEHHBIA BONPOC: HMEET JIM PACTBOPEHHBII
MHOTJIO6HMH TaKyIO e CTPYKTYpY, KaK MHOTJIO-
O6un  xpucramummyeckui? Kpucrammmueckuit
MHOTJIOOMH OTJIHYAETCA OT pPacTBOPEHHOro
B TOM OTHOLLUCHHH, YTO B IPOLECCE KPUCTAILIH-
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Puc. 3.21.  CTpykTypHas OCHOBA IIOHWXKEH- MM KpPUCTAJ/UIMYECKOM, OAMH M TOT XEe.

HOTO CpOACTBa MHOrjJIo06uHa
H reMoryiobuHa K OKCHIy yrie-
poaa. A—csa3p CO pacnosioxe-
Ha Ha OJHOH NpAMON CO CBO-
OOOHBIM  XKEJIE30MOPOUPUHOM ;
b —Hak/I0HHAA reoMerpus CBsi3u
CO ¢ MHOTIOGHHOM H FeMOoTJIo-
OMHOM, 00YCIIOBJIEHHAS TEM, YTO
aucTanbHeri ructuaud (E7) npe-
NATCTBYET  NPAMOJIHHEHHOMY
ceasbBanuio CO, B pesyibTare
cpoactBo k CO oka3biBaeTcs
3HAYHTEJIBHO CHUXEHHBIM
B —uakilonHas FCOMETPHS CBA3H
O, c MHOTIO6MHOM U TeMOrno-
6unom. Ceasp O, co cBobOaHBI-
MH Xene3onopbUpHHAMH Takke
HMeeT HaAKJIOHHYIO Te€CMETPHIO.

3allMM OH TOUBEPracTcs BO3AEHCTBHI) BbICO-
koi HoHHOH cuibt [3M(NH,),S0,] u mexay
€ro OTHAEJbHbIMH MOJIEKYJIAMH BO3HHKAIOT
B3aUMoaei#cTBHSA, MOFyT JIH 3TH QakTOpBI Tak
H3MEHWTbL CTPYKTYPY MHOIJIOOMHA, 4TO Kap-
THHA, NOJTyMEHHAsA NIPH PEHTIEHOCTPYKTYPHOM
a”aJM3e, He npuOMMXaeT HaC K NMOHHMAHHIO
ero 6uosiornyeckoil pyukunu? OTBET HA ITOT
BONpPOC — pelInTeAbHOe HeT. MMmeerca uesblii
PAO OOKA3aTeNbCTB, YTO CMpyKmypa mMuozao-
buna 6 pacmeopentom eude u 6 gude Kpucmaiia
04eHb CXO00Ha.

1. B KpHCTaJUIHYECKOM COCTOSAHHH MHOTJIO-
OHH (YHKIIMOHAJNILHO aKTHBEH: OH CIOCOOEH
NPHCOEAMHATb KHCJIOPOJ, XOTA peakuus npo-
TEKAET U HE TaK GBICTPO, Kak B pacTBope. B ne-
JIOM PEeaKLHOHHOCIIOCOOHOCTh MHOFN06UHA
B KPHCTAILIMYECKOM COCTOAHHH [OHUXKEHA.

2. CnexTp MOIJIOWIEHNs, XapAKTEPHBIA I
TPYNNBI feMa B MHOTJIOOMHE, PAaCTBOPEHHOM

CrnekTpbl NOTJIOINEHHS CITYyXaT OYeHb YYBCTBH-
TEJTBHBIM [IOKA3aTENEM OCOOEHHOCTEH MHKpPO-
OKpYXXEHHA rema.

3. ConepxaHHe o-CITHpajeil B PacTBODEH-
HOH MOJICKYJIC OUCHUBAKT 110 JHMCIEPCHH OIl-
TUYECKOTO BPALIEHHS M TO KPYIOBOMY [HX-
pou3my. MaMepeHHOe TakuM 00pa3zoM Koude-
CTBO  O-CHHpaJIEH  XOpowo  coriacyercs
C YHCJIOM Q-CLIUPAJICH, MOJY4EHHBIM MPH aHa-
JIW3€ KapThl 3IEKTPOHHBIX ILJIOTHOCTEH KpPHC-
Tajuia. MajioBeposATHO, YTOObl 3HAYUTENBLHBIE
H3MEHEHHsI KOHDOPMALHH HE COMpPOBOXIA-
HCh 61 M3MEHEHHEM YHCJIA CLIMPAJIEH B CTPYK-
Type Oejka.

4. PeHTreHOCTPYKTYPHBIi  4HajM3  MHO-
rmo6uHa TIONEHA [10Ka3al, 4TO TPETHYHAA
CTPYKTypa 3Toro beska oueHb GIM3Ka TaKOBOM
MHOrIOOMHA KHTa. B OpOTHBOMOIOKHOCTD
JTOMY KPHCTAJUTHUECKHE PELUETKH 3THX MHO-
TJIOOHHOB BEChbMa PA3JIMYHBI, 4 CJIEHOBATEb-
HO, W B3aWMOJCHCTBHA MEXAY MOJIEKYJIAMH
B JTHX JIByX KPHCTA/UIaX HEOAHHAKOBHL Takum
o6pa3oM, MaJIOBEPOATHO, YTOOLI  3HAYH-
TENbHbIE HCKAXKCHHA CTPYKTYPH ObUIH Obl
06YCTIOBJICHBI KPUCTAILIMYECKOH PELIETKOMR.

3.9. Henoasphbie B3aHMONEHCTBHN  WIpaioT
BAXKHYIO PO/Tb B CTaOHIH3HpOBaHMH KoH(Opma-
IM¥ MHOTI J00HHA

PeHTreHOCTpYKTypHBIR  aHaNW3  BBHIABASET
CTPYKTYPy MHOI106MHa, HO He OOBACHSET, NO-
4YeMy MOJIEKY/JA MMEET [aHHYIO CTPYKTYpY,
a He uHYIo. B cynHoCTH, 0Ha U3 3agay4 Gesko-
BOH XMMHH H COCTOMT B TOM, HTOOBI onpene-
JIUTh, KaKHM 00pa3oM aMWHOKHCJIOTHas MO-
CIEA0BATENBLHOCTD 331a€T TPEXMEPHYIO CTPYK-

3. IlepeHocunkn kuciopoaa-—
MHOIJIOOHH W TeMOrJIO0HH 61



Typy 6enka. M3yueHue muoriobuHa nokasaro,
YTO BHYTPEHHSS YaCTb MOJIEKYJIbI COCTOUT H3
IUIOTHO YNAKOBaHHBIX HEMOJSAPHBIX OCTATKOB.
OcCTaTKH TaKHX aMHHOKHCIIOT, KaK BaJIUH, JIei-
UMH, H30JIEHLMH, METHOHMH H (eHHJIAJAHUH
ABJIAOTCA 2u0pogobHbimu. T1pH BOZMOXHOCTH
BbIOOpa MeX1y BOZOW M HENOJAPHON Ccpemon
OHH ABHO IIPEANOYUTAIOT NocsenHow. Jaee,
OpH IUIOTHOH yNakoBKe HX OOKOBbIE IIENH
OKa3blBAIOTCA COMMKEHHBIMH H MEXy HHMH
BO3HMKAIOT BaHAEPBaalbCOBbI CHJILI I PUTSDKE-
Hus. Takum 06pa3oM, 3HaUUTEIbHASA CHJIA NIPH-
TSDKEHUA, obecrieunBaromas CKpyuuBanue 6en-
KOBO#H MOJIEKYJIBI, CBS3aHa C THAPOPOOHOCTBIO
yKa3aHHBIX AMUHOKHCJIOTHBIX OCT4TKOB, T.€.
C MX TEHACHHUHEH K OTTAJIKMBAHUIO BOABbL DTH
ruapodoOHEe OOKOBLIE IEMHM OKA3bIBAKOTCA
TEPMOIMHAMHYECKH OoJsiee CTaOHIBLHBIMH, €C-
M OHH CTPYIIIHPOBAHBI BHYTPH MOJIEKYJIbI,
4 He pa3BEPHYTHI B BOAHOH cpene. [1oBbliuenue
CTAbMNBHOCTH TIPH CKPYYHBAHHH MOJIEKYJIbI
6esika 06yCIOBIEHO POCTOM HTPONHH, POHC-
XOMALMM TNIPH YNOPSIOYEHHOM pacrpejeie-
HHMH MOJIEKYJI BOAbI BOKPYT HOCTYIHBIX MMAPO-
¢oOHbIx rpynn (paza. 6.26). Urtak, noswnen-
TH/AHAsA I€Nb B BOAHOM PacTBOpPE CIIOHTAHHO
CKpYy4YHMBaeTcs Tak, 4TO ee ruapodobHbie Go-
KOBblE LEMH OKa3blBAIOTCA CHPSTAHHBIMH
BHYTDH, a TOJSApPHBIE, 3apPsKEHHBIC LEMH —Ha
MOBEPXHOCTH MOJIEKYJIBL.

3.10. Pa3BepHytras MoOJIeKyJa  MHOr/JIOOHHA
CIIOHTAHHO NPHHHMACT (YHKIHOHAILHO AKTHB-
HYI0 KOH(QHIypaimio

Oxa3sblBa€T JIM T€M BJIMSHHE HA NPOCTpAaH-
CTBEHHYIO CTPYKTYpy Muoriobuna? Otser
OBLT TOJIyYeH NPH M3YYEHHH anomMuozaobuma,
T.€. MHOTTIOOHHA, JMIIEHHOTO reMa. AIIOMHO-
IJIOGMH MOJIyYarOT U3 MHOIJIOOHHA TIyTEM Mo-
Hmwkenus pH pactsopa 10 3,5. [Tockosbky npu
TaKOM 3aKHCJICHHH CBA3b MEXIY 'éMOM M bell-
KOM CTAHOBMTCH C1aboii, 1718 OT/AeneHUs reMa
OT OelKa HCHOJIb3YIOT IKCTPAripOBaHHEe Opra-
HUYECKHUM pacTBopuTeiem. Jlanee BoaHyro da-
3y, COAEPXAILYI0 aNOMHOTINIOOHH, HelTpasu-
3y1oT. M3MepeHHs [uCIepcHH ONTHYECKOro
BPALICHHS TOKa3ajd, 4TO IPH HeHATpanbHOM
3HaYeHHMH pH cTeneHs a-criHpalu3anuy B ano-
MHOTJI00UHE cocTaBaseT 60%,, 4TO 3HAYUTEb-
HO MeHbIUE, YeM B Mmuorjobune (75%). Ilo
NaHHBIM THIPOJUHAMHYECKHX HCCIIEI0BAH Uil
anoMHOrIO0MH MEHee KOMIAKTeH, Y€M MHO-
rnobuH. Bonee Toro, cTabMIBHOCTL aIIOMHO-
rJIobuHA ropasno HWXe CTaOWIIBHOCTH MHO-
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rnobuna. CrnenoBaTenbHO, Haiuuue zema
okasvieaem 3amemuulii 3dexm Ha cmpykmypy
MUo2106uHa.

SIBnsieTcs M CKpyYMBaHWE allOMMOTJIOOHHA
¥ [OCIEAYIOLEE BK/IIOYECHHE T€Ma CIIOH-
TaHHbIM nponeccom? Eciu k HelTpaibHOMY
pacTBOpy anoMHOrJIoOHHa 100aBUTh MOYEBH-
HY WM TYaHHIHH, TO MOJIeKyJa Oenka pa3Bo-
paumnBaetcs (aeHatypupyer). Conepxanue o-
CrHpaned B I3THX YycioBusx (T.e. B 8 M
pacTBope MOYeBMHbI) OJM3k0 K HyJno. Ilocie
yAa€HHs MOYEBUHBI NyTeM AHMaH3a CTENEHb
a-CIIHpajin3auuy Bo3pacraet Ao 609, 1. e. ano-
MHOIJIOONH BHOBb ckpyuusaercs. Ilocnenyro-
llee 100aBJIEHHE I'éMa K 3TOMY PacTBOPY IPH-
BOAMT K 0OpPa3oBaHUIO OMOJOTHYECKH aKTHB-
HOro muornoduna (puc. 3.22). Ilpn BoccTa-

PackpyueHHbi (ReHATYPHPOBAHHBIN)
anommorno6uH
(8 8 M pacTBOpe MOueBHHLI)

Awnanusz ans
YAaneHus MOYeBUHb)

YacTuuHo peHaTypupoBaHHbIN
anomuornobuH

[o6Gasnenue rema

Muorno6un

Puc. 3.22. OG6paszoBanue MHOTIOOMHA H3
JEHAaTYPHPOBAHHOTO  allOMHO-

r100HHA.



Monoxexnne 8 cnupanu

F1 F2 F3 F4 F5 F6 F7 F8 F9

B -Uens -Phe- -Leu-Ser-Glu-Leu-His-Cys-

& -UYens -Phe- -Leu-Ser-Glu-Leu-His-Cys-

Y -Yens -Phe- -Leu-Ser-Glu-Leu-His-Cys-
N7

EauHCTBEHHbIE pasnuuyuna B
n0CcNejoBaTeNbHOCTAX M3 9 aMUHOKUCNOT

Puc. 3.23. B-, y- u &-Llenu remorynobunoB
yeJoBeka o0anaroT CXOOHBIMH
aMHHOKHCJIOTHBIMH T1OCJIE0BA-
TenbHOCTSIMHU. J11s1 npuMepa no-
Ka3aHbl yYYacCTKM TpeXx LUenei

¢ ocratkamn ot Fl1 po F9.

HOBJEHUH B (PEppOMHOrIOOHH TakOW peHaTy-
pUpoBaHHBIH Oeylok cnocobeH  obGpaTUMO
CBA3BIBATb KHCJIOPOJ C MCXOAHOH 3¢ ek THB-
HOCThI0. CienoBaTeNbHO, CA0MCHAA mpexmep-
Haa  cmpykmypa  Muoz2A06uHa  3a10MCe€Ha
6 camoil npupode aMuHOKUCAOMHOI nocaedosa-
meabHOCMU  ANOMUOZA0OUHA, COEAMHEHHOrO
C NPOCTETHYECKOM rpynnoi reMa. ITOT BbIBOL
NOATBEPIUN  YHHBEPCAJbHOCTh  IPUHLMIIA,
BIIEPBELIE OTKPBITOTO NPH UCCIIEJOBAHHH pEHA-
Typauuy puboHyKJiea3bl, a MUMEHHO: noc1e008a-
meAbHOCMb AMUHOKUCA0M onpedeasiem KOHpop-
mayuio 6eaka.

3.11. I'emMor/100MH COCTOHMT M3 YeThIpex HOJIH-
NEeNTHARLIX LeneH

OO6paTuMcs Tenepb K remMorjiobuHy —OeJky,
POACTBEHHOMY MHUoOr00uHy. Eciu Muoriobun
COCTOMT W3 OJHOW NOJHIENTHAHOH LENH, TO
T€MOTJIOOMH — U3 YETbIpeX. DTH YETHIPE UENH
YAEPKUBAIOTCS BMECTE HEKOBAJICHTHBIMH CBsi-
3sMu. Kaxxnas uens cogepXxur oauH rem, u, Ta-
KuM o0pa3oMm, B MOJIeKysle reMorioduHa
HMEIOTCH YEThIPE Y4aCTKA CBA3BIBAHUS KHCJIO-
pona. 'eMorno6us A —OCHOBHO#M reMOrJIoOHH
B3pOCJIOFO OPraHM3Ma —COCTOMT M3 IBYX Lie-
1€ OIHOTO THIIA, HA3bIBAEMBIX O-LETH, H JBYX
HeNed JOpyroro THIIA, HA3bIBAE€MBIX [-lLenm.
B nesnom cybsedunuunas cmpykmypa 2emozao-
buna A onucvieaemca  gdopmyaon  a,B,.
Y B3pOCIIBIX €CTh, KPOME TOrO, MHHOPHBIH Te€-
MOTJIOOUH A,, Ha 0JIFO KOTOPOTO IIPHXOAUTCS
IpUMEPHO 2Y, OOIIero KOJMYecTBa TEMOrJIo-
6uHa; cyGbeIMHUYHASL CTPYKTYPa 3TOrO FeMO-
rno6uHa o,8,. OMOPHOHBI COEpXAT APYrue
remornodunel. Ha paHHuX 3Tanax 3M6puo-
HaJILHOTO Pa3BUTHS BHISABJIAECTCA TeMOrJOOUH
104a ®,€,. Ha cMeHy eMy npuxoaut remorio-
Oun F ¢ cyOBenMHMYHON CTPYKTYpoOl o,Y,.
BuoyorHueckoe 3Ha4YEHHE ITHX PasHLIX FeMo-

rJ100MHOB TIPEICTAaBJAET COOON O4YEeHb HHTE-
pecHylo NpobJieMy, KOTOpPYIO Mbl 0OCYIMM
B crieytoweii riase. O0mas Jist BCex nepevuc-
JIEHHBIX TEMOIJIOOHHOB d-LeNb COaepxHuT 141
AMHHOKHUCJIOTHBIN oCcTaTOK. f-, 8- ¥ y-Lienu co-
nepxart 1no 146 ocTaTkoB C O4Y€Hb CXOXel Io-
CJIEAOBATENbHOCTLIO AMUHOKMCIIOT (puc. 3.23).

3.12. PeHTreHOCTPYKTYpHbIii aHAIH3
reMorJIo0HHa

Kak ynoMuHaJOCh paHee, NPOCTPAHCTBEHHYIO
CTPYKTYpy reMoryiobusHa A onpeaesuid Makc
Mepytn ® coTpyaHukH. DTOT MOHYMEH-
TaJIbHBIA TPYA ObLT HauaT B 1936 r., KOraa aus
BBINIOJIHEHHS AMILUIOMHOH paboTsl IlepyTn ye-
xan u3 Apctpuu B AHrimio B KemGpuax u Ha-
yan paboTaTh B 1abopatopnu Ixxona BepHana
(J. Bernal), rae 1ByMs roqamMu paHee ObLIM MO-
JYYEHBl TIEPBBIE PEHTICHOBCKME OTIEYATKH
KpucTayutoB 6enka. BepHanm M cTynedTka-
aumomanua  dopotn Kpomdpyr Xomkkns
(D.C. Hodgkin) nony4u/m OTJIMYHBIE OTIIEYAT-
KH TUPaKIHUK [EICHHA U TAKUM 06pa3oM no-
Ka3aJi, 4To 6eJIKaM CBOMCTBEHHA TOYHO OIpe-
AenieHHass cTpykTypa. Eme B 1934 r. oHu
NpeACKa3ajd MEPCHEKTUBHOCTh NPHUMEHEHHS
PEHTIEHOCTPYKTYPHOTO aHaIM3a Kak METOa,
«TIO3BOJIIIOILETO TIOJYYHTh Tropasao 6Goee
noapoGHbIE CBEAEHHS O OEJIKOBOM CTPYKType
[0 CPABHEHHIO C TEM, YTO MOTJIHM JATh NpelLe-

B

Monens remorno6uHa npu HU3-
KOM pa3speinenun. o-Llens noka-
3aHa XKENTbIM, [-LeNb— CHHUM,
reM—-kpacHeIM.  (Perutz M.F.,
The hemoglobin molecule, Scien-
tific American, Inc., 1964.)

3. Iepenocunkn Kucjoposa—
MHOIJIOOMH H reMor/JI00HH 63



MuoraoGun

Prc. 3.25.  Cpasuenue koudopmanuii rias-
HO¥W 1IeNH MHUOTIIO0MHA ¥ B-Lenu
remoryiobuna. CXOACTBO KOH-
topMaluii COBEPIUEHHO OYEBH-
Ho. (Perutz M.F., The hem-
oglobin  molecule, Scientific

American, Inc., 1964.)

CTBOBABLIHE (H3UYECKHE U XMMHYECKHE MOJ-
xons. ITpourno, oanako, 6onee 20 et, npex-
e 4eM 3TOT 1POTHO3 onpasaajici. B Tot
nepuon, korma [lepyrn u3bpan o6wekToM
cBoeit paboTHl reMorjio6uH, caMbIM BBICOKO-
MOJIEKYIADHBIM COENMHEHHEM ¢ paciuudpo-
BAHHOH CTPYKTYpo# ObIN kpacuTens ¢rajo-
IHAHHH, COCTOSIMHA U3 58 aTomos. ITepyTy xe
B3SJICS 32 MOJIEKYJTY B COTHH pa3 60buryro, He
YAHBHTEIIBHO, 4TO «MOH TOBAPHIUM CMOTPEIH
Ha MEHA C XaJIoCTIMBOH ynbiOkoi... Ilo
CYACTHIO, IK3AMEHATOPHI, IPUHUMABIIIHE MO0
IUIUIOMHYIO paGoTy, He HACTAHBAIM Ha OKOH-
YaTENbHOM YCTAHOBJIEHHH CTPYKTYDBI, MHAue
Obl 2 OCTaBajCs CTYAEHTOM-IMIIJIOMHHKOM
B TeyeHde 23 ye™». Opuaxo Jloypenc Bparr
(L. Bragg), KOTOpbIif BMECTE CO CBOHM OTI[OM
BIEPBLIC B 1912 r. IPHMEHKT PEHTTEHOCTpPYK-
TYPHBIH aHANM3, CTAJ B 3TO BpeMs BO TJjase
Kapenaumicko#t naGopatopust u nommepxkan
paboty IMepytua. On nucan: «SI He 06MaHbI-
Basn ceGf B OTHOLIEHWH NEPCHEKTHBbL. [leso
BBITJIAJETIO TAK, KAK €CJIH OBl HYJIEBYIO BEPOST-
HOCTb yCTieXa NOMHOXHJIM Ha GEeCKOHEuHYIO
BaXHOCTb HMCKOMOIO pe3y/bTaTa; pe3ynabTaT
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5- Uenb remornobuna

TOH MAaTeMATHYECKOH ONepalHu GBI HUKOMY
HE W3BEeCTEH», Ycrex mpuuien B 1959 r., koraa
ITepyTu nonyumn KapTy 31€KTPOHHO# IIOTHO-
CTH HHU3KOI'0 pa3pellieHHs I8 OKCHIEMOTJIO-
GuHa sowau. Brocnenctsnn 661mm nonyueHs:
KapTel BHICOKOrO pa3pelieHHs Kak IS OKCH-,
TaK U [e30KCUreMorjiob1Ha TOAaHN U Yea0Be-
ka. I'eMorio6HHbI 3THX OBYX BHOOB O4YEHL
O/H3KM 10 CBOEH CTpPYKTYpe.

3.13. YersepTnunas cTpyxTypa remoriobuna
Morekyna remorno6uwna umeer nouTH mpa-
BUIBHYIO (GopMy luapa guameTpoM S55A.
YeTbipe uenu, 06pasylolme MOIEKYTy remo-
rno6uHa, pacmoioxeHsl B BHAE TETpasapa
(puc. 3.24). YeThipe rema, no OOHOMY
¥ KaX 0¥ CyObeAMHMIIB], HAXOATCA B yriy6e-
HHSAX HA BHEIIHEH CTOPOHE MOJEKy.Jbl. ITu
YETHIPE KHCIOPOACBA3LIBAIOILMX Y9acTKa pac-
TOJIOXEHbI AAJICKO APYT OT Apyra: pacCTOSHHE
MEeX Ty IByMs OIHKaHIINMH aTOMaMH xee3a
coctaBasger 25 A. Kaxjas o-uenb KOHTAaKTH-
pyet ¢ obenmu B-uensmu. B 10 xe BpeMs B3au-
MOJICACTBHA MEXY IBYMS O- HIIA MEXIY JBY-
M5 B-LensSMH HE3HAYHTEIIbHbI.

3.14. o- u B-Lienu remoryio6una ouens cxoaHm
C MHOII00HHOM

TIpocTpaHCTBeHHbIE CTPYRTYpBl MHOTIOGHHA
H a- u B-ueneii reMorno6uHa o6nagarot nopa-
3UTENBHBIM CXOACTBOM (pHcC. 3.25). Bauskoe
nogobue B KOHPUIypaunWH OCHOBHBIX Iemeit
3THX GEJIKOB 0Ka3aJioCh HEOXHOAHHBLIM, I1O-
CKOJIbKY B IOCJIEOBATENLHOCTH AMHHOKHC-
JIOTHBIX OCTATKOB B 3THX TPeX NOJHNENTHAHBIX
HEMAX CYHIECTBYET MHOro pasiuyui. Cober-



Femornobuu yenosexa
a-Uenb
B-Uensb

Muornobux xawanora

MNonoxexnue 8 cnupanm

Fl F2 F3 F4 F5 F6 F7 F8 F9
-Leu-Ser-Ala- [Lau]-Ser -Asp-Leu-| His |- Ala-
-Phe-Ala-Thr- | L#ti|-Ser -Glu-Leu- | His |-Cys-
-Leu-Lys-Pro- L.u -Ala -GiIn-Ser-}His |-Ala-

\ 7

EQUMHCTBEHHbIG UABHTUYHDLIG OCTaATKM B
NnocnefoBaTenbHOCTAX U3 9 aMUHOKUCNOT

Puc. 3.26. CpaBHeHME  aMHMHOKMCJIOTHBIX
NOCJIEAOBATENBbHOCTEH MHO-
rao6MHa KamanoTa u o- U B-Ie-
ned reMoryiobuHa 4YeloBeka Ha
npUMepe y4acTka ot ocratka Fl
no ocratka F9. ITocnenosarens-
HOCTH aMHHOKHCJIOT MUMEIOT Io-
pa3sno MeHbUIE CXOACTBA, 4EM
NPOCTPAHCTBEHHBIE CTPYKTYPbI
3THX TpeX NOJHIENTHIHBIX Ie-
nek.

BEHHO TOJNbKO 24 monoxenuss u3 141 ugeH-
THYHBI BO BCEX TPEX NOJMNENTHAHBIX LENsX;
9TO TMOKA3bIBAET, YTO O4YEHb CXOMHHIC MpO-
CTPaHCTBEHHBIE CTPYKTYPbI MOTYT ObITh OGYC-
JIOBJICHBI COBEPLIEHHO Pa3HOMH MOCIEA0BATEb-
HOCTbIO aMHHOKHCIOT (pHC. 3.26).

CoBepuieHHO OY€BMAHO, 4YTO NPOCTpaH-
CTBCHHA KOHQUrypauHsi MHOraoOHHA Kalua-
Nn0Ta M - H B-ueneil reMornoGuHa veoBeka
umeeT obmedroornieckoe 3Havenue. B cym-
HOCTH, 3Ta CTPYKTYpa CBOHCTBEHHA BCEM MHO-
rno6WHaM M TeMOrJOGHHAM MO3BOHOMYHBIX.
Caoxcnan xonuzypayus nosunenmudnoii ye-
nu, enepeavie 8blAGAEHHAA Ha npumepe
Muoz406una,—3mo ma ocrnosHaa opma, komo-
PYi0 npupoda npedHA3HAYUAG OAR NePeHOCYUKA
KUCAOPOOG: CMBICA €€ 8 mOM, YMO 80KpYZ 2ema
co30demcs maxoe MUKpOOKpyMceHue, Komopoe
obecneuusaem obpamumocmy C6A3LIBAHUA KUC-
40poda.

3.15. KpHTHYeckn HeOOX0IHMbLIE OCTATKH B MO~
CJ/IEA0BATEILHOCTH AMHHOKHCJIOT

K nacrosimemy BpeMenH pacumdpoBaHbl mo-
CJIEIOBATENBHOCTH AMUHOKHCJIOT B FE€MOTJIO-
6unax Gosiee yem 20 BUAOB KHUBOTHBIX (OT MH-
HOTH 1o 4emoseka). [lonyyenHsie naHHBIE
BLIABHJIM 3HAYUTEJIBHOE Pa3sHOOOpa3ue aMUHO-
KACJIOT B 6osbIMHCTBE nonoxenuit. EcTe, on-
HaKo, 9 MOJOXEHHH B NOC/IEA0BATEILHOCTH,
T€ CTOST OJIHU K T€ XK€ aMHHOKHCJIOTBI y BCEX
HIM TOYTH BceXx OOC/IeIOBaHHBIX BHIOB
(tabn. 3.2). DTH kOHCepBaTHBHBIC (HHBa-
PHAHTHBIE) NOJIOXKEHHA UMEIOT 0c000 BakKHOE
3HauYeHHe 1 GyHKUMH remornobmHa. Heko-
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TOPBIE H3 HHX BXO/JSAT B COCTaB HEMOCPEICTBEH-
HO y4YacTKa CBS3bIBaHHA kHcnopoga. K wmciy
JAPYTHX KOHCEPBAaTHUBHBIX TOJIOXKEHHA OTHOCHUT-
cs Tupo3uH-HC2, koTtophiii crabuymsupyer
MOJIEKY.Ty, 06pa3ys BOZOPOAHYIO CBA3b MEXIY
cnupansmu H u F. I (B6) coxpausercs
Gnarozmaps cBoeMmy HebonbLIOMY pa3Mepy: 60-
KoBas nens GoJsiee kpynHas, 4eM 1 aToM BoJO-
pona, npenarcTpoBaia 6bl CONMKEHHIO CIHpa-
neii B u E (puc. 3.27); npomu-C2 wumeer
BaXHOE 3HAYEHHE, TAK KaK WM 3aBepluaercs
cnupais C.

3HaYHTETBHYIO BAPHABGEILHOCTL POSBISIOT
HETIOJIIPHBIE OCTATKM BHYTPEHHEH 1aCTH MOJIE-
Kyabl remornobwna. OmHaKO BO Bcex Ciyda-
X —3TO 3aME€Ha OJTHOrO HENMOISAPHOTO OCTATKA
Ha JAPYroH, Takke HeNOJSpHBIA (Hanpumep,
aJIaHHHA Ha H3oneiinuH). TakuM o6pasom, gbi-
PaXCeHHbIl HENnOAAPHGIL Xapakmep GHYMpeH-
Heil wacmu MOAeKYAbl COXPAHAEMCA Heu3s-
mennvim. Kak 6b110 yka3aHoO Bbille, B 0GpaTH-
MOM OKCHI€HHPOBAHHM TeéMa BaXHYIO0 pOnb
HFPAEeT €ro PacloJIOXKEHHE B HENMOJISPHOH HH-

Tabnuna 3.2. KoncepaaTweAhie AMMHOKMC/IOTHRIE OCTATKH
B remornobMue

Monoxe- Amunokuciora  Pynxuus

HHE

F8 Tuctuun TTpokcHManbHbIH cas-
34HHBIH C TEMOM THCTH-
IHR

E7 CucTuaHe JlucTanbHei THCTHMH
BOJIH3HM remMa

CD1 Dennnanannan KouTakT ¢ reMoM

F4 TNekuun To xe

B6 I auunn Paspeiuaer cOnnxenne
cnupanet i B u E

C2 IMpoaun TepMHHHPOBAHHME CIHPATH

HC2 Tupo3uu IMepekpecTHas CBa3b  Me-
xay cnupansmMi H u F

C4 Tpeonun He ycranosnena

H10 JIv3un » »

3. Ilepenocuuxu xucropoaa—
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i€, A€ OH 3allMILEeH OoT Boanl. Kpome Toro,
HaJIMHe BHYTPEHHEH HENOJISPHOM CepAUCBHHbI
(core) B MoJiekyJle reMorjobuHa CTabunn3u-
PYET €ro NpOCTPaHCTBEHHYIO CTPYKTYPpY.
OcCTaTKH aMUHOKHCIIOT Ha IIOBEPXHOCTH MO-
JIEKYJIbl KpaiiHe BapnabenbHbl. B camom pee,
OYCHb HEMHOIME M3 HHUX HMMEIOT YCTOHYHBBIM
NIOJIOXKHUTE/IbHbIH MM OTPHMUATENbHBIA 3apsn.
KasaJiock 6bl, OCTATKH NPOJIMHA NOJDKHBI IPO-
SBJIATL TNIOCTOSHCTBO, NOCKOJIBKY HMH 3aBep-
IIAKOTCS YYaCTKH cnupanu3anud. OAHAKo 3TO
He¢ Tak. IHBapHaHTeH TOJBKO OAMH NpPOJIM-
HOBBIH OCTAaTOK, H B TO € BPEMS BO BCEX MHO-
rI0OMHAX COOTBETCTBYIOIME IIMHBI U HAIIPAB-
JIEHHsl CIHpaJIeH TpaKTHYECKH OAMHAKOBHI.
OueBHAHO, CYLIECTBYIOT APYrHe NYTH TEPMH-
HHpOBaHWs W H3ruda o-cnupasei.
3.16. Bo3uukHOBeHHe reMor./1061MHa — HOBbIi
3Tall B 3BOJIOLHH
Jlo cux nop Mbl aKIEHTHPOBAH BHHMAHHE Ha
CTPYKTYPHOM CXOACTBE MEXIY MHOIJIOGMHOM
U remornobuHoM. OnHako (QYHKUHOHANLHO
3TH JIBE MOJEKYJHl COBPEHICHHO pa3JIM4HbBI
Cy6beiMHuIbl TEMOTJIOOMHA HMMEIOT TY XK€
KOH(Hrypaluio, yT0 ¥ MHorobun. Ho coean-
HeHue cyOBeauHUL C 06pa3oBaHHEM TETpaMe-
pa ®,B, NPHBOAUT K MOSBIEHHIO HOBBIX
CBOMCTB OrPOMHOTO OHMOJIOTHYECKOTO 3Haue-
HHSA. DTOMy BONPOCY IOCBSLIEHA CJEAYIOIIAS
raBa.

3ak/movenne
Muorio6un 4 reMorjoGHH — OeJIKH, BbITOJI-
HSIOLIME y TIO3BOHOYHBIX POJIb MEPEHOCYUKOB
KHCiopona. MHorIobun o6Jsierdaer mepeHoc
KHCJIOpOJIa B MBIIIIAX M 00ecneynBaeT ero Ha-
KOIlJIEHUE B 3TOH TKaHM. 'eMoryiobuH, Haxoas-
IIMACS B IPUTPOLMUTAX, ABIACTCH MEPEHOCHHU-
KOM KHcJiopona B KpoBH. CHOCOGHOCTE 3THX
6€e7KOB CBA3BIBATE KHCJIOPOA 0GYCIIOBIEHA Ha-
JIMMHEM B HX MOJIEKYJIE IPOYHO CBSI3aHHOM
NpOCTETHYECKOH rpynmsl rema. ['em npeacras-
JIf€T co60# 3aMelleHHbI NOpGUPHH C lLIEH-
TPAJIBHO PAaCNOJIOKEHHBIM aTOMOM JKeEJIe3a.
Xene3o B reme Moxer ObITh B deppodopme
(+ 2) nu peppudopme (+ 3). Tossko peppo-
dopma crocobHa ces3biBaTh O,.
MruornobuH npeacTaBieH OXHOM MOJIHIEN-
TUAHOM IeNblo, cocTosmel u3 153 aMuHOKHC-
JOTHBIX octaTtkoB (17,8 x/la), © UMeeT KOM-
nakTHylo ¢opmy. Bo BHyTpeHHe#l uacTH
MOJIEKYJIBI HAXOAATCH IMOYTH HCKAKOYHTEBHO
HENOJIAPHBIE OCTATKH, TOTAA KaK CHAPYXH pac-
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Tecnoe
co6nuxenmwe E8 u B6

Puc. 3.27.  Tlepekpecr ueneit B u E B Muo-
rnobune. B nonoxenun B6 npax-
THYECKH BCErha CTOMT IJIMIUH,
TIOCKOJIBKY JIs Oosiee NIMHHOM,
4E€M y TJIMIIMHA, OOKOBOM IEnH
HET MECTa.

NOJIOXEHBI U NIOJIAPHBIE, H HENOJISIPHBIE AMHHO-
KHCJIOTHBIE ocTaTKi. Oko10 75% noaunenTua-
HOH LIEMM MMEET CTPYKTYPY O-CIIMpPaiu, NpH-
9€EM HMMEETCA 8 CNHMpaJIM30BAHHBIX YYACTKOB.
EnuncTeenHbli GepporeM JIOKaIH30BaH B He-
NOJIAPHOH HHUILE, YTO 3AIIMIIAET €ro OT OKMC-
JieHus B deppudopmy. ATOM Xejie3a B reMe He-
NIOCPEACTBEHHO CBfA3aH C 4aTOMOM a30Ta
OOKOBOH 1eMmH THCTHAMHA. DTOT MPOKCH-
MajibHbli rucTuauMH (F8) 3amumaer mnsroe
KOOpAMHAIMOHHOEe  mojioxenue.  Ilectoe
KOODAMHAIMOHHOE MOJIOXKEHHE [0 JPYrylo
CTOPOHY IJIOCKOCTH FéMa — 3TO YMaCTOK CBSA3bI-
Banua O,. Bropoii ructuaus, HaspiBaeMbli
muctanbHeiM  (E7), pacnonoxeH Henocpen-
CTBEHHO DPANIOM C 3THM Y4YacTKoM. ITpokcu-
MaJIbHBIA THCTHAMH NOBBIIAET CPOACTBO remMa
K KHCJIOPONY, @ AHCTAaJIbHbIH TMCTHIHH OKa3bl-
BAaET cTepuyecKuil 3¢ dex T, CHUXas CBA3LIBAHHE
OKCHIA yriepoaa. JIHCTaNbHBIA THCTHIUH
U JApyrHe aMHHOKHCJIOTHbIE OCTaTKH BOJIM3H
HIECTOrO0  KOOPAMHALIMOHHOTO  MOJIOKEHHS
NIOABJISIOT TAKXE OKHCIEHWE remMa B Geppw-
dbopmy.

M3 cMecu neHaTypHPOBaHHOTO (C pa3BEpHY-
TOM CTPYKTYpoO#H) anoMuorjiobusa W rema
MOXHO MOJIyYHTb QYHKUHOHAILHO AKTHBHBIHA
Muoro6un. Takoil ONeIT IO peHaTypauHuy no-
Ka3bIBAE€T, 4YTO KOHGOpPMAaLUs MHOII00UHA



MIpeONPeIesIEHa TOCIEN0BATEIBHOCTBIO AMH-
HOKHCJIOT B HEM; aHaJOrMYHOE SABJIEHHE
BIIEPBbIE OBLIO YCTAHOBJIEHO B OTHOIIEHHH PH-
6oHyk€a3bl. Bo BHyTpeHHel 4acTH MOJEKYIbI
MHOTJIOOMHA  CrpYNIMPOBAHbLI  HEMOJISPHBIE
AMHMHOKHCJIOTHBIE OCTATKH, YTO, IO-BHOHMO-
My, ob€ecredHBaeT B3aMMHOE NPHUTSKEHHE, He-
obxoauMoe 11 06pa30BaHusi CBEPHYTOH KOM-
NaKTHOH CTPYKTyphl.

I'eMoOrio6MH COCTOUT M3 YETHIpEX MOJIHUIEN-
THAHBIX LENEH, KaXaas U3 KOTOPbIX COAEPXKHUT
reM. ['eMornobun A —OCHOBHON reMoraobun
B3pOCJIOr0 OPraHu3Ma —-UMeeT CyObeauHHY-
HYI0 CTPYKTYpY a,B,. I'emorno6un
A, —MHHODHBI TeMOrIO6MH B3POCIIBIX — HMe-
€T COCTaB ®,0,, a IMOPHOHANIBHBIH reMorJo-
6un F —a,y,. [IpocTpaHCTBEHHBIE CTPYKTYpEHI

o- ¥ PB-meneil remoryiiobuHa u MuoriIo6uHA
06J1aal0T MOPAa3UTENBHBIM CXOACTBOM, He-
CMOTpA Ha OONbIINE PAa3IMYHS B OCJIENOBA-
TEJIbHOCTH aMMHOKHCJIOTHBIX OcTaTKOB. Cpas-
HEHHE MOCJIEAOBATCILBHOCTH  aMHHOKHCIIOT
B FEMOTIOOMHAX MHOTHX BHIOB XHBOTHBIX NO-
Ka3aJio, YTO MOJIOKEHHE AEBATH aMHHOKUCIOT
OCTAETCS BO BCEX CIIy4YasiX NMPaKTHYECKH MHBA-
puanTHhiM. K 3TOH rpynne xOHCepBaTHBHBIX
aMHMHOKHCJIOTHBIX OCTAaTKOB OTHOCHMTCS He-
CKOJIbKO OCTATKOB, PACIOJIOKEHHbIX BOIM3H
réemMa, B YacTHOCTH IPOKCHMAJIbHBIA H IH-
CTalbHbIH  TrUCTHAMHBL.  KoOHcepBaTHBHBIM
CBOMCTBOM SBJIAETCA TakXe BbIpaXKeHHas He-
TIOJIAPHOCTh BHYTPEHHER YaCTH CTPYKTYphI Ka-
XKAOH CyODbeaUHMIIbI.
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Bonpockl 1 3aaauu

1. O01eM 3pHTPOLHUTA B CPEIHEM CO-
crasnser 87 mkm®, KoHuenrpa-
UHUsl FeMOTJIOOHHA B 3PUTPOUUTAX — B CPEIHEM
34 /100 mn.
a) CkoJbKO 1O Becy reMOrno0HHa COAEPKHTCA
B OJHOM 3pMTPOLHTE?
6) Cxompko Monekyn remoriobuna comep-
XHUTCS B OOHOM 3PUTPOLHTE?
B) MoXeT /I KOHLEHTPAIHd TeMOIJIoOuHa
B 3PUTPOLHTAaX cWibHO yBenuwduthea? ([loa-
CKa3Ka: HCXOAMTE W3 MPEMIONIOKEHHS, YTO Te-
MOIJIOOHH B 3DUTPOIIHTAX NPEACTABJIEH B BUIE
KyOMdeckuxX KDHCTAJUIOB ¢ JUIMHOH pebpa
65 A)
2. Ckonpko  Kenesa  COmEepKHTCH
B reMorjobuHe 4eJoBeKa BECOM
70 kr? TIprMeM, 4TO 06BEM KPOBY COCTABJISET
70 MJI/KT H CopepXaHHe TeMOrIoGHHa B Kpo-
Bu-16 /100 ma.
3. ConepxaHne MHOTIOOHHA B HEKO-
TOPBIX MBINIAX y 4YeioBeKa
cocrapiager 8 r/kr Mpmml. Y xamanora aTa
BenmuAa gocturaer 80 r/kr mbmm,
a) CKObKO KMCIIOPOI4 CBA3BIBAETCS MHOTJIO-
6UHOM B MBbILIINE YeNOBeka ¥ B MBIILLE KAra-
nota? IIpennonaraercs, 4TO MHOIJIOOMH Ha-
coiten O,
6) B Bone TkaHeil (B COCTOSHHH pPaBHOBECHA
€ BEHO3HOH KpoBbo npH ¢ = 37°C) pacTBOpseT-
s mpuMepHo 3,5- 107> M O,. KakoBo cootHo-
LICHHE MEXY KHCIOPOAOM, CBA3AHHBIM C MHO-
r106MHOM, H CBOGOAHOPACTBOPEHHBIM KMCIIO-
POAOM B MBIIIE KalanoTa?

4. Myorno6uH xamanora umeer
CJIeXYHOLLIHI AMHHOKHCJIOTHBIH
COCTaB;
Ala 5 Ghh 5 Leu 18 Ser 6
Arg 4 Glu 14 Lys 19 Thr 5
Asn 2 Gly 11 Met 2 Trp 2
Asp 6 His 12 Phe 6 Tyr 3
Cys 0 Ile 9 Pro 4 Val 8

a) Onpenennte obumit 3apsa dheppoMHorio-
6una npu pH 2, 7 n 9.

6) Onpenenure M303NEKTPUYECKYIO  TOUKY
Muorno6uHa. M3oanekrpudeckas Touka-3To
3Havenve pH, npH kxoTopoM MoJexkyna He
HMeeT 3apsna.

5. PactBop Muor06una o6paboran

OPOMHCTHIM IIHAHOM.
a) KaxoBsl mponyxtel pacmennenns? Boc-

Yacms |
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NOJIL3yATECh TNPHBENCHHOH [10C/IEN0BATEb-

HOCTBIO aAMHMHOKHCJIOT B MOJIEKYJIE€ MHOTJIO-

6uHa.

6) B BOoOHOM pacTBOpe mpoayKThl pacluerie-

HHA COAEPKAT OYEHb MANO O-COHPATH3O0-

BaHHBIX Y9acTKOB. Kak 3T0 XapaktepHusyer cra-

OWIBHOCTL o-criHpaieif B BOgHOM cpeme?

6. CaA3bIBaHHE KHCJIOPOJA C MMHO-
TJI06MHOM OIHCBHIBAETCS MPOCTHLIM

BLIPQXEHHEM PABHOBECHS :

Mb + O, 2 MbO,.

Iycte [Mb]-kOHUEHTpaMs He30KCHMHO-
rno6una; [MbO,]-KkoHuesTpanus okcHMHO-
tobuHa; pO, - koHuenTpauus O, (BLIpaXeH-
Hasd B BHAE NAapUMANLHOTO maBieHHs O,);
Py4—5710 pO,, npu xoTopom [Mb] = [MbO,].
CocraBeTe ypaBHeHHE, aHATOTMYHOE ypaBHe-
o XeHaepcona — Xaccens6anpxa, T COOT-
HOIIEHHE OKCHUMHOTIO6MHA K 1€30KCHMHOTJIO-
OuHy 6bL10 GBI MPENCTaBIEHO KAk (YHKIHUA
pO, u Ps,.
7. KoHcranTta papHoBecus K aAns
CBA3BIBAHNMA KHCJIOPOAa MHOIJIO-
6maomM pasia 10°° M, npudem K=
= [Mb][0,]/[MbO,]. KoxcTauTa ckopocTh
cBasbiBabusg O, ¢ MHOIIOGMHOM COCTABIIAET
210" M~ t.ct,
a) KakoBa KOHCTaHTa CKOPOCTH OTLIEILICHHS
O, ot oxcnmuoraobuna?
6) KaxoBa cpenHss NPOAOIKHTENLHOCTD CY-
LIECTBOBAH U OKCHMHUOIJIOOHHOBOI 0 KOMILIEK-
ca?
8. Ceeronorsiomienne 4 pactsopa
onpeenseTcs Kax

A=Ig(lo/I),

rae I, —MHTEHCUBHOCTD NaJaloILErQ CBeTa (Ha
BX0f€), a I - MHTEHCHBHOCTb NPOUIEINIEro Ye-
pe3 pacTBop cBeTa (Ha Beixone). CBeTONOrio-
IIEHHE PacTBOPA 3aBUCHT OT MOJISIPHOTO KO3¢-
¢uunenta cpeTonornoumieHHs (Ko3pHunHEHT
SKCTHHKIHMY) € (pasMepHOCTb M~ ' -M ™ 1), koH-
LEHTpauMH ¢ (8 M) u [UIMHLI CBETOBOIO MyTH
I (B c™m):

A=¢lc.

Kospduunent skcTuHkuum Muormobuna mig
580 M cocrasnsier 15000 cM~!-M~!. Kako-
BO CBETOMOIJIOIUEHHE PAaCTBOPa MHOIJIOOUHA
B KOHIEHTPauun 1 Mr/MJi pu AJIHHE CBETOBO-
ro nytd 1 cm? Kakoit npoment nanaouero
CBETA MPOXOAMT 4Yepe3 pacTBop?



MABA 4.
eMornobuH:
annocrepuyeckun Benok

Iepexon B mpoiecce 3BOTIOLMU OT MOHOMeEp-
HOrO MHOTJI00MHA K TETPaAaMEPHOMY T'eMOTJIO-
O6uHy CcONMpOBOXHAJCA MOSBJIEHHEM HOBBIX
cBOMCTB. Monekyna reMorjioOMHa 3HaYUTENb-
HO CJTOXKHEE, 4€M MOJIEKYJia Muorjiobuna. ITpe-
XKAe Bcero reMoriiobun nomumo O, TpaHcHop-
tupyer H* u CO,. Bo-BTOpBIX, CBA3LIBAHHE
KHCJIOPO/ia T€MOTJIO0MHOM pErympyerTcs ce-
IUGHIECKHMH  KOMIIOHEHTaMH  BHYTPEHHEH
cpensl, a umenHo H*, CO, u opraHuyeckumu
tbochopHBIME COEIMHEHUSAMH. DTH peryis-
TOPBI OKa3bIBAIOT CHJIbHEllLEe BIHSHHE HA
CNOCOOHOCTH TeMOIJIOOMHA CBA3BIBATH KHCJIO-
PO, HECMOTPS Ha TO YTO OHH NPUCOEAHHSIOT-
csl k OeNKy B y4acTKax, OTCTOSIIMX JaJiekO OT
reMa. Boo6ine Tak Ha3biBaeMoOe aia0cmepuye-
cKkoe @3aumodeticmgue, T.€. B3aHMOICHCTBHE
MeXOy [POCTPAHCTBEHHO  pa3lieIeHHbIMH
yuyacTKaMH, UMeeT MeCTO BO MHOTHX Oekax.
Annoctepudeckne 3h¢eKTsl HIPalOT BaXKHEH-
LIYIO POJib B PETYJISLIHA ¥ HHTErPALIHH MOJIEKY-
JIIPHBIX TPOIECCOB B OHOJOrMYECKUX CHCTE-
max. I'eMornobun sensercs Haubosee H3y-
YEHHBIM aJUIOCTEPHYECKHM O€JIKOM, H ITOTOMY
HMeeT cMblcn 6oJiee MOAPOOHO paccMOTpETh
€ro CTPYKTYypy U (yHKUH:O.

4.1. OyHKIMOHAJIbHBIE PA3JIHYHA MEXIy MHO-
rI00HHOM H reMOrJIoGHHOM
I'emornobun — annoctepuyeckuii 6e10k, MHO-
rJIOOMH TaKOBBIM HE SBJISETCH. DTO Pa3jiMvue
BBIPAXAETCS TpeMs MyTSAMH:

1. Ilpucoenunenne O, x remMoryoouHy no-
BBIIIAET CBSI3bIBAHHE NOMOJHHTEJIBHBIX MOJE-
xya O, Toif %e MoJieKy1o¥ remoriobuna. J{py-
TUMH  CJIOBaMH, KHCJIIOPOA  CBS3BIBAeTCA
€ TeMOTJIOOHHOM KOoOnepaTHBHO. CBs3bIBaHHE
KHCJIOPOAa MHOIJIOOMHOM, HaNPOTHB, SBIAET-
€l HEKOONEPATUBHBIM.

2. CpoacTBO reMoriao0uHa K KHCJIOpOay 3a-

BUCHT OT pH, Torna xak Muorjao6uH Takoii 3a-
BHCHMOCTH He mnpospiser. Monekyan CO,
TAKXE BJHSIOT HAa CIIOCOOHOCTh reMOrIo0HHa
CBA3BIBATE KHCJIOPOI.

3. CpozacTBo reMoro6uHa K KHCIopoay pe-
TYJIHpYeTCS OpraHu4ecKMMH (HocPOPHBIMH CO-
€IMHEHHSMH, B YaCTHOCTH bucdocdorimuepa-
TOM. B pe3ynbTaTe reMorjioGMH IposBIsAET
MEHBIIIEE CPOJCTBO K KHCIIOPOAY, Y4€M MHOTJIO-
6uH.

4.2. KoonepaTHBHOCTL CBA3BLIBaAHHA KHCJIOPO/Ja
reMorJI00HHOM

OTHOLIEHHE 3aHATHIX KUCIOPOAOM Y4acTKOB
CBA3BIBAHHSA K HX OOLUEMY YHCJIy NPEACTABIAET
coboM CTeneHb HACHILLEHH ], HJIH IPOCTO HACHI-
LIIEHHe TeMorIobuHa KHCIOpOoaoM, H 0603Ha-
yaercs Y. 3HaueHue Y m3mensiercs ot O (Bce
y4acTKH cBOOOAHBI) 10 1 (BCE YYACTKH 3aHATHI).
I'paduk 3aBUCHMOCTH Y OT NMapiuaJbHOrO Ja-

Mognens reMorio6uHa Nnpu HH3-
KOM paspetneHnu. a-llenn npen-
CTaBJICHBI XEJITHIM, [-LEMHU—CH-
HuUM, TeM—kpacHbM. (Perutz
M.F., The hemoglobin molecule,
Scientific American, Inc., 1964.)

4. T'emornotuu:
ajlocTepuyeckuii Ges1ok 69



BJIeHHs KHCnopona pQO, Ha3bIBaeTCa Kpusoii
duccoyuayuu Kuciopoda. K puBble 1HCCOLMALINH
KHCIIOpoaa Ui reMorjiobuHa ¥ MHoraoouHa
pasnuyaroTCs B OBYX OTHOIUEHHAX (pHc. 4.2
1 4.3). Bo-nepBbix, npu moboM pO, 11 MHO-
rino6una HachbillleHHe Y BBILIE, YeM IS IeMo-
rao6uHa. JIpyraMu CIIoBaMH, Muozi06un obaa-

Topp—

Oaem 6oaee gvicokum cpodcmeom k O,, uem
2emo2106un. CpOICTBO K KHCIIOPOY XapakTe-
PH3YIOT BEIHYUHOH Psy, YHCIEHHO paBHOM
NapUHaIbHOMY AABIEHHIO KHCIOPOJA, IPH KO-
TOpOM HacellleHbl 509, y4acTKkOB CBA3BIBAHHA
(r.e. Y=0,5). Jna muornobuna P,, cocra-
BIJeT OOLMHO 1 TOpp, a IS remorso-
6una—26 Topp.

CAMHHUUA NaBJIEHUS, YACJEHHO PaBHasi TOMY AaBJIEHHIO, KOTOPOE MPOU3BOIUT CTOJI-
6uk pTyTH BricOTON 1 MM nipu 0°C u CTaHAAPTHOM YCKOPEHHMH CHJIbI TSKECTH (1 MM
Hg). Ha3pana B yecTs IBannxenucts Toppruenu (1608—1647), u3obperarens pryt-

Horo Gapomerpa.

Bropoe pasznnume cocToUT B TOM, 4TO Kpu-
645 duccoyuayuy Kuciopoda 6 cAyuae Muozio-
buna umeem zunepboauneckyio gopmy, a & cay-
uage 2emo2a06una—cuemoudnyr. Kax Oymer
YKa3aHO HMXe, CHTMoHMAHas (opMa KpuBoit
HIEAIbHO COOTBETCTBYET (HM3HOIOTHYECKOMH
POJI reMOTJI06MHa KaK MEPEHOCYHKA KHCIIOPO-
na B kpoBd. Ha MonexynspHoMm yposHe cur-
MOMAHOCTL GOPMBI O3HAYAET, YTO CBAZLIBAHUE
KHCJIOpOaa TeMOTJIOOMHOM NPOMCXOOUT KOO-
TIEPATHBHO, T.€. NMPHCOECAMHEHME KHCJIOPOAA
K OJHOMY reMy o6JIEr4aeT ero NpUCOEMHEHUE
K OCTaJbHBIM.

PaccMOTpHM KpHBBIE QHCCONMAIMK KHCIIO-
pola C KOJIMMECTBEHHOH CTOPOHBI, Hayas
¢ Muornobuna kak 6osee npocroro. Ces3bisa-
HHE KHCIOpoAa ¢ MHornobunom (Mb) onucel-

1,0~

MuornobuH

Hacbiyenne (Y)
o
[$,]

FemornoOuH

1 | 1 i J

0 10 20 30 40 50
pO,, Topp

Puc. 4.2 HuccounannonHas KpuBas KHC-
Jiopona Ans MHOTJIoOMHA W re-
Mornobuna.  Hackmuennocts
YYaCTKOB, CBSI3bIBAIOILIMX KHMCJIO-
poxn, noka3zaHa kak GpyHKU#Hs nap-
IHAILHOTO aBJIEHHS KHCI0poaa

B OKpYXaIOIlleM pacTBope.

Yacts 1
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BACTCA CICAYHO LM YpaBHCHHUEM :
MbO, 2 Mb + O,. (1)

KoHcTanTa paBHOBecHs mpolecca JHCCOIHa-
MK OKCHMHOIJIOOMHA COCTaBUT

K [MbI[0,] o

[MbO,] ~
rae [MbO,]-koHueHTpaus OKCHMHOIJIO-
6uHa, [Mb]- kOHUEHTpauns Ae30KCHMHOLIIO-
6una, [O,]-koHueHTpauus cBOGOAHOrO KHC-
JIOpOAa, NPHYEM BCE 3TH BEJIMUUHBI BHIPAXKEHBI
B MOJISIX Ha TUTP. CTeneHb HachIlEeHus Y onpe-
JICJIAETCH KaK

[MbO,]

Y= 50,7+ [Mb]” 3)

IIpousBons 3aMeileHns B ypaBHeHnu (3) Ha
OCHOBE PaBEHCTBA (2), mosy4yaem

_ _ [0,]

[Mockoneky O, —3T0 ras, ynoGHee BbIpaxaTh
€ro KOHueHtpauuro B Buae pO,, T.e. map-
[IHAJIBHOTO JABJIEHHs KHCJIOpOAa (B TOppax)
B OKpyXamwme# pactBop atMochepe. Torna
ypaBHeHHE (4) NMPHHHAMAET CHEAYIOUMI BHI:

PO,

y = — P2
PO, + Ps,

®)

YpasHenue (5) rpaduueckH BbIpaxaeTcs ri-
nepbonoid. B camoM nene, kpuBas aucconua-
LMH KKCJIOPOJa, PACCYMTAHHASN 10 YPaBHEHHIO
(5) npu P, paBHOM 1 TOpP, XOPOILIO COOTBET-
CTBYET 3KCNEPUMEHTA/ILHOH KPHBOM, MOJIyYeH-
HOH JUIS MHOIJIOOUHA.

B oTnmyue ot 31Oro0 AN remornobuna xpu-
Basi IMUCCOLHAIMU KHCIOPOJla UMEET CUTMOM/-



Hylo GOpMYy M HE COBMARAET HHU C OAHOMH KpH-
BOH, oONMUChIBaeMoOil ypaBHeHueM (5). Ito
CBU/IETENILCTBYET O KOONEPATHBHOM CBS3bIBA-
Hun O, Mornekyno# remornobuna. PaccMoT-
pHMM KpalHHH ciy4ai, Korga MMEIoTCS TOJIbKO
Jle30KcureMorioouH U remorjiobux (Hb), co-
Jepxaunmi 4 cBsA3aHHble MoKyl O, :

Hb(0,), = Hb + 40,. (6)

KoncranTta paBHOBecHsi 3TOH TMIOTETHYE-
CKOM pEakiuH COCTaBHT

[Hb) [0, ]* o
[Hb(O,),]

H Janee

y - (rO,)* @®)

(PO)* + (Pso)*”

I'paduuecku ypaBHeHHe (8) BBIPaXa€eTCs CHI-
MOHMIHOM KpuBO# (puc. 4.4). 3aMeTHUM, OAHAKO,
4TO pacyeTHas KpUBasA HIET Kpy4e, YeM KpH-
Bas, MOJIyYeHHas JKCHEpHMMEHTanbHO. [Ipyru-

MH CJIOBaAMH, CXEMa IIpouHecca, OIMNHCAHHasA
1,01
£
)
S
g 05}
]
o
b o
P 50 — 26
| ] 1 1 ]
0 20 40 60 80 100
’F POy, Topp

902 B Kanunnspax
paboTaowen Molwub!

Puc. 4.3.

pO, B NEroyHbIX
anbseonax

KpuBas qucconuanuu KuCaopo-
Aa nna remornobomHa. Ha ocu
abcouce OTMeveHbl  3HAYEHHA
pO,, XapaKTepHbIE A1 KanWUIs-
poB paboTaromied MbIIIIBl U IS
anbBeoJ Jerkux. O6paTHTe BHHU-
MaHue, 4YTo Py, Ins reMornio-
6uHa B (M3MONIOrMYECKHX YCIO-
BHAX JIGKHT MEXIy 3THMH Be-
JIMUHAMH.

Hacbiwexne (Y)

1 | 1 J

0 10 20 30 40 50
p0O,, Topp

Puc. 4.4. KpuBas HachllUeHHS TeMOrJIo-
6MHa KHCIIOPOIOM JIEKHT MEXAY
JTUCCOLHALIMOHHBIMH  KPHUBBLIMH,
paccuMTaHHbIMM LIS n=1 (He-
KOOIIEPaTUBHOE CBA3BIBAHHME) M
n =4 (IMOJHOGTBIO KOOIEepaTHB-
HOE€ CBSI3bIBAHHE).

ypaBHeHHeM (6), ABIAETCA KPaWHOCTHIO.

Kaxk xe Torma oxapakTepu3oBaTh IPOLECC
CBA3BIBAHHS C IPOMEXYTOUYHOH CTENEHbIO KOO-
nepatuBHocTH? B 1913 r. Apunbanba Xumn
MOoKa3ajl, 4YTO KpWBas, HOCTPOEHHas MO
JIaHHBIM OIIpE/IeICHUS CBA3BIBAHMSA KHCJIOpOJa
reMorjo6HHOM, ONMCHIBAETCSA YPaBHEHHEM, CO-
OTBETCTBYIOIMM THIIOTETHYECKOMY TpOLECCY :

Hb(0O,), 2 Hb + nO,. )
Hacpienue Y B 3TOM Cilydae COCTABHT
_ oy
(PO + (Psp)

Iocne npeobpa3oBaHuil MOJYyYHM

Y pOz "

1 - Y Py )
Iocnennee ypaBHEHHE NMOKA3bIBAET, YTO OT-
Hourenue okcurema (Y) x nezokcuremy (1 — Y)
PaBHO BO3BEJEHHOMY B n-10 CTEHEHb OTHOLIE-

umo pO, k P,. IponorapupmMupyeM 31O
ypaBHEHHE:

(10)

(11)

Y
lg(—l——:—y>=nlgp02——nlgP50. (12)

IMomyepxnem, uto 3asucumocTh Ig[Y/(1 —
— Y)] ot lgpO, BHIpa3suTCs NMPAMOH € YIJIOM

g



HakJIoHa n. Takoll rpaduk HassIBaeTcs 2pagu-
kom Xuaaa, a BEJIMUAHA HAKJIOHA N B TOYKE 11O-
JlyHacellleHHs: kuciaopoaoM (Y=0,5) cocras-
nser koddduyuenm Xuaaa.

Muorno6us faet suHeiinbll rpagux Xumia
¢ n=1,0, Torna xaK reMorjao6mH—c n=28
(puc. 4.5). Haknon, pasuslit 1,0, o3Ha4aeT, 4To
MOJICKYJIbl  KHCJIOpPOJAa  MPHUCOETHHSIOTCS
K MHOTJIOOHHY HE3aBHCHMO APYT OT APYTra, KaK
9TO onucaHo B ypaBHeHuH (1). C opyroi cro-
poHbl, ko3pdumment Xuwwuta, pasHbli 2,8,
YKa3bIBAET HA KOONepamueHoe C6A3bleanue Kuc-
a0poda  zemozaobunom. Tlpucoenunenne O,
K OJHOMY reMy o0Jjerdaer npucoeIHHEHHE
KUCJIOPOJIa K IPYyTUM I'eMaM TOTO e TeTpaMe-
pa, 1 oOpaTHO: OTINEMJICHHE KHCIOpOAa OT
OJHOrO reMa oO6JIErYaeT ero OTILUENJIEHHEe OT
OCTanbHbIX. JIpyrHMH CJIOBaMH, B MOJIEKYJIE
reMoryiobMHa HMeeTCs B3aMMOCBS3b MEXTY Te-
maMu. KoonepaTMBHOCTD CBA3BIBaHMS KHCJIO-
poAa reMOrjoOMHOM Ha3bIBAIOT MHOIJA 63du-
Mmoleiicmeuem zem—zem. MEXaHU3M €ro Mbl
obcynum Hmke.

4.3. KoonepaThBHOoe CBs3bIBaHHE KMCJIOpOAa
reMorjiOOHHOM YBeJ/IHYHBAeT TPAHCHOPT KHCJIO-
poaa

KoonepaTiBHoe CBA3bIBaHME KHCIOPOAA MO-
BbITIaET 3(Q(PEKTHBHOCTL TIeMOrIoOMHA Kak
nepeHocuuka kucaoposa. IIpu n3amMenennu nap-
LHAIBHOTO JaBJICHHS KHCJIOPOAA HACHILICHHE
UM reMoriobuHa MeHseTcs ObiCcTpee, YeM 3TO
IPOUCXOMMWIO OBl B Ciyuae HE3aBHCHMOCTH
BCEX YYaCTKOB CBA3bIBAHMA APYT OT [pyra.
PaccmoTpum Takoit npumep. [lonyctum, 4to
pO, B anbBeonax Jerkux cocrasiusier 100 Topp,
a B Kanwuisgpax pabortaromieii MpHunsl—20
topp. Ilycts Psq =30 Topp u n=28. Torna
YB xamwuispax ansseos cocrasut 0,97, a B ka-
mwuispax Meiuy —0,25. KonnyecTBo BhICBo60-
IUBLUEroCss B TKAaHAX KHCIOPOAa MPOMOPHHO-
HaJbHO pasHHIle B BenmymHax Y, T.e. 0,72.
Tenepb cresaem TOT e pacuer IS THIIOTETH-
YECKOro NEPeHOCY Ka KHCIOPOIa, KOTOPHIA Xa-
paktepusyercs TeM xe Pg, = 30 Topp, HO He-
KOOMEPATHBHO CBA3bIBAET KHcaopox (n=1).
B atom cnysae Y, peom = 0,77, Yynne = 041 1
AY=0,36. Otciona sicHO BUOHO, YTO Koonepa-
mugHOe C6A3bleaHUue KUCAOPOOa 2eM02A00uHOM
nO CpasHeHuio C HeKOONepamuseHbiM No3eoasem
y080umb 8bIC6060MCIeHUE KUCAOPOIA 8 MKAHAX.

Yacms 1
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Muornobus
— n=10
S \ Femornobwn
> n=28
\; ‘_/
o
I1g (pO,)
Puc. 4.5. I'padux Xwwia ans ces3piBaHus

KHCJIOPOJa MHOIJIOOMHOM M Te-
morynobunoMm. Hakmon 2,8 nus
reMOrjgo6MHa CBHAETENbLCTBYET
O KOONEpAaTHBHOM CBSI3bIBAHUM
KHCIIOpOoAa; MHOIJIOOUH, Hanpo-
THB, CBS3BIBACT KHUCIOPOA He-
KOONIEPaTHBHO, O YeM CBHIe-
TEJBCTBYET HAKJIOH KPHUBOIA,
paBHbid 1,0.

4.4. H* n CO, cnocoGeTByIOT BbICBOGOXICHHIO
O, (>pdexr Bopa)

N3smenenns pH B umpokoM auana3ore, a Tak-
xe coaepxanne CO, He OKa3bIBAIOT 3aMETHO-
ro AEHCTBHSA Ha CBA3BIBAHHE KHMCJIOPOAA MHO-
riaobunoM. B ciydae remorno6una, HanpoTHB,
3aKHCJIEHHE CPEb CIOCOOCTBYET OTILEMIEHHIO
kucjopona. Camwkenue pH B pusnonormaeckux
npeneaax CABUraeT KPUBYIO AUCCOLMALMHI KHC-
JIOpOa BUPABO, T.€. CPOACTBO K KHCIOPOLY
yMeHblIaeTcs (puc. 4.6). I1oBblIeHHE KOHIIEH-
tpauun CO, (mpu nocrosHHom pH) Takxke
YMEHBUIAET CPOACTBO K KHCJIOpoay. B TkaHsx
C BBICOKUM ypOBHEM MeTab0N3Ma, HAIpUMeEp
B paboraromieii Mpiine, o6pa3yeTcsi MHOTO
CO, u xucnor. Iosviwenue codeprcanus CO,
u H* 6 kanuaanpax axmugno memaboausupyio-
Wux mxaHeil cnocobcmeyem omwenaenuio O,
om okcuzemoz106una. ITOT BAXHBIA MEXaHU3M
MOBBIIICHHOH NOTPEOHOCTH B KHUCJIOPOE, Xa-
PaKTEpHOH IS TKaHEeH C aKTMBHBIM MeTabo-
JM3MOM, 6bU1 OTKpHT B 1904 r. KpucTHarom
Bopom (Ch. Bohr).

IMpoturomonoxusni  3ddext, obHapy-
xenHbnid 10 net cnycrs JxoHom XoumeiHOM
(J. Haldane), umeer MecTo B Kanwuispax Jier-
KHX. 3/1eCh BbICOKast KOHUeHTpauus O, cnocob-
creyet oTmemwteduro HY u CO, ot remorno-
O6UHA COBEPIICHHO aHANOTMYHO TOMY, KaK
BbICOKas KoHUeHTpauus H* u CO, B akTHBHO
META0O0MM3UPYIOIINX TKaHAX CIOCOBCTBYET



BhICBOOOXKAeHnI0 O,. ITU B3aUMOOTHOIIEHHS
Mexny cesspiBanneM O,, H* u CO, ussecTns!
nox HasBawuem sgdexm Bopa (puc. 4.7).

4.5. bucdocdorimuepar chwkaer cpoacTBo
K KHCaopoay
CponcTBo K KHCIIOpOAY reMOrIo6uHa, Haxoaa-
LIErocst B SPUTPOLMTAX, HIXKE, YeEM™Y remo-
rnobuna B pactBope. Eme B 1921 r. Ixo3ed
Bapkpodr (J. Barcroft) nocrasun sonpoc: «He
IPHCYTCTBYET JH [B 3PMTPOLMTAX]| KaKOe-TO
TPETHE BELUECTBO... COCTABIAIOLIEE MHTEPATIb-
HYIO YaCTb KHCJIOPOA-TEMOrJIO0OHHOBOTO KOM-
mwiekca? JIeHCTBUTENBHO, TakO€ BELIECTBO
ectb. B 1967 r. Peitnxonn Benew (R. Benesch)
u Pyt Benemwr (Ruth Benesch) mokasanu, urto
2,3-6ucdocdormuuepar (B®T) npucoeannser-
Csl K TEMOIJIOOMHY U TeM CaMBIM OKa3bIBaeT
CWJIbHOE BIMSHHE HA €r0 CPOACTBO K KHCIIOPO-
ay. BOI" conepxuTcs B 3pHTpOUATAX IPUMED-
HO B TO#l X€ MOJISPHOW KOHUEHTPALWH, YTO
u reMornobun. B orcyrcrne BOT P, s re-
Moryiobuna cocTasisieT 1 TOpp, Kak M s
Muorio6una, B npucyrcreun BOI Py, nns re-
Morio6una cTaHoBUTCs 26 Topp (puc. 4.8). Ta-
kuM 06pa3oM, BPT crhumncaem cpodcmeo zemo-
2100uHa x xucaopody e 26 pas. BOI wurpaer
BAXHYIO POk B (PM3HONOTHHM: B OTCYTCTBHE
BOTI" remor;io6uH, npoxons uepes Kanmwiispbl
TKauedt, rae pO, paBHO ~ 26 Topp, BEICBOGO-
Xnan Obl quwe odeHb Maio O,.

B®I' Bamser Ha cpoacTBo reMornobuna
K KHCJIODOZY NyTe€M MPUCOEAMHEHUS K NE30K-
CHreMOrJIOOHHY, HO HE K OKCHIeMOTIOGHHY.
CBA3BIBAHHME KHCJIOPOAA W CBS3bIBAHHE
B®I" - B3anmouckmovaroL e NPOLIECCHI.
B onpenenenHOM npHGIIKEHHH OKCHIEHHPO-
BaHHe remMorynobuna B npucytctsuu BOI Boi-
paxaercd CIeayIOUIUM YPaBHEHHEM |

Hb—BOT + 40, = Hb(0,), + BT,

2,3- 6ucchocchornuyepar
(B®I)

autocTepHyecknii Gesok

1,0 pH 7,6
£
Q
H
30,5+
3
§ H* ssicsoboxaaer O,
| | [ |
0 20 40 60 80
pO,, TOPp
Puc. 4.6. Bimsinne pH Ha cpoacTBo remo-
rnobuna k kucnopoay. Cuuxe-
wue pH or 7,6 no 7,2 npusoant
K BBICBOOOX/EHHIO KHCIIOpOIa
M3 OKCUTEMOTJIOOHHA.
OHb + H* + CO,
B TkaHax C akTue- B nerouHbix
HbIM METatoNNIMOM, anbBeonax
HanNpuUMmep B Mblwyax
H+
e
Hb  +0,
co,
Puc. 4.7. Cyumocts >ddekta Bopa. Me-
XaHU3M M CTEXMOMETPHS Mpo-
LECCOB MPEACTABNIEHBI B YIPO-
LLIEHHOM BHIE.
1.0 —
)
2 B npucytctenun BOr
I 05 -
Y [
8
I
1 1 1 1 J
0 20 40 60 80 100
pO,, Topp
Puc. 4.8. Bucthochornuuepar  cHuxkaer
CPOACTBO reMOorJIOOHHA K KHCIIO-
pony.
4. T'emornoGun:
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4.6. Kinnnveckoe ouodocdo-
r/iAnepara

Brissnenue ponu BPI™ B TpaHCiOpTe KHCIOpO-
J1a CHLIIPAJIO BXXHYIO POJIb B HECKOJIBKUX 00Jia-
CTSX KIUHUYeckol MenuuHel. Tak, Hanipumep,
Ha NpOTSKEHUM pANa JIET OCTaBajioCh HEMNO-
HATHBIM, IOY4EMY B KPOBH, KOHCEpBHPOBaHHOMI
B cpede Kucioma-— yumpam—dexcmpo3sa (obwe-
npuHAmMas 04a KOHCepsupo8aHua Kposu cpeoa),
€podcmeo K KucAopody eo3pacmaem: P, crano-
BUTCA paBHbIM 16 BMectOo 26 Topp. Tenepn
YCTAHOBJIEHO, YTO [IOBLIIIEHHE CPOACTBA K KHC-
JIopoay 00yCNOBIEHO OAHOBPEMEHHBIM CHIDKE-
HueM conepxanus BOI ¢ 4,5 no menee uem
0,5 MM 3a 10 aueit xpanenus kposu. CpoacTBo
KOHCEpBHPOBAHHOW KPOBH K KHCIIOPOAY MMEET
KpaifHe BaXXHOE 3HAYEHHE B KIIMHHYECKHUX yCJIO-
Busix. Ecii GoNbHOMY NepelHBaloOT 00JIbIIOe
KOJIMMECTBO KDOBH C BBICOKHM CPOACTBOM
K KHCIIOpONy, TO BO3HWKAET OMacHOCTb HEXO-
CTATOYHOrO0 CHabGXEHHA KHCIOPOAOM TKaHEH.
INonasuie B KPOBAHOE PYCJIO IPHTPOLMTEI,
MOJIHOCThEO  JiMiueHHble B®I°, BoccTaHas-
JIMBAIOT [OJIOBUHY €r0 HOPMAJBHOTO COAEp-
XaHUA 3a 24 4. DTOT CPOK MOXKET OKa3zaThbCH
HEempHeMJIEMBIM [JI TsDKesbX OonbHbiX. Ta-
KHM 00pa3oM, B ONPEIESICHHBIX YCIOBHSX Clie-
JAyeT oOpaimjaTh BHHMaHWE Ha TO, YTOOBI npH
nepeIMBAHMH KPOBH OOJIBHON MOJIYMHII 3PH-
TPOUMTHL ¢ HOPMAJILHBIM CPOICTBOM K KHCJIO-
pony. HobGasnennem B®PI' Henb3s MmOBBICHTH
€ro cofiepXkaHue B )pUTPOLHATAX, Tak kak BOI,
o0niafas BRICOKUM 3apAOM, He IPOXOAMT Ye-
pes KJIeTodnyro MeMOGpany. MoxHo, oanaxo,
NPEeOTBPaTHTh  CHWXKEHHE  KOHLEHTpAIMH
B®I' B KOHCEpBUPOBAHHBIX KJIETKAX, 100aBss
B cpeny unosun. He3apspkeHHBIE MOJIEKYJIBI
HMHO3MHA NPOXONAT 4Yepe3 MeMOpaHy 3pHTpO-
LWTa ¥ BHYTPH KJICTKH B Pe3yJILTATE CIOXKHON
cepun peakumit (pa3a. 15.4) npespauiatorcs

3HaYICHHE

OH OH
iHo3un

Yacms 1
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B B®I'. B Hacrosiee BpeMs uno3uH UIUPOKO
HCTIONB3YETCA AJI COXpaHEeHUs (PyHKUHOHAIb-
HOIl MOJIHOLEHHOCTH KOHCEPBMPOBAHHOM Kpo-
BH.

OrtkpoiTHe ponn B®I™ no3Boauio Takxe 1o-
HATb U HEKOTOPBIE AaliTUBHbIE MEXAHU3MBI,
BKJIIOYAIOLMECT NPH HAPYUIEHWN CHabXeHus
TKaHeH KHCI0POAOM (T. €. pH 2unokcuu). Bo3b-
MeM JUIs npuMepa OOJIBHBIX C TsDKenol o06-
CTPYKTHBHOH 3M¢u3emoit nerkux. Ilpu sTom
3aboneBaHHU 3aTPYAHEHO NOCTYIIEHHE BO3Y-
xa B GPOHXHOIIBI; B PE3yNbTATE apTEpHAJIbHAS
KPOBb HEJOCTAaTOYHO HACBHILAETCA KHCIOPO-
oM. pO, B apTepHaIbHOM KPOBM TaKuX
60MBHBIX COCTABIAET TOJILKO 50 TOpp, T.€. OHO
BABOE HuXe, ueM B Hopme. Ho npu sTOoM npo-
MCXOIMT KOMIICHCATOPHBIA CIABUT KpUMBOH Ha-
CBIILIEH A KUCJIOPOJIOM, 00YCIIOB/NIEHHBIH 1OBLI-
menyeM konuentpauun BOI ¢ 4,5 no 8,0 MM.
IMpu Takom comepxannu BOI' Py, cranoBuTcs
paBHbIM Yyxke He 26, a 31 Topp. Ilpu P, =
= 31 Topp HachlleHME KHUCJIOPOAOM B apre-
pusix (Y,) cocrasnser 0,82, a B Benax (Yy)—049;
apTepuo-BeHO3Has pa3Huna (AY) pasma 0,33.
IIpy HopMaibHOM 3HaueHMn Pg, (Pso=
=26 Topp) Y, =086, ¥, =0,60 u AY = 0,26.
CnBur KpHBOIf JHCCONMANMM KHCIOPOAa CO-
3[aET TO NMPEMMYILECTBO, YTO YBEJIMYHBaeT AY
¢ 0,26 no 0,33. TakuM 0Opa3oM, mMOBBIIIEHHE
KoHIleHTpanuu b®I" npuBOOUT K yBeTMYEHHUIO
JOCTaBKM KHCJIOPOAa B TKaHW Ha 27%.

IIpu HEKOTOpLIX Hapywenuax obMmeHa ee-
ujecme 8 spumpoyumax copepxanue BPI wu3-
MEHSAETCA, 4YTO CONPOBOXAAETCA COOTBET-
CTBEHHBLIM HM3MEHEHHEM CDOACTBA TIeMOrJO-
6uHa k xucnopoay. OtH HapylueHusa obcy-
KNAKOTCS B OJHOM W3 CIEAYIOLIUX TIJaB
(pa3zg. 12.18).

Hepeluennoit npo6nemMoit ¢pu3nonoruu Iui-
XaHus ABJIFETCA MEXaHU3M adanmayuu K ébico-
me. 1 B 3TOM ciyuae U3MeHeHHe YyPOBHS B CO-
nepxanun bOI' umeer, no-euguMoMy, cyiue-
CTBeHHOe 3HaveHHe. Korma denosek nogHm-
MaeTcs OT ypOBHS Mops Ha BbicoTy 4500 M,
yXe 4epe3 2 nHA KoHueHTpauus BOI B ero
pUTpOLHTAX Bo3pacTaet ¢ 4,5 1o 7,0 MM ¥ co-
OTBETCTBEHHO CHIDKAETCA CPOJCTBO K KHCIIO-
pony. Hacbnuenue aprepnaisHoil KpOBH KHC-
JIOPOAOM YMEHBINAECTCH H3-3a CHIDKEHHS P,
HO KOJIMMECTBO TPAHCIIOPTHPYEMOrO KHCJIOPO-
Ila Bo3pacTaer (Bo3pacTaeT AY), Tax kak Gob-
1€ BLICBOOOXAAETCS KHCIOPOAAa B KamWJLIAp-
Hoii cetn. Ilpu cnycke ¢ rop Ha ypoBeHb MOpS
koHuenrpaumuy B®I' u Ps, Bo3Bpauiaiorcs
K MCXOQHBIM BeJIMMHHAM.



4.7. T'eMor06HH Njoaa XapaKTepH3yeTcst Bbi-
COKHM CPOACTBOM K KHCJIOPOIY

OMOpHOHaM CBOICTBeHeH OCOOLIH THI remo-
ro6uHa - remMorno6un F (a,y,), KoTopsiii, kak
yXe€ YIIOMHHAJIOCh PaHee, OTJIHYAETCS OT reMo-
rnobuHa B3pocabx. BaxHeias ocoGeHHOCTE
remoriobuna F coctout B ToM, uT0 B hH3HO-
JIOTHYECKHX YCJIOBUSIX €TO CPOACTBO K KHCJIO-
pony BbILIE, YEM CPOACTBO K KHUCIOPOLY Y Te-
moryobuna A (puc. 49). Bonee BbicoKOe
CPOACTBO K KHCIOpony remorioduHa F cos-
AaeT ONTUMAJIbHBIE YCIIOBHS JUIS TPAHCTIOPTa
KHCIIOpO/ia M3 KPOBH MaTepH B KPOBb IIOIA.
I'emornobun F okcureHMpyercs 3a c4eT reMo-
rnobuHa A (HaxogsIerocs mo Jpyryio CTopo-
HY TPaHCILIALEHTAPHOTr0 6apsepa B KpOBEHOC-
HOH CHCTEMe ILTaueHTsI).

Bricokoe cponcTBO KpoBH 110712 K KHCIIOPO-
Iy U3BECTHO YX€ Ha NMPOTSDKEHHH MHOTHX JIET,
OJHAaKO NPUYHHA 3TOTO ABJIEHMS BHISCHUIACK
JMIIBE HenaBHO. OKa3ajloch, YTO 2emo0z2a06uH
F caabee ceazvieaem BPTI', uem zemoz106un A,
u, caedoeamenvho, obradaem 6osee 6bICOKUM
cpodcmeom k O,. B camoMm nene, B OTCyTCTBHE
B®I" BenHunHBI CPOACTBA ITHX IeMOrJIOOUHOB
pacnojararoTcs B 0OpaTHOM mopsake. ITo Ka-
3aJ10Ch 3aralouHbIM 10 TeX 0P, II0Ka HE BbIAC-
HWIOCH, YTO IKCIIEPUMEHTATBHOE ONpee/ieHHue
KPHMBBIX JHCCOLMALMHM KHCJIOpPOAA Cleoyer
NpoBOAHTL npH nobaiennu BOL, nockonbky
ITO COCAMHEHUE TIPUCYTCTBYET B IPUTPOLMTAX
KaK miaofa, Tak M B3pOCIOro,

48. [lna nposBNICHHE 2JLIOCTEPHYECKOro -
dexTa Heobxoammo B3ammoneiicTre
cyObenmmy

PaccMoTpuM cTpykTypHYyro ocHOBy ajutocre-
pudeckix adexron. I'eMornobun Moxno pac-
IENUTh Ha COCTABNANILIHME €ro MOoJHIen-
THAHbIE CyObeTMHHIBL. BoineneHnsle o-Lenu
reMorjaobuna Mo CBOMM CBOWCTBAM HMEIOT'
MHOT0 06uiero ¢ muornobunom. Cama no cebe
Q-IeNb XapakTEPH3YETCs BBICOKHM CPOICTBOM
K KHCJIOpOAY, runepOouyeckoif kpuBoi amc-
COUMAIHH KHMCIIODOAA M TAKHM CBA3bIBAHUEM
O,, KOTOPOE HEYYBCTBHTEILHO K H3MEHEHHIO
pH, xonuenTpauun CO, u conepxanuio BT,
W3onupoBannsie B-uenn nerko obpasyior Te-
Tpamep P,,, Ha3biBaeMblit remornobusom H.
Mono6uo a-uenu u Muornobumy, B, mnox-
HOCTBIO JIMILIEH aJUIOCTEPHYECKUX CBONCTB. OT-
Crof1a CJIeAyeT, YTO arr0cmepuyeckue ceoticmaa
2emo2106una 603HUKAIOM 6 pe3yibmame 83au-
modeiicmsun  cybvedunuy. Dyukyuonasvuasn
eOuHUYa 2emM02106UHA— MO mempamep, coc-
MoAWUiL U3 NOAUNENMUOHBIX Yeneti 08X munos.

1,0
3puTtpounTst Nnoga

‘\- AputpoynTel

marepu

o
o

MepeHoc kucnopoaa ot
okcuremornobuHa marepu
Ha fe3oKkcureMornobuH nnoga

Hacoiwetue (Y)

0
PO,

Prc. 4.9. OpurpounTsl maoga 00JagarT
Goee  BBICOKMM  CPOACTBOM
K KHCIIOPOAY, YeM IPUTPOLUTHI
MaTepH. B npucyrcreun 6ucdoc-
¢ornmiepaTa cpoaCTBO K KHCIIO-
poay reMorjo01Ha ILTOAa BbILIE,

4eM Yy remMorjaobmHa marepu.

/
A

Pue. 4.10,  TIpoekuus 4acTH KapT 3JIeK-
TPOHHBIX IIJIOTHOCTEN OKCHTEMO-
r106HHA (KPaCHbIH) U 1E30KCHre-
Morji00uHa (CHHMil), ojTyueHHaA
npu paspewsennu 5,5 A. Iloka-
3auel cnupayd A ¥ H aByx B-ue-
nei remorobuHa. LenTpansHas
49aCTh CXeMBI COOTBETCTBYET
LHEHTPANILHOMY yrayGeHuro
B MOJEKye. 3aech MOKa3aHO
OIHO M3 KOHGOPMAIIMOHHBIX M3~
MEHEHHH TreMOrjiobuHa, comyT-
CTBYIOIUX NPUCOCTUHEHHIO KHC-
JIOpoaa, a4 MMEHHO COJDKeHHe
n8yx H-criupaneit. [Perutz M. F.,
Nature, 228, 738 (1970).]

4. I'emornobun:
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a,f3, - Konrakt

Puc. 4.11. Mogens okcureMorioduHa npu
HHM3KOM paspereHud. Ilokazanel
[Ba BUJA KOHTAKTOB MEXIY O-
u B-uensmu. o-llenu wuzobpa-
KeHbl OesbiM, B-Lienu - cepbiM.
Tpu rema, BHOHBIE HA MOZENH,
obo3navens 6yksoit H. Obaacts
®,B,-KOHTAKTOB TOKa3aHa CH-
HUM, 2 &, -KOHTAKTA — KENTHIM.
[Perutz M.F, TenEyck L.F,,
Cold Spring Harbor Symp.
Quant. Biol, 36, 196 (1971).]

4.9. YeTBepTHYHas CTPYKTYpa remorsiobnna
3HAYMTE/ILHO M3MEHSIETCSl IPH OKCHT eHHPOBAHHH
B 1937 r. ®enuxkc TI'ayposun (F. Haurowitz)
OOHAPYX W1, 4TO KPUCTAILIBI J€30KCUTEMOTJIO-
6uHa NpH OKCHTCHHPOBAHHMH Ppa3pyIIAOTCH.
OOBACHAETCH ITO TEM, UTO CTPYKTypa OKCHre-
MOrjo0MHa 3aMETHO OTJIMYAeTCH OT CTPYK-
Typbl [€30KCHIeMOrJI0OMHA M OKCHUTEHHPO-
BaHHBIE MOJIEKYJIBI yX€ HE YKJaAbIBaIOTCH
B KPHCTAJUIHYECKYIO PELIETKY NEe30KCHIeMo-
rnobuna. B npoTHBONOJIOKHOCTH 3TOMY Ha
KPHCTAJUILl MHOTJIOONHA, TAaK XK€ KaK M Ha KpH-
CTaJlIbI ,, OKCHTEHUPOBAaHHE HE BIIMAET.
Kax noxazan penmzenocmpykmyphboiil aHna-
AU3, OKCU- U 0€30KCUZEMO2A00UH CYUjeCmBEeHHO
paszauyameca no 4YemeepmuyuHoli cmpykmype

Yacte I
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a,B,- Kontakr

(puc. 4.10). OxcureHHpoBaHHas MoJiekysa 60o-
Jee xomMnakTHa. Hanpumep, npu npucoeausde-
Hud O, paccTosHHE MeXIy aToOMamH xesesa
B B-uensx ymenbluaerca c¢ 399 no 334 A.
Ocobrlii MHTEpec TPEACTABIAIOT H3MEHEHHS
B OGJTACTH KOHTAKTOB MeXAy &- ¥ B-uensmu.
CyluecTByloT ABa THNAa KOHTAKTOB MEXAY -
u B-uensMn, 0603Ha4aeMble COOTBETCTBEHHO
a,By- u o P,-koHTakTamMu (puc. 4.11). Ipn
nepexofe reMorjob6uHa W3 OKCH- B JE€30KCH-
dopMy o, B,-KOHTAKT MPAKTU4ECKH HE MEHSET-
cd, TOorma Kak o,f,-KOHTAaKT mpeTepreBaeT
6oJblIHE CTPYKTYPHBIE U3MEHEHHS. B pe3yiib-
TaTe NPUCOEAMHEHMS KHUCIOPOJA OAHA mapa
cybrenusun aff NOBOPAYUBAETCA OTHOCHTEIb-
HO apyro# napwl aff Ha 15° (puc. 4.12). Hexo-
TOpbIE ATOMBI B 3TON OOJacTH pasaeia mepe-
MEILAIOTCS HAa PaCCTOAHME, focTHraomiee 6 A.
Mo cymectBy obnacte koHTakTa o,f, GYHK-
LHOHMPYET Kak HepekJIloyaTesib ¢ OOHOM
CTPYKTYpbI Ha apyryto. Kaxnas u3z popm Tako-
TO NMOXOXEro Ha JIACTOYKHH XBOCT KOHTAKTa
cTabnin3npoBaHa cO6CTBEHHBIM HAGOPOM Bo-
nopoaHbIX cBa3el (puc. 4.13).

KoHTakT a,B, pacnoysioxeH BOJH3M TeMOB.
CnenoBaTenbHO, CTPYKTYypHBIE  H3MEHEHUS
B 3TO#H 00JIaCTH MOTYT OKa3biBaTh BJMAHHE HA
reM. BaxHoe 3HaueHMe KOHTAKTa MOATBEDP-
KIAETCA TaKKE M TeM, 4YTO y BCeX MO3BO-
HOYHBIX OH COCTOMT B OCHOBHOM M3 OJIHHX
H TeX e aMHHOKHMCJIOTHBIX ocTatkos. Kpome
TOrO, PaKTHYIECKH TPH BCEX MyTALMAX, 3aTpa-



N
Ae3okcu
\Oxcu
Puc. 4.12. CxeMa, WUIIOCTpHpYIOLIAS H3-

MEHEHHsl YeTBEpTHMHOM CTpYK-
Typbl TeMOTJIOGHHA TIPH OKCHre-
aupoBaHuy. Opna mapa af-
CyObLeauHuIl CABHraeTcsi mo OT-
HOLIEHHUIO K JPYroi nyTeM MoBo-
poTa Ha 15° ¥ NpOIBINKEHHS Ha
0,8 A. Okcudopma noBepHyTOM
napsl af-cyObeqMHHI NMoKa3aHa
KpacHbIM, Je30kcudopMa —CH-
HuM. [Baldwin J, Chothia C,,
J. Mol. Biol., 129, 192 (1939).]

THBAIOIMX KOHTAaKT o,P,, B3auMOAcHCTBHE
reM—TEM OKa3bIBAETCS CHIDKEHHBIM, TOTZAa
KaK npd MyTaOuaX KOHTaKTa o,f, 3Toro He
TPOUCXOMT.

4.10. ConeBble CBA3H MeXAy OTACTbHBLIMH Le-
OSMH NPHAAIOT KECTKOCTh CTPYKTYpe JAe30KCH-
remMor100HHa

B oxcuremorno6uHe C-KOHUEBBIE OCTATKH BO
BCEX HYETBIPEX NENAX 06nana;o-r MIPAKTUYMECKH
MOJTHOM cBOOO0# Bpawenus. B ae3okcuremMo-
TJIOOHHE, HANIPOTHB, 3TH KOHIIEBbIE TPYMNINkLI 3a-
fKopennl (puc. 4.14). Jleno B TOM, 4TO, BO-
NEPBBIX, KAPOOKCHITLHBINA KOHEIl o -UEnH B3au-
MOIEACTBYET ¢ AMHHOKOHLOM 0,-lIeNH. Bo-
BTOpbIX, GOKOBast weNmb ApPriHUHA HAa 3TOM
C-xonue oOpasyeT cBA3b C acnapraToMm
o-llenn. B-TpeThuX, KapbGOKCHILHBIN KOHeN
Bi-uenu cBA3aH ¢ GOKOBOI HEMBIO JH3HHA,
NpHHAAJexallero o,-uenn Hakouen, umuuaa-
3oibHasA 60koBas nenb C-KOHUEBOro OCTATKA
B,-uemu B3aumMonelRcTByer ¢ GOKOBOM LiENbIO
acrnaprara, TakXe NPHUHAMIeXALEro f3,-uenu.
OTH napsl AMUHOKHMCIIOTHBIX OCTATKOB 0Opa-
3YIOT TaK Ha3bIBAEMEIE COAe6ble C6A3U, T. €. He-
KOBAJICHTHBIE 3JIEKTPOCTATHYECKUE CBA3ZH MEX-
Ny NPOTHBOMOJIOXHO 3apHKCHHBIMM IpyIma-
Mu. U3-3a 06pa3oBaHus 3THX BOCBMH COJIEBBIX
cBszed ge3okcuremornoOuH  umeer Gonee
KECTKYIO, HAMPSKEHHYIO CTPYKTYPY, Y4EM OKCH-
reMOTJIO0HH.

Yemeepmuunaa cmpykmypa 0e30Kcuzemo-
2a06una o6oznauaemcs xax T-popma (om anza.
tense — HaNpAMCeHHAs ), moz0a Kax uemeepmuy-
Has cmpykmypa okcuzemozaobuna —xkax R-gop-
ma (om anza. relaxed—peaaxcuposannas).
O6o3uavennss T 1 R 0ObMHO HCMONB3YIOTCH
JUISL OTTUCAHHS AJIbTEPHATABHBIX Y€ TBEPTHYHBIX
CTPYKTYP ajulocTepuueckux Oeykos, mpuieM T-
dopma Bcerma uMeeT MeHbIUEE CPOACTBO
K cybcrpary.

4.11. Ilpn oxcHreHHpOBAHHH aTOM jKeJie3a nepe-
MeljaeTcsl B MJIOCKOCTL nopdupuua

Brine pevs nuia 0 KOHPOPMALMOHHBIX H3Me-
HEHHUSAX, NMPOUCXOASIIMX HAa HEKOTOPOM pac-
CcTOSHMH OT rema. IlocMOTpuUM Tenepb, 4TO

T-popma

OKcureHuposaHume

gy g ]

R-chopma

Puc. 4.13.  Ob6nacTb o,B,-kOHTAaKTA IIPU OK-
CHreHHPOBaHMH nepexonur ot T-
dopmst k R-dpopme. Kondurypa-
LM KOHTaKTHPYIOIUX NOBEPX-
HOCTEH B BHJE JTaCTOYKHHA XBO-
CTa NO3BOJISET JABYM CyObEeAHHH-
aM JIETKO CKOJB3UTh OTHOCH-
TEJILHO ApYr ApYyra.

4. Temornobun:
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Asp His _
NH3* 5 1267 00~ 8,
Arg Asp Lys
— NH +
Co0~ &7 76 20 oo
Lys As Ag_ |}
NHs" =75 26 741> C00"
7 _His Asp .
CO0~ €75 2 NHs™ 6,
Asp~ .. .His*
Konuesas COO™ -rpynna ... Lys"'
Asp~...Arg* .
KoHuesas COO™rpynna ... koHuyesas NH,-rpynna
Puc. 4.14.  TlepekpecTHble CBS3H  MeXIy

CyObeIMHMIIaMH B [I€30KCUI€MO-
ryio6une. ITpu okcUreHHpoBaHHHK
9TH HEKOBAJICHTHBIE JTEKTPOCTa-
THYECKHE CBSI3M JIETKO pa3pbi-
BaIOTCA.

MPOMCXOJHUT C CAMMM IEMOM [IPH OKCHTEHHUPO-
BaHUH. B Odesokcuzemozaobune amom xcenesa
evicmynaem npumepro na 0,6 A u3 naockocmu
2ema ecaedcmeue cmepuuecKko20 OmmaiKued-
HUA, 603HUKAIOWE20 MeNCOY NPOKCUMAALHBIM
2UCMUOUHOM U amomamu azoma nopPupuroso-
20 xoavya (puc. 4.15). IlIpu okcuzenuposarnuu
amom ceaesa nepemewjaemcs 6 NAOCKOCMb
nopgupuna, 06pazys npounyio ceasv ¢ 0,. Tpu-
pocT 3Heprud, ofycjOBIEHHBIH (GOpMUPOBa-
HHEM 3TOH CBsizH, Oosee 4eM B 10 pa3 mokpsl-
BaCT 3aTpaTy OSHEPrHH Ha [epedBHXEHHUE
IIPOKCHMAJILHOTO THCTHAMHA 6mmxe
K IJTOCKOCTH reMa. M3yyenue cTpykTypsl 601b-
LIOr0 YMCJIA CHHTE3HPOBAHHBIX XKeJe30n0opdu-
PHMHOB [10Ka3aJI0, 9TO B COEMHEHH X, T1€ 3aHs-
TO 5 KOOPAMHALMOHHBIX TOJIOKEHMH, aTOM
XKEJIe3a JIEKHUT BHE IUIOCKOCTH Iema, HO €CIH
3aHATHI BCE 6 KOODAMHALMOHHBIX OIOXKEHHHA,
TO 4TOM XeJjle3a HAXOOUTCH B IUIOCKOCTH HJIH
NIOYTH B MJIOCKOCTH rema. Jlokanusauus aToma
XKEJIe3a 3aBUCHT TaKXKe OT CIIMHA €ro 3JIEKTpo-
HOB, 4 MMEHHO BBICOKOCIIHHOBOE COCTOSHHE
CnOCOOCTBYET PACIOIOXEHHUIO BHE ILJIOCKOCTH.

Yacts |
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Fuctugun F8

Ne—N
T

Crepuueckoe \
oTTankuBaHue
Fe

“ﬁuo2

NnockocTh
nopdpupuHa

Puc. 4.15. TIpu OKCHreHMpPOBAaHHH aTOM
Kejge3a nepeMemaercs B ILIO-
CKOCTh reMa. ITpokcuManbHbINH
ructuavH (F8) Tsamercs Benen 3a
aTOMOM XeJne3a M CTAHOBHTCSH
MEHEE HaKIOHEHHbIM. ATOM e-
JI€3a MCXOJHO HE JIOKHUT B ILIO-
CKOCTH FeMa BCJIEACTBHE CTEpPH-
4ECKOTO OTTAJIKHBAHHUS, BO3HH-
KaloLIEero Mexay aTOMOM yrie-
pola HMMHIA30JILHOTO KOJbLA
H aTOMOM a30Ta rema.



Cnupans F

Val
FG5 FG3

Fe

Puc. 4.16. KoHpOpMaHOHHBIE U3MEHEHHS,
WHOIYOUPOBAHHbIE  JBIKEHHEM
aToMa eJie3a MPU OKCHIeHHPO-
Banuy. [1poKkCHMaNbHBIH T'HCTH-
JAMH NIPUTATHBAETCS aTOMOM Xe-
JIe3a ¥ CTAHOBUTCH MeHee HaKJIo-
HeHHbIM.  OKCHTeHHPOBaHHAs
CTPYKTYpa MOKa3aHa KpPacHbIM,
JIE30KCHIeHHPOBAHHAS — CHHHM.
[Baldwin J., Chothia C., Mol.
Biol,, 129, 192 (1979).]

4.12. [IBwxenne aToMa Ke/le3a NepeaaeTcs Ha
Ipyrse cyObeXHHHUBI Yepe3 NPOKCHMAJILHLIH
FHCTHIHH

Kakum oGpa3oM nepemMellienue atoma xesnesa
B IJIOCKOCTb IeMa MOXET CrnocoGCTBOBAThH
MEPEKIIOYEHHTIO YETBEPTHYHOM CTPYKTYpHI ¢ T-
topmsl Ha R? KimoueBbiM 31eMEHTOM B Iiepe-
Jlaye CTPYKTYyPHBIX H3MEHEHHH OT rema OJHOM
CyOBCAMHUIIBI K APYTo#l CyObhequHuLE CIYXKHT
6okopasd LENb [POKCHMAIBLHOTO THCTHAHHA,
KOTOPYIO THHET 3a co0oil NepeMellalonics
aTom xene3a (puc. 4.16). I'em u mnpoxcu-
MaJIbHLIH THCTHAMH OOpa3syloT TeCHhiE KOH-
TakThl ¢ OOKOBBIMHM LEensMH 15 aMUHOKHC-
JIOTHBIX OCTATKOB, H TOTOMY [IPH OKCHIEHHPO-
BAHUU MEHSAIOTCA CTPYKTYph! cniupanu F, yrios
EF u FG. D1H caBuru nepenarorcs 3aTem Ha
06J1acTH MeXCYOBeAMHHYHBIX KOHTAaKTOB. Tu-
posudi HC2, pacnonaraBumiics B xapmaue
Mexnay cnupaiamu F u H, Beinuraercs Hapy-
XY, 4TO MIPHBOAMT K Pa3pbiBy COJICBBIX CBSA3Ei
Mexay uensmu. B pesynbtare pasnosecue Me-
X1y ABYMS 4eTBEPTUYHBIMHU CTPYKTYPaMH NpH

His
F8

I NnockocT nopdupuHa

OKCHI'€HMPOBAaHWH CIBHIacTCs B CTOPOHY R-
dopmsbl. UTak, usmenenue cmpykmypvi 6uympu
00HOIll cyOBedunUYy bl (OKCUZENUPOBAHUE ) NPUBD-
oum K usmeneHuio cmpykmypol 8 obaacmu Kou-
makmoe cybsedunuy. Taxum nymem npucoedu-
HeHue Kucaopoda K 00HOMY zemy nepedaemcs
HAa omoajexHvle OM 3MO20 2ema yacmu moie-
Kyabl.

4.13. MexanniM KoOnepaTHBHOTO CBA3LIBAHMN
KHCJI0poJa

IToyemy yeTBepTas Monekyna O, cBs3biBaeTcs
reMoryiobnHoM npumepro B 300 pa3 mpouHee,
4yeM nepsas? [TOHATb 3TO sBICHHE MOXHO U3
aHaOrMy, NpUBEAEHHOW Ha puc. 4.17. [Te3ok-
CHreMOTTIOOWH HMEET JKECTKYIO CTPYKTYpY,
YCHJIEHHY}O BOCEMBIO COJIEBRIMH CBA3AMH MEX-
Oy deThipbMs cyOnenuHuiamu. ITpucoenune-
HHE KHCTIOPOAA MOXET NPOM30MTH JIMILIb OCIIE
TOTO, KaK pa3pblB KaKUX-TO W3 ITHX CBA3CH
MO3BOJIAT aTOMy Xeje3a [EePEMECTUTLCA
B TUIOCKOCTb rema. CKOJIBKO JOJDKHO pazop-
BaThCA CONEBLIX CBA3eH, YTOGEI NPHCOETHHH-
Jack Mosiekyna O, ? D1o 3aBHCHT OT ToOro, Ka-
Kas 1O CYETY MOJIEKYNa [OJDKHA HPUCOEH-
HHUTBCA: NEpBasi, BTOpasi, TPEThA WK 4eTBEp-
Tas. JIns cea3bIBaHUA nepBoit Monekynsl O,
HEeoOX0aMMO pa3opBaTh Gosblue CBs3€i, YeM
JUIS CBA3BIBAHUA nocneayroumx. [Tockonbky
pa3’phiB COJIEBBIX CBsizeH TpeOyeT 3SHepruu,
NPUCOEIMHEHHE NIepBOi MoJeKyibl O, 3Hepre-
THUYECKH MEHEE BBITOZHO, YEM NPHCOEHUHEHHE

4. TemornoGun:
a/lJI0CTepHYecKHi Geslok



Puc. 4.17. IloscHeHHe X0Na OKCUT€HMPOBa-
HHS TeMorynoOMHa Ha NpHMepe
IOYTOBBIX Mapok. [as Toro
4TOOBI OTOPBAaTh OHY MapKy W3
4EThIPEX, HYXKHO Pa30pBaTh [BE
nepdOpHpOBaHHbIE  CTOPOHBL
YT06bl OTHENNTH BTOPYIO Map-
Ky, HY)KHO MPOM3BECTH pa3pblB
TOJILKO € OIHOH CTODOHHI;
4TOOBI OTAENUTH TPETHIO — TOXKE
¢ onnoii. ITocne atoro uerBepras
MapkKa OCTaeTcs CBOOOMHOM.

ocranbHbiX. [lpucoenvmenne e  BTOpOH
1 TpeTbel Monekyn O, no BeaMYHHE 3aTPaTh
SHEPrMH 3aHMMAET NPOMEXYTOMHOE MOJOXe-
HAE MexIy NepBOH W uyeTBepToH (puc. 4.18).
Takoe noCTeneHHOE yBENHYEHHE CpPOACTBA
K KHCJIOpPOAY PUAAeT KpHBO# cBs3biBanus O,
Ty CHTMOMIHOCTD (JOPMBI, KOTOpAs BLISABJIACT-
CS IKCIIEPUMEHTAJIBHO.

DTOT aJNIOCTEPUYECKHI MEXaHH3M MOXHO
onucaTh U Ha YpOBHE Goyiee TOHKOH CTPYKTY-
pol. IlouTH BCe MOJIEKYJIbI €30KCHI€MOIJIO-
6una Haxopatcs B T-¢popme. ITo Mepe nocrne-
ZIOBaTEJIbHOIO CBA3bIBAHMUA MoJjekysl O, BO3-
pacTaeT BEpPOATHOCTH nepexona B R-dopmy.
Cpoocmeo T-ggopmut k O, 6 300 pa3 Huxnce, uem
cpoocmeo R-gdopmvl, max kax ¢ T-gpopme nepe-
0suMCeHUE NPOKCUMAALHO20 2UCMUOUHA 6 NAOC-
Kocmb 2ema umeem Goavwe O02paAHUYEHUIl.
B yactHocTH, B T-hopmMe npokcHManbHbIA TH-
CTHAMH 6OJblle HAKJIOHEH K MJIOCKOCTH remMa

Yacts 1
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(cM. puc. 4.16), a 1OTOMy M YBEJIMYEHO CTEpH-
4YECKOE OTTaJIKHBAHUE, MPENSATCTBYIOLIEE €ro
nepemeweHuto. bosee cuMMeTpHiHOE MOJI0Xe-
HHME NPOKCHMAIbHOTO TMCTHIMHA B R-popme
oGneryaer ero npubnmxenue k remy. Kpome
Toro, B T-¢popme yyacTok ceasuiBanus O, B B-
cyObenunmie 3acionen panuHoM El11 B Gonb-
el crenenu, ueM B R-dopme.

4.14. bucdochormuepar CHHXKAET CPOACTBO
K KHCJIOpO/Y ITyTeM 00pa30BaHHS NePEKPECTHBIX
CBSi3eH C /1e30KCHreMOrJI00HHOM

B®T cneunduyiecku cBA3LIBAETCA C AE30KCHUIe-
MOrJI06MHOM B cooTHOwenny 1 BT Ha 1 Ter-
paMep reMoryiobusa. 3To OYeHb HHTEpecHas
crexuoMetpus. Kaszanoce 6w1, 6enok, umero-
mMi CTPYKTYpy o,f,, AOJDKEH obsiagaTh IO
KpaiHeH Mepe NBYMsS y4acTKaMH CBSI3bIBAHHS
Kakoro Obl To HM ObLIO HEOOJIBIIOTO COeMUHE-
HHUs. Hanuyue TONBbKO OJHOTO y4acTka CBSA3bI-
BaHMA TOTYAC XK€ HABOJMUT HA MbICJib, YTO BOI”
CBA3LIBAETCSA 1O OCH CHMMETPHH MOJIEKYJIbI Ie-
MOrJIoOMHA B LEHTPaNbLHON MOJIOCTH, TAE CXO-

CBOOGOAHAA 3HEPrUa CBA3LIBAHUA 02
8 OTCYTCTBUE NEpeKpPecTHbIX CBA3EN

(=]
[C]
<
I‘-\‘ OHepreTuueckan ueHa paspbisa
o Habopa NepeKpecTHbIX CBA3EN
s
I
©
@
§ \ Konuuectso cBOGOQHOW 3HEpPruum,
3 HEeOoOXO/[MMOEe ANA NPUCOEANHEHUA
2 nepson MONeKynbl O2 K reMornobuHy
5
g
[«]
aQ
(&)
1-8 2R 38 4-9

Csssbisaemble Monekynsi O,
Puc. 4.18. CpobGonHas 3Heprus CBS3M IO-
cienoBaTeNbHBX MoJekyn O,
(cp. ¢ MozenbIo, ONHCaHHON Ha
puc. 4.17). CponcTBo cBs3LIBa-
Hua (-AG®) Bospacraer, Tak
KaK JJIS IPHCOENMHEHHUs YeTBep-
TOH MoJtexynel O, HYyXHO pa3op-
BaTh MEHbIIIE NEPEKPECTHHIX CBSI-
3eid, 4eM IS TPUCOECHHUHEHHS
nepBoi.



mates 4 cyovenunuubl (puc. 4.19). Yuactok
ceaspiBanus BOPIT 06pazosaH MONOKHTENBHO
3apSDKEHHBIMU OCTAaTKaMH, MPHHAIJIEXAIMMHU
obeum P-uensM, a UMEHHO: O-AMWHOTPYNIIOH,
smsnHoM EF6 u ructununom H21. OueBuaHo,
YTO 3TH FPYIIILI JIETKO B3aUMOAEHCTBYIOT C OT-
punatenbHo 3apskeHHbiM BOIT, nmeromum
npu Qushosorndeckom 3HadeHnu pH mouTn
4 orpuuatenbHblx 3apsaga. CTepeoXHMHUYECKH
BOT xoMiieMeHTapeH KOHCTEUIAI UK U3 6 1o-
JIOKUTENLHO 3apsKeHHbIX Tpynm f-uemne,
oOpalleHHBIX K BHYTpPEHHEH IOJIOCTH MoJe-
KyJbl reMoryobuna (puc. 4.20). Bonee cnaboe
ceaspiBanne BOIT remornobuHom nnoma mo
CPaBHEHHIO C reMOrjioOHHOM A 0ObicCHAETCS
TEM, YTO y reMOorjo0HHa MI0Aa B MOJIOXEHUH
H21 HaxomuTcs cepuH, a HE TMCTUMH.

IIpu okcurenuposanuu bPI oTwennsercs,
MIOCKOJIBKY IIEHTpajIbHAA MOJIOCTh CTAHOBHTCS
CIMLIKOM MaJia. B 4acTHOCTH, cyxaeTcs mpo-
MexyTok Mexny H-cuupansmn B-ueneit. Kpo-
M€ TOro, pacCTOAHHUE MC)K,[()/ a-aMHHOTrpynmna-
mu Bo3pacTaeT ¢ 16 no 20 A, BciieACTBUE 4ero
HCYE3a€T KOHTAKT Mexay HUMH H docdaTHBI-
mu rpynnamu BOT.

Tenepb HaM NOHATHO, noyeMy BOT cumxaer
CpoACTBO K Kuciopoay. O6pasys  nepe-
kpecmuoie céazu ¢ B-yensmu, BOTI cmabuiusu-
pyem uemgepmuyuHylo Cmpykmypy 0e30Kcuzemo-
2n06una. Jpyrumu cinosamu, B®I' casuraer
pasHoBecue B cTopoHy T-¢opmer Kak yxe
YIOMHHAJIOCh, B 1€30KCHI€MOTIJIOOWHE HMeEeT-
ca 8 COJEBBIX CBs3eil, 3aIKOPUBAIOLIMX €ro
Kouuesble kKapOOKCHIBHBIE OCTATKH. [Jia Toro
4100BI IPON3OIILIIO OKCUTEHMPOBAHHE, 3TH CO-
NieBBIe CBA3M HeOBX0AUMO pazopsats. [Ipucoe-
nutieHne BOI co3naer nONOJHHTENbHBIE CO-
JIEBBIE CBA3M, KOTOPHIE A0JDKHBI OBITH pazop-
BaHbl. B HTOre CpOACTBO remorJobwxa
K KHCIOpOJly NpH npucoenwHenun BOI
0Ka3biBACTCA CHHXCHHBIM.

4.15. CO, npHcoeHHAETCH K KOHIIEBLIM AMHHO-
rpynnamM reMor/io0HHA, CHHXasi ero CpoJICTBO
K KHCJOpPOay

Y a’poGHEIX OpPraHU3MOB Ha OAHY MOJIEKYJY
notpednenHoro O, o6pasyercs npumepHo 0,8
Monekyasl CO,. Bonbmas wacte CO, TpaHc-
NOPTUPYETCA KPOBBIO B BUJiE Oukapbonama, Ko-
TOpbIt 06pa3yeTcs B SPUTPOIMUTAX MOJ JAECH-
CTBHEM Kapboanzudpasvl:

CO, + H,0 2 HCO; + H".
3uaunTenpHas yacth H', BoIcBOGOXIar0IIErO-

€4 B 3TOH peaKLHH, IPHCOEIHHAETCA K JIE30KCH-
reMoriobMHy W TakuM 00pa3oM yyacTBYeT

6-665

Y4acTok cBfablBaHUMA Gucdocdornuuyeparta

Puc. 4.19.

VyacTok cBsi3biBaHus Oucdoc-
¢doraunepata B LEHTPAILHOM
yriiy6s1eH|H MOJIEKYJIbl A€30KCH-
remorsnobuna. (Perutz M.F. The
hemoglobin molecule, 1964.)

B 3¢dexTe Bopa. Kpome Toro, CO, Tpancnop-
THpPyeTCca remoryiobnHoM B GopMe kapbamama.
B ocHOBe 3TOro mpotiecca JIEXHT obpaTimas
peakiuus MeXay HaXolALIMMMCH B HEHOHHM3H-
pOBaHHOH (OpPME ®-AMMHOIPYNIAMU  EMO-
rmobusa u CO,:

R—NH,; + CO, 2 R—NHCOO~ + H*

Cps3aHHbIe Kapb6aMaThl 00pa3yloT COJIEBBIE
MOCTHKH, KOTOpble cTabunusnpyioT T-hopmy.
Omcida caedyem, umo npucoedunerue CO,
chuMcaem cpodcmeo 2em02100UHa K KUCA0poOy.
U "ao6opot, CO, 6ojice NPOYHO CBA3BIBAETCA
C JIE30KCUreMOTTIOOHHOM, 4€M ¢ OKCHTEMOTJIO-
6uHOM.

4.16. Mexanu3m >pdexta Bopa

Kakum 06pa3oM reMorjoOnH cBA3bIBAET NMPO-
TOHBI IIPM CBOEM MPEBPAILCHUY H3 OKCH- B Jie-
3okcutdopmy ? OueBHIHO, TPH ITOM NpeBpalie-
HUM [JOJ/DKHO BO3pacTaTh CPOIACTBO onpeae-
neHHwIx yyactkoB ¥ HY. B uactHocTH, npu
NpeBpalIeHnn U3 OKCH- B Jie30kcudopmy 401-
KHO yeeiuuugampcs 3HaueHHe pK OTAEIbHBIX
rpynn, NOCKoJbKY yBenuuenne pK osHauaeT
6onee cunbHoe cassbiBanue H*. Temornobus
cea3biBaeT okono 0,5 H* B pacuere Ha onmny
BeICBOGOAMBIIYIOCH Mojekyny O,. DTo npu-
coenunenne H* 1103B0OJIseT noanepxuBaTh No-

4. I'emorao6nn:
a/IocTeputeckHii 6eJloKk 81
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His-143

Puc. 4.20. Cnoco6 csasu BOI ¢ ne3okcure-
Mor106uHOM 4enoBeka. Bucdoc-
¢ornuepar B3amMmoneiicTeyer
C TpeMs MOJIOKHTENBHO 3aps-
KEHHbIMH TDYNIAMH B KaXHOi
B-uenu. [Arnone A., Nature, 237,

148 (1972)]

CTOSHCTBO pH B TKaHAX ¢ aKTHBHBIM MeTabo-
JIM3MOM.

V xaKMx KOHKPETHBIX IPYNN MOBBILIAETCA 3HA-
yenne pK? PaccMOTpUM CHavana BO3MOJKHBIE
y4acTku cBs3biBaHuas H' B remornobune
(puc. 4.21 u Tabu. 4.1) ¥ 3aTeM Cy3UM KPYT BbI-
6opa. 3nauenns pK kap6okCHILHBIX rpynn 60-
KOBOH lIeNH IJIyTaMaTa M aclapTraTa cocTas-
JsH0T 00bIMHO ~ 4. MaioBeposTHO, 4T MX pK
BO3pACTyT K0 7-8 - ycnosue, HeoOGxoaumoe 11s
y4actus B 3¢p¢exte Bopa. [Togo6HbM *xe obpa-
30M MAJIOBEPOATHO, 4YTO 3HaveHus pK 6o-
KOBBbIX leNed THPO3WHA, JIM3MHA U APTrUHHHA
MOTYT 6bITH CABHHYTBHI B JOCTATOYHOH Mepe,
HOCKObKY 00bMHO UX pK npespimaet 10. Ot-
ciona crenyer, 4To ekt Bopa Moxer 6bITh
obecnedeH yyacTHeM THCTHAWHA, LUCTEMHA
M KOHLEBOH aMHHOTPYMNLI, TaKk KaKk HOp-

Yacre |

82 Koudopmauns u nunamuka

His-2

G'NH3+

Lys-82

MaJIbHbIC 3HAYEHHs PK ITHX Trpynm Jexar
B obnactu 7.

IMyTem conocrasiieHus JaHHBIX XHMHYECKO-
r0O ¥ PEHTIEHOCTPYKTYPHOTO aHAJIA3a yOalioch
HICHTHQUUHPOBATL creunpuYeckue rpynnsi,
OTBETCTBeHHbIE 3a 3(dexkT Bopa. Pentreno-
CTPYKTYPHBIA aHAJIM3 YKa3bIBaJl HA BOBJICYEHHE
B 3¢ dexT Bopa ocTaTkoB rcTHAMHA, pacnoJio-
XeHHbIX Ha C-KOHILle Kaxnoii u3 B-ueneil remo-
riaobuna (rucTHauMH-146B). CnpasemtusocTs
3TOro MpennoJioxenus 6bula nposepeHa cie-
oyroumM nyteM. Beun mosyyeH remornoGum,
B-uenn koToporo He comepkKaaH THCTH-
IuHa-146. DTOro ynanoch AOCTHYL HyTeM HC-
NoJb30BaHUs Kapbokcunentuaassl B-—cnemnu-
¢udeckoro mpoteonuTHYEcKOro  PepmenTa,
PaCIICIIIAIOMIETO B HEKOTOPLIX  IOJIMIEN-
TH/IHBIX LleNsX NENTHAHYIO CBs3b, 06pa3oBaH-
HYIO KOHIIEBOH AMHHOKHCIIOTOM OCHOBHOTO Xa-
PakTepa, pacnoJiokeHHOi Ha C-KoHIle menTu-
na, T.e. copepxaileit CBO60IHYIO KapOOKCHIIb-
Hyro rpynny. Takas Momupukauus reMorio-
6uHa npuBoamia K cHKeHuro 3ddexra Bopa
B asa pasa. Orciona creayer, 4To 2ucmu-
Oun-146 obeux B-yeneit gnocum, no-eudumomy,
0cHo8nHOll 6kaad 8 3¢pexm Bopa.

Ponb koHUeEBbLIX amuHOrpynn remMorno6una
B 3¢pekTe Bopa 6Gbuta ybenutensHo mokazana
cnenyrouiiM  obpaszom. Kouuesbie amunO-
rpynnsl MoaudwLMpoBanu o6paboTkoit Lua-



Tabnuua 4.1. 3navesus pK wommsmpyembix rpynn B Oemkax

Ipynna Kucnora 2 Ocnosanuwe + H* TunuyHoe 3Ha-
yenne pK
Kouuepoii kap6okcun —COOH 2 —CO0O~ + H* 31
Acnaparunopas ¥ riyTamuHosas kuciotth ~—COOH = —COO~ + H7 44
NH+ N .

TrcTHIHA " J _ Il J + H 65

N N

H H
Konuesas amuHorpynna —NH, 2 —NH, + H" 8,0
Iucreun —SH & —S~ + H* 8,5
Ti 10,0
Ju3vn —NH] 2 —NH, + H* 10,0

+
H /NHz H /NH
—N—C\ _ —N—C\ + H*

Apruaun NH, NH, 12,0

HaTOM, NpUBOAsILEH K oOpa3oBanuio kapba-
MOUANPOU3600HO20, HE CIOCOOHOTO 6oee
cesapiBate HY. Ecnam  kapbaMounuposaim
KOHIIEBbIE aMHHOTPYNIBI TONBKO P-Uienei, To
apext Bopa coxpausics nosHocTeo. Ecin
MOAMDHUKALNH TOIBEPTajNcCh KOHIIEBbIE aAMH-
HOTPYNIBI TakXe M o-Lened, To ahpdpexr Bopa
CYIIECTBEHHO YMEHbIIAJICH.
PeHTreHOCTPYKTYPHBIM aHanu3 JaeT KOH-
KPETHYIO KApTHHY Y4aCTHA 3THX Ipynn B obec-
neveHun hdexta Bopa. B okcuremornobune
THCTHAHH-146P cBOGOOHO BpaluaeTcs, a B Ae-
30KC"TCMOFJIO6H'HC 3TOT KOHL[EBOﬁ OCTATOK
y4acTByeT B psafe B3aumonciicTemit. Ocobenno
BAXHOE 3HAY4Y€HUE UMECT BBaHMO}lCﬁCTBMC
HMHJA30JIbHOTO KOJIBIIAa 3TOr0 THCTHAMHA
C OTPHLIATENILHO 3apKEHHBIM acnapTraToMm-94
B To#i xe B-uenu. Henocpencreennas 61u30cTb
3TOH OTPULATENBHO 3APSKEHHOH IpyNIbl MoO-
BBILIAET BEPOATHOCTE CBA3BLIBAHMA TPOTOHA
THCTHAMHOM (puc. 4.22). JIpyrHMH cClOBaMH,
6muzocTe acnaprarta-94 nossimiaer pK o oru-
ctuavHa -146, TakuM obpasom, npu nepexode
om OKCU- K 0e30KcuzemMo2a0ouny 2ucmudun-146

4

R—.- +-NCO + H* — R— — ﬁ—NHz
Konyesan Lwanar Kap6amoun-
aMwHorpynna NPONIBO[HOS

6*

npuobpemaem 6oavwiee cpoocmeo k H* ecaed-
cmeue A0KAAbHOZO USMEHEHUR 3apﬂ0a 8 €20 He-
nOCPedcmeeHHOM OKDPYHCEHUU.

AnanorniHeiM 06pa3’oM H3MEHAETCS MpH
JI€30KCUI€HUPOBAHHHM OKPYKCHHE KOHIUEBBIX
amuHOTpynm a-ueneif. B okcureMorno6uHe 3TH
rpynnsl cBobomHbl. B nesokcureMorsiobuHe
KOHLEBAS aMHMHOIPYILA OAHOW O-IIENH B3aU-

2
4 ¥
6 -
o
pK pH 2puTpoyMTOR
g P—— e s
w0 [T
12 [ Ao m
Puc. 4.21. Tunuynble Benuuuusbl pK kuc-
JnoTHbIX rpymnn Oeiakos. Oxpyxe-
HUE OTHAEJLHOW TPYNNbI MOXET
W3MEHWUTDb €€ PEATbHYIO BEJIM4H-
HY pK B CTOpPOHY NOBBILICHHSA
WY TIOHHXEHUSL.
L
I"emorno6un:

aJutocrepuyecknii 6enok 83



H H
O- C—N
A
—CH,— c\< HNY
0 =C—CH2—-
H
Asp-94 His-146

Puc. 4.22.  Acnaprar-94 nossinuaer pK ru-
CTHAMHA-146 B 1€30KCUIEMOTIO-
6uHe, HO HE B OKCHreMoOrjioouHe.
BiuzocTth oTpunarenbHoro 3a-
psana Ha acnaptarte-94 crnoco6-
CTByeT MPOTOHMPOBAHHIO TH-
cTtuauHa-146 B Je3okcuremMo-

rjobuHe.

MOJIEACTBYET C KOHIIEBOH KapbHOKCHIIbHOM
Tpynnod apyrod o-nenu. Bauzocms ompuya-
MeAbHO 3APANCEHHO20 KAPOOKCUAUPOBAHHOZ0
ocmamka 6 0e30Kcuzemozaobune nogviuidem
€poocmeo 3moii KoHyegoii amunozpynnst k H*.
JlanHBlE PEHTTEHOCTPYKTYPHOTO aHAJIH3a CBH-
JIETENILCTBYIOT O TOM, 4TO B 3¢ dekte Bopa yua-
CTBYET M TPEThf IPYyNNa, a HUMEHHO TUCTH-
IMH-122 B a-nenu.

UTak, okpyxeHne Tpex map Trpyni, CBS3bl-
BAIOIMX MPOTOHBI (KOHIEBAS AMHHOrpyINa
U 1BA TACTMAHHA) B OKCH- H JI€30KCUTEMOTJIO-
6une HeommHakoBo. B nezokcHreMoriiobuHe
3TO JIOKANbHOE OKPYXKEHHE 3apsikeHo Gojee
OTpHLATENbHO. B pe3ynbTaTe mpu BhICBOGO-
XKJIEHUM KHCJIOpOJa 3TH TPYNIbl CBA3LIBAIOT
H*.

4.17. KomMynnkaumsi BHyTpH Ges1KoBO#M
MOJIeKY.Ibi

Kax Mbl BHeH, CBA3bIBAHHE reMOTITIOGUHOM
0O,,H*, CO, n BOT naxoouTcs B onpeeleH-
HOH B3aMMOCBSI3H. DTH MOJIEKYJIbI NPUCOEIH-
HAIOTCSA K IPOCTPAHCTBEHHO pa30OIEHHBIM
y4aCTKaM, KOMMYHHKAUHUS MEXOY KOTOPhIMK
onocpenoBaHa KOH(GOPMAUMOHHBIMH H3MeEHE-
HUAMH BHYTpH Oenka. Hanuume pazmenbHbix
Y4aCTKOB CBSI3bIBAHHMS [UIA 3THX MOJIEKYJ
OGBACHSAETCSA TEM, YTO pa3iM4Ha CTPYKTYpa ca-
MHUX CBA3LIBAEMBIX MOJIEKY. Bzaumodeiicmaus
MeNCOy pasHbimMu  yuacmKamu  CeA3biBaAHUA
ONOCped06ansl U3MEHEHUAMU YemeePmuyHoil
cmpykmypbl. B CyLIHOCTH BCE H3BECTHBIE aJLIO-
cTepuyeckue 6elKM COCTOSAT U3 ABYX M Oojee
NOJIMNENTHUAHBIX Uened. O6JacTb KOHTAaKTa
MeXAy ABYMs HENSAMH CIOCOOHA YCHIIMBATH
H Tepe1aBaTh KOH(GOPMALMOHHbIE CABUTH OT
OZIHO# CYOBENMHHLLI K IPYroi. Y ajiocTepu-

Yacts 1
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HECKOro Genka HET CTPOrO ONpele/eHHbIX
cBoicTB. Hanportus, ero ¢yHKuHOHAIbHBIE
CBOHCTBA 3aBUCAT OT HANMYUS B OKPYXKAFOLLEH
cpene onpeneseHHbIX Monekyn. OTcrona coie-
RYET, YTO aJUIOCTEPUYECKHE B3AUMOCHCTBUS
HMEIOT KOJIOCCAIBHOE 3HA4YeHHE [isl (PyHKIUH
knetok. Takum 0Bpa3om, 260.110yuonnbiil nepe-
X00 om Muo2a06una K 2em02106uHy npuses
K NOABAEHUI0 CMPYKMYPbl, CNOCOOHOI 80CnPUHU-
mame ungopmayuio us oxpymcaroueii cpeowl.

3akJiouenne

TeTpamepHblit reMorno6un 061a0aeT HOBBIMU
CBOHCTBAMH, KOTOPBIX HET B MOHOMEPHOM
muornobune. IMomumo cnocobHOCTH Tpamc-
noptHposBate O, reMorno6un cnocoben nepe-
HOCHUTB Takxe H* u CO,. Bostee Toro, npucoe-
IMHEHHE NOCIIC/IHUX PETYIMPYETCS aII0CTEPH-
YECKMMM CABHUTAMH, KOTOpPbIE NPEICTABISIOT
COGOM B3aMMONEHCTBUA MeX/y TNPOCTpaH-
CTBEHHO Pa306LIEHHBIMA y4aCTKaMH, 06YCIIO-
BJIEHHbIE KOHQOPMALMOHHBIMH H3MEHEHUSAMHI
Gemxa. TemornoGun —Haubonee H3yueHHBLH
anjpocTepuueckuii 6esiok. ¥V reMorinobuna npo-
ABIAIOTCA TPH AJUIOCTEpUYEcKUX 3ddekTa. Bo-
NepBbIX, KPUBAsH CBA3LIBAHUS KMCJIOPOAA FeMO-
TJIOGHHOM MMEET CHIMOMHYIO (OpMYy, 4TO
CBHIIETENILCTBYET O KOONEPATHBHOCTH CBA3bI-
BaHHs KHcIopoaa. [IpucoennHenne kucnopoa
K ofIHOMY remy obneryaer npucoenutenne O,
K OCTaJIbHBIM T'eMaM TOH ke MOoJIeKyJIbl Gerka.
DTa KOONEPATUBHOCTh YBEIMYMBAET KOIMYE-
CTBO TPAaHCIOPTHPYEMOIo KucJopoda. Bo-
sTopbiX, H* 1 CO, cnocoberByior oTienste-
HHIO KHCJIOpOZa OT reMornobuna - sddexT,
umerolumii Gosibioe dusnonoruueckoe 3Haye-
HHE, NIOCKOJIbKY TAKMM IIyTe€M YBETHYMBAETCS
BbICBOOOX/IECHNE KUCJIOPOJA B TKAHAX C aK-
THBHBIM MeTabonu3MoM, Hanpumep B pabo-
TaromMX Mbimax. UMeeT Mecto u o6paTHblii
3¢dexT: O, CnocobeTByeT BLICBOGOXKACHHMIO
H* u CO, B kanunispax JerovHbx aibBEOL.
AnnocTepuyeckas CBsi3b MeXIy TpPHCOCIHHE-
uueM HY, CO, n O, nspectna xax «doext
Bopa». B-TpeTbux, cpoacTBO reMorioGuua K
O, perynupyercs Takxe 2,3-6uchocdormmme-
patoM (BPTI')-coenunenneM HeGONbIION MO-
JIEKYJIAPHOH ~ MAcChl, MMEIOIUUM  OTpHIa-
TeJIbHBIA 3apsl BBICOKOM NJIOTHOCTH. BT
Croco6eH NpUCOeqUHATELCS K IE30KCHTEMOTJIO-
6uny, HO He k okcuremornobuny. OTcroaa ce-
ayer, uro BOI' cHuxaeT CpoaCTBO reMorio-
6uHa K kucaopony. BOI™ urpaer Baxuyio pob
B alanTal¥yd OPraHU3Ma K BBICOTE H K I'MIOK-
cuu. I'emorsiobun niona obnanaer Gosee Bbi-
COKHM CPOJICTBOM K KHCIIOPOZY, 4€M TeMOTJIO-
GMH B3pOCJIOro OpraHu3Ma, MOTOMY 4TO OH



cBA3biBaeT MeHblie BOT.

AnnoctepuyeckHe CBOMCTBa reMorjobuHa
0o0yCJIOBNICHBI B3aHMOIEHCTBHEM €ro o- u f-
cy6prenunuu. JXKectkocts T-dopmer (Hamps-
JKEHHON) YeTBEPTHYHOH CTPYKTYpBI oOmnpene-
nisieTcst 0Opa30BaHMEM COJIEBBIX CBA3ei MexXay
cyObeqUHHLIAMH, YTO OOYCIIOBJIMBAET HU3KOE
cpoAacTBO K Kucyuopoay. B R-dopme 3tu Mex-
CyObeAMHUYHBIE CBSA3M OTCYTCTBYIOT M CpPOA-
CTBO K Kuciopoay Beicokoe. [1pu okcureHupo-
BaHHM aTOM Xejle3a IepeMeniaercs B IUIO-
CKOCTBb TeMa M MOATATHBAET 3a co0O0#l NpOoKCH-
MaibHbI rucTHAMH. [1pH 3TOM nepemenieHnu
HAYMHAIOT pacCIUEeIIAThCA COJIEBbiE CBS3M
U HPOUCXOIMT CIBHT paBHOBecHA OT T-¢hopMbl
Kk R-dopme. IIpucoenunenue x remMoraobuHy
4eTBepTO# MoJiekysibl O, TPOUCXOAMT 3HAYH-
TEJILHO JIEr4e, Y€M MPUCOSTUHEHHE TIEPBOMH, Tak
kKaKk TpebyeT pa3spbiBa MEHbUIErO 4YHCIA CO-
neBbix cBsasei. BT cea3bIBaeTCs ¢ MOMOXKU-
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a) yenuvende pH ot 7,2 mo 74;
6) ysemmuenne pCO, ¢ 10 no 40 Topp;
B) ysennuenue [BOI]c2-107* 1o 8-1074 M;

1. Kak noenuser xaxmoe U3 nepe4uc-

JIeHHBIX BO3IEHCTBUI Ha CPONCTBO
reMorjiobuHa A K KHCIopony in vitro:

4. T'emoro6mnu:
AJJI0OCTePHYECKHH Oenok
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I) AuccolManus o,B, Ha MOHOMEDHbIE Cy6b-

€IMHHIbI?

2. Kak nosnusior cneayrouue Bo3-
IEeACTBHA HAa KOJIHMYECTBO MOHOB

H*, cBasbiBaeMbIX remMoryioGuHOM A in vitro:

a) ysenmyenne pO, ¢ 20 no 100 Topp ( npw no-

crosuueix pH u pCO,);

6) peaknus reMorio6uHac M3GBITKOM LHaHAT2

(npu nocrosuHoM pH)?

3. B spurpouuTax nTun 1 yepenax co-
IEPXKUTCH PErYIATOPHOE COENMHE-

HUe, oTamyHoe oT BPI', D10 coenunenue cno-

COOHO TakXe CHUXATh CPOACTBO K KHCIOPOIY

YE€JIOBEYECKOr0 reMoriobuHa, OCBOOOXIEHHO-

ro ot bPI'. Kaxoe H3 HuxenepeyHCneHHBIX Be-

HIECTB MOXET OBITh, IO BALIEMY MHEHHIO, Ha-

ubosiee >PPEeKTHBHEIM B 3TOM KadecTBe:

a) TIoK030-6-docdar;

6) unosuronrekcadocdar;

B) HPOZ~;

I) MQJIOHAT;

J1) aApruHvH;

€) nakrtar?

4. KpHBas muccompalnum Kucaopoaa
AN TEMOINIOOMHA ONMCBLIBAETCA

C XOpOIUEH CTENEHbI0 MPUOIIKEHUS CIIenylo-

MM SMITHPHYECKH HAHICHHBIM YpPaBHEHHEM

@Oy
(PO,)" + (Pso)"’

rae n = 2,8. BuIBoz 3TOro ypaBHeHHs ObLI Onu-
caH B pa3n. 4.2
a) KonuecTBo TpaHCIOPTHPOBAHHOTO KHCIIO-
poAa NPONOPLMOHATIBHO DPa3HULIE B CTENEHH
Haceimienua AY. Paccuuraiite AY nns mone-
KyJbl remMorjiobHHa, NpoWeAuero myTh OT
Jerkoro a0 pabotaromied Mbimmel. Ilyets
Pso = 26 TOpP, Pperxoe = 100 TOpp, Prymua =
=20 Topp.
6) donycTnm, 4TO CBSI3BIBAHHE KUC/IOPOAA Te-
MOTJIOOMHOM TPOMCXOAHT HEKOOIEPATHBHO,
HO Ps, ocTaercs pasubM 26 Topp. Yemy Oyaer
PaBHO A Y1711 TAKOTO HEKOONEPATHRHOT O Iepe-
HOCYHKa KHUCiIopona?
5. PK KHCHOTBI 3aBUCUT YACTHYHO OT
okpyxatouieli ee cpeabl. Kakoe
BausHue HAa pK GOKOBOM 1enH riayTaMHHOBOM
KHCJIOTBI OKaXYT cienylomue GakTopbi?
a) TecHoe cOMmKeHHe ¢ 6OKOBOM LENbIO JIH-
3HHa;

Yacre |
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0) TecHOe CONMKEHNE C KOHLIEBOMH KapOOKCHIIb-
HOH rpynnoii Genka;
B) nepemelieHue 60KOBOM LENH 1y TAMHHOBOI
KHCIIOTBI C MOBEPXHOCTH GENKOBOW MOJEKyYIIbI
BO BHYTDEHHMH HEMOJAPHBIA y4acTok?
6. Bruto u3MepeHo cpoacTeo K Kuc-
JIOPOAY «OTOPOXEHHBIX» 3aMECTH-~
TEJIAMM X€J1€30N0PYHPHHOB € Pa3THIHBIMH OC-
HOBAaHHAMH B [IATOM KOOPIHHALHNOHHOM IOJIO-
xeHuu. C 1-MeTHuMuaaszonom P, okaszanach
pasabiM 0,49 Topp, Toraa kaxk ¢ 1,2-nuMeTHiu-
MHAa3onoM — 38 topp. [loueMy oana nonoxu-
TeNbHAA METHWIbHAA TPyNNa TaK CWILHO CHU-
XaeT CPOACTBO K Kucaopomy?
7. IIpencrasnenne 06 o6Gpasopanun
CBSI3H JIEKHT B OCHOBE TOHUMAHKS
MHOrHX 6moxumMM4Yeckux npoueccos. Paccmo-
TpUM Genok P, koTopelii cioco6en npucoenu-
HATb BellecTBa A M B BMecTe WwiH noposun:

P 2 pa
o] e
PB ~— PAB

Kga

KoHCTanTL AnccOuMaunn 3THX paBHOBECHBIX
TIPOLIECCOB ONPEAESIOTCA CIEqYIOUMM 06pa-
30M:

_ [PB][A]

Ka= a0 “rpan -
_ [P][B] PA][B]
o= Tem - Kam i

a) HomyctuM, uto Kp=5-10"*M, Kpg=
=10"3 M, Kga= 10"% M. MoXHO 1 Ha 5TOM
OCHOBAHHH BBLICYMTATh YETBEPTYIO KOHCTAHTY
nucconuaunu K,g? Ecnm na, to 4yemy ona
paBua?
6) Kax Biuser A Ha cembiBaude B? Kak
BiauseT B Ha cBA3biBanMe A?
8. ITpu nmpHCOoenMHEHHH K TeMOIJIO-
6uny oxcuna yrinepoma obpasyer-
ca CO-remornobun. Kpucrawisr CO-reMo-
rnobuHa M30MOpGHbI KPUCTALIAM OKCHUTEMO-
rnobuna. Kaxasii rem B reMoriobuse croco-
Gen CBA3aTH OMHY MOJIEKYJTy OKCHAA YTIIepo/a,
HO HE MOXeET cBsA3aTh 0AHOBpeMeHHO CO 1 O,.
Cponctso csasbiBanus CO npumepno B 200 pa3
BBILLIE, YeM CPOJCTBO cs3biBanus O,. B pesyns-
TaTe BABIXaHHS B TeueHHe 1 4 BO3myxa, comep-
xaitero 0,19, CO, npuMepHO NOTOBHHA FeMOB



Bremorjobune okasbiBaercs cBa3ana ¢ CO, uro
HEpeNKO NPHUBOOUT K JIETAJBHOMY MCXOHY.
Xongeiin w Ilpuctiu (Haldane, Priestly)
B 1935 r. mocTaBWIH (M YaCTHYHO pa3pelLWIH)
MHTEpECHBIH BOIPOC:
«Ecmu 61 meiictBue CO COCTOSIO TOJNBKO
B YMEHBIIEHWH CIOCOGHOCTH TIeMOorjobuHa
K TIEPEHOCY KMCJIOPOJA ¥ He BIIUSUIO HA Apyrue
€ro CBOWCTBA, TO CHUMOTOMBI OTpPAaBJICHHS
yrapHbIM ra3oM TPYAHO ObUIO Obl OOBACHHUTH
B CBETE MMEIOLIMXCS AaHHbIX. Tak, kKak Mbl
TOJILKO YTO BHAENH, IPU MOJIYHACBILLIEHUH KPO-
BH OKCHJIOM yrijiepoaa GOJbHOH NMpPaKTHYECKH
Oe3HaiexeH ; C APYroi CTOPOHBI, ECJTH Y YeJIOBE-
Ka colepXXaHHe reMorjo6HHa NpPOCTO YMEHb-
IaeTCs B IBa pa3a BCJIEJCTBHE AHEMHH, TO Ta-
KOl OOJILBHOM MOXET NMPOJOJDKaTh paboraTh
KaKk OoObIMHO».
Kak 0ObSCHHTL 3TOT KaXyLIMics mapamokxc?
9. Benok P cmocoben obparumo
CBA3BIBATH HU3KOMOJIEKYJISAPHOE
coenunenue L. KoHcraHTa qucconuanuu K s
PaBHOBECHOTrO Ipolecca

P+ LeaPL

COCTaBJIACT
_ [PI[L]
K= ﬂ

Benox P nmepeHocHT 3TO coenmHeHue U3 obna-
CTH BBICOKO# KOHUeHTpauuu [L,] B obnacts
HH3KOH KoHUeHTpauuu [Lg]. HomyctiMm, uTto
KOHIIEHTpanus coequHeHus L B cBobGonHo#
¢dopme ocTaercs nocrosHHO#. benok P uupky-
nupyer Mexay A u B.

a) Iycts [LA]=10"*M u [Lg]=10"¢M.
ITpu kakoM 3na4denun K Tpancnopt L oxaxercs
MakCUMaJbHbIM? [l pelleHus 3agayd co-
CTaBbTE ypaBHeHHUe I AY, T. €. 111 H3MEHEHHS
CTENEeHH HACHILEHNS CBA3BIBAIOILETO JIMTAHA
yJacTka npu nepexoze ot A k B. J[lanee Bripasu-
Te K uepes AY.

6) PaccMoTpuTe aHaIOrHYHBIM 06pa3oM nepe-
HOC Kucnopona remorioounoMm. Ipu xakoi Be-
mmuuHe Pg, OKaxeTcs MakcuMaubHOH AY?
Mpumem, uto P B nerkux pasuo 100 Topp, P
B Kamwuisapax tkaHe# — 20 Topp. CpaBHuTe 10-
JIYYEHHYIO BaMH BeJIMduHY P, ¢ punosoruye-
CKMM 3HaY€HHEM, paBHbIM 26 Topp.



MMABA 5.
MonekynsapHble 6onesHu:
CepnoBUAHOKNETOYHASA
aHeMus

B 1904 r. umxarckmii Bpau [[xeitmc Xeppuk
(J. Herrick) o6cnenosan 60nbH0ro —cTynesTa-
Herpa B Bo3pacTe 21 roja,—OCTYNHBLUErO
B GOJTLHHILY 110 TTOBO/lY KALLJIS H JIMXOPaJOYHO-
o COCTOsHMA. BOJbHON XaJOBaNCA Ha cia-
60CTb, roIOBOKPYXEHHE, TOJI0OBHYIO 60b. J10
MOCTYNUICHHS HA TPOTSDKEHUH TOJIA OH CTPaan
OT DNPUCTYNMOB CEpALEOHEHUS W HENOCTATKA
BO3AyXd; MIOCNEAHNE HECKONBKO JIET 6ONBHOMR
BCE MCHbIIE YYacTBOBAJI B CIIOPTHBHBLIX HIpax
H JpYTUX MEPONPUSTHSAX, CBA3AHHbIX ¢ QH3HYE-
CKOW HArpy3ko#; 3a 3 roja o0 TOCTYuJICHHS
Y HETO B TEYEHHE 6 MECSHIIEB OTMEYaJIOCh BhIJIE-
JieHue rHOA M3 yxa. C IETCTBA OH 4acTo CTpa-
JlaJl OT HAPEIBOB HA HOTAaX, KOTOPBIE 32XHBAJIH
OYEHb MEIJIEHHO.

IIpn  obcnenopanun  GonbHOro  Cye-
CTBEHHBIX OTKJIOHEHHH OT HOPMBI B (pH3Uue-
CKOM H YMCTBEHHOM Pa3BUTHH HE OTMEYAJIOCH.
Benxu rias OblmM C KENTOBATHIM OTTEHKOM,
CIU3HCTHIE 0605104KH GeaHbl, TuM(aTUYECKHE
y3Jbl yBeninueHbl. Ha rosnensx u Gempax 6wiio
o6HapysxeHo okono 20 py6uos. 3HauHTENbHbIE
OTKJIOHEHHS OT HOPMEI HabJIHONaIMCh CO CTO-
POHBI Cepala: pacluMpeHHe rpaHuy, mym. Kak
nucan XeppHK, «... CO37aBaOCh BIEYATICHHUE,
4TO Ccepaue paboTaeT MoA AEHCTBUEM KAKOTo-
TO MOUIHOTO CTHMYJISTOPA, XOTS HAKAKHX CTH-
MYJHPYIOIIMX CEPACYHBIX CPEICTB OOJILHOMN He
HOJIy4a.

JlaGopaToproe o6cCienoBaHKEe BKJIIOYAIIO
TUIATENbHBIA aHAIN3 Kaa OOJIBHOFO C LENbI0
BbIABJICHUA BO3MOXHBIX NapasHTOB, BEPOSAT-
HOCTb 3apaXXeHUsI KOTOPBIMH Y BOJILHOTO, BbI-
POCLLETO B TPONMKAX, AOCTATOMHO Bejka. On-
HaKO HMKAaKMX Napa3uTOB HAMIEHO He ObLIO.

Yacrs |
88 Kondopmaums u munamuka

B Mokpore He Gbio 06Hapyxeno Tybepky-
JIE3HBIX mano4Yek. B Moye comepxanuch ocrar-
KM KJIETOK, YTO yKa3plBAJIO HA MOPAXEHHE M10-
uek. [pu aHamu3e Kposu GBIIO YCTAHOBJEHO
PE3KOE OTKJIOHCHHE OT HOPMBI:

O6Hapyxc-

HO T'panHLL HOPMEL
Konnuecrso 2,6-10° Mmn  (4,6-6,2)-10° Mn
IPHTPOLUTOB
Conepxanue 8 r/100 Mn  (14-18 1)/100 Mn
reMornoGuHa
Konnyectro 15250 Mt 4000-10 000 mx

NeHKOIH10B

BoJIbHOH, HECOMHEHHO, CTpajyan aHEMMEN,
NOCKOJIbKY COAEpXaHHE reMornobuHa 6bii0
BABOE HUXe HOPMEL Ero sputponuTsl ouenb
Pasan4aNnCh MO pa3Mepy, IpUYEM MHOTHE H3
HHUX OBUIM ropasao MeJibye, YeM B Hopme. Kpo-
M€ TOr0, BEISBJISLIOCH GOJIBIIOE YKCIIO IPUTPO-
LHTOB, cofepxammx saapo. Takue snepHbie
KJIETKH CIYXaT TNPeAIeCTBeHHUKAMA HOp-
MaJIBHBIX 3peJIbiX SPUTPOUUTOB, JIMILIEHHBIX
Aapa. XeppHK Tak OMMUCa HEOGBIMHBIE IPUTPO-
uMTHE 6051bHOrO0: «KpacHble KPOBAHLIE TedbLA
OTJIHYAJICH HENOCTOSTHCTBOM (DOPMBL, HO YMo
0cobenno npueaexaso enumanue, 3mo 6oavbwoe
YUCAO MOHKUX, YOAUHEHHBIX CEPROBUOHBIX, NO-
Xoxcux Ha noaymecay kaemox. OHu OOHADYXH-
BAJTHCh B CBEXHX IP06ax KPOBH BHE 3aBHCHMO-
CTH OT TOTO, KaK HAHOCHJIH KPOBb Ha CTEKJIO.
B 1po6ax kpoBH, B3ATOH 0OJHOBPEMEHHO y Npy-
THX JIHI B 06pabOTaHHOM B TOYHO TAKMX XKe yc-
JIOBHSX, TaKMe KIE€TKH He OGHApYXMBaIMCh.
HecomHeHHO, 4To OHHM He GbUM HHM apTedak-
TOM, HH Kako#-mubo Gopmoit napasuruuecko-
ro OpraHusMa».

BoseHoMy 6bino Hasmaveno o6umieykpen-
JIAIONIEE JIEYEHHE: OTABIX, XOpOLee MHTAHME.
Yepes yeTsipe Hemenu oH Bhimucajics. Camo-
YYBCTBHE €r0 YJIYYIIHJIOCH, KOJIHYECTBO reMo-
riobuna Bospocno. OQHAKO B KPOBU BCE elMIe
BBISABJSUIHCE «CBOeoOpasHble, B Gopme moy-
MeECsilla KPACHblE KPOBSHBIE TEJbLA, XOTH WX
OBbLTIO MEHbLUE, YEM PaHBILE».



Puc. 5.1.

Prc. 5.2.

/7

CepnoBHAHBIE KJIETKM B KPOBM
607bHOr0  CEpIOBHIHOKIETOY-
HOM aHemued. Bux nonm cse-
ToBbIM MHUKpockonoM. (Ileva-
TaeTcd ¢ Jr0be3HOro paspelire-
Hus A-pa F. Bunn.)

OputpoudT 6OJBLHOTO  Ccepro-
BHIHOKJIETOYHOH aHeMMell; MHU-
kpodoTorpadus, moyyyeHsas c
NIOMOILBIO CKAHHPYIOLIETO 3JIEK-
TPOHHOro Mukpockona. ([Teua-
Taercs ¢ J06E3HOro paspeine-
HHs 1g-pa J. Thornwaite u n-pa
R. Leif))

XeppHk OblLI MOPaXxeH TaKOW KJIMHHYECKOH
KapTHHOH H 1abOpaTOpHBIMH AaHHbIMH. [Tpo-
1o 6 neT, Ipexae YeM OH pelumsIcs ony6mu-
KOBAaTb 3TOT CJIyyai, YUCTOCEPIAEYHO MpH3HA-
Basg, 4TO OOJILHOMY «HEJNb3s [axe ObLIo
NOCTaBAThL KaKOH-IHO60 AMarsos». ABTOp OT-
METHJI XPOHHMYECKHH XxapakTep 3abosieBaHus
4 pa3HooOpa3ue NMaTOJIOrMYECKMX M3MEHEHHH,
BBISBJIIEMBIX IIPM OCMOTpe H mno Jjabopa-
TOPHBIM JaHHBIM: yBEJIMYEHHE CEpMla, onyxa-
HHE BCEX JITM(aTHYECKHX Y3JIOB, XKeEJITyXa, aHe-
MHs, NPU3HAKH MOBpeXAeHus moyek. OH
NPUIIET K BHIBOAY, 4YTO MPOHCXOXAEHHE 3a60-
JIEBAHHUS HEJIb35 CBA3aTh C OPraHMYECKHM I10-
paXkeHHEM KaKoro-jubo oaHoro opraxa. Xep-
PHK BBIIEJIMII KaK BEAYLIHMI CHMNTOM Hapyllie-
HHE KapTHHBI KPDOBH M 03arJiaBWii COOOUIEHHUE
06 3TtoM cityuae Cgoeofpasnbie ydauHeHHble
U CcepnosuOHble KpacHvle KpO8AHble meabyd
6 cayuae maxceaoii anemuu. XeppuK BHICKA3aJl
NPEANOJIOKEHHE, YTO «IIePBONPHYMHON 3a60-
JIEBaHUst MOXeT OBITh Kakoe-JIH0O0 HEU3BECTHOE
H3MEHEHHE COCTAaBa CaMHX TeEJIEI.

5.1. CepnoBHIHOK/IETO4YHAS AHEMHS — XPOHHYE-
CKasi reMOHTHIecKas 0on1e3Hb, mepe1aomancs
0O HACJeICTBY

Bckope nocne my6nukanuy Xeppuka 6butn
OOHapyXeHbl H OPYTHe ciy4ad 3Toro 3abose-
BaHHs, HAa3BaHHOTO «CEPIOBHAHOKJIETOYHOM
aHemuei». B caMoM e, cepnoBuIHOKIIETOY-
Hasi aHEMHMsA—OTHIOAb HE peakas O6oJie3Hb.
B cTpanax ¢ goctatouHo 60ab1IOH MPOCIION-
KOl HErPUTSHCKOro HaceneHus 3To 3abonepa-
HHE [PEICTABIAET 3HAYHTENBHYIO mpobieMy
IUIS 3APaBOOXPAHEHHUs. Y HETPOB CEPIIOBHUIHO-
KJIETOYHAasi aHEeMHUs BCTpevaeTcss ¢ 4YacTOTOMH
4 ciy4as Ha 1000 yeroBex. B nmpouutom cepro-
BHIHOKJIETOYHAS aHEMHS NPUBOAMIA OOGBIYHO
K rubeyH 60JILHOTO, Hepeako B Bo3pacte 1o 30
JIET, BCJIEACTBHE HMHQEKIHH, MOYEYHOM HENo-

CTATOYHOCTH, CEPIEYHOH HENOCTATOYHOCTH
unu TpoMbo3a.
CepnoBuaHble  3PUTPOLUTBHI  3aCTPEBAIOT

B MeEJIbYaiIMX KPOBEHOCHBIX cocymax. B pe-
3yabTaTe HapylIaeTcs KpOBOCHAaGXeHHeE, YTO
[IPUBOUT K MOBPEKAEHHIO PA3JIMYHBIX Opra-
HOB, B 0cCOOEHHOCTH movek u koctei. Cepno-
BHHBIE KJIETKH OTJIMYAIOTCS OOJIbILEH XpyIl-
KOCTbIO, 4e€M HOpMaibHble. [IOCKONbKy OHH
JIEFKO TE€MOJIM3UPYIOTCS, HX CPOK XH3HH YKO-
poueH. B pesysnbTaTe pa3BuBaeTcs TsKenas
agemMs. XpOHHYECKOe TeueHue 3aboJieBaHHs
NpPOXOIMT 4epe3 KpH3bl, KOrAa OOJS Ceprio-

5. MouJiekysisiphbie 00Jie3HH:
CEprNOBHIHOKJ/IETOYHAA aHEMHA 89



Puc. 5.3.

OnexTpoHHas MukpodoTorpa-
¢HA BOJOKOH [NE30KCHreHupo-
BaHHOroO TreMOIJIO0WHA cepro-
BUIHBIX KJIeToK. Ha BepxHem
PHCYHKe —Tonepe4Hbli cpe3, Ha

HIDKHEM — IPOIOJTbHBIH cpes.
Tomuuuna BOJIOKOH— 170 A,
[Finch 1. T, Perutz M.F.,,
Bertles J.F., Dobler J.,, Proc.

Nat. Acad. Sci,, 70, 719 (1973).]

BUHBIX KJIETOK B KPOBH BO3pacTaer 0COOEHHO
cuiibHO. Bo BpeMst kpu30B y 60JIbHOTO MOXKeT
Pa3BHTLCA ILOK.

CeprioBHIHOKJIETOYHAS aHEMHs TepegacTcs
no HacneacTBy. BonbHbie cepnosudnokiemou-
HOll anemuell 20mO3u2omnubl no dedekmuomy
2eny, TOKaNM30BaHHOMY B OJHOW M3 ayTOCOM.
Jhroau, nonyyuBmKe OOMH NeEKTHHIA I'eH OT
OJHOTO U3 POAMTENEH H OTHH HOPMAaJIbHBIH ai-
JIeSb OT APYroro, iBASIOTCA HOCUMEAAMU npu-
3HAKa cepnosudHoKiemounocmu. Y Takux zeme-
po3uzom CHMITOMBI OOJIEe3HH OOBIMHO HeE

Yacrs 1
9% Kondopmauns n aunammuxa

NPOSIBASAIOTCA, TAK KaK HA JOJIIO CEPIOBHIHBIX
9PUTPOIIMTOB y HHX NPHXOMMTCH BCErO JIMIIb
19, obuiero 4uciaa 3pUTPOUUTOB B BEHO3HOM
KPOBM; y TOMO3UFOTHBIX MHAMBHAOB KOJIHYE-
CTBO CEPIOBHAHBIX SPUTPOLMTOB JOCTUraeT
50%. OmHaKo M HOCHTENLCTBO NMPU3HAKA Cep-
TIOBU/IHOKJIETOYHOCTH, KOTOPOE BCTPEYaeTCs
Y HErpoOB B O[IHOM CJIy4ae U3 AECATH, HE COBCEM
GnaronpuaTHo 11s opranusma. Tak, 11s Hocu-
TeJleld NPU3HAKA CEPIOBHIHOKIETOYHOCTH MO-
XKET APEACTABNATh ONACHOCTh Gonbiuas Qpu3u-
4eckasd Harpy3ka B BBICOKOTOPbE, IOJIEThI
B HErCPMETHU3HPOBAHHBIX CAMOJIETAX, HAPKO3.
IMoueMy? MbI BEISICHUM 3TO B XOJi¢ AaTbHEH-
IIETO H3JIOXKEHHS.

5.2, [le30KCHTeHHPOBAHHLIH  CepIIOBHAHOK.IE-
TOYHBIH reMOr/IO0HR HMeEET NOHHKEHHYIO pac-
TBOPHMOCTH

XeppHK  BhICKa3aJl INPABHJIBHOE IIPENoJIo-
KCHHE O JIOKANM3ALUNH NEPBHYHOTO aedexTa,
00YCJIOBTHBAIOIIETO  CEPIOBHIHOKIETOTHYIO
anemuto, TIpu CHMKEHHM KOHLEHTPALMHM KHC-
JI0poad 3pHTPOUUTE! 6OJIBHOTO NpHOGpeTaroT
CepnoBH/IHYIO (OpMy Ha NMpEaAMETHOM CTeKJie
in vitro. OkasaJoch, 4TO B 3THX KJeTKax nedek-
TeH CaM reMOorJIoObuH. PacTBOPUMOCTE [1€30K-
CHreMOrio0HHa CEpIOBHAHLIX KJIETOK IIpH-
MEPHO B 25 pa3 HHXKE DPACTBOPHMOCTH
HOpManbHOro remoryobusa. Ipu nesokcure-
HHPOBaHMH KOHLUECHTPHPOBAHHOIO pacTBOpPa
reMOrJI06MHa CEPIOBHAHBIX KJIETOK 06pa3yeT-
€A BOJIOKHHCTHIH ocamok (puc. 5.3). MMenno
TaKOH 0caqok AePOPMHUPYET 3PUTPOUMUT, MPH-
naBas eMy cepnosuaHyio dopmy. I'eMorno6un
CEPIOBHIHBIX KJETOK MPUHATO 0003HAYaTh
kak remorno6us S (Hb S) B oTnuyne ot remo-
rnobuna A (Hb A)-nopMansHOTO reMorao6u-
Ha B3POCIJIOTO YeJIOBeKa.

5.3. I'emor;100un S OT/IHYAETCH OT reMOraoGH-
Ha A no 3/1eKTpodOpeTHUECKOH NOABHKHOCTH
B 1949 r. Nonuur (Pauling) u ero coTpyanuku
u3y4anu (QH3UKO-XHMHUYECKHE CBOWMCTBA reMo-
rJI00HHA B HOPMe, IPH HOCHTE/ILCTBE PH3HAKA
CEpNOBMAHOKIIETOYHOCTH ¥ npu 3a00JIeBaHUM
CEPNOBUAHOKJIETOYHOH aHemueit. Ucnonb3o-
BaHHbIH MMH 3KCHEPHMEHTAJbHBINA MOAXO/ CO-
CTOS1 B CJICAYIOLIEM: OHU COTNIOCTABJISAIM IO-
BHXHOCTb  MCCJICAYEMBIX  FeMOIJIOGMHOB
B JJIEKTPHYECKOM mosie. MeTon onpeneneHus
MOJBHXHOCTH B 3JIEKTPHYECKOM TIOJIE HA3bl-
BaeTCs 3ekmpogpopezom. CKOPOCTb MHUTPALHH
(V) 6enxa (M kakoro-nubo Apyroro coeanHe-
HHA) B 37IEKTPUYIECKOM IIOJI€ 3aBHCHT OT Hamps-
KEHHOCTH 37ekTprieckoro nons (E), ob6wero



3apsina 6esnxa (Z) u conpoTuBaeHus TpeHus (f).
ConpoTHBIIcHHEe TPEHHUs ONPEAEIAETCS pa3Me-
poM U dopMoii Genka. Yka3aHHbIE BETHIHHBI
CBA3aHBI MEXJy CO0OH COOTHOLEHHEM

EZ
=" 1
7 (1)

H3031exmpuueckan mouka 6Genka—3TO 3Ha-
yenue pH, npu KOTOPOM AaHHbIH O€0K He He-
ceT asiekTpuueckoro 3apsana. [1py takom 3Ha-
yeuun pH snekTpodopeTHueckas noxBUX-
HOCTb PaBHa HYIIIO, TOCKONbKY Z = 0 [ypaBHe-
uue (1)]. Tlpn pH Huke M3031€KTpUYecKoit
TOYKH MOJeKyjga Oesika 3apshkeHa IOJIOXHU-
TENbHO ; NpH 3HayeHHAX pH, mexanmux Bbilue
H303JIEKTPHYECKOH TOYKH, 6esiok 3apskeH OT-
putiaTesibHo. ['eMOrobuH. cepnoBHOHBIX Kile-
TOK OTJIMYA€TCA OT HOPMAJILHOTO MO H303JIeK-
TpH4eckoi TOuke:

I'emorno- I'emorno- Pasnu-
6un Hop- Oun cepno- ua
MaJIbHbIX BHHBIX
IPUTPOLH-  KJIETOK
TOB
OxcureMornobuu 6,87 7,09 0,22
Jesokcuremoriiobun 6,68 6,91 0,23

Kax BuaHO U3 npuBeJeHHON Tabiuubl, pasiu-
4YH€ MEXY CEpIOBHIHOKJIETOYHBIM W HOP-
MAa/BHBIM TEMOTJIOOMHOM 11 OKHMCIEHHOH
M BOCCTAaHOBJICHHOH (pOpM oaMHAKOBO.

Paznuyue B 21eKTpOYOPETHYECKOI TOBIDK-
HOCTH TeMOTJIOOMHa A U S MOXeT 00BACHATHCA
H3MmeHeHHeM JmGo obwero 3apsaga Z, nuGo
ko3t drmmenTa Tpenus f. Cam o ceGe addext
TpeHHUA (06yCIOBNCHHBIH H3MeHEHHEM POpPMBI)
BbIpasmics 6l B TOM, MTO OJHO BEIECTBO [BU-
rasiock Obl Me/IJIEHHeE APYroro Bo BCEM QHara-
3oHe pH. B paccmatpnBaeMoM cnydae atoro
HE TIPOUCXOAHJIO, CYAA 1O TOMY, YTO KpHBLIE
3aBHCHMOCTH 3J1eKTpO(OpeTHYECKO# moaBmX-
HOcTH OT pH MMesnH OMHAKOBRIN yroy HakJjo-
Ha (pHc. 5.4). Kpome Toro, npyrie ¢pusuko-xu-
MHYECKHE MCCIIEAOBAHMSA, & UMEHHO ONpeaeie-
HHE CKOPOCTH CEAHMMEHTAUUH U CBOOOIHOIM
MudPy3uH nokaszanu, 4To ko3pdHIMEHTH Tpe-
HHsl OKCHI€HHPOBaHHBIX (GOpPM reMoryiobuna
A u remoryiobuHa S ObLIM OAMHAKOBEIL,

Ha ocnoBannu 3THX Habmtopenuii Gbin che-
JIaH BLIBOJ O pA3AUYUU 8 YUCAE UAU mune uoHu-
3UPOBAHHBIX 2PYNN 8 CPABHUBAEMBIX 2eMO2106U-
Hax. CKONBKO TaKUX TIpyln B KaXAOM H3
remMornio6uHoB? OTBET AdeT KpuBas KHCIOT-

CepnosugHbie
+
2
8 0 . NS NG
I
X
s
o
3 HopMmanbHbie
g
1 ]
5 7 9
pH
Puc. 54. 3aBucumocTs ot pH 3nexTpodo-

peTHYECKOH IOABHKHOCTH HOp-
MaJIbHOTO TeMOrJI06HuHa U remMo-
rJI00MHA CEepPHOBHIOHLIX KIETOK.

HO-OCHOBHOTO THTPOBaHMSI [€MOTJIOOHHOB.
B obnactu pH 7 3Ta xpuBasi MOMTH JIMHEHHA.
H3menenue pH pacTBopa remorio0uHa Ha
€IUHHULY CO3/aeT pa3HHMHY NMO4TH Ha 13 3aps-
noB. Ctano ObiTh, pasjMune B H303JIEKTpHYE-
ckux Toukax Ha 0,23 COOTBETCTBYET IIPUMEPHO
TpEM 3apsiaM B MoJiekyye reMornobuna, Ot-
CI0a CIIEAYET, YTO 2eMO2A00UH CepnOBUOHbLX
KAEMOK omauvaemcsa Oom HOPMAABHOZO HaAAu-
YteM OONOAHUMEAbHBIX 2—4 ROAONCUMENbHBIX
3apacos.

C 4eM CBA3aHO TO OT/IHYME: C U3MEHEHHEM

COCTaBa MOJMNENTUIHON LENW WIH C H3MEHe-
HueMm reMa? M3 ceproBUIHOKIETOYHOTO TEMO-
rno6uHa 6bUT BbIIENIEH MOPOHPHH ; 110 AAHHBIM
ONpeNeNeHHA TOYKM MJIABJICHHS U PEHTTEHO-
CTPYKTYPHOTO aHaJH3a OH OKA3aJCs WIEHTH-
4eH Nop(UpPHHY HOPMaJbLHOro remorioGuHa.
DTO NOKA3BIBAET, YTO PaAzAudue Mencoy 06yma
26’M02/106uHaMu 3aKAIOYACMCH 8 0CODeHHOCMAX
cocmasa noAunenmuoHvIX yene.
Y 607bHBIX CEepPHOBHIHOKIETOYHON aHEMHEH
(Bcerna roMO3MrOTHHIX MO AeheKTHOMY reHy)
HMeeTCq reMOTJIOOUH S u HeT remMoriao0uHa A.
B To ke BpeMs y HocuTeNnel npH3HaKa ceplio-
BHHOKJIETOYHOCTH (KOTOPBIE TETEPO3UTOTHBI
IO TEHY CeplIOBUAHOKIETOYHOCTH) 06a remMo-
rj00uHa coaepxaTcsi IPUMEPHO B PaBHBIX KO-
JmuecTBax (puc. 5.5). TaxuMm obpasomM, B pabo-
Te [Tosuura 6b11 BbIsSBIEH GECCIIOPHBII Clyyait
HU3MEHEHHA MOJIEKYJNIbl Oellka IpH U3MEHEHHH
ajuleNieil KOOMPYIOIIEro ero reHa. JTO0 Obli
NEPBbIA NPUMEP MoaeKyaapHol Goaesnu.

5. MoJiekyaspuble 50J1e3nM;
CEPHOBHIHOK,JIETOYHAA AHEMMH 91



5.4. TlonyueHHe NeNTHAMBIX KApT: BbIsBJICHHe
aMHHOKHCJIOTHOH 3aMeHbI B IreMOrJI06HHe ceprio-
BHIHBIX KJIETOK

Hrak, snekTpodopernyeckuit ananus nmokasad,
4YTO reMornobuH S wumeer 2-4 aONOJHH-
TEeJIbHBIX HOJIOKHTENBHBIX 3apsifia [0 CpaBHe-
HUIO ¢ TeMOrIo6MHOM A. B0o3mMOXHBI pasHble
OyTH BOBHUKHOBEHHS TAKOT'O Pa3jIMYHs B 3aps-
i€ MOJIEKYJIbI:

Hb A HbS

IonoxutensHo 3a-
PAXEHHAS aMHHO-
KHCHOTa

Helitpanbhas
AMHHOKHCIIOTA

ITonoxuTenbho 3a-
PAXEHHAsT aMHHO-
KHCJIOTa

OtTpunarenbHo 3aps-
XEHHAs aMHHO- -
KHCJIOTa

OrpHuartenbHo 3aps-
KEHHas aAMMHO-
KHCJIOTA

HejiTpanbHas aMuHoO-
KHCJIOTa

Buisichenne Bonpoca, Kakasi KOHKPETHO 3a-
MeHa MTPOU301ILIA B reMOriobuHe S, OTHOCHTCS
K 1954 r., xorna BepHon Uurpem (V. Ingrem)
pa3paboTan HOBBIA MeTO/ ONpeeNeHUs] aMH-
HOKHMCJIOTHBIX 3aMeH B Oenkax. Jnst nposene-
HHUS aHaNM3a MOJIEKYJly TeMOIJIOOHHA paciue-
IUISUTH HA (PAarMeHThI, OCKOJIbKY B HEGOJb-
LIMX NEeNTHIAX, COAEPXAIIUX TPUMeEpPHO 1o 20
4MHHOKHUCJIOT, BBLISBHTH 3aMEHY aMHHOKMC-
JIOTEL, 6€3yCJIOBHO, JIerye, YeM B LIEJIOH MOJIe-
KyJie Beska, 3HaYuTeNbHO Gonbuueii (B 10 pan)
no pasmepy. I'emorniobun noasepramm crnenu-
(buYEeCKOMY PaCILENJIEHHIO TPUTICHHOM IIO Tel-
THOHBIM  CBSI3SM, OOpa3’OBaHHLIM KapboK-
CHJILHBIMH TpYNNaMHM JM3WHA ¥ APrUHHUHA.

Anexrpodo pes
B FOPU3OHTANbLHOM
HanpasneHnu

Cwmechb
nenTugos

123

Puc. 5.6. CMmech NENTHI0B Pa3feNsioT My-
T€M 3J1EKTPOPOpeE3a B rOPH3OH-
TaJbHOM HaIPaBIEHHH C T0OCIE-
Ayrome XpomMatorpadueit
B BEPTHKaJIbHOM HAlpaBJIEHHH.

Yacrs 1
92 Koudopmauns u nunamuka

Xpomatorpadun z 5 90
B BEPTUKANbHOM Y .
HanpasneHum FA RS
4
45 6 789 °

MpunaHak CepnosugHo-
Hopma CepnoBuAHO-  KNeToYHan
KNeTOYHOCTHU aHemus

[ ] - < HphA

Hb S—> mamm ]

OnexTpodopes Ha KpaxMaTLHOM
rene npu pH 8,6 remorno6buna
3X0POBOTO YeJIOBEKA, TeMOIJIO-
6HHa HOCHTENIs IPU3HAKA CEPIIO-
BHUIHOKJIETOYHOCTH M T[€MOTJIO-
6uHa 60TLHOTO ceprOBHIHOKIIE-
TOYHOH aHeMwuei.

ITockonbky B aff-noNOBUHE reMOrnobuHa CO-
NEPXHUTC B OOLIEH CIOXHOCTH 27 OCTaTKOB
JIM3HHA ¥ ApTHHA, TIPH MPUNMUYECKOM 2Udpoau-
3e o6pa3oBasoch 28 pasmeix mentumos. Cie-
AYIOIMA 3Tal COCTOST B Pa3fIeNIeHUH HOJTy-
YEHHBIX NMenTHAOB. /I 3TOro 6u1 NpHMeHeH
METO[l 06yMePHO20 pa3desenus (puc. 5.6).
Cmech nenTHI0B HAHOCKITH B BHJE HEGOIbILIO-
ro MATHA B yroj G0JBIIOTrO JMCTa QUIBLTPO-
BaJIbHON Gymary. [lanee NpoBOAHIM 3.4eKmpo-
ope3 B OIHOM HANPABJIEHHH, PA3ENAs TAKUM
00pa3oM NEeNnTHAL B COOTBETCTBHH C MX 06-
UM 3apaaoM. OHAKO MOJHOrO pasfencHus

CMECH NpPH 3TOM HE NPOUCXOAMIO0. MHorue
NENTHAb! HAKJIROBLIBAJIMCh OPYr Ha apyra. ITo-
3TOMY NPOJAOJIKAJIM NPONECC pa3leNeHHs, HO
YK€ METONOM Xxpomamozpagduu na 6bymaze,
TNIpHYEM 3TO pa3fie/ieHHe NPOBOAH/IA B Halpa-
BJICHUM, TIEPNIEHIUKYJSIDHOM HAIlPaBJICHUIO
anekTpodopesa.



Xpomamozpagus —

TepMmuH BBeieH Muxaunom LiBeTom B 1906 r. IPUMEHHTENBHO K Pa3/IENeHHIO CMECH
IIMrMEHTOB U3 JIICTHEB PACTEHHS Ha KOJIOHKe KapOoHaTa kasbuus. M. LiBeT cpaBHua
3TOT MPOLECC C «PA3JIONKEHUEM CBETA Ha CIEKTP».

O6pa3oBaHO OT rpeyeckux cioB chroma-useT u graphein — pucoBaTh, MHCATh.

[Tponenypa cocrosiia B cieayroleM: KOHCL
6ymary, Gmokalfiunii K pa3aenseMbIM MeNTH-
AaM, TMOMeEIIaM B CMECh OPraHMYeCKMX pac-
TBOPHTEJIEH M BOJBI, HAJIUTYIO HA JHO repMe-
THYHO 3aKPLIBAIOILEHCS CTEKJISAHHOM OaHKH.
ITpu 5TOM pacTBOpPHTENb MOAHHMAJICH BBEPX
1o 6ymare. B Takoii cuTyanuu Kaxaslit nenTHR
Mor 1u60 MUIPHPOBATH C PACTBOPHTENIEM (He-
TNoJIAipHas cpena), IMOO OCTaBaThCs Ha OOBOA-
HEHHO# 1eJLTr0103€ 6GyMar# (BLICOKONOJISpHAs
cpena). Takoit MeTOA pa3neseHds Ha3bIBaeTCS
pacnpedeaumeabnoii  xpomamozpadueii. Tlen-
THA ¢ HanboJIee BHIPAXKEHHBIMU HENOJIAPHBIMK
CBOMCTBAMHU OyNET PacTBOPATHLCA B PACTBOPH-
TeJe H, CJIENOBATENbHO, MOJHMMATLCS BMECTE
¢ GpOHTOM pacTBOpHTENsS BBEPX MO Gymare;
B TO )K€ BpPEMS CaMbIid MOJIAPHBIA U3 MENTHAOB
ocraHeTcs Ha Oymare BHu3y. PaccMmatpu-
BaEMbIe METO/bl —XpoMaTorpadus Ha Oymare
H 371eKTpodOpe3 — AOMOHSIOT APYT ApYra, no-
CKOJILKY OHHM pa3[eNIsioT NMENTHAbI Ha OCHOBE
HE3aBUCUMBIX CBOMCTB; TEpBbIi—HA OCHOBE
pasjMuuil B MOJISPHOCTH, BTOPOM —HA OCHOBE
pasnmuuii B ob1ueM 3apsize. Bes mocnenora-
TEJILHOCTD NPOBE/IEHHs aHAIN3a — U30HpaTeb-
HOe pacluenieHue Geska Ha HeQoJblIME Tel-
THABI C UX MOCJIEAYIOLMM pa3lesIcHHEM B IBYX
HAlpaBJICHUSX —HA3bIBAETC METOAOM hen-
mudubix Kapm (omneuamkos naivyes).

[onyyaeMble B pe3yiabTaTe NENTHAHBIE
KapThl AAKOT OYEHb HATJIAAHBIN pe3yiabTart. [To-
CJie OKpAIIMBAHUSI HUHTUIPHHOM NATHA TIEMTH-
IOB CTAHOBATCS SACHO BUAHBL. CpaBHEHME KapT
reMorjgo6MHa A U reMorJiobuHa S mokasaio,
YTO 6Ce UX nenmuoHble NAMHA UOeHMUUHbI, 3d
UcKAI0UeHUemM 00H020. DTO NMATHO IIOUPOBAIIH
C KaXIOH M3 IEeNTHIHOH KapT ¥ OIpeNenIH,
4TO0 B 060OMX CITy4yasixX OHO COOTBETCTBYET TNeEN-
Ay U3 8 amuHOKMCHOT. [1pu nocnenyrouiem
aMHMHOKHUCJIOTHOM aHaiu3de oOHapyXuJoch,
49TO NenTHA remoriaobuHa S oTimyaercs ot
nenTuaa reMorjob6uHa A MWL [0 OJHOM
AMUHOKHCJIIOTE.

5.5. B P-uenn npon3omna 3aMena oaHO#-eHH-
CTBEHHOH AMHHOKHCJ/IOTBI

o- 1 B-Llenu paznenunu MeTo10M HOHOOOMeEH-
HOH XxpomaTtorpaduu. Jlanee noayauam ux memn-
THAHBIE KapTel. OKa3a0Ch, YTO reMoriotu-
S ormmyaercs ot remoriobuna A no B-ueny,
B YAaCTHOCTH 10 N-KOHUEBOMY TPHIITHYECKOMY
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Femornobux S

Puc. 5.7. CpaBHEHHE OKpalleHHbIX HUHIH-
JPHUHOM HENTHAHBIX KapT reMo-
riobuHa A u remornobmna S.
KpacubiIM KpyXkoM o00OBenecH
NenTHi, MO0 KOTOPOMY pas3iu-
4aroTCs ITU remMoryioounsl. (ITe-
yaTaercs ¢ Mobe3Horo paspetie-

Hus n-pa C. Baglioni.)
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nentuny B-uenu. OnpenenuB aMHHOKHCIOT-
HYIO NOCJIEAOBATENLHOCTL 3TOTO nentuaa, Uu-
rpeM MoKa3zan, YTo 8 P-yenu zemozaobuma S
8 6-M noaodceHuu emecmo 2iymamama cmoum
eaiun

Temornooun A Val-His-Leu-Thr-Pro-Glu-Glu-Lys-
remornooun §  Val-His-Leu-Thr-Pro-\al-Glu-Lys-
pr 2 3 4 5 6 7 8

5.6. Ha noBepXxHOCTH reMOrIO0HHAa Cepno-
BH/HBIX KJETOK HMEIOTCH IMIKHE» YYACTKH
Bamnn wuMeeT HELOAAPHYIO OOKOBYIO LEMb,
TOrJa Kak TJIyTaMmaT— BBICOKOINOJAPHYO. 3a-
MEHA TJyTaMaTa BaJJAHOM B 6-M NOJIOXEHUH [3-
UETH NMPUBOAMT K TOMY, YTO HA MOBEPXHOCTH
reMoriobMHa S OKa3bIBaeTCA HEMOJSPHbLIN
octaTok (puc. 5.8). B pesyneratre pacmsopu-
MOCMb  Q€30KCUZEHUPOBAHHOZ0  2emMoza0buna
S 3Hauumesvbno cnumcaemcs, moz0a Kax pac-
meopuMoCmb OKCUZeHUPOBAHHOZ0 2emMoza0buna
S npakmuuecku ne usmenaemca. ITOT pakT ne-
KHT B OCHOBE BCEH KJIMHU4ECKOH KapTHHBI cep-
NOBUAHOKJIETOYHOH aHEMHH, a TaKXe 0CobeH-
HOCTEH, XapakTepHBIX /i [PU3HAKa CepIo-
BUJTHOKJIETOYHOCTH.

Moeky nspHLIi MEXaHW3M TOSIBJICHHS CeEp-
[IOBHHBIX PHTPOLHHUTOB MOXHO NPEACTABHTH
cebe cneayrommM o0pa3oM.

1. 3ameHa IJIyTaMHHOBOW™ KUCJIOTHl Ha Ba-
JIMH TPUBOJOHUT K MOABJICHHIO «JIHIIKOTO» ydacT-
Ka (sticky patch) Ha HapyxXHOil cropoHe ka-
®n10ii B-uenn remornobuna S (puc. 5.9). Takoi
«JIMNKU» Y4aCTOK HMEETCHA KaK B OKCH-, TaK
H B J€30KCHreMOorjobune S, HO HE B reMorJjo-
Onne A.

2. B nesokcuremoryiobune S umeercs y4a-
CTOK, KOMl'lJ'lCMCHTaprIﬁ «JTMIKOMY» Y4YacTKy
(puc. 5.9). Jlokamu3auus KOMILIEMEHTAPHOTO
y4acTKa II0Ka HE ycTaHosJieHa. Komiliemen-
TapHBIA y9aCTOK OJHOH MOJIEKYJIbI J€30KCHIe-
MOIJI00MHA S B3aUMOMCHCTBYET C (IMIKHM»
Y4acTKOM JpYrod MOJEKYJbl [€30KCHIeMO-
rnobuHa S, 4TO NPUBOAMT K OOpPa3OBAHHIO
arperaToB 60Jb1L0# JTHHBI, 1e)OPMHUPYIOLLIMX
IPUTPOLIMT.

3. B okcureMornobune S koMIUeMeH-
TapHBbIM YYaCTOK 3aMacKUpoBaH. «JIunkuit»
y4acTok B HeM Hmeercs. OnHAKO HENOCTYI-
HOCTh KOMILJIEMEHTApHOTO Y4acTKa MpensT-
CTBYeT COEAMHEHHIO MOJIEKY] TeMOorjaobuna
S npyr ¢ apyrom.

4. TakuMm o6pa3oM, spumpoyumst cepnoguo-
HOll OPMbL NOABASIOMCA 8 YCA0BUAX, KO20a Oe-
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30KcuzeHupogannan gopma zemozaobuna S do-
cmuzaem svicokoit konyenmpayuu (puc. 5.10).
Hcxons u3 3tux $pakToB, MOXHO OBBACHUTE
PAA KIIHHHYECKUX CUMITOMOB CEpPrOBUIAHOK.IE-
TOYHOH aHeMuu. Tak, MpH MosBICHHM Ccepiio-
BHIHBIX JPUTPOIMTOB B MENLYANIUAX COCYax
BO3HHKAET MNOPOYHBI Kkpyr. CepnosuaHble
KJIETKH OJIOKMpYIOT KpOBCH.OCHblﬁ cocyn, YTo
CO3[a€T JIOKAJIbHYI0 HEAOCTATOYHOCThL KHUCJIO-
pona. B pesynbTaTe B 3TOM yyacTke Goblie
remMoriobuHa IepexoauT B e30KCHGOpMY
U euwe Oojbiie obpazyercs nedopmupo-
BaHHbIX, CEPNOBHAHBIX YPUTPOLMTOB. Y HOCH-
TeJled TMpU3HAKa  CePHOBHIHOKJIETOYHOCTH
CUMNITOMOB 6071€3HH OOBIMHO He HabromaeT-
Cf1, IOTOMY 4TO COAEpPXaHHE reMOriaobuna S
B 3TOM CJly4ae He NMPEBBIIAECT MOJIOBHHBI 06-
Liero KojMyecTsa remornobuna. Ilpu Hop-
MaJIbHOH KOHUEHTPALMH KHCIOpOJa Takoe co-
nepxaHue remMorJioOMHA S He HacTONbKO
BEJIMKO, YTOOBI BBI3BaTh AedhOpPMALMIO 3PUTPO-
uuTa. OIHAKO NpH 3HAYHTECIBHOM CHHXEHHM
HAPUMANLHOTO AABJCHHS KMCJIOpOa (Ha 60.1b-
LOH BLICOTE, HANPHMEP) CEPIIOBUAHBIE IPH-
TPOUMTHI MOTYT TOABUTLCA M y HOCHTEJEH
NPH3HAKA CEPNOBUIHOKIETOYHOCTH.

Moaenb ne3okcureMoriodnHa A
IpH  HHU3KOM paspeuieHuy,
a-lenu nokazaHel XenThiM, B-
uenu — roixyosiM. Y4acTok, B KO-
TOPOM IPOHU301iLJIa 3aMEHA AMH-
HOKHCJIOTHI B TeMOTJIOOHHE S,
OoTMeyeH KpacHbiM. OOpatute
BHMMAHHE, 4TO 3TOT Y4aCTOK Ha-
XOAMTCS HAa MOBEPXHOCTH MOJIe-
kynsl [Finch J.T., Perutz M.F,,
Bertles J.F., Dobler J., Proc.
Nat. Acad. Sci, 70, 721 (1973).]
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Puc. 5.9. KpacHbIMH TpeyronbHMKaMH 110-
Ka3aHbl  (IMIIKHE»  YYACTKH,
MMEIOLLIHECH KaK B OKCH-, Tak
1 1€30KCUTeMOrJIo0uHeE S, HO OT-
CYTCTBYIOHIHE B TeMOIJIO0HHE A.
Kommnemen tapHbiii y4acTok
u306paxxeH B BHAE 3a3yOpHHBI,
COOTBETCTBYIOLLEH TPEYrOJbHH-
Ky. OTOT KOMILIEMEHTapHbIN
Y4aCTOK HMEETCsl B [E30KCHIe-
MoryiobuHe S ¥ He HCKIIIOYEHO,
YTO ¥ B J€30KCUIeMOTJIOOHHE A.

5.7. Je3oxcuremoryiobun S oGpasyer namHHbIe
CHHPA/IH30BAHHBIE BOJIOKHA

Kak ykasbiBanoce Bbillle, N€30KCHIeMOrI06UH
S o6pa3syeT BOJIOKHHCTLIA OCaZOK, KOTOPBIil
AeOPMUPYET SPHTPOLUTHI, IPHAABAS UM Cep-
noBuaHyto opmy (puc. 5.2). [Ipu 371ekTpoH-
HO-MHKDPOCKOIIHYECKOM HCCJIENOBAHUH BbISB-
JSIOTCS BOJIOKHA [IBYX THIOB: [MaMETPOM
170 A (puc. 5.3) u yawe auametrpom 215 A
(puc. 5.11). Io-BuaAMMOMY, B OCHOBHOM 0Gpa-
3yIOTCSL BOJIOKHA, MpeACTaBisioume coboii
caupansb u3 14 nuteif, B kotopoit 10 Monekyn
reMOrjobuHa S pacmonoXeHbl CHapykH u
4 MounexyJbl —BHYyTpH (puc. 5.12). CyluecTseH-
Hasg 0OCOOGEHHOCTD ITOM MOCTPOEHHOM U3 HUTEH
CIIMPAJTH COCTOMT B TOM, YTO KaXaas MOJIEKy-
Jla reMOorjobuHa S KOHTAKTHPYET MO KpaitHeit
Mepe C BOCEMbIO APYTUMHU. SICHO, 4TO ciupass
CTabMIM3MPOBaHA MHOTOYHCIEHHBLIMH CBS3S-
MHu. CB#I3b C y4aCTHEM BaJMHa-6 B B-11enu caBy-

Aesokcu S

raeT TEPMOJMHAMMYECKOE PABHOBECHE IE30K-
cupopMbl reMorobuHa B CTOpoHy o6pasoBa-
HHs BOJIOKOH, OfHAKO 3TO HE €IMHCTBEHHBIH
¢daxTop crabunuszanuu cuupau.

5.8. CxopocTh 06pa3oBanusi BOJIOKOH B BbICO-
KOii CTeneHH 3aBHCHT OT KOHLUEHTPAUHH 1€30KCH-
reMorJiodusa S

Kuneruka oGpa3oBaHus BOJIOKOH A€30KCHIe-
MoryobuHa S umeer 60JbiLOE 3HAYEHME, [1O-
CKOJIbKYy MMEHHO OT HEE 3aBMUCHT, YCIEET JIH
3PUTPOUMT NPHOOPECTH CEPIOBHAHYIO GOpMy
3a TO BPEMs, KOTIa OH MPOXOAMT Yepe3 Kanuil-
JApel, T.€. OpuMmepHo 3a 1c¢. Haubonee
BaXHbIM (GAKTOPOM NPH ITOM SBJISETCS KOH-
UEHTPaNMs A€30KCHIeMOryobuna S; 3to ObLI0
MOKa3aHO B ONBITAX IN Vitro, B KOTOPBIX ObLI
UCII0JIb30BaH TOT (AKT, YTO PaCTBOPUMOCTh
[IE30KCUreMOrIobuMHa S npu HU3KUX TeMrepa-
TypaXx 3HAYHTEJNBbHO BBILIE, YeM TPH BBLICOKHX.
IMonumepu3anuso 1€30KCUreMOrIO6MHA S BbI-
3bIBaJIM, OBICTPO MOBBILIAS TEMIEPATYPY pac-
TBOpa 0T 4 5o 37°C. O6 06pa30BaHUH BOJIOKOH
CYIHIH TMO H3MEHEHHIO (PU3HYECKMX CBOMCTB
pacTBOpa, a HMEHHO cBeTopaccesHus. [Ipu no-
CTaTOYHO HM3KOH KOHIEHTpAlMU reMOrjIobuna
S o6pa3oBanue BOJIOKOH MPOHCXOAUT C 3a-
JEPXKOH Ha MHOTO MHHYT (puc. 5.13). Bpems
3a[IEPXKH T 3aBHCHT OT KOHIIEHTPALHUH ¢ (TOY-
HEE OT TEPMOJHHAMMYECKOH aKTHUBHOCTH) Jie-
30KCUreMoryniobyHa S B COOTBETCTBHM C ypaB-
HEHHEM

1/t = kic/C,),

>

Puc. 5.10. BsaumopeiicTue WIHTIKOr O»
y4yacTKa B [1€30KCUIeMOTII00HnHE
S ¢ xoMmIeMeHTapHBEIM yyacT-
KOM JIpYTOH MOJIEKYJIbI J€30KCH-
remorjobusa S npuBOAMT
K 00pa3’OBaHHIO [JIMHHBLIX arpe-
raToB. 3[iecb [10Ka3aHa OfHA U3
CHOPMHPOBAHHBIX TakuM OGpa-
30M HHTEH CIHHPAIM30BAHHOIO
BOJIOKHA.

rae C,—pacTBOPHMOCTb reMorjobuHa S npu
paBHOBECHM, k —KOHCTAaHTa, 3aBHCAILAS OT yc-
JIOBUA Cpellbl, n—TMoKa3aTenb creneHu. [lony-
YEHHOE JIKCMIEPUMEHTAJILHBIM [yTE€M 3HAYEHHE
n 0Ka3ajloCh MOPAa3UTENbHO OOJIbIIUM YHC-
JioM - oxono 10. JIpyruMu cjioBaMu, ckopocms
obpasosanus 6040koH nponopyuonaivha 10-i
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Puc. 5.11. DnextpoHHas MukpodoTorpa-
¢uA HEraTHBHO OKPALIEHHOIO

BOJIOKHA J€30KCHreMorjobuHa

S. [Dykes G., Crepeau R.H,
Edelstein S.J., Nature, 272, 509
(1978).]

cmenenu akmusiiocmu zemozaoouna S. Caedosa-
meabho, popmuposanue 6040KoH npedcmaganem
coboil 8vicokocozaacoeanuwiii npoyecc. Usyve-
HUE KMHETHKH 3TOTO MpoIlecca MOoKa3ajo, YyTo
(azoit, numuTHpYIOLIE# CKOpocTh OGpa3oBa-
HHsl BOJIOKOH, SBJiseTCs 0oOpa3oBaHHMe LEHTpa
arperauy (Hykjeanus). Ilocje BO3HUKHOBe-
HHMSL KOHIJIOMEpATA KPHTHUYECKOTO pa3Mepa
(mpumepro u3 10 Monekysn A€30KCHreMOTIIO-
6uHa S) manbHEHIIHI POCT BOJIOKHA NMPOUCXO-
AMT o4eHb ObicTpo (puc. 5.14). Yxa3saHHBIH
pa3Mep arperaTta COOTBETCTBYET, MO-BUOUMO-
My, OOJIBLIICH 4aCTH OAHOTO BHTKA CIIHPAJIH U3
14 uuteit (puc. 5.12). DTH HaHHBIE HMEIOT
bosblloe KaunHueckoe 3HauyeHue. OHM moO-
Ka3bIBalOT, YTO KuHemuueckue, a TakXe Tep-
MOIMHAMHYECKHE (aKTOPbl MIPArOT BAXKHYIO
poib B GOPMHPOBAHMH CEPIIOBHIHBIX 3PUTPO-
uuToB. Jlaxke NMpU BHICOKOM CONEPXAHUM [e-
30KCHTeMOro0uHa S SPUTPOLHUTHI He IpH-
oOpeTyT cepnoBUAHON GOPMBI, €CITH BpeMS UX
MPOXOX/JEHUS OT KaMH/UIAPOB TKAHEH K aib-
BE€OJIaM JIETKHX, T/1e TPOUCXOAUT OKCHI€HAlUA,
KOpod4e, 9eM Jiar-nepuoj] npolecca BOJOKHO-
obpazoBanus. Bricokas cTeneHb 3aBUCHMOCTH
CKOPOCTH TNOJMMEPH3alHH OT KOHLEHTPALUH
JIE30KCUTeMOrIOOMHA S 0OBICHSAET TakXKe, Io-
4yeMY HOCHTEILCTBO IIPU3HAKA CEPIIOBUIHOKIE-
TOYHOCTH NPOTEKAET OOBIMHO 6ECCHMIITOMHO.
Jleno B TOM, YTO KOHLEHTPALHUS AE30KCUTEMO-
riobutHa S B 3pDUTPOLIMTAX TETEPO3UTOT NpPH-
MEpHO B 2 pa3a HHXe, YeM B 3PUTPOLHUTAX CO-
OTBETCTBYIOIMX TOMO3HIOT, a CJIEAOBATENILHO,
CKOpPOCTb 00pa30BaHHs BOJIOKOH IOJDKHA ObITh
npumepHo B 1000 pas meanennee (2!° = 1024).
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Je2 A

b6

Monens BOJOKHA 1€30KCHIEMO-
r00MHa S, MOCTpOEHHOro U3 14
CNUpaIM30BaHHBIX HHUTEH. A-
NpOAONbHBIH pa3pe3, b-none-
peunblii paspes. Kaxawit kpy-
XOK COOTBETCTBYET TETpaMepy
r.vornobma  S.  [Dykes G,
Crepeau R.H.,  Edelstein S.J.,
Nature, 272, 509 (1978).]
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Puc. 5.13.

10 20 30 40
Bpemsa, mu

Kunernka obOpasoBaHus BoOJO-
KOH nae3okcuremornobuHa S in
Vitro o AaHHBIM H3MEPEHHS CBe-
TopaccesHus. Ilonumepusamuio
BbI3BLIBAJIM OBICTPHIM MNOBBILLIE-
HHEM TEMIepaTypsl oT 4 gm0
37°C. JlnuTenbHbI Jar-nepuon
COOTBETCTBYeT (hase arperaunuu
(xommnekcooOpa3oBaHUIO).



5.9. Bbicokas 4acToTa reHa CepHOBHAHOK.IE-
TOYHOCTH 00YCJIOBJIEHA €r0 3ALIMTHLIM Pdek-
TOM B OTHOMICHHH MAJISIPHH

YacToTa reHa CeprnoBHAHOKJIETOYHOCTH B HeE-
KOTOpbIX O6nacTsax Adpuxu mocturaer 40%.
Jlo mocnenHero BpeMeH HHAMBHABI, TOMO3M-
TOTHBIE 11O 3TOMY TeHy, MOrudanu, He HOCTHI-
HyB 3PEJIOCTH; U3 3TOTO CJIEAYET, YTO BBLICOKAS
4acTOTa 3TOTO IeHa B MONYJSIMH MOTJa CO-
XPaHUTLCA TOJBKO TOJ CHJIbHBIM AaBJIEHHEM
ectecTBeHHOro otbopa. [xeiimc Hun (J. Neel)
BLICKA3aJl NPENOJIOKEHHE, YTO TE€TEPO3UIOT-
HOE COCTOSIHME [IOJDKHO 1aBaTh KakHe-TO Impe-
MMYIIECTBA MO CPABHEHHIO C TOMO3HTOTHBIM
N0 HOPMAJILHOMY JIHOO MO Ie(PEKTHOMY TeHy.
U neiictBuTensHO, AHTOHM  AJUIMCOH
(A. Allison) oOHapyXus, 4TO HOCHTEILCTBO
NpHU3HAKA CEPIIOBHAHOKJIETOYHOCTH CIYXKHT
3alMTOH OT 3aboJieBaHHMs Haubouiee TKeENIOM
dopMOit  Manspuy, UpPHBOASINER OOBIYHO

[
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L Y

<

UenTp arperaywv

Puc. 5.14.  ®a3za arperauuu npu GopMHpo-
BaHWH BOJIOKOH [1€30KCHI'€MO-
rnobuaa A. COopka UEHTpOB
arperaluy NpOMCXOOUT MEIJIEH-
Hee, YeM JaJIbHEHRIIHH pOoCT arpe-
ratoB. [Hofrichter J., Ross P.D.,
Eaton W.A., Proc. Nat. Acad.

Sci., 71, 4864 (1974)]

7-665

Bl 15% - 20%
Bl 0% - 15%

5% -10%
[ 1%- 5%
Prc. 5.15.  Pacnpocrtpanenne rema ceprno-

BUTHOKJIETOYHOCTU B Adpuxke.
Bricokas wactota 3TOrO resa
OrpaHH4Y€Ha paliOHaMH, rge ma-
JApHS SBISETCS OCHOBHOW NpH-

YMHOH  CMepTHOCTH. (Alli-
son A.C, Sickle cells and
evolution.  Copyright 1956,

Scientific American, Inc.)

K CMEPTENBHOMY HCXOnRy. BrisBlieHa oTYeTIM-
Basi KOppeJsuMs MeXIY PpaclpoCTpaHEHHEM
MaJISpHH H 4aCTOTOM reHa ceproBHIHOKJIETOY-
HOCTH B Adpuke (puc. 5.15). Onucaunniii de-
HOMEH MPEACTABIIACT cOOOH TUNHYHBIN CIIy4ai
c6asancuposannozo noasuMop@Pusma; reTeposu-
rOTHl YCTOHYHBLI B OTHOLIEHUH MAJISIPHU H HE
CTpafaT OT CEP.IOBHAHOKJIETOYHOW aHEMHH,
TOrAa KakK JIFO/iH, TOMO3HIOTHBIE 110 HOpPMaJlb-
HOMY aJUIC)IKO, BOCHPHMMYHBBI K MaJIsIPUH.

5.10. CrpaTternss  NOHCKa  JIEKApCTBEHHBIX
CPEeACTB /I JIeMeHHsi CEpHOBHIHOK/IETOYHOH
aHeMHH

CsBezleHHSI O MOJIEKYJSAPHOM MEXAHU3ME BO3-
HHKHOBEHHSI CEPIIOBHIHOKJIETOYHOM aHEMHH
MO3BOJISIOT B HACTOSIIEE BPEMS NEPEHTH K I1O-
HCKY CreHu(HYECKNX HETOKCHYHBIX Mpenapa-
TOB, NPEAYNPEXAAIOMKX WIH 3aJAEpPKUBAIO-
LIMX Pa3BHTHE KJIMHHYECKON KapTHUHBI 3a60te-
BaHus. [ToHCKH BeayTCA B TPEX HANPABICHHUSAX.
OnHa rpynna HepCHEKTHBHBIX CPEACTB—3TO
BEIIECTBA, TOPMO3sIIIHE 00pa30oBaHUE BOJIOKOH
U3 remornobmHa S. B kavecTBe Takux
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cmepeocneyuuueckux uHzubumopos zeseo-
0b6pa3oeanus IPOXOAAT OLEHKY CHHTETHYECKHE
OJIUTONENITUABI, TOCJIENOBATENILHOCTE AMHMHO-
KHCJIOT B KOTOPBIX COOTBETCTBYET N-KOHIIEBO-
My yuacTKy BS-uenu u IpyrHM yyacTkam KOH-
TakTOB B MoJjekyse remoriobmuHa S. Ko
BTOPOM Tpynne MUCCAEAYEMBIX BELIECTB OTHO-
CATCS COCOWHEHHs, MOBBILIAIONIHE CPOACTBO
reMoryiobuHa S x KHCJIOPOAY M TEM CaAMBIM
CHIDKAIOIHE KOHLEHTPAUMIO €ro [e30KCH-
¢opmel. Tak, HanpuMeEp, yuawam nponuxaem
6 pumpoyumsl U ROGbIUAEM CPOOCMEO 2€MO-
2A00URAQ K Kucaopody nymem Heobpamumozo
Kkapbamouauposanua a-amunozpynn. I'eMoriao-
6un OGLICTPO pearHpyer ¢ MAHATOM, OTOMY
410 HN=C=—O0 (130umnanoas kucnora) B He-
HOHU3MPOBAaHHON HOpME ABNAETCA PEAKLHOH-
HO cnocoOHbIM ananoroM O—C=0. Bcnom-
HUM, YTO KOHUEBLIE AMHHOTIPYNIL! reMorio6-
HHA YYacCTBYIOT B OOpaTHMOM CBSA3LIBAHUH
CO, (pa3n. 4.15). Ha ucnone3opanue nuanata
B JIEYEHHH CEPIIOBUAHOKIETOYHOM aHEMHUH BO3-
JIarajiuch 60mbIue HaANEXKObl, OKa 0OmUpHBIE
KJTMHMYECKHE MCTIBITAHUS HE BBISBHIIM €T0 IIO-
GouHbIx TokcHueckux 3¢dextos. Tak, y Heko-
TOPHIX GOJIBHEIX IIPU JICYEHWH LUAHATOM pa3-
BHBAJIOCh NOPaXeHWe MNepudepuveckux He-
pPBOB, OOYCJIOBJIEHHOE, BEPOATHO, TeM, 4YTO
KapOaMOWIMPOBAHHIO [TOJBEPralOTCA HE TOJb-
KO reMOrJI06HH, HO 1 ApyrHe 6enku. Ceitvac Be-
IIETCA TIOHCK MEHEE TOKCHYHBIX MoauduxaTo-
POB remorno6una. TpeTHil BO3MOXHBIN mOz-
XOI K JICYCHHIO CCPNOBHIHOKJIETOYHOH aHe-
MHH — CHUNCeHue obujeil KOHyenmpayuu 2emo-
2a06una S 6 Ipumpoyumax. DTOro MOXHO
IOCTHYb, HANpuMep, yBelHYEHHEM o00BeMa
kieTkd. IlockoJibky ckopocTe o6pa3oBaHus
BOJIOKOH W3 [I€30KCUreMOrjioOMHA B O4YE€Hb
601110 CTENEHH 3aBUCUT OT €r0 KOHIIEHTpa-
[HH, NaXE HE3HAYNTEIHHOE YBEIUYEHHE 0OBE-
Ma 3pHTPOLMTA OKa3ajo0 Obl BEIpaXXEHHbIH Jie-
yebHbIH 3¢ dekT. OTCI0AA ClIEAYET, YTO HOHHBIE
HAacOCHl M KaHaJibl JPUTPOUMTAPHOH MeM-
6paHBI—3TO Te MOTEHUHAJIbHbIE MHIIEHH, HA
KOTOPBIE€ 10JDKHO OBITh HANpaBJICHO AEHCTBHE
TEPANEBTHYECKHX CPEACTB, HCIOJB3YEMbIX IS
JIEYEHUs] CEPIOBHAHOKIETOYHOM AHEMHMH.

5.11. Monexyqisipsasi NaToJIOTHS TeMOrJI00HHA
ITpu obcnenoBaHuy GONBHBIX C CUMIITOMAMH
CEPNOBHIHOKJIETOYHOH a4HEMHUH, @ TaKXKe MpPU
NPOBENCHHN 31eKTPOPOPETHYECKOTO aHaIH3a
reMOTJIOOHHOB 30POBBIX JItoAeH ObUIO OOHa-
pyxeno 6osee 100 aHOManbHEIX reMOrno6u-
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3aMeHA TPOKCHMAIBLHOTO TI'H-
crununa (F8) Tuposunom npuso-
JHT K 00pa3oBaHHIO IeMoOrJjo-
6usa M. OrpuuarensHo 3aps-
XKEHHBI aTOM KHUCIOpoJa TH-
pO3MHA CBA3LIBAETCA C ATOMOM
Xene3a, HaxoJsuuuMcs B eppu-
dopme. B 1mecroe koopnuma-
UHOHHOE MOJIOXEHHE BCTAET BO-
na, a we O,

Puc. 5.16.

HOB. B ceeproii EBpone rereposurotnocts no
BapuaHTy remornobuna A Bcrpevaercs y 1 ve-
noseka u3 300. Yacrota moboro w3 my-
TAHTHBIX aJlienell OObIYHO COCTABJIAET MeEHee
107%; 5TO Ha HeCKONBKO NOPANKOB HIDKE, YeM
4acTOTa reHa CEPNOBHAHOKIETOYHOCTH B paii-
OHaxX, JHACMHYHBIX MO MajApuu. [pyrumu
CJ10BaMH, GOJIBLIMHCTBO AHOMAMBHLIX IEMO-
rNOOMHOB HE JaeT OPraHM3My HHKaKuX Ipe-
HMYILECTB B €CTECTBEHHOM oTGope. Kak mpa-
BHJIO, HAJHYHE AaHOMAJNBHBIX TI'EeMOIIOOHHOB
60 HHKAK HE BIMSET HA 310POBbE YEIOBEKA,
160 OKa3bIBAETCSA MAaryGHBLIM.

Pa3nM4aloT HECKONBKO THIIOB aHOMAJIbHBIX
reMOrJIOOHHOB.

1. H3menena Hapyxmchas uacmv moaeKyasl.
ITouT Bce 3aMEHBI AMHHOKHCIIOT HA TOBEPX-
HOCTH MOJIEKYJIbl IE€MOTJIOOMHA 6e3BpeaHbl.
I'emornobun S ripencrasnser co6oit mopasu-
TeJIbHOE HCKJIIOYEHHE.

2. H3menen axmusnuiii yenmp. B 3tom cy-
4ae B 1eEKTHOMH CyObeAMHHUIE HE IPOUCXOOUT



CBA3BIBAHHS KHCJIOPOJA, TaK Kak CTPYKTypHbIE
U3MeHeHHs BOJM3H remMa HEMOCPEICTBEHHO
BJIMSIOT Ha CBs3bIBAHHE KHMCJIOpPOAA.

3. H3menena mpemuunas cmpykmypa. 3ame-
Ha AMHMHOKHUCJIOT NpPENsTCTBYeT BO3HHMKHOBE-
HUIO HOPMaJIbHOH KOHGOPMAIlMH MOJEKYJIbL.
Takue reMOrJIOOHHBI OObLIYHO HECTAGMIILHBL

4. H3menena uemgepmuunas Cmpykmypa.
HekoTopbie MyTalliH, 3aTParkBaroIlMe y4acT-
KH 06,1aCTH KOHTAKTOB, IPUBOIAT K OTEPE -
JIOCTEpHYECKUX CBOMCTB. B pe3ynbTaTte Hapy-
mIaeTcsi CPOACTBO TAKUX remMorjobunos k O,.

5.12. I'emor00uH M: NPOAYKT MYTAllHH B aK-
THBHOM ILieHTpe

3aMeHa MPOKCUMAJBLHOTO WIH [QHCTaJbHOIO
THCTHIHHA B IPYNNE reMa Ha THPO3HH IIPHBO-
IMT K cTabunM3auuu OKHCIeHHOH (beppu)
dopmbl TeMa, HE CIHOCOOHOH K CBA3BIBAHHMIO
kuciopoa (puc. 5.16). B 3ToM ciyyae HOHU3H-
posanHas 60kOBas HeNnb THPO3HWHa Obpa3yer
KOMIIJIEKC ¢ OKHCJIEHHBIM XK€JIe30M reMa. Yka-
3aHHas 3aMEHa MOXEeT MPOU30HTH KaK B O-, TAK
u B B-uenu. JeiicTBuTensHO, ObulH OGHApY-
JEHbl BCE YETHIPE MYTAHTHBIX BapuaHTa. My-
TaHTHbIE T€MOTJIOOMHBI, Y KOTOPBIX [1Ba TeMa
B MOJIEKYJIe MOCTOSIHHO HaxoasATcs B ¢eppH-
tdopme, HasbIBalOT zemozaoburom M. Byksa
M ykasbiBaeT, YTO MyTHPOBABLIHE IIETIH HAXO-
natcs B popme memzemozaobuna (Geppuremo-
ro6una). Y monei ¢ reMorao6uHoM M o6biu-
HO OTMe4aercs LuaHo3. 3aboJsieBaHHE BCTpE-
YaeTcs TOJILKO Y TeTepO3UroTHBIX ocobei,
MOCKOJIbKY TOMO3HIOTHOCTB 110 3TOMY IIpH3Ha-
Ky MOYTH BCEraa MPHBOAMT K JIETAJIbHOMY
HCXOIy.

5.13. Iloasipuble rpymnbl B 1lieJiH, 3aHHMaeMOH
reMoMm, 0cj1a0/IsI0T ero CBA3bIBaHHE ¢ MOJIHNEN-
THAHOH Henblo

Eme onuH Tenm MyTauuy, 3aTparuBaiouied ak-
THBHBIHA ILIEHTP, BbIPAXaeTCHd B TOM, 4TO B IIIe-
JIH, 3aHHMAEMOH T€MOM, Ha MECTO HENOJIAPHOMR
I'PYNIbI CTAHOBUTCSA NOJIIpHasA. Mexay reMoM
Y MOJMIEN TUAHOM LIENbIo CyIecTByeT 60 Mex-
aTOMHBIX KOHTAKTOB, IIPHYEM 3TH KOHTAKThl
o cBoeil npupoze HenospHbl. [Tockonbky 3TH
HEMOJIIpHbIE B3aHMOJEHCTBUA YCTOHYHBO CO-
XPaHAIOTCA B HOPMAJIBHBIX TeMOrJIoOHHaxX pa3s-
HBIX BHJIOB XXHBOTHBIX, MOXHO IyMaTh, 4TO
OOJIBIIMHCTBO M3 HHX MMEET CYILECTBEHHOE
3HaYeHHE N5 QYHKIMOHMPOBAHUS MOJIEKYIIbI
remornobuna. B camom pgene, Myrauuu
B Y4aCcTKaX CBS3bIBaHMSl reMa MOYTH BCeraa
MPUBOAAT K HEONAarompHATHBIM  INOCKEN-
CTBUAM. PaccMOTpHM U1 nmpuMepa reMoriio-

T*

QeHunanaHuu

CcD1

Puc. 5.17.

Jloxanusanus
CD1, ogHOro 13 HHBApHAHTHBIX
OCTaTKOB B reMoryiobuse. Apo-

denmnananuna

MAaTHYECKOE KOJIBIIO 3TOro
(bCHPUIaJ'laHHHa HaxXoIHuTCa
B KOHTAKT¢ ¢ I'CMOM.

6un Hammersmith. Ha mecte denunanannna
CDI1 (puc. 5.17) B 3TOM reMorjobuHe Haxo-
JIATCs cepHH. B pe3ynbTaTe Takoil 3aMeHbI Ha-
pywiaercs cBs3biBaHHe reMa. OOBACHHTH 3TO
MOXHO CJIEAYIOIMM IyTEM: BEPOSATHO, HAJIH-
YHe TOJIAPHOTO OCTaTKa CEpPUHA CIOCOOCTBYET
TOMY, YTO B LIEJb, OOBIYHO 3aHHUMAaEMYIO re-
MOM, NPOHHKaeT BOJAA.

5.14. B pe3y/bTaTe HEKOTOPbIX MyTalHil reMo-
rJI00HHLI YTPAuHBAIOT CTAOH/ILROCTL H3-3a [e-
dopmanmii TpeTHIHOH CTPYKTYPbI

3ameHbl aMMHOKHCIIOT B OTJAJIEHHBIX OT remMa
y4acTKaX MOTYT NPpensTCTBOBaTk BO3HHKHOBE-
HMIO HOPMAJILHOH KOHQOpMAIMU TIeéMOTrJOo-
6MHA U TEM CaMbIM PEe3KO HapylaTh ero QyHk-
nuro. Bonploit MHTEpeC B 3TOM OTHOLICHHH
npeacrasiseT remornobun Riverdale-Bronx,
y KOTOPOTroO B noJjioxeHuu B6 BMecTo rimmnuHa
crouT apruus. W3-3a 601bmnx pasMepos ap-
CMHHH HE YMEIAETCS B TOM Y3KOM IIPOCTpaH-
CTBE, B KOTOPOM [IOJDKHBI IEpeceKaThCs CIIHpa-
yu B u E (puc. 5.18). JeficTBuTENBHO, BO BCEX
HOPMAJILHBEIX TeMOTJIOOHHAX H MHOTJo0HMHAxX
nosioxenne B6 Bcerna 3aHsaTo ramuuHOM. I'e-
morno6un Riverdale-Bronx B pe3ynbTaTe mpo-
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H30IUE/IIEH AMHHOKHCIOTHON 3aMeHbl OKa3bl-
BAETCA 'HECTAOMIILHBIM.

I'emorno6un Gun Hill npunaanexur x wucay
PEIKO BCTPEYAIOLMXCS aHOMAJIBHBIX FEMOTJIO-
6UHOB, Y KOTOPBIX HE O/JMH, 4 HECKOJIbKO aMH-
HOKHCJIOTHBIX OCTATKOB 3aTPOHYTHI My TaIHeil.
B ykazanHOM remMorioGuHe mpou3oLLUIa TOTE-
pA TATH aMHUHOKHMCIOT B Kaxao# B-uens,
a HMEHHO BhINaJI NOCJIEAHUA AMHHOKHCIIOTHbIH
ocratok B F-cmpanu u caenyroume ueTbipe
ocTaTka B yriy, obpaszosannoM F- u G crupa-
Jismu. B HopMasibHOM remoriobuHe cooTBeT-
CTBYIOIMH (GpParMeHT NOJMNENTHIAHONR nenu
o6pa3yeT KOHTaKTHI ¢ reMOM. Brmanenue yka-
3aHHOTO (parMeHTa B pe3yNbTaTe MYTAHMUM
IPUBOIHUT K TOMY, YTO P-menu remornobuna
Gun Hill ne comepxar rema. Kimanueckoe
NPOSBJICHHE 3TOH MyTaLHM — FeMOJIATHYECKAs
aHeMHs.

5.15. Mytauun B 06JaCTH KOHTAKTOB Hapy-
20T AJIOCTEPHYECKHEe B3aHMOXECHCTBHS

s GyHKUHOHHpOBaHUs reMOrIo61Ha B Kave-
cTBe 3h(DEKTUBHOIO NEPEHOCYHKA KHCIO0pOa
HEOOXOUMO COXpaHEeHHE BCEX €ro ajllocTepH-
4eCKHX CBOMCTB. LlenocTHocTs yuacTka, CBA3LI-
BAIOILEro reM, M NMpaBUJIbHAS YKIAAKa Cy6b-
CIMHHIL| FeMOTJI061Ha — yCJI0BHE HEOOGX0AUMOE,
HO OTHIOJb HE JOCTATOYHOE /I MOJHOUEHHO-
ro GysxiHonupoBanus. Baxnas poss npunaz-
JIEXXUT aMHHOKUCJIOTHBIM OCTaTKaM, JIOKAJIH-
30BAHHBIM B OGJIaCTH KOHTAKTOB MEXAY
CyObeIMHMIIaMH, TAaK KaK HEKOTOPbIE H3 3THX
OCTAaTKOB NEPEAaloT HHOOPMALMIO OT OIHOM
cyObenuHMUBl K apyroi. KoHTakTel Mexay
ONHOUMEHHBIMH CyOBEIMHHIAMH TIeMOTIJO-
OMHAa HEMHOTOYHCIIEHHbI M 11O CBOEH MpHpoze
HOJISIPHBI, TOTA2 KaK KOHTAKTBI MEXY pasHo-
MUMEHHBIMH Cy6BeIMHHIAME OOLIMPHEL H B OC-
HOBHOM HenonspHbl. CyHIeCTBY:OT JBa THINA
KOHTakKTOB MEXAy o- ¥ P-mensmum, 0603Ha-
4a€MBbI€ COOTBETCTBEHHO a, B, H o, B,. Kak yxe
OTMeYaJsioch, o B,-KOHmMakm Urpaer, mo-BUAH-
MOMY, KJIFOYEBYIO POJIb B IEpeaaUe aJuioCTepU-
YECKHX B3aUMOIEHCTBMI,—CyAs O TOMYy, YTO
HMEHHO B 3TOH 00s1acTH HaGIonaeTcs 3HAYM-
TEJILHOE NIEPEMEILIEHHE ATOMOB NPH OKCHI€HHU-
poBaHuu remorno6uHa. O6 3TOM CBHAETENDb-
CTBYET M TOT (aKkT, YTO noumu éce z2emozao-
6unbl ¢ 3amenamu 6 obaacmu o, B,-kxonmaxmos
NPOABAAIOM NOHUNCEHHYIO KOONEPAMUSHOCMD.
Boaee mozo, 06v1uno u cpodcmeo smux 2emoz.n0-
6unos K Kucaopody omauuaemcs om Hopmbl.
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Prc. 5.18.  Monexyna remornobuna mpu-
HUMAEeT HOPMAJIBHYIO CTPYKTY-
Py, TOJBKO €CIH B TOJOXEHUH
B6 crout ocrarok rnmiuna. IMo-
CKOJIbKY HMEHHO B 3TOM Y4acCTKe
HEPEKPEIMBAIOTCA CIMpaid B
4 E, 1ng Gobluelt, 4eM y rmu-
HHA, 6OKOBOM HENM HeT MecTa.

Hanpumep, reMorno6us Kempsey xapaxre-
pusyercst Pso = 15 Topp, TOrma kxak [Jjis HOp-
MaJIbHOTO reMornobuna Py, paBHO 26 TOpp.
[Mpu 3T0# MyTauuu acnaprat B nosoxennu G1
B B-uenu 3aMeneH acmaparuiom. Iloyemy Ta-
Kasl 3aMeHa NPOSBJIAETCH B 3HAYUTEIILHOM IIO-
BBIIIEHHH CPOACTBaA K Kuciaopoay? Benomuum,
YTO B JE30KCHreMoryiobune  objacTb
o, B,-KOHTAaKTa B HOPMe CTaGHIM3HPOBAHA BO-
JOPOIHOM CBA3bIO MEXAY OCTATKAMH acnapTa-
ta Gl ¥ Tupo3uHa B a-nenu (pasm. 4.9). Dta
BOJIOPOIHAs CBA3b OOECHEYMBAET YCTOMYH-
BocTb T-cocTOsHHUA (tense, HaNpsXKeHHOE), Xa-
PAaKTEPHOIO [JIsi HOPMAJIBHOTO [1€30KCHTE€MO-
rinobuna. Omcymcemsue yKa3aunoii 6000podHoil
ceasu 6 zemozaobune Kempsey ymenvuaem
cmabusvHocmy T-cocmosnus, cpodcmso k Kuc-
40pody € pe3yavmame nogvluwaemcs. B o6pam-
HOl cumyayuu 6 mex dce CAy4asax, kozda 6 pe-
3yAbmame mymayuu HApywiaemca cmabuiv-
Hocmy R (peaaxcuposanmnozo) cocmoanus,
caedyem 0#CUOAMb CHUNCEHUA CPOOCMEA K KUC-
40pody. [lelicTBuTtensho, P, remorno6una
Kansas pasen 70 Topp. Y GOJNBHBIX C TAKUM Te-
MOTJIOOHHOM pe3KO BBIPAXEH HHMAHO3, MO-
CKOJIBKY YPOBEHb HACBIILEHHSA KHCJIOPOJOM MX



apTepuasibHOM KpoBU cocTasiseT 0,6 mMpoTUB
097 B HOopMe. B remorsiobune Kansas npo-
u3ouIa 3ameHa acnaparuHa G4 Ha TpPEOHHH,
BCJIEJICTBHE 4ero He oOpasyeTcs TOH BOAOPOI-
HOH CBA3M, KOTOpass B HOpMe CTaOMIM3upyeT
OKCHIeMOTJIOOUH.

5.16. 3HayeHHe OTKPLITH MYTAHTHBIX
reMor./i00HHOB

BrisiBnieHne MyTanmit OesKOB—NEPEHOCUYHKOB
KHCJIOPO/1a 0Ka3aJio 60JiblIoe BIUSHHE HA MO-
JIEKYJISIPHYIO OHOJIOTHIO, MEIULIHHY, TEHETHKY
M aHTpOnoJjoruio. MyTaHTHbIE I€MOTJIOOUHbI
HCTIOJIb3YIOTCS B TPEX JIMHHUSAX HCCIIEIOBaHHK.

1. Mymanmuole 2emoza0bunsl nosgossaom
NOHAMb  63AUMOCBA3b  MeNCOy CMpyKmypoi
u pyHkyueit HOpMaAbHOZO 2emo2a06una. MyTa-
IUsl IO OJIHOMY AMHHOKHCJIOTHOMY OCTATKY
npeacTaBiseT coboit Beicokocnenunduueckyro
XUMHYECKYIO MOIM(UKANUIO MOJIEKYJIBI, OCY-
LIECTBJIEHHYIO caMo#t npuponoii. Takue myTa-
UMK MOMOTAIOT BLISBUTH, KaKas 4acTb MoJIe-
KyJbl MMeeT HanboJsiee BaXHOE 3HAa4YeHHe AJis
dyHKIHN.

2. Ha npumepe Mymanmubvlx 2em02100UHO8
6b110 @nepevie 0bHapyMHceHo, umo 6oae3ns Mo-
Jocem  803HUKHYMb 6 pe3yibmame  3aMeHbl
00HOIl- eOUHCMEEHHOU AMUHOKUCAOMbL 8 OOHOL
noaunenmuoHoti  yenu OnpedeieHHozo beaka.
Bcsi kOHIENUs O MOJEKYJAPHBIX GOJIe3HsIX,
COCTaBJIAgIOIIAs Tenepb HEOTHEMIIEMYIO 4YacTb
MEIUIHUHBI, BO3HHMKJA I[PH H3YYEHHH IE€MO-
rJIOOMHA CEepNOBUAHBIX KJIETOK.

3. BuisgaeHue Mymawmuvlx 2em02A00UHO8
pacuiupsaem Hawu npeocmagieHus 06 380410-
YUOHHBIX npoyeccax. MyTalMu CIYXaT «ChIPb-
em» g 3Bomounu. Kak mokasasio u3ydenue
CEpIIOBHIHOKJIETOYHON aHEMHH, MyTalMs MO-
XKET ObITh OZIHOBPEMEHHO U MOJIE3HOM, U Bpe-
Ho#. Tlpouecc 3BOMIONMH MOXET MPHBOAMTH
K 60J1e3HH Y OT/AENBHBIX 0CO0eH ; ITO KPaCOYHO
omucamu Llykepkaut u IMonunr (Zuckerkandl,
Pauling 1962):

«C cyOBeKTUBHON TOYKH 3PEHHS 3BOJIIOLHS

Yauie BCero CBOAMJIACH K CTPaZaHHsIM OT 6o-

Jie3Hu. DTH 60ne3Hu Obiin, Ge3ycI0BHO, MO-

JIEKYJIIpHBIMH. BhIpakeHne xoHuenuuu jo-

Opa ¥ 313, KOTOPYIO YeJIOBeK H300pa3uII KaK

CBOE MeyaslbHOE M3THAHUE M3 pasi, 3TO, MO-

KeT ObITh, MoJleKyssipHas 0oJjie3Hb, 0bep-

HYBINASACS 3BOJIIOUHUEHY.

3akmouenne

W3meHeHMe OnHOM-€1MHCTBEHHOM aMHHOKHC-
JIOTBI B OJJHOM-€IUHCTBEHHOM Oe€JIKe, BHI3BaH-
HOE MyTauMed reHa, MoOXeT ObITb MPUYHHON
onpeneneHnoi 6ome3nn. Haubonee nsyvennas

MoulekyssipHasi 00J1e3Hb —CEePIOBUAHOKIETOU-
Has aHeMHUs. AHOMAJIbHBIH  TeMOTJI00MH
GOJIbHBIX  CEPNIOBUAHOKJIETOYHONH  aHEMHEId,
0003Ha4YaeMblii KaK reMOrJIOOMH S, COCTOMT U3
JIBYX HOPMAJIbHBIX O-LeNeH U ABYX MYTAHTHBIX
B-ueneit. MyTauus BeIpaxaeTcs B TOM, 4TO B B-
LIEMH reMOorJIOOHHA S B 6-M NMOJIOXKEHHH BMECTO
rJyTaMaTa CTOMT BaJIMH. Takoe 3aMelleHHe
noJsipHoil 60KOBOI LIeNH HAa HEMOJIAPHYIO pH-
BOJMT K PE3KOMY NOHMXEHHIO PACTBOPHMOCTH
nezoxcureMorsiobuna S. PacTBopHMOCTh ke
OKCHTreMorjo6uHa S ocTaeTcs HOPMAaJIbHOIM.
Jle30KCUTeHUpOBaHHbIH remoriobun S obpa-
3yeT BOJIOKHHMCTBIH OCaoK, KOTOphlid aedop-
MHpPYET IpUTPOLUT, NpHaaBas eMy hopmy cep-
na. CeprnoBUIHbIC IPUTPOIMUTHI GBICTPO pa3py-
LIAFOTCS, YTO CO3AAeT B UTOTE KJIMHHYECKYIO
KapTHHY XPOHHYECKOH TIeMOJIMTHYECKOM aHe-
MuH. CepnoBHAHOKJIETOUHAS] AHEMHS BO3HH-
KaeT TOJIbKO Y JIMIl, TOMO3HTOTHBIX 1O MYTaHT-
HOMY TeHY, JETEPMUHHPYIOIIEMY CHHTE3 B-e-
1 remoryiobuna S. Y reTepo3urotHsix ocobeii
CHHTE3UPYETCS U TEMOTJIOOHH S, U TeMOTJI00uH
A. T'eTepo3UroTHOE COCTOSIHHE, HA3bIBAEMOE
MPHU3HAKOM CEpIOBHAHOKJIETOYHOCTH, MPOTeE-
kaeT obbuHO OeccummToMHO. Cpeau Herpu-
TSHCKOT'O HACeJICHHs IPUMEPHO OJHUH YEJIOBEK
U3 IECATH T€TEPO3UTOTEH MO TeHY CEPOBHIHO-
KJIETOYHOCTH. Takas BbICOKas 4acTOTa 3TOrO
MYTAHTHOTO TeHa, BPEIOHOCHOTO JUIsi Opra-
HHM3Ma B CJIy4yae FTOMO3HIOTHOCTH, O00yCJIOBIIe-
Ha Te€M, YTO HOCHUTEILCTBO MYTAHTHOI'O TeHa
OKa3bIBAETCS MOJIE3HBIM NPU3HAKOM — SBJIEHHE,
H3BECTHOE KaK cOanaHCUPOBAHHBIA MOJIUMOP-
¢u3m. JInna, reTepo3uroTHHIE MO TEHY Cepro-
BUIHOKJIETOYHOH  aHEMMH,  OKa3bIBAIOTCH
YCTOHYMBBIMH K CAMOH TSDKEJIOH, JIeTabHOMH
dbopme Manspuu.

ITpu u3y4eHnn reMoriao6uHa y reMaToJIor -
4ecKHX OOJIbHBIX, @ TaKXe Mpu 0OCIIeI0BaHMH
310pOBBIX JoeH Oblno oOHapyxeHo 6oJee
100 MyTanTHBIX (GopM remoraobuna. I'emo-
rNOGHHBI, OTIMYAIOIIHECS IO 3J1eKTPOGOPETH-
YECKOM MOABHXXHOCTH OT remMorjaobuHa A, nmoa-
BEpraroT aHajM3y MEeTOAOM NENTHUIHLIX KapT
(«0TNeYaTKOB MAJNBLEBY) H 3aTEM ONPEIEIISIOT
NOCJIEN0BATEILHOCTD AMHHOKHCIIOT TOTO MI€Tl-
THJA, 10 KOTOPOMY HCCJIEyeMBbIi TeMOTI06HH
OTJIMYAETCs OT reMorioouHa A. BrisiBiieHO He-
CKOJIBKO KJIACCOB MYTallUii T[EeMOIJIOOUHOB.
K MyTanusM nepBoro xjnacca OTHOCATCS 3a-
MEHBl aMHMHOKHUCJIOT Ha MOBEPXHOCTH MOJIe-
KyJIBl; IIOYTH BCErJa 3TH 3aMeHbl Ge3BpeqHEbl,
a reMoriiobHH S cOCTaBiseT MOpa3HTEIbHOE

5. Monekyaspubie 6o.ie3Hu:
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HCKJTIIOYeHHE. MyTanuu BTOpOTO KJacca —3To
3aMeHBI aMMHOKHCIIOT BOJIU3H reMa, YTO O6bIY-
HO MPUBOAUT K HAPYIICHHUIO CBA3LIBAHMS KHC-
Jopona. Hanpumep, B remorno6use M npo-
KCUMAJIbHBIH JTM60 IOUCTANBHBLIH THCTHAMH
3aMEHEH HA THPO3HWH; B PE3YJbTATE FEeMOIJO-
6uH M crabunmmsnpopan B deppu(meT)bpopme
H He cnocobeH cBA3bIBATH Kucaopon. [pu my-
TalUAX TPETBETO KJIACCA 3aMEHBI MPOMCXOISAT
BO BHYTPEHHEH 4aCTH MOJIEKYJIbI, KOTOPLIE He-
PEAKO MPHMBOASAT K HM3MEHEHHIO TPETHYHOM
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0CTaTKOB. N-KOHIIEBBLIM OCTaTKOM B 3TOM IIen-
THAC OKA3aJICs BaJIHH.

a) 3aMeHe Kakux
CTBYIOT 3TH JaHHble?

6) Kak 3TOT reMOrI06HH HOIKEeH OTIMYAThCS
ot HbA u HbS no anekrpodoperuueckoii moa-
BHXXKHOCTH npu pH 8?

Hmxke noxaszana snextpodoperu-
4ecKas MOABIKHOCTb psAla My-
TaHTHBIX reMorjaobusos A npu pH 8.6.

IPOrpamMMsl

2.
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Kak pacnpenenstorcs MecTa a, b, ¢ u d Mexay
reMorJIoOMHaMH CIEAYIOUIEro COCTaBa:

Hb D (x 68) JIN3MH BMECTO apruHMHA
Hb J (B 69) Acnaprat BMECTO [JIMUHHA
Hb N (B 95) nyramat BMecTo nM3uHa
Hb C (B 6) JIN3MH BMECTO riyTaMaTta
3. HekoToprie MyTanum resa remo-

rJI00MHA OKa3bIBAIOT BJIMAHHE Ha
BCE TpH remoriobuna A,, A, u F, Toraa xax
Apyrue—ToJbKO Ha oavH U3 Hux. [lodemy?
4. Ecniu  remornobun  yenoseka

C NPHU3HAKOM CEPINOBUIHOKJIETOY-
HOCTH (T.€. TeTepO3UroTHOrO HO I'EHy cepHho-
BHIHOKJIETOYHOCTH) MO/BEPIHYTh ieKTpodo-
pe3y Ha KpaxMaJIbHOM TIejie, TO BBIABJIAIOTCH
ZIB€ OCHOBHBIE noJiockl. Onna n3 Hux — HbA®
(22B;), BTOpas—HDbS (a3B,;). OTcyTcTBHE
TPETBEH MOJIOCH! C MPOMEXYTOYHOMH 3JIEKTPO-

(opeTHyeckoi MOABMKHOCTBIO A0 OCHOBA-
HHWE IyMaTb, YTO THOPUIHON MOJIEKYJIBI o, BB
He cyuiectByeT. OlHako B JajbHEHIIEM Tako#
rUOpUIHBIA reMorjoOuH Obl1 OOHapyXeH B
pactBope. IloyeMy OH He BBISBISETCS IpH
aseKTpodopese Ha kpaxmaibHoM rene? (ITox-
CKa3Ka: NONyMalTe O BIIMSHHH 3JIEKTPHYECKO-
ro INoOJIA Ha paBHOBECHE Z(aZBBS)r—’aZB2+
+ a,B3)
5. HbA TtopMmo3ur oOpa3oBanue
JIUTHHHBIX BoJIokoH u3 HbS u mo-
ciIeyIomy 1eGopMalHio IPUTPOLHUTOB (B
CEpHOBHHbIE KJIETKH) NPH [1E30KCHI€HUPOBA-
Hun. Kakx oObscHuth 3TOT 3ddext HDA?
6. I1pu BBICOKOIH HOHHOM CHUJIE FeMOo-
rJIoOMH paclieruIsiercss B y4acTke
o, B,-koHTaKkTa Ha of-numepnl. Kakosa cmo-
COOHOCTb K JUCCOIMALIMM OKCH- M JE€30KCH-
$opmMsel remornobuna Kempsey no cpaBHeHHIO
¢ remornobusom A?



NABA 6.
Beenenune B 3H3IMMONOruro

XHuMHUECKHE PeaKii B OHOJIOTHYECKUX CHCTeE-
Max peaKo NPOTEKAIOT B OTCYTCTBHE KaTaIM3a-
Topa. PoJib TaKHX KaTaJIM3aTOPOB BHIIOJIHAIOT
cnenupuyeckue Oesky, Ha3bIBaEMEBIE depMen-
mamu. BceM (epMeHTaM CBOWCTBEHHBI yIHBH-
TeJIbHO BBICOKAsl KaTaJIMTUYECKas CHJIA M Clie-
unduanocTe. IIpH 3TOM aKTHBHOCTL MHOTHX
depmenToB peryimpyercs. Kpome Toro, psn
(GEpMEHTOB  HENMOCPEACTBEHHO  ydacTByeT
B TpaHChOPMAaIIHH Pa3IMYHbIX HOPM SHEPTHH.
PaccMOTpUM 3TH OTJIMYMTENBLHBIE CBOWCTBA
(bepMEHTOB, HMeEIOIIKE KpaiiHe BaXHOE 3Haue-
HHE [ OMOJIOTHYECKHX [POLECCOB.

6.1. MepmenTbI 00J121AK0T OFPOMHON KATAIH-
THYECKOH CHJIOH

DepMeHTBI YCKOPSIOT PEaK|H 10 KpaiiHeii Me-
pe B MWLIMOH pa3. B caMom xese, B oTcyT-
CTBHE HEPMEHTOB CKOPOCTh GOJIBIIMHCTBA pe-
akuMi B OHOJIOTMYECKHMX CHCTEMAaX MpaKTHYe-
CkM HeowyTHMa. [Jlaxe Takas mpocras peak-
LM, KaK I'MAPAaTHPOBAaHHE JHOKCHIA YrJIepoaa,

B otcyrcteue depmenta nepenoc CO, u3
TKaHe#dl B KPOBb M 3aT€M B BO3AYX JIETOYHBIX
anbBeos 6wt 661 Henoson. KapGoanruapasa,
KaTaJM3UPYIOIIAs 3Ty PEAKLHUIO, IPHHAIIEKUT
K YHCITy CaMbIX aKTHBHBIX ()EpPMEHTOB M3 BCEX
n3BeCTHRIX. Kaxnas Mosekyna kapGoauru-
Apas3bl CnocobHa ruApaTHpoBaTh 103 Monekyn
CO; B 1 c. CkopocTh peakuuu THAPATHPO-
Banus CO, B mpucyrcreuu depmenta B 107
pa3 BBIILLIE, Y€M B €ro OTCYTCTBHE.

6.2. depMenThbl 06.121210T BLICOKOH crienuduy-
HOCTBIO
®epMeHTH  06NaalOT BBICOKOH  crienmdu-
HOCTBIO KaK B OTHOIUCHHM KaTaJH3HpPyeMOii
VMM peakiiMy, Tak ¥ B OTHOILEHHH cy6cmpamos,
T.€. YYaCTBYIOIIMX B PEAKIMH BEIIECTB.
Kaxnplii GepMenT KaTanusupyeT Kakyio-mm6o
OJIHY XUMHYECKYIO PEAKLIMIO HITH XK€ HECKOJILKO
O4YCHb CXOAHBIX peakumit. CTeneHb creuupuy-
HOCTH K CyOCTpaTy OOBIYHO BLICOKA, a MHOT/A
NpakTHYECKH abCcooTHA.

PaccMOTpHM B xadecTBe mpuMepa npomeo-
aumuueckue gepmenmsl. OHH KaTaIM3UPYIOT
PEAKuHIoO THAPOJIM3A NMENTUAHOW CBA3M:

H O H O H 0 H O
[l [l 7 [l
wrr——c—c—m—tlz—cw+H,o —_\mr'w——tlz—c\ + HiN—(IZ—C**
H R H R, H R O R,
Mentug KapGoxcunbHbin AMHHHBIN
KOMNOHONT KOMNOHOHT

kaTanusupyercs depmeHTOM:

CO, + H,0 2 H,CO,.

Muorue npoteonuTHueckue depMeHTH KaTa-
JIH3UPYIOT HHYIO, HO CXO[HYIO pEaKIIMIO,
a4 MMEHHO THAPOJIN3 3)HUPHON CBA3M:

o]

I 7
Ri—C—0 - R. + H,0 —— R,—c\ + HO R, + HY

Adbup
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[TpoTeomuueckue hepyMeHTbl CHILHO pas3-
JIHYAKOTCA 110 CTCHCHH €y OCTpa 1HOM cretugpuy-
HocTH.  Tak, cyOTMIAM3MH,  CHU IC3UPYeMBlIil
OMPe1eIEHHBIM BI.10M OaK1epHil. pacuiel1seT
MENTUIHYIO CBSA3b HE3ABUCUMO OT [PUPO.Ib
npuiexawei Kk neit 6okosoit tenn. C L1py1oii
CTOPOHBIL. TPHIICHH. KaK YA€ YIOMHHATOCH
B 1.1. 2. MPOSB.ISACT BBICOKYIO CHEIHPHYHOCTD
B TOM OTHOILEHHH, 410 pacuienIsel er-
THIHBIE CBSA3H, 00PA30OBaHHbIC KaPOOKCH.IbHbI-
MH TpyHIAMH TOIbKO .IM3MHA M aplMHHHA
(puc. 6.1). TpoMOUH, yHaCTBYIOIUMIA B CBCPIbI-
BAHWH KPOBHM, IPOABIAET ellie 0O0.1e€ BHICOKYIO
cnetnHIHOCTh, YeM TpHncHi. OH pa3pbiBaci
TOJIbKO T€ MEMN TH,IHbIE CBA3U. KOTOpbIE 0OPa30-
BAaHbI KApOOKCH.IbHOH [PYNIOH  apluHuHa
H aMUHOIPYNTOH riauuuHa (puc. 6.2).

JpyruM npuMepoM BbICOKOH CTCIIEHH clie-
UUPUYHOCTH  (PEPMEHTOB  MOKET  CJIYKHThb
HAHK-nosumepasa 1. DtoT depmenT cuntesu-
pyer AHK. coeauuss apyr ¢ apyrom verbipe
THIIA  HYKJIEOTH1O0B —CTPOHTEIbHbIX O.10KOB
AHK. Tloc:1e10BatTebHOCTh  HYKJIEOTUI0B
B cuHTesupyemor nenu JAHK onpeaensercs
NOC.1€10BATE,IbHOCTBIO HYKICOTHI08B B JAPYroi
uert  JIHK, wrpatoweii po:ab  MaTpuubl
(puc. 6.3). IHK-no:ammepasa I otauvaercs no-
Pa3UTEILHO BBICOKOH TOYHOCTBIO B BBINOJIHE-
HHU TEX HHCTPYKLHH, KOTOpblE 3a1al0TCs Ma-
Tpuueil. B cunresupyemoix uensx JAHK ommu-
00YHO BKIIOYEHHBIA HYK.IEOTH BCTpeYaeTcs
PEXE YeM OIMH pa3 H4 MH LIHOH.

6.3. AKTHBHOCTb HEKOTOPbIX (hepMEHTOB pery-
Jaupyercs

HexoTopele hepMEHTBI CHHTE3UPYIOTCS B ¢hop-
Me HeAKMUH020 npeduwecmeeHHUKd W epexo-
OAT B aKTHBHOE COCTOSIHUE B (DH3HO.JIOT MMECKH
COOTBETCTBYIOILUEM MECTE H BpeMenu. [1pume-
POM peryJisiiMM TAKOTO THUMA MOTLYT CHAYKHTb
nUINeBapUTeIbHbIE PpepMmenThl. Tak, TpuncuHo-
TCH CHMHTE3UPYETCS B MOKETYIOUHON XKeJle3e,
a4 aKTMBHUPYETCS B TOHKOM KHILEYHHKE, IIe
B PE3yJbTaTe PACILUCIUICHHS NENTHAHON CBA3M
obpasyetcs  akTWBHas  (GOpMa — TPUTICHH
(puc. 6.4). Tako# xe THN peryiIsiuH MHOIO-
KPaTHO MCIOJIL3YETCS B MOCIEAOBATEILHOCTH
(bepMEHTAaTHBHBIX peaxuuii, BEY X
K CBEPTBIBaHUIO KpPOBH. KaTanuTnuecku Heak-
THBHBIE NPEILIECTBEHHUKH MPOTEOIMTHYECKUX
(GEepMEHTOB  HA3LIBAKOTCA  npodepmenmamu,
WIH 3uMmo2eHamu.

Ewe oaun Mexanusm perynsiuuu depmenTa-
THBHOW AKTHBHOCTH 3aKJIFOYAeTCs B TOM, 4TO
C (EpPMEHTOM KOBAJEHTHO CBSA3bIBAETCH He-
OoJbIIas NOMOJIHUTENbHAS TPynna. DTO TaK
Ha3bIBAEMBIA MEXaHU3M KO8AAeHMHON MOOU-

« Tuaponusyemas CBA3L
" I | ('I)
BRI

H H R,

Nuaunn
unm
apruHuH

0

Puc. 6.1. CreunuIHOCTL TPHIICHHA.

«— naponusyemas csasb

{Apruuuu l ‘ FnuuuH I

Puc. 6.2. CrieunpuiHocThb TpoMOuHa

(bakTOpa CBepTbIBaHHS KDPOBH).

Puc. 6.3.

OJIeKTPOHHas
¢us  monekyn JHK-nomume-
pasnl I (6esbie chepuueckue va-

MuUKpoc¢oTorpa-

CTHIIBI), TIPUCOEAMHHUBILIEHCS
K HHUTEBUIHOH CHHTETHYECKOM
JAHK-martpune. (ITeyaraercs
¢ 1106€3HOro paspelleHus a-pa
J. Griffith.)
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AKTHUBaLWUA NyTem
ruaponusa cneunduueckmnx

AKTUBHBIN
UeKTp

NenTUAHbIX CBA3EGA

N

-

HeaxTuBHbI NPeawecTBeHHNUK

AxTHBauus npodepMenTa nyteM
TUAPONHN3a CHelH(HIECKHX Men-
THIHBIX CBSI3€H.

¢uxayuu. Tak, B 4aCTHOCTH, yTEM IPHCOENH-
HeHHS (GochOpwIbHOH rpynmbel K omnpene-
JIEHHBIM OCTAaTKaM CEPHHA PETYIMPYEeTCS aK-
THBHOCTb (epmenToB (pa3a. 16.11), cunresn-
PYIOIMX WM PaclielIAIOIINX TJIMKOTEH.

T
—CH,—0—P—0-
o-
SochopHNUPOBAHHOS NPONIEORHOS
OCTATKS CopuHA
Takas Momnpukanus Moxet ObITh obparueHa
ruaponunszom. Kak npucoenunenue, Tak ¥ oT-
menesne GocHOpPHIIbHLIX U APYrHX MOIH(DM-
OUPYIOLIHX IPYyin KaTaJM3UpyeTcs cnenudu-
4eCKHMH (pepMEHTaAMH.

HHol THT perynsuum neCTBYET B Ciydae
MHOTHX MeTaboJINYECKHX TNOCIENOBATENBHO-
CTeH, BEAyLIMX K CHHTE3y HeOOJIbILIMX MOJIEKYJI,
Hanpumep aMHHOKHCHOT. ITpu 3ToM depmenT,
KaTaJIM3UpYIOWMH NepBblid 3Tan OHOCHHTE3a,
NoABepraercs HHrubupyroLIeMy AeHCTBHIO KO-
HEYHOTO NpoAyKTa OuocunTe3a (puc. 6.5). Un-
JIIOCTpailuei  3TOTO  MEXaHW3Ma  perys-
MK — uH2UGUPOBAHUA NO npuHyuny obpammuoii
C8A3U, UJIK PempOUHzubUPOBaAHUA,— MOXKET C1y-
*UT OHOCHHTe3 u3oneinnHa y GakTepuit. [1pe-
BpallleHHE TPEOHMHA B H3OJICHLMH OCYILECT-
BJISETCS B NATH JTANOB, NEPBbIH M3 KOTOPBIX
KaTaJM3upyeTcs TpeoHuHAe3amunasoi. Korna
KOHUEHTPALUs M30JIeHIIHHA NOCTHraeT J0CTa-
TOYHO BBICOKOTO YPOBHSI, TPOUCXOAUT MHTHOH-
poBaHHe ¢epMeHTa, OOYCIIOBJIEHHOE TEM, YTO
H30JICHIIMH NPUCOEAHHSETCS K PETYIATOPHOMY
(a He K KaTaJIUTUYECKOMY) y4acTKy ()epMeHTa.
Hnurubuposanne depmeHta B 3TOM cCiyuae
ONOCPENOBAHO OOPATHMBIM A440CMeEpUYecKUM
s3aumooeiicmeuem. Tlpu cHwKeHHH coaepxka-
HHS H30NEHIMHA O ONPENENAEHHOTO YPOBHS
TPEOHUH/IE3AMUHA3a BHOBb CTAHOBHTCS aKTHB-
HOM M CHHTE3 H30JIeHIIHHA BOCCTAHAB/IMBAETCS.
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AKTUBMBIA (PEPMEHT

CneundnyHOCTb pana GepMEHTOB HAXOIMT-

cs nox ¢u3noNIOrHYeckuM KoHTposieM. Oco-
6EHHO MHTEPECHBIM NPHMEPOM B 3TOM OTHO-
LIEHMH MOXET CIYXHTb CHHTE3 JaKTO3bI
B MOJIOYHOH skene3e (puc. 6.6). JlakTo30-CHH-
Ta3a— (PEPMEHT, KaTaJUu3HPYIOLUMHA CHHTE3
JIAKTO3bl, COCTOMT N3 ABYX CYyObeAUHMUIL —KATa-
JIMTHYECKOH U Moandpuuupytowei. Katanutu-
yeckas cybbeiMHHIA caMa 1o cebe HecmocobHa
K CHHTE3y 1aKkTo3bl. Posb 3T0# CyOBeQHHHMIIbE
COCTOMT B TOM, YTO OHA KATAJM3HUPYET MpPHCOoe-
JVHEHHE rajakTosel k OelIKy, comepxarueMy
KOBaJIECHTHO IPHCOEMHEHHYK) YTIJIEBOAHYIO
nenb.
Moouduyupyowan cybvedunuya mensem cne-
yuguuHocmes Kamaiumuueckoii  cybvedunuy bl
TakuM 06pa3oM, YTO mOciHeqHss HaYHHAeT
NPHUCOE/IMHATL TaJlaKTO3y YyXe K [JIIOKO3e,
obpaizys nakto3y. Couepxanune MOOMHIIU-
pytouieii cyOBeAMHUIBI HAXOAUTCS IOA TOPMO-
HaJIbHBIM KOHTponeM. Bo BpeMs GepemenHo-
CTH B MOJIOYHOH Xejie3e CHHTE3UPyeTcs
KATAJIATHYECKasd CYObeIMHMIA, COIepXKaHHE XKe
MoaubuuupyoIel Cy6beaMHALBLI  HEe3HAYHU-
TenpHo. Tlpu pomax cojepxaHue rOpMOHOB
B KPOBHU PE€3KO MEHSETCS, YTO NPHUBOIHUT K CHH-
Te3y GONMBIIMX KOJNHYECTB MoauduuupyoLei
cyopeaunuubl.  Jlanee  Moauduuupyromas
cyOBeAMHUIA PHCOENNHSETCS K KaTAJIMTHYE-
CKOii, 00pa3yst aKTHBHEIA JIAKTO30-CHHTA3HBIM
KOMIUIEKC, NPOAYLHUPYIOUHMHA OONbLIKE KOJIH-
4ecTBa JakTo3bl. M3 Bcero ckazaHnoro ovesu-
HO, YTO TOPMOHBI MOTYT OKa3bIBaTh (PU3HONO-
rudeckui 3QdeKT nyTeM u3MeHeHus cnenudpud-
HOCTH (PEPMEHTOB.

6.4. depMeHTbI OCYILECTBANIOT TpaHcdopma-
HHIO PA3/IHYHBIX BH/IOB JHEPrHH

Bo MHOrux 6MOXHMHYECKHX peakuusx sHepzus
peazupylowux eeujecms nepexooum u3 O0OHOIl
gopmbl 6 Opyzyio ¢ ebicoKoil cmenenvio 3@ Pex-
muenocmu. Tak, HanpuMep, npu doTocuHTE3E
SHEPrHs CBETA MPEBPAILAETCS B 3HEPTUIO XH-
MUYECKHX CBsi3eil. B MUTOXOHApHSX cBOGOAHAS
SHEprHs, Ccoaepxalascd B HH3KOMOJIEKY-
JIAPHBIX BEUIECTBAX, MNOCTYNAIOIINX C MHIICH,
NIEPEXOAMT B 3HEPTHIO ajeHo3uHTpHbOChaATA
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Puc. 6.5. WHruGupoBaHue No MexaHHU3My
oOpaTHOH CBsI3M NEPBOTrO B Me-
Tabonuyeckoil MocneaoBaTeNlb-
HOCTH (hepMeHTa nyTeM oOpaTH-
MOTO CBS3BIBAHHS HM KOHEYHOTO

NpOAYKTa.

(ATP)-pa3meHHO) MOHETHl 3HEPreTHYEcKOM
BAMIOTBL. DHEPrusi XUMHYeCKux cBs3eit ATP
HCTIONIL3YETCs [ajieeé BO MHOTHMX MPOLECCaXx.
Ilpu MblledHoM cokpaueHun sueprus ATP
npeo6pa3yeTcs B 3HEPrUIO MBILIEYHOTO COKpa-
1eHus. B xneTkax u B CyOKIETOYHBIX OpraHel-
JIaX MMEIOTC HAcockl, ucnosbdyroume ATP
Uil TPAHCIIOPTA MOJIEKYJT H MOHOB IIPOTHB XH-
MHYECKOTO U 3JIEKTPHYECKOTO [Pa/MEHTOB.
OTH NpeBpaIleHNs 3HEPTUM OCYIUECTBIAIOTCA
MomeKyJaMH  (EPMEHTOB, COCTaBIAIOLIMMU
HHTErPasibHYIO0 44CTh BBICOKOOPTaHN30BAHHBIX

CTPYKTYp.

6.5. PepmenTHI
peaKiHH
MepMEHT ABJISETCA KATANU3ATOPOM, H, CJIE/10-
BATENBHO, OH HE MOXET U3MEHAThL PaBHOBECHS
XUMHYECKOH peakiuu. 10 03Ha4aeT, 41o dep-
MEHT YCKOPAET KaK [IPAMYIO, TaK U 0OpaTHyO
peaKkiiiO B COBEPUICHHO OJMHAKOBOH CTETEHH,
PaccMoTpuM  B3auMonpespaiticHie A B B.
[lycTs B OTCYTCTBHE (lepMEHTA CKOPOCTD Mpsi-
Mol peakuuu (kup coctaBut 1074 ¢™1, a cko-
pocts obpatHoit (kosp cocTaBuT 107° ¢l
KouncTtanTta paBHoBecus K onpenensiercst CooT-
HOUIEHHEM 3THX CKODOCTEH:

He C/ABHraloT paBHOBECHA

10-4 o1
A =2 B,
106 -y
C
[B] k"p 1074
K = == = = 100.
[A] k°5p 10-¢

TakuM o006pa3oM, B COCTOSHHH PpaBHOBECHA
koHneHTpauus B Oyner B 100 pa3 Beiue, vem
KOHIIEHTpalus A, He3aBHCUMO OT TOrO, IpH-
CyTCcTBYeT (pepMeHT WM HeT. OIHaKO B OTCYT-

cTBHE (pepMeHTa pABHOBECHE YCTAHOBUTCS
JIMIb YePe3 HECKOJIbKO HacOB, TOI/IA KaK NMpH
y4acTuu pepMeHTa OHO OYAET AOCTUTHYTO BCe-
ro JHIIb 32 HECKONbKO cekyHa. CrienoBaTejib-
HO, PEPMEHTHI YyCKOPAIOT HACTYIJIHHE PaBHO-
BECHSl, HO HE CIBHTAIOT €ro.

6.6. ®epmMeNTBI CHHXKAIOT JHEPrHIO AKTHBALHH
KaTaJH3HPyeMbIX HMH peaxuuii

Xumuyeckasi peakunss A=B nporekaer udepe3
nepexodnoe cocmosnue ¢ 607€ee BLICOKOH SHep-

Fanakro3a Cniokosa
CH,OH CH,OH
H 0 o M O_ ot
H H
OH H OH H
H H H
H OH H OH
NAKTO3A
. m NakTo3za
TanakToaa
. FnukonpoTtenH
‘ Katanutudeckan eguHula
Moaudmkatop cneyudPUyHOCTH
Puc. 6.6. CuHTe3 nakTO3bl — caxapa, co-

CTOSIIIErO N3 OCTATKOB IJIFOKO3BI
H [AIaKTO3bl, IPOHCXOAUT MO
neicreueM ¢epMeHTa, KOTOPbIA
COIEePXKHUT KATATHTHIECKYIO
cyObenquuuny U CyObEIMHHILLY,
Moauduupyroiyo cyberpar-
Hy cnenuduaHocTs. KaraauTu-
yeckad CyObeauHuLAa B OTCYT-
cTBHe CcyObeauHHUIBI-MOoaudHKa-

TOpa KaTaJH3upyeT JpYyrylo
peakiuio.
6. Beenenne B 3H3HMOJIOTHIO 107



THeH, 4eM sueprus A umu B. CkopocTb npamoit
PEaKLMH 3aBHCUT OT TEMIIEPATYPHI H OT Pa3HO-
CTH 3Ha4YCHHH CBOOOIHON sHepruum aaa A
¥ HEPEXOJHOrO COCTOSIHMA; 3Ta Pa3sHOCTh Ha-
3bIBACTCSL  C80600HOU  3Hepzueil  akmusayuu
r u6fca ¥ obosHauaetcs AG' (puc. 6.7,4):

AG* = Gnepexonuoe COCTOSIHHE chﬁcrpar
CKOpOCTE peakiuu NIponopIMOHATbHA KOJH-
HECTBY MOJIEKYJI, CBOOOHAA IHEPIUst KOTOPHIX
paBHa niu Bbiie AG*. Jloas TakuX MoJeKy.
BO3pacTaeT C MOBBIICHHEM TEMIIEPATYPHI.

Depmenmsl nogvlwaAM CKOpPoCMy peaxyuil
nymem CHUXCEHus aKmusayuonHozo 6apvepa
AG™. Ilpu B3aumoneiicTuu cyGeTpata ¢ dep-
MEHTOM peakilisi MpOTEKAET N0 HOBOMY Mexa-
HHU3MY, XapakTepH3yrolueMycs Gonee HH3KO
SHEPIHed MePeXOHOr0 COCTOSHUSA, Y€M peak-
0uH, TMPOTEKAIOIME B OTCYTCTBHE (hepmeHTa
(puc. 6.7, B).

6.7. IlepBbiii >Tan ¢epMERTATHBHOrO KaTaJiH-
3a—o0pasoBanne ¢epmenT-cyGeTpaTHOrO
KOMILIEKCa

OO6pa3oBaHHI0 WM pACIIENJIEHHIO XHMHYe-
CKHX CBA3eH KaKUM-TTHOO0 (epMeHTOM npeiue-
CTBYeT GOPMHpPOBaHHE epmenm-cybempammuo-
eo (ES) xomnnekca. Ilpum stoM cy6erpart
NIPUCOEIMHSACTCA K CIEUHPUYECKOMY YYaCTKy
Ha (epMeHTe, Ha3bIBACMOMY AKMUGHbIM YeH-
mpom. BOJLIIMHCTBO (epMeHTOB nposBISET
BBICOKYIO H30MpaTeJIbHOCTh B OTHOLUEHHH
CBA3bIBaHUsA cybcTpaTos. B cymmocTn, cnenn-
(uYHOCTD KaTanMTHYECKOTO meHcTBHS dep-
MEHTOB B OCHOBHOM 3aBHUCHUT OT CIenH(pH4HO-
CTH mpouecca cBA3bIBaHUA. bosiee Toro, Ha
9TOM CTAaZMK HEPEIKO OCYLIECTBISETCS H Pery-
JiAUs GepMEHTATHBHOM AKTHBHOCTH.

CymectBoBaHue tdepMeHT-cybCcTpaTHBIX
KOMILJIEKCOB ObIIO 0KAa3aHO Pa3sHBbIMH CIOCO-
Gamu.

1. ES-xomnuiekcbl 6blIM  Henocpedcmeenho
8bLABAEHb C NOMOUSbIO IAEKMPOHHOI MUKPOCKO-
nuu u penmzenocmpykmyprozo anasusa. Komn-
JIEKChl HYKJIEMHOBBLIX KHCJIOT ¥ MX MOJMMepa3
BHIHBI TOX 3JIEKTPOHHBIM MHKPOCKOMOM
(puc. 6.3). [Ipn peHTreHOCTPYKTYPHOM aHajH-
3¢ KoMILUIeKca kapbokcunenTtuaass A ¢ ee cy6-
CTPaTOM IIMUMI-L-THPO3KHHOM ObLIa Nomyue-
Ha mnoapobHas uHOOpManMs OTHOCHUTEILHO
MECTa M XapaKTepa CBA3bIBaHWs CyGCcTpaTa
c depmenToM B 3TOM ES-KOMMekce.
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MNepexogHoe coctonHue
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§ Cy6cTpar
Npogykr
A Bpemna npotekanus peakumu
bes xatanusaropa
/’—‘\
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a / \
2 B npucyTcTeum
: xatanusatopa
© .
§ . / ’\ \
§ Cy6erpar \\
o
MpoaykT
b Bpems npotekanusa peaxuum
Puc. 6.7. A. Onpenenenue csobogHoiM

3HepruuM aktuBammu AGY. B.
DepMEHT YCKOPAET Peakiuio my-
TeM CHHXeHus AG .

2. Ipu obpasopaunu ES-komnexca Hepen-
KO M3MEHSIOTCS uszuuerkue ceoilcmea dep-
MEHTA, HAlPUMEP PACTBOPHMOCTb HJIH TEPMO-
CTaOUIIBHOCTb.

3. Cnexmpockonuueckue  xapaxmepucmuku
MHOTHX epMEHTOB ¥ Cy6CTPaTOB U3MEHSIOT-
cs npu ob6pa3oBaHun ES-koMmiekca mompo6HO
TOMY, KaK MEHSETCA XapakTEepHBIH IS AE30K-
CHreMOrJIoOHHa CNEKTp MOIJIOLIEHHS MpH
CBSI3BIBAHMHM KHCJIOPOAA WM MPH OKHCJICHHUU
B (eppudopmy, uTo 6BUIO OmMcaHO paHee
(puc. 3.18). DTH U3MeHEHHS NPOABIIAIOTCH OCO-
GEHHO OTYETNIMBO, eciM (ePMEHT COmepPXHT
OKPAIIIEHHYIO TPOCTETUYECKYIO rpymmy. Xopo-
LIeH MIUTIOCTpalMel MOXeT CIIyXHTb TPHITO-
(an-cunrasa — 6akTepuanbHbli  hepMeHT, co-
JepXalwil B  KayecTBe MPOCTETHYECKOM
Tpynnbl NUpHAOKCanbpocdaT. ITOT depMenT
KaTaqM3upyer cuHTes L-tpuntodana w3
L-cepuna u unmona. Ilpu nobasnenun L-ce-
pHHa K depmeHTy pe3ko Bo3pacTaeT duyopec-
UEHIMA MUPHAOKCANbPOCHATHOH  rpynmsl
(puc. 6.8). Iocnenyiomee no6asnenue BTOpo-



+ Cepun

Tonbko cbepMeHT

+ CepuH
W nuHgon

MHTEHCUBHOCTL hNYOPecLeHLUM

1 I
500 550

450
AnuHa BONHbI, HM
Puc. 6.8. IIpn npobGasneHun cybeTpaToB

PeaKUHH — CEpUHA U MHI0JIA — U3-
MEHSETCS MHTEHCHBHOCTL (u1yo-
peclieHIMH  IHpuaokcaibdoc-
daTHOlf Tpynmbl B aKTHBHOM
LEHTpE TPUNTO(AH-CHHTA3BL

ro cybcrpaTta—MHOONA —TacHT (IIyOpeCiieH-
UHIO 10 YPOBHS HIDKe HexonHoro. Takum oGpa-
30M, (payopecueHTHas CHEKTPOCKONHUs MO3BO-
JIf€T BBIABATHL CYLIECTBOBAHHE KOMILIEKCOB
tdepMeHT—cepuH # HepMEHT—CepHH—HHIO.
Hns usyyenus QepMeHT-CyGCTpaTHOrO B3aM-
MOIEHCTBHSA C yCIEXOM NPHMEHAIOTCS W Opy-
THE CMIEKTPOCKOMUYECKHE METOABI, B YaCTHOCTH
METOAbI ANECPHOTO M JIEKTPOHHOIO Napamar-
HUTHOTO PE30HAHCA.

4. IIpn obpasoBanun ES-koMiuiekca mpo-
SIBJIAETCA BBICOKAsi CTENEHb cmepeocneyuguy-
nocmu. Hanpumep, D-cepu ne moocem city-
XHUTb CyOcTpaToM miis TpunTodaH-CHHTA3BL.
Bonee toro, D-u3zomep naxe He CBA3bIBaeTCA
¢ pepmerToM. M3 3TOrO CrenyeT, 4TO yYacToK
CBA3bIBaHMA CyOCTpaTa HMeEET CTPOro onpene-
JIEHHYIO T€OMETPHUYECKYio (hopmy.

5. ES-xoMIIIeKChl yaaeTcs MHOTAA 6bide-
Aumb ¢ yucmom eude. Ecnu pepMeHT KaTaausm-
pyeT peakuuio A + B 2 C, TO B HEKOTOPBIX
CiIy4asiX MOXHO BBIAEIHTHL KoMmiuiekc EA. Jlns
9TOro Heo6xoaUMO, YTOO! hepMeHT obnagan
IOCTATOYHO BLICOKMM CPOACTBOM K A U 4TOOBI
B B cMecu oTcyTcTBOBAIL

6. IIpy NOCTOAHHOW KOHUEHTpauuu dep-
MEHTa CKOPOCTb PEAKI[MM BO3PACTAET C yBEJH-
YCHUEM KOHIIEHTpAIHU cybcTpaTa, noka He Oy-
OEeT JOCTMIHYTa MaKCHMaJibHasi CKOpOCTh

(puc. 6.9). Taxoii 3¢dekT HACHILLEHHS HE CBOM-
CTBEH peakuHAM, NpOTeKalolMM Oe3 KaTailu-
3atopa. B 1913r. Jleonop Muxasauc
(L. Michaelis) paccMOTpen NOHATHE Makcu-
MaavHoll ckopocmu epmenmamugHoli peakyuu
¢ no3uuuit o6pazosanus nuckpetHoro ES-kom-
naekca. MHXa3Jvc NpUILeN K BBIBOY, YTO CKO-
POCTb PEAKIMH JOCTHraeT MakKCHMyMa MpH /10~
CTaTOYHO BBICOKOH KOHIIEHTpauuu cybcTpara,
TaK KaKk B 3THX YCJIOBHMSX CyOCTpaT 3aHMMaeT
BCE KaTaJMTHYECKHE HEHTPbI Ha (epMmeHTe.
TO MOJIOKEHHE SBISAETCA CAMBIM CTaPbIM
1 HanboJiee OOLIMM IOBOIOM B MOJIb3Y CyIlE-
crBoBaHus ES-kommnekcos.

6.8. HexoTopbie cBoiicTBa aKTHBHBIX LEHTPOB
AXTHBHBIH IEHTp PepMeHTa —3TO y4acToK, KO-
TOpBIA CBA3BIBAET CyOCTpaThl (M MpPOCTETHYE-
CKYFO IPyIIIy, €CJIX OHa €CTb) H B KOTOPOM CO-
JepXKaTCss aMHHOKUCJIOTHBIE OCTATKH, HEroc-
PEACTBEHHO Y4acTBYIOIIME B 06pa30BaHUH HIH
pa3pblBE XMMHYECKHX CBsizell. Takue ocTaTku
Ha3bIBAIOT Kamaaumudeckumu epynnamu. He-
CMOTpSi Ha OrpOMHOE pa3sHOOOpa3ue CTpykK-
Typbl PEPMEHTOB, HX CrieLHUYHOCTH U MeXa-
HU3Ma KaTaJINTHYECKOrO AeHCTBHA, BCE Xe
MOXHO cAeJaTh psax 0000IIeHUH B OTHOLIIEHUU
CBOMCTB aKTHBHBIX IIEHTPOB.

1. Ha akxmugnulii yenmp npuxooumcsa omho-
CumebHO Maaas yacme obwezo obvema gep-
menma. BoOjbluas 4acTh aMHMHOKMCIIOTHBIX
OCTaTKOB B MOJIeKyJie (epMEHTA HE KOHTAKTH-
pyer c cybecrpatom. OcTaeTcs 3araikoi, moye-

MaxcumanbHas cxopocn\
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KonuexTpauuns cydcrpara
Puc. 6.9. CxopocTh (epMEHTATHBHOH pe-

aKIUH KaK QYHKLIMS KOHLEHTpA-
a4 cybcrpara.

6. BBexeHne B IHIMMOJIOTHIO 109



Cy6cTtpar
+ —>

AKTUBHBIN
LeHTp

ES-xomnnekc

a p

DepmenT

Puc. 6.10.  BzammoneiictBue  cy6cTpaTtoB
¢ epMeHTaMH COrJIacCHO Modeau
KA04-3aMO0K. AKTHUBHBIA LIEHTp
dbepmeHTa cam no cebe koMIuIe-

MeHTapeH 1o ¢opme cybeTpary.

My pa3mep (epmeHTOB Tak Benuk. IlouTu Bce
(depMeHTHI comepxaT 6Gosee 100 amMuHOKHC-
JIOTHBIX OCTATKOB M MMEIOT MAcCy CBBIIIE
10 x/la, a quamerp-cabime 25 A.

2. AxmugHblit yenmp—mpexmepHoe obpazo-
8anue. JIpyruMH CIOBaMH, 3TO He TO4YKA, HE JIH-
HHs M JIaXe HE MJIOCKOCTb, a CIIOXKHAsl TPeXMep-
Has CTPYKTypa, B (OPMHPOBAaHWH KOTOpO¥
Y4acTBYIOT I'DYNILI, IPHHAMLIEKALIME Pa3HBIM
4aCTAM JIMHEHHOH NOCJIeAOBATEILHOCTH aMH-
HOKMCJIOT. JIEHCTBHTENIBHO, KAK MBI yKe BHAE-
JI Ha [IpUMepe reMOrjo6MHa U MHOIJIOOHUHA,
B3aUMOJCHCTBHE MEXAy aMMHOKHCIOTHBIMH
OCTATKaMH, PaCIOJIOKEHHBIMHU [1aJIEKO APYT OT
Apyra B JHMHEHHOH MOCJIeNOBATENLHOCTH, He-
PENKO CHIIbHEE, 4E€M B3aMMOJEHCTBHE MEXIy
COCEIHUMH (B TIOCJICOBATEILHOCTH) OCTATKa-
MH aMHHOKHCIIOT. B in3onume — pepmenTe, ko-
TOPBLIA MBI PaCCMOTPUM MOAPOOHO B CIEAYIO-
med rnase, OCHOBHbIE TpYNNbI aKTUBHOTO
LIEHTpA MPEACTaBJIEHbl AaMHUHOKHCIOTHBIMHU
OCTaTKaMH, 3aHuMaronmmu 35, 52, 62, 63
u 101-e mosoxeHuss B JMHEHAHOM MoOCieqOBa-
TEJLHOCTH M3 129 aMHHOKHCIIOT.

3. Cy6cmpambr omnocumenwno caabo cesa3vi-
saiomca ¢ pepmenmamu. KOHCTaHTBI paBHOBe-
cust ES-koMniekcoB OGLIYHO JexaT B mpe-
nenax ot 10~2 go 10~ % M, uto cooTBeTcTBYeT
CBOOOJHBIM 3HEPrUSM B3aMMOAEHCTBHS OT
—3 no — 12 xkxan/monb. CpaBHMM 3TH BeJju-
YMHBl C CHJIOH KOBAJICHTHBHIX CBs3ell, cOCTa-
Bisromed ot — 50 no — 110 kkan/mMob.
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4. Axmuenbiii yenmp umeem Hopmy y3K020
yeaybaenus uau weau. Bo Bcex depmentax
€ M3y4eHHOI CTPYKTYpOH CBA3bIBaHHE CyGCTpa-
TOB IIPOUCXOJMT B TAKOM YI1yOJIEHHH WITH 1Ie-
JIK, Kylla HET JOCTyNa BOJE, 33 HUCKJIIOYEHHEM
TeX CJIy4aeB, KOTAa BOAA SABJAETCH OJHUM U3
PCarupyroumux BewecTs. B stoM yrinyGrennu
NPUCYTCTBYET HECKOJBKO MOJSAPHBIX AMMHO-
KHCIOTHBIX OCTA4TKOB, HEOOXOAUMBIX 15
CBA3bIBAHMA U KaTajm3a. Hemonsipubiii xapax-
Tep Bce 06JacTH B LENOM CHOCOBCTBYeT
cBsi3bIBaHMIO cyOcTpaTta. Kpome Toro, mene-
BU/HAs OpMa aKTHBHOTO LIEHTPA CO3AAET MH-
KPOOKDPYXEHHE, B KOTOPOM OT/IEJbHbIE MO-
JISpHBIE OCTATKH NMPHOOPETaroT 0coOble CBOI-
CTBA, CYMIECTBEHHO BaXKHbIe [JIsi KaTaJM3a.

5. Cneyuguunocms ceazvieanus 3agucum om
CMPpo20 OnpedeseHHOzZ0 PACNOAONCEHUR AMOMOE
8 akmugrom yeumpe. CyGCTpPaT BXOAUT B ak-
THBHBIi LEHTP, TOJILKO €CIH OH COOTBETCTBYET
eMy mo ¢dopme. B 1890 r. Omuwin Dumep
(E. Fischer) ucniosib308an cpaBHeHHE ¢ KJIIO9OM
1 3aMKOM (pHc. 6.10), koTOpOe oKka3anoch mo
CYLIECTBY NPABHJIbHBIM H HCKJIIOYMTEJILHO
IJIOAOTBOPHBIM MPENCTABICHHEM O CTEPEOCTIE-
IMPUIHOCTH KaTanu3a. OAHAKO, KaK MOKAa3bl-
BalOT paboThbl MNOCNEAHHX J€ET, AaKTHBHbIE
LEeHTPbl HEKOTOPHIX (PEPMEHTOB HE SBJIAIOTCS
XKECTKOH CTPYKTYpOH, X ¢opma Moauduiu-
pyeTCs NpH CBA3BLIBAHUM CybcTpaToB. B 3THX
(bepmenTax ¢opma aKTHBHOTO LEHTpA CTaHO-
BUTCS KOMILIEMEHTapHOH (opMme cybeTpaTa

Cy6crpar
+ =
a
c
b ES-xomnnexc
DdepmenT
Puc. 6.11.  BsaumogeiictBue  cybcTpaTos

¢ (hepMeHTaMHK COITaCHO Modeau
UHOYYUPOBAHHOZ0 COOMEemcmus.
Ilpu cBaseiBaHMM cy6GeTpaTta
TIPOMCXOAMT H3MeHeHHe POPMbI
(depMeHTa. AKTHBHBII LEHTp
tepmeHTa TONBKO noc.e npucoe-
JIMHeHUs cybcTpaTta CTaHOBUTCS
KOMIUIEMEH TapHBIM eMy 1o ¢op-
Me.



(Vmax

Vmax

Vimax/2

CkopocTb peakuyuu (V)

Kw

KoHueHTpauuna cybecrpara [S]
I'padux 3aBHCHMOCTH CKOPOCTH
peakuud V OT KOHIEHTpauuH
cyberpara [S] mns depmenra,
NOJYMHAIOLIEr Ocs KHHETHKE
Muxasnmuca — MeHTeH (Voa—
MakKcUMaJlbHasi CKOpOCTb, Ky —
KOHCcTaHTa Muxasiuca).

Pnc. 6.12.

TOJIbKO nocae cBsi3blBaHHA cyOcTpara. Taxoi
npolecc IWHAMHYECKOTO Y3HAaBaHHUA Ha3sbl-
BAIOT uHOyKyuesi coomeemcmsus (puc. 6.11).
Kpome Toro, HekoTopbie epMeHTHI npeanou-
TUTEJILHO CBA3BIBAIOT CyGCTpaT B HampshKeH-
HOW («HcKaxeHHOW») (opMe, COOTBETCTBYIO-
LIEH NepexoqHOMY COCTOSHHIO.

6.9. Kunernka MHOrax ¢epMeHTOB ONHCHIBAET-
cq Mozesabio Muxadauca - MeHTeH

Jns MHOTHX hEpMEHTOB CKOPOCTD KaTajm3a V,
TakiM 00pa3oM, 3aBHCHT OT KOHLEHTPaLHH
cyberparta [S], kak 310 nokaszano Ha puc. 6.12.
INpu nocTosHHON KOHHEHTpauun ¢QepMeHTa
¥ MaJlbix 3HaueHusx [S] V moutn npsmo mpo-
nopuuoHasnbHa [S]. IIpu BbICOKHX 3HAYEHHSAX
[S] Vnouru He 3aBucur ot [S]. B 1913 r. Jleo-
HOp Muxasmuc 1 Mox Menten (L. Michaelis,
M. Menten) npemyloXuin NPOCTYIO MOJIEb,
OO BACHSAIOLIYIO TAKYIO KHHETHKY. OCHOBHAsA UX
IOCBUIKA COCTOSJIA B TOM, 4TO 0oOpa3zoBaHHe
cnennduieckoro GepMeHT-CyGCTPaTHOrO KOM-
IJeKca HBJISETCS HEOOXOOUMBIM NPOMEXY-
TOYHBIM 3TamoM KkaTanusa. IlpenyoxeHHas
MMM MOZENb, KOTOpas NpocTedmuM obpazom
ONKCHIBAECT KMHETHYECKHE CBOMCTBA MHOTHX
(EPMEHTOB, COCTOUT B CJIEAYIOLIEM:

ki1 k3
E+S 2 ES—> E+P. (1)

k2

®epmMeHT E coenunsiercs ¢ cyberpatom S,
obpasys ES-koMiutekc, KOHCTaHTa CKOPOCTH
storo npouecca—k,. Cynsba ES-kommiekca
CKJIaJbIBa€TCS ABOSIKO: OH MOXET JIMGO aHucco-

uuupoBaTh Ha E u S ¢ xoHcTaHTO# ckopocTu
k,, nubo nogBepraThes NanbHeEHIIEMy peBpa-
HieHHto, obpasys npoaykt P, ¢ koHcTaHTOl
CKOPOCTH kj . [TocTynupyeTcs, 4TO IPOAYKT pe-
akuuu P He mpeBpaimaercs B HCXOAHBIH cyO-
cTpat S; 3T0 ycaoBue cobiroaeTcs Ha HaYa b-
HOH CTaJuM pEaKUuH, NOKAa KOHLEHTpAlHUs
NPOAYKTA HE JAOCTUrAaeT OMIYTUMOro KOJmye-
CTBa.

Kax cBsi3aHa cKOpOCTh KaTanu3a ¢ KOHLEH-
Tpanuel cybcTpaTa ¥ GepMeHTa U CKOPOCTAMHU
OTHAEJbHBIX 3TanoB peakuuu? Haunem c¢ Ttoro,
4TO CKOPOCTh (EPMEHTATHBHOH pEaKiHU paB-
Ha NPOM3BEAEHHIO KOHIEHTPALUH KOMILIEKCA
ES Ha xOHCTaHTy kiy:

V =k, [ES]. (0]

Beipasum [ES] 4epe3 u3BecTHblE BEIMYMHBL
Cxopoctn obpa3osanus u pacnaga ES cocra-
BIISFOT:

Cxopoctb obpasoBanus ES =k, [E][S]. (3)
Cxopoctb pacnana ES = (k, +k3)[ES]. 4)

OrnpenenuM CKOpPOCTbh KaTajiu3a B CTalHO-
HapHBIX YCIOBHSX. CmayuonapHsie ycaosus xa-
PaKTEpH3YIOTCS TEM, YTO KOHIEHTpanus npo-
MEXYTOYHbIX TNPOOYKTOB OCTa€TCA MOCTOSH-
HOHl, TOrga KaK KOHIEHTPAaLMH HCXOJHBIX
M KOHEYHBIX NPOIYKTOB MEHSAIOTCH. ITO UMEET
MECTO B TOM CJTy4ae, KOrja CKOpoCTb CHHTE3a
ES-xoMmiekca oka3bIBaeTCs paBHOH CKOPOCTH
ero pacnana. Eciou neBble yacTH paBeHCTB (3)
H (4) paBHBI MEXAY cOOOM, TO PaBHbI H NIPaBbIE,
T.€.

kl [E] [S] = (kz + ka) [ES] (5)
Ipeo6pa3syem 3TO ypaBHeHHe:
[E][S]
ES]= — A
(ES1= G, S ko,

YpapHeHHE (6) MOXHO YIPOCTHTD, €CJIM BBECTH
HOBYIO KOHCTaHTY Ky, Ha3bIBaeMyIO KoHcman-
moit Muxasauca:

(6)

_ kytky

K
M K

™

Beenem Ky, B ypaBHeHue (6):

[ES] =—[E11£45]. @)

6. Beenense B IH3NMOJIOTHIO 111
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OTpe3ok, oTceKkaembiin
Ha ocn x, = -1/Kn

Haknow = Ky /Vimax

Otpeaok, oTcexaembii
Haocn y, = 1/V,,,

Puc. 6.13.  Usobpakenwe xuuerwkn oep-
MCEHTATHBHOH PeaKuHH Ha rpa-
(uke JBOHHBIX OOPATHBIX BeJTH-
4YMH: 1/V BeipaxkeHa kak (yHK-
uus 1/[S]. Haknou kpusoii pa-
Ben Kp/V,.., Touka nepecede-
HHSl C OCBIO y COOTBETCTBYET
1/Voae  TOUKAa  mepeceyenus
¢ oceio x — 1/K,,.

PaccmoTpuM umciuTens B nocnenHem Bbipa-
xeHuH. KoHuenTpauus HecBsisannoro cybcrpa-
T1a [S] npakTHyecku paBHa oGme KOHLIEHTpa-
uun cyGeTpaTta TPH YCIOBHH, YTO KOHIIEHTpa-
s (pepMEHTA 3HAUMTEIILHO HYKE KOHLEHTPa-
nuH cyberpaTta. KoHuenTpauus necBg3aHHOro
¢epmenta (E) paBHa oGweil konuenTpanum
depmenTa Er MHHYC KOHIIEHTpaNMs KOMILIEK-
ca ES:

[E]= [Eq] - [ES]. )
IToncraBum 3To BeIpaxeHne B ypasuenue (8):
(ES] = ([Ex] - [ESD [SV/Km. (10)

Pewenue ypasuenus (10) otHocutensHo [ES]
naet

[ES] = [E1] 155[]5% (11)
MK
[ES]=[Ex] [S][-l-im (12)

[MonctaBum BeipaxceHue (12) B ypaBHeHHE (2):

V= kLB e e

. 3
+ Km 13

Yacrs 1
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1/(S]
MakcuManbuas ckopocts peakuun V. J1o-
CTHTACTCH NPH HACHILIEHHH AKTHBHBIX LEHTPOB
epmenTa cybeTpaToM, T.€. koraa [S] Hamuo-
ro Bblwe Ky; npu s1oM ycnosuu [S]/([S]+
+ Ky) npubmnkaercs x emunune. Cregopa-
TENBHO,

an = k3 [ET] (14)

IToncrasus 310 BeIpaxenne B Buipakenue (13),
Mbl TIOJIy4MM YypaBHeHHe Muxasnuca- Men-
TeH:

- [S]
V="V 1+ Kn' (15)

DTO ypaBHEHHE COOTBETCTBYET KHHETHHECKHM
AaHHBIM, MPENCTABJICHHLIM Ha puc. 6.12. ITpu
HHU3KMX KOHUEHTpauusx cyberpaTa, xorma [S]
HamHoro Huxe Ky, V = [S] V,.../Ku, T. €. cko-
POCTh NIPAMO TIPONOPUHOHA/ILHA KOHUEHTpa-
uuy cyberpata. Ipu BHICOKMX KOHUEHTpAIMsIX
cyberpara, koraa [S] namuoro Bbiie, yem Ky,
V =V ax> T-€. CKOPOCTb PEAKIIMH MAKCUMAITh-
Ha ¥ HE 3aBHCHT OT KOHIIEHTPAaLKH Cy6cTpaTa.

3uayenne Ky BBICTYNAET C OYEBHOHOCTBIO
u3 ypasHenus (15). Ecniu [S]=Kypy, 10 V=
= Vinax/2. Takum o6pasom, Ky pasua konyen-
mpayuu cybcmpama, npu Komopoii ckopocmb pe-
aKyuu cocmagasem NOA0UHY MAKCUMAABHOM.

6.10. V., n K,; MokHO onpeae/MTh, HCIIOIL3YS
pa3/iHiHbIie KOHUEHTpalH cyGcTpaTa

Ecnu ¢depMeHT pabGoTaer B COOTBETCTBHH
C IPOCTOM CXEMOIA, IPeNCTaBIIEHHO! B ypaBHe-
HuH (1), TO HETPYIHO ONPEAETHUTH €r0 KOHCTAH-
Ty Muxasnuca Ky 1 MakCHMaJibHy10 CKOPOCTb
Vnax TYTEM H3MEPEHHS CKOPOCTH PEAKI[MH NIPH
Pa3IMYHbIX KOHIEHTpanusaX cybcrpara. Yno6-
HO Npeob6pa3oBaTh ypaBHeHue Muxasnmuca—
Menten B Takyio popmy, 4To6Hl rpaduyeckn



OHO BBIpaXajioch nNpsiMou. 1y 3TOro ypasHe-
Hue (15) npencraBnstoTr B BUOe OOpaTHBIX
BEJIMYMH :

. . 16
OtknagsiBast 1/V npotus 1/[S], nonyyaem
NpAMYIO, TepecedeHHe KOTOPOH C OChIO Op-

nuHat paer 1/V,,., a yron HakjoOHa paBeH
KM/ Vaax (pHc. 6.13).

6.11. 3navenne seswamn Ky w V.0

Ky, nns pa3sHeiX ¢pepMEHTOB BapbHpYET B ILIH-
POKOM nuamna3oHe BeqwduH (Tabn. 6.1). dns
GonbiunHCTBa depMeHTOB BenuumHa K, Jte-
xut B ipegenax 107! — 1076 M. 3unavenne Ky
¢depMeHTa 3aBHCHT OT NpPHPOABI CyOCcTpara,
a TaKkKe OT YCJIOBHH Cpelbl: TeMIEpaTyphl,
HoHHOH cwibl KoHcranta Mmxasmuca K,y
HMeEET Ba CMBICJIOBBIX 3Ha4eHHs. Bo-nepBbix,
K\ —3T0 KOoHeHTpanus cy6cTpaTa, npu KOTO-
Ppoii 3aHATAa NOJIOBUHA aKTHBHBIX LIEHTPOB (ep-
MenTa. Eciin u3BectHa Ky, TO MOXHO paccyu-
TaTh, KAKOBA JOJIA 3aHATBHIX aKTHBHBIX LIEHT-
POB fgs 111 1060# KOHIEHTpauuH cybcTpara:

_ Vv [s]
fEs = = B+ Ku’

v 17

max

Bo-Bropbix, K) CBfi3aHa C KOHCTaHTaMmu
CKOPOCTEH OTENBHBIX ITANIOB KaTau3a, npea-
cTaBjieHHbIX B ypaBHeHHuH (1). CormnacHo ypas-
HeHuro (7), Ky paBHa (k, + k;3)/k,. Paccmort-
PMM KpaiHuii ciy4ai, koraa k, HAMHOTO BbILIIE
ks, T.e. mucconnanus xomiutekca ES Ha E un
S mpoucxoauT ropasnao GuicTpee, YeM 06pa3o-
Banue E mtroc npoaykta peakuuun. B atux ye-
soBUsIX (k, > kj)

k
Km=—>. (18)
ky
Koncranta ngucconmaumu kKommiexkca ES
ONHUCHIBAETCS YpaBHEHHEM

[EI[S) K,
Kes="res] &,

19)

JIpyrumu cioBami, ecau ky namnozo menvue,
uem k,, mo K, pasna xoncmanme ouccoyuayuu
ES-xomnaexca. Ilpn yka3anHoMm ycnoBum Ky,
CNYXXHT Mepolt npoyHocTH ES-koMiiekca: Bbl-
cokas K,,—noka3zartenb ciaboro CBsS3bIBaHHS
. cybcTpaTta; HH3Kkas K\, —noka3aTeab CHWIbHOIO

8-665

depmenT-cybcTpaTHOrO B3aMMOJEHCTBHSA.
Crnenyer elie pa3 NOAYEPKHYTh, YTO IO 3HaYe-
Huro K MOXHO CyIUTh O cpoacTBe epMeHTa
K CYOCTpaTy TONBKO MpPH YCJIOBHH, 4YTO k, 3Ha-
YHTEIbHO Gosblue k4. B IeHCTBUTENBHOCTH TaK
OHO M OBIBa€T BO MHOTHX, XOTS H HE BO BCEX
ciIy4asix.

MakcumanbHas ckopocTb V. oOTpaxaer
YHCJIO O0OpOTOB (epMEHTa, €CIH H3BECTHA
KOHIIEHTpauus akTuBHbIX uHeHTpoB (E{), Tak
KaK

Vmax = k3 [E’T] (20)

Hanpumep, npu noHOM HacbIllleHH# cyocTpa-
TOM pacTBOpeHHas kapOoaHruapa3a B KOHIIEH-
Tpaunn 107® M katanusupyer obpa3soBanue
0,6 M H,CO; B cexyuny. Ortciona k;=
=6-10"° ¢!, Kuneruueckass KOHCTaHTa ki
Ha3bIBaeTCA yuciom obopomos. Yncno obopo-
TOB (pepMeHTa -3TO MO KoAuuecnmeo MoseKya
cybcmpama, Komopoe npeepaujaemcs 8 npod ykm
peaxyuu 8 eQuHuYy 8peMeHu npu NOAHOM HACb-
wenuu hepmenma cybcmpamom. Yucno obopo-
ToB 6-10° ¢!, xapakTepHoe A Kap6OaHT M-
pasbl,—caMoe OoJsiblIOe U3 BCEX H3BECTHBIX.
Kaxapli HOBBIM KaTaJIMTHUECKUH aKT IPOHC-
XOMHUT 4Yepe3 NMPOMEXYTOK BPEMEHH, PABHBIH
1/k;, 9TO I8 KapGoaHTHApA3bl COCTaBJISET
1,7 Mxc. Yncno o6opoToB 6onbiIMHCTBA dep-
MEHTOB TPH HCIOJB30BaHUH (PH3UOJIOTHYE-
cKMX cybcTpaToB HaxomuTcst B mpemenax 10%
B cekyHay (rabn. 6.2).

Tabnuua 6.1. Benuunnbsi K)y HEKOTOPBIX (EPMEHTOB

®depmeHT Cy6crpar Ky, M
XHUMOTPHICHH Auerun-L-tpuntopa-  5-1073
HaMHA
Jinzounm Fexca-N-anetmnrmo-  6-107°
KO3aMHH
B-TanakTro3unasa Jlakto3a 4.1073
TpeoHNHAE3aMHHA3a Tpeounu 5-1073
Kap6oanruapasa CO, 81073
IennnunIBHAa3a BeH3mImneHHIHIIIHH 5-10°%
IMupyBaTkapbokcwnaza ITupysar 4.107%
HCO3 1-1073
ATP 6-107°
Apruann-TPHK—cue-  Aprusud 3-10°¢
Terasa
TPHK 4-1077
ATP 3.107¢
6. BBeaenue B DH3HMOJIOTHIO 113



6.12. O crenenn coBeplIEHCTBA KMHETHKH
(bepmMenTaTHBHOrO KaTA/IH3A CYAST MO KpHTe-
pHIo kyar/Ky

Korna xoHueHTpauus cy6crpata HaMHOro
npesuiaeT Ky, CKOPOCTh KaTajlu3a YHCIIEHHO
paBHa k3, T. €. unciy o60pPOTOB, KaK 3TO ONMMCa-
HO B npeaslayluem pasaene. OnHako B Gpusmo-
JIOTMMECKHX YCIIOBHAX KOHUEHTpAluu CyGeTpa-
TOB B OOMBIIIHHCTBE Cily4aeB HUXE HACHILIAO-
wux. OtHowenue [S]/Ky, 06bMHO KonebaeTcs
or 0,1 no 1,0. Ecmn [S] « Ky, To ckopocTh
(bepMEHTATHBHOM PeakuMn 3HAYUTETLHO HIKE
k3, MockonbKy GOJBILMHCTBO AKTUBHBIX LIEHT-
PoB ocTaeTcs cBOOOAHBIM. CyLIECTBYIOT JIM Ta-
KHe NTapaMeTpBl, ¢ HOMOIIbIO KOTOPEIX MOXHO
ONUCATH KUHETHKY (pePMEHTATHBHBLIX peaKI[it
B 3THX ycioBHusX ? Taxue napameTpsl UMeroTCA
H MX MOXHO HO/yYHTh, 00bLEIHHUB ypaBHEHHUs
(2) u (8):

ky
V= [E[S]. @1

Ecnu [S] « Ky, TO kOHuenTpamus cBoGomuo-
ro depmenra (E) npakTuuecku paBHa obueii
xoHueHTpauuu depmenta [E;], u Torma

V = [S1[Ed]. (22)

Taxum oGpasom, npu [S] « K,, ckopocms ep-
MEHMAMUBHOU peakyuu 3aeucum om 6esu4uHbl
k3/K,\ u om [S].

B xakuX TrpaHMuax JIeKHT OTHOLUEHHE
k3/Ky\? O6paTuTe BHEMaHue, 4TO OHO 3aBHCUT
oT k;, k; 1 ky, Kak MOXHO 3TO NOKa3aTh NyTeM
3amerueHus Ky:

ks __ksky )
KM ky+ky ’
IIpenen, KOTOPOro MOXeT AOCTHYL OTHOLLE-
HHe k;/K,,, onpenensiercs 3HadenueM k,, T.e.
CKOpPOCThIO 0Opa3oBanus koMmiuliekca ES. Ima
CKOPOCMb He MONCEM NPesbiamb YUCAO CMOAK-
Hosenuil hepmenma ¢ cyb6cmpamom, KoHmpo au-
pyemoe ckopocmbio oudgysuu. 3-3a 3Toro Ha-
‘KJIaibIBaeMoro auddy3ueit orpannuenus 3Ha-
YeHMe k; He MOXeT OBbITh  Bbiue
10°-10° M~ 'c™ . Orcrona cnenyer, 4To Bepx-
HUHi npenen oTHoweHus k;/Ky cocrtaBiser
10%-10° M~ t¢c L,
OTO OrpaHMYEHHE COXpaHSET CBOIO CHIY

Yacrs |
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1 IPHMEHHUTENBHO K (EepMeHTaM, UMEOLIMM
GoJiee CIOXKHBIA MEXaHU3M PEaKIMH, YeM TOT,
4TO ONMHCaH B ypaBHeHHH (1). B ciyyae Takux
(epMeHTOB MaKCHMasbHAsL CKOPOCTh KaTallu-
32 NpH HACHUUAIOWIMX KOHIEHTpauusx Cy6-
cTpaTta, obo3Hauaemas k,,,, 3aBUCHT He OT
OIHOM k3, 2 OT HECKONBLKHX KOHCTAHT CKOpO-
ctei. [1apamMeTpoM, XapaKTepu3yiOLIMM 3TH
(epmenTsl, sBnsercs ky,./Ky. daa pada gep-
MEHMO8, 6 yacmHocmu 048 aYyemuaxoAuHICMe-
pasvl, kapboanzudpaser u mpuozodocgamuso-
Mepaszvl, omuowenue k. ,./K y kosebremca om
10° 00-10° M™" ¢™', umo ceudemeavcmeyem
0 0OCMUMNCEHUU UMU NPAKMUY ECKU COBEPUICHHOIL
KUHEMUKU : CKOpOCMb KAMAAU3uUpyempix umu pe-
aKYull  02PAHUYUBAEMCA  MOABKO HACMOmOoil
cmoaKkHogenun  depmenma ¢ cybempamonm.
HanbHeiitee NOBbIUEHHE CKOPOCTH PEAKLMH
BO3MOXHO TOJBKO HA OCHOBE yMEHBIIIEHHS
Bpemenn aucdyszuu. B aeiicteutensHocT va-
CTO OBIBaET Tax, 4TO (epMeHTEI, 0beceunBato-
LIHEe OTAENbHBIE MeTa0OoJIMYeCKHE NOCIEAOBa-
TEJIBHOCTH, OPT4HH30BAHbl B C/IOXKHBIE KOMII-
Jekchl (pasa. 13.10), 61aronaps wemy npoayxt
Peaklliy, KaTalu3NpyeMoi oauuM (epMeH-
ToM, GBICTPO nomanmaer Ha cieayromsd dep-
MeHT. Takum oOpa3oM, orpaHuveHus, Ha-
KjjaablBaeMble CKOpocThbio andysun B pact-
BOPE, Y4CTHYHO CHUMAIOTCH TEM OOCTOATENb-
CTBOM, 4TO Cy6CTpaThi M NPOAYKTHI OKA3bI-
BAIOTCA B MaJIoM o6beMe Ha noindepMEHTHOM
KOMILJIEKCE.

6.13. ®epmenTBI MOIyT HHIHGHPOBATLCH CrieLH-
$HyecknMu Moaexyamu

Unrnbupopanne QepmeHTaTHBHOM akTHBHO-
CTH HEOONILIIMMH CHIEHPUIECKMMU MOJIEKY.1a-
MH H HOHaM# UMEET OYEHb BAXHOE 3HAYEHMe,
IIOCKOJIBKY B GHOJIOrMECKHX CHCTEMAX CITYXKUT

Tabanua 6.2. Maxcumasinnoe YHCI0 060POTOB HEKOTOPHIX
$epmenron

®epMeHT Yucno o6oporos
(B pacyere Ha 1 ¢)

Kap6oanrunpasa 600 000
3-Oxcocrepona ~ H3oMepasa 280 000
AleTHIXOJHHICTEpa3a 25 000
IMennunnnunasza 2000
JlaxTaTaeruaporenasa 1000
XMMOTpHNCHH 100
AHK-nonumepasa 1 15
Tpuntodancunrasa 2

Jlusonum 0,5




depment|—CH,0H +

H 3C—?—CH 3
H
Aunzonponundrop-
cdochar

UHakTuBanus  XMMOTPHIICHHA
H allETHIXOJMHICTEPa3bl JHH30-
nponuidToppochaToM.

Puc. 6.14.

OCHOBHBIM MEXaHHU3MOM KoHTpous. [ToxaBie-
HHe (PpepMEHTATUBHOM aKTHBHOCTH JIEXHUT Tak-
XK€ B OCHOBE JI€HCTBHS MHOTHUX JIEKAPCTBEHHBIX
BELIECTB M TOKCHYECKHMX areHToB. Hakower,
aHaJIN3 MHTUOHPOBaHUS (EPMEHTOB ABJIAETCS
OIHMM W3 NOAXONOB K H3yYEHHIO MEXaHH3MOB
(bepMeHTaTHBHOTO JeiicTBus. UHrubupoBanue
(epMEHTOB MOXeET ObITH KaKk 0OpPAaTUMBIM, TaK
4 HeoOpatumeM. IIpu Heobpamumom unzubu-
poganuu MHTUOHNTOP KOBAJIEHTHO COENUHSAETCS
C (DEpMEHTOM HJIH Xe CBS3bIBACTCH TaK MPOY-
HO, 4TO AMCCOLHAlKA HIET O4E€Hb MEMJICHHO.
IIpumep HeobpaTuMoro UHrHOHpPOBaHHS —
IEHCTBHE HEPBHONAPAJIMTHYECKUX SIOB Ha
AllETWIXOJIMHICTEPA3y, HIPalOMIyl0 BaXHYIO
POJIb B Nepenade HEPBHBIX MMIYJIbCOB. OqHO
U3 TAKMX OTPABJSIOLIUX BEIIECTB — AHH3ONPO-
mwidropdocdar - B3auMOIEHCTBYET C HMEIO-
MM KPHTHYECKOE 3HaY€HHE OCTATKOM CEpHHA
B aKTHBHOM LIEHTpPe ¢epMeHTa ¢ 00pa3oBa-
HHEM HEAKTHBHOTO KOMILJIEKCa IHM30MPONHII-
dochopun — pepment (puc. 6.14). Anxunu-
pYIOIllME areHThbl, HAaNpUMEP HOAOALETAMMUI,
CnocoOHBI K HEOOPATUMOMY HHIHOMPOBAHMIO
(depMeHTOB NyTeM MOAM(HKALMH [MCTEHHA
U Apyrux OOKOBBIX uemeil (puc. 6.15).

B otiamine OT pacCMOTPEHHOM CHTyalluH
NpH 0obpamumom uHzubUpoeanuu pPaBHOBECHE
MeXIy MHrHOHUTOpOM u (epMeHTOM ycTaHaB-

(0]

I
®epmert)|— CH,SH + ICH,—C—NH, —

Hopauyetamup
Puc. 6.15. HuakTuBanus  HOZOAIETATOM
tepMeHTa, 1)1 aAKTUBALMH KOTO-
pOro OCTAaTOK LHCTeMHa HMeEeT
KPUTHYECKOE 3HAYEHHE.

8*

H
H,C—(I:—CH3
9
—> (depmenT —CHZ—O'—"I:’:O + HF

H,C—C—CH,

I—0—0—

nuBaercs 6eicTpo. [1pocTeifiumii BA o6paTH-
MO0 HHTHGHPOBAHHA —3TO KOHKYPEHTHOE HH-
rubuposanune. Konxypenmupiilt unzubumop no-
XOX Ha Cyb6cTpar ¥ IOTOMY CBS3BIBAETCS
aKTHBHBLIM LEHTPOM ¢epmenTa (puc. 6.16).
D710 TpPENATCTBYeT CBsA3BIBaHMIO CcybcTpaTta
B TOM X€ aKTHBHOM LieHTpe. UHBIMH Cl10BaMH,
HEBO3MOXHO OJHOBPEMEHHOE CBSA3bIBAHHE
cybcTpaTa M KOHKYPEHTHOrO HMHIMOHTOpA.
Koukypenmublii uHzubumop ymenvuwiaem cKo-
poCmb Kamaauza nymem CHUNCEHUA 00AU MOAe-
Kya dpepmenma, ceazaswux cybcmpam. Knaccu-
yecKHil IpUMeEp KOHKYPEHTHOro WHrHOMpoBa-
HHUs —eHCTBUE MaJIOHATa HA CYKI{MHAT-ACTU-
porenasy— GepMeHT, OTIUEIUIAIOIMA OT CyK-
LIMHATa HOHBI BOAOPOAA. MaJloHaT OTIHYaeTCs
OT CYKIHHATa TeM, YTO HMMeEEeT He ABE Me-
TWIbHBIE TPYNNbl, 3 OXHY:

COO- (I':OO‘
(IZH2 CH,
<|:|-|2 Co0-
COO-

Cyxyunar Manoupr

DU3NONOTHYECKH BaXKHBIA NpPHMEP KOHKY-
PEHTHOrO0 MHrMOMpPOBaHHs CBA3aH ¢ o6pa3opa-
HueM 2,3-6ucdocoormmepara u3 1,3-6ucdoc-
¢ormmmepara. PepMeHT, KaTaATUIUPYIOLIUA
3Ty u30oMepH3anuio,—bucdochormumeparmy-
Ta3a—KOHKYPEHTHO WHrubupyercs HH3KUMH
KoHLleHTpauusmMu  2,3-6uchocoornuuepara.

I
S CH,—C—NH, + HI

®epmenT)— CH.-
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KOHKYpeHTHbIN

Cy6erpar \ WHrMOMTOP \

Depment DepMeHT

Puc. 6.16. Paznuuue MeXxny KOHKY-
PeHMHbIM U HEKOHKYpeHMHbIM
MHru6uTOpOoM: cinesa —Qep-
MEHT-CYOCTPaTHBI  KOMILIEKC;
B CepenHHe —KOHKYPEHTHBIH
HHTHOHTOD TIPENATCTBYET
CBA3BLIBAHMIO CyOCTpaTa; cnpa-
B4 ~HEKOHKYPEHTHBINH HWHIUHOM-
TOP HE TNPEHATCTBYET CBA3bIBA-

HHUIO cybeTpara.

B cymnocTH, 3TO 10BOABHO 06BMHOE SIBJICHHE,
KOr1a NPOAYKT PEPMEHTATUBHON PEAKIHH Be-
Aet cebsl Kak KOHKYPEHTHBIA MHTHOUTOP B CHIY
CTPYKTYPHOTQ CXOACTBA ¢ CybCTpaToM,

fpu nexonkypenmuom, no momce obpamu-
MOM unzubuposanuu WHTHOMTOpP U cybeTpat
MOTYT CBS3BIBATBLCS MOJIEKYNOH  depmenTa
OAHOBPEMEHHO; CaMO M0 cebe 3TO NOKa3LIBaET,
YTO YYAaCTKH HX CBA3LIBAHUSA He NEPEKPHIBAIOT-
ca. JlefiCTBUE HEKOHKYDEHTHOro MHTrMGMTOpa
3aKJIIOYA€TCA B YMEHbIIEHMH YHC1a 00OpOTOB
(epMenTa, a He B CHUXKEHHH IOJM CBA3ABIIMX
cybetpaT Mosekyn depmenta. BozmoxHbI
u GoJiee CIOXKHBIE MEXaHM3MbI MHrHGHpOBa-
HUS, KOrla MHTHOUTOp BIMSET M Ha CBA3bIBA-
HUE CyOCTpaTa, W Ha 4MCIO OGOpPOTOB (ep-
MEHTAa.

AKTHBHOCTb ()epMEHTA MOXET GbITH MHIH-
6upopana Takke B pe3ymbTaTe B3aMMOMICH-
CTBUS MEXIY Pa3HbIMH CyObEAMHMIAMHU OJTH-
TOMEPHOTO (pepMeHTa. TOT THI MHTHOGUpPOBa-
HUSA, HA3bIBAEMBIH asiocmepuueckum uHnzubu-
posanuem, UMEET O4eHb BAXXKHOE 3HAYEHHE Ik
¢usmonormieckux npoueccoB. Mel ero pac-
CMOTPHM HECKOJIBKO HHXKE.

o}
I I
C—O0POQ,?- (II—O‘
H—C—OH _ H—C—OPO,"
H,C—0PO,%- H,C—0PO,2-
1,3-6ucoccpornmyepar 2,3-6ucchoccornnyepar
Yacts |
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6.14. KoHKYypeHTHOE H HEKOHKYPEHTHOe WHIH-
GupoBanne Pa3/IM4AIOTCH N0 KHHETHKE

W3Mepenne ckopocTelt kaTaju3a npu pasHbIX
KOHUEHTPAlMAX CyOCTpPaTa AaeT BO3IMOXHOCTh
OTJHYUTb KOHKYPEHTHOE HHTHOMpOBaHHE OT
HEKOHKypeHTHoro. I1pu konkypenmuom umzu-
6uposanuu na rpadvke, rae 1/V otnoxena npo-
tuB 1/[S], npsmas nepecekaer och opaMHAT
B OZIHOHM W TOH X€ TOYKE HE3ABUCHMO OT NpH-
CYTCTBHSI MHHTUOHTOpA; MEHAETCS TOJBLKO YTOJI
HakJIoHa npsamoi (puc. 6.17). Do nokassiBaer,
4TO NPH KOHKYPEHTHOM HHrubupoBanuu V,,,
HE U3MEHAETCA. OcobeHnocmb KOHKYpeHmHO20
uHzubUpOSANUA COCMOUM 6 MoM, Ymo npu do-
CMamo4Ho 6bICOKOl KOHYyenmpayuu cybcmpama
unzubuposanue Moxcem 6vimb  npeodoAEHO.
B camom nene, cyberpar U MHTUOMTOP KOHKY-
PHMPYIOT 3a OMH M TOT Xe y4acTok. IIpu mo-
CTATOYHO BLICOKOH KOHUeHTpauuu cyberpara
MOYTH BCE AKTUBHbIE LIEHTPHI 3aHATHI CyGCTpa-
TOM 4 (DEePMEHT NPONBISAET NOJHYIO AKTHMB-
HOCTb, YBEJIMUEHHE YTJIa HAKJIOHA NPAMOI Ha
rpaduke 3aBucumocth 1/V ot 1/[S] ykaseisaer
Ha NIPOYHOCTDb CBSA3M KOHKYPEHTHOrO HHrubOH-
TOpa. B NpHCYTCTBMH KOHKYPEHTHOTO MHIMOH-
Topa ypaBHeHMe (16) 3aMEHSETCH CIIENYIOLIM ;

1 1 Ky I\/ t

— = MO+ B (=), (4
r e () ()
rae  [I]-xoHuenTpauus wmruburopa, a

K;—KOHCTaHTa [HCCOLMALHH KOMILIEKCa (ep-
MEHT —~ HHTHOHTOp

E+I=2El
m:i%%g. (25)

JIpyrumu cioBaMH, B IPUCYTCTBHHM KOHKYPEHT-
HOTO HMHTHOMTOpA HAKJIOH TPSAMOH YBEIHYH-
Ll
K.

BaeTCA Ha BEJIHYMHY . PaccMoTpum

tepmenr ¢ Ky, pasHoit 10~ M.B OTCYTCTBHE
uHrubutopa V="V_. /2 mpu [S]=10"* M.
B npucyrcteun 21073 M KOHKYpeHTHOTO HH-



EZSES—>E+ P

g

El

1/v

+ KOHKYpeHTHbIH

UHTMobuTOp

\
4

Be3 uHrubuTopa

Puc. 6.17. Kuneruka depMeHTaTUBHOH pe-
aKIMd Ha rpaduke ABOHHBIX
oOpaTHBIX BEJMYMH B IPHCYT-
CTBHM (@—@) UJIH B OTCYTCTBHE
(O—O) KOHKYPEHTHOT O UHIHOH-
Topa. V. He Menserca, Ky
BO3pacTaerT.

ruOMTOpa, CBA3BIBAIOLIETOCA C (EPMEHTOM C

K;=10"*M, xaxymwascs Ky COCTaBHT
3.107* M. Orcroma V =V, /4.
[Ipu  HexoHKypenmHOM  UH2UGUPOBAHUU

(puc. 6.18) V., YMeHbINAeTCs, a 3TO 3HAYHT,

EX3E S —SE+ P

A e

El ‘-;-__S'— ESI

1/v

1/18]

4TO TepeceyeHHe NpAMOH ¢ OCbIO OpAHHAT
npousoiiiet B 60J1ee BBICOKOH Touke. B Toi ke
Mepe BO3PacTaeT H HAaKJIOH IPSMOH, PaBHbIH
Ky /VViax - B otiimume o1 Vo, Ky He H3Me-
HAETCS TIPH 3TOM BHAE MHrHOupoBauus. ITo-
sblluenue KOHyeHmpayuu cybcmpama He CHu-
maem HeKOHKypenmHo20 uhzubuposanus. Max-
CUMaJIbHas CKOPOCTh PEaKIHH Vf,m B IIPHCYT-
CTBHMH HEKOHKYPEHTHOTO HHTHOHTOpa 3a1aeTcs
ypaBHECHHEM

VI Vmax

max = T[I]ﬁ(_, (26)

+ HexoHKYpeHTHbIA
UHrUBUTOP

(
\

Bes uHruburopa

Puc. 6.18. Kuneruka depMeHTaTHUBHOH pe-
akuuu Ha rpaduke IBOHHBIX
oOpaTHBIX BEJIMYMH B TPHCYT-
crud (W—V) Wi B OTCYTCTBHE
(O—0O) HEKOHKYPEHTHOTO HHIH-
Ooutopa. HekoOHKypeHTHBIH HHIH-
6uTop He Bauser Ha K, HO CHHU-
xaer V..

1/(S]

6.15. Jleyenne oTpaBiIcHHS ITWICHIVIHKOJIEM HA
0CHOBE KOHKYPEHTHOr0 HHrHOMpOBaHHH

Exeroano oxoso 50 yenoBek norudbaroT or oT-
PpaBJieHUsl ITWIEHIJINKOJIeM — 100aBKH B aHTH-
¢pu3 n1s aBTOMOGHIBHBIX aBHraTesed. Cam
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WUHrnbuposaHue

H

N

3TaHONOM
CH,OH
—_— —_
CH,O0H
JTuneHrnuKons

Puc. 6.19.  Otanon nopmasnser o6pazosa-
HHE IABEJICBON KUCJIOTHI U3 3TH-

JICHT TUKOJIA.

Ho cebe ITWICHIMKOL He 001aaaeT neTalb-
HOH  TOKCHYHOCTBbIO. COOCTBEHHO  SmOM
ABIAETCA NPOOYKT €0 OKMCIICHHUS - IUaBesieBas
kucnora. IlepBelit 3Tanm npeBpalleHHs — OKUC-
JICHHE STWICHIIMKOJNSA AJIKOTO/IbAETHAPOTeHa-
30ii (puc. 6.19). Oty peakumuro MoxHO 3¢dek-
THBHO 3aTOPMO3MTH IIyTEM BBEACHUA OOJIb-
LM, NOYTH TOKCHYHOM 103BI 5TaHONa. Mexa-
HHU3M JIEACTBHA COCTOUT B TOM, YTO JMawuo
OKasvleaemca  KOHKypeHmuwviM  cybecmpamom
U nomomy b6A0Kupyem oKucaeHue ImuieH2 auKo-
48 8 aibOeudHbvle npouseooHble. ITUIEHTIIH-
KOJIb IPH 3TOM BBIBOIHUTCS, HE IPUYHHAS Bpe-
na. Taxoif ke NPHHIKMN JeXHT B OCHOBE Jiede-
HHA METAHOJILHOTO OTP4BJICHHA.

6.16. Ansocrepuyeckne depMenTHI He NOXMM-
HAIOTCH KHHeTHKe Muxainca— Menrten

Monens Muxasnuca— MenTen oka3zana 60b-
IIOE BIHSHHE HA Pa3BUTHE 3H3MMONOrHY. [[o-
CTOMHCTBO 3TOH MOJEH — B IPOCTOTE U IIMPO-
KO! NPUMEeHUMOCTH. Bee e He Bce epMeHTHI
NOAYHHAIOTCS KHHETHKE Muxasniuca — MeHTeH.
B nepeyio ouepens - aro Gonbas rpynna aa-
10cmepuueckux gepmenmos, [Uis KOTOPBIX 3a-
BHCHMOCTb CKOPOCTH peakuud V OT KOHILEH-
Tpauuu cybctpata [S] MMeer curmounmyro
GopMy, a He rumepbonuueckyo, kak mpen-
CKa3biBaeT ypaBHEHHe Muxasnuca—MeHTen
[ypasuenne (15)]. Becnommmm, uto KpuBas
CBSI3BIBAHUA KHCIIOPOAA ISl MHOTJIOOHMHA — T'U-
nepbonudeckas, Torma Kak Juis TeMOLo-
6una —curmonanas. Catyanus ¢ pepMeHTaMH
COBEPILEHHO aHANOrMYHa. B ayutocrepuueckux
(pepMeHTaX ONMH AKTHBHBIA LEHTP B MOJEKYJIe
(epmenTa okassiBaeT BAMSHHE Ha APYro# ak-
THBHBIA LEHTP B TOR e MoJeKyne. B pesynn-
TaTe TaKOTO B3aNMOIEHCTBHS MEXAY CyObean-
HHIIAMM CBA3LIBAHHE CyOGCTpaTa CTaHOBMTCH
KOONEPAaTHBHbLIM, H KpUBAs 3aBUCUMOCTH V OT

Yacrs |
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[S] npuobperaer curmouanyio popmy. Kpome
TOro, aKTHBHOCTb AJUIOCTEPHYECKHX (DepMeH-
TOB MOXET PEryJHPOBAThCA BO3LEHCTBHEM
ONpPENIENCHHBIX  MONEKYJl, CBA3bIBAIOILUXCS
C DEPMEHTOM B HeKaTAIMTHYECKMX Y4acTKax,
0/I0GHO TOMY, KaK Ha CBA3bIBAHHE KHCJIOPOAA
TEMOrJIOOHHOM  BIIUSIOT 6uchocdormmepar,
H™ u CO,.

6.17. CornacoBannniii Mexanusm 2JLTIOCTepHYe-
CKHX B3aHMoOaeHcTBHIH

M3smumyro U 4eTkylo Mozens KHHETHKH awio-
CTEpHYECKUX ¢bepmenToB TIPEATOXHIM
B 1965 r. XKak MoHo, [Ixedpu Vaiiman u X an-
IMoep Mlanxé (J. Monod, J. Wyman, J.-P. Chan-
geux). MHcnonb3ys ux  momxopn, paccMo-
TPUM AJJIOCTEPHYECKMH (PePMEHT, COCTOALIM
M3 JBYX MIEHTUYHBIX CyObemuHwmm, Kaxmas
C OJIHUM aKTHUBHBIM LEHTPOM. [lomycTHM, 4TO
CYOBEMHUILI MOTYT HAXOAUTHLCA B IBYX KOH-
popmauusx-R  u  T. Koudbopmamms R
(relaxed — penakcupoBannas) obnamaer Brico-
KAM CpOICTBOM Kk cybOcTpary, Torma Kak
xoHhopmaiua T (tense—HanpskeHHAs)—HU3-
KHM cpoAcTBoM (puc. 6.20). BenomunM, uto
TaK xe 0003Ha4anuch ABe HOPMBI HETBEPTHY-
HOH CTPYKTYpBI remoriobuna (pasa. 4.10).
®opmei R u T MOTYT nepexoauTs oana B apy-
Iryt0. B danHoti modeau deaaemcs eancroe don y-
ujenue, 4mo 048 COXPAHEHUR cummempuu dume-
pa obe cybvedunuym OdosncHbl HaxOOUMbCA
8 O0HOM U MOM HCe KOHPOPMAYUOHHOM cCo-
cmoanuu. Takum o6pa3om pasperieHbl COCTOS-
s RR u TT u He pa3spemeno cocrosuue RT.
Cumponamu R, u T, o6o3nauaror pa3pe-
IIEHHbIE COCTOSHUA B OTCYTCTBHE CybcTpaTa
¥ L—COOTHOILIEHHE HMX ‘KOHLIEHTpPAIHii:

Ry=2T,,
L = To/Ro.

@7
(28)

UTob ynpocTHTE paccyxaeHus, 10nyCTHM, 4TO
cybeTpart He npucoenmmsietcs xk T-opme dep-
MenTa. B R-popme numep moxer cBsa3aTh on-
HY WIH ABE€ MOJIEKYJIbl CYOCTpaTa; 3TH COCTOS-



HUMA 0003HaYaloT cooTBercTBeHHO R; m R;:

R, +S=R,, (29)

R, +SeR,, (30)
AR [S]  [R,I[S]

Kp= = . 3

R=TR,] 2[R, Gl

CoriacHO NOJY4EHHOMY YPaBHEHHIO, MPHCOE-
IIMHEHHE KaK NEPBOii, Tak H BTOPOH MOJIEKYJIbI
cyberpata x R-popme maumeproro depmMeHTa
HMeET OAHY U TY K€ MHKPOCKONHYECKYIO KOH-
crauty aumccounauun Kp. Koadduument 2
B ypaBHenuu (31) yka3biBaer Ha TO, 4TO CcY6-
CTpaT MOXET CBA3aThCA C JIIOOBIM U3 IBYX aK-
THBHBIX LEHTPOB Ha R, ¢ oGpa3oBanuem R,,
Y aHAJIOTHMHBIM 00Pa3oM cybCTpaT MOXET Bbl-
CcBOOOANTBHCA U3 JIIOOOrOo M3 aKTHUBHBIX IIEH-
TpoB Ha R, ¢ obpa3oBanueMm R;.

BripazuM cmenenb Hacviujenus Y (T.€. KO0
aKTHBHLIX IEHTPOB, UMEIOLIHX CBA3aHHbIN Cy6-
CTpaT) KaK (pyHKIHIO KOHIIEHTpanuy cybcTpaTa

v [CeszaBme cy6eTpat nentpbi]
~  [O6wee uncno uentpos]

_ [R.] +2[R,]
© 2[To] +[Ro] + Ry ]+ [R,])

(32

IMpousBens 3aMeHBI B 3TOM yPaBHEHHH B CO-
OTBETCTBHH C ypaBHeHusam# (27) u (31), mouty-
YaeM HCKOMOE BBIpAXEHHE I Y:

([S]\ _ 1+[SVKz
Y‘(KR>L+<1+[S]/KR)"

H306pasum ypasrenue (33) rpadudecku, npu-
usB Kgp =10"° M u L = 10*. 3aBucumocts Y
ot [S] BbIpaxKaeTcs CUTMOMIHOM, a He THIep-
Honuyeckoi kpuBoit (puc. 6.23). Apyrumu cio-
BaMH, 5TO ypaBHEHHE COOTBETCTBYET Koonepa-
mugHomy cea3vieanuto cybempama. Ecau qucio
000pOTOB B pacyeTe Ha OOWH aKTHBHBIA LIEHTP
OOMHAKOBO M (PepMEHT-CYOCTpaTHBIX KOM-
mekcoB ¢ R, u R,, To rpadux 3aBHCHMOCTH
CKOPOCTH PeaklUnH OT KOHLEHTpauuu cyberpa-
Ta Takke OyaerT CHIMOHMAHLIM, NOCKOJBKY

(34)

PaccMoTpuM Teneps 3TOT NpoLEece CBA3bIBA-
Hus (puc. 6.21). B orcyrcTBue cybeTpara moy-
TH Bce MOJIeKyJbl ¢depMeHTa HaxoxaTcs
B T-dopme. B npuBenennoM Bbillie NpHMepe HA
10* monexyn B T-opme TPUXOAHTCH TOJBLKO

(33)

V=YV,

T-cpopma
(H13Koe cpoacTBO K cybeTpary)

R-cbopma
(BbICOKOE CPOACTBO K CyOCTpaTy)
Puc. 6.20. CxemarHyeckoe H300paxeHHE
R- u T-dpopM asu10CTEPHYECKOTO
(depMmenTa.

1]
S

€13

Modeav cozaacosannozo mexa-
HU3MA KOONEPATUBHOTO CBA3bI-
BaHHsa cyOcTpaTa ajuiocTepHye-
ckuM depmerToM. IIpucoenune-
HHe NIepBOif MOJIEKYJIBI cyOCTpa-
Ta COLPOBOX/IAETCSH HEPEXOAOM
TT-$hopMBbI C HU3KUM CPOACTBOM
K cyocrpaty B RR-dpopmy ¢ BHI-
COKHM CpOJICTBOM.

Puc. 6.21.
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onxa Monekyna B R-popme. JJoGasnenne cy6-
CTpaTa CABUraeT KOH(pOPMALMOHHOE PABHOBE-
CHe B CTOPOHY o6pa3oBaHus R-(popmsi, mo-
CkonbKy MMeHHO R-opma cBasbiBaer cy6-
crpar. Korna cyGerpatr npucoenmmsercs
K ONHOMY aKTMBHOMY MLEHTPY, BTOpOH aK-
THBHBIHA LEHTDP JOJKEH OBITh Takxe B R-dop-
M€, COTJIaCHO OCHOBHOMY HOCTYJIATy JaHHOM
Mozienn. JIpyrumu ciaoBamu, nepexon oT T k
R 1 06paTHO BCe cybBenuHmIbI tdepmenTa OCY-
WECTBIISAIOT cozaacosanto. CleNoBaTeENbHO, no
Mepe 0obasaenus cybecmpama doan MOAEKy
gepmenma & R-gopme npozpeccusno 803pa-
¢maem u céeasvieaHue cybcmpama npoucxodum
Koonepamusgno. TIpH NONHOM HACHILEHHH aK-
THBHBIX LEHTPOB BCE MOJIEKyIbl depMeHTa
okaspiBaroTcs B R-hopme.

Ha ocuoBe Moaenn cornacosannoro mexa-
HU3MA HETPYIHO OOBLACHHUTE BIHAHUE AJIOCTE-
PHYECKHX HHIHOMTOPOB M AKTHBATOPOB. AJLIO-
CTEpUIECKuit HHrMOMTOP CBA3BIBAETCA NPEUMY-
mecTseHHO ¢ T-dopmoii, Torma kax awiocre-
PU4ECKHH AKTHBATOP CBA3LIBACTCS NMPEHUMYLIE-
cteerHo ¢ R-dopmoit (puc. 6.22). Creaosa-
TENbHO, aa10cmepuueckuil uKzubUMOp CO6u-
2aem Kougopmayuonnoe pasnosecue R T
6 cmopony T, a aasocmepuueckuii axmuea-
mop—~eé ¢cmopony R. 3TH 3¢eKTh MOXKHO BbI-
Pa3UTh KOJIHYECTBEHHO Yepe3 M3MEHEHHe KOH-
CTaHThl aJUIOCTEPUYECKOTO paBHOBecHS L,
KOTOpast BXOOUT B BHJIE IEPEMEHHOM B ypaBHe-
uue (33). Astocrepudeckuii HHrHGUTOP MOBLI-
WAET BEIMYMHY L, TOrAa KaK aJUIOCTePHYECK it
aKTHBAaTOp MOHWXACT €. DTH BJIMAHHSA IOKa-
3aHbl HA puc. 6.23, rae Y oTjoXeHo NIPOTHB
[S] npu cnenyromux snauenusx L :10° (8 mpu-
CYTCTBMM akTHBaTOpa), 10* (6e3 axTMBaTOpa
¥ 6e3 unruburopa), 10° (8 npUCYTCTBUM MHTH-
6uropa). Crenens Hacbiluenus Y npu Bcex 3Ha-
YeHusx [S] cHkaeTcs B IPHCYTCTBHM MHIUGH-
TOpa U MOBBIUAETCA B NMPUCYTCTBMH aKTHBAa-
TOpAa.

3neck MONE3HO OCTAHOBUTLCA elle Ha ABYX
TIOHATHAX: 3TO 20mMomponnvie 3PPEKTHI, KO-
TOPBIE NPEACTABIIAIOT COOOl alocTepHyecKue
B3aMMOJEACTBUA MEXY UACHTUIHBIMH JIATaH-
NaMH (CBA3aHHLIMH MOJIEKY/IAMH HJTH HOHAMH),
U 2emepomponnvie 3¢deKThl, T.€. B3aUMOJIEii-
CTBUSA MEXIY Pa3/HYHLIMHU THranaamu. B pac-
CMOTPEHHOM BBIILIE MPUMEPE KOOIEPATHBHOE
CBA3bIBAHHE CYOCTpaTa (epMeHTOM npencra-
BJIAIO cO6OH romMoTponusii 3¢dexT. B oTau-
He OT 3TOro BJIUSHHE aKTHBATOPA WIIH MHIH-
Gutopa Ha cBs3bBaHMe cyGeTpaTa sBIsETCSH

Yacts [
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T-cocToRHMe

Annoctepuyeckum
( aKTMBaTOp

R-cocrorume

Puc. 6.22. B cooTBercTBHE ¢ MOJENBIO CO-
TJ1IaCOBAHHOIO MEXaHW3Ma aJuio-
CTepHYecKMd HMHrHO6HMTOP (M30-
Opaxen B BUIE LIECTHYrONbHH-
xa) crabunusnpyer ¢opmy T,
TOTA KaK aJUIOCTEPHUYECKHH aK-
THBAaTOp (u300pakeH B Bue
TPEYTONbHUKA) CTaGWIH3HpyeT
dopmy R.

/5

-+ AxTusartop

0,8

0,6
0,4

0,2 \-I- WHrubuTtop

0 1 2 3 X103 m
[s]

Puc. 6.23.  Hacbnuenue Yxak dbyHkuus xon-
HeHTpauuu cy6erpara [S] B co-
OTBETCTBHH C MOJIENbIO COTJIACO-
BaHHOT O MexaHu3Ma [ypaBHeHne
(33)]. Mokasano Takxe BiusHUE
AIOCTEPHYECKOTO MHTHOUTOpa
M aKTHBAaTOpA.



[eTEPOTPONHBIM, IIOCKOJIBKY B 3TOM CiIy4ae
B32MMOJECHCTBHE NPOUCXOIHT MEXIY MOJIEKY-
Jlamu pasHoro tvna. [Ipu cornacoBannoM me-
XaHH3ME aJUIOCTEPHYECKHX B3aUMONECHCTBUI
roMoTponHbie  3QdekThl BCeraa MOJIOXH-
TeJIbHBI (KOONEPATHBHBI), & [E€TEPOTPOMHBIE —
JHOO TIONOXKHTENbHEL, MO0 OTPHUIATETbHEL.

6.18. ITocsienoBaTebHbi MEXaHH3IM AJLIOCTE-
PHYECKOro B3aHMOJEHCTBUA

AnnocTepudeckie B3aHMOIEHCTBHA MOXHO
OIMHCATD TaKXKe C MOMOLIBIO Modeau nocae006a-
meavH020 mexanusma, pazpaboranHoit [{anue-
Jsem KontnanoMm (D. Koshland). B ocuosy Mo-
JCNMH B NPOCTEHILEM CIIy4ae IOJIOXKEHbl TPH
MOCTYJIATA.

1. Kaxpas cy6peqMHULa MOXET CYIIECTBO-
BaTh B OJHOM U3 JBYX BO3MOXHBIX KOH(OpMa-
UHOHHBIX cocTostHHMi (R umu T).

2. Cpsa3biBaHME CyOCTPaTa H3MEHSET GOpMY
TOH CyOBEAMHHIBI, K KOTOPOH OH MPHCOETH-
Hserca. Kondopmanus apyroit cy6beauHums
[PH 3TOM CYIIECTBEHHO HE MEHSETCH.

3. KoHpopManHOHHbIE HM3MEHEHHS, BbI-
3BaHHbIE CBA3BIBAHHEM cyOcTpaTa Ha OJHOM
CyGBEIMHHIIE, MOTYT YBEJIHYMBATD HJIH YMEHb-
ATk CPOACTBO Kk cybecTpaTy apyroit cybneau-
HHUBI TOH XK€ MOJICKYJIbI (epMEHTa.

CornacHo MozenH MOCNEN0BATENLHOTO Me-
XaHH3Ma MPOIIECC CBA3BIBAHHUS CybcTpaTa an-
JIOCTEpUYECKMM (PEPMEHTOM INpOTEKaeT Tak,
Kak moka3aHo Ha pHc. 6.24. CsaspiBaHue
ABJIAETCH KOONEPATHBHBIM, €ciit Y RT-dpopmbl
cpoactBo k cybecrpaty Bbime, yem y TT-
dbopmeiL.

Mogens mpocToro NoCjaeA0BaTEILHOTO Me-
XaHM3Ma B3aHMOACHCTBUS OTJIMYAETCS OT MO-
JIEJIA COTJIaCOBAHHOTO MEXaHM3Ma B HECKOJIb-
KHX OTHOILUEHHsX. Bo-nepBeix, Mogenn mocie-
JOBATENLHOTO MEXaHH3Ma HE MpPEedNoJaraer
paBHOBecHs Mexay R- u T-popmamu B oTCyT-
cTBHe cybcTpata. HanpoTus, npucoenvHeHune
cybcrpara undyyupyem nepexon ot T x R. Bo-
BTOPbIX, KOHPOPMAILHOHHLIH nepexon oT T k
R B pasubix cybbenMHunax ¢GepMeHTa mpouc-
XOIHUT HE COIJIACOBAHHO, a MOCJENOBATEIBHO.
Fubpunnoit popme RT oTBomuTcs BaxHas
POJIb B MOJIEJIH NOCJIENOBATENIBHOTO MEXaHM3-
Ma. B Monesn cornacoBaHHoOro MexaHuzMa Ha-
JmiMe rubpuaHoit popmel RT uckiIroyaeTcs.
OTa Moze/Ib HCXOMHT U3 BaXXHOH POJTH CHMME-
TPHH BO B3aUMOJCHCTBHU CyGbENMHUL B OJIH-
TOMEpHLIX 6€JIKax U NOTOMY NPEANOJIAracT ee
COXPaHEHHE MPU aJUTOCTEPUYECKHX MEPEXOaax.
Monenb %e MOC/IEN0BaTENLHOIO MEXaHU3MA,
HaNpOTHB, IOCTPOEHA HA MPEAIOJIONKEHHH, YTO
CyOBEAMHHIIBI MOTYT B3aMMOMEHCTBOBATD, [a-
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RR
Mooeav nocaedosameavrnozo me-

XaHU3Ma KOOTEPATUBHOIO CBS-
3bIBaHHUA CyObCcTpaTa aJIoCTepH-
geckuM  ¢epmentoMm.  Cso-
6onublii axTHBHBIA ueHTp RT-
dopMel  obnamaer  60MBbLIMM
CPOICTBOM K CyOCTpary, 4eM ax-
TUBHBIE LEHTPH TT-dhopmbL

Puc. 6.24.

XK€ €CJIH OHH HaXOAATCA B pas3HbIX KoHbopMa-
uMoHHBIX popmax. Hakonen, pa3nuyue 3akimo-
4Yae€TCAd TaKXe€ M B TOM, 4YTO B Cly4ae
COTJIaCOBAHHOTO MEXaHH3Ma T[OMOTPOIHbIE
B3aHUMOJICHCTBHS BCETa AOJDKHBI ObITH MOJIO-
XKHUTEILHBIMH, TOTJ1a KaK B CiIy4ae MOCIE0Ba-
TEJbHOTO MEXaHM3Ma OHH MOTYT ObITh GO
MOJIOKUTENBHBIMY, JHOO0 OTPHUUATEIbHBIMH.
Byner au BTOpast Mosekyna cyGcTpaTta CBS3bI-
BaTbCA C (pepMEHTOM GoJsiee MM XK€ MeHee
[POYHO, YE€M MEpBas, 3aBUCHT OT IPHUPOILI
CTPYKTYPHBIX TIEPEXOJOB, BbI3BAHHBIX [IPHUCOE-
OMHEHUEM MEPBOH MOJIEKYJbI cyGcTpaTa.
Kakas u3 Moneneii npasunbia? st ogHUX
aJUIOCTEPUYECKHX OCJIKOB XOPOHIO MOAXOXUT
MOZEIbL COrJaCOBAaHHOTO MEXaHW3Ma, TOrJa
KaK [JIs APYruX, MO-BHAMMOMY, NPHMEHHMA
MOZEJb MOCJIE0BATEIbHOr0 Mexauusma. On-
HAaKO CYIIECTBYET TIpyNNna auIOCTEPUYECKUX
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6€JIKOB, K KOTOPHIM HENPUMEHUMBI 00e Moje-
yu. [Ipennonaraercs, 4To 3T GEJIKH HMEIOT He
n8a (R u T), a 6onee konpopMaumoHHbIX co-
cTosHHst. COOTBETCTBEHHO JIJIA OMHMCaHMsA an-
JIOCTEPUYECKHX CBOMCTB Takux OeskOB Tpe-
6yroTca Gosiee CJIOXKHBIE MOIEIH.

6.19. Boaoponbie CBH3H, a TAKKE JJIEKTPOCTA-
THYECKHE H BaHePBaaIbCOBbl B3AHMOIEHCTBHSA
B (epMEeHT-CYGCTPaTHBIX KOMILIEKCAX

O6paTiMble MOJIEKYJISIpHblE B3aUMOIEHCTBHUS
B 6MOJIOTMYECKHX CHCTEMaX OMOCPEAYIOTCA CH-

0 H,N
+H,N—G|y—Tyr—c’<-
0 H,N

CyGertpar

JaMH Tpex THioB. CKJIaJblBaHHE MaKpoMoJie-
KyJl B CJIOXKHYIO CTPYKTypy, CBA3bIBaHWe Cy6-
cTpaTa ¢ PEPMEHTOM, MEXKJIETOUHBIE B3aUMO-
JOEHCTBHS, T. €. BCE MOJIEKY/ISPHbIE B3aUMO/IEH -
CTBUA B OHOJIOrMYECKHX CHCTEMAX, OCYILECT-
BasloTca  Omaromaps  o0pa3oBaHHIO  6000-
poonvix ceaseil, a makxce ceéA3eil, o0bycio-
8AEHHBIX IAEKMPOCMAMUYECKUMU U  8aHOep-
640AbCOBBIMU  83AUMO0EUCMBUAMYU. DTH TPH
OCHOBHBIX THTIA HEKOBAJICHTHBIX CBSI3EH pa3n-
HaKOTCA 10 CBOEH F€OMETPHH, SHEPTHU U CIIEIH-
¢uynoctn. Bonee Toro, XoTd Ha HHX Bceraa
CHJIBHO BJIMSIET NPHCYTCTBHE BOABI, OJHAKO
3ToT 3dbekT npossasercs no-pasaomy. Pac-
CMOTPUM TNOApOOHEe KaXIblii U3 3THX OC-
HOBHBIX THUIIOB CBA3CH.

6.20. 3apsxennbie CyGCTPaThi MOTYT CBS3bI-
BaThCA ¢ MPOTHBOMO/IOKHO 3APSIKEHHLIMH TPyN-
namMu (epMenTa

3apsbkeHHas rpynna cyocTpaTa MOXET pearu-
pOBAaTh C IpyNnoi ¢epMeHTa, HECyLIEH NTPOTH-~
BOIOJIOKHBIH 3apsan. Cujia Takoro ’gekmpo-
cmamuieckozo 83aumodeiicmeus ONPEIENAeTCA
3akoHoM Kyona:

q9:9>
F= ,
r’D

TI€ q, M g, —3aps/ibl COOTBETCTBYIOILUX Py,
r — PacCTOSIHWE MEXAY HUMH, D — AuajiekTpuye-
CKasi IOCTOSHHASA CPelbl. DJIEKTPOCTATHYECKOE
B3auMoAciicTBHe Hauboyee CHIBHO MpO-
siBseTCa B Bakyyme (rae D = 1) u Haubonee
cnabo—B Takoit cpene, xak Bona (rae D = 80).

Yacms 1
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I1pUMEpOM 3JEKTPOCTATHYECKOTO B3aMMO-
NEHCTBUSI MOXET CIYXHTH CBS3bIBAHHE TJIH-
uun-L-tupo3uHa ¢ kapbokcumenTumasoit A —
NPOTEOTUTHYECKHM  (DEPMEHTOM, KOTOPHIH
oTwemiseT C-KOHUEBbIE OCTATKH aMMHOKHUC-
Jot. OTpHUATENLHO 3apsXKEHHAS KOHIEBas
kapOOKCHJIBHAs rpynna OUNENTHAHOTO Ccy6-
CTpaTa B3aUMOJEHCTBYET C I10JIOKUTENLHO 3a-
PSDKEHHOW TYaHMJHHHEBOH TpYNNOH apryHu-
HOBOIO OCTaTKka Ha ¢epMmeHTe. Pacctosnue
MeX]ly 3THMH ABYMS NPOTHBOINOJIOKHO 3aps-
KEHHbIMH TPYNNaMH cocTaBiseT 2,8 A:

H

N |
+ C—N—CH,—CH,—CH,— [Pepment

AprunuHOBan Goxosas yens
hepmonTa

Takoii TUI B3aMMOAEHCTBUS HAa3bIBAIOT T4K-
7K€ MOHHOM CBA3BIO, COJIEBOH CBA3bIO, CONEBLIM
MOCTHKOM HJIH MOHHO# mnapoi. Bce 3TH Tep-
MHHBI HMEIOT OJHO M TO K€ 3HA4YEHHE: 3JieK-
TPOCTATHYECKOE B3aUMOIECHCTBUE MEXAY MPO-
THBOTOJIONHO 3aPSHKECHHBIMY rpynnaMu. Mex-
Ny OTPUUATENLHO 3apAXEHHBIM CYOCTpaToM
H TOJIOXHTENILHO 3aPDKEHHOI GOKOBOI 1IeNbI0
JIN3VHOBOTO MJIM apruHUHOBOTO OCTAaTKAa MO-
TYT BO3HHKATb 31€KTPOCTATHYECKHE B3aMMO-
nedctus. Eciu Bennynnbl pK UMHIA301bHOM
TPyNnbl OCTaTKa THUCTUAMHA MJIM KOHIEBOH
AMHHOIDYIIILl NOJHUIENTHAHONH Lenu obecme-
YHUBAIOT HX MNOJIOXHMTENbLHBIN 3apsAl NMpPH Aau-
HoM pH cpensl, TO OHHM TakkXe MOTYT PyHKUHO-
HUPOBATh KaK MOTEHUMAILHLIC YYACTKH CBA3BI-
BaHHMA OTPHLATENBHO 3apPsKEHHOTo cybcTpaTa.
B cayyae ecim cybcTpat WMeET NOJIOXKH-
TEJIbHBIA 3apsall, MOTEHUHAIBLHLIMA Y4aCTKAMH
CBA3bIBAHHS CAYXKaT OTPHUATENBHO 3aps-
XEHHbIE KapOOKCHJIbHBIE TPYNNbI acnapraTa
M IIyTaMaTa, a TakKe KOHLEBas KapOOKCHIIb-
Hasg rpynna noJMNEeNnTHAHOH LENH.

6.21. Tlpn cea3biBanuu cyGeTpaToB © pepMen-
TaMH 00pa3yloTcH CTPOro OpHEHTHPOBAHHbLIE BO-
JIOpPO/JHbIE CBSA3H

HecMoTpst Ha To 4TO MHOrue cyGCTpaThl He
UMEIOT 3apsi/ia, OHU CBA3BIBAIOTCS ¢ epMenTa-
MH C BBICOKOH CTENEHbIO CHeLUPUIHOCTH
u cpoacta. OCHOBHOI BUI B3aHMOICHCTBHSA
Takux cyGCTpaToB, a Takxe OOJIBIIMHCTBA 3a-
PSOKEHHBIX CYOCTpaTOB ¢ ¢epMeHTaMHu —3TO
o6pa3oBaHKe BOAOPOIHBIX CBsi3el. B 6000p0oo-
HOUl C6A3U amMom 6000p00a C8A3aH cpa3y ¢ 08y~
mAa opyaumu amomamu. TOT aTOM, C KOTOPBIM
BOZOPOJ CBsi3aH 6oJiee MPOYHO, HA3BIBAIOT J10-
HOpOM  BOAOpOZa, TOIAa Kak BTOPOM



aToM-axuentopom Boaopoaa. [To cymectsy
BOJOPOAHYIO CBA3b MOXHO paccMaTpuBaTh
KaK MPOMEXYTOYHOE B3aUMOJEHCTBHE, BO3HU-
Kalollee MpH MEPEHOCE NMPOTOHA OT KHCJIOTHI
K OCHOBAaHHIO. ATOM-aKIeNToOp NOJKEH UMETh
YaCTHYHBIH OTPHIATENbHbIH 3apsi, KOTOPLIH
U npuTarusaeT Bogopon. Kopode rosops, Bo-
IOpoaHast CBS3b YE€M-TO HAIIOMHUHAET JIOOOBD
BTPOEM:

AoHop AxuenTtop RoHop Axuyentop
sopopoaa sogopoaa Bogopoaa sogopoga
—0—H .- N— —N—H ... O—
2,88 A 3,04A

Ilpu oO6pa3oBaHUH BOXOPOOHBIX CBS3EH
B GHOJIOTHYECKHX CHCTEMaX aTOMaMH-10HOpa-
MH CJIyXaT aTOMbl a30Ta MJIM KHMCJIOPOIa, KO-
BaJIEHTHO CBS3aHHBIE C AaTOMOM BOAOPOAA.
PoJsib aTOMOB-aKLENTOPOB BBLINOHAIOT KHUCJIO-
poa vk a3oT. TUNbI BOXOPOIHBIX CBS3€H U HX
JUMHBI TIpUBEREHBbI B Tabn. 6.3. DHeprus cas-
3edl kKosebneTcs OoT mpuMepHO 3 nmo 7 kkan/
MoJIb. BogoposHbie cB3u IpoyYHee, Y€M CBSA3H,
00yCIOBIIEHHbIE BaHEPBAa IbCOBLIMH B3aHMO-
JNEHCTBUAMH, HO 3HAYUTEJILHO cnabee, yeM Ko-
BajieHTHbIE CBA3H. [Io nuHe BOomOpoOAHbIE CBSI-
34 3aHHMAIOT [POMEXYTOYHOE MOJIOXEHHE
MEX/Y KOBAJICHTHHIMM CBSI3SMM W CBSA3SMH,
00yCNIOB/IEHHBIMH BaHACPBaaIbCOBLIMH B3aU-
MONEACTBUAMH. Baxcnasa ocobennocms 60do-
POOHBIX C6513€il COCMOUmM 6 Mom, Ymo ux Hep-
2un  3asucum om zeomempuu. Bomopomnas
CBSi3b OKa3bIBa€TCs HAmbOJiCe CHIILHOM, €CIH
JIOHOP, BOJOPOJ M aKLUENTOP JIEKAT HA OJHOM
npsamoii. Ecu ke aToM-akuentop pacnososxeH
1OA yIJIOM IO OTHOLICHHIO K JIMHHMH, COEIH-
HAIOLIEH aTOM-AOHOP H BOAOPOJ, TO CBsA3b OY-
ner TeM caabee, yem Gosblie 3TOT yron:

0
O—H ---0 O—H
Cunshan CnaGan

BOAOPOAHAA CBAIL SOAOPOAHAR CBA3M

Mbl yxe yOMHHAIH O BOIOPOJHBIX CBSI3SX
npH OOCYXIEHHH CTPYKTYpbl MHOTJIOOMHA
1 remorniobuHa. B a-cnmpanu Bomopogmas
CBA3b COEAMHACT ApPyr ¢ apyrom —NH-

1 —CO-rpynnsl nenTuaHoN uenu. Ipu 3ToM

aToOM a30Ta CJYXHT JOHOPDOM BOIOpOAA,
2 aTOM KHCJIOPOZa — aKUenTopoM. PaccTosnue
MEXYy aTOMaMmH a30Ta M KHCIOpoxa COCTa-
BiIseT 2,9 A; aToM Bogopoaa Haxonurcst 6.u-

XK€ K a30Ty, 4eM K KHCIOpoay, Ha 09 A.

Jlpyro# npumep BOJOPOIHOM CBS3H B MHO-
r100HHE H TeMOrJIOOHHE —CBSI3b MeEXAy TH-
IpOKCHJIbHOH  rpynnod  tupo3uHa HC2
Y nenTHAHbIM KapOonuiioMm FG4. AtoM xucno-
pola B THIPOKCHJIBHOM TIpyNNe THPO3UHA
SIBJIIETCS. IOHOPOM BOAOPOJA, & ATOM KHCJIO-
pona B nentuaHoit C—O-rpynme - akuenTo-

pom: \N ) O_c/
p H 0=C_

s

0—H O—C\

Ponbp BOROpOAHBIX CBsi3€l BO B3aUMOMICH-
cTBuH cybcTpaTa ¢ HPepMEHTOM XOpOLIO BUAHA
Ha NMpUMEpE CBS3bIBAHUS YPUAMHCOAEPXALUEH
4acTH CyOcTpaTa ¢ MaHKpeaTH4ecKod puboHy-
KJI€a30ii — pepMEHTOM, pacIenIsoumM pubo-
HYKJICMHOBYIO KHCJIOTY (puc. 6.25). B 3tom
cnay4ae obpa3yroTCs TpH BOJOPOHBIE CBSI3H.

1. Ogna w3 C—=O-rpynn ypUAHHOBOTO
KOJIbIla COCOHHEHAa BONOPOAHOH  CBA3BIO
¢ N—H-rpynno#i nentumHoO# uenu.

2. N—H-rpynna ypuanHOBOro KOjblla CO-
€MHEHa BOJOpPOAHOH cBsizbio ¢ —OH-rpyn-
Mo OCTaTKa TPEOHMHA.

3. Apyras C=—=O-rpynma ypUAHHOBOTO
KOJIblla COCAMHEHA BOJOPORHOH  CBA3BIO
¢ —OH-rpynno#i octaTka cepuna.

6.22. BeakH 006,121a10T BLIPA’KEHHOH CNOCO0-
HOCTBIO K 0O0Opa3oBaHHIO BOJOPOIHBIX CBAA3€i
BoxoBbI€ UEMH aMHHOKHCIOT ¥ OCHOBHAs I€l-
TUAHAS Uelb MOTYT AaBaTh OOJIBIIOE YHCIIO

Tabnuua 6.3. THOHuHBE pazmepnl Bo-
JOPOJIHBIX CBA3eH

Casa3b Ilnuna, A

o 2,70
. O7 2,63
N 2,88
o 3,04
2,93
3,10
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pa3jiM4HbIX BOAOPOAHBIX cBA3eit. Tak, u3 20
BCTpevaroluxcs B O6ekax aMHHOKHCIOT y 11
60KxoBbIE lenH CIOcCOOHBI Y4acTBOBaTh B 0Opa-
30BaHHH BOJOPOIHBIX cBA3eil. Y 106HO0 pacnpe-
JCJIUTh 3TU aMUHOKHUCJIOTHI HA rpynimsl B 3aBH-
CHMOCTH OT OOpa3yeMbiX MMH THIIOB BOMAO-
POOHBIX CBA3CH.

1. BokoBble Lenu TpUNTOPaHA U apruHUHa
MOTYT CIAYXHTb MOAbKO 0OHOpaAMU 8000p0O0a:

/H
T e
= N H—N"  H
\H

)
Aonopran rpynna

-

AoHopran rpynna

0po sofpopoga
» '::mxy“n: ® monexyne
TpunTobana Rprununa

2. BokoBble TpYNmbl acmaparuHa, [JyTa-
MHHa, CEPHHA H TPEOHUHA MOTYT CIIYXHTb KAK
O00OHOpAMU, MAK U aKkyenmopamu 8odopoda, |
B 3TOM OTHOLIEHHUH OHH HOIIOGHBI nenTvaoﬁ
rpynme.

3. Coocobuocts  00pa3oBeIBATE  BOMO-
POAHEIE CBA3H Y JH3UHA (1 BoObLIE y CoenmHe-
HHH C KOHUEBBIMM AaMUHOTPYTINIAMH), y acrapa-
TMHOBOH M IJIyTAMHUHOBOM KMCHOT (M y APYrux
COEIMHEHHH C KOHIEBLIMH KapOOKCHJIBHBIMH
IpyNnnamiu), a TaKXKe y NMPUAMHA ¥ THCTHOMHA
3aBUCHT oT pH. B onpenenennbix rpanunax pH
OHH MOTYT CJIY)KHTb OHOBPEMEHHO M JOHODA-
MH, H aKIENTOPaMH BOZOPOAA, TOTAa Kak MpH
Opyrux sHadeHusax pH — 6o qoHopamu, 1ubo
aKIEeNTOpaMHu, KaK 3TO [MOKa3aHo A1l acnapTa-
Ta U riyramMata Ha puc. 6.26. MubiMu cioBa-
MH, 06pazyemblii 3MUMU  UOHUSUDYIOUWJUMUCS
ocmamkamu mun 6000pOOHOL C8A3U 3dsucum om
pH.

MoxeTt cnyxuTe
,e* aKLenTOpoM BOAOPOAA

0
7
—CH,—¢_

N—H

/
)
\ MoxeT CnyXuTb

AOHOPOM BOAOPOAA
ACnaparun unu rayTamme
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YpuguHosoe | Ve
KONbLUO HC/N\C/O‘ ’ 'H_N\
8 cybctpare I I C
HC N
\(":/ “H... /O—C,,/
H
;O \Tpeonunonn
H 60Kk0Ban uensv
\O dhepmerTa
e \Cepuuoua 6oKkoBan
_CHz uenb epmenTa
Puc. 6.25. OO6pa3oBaHne BOJOPOAHLIX CBs-

3eil IpH cBA3LIBaHuM cyGeTpaTa
pubonykneasoi. (Richards F. M.,
Wyckoff H.W., Allewell N., The

Neurosciences: Second Study
Program, F.O. Schmit, ed,
Rockefeller University Press,
1970, p. 970.)

6.23. BanjeppaaibCoOBbI B3aHMOJCHCTBHA
HrPAIOT BAXKHYIO POJIL B CJY4asX CTepPHIECKOH
KOMILIEMEHTAPHOCTH
Ecau nBa xakux-m1b0 aToMa HaxoAATCs Ha
paccrosmun 3-4 A APYT OT ApYyIa, TO MEXIY
HUMH BO3HHUKAeT HECTIeNH(HYECKOEe NPHUTIKE-
HHe. Takoe npuTsDKeHHe, Ha3bIBAEMOE BAHEP-
BaaJIbCOBLIM B3aMMOIECHCTBHEM, MEHEE CIICIIU-
GuyHO W 3HAYMTEJLHO cnabee, YeM BJIEKTPO-
CTATUYECKHE B3aUMOJCHCTBUS WJH  BOJO-
pOOHBIE CBSI3U, OJHAKO OHO MMEET HE MEHee
BaXHOE 3HAYEHHE B OHOJIOTHYECKMX CHCTEMaX.
B oCHOBE BOZHMKHOBEHMS BAaHIEPBAalbCOBLIX
B3aMMOENRCTBUI TEXKHUT TOT (aKT, YTO pacnpe-
IIEJICHHE 3JEKTPOHHOTO 3apsla BOKpPYr aTOMa
MEHAETCS BO BpeMeHH. B moboit B34ThIE Mo-
MEHT BpEMEHH pacnpeieieHde 3apsaua He
ABJIAETCS MOJHOCTBIO CHUMMETPHYHBIM. Ta
IPEXOAsAILAsS ACHMMETPHS JIEKTPOHHOTO 3apsi-
Jia OIHOTO aTOMa BbI3bIBAET M3MEHEHHE pac-
[IPEACICHUS JJIEKTPOHOB BOKPYI COCEAHHUX aTO-
MoB. [To Mepe cOmkeHust JBYX aTOMOB 10 Tak
Ha3bIBAEMOTO  pPACCMOAHUA  6AHOEPEAANbCOEA
KOHMAKma CHJa TPHUTDKEHUS MEXAY HHUMH
Bospactaet (puc. 6.27). Ha pacctosuuu, 6osee
KOPOTKOM, Y€M KOHTAKTHOE, HAYHHAIOT Mpe-
o0nanate oyeHb OOJbLIME CHJIbI OTTAIKMBA-
HHS, TIOCKOJBKY IPOMCXOZUT INEpeKpbIBAHUE
JABYX BHEIIHMX 3JIEKTPOHHBIX 00iyakoB. KoH-
TaKTHOE PACCTOSIHHE MEXAY aTOMaM# KHCJO-
poaa M yriepoja, HalnpuMmep, COCTaBJISET
34 A, T.e. CyMMy KOHTAKTHBIX PajJMyCOB aTo-
Ma O (14 A) u C (20 A).

DHEprus CBA3M ABYX aTOMOB, 0OYC/IOBJICH-
HOH BaH/I€pBaabCOBbIMU B3aHMOJECHCTBHSIMH,
COCTABJISIET OKOJIO | KKajn/Mosb. ITO 3HAYH-



MoxeTt cnyxuTb

. axuenTopom MpoToHupoBaHHan
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Puc. 6.26. CnocoGHoOCTh acnaprata W IJIy-
TamaTa K 0oOpa3oBaHUIO BOMAO-

POAHBIX CBS3EH.

TEJIbHO MEHbIIIE 3HEPrUM BOJOPOIHBIX CBS3EH,
a TaKXke CBSI3Y, BO3HHUKAIOIIEH MO BIHSIHHEM
3EKTPOCTATHYECKHX CHJI, KOTOpasi COCTABJIAET
3-7 kkan/mMoab. TakuMm o6pa3oM, OmHO OT-
JIeJIbHO B3SiITOE BAaHAEPBAAJIbCOBO B3aUMOIEH~
CTBHE UMEET OYeHb HeGOIIbIIIOE 3HAYEHHE : CUJIA
BO3HHMKAIOWIEH CBA3U €/1Ba NPEBBIMIAECT CpeEa-
HIOIO TEMIOBYIO 3HEPTUI0 MOJIEKYJ MpPH KOM-
HaTHOM TemmepaTtype (0,6 xxayn/monb). Bau-
JIepBaajbCOBbI B3aMMOACHCTBUS IPHOOPETAIOT
607b1110€ 3HaYEHHE TOJILKO MPH OJHOBPEMEH-
HOM COJIMXXEHUH MHOXECTBA aTOMOB Cy6CTpa-
Ta C MHOXECTBOM aTOMOB ¢epmeHTa. Banaep-
BaajbCOBO B3aHMMOACHCTBHE MEXIY ABYMS
aTOMaMH PE3KO YMEHBILAETCS, eC/IM PaccTos-
HHE MEX/ly HIMH PEBLILIAET KOHTAKTHOE BCE-
ro yumb Ha 1 A. ITostoMy omgHOBpeMeHHOE
B3aMMOACHCTBHE MHOTOYHCJICHHBIX AaTOMOB
cybcTpaTa co MHOXECTBOM aTOMOB (GepMenTa
BO3MOXHO TOJIbKO NpPH YCJIOBHH COBHAAEHMS
¢dopm cybeTpata u depmenTta. Jdpyrumu cio-
BaMH, 3Q(EKTHBHOE BaHIEPBAaalbCOBO B3aH-
MoaeicTBUe Mexay cyOcTpaToM H dpepMeHTOM
BO3MOXHO JIMIIb NPH HAJMYHH CMepuyecKoil
komnaemenmaprocmu. CrenoBaTeNbHO, XOTH
KaXJ0€ OTHIENbHO B3MTOE BaHAEPBAAJIbCOBO
B3auMozcHcTBUE HecneubHIHO, cneyugduy-
HOCMb 603HUKAem npu 00HO8pemMeHHOM 0bpa3o-
8aHuu 604bUL020 YUCAA BAHOEPBAAALCOBYIX CBSA-
3eit. HyXHO OTMETHTB, YTO OTTaJKHBaHHE,
BO3HHKaIOIllee NpU COMXKEHUH ABYX aTOMOB
Ha pacCTOSHHE MEHbIIE BAHEPBaajncOBa KOH-
TaKTHOTO, CTOJIb Xe HEOOXOAMMO s co3aa-
HUA CreuuUYHOCTH B3aUMOICHCTBHUS, Kak
H IPHUTSDKECHHUE.

6.24. BHOIOrAYEeCKH BaXXHbIE CBOHCTBA BOJbI:
NOJIAPHOCTH BOJbl H €€ CNOCOOHOCTb K KOre3uH

J1o cux nop Msl He KacaJIuCh BONIPOCA O TOM,
KaK BJIMSICT BOJA HA TPH OCHOBHBIX THIA CBS-
3¢if, KOTOpbI€ MbI TOJIBKO 4TO DPacCMOTpEJIH.

Ha camoM peme Boja—aKTHBHBLIM Y4aCTHHK
MOJIEKYJISPHBIX B3aUMOICHCTBUI B OHOJIOTH-
YeCKHX cHcTeMax. B 3ToM oTHOlueHMu aBa ee
CBOMCTBA HMEIOT COBEPIIEHHO ocoboe 3Haue-
HHE.

1. Mouaekyabt 60061 noaapHsl. OHH HMEIOT HE
JIMHEHHYy10, a TpeyrojeHyio ¢opmy, Bcien-
CTBHE Y€ro PacNpeiesICHHE 3apsaaa OKasbiBaeT-
cs aCHMMETPHYHBIM. SIIpo aToMa Kuciaopona
OTTATUBAET JIEKTPOHBI OT AaTOMOB BOAODPOAA,
M BOKPYT HOCHEOHHMX BO3HHUKAET 00MacTh ¢ 06-
ILIIMM [OJIOXKUTEJIBHLIM 3apsaaoM. Eciu Bokpyr
aToMa KHCJIOpOAa OMHCaTh TeTpa’Ap Tak,
4TOOBI B JBYX €TO YrjlaX HaXOJUJIUCb aTOMBI
BOIOPOAA, TO ABA APYIUX yrja TeTpa’apa oka-
XKYTCSI  3JIEKTPOOTPHLATENLHBIMU.  TakuM
00pa3oM, MONEKyIa BOIbI NMPEACTABIAET CO-
60if MOJAPHYIO CTPYKTYpY:

o
Y. °
v 05./
H H

OGnacTtb
OTpULIATENbHOTO

/ 3apapa
0\
H \ H
O6nactb

NONOXXUTENLHOrO
3apaga

2. Moaexkyavl 600bl o0baadaiom  @blCOKUM
cpoocmeom opyz k opyzy. I'pylnna mMoJiexy.1 Bo-
nel  oOpa3yeT KOHTJIOMEpaT, B KOTOPOM
001acTh MOJIOKUTENBHOrO 3apsaa OTACAbHOM
MOJIEKYJIBI ~ OPHEHTHPYETCS  OTHOCHTEJIBLHO
06.1aCTH C OTPULIATENILHBIM 3apPsIAOM OIHOM U3
6nu3nexammx Mojnekyn Kaxnas w3 asyx
obyacTeil ¢ OTPHLATENbHBIM 3apSIOM [PHUTS-
HBAET MPOTOH OT COCEOHEH MOJeKyabl. B TO
Ke BpeMs MXx COOCTBEHHbIE MPOTOHBI MPUTAIU-
BalOT KHCJIOPOIHBIH KOHEI COCERHEH MoJle-
KyJel. TakuM 06pa3om, kax/ablif aTOM KHCIIO-
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OTTankusaHue

PaccroaHue

MNpurtaxerHue

3Heprua B3auMOAeNCTBUA
o

« Paccrosnue
BaHAepBaanLcoBa
KOHTaKTa

Puc. 6.27. Owmeprus  cBssedl, 006ycnos-
JICHHbBIX ~ BaHIEPBAAJIbLCOBLIMHU
B3aUMONCHCTBUAMM, KaK (yHK-
LHS PACCTOSIHHS MEXIY ABYMs

aTOMaMH.

Puc. 6.28. Crpykrypa onmHoii u3 ¢opm

Jbaa.
AN /
ON—H- - -0=C

B wenonapHou cpepge

s
0— -+ -0=C
W N

B soge
Puc. 6.29. Bopa Bener ce6st kak KOHKYPEHT
npu oOpa3oBaHHH BOLOPOMHBIX
CBSI3EH.

Yacts |
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pona sSBISETCS UEHTPOM TeTpasapa, obpaso-
BaHHOTO JIPYTHMH KHCJIOPOJIaMH, TIDHYEM pac-
crosane O—O cocrasaseT 2,76 A.

Ha puc. 6.28 nokaszana oaHa U3 cTPYKTyp
abaa. [lpy TasHUM Jbaa BBHICOKOYNOPSIOYEH-
Hasi CTPYKTYpa €ro KpHUCTaJUIOB pa3puiBAETCS
BO MHOrux Mectax. OgHako mpu 3TOM paspy-
LIAETCH JHLIb OKoJio 159 ceasei. B xuaxoi
Bo#€e Kaxnas Mousiekyna H,O o6pasyer Bomgo-
POIHBIE CBSA3M B CPEAHEM C 3,4 COCEIHUX MOJe-
Kyn. Takum o6pa3oM, B XHAKOM COCTOSHHM
BOJA COXpaHSET HaCTHYHO YHNOPAAOYEHHYIO
cTpykTypy. Ilpouecc obpasosauus u pacnama
06beIMHEHHBIX BOMXOPONHBIMH CBS3MH arpe-
raToOB MOJIEKYJI BOAbI UIeT GecripepsiBHo. Ca-
Masi YAMBMTEJIbHAs OCOOEHHOCTH BOALI—3TO
CIIOCOGHOETb €€ MOJIEKYJ coeduHambca Opyz
¢ Opyzom. VI [elCTBUTENLHO, B BOJAE YHCIIO
IPOTOHOB M YHCJIO CBOOOMHBIX Map 371EKTPoO-
HOB, CO3MAIOLUHX COOTBETCTBEHHO IOJIOXH-
TeJIbHBIE H OTPHUATENBHBIE [1I0JIFOCHI AJist 06pa-
30BaHHS BONOPOJHBIX CBs3€H, BCErna paBHbI
MeExay coboif. PacnonoxeHne 3THX cBs3eii
B BUJE TETpajApa NPHBOAMT K 06pa3oBaHuIO
Pa3BUTOH TPEXMEPHOIH CTPYKTYphl. Takum
06pa3oM, 800a 06.1a0aem 6b1COKOI KO2E3UOHHOII
cuaou.

6.25. TlpucyTcTBue BoAB 0C/1a0/ISET NONAPHBIE
B3aHMO,ICHCTBHSA
[MoasipHOCTE MoJIEKY T 1 CIOCOBHOCTH K 06pa-
30BaHHIO BOJAOPOJHBIX CBSI3€H /1€/1a€T BOY BbI-
COKOAaKTHBHBIM COEIMHEHHEM. DTO NPOSABIISET-
Cs1 B TOM, YTO BOJa OCNabIIS€eT 3/1eKTPOCTATH-
4ECKHE B3aUMOIEHCTBHS U BOLOPOIHEIE CBA3H,
BO3HHUKAIOIIHE MEXIY OPYTMMH COCAHHEHUS-
MH. TIpu 3THX NOJSPHBIX B3aMMOACHCTBUSX
BOJA BE/ET cebsi Kak OYeHb CHIIBHBIA KOHKY-
peHT. PaccMOTpuM, HanpuMep, Kak geiicTByeT
BOJIa Ha 06pa30BaHKe BOMOPOMHO# CBS3M MEX-
Ay KapOOHMIBLHOM M aMMAHOW Tpynnamu
(puc. 6.29). Bomoponaubie aToMbl BOABI CHO-
co6ubl 3amectuts NH-rpynny B kauectse mo-
HODA, a KHCJIOPOJHbIH aTOM BOJIbI ~ KHCIIOPOJ
CO-rpynnbl B Ka4eCTBE aKUENTOpa BOAOPOAA.
CrenosatebHO, 00pa30BaHHe CHIBHON BOIO-
ponso#t ceasu mexay CO- u NH-rpynnamu
BO3MOXHO TOJBKO B OTCYTCTBHE BOABL
Cuiia 371eKTPOCTATHYECKHX B3AUMOAEHCTBHI
B BOJIE 10 CPAaBHEHHIO C BaKyyMOM CHHXe€Ha
B 80 pa3 (80— auaneKkTpuuecKas MOCTOSAHHAsS
BOJbI). Bricokas AMaNeKTpHYECKasn MOCTOSHHAS
BOJIbI OTPAXaeT TAKHE CBOWCTBA, KaK MOJApP-
HOCTb U CIOCOOHOCTH 0OPa30BLIBATH BOKpYr
MOHOB OPHEHTHPOBAHHYIO COJIBBATHYIO 060-
JIOUKY, KOTOpasi ociaabiser 3jaeKkTpocTaTHue-
CKO€ B3aHMOAEHCTBHE OJTHOTO HOHA C APYTHM
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B3auMOgencTene Boga okpyxaeT 3apfKeHHbIe
B HeNONAPHON rPyNnbi ¥ yMeHbWaeT ux
cpepe B3aWMOAENCTBUE
Puc. 6.30. Bopa ocnabnser anekTpocTaru-

4ecKoe B3auUMoneiicTBHe 3aps-
XEHHbIX TPYIIIL.

(puc. 6.30). TakHe OpHEHTHpPOBAHHBIE COJIb-
BaTHbIE O60JIOYKH CO3a10T COGCTBEHHOE JJ1EK-
TPHYECKOE T10JI€, MPOTUBOMOJIOKHOE 110 3HAKY
0110, CO31aHHOMY MOHOM. B pesyabTate cro-
COOGHOCTh MOHOB, OKPYXEHHBIX COJbBATHLIMH
0607104KaMH, K 3JEKTPOCTATHYECKUM B3aHMO-
JAEACTBUAM OKa3bIBAETC 3aMETHO OCaabJeH-
HoH. Boma xapakTepu3yeTcs UCKIHOYUTEILHO
BBICOKOH /IM3/IEKTPHYECKOH MOCTOSHHOM.

6.26. I'napododubie B3auMo,ielcTBHS: B BOIHO#H
cpee HeNOASPHBIE TPYNNbl CTPEMATCH ACCOUHH-
poBats
Kaxnbiit 3HaeT, KaK MENKHe KaneJbkKd Macia
B BOAE COEAMHSATOTCS B O4HY GOJIBIIYIO KAILIIO.
AHANOTMYHBIN TpOLECC NPOUCXOAHT M Ha
YPOBHE aTOMOB, @ HMEHHO HEnoAspHble MOAe-
KyAbl UAU 2pynnbl 8 800HOIl cpede 06vedunsom-
¢4 6 Kkaacmephl. ITOT IPOHECC ACCOUHALUH
o0ycnoBneH 2udpodobuvimu 83aumodeiicmeun-
mu. DHrypanpHO BBIPaXafCh, BOAA PUXKHU-
MaeT HENONAPHBIE COENMHEHUS IPYr K ApYry.
IMipodobHEIE B3aMMOAEHCTBHA UrPAIOT pe-
LIAKOIIYIO POJib B CKJ4JLIBAHUM MAaKpOMOJie-
KyJ1, B CBA3bLIBAHWM CyOCTPaTOB € hepMEeHTaMu
U BO MHOTHX APYIMX MOJIEKYIAPHBIX mpouec-
cax. PaccMoTpuMm, 4TO nexuT B ux ocHose. Jlo-
NYCTHM, 4TO B BOLY BHOCHTCS MOJIEKYJIa HENo-
JIAPHOTO  COEGUHEHUS, HANPUMEP [EKCAHA.
B Boa€e npu 3TOM 0Opasyercs mosiocTh, U3-3a
Y€ro Ha KaKoH-ToO MOMEHT pa3phIBalOTCS BOJO-
POIHBIE CBA3M MEX/y MOJeKyjJamu Boabl. Jla-
JIee CIBUHYTBIE CO CBOMX MECT MOJIEKYJIBI BOJIbI
MEPEOPUEHTUPYIOTCS U 00PA3yIOT MAKCHMAaJib-
HO BO3MOXHOE YHCJIO HOBBIX BOJIOPORHBIX CBS-
3ell. DTOro, 0OJHAKO, yIaeTCs AOCTHYb JIUIIb 33
ONPEICJEHHYH «IJIaTY» : BOZMOXHOCTE#H 06pa-
30BaHHA 6JaronpUATHBIX BOJOPOMHBIX CBA3EH

B penIeTKe BOJbI BOKPYI MOJIEKYJI FeKCaHa 3Ha-
4YHMTEJbHO MEHBIIE, YeM B YHCTOH Boxe. B pe-
3yJIbTaT€ MOJIEKYJIbl BOAbI BOKPYI MOJIEKYJIbI
rekcaHa pacrnosiaraloTcs ropasno 6osee ymo-
PsALOYEHHBIM 00pa30M, 4e€M B OCTajIbHBIX 4a-
CTSIX pacTBOpPa, a 3TO O3HAYAET, YTO IHTPONHUS
pactBopa cHixkaetcs. [locMoTpuM Teneps, 4To
IIPOU30MAET, €CJIM B BOJI€ OKAXYTCS JBE MOJIE-
Kydbl rekcaHa. ByayT num OHH HaxoauThCH
B ABYX MaJbIX NoJocTax (puc. 6.31, A) unm xe
B opHoii Gosbmoii nosoctn (puc. 6.31,5)?
OnbIT NOKa3bIBAET, YTO JBE MOJIEKYJIbI reKCaHa
OOBENHHSIOTCS W 3aHUMAIOT OAHY OONBLUYIO
OJIOCTb. ITO OOBETHHEHNE TPOUCXOIMUT B pe-
3yJIbTaTe BHICBOOOXICHUA OTAEAbHBIX OPHEH-
THPOBAHHBIX MOJIEKYJ1 BOIBl, OKPYXAOLIHMX
pasjeiCHHbIE MOJIEKYJIBl TekcaHa. Crenosa-
TeIbHO, B OCHOBE THAPOodoOHOro B3auMonei-
CTBHUA JIEXHT YBEJIHYEHHE IHTPOIHH, 00ycIo-
BJIEHHOE BO3PDaCTaHMEM CTENeHe cBOOOALI
BBICBOOOXIEHHbIX MOJIEKYJT BOAbL. Takum
obpa3oM, HenoaapHblie moaekyibl 8 6o0e obve-
OunAlmca Opy2 ¢ 0pyzom He 6 Cuay 8biCOKOZ0
83aAUMHO20 CpoOCmBa, a npexcoe écezo 6CAed-
cmeue Cyuecmeosanusi NPOYHbIX C8s3ell MeXcoy
MOAEKYAAMU 800bL.

3ak/0ueHne

KaTanusaTtopamu B GHOJIOTHYECKHX CHCTEMax
CITyXaT (epMeHThI; Bce (DepMEHTHI — GENKu.
depMeHTHl BbicokocnennduIHbl U 061a1ar0T
OrPOMHOM KaTAJIMTHIECKOH cuioil. OOnivHO
OHM IOBBIIAIOT CKOPOCTL PEAKIIMM MO Kpai-
Heil Mepe B 107 pa3. DepMeHTHI HE CABUTAIOT
PaBHOBECHA PEaKIMH, a BBUIOIHIOT QYHKIMIO
xa'raszaTopos NYyTEM CHUXEHUS JHEPrUH aK-
THBAllMH XUMUYECKUX peakuuil. KnHeTHYeCcKkne

Tabnuua 6.5. [IH)1eKTPHHECKHE (OCTOSHHBIE PRAA PACTRO-
puTeNel

JuwanexTpudeckas
Bewectso NOCTOSHHAA
(20°C)
Texcan 1.9
Benson 23
JAusinnoseiii 3¢up 43
Xnopodopm 51
Auerox 21,4
Dradon 24
Mertanosn 33
Bona 80 .
HCN 116
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Monexyna rekcana

Boaa B nonocTtn

[lBe Monekynbl rekcaxa
B OfHOW NONOCTM

3

Puc. 6.31. Cxemarmyeckoe  H300paxeHHe
ABYX MOJIEKYJI T€KCaHa B HEOOIb-
mom obbeMe BoAbl. A-—Moje-
KyJibl T€KcaHa 3aHMMAalOT pa3-
JIMYHBIE TOJIOCTH B CTPYKTYype
BoAbl. b —MOJIeKyIbI reKcaHa 3a-
HHUMAIOT OJHY OOLIYIO IOJOCTD,
4TO JHEepreTudecku Oosiee BbI-
TOAAHO.

napaMeTpbl HEKOTOPBIX (EPMEHTOB OIHUCHI-
BalOTCA Moaejabio Muxasnuca—Menten. Co-
riacHo 3Toi moaeny, depmenT (E) coenunsier-
cs ¢ cybctpatoM (S), obpa3sys ¢pepmeHT-CyO-
crpaTHbiii  koMmmnekc (ES), xoropweii smbo
npespatiaercs aaisee B npoaykt (P) peaxuuy,
6o mucconunpyetr Ha E u S:

k) k3
E+S2ES—-> E+P.

k2

Cxopocts (V) oOpa3oBaHuss TNPOAYKTOB
ONMCEIBAETCSl ypaBHeHHeM Muxasnuca — Men-
TeH:

_ (sl
V= Vo [5] 4 Ky

Yacrs |
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rae V., —CKOpPOCTb peakLuu NpH MOJHOM Ha-
ChllleHUH  (depmeHTa cybeTpaTom, a
Ky —xoncranTa Muxasnuca, paBHas KOHUEH-
Tpauud cybcTpaTa, IpH KOTOPOH CKOpPOCTh
PEaKIMH COCTABJISET IOJOBHHY OT MAaKCH-
ManbHOH. MakcuMasnbHas ckopocTs V, ., paB-
Ha NpPOM3BENCHUIO ki HAa OOIIyIO KOHIEHTpA-
nuo depmenTa. Kunernueckas koHcTaHTa ks,
Ha3bIBaeMast 4YHUCIOM 000poTOB (epMeHTa,
NOKa3bIBAET, CKOJIBKO MOJIEKyJ cybcTpaTta
[IPEBPATHIIOCH B NMPOAYKT PEaKLUWH 32 €IHHH-
1y BPEMEHH B OJHOM KaTaJMTUYECKOM LECH-
Tpe NpH NOJHOM HaceluieHud depMenTta cy6-
crpatoM. [l 6osblunHCTBA (EPMEHTOB YHC-
10 06OpOTOB JeXHT B mpenenax ot 1 go 10*
B lc.

Hexotoprle cnenuduyeckue HH3KOMOJIEKY-
JISIPHBIE BELIECTBA U HOHBLI CIIOCOOHBI UHIHOM-
poBats ¢epmenThl. [1pu HeoGpaTHMOM HMHTH-
6MpOoBaHHM UHTHOUTOP KOBAJIEHTHO COEIHU-
HseTcd C (EpMEHTOM HJM XKe CBSA3bIBAETCA
C HHM HacTOJIbKO MPOYHO, YTO €ro AMCCOLMa-
nusi MAET O4YeHb MeIJIeHHO. B oTimume ot
3Toro obpaTuMoe HHrHOMpOBaHME XapakTe-
pHu3yeTcs TeM, YTO paBHOBecHe Mexiay ¢ep-
MEHTOM M HHTHOMTOPOM YCTaHaBJIMBAETCA
6bicTpo. KOHKYpEHTHBIN# HHTHOUTOpP MpensT-
CTBYET CBA3bIBAHHIO cyOcTpaTa B aKTHBHOM
neHTpe. OH YMEHBIIAET CKOPOCTb pEakiuH
MYTEM CHIKEHNS OTHOCHTEJILHOTO KoOJIMYe-
CTBa MOJIEKyJ1 (depMeHTa, CBSI3aBHIMX CYy0-
crpart. [1pU HeKOHKYPEHTHOM MHIHOHPOBaHUH
HHTHOMTOp CHHMXaeT 4HuciIO0 060poToB dep-
MeHTa. KOHKypeHTHOEe MHTHOHpOBaHHE B OT-
JIMYHE OT HEKOHKYPEHTHOTO CHHMAETCS INpH
NOBBLIIICHUN KOHIEHTpauuH cybcrparta; Ta-
KHM MyTEM MOXHO Da3JIMYMTh 3TH [Ba BHIA
HHrHOHPOBaHHA.

KaTtanuruyeckas akTUBHOCTb MHOTHX ¢ep-
MEHTOB [IOABEPXKEHA PEryisiuH in Vivo.
B 3TOM OTHOMIEHHH OCOOEHHO BAXHYIO POJIb
HUTPalOT AJUIOCTEPHYECKHE B3aHMMOACHCTBHS,
T. €. B3aUMOJEHCTBHS MEXOY NPOCTPAHCTBEH-
HO pa3[ieIeHHBIMH yyacTkamH ¢depmeHTa. Bee
H3BECTHBIC B HACTOSINEE BpeMs aJIOCTEpHYe-
ckue ¢GepMEeHTHI COCTOAT U3 ABYX H Goiee
cyObenuHML. AJUIOCTEpHYECKHE B3aHMOMCH-
CTBHS OINOCPEIOBaHbl KOHGOPMAIMOHHBIMH
HU3MEHEHHSIMHU, KOTOPBIE NEPENAIOTCA C OIHOMH
cybrenuHuIbl HA Apyryro. Kpusas 3aBUCHMO-
CTH CKOPOCTH peakuuu V OT KOHIEHTpalHH
cyGerpara [S] ans astoctepuyeckux dpepmen-
TOB MMEET CHIMOHIHYIO, a He runepbosmye-
ckyro ¢opmy. JIns oOBSCHEHHS HEKOTOPBIX
CBOHCTB 3THX (EPMEHTOB MPENJIOKEHBl ABE
MOJIEJIH —MOJIEJIb COTJIACOBAHHOTO MEXaHM3-
Ma H MOJIeNb IOCJIEOBaTEIbHOIO MEXaHU3Ma,



O6paTuMbie MOJIEKY ISPHbIE B3auMOIEH-
CcTBHS B OHOJIOTMYECKHX cHCTeMax obycio-
BJICHBI BO3HUKHOBEHHUEM BOJOPOAHBLIX CBfI'JCﬁ,
a TaKXKe 3IEKTPOCTATHYECKUX U BaH/epBaasb-
cOBbIX B3aumozneicTBui. CuiibHeHluee BIHS-
H¥ME Ha 3TU B3aUMOIECHCTBHS OKa3bIBAacT BO/Ja
6.nar0napa TaKHM CBOUM CBOﬁCTBaM, KaK I1no-
JIAPHOCTb, KOT€3MOHHAA CHJIA H CIIOCOGHOCTD
K 06paBOBaHH}O BOOAOPOJIHBIX CBsI3€H B Kauye-
CTBE H JOHOpa, M aKNenTopa BOaOpoOAaa.
B mpucytcTBuu BOAbI OCIabeBaIOT 3JIEKTPO-
CTATHYECKUE B3aUMOJEHCTBUS U BOJLOPOAHBIE
CBSI3H MEXAY APYTHMH MOJIEKYJ1aM¥ M HMOHa-
MH. C Ipyroit CTOpOHBI, B MPUCYTCTBUU BOJIbI
YCHJAMBAETCS B3aMMOJEHCTBHE HEMOJIAPHBIX
MoJiekys. Tak, mpH cBs3biBaHMM CyOcTpaTa
C aKTHBHBIM IICHTPOM, JIeKAlIMM B ILEJH Ha
dbepMeHTe, IPOUCXOAUT UCKIIIOUEHHE BOIBI M3

yToit mead. OTCYTCTBHE BOABI YCHJIMBAET
JNEKTPOCTATHYECKHE B3aUMOJCIHCTBHS W BO-
JOpOAHbIE CBSI3H MeXIy ¢epMeHTOM u cy6-
CTPaTOM. ACCOIHMANNsl HEHOJAPHBIX TIpyIlN
cybcTpaTa M aKTMBHOrO LEHTpa (¢epMeHTa
obecrieduBaeT 3HAYMTEILHYIO 4YacTb JHEPIHUH,
HeoOxomumoit s cBs3biBaHuA. OcHOBO#H
crnietubUIHOCTH hepMeHT-cyOCTPaTHOrO B3aH-
MOJENHCTBHSA CIyXAaT, BO-NIEPBbIX, BOJOPOIHbIE
CBSI3M, MMEIOLME PEe3KO BBIPAXKEHHbIA Hampa-
BJIEHHBI XapaKkTep, U, BO-BTOPHIX, hopMa ax-
THBHOTO LeHTpa ()epMEHTa, KOTOpas NpensiT-
CTBYET CBSI3bIBAHHIO HEKOMILJIEMEHTAPHBIX €
MOJIEKYJ. Y3HaBaHue cybcrpata (epmeHTa-
MH - 3TO BO MHOTHX CJIy4asiXx AMHAMHYECKHHA
IPOIIECC, COMpPOBOXAAILIHACA KOH(opMa-
UHOHHBIMH W3MEHEHHSIMH B aKTHBHOM LEHTPE
dbepmenTa.

PEKOMEHVEMAS TakkKe M B OYMAXHOM [CPEILICTIC —-
JIUTEPATVPA MpHBEaEHB! OOLNE CBEACHHS O CTPYK-

Type GepMEIIOB. A 1aKKE O MeXaHH3-
C yero nayatb M€ M pelryisuHd  GepMEHTATHBHOM
Koshland D.E., Jr., 1973, Protein aktupHocTd. B Tome 3 u 'mocsenyio-
shape and biological control, Sci. IWMX TOMax mNOMENIEHbI

Amer., 229 (4), 52-64. (ITpekpacuo u3-
JIOXKEHbI OCHOBHBIE NpeacTaBACHUA
0 3Ha4YeHHH FUOKOCTH KOH(‘bOpMaIlHM
U8 MPOABIAEHUA Cllellllfbu‘lHOCTH H pe-
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Bonpocbl u 3aaaun

1. B ocymecTBnenun 6HOCHHTETHYE-
CKHX peaknuif, HanpuMep CHHTE3a
HHK, BaxHYIO POJIb HTPAaET THAPONM3 IIUPO-
docdarta no oprodpocdara. V E. coli 3toT ru-
NpOJIM3  KaTaJgu3upyercs mnupodochaTasoi,
uMmeromer Moul. Maccy 120 x[la u cocrosiuei
u3 6 HOEHTHYHBIX CyObemuHuu. V. OvYMIIEH-
HoH mupodocdartassr cocrapuser 2800 ex. Ha
1 Mr 6enka. 3a exMHHIy aKTUBHOCTH AAHHOTO
(depMeHTa NPHHATO KOJMYECTBO (DEPMEHTa,
ruaposusyromee 10 Mkmois nupodocdara 3a
15 mMun npu 37°C B CTaHOApTHBIX YCIOBHSAX
OTIpEeACIICHHS.
a) Cxosbko Mostell cybcTpaTa B CeKyHAY IH-
Aposm3yer 1 Mr ¢epMeHTa, eClM KOHUEHTpa-
uMs cy6cTpara 3HAYMTENbHO Bhiie Ky?
6) Cxonbko MOJIEH aKTHBHBIX LEHTPOB COMED-
xutcs B 1 Mr depmenta? IlpumeMm, uTo
B KaXIOH CyOBEIHHHIIE MMEETCH 1O OJHOMY
AKTUBHOMY ILIEHTDY.
B) KakoBo 4HC)I0 060pOTOB JaHHOTO (epMeH-
Ta? CpaBHHTE €r0 C YNOMSHYTHIMH B 3TOH
[JlaBe YHclaaMH 060poTa gpyrux (epMeHTOB.
2. ITennumnnun THAPOJIUM3YeTCH
U TEM CaMbIM WHAKTHBHPYETCH
NEHHIIHJLTHHA30H — QEPMEHTOM, HMMEIOILMMCS
Y psana pe3uCTeHTHbIX GakTepuit. Mosekyssp-
Has Macca NEHUUMIIMHA3B! U3 Staphylococcus
aureus coctaBuseT 29,6 x/la. Usmepsnu xo-
JIMMECTBO  MEHULMJUIMHA, THAPOJHU3YEMOTO
B 12 Mn pac-rnopa B TEYECHHE 1| MUH B TIpHCYT-
crBuM 107° r OYMINEHHON TNEHHIMIUTHHA3LE
KaKk (yHKUHMIO KOHUEHTPAUMH [EeHHIMIIMHA.
IMpumeMm, 4TO B xome oOmnpeneseHus KOHLEH-
Tpanus NMEHHIMIUIHHA MPaKTHYECKH HE MEHS-
J1ack.

Konuuectso
THAPOJH30BaBLIEr OCS
NEHHUMUIMHA, MOJIb

[Mennuunnun], M

0,1-107% 0,11-107°
03-10°° 0,25-107°
05-107° 0,34-10°°
1,0.10°% 0,45-107°
30-10°° 0,58-10°°
50-10° 3 0,61-10°°

a) IloctpoiiTe nmo 3THM pamHBIM Trpaduk
B koopauHatax 1/V mpotus 1/[S]. MNomyu-
HSETCS JIM NMEHHIUILIMHA33 KHHETHKE Muxas-
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Jica—MenTten? Ecnu na, To yemy paBHa Ky ?
6) Uemy pasna V,, ?
B) KakoBo 4HCI0 060pPOTOB NEHUIMIUIMHA3BI
B 3THX 3KCHEPUMEHTAJBHBIX yciaoBusax? I1pu-
MEM, YTO Ha OAHY MOJIEKYJy depMeHTa NpH-
XOOUTCSI OJHH AKTHUBHBIA IEHTP.
3. WaMepsnn kuHETUKY depMeHTa-
TUBHOH pEAaKLHH B 3aBUCHMOCTH
OT KOHLCHTpauMu Cy6CcTpaTa B NPUCYTCTBUH
UM B OoTcyTcTBHE HHrubutopa (I); 6uuM mo-
JIy4eHbl CJEAYIOLIME JaHHBIE:

[S1. M CKOpoCTh peakuMu, MKMOJb/MUH
6e3 uHrubuTopa ¢ MHrMGHTO-
poMm
03-10°% 104 4,1
0,5-10~ % 14,5 6,4
1,0-10°° 22,5 11,3
30-10°° 338 226
9,0-10~ % 40,5 338

a) Yemy papubl V,,, U Ky B OTCyTCTBHE HH-

rubutopa? B mpucyTcTBHM €ro?

6) KakoB THn MHruGUpoBaHMs?

B) UeMy paBHa KOHCTAHTA CBA3LIBAHMS HHIH-

6urtopa?

r) Ecnu [S]=1-10"° M u [I]=2-10"> M

TO KakoBa 1011 MOJEKYJ]1 dhepMeHTa, CBA3aB-

mux cy6erpat? CBs3aBIUMX MHTHOMTOp?

n) Ecim [S]=3-10"° M, To xakoBa mons

MosieKyn (epMeHTa, CBA3aBWIMX CyGcTpaT

B npucyrctBuu 2-107° M wumrubutopa u

B OTCYTCTBHE ero? CpaBHHTE COOTHOILICHHE

MOJIy4YEHHBIX BEJIMYHH C COOTHOILEHHEM CKO-

POCTEH peakuMH NPH TeX XE YCIOBHSX.

4. AHanU3MpOBANTH KHHETHKY ep-
MEHTa, PACCMOTPEHHOTO B 3a7gaye

3, B IPHCYTCTBHM APYIOro pmmﬁmopa Aoba-

BJICHHOTO B KOHLeEHTpauuu 10+

[S], M CKOpOCTb peakuuM, MKMOJb/MHH

6e3 uHru6HTOpa C  MHrUGHTO-
pom

03-10°° 10,4 2,1

0,5-10"% 14,5 29

1,0-10°3 22,5 45

30.107% 338 6,8

9,0-10°% 40,5 8,1

a) Kakosbl 3HaueHus V,,, u Ky B npucyr-
CTBMH HMHTUOUTOpa? CpaBHHTE HX C BEJIH-
YMHAMH, MOJIyYEHHBIMH B 3ajaue 3.

6) KakoB THn uHrubuposanus?



B) KakoBa KOHCTaHTa [JMCCOIHAUMH 3TOrO
uHrudutopa?
r) Mpu [S]=3-10"° M kakas 1075 MOJEKY.I
¢depmenTa cBsizaHa ¢ cyOCTpaTOM B NMPUCYT-
creun 10™* M unrubutopa? B oTcyTcTBHE
ero?
5. I'pa¢uk B xoopaunarax 1/V npo-
tue 1/[S] nHaseiBatoT rpacduxom
Jlaiinyusepa — bépka. KuneTnueckue naHHbIE
MOXHO H300pa3sHTh TakXe B KOOPAMHATax
V npotus V/[S], T.e. B xoopauHaTax aM—-
Xodcru.
a) Ilpeobpa3yiite ypaBHeHue Muxasnuca-—
MenTed Tak, 4TOObl MOny4uTs V Kkak ¢yHK-
uno V/[S]
0) KakoB ¢u3mueckuil cMbICJI HaKJIOHA KpH-
BOW U TOYEK ee MEPECEUEHUS C OCBIO X U OChIO
y Ha rpaduxe V nporus V/[S]?
B) M306pa3uTe, kak JOJDKHA BbIINIALETH 3aBH-
cumocth Vot V/[S] B oTCcyTCTBHE HMHrHOHMTO-
pa, B IPACYTCTBMH KOHKYPEHTHOIO MHIMOMTO-
pa, B IPHUCYTCTBHH HEKOHKYPEHTHOrO WHrHOH-
Topa?
6. B ciyvae anmnmocrtepmueckux ¢ep-
MEHTOB MHTHOHTOP B HH3KHX
KOHLEHTpALMAX 4YacTO OKa3blBa€T aKTHBH-
pytowee neiictue. Ilouemy? (ITomckaska:
nogyMaiite o6 anamorun ¢ CO-remoryobu-
HOM.)

9*

7. TOpMOH NpOreCTEpOH COAEPKHT
B¢ KeToHHele rpynnbl. O cBO#-
CTBax peuenTopHoro Oeska, y3HAIOLWEro npo-
reCTEpOH, H3BECTHO O4YEHb MaJlo. BoKoBhIE Lie-
OM KaKMX aMHHOKHCJIOT Moriud Obl obpaso-
BaThb BOJOPOJHBIE CBS3M C NPOTECTEPOHOM
npu pH 7? (IIpumeMm, 4TO OGOKOBBIE LENH
B OeJIKe-perenTope UMEKOT T€ XK€ 3HAYCHHS
pK, 4TO ¥ B CBOOOIHBIX aMHHOKHCIIOTAX, pac-
TBOPEHHBIX B BOJE.)
8. Honyctum, uTo cybcTpatei A u
B koukypupyot 3a ¢pepment. Co-
CTaBbTE BBIPAXEHHE, CBA3LIBAIOLIEC COOTHO-
LIEHHE CKOpPOCTeH Hcmonb3oBaHus A H B
(Va/Vs) ¢ xoHueHTpauueit 3THX cybcTpaToB M
¢ BenmuuMHaMH uX k3 U Ky. (Iloackaska: BbI-
pasute ¥, xak ¢ynkuuio k;/Ky mms cyberpa-
Ta A W 3aTem crelaiite TO xe ans cybcrparta
B.) MOXHO Jid CYHTATh, YTO CIEHHPHIHOCTH
onpenensercs Toapko Ky ?

JononHHTeNbHBIE BONpOCchl ¢cM.: Wood W.B,,

Wilson J.H.,, Benhow R.M., Hood L.E.,
Biochemistry: A  Problems  Approach,
Benjamin, 1974, m. 6 u 7, a Takxe

Montgomery R., Swenson C.A., Quantitative
Problems in the Biochemical Sciences, 2nd
ed., Freeman, 1976, rn. 11.



IMABA 7.

MexaHusm

AEUCTBUA (hepMeHTOB:
nU3oUUM 1
kapbokcunenTuaasa

B 1922 r. nonmoHckuii GakTepuonor Aek-
caap @uemunr (A. Fleming) mnpocrtymuics.
OH 6BLT HE U3 TeX, KTO YNyCKaeT CIIyyaii, i Obl-
CTPO cO00pa3ujl, YTO MOXET HCIOIb30BATH
CBOC HEJOMOTaHHE KaK BO3MOXHOCTb TpOBe-
CTH IKcnepuMeHT. [ToMmecTuB Heckonbko ka-
T1eJ1b HOCOBOH CJIM3H Ha YallIKy, TAC BbIPAIINBa-
JuCh GaKTEpUM, OH Yepe3 HEKOTOPOE BpeEMs
C BOJIHCHHEM OOHApyXH], YTO BOKPYl CJIH-
3UCTBHIX BBIACJICHUH OaKTEPHH PACTBOPHIIHC.
DIEMHHT NIPEAMOIOKHIL, YTO B CJIU3H, BEPOSAT-
HO, COIEPXHUTCS YyHHUBEPCAIBHBIA AHTHOUOTHK,
IIOMCKOM KOTOPOro OH Kak pa3 3aHHUMasICs.
®eMHHr YCTAHOBMI NpPUPOAY aHTUOAKTe-
PHAJIBHOTO BEILECTBA: 3TO ObuT epMeHT, KO-
TOPBIi OH Ha3BaJl JIM30LUMMOM — 4430, TOTOMY
4TO OH PAaCTBOPAN (JM3HPOBAIT) GAKTEPUH, YuUM
(3um), IOTOMY 4TO OH GbLT PEPMEHTOM (3H3H-
MOM). PIEMHHT OTKPbLI, KPOME TOTO, HOBBI
BUI OakTepui, OCOGEHHO YYBCTBHUTEJbHBIX
K IEACTBHIO JIM30LUMMA ; 3TH MEJIKHE OKPYIIIble
GaxTepuu oH Ha3zBan Micrococcus lysodeikticus
(“deiktikos” —cnocobHblit moka3eiBaTh). Die-
MHHT OOHapyXHJ, YTO MHOTO JIM30LHMA CO-
Jaepxurcs B cnesax. Ciessl mosy4anu ot go-
OpOBOJIBIEB, KOTOPBIX NOABEPraaH «HCIILITA-
HHIO JIAMOHOM)» — 3aKamnbIBaJIM B Ij1a3 HEMHOX-
KO JTMMOHHOTO coka. Toraa xe B xypuasne «St.
Marry’s Hospital Gazette» 6blna nomeliena
KapuKaTypa, uzobpaxaromas AeTHLUEK, NpH-
LIENIIHX Paau HECKOJIBKMX MEHCOB B jaGopa-
Toputo dJieMUHra, Ie OIUH COTPYAHUK UX KO-
JIOTHUT, & BTOpoH cobupaer ciesnl! dnemMunr
ObL11, 0/1HAaKO, pa304apOBaH, KOraa obHapPyKUI,
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4YTO JIM30HUM He I(PdeKTUBEH B OTHOLUEHHH
Haubostee onacHex MHKpo6oOB. CniycTst 7 jeT
OH BCE € OTKPbLI BhICOK03( ek THBHEBIN aHTH-
OMOTHK — NEHHUIMJITHH, NOPA3HTEILHBIM 06pa-
30M NOATBepAUB 3amedanue [TacTepa, 4o ciy-
yail ABJISETCA K TOMY, KTO €ro HIIET.

7.1. Jln3oumm paciuenisier KJI€TOYHbIE CTEHKH
bakTepuit

JIM30UMM pacTBODPSET KJIETKH ONpeaeNeHHbIX
BUIOB OaKkTepuif, paclleniss noJiMcaxapHa-
HbIA KOMIIOHEHT KJIETOYHBIX CTEHOK. DyHKIHS
KJIETOYHBIX CTEHOK OakTepuii — obecneyeHue
MEXAHUYECKOH NPOYHOCTH. BakTepus, nuieH-
Hasl KJIE€TOYHOH CTEHKH, OOLIYHO JIOMaeTcd U3-
3a BBICOKOrO OCMOTHYECKOTO JaBJCHUS BHYTPU
KeTKU. CTPYKTYPY KJIETOYHBIX CTEHOK OaKTe-

Puc. 7.1, MHKkpodoTorpa-

Onek1puHHas
(U M30TMPOBAHHBIX KJIETOYHBIX
cteHok Micrococcus lysodeikti-
kus. (Ileyataetcs ¢ mobe3HOro
paspeiueHus A-pa N. Sharon.)
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N-ayeTunmypamosan xucnorta
(NAM)
VYrieBoaHbIC OCTATKH B MOJTUCA-

XdpU/e KJIETOYHBIX CTEHOK Oak-
TepHuH.

Puc. 7.2.

puif MBI TIOAPOOHO PACCMOTPHM B OLHOH W3
CICAYHOUIUX 171aB. 3Zlch XKE€ OCTAHOBHMCH
TOJIBKO Ha CTPYKTYpPE HX TOJUCAXAPHHOTO
KOMIIOHCHTA.

ﬂonucaxapun KJIETOYHOH CTEGHKH COACPXKHT
/B4  THINA caxapoB: N-auemu;xe.uoxoza,mm
(NAG) u N-ayemuamypamosyw  kuciomy
(NAM). O6a caxapa ABJIAIOTCS MPOU3BOIHBI-
MH [JIKOKO3aMHHA C auemnupOBaHHoﬁ aMHHO-
rpynmoii (puc. 7.2). B NAM yriepon C-3 yrne-
BOJHOro xojbua obpasyetr >pupHYHO CBS3b
¢ 6oxoBOH Lenblo JlakTaTa. B KieTouHol creu-
ke OakTepuit NAM u NAG coeuHEHBI 2auKo-
3udHOl c6:a3v10 Mexty C-1 oaHOro yriepogHo-
ro ocratka u C-4 apyroro. ATom xucnopona
B [JIMKO3MIHOM CBA3H PACIOJIATAETCA JINGO BbI-
e, 1460 HUXe TIOCKOCTH, B KOTOPOi JiexaT
YrJICBOAHBIE KOJIbLA: NPH X-KOH(UrypamuH
4TOM KHMCIOPOOa PACMOJIOKEH HHXKE [1JIOCKO-
CTH caxapa, npu B-KoH}pUrypauuu —Han ITOH
MJIOCKOCTEIO (6oJiee moapoGHO O CBOMCTBaX
¥ HOMEHKJIATYpe caxapos cM. ri. 12). Bee rau-
KO3MIHbIE CBA3U B MOJIUCAXAPUAAX KJIETOYHBIX
CTEHOK HMMEKT P-kondurypauuro (puc. 7.3).
NAM u NAG pacnosnoxeHbl IOOYEPETHO.
WTak, uonmcaxapui  KJETOYHOW  CTEHKH
GakTepuil npeacTaBifeT coboi MoIMMEp Yepe-

ayromuxcs octatkoB NAM u NAG, coenu-
HEHHbIX TTHKO3UIHBIMU CBA3siMH B (1 — 4). da-
JIee, OTAEIbHBIE LENH MOJIMCAXapUAOB COEIH-
HAIOTCS MOIEPEYHBIMH CIHMBKAMH U3 KOPOTKHX
MENTHAOB, INPHUKPEILIAIOUIMXCA K OCTaTKaM
NAM.

JTuzoyum 2udpo.auzyem 2.1uKO3UOHYIO C843b
mencoy C-1 NAM u C-4 NAG (puc. 74). Apy-
ras TJMKO3uAHas cBs3b - mexay C-1 NAG
u C-4 NAM-1npu 7TOM HE pACLIENIAETCH.
Cy0cTpaTOM JM30LMMA  CIIYXHT Takke Xu-
MuH — 0. TMHCAXapil NaHIUPS pPaKkooOpa3HbIX.
XHTHH COCTOMT TOJIBKO U3 ocTtaTkoB NAG, co-
€MHEHHBIX MEeX/1y COOOH ITHKO3H/IHBIMHU CBSI-
3amu B (1 -4).

7.2. TpexmepHas CTPYKTypa .M3ouuma
Jlu3onuM — OTHOCUTENBHO  HeGonbIIOH  (ep-
MeHT. JIn3onmm, BbIIENeHHBIA M3 Oeika Ky-
PHMHbBIX SIMI, TA€ OH COAECPXKUTCH B OOJNBLIOM
KOJIMYECTBE, MPEACTaBIsAeT cOBOM OAHY MOIH-
HENTHAHYIO Henmbh U3 129 aMHUHOKHCIOTHBIX
ocraTkoB # Maccoi 14,6 k[a. B mosiekyne nu-
3011MMa UMEECTCS YeThIPe MONEePEeuHbiX IUCYITh-
GHAHBIX MOCTHKA, OOYCJOBIMBAKOLIMX CTa-
6unbHocTL (depmenTa. TlocienosalenbHoOCTb
AMHMHOKHCJIOT B JIM30UMME [OKa3aHa Ha
puc. 7.5.

B 1965 1. JoBua ®unmunc (D. Phillips) ¢ co-
TPYIHHKAMH OTIPE/IENTHIN TPEXMEPHYIO CTPYK-
Typy Ju3ounma. Tak BlcpBhIE ObLTA MOTyYeHA
KapTa BLICOKOTO pazperneHns 1 Geska, o6.1a-
garowero  GEPMCHTATHBHOW — AKTHBHOCTBIO.
Mosekyna nu3onmMa 0kaszajgach KOMIAKTHOH,
HPHOIMKCHHO WITHICON/IHOW (OPMBI pa3Me-
pamu 45 x 30 x 30 A. Kak nokasaHo ua
puc. 7.7, yknaaka MoJHIenTHTHOW 1eNH HOCUT

B-l’nwxosu.qnan CBA3b

Puc. 7.3.

NAM cBszana ¢ NAG rauko-
3UAHON CBA3BIO B(1 —4).

7. Mexauusm JeiicTBuf
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Puc. 7.4. JIuzoumum ruapONM3yeT IIIHKO-
3UIHYIO CBS3b Mexny NAM
u NAG (R-nakTwibHbIf ocCTa-

ToK NAM).

OYEHb CJIOXKHbIA xapaxTep. B Heit conepxurcs
ropasio MEHbIUE Q-CHUPAJIEH, YEM B MHOIJIO-
OuHEe U reMorJyioouHe. B HEKOTOpPbIX y4acTkax
[OJIMIENTHIHAS [ENb UMEET BBLITSHYTYIO KOH-
dopmanmro. B o1HOM M3 3THX Y4acTKOB HeNb
[le1aeT MOBOPOT U HAET B 0OPaTHOM HampaBsJie-
HUM MapajuieNIbHO caMoil cebe; mpu 3TOM 1Ba
napajie/IbHbIX TSKa COEOMHSAIOTCA BOJO-
PO/IHBIMU CBSI35IMHM, OOpa3ylOLIMMHUCT MEXAY
NenTUAHBIMA  rpynnamu. Takue  y4acTKu
CUWNUIBKH [Ji BOJIOC» MOJOOHBI YIOMMHAB-
LIMMCH  BBIILIE aHmunapaiteabHuim P-ckaao-
YamelM CAOAM—PETYJISAPHO TOBTOPAIOILUAMCS
y4acTKaM BTOPHYHOH CTPYKTYpHI B Oeske 1mies-
ka. BHYTpeHHsS 4acThb MOJIEKYJIbl JU30IMMA,
noxoOHO Mojekysiam MuoriaobuHa M remo-
r;100MHa, MOYTH MOJHOCThIO HenossgpHa. Ove-
BHJIHO, YTO, KaK U B cJIyyae OOJIBIIMHCTBA APY-
rux OenkoB, ruapodoOHbIe B3aUMOIEHCTBUS
UTparoT BXHYIO poJib B 0Opa30BaHMH TPETHY-
HOH CTPYKTYypBI JIN30LMMA.
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7.3. Ionckn aKTHBHOIO UEHTpa JM3OUMMA

HeraneHoe BOCTIDOM3BENEHHE TPEXMEPHOM
CTPYKTYPbI JIN30IIMMa €1lie HE PACKPLIBAJIO Me-
XdaHU3Ma €ro KaTaJIMTHYeCKOoro aencTaus. bo-
Jiee TOrO, pacCMaTpHBas KapTy a3JIeKTPOHHOM
IUIOTHOCTH, TPYAHO OBUIO ONMpeneauTbh XOTS
OBl JIOKaTH3AIMIO AKTUBHOTO nEHTpa. B oTim-
4He OT MHOTJIOOUHA ¥ reMorjiobuHa B TU30LK-
Me HET MPOCTETHYECKOM rIpynmbl, T.€. HET
BCTPOEHHOTO MapKepa akTHBHOIO LEHTpa.
B utore ocHornyio undopmanurio, HeoOX0aH-
MYIO Ul MACHTU(HUKAIMH aKTHBHOTO LIEHTPA,
onpeaesieHus crnocoba cBA3BIBaHMA CyOCTpaTa
W BBISCHEHHS MEXaHH3Ma (EepMEHTATHBHOIO
JEHCTBHS, YIAJIOCh NOJYYHTb TOJLKO MPH HC-
NOJIb30BAHHH HHTHOMTOPOB, a HUMEHHO TIpH
PEHTreHOCTPYKTYPHOM aHajiu3e KOMIUJIEKCOB
Jm3ouuMa ¢ niruouropamu. Ecnu tpexmepHas
CTpPYKTypa 6€eJka H3BECTHA, TO ONPEAEIIUTL Me-
TOOOM PEHTI€HOCTPYKTYPHOTO aHaJH3a CIo-
€00 CBSI3BIBAHMS C HUM HEOOJIBLIMX MOJIEKYJT
OOBIMHO YK€ HETPYJHO. DTH ONBITHI JIETKO BbI-
NOJHUMBI, MOTOMY 4YTO KpHCTaJUTel Oenka
O4YeHb MOPUCTHL. Jlaxe OTHOCHUTENLHO GOJIb-
LIIME MOJIEKYJIbl MHTHOMTOpa CriocOOHBI Aud-
($byHIMpOBaTh MO KaHajlaM MEXIY MOJIeKyJia-
mu Oeska, monaaas B yHacTKH creuudpuyeckoro
cBA3biBaHUA. M3MeHEHUe JNIEKTPOHHOM NIOT-
HOCTH, 0OYyCJIOBJIEHHOE BCTPAUBAHUEM AOMOJI-
HUTEJIbHOH MOJIEKYJIbI, MOXKHO PacCYHTaTh He-
TIOCPEACTBEHHO 10 MHTEHCUBHOCTH pedIeKcoB



Puc. 7.5. INocnenoBaTenbHOCT  aMHHO-
KHMCJIOT B TM30NUMeE U3 Oenka ky-
puHbIX aul. KpacHbIM noxa3aHbl
OCTaTKH, BXOJSIIIHE B COCTAB aK-
THBHOTrO eHTpa. [Canfield R.E,,
Liu A.K., J. Biol. Chem., 240,
2000 (1965); Phillips D.C., Sci.
Amer., (5) 215, 79 (1966).]

(McnosIb3yst NaHHBIE, MOJYYEHHBIE [peIBapH-
TEJIPHO Ha HATUBHOM Oe€JIKe) IpH YCJIOBUH, 4TO
CTPYKTypa KpHCTaJUIa He mpeTeprena Cylie-
CTBEHHBIX U3MeHeHuH. Takoi noaxox mosyunn
Ha3BaHHe paszHocmuozo memoda Dypve.

Puc. 7.6. PenTreHorpamMma Kpucrasuia Jid-
sonuma. (ITeuataerca ¢ mobes-
HOTO pa3pelleHus n-pa

D. Phillips.)

B uneane cnenosano 6bl HCNONL30BaThE pas-
HOCTHBIH MeTon Pypbe a8 onpeneneHus
CTPYKTYpHl epMeHT-cybcTpaTHOTrO (ES) KOM-
njieKca B npouecce katanu3a. OmHako B 00bIy-
HBIX YCJIOBHMSX [IPEBpAlLLEHHE CBA3aHHOTO Cy0-
CTpaTa B NPOAYKT PpeakIuH MPOUCXOIUT
3HAYMTENBHO ObIcTpee, yeM nuddy3us HOBBIX
MOJIEKY ] cyOCcTpaTa B KpHCTaLL. B HEKOTOpBIX
cllyyasixX 3TO OCJIOKHEHHE YIAeTCs YCTPaHHUTh

TpexMepHas CTPYKTypa IU3OLH-
Ma. I[TokazaHel TOJIBKO a-yrie-
pomanie aroMmbl. (Ileuartaercs
C JII00€3HOro paspelieHHs k-pa
D. Phillips.)
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Puc. 7.8. ®opmyna Tpu-N-aueTHIrIIOKO-
3aMHHa (Tpu-NAG, WK
NAG;) - KOHKYPEHTHOTO HHIU-

6uTopa JH301HMA.

3aMeJIIEHUEM KATaTUTHYECKOTO MPOLECCa, YTO
IOCTHTACTCA TYTEM CHUJIBHOIO OXJIaXAECHUS
Kpuctaiuia (Hanpumep, 1o — 50°C). 1ot 3kc-
NIEPUMEHTAJILHBIA IIOAXON MOJYYHJI Ha3BaHHE
Kpuosn3sumo.aozuu. CylIecTByeT U Apyroi noa-
XO: HCCIIEAYIOT KOMILIEKC hepMeHTa ¢ TakKuM
aHaJloroM cybeTpaTa, KOTOpblii M60 CoBceM
HE MO/IBEPraeTCs HUKAKMM [PEBPAILEHUAM, JTH-
60 3TH NpEeBPALLUCHUS NPOUCXOAAT OUEHb ME-
JeHHO. Jlns TM301MMa TAKMM aHAIoroM cy6-
CTpata oKa3ajcs Tpumep N-auneTHIrIoKo3a-
muna (tpu-NAG, umu NAG,;), crpykTypa
KOTOpOTo NnoKa3aHa Ha puc. 7.8. Omuromeps
N-aneTHIr0ko3aMuHa, coiepxKaline MeHee
5 OCTAaTKOB, TUAPOIU3YIOTCS KpaiiHe MeIJIeHHO
WJIM HE THAPOJIM3YIOTCH coBceM. TeM He MeHee
OHH CBA3BIBAIOTCSA C AKTHBHBIM LEHTPOM dep-
MenTa. Umenno nostomy tpu-NAG sBasercs
MOIIHBIM KOHKYPEHTHBIM HHTHOHTOPOM JIH30-
uuma.

7.4. Cnocod cBA3LIBAHMA KOHKYDPEHTHOIO
HHTHOMTOpA

PenTrenocTpykTypHOE HMCClEnOBaHME KOM-
wiekca sm3ouuMa ¢ Tpu-NAG  no3posmiio
YCTaHOBUTb JIOKATH3ALMIO AKTHBHOTO HEHTpa
U BBISBHJIO, KAKME B3aHMOICHCTBUS obecreyn-
BAIOT cneundiyeckoe CBA3bIBaHUE CyGCTpaTa;
Ha 3TOH OcHOBe ObLTa pa3paboTaHa rumnoTesa,
[pEACKa3bIBAIOLAs  ACTANbHBIH  MeXaHU3M
(epMEeHTaTHBHOrO aeicTBHs Nu3onuma. Oxa-
3a510Ck, 4TO TpU-NAG npucoenuHsieTcs K Ji-
301LIMMY B IIEJIH HA €70 MOBEPXHOCTH, 3aHMMAS
NP 3TOM NPHUMEPHO MOJIOBUHY e, CBs3bl-
BAHHE IPOMCXOIMUT B pe3ysbTaTe 00pazoBaHus
BOJIOPO/IHBIX CBsi3ell M BaHAEpBaalbCOBBIX
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B3aUMONEHCTBUHA. DIEKTPOCTATHYECKHE B3aU-
MOZICHCTBHS OTCYTCTBYIOT, TIOCKOJIbKY B TpH-
NAG HeT HOHHBIX Tpym.

Bodopoonuvie cea3u mexay tpu-NAG u nu3o-
L{MMOM I10Ka3aHbl Ha puc. 7.9. KapbokcunbHas
rpynna acrnaptaTa-101 obpasyer BogopoaHbie
cBsi3d ¢ octaTkamH A u B. Haubornee cnenudu-
YECKME W MPOYHbIE BOLOPOAHBIC CBA3H 0OOpa-
3y10TCa Mexay depmeHToM u octaTkoM C uH-
rubuTopa. 3xech MOSBISIOTCS YEThIpE BOAO-
pojiHbie cBsi3H. NH-rpynna uHnoiasHOro kKosb-
na Tpuntodana-62 coenuHseTCs BOAOPOMHOI
CBA3bIO C kHuciopogoM npu C-6. Coceauuit
AMHHOKHUCJIOTHBIA OCTATOK — TpUNTO(dhan-63 —
4HAJIOTHYHBIM 00pa30M CBSA3BLIBAETCA C KHCJIO-
ponoM, ctosumMm npu C-3. Koraa tpu-NAG
NPUCOE/IMHACTCS K PEPMEHTY, KOJIBIO TPUIITO-
bana-62 nepememaercs ua 0,75 A. IIpounsie
BOJOPO/HBIE CBA3H popmupyroTcs Mexay CO-
u NH-rpynnamu aueraMuaHoi 60K0Boit memnu
octatka caxapa C u NH- u CO-rpynnamu oc-
HOBHOHM 1eny Oeska, NMPUHAAIEXKAIIUMH CO-
OTBETCTBEHHO 59-My u 107-My aMHHOKUCIIOT-
HOMY OCTaTKy.

Mexay Tpu-NAG ¥ dhepMeHTOM BO3ZHHKAET
60JIbIIIOE YHUCIIO KOHMAKMOE, 06yCA081eHHbIX
8aHOEPBAANLCOBLIMU 63auM00eiiCmeusMu.
OcTtaTtok caxapa B BOBneueH B manoe kosuue-
CTBO NOJAPHBIX KOHTAKTOB C ()EPMEHTOM, HO
OH TECHO CBA3aH C MHAOJIbHBIM KOJIBLIOM TPHII-
todana-62. OctaTok A N0BOJBLHO €1a60 KOH-
TaKTUPYET C (EepMEHTOM.

7.5. OT cTpyKTYyphl (epMeHTa -K MeXaHH3IMY
(hepMeHTaTHBHOrO AEHCTBHS

1. Kax npoucxodum cesasvieanue cybcmpama?
M-bI yXke TOBOPHIIH O TOM, YTO METOA PEHTTe-
HOCTPYKTYPHOTO aHAJIM3a HE JA€T BO3MOXHO-
CTH HEMOCPEACTBEHHO ONPEAEIIUTD, KaK IPOUC-
XOIMT CBA3BIBaHHE C hepMeHTOM 3dEKTUBHO-
ro cybcrpara. OnHaKO AaHHBIE, MOJyYEHHBIE
NPU PEHTTEHOCTPYKTYPHOM aHAJIM3e KOMILIEK-
ca GpepMeHT-—KOHKYPEHTHbI HHTHOUTOP, MO-
TYT CHITPATh KJKOUYEBYIO POJIb B PELUICHUM ITOM



Bonoponusie cBA3u Mexay Tpu-
NAG u mu3onumom. YuacTtsyro-
mue B 00pa3oBaHUM BOMAO-
POOHBLIX  CBSI3eH  XUMMHYECKHE
rpymnisl cybcTpaTa NoKa3aHbl CH-
HHMM, COOTBETCTBYIOLIUE TPYIIbE
(hbepMeHTa — KPACHBIM.

Puc. 7.9.

npob6Jiemsl. Tpu-NAG 3anoJiHseT TOJbKO IO-
JIOBHHY LUEJIH B MOJIEKYJ€ JHM30LUMA. ITO
O4YeHb MHOTO0O00CIIAIOlIee HCXOAHOE IOJIOXKE-
Hue. bbUTO caenaHoO jgonylieHue, yTo Habro-
naemoe cBsizpiBaHue TpU-NAG kak HHIHOUTO-
pa NpOMCXOAUT ¢ OOpa3oBaHMEM TeX Ke
CBsi3el, KOTOPblEe BO3HHKAIOT U NPH CBS3bIBa-
HuM cybcTtpaTta. BrnosHe BeposTHO, YTO AiA
obpa3zoBanus peakuuoHHocnocobHoro  ES-
KOMILJIeKca  TpeOyroTCs  JOMOJHUTENbHbIE
OCTATKU caxapa, CIOCOOHbIE 3allOJIHUTh BTO-
pyto MOJIOBHHY LieaH. JleHCTBUTEIbHO, NTOCIE
npucoeanHenus Tpu-NAG B wmiean octaercs
MECTO elle A1l TPeX OCTAaTKOB caxapa. 1o 06-
Ha/e)XUBAJIO, MOCKOJIbKY ObIJIO M3BECTHO, YTO
rekcamep  N-alleTHWJIrIOko3aMHHAa  (rekca-
NAG) 6pIcTpo THAPOIH3YeTCS (DEPMEHTOM.
IMpu TIIATETBHOM MNOCTPOEHHMH MoOAEJEH
B LLIEJIH Ha HEPMEHTE NOMECTUIIUCE TPH AOMOJI-
HUTEJIBHBIX OCTaTKa caxapa, 0003Ha4eHHbIX D,
E u F (puc. 7.10). Octatkn E u F nomouuu
IpeKpacHo, obpa3ys HeCKOJIbKO MPOUYHLIX BO-
JOPOIHBIX CBfA3€H M KOHTaKTOB, OGYCJIOB-
JICHHBIX ~ BaHAEPBAAJIbCOBHIMH  B3aUMO/EH-
crBuaAMU. OgHako octaTok D BXOaun B wmiens

OcHosHan

uenb
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59
TOJIB] W yCJIOBHH HEKOTOPO# AedopmMaLiiu.

ITpu HOpMaTbHO# KOHDOPMaLHHK (B BUAE Kpec-
s1a) ero atoMbl C-6 u O-6 0Ka3pIBAIUCH CIIMLL-
KOM COJMXXEHHBIMH C HEKOTOPBIMHU pyIIaMu
Ha ¢epMeHTe.

2. Kakas u3 ceAaseil pacwenisemcs gepyen-
mom? CKOpOCTb THAPOJIM3a OJMUromepoB N-
ALETUITIFOKO3aMHHA CTPEMUTENLHO BO3pa-
CTaeT [IPH YBEJIUYEHUM YUCIIA OCTATKOB caxapa
oT 4 10 5, T.e. o1 NAG, 10 NAG; (1abx. 7.1).
Vanunenue cybcTpaTa elie Ha OQMH OCTATOK
(NAGy4) naer AOMOJHUTEILHOE yBEIMYEHHE
CKOPOCTH pacuielJIeHHs ; OTHAKO BO3paCTaHHe
4HCJIa OCTATKOB caxapa B cyOcTpaTe 1o 8 yxe
HE OKa3bIBACT JAEHCTBHA. DTH NaHHBLIE COIJIa-
CYIOTCS C pe3y/IbTaTaMH PEHTI€HOCTPYKTYpPHO-
IO MCCJIEIOBaHHUs, OKA3aBUIMMH, YTO UMEHHO
LIECTH OCTATKOB caxapa JOCTaTOYHO MJIs 3a-
MOJIHEHU LLENH, TAe PAaclOOXeH aKTHUBHBIH
LEHTP.

Kakas u3 cBs3eii B rekca-NAG pacueniser-
ca ¢epmenTomM? Hcxoms M3 TOro, 4To TpU-
NAG He nogBepraercs pacllelIeHHI0, MOXHO
CYMTaTh, YTO CBA3b A—B (1.€. rMKo3uaHas
CBSI3b MeXay ocTtatkaMd A u B)-3T0 He Ta
CBS3b, HA KOTOPYIO OeHCTBYeT depMeHT. AHa-
JIOTUYHO 3TOMY (EPMEHT HE MOXET paclie-
raTh U cBsizu B—C. Bropoe u pewatoinee no-
Ka3aTeJbCTBO TOro, 4to CcBiA3b B—C He

7. Mexanu3m JeHCTBHS
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Cnoco6 cBsizeiBanus rexca-NAG
(MokasaH XXenTbIM) C JIM3OIM-

Puc. 7.10.

MoM. Pacnonoxenue  yrae-
BOAHBIX OcTaTKOB A, B u C (cae-
6a) COOTBETCTBYET JIOKQJIH3ALKH
Tpu-NAG B KOMILIEKCE € JTH30-
HMMOM; paClOJIOXKEHHE OCTaT-
koB D, EnF (cnpasa) npenckasa-
JIA IyTEM MOJENIBHOTO MOCTpOe-
Hus. 3eneHBIM TOKa3aHbl [Ba
aMHMHOKHCJIOTHBIX OCT4TKa, He-
TIOCPEACTBEHHO  Y4aCTBYIOMIUX
B KaTaJyu3e.

paciuemiseTcss GpepMeHTOM, COCTOHT B TOM,
4o NAM He MOXeT BCTaTb B MHOJIOKEHHUE
octatka C. Eciin NAG otnmyno ymemaercs
B ydacTke C, T0 NAM 371€Ch He yMemaeTcs us-
32 JIAKTHJIbHOM OokoBOH uenu. Mexay Tem
B NOJIMCAaXapuie KJIE€TOYHOH CTEHKH OakTepuit
JH30MMM  pacwenisieT cBase NAM-—NAG.
CrnenoBaTenbHO, u ¢Bsi3b C—D He MoxeT noa-
BEPraThCs PaCLUENJICHHUIO, €CJIN AEHCTBUTEILHO
[OJIACaXapull KJIETOYHBIX CTEHOK OaxTepuit
CBSA3BIBACTCSA C JU30LMMOM TakuUM Xe obpa-
30M, Kak U rexca-NAG. HecooTseTcTBue NAM
n0JI0KeHHI0 C UCKITIOUAET eIe OMHO MECTO -
IpoJiu3a, a UMEHHO cBi3b E—F. Bcnomuum,
4TO MOJIMCAXapHUA KJIETOYHOH CTEHKH —3TO ye-

Yacrs |

138 Kondopmauus n nunamuxa

peaytoumiica nomimep NAM u NAG; creno-
BaTEJIbHO, €cii NAM He MOXET 3aHMMATD 1O-
Joxenue C, TO 3TOT OCTATOK HE MOXKET CTOATh
4 B nonoxexnu E.

W3 npuseneHHbIX cooOpaXkenuit BhITEKaeT,
YTO NP PACIUENIEHUH PepMEHTOM rexcaMep-
Horo cyb6crparta cesisu A—B, B—C, C—D
1 E—F He MoryT paspsiBathes. CrieqoBaTen-
HO, 0UHCMBEHHBIM 803 MONCHBIM MECMOM pac-
wenaenusa cybcmpama seisemcs cazs D—E
(puc. 7.11).

3. Kakasa zpynna na gepmenme nenocpeo-
CMeeHHO ocywecmgasem kamaauz? 3akirode-
HHE O TOM, YTO FMAPOJH3 CyBCTpaTa MpOUCXO-
auT no casu D—E, no3eosmio nepeitu ga-

Tabnuua 7.1. IpdexTusnocTs onmromepon N-auerTnirio-
KO3aMHHA B KayecTse CyGCcTpaToB

OTHoOcHTEIbHAA
Cy6betpar CKOPOCTh
IHApOIH3a
NAG, 0
NAG; 1
NAG, 8
NAG; 4 000
NAGg 30000
NAGg 30000




YHacTKu CBA3MBAHWA

A B C D E

NAG—NAG—NAG—NAG—NAG—NAG

|

NAM—NAG—NAM—NAG—NAM—NAG

NAG—NAG—NAG—NAGLNAG—NAG

Puc. 7.11.  Xox paccyxeHHH, 10Ka3bIBaro-
WIMX, YTO MECTO IIPHJIONKEHHUS
naefcTBus GepMeHTa — [IMKO3H-
Has CBS3b MEXAY YIJIEBOJHBIMH

octatkamu D u E.

JIe€ K BBIABJICHHIO TeX IPyNI Ha GepMeHTe, KO-
TOpbIE HEMOCPEACTBEHHO OCYIIECTBIIAIOT PeaK-
Mo ruaposm3a. Jins 3Toro, oaHako, HYXHO
ewwie 60J1€€ TOYHO JIOKATU30BaTh MECTO paciie-
nJIeHus Cy6eTpaTa, a8 MMEHHO BBISICHUTD, 10 Ka-

KYX0 CTOPOHY OT IIMKO3HOAHOrO 4TOMa KHUCJIO-

poga MPOUCXOAMT pa3pbiB cBa3d. OTBET Ha
3TOT BONpPOC ObUT OJIyYeH B ONMBITAX MO dep-
MEHTATHBHOMY THIPOJIM3Y B CPEAE, COAEPKa-
el BOY, MEYEHHYIO CTAOUIBHBIM TSKEIbIM
aTomoM kuciopona 80 (puc. 7.12). B Bbize-
JIEHHBIX [0 OKOHYAaHMM THAPOJIM3A caxapax
180 oxasasica npucoequHeHHBIM kK C-1 ocTaTka
D, Toraa xak ruApoxcuiabHas rpynna npu C-4
B octatke E cogepxaia oObI4HbIH H30TON KHC-
nopoaa. Omcioda caedyem, umo npu 2udpoause
pa3spvie ceasu npoucxooum mexcdy C-1 ocmam-
ka D u Kucaopodom 2auKo3uOHoll C6A3U, NPUMbl-
kaowum k ocmamky E. D1a pabora MOXeT
CYXHTb IPUMEPOM HCIIOJIB30BaHUs H30TONOB
B U3Y4EHUH MexaHu3Ma (EpPMEHTATUBHOTO Ka-
Tanu3a. be3 u3oTonoB b0 Obl KpakHe TPyI-
HO, 2 MOXET ObITh, 1 HEBO3MOXHO B JaHHOM
Ciyyae yCTAHOBUTb TOYHOE MECTO IPHIIOKE-
HUs AedCTBUSA (depMeHTa.

3aTeM nepenus K OUCKY BO3MOXHBIX KaTa-
JUTHYECKUX TPYII, KOTOpble JOJDKHBI Pacro-
JaraTthCs BOJM3M PaCLUCTIAEMON TIJIMKO3MI-
HoM cBsa3d. Kak yka3biBajioch B NpeabloyINCH
rJ1aBe, IO KamaiumuyecKumMu 2pynnamu noj-
pa3yMeBaloT Te I'pyNnbl gepmeHTa, KOTOpPbIE
HENOCPEACTBEHHO YYacTBYIOT B 0Opa3oBaHHM
WM pa3pbiBe KOBaJeHTHbIX cBsisell. HaubGonee
NOAXOMAUIME KAaHAMAATHI HA 3TY POJIb-—3TO

WUcknioyaercs, NOCKONbKY
Tpu-NAG He rugponuayetca

WUcknovaeTtcs, nockonbky NAM
CNUWKOM BeNUK ANA yyactka C

EANHCTBEHHO BO3MOXHOE MeCTO
rmgponusa
rpynmnsl, CIIOcCOOHBIE XK 06pa3oBaHHIO 8000~

pOOHBIX C8A3ell 8 Kauecmee OOHOPOS UAu aKyen-
mopog 600opoda. OTPLIB MIH TPUCOETUHEHHE
HOHa BOAOPO/a —ITO KPUTHYECKHH 3Tan 601b-
IIMHCTBa (epMEHTATHBHBIX peakuuii. B mu3o-
HMME €IMHCTBEHHBIE OCTATKH, CIOCOOHBbIE
OBITh KATAJIUTHYECKUMH M PaclOJIOXEHHbIE
BOM3M pacilenaseMOi [JIHKO3UIHOH CBi-
34,~3TO acnapTaT-52 ¥ riyramat-55. OcTaTok
aCraparMHOBOM KHUCIIOTHI JIEKHT [0 OJHY CTO-
POHY OT IJIUKO3UAHOM CBSA3H, & OCTATOK IJIyTa-
MMHOBOM —110 ApYyryro. OKpyKEHHE ITHX IBYX
KHMCJIOTHBIX OOKOBBIX 1l€N€H COBEPIIEHHO pa3-
JMYHO. AcnapTaT-52 HaXOAMTCA B MOJISPHOM
OKpYXEHHHU, TA€ OH CJIY>HT aKLENTOPOM BOIO-
pola B CJIOXHOH CETH BOJOPOJHBIX CBSI3EH.
I'nyramat-35, HAaNPOTHB, PaCNOJIOXKEH B HEMNO-
ssipHo#i obnactu. OTcrona cieayert, YTo IpH

0\ A

D x| ¢ E

/ szo
0 MOH  HO
D ¢ + < E

o

IMposenenne ruaponusa B Me-
yeHHOM O BOJAE MOKa3allo, YTO
JIM30LMM PACILIETISET CBS3b Me-
xay C-1u O, Ho He CBA3b MEXIY
C-4 n O (u300paxeH TONBKO CKe-
ner octatkoB D u E).

Puc. 7.12.
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CTpykrypa 4YacTH aKTHBHOLO
uenrpa nusonuma. JKenteM no-
kasanel Kosbua D u E cyGerpata
rekca-NAG. B6ausu cyberpara
pacnonoxetbt 60KOBbIC LIETH ac-
naprata-52 (kpacHoOe) M TJyTa-
MaTa-35 (3cneHoe). [Lipscomb
W.N., Proc. Robert A. Welch
Found. Conf. Chem. Res, 15,
150 (1971.)]

Puc. 7.13.

pH 5, outumasisnoM pH ang 1unposnusa mso-
UMMOM XUTHHA, dChapazuHoeds Kuc.ioma € no-
AOHCEHUU 52 00AMCHA HAXOOUMBCA 6 UOHU3UPO-
sannoit COO™ -popse, mozda xax zaymasumo-
64 Kucioma 8 noaoxcenuu 35—¢ neuoHuzupo-
éannoit. COOH-¢popme. PaccTostune mexy
TJIMKO3H/THOW CBA3BIO M GaMxallMM K Hei
aTOMOM KMCIIOpOiia KaK O4HOMH, TaK M Apyro#
KHCJIOTHOM IPYNMNbI COCTABMSET IPUMEPHO 3 A
(puc. 7.13).

7.6. IlpomexyTounoe oGpasoBanne HOHA Kap6o-
HHSl — KPUTHYECKHH 3Tan KaTaju3a

Ha ocHoBe M3710)K€HHBIX CTPYKTYPHBIX JAHHBIX
Qunmmnc (Phillips) u coTpyanukn aeransho
paszpaboTanu BEpOATHBIN MEXaHM3M KaTaJH-
THYECKOTO NeHCTBUS Tu30o1uMa. B kaTamuTuye-
CKOM LHMKJIE OHM BBbIACTHIM CJELYIOLINE
BaXXHBIC JTallbl.

1. —COOH-rpynna ocratka 35 mnepenaer
H* na cBsisb mexnay C-1 xombua D ¥ rimko-
3HIHBIM aTOMOM KHCJIOpOAa; B pe3yJbTaTe
[laHHaA CBA3b paculensercs (puc. 7.14).

2. DTO CO37aeT MOJOXKHTENbLHBINA 3apan Ha
C-1 xonpua D. O6pa3oBaBiumiics KOPOTKOKH-

Yacrs 1
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P
BYLUMA NPOAYKT HA3BIBAETCH UONOM KAPOOHUA.
MOCKOJILKY OH COAEPXKHUT MOJIOKHTEILHO 3aApsi-
KEHHBIH aTOM yriepoaa.

3. Aumep NAG, coctosmmii U3 ocTaTKOB
E uF, otaansercsa or depmenra B pesyabrarte
nuddysnn.

4. O0pa30BaBUMIiCs B Ka4ecTBE MPOMEKY-
TOYHOrO NPOAYKTAa HOH KapOOHUS pearupyer ¢
OH ™ -rpynnoi pacrsopurens (puc. 7.15). Ter-
pa-NAG, cocTosmmii u3 ocratkos A, B, C n D,
OTJaNeTCss OT depMeHTa tiyTeM OupdyInm,

5. TnyTamaT-35 BHOBB mpoOTOHMpyeTCH,
H hepMEHT MOXET BCTYlATh B HOBBIH KaTaju-
THYECKUA LMKJL

OcHOBHBIE 2TEMEHTHI 3TOR CXEMBbI KATAIM3a
caeayroume.

1. Obwuii kucaomusiit kamaausz. VcTounux
IIPOTOHA — 1JIyTaMaT-35, KOTOpbI HaXOOMTCH
B HEMOHU3UPOBAHHONH ¢GOpMe M OTCTOUT OT
[JMKO3HIHOrO aToMa KHCJIOpOaa Ha ONTH-
MaJIbHOE paccTosiHue—3 A.

2. Obpasosanue 8 kauecmee npomexncymou-
HO20 NPOdyKMa uoHa kapborus. J1sa pasHbIX no
CBOCH npupone ($aKTopa, OKa3hIBAIOIIUX CTa-
Ounusupyronmit 3pdpekT Ha HOH KapGOHMS,
3HAYUTENBHO 06JeryaroT ocyuectsienune dep-
MEHTaTUBHOH peakuud. K HMM oTHOCHTCA:

a. DNeKTPOCTaTHIECKHH (HakTOp, T.e. MpH-
CYTCTBHE OTPHUATENIBHO 3aPSHKEHHOM I'PYIIIBI
no6au30cTH (B 3 A) oT 06pa3yromerocs e kaue-
CTBE IPOMEXKYTOYHOrO NPOAYKTA HOHA Kap6o-
HUA. Acnaprat-52, Haxoasumiics B popme oT-
PHLATENTBHO 3aPSXKEHHOr0 KapOOKCHIAT-HOHA,
IEKTPOCTATHYECKH B3AMMOIEHCTBYET C 110J10-
XKUTENbHBIM 3apsaaoM Ha C-1 xomsua D.

6. I'eomerpuyieckuit hakTop, a WMEHHO Je-
dopmanus xosbua D (puc. 7.16). Tekca-NAG
pa3sMelnaeTcd HaulyylluM o6Gpa3oM B IIeIM
AKTHBHOIO UEHTPa ()EPMEHTa NpH YCIIOBHH,
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Puc. 7.14.  IlepBblff 3Tan NOCTYJMPOBAHHO-  3ACMdeasiem e20 npuxumams $opmy nepexoo-

0 MexaHu3Ma AeHCTBUS JM30-
uuma -nepesoc H* or Glu 35
HA 4TOM KHCIOpOAAa TJHUKO3NUI-
HOM cBsi3u. TIpH 9TOM NPOHCX0-
OWT PAacCUIETUIEHHE TIIMKO3WIIHOH
CBSI3M M 00pa30BdHNME MOHA Kap-
OoHmus.

YTO reoMeTpus konbua D MeHseTca OT KoH-
dopmManuu kpecna k kKoHGOPMALHA TOYKpec-
na. Takas gepopmanus cnocobeTByeT yekope-
HHIO KaTanMida, Tak Kak I[IpH KOHPOpMaLuu
NOJIyKpeena 3HaduTensHo obseryaercs obpa-
30BaHUE HOHA kKapOoHus. Pacnonoxenue yrie-
POAHBIX ATOMOB 1, 2 M 5 W KHCJIOPOAHOrO aTo-
Ma KOJIbLia B OJIHOH W TOH e IJIOCKOCTH MpH
KOH(OpPMaLuK MONYKPEC/ia NPUBOAHT K TOMY,
YTO TOJIOKHUTENBHBIN 3apsii pacrpejessercs
Mexny C-1 u aTOMOM kuca0poaa Kodbua. Ta-
Kum 00pasoM, caassigan cybempam, Pepmenm

Puc. 7.15.  Peaxuus rugposiu3a 3aBEpLUAET-
ca  npucoeaunennem  OH

K IIPOMEXYTO4HO 06pa3zoBaBlile-
mycsi nouy kapbouus u H™ x 60-

koBoi uenu Glu 35.

H020 cocmoanus, & MMEHHO (opMy HOHa
kapOoHus.

7.7. IxcnepuMeHTAabHOE 10Ka3aTe/IbCTBO
NPe/IJIOKEHHOT0 MEXaHH3MA (epMEeHTaATHBHOIrO
KaTajmia

OcHoBaHHast  Ha PEHTIEHOCTPYKTYPHBIX
NaHHpiX THAOTE3a O XapaKTepe CBA3BIBAHHMA
cybcTpaTa M MexaHu3me KaTaiusa 6bLia 1po-
BEPEHA MOCTAHOBKOM MHOTOYMCIIEHHBIX XHMHU-
YECKUX IKCIEPUMEHTOB. Bee nonyweHHble pe-
3YJIbTAThI NOJATBEPKAAKT NPABUIBHOCTEL BhI-
UBUHYTOW runoressl. [1puBenem psaa nanbosee
CYUWIECTBEHHbBIX 3KCNEPUMENTANBLHBIX J10Ka3a-
TENLCTB.

1. Cnoco6 pacwyenaenus cybempama. B co-
OTBETCTBMM C TPENOJOKEHHEM O TOM, HTO
PACLUETJIEHUE TEKCAMEpA ITPOUCXOAUT MEXAY
4-M ¥ 5-M OCTaTKAMH, 0Ka3a710Ch, 9TO ACHCTBH-
TesabHO rexca-NAG pacuwennsercs na terpa-

Glu _C

‘M
35 et
2N

0
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Puc. 7.16.  M3menelne koHbopManuu Kojb-

na D cyberpata nmsonuma
B KOHGOpMalHIO HOJIyKpecia.
A —YTIEBOAHBIA OCTATOK B OOBI-
4YHOH KoHdopmauum kpecia;
5—-npu CBA3BIBAaHMM C JIA3OLHU-
MOM aTOM KHCJIOpOAa KOJiblla
u C-5 B yriaeBoOHOM oOCTaTKe
D nepememarores Tak, uro C-1,
C-2, C-5 u O oka3seBawTCA
B OOHOM IUIOCKOCTH, KaK 3TO IIO-
Ka3aHo Ha puc. B. (Phillips D.C,,
The three-dimensional structure
of an enzyme molecule,
Copyright 1966 by Scientific
American, Inc.)

NAG n qu-NAG (puc. 7.17).

2. Cpoocmeo ceasvisanus. IlyTem usmepe-
HHSI PaBHOBECHS NPH PEAKLUU CBA3bIBAHHS
¢ (QEepMEHTOM KaXIOrO M3 LIECTH CaxapoB
OnpeNeisiig MX BKJJAJ B OOIIYIO BEJIUYMHY CBO-
600HOH 3HEpTHH CBA3eH, NPEACTaBJIECHHBIX
B rekcamepe (puc. 7.18). OGHapyxuiIoCch nopa-
3UTENBHOE SBJICHHE: BKJAX  YIJEBOIHOTO
octarka D 6nut oTprnaTensusiM. Ha cBs3biBa-
Hue ocratka D pacxomoBanoch  okoso
4 xKan/MoOJb. DTOT Pe3yJIbTAT MOATBEPKAAET
runotesy o aepopmanuu ocratka D mnpwu
CBA3BLIBAHUU C PEPMEHTOM: H3MEHEHHE OT KOH-
¢dopmanuu kpecsia k KoHpopManuu nosykpec-
sa TpebyeTt 3Hepruu. JIo6ONBITHO TakXke, YTO
octatok C BHOCHAT HaubOALHIMI IOJIOXKH-
TEJBHBIA BKJIaJl B CPOACTBO CBA3LIBAHUA. Jleii-
CTBUTEJIbHO, PEHTTEHOCTPYKTYPHBIE JaHHBIE
MOKa3bIBaroT, 4To ocTaTtok C 06pazyeT 60Jb-
IO YHCJI0O BOAOPOAHBIX CBA3€H W BaHzep-
BaaJIbCOBBIX B3aMMOACHCTBUIA.

3. Ananozu nepexodnozo cocmosanua. Ipen-
CTaBJICHHE O AeHOpMaNH YIIIEBOAHOTO OCTAT-
ka D B xoHpOpMaIHIO MOJyKpecsia — BaXHbIit
acrexT MOCTYJIMPOBAHHOTO MEXaHHW3Ma KaTa-
JIM33, MOCKOJbKY KOH(OpMalus IOJyKpecia

Yacms |
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XapakTepHa AJIs EPEXOAHOrO cocTosHusA. Kak
yX€ OTMEYEHO BBILIE, 3TO NPEACTABJIEHHE N0~
TBEPXAAETCA JAHHBIMH O 3aTPaTe HEPrHU HA
NIPHCOEAMHEHHE OcTaTka D —sHeprum, pacxo-
ayemoit Ha pedopmanuio. JIpyroe moaTsep-
KIEHHE OBIIO MOJYYEHO NPH H3YYEHUH AHAJIO-
ra mEpeXOJHOrO COCTOSHUA cybcTparta, T.e.
COEIMHEH NS, UMEIOIIETO Kak 00, TaK M nocie
CBA3BIBAHUSA C (PEPMEHTOM TaKYIO Xe reome-
TPHIO, KaK CyOCTpaT B IEPEXOJHOM COCTOSHHH.
Koabuno D nakToHHOro amasora tetpa-NAG
(puc. 7.19) B xpHcTanIe TeTpacaxapuaa UMeeT
KoHpopManuio nosykpecia. [Ipu cBs3bIBaHUH
¢ u3onuMom atomel C-1, C-2, C4, C-6 u xuc-
JIopoaHbIH aToM Kosbua D aToro anasora pac-
NOJAaraloTcss B oAHOM niockocTH. Takas KOH-
¢dopmanus «codpb» CX0OHA C MOCTYIMPOBaH-
HOM JUIsl NIEPEXOHOTO COCTOSHUA KOHpOpMa-
IMER MOJIyKpecia; 3TO O3HayaeT, 4TO Jiak-
TOHHBIA aHasIOT B OT/IMYHE OT TeTpa-NAG npu
CBA3BIBAHMH C JIM30LMMOM aedopmupyeTcs
o4yeHb MaJio. OKa3anoce, 4TO JIAKTOHHBIN aHa-
JIOT CBA3BIBAETCA C JIM30LHMMOM (B ydacTkax
cBA3bIBaHUA OT A 1o D) B 3600 pa3 cusnhee,
4eM TeTpa-NAG. OTcrona BhITEKaeT, 4YTO npu
dedpopmayuu xoavya D nopmarvnozo cybempa-
ma cKopocmb pacujennenus Moxcem 603pacmu
npumepno 8 3600 pas.

Posb sToro pakrTopa B kaTamuse sicHO npen-
suzen ITomunr (Pauling), o 4em ceuaeTesns-

+Hzo—%§+

NAG, NAG, NAG,
Puc. 7.17. T'exca-NAG THAPOJIM3YETCS
¢ obpazoBanneM Terpa-NAG

u nu-NAG.



CTBYET €ro JeKIHs, YuTaHHas B 1948 r.:

«S monararo, 4TO (epMeHTBI-3TO MoJte-
KyJIbl, KOTOPHIE MO CTPYKType KOMILJIEMEH-
TApHBl aKTUBHPOBAHHBIM KOMILIEKCAM Tex
peakuui, KOTOPble OHH KaTaJU3UPYIOT, T.€.
MOJIEKYISIPHOH CTPYKTYpe, TPOMEXYTOYHON
MEX/y pearupyrolMMH BEIECTBAMH U NPO-
NYKTaMH PEaKUMH B JaHHOM KaTaJdTHye-
CckoM Tponecce. CHIa NPUTHKEHUA MOJIE-
KyJbl GepMEHTa K aKTHBHPOBAHHOMY KOM-
IUICKCY TNPUBOINT K CHIDKEHHIO 3JHEPIUM
TIOCTIEIHETO, 4 CIEAOBATENBHO, K CHHXKEHHUIO
9HEPrUH aKTHBALMH JaHHON PEaKUuH M BO3-
PacTaHUIO CKOPOCTH PEaKLHH».

4. 3asucumocms cKopocmu Kamasumuue-
ckoti peakyuu om pH. CxopocTs THApOJM3A
XHTHHA [OCTHIraeT HauboJiee BHICOKHX 3Ha-
yenuit npu pH 5 (puc. 7.20). ITo obe cro-
POHBI OT 3TOFO ONTHMYyMa GpepMEHTATHBHAS
AKTHBHOCTB PE3Ko naxaet. CHUXEHHE aKTUB-
HOCTH Hipu casure pH B meno4nyio cropony
ofycoBjieHO HMOHHM3auuWed riyTamaTta-35,
TOrJa xak npu casure pH B kuciyro cropo-
HY ~NIpOTOHMpPOBaHMEM acnapraTa-52. Jlu-
30UHM NPOABIAET HEPMEHTATHBHYIO AKTHB-
HOCTh TOJBKO TpPH YCIOBHH, YTO TIJyTa-
MaT-35 HaXOQMTCA B HEHOHH3HPOBAHHON
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Pre. 7.18.  Bisiag KaXOoro U3 HIECTH yIJie-

BOAHBIX OCTaTkoB rekca-NAG
B CTaHOApTHYIO CBOOOAHYIO
SHEPTHIO CBA3BIBAHUSA 3TOTO CY6-
cTpata. Cps3bIBaHHE OCTaTKa
D udem ¢ nompe6aenuem snep-
2uu. DHEprus pacxoAyercs Ha
TaKkoe u3MeHeHue GOPMBI OCTAT-
Ka, 4TOOBl OH COOTBETCTBOBAJ
aKTHBHOMY HEHTPY ¢epMeHTa.

CH,OH CH,OH
| |
c—o, c—o
N N NV AN
/c OH c—H /C\QH . /c=o
NAG; \(';_4';/ NAG] c—cC
l [ !
NHCOCH, NHCOCH,
Kap6 p A Naxy " ananor
TeTpa-NAG TeTpa-NAG
Puc. 7.19. Konbno D nakToHHOrO ananora
TeTpa-NAG wnmeer koHpopMa-
{10, MOXOXYIO Ha MOJIYKPeco,
H B 3TOM OTHOHIEHHH CXOOHO
C IPOMEXYTOYHBIM IIEPEXOTHBIM
COCTOSIHHEM B PEaKIIUH, KaTalu-
3UpYEMOH JTU30IUMOM.
3
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pH
Puc. 7.20. CkopocTe ruaposmsa XHTHHA

(poly-NAG) nusouumMom
¢dbynxnus pH.

Kaxk

¢dopme, a acnapTaT-52—B HOHH3MPOBAHHOI.

3. Hs3bupamesvnan xumuueckas moougdu-
kayusn. JIn3ouuM coxpaHsieT GepMEeHTATHB-
HY}O aKTHBHOCTb, €CJIH BCE MMEIOILHECS
B HEM KapOOKCHJIbHBIE TPYIIIBL, 33 HCKJHOYE-
HHEM KapOOKCHJIBHBIX Tpynn riayramara-35
4 acnapraTa-52, NOABEPrHYTh 3TepuduKa-
uud. OcTatky 35 ¥ 52 ocrarotes Hemoaudu-
UMPOBAHHBIMH, €CJIH 3TepUGUKALHIO TTPOBO-
AT B pucyTcTBUM cybcTpata. Ipu ynane-
HUM cybcTpara acmaprar-52 asrepudunu-
pyercs (Toraa kak riyramar-35 ocTaercs
HEH3MEHHBIM). Moaudukanus acnaprara-52
NPUBOAMT K MOJHOH MHAKTHBauuu depmen-
Ta. DTO NOATBEPXKIAET MNPEANONOKEHHE
0 TOM, 4TO CTPOTasi OPHEHTAIMs KapOOKCH-
JIAT-MOHA acnaprarta-52 HeoOxomuma s
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Puc. 7.21.  CymecTBOBaHHE nPOAMENCYMOY-

HO20 npodykma 2iauxko3ui— dep-
MeHm 1IOATBEPXOaeTcs Crocob-
HOCTBIO JIN30LMMA KaIaJiM3Hpo-
BaTh, XOTS ¥ ME/JICHHO, peak-
A0 TPaHCIJIMKO3WINPOBAHWS,
NAG, (noxazaH XpacHeIM) CO-
€AUHACTCA € NPOMEXYTOYHBIM
TIPOYKTOM IJIMKO3WT (epMeHT
(mokasan cuHum Ha puc. B), u
B pesysnbTate obpasyerca NAG,.

crabunu3anuu oOpa3yroerocss B Ka4eCTBe
NPOMEXYTOYHOTO NpOAYKTa HOHa kapbo-
HusL.

6. Tpanczauxosuauposanue. Ilpn nobas-
JIEHHH K N3ounMy TeTpa-NAG npoucxonur
MenneHHoe obpasobanue rekca-NAG U au-
NAG (puc. 7.21). CymectBoBaHue 3TOH pe-
AKIMH, HA3BIBAEMON TPAHCTJIHKO3UIIHPOBA-
HUEM, NOATBEPKIAET HAJIMYHE OIHOTO M3
BaXHBIX 3JIEMEHTOB MPEJUTOXEHHOTO MexXa-
HU3Ma (epMEHTATHBHON peakiiu, 8 UMEHHO
00pa3oBaHus B KAYECTBE NPOMENCYMOUHO20
npodyKkma KOMRAeKkca 2Auko3ua— gepmenm.

[Tpu OOGBIMHBIX THAPOIMTHYECKUX PEAKLMSAX
3TOT IPOMEXYTOYHBIA NPOAYKT pearnpyer ¢
OH " . Ilpu TpaHCIIMKO3NIHPOBAHUM B Pe-
AKUMM  WCTIOJIb3YyeTCS  BTOpas MoJieKyJia
yrnepona: ROH. Peaknnsa tpancraukosusiu-
pOBaHHA crneuudHYHA, TaK K4k aKLENnTop
CBsA3bIBAETCHA B yyactkax E u F B wenu ak-
THBHOTO HenTpa. bonee Toro, o6pasyromas-
Csl [JIMKO3WAHAA CBA3b UMeeT B-KOHpUrypa-
uMIo, Kak M B cydbctpate. Takum o6pazom,
3TH AaHHble NOATBEPKIAIOT MPaBUIBHOCTD
NpeanosaracMoi GopMbi MPOMEXYTOUHOIO
NPOUAYKTA KATANH3a,

7.8. KapGokchnentHaasa A: nporeo/nTh4e-
ckuit epmenT, coaepxammii unHK
IMepeiineM Tenepb k kapbokcunentuaaze A—
NULIEBADUTCIIBHOMY (GEpMERTY, TH/IPOJM-
sytowemy C-KOHIEBYIO NMENTUAHYIO CBA3b
B nonenTuaax. Oco6eHHO JIerko ruaposin-
3YI0TCA TENTUAbL, B KOTOPbIX C-KOHUEBOI
OCTaTOK MMCCT apOMaTHYECKYIO UNH 00Jib-
myr  anudaruucckyro  GOKOBYHO  IENb
(puc. 7.22). DTOT HCpMEHT MHTEPECCH B TOM
OTHOLUCHHH, YTO NTO MEXaHU3My KATanu3a O
NPHUHITHITHAJIBHO OTJIMYAETCA OT JIU30IIHUMA.
[Mpexae yem nepeifTi Kk Nogpo6HOMY 06Cyx-
LEeUUIO MEeXaHU3Ma ACHCTBUS KapOOKCUICH-
TUa43bl A, OTMETUM BA OCHOBHBIX ACMEKTA.

I. Hudyyuposannoe coomgemcemeaue.
CaasbiBanue cyOCcTpaTa coOnpoBOXAAeTCs
3HAYUTEJILHBIMM M3MEHEHUSAMH CTPYKTYDbl
tepMeHTa.

2. Cmewenue 31ekmpoHog. B axkTHBHOM
LIEHTpe (epMeHTa COAEPXKATCH aTOM LIMHKA
¥ [IpyrH€ Tpynnbl, KOTOpble HHIYLUPYIOT
LIepepACTpe/IeNIeHHE JJIEKTPOHOB B cybcTpa-
Te, obneryas TeM caMbIM TIpOIECC TIHA-
poJusa.

Tpexmephyo cTpyKTypy kapbGokcumentu-
nasel A (puc. 7.23) upu paspelenun B 2 A

T T (|:|) | 0] Kap6okcune asja A | '-|‘ 0 '-|‘ 0]
Y nTua A A
~N—C—C—N—C—C + H,0 ~-N—C—C + *H;N—C—C
[ T Yo 7 [ So- T ™o
H CH R iy
! .
4,'; \., - \.‘
| i N .
—~ .
[ Gh
Puc. 7.22.  Peakuus, karanusupyemasi kap-
OokcunenTunason A.
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Puc. 7.23.  TpexmepHas CTpyKTypa kapOok-
cunentunasdsl A, [lokazanbl
TOJBKO O-yTJIEPOAHBIE ATOMBI
4 MOH IIMHKA (3aIUTPHXOBAHHBIH
Kpyxok B uenrpe). [Lips-
comb W.N., Proc. Robert A.
Welch Found. Conf. Chem. Res.,

15, 134 (1971)]

noayuyusnn B 1967 r. VYumabaMm Jlunckom
(W. Lipscomb). ®depMEHT COAEPXKHUT OIHY
MOJUNENTHAHYIO uernb U3 307 aMUHOKHCIIOT,
HMeeT KOMIAKTHYI0 GOpPMY, KOTOPYHO MO -
HO NpHOJHXEHHO ONMMCATh KaK JLUIHICOH. |
HyIO0 ¢ pa3mepamu 50 x 42 x 38 A 38A B
depMmenTe -MMEIOTCS OOJIACTH  o-CITHPAJICH
(38%) u B-cknaguatbix cnoes (17%). C 6ci-
KOM IIPOYHO CBSI3aH MOH MHKA, HaJIHYHE KO-
TOPOTO HEOOXOAMMO ISl IIPOSBJIECHUS dep-
MEHTAaTUBHOH aKTHBHOCTH. MOH mMHKa pac-
MOJIOXKEH B YIIyOIeHHH OJTH3KO K MOBEPXHO-
CTH MOJIEKYJIbI, IpUYEM OH obpa3syer Koop-
JIUHALMOHHbIE CBS3M (B BHIE TeTpasapa) C
6OKOBBIMH LIENSAMHU ABYX THCTHIHHOB, GOKO-
BOH LIEMBIO IIyTaMaTa H MOJIEKY.JIOH BOIBI
(puc. 7.24). PanoM ¢ HOHOM uuHKa Ha dep-
MEHTE HMeeTCcsl OONbLIOro pasmepa «kap-
MaH», B KOTOpbI nonajaetr 0OKOBas LeNb
KOHIIEBOTO OCTaTKa MeNnTHAHOro cybeTpara.

10-665

Puc. 7.24.

Hon wuuHKa,
B aKTUBHOM IIEHTpe KapOokcu-
nentunassl A, obpasyer koopu-
HHALIMOHHBIE CBA3U C HOKOBBIMH

PacHoJIOXKEHHBIIH

LEMAMH JBYX TUCTHUIUHOB M TJy-
TamMaTta. 3aHuMarouias — 4-10
KOOPAMHAMOHHYIO CBSI3b MOJIE-
KyJa BOIBI 3[1eCb HE IOKa3aHa.
(Blow D.M., Steitz T.A., X-ray
diffraction studies of enzymes,
Ann. Rev. Biochem., 39, 78,
Copyright 1970 by Annual
Reviews, Inc.)
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CxemaTiyeckoe  m3o6paxeHue
CBS3bIBAHMA  [JIMIMJITHPO3HHA

B aKTHBHOM LIEHTPE KapOOKCH-
nentuaassl A. ITokaszan mocty-
JIMPOBAHHBIA KaTATUTHYECKH aK-
THBHBIH KOMILIEKC.

Glu 270

ITpocTpaHCTBeHHOE pacionoKe-
HHE TJIMUMWITHPO3HHA B aKTHB-
HOM ILEHTPE KapOOKCHIIENTH-
nasst A. Tmunminruaposun (cy6-
CTpaT) wu300paXeH KpacHbIM.
(Blow D.M., Steitz T.A., X-ray
diffraction studies of enzymes,
Ann. Rev. Biochem. 39, 78,
Copyright 1970.)

Yacrs I
Konpopmaims u aunamuka

7.9. CaasbiBanne cybeTpara HHIYIHpYeT 60.1b-
LIHe CTPYKTYPHbIE H3MEHEHHS AKTHBHOIO LIEHTpa
KapOOKCHIIENTHAA3LI A

IIpencrasnenne 0 xapakTepe cBS3bIBaHUS cy6-
CTPaTOB ¢ KapboKCHNeNnTHaa30if A BO3HHKJIO
Ha OCHOBE IaHHBIX, IOJIyYEHHbIX IPH H3Y4YEHHUH
CTPYKTYpPbl KOMILIIEKCA 3TOr0 epMeHTa C rin-
UMATHPO3HHOM. [IMUMATHPO3HH — MeatenHO
ruaponusyemslii  cyberpar.  Ilpomece  ero
CBA3BIBAHMS (pUC. 7.25 1 7.26) MOXHO NIpeacTa-
BUTb B BUJI€ NSATH IOCJIEAOBATENBHBIX 3TAINOB.

1. OTpunaTenbHO 3apskeHHAs KOHIEBAs
KapOOKCHIIbHAs — Ipynna  [JIMIMITHPO3HHA
BCTYNAeT B 3JIEKTPOCTATHYECKOE B3AUMOJIEHi-
CTBHE C NOJIOXKMTEJILHO 3aPsDKEHHON GOKOBOM
LENbIO ApPrUHUHA-145.

2. Cy6berpat uepes 60xOByI0 Hemb CBOEro
THPO3UHA CBA3BIBACTCS B HEMOIAPHOM Kapma-
He depmenTa.

3. Bomopon NH-rpynnbl Toi menTHmHON

Tyr 248

CBSI34, KOTOpas 10JDKHA THAPOJH30BAThCH, CO-
CIMHSAETCS BOAOPOIHOW cBA3bIO ¢ OH-rpyn-
NO# apoMaTHYeCKOM OGOKOBOH menu THpO-
3UHa-248.

4. KapOoHHIBHBIA KMCAOPOA TOH Xe Ter-
THIHOH CBS3M BCTYNAET B KOOPAMHALHOHHYIO
CBA3b C HOHOM LHHKA.

5. Konnesas  ammHorpynna cybcTpaTa
00pa3syeT BOMOPOAHYIO CBSI3b Yepe3 BKJIMHHU-
BAFOILY}OCS MOJIEKYJIYy BOABI ¢ OOKOBOH LENbIO
riyramara-270. 3to B3aMMOzEHCTBHE, BEPOST-
HO, HE HMEET MECTa B CJIy4ae PeaKkiHOHHOCIIO-
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10*

20 A
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CTpykTypa xapOoKcuIenTHaasbl
A MeHfieTCH TpH CBSA3LIBAHHH
cyocrpata: A-—depment 6ea
cyberpara (Arg 145 nokasau
xenteiM, Glu  270-3eneHbIM,
Tyr 248 —cunum); B-—depmenrt-
cyOCcTpaTHblf KOMmutekc  (IJId-

UWITHPO3HMH, cybcTpar, uzobpa-
xKeH KpacHbiM). Ha pucynke
MOKa3aHa TOJIbKO Y4aCTh MOJIE-
Kymsl epmenTa. [Lipscomb W,
N., Proc. Robert A. Welch Fou-
nd. Conf. Chem. Res, 15,
140-141 (1971).]
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Puc. 7.28.  IloCTyqMpOBaHHBIH ~ MEXaHH3M  ObIBIIAS HA MOBEPXHOCTH MOJIEKYJIbI, IEPEME-

KaTalMTHYECKOTO JIEHCTBUA Kap-
6okcunentunasst A: Glu-270 He-
IIOCPEICTBEHHO aTakyeT kapbo-
HUIbHBIA YIJIEPOAHBIA aTOM IH-
IPOJIM3YEMOM MENTUAHON CBA3H,
a Tyr-248 otmaer npoTOoH Ha
NH-rpynny 3Ttoro mnenTuia.
OO6pasyroluiicss B pe3yjbTaTe
aHTHAPUI Jajiee TOABEPraercs
THAPOJIN3Y.

cobHoro ES-koMriiekca, H UMEHHO OHO, BO3-
MOXHO, SBJIA€TCA NPUYUHON KpaiiHe Me/lJieH-
HOTO THAPOJHM3a TIIMIUITHPO3HHA.
CBs3bIBaHNE TJIMUWITHPO3HHA COMPOBOXK-
JlaeTCs CTPYKTYPHOHM NEPECTPOIKOil aK THBHOTO
ueHTpa (puc. 7.27). B cylHOCTH, moabKko npu-
coeouHug cybcmpam, Kamaaumuueckue 2pynnbi
epmenma NPUHUMAIOM NPABUAbHYIO OpueHma-
YU —MOJIOKEHHE, BIMEPBbIE NMOCTYJIHPOBAHHOE
Kouutanom (Koshland) B ero modeau unoyyu-
posannozo coomeemcmeun. I'yaHuauHueBas
rpynna apruiuHa-145, a Takxe kapOOKcHIIbHAS
rpynmna riiyramarta-270 nepeMelnarorcs Ha 2 A.
Cas3pIBaHMe KapOOHUIBbHOM Tpynnbl cy6cTpa-
Ta C MIOHOM LIMHKA BBITECHSET U3 CBSA3M C LHH-
KOM MoJIekysy Boibl. ITo kpaifneit Mepe elue
4ETBhIPE MOJIEKYJIbl BOIbI BLITECHAIOTCS M3 HE-
NOJISIPHOTO KapMaHa Ha (epMeHTe NpPHU CBA3bI-
BAHHU C HMMH TUPO3HHOBOH OOKOBOH lenwu
B MoJiekyJie cyocTpaTta. Camoe 60JIbLIoe u3me-
HeHue KoH(opMauuu —3TO nepemerieHue Qe-
HOTLHOTO THAPOKCHUJIA THPO3uHa-248 Ha 12 A,
T.€. HAa PacCTOsAHHUE, COCTaBJIsAIOIEE OKoJIO 1/4
aMaMeTpa MoJsiekynbl. Takoe nepemMeiieHue
OCYLUECTBJISETCS B IIEPBYIO O4YEPE/b, NMyTEM
cBoboaHOrO BpAILICHHUS OTHOCHUTENBHO
oauHapHo# cBA3U —C—C— H COCTOHUT B TOM,
4TO THAPOKCHJIbHASA TpyNNa TUPO3NHA-248,
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LIa€eTCs, OKa3bIBasCh BOIM3M NMENTHUIHOM CBSA3H
cybctpata. B pesynbraTe 3akpbiBaeTcs mo-
JIOCTb AKTHBHOT'O LIEHTPA M TEM CaMbIM 3aBep-
LIaeTCs MpeBpalleHHE ee U3 00JacTH, 3amoJ-
HEHHOH BOIOH, B ruapodobHyro. Bce sTH
CTPYKTYPHbIE W3MEHEHHS MHULUMPYIOTCS, I0-
BHIMMOMY, CBA3bIBAHHEM aprUHUHA-145 ¢ KOH-
ueBoi KapOOKCHWIBHOM rpynnoi cyGcTpara.

7.10. CkopocTh KaTa/H3a KapOOKcHIeNTHAA-
30i A Bo3pacTaeT 0.1arogapsi CMeLICHHIO
3/1eKTPOHOB

Ha ocHOBe naHHBIX PEHTTEHOCTPYKTYpPHOTO
ananu3a Jlunckom (Lipscomb) npeaoxun me-
XaHHM3M KaTaJUTHYECKOTO ICHCTBUS KapOOKCH-
nentuaassl A. IlocTynupoBanHast CTPyKTypa
peakunoHHocnocobHoro ES-kommekca moxa-
3aHa Ha puc. 7.28. CornacHo mpeasioKeHHOMY
mexanuamy, OH-rpynna tuposuna-248 otmnaer
npotoH Ha NH-rpynny pacumennsemoit nen-
THAHOM CBA3K. Kap6oHuIbHbIH aTOM yriepoaa
3TOi NENTHIHON CBA3M MOABEPraeTcs ATAKE CO
CTOPOHb! KapOOKCHJIBHOWH Ipynnbsl TIiyTama-
Ta-270, XOoTOpas BLICTYNAET B JIAHHOM CJlyyae
Kak HykjeopuipHas rpynna. O6pasyroimics
B pe3yJibTaTe aHIUAPpHUI riyTamaTta-270 u Kuc-
JIOTHOTO KOMIOHEHTA cyOCcTpaTa MojiBepraer-
cq jajiee THApPOJIU3Y.

Bo3MmoxeH u Apyroi MexaHH3M KaTaju3a,
TAKXe COTJIaCyIOLUMHACS ¢ NJAHHBIMH PEHTIE€HO-
CTPYKTYPHOTO aHajiM3a; OH TOKa3aH Ha
puc. 7.29. ITo 3Toit cxeme rayramar-270 akTu-
BUPYET MoJieKysay Boasl. OOpasyrommiics
OH™ HenmocpencTBEHHO artakyeT kapbo-
HWJIbHBI aTOM yIJIepoa paclleniseMoN nen-
THAHOK CBA3H. OIHOBPEMEHHO THPO3MH-248
otaaet npotod Ha ee NH-rpynny, u B utore
NENTHAHAS CBS3b THAPOJM3YETCS. DTOT Mexa-
HU3M KaTajgu3a OTJIHYaeTCs OT MeXaHH3Ma,
NpPHBENCHHOrO Ha puc. 7.28, TeM, 4To npeano-
JlardeT THAPOJU3 BOIOH HENOCPENCTBEHHO
NENTHAHON CBA3M CcyOCcTpaTa, a HE NpPOMEXY-



TouHO obpa3yrowerocs auruapuia. I[lpose-
JEHHble B TMOCJEIHEE BPEMS XHMHUYECKHE
U CNEKTPOCKOMUYECKHE MCCNENOBAHUA CBUIE-
TEJILCTBYIOT O TOM, YTO TMAPOJIU3 NENTHAHBIX
CyOCTpaTOB OCYIUECTBIAETCH MO NPAMOMY Mé-
XaHM3My, TOrJa KaK THApoan3 3pupoB mpoTe-
KaeT yepe3 NMPOMEXYyTOHHOEe 06pa3oBaHUE aAH-
rugpuna ¢ riayramatom-270.

KaxoBa poJib 1IHHKA B 3THX CX€MaxX KaTaju-
3a? KapOoHunbHas rpynna paclueniseMon
HENTUIHOM CBA3M 00pallieHa K MOHY LUMHKA Ta-
KUM 00pa3oM, uto cBs3zb C—O oka3biBaercs
6osiee MONAPH3IOBAHHOH, YEM OOBIYHO; ITO Oe-
naet KapOOHWIBHBI aToM yriepoaa Ooinee
YyBCTBHUTEJIBHBIM K HykJieohunbHOH aTake. He-
NOJISIPHOE OKPYXKEHHE HOHA LMHKA YBEJIHYH-
BaeT ero >QGeKTUBHBIA 3apsl M TEM CAMBIM
€ro CnocoOHOCTL HMHIAYIUPOBATh  IUIMOJIb.
CunbHOM  10OApU3aliM  KapOOHMILHOM
TPyNIbl COCOOCTBYET Takke OJU30CTh OTpH-
HaTeaIbHOro 3apsaa riayramara-270. Cnenosa-
TENBHO, Kapbokucnenmudaza A uHdyyupyem
maxkoe cMmewjenue IAeKmponos8 Hd cybcmpame,
KOMmMopoe nogbvluiaem CKOpocms Kamdausd.

Tenepe Mbl MOXEM OLEHUTh 3HAYECHUE HHY-
LHUPOBAHHbIX CYOCTPAaTOM CTPYKTYPHBIX HU3Me-
HEHWH B AKTHBHOM LEHTPe KapOOKCUNENTH-
mazel A. B pesynabTaTe cBa3aBuIMicA Ha
tdepMenTe cyGCTpaT OKa3LIBAETCH CO BCEX CTO-
POH OKDYXEHHBIM KATAJIMTUYECKHUMH rpynna-
MH. DTO 00eCrIeYHBAET BO3MOXHOCTL KATalHU-
3a N0 NPHYMHAM, O KOTOPBIX TOBOPHMIIOCH
Bbiie. COBEPUWEHHO OYEBUOHO, YMO MOABKO
2ubkocmy  cmpykmyput  epmenma  obecnevu-
saem nonadanue cybcmpama ¢ cgepy doeiucmeun
cucmemsvl  Kamaaumudeckux zpynn (u 8hiX00
npodykmos peakyuu u3 3moit cucmemsi ). B ue-
JIOM ruOKas CTpyKTypa epMeHTa MMEET lipe-
HMYILLECTBO NIEPEA KECTKOH B TOM OTHOLUEHHUH,
Y10 OHa obsamaeT ropasno 6OabLIMM BLIGO-
pPOM BO3MOXHBIX KOH(POPMALU, TPUTOIHBIX
I KaTajgu3d U COXPAHAIOMIHAXCH B Ipoulecce
otbopa. KpoMe TOro, WHAyUMPOBAHHOE CO-
OTBETCTBUE BHOCHT BKJIQJ B NOBBILICHHE Clie-
udduunoctu dpepmenTa. B camoM nene, B cay-
yae kapOokcumenTHaalel A cyGCTpPAT JOJDKEH
HMeTb KOHLEBOH KapGOKCHIAT-HOH; (GEpMCHT
«IPOBEPSET» €r0 HAaMU4YUe TAaKUM MyTEM: eCIH
KOHIIEBOH KapOOKCHUIAT-HOH HMEETCH, TO OH
0o0pa3yeT COJeBylO CBS3b C 4PrHHUHOM-145,
a 3TO BbI3bIBACT NEPEMeEILEHHE THPO3WHA-248
B KATAJUTHYECKH AKTHBHOE IOJIOKEHHE; €CJIH
K€ KOHIIEBOTO KapOOKCHIaT-MOHA HET, TO THU-
po3un-248 ocraeTcAd Ha MecTe H (PepMeHT He
NpOsAB/IAET AKTHBHOCTH. [pYruMu crioBamu,
UHOYKYUA coomeememeun moxncem Gynkyuonu-
posamb Kax OuHAMUYECKul npoyecc y3Ha8anus.

V4
N

HO

HO CH,—

g

A -

G270
Puc. 7.29. Bropoil BO3MOXHBIH MEX4AHU3M
K4aTaJIMTUYECKOr 0 JeHCTBUA Kap-
GokcunenTuaasbl A.
Tyr 248 BbUIOJIHACT Ty Xe (YHK-
HMIO, 4TO M Ha pHc. 7.28.
B ocranbHOM mpolecc MpoTe-
kaet unave: Glu 270 akTuBupyeT
MOJIEKYJIy BOJRI, KOTOpas ara-
KyeT KapOOHWIbHBIA aTOM yrie-
pOIa paCIUETIAeMOH MENTHIHON
cBs3H. ['Maponn3 ocyluecTsiser-
cs mpsMo, 6€3 POMEXyTOYHOT O
o0Opa3oBaHus aHTUIPHUAA.

3ak/mouenne

JIn301HM — pepMEeHT OTHOCHTENBHO HEOOJIb-
WOro pa3Mepa, PACHIEIUIAIOLMA TOJIMCaXa-
PUHBIA KOMIIOHEHT KJIETOYHBIX CTEHOK OakTe-
puid. ITo cBoeil CTpYKType yKa3aHHbBIN MOJMCa-
Xapua MNpeAcTaBaseTr coboit uepeayroLUMics
MOJIUMEP OCTATKOB N-aleTHATII0KO3aMHUHA

(NAG) u N-aueTnniMypaMoBO#  KUCJIOTHI
7. MexaHu3m JeiicTBHA
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(NAM), coenuHeHHbIX TIMKO3UAHBIMU CBSI3S-
Mi B (1 - 4). JTnzorum THAPOJIU3YET TIIM303U-
fiyto cBs3b Mexay C-1 octatka NAM u C-4
octatka NAG. Ousmromepst N-aueTHarmoxo-
3d4MHHA TaKXkKe THAPOJIH3YIOTCA JIH30UMMOM.
Ipu 31OM rekca-NAG u Gostee atunsble moy-
MEpBI JIETKO paciuenistorcs hepMenToM, Tor-
aa kak Tpu-NAG u au-NAG THAPOJIM3YIOTCS
C KpaiiHe Majofl CKOpOCTbIO. Tpu-NAG --
CHJIBHBIH KOHKYPEH THBbII HHTHOHuTOp hepmen-
Ta. TpexMepHas cTpyKTypa JH3oLMMa M ero
Komiiekca ¢ Tpu-NAG u3syuena wa atomap-
HOM ypOBHE. YCTaHOBJIECHO, 4TO TpH-NAG 3a-
HHMAET [10JI0OBUHY LM, HAYLLEH NONnepeK Mo-
JIeKy bl PEPMEHTA, C KOTOPLIM OH CBA3bIBACTCS
601b1IUM KOIHYECTBOM BOJIOPOAHBIX CBSA3EH
M BaHNCPBAATECOBRIX B3aUMOJEHCTBHIL. Ha oc-
HOBE JAHHBIX O CTPYKTYPE KOMILIEKCA JIH30L[H-
ma ¢ Tpu-NAG O6bina nmocTpoeHa Mozelb,
NIpEACKA3BIBAIOILAS, KAK CBA3LIBACTCH C JIM30-
IHMOM ~ ero  apdextuBusiii  cy6erpar
rexca-NAG.

ITpensoxena runoresa mexanusma katamu-
THYECKOrO ACHCTBHS JIMI0UUMA; CYTh THIO-
TE3bI COCTOUT B clieayroweM. Ilepsoe: xputu-
YECKUMHM TPYNTaMu Ui KaTalu3a SBIASIOTCH
HCHOHM3UPOBAHHAA KapOOKCHIbHAS rpynna
OCTATKA ryyTaMata-35 u KapbOKCHIAT-HOH ac-
naprata-52. O6e TPYNIbI  PACTIOJIOKEHBI Ha
PacCTOSHMM O0KONO 3 A OT THEpPONH3yeMOik
TJIMKO3MHOH CBS3M, & MMEHHO CBSA3M MEXIy
ocratkamMu D u E rexcamepnoro cyberpara.
Bropoe: rnyramar-35 otnaer H* cpsizu MeX 1y
C-1 konbua D H [IMKO3MIHBIM ATOMOM KHCIIO-
POJa, 4TO HPHBOMUT K Pa3peIBy 3TOH CBA3M.
C-1 xonbia D CTaHOBUTCH MONOXKHTEIBHO 3a-
PKEHHBIM; TaKad nepexoaHas Gpopma Hasbi-
BAaeTCA HOHOM Kapbonus. Tperwe: HOH kapbo-
HUA pearupyer ¢ OH ~ -rpynmoii pacteopuTe-
79, a riIytaMaT-35 npHcoeguHseT BOAOPOL,
BO3BPAILLAACH B MCXOIHYIO MPOTOHHPOBAHHYIO
¢dopmy. Ilocne Toro kax NPOAYKTbI peaKkuuu
yrandiores ot pepMeHTa B pesynpTaTe nupdy-
31H, IM30LMM FOTOB K HOBOMY KaTaJIMTHYECKO-

PEKOMEHAOYEMAS

JTA30LIMMa.)

My uuKI1y. YeTBepTOE: CKOPOCTb KATAIM3a 3Ha-
MTCILHO yBEIMUBACTCS MO/ ISHCTBUEM 1BYX
daxTopos, cnocobersyrommx MPOMEXYTOUHO-
My 00pa30BaHHIO HOHA KAPGOHHA: TO Hlek-
TPOCTATHYECKUH (PAKTOP, a UMEHHO GIH30CTH
OTPHNATEJILHO 3apsHKEHHOH GOKOBOM nenu ac-
napraTa-52 u reomerpuyeckmii daktop, co-
CTOSILMA B TOM, YTO KOJIbLlO D nepopmupyet-
cs, nprobperas koudopmanuio NI0JIyKpecna,
HTO MPUBOJIUT K PACTIPEAEIIEHHIO TIOJIOKHTETh-
HOro 3apsna noxa kapbonus mexay C-1 u ato-
MOM KHMCJIOPOZA YTJIEBOAHOTO KOJbLA. '

Kap6oxcunentuaasa A, NMHUILEBaAPUTENLHBLIH
depmenT, paciuensroumii C-xoHueBO# men-
THA B IONMICI THAAX, CIYKHUT NIpUMEpoM dep-
MEHT4, B OCHOBE KaTalMTU4ECKOTrO AeHCTBHS
KOTOPOro JIEXHT COBEPIIEHHO HHONH MEXaHH3M.
CtpykTypa 3100 depMenTa U ero KOMILIEKCa
¢ [IMUHATHPO3UHOM —aHanoromM cyGerparta—
PAackpblTa Ha ypOBHE ATOMHOIO pas3peleHus.
CBA3bIBAHME  IIMUMATHPO3MHMA  BBI3BIBACT
BobiNe CTPYKTYpHBIE U3MEHEHNS B 061acTH
AKTHBHOTO LIEHTPA, B PE3yIbTaTe KOTOPBIX 3Ta
064CTh TEpSET BOAY H CTAHOBHTCS rHapodo6-
HOH, Ilpumep xapbokcuuentuaasbt A wimo-
CTPUPYET Ty BAXHYIO POIb, KOTOPYIO HrpaeT
B KaTanu3e uHOyyuposannoe coomeemcmeue
dopmer pepmenta dopme cybetparta. Npyras
TPHMEHATE IbHAsS OCOOEHHOCTL JaHHOTO dhep-
MEHTa COCTOMT B TOM, 4TO B €0 AKTHBHOM
UEHTPE COAEPXKHUTCA MOH LUMHKA, HMEFOLLHIA Cy-
IMECTBEHHOE 3HaueHne ans katanusa. KapGo-
HUJILHBIA aTOM YrIepona paciLenifseMoi men-
THOAHOM CBSA3M TIONAPU3YETCS LHUHKOM H CTAHO-
BUTCA 60JIEC YYBCTBHTE/IbHBIM K HYKJICO(HTH-
HO¥ aTake. 311€Ck Mbl BUAMM NpuMep HHIYKIUH
CMewenua snexmponog B cyGerpare. IMpu xara-
Ju3e KapOOKCUIIENTHIA30# A MosleKyaa BOJIbI,
4KTHBHPOBaHHAs TJIyTaMaToM-270, nenocpen-
CTBEHHO aTaKyeT KapOOHMIIBHYIO rpynny pac-
INETUISEMOH MENTHIHOM CBA3M; OTHOBPEMEHHO
THPO3HH-248 OTHAaeT NpoTOH Ha NH-rpynny
OTOH CBH3W, W B pe3yjabTare NIPOUCXQAHUT
TUIPOJIN3.

CrpykTypa u Mexannim Jelicrens amzo-

JIUTEPATYPA
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Bonpockl u 3aaauu

1. [penckaxure  OTHOCHI1E/IbHYIO
CKOPOCTb [MIPOJH3A JTU30IHMOM

CHeAYIOWUX onurocaxapuaos (0yksod G ob6o-

3Ha4YeH ocTarok N-aueTWIriKO3aMHHa, Oyk-

BoH M -ocratok N-aneTwiMypamoBoif kuc-

JIOTBI):

1) M-M-M-M-M-M

6) G-M-G-M-G-M

B) M-G-M-G-M-G

2. Ha OCHOBaHMM naHHBIX, NpHBeE-
JEHHBIX Ha puc. 7.18, npenckaxu-

T€, KAKUE U3 y4aCTKOB CBS3bIBAHUSA YIJIEBOAOB

Ha nu3ouumMe (0T A o F) okaxyres 3aHaThIME

npu  obOpasoBaHuu  depmenT-cyGCTpaTHOrO

KOMILJIEKCA CO CJIENYIOUIMMH OJTUrOocaxapuia-

MH (COKpALICHHS Te Xe, YTO W B 3agaue 1):

a) G-G

6) G-M
B) G-G-G-G
3. IIpeanonoxum, YTO0 OpH CHHTE3E

rexca-NAG rIMKO3uMAHBIA KHCIIO-
pol Mexny octatkamu caxapoB D u E mMeuen
n3otonoM '80. [ne okaxeTcs TOT H3OTOI NO-
cie runpoaunsa rekca-NAG nu3ouumom?
4. Auanor terpa-NAG, conepxa-

wuit —H Bmecto —CH,OH npu
C-5 B octatke D 3HaYUTENBbHO CWILHEE CBA3RI-
BAETCA C IM30LUHMOM, 4eM TeTpa-NAG. O6bsic-

HHMTE, KaKkHe OCOOEHHOCTH CTPYKTYphHI Jexar
B OCHOBE 3TOH Pa3HULbl B CPOACTBE CBA3LIBA-
HUA.
5. ConocraBeTe KOOpAHHAMOHHLIE
CBA3H aromMa LHHKA B KHPGOKCH-
AENTHOA3€ A M aTOMA XKEe3d B OKCUMHOTJIO-
OuHe U oxcuremornobune.
a) Kakue aTtoMbl HEMOCPeACTBEHHO CBS3aHBI
C 3TUMH MeTajuiamu?
6) Kakum GOKOBBIM LIENSAM NPHHANIEXKAT CBSi-
3aHHBIE C METAJUIOM Ipymnbl?
B) Kakue npyrue 60kosble uenu B 6enxax Cro-
cOOHBI CBA3BIBATECA € METALIOM?
6. OkcrepuMeHTaJIbHbIE JaHHbIE
B TOJBb3y MOPAMOro CHAPOIM3A
(puc. 7.29) nenTHmOB KapbokcUmENnTHAR3ON
A ObUIM NOJIyYeHBI B ONMBITAX MO U30TOMHOMY
obMeny ¢ '80. N-6eH30MIIIHIMH, MEYEHHbI
'80 no kap6OKCHILHOM IpyIIe, HHKYGMPOBA-
nu ¢ xapbokcunentiaasoi A. B npucyrcreuu
L-dennnananuna 20 sxnrouancs 8 H,0. Dro-
ro He Haba0JaM0Ch, €ciM BMecTO (eHnaa-
HUHA B MHKYOAMOHHYIO cMech AobaBnsau L-
B-penmmmornounyro  kucnoty. Tlpemstoxwure
Hanbosiee TPOCTYIO HMHTEPNPETAIMIO ITOrO

apdekTa.



MMABA 8.

AxkTuBauua npodepMeHTOB:
NMULIEBApPUTENbHbIE
thepMeHTbI

U AKTOpbl CBEPTbIBAHUA
KpOBMU

®depMenTaTHBHO akTHBHas dopMma 1MzonuMa
BO3HHKAET B  pE3YJbTAaTE€  CIIOHTAHHOTO
CKJaJbIBaHHS MOJIEKYJIEI ¢ OOpa3OBaHHEM Xa-
PaKTEPHOM A 3TOr0 PEepMEHTa TPEXMEPHOIk
CTPYKTYpeL. B OTnmdue oT nu3ounma MHorHe
npyrue GelKu CHHTe3HpYIoTcs B GopMe Heak-
THBHBIX IIPEJUIECTBEHHUKOB, KOTOPBIE 3aTEM
aKTHBHUPYIOTCS B pe3yibTaTe pacluerieHus
ONHOH WJIM HECKOJBbKHX CHeLHPUYECKUX TIel-
TUOHBIX CBsided. Eciau  xatanuThyecku ak-
THBHBIH 0€l0K HasplBaeTcs (pepMeHTOM (WM
3H3UMOM), TO HEAKTUBHBIH IIPEHIIECTBEHHUK
depMeHTa HasbiBaeTcs npogepmenmom (WM
3UMO2EHOM).

AxTHBanua OenKoB NyTeM CreuuduIecKoro
MPOTEOJIH3a — IPOLIECC, LIHPOKO pacmpocTpa-
HeHHbIH B 6Homormyeckux cucremax. Ilpuse-
JIEM HECKOJILKO MPHMEpOB.

1. HuwesapumeavHvle Pepmenmpi, TAIPOIH-
3yromne OelkH, CHHTE3HPYIOTCS B KeJlyaKe
U NOMXKEJIYI04YHOH Xese3e B BUuIe npodepMeH-
ToB (Taba. 8.1).

2. Ceéepmobiganue Kposu OIOCPENOBAHO Kac-
KaIOM peaknuil NMPOTEOJIMTHYECKOH aKTHBa-
uuH, 06ecrieynBaloINM OBICTPBIA U HAPACTaro-
UM 10 CWIE OTBET HAa TPaBMY.

3. HekoTopble GeKoBbIE TOPMOHEI CHHTE3H-
pYIOTCS B BHIE HEAKTUBHEBIX IPEIILIECTBEHHH-
xoB. Hanpumep, uncyaun obpasyercs u3 npo-
UHCyAuHa B PE3yNbTAT€ MPOTEOJIMTHIECKOTO
yaajleHus nenTuaa.

4. Qubpusasapuviii Gesok Koarazen, comep-
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XKaluiics B 60JIbILIOM KOJIMYECTBE B KOXE M KO-
CTsX, obpa3yeTcst W3 PACTBOPMMOrO INperie-
CTBEHHUKA — NPOKO.11a2€eHa.

8.1. AKTHBAUHS XHMOTPHIICHHOI€HA NPOHCXO-
JMT IyTeM cnenHpHIecKoro pacuieiieHns OXHO#
NEeNTHIHOH CBSI3H

XUMOTPHIICHH — 3TO ITHILEBAPHTENbHBIHA (ep-
MEHT, THAPOJIH3YIOIINHA OeIKH B TOHKOM KH-
weynnke. Kak u psn apyrux npodepmenTon
H MMHLIEBAPHTEIBHBIX HEPMEHTOB, OH CHHTE3H-
pYyeTcs B MOIKeNy104HO Xkese3e B popme He-
AKTHBHOTO MPENLIECTBEHHHKA — XUMOMPUNCU-
Hozena. Booblie nomxenynounas xenesa—3ro
OIIHH W3 OPraHoB, HanboJsiee aKTHBHO CHHTE3M-
pyroumx Genku. PepMEHTBI M UX MpEAIIecT-
BCHHHKH CHHTE3HPYIOTCH B AllMHAPHBIX KIIET-
Kax MOMKeJyAOYHOH xene3nl (puc. 8.1). Buyr-
PH 3THX KJIETOK HOBOCHHTE3NPOBAHHBIE OEIKH
TPAHCIOPTUPYIOTCA M3 SHOOMJIA3MAaTHIECKOT O
PeTUKyNIyMa B amnapar I'oabaxw, rae okpy-
KaOTCA GeIKOBO-THIMUAHON MeMOpaHoii; Tak
06pa3yroTCs 3umozeHo8ble 2pamyabl, KOTOPhIE
B 3JIEKTPOHHOM MHKPOCKOIE BRITIAAAT Kak
OYeHb IUIOTHOE Tebla. BRICOKas 31eKTpOHHAS
IUIOTHOCTH 3MMOT€HOBLIX I'paHyJj1 00yClIoBIeHa
colepxaHHeM OOJIBLIOro KOJMYecTBa Oeka
(puc. 8.2). 3UMOreHoBble rpaHyjIbl HAKAILTH-
BAIOTCS B BEPXYIIKE AMHAPHBIX KJIETOK H 3a-
TeM INOA AEHCTBHEM TOPMOHAIBHOTO WIH

Tabnnua 8.1. TlpopepMenTsi, CHHTE3HpyeMbie B keayaxe
H TI01KeAYA0MHOH KeJiele

Mecro IMpodepment AKTHBHBIH
CHHTe3a (3UMOTrEeH) depment
Kenynok IMencunoren IMencun
[Momkenyaoynas  XUMOTPHICHHO- XUMOTPHIICHH
xejesa TeH

[Momxenynoynas  TpuncuHoreH Tpuncux
xenesa

Moaxenyxoynas  [Ipokapbokcu- Kap6okcunentn-
Keseza nenTuaala nasa
Monxenynounas Ilpoanacrasza Dnactasza

XeJeza




MpoceeT npoToKa

71'3”!’

dopMupoBaxu
rpaHyn B KOMNNexce
FfonbAXK

3UMOreHoBbIE
rpaHynb

~and

A
© ;I o
oo Fo%%ls

o

\PMOOCOMH, npUKpenneHHble K
Y 3HAONNA3MATUUECKOMY PETUKYNYMY

Pre. 8.1. CxeMaTHieckoe  H300paxeHHe
CEeKpeNun MpohepMEHTOB (3UMO-
reHOB) allHHAPHOMN KJIETKOM non-
xenynodnoit xenessl. (TTo pu-
CYHKY, JH00€3HO NpPeIoCTaBJIEH-
HoMy a-poM G. Palade.)

HEPBHOTO CHIHAJIa CEKPETHPYIOTCA B [IPOTOK,
BEAYWIMH B JBEHANUATUIEPCTHYIO KMIUKY.
XUMOTpUNCHHOreH 00pa3oBaH OaHOM MOJTH-
NENTHAHOH HEenbIo, COCTOsAEH U3 245 aMmuHo-
kucaoT. Llenb cBA3aHa NATLIO AUCYNLOUAHLI-
MH MOCTHKaMHU. XMMOTPHUIICUHOIEH [IPAKTH4e-
CKM TOJIHOCTbIO JHUIeH (epMeHTATHBHOM
akTUBHOCTH. OHAKO OH [IPEBPAILEETCH B aK-
THBHBI (QepMeHT, Koraa Imod AeicTBUEM
TPUIICHHA PpacUIENINEeTCs IenTHAHAs CBA3b
MEXAY AapruHHHOM-15 u u30oJeHuuHOM-16
(puc. 8.3). OOpasyrouiics akTHBHBIA dep-
MEHT, HA3bIBAEMBIH T-XUMOTPHUIICHHOM, OEH-
CTBYET 34TeM Ha ApPYrde MOJIEKYJbl M-XMMO-
TpHurncuHa. B pesynbraTe ymaneHus euie ABYX
NenTUIOB oOpasyercs crabunbHas ¢opma
depMeHTa — A-XUMOTPUIICHH.  [OMOIHUTENb-
HO€ pacILeTUIEHHE NPH MPEBPALLEHUH T-XMMO-
TPHIICHHA B a-QOpPMY B CYLUHOCTH H3JIMILHE,
MOCKONbKY T-XHMOTPMIICHH caMm oOsagaer
MOJHOH (epMEHTATUBHOH aKTMBHOCTLI. [lo-
pasuTebHas 0COBEHHOCTh AAHHOTO MpOlEeCca

AKTUBAIlUM COCTOUT B TOM, YTO pacujeniexue
6Ce20 Autdb 0OHOI cneyuduyeckoit nenmuoHol
c843u npeepaujaem 0ei0K U3 KamMaiumuiecku
HeaKmueHoil Hopmbl 8 NOAHOCMbID AKMUEGHYIO.

8.2. TpexmepHasi CTPYKTypa XHMOTPHACHHA
ITousTh CyTh 9TOr0 YIUBHMTEIBHOTO Npolecca
AKTHBAllMH MOXHO, JHMIIL 3Has B JETalAX
CTPYKTYPY ¥ MEXaHU3M KaTaJUTHYECKOTO AeH-
crBus xumotpuncuHa. K cyacteio, depmenT
9TOT HMCCJIEIOBaH AOCTATOYHO XOPOWIO METO-
JIaMH XMMHYECKOTO ¥ PEHTTEHOCTPYKTYPHOTO
aHanu3a. [lo cyuiecTBy XHMOTPHIICHH —3TO
OIIMH M3 CaMbIX U3Y4YE€HHBIX (EpMEHTOB, H TO-
ITOMy MMEET CMBICI PaccMOTpeTh ero Golee
JeTaIbHO.

Mounekyna XUMOTPHIICHHA COCTOHT M3 TPex
NOJIMNENTUAHBIX Liened, COCAUHEHHBIX IBYMS
MEXLENOYETHBIMH TUCYIbOUIHBIMU CBA3SIMH
(puc. 8.4). Macca depmenTa cocTaBsieT OKOJIO

Puc. 8.2. DexTpoHHas  MUKpodoTorpa-
(ust 3MMOTEHOBRIX TPaHy.Jl B alu-

HAPHBIX KJETKaX IOMKETY]04-

noii  xenme3pl.  ([leuaraercs
¢ mobe3HOro paspeleHus a-pa
G. Palade.)
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2£l XUMOTpURCUHOreH
(HeakTUBHLIN)
Touncun
l 1 15 UG 245 - XUMOTPUNCHH
| (aKTUBHBLIN)
Arg lle
XUMOTPUNCUH
\) Ser-Arg and Thr - Asn
14 15 147 148
[L ﬁ] [16 1m (L49 245 a-XuMoTpuncun
[ I | [ (aKTUBHbIR)
Leu lle Tyr Ala
A-yens B-uens C-uenb
Puc. 8.3. AXTHBALMS XMMOTPHIICHHOTEHA.
S—S S—S S S
[ 1 I
A [ B | | c ‘
s s
Puc. 84. B Monekyne a-xumorpuncuHa  8.3. XumorpHncun cneuHQHYeH B OTHOIICHHH

HUMEIOTCS ABA MEXUENOYEYHBIX
IUCYTbGUIHBIX MOCTHKA M TpH
BHYTPHLENOYEYHbIE TTUCYJIb-
dunHple CBA3M.

25 k/la. TpexmepHyio CTpykTypy (epMmenTta
npu paspewmenuu 2 A (puc. 8.5) ycraHoBwiIH
Hssun Bnoy (D. Blow) u coTpymauxu Merto-
JOM  PEHTreHOCTPYKTYPHOH KpHCTAJLIOrpa-
¢uH. Monekyna XHMOTDHIICHMHA HMMEET KOM-
NAKTHYIO OJUTMIICOMAHYIO GOpMY pasmMepoM
51 x 40 x 40 A. Bce 3apsbxeHHbIE Ipynnsl, 3a
HCKITIOYEHHEM  TpeX, abcoloTHO Heobxo-
IUMBIX [UIS KaTajin3a, HaXOAATCsA Ha MOBepX-
HOCTH MOJIeKyibl. MoJieKkysla cBepHyTa O4YeHb
CJIOXHO; B OTJMYHE OT MHOTJIOOMHA M reMo-
rJ100MHA OHA CONEPXKHT OYeHb MAJIO A-CIHpa-
Jeit. ITonunenTHaHbIE MM B OCHOBHOM BBITS-
HYTHI H HEPENKO MAYT NapasuleJbHbIMH TsDKa-
MH Ha PACCTOSHUH IPYr OT APYra IpHMEPHO
5 A. Mexny nenTHIHbIMH IPYNNAMH B TIpUIie-
ralolUX TspKax 00pa3yroTcss MHOTOYHCIIEHHbIE
BONOPOAHBIE CBA3H. YacTh Monekyiasl o6ia-
a€T BTOPUYHOM CTPYKTYPOi, HAaNOMHH aroIeit
aHTHNApaJUIEbHbIE CKJIAAYAThIE CIIOH, KaK 3TO
HabJofaioch U B JIM30LMME.
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ApPOMATHYeCKHX H GOJbIIKX HemoJsipHbIX Go-
KOBBIX ueneH

Bronornyeckas posib XHMOTpPHIICHHA — THAPO-
JM30BaTh OEIKM B TOHKOM  KHIIEYHHKE
(puc. 8.6). PaBHOBecHE 9TOI peakuMH CIBHHYTO
MOYTH MOJHOCTBIO B CTOPOHY TIHAPOJIH3A
(> 99%). OnHaxo XMMOTpPHICHH CIIOCOGEH TH-
IPONH30BATH C BLICOKOI CKOPOCTBIO AAJIEKO HE
BCSKYIO NENTHAHYIO CBS3b. OH OEHCTBYET M3-
GupaTenbHO HAa TMeNTHAHbIE CBS3M, 06pa3o-
BAHHBIE KAPOOKCUALHBIMU 2DYRNAMU AMHHOKHC-
JIOT C apomamuuecKumu 6OKOBbIMU Yenamu —
THPO3WHA, TpuNTOodaHa U (eHHNaANaHuWHa,
a TakXkKe AaMHUHOKMCIOT C 2udpodobubimu
ocmamkamu 60MBIIOrO pa3Mepa, HampUMep
memuonuna (puc. 8.7).

XHMMOTPHNCHH THAPOJIM3YET TAKXKE IPupHble
€843u. XOTs 3Ta PeaKus He HMEET CYLIIECTBEH-
HOTO (PU3HMOIOTMYECKOTro 3HAYEHHs, OHA Tpen-
CTaBIS€T MHTEPEC B TOM OTHOLIEHHH, YTO
HMEET MHOTO OBILEro ¢ THAPOJIM30OM MENTHA-
HOM cBs3H (pHc. 8.6). ITo cyiuecTBy, 3HaYHTENb-
Hasl YaCThb CBEACHHUH O MeXaHU3MeE KaTaIuTHye-
CKOI'o [eHCTBHA XMMOTPHNCHHA Oblia mosyye-
Ha NMPH M3yYEHUH TMAPOJIH3A MPOCTRIX 3QUPOB.

8.4. Ilpn kaTaM3e XHMOTPHACHHOM 4YacTh cy6-
CTpaTa KOBAJEHTHO CBA3bIBaeTCH ¢ (epMeHTOM
XAMOTPHIICHH KaTaJM3HPYeT THAPOJIM3 Mel-
THOHBIX ¥ 3QHUPHBIX CBS3€H B IBA OTAEIbHBIX



Puc. 8.5. TpexMepHas CTpyKTypa a-XUMO-
TpuncunHa. [TokazaHsl TONBKO a-
yriepoaHble aToMbl. LiseToM oT-
MeYeHBI YYaCTBYIOIIME B KATAJIH-
3e octatki. (Blow D.M. In: The
Enzymes, P.D. Boyer, ed. 3rd
ed, v.3, Acad. Press, 1971,

p. 194)

aTana. Bnepsole 310 6bII0 OOHapyXeHo npu
H3YYCHHH KHHETHKH THAPOIN3a
n-auTpudernnanerara. Ilpy HCnoab30BaHMK
6oNbIIMX KOHYECTB GEPMEHTA MOXKHO OTYET-
JIMBO NMPOCJICANTH HaJIM4He IBYX (a3 B BHICBO-
60X IEHHH OJHOrO M3 NPOAYKTOB PEAKIIMH — N-
HHTpodeHona (puc. 8.8). Cuavana HabmozaeT-
cs1 6bicmpoe 83pbi600bGpasHoe BHICBODOXKIEHHE
n-HUTpodeHONa, mocje 4Yero oH obpasyercs
YXE€ C MeHbwieill CMAYUOHAPHOU CKOPOCMbIO.

Ha nepBom osrame n-uuTpodenunanerar
TIPHCOEAMHSAETCS K XHMOTPHIICHHY, T.€. 0bpa-
3yeTcst pepmeHT-cybcTpaTtHbiit (ES) koMiiekc

0]

(puc. 8.9). Ddupnas cBa3bp B cybeTpate mpu
9TOM pacwemtsercs. OAMH M3 NPOAYKTOB
PEaKIH — n-HUTPOGEHON — BBICBOGOXOAETCH,
TOrda Kak aleTHJIbHas rpynna cybcrpara cra-
HOBHMTCS KOBAJICHTHO CBSI3AHHOM C HepMEHTOM.
Hanee Boma arakyer aueTHI-GepMeHTHBIN
KOMILJIEKC ¢ 06pa3oBaHHEM aneTaT-HOHA U pe-
redepupoBaHHoOro ¢epmenra (puc. 8.10). Ha-
4ajibHas ObicTpas $ha3a BLICBOOOX/ICHHS n-HH-
TpodeHOIa COOTBETCTBYET Tany 06pa3oBaHus
alETHI-PEPMEHTHOTO KOMILIEKCA. DTOT 3Tal
Ha3bIBAETCA ayuauposanuem. bosee MensieHHOE
cTauMoHapHoe o6pa3oBaHHe n-HUTpOeHONa
COOTBETCTBYET 3TaNy IMAPOJM3a aneTwi-dep-
MEHTHOTO KOMIIIIEKCA M PEreHepanuu cBoboa-
HOro ¢epMmeHTa. DTOT BTOpOH 3Tam, Hasbl-
BaeMbIH Oeayuiuposanuem, TUMHUTHPYET CKO-
POCTL BCErO Mpouecca ruaposnsa 3¢upos
XHMOTpHIicHHOM. bBonee Toro, anerun-gep-
MEHTHBIH KOMIIJIEKC HaCTOILKO CTAaOWJIeH, 4TO
npyu 6G1aronpusTHBIX YCJIOBHSX €ro yaaercs
BBIIEJIUTb. MeXaHU3M KaTajlu3a XHMOTpHUIICH-

| A
R,—C N—R, + H,0 —= RI—C\ + H N—R,
H 0"
Nentug Kucnora Amun
0
i A
R,—C O—R, + H,0 —= R,—C\ + HO—R, + H*

Acpup
Puc. 8.6. XHMOTPHIICHH KATAIM3UPYET T'H-
IpOJIN3 TENTHAHBIX ¥ 3PHPHBIX
CBsI3€EH.

8. AKTHBamMs npogepMenToB

o-

Kucnora Cnupr
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HOM MOXHO NPEACTaBUTh B BUIE CJEAYyHOIIEH
CXEMBI:

raie P, -aMuHHBIA (MM CIHMPTOBOH) KOMIIO-
HeHT cyOctpata, E-P,-npomexyTounslit
NpOAYKT, 0Opa30BaHHBIH B pe3ysibTaTe KOBa-
JIEHTHOTO CBSI3BIBAHUSA, P, —KHCIOTHBIA KOM-
NOHEHT cyOcTpara.

Oco0eHHOCTh 3TOTO MeXaHM3Ma peaKLMK
COCTOHT B OOpa30BaHUH NPOMEXYTOYHOTO
NPOAYKTA MyTEM KOBAJEHTHOrO CBSI3bIBAHHS;
B PACCMOTPEHHOM BBIILIE CITY4ae TPOHCXOIUIIO
KOBaJICHTHOE COETMHEHHUE alleTHILHOM TPYIIIb
¢ ¢pepmeHTOM. B 06weM ciyvae rpynna, npu-
COCIIMHEHHAass K XWUMOTPHUIICHHY HAa CTaaHH
E-P,,-3T0 Bcerna aumnbHas rpynna. Takum
obpasom, E, - P npeacrasnser coboit npome-
HCYMOUHOe coeQuHenue ayui—gdepmenm.

8.5. AunibHasi rpynna coeMHseTCsl ¢ HeOObI-
42i{HO PeaKLHOHHOCNOCOOHBIM OCTATKOM CEPHHA
Ha ¢epmeHTe

MecTo, B KOTOPOM MPOMCXOIUT MPUCOEIUHE-

DennnanaHnH Tupoaun

CH,

I
~

N
H

O—N—0O—0O—D
=

x
w

Tpuntocdan MeTuoHuH

XHMOTPHIICHH THAPOIU3YET
MPEANOYTHTENLHO  NENTHIAHBIE
cBA3M, oOpa3oBaHHbIE KapOOK-
CHWJIbHBIMH TPYNIIaMH apOMaTH-
YECKUX aMUHOKHCJIOT, d TaKXe
AMUHOKHCIIOT ¢ 6OMBIIOH Hemno-
JIApHOM OOKOBOH WeENbIO.

Puc. 8.7.

Yacts 1
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®a3za B3pbIBOOOPA3HOro
B8bICBOOOXKAEHUS

(

CrauyuoHapHan asa

BbicBoGoXaeHne n-HutpodeHona

Bpems nocne cMeuwnsaHmna, Mc

Puc. 8.8. [Tocae cMewnBauua XUMOTpHI-
CHHa W n-HUTpodeHmIaneTaTa
MOXHO Habmonath aBe ¢a3bl

obpa3oBanus n-HuTpodeHoa.

— —
%meeu_vj-{-cl,—-CHs — |®epment| 4+ OH

|
0 C—CH,
I
NO,
NO,
n-Hutpohbenun-  MpoMeXyTOUHBIN A-HUTPO-
ayerar NPOARYKT ayeTun — cpexon
epmenT
Puc. 8.9. AunmnnpoBaune:  obpasosanue
KOMILJIEKCA  ALleTHII— pEPMEHT

B KayeCTBC IPOMEXYTOYHOIO
TIPOAYKTA.

0
+ H:0 — [sepuen] + Yo—cH, + H'

C—cH, °
0]
NpomexyTounsin Ayerar
NPOAYKT ayeTun —
thepuent
Puc. 8.10. [eauunupoBaHue:  ruapoJn3

NPOMEXYTOYHO o0pa3yrowerocs
KOMILJIEKCA alleTHI — HEepPMEHT.

HHE AUWJIBHON Ipynnel K QepMeHTy, yaanoch
ONpeNeTuTh, KOraa Obl BEIICJIECH B YHCTOM BU-
e MpOMEXyTO4Hbl nponykt E-P,, cra-
6unbheiit npu pH 3. Okazanoce, 4To auunpHas
TPYNIa NPUCOEAHHAETCS K aToOMy KHCJIOpoaa
CrnenupUYECKOro OCTaTKa CepHHa, a MMEHHO
cepuHa-195. DTOT ocTaToK CepuHa NpOSBISET
HEOOLIYHO BBICOKYIO PEaKUMOHHYIO Cnoco6-
HocTe. Ero MoxHo cneunduyeckd noMeTHTh
KakuM-H60 opzanuueckum @dmopdocgamonm,



1
H,C—C—CH,
0

F— ||>=0
0

|
H,C—C—CH,

H
AunsonponundTop-
cdocdar (ANPP)

HOuuzonponuadptopdocdar
(AVDPP) MHAKTHBUPYET XHUMO-
TPUIICHH TyTeM o0Opa3oBaHHUsA
nunsonponuwidochopuibHOro
NpOM3BOAHOrO cepuHa-195.

| Sopuent]

CH OH +

Puc. 8.11.

Halpumep aunsonponuaproppochaTom
(AUDPD), koTOpPBIN B3aUMOIEHCTBYET TOJIBKO
c cepHOM-195, naBas HeaK THBHEIH BLICOKOCTA-
OMNBHBIA Komn.iekc Ouuzonponuigocpopu.t—
depmenm (puc. 8.11). O NOBBILLEHHOH peak-
LHMOHHOM crmocoOHOCTH cepHHa-195 oTyeTnMBO
CBHIETENBCTBYET TOT (PAKT, 4TO OCTanbHbie 27
OCTAaTKOB CEpHHA B XUMOTPHUIICHHE HE B3aHMO-
neiictByror ¢ JIUDO.

, I
Pepment—CH,—0 —C—CH,
N

Cepun  AyeTHALHAR
195 rpynna

XHMMOTPHIICHH — HE €AMHCTBEHHbBINA (hepMeHT,
HHaKTUBHpYlouwmiics B npucyrcTBuun JUDD.
MHOXECTBO APYIrHX MPOTEOUTHYECKHX dep-
MEHTOB, HANPUMEP TPHIICHH, 3JIacTa3a, TPOM-
6MH, cyOTHIM3HMH, crieuuUYECKH pearupyroT
¢ ANDP, nonHOCTLIO TEPsAs NPH 3TOM aKTHB-
HocTh. Kak ¥ B ciyyae XUMOTPHIICHHA, peak-
st 31ix pepmenToB ¢ AN PP uaet ToBKO 11O
OIHOMY OoCTaTKy cepuHa. OTclona U ux obuuee
Ha3BaHUE —cepuHogble npomeunasvl. [ANDD
BCTYNAET TAK)KE B PEAKLIMIO C OCTATKOM CEPHHA
B ayemu.ixoaunicmepase — HEPMEHTE, HUrpao-
IEM KJTFOYEBYHO POJIb B Nepejaye HEPBHBIX HM-
MyJIbCOB B ONPEACNIEHHBIX cHHarncax. Kak yxe
yMOMHHAJOCH B 1. 6, cnocobHocTs JUPD
WHAKTHBHPOBATh AlleTUIXOIHHICTEPA3y JIEKUT
B OCHOBE €0 MCIOJIb30BAHUS B UHCEKMUYUOax
U HepeHO-Napaiumuyeckux 2a3ax.

8.6. YuacTHe rHCTHAHHA-57 B KaTa/iM3e BbISIB-
JsieTcs ¢ NOMOLpBI0 apPHHHOH MeTKH

YuacTue B KaTaju3e BTOPOro aMHHOKHCIOTHO-
IO OCTAaTKa OBIJIO YCTAHOBIEHO NYTEM HCIOJIb-

—_—

i
o H,C—C—CH,
prnonﬂ 0
i
CH,0 _|l>=o + HF
|
7
H3C—?—CH3
H
MHaKTUBHPOBANHNBIN
epmenTt

30BaHUS TAK Ha3bIBAeMOH agdunHol memxu,
WM Memku no cpoocmey. MeTton 3akioyaercs
B TOM, 4TO K XUMOTPHIICUHY 100aBJSIOT BEILE-
CTBO, KOTOpOe 1) cnenuduyeckn casA3bIBaeTCS
B aKTHBHOM IICHTPE B CHITy 11o0o6us ¢ cyberpa-
TOM H 3aTeM 2) 00pa3yeT crabHiIbHYIO KOBa-
JIEHTHYIO CBSI3b C HEKOTOPOW I'pYNIIOH, paclo-
JMOXEHHOW Ha ¢epmenTte mnobnusoctu. Ta-
KHUM BeLIECTBOM SIBISETCS TO3MI-L-dennnana-
HunxnopMetiikerod (TPXK), crpoeuue ko-
Toporo mnoka3aHo Ha puc. 8.12. Hamuuue
6okoBoit wnenu ¢enunnananmia B TOXK
obecnieyrBaeT ero creunduieckoe CBA3bIBA-
HHE C XHMOTpDHUIICHHOM. PeakTHBHas rpymn-
na TOXK-310 xnopmeruakeroH. TPXK
aTakyeT XHMOTPHIICHH TOJBKO IO IHCTH-
NMHY-57, QJIKUIMpPYs OOWH W3 aTOMOB a3oTa
rucTuauHoBoro kosbua (puc. 8.13). TOXK-
MPOM3BOAHOE XMMOTPHIICHHA JHIIEHO ¢ep-
MEHTATHBHO#N aKTHBHOCTH. IMeeTcs TpH AoBo-
a B MONb3Y TPHCYTCTBUS THCTHAMHA-57
B aKTUBHOM LieHTpe epmeHTa. Bo-nepseix, ad-
¢uHHAas MeTKa B BLICOKO# CTENEHM cTepeocrie-
unduuna: D-usomep TOXK abcontoTHO Head-
¢dexTuBeH. BO-BTOpBIX, NPHUCYTCTBHE KOHKY-
peHTHOro MHrubHTOpa TpUncHHa — B-deHun-
nponuoHaTta — TOpMo3uT peakunto ¢ TOPXK.

pynna, onpegensiowan

cneumndUyHOCTb
H
Lo
N—H
| PeakunoHHO-
R’ cnoco6Has rpynna
Puc. 8.12. Crpykrypa TO3mi-L-pennnana-

HuaxygopMerwikeroda (TOXK),
HCIIOJIb3YeMOro B KadecTBe ad-
(uHHOK METKM XHMOTpHIICHHA
(R'—To3MnbHas rpymnma).
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B-TpeThHX, CKOPOCTb MHAKTHBALMM XHMO-
TpuncuHa npu nodasnenun TOXK HaxoauTcs
NIPUMEPHO B TAKOHM XK€ 3aBHCHMOCTH oT pH,
KaK CKOpPOCTb KaTaju3a.

8.7. Cucrema nepenoca 3apsaa obecneumBaer
YEJHOYHYIO nepeqady NPOTOHA NPH KaTaJH3e
Kartanutuyeckas akTHBHOCTL XMMOTpHIICHHA
OnpenensieTcss HeoObMaHHO BBICOKOH peax-
IHOHHOCTIOCOGHOCTBIO cepuHa-195. B duzmo-
Jormdeckux  ycaosusax —CH,OH-rpynna
00b14HO MHepTHa. [ToYeMy Xke B aKTHBHOM IieH-
Tp€ XMMOTDHUIICHHA €€ DPeaKUMOHHAs CIOoCo0-
HOCTBb CTOJIb pe3Ko Bo3pacTaeT? OOBACHHTL
3TO MOXHO, HCXO[S U3 PE3YJILTATOB PEHTIEHO-
CTPYKTYPHOTO  HCCJICAOBAHHS  TPEXMEPHO
CTPYKTYphbl (epMmeHTa. Kak M MOXHO 6bLTO
NPEMNONIOKUTL €IllE HA OCHOBE pe3ybTaTOB
BBENICHUA ahPUAHON METKH, THCTHIMH-57 pac-
TOJIOXKEH B HENOCPENCTBEHHOM OJIH30CTH OT
cepuHa-195. Psnom naxomutes takxe kap6ox-
CUNbHAs rpynna 6oKkoBoi uenu acnapraTa-102

(puc. 8.14).
o cyuiecTBy kaTanuTHYeCKasi CIOCOBHOCTD
XHMOTpHIICMHA  00yclioBnieHa  B3auMoeii-

CTBHEM 3THX TpEX OCTaTKOB. AcmapraT-102
0bpa3syeT BOZOPONHYIO CBf3b C THCTHIH-
HOM-57, KOTOPbIH B CBOIO OYepenb CoeauHEH
BOIOPOJHOH CBSA3BIO C CepuHOM-195. DT TpH
OCTaTKa CO3/1AIOT cucmemy nepenoca 3apsada.
Kak noka3sauo B pasn. 8.9, sta cucrema Urpaer
KJIIOYEBYIO POJIb B KaTayiuse Giaromaps cro-
COBHOCTH CBSI3BIBATH NIPOTOH (DHC. 8.15). Io-
TPYXXEHHBIH B MOJIEKyJly KapOOKCUIAT-HOH ac-
naprata-102  nonspusyer UMHIA30JIbHYIO
TPYNIy THCTUAMHA-57, YTO MOBBIILAET €r0 CIO-
COBHOCTB OCYIIECTBIATL YeAHOUH Y10 nepedauy
npomona. Tlpu 3Tom acnaprar-102 W rucru-
IHH-57 pacloJIOkKEHbI TaK, YTO BO BpeMsl Hy-
kneopunbHON aTaku cybcTpara KHCIOPOIOM
OHH aKUENTHPYIOT NPOTOH T'HAPOKCUIBHOM
Tpynnel cepuHa-195.

8.8. B xumotpHnchHe HmeeTcs riyGoKHH Kap-
MaH /ISl CBA3BIBAHHA APOMATHYECKOH GOKOBOI
nenx

Jlokannszauus  ywactkoB  cnemmdmdeckoro
CBA3LIBAHUSA M BEPOSITHAs OPHEHTAUHUS THAPO-
JIH3yeMOl NeNTUAHOH CBA3M 3DHEKTHBHOrO
cybcTpaTa ObUM BBISBIEHBHI B pesysibTaTe
PEHTT€HOCTPYKTYPHOTO AHANM3a KOMILJIEKCOB
XHMOTDHUIICHHA C  aHajoramMu cy6cTpara.
YcraHoBneno, uto dopmun-L-tpuntogpan
CBSA3BIBAETCHA C XHMOTPHIICHHOM 4€pe3 MHAOb-
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XnuMoTpuncux

CH,—C——N CH,—C—N
W LTS L
HC\r / N/
) \
H CH,
Tuctugun-57 (|:=O
|
R
Puc. 8.13.  AnxunupoBanue ructuauna-57
B XHMOTPUIICHHE BO3JEHCTBHEM
TOXK.
) Ser-195
ﬂ) /}3 !
O Gg L
Q* . His-57
@
)
fj Asp-102
Puc. 8.14.  Koudopmauns cuctemor nepe-
HOCa 3apsiila B XHMOTpHIICHHE.
[Blow D.M., Steitz T.A., X-ray
diffraction studies of enzymes,
Ann. Rev. Biochem., 39, 86
(1976).]
H
I A
Asp—C—Q-- - - —rij \.'ib -+ —0—Ser 195
102 HC——
A [ .
His
57
H
I //C
Asp—C—0— o \IN_ 0—Ser 195
102
s M= ONEEE
His
57
Puc. 8.15.  Cucrema nepenoca 3apsna B XH-

MOTDUIICHHE: A—depMeHT Ge3
cybetpata; b-npu nobaeiennn
cyberpaTa mpoMcxomuT mpome-
XYTOYHOE CBS3bIBAHHE NIPOTOHA
acnapratoM-102 ¥ rucrunu-
HOM-57.



Hyl0 OOKOBYIO uENb, KOTOpas XOpOLIO CO-
OTBETCTBYET IO pa3Mepy KapMaHy Ha (epmeH-
Te BONM3M cepmHa-195 (puc. 8.16). Mmenuo
HaJIM4HEeM 3TOro riybokoro kapmaHa oObsc-
HSIETCS CIIeHPHYHOCTL XHMOTPHIICHHA B OTHO-
LIEHHH AMHHOKHCIIOT C apOMAaTHYECKOH WJIH
HHOH ruapodobHOi 60K0BOH NENbIo GOJIbLIO-
ro pasmepa. [IpH peHTIeHOCTPYKTypHOM aHa-
JIN3€ KOMILJIEKCOB XHMOTPHIICHHA C aHAJIOTaMH
NOJMIENTHAHBIX cyOcTpaToB  OOHApYXeHO
60JbILIIOE HMCIIO BOJOPOIHBLIX CBS3€H MEXAY
OCHOBHBIMH L€TsiMH ¢epMeHTa u cybcTpara,
NPHYEM 3TH BOJOPOIHBIE CBSI3H PACIoJIararoT-
Csl Tak e, Kak B aHTUIapasuieNbHbIX B-ckian-
4aTbIX CJIOSX.

8.9. B npouecce kaTaam3a odpaszyercs nepexo-
HOe TeTpadpHYecKoe NPOMEXYTOUHOE COeHHe-
HHe

lllupokne pPEeHTTeHOCTPYKTYpHbIE M XHUMHYE-
CKH€ UCCIICA0OBAHUA XHMOTPHIICHHA MTO3BOJIHIN
NPHATH K ONpENEJIEHHOMY BBIBOOY OTHOCH-
TENbHO MEXAHM3Ma €ro KaTaJIHTHYECKOro neii-
creus. Ilo-BuamMoMy, eucmuduu-57 u ce-
pun-195 nenocpedcmeenno yuacmeyiom 6 pac-
wenaienuu nenmuoHoil ceasu cybcmpama. I'na-
pONH3 3TOH CBSI3M HAYMHAETCA C TOTO, YTO
kucyaopoansii atom OH-rpynnsbr cepuna-195
aTakyeT KapOOHWJIbHBINH aTOM yrjepoaa B M-
poiau3yeMoil nenTUmHOM CBA3M cybcTpara.
B pe3yabTaTe CBA3bL MEXAY ATOMaMH yIilepoaa
1 KHCJIOpOoma B 3ToH KapOOHWJIBHOM rpynmne
CTAaHOBHTCS OJHHAPHOM M ATOM KHCJIOpoaa
npruobpeTaeT oTpHUATENbHbIH 3apsaa. Yetsipe
4TOMa, CBSI3aHHBIE C YIJIEPOAOM KapOOHMJIb-
HOM IpyNIbl, pacnoJiaraloTcs B BHAE TeTpada-
pa. OOpa3zoBaHHe W3 IUIOCKOH aAMMIHOMH
I'PYIINbl 3TOTO Mempa’dpudeckozo npomency-
MOYHO20  COeduHeHuA  OKA3LIBAETCS  BO3-
MOXHBIM TOJIBKO O1arogapsi BO3HMKHOBEHHIO
BONOPOJHBIX CBA3EH MEXIY OTPHUIIATENbHO 3a-
PSXKEHHBIM aTOMOM KHCJIOpOJa T'MAPOKCHIIb-
HOH TrIpynmel (Ha3bIBAEMBIM  OKCUAHUOHOM)
u nByMs NH-rpynnamu camoii moaunentui-
Hoii ueny (puc. 8.17). B mexanuszme o6pasoa-
HHSl YIOMSIHYTOTO MPOMEXYTOUYHOIO COEIHHE-
HHA BaXHYIO pOJIb MIpaeT TakXe MNepeHoC
NpOTOHAa OT cepHHa-195 Ha rucrugun-57
(puc. 8.18). IlepeHoc mnpOTOHA 3HAYMTEIILHO
obneryaercs Onarogaps TPUCYTCTBHIO CH-
CTeMBbI llepeHoca 3apsaaa. Acnaprart-102 crporo
OPDHEHTHPYET TMOJOXKEHHE HMMHIA30JIbHOIrO
KOJIbIIa FHCTHAMHA-57 W 4acTHYHO HEHTPaH-
3yeT 3apsi, MOABJISIOMIMACA HA 3TOM KOJIbLE
B MOMEHT N€pPEXoaHoro coctosHus. IIporow,
HAKOIJICHHBIH Mapoi TMCTHAMH —acnaprar,
NEPEXOINT Aajiee K aTOMy a30Ta MMAPOJIH3ye-

OcHosnan

yens
193
_N_
| His 57
H. Ser 195
N H
RN | /cl
c—N——C\ ~o0-
e CH,

H

I
i_/

WA

A
OcHosran yens
214
HenonapHuin
xapmaH
Puc. 8.16. Cxemarmueckoe  H300paxeHHe

HPHCOEANHEHUS K XHMOTPHUIICH-
Hy ¢opmui-L-Tpuntodana (aHa-
Jor cybcrpara).

MOji MENTHAHOM CBS3H, KOTOpast B pe3ybTaTe
pa3psiBaercs. Ha 3ToM 3Tane aMHHHBIA KOM-
MMOHEHT cyOCcTpaTa OKa3biBAETCA COCAMHEHHBIM
BOJIOPOJIHOM CBSI3BIO C TUCTUAMHOM-57, @ KHC-
JIOTHBIA KOMITOHEHT — 3pHPHOMR CBA3BIO C CEPH-
HOM-195. Ha sTOoM 3aBepiuaercs cmadus ayu-
AUPOBAHUA THIPOIMTUYECKOH pEaKUHH.
Cnenyromas cTamus — deayuiuposanue
(puc. 8.19). AMMHHBI KOMIOHEHT cybcTpaTa
nuddynaupyer npoys ot depmeHnTa, a Ha ero
MECTO B aKTHMBHOM LIEHTPE BCTAa€T MOJEKYJa

_ | OcH. uens
?Hz N 195
NS oy
’ OcH. yens
T_c/o . H—N— 193
H R
Puc. 8.17. Terpasnpuyeckoe NPOMEXyTo4-

HOE COCIMHEHNE B pEaKIHsX alu-
JIUPOBAHHS Y NEANWIMPOBAHMS
xuMoTpuncuHa. CTabWwIbHOCTD
NPOMEXYTOYHOTO  COEUHEHHUS
obecneynBaloT BONOPOIHbBIE CBSI-
3u, obpa3osannbie NH-rpymna-
MM OCHOBHOH uen ¢epMeHTa.
OTOT y4acTOK Has3bIBAETCA nNO-
A0CMbI0 OKCUAHUOHA.
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Terpasgpuuecxoe

Ayun — pepment

CyG6crpar NepexoqHoe COCTORHKE (NPOMEXYTOUHBIW NPORYKT)
, - , [0)
Ser 195 /R 0\ /R \\C/R
—CH,—0Q 0=C N —CH,—0—
| | —CH,—0” "\
H R—N—H R—N—H R—N—H
H I
N—CH — — H
! N --CH
N~ C He HC
H N--C :
His 57 @ CH; oH "t"—‘?
0y WY CH,
N
Asp 102 C o 0O o~

Puc. 8.18.  TlepBbii 3Tan ruapou3a nentu-
OB XUMOTPUICUHOM — ayuaupo-
8aHue. Oobpa3syertcs TeT-
padapHYEcKOe NPOMEXYTOUYHOE
COEMHEHHE. 3aTeM aMHHHBIA
KOMIIOHEHT cybcTpara ObicTpO
oTAensieTcs oT dpepMeHTa, a dep-
MEHT NPEeBPALIACTCS B AuMI—-
bepMeHT —IPOMEXYTOYHBIN
NPOAYKT KaTaju3a.

Boawl I1o cytu deayuauposanue—smo npoyecc,
06pamubll AYUAUPOSAHUIO, HO C 3AMEHOT AMUH-
H020 Komnonenma cybcmpama na H,0. Cuava-
Jla CHCTEMA MEPEHOCa 3apsna OTPbIBAET Npo-
TOH OT Boabl. Ob6pasyrommiica OH ™ -non
HEME/UICHHO aTaKyeT KapOOHWJIBHBIH aToM
yIiepoJa aiHIbHOH IPYNibl, NPHCOEAHMHEHHOM
K cepuny-195. Kax u npu aunnuposannu, ¢pop-
MHUDYETCS TETPadpHYECKOE [POMEXYTOUHOE
coennHenue. [lanee rucTMaMH-57 mnepemaer
NPOTOH Ha AaTOM KHCJIopoda cepuHa-195, uto
NPHBOAMT K BBICBOOOXIEHHIO KMCIOTHOTO
KOMIIOHEHTA cybecTpaTta. DTOT KOMIIOHEHT OT-
nensietca nytem auddysun ot depmenta, ko-
TOPBLIH MOXET BCTYNUTh B HOBBIN KaTaJIMTHYE-
CKHH OHKJL

8.10. Mexann3mM akTHBaumu npodepMeHTa

OO6paTuMmcs Temepb K BOIPOCY O TOM, KaKHM
00pa3oM pacLIenjaeHie BCEro OAHON TMEeNTHI-
HOW CBSI3H B XMMOTPHIICHHOTEHE MpPEeBpaLIaEeT
€ro B aKTHBHBIH (pepMeHT. TpexMepHyIo CTpyK-
TypY XMMOTPHIICHHOTEMa Hccnenosan [xosed
KpayTt (J. Kraut), ycraHoBHBLIMI, YTO B Tpo-
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1ecce aKTUBAUMH pepMeHTa ero KoudopMmanus
NPUTEPIEBACT PAN H3MEHEHHH.

1. THaponu3 nenTHAHON CBA3M MEX/1y apri-
HUHOM-15 ¥ U307aeHIIMHOM-16 CcO31aeT HOBBIE
C- 1 N-KOHIeBBIE TPYNIBL

2. BHOBb ob6pa3oBanHas N-konyesas 2pynna
uzoaeuyuna-16 3azudbaemca eHympv u 63aumo-
Oeiicmgyem ¢ acnapmamom-194 BHyTpu MoJe-
KyJsibl XuMoTpunichHa (puc. 8.20). ITporouupo-
BaHMe 3TOM aMHMHOIDYMNbl CTabWIH3MpyeT
aKTHBHYIO OPMY XUMOTPHIICHHA, O YEM CBH-
JIETENbCTBYET XapakTep 3aBHCUMOCTH depMeH-
TaTHBHOH aKTHBHOCTH oT pH.

3. DTO 3/1eKTPOCTATHYECKOE B3aMMOJIEH-
CTBHE MEXAY MNOJIOKHTEIBHO 3apSXeHHOM
AMMHOTPYNIION H OTPULIATEIbHO 3apKEHHBIM
KapOOKCHJIaT-HOHOM, MPOMCXOASIIEE B HEINO-
JApHOM o6nacTv ¢epMeHTa, 3anmyckaer psja
KOHQOPMALMOHHBIX CABATOB. MeTHOHMH-192
U3 rJIyOMHBI MOJIEKYIbI NIepeMelaeTcs 6mmke
K MOBEPXHOCTH, a ocTaTkH 187 1 193 ctanossaT-
ca Gosiee BHITAHYTHIMU. B pesynnTate 06pa-
3yeTcs cybecmpam-cneyuduuHsiii yuacmox nns
ApOMATHYECKUX M OOJIBIINX  HEMOJISAPHBIX
rpynn. OfHY CTOPOHY 3TOTO y4acTKa COCTAB-
JISOT ocTaTKu OT 189 no 192. B npogpepmenme
IMa noaocmsv 048 C6A3bI6AHUA Yacmu cybempa-
ma copmuposana He noanocmoio.

4. Terpasnpuyeckoe MePexoaHOE COCTOS-
HUe, BO3HHKAIOIIEE NPH KaTanan3e XHMOTPHII-
CHHOM, CTabMIHM3HPYeTCS BOAOPOIAHBIMH CBSi-
35MH  MEXJy OTpHIATENBHO 3apSHKEHHBIM
4TOMOM KHMCJIOpOJa KapOOKCHJILHON TIpyNmbl
u nsyms NH-rpynnamu camoii nonunentui-
HOM nenu (puc. 8.17). B xumoTpuncunorene
onHa u3 3tHx NH-rpynn pacnonoxena Ttak,
4TO HEJOCTyNHa Ans ces3eiBaHus. Clemosa-
TENBHO, 8 3UMO2€He U NOAOCMb OKCUAHUOHA 00
KoHya He copmuposana.



Aynn—cepwent
(NPOMEXYTOUHLIN NPORYKT)

Tetpaappnueckoe
NePeXOAHOS COCTORHKE

Kucnotusin
XOMNOMEONT cybGcTpara
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Puc. 8.19.  Bropoii 3Tan ruaposnu3a nenTu-

a XUMOTPHICHHOM —deayuiu-
posanue. Aunii—oepMeHT (npo-
MEXYTOYHBIA MPOAYKT) THAPO-
Jjiu3yeTcs BOAOH. JlealluyiupoBa-
HME MO CyNIECTBY IPEACTABJISET
co60ii peakLuio, 0OpaTHYIO alu-
JUPOBAHUIO, HO HA MECTO aMHH-
HOTO KOMIIOHeHTa cybcTpara
cradosutca H,O.

5. KoHpopMalHOHHBIE CABUTH B OCTAIBHBIX
4aCTAX MOJIEKYJIbl OYEHb HE3HAYMTENbHBL. Ta-
KMM 00pa3oM, «8KatoueHue» depmenmamueHoil
akmusHoCcmu ¢ DeiKe ocyujecmeasiemcs nymem
OMOebHbIX, CMPO20 A0KAAUZ0B8AHHBIX KOHPHOP-
MAYUOHHBIX COBU208, 3ANYCKAEMBIX 2UOPOAUIOM
8ce20 Auutb OOHOU nenmudHOll CEA3U.

8.11. Tpuncun n 31acTa3a: BapRaLHA HA TeMy
Tpuncun u 3jacTa3’a CXOOHBI C XUMOTPHIICH-
HOM BO MHOTUX OTHOILUCHHUSX.

1. Bce Tpu depMeHTa CEKpeTUPYIOTCS NOA-
KeJTyTOYHOH XKeyie30i B BUIAEC NMPOGEPMEHTOB
Y aKTUBHUPYIOTCA NMyTeM DACIUCIIICHUs OIHOM-
€IUHCTBEHHOH MENTUAHON CBA3K. Bo3nukaro-
IIasi Ipd 3TOM KOHIEBAas aMUHOTpyMNNa 3aru-
faeTcs BHYTPb MOJIEKYJIBI M 3JIEKTPOCTATHYE-
CKH CBSI3BIBA€TCS C KapOOKCUIIaT-HOHOM acnap-
Tara-194.

2. HocnenoBaTenbHOCTh PacrnoNoXKeHUs
okoJ0 409, aMMHOKHCIIOT B 3THX TpeX (depMeH-
Tax MOEHTUYHA. J719 aMMHOKUCIIOTHBIX OCTAT-
KOB, JIOKQJIM30BAHHBIX BO BHYTPEHHEH YacTH
MOJIEKYJIbl, CTENIEHb WIEHTHYHOCTH €ILE BHILLE.

3. ®Topodocdharte, B uactHocTH [IUDPD,
uruubupyioT Bce Tpu dpepmenta. [lonobuo xu-
MOTPHIICHHY, U TPUIICHH, U 3J1aCTa3a COAEpPXaT
B aKTHBHOM LIEHTPE OCTaTOK cepuna. boiee To-
ro, BO BCeX Tpex pepMeHTax OJHHAKOBA MOCIe-

11-665

JOBATEJIbHOCTh aMMHOKHCIIOT, OKPYXAFOLIMX
CepHH: :

Gly-Asp-Ser-Gly-Gly-Pro.

4. Tlpy peHTreHOCTPYKTYPHOM aHaju3e Obi-
JIO BbISIBJIEHO 00JIBIIOE CXOACTBO TPETHYHOM
CTPYKTYpHI 3THX Tpex ¢epmenToB (puc. 8.21).
B a;acTa3e H TPHUIICHHE, KaK U B XUMOTPUIICH-
He, IMEEeTCA CUCTEMa IepeHoca 3apsiaa, a Tak-
Xe MOJOCTh OKCHAHMOHA.

5. MexaHM3M KaTaJIWTUYECKOro [EHCTBHUS
BCeX Tpex pepmMeHTOB MOUTH OAUHAKOB. VX 3¢-
(GEKTHBHOCTH B KQU€CTBE KaTanu3aTopoB obec-
NEeYUBAETCA TEM, 4YTO OHU CTAOMIU3UPYIOT
nepexoaHoe coctosiHue peakuuu. ITonocTe ok-
CHaHHMOHA M CUCTEMa NepeHoca 3apaaa —3To Te
CYLIECTBEHHO BAXHbIE CTPYKTYPHBIE 3JIEMEHThI
KaXxaoro u3 ¢GepMEHTOB, KOTOpbIE CIOCOO-
CTBYIOT OOpa30BaHHIO TETPAIIPUYECKOIO NPO-
MEXYTOYHOTO COEIMHEHHS.

Byny4u cCXOQHBIMH IO CTPYKTYPE U MEXAHU3-
My AEHCTBHS, 3TH HEpMEHTHI MOPA3HTENLHbIM
00pa3oM pa3NM4aloTCs MO CHEMQPUYHOCTH.
Cy6cTpaT XMMOTPMIICHHA JODKEH UMETh apo-
MATHYECKYIO0 WM OOoJbIIyio HEMONsApHYyIO 6O-
KOBYIO Lenb. [na TpuncuHa TpebyeTtca cy6-
CTpAaT, COnepXaluil TU3uH unu apruiud. Hu
ONMH M3 3TUX CyOCTpaToOB HE NPUTOACH AJIf
9/acTa3pl, NPOABJIAIOLICH  CHEUHPUYHOCTH
B OTHOLUCHHUH HEOOJIBIINX HE3APSHKEHHBIX 0O-
KOBbIX Hened. Kax mokasan peHTreHOCTpYyK-
TYpHbIH aHaNu3, 3Ta pasHUUa B cnenuduyHo-
CTH paccMaTpuBaeMbix (epMEHTOB 0OycnoOB-
JIeHa OYeHb HEGOJbIIMMH CTPYKTYPHBIMH pas-
JIMYMSIMH Y4acTKOB CBfA3bIBaHHMs CyOcTpaTa
(puc. 8.22). B XxMMOTpHIICUHE apOMaTHYECKHE

8. AxTHBaumu npodepmenton 161



LIME KAPMaH B XUMOTPUIICHHE, B 3J1aCTa3e 3a-
Asp-102 MEHEHBl OCTATKAMHM BAlMHA W TPCOHHHa,
MMCIOLLMMH 3HAYUTEJIBbHO GOJIbIIME pa3MephI.
CTpykTypHBle H3MEHEHHUS, IPOMCXOMSIIME
IIpH aKTHBAllMK TPHIICUHOI€HA, HECKOIBLKO OT-
JIMYAIOTCS OT U3MEHEHUH, CBA3AHHBIX C aKTHBA-
UMEH  XMMOTPHICHHOTeHAa. PeHTreHocTpyk-
Hi TYPHbIE MCCJIENOBAHUS, NIPOBEAECHHbIC HE3ABH-
i1s-57
cumo  PoGeprom Xwviobepom u PobGeprom
Ctpoyaom (R. Huber, R. Stroud), rnokasarnu,
YTO NpPH AKTHBAUWK TPUNICHHOIEHA MpPOUCXO-
DAT 3HAYUTE/IbHBIE U3MEHEHNs KOHopMaluu
YETBIPEX NPOTSHKEHHBIX OTPE3KOB MOJIHIENTH-
Aa, COCTaBIFIOILMX NPUMEPHO 15% MoJTeKy bl
Omu obaacmu, naseannvie domenamu akmuga-
Yuu, He umeriom ycmou4ugolt cmpykmypol 6 npo-
pepmenme, no npuobpemarom cmpozo onpeoe-
Aennylo Kongopmayuio 8 mpuncune. Kpome
TOTO, MOJIOCTb OKCHAHHOHA B TPUIICHHOIEHE
VG|y.1 93 pacrnojiokeHa CHAMIIKOM Jajeko OT THCTH-
MHa-57 1 IO3TOMY HE MOXET Croco6CTBOBATE
" 06pa3oBaHKIO TETPa3IPHYECKOro TpoMexy-
TOYHOIO COC/IMHEHHS.

Ser-195

8.12. Mnruéutop nankpeatHdeckoro TPHICHHA
NPOYHO  CBH3LIBAETCH B AKTHBHOM lEHTpe

Puc. 8.20.  Oxpyxenue acnaptaTta-194  rpuncuna
Y M30JIeHLIMHA-16 B XUMOTPHUIICH-  Perynsiuns ak TMBHOCTH MAHKPEATHIECKHX TPO-
He. DJIEKTPOCTATHYECKOE B3aM- TEHHA3 OCYILUECTBIISETCS ABYMS Pa3JIMYHBIMH
MOICHCTBUE MEXIY KapOOKCH- MyTsMH. Mepsbiit ~ npespawenyne npodepmen-
JaT-HOHOM  Asp-194 (KpacHEI) Ta B aKTHBHYIO NpOTEUHA3y NyTEM pacIuernJie-
u a-NH,-rpynnoii Ile-16 (cuuss) Hus 0aHOH MenTHAHON CBS3M. DTO oueHb
UIPACT BAXHYIO POJIb B KATAIM- TOYHBLIH MEXAaHH3M «BKJIIOYCHHS» depmenTa-
THYECKOH aKTHBHOCTH XHMMO- THBHOM aKTHBHOCTH, OIHAKO OH HeobpaTtum, u,
TPUNICHHA. DTH TPYNNBI PACllo-  CEAOBATENBHO, IS OCTAHOBKH npoTeosu3a
JIOKEHBI B HEMOCPENCTBCHHOH  JIOJDKEH CYLIECTBOBATH BTOPOI PerynsTopHbIi
O1M30CTH K CHCTEME MEpPEeHOCA  MEXaHH3M. DTy QYHKUHIO BHIMONHAIOT CIELU-
sapsina. [Blow D.M., Steitz T.-y duueckue MHIMOUTOPBI MpoTenHas. Hanpumep,
A., X-ray diffraction studies of \ namnkpeamuueckui uHzubumop mpuncuna, 610K
enzymes, Ann. Rev. Biochem., 30, | maccoit 6 x/la, UHTHUOMPYET  aKTHBHOCTB
86 (1970).] TPHIICHHA, OYEHb IIPOYHO CBA3BLIBAACH C €r0 aK-
TUBHBIM LEeHTPOM (puc. 8.23). Koncranrta muc-
1 6ONbIIME HEnoNApHbIE GOKOBLIE uend cy6-  colManuu Kommekca cocTasiser 10713 M,
CTpata pasMeIlAIOTCS B HEMONSPHOM KapMaHe. 4YTO COOTBETCTBYET CTaHIAPTHOH cBOBOaHOM
B Tpuncune uMeeTcs Takoi xe KapMaH, OT/IM-  SHEPrMU CBA3LIBAHUSA MPUMEPHO
YAKOIUHACS, OJHAKO, OT HenonspHoro kapmana — 18 x/la/moab. IlpuMeuatenchHas ocobeu-
XHMOTpHUICHHA 3aMEHOW OIHOTO OCTaTKa— HOCTb 3TOTO B3aUMOJEHCTBHS COCTOUT B TOM,
BMCCTO CCPHHA CTOMT acmapTaT. ITOT acnmap-  4TO KOMILIEKC He AUCCOUMMpPYET HU B § M pac-
TaT B HCMOJNSPHOM KapMaHe TPUIICHHA 0Opa- TBODE MOYEBMHBI, HU B 6 M FayHUIHHTHAPO-
3YCT IPOYHYIO 3NICKTPOCTATHYECKYIO CBsi3b  XJIOpHae. Mexay TeM stu [ICHAaTypHpyroIue
C MIOJIOKHTEIBHO 3aPKCHHBIMU GOKOBBIMH 11e-  ATE€HThI IPAKTHYECKH BCET/Ad BBI3LIBAIOT AHCCO-
TIAMM JIM3UHA WIK aprUHUHA Cy6cTpaTa. B sja-  LMALMIO OJIMrOMEPOB GeNka Ha COCTABSIONIHE
CTas3€ XE€ HET TAKOro KapMaHa 1 cyGerpata, CyObenuuunel. Takas YAMBUTEIBLHAS CTAOUIIB-
TTOCKOJIbKY NBA OCTATKA IJIMIIMHA, BBLICTUJIAIO- HOCTh paccMaTpUBAEMOro KomiIuiekca obbsc-
HSAETCA TEM, YTO HHTUOUTOP TPUIICHHA SABJIAET-
Yacrs 1 Cs1 O4eHb 3Q(HEKTUBHBIM aHATIOTOM CyBCTpaTa.
162 Kondopmams n qunamuxa PenTreHoCTpyKTYpHBIT aHaU3 noxKasaj, 4To



A XumoTpuncun

CpaBreHue KOH(pOpMaLMH OC-
HOBHOM LIEMYM XUMOTPHUIICHHA (A)
4 onacrassl (B). Jlokanuzauus

Puc. 8.21.

CHCTEMBI  MEpeHoca  3apsga
(octartku 102, 57 u 195) u a-amu-
HOIpYNIbl OCTaTKa 16 BpLIEIEHA
BETOM, 4TOObI MOJYEPKHYTh
CXONCTBO CTPYKTYPBI 3THX dep-
menToB. (Hartley B.S., Shotton
D.M. In: The Enzymes,
P.D. Boyer, ed., 3rd ed., v. 3,
Academic Press, 1971, p. 362)

60KoBag 1enb JU3MHa-15 B MosieKyne UHIHOu-
TOpa coeauHseTCa ¢ GOKOBOM LIENbIO acnapTa-
Ta B cybcTpaT-criedpUYHOM KapmaHe ¢ep-
menTa. KpoMe Toro, Mexay noauMnenTHIHbIMA
uensMd ¢epMeHTa M MHrUOMTOpa BO3HHMKAET
60JIbLLIOE YHUCIIO BOOOPOAHBIX cBA3el. OHu pac-
0JIaraloTcsA TaK e, KaKk BOAOPOJHBIE CBA3K
Mexay GEpMEHTOM ¥ MCTHHHBIM CybGcTpaToMm.
Ho uTo camoe riaBHoe —kapOOHUJibHAS TPYII-
a JIM3MHA-15 U OKpYXaFollUe €€ aTOMbI HHTH-
OuUTOpA MJIOTHO BXOAAT B I10JIOCTh OKCHAHHOHA
B pepmenTe. OTHAKO BECh KOMILJIEKC Kak 6yaTo
3aCThIBACT HA 3TOM IIPOMEXYTOYHOM ITane Ka-
TaNK3a — BUAMMO, [OTOMY, YTO THCTUAMH-57
(bepmeHnTa, GyyuH HEMOABUXKHBIM, JIMILIEH BO3-
MOXHOCTH NepeOPOCUTL NPOTOH HA aMH/HBIA
a30T uHruburopa. IlenTuaHas cBA3b MEXIY
JIM3UHOM-15 ¥ ananuHOM-16 B MaHKpeaTHye-
CKOM MHIHOMTOPE TPUIICHHA PACILETIIIAETCS, HO

1*

b Onacrasa

¢ KpaitHe Maioit ckopocTeio. [lepuoa noJy-
KU3HM KOMILIEKCA TPHUIICHH — MHTUOUTOD €O-
CTaBNfAe€T HECKOJILKO MecsiueB. Hnzubumop
o06.aadaem o4eHb 8bICOKUM CPEOCMEOM K mpun-
CUHY 8 cuay noumu udedibHoil Komniemenmap-
HOCmMU €20 CMmpyKmypbl aKmueHOMY YeHmpy
mpuncuna. OrpaHuveHHas NOJBUXHOCTbH KOH-
dbopmalu MHTUOMTOPA B YYacTKE €ro CBA3BI-
Banus ¢ GepMeHTOM GIOKHPYET IIPOLIECC KATa-
JIM3a M [PUBOIUT K MCKJTIOYMTENBHO BBICOKOH
MPOYHOCTH KOMILJIEKCA C TPUICHHOM.

8.13. /IuBeprenTnas H KOHBEpreHTHast
IBOJIIOLMA CEPHHOBBIX MPOTEHHA3
XHMOTPUIICHH, J1aCTa3a U TPUICHH 06J1afaroT
B LIEJIOM CXOJIHO# MOCJIEI0BATENbHOCTBIO AMH-
HOKHMCJIOTHBIX OCTaTKOB, NNOCKOJIbKY OHH BO3-
HMKJIM U3 ob1ero npeauiecTsenHuka. 'en dep-
MEHTa-NPEeIIECTBEHHUKA, [O-BUAUMOMY, He-
CKOJNIbKO pa3 yaBauBajics. B pesyabrate
NOCIEAYIOUIMX MYTAlUA 3THX I€HOB MOSBH-
JIMCh B KOHIE KOHIOB COBpEMEHHbIC ¢ep-
MeHThbi. BO3HUKHOBEHHE Pa3IUYHON crieuupuy-
HOCTH B XO/I€ MYTalUi T€HOB, IPOU3OMIEAIINX
OT OOIIero MpeaiiecTBEHHUKA, NPEACTaBILET
co00ii TpoLECC OUBepP2eHMHOI I60AOYUU.
CpaBHHMBast XMMOTPHIICHH ¢ 6aKTepUaIbHBIM
(hepMeHTOM CYOTUIIM3HHOM, Mbl CTAJIKHBAEMCH
€ 3BOJIFOLMOHHBIM TIPOLIECCOM IpYroro THIIA.

8. AxTHBaiMs npodepmeHTOB 163



Xumorpuncun

Asp
0\\C 07

Tpuncun

Val\' /Thr

Onacrasza
Ovuenp ynpoureHHOe u306paxe-
HHE y4acCTKa CBSA3LIBaHHSA CY6-
CTpaTa B XMMOTPHIICHHE, TpHII-
 CHMHE M 3JacTase.

Puc. 8.22.

CyOTHIM3MH —3TO TakXke CcepuHOBas npore-
uHa3a. OHAKO NOC/IE0BATENBHOCTH AMHHO-
KHCJIOT B XHMOTPHIICHHE M CyOTHIM3HHE CO-
BCPLUCHHO DA3JIMYHBI, YTO YyKa3blBacT Ha WX
HE3aBHCHMOE TOSIBJIEHHE B IIPOLECCE IBOJIIO-
uui. Hampumep, B Mostekyne XxuMoTpuricuHa
UMEETCS MATb AUCYJIbGUAHBIX MOCTHKOB, TOT-
Aa Kkak B Cy6TunusmHe —uu oanoro. IMocneno-
BATEIBPHOCTE AMHHOKHCIIOT BOKDYT CEpHHA
B aKTHUBHOM WEHTPE CYOTHIM3MHA M XUMO-
TPHIICMHA HUMEET CNeAYIOUIMIA BHL:

-Gly-Thr- Ser *Met-Ala-Ser B cy6runusune

-Gly-Asp- Ser Gly-Gly-Pro 8 xumorpuncune

COBepILIEHHO Pa3/IHYHBI TPEXMEPHbIE CTPYK-
Typbl 3THX ¢epmenToB. Tem 6Gonee ymuBu-
TENILHBIM OKAa3aJI0Ch COOOIUEHHE O TOM, YTO

8 cy6mu/1u3une umeemcs cucmema nepenoca 3a-
pm)a, COCTOAILIANA, KAK U B XHUMOTPHIICHHE, U3

Yacrs 1

164 Kondopmamms u aunamuxa

WUnrnuburop
Lys-15

0\\ /O‘

i
"

Asp-189
Tpuncun

Puc. 8.23.  OcHoBHO# meMeHT B3auMoeii-
CTBUA IAHKPEATHYECKOTO WMHIH-
OuTOpa TpHNCHHA ¢ TPHUNCHHOM
COCTOUT B OOpPa3OBaHUM 3yeK-
TPOCTATHYECKON CBA3H MeEXIy
JIU3MHOM-15 mHrubuTOopa M ac-
naprarom-189 depmenta. Kpo-
Me Toro, —NH7J -rpynna nusu-
Ha-15 coeaMHsETCs BOAOPOIHOI
CBA3bIO C HECKOJILKMMH aTOMa-
MH KucJopoaa B cyberpat-che-
IMPUIHOM KapMaHe MOMNEKYJIbI
TPUIICHHA.

OCTATKOB aCMaparuHOBOM KUCIIOTHI, THCTHANHA
U cepuHa. bosiee Toro, B cy6TUNIN3NHE MMeeTCs
MOJNOCTE OKCHAHMOHA, CTaGUIM3upyIOmas Te-
TPa3ipUYECKOe MPOMEXYTOYHOE COETHHEHHE.
CX0AcTBO CHCTEMBI IepeHOoca 3apsa, I0IOCTH
OKCHaHMOHA M MEXaHU3Ma KaTayju3a B ciyyae
CYOTHJIM3MHA M XMMOTDHIICHHA —3TO MOpPA3U-
TEJILHBIA TIPUMED He3asucuMmoii, Komeepzenm-
HOll 380110y uYU HA YPOBHE MOJIEKYT (DEPMEHTOB.
ITouemy He3aBHCHMbIE, MapaIeNbHbIE IBOJIIO-
LIHOHHBIE IPOLIECCHI NPUBENIH K OOHOMY U TOMY
XK€ PELICHUIO B TAKHX Pa3HbIX CJy4asx, kak ce-
PHUHOBBIC NPOTEMHA3Bl IOKEIYIOYHOH Xe-
JIE3Bl TIO3BOHOYHBIX U 6akTepUanbHbINA CyOTH-
masun? Kak onuceiBaetcs nanee (pasn. 8.16),
CYIHECTBYET, MO-BUAWUMOMY, JOBOJIBHO MAJIO
CIOCOGOB paclLIerUIeHdss MENTHAHBIX CBS3eil.
W3yyeHne HECKONBKUX COTEH NpPOTEONHTHYE-
CKMX (DEPMEHTOB MOKA34J10, 4TO HMeeTCH, OLITh
MOXET, TOJIbKO YEThIPE OCHOBHBIX THIIA MeXa-
HU3MOB MIPOTEOJIM3A U YTO CEPHHOBBIE NPOTe-
MHA3Bl PacnpocTpaHeHbl Haubosee LIMPOKO.



8.14. Koop/HupoBaHHas aKTHBAUMA NaHKpea-
THYeCKHX npodepmeHTOB

Pacmensnenne GenkoB B ABeHaqUATHIEPCTHOM
KHLIKE TPeOyeT 0IHOBPEMEHHOT O [IEHCTBUS He-
CKOJIBKHX MPOTEOMTHYECKUX (EPMEHTOB, MO-
CKOJIbKY KaXIbli U3 HUX crienuduyeH B OTHO-
[IEHHH OrPAHUYEHHOrO YUC/a OOKOBBIX LiEIei.
CrenoBatenbHo, Bce NpoGepMEHThI JOJDKHBI
[peBpaIlaTbC B aKTHBHbIE GEPMEHTHI B OHO
U 10 X)e Bpems. KoopaHHUpOBaHHbBIH KOH-
TPOJIb MPOLIECCA AKTHBALHWH JOCTUIAETCS TEM,
umo 044 6cex NAHKpeamuuecKux npogepmen-
M08 — TPUNCHHOTEHA, XHMOTPHIICHHOrEHA, IPO-
9J1aCTa3bl ¥ MPOKAPOOKCHNENTUAASI — UMeem-
cs 00un obupuit akmusamop —mpuncun. OTKkyna
K€ 6epeTcs I0CTATOUHO GOJIBIIOE KOITHYIECTBO
TPHUIICHHA, HEOOXOIMMOE /Il AKTUBAlMK ITHX
npopepmenTOoB? [IeJ10 B TOM, YTO KJIETKH, BbI-
CTUJIAOLIME JIBEHAAUATHIIEPCTHYIO KULIKY, CE-
KPeTUPYIOT GEepMEHT s3numeponenmudasy’, xo-
TOpas MO Mepe MOCTYIUICHHS! TPHUIICHHOI €HA
B [(BEH4AUATHNEPCTHYIO KMIIKY [MAPOJM3YET
B HEM MNENTHAHYK CBA3b JIM3UH — U3OJEHIIUH.
Ob6pa3yrolieecs npu 3ToM HeGOIBLLIOE KOJINnYe-
CTBO TPMICMHA AaKTHBUPYET TPHIICHHOICH
1 japyrue npodepmeHThl. Takum 06pa3oM,
0bpazosanue mpuncuna nod deiicmsuem Hime-
ponenmudasel  3man aKMuUGAYUU AKMUBAMOPA:

Val—(Asp)f—- - lle—Val—~

TpuncuHoreM
l Jureponentugasa
val—(Asp),— ] lle—Val—-
Tpuncun

8.15. Ilpexnespemennas akTuBauma npodep-
MEHTOB MOXeT IIPHBOIHTH K JICTAALHOMY HCX0-
Iy, B 4aCTHOCTH NMpPH NAHKPEATHTE
CylecTByeT MHOXECTBO MyTeil 3allMIbl MOJ-
HKEIYTOUHOR XeNe3bl OT NPOTEOJIMTHYECKOTO
ACACTBHUsL CHHTE3HPYEMBIX €10 (PepMEHTOB.
IIpexne Bcero Bce naHkpeaTHueckue Gep-
MCHTHI, TUAPONU3yIoumiMe Oe/ik¥, CHHTE3U-
PYIOTCS B BHIAE HEAKTHBHBIX NPOYEPMEHTOB.
Hanee, B kJ1€TKaX 1101KeNYAOUHON KeTe3bl OHU
Haxo[sTCs B TPaHyJiaX, OKPYXEHHBIX HEIKOBO-
unnason Membpanoit. Eule onna mepa 3a-
IIUTHI ~ IPUCYTCTBUE B CEKPETE MOJDKENYH0U-
HOM xene3bl uHrubuTopa (pasza. 8.12), unaxTu-
BUDPYIOLIErO T€ HEOO/BLINE KOJIMYECTBA TPHII-
CHHY, KOTOPbIE MOTYT B HeM OK43aThCH.

! Drot depMent 6su1 otkperT H.I1. Menopansuu-
KOBBbIM W OTTHCAH MM B JIHCCEPTAUMH «DUIHONOIHS
KHIIEYHOro coka», H3aaHHoi B 1899 r. Brnocneu-
CTBUM (epMeHTy GbLIO NaHO Ha3BaHHE «(IHTEPO-
KuHa3a» — ITpum. peo.

AsexHaguaTunepcrTHan
KUwKa

MpoTok nog»enygoYHown
xenesbl

XKenuHbwt NpoTtok

MecTo BNageHnuA npoToKos
CxeMaTHueckoe  n300pakeHue
NOMKETYIOYHOM keJie3bl M ee
CBSI3M C TOHKOH KHIIIKOM.

Puc. 8.24.

[Momxenynounas xemne3a CEKpeTUPYET TAKKe
nuna3zel. OHA U3 HUX, @ UMeHHO docdonunasa
A, cuHTe3upyercs B Buie lpodocdonnnassl
A,, KOTOpas 3aTeM aKTUBUPYETCS TPUIICHHOM.
Hdpyrue ¢depMenTbl, pacLUCIISIOINAE KHPBI,
MPOSBISIOT AKTHBHOCTh B IPUCYTCTBUH COJIEH
METYHBIX KHCJIOT, HOCTYHAIOMX B JBCHAALA-
THIIEPCTHYIO KHUILUKY K3 reyeHu. JlelcTBHe ITHX
CTCPOH/I0B COCTONT B TOM, YTO OHM COJIHOOWI1M-
3UPYIOT TMHUIALL, TEM CAMBIM Jedds UX JIO-
CIYIHBIMH AN ()ePMEHTATUBHOIO paclilei-
JeHust Juuasamu.  JKenub  CHHTE3WpyeTcs
B INCYCHH, HAKAIMTHBACTCs B XKECJIYHOM Ny3bIpE
M M3 HEL O BbLAC/IAETCH B /IBEHAIUATHIEPCTHYIO
KHLUKY, rac BMecCTe C MAHKPEATHYCCKUMHU JIH-
laszaMHu Y49acTBYET B PaclUCIICHUH KHPOB.

CymecTByer 1sKcioe, HHOTAA CO CMeEp-
TeNBHBIM  MCAOZOM, 3aboJieBaniue - ocmpelit
nankpeamum. Bonesnn 3Ta xapaktepusyercs
NpexncOespeMertol  akmusayueli npomeoAumu-
HeCKUX U UnoAUMuUdeckUX hepratenmos nooxce-
Ayoounon xee.esol. [Ipu nankpearnte 311 dep-
MEHTbI IIPOSABIKIOT AKTUBHOCTb, €LIE HAXOAACh
B CAMOM NOAKENYA0YHOM Kerese. B pesynbra-
T€ MPOUCXOAMT pa3pylLIeHUC TKAHH KeJIe3bl
M CTEHOK HIPOHH3BbIBAIOLINX cc cocyaoB. [Ipu-
YHHOH OCTPOTrO MN4HKPCATHTA MOXET OBITh
TpaBMa alMHApHON TKAaHH.

8.16. OcHosHble THNLI NPOTEOIUTHHECKHX (ep-
MEHTOB — 3TO CEPHHOBLIE POTEHHA3LI H KAPOOK-
CHIIPOTEHHA3 L

Ho cux mop Mbl paccMaTpUBaiM OBa Kiacca
NPOTEOJIMTUYECKUX (PEPMEHTOB, a HMEHHO
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Puc. 8.25.  CrpykTypa KHCJIOH MpOTEHHa3bI
u3 1ieceHu Rhizopus. [Toka3anbl
Q-YIIepoaHble  aTOMBL.  Ak-
THMBHBIA HEHTP PAclOJIOKEH Me-
XAy ABYMSI HOJIIMH MOJIEKYJIBI
BO BMNajJHHE, Il€ pa3MeIaroTcs
8 AaMMHOKMCIOTHBIX OCTATKOB
cyoctpara. [lencun uMmeer oveHn
CXOIHYIO CTPYKTYpy. [Subrama-
nian E., Trends Biochem. Sci.,
3, 2 (1978).]

YuHKCOOepxHcawue npomeurassl (Ha MpUMepe
kapbokcunenTuaassl A —cM. pasa. 7.8) u cepu-
Hosble npomeunasvl. llMpoko pacnpocTpanena
TaKxXe rpynna muo41o8vix npomeunas. Tak, B na-
nauvHe, NOJy4YaeMOM H3 Mamaiu, B aKkTHBHOM
HEHTPe UMeEETCS IUCTENH, POJIb KOTOPOTO aHa-
JIOTUMHA POJHM CepuHa-195 B XHMOTPHIICHHE.
Kartanus nananHoM npotekaer 4yepe3 obpa3o-
BaHHE THO3(dHUpaA B KaueCTBE NPOMEKYTOYHOTO
COCIMHEHHS; B KAaTaJW3e y4acTBYET pacroJio-
KeHHas BOJM3M OokoBas Lenb T'MCTHIMHA.
Jpyras Gossllas rpymna mpoOTEOJHTHYECKHX
(hepMeHTOB BKJIIOYAET KapboKcunpomeunaswl,
WIM, KaK MX €UIe Ha3bIBAIOT, KUC.1ble npome-
UHa3bl, TTOCKOJNBbKY OONBIIMHCTBO M3 HHMX aK-
THBHO TOJILKO B KHCJIOH cpene. Haubonee u3-
BECTHBIH MPEACTABUTENb 3TOH TpPYIIbI—hen-
CuH, TJIaBHBIH MPOTEOJUTUYECKMIT (epMeHT
xeaynouHoro coka. IlencuH Mon. Maccoii 34,6
xJla obpasyercs u3 nencuHoreHa (mpodep-
MEHTa) MyTeM oTilenjaeHuss N-KOHIEBOrO Men-
THAA, COCTOSIIErOo U3 44 aMHHOKHCIOTHBIX
OCTaTKOB. JTa aKTHBauMs JIHOO MPOUCXOAMUT

Yacms |
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croHTanHo (npu pH 2 u Huxe), 1460 KaTanU3u-
pyeTcs NencuHoM. B utore nencuHoreH, cekpe-
TUPOBAHHbIH B MOJIOCTH KXKeNyAka, MpeBpa-
IAETCS B IMENCHH B TEYEHUE HECKOJILKHX
CeKyHll. B axTMBHOM neHTpe nemcuHa comep-
XaTcs /1Ba ocTaTka acnaptara. Jis mposisiie-
HHS PEPMEHTATUBHOM aKTMBHOCTH OIUH OCTa-
TOK acCrnapTaTa J0JDKEH HAaXOIMThCS B WOHU-
3MpOBAHHOM, /JPYroii—B HEUMOHU3UPOBAHHOM
¢dopme; ato ompemenser ontumym pH s
nerncuHa —Mexay 2 v 3. CXoanble 1o CTPYKType
4 (EPMEHTATUBHBIM CBONCTBaM KapBOKCUIIPO-
TerHa3bl OBbLIM BBIIENEHBI M3 JIM30COM, OCY-
LIECTBJISIOILUX BHYTPUKJICTOYHOE pacllerie-
Hue (pasg. 20.8), a Takke M3 pasIMYHBIX
niecHeBblx rpubop (puc. 8.25). Bce xkapbo-
KCHUINENTUAA3bl UHTHOUPYIOTCS nencmamumom
(aHaIOroM reKcanenTHIHOrO IEPEXOAHOTO
POMEXYTOYHOTO COEIMHEHHST), 100aBJIEHHbIM
B OYEeHb HM3KHX KOHIEHTpauusx (mopsaka
10710 M).

8.17. CeprbiBaHHe KPOBH KaK KACKA/[ peaKuHii
AKTHBaUMH npodepMeHTOB
AxTuBanus OeNKa-peIIIeCTBEHHUKA IyTeM
pa3pbiBa NENTHAHOH CBA3U —3TO OOUH H3 OC-
HOBHBIX CIOCOOOB DEryJIsIlMH, CBOWCTBEHHbIH
pa3iauyHbIM OuonormdeckuM cucremam. Ceid-
4ac MBI PacCMOTPUM pOJIb aKTUBAIUHU IIPO-
(epMeHTOB npU  OOpa3sOBaHUH KPOBSHOIO
CrycTKa, MpeICTaBIfrolEeM coOoH OanH u3
TpeX MEXaHU3MOB remMocTasa. Jlsa Ipyrux cro-
coba peryJsiuu —3T0 OBICTpOE CyXEHHE MOo-
BPEXIEHHOT 0 cOCyla M arperanus TpomMOoLu-
TOB Ha €ro CTEHKE JUNISl 3aIUThI [IOBPEXAEHH O
MOBEPXHOCTH COCY/a.

Ob6pazoBanye KPOBSIHOI'O CTYCTKA IIPOMCXO-
JMT B pe3yjbTaTe LENM MNOCIEIOBATENbHBIX
NpeBpAIEHUH, OCYLIECTBIISEMBIX IPU YYaCTHUH

MycKOBOM MeXaHnam: MyCKOBOW MEXaHU3M:
KOHTaKT

C aHOManbHO®

nospexgeHve

TKaHW
NOBEepXHOCTHLIO

N v
BHYTPOHHHA \ / BrHewHuN

MEXaHH3IM MeXaHUIM
OGWMNA MOXAHWUIM
®uOpKRHOBLIA CryCcTOK
Puc. 8.26. B oOGpa3oBanue cryctka ¢ub-

pHMHA BOBJIEKAETCS B3aUMOJEH-
CTBME TPEX MyTEH NMpeBpalLlCHMIA.



Puc. 8.27.

Puc. 8.28.

460 A
CxemaTtuueckoe  u3obpaxeHue
MoJIeKybl  ¢UOpUHOTEHA HO

[aHHBbIM JIEKTPOHHOH MHUKpO-
CKOITUH.
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DeKTpOHHas  MuKpodoTorpa-
¢us mMonuduuupobanHoro ¢u-
O6puHorena, obnagarouiero ymo-
pANOYEHHOU CTPYKTYpOH. JInuHa
NOBTOPSIOLIEr0Cs  OTPe3Ka 110
OCH BOJIOKHA pasHa 225 A, kak
u B pubpune, (IMewaraercs ¢ mro-
Oe3Horo  paspelleHHs  A-pa
C.Cohen.)

6onee yem 10 pasmumunbix 6enkos. [lopasm-
TenbHAasgs OCOOEHHOCTH 3TOrO IIPOLIECCa COCTOMT
B TOM, 4TO OH BKJItOYaeT B cebs cepuio akmos
akmugayuu npogepmenmos. B 3TOM Kackade
(EPMEHTATHUBHBIX pPeaKIMil aKTHBUPOBAaHHAA
¢dopMa onHOro ¢akTopa CBEPTHIBAHHS KPOBU
KaTaJIM3UpyeT aKTUBAIMIO caeayolero. B cu-
Ny KaTaJMTHYEeCKON NpHponsl mporecca dak-
TOPBL, JeHCTBYIOIIME HA HAYAJIBHBIX JTanax my-
TH, TpeOYIOTCS B OY€Hb MaJIbIX KOJIMYECTBAX.
Ux 3¢dexT ycnnuBaeTcs MHOIOKPATHO Oaro-
Japs GOJIbLIOMY YHCITY HOCJIELYIOIIMX 3TaIloB,
4TO obecrneynBaeT B UTOre OBICTPYIO OTBETHYIO
peakmHio Ha TpaBMYy.

8.18. OGpa3zoBanne KPOBSIHOTO CrycTKa Tpebyer
B3aMMOACHCTBHS ABYX TINOB (pePMEHTATHBHLIX
npeBpaLieH i

B 1863 r. dxo3ed Jlucrep (J. Lister) obHapy-
KWI, 4TO B MCCEYEHHOM sipeMHOil BeHe Obika
KPOBB OCTaeTCs XUIKOH, TOr1a KaK B CTCKJISH-
HOM MOCyJe OHAa HEMEIJIEHHO CBEPTHIBACTCS.
CONpHKOCHOBEHHE C HEMPHPOJHOH TOBEPX-
HOCTB}O TIPUBOAWIO K BBICBOOOXIEHHIO KOM-
IIOHEHTOB, HCXOHO NMPUCYTCTBOBABILNX B KPO-
Bi. COOTBETCTBEHHO 3TOT MEXaHHU3M (MyTb)
CBEPTLIBAHMSA KPOBH ObLI HA3BAH 6HYMpeHHUM.
QOnHako ¥ BEIECTBa, B OOLIMHBIX YCAOBHAX HE
NPHCYTCTBYIOIME B KPOBH, TAKXE MOTYT Bbl-
3BaTh CBEpThiBaHue. Tak, npu no6aBleHUH
K Mjaa3Me IKCTPAKTOB MHOTMX TKaHeH, B 0Co-
OEHHOCTH MO3ra, 1IPOUCXONUT ObicTpoe dop-
MHPOBAHHE KPOBAHOTO CrycTKa. DTOT Mexa-
HU3M (yTH) CBEPTHIBAHUA HA3BIBAETCH GHEUL-
HUM.

[Ipu CBEpTHIBAHMM KPOBH BHEIIHMA M Buy-
TpeHHUH MEXaHU3MBbI (IyTH) JEHCTBYOT B3aH-
MoOCBs3aHHO (puc. 8.26). /Ins HOpMAILHOIO
CBEPTHIBaHMS KPOBU HeoOXoMmMbl 0ba Mexa-
HH3MA, O YE€M CBUICTENBLCTBYIOT pPa3IM4HLIE
HapyuieHus cnocoOHOCTH K CBEPTLIBAHUIO KPO-
BM, CBA3AHHEIE C HEJOCTATOYHOCTBIO KAKOIO-
6o u3 Genkos, y4acTBYIOUINX JIMIIb B OJHOM
U3 MEXAHU3MOB. BHellnunii ¥ BHYTpEHHHMH Me-
XaHU3MbI Pa3JIMYatOTCA TONBKO HA HayaJbHbIX
JTanax, a 3aTeM OHU OOBEUHSIOTCS B 00wjuil
nyme, TPUBOASLIMI X 0Opa3zoBaHuto Pubpuno-
8020 czycmKa.

8.19. dubGpunoren npespamaeTcs B  (puOpn-
HOBBIH CryCTOK HOX JeHCTBHEM TpomGuma

Haubonee n3ydeHHEIA Tan npolecca CBEPTHI-
BaHUs —7TO npespaiicHue GubpuHorena B du-
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Puc. 8.29.

OnexTpoHHas
¢us ¢ubpuna. JiuHa nepuona
CTPYKTYDBI 110 OCH BOJIOKHA CO-
crapnser 230 A, T.e. mosioBuHY
JUTMHBI MOJIEKYTbI GUGPHHOTEHA.
(ITewataercs ¢ mrobesnoro pas-
peuienus a-pa H. Slayter.)

MukpodoTorpa-

OpuH mon NEHCTBHEM NPOTEONUTHYECKOTO
depmenta—TpomMOuHa. DuOPHHOTeH OTIIH-
4aeTCA OT PaCCMOTPEHHBbIX paHee GenkoB (Ha-
NpUMEpP OT JIM30LWUMA M XUMOTPHIICHHA) 3Ha-
YUTENBHO OONbLIEH MacCOll ¥ YATMHEHHOCTBIO
¢opmbl. [To TaHHBIM 3TEKTPOHHON MHKPOCKO-
1Y, GuOpUHOreH UMEET BHJ TPEX Y3€IKOB, CO-
€IMHEHHBIX IByMS TsokaMH (puc. 8.27). JInuna
Morexy b —460 A, macca—340 k/la, 4To npu-
MepHO B 10 pa3 60.1b11e MacChl XMMOTPUIICHHA.
DUOPUHOTEH COCTOMT M3 LIECTH MOJMIIEN-
THIHBIX LieTled, KOTOPbIE TONAPHO pa3IesaIoT-
Cs Ha TPH THIIA, TPUYEM IepBasi napa 0603Ha-
yaercst Ao, BTOpas BB u Tperbs 7v.
DubpHHOTEH, JIETKO PAaCTBOPHMBIH 6eok
IIa3Mbl, B pe3yabTaTe MPOTEOTUTHYECKOTO
AelicTBUs TPOMOMHA NpeBpallaercs B Hepa-
CTBOpHMbIH MOHOMep ¢ubpuHa. TpomGun
pacwieniser B QuUOpHHOreHe veTbipe nen-
MuoHble C6A3U MENCOY APZUHUHOM U 2 IUYUHOM.
B pesynbTaTe 3TOrO0 pacmenieHHs BbICBO6O-
XAAlOTCA YeThIpe nentuaa: A-nentun u3 18

Yacts |
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OCTaTKOB OT KaX/10H U3 ABYX o-liened U B-nen-
THA 13 20 OCTATKOB OT KaXAOH M3 ABYX B-lie-
ned. 3Tu A- u B-nentunsi HasvisaroT dubpuno-
nenmudamu. Monexkyna ¢pubpuHOreHa, JIuieH-
Has QuOpuHONENTHIOB, NMpeacTaBiseT coboil
MoHomep ubpuna. Ero cybbeannmnas crpyk-
Typa—(a, B, ), ; OH coxepxut okono 97%, amu-
HOKHCJIOTHBIX OCTaTKOB (UOPHHOTEHa.

8.20. Monomepbt ¢uGpuua cnouTaHHo obpa-
3YI0T GHOpHILILI

PacTBOopuMOCTs MOHOMepOB (QubpHUHA 3HA4H-
TEJILHO HWXE PacTBOPMMOCTH (GubpHHOreHa.
OHv cnoHTaHHO arperupyior, oGpasys du-
Opun, ¥MeroUIMii (HOPMY [UTHHHBIX HEPACTBO-
pUMbIX HUTeH (Ppubpwin). Meromamu 3jek-
TPOHHOH MHKPOCKONMH U AH(PAKIUH PEHTTe-
HOBCKHX JIydYeH, HampaBieHHBIX I10f] MaJibIM
yriom, noxasaso, 4To ¢ubpHH oGnamaer me-
PHOAMYECKOH CTPYKTYPOH C [UIMHOH MOBTO-
psarouterocss ydactka 230 A (puc. 8.29). ITo-
CKONBKY JUIHHA ¢uOpHHOTeHa CcOCTaBjseT
okono 460 A, T.e. BgBoe Goblie, mpeacTa-
BJISIETCSA BEPOSATHBIM, YTO MOHOMEPH! GUOPUHA
npu  arperauuu  oOpa3yioT mapajiienbHble
PAlbl, CABHHYTbiE OTHOCHTENBHO APYr Apyra
Ha 1oJ1 MoJlekynbl (puc. 8.30).

YeM OGBACHUTB, YTO MOHOMEpPH (UGPHUHA
CIIOCOOHBI arpernpoBartb, a (GUOPHHOTeH, U3
KOTOpOoro oHu obpasyroTca,—Her? OxoHua-
TENbHbIA OTBET HA 3TOT BONPOC /1a1yT MPOBO-
JSIIIAECS NETAIbHBIE UCCIIEAOBAHUSA CTPYKTYPbI
Monekyi. Bce usyuenHsle k HacTosieMy Bpe-
MeHH OGUOpHHONENTHALI BCEX BHIOB I1O3BO-
HOYHBIX O6JIanatoT 6oabtum ompuyameasHvim
3apadom. B Hux obHapyxeHo o6uIHe OCTATKOB
IyTAMMHOBOH M aCaparMHOBOH  KUCJIOT.
Kpome Toro, B B-dpuGpunonentune mmeercs
HEOOBIMHOE OTPHUATENBHO 3apsKEeHHOE Mpo-
U3BOHOE THUPO3MHA, 2 HUMEHHO mMupo3un-0-
cyabpam. BuaMMO, HalMuMe ITHX, a Takxe
M JPYTMX OTPHUATENBHO 3apsDKEHHDBIX TPy
BBI3BIBAECT OTTAJIKMBAHME MOJEKYN (uOpuHO-
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MoHoMmep ubpuHa
— A

Nepuoa = 230 A

Puc. 8.30. [IIpenmonaraemoe pacrnonoxe-
HUE MOHOMepoB Gubpuna B du-
6punoBoM cryctke. Ilpu Takoii
YKJIaaKe MOHOMEpPOB ¢uOpUHa,
KOrga mnapajUlelibHble  PSbI
OKa3bIBAlOTCS CABMHYTBIMM OT-
HOCHUTEJBHO PYT Apyra Ha moJ-
MOJIEKYJIBI,  JUTMHA  Tepuoaa
CTPYKTYyphl coctaBiser 230 A
B COOTBETCTBUH C PeAJIbHO Cyliie-
CTBYIOLIEH KapTUHOMH.

reHa IpYr OT apyra. Buviceoboxncdennvie mpom-
bunom monomepbl gubpuna obaadarom nogepx-
HOCMbIO ¢ COBEPUIEHHO OPY2UMU IAeKMPUY eCKU-
Mu ceolicmeamu, 00yCA08AUBANUUMU CROCOD-
Hocmb K azpecayuu. BcnoMHUM, 4TO 3aMeHa
BCETO JIMIIb OJHOM 3apsHKEHHOH IpyINbI— riTy-
TaMaTa Ha BaJIMH — AABJIAETCS IPUYMHUHOI arpera-
MK €30KCUIeMOrJIoOHHAa TNpU CEPHOBHIHO-
KJICTOYHOH aHEMWH.

8.21. Crycrox ¢puGpHHa CTAOH/TH3HPOBAH KOBa-
JICHTHBIMH TONIEPEYHbIMH CBSI3AMH

CrycTok, oOpasylomuiics HOpH CIOHTAHHOM
arperanMd MoHoMepoB (uOpHHa,—ellle OYeHb
Cabbli ¥ PbIXJILIA. 3aTEM OH CTAOHIIU3UPYETCH

KOBaJICHTHBIMH MONEPEYHBIMH CBA3SIMU MEXKITY
60KOBBIMH LIEMSIMH OTIEIbHBIX MOJIEKYN B QU-
O6pHHOBBIX HUTSX. YCTaHOBJIEHO, YTO 6 X00e pe-
aKyuu mpaHcamuoupo8anus nenmuomHble Cea3u
obpazyiomca mencdy 60K08biMU Yyenamu cneyu-
utecKuUx ocmamkos 2Aymamuna U AU3UHA
(puc. 8.31). ®PepMeHT, KATATMUIHPYIOIIUH 3Ty
peakiuio,— Tpancamuaasa. I[lonepeunsie cBs3u
YKa3aHHOTI'O TUITa BCTPEYaoTCs B Gesikax Kpai-
He peako. 3Haue€HHe MX BHIHO W3 TOrO, YTO
y OOJIbHBIX C BPOXAEHHON HENOCTATOYHOCTHEIO
TPaHCAMHUAA3bl IOBLIIIEHA KPOBOTOYMBOCTE.

8.22. TpomOHH roOMOJIOTHYEH TPHICHHY

CnocobHocTh TpoMOuHA crenuduyecku pac-
LWEIATL CBSA3b MEX/Y OCTAaTKaMM apruHUHA
U TJIMIMHA CBUAETENILCTBYET, MO-BUAUMOMY,
0 cxoAcTBe TpoMOMHA ¢ TpuncuHoM. U neii-
CTBUTENIBHO, TAKOE CXOJACTBO HMEETCS, YTO AB-
CTBYET M3 COMOCTaBJICHUS MOCJIEOOBATENBHO-
CTel OCTaTKOB aMHMHOKHMCIIOT B 3THX OejIKax.
Tpom6un umeet Maccy 33,7 kla # COCTOMT u3
asyx ueneid. Lenp A u3 49 octatkos He mnpo-
ABJISCT 3aMETHON roMoJsioruu ¢ QepMeHTaMu
NOKENYA04HOH xene3bl. Llens B, Hanpotus,
O4Y€Hb CXOIHA C TPHUIICHHOM, XHMOTPHUIICHHOM
U 3J1aCTa30# 110 MOCJIEeA0BATENLHOCTH aMHHO-
kucnoT. IlocnenoBaTenbHOCTh AMHMHOKHCIIOT

i
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Monepeuno cumnTein Pubpun

Puc. 8.31. ' IlepekpecTHble cBs3U B GuGpuHE
obpasyrorcs B pe3ymbTate
TPaHCAMHUIMPOBAHUS.
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— Y -KapGokcurnyramartet
nokanu3osams!
8 3TOM oBnacTum
Orwennrembin
dparmenTt
274
Y4acTku, B KOTOPbIX
> NPOUCXOAUT
pacwennenue
323
S
|
S
TpomOBum
582
Puc. 8.32.  Crpykrypa nporpom6buna. B pe-

3yJbTaTe€ pacIlerUICHUs IBYyX
NEeNTHAHBIX CBs3ed (Arg-274—
Thr-275 u  Arg-323—Ile-324)
obpasyercs TpomOun. KpacHbim
NOKa3aH oTwmenaseMonii N-KOH-
ueBoH (parMeHT nporpombuHa,
B KOTOPDOM JIOKQJIH30BaHBI BCC
OCTaTKH 7Y-KapOOKCHUIlyTaMaTa.
A- u B-uenn Tpombuna coenu-
HEeHbl NUCYIbOHUOHOM CBA3DBIO.

BOKDYTI' CEpMHA B aKTUBHOM LIEHTPE TPOMOHHA |
Gly-Asp-Ser-Gly-Gly-Pro, T.e. Takas xe, kak
U B CEPMHOBOW NpOTEHHA3e MOMKENYAOTHOM
xkene3vl. Bomee Toro, B Tpombume wumeercs
M CHCTeMa mepeHoca 3apsaa. Ee tpexmepuas
CTPYKTYPpA €llle HE PacKPbITA, HO YCTAHOBJIEHA
OIHA BaXXHas OCOOEHHOCTb, XapaK TEpHU3YIoImas
Y4acTOK cnernupuIecKkoro CBSI3bIBAHMSA ;
B TPOMOHHE, KaK ¥ B TPHIICHHE, HA HE KapMa-
Ha, CBA3BIBAIOILIETO CyOCTpAT, HAXONUTCA OCTa-
TOK acnaprara. ITa OTPUUATENbHO 3apsDKEH-
Has TPYyNna HECOMHEHHO TOJDKHA JNIEKTPOCTa-
THYECKH CBASHLIBATD IOJIOKHUTEILHO 3aPSDKEH-

Yacrts |
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HYIO OGOKOBYIO WeNb apruHuHa cybcrpara.
CrennpuiHOCTb TPOMOUHA 3HAYMTENLHO BbI-
1€, 4eM CHEUU(PHUIHOCTh TPUIICHHA: TPOMOHH
PACUIETIIAET TOJIbKO ONPENEIEHHbIE CBA3H ap-
THHUH-TJIMIMH, TOIAa KaK TPHIICHH TMAPOJIH-
3yeT MOYTH JIFoOYI0 MENTHAHYIO CBS3b, Clle-
IYIOLYIO 32 OCTaTKAMM aprHHKMHA WM JH3MHA.

Kax u nankpeaTiueckue cepunoBble npote-
MHa3bl, TPOMOUH CHHTE3UpYETCS B BHIE MpO-
bepmeHTa -npompombuHa, WMeoWEro Mojl.
Maccy 66 x[la. B pesysibraTe mpoTeonuThue-
CKOTO PpAaCIICIUICHUS CBS3M APTMHHH — Tpeo-
HUH C aMHWHOKOHIIA NPOTPOMOHHA BBLICBO-
Goxnaercs  dparment  Maccoit 32 k/la
(puc. 8.32). ITocneayroliiee pacilerIeHHe CBA3U
AprYHHH — JIEHIMH TPUBOAMT K BLICBOGOX1e-
HHMIO aKTMBHOrO TpoMmbuuHa. B TpoMmOume
MMEETCA TaKXe HOHHAs Nnapa, aHaJIOTWYHas
MOHHOM NIape B XMMOTPHIICHHE MEXy MOJIO-
XKUTETBHO 32PSDKEHHOM AMHHOTPYNIOH u30-
JeiinuHa-16 M OTPHULATENLHO 3aAPSKEHHBIM
acrniapratom-194, -

CX0ICTBO NMOCIe10BATENBHOCTEH AMHHOKHC-
JIOTHBIX OCTATKOB YKa3bIBAET HA TO, YTO MPOM-
OUH 2601104 UOHHO GAU3OK K CepUHOSbIM npome-
UHA3aM NoOXMceaydouHOl dceresvl. TlonTsep-
XKACHUEM JTOMY CIYXAT TaKX€ CXOACTBO
MEXaHU3MOB aKTHBALMM CPAaBHUBAEMBIX (ep-
MEHTOB Y HaJIMYME B HUX CHCTEMBI NIEPEHOCA
3apsina. IlpumedartensHo, 4To mpoTpoMGHH
CHHTE3MPYETCS B IE4EHH, MMEIOLLEH B ITpolecce
3MOpHorenesa oblLiee ¢ NOIKETYTOIHON Kee-
30l NPOMCXOXKAEHHE.

8.23. /lnn cuHHTe3a nNpoTpPOMGHHA HEOGXOaHMM
puTamua K

Ha mpoTsXeHun MHOTMX JeT 6bUI0 M3BECTHO,
4TO BUTaMuH K HeobxomuM s cuaTesa npo-
TPOMOHUHA U psiia IPYTHX (PaKTOPOB CBEPThIBA-
HUA KpOoBU. OIHAKO MEXAHU3M AEHCTBHSA 3TOro
BUTaMHHA Y1aJ10Ch PACKPBITh COBCEM HETABHO
MyTeM MCCIIE[IOBaHUS AHOMAJIBHOTO MpO-
TpOMOHHA, CHHTE3UPYEMOTO B OTCYTCTBUH BH-
TamuHa K win xe B IpUCyTCTBUM aHTaronucTa
BuTaMuHa K, Hanpumep nukymapona. [Juky-
Mapo.i CONEPXUTCS B THUIOLIEM [OHHHKE,
Y CKOT, MOJTyYarolIHit UCIOPYEHHOE CEHO, TTOTH-
Gaer OT remopparuueckoil Gonesuu. IIpo-
U3BOJIHOE JIMKYMapoJla UCMOJIb3YeTCS B MU~
L[MHE B KAY€CTBE AHMUK0A2y1aHma 11 IpeaoT-
BpalIeHUs TPOMOO30B Y GOJILHBIX C MOBBIILIEH-
HOM CBEPTLIBAEMOCTBIO KPOBU. [IMKymapon,
a Takxe sappapun (puc. 8.33), poJACTBEHHBIIH
BUTamuHy K 110 CTpyKType U ero anTaroHwucr,
HallUTH NPUMEHEHHE U B KA4eCTBE CUIIBHOTO
kpbicuHoro sna. flox BiausHUeM aukymapona
B KPOBM KOPOB MOSBJIAETCS AedeKTHbIA mpo-
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Butamun K,

Puc. 8.33. ®opmyasl ButamuHa K, u asyx
€ro aHTaroHUCTOB — IMKyMapoJia

A BapdapuHa.

TPOMOWH, KOTOPBIit B OTJIMYME OT HOPMAJIbHO-
ro me crnocoben cBs3piBaTh CaZ*. J10BONBHO
JIOJIFO TO MPEACTABIISIIOCH 3arakoH, MOTOMY
4TO 110 KOJIMMECTBY COepXKAIUNWXCsl aMHUHOKHC-
JIOT M [0 aMHHOKHCJIOTHOMY COCTaBYy, ompefe-
JIEHHOMY TIOCJIe KHCJIOTHOTO TMAPOJM3a, Je-
GexTHBIT NPOTPOMOMH He OTIMYANICS OT
HOopMauibHOT 0. I1pH pasneneHHd HOPMaIbLHOT O
npotrpombuna Ha GparMeHTsl GbLTO MOKA3aHO,
4T0 cBsi3piBanne Ca’* mpoucxoauT B N-koHIIe-
BoOlt obnactu Genka (puc. 8.34). Janee 6bu1o
obHapyxeHo, 4TO N-KOHUEBOH MNENnTHA aHo-
MaJIbHOTO MPOTPOMOWHA 3HAYUTENBLHO OTJIM-
4aeTCsd OT COOTBETCTBYIOLIErO IENTHAa HOPp-
MAaJILHOTO NMpOTpOMOHMHA 1O 371eKTpodopeTH-
4ecKo# MOABMXHOCTU. M3yueHHe 3THX NeNTH-
JIOB METOIOM SIAEPHOr0 MarHMTHOTO PE30HaH-
ca TMO3BOJWIO YCTAaHOBHUTb, 4TO B HOpME
NPOTPOMOUH CONEPXHT paHee HEU3BECTHYIO
AMMHOKMCJIOTY — Y-KapOoOKCcUATAyTaMarT,
B aHOMAJILHOM TIpOTPOMOWHE 3Ta MOAU(ULH-
poBaHHas AMMHOKHCIOTa OTCyTcTByeT. Kak
0Ka3aJioCh, nepavle 0ecAmb O0CMAamkos 2.iyma-
mama 6 N-xouyesoii o06aacmu npompombuxa
kapboxcuiuposansl 6 y-kapboxcuazaymamam,
npuuyem oMo KapbOKCUAuposaHue oCyujecm-
sasiemca eumamun-K-3asucumoti  epmenma-
mueHol cucmemoti. YKa3aHHYI0 aMUHOKHCIIOTY
He yIaBaJioCh BBISBUTD BILIOTH 0 TOCJIEIHETO
BpEMEHH, TOTOMY YTO IPH KMCJIOTHOM THAPO-
U3¢ TPOUCXOMHUT MOTEPs Y-KapOOKCHIPyNIbI
U Y-kapOOKCHIJIyTaMaT onpeesseTcs Kak riy-

O O 0]
OH OH

Ankymapon

0.__0

TaMar:

y-Kapboxcurnyramar

8.24. Ha ¢ocdoaunnanoil NoOBepXHOCTH TPOM-
GOUHTOB NPOTPOMOHH AKTHBHPYETCA (aKTOpOM

a
Kackaaupiii xapakTep mpouecca CBepThIBaHHA
KpoBH noka3aH Ha puc. 8.35. [1poTpoMOuH ak-
THBUPYETCS MPOTEOIMTHYECKUM (EPMCHTOM,
Ha3biBaeMbiM (aktopom X,. s ymobcrea
(hakTOpbl CBEPTHIBAHUS KPOBU ODO3HAYAIOTCS
puMckumyu nndpamn. BykBa «a» 1OKa3bIBaeT,
410 (GAKTOP HAXOAWTCH B AKTHBHOH opme.
Utak, npoTpoMOuH NpeBpalaeTcss B TPOMOUH
B pe3yabTaTe HPOTEOTUTHYECKOTO ACHCTBHA
¢dakTopa X,- 210 [peBpalLeHUe
(1poTpoMOHH — TPOMOUH) YCKOPSIETCH 1101
BiusHieM ¢aktopa V. ®akrop V-He ¢ep-
MEeHT; ITO KaK Obl He1ok-moduduxamop.

B pesynbrare 3aBHCUMOH OT BUTaMMHA
K peakuyuu KapOOKCHIMpOBAHUS [JIyTamat
(cnabo xenupyrommii Ca?*) npesparuaeTcs B Y-
KapOOKCHIITyTaMaT, SBJISIOIIMACA CHIIbHBIM
xeaTHpyoLmM arenToM. CasibiBasics ¢ Ca® ¥,
nporpombun 3askopupaetTcs Ha ocdosm-
NUAHBIX MeMOpaHax TpPOMOOLHMTOB, CKAarlju-
BAIOLIUXCA B MecTe MoBpexiaeHus. PyHKuuo-
HaJbHOE 3HaYeHWe MPHUCOCAWHEHUS NPOTPOM-
6mHa x (HochONUNUIHBIM TOBEPXHOCTAM CO-
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CTOHT B TOM, 4YTO NPOTPOMOUH OKa3bIBaeTCs
B HEMOCPE/CTBEHHON GIM30CTH OT (akTOpOB
X, 1V, aosto YCKOPSIET €ro akTHBaLMIO GoJlee
ueM B 10* pas. Ha 3Tom stane axtupammn N-
KOHUEBOH (pparMeHT npoTpoM6HHa, coepxa-
Uit yqacTku cBsi3biBanus Cal™ | oTmenisercs.
B pesynbrate TpomOuH BbicBOGOXHaeTcs u3
CBA3H € HOCHONMMHIHBIMH OBEPXHOCTSAMH u,

NH,
1 Ala
Asn
Lys
Gly
Phe
Leu

Val

Arg
Lys
Gly
Asn
Leu

20

30

36
Puc. 8.34. ITocnemosatensmocts  amumo-
KHCTIOT N-KOHIEBOH 4acTH mpo-
TpoMbuna [octaTku y-kapGo-
kceurnytamunata  (Gla) moka-
3aHbl KPACHbIM .

Yacrs |

172 Kondopmauns u 1unamuka

BHyTpenHun
MeXaHuam

BHewHuin
\. MEXaHU3M

\
N/

®dakTop X ——>

MpoTpoMOUH ——

OubpuHoren ——
Koneunpie stanst o6pazopanus
pubpunoBoro crycrka. Vka-
3aHHBIE TPU peakuuM COCTa-
BIAIOT  oOLMit MEXaHH3M
CBEPTHIBaHUA KpOBH. B akTupa-
unn daktopa X yyacTByror npo-
OYKTbl KaK BHYTPEHHErO, Tak
U BHEILHETO MeXaHU3Ma.

Puc. 8.35.

HAXolsACh B CBOOOAHOM BHIE, MOXET aKTHBHU-
poBaTh (GUOPHHOTEH MNIIAa3MBI

Kakum obpazom aktusupyetcs daktop X?
DTan ero akTHBALME 3HAMEHyeT coboil 0Obe-
JIMHEHUE BHYTPEHHErO M BHEIIHETO MEXAHM3-
MOB CBepThiBaHUS KpoBH. O6Ga MexaHH3Ma
IPUBOASAT K TMOABJICHHIO INPOTEOIUTHYECKHX
depMenTOB, akTHBHpYIOLIMX ¢dakTop X.

8.25. I'emodminn u pyrue popmbi HapyuleHust
CBEPTHIBAHHS KPOBH NO3BOJIM/IN BBISIBHTH
PAX HAYAILHBLIX JTamoB o0pa3oBaHus
KPOBSHOTO CrycTKa
Buoxumuueckoe wccaenosanue HavAMBbHBIX
3TanoB CBEPTHIBAHMS KPOBM OKA3aJIOCh 3HAYH-
TEJILHO CJIOXKHEE, YEM HCCIIEI0BAHUE KOHEYH bIX
3TanoB, NOCKONbKY (aKTOpbl, AEHCTBYIOMIHE
Ha HAYaJbHbIX ITanax, HAXOUATCS B KPOBH
B OY€Hb MajloM KosnyecTse. Tak, ecim comep-
xaHHe GubpuHOreHa B 1 M KPOBH COCTaBNIseT
3Mr, T0 comepxaHune taxTopa X —TONBKO
0,01 mr. KoHuentpauus psaa Apyrux ¢axrto-
poB, obecneyMBalOIMX caMble HaYaJibHbIE
STamnbl CBEPTHIBaHUA, elle HIke. Kpome Toro,
9TH aKkTOpbI KpaitHe nabunpHbl B CHJIy yka-
3aHHBIX MPUYMH MJIONOTBOPHBIM OKa3alics
JpYroil TMOAXON, a MMEHHO MCCIeNOBaH e
BOJIbHBIX ¢ HapyLUEHHEM CBepThIBAHHS KPOBH.
Haubonee nsBectnoe 3abonesanue Takoro
THUNA - 2eModuius. ITO HapylleHUe CBEPTHI-
BalOLIeH CrOCOBHOCTH KPOBHM nepemaercs 1o
HACJIe[ICTBY KaK CLCHJIEHHBIH C IOJIOM peliec-
CHBHbIf Npu3HaK. )KeHIUNHEL, reTepO3UroTHLIE
0 3TOMY NIpU3HAKY, epenaroT nedeKTHLIA red
TIOTOMCTBY, MPHYEM CaMO HOCHTENILCTBO fe-



dekTHOrO reHa nmpoxoaut GeccumnTomuo. Ma-
BECTHBIM KOHAYKTOPOM reModuinu 6sina ko-
ponesa BukTopHs, nepenaswias nedex THbIH
red B MoHapxuyeckue ceMbH IIpyccun, Ucna-
HuH ¥ Poccum (puc. 8.36).

Hapeuy Anekcein poawsncs B 1904 r. On
ObL1 €IMHCTBEHHBIM HACJIEAHUKOM B LAPCKO
IuHacTvH, mnpasuBueid Poccueit ¢ XVII B
K ToMy BpemeHu, korza pomuics uapeBHu,
y unaps Hukomas II u umnepatpupnr Anex-
CaH/IPbl, BHYYKH KOPOJIEBbl BukTOpHH, Gblnm
YETHIPE 30POBbIC LOYEPH. YKe uepes 6 Heaeb
10CJIE POX/CHUS 11apeBHYa €r0 OTEl OTMETHII
B iHeBHMKE: «HpIHYe yTpoM Ge3 Bcakoil Buau-
MOH NPHYHHBI Y MAIEHBKOIO AJIEKCes] KPOBO-
Tounn mynok. Kposb mna ¢ HeGOAbLUMMH
nepepbiBaMU 10 caMoro Bedepa». [IpusHaku
Gosie3sun ycunmincs, xoraa Anekced Hawan
HOJI3aTh ¥ XOAHTh; HA PyKaX U Ha HOrax y Hero
CTaJli NOABAATLCA OOJbLINE BCIYXIINE CHHAKHU.
Kposonosnreku CTaHOBUIIHCH BCE KpYyMHEE, Ofl-
HAaKo Bpa4yM ObliM OGecCHJIBHbI M HE MOTJH
o6sierunTh cocTosHus GonpHOro. OTyasBIIAs-
¢d uMnepaTpuua obparunace torga k Pacmy-
THHY, HMMEBIIEMY penyTauuio MCLEIUTENS.
Hukto B HcTOpUM He uHMen MeHbLIEro
NPECTABJIEHHA O MOJIEKYJIAPHBIX OCHOBAaX Te-
MOGUIIMH, ¥ HUKTO B HCTODMM HE MOJIyYH]
6onburero qoxoma ot Hee. B TeueHHe MHOTHMX
Jet PacnyTHH 00nanan OrpOMHBIM BAMSHUEM
NpH pYCCKOM ABOpPE, Tak KaK MMOeparpuna
Cleno Bepwyia B €ro CnoCoOHOCTh HCUENATh.

Kak mor cocrosrtecs Gpak mexay Huko-
laeM ¥ AJleKcanapoi, eciii yxe OblI0 H3BECT-
HO, 4TO ee OpaT, MJIEMSHHUKY U IS0 CTPATAIOT
remodwnei? Eme B 1873 r. dpanmysckuii
Bpa4 I'panmmabe (Grandidier) pexomensiopai,
«4TOOBI BCE 4JIEHBI CEMbH OONLHOTO ¢ KPOBO-
TOYUBOCTBIO BO3AEPXKUBAIIUCE OT Opaka». Bo-
Jiee TOTO, HA HAaCNENCTBEHHYIO NPUPOy 3TOTO
3a6onepanus ewe B 1803 r. ykaseiBan JIxoH
OtTo (J. Otto):

«Oxo0 70 i 80 teT TomMy Hazax KeHIMHA
no pamunuu Cmut (Smith) nocennnace no-
6m3oct ot Ilmumyta, rpaderBo Hepro-
[Cemnuuup, u nepesana cBoeMy NMOTOMCTBY
CIEIYIOMIYIO HAHOCHHKPA3uro... VYuBu-
TeJIbHBIM 06Pa30M TOJILKO Y MYXKUYMH BO3HH-
Kal10 3TO cTpaHHOe 3a001eBaHKe, IPUYEM HE
BCE MYXXUYHMHBI B CEMbE ObLIH MOIBEPKEHDI
eMy... XOTs XEeHIUMHbI He BOJieNIH, 0JHAKO
OHH 6bUTH CnOCOOHBI nepenaBaTh GONE3Hb
CBOMM CBIHOBbSIM.»
Kax nucan JIx. Xangeitn (Halldane), «ap-
CTBYIOIINE OCOOBI TINATENBLHO OrPaXKAEHbl OT
CTOJIKHOBCHHS C HENPUATHOW PEasbHOCTHIO. ..

Cemodunus napesnua Asexces 6uL1a CUMIITO-
MOM MOJIHOTO HEMOHHMAaHHsl PealbHOCTH Lap-
CTBYIOLIYM IOMOMY.

8.26. BuyTtpennmit
KpoBH

Ipu remodwnnn HapyllleH BHYyTpeHHM# Mexa-
HM3M CBepTBHIBaHMs KpoBH (puc. 8.37)-06esnok,
Ha3bIBaeMbIH anmuzemMoguibHbiM Hakmopom
(¢paxTop VIII), nubo coBcem OTCYyTCTBYET, MO0
€ro aKTMBHOCTb PE3KO CHWXEHA. DTOT OeNoK,
nercTBys BMecTe ¢ ¢akropom IX, (mporeomnu-
THYECKUM (pepMeHTOM), akTuBHpYyeT akTop X.
Cam anTUreMouibHbIi GakTop SBISETCS HE
depMeHTOM, a GenKOM-MOIUDUKATOPOM.

JItoGonbiTHa HcTOpUs OTKpPHITHS (aKTOpa
IX. Manbuux no mmeHu Creden Kpuctmac
(S. Christmas) cTpagay HapylleHHeM CBEpPTbI-
BaHHs KPOBH, KJIMHMMECKH HE OTJIMMHMbBIM OT
KJIACCHYECKOH reMOdHIHK HU [10 CUMIITOMATHU-
K€, HM IO TUITy HacJenoBanus. Kak u npu remo-
Gunny, BpeMs CBEPTHIBAHUS €ro KPOBH, MOMe-
IIEHHOH B CTEKJIsAHHYIO MNpoOHpKy, ObLIO
ysenuueHo. [Tonpo6oBanu cMmelats ero Kposb
C KpOBbIO 60JILHOIO reModuiIvei u ¢ yauBJie-
HHEM OOHapYXIH, 4TO BpeMs CBEPTHIBAHHUSA
CMEILIAHHOM KPOBH 0Ka3aJI0Ch IIOYTH Ha YpOB-
He HOpMBI. OTclofla cO BCell OYEBHIHOCTBHIO
CIe00BaJlo, YTO, HECMOTPS Ha WAECHTHUYHOCTh
KJIMHA4€CKOH KapTHHBI 3a00JieBaHui, MOJIEKy-
nspusie gedexTsl y Credena Kpucrmaca
u GonbHOro remodunuell pasnuuubl. Y aByx
3TUX OOJBHBIX OTCYTCTBOBAJIM PAa3/U4HBIE
(hakTOph! CBEPTHIBAHMA, MOCKOJbKY B IIPOTHB-
HOM Cllyuae nia3Ma ux Kposu 6buia Ovl He Cro-
cobHa K B3auMHOM KOMILIeMenTauun. Tak 6bU1
OTKPBLIT HOBBIH (akTop, 00O3HAYECHHBIA Kak
dakrop IX, win kpucmmac-gaxmop. Boobiue
mecm Ha KOoMRAeMeHMayu) ABAACmMCA HQA-
0eHCHbIM MemOOOM UCCACO08ANUS, NO3BOAAI-
WUM onpedeaumb, 0OHU U me Hce UAU pa3Nble
KOMNOHeHmbl omcymcemsylom 6 08yX CpasHu-
6aemMblx HeakmusHblx cucmemax. LleHHOCTB
3TOr0 METOA COCTOUT B TOM, YTO OH Ja€T BO3-
MOXHOCTb NPOHYMEPOBATHb OTHEIbHbIE KOM-
MIOHEHTHI CUCTEMBI €lle 10 TOro, KaK yaaercs
UX BBUICJIMTh M TIOJYYUTH B OYUIIEHHOM BHIE.
TecT Ha KOMNJIEMEHTALMIO LIMPOKO HCHOJNb-
3yeTCsl B FEHETHYECKHX HCCIICLOBAHUAX BHPY-
coB U bakTepuii.

Kpucrmac-paktop oTaenen qsyms stanamu
OT NYCKOBOM peakLlUH BHYTPEHHEro MeXaHHU3-
Ma CBEPThbIBaHNA. [IyckOBBIM MOMEHTOM 3TOMH
TMOCJICOBATEILHOCTY PEAKLUil C/yXUT KOH-

MEXaHH3M  CBEPTHIBAHHA
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Buxropusn,
Koponesa a8HrNUWCKan

| | - -O
Spuapmx il 3ayapa VI, Neononbpa,
uMneparop Koponb repuor
repMaHCKui aHFNMACKUA Anbbann
wo —]
dpugpux Hukonan N,
FecceHckun pycckun uapb
y ™
Banbgemap Fenpux Lapesuy PynepT
Npycckun Npycckun Anexcen
(Poccus)

Puc. 8.36. T'eneanorus remodumu B Mo-
HAapXHYECKHUX ceMbsiXx EBpormsl.
Ha cxeme ykasansl Bce meru xo-
posieBsl BukTopun u BhIGOpOu-
HO—BHYKM M MpaBHYKM. Jluma
XEHCKOro Tmoyia 0003HaYeHbI
KPYXKaMH, MYXCKOTO—KBaapa-
TamHu; 60JIbHBIE TeMO(ILIHEH TTO-
Ka3aHbl KpacHbIM. (Stern C.,
Principles of Human Genetics,
3rd ed., W.H. Freeman and Co.,
Copyright 1973.)

TaKkT (aktopa XII ¢ aHOManbHOM 118 KpoBH
NOBEPXHOCTHIO. AKTHBMPOBAHHBI B PE3yJIbTa-
Te 9TOro koHtakta akrop XII, BMecre ¢ kan-
JIMKPEMHOM M KMHHHOM IIpeBpailaeT (akTop
X1 B akTuBHY0 hopMy — dakTop XI,, KoTOpbIit
B CBOIO Ouepellb aKTHBHPYET KpucTMacc-ak-
Top (IX). Ha Bcex 3THx 3Tanax akTHBamuH 11po-
(epMeHTBI TIpeBpallaloTCA B aKTHBHBIE dep-
MEHTBL

8.27. Bueummmii MexaHH3M CBEPTHLIBAHHS KPOBH
BHerunuit MexanusM cBepTbIBaHMUS, KAK H BHYT-
PEHHHUH, B KOHEYHOM HTOre NPUBOJUT K aKTH-
Bauuu ¢aktopa X. BHemnuii MexaHuzm
(puc. 8.38) oTHOCHTENBbHO mpocT. TTpu nospe-
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XIICHUH KPOBEHOCHOI'O COCya BHICBODOXKAET-
Csl TaK Ha3bIBAEMBbIH mKanegol gaxmop nuro-
NPOTEeHHOBOM npuponsl. KoMiekec TkaneBoro
daxTopa u aktopa VII katanusupyer akTHBa-
unto paxtopa X. TkaneBoit paktop dynkimo-
HUPYeT KaK 0elok-MonudUKaTop, MOCKObKY
B ero orcyrcTsHe akrop VII nHiueH akTuBHO-
cTu. TaknuM 06pa3om, B ponecce CBEpTHIBAHHUS
KPOBH YYacTBYET IO KpaiiHed Mepe 3 Oeka-
Monudukaropa: pakrop V, paxrop VIII u tka-
HEBOH (akTop.

Xil —
Xl —
+
AHTUremodpunb
Hbi pakTop Vi
X —
Puc. 8.37.  BHyTpeHHHMIT MeXaHU3M CBEPTbI-

Banus kpoBu. HeakTusHbie ¢dop-
MbI (HaKTOPOB CBEPTHIBAHHUS MO-
Ka3aHbl KpacHbIM, AaKTHBHPO-
BaHHbIE — XKEJITHIM. AKTHBHpPO-
BaHHble (HAKTOpPbI KaTAJIHU3UPY-
0T aKTHBALHIO CIERYIOUIMX.
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AnboHC Jleononeg  Mopuc

Xl BatrexGepr- BartexGepr-
Ucnanckun cKUA CKun

ofal

Foxcano
UcnaHcKui

AnbgoHc
WUcnaHckni

8.28. KoHTpo.ib CBepThIBaHWS KPOBH: Npob.ie-
Ma, Tpefylomasi BHHMaHHS

Bnonxe oveBHOHO, 4TO CBEpPTHIBAHHE KPOBH
JTOJDKHO PEryJMpOBATLCH OMEHb TOYHO. ['paHb
MEXIy reMopparveidl M TEHJ/IEHIMER K TPOM-
Goobpazosanuto ensa yroBuma. Obpazosanue

Tabnuna 8.2. Pakropsl CBepTHIBAHHA KPOBH

KPOBAHOTO CIYCTKAa [OJDKHO HPOUCXOINTh
o4eHb OBICTPO, HO IIPH 3TOM JIMILB B TIpeIesiax
NOBPEXIEHHOTO ydacTka cocyna. ITouemy xe
3TOT Mpoliecc BKIroYaeT CToNbko 3tanos? I1o-
Y€MY CYLIECTBYIOT BHYTPEHHHI 1 BHEIIHUH Me-
XaHM3MBbl U KaK OHM CBS3aHBI Mexay coboii?
Kakue MexaHw3Mbl OrpaHMYHBAIOT MpoOUeCcc
TpoM600Opa3oBaHNs Y4acTKOM I1OBpexie-
HUs? DTH BONIPOCHI MHTEPECHBI HE TONBKO Ca-
MM 110 cebe, HO U B CBSI3M C NPAKTHYECKUMH 3a-
JayaMmu NPeAyNpexIeHHs U JeUEHUsl CEPAEUHO-
COCyAUCTBIX 3abosieBaHMil.

CylIeCTBEHHYIO pOJb B PEryjisiidd TPOM-
60006pa3oBaHNs MIpaeT NabWILHOCTb AKTHBH-
poBaHHBIX (akTOpOB cBepThiBaHMA. KX npo-
NOJDKUTENBHOCTE JKM3HM O4eHb KOpOTKaf,
1I0CKOJIBKY OHH OBICTPO Pa3BOASTCH B KPOBO-
TOKE, YOaJIsI0TC U3 KPOBEHOCHOIO pycia me-
YEHbIO, PACLICTUISIOTCS [IPOTEMHA3AMH, WHAK-
TUBUPYIOTCS CIELU(PUIECKUMHU UHIHOUTOPAMH.
Haubonee BaxHyro ponb cpenu cruenuduye-
CKUX MHIUOUTOpOB urpaeTr anmumpombun 111,
6enok myIa3sMbl, HHAKTUBUPYIOUWIMHA TPOMOUH
nyTeM o0pa3oBaHus ¢ HUM CTAOMILHOTO KOM-
mekca. [1o-BuauMoMy, 3TOT KOMIIIEKC CXOIEeH
€O CTaOMITLHBIM KOMILIEKCOM aunI—(epMeHT,
00pa3oOBAHHBIM TPHUIICMHOM H €r0 MHTHOMTO-
POM M3 NOIXENYAOYHOH Xese3bl (pa3a. 8.12).
AnTHTpoM6un III mHrHOMpye1 Takxe dak-
Topsl cBepThBanus IX,, X, u XI,. UHeruburop-

dakTop Mexanuim DYHKIHA AKTHBHOMN
hopmal

®akrop Xaremana (daktop XII) Buytpenunit Axtusupyot daktop XI

Kanmixpeuu » }

Kunnn »

[MpenurecTBeHHUK N1a3meHHOrO Tpombo-

wiactuna (ITIT) (dakrop XI) AkTHBUpYyeT takTop IX

Kpuctmac-daktop (daktop 1X) » O6a HeoOXoouMbL A akTUBANMK (akTopa X

AuturemModublbIil dakTop (pakTop VIII)

Txauesoil ¢aki10p BHewnuii } To xe

[Tpokouseptus (paxrop VII) »

@aktop Crioapra (Ppaktop X) O6wuuit Ax1upupyer caktop II

Axuenepun (baktop V) »
IMpoTtpombun (pakrop 1I) »
®ubpunoren (paxtop I) »

Oubpun-crabumuinpyrowuit dpaxtop (pak-  »
Top XII)

Ctumynupyer akTuBauuio dakiopa I1
AxTupnpyet Qubpunorer (paktop I)
OBPA3YET ®UBPUHOBBI CI'YCTOK

Crabumm3npyer crycTok nyreM ofpa3loBaHus
nonepeynsix cBA3ei B GpubGpuue
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TpaBma

|

Traxeson
dakrop +

dakTop 1 AKTWUBHMPOBAHHBLIA
X — dakTop X

Buemnuii MexaHu3M CBepThiBa-
HHUsl KPOBH.

Puc. 8.38.

HOe neACTBUE aHTUTpOoMGuHa 111 ycunupaercs
B MPUCYTCTBHH 2enapuHa-—OTPHLATEIbHO 3a-
PAXKEHHOTr O moucaxapuaa (pasa. 9.16), cunre-
3UPYEMOr0 Ty4HBIMH KJI€TKaMH, pacnojo-
KEHHbIMU BOJIH3H CTEHOK KPOBEHOCHBIX COCY-
nos. l'enapun neficTByer kak anmukoazyiaum,
YBEJIHYMBAS CKOPOCTh HEOOPATHMOro KOM-
11eKCOo0OPa30BaHUA MeXAY TPOMOMHOM H aH-
TutpoMOmHoM III.

3ak/moyenne

AxTuBauus 6eNKkoB B pe3y/ibTaTe NPOTEOTHTH-
Y€CKOI0 PaCLIENIEHUs OJJHOR MJIM HEeCKOJIbKHX
HEeNTUIHBIX  CBA3EH —LIMPOKO  PacnpocTpa-
HEHHBIH MEXaHU3M pEryiasiui B OHOMOruye-
ckux cucteMax. Ecsiu 6eok B akTUBUpOBaHHOM
dopme saBnsieTcss HepMEHTOM, TO €ro Heak-
TUBHBIH TPENIIECTBEHHHWK HAa3bIBAETCH IpO-
tepMeHTOM (unm 3umorenom). Hanbonee us-
YYEHHbI MNpOLECC AKTHBAUMH Ipodepmen-
Ta-3TO MNpPEBPAlIEHHE XUMOTPUICHHOTEHA
B XMMOTPHIICUH, MPOUCXOASILEE CIEAYIOLIMM
nytem. ITon aeficTBHEM TpUICHHA NenTHAHAS
CBS3b MEXIy ocTaTKaMH 15 u 16 B Monexyne
XHMOTPHIICHHOI'€HA Pa3pbIBAETCS U B pPe3yib-
TaTe obpasyercs XuMoTpuncud. BosHuxiuas
NpH 3TOM HOBas KOHIEBash AMHHOTPYINA
M30J1eiinHa-16 3arudaeTcs BHYTPb MOMIEKYJIbI
Genka, raoe I3JIEKTPOCTATHYECKM CBS3bIBAETCA
¢ acnaptaToM-194. O10 B3auMogeiicTBue ciy-
KUT MYCKOBbIM MEXaHU3MOM [UIf psda Jo-
KaJ1bHBIX U3MEHEHUI KOH(OPMALHK, KOHEYHbIi
pe3ybTaT KOTOPLIX — GOpMHpPOBaHMe KapMaHa
JUISL CBSI3bIBAHMSA apOMaTHYeCKuX (TGO 60Jib-
LIHMX HETOJISPHBIX) GOKOBBIX Henei cybeTpara.
Kpome Toro, cdopmupyerca moaocth oOkcu-
aHHMOHA, CTaOMIM3MpPYIOLlas TNEepPeXOJHOE CO-
CTOSIHHE.

KpuTHueckas pojib B MEXaHW3ME KaTalUTH-
HECKOro ACHCTBMS XMMOTDHIICHHA NpHUHAJIe-
XKHUT OCTaTKy cepuHa (cepuH-195) ¢ BBICOKOH
peakuMoHHOM cniocobHocThi0. Ha nepBom sTa-

Yacrp |
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e ruApONU3a NENTHIHOTO cydcTpaTa Mpouc-
XOHUT ITEPUPUKALNS KAPOOKCHUIILHOTO KOMIIO-
HeHTa CyOCTpaTa ¢ I'MAPOKCHIBHOM Tpynnoi
cepuHa-195, npuBoasmas x 06pazoBaHuIO KO-
BAJICHTHO CBSI3aHHOTO NPOMENC YMOUHO20 RPo-
Oykma ayua-—g@epmerm. ITOT NPOMEXYTOH-
HBIH IPOAYKT FMAPOIU3YETCS HA BTOPOM JTare
KaTaiu3a. Kiroyesyio posb Kak B auuinposa-
HMY, TAK ¥ B I€AMIMPOBaHUH PepMeHTa urpa-
eT TaKkXe rucTuaKH-57. Ha nene cepun-195 cra-
HOBHTCSl CHJIbHBIM HYKJIEO(MHIbHBIM areHTOM
B pesynbTaTe (GOPMHpPOBaHUS psaa BOIO-
POUHBIX CBA3CH: OH COEMHSAECTCS BOJOPOIHOIN
CBSA3bIO C I'UCTHIMHOM-57, KOTOPBHIA B CBOIO
odepelb COENHHAETCS BOJOPOOHOM CBA3bIO
¢ acuaptatoM-102, pacnonoxeussm B riy6u-
He MoJieKyisl. B urore 9Ty Tpu ocraTka cocra-
BJISAIOT cucmemy hepexoca 3apadd, YCKOPSIO-
Y10 KAaTa1K3 npumepHo B 10° pa3. Takas xe
CHCTEMA TIEPEHOCA 3apsAlLa HMEETCS B TPUIICH-
He, ’macTase u Tpombume, Bee 3tH pepMeHTH
M0406HBI XUMOTPUIICHHY 110 AMUHOKHC/IOTHOM
NOCJIENOBATEILHOCTH, KOHQOPMALIMM H MexXa-
HU3MY K4TaJIATHYECKOTO NEHCTBUS, HO OTJIM-
4arTCA OT HeTO no cnenupuanocty. Takue Ba-
pHauMu Ha OAHY TeMy, BUAWUMO, pe3yJbTaT
APOUCXOXKAEHUS OT OOLIEro MpeAlliecTBEHHHKA
M nocieayroule JIUBEPreHTHOM IBOIOLHM.
Tpu mpyrux OCHOBHBIX THIIA NPOTEONUTHYE-
CKUX (DEPMEHTOB - 3TO LMHKCOMEPXKAILUE, THO-
JIOBBIE M KapOOKCHIIPOTEHHA3DI.

AKTuBauMs TPOGYEPMEHTOB MIpaeT TaKKe
BEIYUIYIO pPOJIb B PETYJNSLUH CBEPTHLIBAHHUA
kpoBu. [lopa3utenbHas 0cobGeHHOCTH mpolec-
€a CBEPThIBAHMS COCTOUT B TOM, YTO OH Opra-
HHW30BaH KaK KacKaja NpeBpalleHuit mpodep-
MEHTOB, B KOTOPOM aKTMBMpOBaHHasi (Gopma
OIHOro (aKTOpa CBCPTHIBAHUS KATATHU3UPYET
AKTHBALHIO Clienyrouiero. CBepThIBaHUE KPOBU
NPOUCXOAUT B Pe3yJbTaTe B3aMMOAEHCTBHUS
JABYX INOCIENOBaTEbHOCTEH peakumii, noiy-
YMBIUWX Ha3BaHWE BHEUIHErO M BHYTPEHHETO
Mexanu3mos. Oba MexaHH3Ma HeOOXOIHMBI
U1 HOPMAJIbHOTO CBEPTHIBAHUA KpoBH. OHu
CJIMBAKOTCA B OOIIMI MEXaHU3M, PUBO/ISILMIL
K dopmupoBaunio GpubpuHOBOrO Crycrka. du-
GpuH obpasyercs u3 pubpuHOreHa, BrICOKOpa-
CTBOPUMOTO 6esiKa MJIa3Mbl, yTeM THAPOIM3a
YETBIPEX MENTUAHBIX CBA3EH MEXIy OCTaTKaMH
apruiuHa M riuunea.  Katammsupyer sty
peakuuio TpOMOUH — GEPMEHT, CXOmHBIH C
TpuncuHoM. B pesynbTtate ruaposnusa ot ¢u-
6puHOreHa oTulelUIAIOTCS ABa  A-TenTHAA
u 18a B-nenTuna, Ha 10110 KOTOPBIX MpHXO-
AUTC OKONO 39, MosieKkynbl (UOPHHOTeHa.
O6pasyrommiics B pe3yabTaTe MoHOMep (UG-
PHHA CMIOHTAHHO MOJHUMEPH3YETCS B JJIMHHBIE



HepacTBOpUMble HUTH (ubpuna. CrycTok
¢ubpuHa crabunusupyercs jganee  KoBa-
JICHTHBIMH TIONEPEYHBIMU CBS3sAMH, 0Opasylo-
IIUMHUCS-B pe3yJbTaTe peakUUH TpaHCAMUIU-
poBaHHs Mexy OOKOBBIMU nensaMu crerudu-
YECKUX OCTATKOB IJIyTaMHHA M jJu3uHa. [ns

B NMPOTPOMOMHE U HEKOTOPHLIX IPYTHX (akTo-
pax cBepTbhBaHus HeoOxonuM Butamuu K.
CssasbiBanue uouos Ca’* y-kapbokcurmyrama-
TOM CNOCOOCTBYET NMPHUKPEILUIEHHIO APOTPOM-
6uHa Kk MeMOpaHaM TpOMOONIMTOB, YTO BEAET
K YCKOPEHHMIO aKTHBallMM NMpOTpoMOMHa ¢ak-
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Bonpockl u 3aaauum

1. CpaBHHUTE au3oyum, Kapboxkcunen-
muoazy A U XUMOMPUNCUH.

a) J{;19 akTHBHOCTH Kakoro u3 3TUX QepMeH-
TOB HeobxomuM MOH MeTasa?

6) Kakoii u3 stux depmenToB o6pa3zosan
TONBKO OJHOW MOJIMNEHTUAHON UeEnbro?

B) Kaxoit u3 3Tux ¢pepMeHTOB BLICTPO UHAKTH-
BUDYETCH B NPUCYTCTBUM AMH3ONpOnuadprop-
docdara?

12-665

r) Kaxoi#t u3 3tux ¢depMentos obpasyercs my-

TEM MPOTEOJUTUYECKOTO PACUIETIJICHHS Onpe-

JIeJIeHHOro npodepmenTa?

2. [Tepenoc npotoHa oT ¢depmeHTa
Ha cybcTpaT —HepeaKo KIo4eBoit

3TAan KaTajauv3a.

a) MM€EeT i MecTO 3TOT 3Tam Npu KaTajiuse
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XHMOTPHUIICHHOM, JIM30LMMOM H KapBOKCHIIer -

THIa30H A?

6) Ecu na, To onpenenute soHOp Bomopona

B KaXIOM Clyyae.

3, YacTo 6bIBaeT Tak, YTO HYKJIEO-
¢unbHas rpynna depmenta ata-

KyeT MoJsiekyity cybctpata. Kakas rpyuna cy-

KUT HYKJICOQUITBHBIM ATCHTOM [PU KAaTaju3e

XHMOTPHIICHHOM U KapOokcunenTtvaazoi A?

4. IMepeuncmure daxtopsi, obycino-
BJIMBAIOILHE KATAJIMTHYECKYIO CU-

71y (pepMEHTOB.

5. TOXK  (Tosun-x-penunananun-
XJIOPMETUIIKETOH)  HMCHOJIb3yeTCs

B Ka4ecTBe a(DPUHHON METKM XHMOTPHIICHHA.

OH MHAKTHBHMPYET XMMOTPHIICHH TyTeM aNKU-

JIMPOBAHUSA [UCTUOUHA-5T.

a) Ipeanoxnte agdunnyio Metky ans Tpun-

CHua, cxogiyw ¢ TOXK.

6) Kax onpenenurts ee cneunduunocts?

B) Kakas euic cepynoBas npoTeMHa3a MOXET

HHAKTHBUPOBATbLCA TTPY UCHOJIB30BAHUH Takou

apduHHOi MeTKH TpuncuHa?

6. Cneunduyeckum  unrubuTOpoOM
211aCTa3bl  CHUYXHT albAETUAHOE

1IPOM3BOJHOE OHOIO M3 ¢¢ CYOCTPaToB:

H H 0

U

N-Acetyl-—Pro— Ala—Pro- N—(li—C\
CH, H

TOT aJIbIEruI — aHAJIOT IPOMEXYTOUHOTO CO-
CAWHEHUs, 06pa3yroIerocs Npu KaTaause a-
CTa30M.
a) C KaknM OCTaTKOM B aKTUBHOM LIEHTpE 371a-
CTa3bl KOBAJIEHTHO CBSXKETCH ITOT aJbIErwj
B NIEPBYIO OYepeih?
6) Kakoro Tuma koBaneHTHas cBsi3b CHOPMH-
pyetcs npu sTom?
7. Bopconepxamue xucnorul npen-
CTaBJIAIOT COOOH eule OAMH THN
4HQJIOTOB TIEPEXOJHOIO COCTOSHHUS s tep-
MEHTOB, OOpa3yIOUMX B Ka4eCTBE MPOMEXY-
TOYHBIX TIPOAYKTOB auwiI-QepMeHTHbIE KOM-
TIEKChL. AUETHIXOHHACTEPa3a — PEPMEHT, |-

APOM3YOIIMA 3PUPHYIO CBA3b B ALIETHIIXOJIM-
He:

I +
CH;—C—0 CH,—CH,~ N(CH,), + H,0
AyeTunxonun

1

” +
CH,—C—0 + HO—CHZ--—CHZ—N(CHl), + Ht
Ayerar Xonuu

AneTunxonuuictepasa cnenuduyecku UHIUOH-
pyeTcs creayrommm 60pcoaepKamMM aHano-
TOM aleTHUJIXOJIHHA !

OH

| ;
CH;—B - CH,—CH,—CH,—N(CH,),
BopcofepXalui AMANOr ayeTHNXonuHa

Kaknum ofpasom >ToT Gopcoacpxanmii ana-
JIOT MOXET NPUCOEAUHUTLCH K aKTUBHOMY LEH-
TPY aUETHIXOJIMHICTEPA3hl?
8. Hus cunresa daktopa X, xak
U 178 CHuTe3a NpoTpoMOuHa, He-
obxoanm Butamiu K. ®aktop X 1ak xe, kak
H MPOTPOMOUH, COACPXHUT OCTATKU Y-KapBok-
curaytamata B N-kOHUeBO# yactu. OpHako
B AKTUBMPOBAHHOM akTope X B OT/IHUYHE OT
TPOMGHHA 3Ta YaCTh MOJIEKYJIBI COXPaHHETCH.
K xakum QyHKUMOHANBHBLIM mOCTEACTBHAM
MOXET NPUBECTU ITO PABTHYME MEXIY ABYMS
aKTUBUPOBAHHBIMK (hakTOpamu?
9. AututpoM6bun III obpasyer He-
pacnanarouIMiics KOMILJICKC
¢ TpoMOHHOM, HO He ¢ npoTpombunoM. Uem
3TO MOXHO OOBACHUTL?

10. Dubpun, 10106H0 MHO3UHY, Kepa-
] THHY M MHIEPMHHY, COCTOMT M3
CTEPXKHEBUHBIX  CTPYKTYp, O6GpPa30BaHHBIX

NEPENNeTAOIMMHUCA  X-COMPAJIAMU. DTH o-
CIMpPAnU30BaHHble Cymepcnupain (pasa. 2.9)
CONEPXAT NOBTOPAIOIUMECS TreNTaNenTHIHbIE
enuuunust (a b ¢ d e f g) ¢ rupohobHBIMU OCTAT-
KamMu g u d. MOXeTe JIM Bbl OGBICHUTD, YeMm
obyc/oBneHa Takas pETyJISPHOCTb  CTpYK-
Typb1?



NMMABA 9.

Benku coeanHuTenbHoOM
TKAHWU: KONnareH, 3NacTUH
MU NPOTEOrNUKAHDI

Bce MHOrOKJeTOYHbIE OPTraHUu3Mbl COOEPXKAT
KOJIJIaTeH, MpeACTaBJIAIONIHIA CO60# ccMeNCcTBO
bubpuispabix  Oenkos.  Ocobenno MHOro
KOJIIaréHa y MJICKOMMUTAOLIUX, TAC HdAd €I0
OOJIHO IIPHXOAMTCA YEeTBEPTAs YacTb BeeX Oen-
xoB. KonnareH sBiseTcss ocHOBHbIM (u6puII-
JISPHbIM IJIEMEHTOM KOXH, KOCTCﬁ, CyXO0Xu-
JiMil, XpAIA, KPOBEHOCHBIX COCYAOB, 3y0OB.
B 3TOM WJIM1 MHOM KOJIHYECTBE OH COOEPXKUTCS
[TOYTH BO BCEX OPraHax, ¥ UMEHHO OH 00BeaH-
HAET KJICTKH B OIPEJEJIEHHBIE CTPYKTYpHbIE
euunulbl. TTOMHIMO 3TOM «CTPYKTYpHOID» pOJH
B CHOpMUPOBABLUMXCH TKAHAX  KOJIJAIEH
WrpaeT OPraHu3ylollylo pPoJib B PAa3BUBAO-
INXCA TKAHAX. OmauyumenshblM CBOICMBOM
Ro.slazenda H6as8emea €20 cnocobHocmy K (ﬁ()p-
MUpOsdHUO  Hepacmeopumblx gubpuan, obaa-

Koanazen - cnoso LPOUCXOOHUT OT Ipe4ueckoro

9.1. Tponokoaaared Kak OCHOBHAH CTPYK-
IYpPHAs ¢/IHHHIA KO.1/1areHa

Hepac reopuMOCTh KOJL1areHa Ha NpoOTsKEHHU
MIOFHX JIET CAYKHJIA TIPENATCTBHEM JUIS M3-
YUCHUS €r0 XMMHUCCKUX cBOMCIB. [Tonokenne
H3MEHIIIOCH JIHILB NOCJIE TOTO, KAK 0OHAPYXH-
JIOCh, YTO KOJUIAreH M3 TkaheH MOJIOABIX XU-
BOTHBIX MOXHO JKC1pal MpoBaTh B pacTBOPH-
MOM BH.IE, TOCKOJIBKY Hd 3TOM JTAlIE B HEM OT-
HOCHTEJIbIO MaJIo 1olIepeUHbIX cBsized. OTCyT-
CTBHE KOBAJCHTHBIX  IIONEPEUHbIX  CBA3EH
B HE3PEIOM KOJLJIAreHe I103BOJSET BLIACIMTL
OCHOBHYIO CTPYKTYPHYIO €IMHHILY, HA3BaHHYIO
MPONOKOLIAZEHOM.

MounekyagpHas Macca TPOHOKOSLIArena co-
cTasJisier 0ko0J0 285 kJa: ot coc1oi1 u3 mpefx
HOAUNENMUOHBIX Yenell ONNHAKOBOIO pa3Mepa.
CocTtaB uencit 3aBUCHT OT TUHA KOJUIAIeHA

12*

daiowux evicokoit ynpyzocmvio (puc. 9.1). bo-
Jiee TOro, CTPYKTypa KOJUIAr€HOBBIX BOJOKOH
3aBHCHT OT THNAa TKAHU U COOTBETCTBYET €€
cnenuanu3ann. OxapakTepU30BaHbI UEThIPE
THNa xoyutareda (tabn. 9.1).

Ta6nuua 9.1. Tunsl kosnareHa’

Tun  Cocras *Pacnpeaeiciue
1 [a1(D)],a2 Koxka, CyXOXWITus, KOCTH, po-

rosuia rnaza

I far(D)], XpAlL, MEXMNO3BOHOYHBIC NHC-
KH, CTEKTOBHIHOC TEI0

1 [t (THD)]5 Koxa "M6pnona, cepaeyHo-co-
CYAHCTas CHCTEMA

v [21(IV)]; BaszantHas memOpaua

' B umdCi0HWICe BPEMS OXapakTepU3OBAHO MSTh TUTOB
KoJnareHa, W, yvdiLIBas HAJIMYHE PazHBIX MONEKYHAP-
Heix OPM B NPeiSiax OTHOTO THUMA (HanpuMep, KoJa-
ren Tama 1 mmcer coctas [al(D],x2 mubo [al(I)];).
CYMTAIOT, YTO CYWWCrBYeT He MeHee 10 MONCKYIAPHLIX
dopm komi cua, I puv. nepes.

BLIPAXKEHUS (TPOH3BOJUTL KIICHY.

(taba. 9.1). Konnaren 11una 1, coaepxaummics
B OprainisMe B HanbolibLIUEeM KOIMYeCIBe, CO-
CTOMT M3 [BYX leneil ofHOro Tuna, obossa-
yaembix ol (1), n Tpereeit nenu, obosuauaeMoi
a2. KojL1aI eHbl Apyrux THIIOB COCTOSIT U3 TpEX
mIeHTHUUBIX feneil. Kax.ias u3 Tpex HUTeH
KOJutareHa BKJodacT okono 1000 aMuHOKuC-
JIOTHBIX OC1aTKOB. Taknum o0pazoM, OCHOBHAS
CTPYKTYPHAS  CAMHHIA KOJUTarena HUMeer
odeHb Oo0ilbiuMe pa3smepbl, B YacTHOCTH
oHa Oosee yem B 10 pa3 Gosiblie XUMOTpPHII-
CHHa.
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Puc. 9.1.

DJIeKTpOHHas
$us MHTAKTHBIX KOJLIATEHOBBIX
BOJIOKOH KOXH. [IpenapaTt nansi-
JeH xpoMmom. IlepuonuunocTs
CTPYKTYPb! 10 OCH BOJIOKHA CO-

mukpodoTorpa-

craBnser 640 A. (TTewaTaercs
¢ n106€3HOrO paspelleHns -pa
J. Gross.)

9.2. Koaaaren 06,1a1aeT HEOGBIMHBIM COCTABOM
H HeOObIYHOH NOC/IeI0BATE/IBHOCTHI0 AMHHOKHC-
ot

B MosekyJie KosutareHa npamepHo 1/3 amuno-
KHUCJIOTHBIX OCTaTKOB NPHXOJUTCS HA 2AUYUH,
4TO HeOoObIYaliHO MHOro aiis 6eskoB. B remo-
rjo0uHe, HallpUMeEp, COIEpXKaHHe IJIMIHHA CO-
CTaBJISET TOJIBKO 5%, obuiero comepxauus

Yacrs |

180 Konpopmanunn u gunamuxa

aMHMHOKUCIIOT. KosmyecTso nposuna B koJjuia-
TEHE TAKX€ 3HAYMTENILHO BBILIE, YeM B GOJIb-
HIMHCTBE Apyrux 6emkoB. Hakoden, B koJa-
TEHE HMEIOTCS JIBEé AMMHOKMCIIOTBHI, KpaifHe
PEOKO BCTpewalolliMecs B ApPYrux Oekax,
a4 MMCHHO 2UOPOKCUNPOAUH W 2UODPOKCUAUIUH :

IOH
£Ha GH—goo-
N+
VAN
H H
4-TmApPOKCHNPONNH
(Hyp)
OH NH,*
6 |5 4 3 |2
*H;N- CH, CH CH, CH, (i?—H
(1300'
5- TMAPOKCHNININH
{Hyh)
HOCJIClIOBaTeJ]bHOCTH AMHUHOKUCIIOTHBIX

OCTATKOB B KOJIJIaI'€HE CBOWCTBEHHA BBHICOKAs
CTeNeHb PEryNAPHOCTU: NOumu Kaxcostii mpe-
muii  ocmamox —3mo  2auyuH; 4YacTo MOBTO-
PAFOTCS  yY4aCTKH  TJTMIIMH-11POJIMH-THAPOKCH-
npoJiuH (puc. 9.2). B 3ToM oTHOWIEHUH KOIa-
TeH OTIMYAeTCd OT TII00yAspHBIX 6enKoB,
KOTOPBIM HECBOWCTBEHHA PEryJISAPHOCTL MO-
CJIe/IOBATEIBHOCTH  AMUHOKHMCIOT, NOMHUMO
KOJUIAreHa 3THM CBOWCTBOM o00iazaiotr ¢u-
OpoMH LIenKa M SMACTHH,

9.3. HekoTophle OCTATKH NPOJMHA M JIH3MHA
B KOJLIareHe THIPOKCHIMPYIOTCS

MApOKCHNIPOINH ¥ THAPOKCUITH3HH HE BKJIIO-
HalOTCA B COCTAB MOJUNENTHAHOMN HENH KOJLIa-
TeHa B npouecce cuuTe3a Oenka. Eciau Beectn

13

- -Pro-Met-  -Pro-Ser- -Pro-Arg-

- * -Leu-Hyp-  -Pro-Hyp-  -Ala-Hyp-

- * -Pro-Gin-  -Phe-GIn-  -Pro-Hyp-

o -Glu-Hyp-  -Glu-Hyp-  -Ala-Ser-

- * -Pro-Met-  -Pro-Arg-  -Pro-Hyp-

- * -Pro-Hyp-  -Lys-Asn-  -Asp-Asp-
Puc. 9.2. IMocnenoBaTebHOCTL  aMHUHO-

KHCJIOT B yacTH Lenu al (I) xon-
nareda. Ha nmpotsoxennu Gonee
yeM 1000 ocCTaTKOB KaxabIM
TPETbUM  OCTATKOM  SIBJISETCH
[JIHIMH.
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Ocrarox Cyxyunar
4:-TMAPOKCHNPONHHA
Puc. 9.3. 'mapokcunupoBaHue  ocrarka
nponuHa no C-4 noa neicTBHEM
NpOJMJITMAPOKCHIIA3bl —  dep-

MEHTa, aKTHBHPYIOLIErO MOJie-
KYJIAPpHBIH KHCIOPOA.

kpbice *C-ruIpoKcUNpoIuH, TO B HOBOCHHTE-
3MPOBAHHOM KOJIJIAar€HE PAaJHOAKTUBHOCTH HE
obHapyxuTcs. OpHako 1OpH  BBEACHUM
'*C-nponvHa TUAPOKCUNPONHH B KOJUTATEHE
OKaXeTcs paavoakTUBHBIM. ClenoBaTENBHO,
MIPOJIMH, HO HE 9K30TCHHBIA I'MAPOKCHUIIPOJIHH
CITyXHT TMPEJLUECTBEHHHKOM THIPOKCUIIPOIH-
HOBBLIX OCTATKOB B KOJLJIareHe.
Ornpenenendsle OCTATKH NMPOJIHHA B KOJUIa-
F€HE MpPEeBpallalOTCs B THIPOKCHIIPOIMH MO
IEHCTBHEM  NPOAUAUOPOKCUAA3bl ~ HEPMEHTA,

F'moxkoaa
HO

H OH

Puc. 9.4. VrineBoaHblE KOMIIOHEHTHI KOJI-

JlarcéHa.

COEPXAILEro B aKTUBHOM LICHTPE aTOM XeJle-
3a (B peppodopme). JJloHOpoM aToMa KHCIOPO-
na, npucoeauHstomerocs k C-4 nposnuya, ciy-
xut O,. Bropoii aToM KHCllopoda u3 Moe-
Kynsl O, BKJIIOYaeTCA B CYKUHMHAT, o6pa3ylo-
wiics 43 BTOpOro obs3artespHoro cybcrpara
3TON peakiuu - o-OKcorayrapara (puc. 9.3).
Takum  obpa3zoM,  NPOJHITHIPOKCUIA3a
apyiseTcs Ouokcuzenasoil. IlpumedaTenbHas
0COBEHHOCTb ITO# peaxkLuy T'HAPOKCHINPOBa-
HHUA COCTOUT B TOM, 4TO JIs €€ OCYLLIECTBJICHUS
HEOOXOIMM  6OCCMAHOBUMEAbHBI  Az2eHm,
a MMEHHO dckopbuHosas Kucioma (pasa. 9.8),
6naronaps KoTopoii coxpansercs ¢eppodop-
Ma aToMa Xejesa.

PaccmaTpuBaeMas peaklUsi THIPOKCHIMPO-
BaHus Bbicokocneunduyna. Cpoboaneli nmpo-
JIMH HE MOXET CJIyXHTb CyBCTpPaTOM peakiuu.
TUAPOKCHIMPOBAHHIO TOIBEPraloOTCs CHELH-
(HYecKHe y4acTKH JOBOJIBHO GOJIBLION, HO elue
He CNUpATH3OBAHHOH MOJIMMENTUAHON LEnu.
T'uopokcuauposanuro no C-4 nodsepzawomcs
MOAbKO me ocmamKu npoauna, Komopbsvle pacno-
AOHCEHDBI CO CMOPOHbI AMUHOZPYNNbL 2 AUYUHOBO-
20 ocmamka. TTomumo 3TOTr0, HECKOJIBKO
OCTaTKOB MPOJIMHA ruapokcumMpyercs no C-3
apyruMy (epMEHTHBIMH CHCTEMaMM, NpUYEM
3TH NMPOJIMHBI BCErA Paclosokelbl ¢ KapOok-
CHJIbHOH CTOPOHBI TJIMLMHOBBIX OCTATKOB.

IMoa neiicTBHEM AU3UAZUOPOKCUAA3HL TIPOUC-
XOOMT THOpokcunupoBanue no C-5 wHebOIb-
1110#i 4aCTH OCTAaTKOB JIM3UHA B koJulareHe. Kax
W IPH THAPOKCHIIMPOBAHUH NPOJIMHA, B NMPO-
1ecce yYacTBYIOT MOJIEKYJISIPHBIA KHUCIIODPOA,
®-OKCOTJIyTapaT M AackopOWHOBas KHCJIOTA.
IMonBepraromiyecss THIPOKCHIHPOBAaHHIO OC-
TATKH JIM3HHA BCErIa PacloJIOKEHbI CO CTOPO-
Hbl aMHMHOTPYIINBl OCTATKOB [JIMIIHHA.

Fuapoxcunmnann
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9.4. K ocraTtkaM ruIpOKCH/IH3HHA NPHCOEIH-
HeHbl caxapa

B kosmareHe conepxXarcs yIrJIEBOAHBIE €aU-
HHIIbI, KOBAJIEHTHO CBS32HHbIE C OCTATKAMH I'H-
IOpokcunusvna. Yaime Bcero 3To aucaxapui
TJIFOKO3bI W ranakTosnl (puc. 9.4). INpucoenu-
HEHHUE CaxapoB NMPOUCXOAMUT B pe3yJsibTaTe Io-
CE[IOBATEILHOTO  ACHCTBHUS  2a4aKMO3U.1-
mpancgepasel U 2.110Ko3uampancgepasvl. ITH
(epMeHTBl TIMKO3MINHpOBAHMA CrieLMHYHBI
B OTHOLIEHHH OCTAaTKOB IMAPOKCUJIM3HHA B HO-
BOCHHTE3UPOBAHHOM KOJUTAreHe, elue He mpe-
TeprieslleM cnupanusanuu.  Yucio  yrie-
BOJIHBIX €IMHUIL B TPOMOKOJLJIATEHE 3aBHCHUT OT
BUa TKauu. Tak, HanpuMep, B KOJLJTareHe Cyxo-
Xunuii (Tun I) 9170 YKCKO paBHo 6, a B KOLTa-
TeHe Kancynael xpycranuka (tun IV)-110.

9.5. CTpykTypa TpOnokoJiarena —3To TpoiiHoi
CNHPAJIbHO CKPYYeHHbIH TSK
O6paTtumcs k KoHGOpPMaLKMM OCHOBHOI CTPYK-
TYPHOH €1MHUIbI KOJUIATEHOBOTO BOJIOKHA TH-
na L
Kak nokasamm 9mekTpoHHO-MHKpPOCKOMH-
YECKHME M TMIPOAMHAMHUYECKHE HCCIIET0BAHMS,
MPONOKo.11a2eH umeem Hopmy cmepiucHa 0.1u-
noit 3000 A u ouamempom 15 A. I10 onuu u3
CaMbIX JUIMHHBIX CpEIH HW3BECTHBIX OEJKOB.
Jns cpaBHEHMS ykaxeM, YTO 110 1JHHE TPOIO-
xoyularen B 60 pa3 Gonbllie quamMeTpa XMMoO-
TPUICHHA, 4 10 THAMETPY — B 2 ¢ JIMUIHUM pa3a
Menblle. Kaxaas U3 Tpex noJUNenTUAHBIX 1ie-
neid umeeT opmy cnupanu (puc. 9.5). Kpome
TOTO, 3TH TPHU CNMPAIM30BAHHBIC LIENH 3aKPY-
YUBAIOTCS OTHOCHUTENBHO APYT Apyra, obpa3sys
TYryr HUTb. I nelcTBUTENbHO, KOJIIareHoBoe
BOJIOKHO  00najaeT  yIMBMTENBHOH  mpo-
YHOCTBIO: I Pa3pbiBa BOJIOKHA [MAMETPOM
(@ | MM HyxHa cuia B 10 kr.
Puc. 9.5. Monenb TpoitHo# cnimpanu koi- XapakTep crnMpann3aunu Kaxmaoi u3 ueneit
snarena. Iloka3saubl Tombko a- B TPEXLENOYEHHON HHUTH KoJulareHa XOpollo
YIJIEPOAHbIE ATOMBI.

Puc. 9.6. Mogeas cnupann nosau-L-npo- Takas xe cnupalb cocraBiaser
JmHa (mpanc-cnupanes tuna II). OCHOBY IPOCTPAHCTBEHHOI
CTPYKTYPbI KaXA0H M3 Tpex lie-

Yacrs 1 ned TPOMoKoJLIareHa.
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Puc. 9.7. KonpopMauus oTAENBHOH Lenu
B TpOWHOH CnMpasid KojutareHa.
N306paxeH y4acTOK LEMH C Mo-
cnenopatensiocThio  -Gly-Pro-

Pro-Gly-Pro-Pro.

BUJIEH HA MIPUMEPE MOJENIBHOIO COCAUHEHUS -
noau-L-npoiund. DTOT CHHTCTHYECKHH MosU-
nenTui MMEET cnupajbHyto gopmy (puc. 9.6),
COBEPILIEHHO OTJIMYHYIO OT A-Cudpaju. B Hem
OTCYTCTBYIOT BOAOPO/HBIE CBA3M. BMeCTo HuX
cmaéu,tu.zauu;o cnupaaiu obecnevugdaom cuibl
CMepPUUeCcKoz0 ommdUuaKuganuna nupp(mu()onoebxx
Koaey ¢ ocmamkax npoauna. Ilpu cnupanunsa-
MM DOJMIENTHAHON LU MUPPOIMAOHOBLIE
KOJibLa pacnonararm‘ca KaKk MOXHO Jajibule
Apyl OT Jipyra, ob6pa3ys TdaK HA3LIBAEMYHO
mpaHc-cnupais tuna I, cTpykTypa KOTOpO#
OKa3blBaeTCd ropasao 6oJiee pa3BepHyTOH no
CPaBHEHMIO C TYrO 3aKPYYEHHOH a-CIMpanbio.
PaccTosHHe MexXay ABYMsSl RMHHOKHCJIOTHLIMH
OCTATKAMM 110 OCH CMHPAIM 110JH-L-IPOIMHA
COCTaBJISET 3,12 A, Torna Kak B ®-CIIUPAJIH OHO
passo 1,5 A. Ha nosopoT cnupa/u B 11014-L-
NPOJIMHE NPUXOAMTCS TP AMHHOKHCIOTHBIX
ocTaTKa.

PaccMOTpMM  Teueph KOH(POPMANMI OT-
JICILHOM LIeMM B TPEXLENOYEHHOH ClUpali
koJinarena (puc. 9.7). Kaxpgas. uenb cnupanu-
30BaHAd aHAJIOrMYHO TOJH-L-nipojuHy. anee
TPU CNMPAIK30BAaHHBIE IIEMM 3AKPYYHBAKOTCS
Oj/lHa BOKpYr ApYyro#, obpasys cynepcnupaisb
(puc. 9.8). PaccTosnue mexay AByMsS aMHHO-
KHCJIOTHBIMHM OCTaTKaMH MO OCH CIHUpaJu COo-

Puc. 9.8, CkeneTHas Mojeib  [POHHOIA
cniupaiM koynareHa. [lokxasana
NOBTOPSIOWIAACA  ITOCJIEAOBA-
TensHocTh -Gly-Pro-Pro.

«
e
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cTaBseT 2,9 A, a Ha OJMH BUTOK CIHMpay NMpu-
xonutcs noutH 3,3 ocratka. Tpu yenu ceazanvi
Mexncdy coboit 6000podHbIMU C8A3AMU. [lOHOPA-
MU BOAOpOJA CaykaT nentuaHbie NH-rpynmns
OCTATKOB TJMUHHA, a AdKUENTOPaMHM —IeMn-
TuaHbIe CO-rpynnbl aMHHOKHCIIOTHBIX OCTAT-
KOB Ha Apyrux nensx. Bogopoausie cBA3M Ha-
NPABJIEHBI TIONEPEYHO K MJIMHHOH OCHM Tpono-
KOJUIAreHOBOTO Tska. B obpaszoeaHun Bogo-
POAHBIX CBA3CH, CTaOUIIM3HPYIOLIMX TPOHHYIO
CIIUPaJlb, YYACTBYIOT TaKXKe€ THIPOKCHIILHbIE
Ipynnbl OCTATKOB THAPOKCUNIPOJIMHA U MOJIE-
KyJiel BoAbl. [1pocTpaHcTBEeHHas MoaeNb TPOIi-
HOH CIMpaji KoJUlareHa nokasaHa Ha puc. 9.9.

9.6. MaJibie pazMepbl MJIHUMHA 1e1a10T €10 He-
3aMEHHMBIM KOMIIOHEHTOM CTPYKTYpbi

Tenepb Mbl MOXEM IOCTABUTHL BONMPOC: MOYE-
My KaXI0€ TPEThE MOJIOKEHHE B AMMHOKHC-

Puc. 9.9.

IMpocTpancTeennas
TPOHHOH CIHpaiuM KoJUlarexa.
(ITeuataercs ¢ mobe3HoOro pas-
pewieHus o-pa A. Rich))

MOAENb

Yacrs |
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JIOTHOH TIOCJIENOBATEILHOCTH TPONOKOJIIare-
Ha 3aHATO rnuuuMHOM? Bo BHyTpeHHeM mpo-
CTPaHCTBE TPOMHOIO CNHUPaJbHOTO BOJOKHA
oueHb TecHo (puc. 9.10). IMo cywectry, kpome
ZAUYUHA HU OOUH AMUHOKUCAOMHBIT OCMAMOK
HEe MOz Obl YMECMumsCca Hympu mpoithoii cnu-
paau. Tlockoneky Ha oaun 06OpPOT cnupanu
NPUXOOUTCS TPU AMHMHOKHCIIOTHBIX OCTATKa,
COOTBETCTBEHHO KaXX/1bIi TPETUIt OCTATOK B Ka-
XK10# U3 leneit HenzGexHo rimuuH. JIpa octat-
Ka 110 06e CTOPOHBI OT IJIMIKHA OKA3BIBAIOTCS
C HapyXHOH CTOPOHBI TPOHHOM cnupaiu, rae
JIETKO  pasMEeLaroTcss TPOMO3JAKME KOJIbLA
OCTaTKOB NPOJIMHA M TMIPOKCHUIPOJIHHA.

Kazanoch Obl, 3 BCEX AMHMHOKHCIOT IJIH-
LIMH — HAWMEHEE BaXKHasl, TaK Kak ero GokoBas
Lenb—3TO BCETO JIMIIL ONHMH ATOM BOJAOPO/A.
Onnaxo B opranusauun 6eKOBOH CTPYKTYphI
Takasgd NPOCTOTA MOXET OKa3aThCs JOCTOMH-
CTBOM. ['IMUMH MIpaeT O4eHb Baxiylo poJb
HUMEHHO TOTOMY, HTO OH MaJl 4, 3aHUMas O4YeHh
MAJI0 MECTa, He IPENATCTBYET COEAMHEHMIO TO-
JIMNENTUAHBIX Lelel APYr ¢ apyroM. Mul yxe
CTaJIKUBAJIUCH C 3TUM, paCCMATPUBAS MHOIJIO-
6uH ¥ reMoOrnoGHH, TI¢ IIMIWH HHBAPHAHTHO
CTOMT B NOJOXeHuu B6, cmocobeTBys cOamxe-
Huto cnupaneit B u E. B xuMotpuncure s nosno-
CTH, TIe MPOMCXOJHUT CBA3BIBAHHE cyGCTparTa,
MOXET YMECTUThCH OONbILIAS apoMaTHyeckas
Tpynna ToJIbKO MOTOMY, YTO IBa OCTATKA, Bbl-
CTHJIAIOLIME MOJIOCTh,— 3TO OCTATKHM TJIMIIMHA.
B 3BOMIIONMM TEpEHOCYMKA 3NEKTPOHOB THTO-
XpoOMa ¢ caMbIM KOHCEPBATHBHLIM aMHHOKHC-
JIOTHBIM OCTATKOM OKa3aJICs TJIHMLHH. B xou-
JIAr€HE Mbl BHOBb CTAJIKUBAEMCH C TEM, YTO
2AUYUH uepaem ocobo 6ancnyio poas, pacuiupan
OUana3on 603MONCHBIX KOHPOPMayuil npu ckpy-
UYUBAHUU NOAUNENMUOHOU Yyenu.

9.7. CTaGuIbLHOCTD CNHPaH KOJLIareHa 3aBH-
CHT OT KOONEPATHBHLIX B3AHMO/IEHCTBHIH

Ecnu pacTBop TpomokosiareHa Harpertb, TO
NpH XapaKTePUCTHYECKON TeMmepaType npouc-
XOAUT U3MEHEHHE €ro (HU3HYECKUX CBOHCTB
(puc. 9.11). Tak, pe3ko nagaet BS3KOCTH pac-
TBOpA, YTO yKa3bIBAE€T Ha MOTEPIO BOJIOKHH-
CTOH CTPYKTypbl. Cyns 10 H3MEHEHHIO ONTHYE-
CKOTO BPAILECHHS, HCYE3AET CHUPAJILHOCTD
CTPYKTYpbl OTHAENBHBIX uened. OTcrona cie-
AYeT, 4TO TEMJIOBOE ABHXKEHHE NMPEOHOJIeBaET
TE CUJIbl, KOTOpbIE CTAOMIM3HPYIOT TpOliHyIO
CUpaib, U B Pe3yabTaTe BO3ZHHKAET Pa3OpBaH-
Has CTPYKTypa—>eJlaTHH, UMEIOLIHH KoH(H-
TYpPalMIO CTATHCTUYECKOTO kiaybka. DTOT
CTPYKTYPHBIH NEPEXON BO3ZHUKAET IHCKPETHO,
NIpY OTIPE/ICJICHHONR TeMIepaType, aHAIOTHYHO
TOMY, KaK NPOUCXOAMT IJIABJICHAE KPUCTasLIA.



ITonepeunslit cpe3 Yyepe3 MOAETD
kosnareda. Kaxaas uens coenu-
HEH4 BOJAOPOIHOH CBA3BIO C IBY-
M3 IpYrUMH LEensMH (TOYKH 03-
Ha4aloT BOZOPOIHYIO CBs3b). -
¥Yraepoanbiii aTOM ocTaTKa IJIM-
LMHA B KQXJIOH Lenu 0603Ha4eH
6ykBoit G. KaxnbiM TpeTbuM
OCTATKOM B I10CJI€I0BaTENbHO-
CTAX  AMMHOKHMCIOT  JOJDKEH
OBITH TJWIMH, TaK KaK BOJIH3H
ocH (IIeHTpa) CIHPAJIKH HE OCTaeT-
¢ MecTa 11 Oosiee KpynmHOro
ocratka. Ob6paTtute BHUMaHHe,
4YTO MNUPPOJMIOHOBBIE KOJIBIA
PACNONOXEHE  CHAapyXH. Pa3s-
JIMMHBIE ENMX TPOHHOH CNHpaiu
[IOKa3aHbl pPa3HbIM HBETOM.

[Mepemenunii B 6MOXMMHIO TEPMHH «ILTaBJIE-
HHME» CTANl MPUMEHATBCA B Cy4asix, KOraa Io-
TEPSA BLICOKOOPraHM30BAHHON CTPYKTYPBI MPO-
VICXO[UT B Y3KMX TEMMNEPATYpPHbIX Tpeaenax.
Cnupane TpOMOKOJUIAreHa XapakTepH3yeTcs
BBEICOKOi CTENEHBIO YNOPSAAOYEHHOCTH MO JITH-
He. JIMCKPETHOCTb CTPYKTYPHOTO MeEpexoaa
Npy MOBBILIEHHH TEMIIEPATYPbl YKa3blBA€T Ha
TO, YTO CTaOMNH3aL U TPOHHOMN cupau obyc-
JIOBJIEHA KOONepamusHuIMu 83AuMo0eilcmeus-
mu. JIpyrumMu croBamu, cMpanu3auus o6yc-
ToBJIeHAa OODPa3OBAHUEM MHOMCECMEA yCuAu-
saiowjux Opyz Opyza ceAaszeil, Kaxias wu3
KOTOPBIX caMa 110 cebe OTHOCHTENbHO cnaba.
O6pa3oBaHHe KaX10# U3 3THX CTAOUIM3UPYIO-
LMX CBA3€H B OOJBIION CTENEHH 3aBUCUT OT
TOro, 06pa3yroTCs JIH OJHOBPEMEHHO M COCE-

Tabnuua 9.2. 3aBUCHMOCTb TEPMOCT4OUIBHOCTH KOLIAre-
Ha OT COAEPKAHUA HMMHOKHCIOT

KonuuectBo  Tepmocta-
HUcTounnk UPOMMHA +  GyBHOCTD Temme-
[MIPOKCH-
nponvsa (B pary-
pacuere Ha pa Te-
1000 ocrat- Tex T na, °C
KOB)
Koxa rtenenka 232 65 39 37
Koxa axynbt 191 53 29 24-28
Koxa Tpecku 155 40 16 10-14

Hue cBs3u. [Ipumepom Takoit KoomepaTHBHOIM
CTPYKTYPbI MOXKET CJIYXHUTh 3aCTEXKA-MOJHHS.
B nocnenyrommx riaBax Mbl pacCCMOTPHM psill
IPYTuX BBICOKOKOOIEPATUBHLIX MAaKpPOMOJIe-
kynsapubelx crpyktyp: JHK, Bupyces, xne-
TO4YHbIE MEMOpaHbIL.

Temnepatypa, npu KOTOpOIf CTUPAIM30BaH-
HOCTb CTPYKTYpPbl YTPAuMBAETCS HANOJIOBHHY,
Ha3blBaeTcd memnepamypoit naasaerus (T,).
T\, TPOMOKOJIIATCHA CAYXHT KPUTEPHEM CTa-
OMIBHOCTH €ro TpoiHON cnupann. s MH-
TaKTHBIX KOJLJIAreHoBbIx (ubpunn comocra-
BUMBIM TTOKa3aTeNieM SBIAETCS memnepamypa
cocamus T,. Konnarensl pasjMuHBIX BHUIOB
OpraHM3MOB Dpa3IHYalOTCs MO TEMIepaType
nnasyienus. Oka3anock, 4To T, U T KOMNa-
TE€HOB CBS34HBbI C TEMIEpPATYpPO# Tesa KUBOT-
Horo (tabsn. 9.2). Camoii Hu3koi T, xapakTe-
PH3YIOTC KOJUIATEHBI KOPIOIIKH, TOTIa Kak
y TennokpoBubix T,, nocturaetr HauGosee BbI-
COKHX 3HaueHuil. Paznuuus B TepmocTabuiib-
HOCTH KOPPEJMPYIOT C COUACPXKAHHEM MMHHO-
KHCJAOT (MpojMHAa ¥ THAPOKCHIIPOJIHHA)
B KosunareHe. Yem goiwie codeprcanue uMuHo-
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Puc. 9.11. KpuBas nnaBjieHHA MOJIEKyIIbI

KonarcHa.
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Kuc.1om, mem cmaduavHee K0A4442eHO8AA CHU-
paas. ConepxaHnue HMHHOKHCIIOT B KOJLIAreHe
YBEJIMYMBAJIOCH B I1POLIECCE IBOJIIOLNUM OT XO-
JTOJTHOKPOBHBIX K TENJOKPOBHBIM.

Hrak, cTabuNBHOCTE CIUPASM OT/EJIBHOR
LENMA TPOMOKOJIIAT€Ha 3daBUCHT OT npoJjnia
1 TUAPOKCUIIPOHHA, ACHCTBYIOUIMX B KA4eCTBE
3aMKoB. [lanee Tpo¥Hasg cnupajib CTabUIH3M-
pyeTcs MonepeyHbIMH BOJIOPOJHBIMH CBSA3AMU
M BaH/IEpPBAaJIbCOBBIMH  B3aUMOEHCTBUIMU
MEX1y OCTaTKaM| Ha pasHbix uensx. Hannuue
ITMUMHA B KaXOM TPETheM MOJIOXEHHH NO-
CJACH0BATENBHOCTH AMUHOKHUCIIOT CJIYXHUT CTEC-
PHYECKHM pa3pelleHUeM AJIS CYILUECTBOBAHMS
CynepCnupai.

OnpenesieHue TEMIICPATYPHI [11aBJICHUS XH-
MHYECKH CUHTE3UPOBAHHbLIX NOJIMNENTHIAHBIX
Mozeseil KOJITarcHa npoJMiIo CBeT Ha Ouoio-
THMECKOE 3HaYeHHE NpOLECcca MAPOKCHIINPO-
BaHMA NMpoanHa. Tak, obHapyxuiocs, 4yro T,
poly(Pro-Pro-Gly) coctasnser 24°C, To1 1a Kak
T.x poly(Pro-Hyp-Gly) pasna 58°C; otcrona
CNnenyeT, uTo eut)pox('u/mpoeauue FHAYUMECABHO
yeeauuueaem cmadbuabiocmes mpoiHOl cnUpaiu.
DTOT BBIBOJ IOATBCPXKAAETCH pE3YJIbTaTaMu
M3YYEHHUs Hel MIPOKCUIIMPOBAHHOTO KOJUIATe-
Ha, NOJY4EHHOTO NTyTeM HHKYOAIMH KJIETOK Cy-
XOXHJIUA C oo -OUNUPUINIIOM -- COEUHEHHEM,
o0pa3ylomiuM XelaTHOE COEIUHEHHE C XKejle-
30M H NOTOMY MHIMOMDPYIOLIMM MNPOJIHITH-
npokcunasy. CUHTE3HpOBAHHBIA 3THMH KJeET-
KAMHM HETHIPOKCHWIMPOBAHHBIH KOJUIAreH He
obpasyet Tpo#HOo# cnupanu npu 37°C, Ho ObI-
CTPO CIUPATU3YETCA NMPH TEMIIEPATYpe HHXKE
24°C.

9.8. HapyuieHne ru\pOKCHIMPOBAHHS — O/IHH M3
OHOXHMHYECKHX 1e()eKTOB NMPH UMHre
3Ha4yeHHe THAPOKCWIMPOBAHHUA KOJLJIareHa co
BCEil OYEBHIHOCTBIO BBLICTYMAET TIPH YUHZe.
’Kak Kaprtse (J. Cartier) B 1536 r. ouens xuBo
onucan 3Ty 605€3HB, MOPA3MBLIYIO €0 CHyT-
HMKOB BO BpeMs nyteulecrBus no pexe Cs.
JlaBpenTHs:
«OJIHU JUILWIUCH BCEX CBOMX CHJT M HE MO-
IJI1 CTOSATh HA HOTaX... Y JAPYTUX K TOMY Xe
MOSIBUIIMCh Ha KOXKe OarpoBble MATHA KPOBH,
KOTOpBIE TOCTENIEHHO IOKPbIBAJIM TOJICHH,
KoJIeHH, 6eapa, SrouIlbl, M4, PyKH, IICH0.
W30 pra cran UATH 3JIOBOHHBLIR 3armax,
JI€CHBI TaK 3arHUJIM, YTO OTHAJIO BCE MSACO /10
KOpHelt 3yOoB, a camu 3yObl TOYTHM BCe
BbINIAJTH».
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Cnocobel  npenynpexIeHUs UMHTH ObLIN
B CxaToil dopMe chHOpMYNIHpPOBAHBI AHIIIHIi-
ckuM Bpauom [lxeiimcom JIuraom (J. Lind),
KOTOphI# nucan B 1753 r.:

«He pas3 yxe y6exmaanucs B TOM, 4TO 3€IeHb,

CBEXHC OBOUIM U cneJibie (hpyKThI —HE TOJb-

KO J1y4illee JIEKapPCTBO, HO ¥ CAMOE JIEHCTBEH-

HOE CpeliCTBO 115l TpeaylpexAeHUs 3TOoi

60J1e3HU».

Jlung nacramsan, 4ToObl B paliMOH MOPAKOB
BXOIMJI JIMMOHHbIH cok. BpuTtaHckoe Aamu-
panTeHCTBO MPUCIYINANOCh K €0 COBETY LPH-
MepHO 4vepe3 40 ser.

unra oOycrnoByiieHa HEMIOCTATOYHOCTBIO
ackopOHHOBOI KUC/10ThI (BuTamMuHa C) B nuiILe.
INpuMaTel ¥ MOpPCKUE CBUHKH YTPaTHIU CIO-
cOOHOCTB CHHTE3HPOBAaTh ACKOPOHOBYIO KHC-
JOTY ¥ TO3TOMY HOOJDKHBI TOJydYaTh ec
¢ numed. SBISACh CWIBHBIM BOCCTaHOBH-
TCABHBIM dreHTOM, 4CKOpPOHHOBASA KWCIOTA
(puc. 9.12) npcpoxpaHseT OT HHAKTHBALIMH
NPOJTHITHAPOKCHIIA3y, BUJIMMO, NOJUICPKHBas
BOCCTAHOBJIEHHOE COCTOSHHME aTOMAd Xejie3a

OH
0 ° (I:——cuon
—{
HO OH
AckopbuHoman kucnota
OH
o} C—CH,0H
ey
HO o~
Ackop6aTt-uoH
OH
(l:_CHzOH
0// \OH
Aerugpoacxopd K Ta

Puc. 9.12. ®opmynbl ackopOHHOBOH KHC-
Jotbl (BuTamuHa C) U ee HOHU3H-
poBaHHO#  ¢opmbl—ackopbar-
voHa. pK, KHCIOTHBIX TMIpO-
KCWIBHBIX IPyNN acKOpOMHOBOMH
KucjaoTel paBuo 4,2. Jleruapo-
acKOpOMHOBAs KHCJIOTA SIBIISIET-
cq OKHCNIeHHOH ¢opMoit ackop-
6aT-HOHa.
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Puc. 9.13. Cxemaruueckoe u300pakeHHe 110 B TOM, YTO B XMMOTPHIICMHE OTCYTCTBYET
[peBpalleHus IPOKOJTareHa 4acTb CTPYKTYPhI, HEOOXOAMMOHN 1 BO3HHK-

B KOJUIAr€H MYTEM OTIUEIUIEHHs
N-konneBoro mnentuaa (OKOJIO
15 x/Ja) u C-KOHIEBOTO MENTH-
aa (oxouo 30 ka) oT kax10i u3
Tpex uenei. B npokosnarene C-
KOHLEBBIE NCNTHABI TPEX Ienei
CBA3aHBl MEXAY CO0O0H IHCYJib-
GUIHBIME MOCTHKAMM.

B pepmenTe. KosmareH, cHHTe3upyeMblii B OT-
CyTCTBUE ACKOPOUHOBOM KUCNOTHI, OKa3biBaCT-
cA  HENOTHUIPOKCHWINPOBAHHBIM M, CJe/0Ba-
TEJIhHO, WMEET TMOHIKEHHYIO TEMIepaTypy
masicHust. Takoit koutared He moxet obpa-
30BaTh HOPMAJLHLIE 110 CTPYKTYPE BOJIOKHA,
4YTO U IPUBOAMUT K IIOPAKCHUIO KOXH U JIOMKO-
CTHU COCY/10B, CTOJIb Y€TKO BbLIPDAXECHHBIX ITPpH
IIMHTE,

9.9. TTpokoajaren nNpeIeCTBCHHHK KOJLIare-
Ha Mpn ero GHOCHHTE3e

Tpoiinas cnupanb xojjareHa tuma I in vivo
dbopmupyertcs ouenib ObicTpo. Oanako in vitro
npouecc oOpa3oBaHHs TPOHHOW cnupaln U3
pacTBopeHHbIX uenei ol (I) u 22 AnuTcs aAHAMHU
U K TOMY XKE€ HMECT HU3KHUHA BbIXOA. Yem xe
o0bsACHAETCA 3TO pasnuude B cOopke Tporo-
KOJIJIAareHOBOM cnupalid in vivo u in vitro?
Bcriomuum Al CPABHEHHUS, KAK BOCCTAHABJIHU-
BAETCA CTPYKTYpa /IECHATYPUPOBAHHOTO XUMO-
TPUNICHHOTEHA U XUMOTPHUIICHHA: JAEHATYPUPO-
BAHHBIA NPO(PEPMEHT CINOHTAHHO MPHHUMAET
NpPaBUIBHYIO TPEXMEPHYIO KOHQUIYpaluio,
Toraa kak epMeHT K 3ToMy He crnocoben. [le-

HOBEHUS NPaBUIILHOW TPEXMEPHOH KOHbUry-
paluy, a UMEHHO IBa IMNENTUAA, KOTOpPbIE OT-
LIENJISAIOTCS B MPOLECCE AKTHBAIIMH.

ITo aHanorum MOXHO MPEANOJONXKHUTE, YTO
HecnocoOHocTh ounineHHbIX ueneit al (I) u o2
K CIOHTAHHOMY O0O0pa3oBaHUKX TNpPaBHILHON
TPOMOKOJITATEHOBOH CTPYKTYphl 0OYC/IOBIEHA
OTCYTCTBHEM KAKHMX-TO 3JIEMEHTOB, HCCYLLMX
HeoOxoanmMyro uagopmanuo. Tak OHO H €cTh
Ha caMoM fieie. CocmagaAnuue KoaiaceH yenu
CuHme3upylomca 6 6ude npeouecmeeniiukos
boavwenn maccel. IlpenmectBennnk al (I)-nenm,
HazbiBaeMbilt npo-al (1), nmeeT Macey 140 k/[la
(Torna xax macca al (I)-uenn - 95 x/la). Jonon-
HUTC/BHBIC NENTHABI JIOKAaJIN3YIOTCA Kak Ha N-,
Tak U Ha C-konue upo-al (I)-uenu (puc. 9.13).
MonoGHBIM e 06pa3oM NpCALLICCTBEHHUKOM
a2-uenu cayxuT npo-a2 ¢ maccoit 140 xJa. Mo
AMHHOKHCJIOTHOMY COCTABY [OHOJIHUTENbHbIE
nenTuaHble y4actku B npo-al (I) u npo-a2 co-
BEPLUICHHO HE MIOXOXH Ha OCHOBHYIO YACTh Ii€-
nu. B HUX Maso ridliuKa, Nposivia ¥ THApPOK-
cutniposuHa. N-koHueBble nentuasl B npo-al (1)
U NpO-02 COACPXAT BHYTPUIIENOYEUHBIE M-
cynbbuaHbie cBA3U. bonee toro, C-konyeswie
nenmuoel YMux yeneil-npeduecmeeHHUK08 8-
3UHbl MENCYENOULUHBIMU OUCYAbPUOHBIMU 8-
3AMU, OMCYMCMEYIOWUMU 8 Koaadzene.
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Puc. 9.14.  Dnextpodoperuueckoe pazaerne-

HUE 3KCTPAKTa KOXM B MOJH-
aKpWJIAMMOHOM reie. B KHCbIX
3KCTPaKTaX KOXH  OOJIbHBIX
¢ cuHIpoMoM nepca-Ilannoca
Ttuna VII (A) npucyTcTByer 3Ha-
YHTEILHOE KOJIMYECTBO MPOKOJI-
Jnareda (mpo-al H  mpo-a2).
B Hopme (B) npokonnaren ot-

cyrcreyer.  [Lichtenstein J.R.,
Martin G.R., Kohn L.D.,
Byers P.H., McKusick V. A,

Science, 182, 299 (1973).]

9.10. /lononmHTe/IbHbIE NENTHAB uenei-npes-
IIECTBEHHHKOB OTWIEIVIAIOTCH (ePMEHTATHBHO
Lenu npo-al (I) u npo-02 cuuTesupyroTcs dhu-
6pobiacTaMu M CEKPETHPYIOTCS B MEXKJIETOY-
. HOE MPOCTPAHCTBO COEIWHMUTENBHONH TKaHHU.
31eck AONMONHHUTEILHBIE IENTUADIL, CTOAIUE HA
N- 1 C-xoHHAX 3THX ueneH-NpealleCTBEeHHH-
KOB, OTILEMJISAIOTCS CHeun(PHIeCKIMHU POTEO-
JUTHUYCCKUMHU d)epMeHTaMH —NnpoKoaaazceH-nen-
mudazamu.
Hapyumenue npespamennst ueneii-mpenue-
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CTBEHHWKOB B al- M a2-neny NPUBOAUT K reHe-
PANM30BaHHOMY MOBPEXAECHUIO COECOUHUTEh-
Hoi  Tkauu, Tak, Hanpumep, GoxbHble
¢ cundpomom Daepca-- lansoca oTaMvaroTCs
ManeiM  pOCTOM, MOBBLIIEHHOW  pPACTSDKH-
MOCTBIO KOXH ¥ H30BITOYHOH rubKOCTLIO Cy-
crapos. I1pu onuoii u3 popm storo 3abosesa-
HHS B 9KCTPAKTaX KOXKH U CYXOXHITHI GOJTbHBIX
Oo0HapyXHBAETCA 3HAYMTENBHOE KOJIMYECTBO
ApokoyareHoB (puc. 9.14). OnHoBpemeHHO
B (pubpobnacTax BbLIABIAETCH CHHXEHHE npo-
KOJIJIAareH-NeNTHAA3HOi aKTHBHOCTH. M3pect-
HO TAKXe HACIEACTBEHHOe (HAaciemyemoe IO
PELECCHBHOMY THNY) 3ab0seBaHue KPYyIHOIo
pOraToro ckoTa— 0epmMamocnapakcuc, KOTopoe
06ycI0BIEHO OTCYTCTBUEM MPOKOJIATEH-TIE-
THAa3bl. KOXa XHBOTHBIX B 3TOM CNy4ae CTa-
HOBUTCs KpaiHe XPYNKOMH, TaK KaK HUTH KOJLIa-
FCHA HaXOAATCH B HEH B BHIE /€30PraHmu3o-
BaHHBIX NyukoB. [lpu 3TOM 3HauuTenLHas
YaCThb WMEIOLICTOCH 3PEOro KOJIATEHA THna
I conepxut al (I)- n o2-uenu ¢ coxpasuBuIm-
mucs N-KOHIEBRIMM MENTHAAMU NPOKOJLIATE-
Ha. Bee u3noxkeHHOe MokaswiBaeT, 4ToO OTUIE-
1icHue N-KOHIEBBIX MENTHIOB HEOOXOAUMO
115t GOPMUPOBAHNS YIIOPAAOYEHHBIX KOJLIATC-
HOBBIX (GuOpuLIL

9.11. KoanarenoBoe BOJIOKHO COCTOMT M3 CTy-
MEHYaTO PACTONIOKEHHBIX MOJIEKYJ TPONOKo.-
Jlaresa
O6pa3opaHue KOJLTATEHOBOrO BOJIOKHA TIPOHC-
XOJIUT BO BHEKJIETOYHOM IIPOCTPAHCTBE B pe-
3yJIbTaTe CIOHTAHHOTO, CHENUPUYECKOTO CO-
€MHEHHUs MeXIy COOOH TPOIMOKOJIAreHOBBIX
dubpunn. CTpykTypa K0J11areHoBOro BoJoKHa
Obizia M3yYeHa METONAaMM PEeHTIEHOCTPYKTYp-
HOTO aHAJIM32 M SJEKTPOHHOH MUKPOCKOMHH.
KomnaredoBoe Bonokso umeer TIONEPeYHy1o
MCYEPYCHHOCTh C MHTepBaJoM 680 A (cM.
puc. 9.1). B 1o xe BpeMs minHa MOJIEKY JTbI
TponokoJarena cocrapiaser 3000 A. Takum
00pa3om, mepuon CTPYKTYphl BOJIOKHA B He-
CKOJIbKO pa3 MEHbIIE, YeM AJIMHA COCTABJISIO-
IIKX BOJIOKHO MOJIEKYJI; 9TO MOKA3LIBAET, YTO
PAIbI MOJIEKYJT TPOTIOKOJJIATEHA HE MOTYT Jle-
XKaTbk TOYHO APYr Hax Apyrom. U B camoM ne-
Jie, OZIUH P TPOINOKOJIIATEHOB CMELIEH 110 OT-
HOLUEHMIO K COCEHEMY psily IpMMEPHO Ha /4
IUTMHBL MOJIEKyJIbl. OTCIOA CIIEAYET, YTO OCHO-
8y CMDYKMYDHOil Op2aHU3ayuu KoANA2eH08020
80.10KHA COCMAGARIOM COBUHYMble HA YemEepmb
CMYneHuamo pacnoioNcenHvle napaiteibHvle
PAOdB mponokoiazenosvix moaexya (puc. 9.15).
Takas «apaHXMpOBKa» HAIOMHMHAET My3bI-
KaJIbHyto ¢yry (puc. 9.16).

JlrobonbiTHAs CTPYKTYpHAass OCOGEHHOCTD
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Puc. 9.15. Cxemaruueckoe wu3oOpaxenune
CTPYKTYPHOH OpraHu3anuu KoJ-
JIATEHOBOTO BOJIOKHA. Mouteky-
JIBI TPOIOKOJIIAreHa (TmokKa3aHbl
CHHHUMH CTpeJIKaMH) pacloso-
XeHbl psnaMy, MOCIEI0BaTeNb-
HO CMELICHHBIMH Ha 1/4 oqHa 1o
OTHOILUEHUIO K apyroi. ITpome-
KYTKH B pSAax MeXAy MOJEKy-
JIaMH  TpomokoJjjiareHa (moxa-
3aHbl KPAacHbIMH KBaJpaTamu)
MOFYT CIYXHUTb UEHTPAMHU KAJTb-
nHdukanun npn GOpPMHUPOBAHUH
KOCTH.

BOJIOKHA COCTOUT B TOM, YTO PACIOJIOXEHHBIE
B Pl MOJIEKYJIbl TPOIOKOJUIATEHA HE CBA3AHBI
«KOHEIl B KOHem». Mex/ly KOHIIOM OAHOW MoO-
JIeKYJIbl ¥ HAYAJIOM CIIENyIOIeH HMeeTcs mpo-
MexXyTox okojio 400 A (puc. 9.15). 3ToT npo-
MEXYTOK UTpaeT 0codyro poJib MpH Gopmupo-
8aHuu Kocmu. KocTb COCTOUT U3 OPraHUYECKOM
(a3pl, NOYTH LEJMKOM NpE/CTABAEHHONH KO-
JIAr€HOM, W HEOPraHM4eckoii , a UMeHHo ¢oc-
tata xagbuns. [Nocnenswmit no csoemy crpoe-
HHIO OGNIM30K K THAPOKCHANATHTY ¢ COCTABOM
Ca,, (PO,), (OH),. Konnaren Heo6xoaum s
00pa30BaHNA KOCTH K4K MECTO OTJIOXEHHS
kpuctayioB (ocdata kxanbuus. Oxazasoch,
4TO NepBble KPUCTAIIBI OTKJIA/IbIBAIOTCA C HH-
TepsasioM nopsaka 680 A, 4To coBnajacT ¢ ie-
PHOAOM KOJIJIAr€HOBOTO BOJIOKHA. Buonue Be-
POATHO, YTO MPOMEXYTKH BIOJb PsAaa MoJe-
KyJl TPOIOKOJUIATEHA  BLITOJHAIOT POJIb yeH-
mpoe omaoMCceHuss MHHEPAJIBHBIX COCTABHbIX
qacTell KOCTH.

9.12. OGpa3oBaHHe KOJLIAreHOBOr0 BOJIOKHA pe-
ryJIHpyeTCs NPOKoJLIareH-nenTHaa3aMu

MoJiexysibl npoKosiarena B OTJAHYHE OT TpO-
MIOKOJLIATEHA HE CMOCOOHBI K CIIOHTAHHOMY
00pa30BaHMIO BOJIOKHA: [l JTOrO HeOOXOIH-
MO npeasapHuTelbHOe oTwengeHue N- u C-
KOHIIEBbIX nenTHAOB. Takum obpasoM, gpopmu-

—-—.—

400 A 3000 A

pO8aHuUe KOAAA2€HOBbIX B0A0KOH AHAAOZUYHO
gopmuposanuro numeii ubpuna. Npoxonnaren
aHajnoruiyen (GpuOpUHOTEHY, TPOIOKCILIATEH —
MOHOMepaM (UOpHHA, a TPOKOJIAr€H-11ENTH-
Jaspl - TpoMOuHy. B 00eux cucremax yeno-
BMEM 0Opa30BaHUA BOJIOKHA SIBJISETCS CIEIH-
(duyeckoe NMPOTEONUTUYECKOE paACIUENIEHHUE.
PuoPO6IACTBI CEKPETHPYIOT HNPOKOJLIATEH,
HO HE TpomnokoJuares (puc. 9.17). MexaHu3Mbi
OGHOCHHTE3a M CEKPENMH aHAJIOTUYHBI TEM, KO-
TOpBIE [EHCTBYIOT B cllydae ApodepMEHTOB
NOKENTyI0YHON XKene3nbl (pa3a. 8.1) w apyrux
cekpeTopHbIX GemxoB (pa3n. 29.29). Kosnare-
HOBOE BOJIOKHO ()OPMHUpPYETCS BO BHEKIIETOY-
HOH XuaxkocTH BOIM3M moBepxHOcTH (UGpo-
Onacta, HO HE BHYTPHM HEro, MOCKOJbKY
MIPOKOJLIATeH-NEeNTHOA3bl HAXOUATCS BHE KJIET-
ku. KoHueBble NenTuab! B HENIX-NMpeallecTBeH-
HHKaX IIPENATCTBYIOT  HECBOEBPEMEHHOMY
(GopMupoBaHHIO BOJIOKHA. BO3MOXHO Takxe,
4TO OHH YYAaCTBYIOT B MCPEHOCE TTPpOKOJLlareHa
4epe3 MeMOpaHy pubpobmacta. Ha 6onee pan-
HEM BHYTPHKJIETOYHOM 73T4ne 3TH JIOTIOJIHH-

Puc. 9.16.

ITaccax u3 dyru D-maxop, «Xo-
pOLIO TEMNEPUPOBAHHBIA KJja-
sup» M.C. Baxa. (Erickson R.,

The  structure of music:
a listener’s guide, Noonday
Press, 1955, p. 130)
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Puc. 9.17.  Drann popMupOBaHHA 3pENOTrO

KOJIJIar€HOBOI O BOJIOKHA.

TEJILHBIE TIEMTH/IBI CIIOCOOCIBYIOT B3AMMHOM
OPUCHTAIMM W COCAVHEHMIO Tpex uenei s
focacayromero obpazoBanus TpoitHol ciupa-
1. Ocoboe 3HaueHHe IPH ITOM UMEIOT MeXIle-
LOYEHHDBIC JAHCY. Tb(HIHBIC CBS3M.

9.13. Ionepeynble CBA3HK NOBLIUAIDT HPOYHOCTH
KO,1JIAreHOBOT0 BOJIOKHA

Konnaren, nogotuo ¢ubpuny, crabunuzupo-
BaH KOBQJICHIHBLIMH IIOIIEPEYHBIMH CBSA3AMHU.
KosularenoBblM BOJIOKHAM CBOMCTBCHHO /B2
THNA MOMCPEYHBIX CBA3CH: BHYTPHMOJEKY-
JIApHBIE (B TIpeeaX OOHOH TPONOKOJLIAreHo-
BOM E€JMHHUIbI) U MEXMOJICKYISpHbIE (MexXiy
OTAEbHBIMH TPOTIOKOJLJIAICHOBLIMM €IMHULIA-
Mu). PaccMatpuBaeMbie CBSI3W BCTpPEYAlOTCs
TOIBKO B JABYX Oau3kux Oeskax - KoJmareHe
1 37acTHHE.

B 00pazosanuu BHympumo.1eKyaAspHblX none-
PeUHBIX CceA3ell 6 KoalazeHe yuacmayrom bo-
Kosvle yenu ausuna. Ha nepBom 3tane nmpowuc-
XO/IMT TIPEBpAIlCHHE €£-aMUHOKOHLUA M3UHA
B aTbJETH] MO AeHCTBUEM (depMEHTa JU3M-
Jokcuaasel. Jlanee nBa anbacruaa BCTYNAIOT
B peakuMr  aib00.1bHOU Konoencayuu
(puc. 9.18). Tlpu 3TOi peakuuu €HOJIAT-HOH,
00pa30BABIIMIACA U3 OJHOIO aJIbJAErHIa, MPH-
coenHAeTCs K KapOOHUILHOMN Ipynne Apyroro
anpaerunaa. MHTepecHa moxanu3auMs ITOi
BHYTPUMOJIEKYISIDHOH  TIOMEPEYHOH  CBSA3M.
B nocnenoBaTeIbHOCTH AMHHOKHMCIOT aMUHO-
KoHueBoro yuactka al (I)-nenu konnareua riu-
IIMH CTAHOBUTCS KAXIBIM TPETBUM OCTATKOM,
JILLIB Ha4YMHA4 ¢ rmostoxkenus 13. CneaoBaTen-

Yacms |
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Ny4uxn
TpOnoKonnarexa

CBR3EN

HO, IN3WH-5 HAXO/IMTCA B HECMMPATTU3OBAHHOMN
obnacTv mONMAEN TUAHON HCTH, BOM3H Havaia
TpoiHOi cnupanu. 'MOKoCTh 3TOro Hecmupa-
JIM30BaHHOTO (hparMeHTa crmocobeTyer Gop-
MUPOBAHHIO paccMaTpUBAeMOHN I[1011€PEHHOM
CBAI3H.

AJ'IB}IOJ'IbHaﬂ nonepeyHan Cesizb MOXET IIpc-
BPAIATBECA —B  pE3YyIhTaTEe B3aUMOICHCTBHS
¢ OOKOBOHW MNENbIO [MUCTHIMHA B TUCTHAWMH-
aJibJIOJIBHYIO TIONEpevHyr CBa3b (pHc. 9.19).
AJ'Ib}JeI'HllHaH rpynna 3Toro aabloJib-TMCTUIAH-
HOBOI'O KOMILNEKca crnocoOHa aaBaTth mnddo-
BO OCHOBaHHE C /[Apy1ou OOKOBOM NCMbIO, Ta-
KO#l, kak OOKOBas UEMb THIPOKCHIN3HHA.
B HTOre BO3MOXHO KOBAJNEHTHOC CBS3bIBAHME
4yeTbipex OOKOBBIX LENEH APY1 C APyl OM, I1PH-
YEM HEKOTOPBIC U3 ITHX ueneﬁ MOTYT NpUHaI-
JIeXaTh Pa3HbIM MOJIEKYJaM TPOIOKOJLIArCHA
(puc. 9.20).

KonuuectBo W THN mONEpPEYHBIX CBs3eH
B KOJIATEHE 3aBHCAT OT QYHKIMH M BO3pacra
TKaHH. Tax, KOJIJTAI€H aXUIINeCoOBa CYXQXHUIINA
KpbICHl XapakTepu3yeTcs OOJBIIUM KOJInue-
CTBOM MONEPEYHbIX CBA3CH, a B KoJ1areue 6o-
Jiee 21aCTHYHOI'0 CYXOXHIIHMs XBOCTA HX TOpa3-
/10 McHbLIE. 3Ha4eHue TONEePEeYHbIX CBS3EH,
IpUAAaOIIHX BOJIOKHAM KOJIJIar€éHa BbICOKYHO
CTeNeHb YNPYroCcTH, SCHO BBICTYNAel HpH .1a-
mupu3me—3abONIEBAaHNH KHBOTHbIX, BbI3BAH-
HOM IOCJaHHEM CEMsH CJaJKOro TropoLIKa
Lathyris  odoratus. ToKCHYECKMM areHTOM
B 3TOM Ci1y4a€ SABIISETCH B-a,wuuonponuouu-
mpu.1, NOJABISAIOIIMH MpeBpallieHue G0KOBOH

N=C—CH,CH,—NHjJ
B-AMUHONPOMHOHUTPHI
Lenu nu3uHa B anbaerua. oo nelictsueM 3Tto-

ro TOKCHMHA KOJUIareH 3ab0JIeBIUNX XHUBOTHBIX
TEPAET MEXAHHUUYECKYHO ITPOYHOCTH.



9.14. Kosnarenasbl — pepmenTsi, cneumduieckn
paciieifiouine KoJiaren

Konnarenasa—-31o depMeHT, paciuenisroumi
NENTHUIHbIE CBA3H B ONpEEECHHBIX y4acTKax
CIHMpaIu30BaHHBIX obsacTell konareHa. B ot-
HOWIEHUU ApYrux GEpMEHTOB KOJUIATEH Mpo-
ABJISET OYEHb BBICOKYIO CTENEHb YCTOMYUBO-
cti. M3BecTHBl [Ba Tuma KoJjulareHas.

1. OnuH THI KOJUIATEHA3 CHHTE3UPYETCH He-
KOTOpPbIMH MHKpoopranu3Mamu. Tak, Clostrid-
ium histolyticum (6akTepus, BbI3bIBAIOLIAS 2a-
308y10 zaHzpeHy) BBLACNAET KOJUIaredasy, pac-
LICTIISAOLLYIO NOJHIENTHIHYIO LeNb KOagare-
Ha Gonee uweM B 200 ywacrkax. depMmeHT
THAPOJIM3YET CJEIYIOLIYK CBA3b:

—X—Gly—Pro—Y—

DTa KoJulareHasa, paspyuiarnoujds CcoeouHu-
meAbHOMKaHHble Hapbepsl OP2AHUBMA-X03AUHA,
Cnoco6CTBYET NPOHWKHOBEHHIO (MHBA3HH) BbI-
COKONATOTEHHOTO KJIOCTPHJUS B OPTraHU3M.

O T T

OCTATKM NU3KUHA

|
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H—(l'.‘—(CHz)z— CH—C
0=C H

l
)
?—(CHZ)Z— CH;7—CH,—NH;*  *H3N—CH, —CH;—(CH,),—
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Cama 6aKkTepHUs He COOEPXKHUT KOJLIAreHa U No-
TOMY HE NIOABEPXKEHA JEHCTBUIO KOJIJIareHasbl.

2. BTOpoO#t THI - 3TO MKaHegble KOAAAZeHA3 b,
KOTOpble OOHApYXHUBAIOTCA y 3EMHOBOIHBIX
M MJICKOTIMTAIOIUMX B PACTYIIMX HJIM [OABEp-
rapoumxcs Meramopdo3ly TkaHsX. Buepsoie
KOJUJIar€HO/JIUTHYECKas AKTHBHOCTb Oblj1a BbIs-
BJIEHA B XBOCTOBOM IIJIABHHKE TOJIOBACTUKOB
B mnepuod Meramopdosa (puc. 9.21), xoraa
B TEYEHWE HECKOJBKMX IHCH IPOMCXOIHMT pe-
30pOIHA  GonbLIMX KOJMYECTB KOJUIAreHa
B TKaHW. [N onpenesieHHs KOJIAT€HONMTH-
YECKOM aKTHBHOCTH MAJICHbKHE KYCOYKH MOjI-
Bepraiouerocs Meramopdo3y XBOCTOBOTO
NJaBHUKA KYTbTHBHPOBAIM HA CJIOE KOJLIare-
HOBBIX BOJOKOH. CyCTsl HECKOJILKO 4acOB Ha
3TOM HEMPO3PaYHOM CJIO€ NOSBHIMCH COBEP-
IIEHHO TIpO3payHbieé 30Hbl, YTO YKa3bIBAIO
Ha BBICOKYIHO aKTUBHOCTb KOJUIareHasbl (pHC.
9.22). KonnareHonutuieckas aKTHMBHOCTH BbI-
ABJACTCA TAaKKE B TAKUX TKaHAX MIle-
KONMTAOILUX, KOTOpble NPETEPNEBAOT Obl-
CTPYKO PEOPraHM3alliio, HAMPUMED B MAaTKe
nocne poaos. CoBepUIEHHO SCHO, YTO BpEMsl

f

_0_?_2_
c I T

|
N—H

Q I
—CH —C—H

H/C CH;—(CH,), I
=0

AnbperuaHee NPOn3BofHbIe I

I |
H—N N—

| H ) !
H=C(CHa)y - CH—C=p(Cr 0
O=(i: h

H
H
C =0

V4
o !

AnbflONbHAR NONEPBUHAR CBA3L
(Cwmnexa)

Puc. 9.18.  O6pazoranue aibaonbHOR 10-

[EPEYHON CIIMBKM U3 OABYX 60-
KOBbIX LENeH JIM3UHA. '
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Puc. 9.19. BokoBas uens rHCTUAMHA MOXET
MPUCOETHHATHCSA IO MECTY JIBOM-
Ho#t csizn C—C B anbaoJbHOM
CIIMBKE, IIPH 3TOM OOpasyercs
TMCTHIMH-ANBA0NIBHAS MOnepey-
Has CIIMBKA.

H CHlIa IleﬁCTBHH TKaN€BbIX KOJJIAreHas aoJi-
. )KHBI HaXO/IMTbCA 1104 CTPOTHUM KOHTPOJIEM.
Konnarenasza ronosactuka obnamaer yau-
BHTENBLHOH CIMIMUIHOCTBIO. DTOT epMeHT
pacemIsieT TPONOKOAIArcH, Kak Obl acnas
Cpe3 4epe3 BCe TPH LEMU B €HHCTBEHHOM Me-
CcTe—BONMM3M OT AMHMHOKMCIOTHOTO OCTATKA
750 B nocnienoBateapHocTH U3 1000 octaTtkos.
JBa (¢parMeH1a, COCTABISAIOIIME COOTBET-
CTBEHHO 1/4 u 3/4 UCXO/THO# LIENH, IIPH TEMIIE-
patype Teaa CHOOHTAHHO pa3BePTHIBAKOTCH
U CTAHOBATCA JIOCTYIHBIMH JEHCTBUIO IPYTUX
TIPOTEOIHTHYECKUX (HEPMEHTOB.

9.15. DaacTun - kayuykononoGublii Gesiok 3a-
CTHYECKHX BOJIOKOH

DJ1aCTHH O6HAPYXHUBAETCH B GOJILLIMHCTBE TH-
NIOB COEIMHUTENbHON TKaHU Hapsdy C KOJLIare-
HOM U MOJIMCAXapuAaMH. Imo OCHO8HOU KOoM-
nowenm 34acmuy4eckux 60.40KoH, obaadarwuil
CnocobHOCMbIO PACMAUBAMYCA 8 HECKOABKO Pa3
6 0AUHY, G NPpU CHAMUYU HAzpy3KU Obicmpo goc-
cmanagausams UCXooHylo @gopmy u pazmep.
DJACTUH HAXOmUTCA B OONBIIOM KOJMYECTBE
B CTEHKaXx KPOBEHOCHBIX COCYIOB, OCOOEHHO
B JIyre a0OpThl, PaclOJIOKEHHOH OKOJIO cepana,
u B cBa3kax. OueHb GoOraThl 2J4CTMHOM 3ja-
CTHYECKHE LUEHHBIE CBA3KH TPABOSAAHBIX XH-
BOTHBIX. B KOX€, CYXOXHWIHAX M PBIXJIOH CO-
eAMHHTEIbHON TKAHM 3JTACTHHA OTHOCHUTEJIbHO
maJo.

Yacrs 1
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Ouenb cBOCOOpPA3eH AMHHOKUCIOTHBIH CO-
ctas 3Toro 6enka. Kak u B Kosnarewe, ogna
TPeTh AMMUHOKHMCIOTHBIX OCTATKOB IIpEICTa-
BJICHA TJIMIHHOM. DNACTHH GOraT Takke mpo-
JmHoM. O[HAKO B OTJMYHME OT KOJIATE€HA
B 3JIaCTHHE OY€Hb MAJIO THIPOKCHUIIPOJIMHA, HET
THIPOKCUJIM3UHA H MAaJo TIOJSPHBIX AMHWHO-
KUCJIOT; 311aCTHH O0raT HenoasApHbIMH anuda-
THYE€CKMMH aMHHOKUCIIOTAMM — AJlaHMHOM, Ba-
JIMHOM, JICHLIMHOM M M30JICHLIUHOM.

B 3pesioM s51acTHHE MHOIO TOMEPEYHBIX CBS-
3eit. [1o 9Toi nMpuYHHE OH NMPAaKTHYECKH HEpa-
CTBOPHM; 3TO 3aTPY/IHSAET ero usyvenue. Oj-
HA4KO M3 TKaHeH CBHHENR, cmpadarwjux deduyu-
mom Medu, yAajaoch BBUIETHTb pacmeopumbiil
NpeduecmaenRUK )1acmuUHA, Ha3blBAEMBIH npo-
aaacmurom. Tlpu pedunute Menu 6okupyercs
0o6pa3oBaHHE anbAETHIOB, HEOOXOAUMBIX IS
o6pa3oBalus nONEPeUlibiX CBA3eH B DIACTHHE
(kak u B kosutarede). Mayyesse aMHHOKHCIOT-
HOTO COCTaBd NMPOJIACTHIIA, MMEIOLLETO MACCy
125 x/[1a, e1lle He 3aKOHYEHO, OHAKO yXKe 1ony-
Yelbl HEKOTOPbIE HHTEPECHBIE pE3YJIbTATHI.
Tak, ycTaHOBJIEHO CYILECTBOBAHME HECKOJILKMX
obsacteit Geska, O6OramEHHBIX OCTATKAMM
JIA3MHA M ajaHula. YacTo BCTpeyaroTcd Takue
NOCJIe/TOBATEIBLHOCTH

-Lys-Ala-Ala-Lys-

u

-Lys-Ala-Ala-Ala-Lys-

Hmenno B 3THX ywacTkax o6pasyloTcs norme-
peunnie cBA3U. OOHApyXeHHBIE B KOJIareHe

aJIbJIONIbHBIE TOMNEPEUHble CBA3M (puc. 9.18)
UMEIOTCS ¥ B o1acTude. B 060ux Genkax BeTpe-

Puc. 9.20. BuyTpu- H MeXMoNeKyIspHbIe
TNIOTIEpeYHbIE CBA3H B KOJUIareHe.
[Tanzer M. L., Science, 180, 562

(1973)]



HagTCA €€ OAHH THIT CTPYKTYPHI, CO3}18I'OLL[eﬁ
NOMEPEHH YO CHIMBKY, @ MMEHHO AU3UHOHOpAEH -
yun (puc. 9.23), B 06pa3oBaHuu KOTOPOro y4a-
CTBYIOT OCTaTKH JIM3HHA. TOJIBKO B JIAaCTHHE
obHapyxeH decvo3un, obpa3zoBaHHbI U3 60-
KOBBIX IIEMEH 4YeThIpeXx OCTaTKOB JIH3HMHA
(puc. 9.24). 3Hauenue nonepeunvix cgA3eil
8 31ACMUHE COCMOoUm, NO-8UOUMOMY, 6 MOM,
umo oxu obecneyusarwm cnocoGHOCMb IAaACmu-
HOBbIX 6010KOH NOC.1€ paACMAMNCEHUA 80CCmAHa-
81ugamv UCXOOHYI0 opmy u pasmep.

V4acTKu 3/1acTHHA, PACNONIOKEHHbIE MEXIY
MOMEPEYHbIMU  CBA3SAMH, OGOraThl TIHIHHOM,
NposIHHOM M BasiMHOM. TlocnenoBaTenbHOCTH
AMMHOKHCJIOT B 3THX y4acTkax ob1afaroT B psi-
[ ci1y4aeB NMEepUOAMYHOCTBIO (pHc. 9.25).

Koudpopmauus ob6sajaromnx nepuoauy-
HOCTBKO o6na0'reﬁ, 4 TAaKX€ CBA3b MEXAY Ie-
PHOAHYHOCTHIO M JJIACTUYECKUMH CBOHCTBAMHM
elle He ucclicnoBaHbl. B To Xxe Bpe€Ms, YUYUTHI-
Bas pojib 3J1aCTHHA B apTepUaSIbHOH AMHAMM-
K€, NPEACTABIACTCA BAaXHBIM 3HAThb MOJIEKY-
JIspHble OCHOBBI QyHKIIMK qaHHOTO Oenka, 310
MOMOIJIO Obl IIOHSTH CYHWHOCTE ps/ia CepacH-
HO-COCYIUCTBIX 3aboneBaHuit.

9.16. Ilporeoriimkanbl 06pa3ylOT OCHOBHOE Be-
WIECTBO COIMHHTENLHOH TKaHH

CoenuHuTEbHAS TKaHb DOraTa Takxe npomeo-
ZAUKAHAMU, KOTOPBLIC COCTOAT W3 TMOJHUCaxa-
puaHbIX (OKoJI0 95%,) U OesikoBwIX (OKOMNO 5%,)
€AMHMLL. DTH TOJMAHHOHBI, HMEKILUE OYeHb
GonbinMe pa3Mepbl, CBA3BLIBAKOT BOAY M Ka-
THOHBI, 00pa3ys OCHOBHOE BELIECTBO COEIMHH-
TeapHOH TkaHu. [IpoTeornnkansl onpenensoT
BSI3KO2JTACTHYECKHE CBOHCTBA CyCT4BOB U ApYy-
TMX aHAaTOMHYCCKHMX CTPYKTYp, MOJBEprao-

muxcs MexaHuueckoi nedpopmaunu. [lomuca-
IIPOTECOrTMKAHOB,

XdpHAHBIC  LICIIH H43BI-

Pue. 9.21.  Tlpu Meramopgose romosactuka

U3 XBOCTOBOTO MMJIaBHUKA Obl-
CTPO  HCue3aer KOJLJIareH.
(Lapiere C.M., Gross J. In:
Mechanisms of Hard Tissue
Destruction, R.F. Sognnaes, ed.,
p. 665, Copyright 1963.)

13-665

Puec. 9.22. Kycoukud XBOCTOBOTO IJIaBHHKA
roJIoBacTHKa MOMEILIEHBI Ha pe-
KOHCTPYMPOB4HHBIH  KoJulare-
HOBBI Tenb (Hagepxy). Tocne
24 y wHky6aumyn npu 37°C Bo-
KpYr KaxJIOoro Kycouka Io-
SIBJISIETCH 1IPO3payHas 30Ha — pe-
3yJLTAT AKTMBHOCTH KoJulare-

Ha3bl  (6Hu3y). (Lapiere C.M,,
Gross J. In: Mechanisms of
Hard Tissue Destruction,
R.F. Sognnaes, ed., p. 681,

Copyright 1963.)

BAEMBIE 2AUKO3AMUHO2AUKAHAMU, [OCTPOCHBI
U3 NOBMOPAIOWUXCA OUCAXAPUOHBIX eOUHUY, CO-
ACpXalluX NPOU3BOJHOE amuHocaxapa- eaio-
Ko3amuna WM ranakro3amuHa. Ilo kpainei
MEPE O/IMH U3 Caxapoe B AHCAXAPHIC HMECT
ompuyameablio 3UPARNCEHH YO Kap6OKCHJ'ley!0
U cyapdatayio rpynny. BaxHeiilune rauxo-
3aMHHOTJIMKAHbl —9TO THAJIypOHAT, XOHIPOH-
TUHCY IbdAT, KepaTaHCynbdaT, remapaHcyJib-
dat u renapun (puc. 9.26). I'enapaHcysbdat
I'IOZ[OGCH TeNapHuHy, 3a HCKJIFOYEHHEM TOIO, 4YTO
B HeM MeHbie N- U O-cynbdaTHbIX rpyiit
1 Goiblite N-aUETHWIBHRIX TpyMI.

9. BeIkH COeTMHHTE/ILHON TKaHH 193
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Puc. 9.23.  OGpa3zosanue MONEPEYHO
CLUMBKH B BUJE JIM3IIHOP/IEHALIU-
Ha B KOJUIaTeHE U 3JIaCTHHE.
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Puc. 9.24.  JlecMo3un (nonepednas cuimska
B 3JIACTUHE) 0Opa3yeTcs u3 YeThi-
pex OOKOBBIX Iieneil OCTaTKOB
JIM3MHOB.
Yacrte |
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B mpoTeornmkanax xpsma (puc. 9.27) kepa-
TaHCYJbOAT H XOHAPOUTHHCYNL(AT MpHCOe M-
HEHbI KOBAJICHTHBIMH CBA3SAMH K MOJMIIENTHA-
HOH LeNH, Ha3bIBAEMOH B JAHHOM ciyyac
cepoyegunnvim  Oeakom (wmm  core-Gekom).
ITpumepro 140 06pa3oBaHHBIX TAKMM TyTem
CyObeAMHHII B CBOIO OYEPEdb MPHCOEAMHEHBI
¢ uHTepBaoM 300 A HeKOBaIEHTHHIMH CB3S-
MU K JUIHHHOH HMUTH 2UAAYPOHOEOI KUCAOMbI.
B popmupoBanum 3T0r0 KOMnIEKca yyacTByert
He6ONLILO cesa3bIsalowuil Herok. Macca noj-
HOTO KOMILJIEKCa COCTaBisieT npuMepHo 10°
k/la u UMHY B HECKOJIBKO MHKpPOH. IIpoTeo-
[JIMK3aHbl JPYruX TKaHe# MOTyT MMETh HHYIO
CTPYKTYpPY. DTO HABOXHMT HA MBICIb, YTO pac-

-Pro-Gly-ValGly-VatPro-Gly-VatGiy-Val
-Pro-Giv-ValGly -VatPro-Giy -varSer-val-

-Pro-.y-Vak3i.,-VatPro-_.,-vat "\ -val-

Puc. 9.25. Yacrts MOCJIEeA0BATEIbHOCTH
AMHHOKMCJIOT ~ pacTBOPUMOTO
MpenUIeCTBEHHUKA 9J1aCTHHA.
SlcHo BuAEH mNOBTOpSAIOLIMICH

XapakTep IMOC/IeI0BATENLHOCTH.
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Puc. 9.26. CrpykrypHble GOpMyJIbI NOBTO-

PAIOWMXCH JAHCAXAPUIHBIX €M~
HHIl B pAlé OCHOBHBIX IJINKO3a-
MHHOIJIHKaHOB. OTpHIATeNbHO
32PSDKEHHbBIE TPYNIBI MOKA3aHbI
, KPacHBM,

CMAaTpHBAEMBIi KJIacC O¥MeHb QOJIBIIMX MO pa3-
MepaM OHOMOJIEKYJT BBITOJHAET HECKOJBKO,
MMOKA €lIE HEU3IBECTHBIX (YHKUMIA.

3akmouenne

Konnaren npeacrasnser coboit rpynity pon-
CTBEHHBIX 6€nKoB, 06JafaloUMX OYEHb BBICO-
Ko# mpovHOCThIO. KoJutaren sBisieTcs OCHOB-
HOM BOJIOKHHCTOM CTPYKTYpOH KOXH, KOCTEH,
CYXOXMJIMH, Xpslla, KPOBEHOCHBIX COCYIOB
u 3y6oB. M3BecTHBI YeThIpe THMA KOJUIareHa,
pasyIiyalollMecs pacnpefe/iCHHEM B TKaHSX.
OCHOBHOI CTPYKTYPHOW eIMHMIEH KoJIareHa
SIBJISIETCSA TPONOKOJUIATEH, COCTOSILIMI U3 Tpex
1enel, Kaxmas U3 KOTOphIX BKiaroyaer 1000
aMHHOKHCIIOTHhIX OCTaTkoB. Kosularen He-
o0ObI4aifHO OoraT TIJHMUHHOM M NPOJIHHOM.
KpoMme Toro, B KoJL1areHe COAepKaTCs rHAPOK-
CHIIPOJIMH M THOPOKCUJIM3HH, PEAKO BCTPEYAIO-
wmecs B npyrux 6eykax. [locnenosaTeapHOCTD
AMHHOKUCJIOT B KOJUIAT€HE XapaKTepH3yeTcCs
TOH 0COGEHHOCTBIO, YTO MOYTH KaXIbIH Tpe-
THI ocTaTOK B Hel — rimuuuH. TponokoJareH

13*

H ~0,S CH,0H
H Coo- o—
OH H
H
H OH NHCOCH,
Aepmarancynspar
C00- CH,0H
Q, (0]
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Mmanyponar

npeacTapiaser coboit  TpOiHOI  cHpaJBHO
CKPYYEHHBIH TAX JHHOHK 3000 Au AMaMETPOM
15 A. Cnupane xaxa0# 13 neneit Tponokosa-
reHa o CTPYKType He MOXOXa Ha o-COHpab.
Mexay NH-rpynmnamu riMuuHa B OQHOHR Henu
TponokosuiareHa u CO-rpynnmamu B AByX ApY-
rux pensx obpasyloTcs BOJOPOAHLIE CBI3U.
Kpome Toro, crabMnbHOCTE KOJI4r€HOBOM
CIMpay 3aBHCUT OT 3aMbikaromiero sgoexra
OCTATKOB [1POJIMHA U THAPOKCHIIPOJINHA, a TaK-
Ke OT BOJOPOIHBIX CBA3eH, 0Opa3yeMBIX I'H-
APOKCUJIBHBIMHU TPYNIAMH THAPOKCHIIPOJIMHA.
BHyTpeHHAs 4YacTh TPOHHON CNMpasu 3aHH-
MAeT KpaiHE OrPAHUYEHHOE MNPOCTPAHCTBO,
4TO OOYCNOBJIMBAET BKJIFOYEHHE TJIMLHHA Kak
HAaWMEHBILIEH N0 pa3Mepy AMHHOKHCJIOTHI B Ka-
KIOE€ TPETbE IONOXKEHHE B MOCJEIOBATENb-
HOCTh AMHMHOKHCJIOTHBIX OCTATKOB B TPOIO-
KOJLUIATEHE.

B OuocHHTE3e KOJUIareHa BaXHYIO PpOJIb
UI'paeT NPOTCOJIMTUYECKAA AKTHBALIUA. Tp" ue-
N4 TpomokosuiareHa tuna I cuHTesupyroTcs
B BU/IE [IPESAILIECTBEHHUKOB OOJIBILIEr0 MOJIEKY-
nsapHoro Beca—mnpo-al (I) u npo-a2. B stux
MPOKOJLIAFEHOBBIX LENMAX HEKOTOPBIE OCTATKH
[IPOJIHHA MPEBPAILAIOTCSA B OCTATKU IHAPOKCH-
NpOJIMHA NOA ACHCTBHEM NPOJHITHAPOKCH-
na3sl. AKTHBHOCTL 3TOro ¢GepMeHTa npo-
sBnsercs npu Haymunk O,, Fe?* u a-okcormy-
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A 0.5 mkm

Puc. 9.27.  A-snektpoHHas  MukpopoTO-
rpadus NpoTEOrIMKaHOBOIO ar-
perara u3 xpsma snuduza 3m-
Oprona KopoBsl. MonoMeph
IPOTEOrJIMKAHOB PacioJiaraioT-
Cs1 C PETyJIAPHBIMH HHTEPBAJIAMH
M0 ABYM CTOPOHAM YILTMHEHHOI
IEHTPAIbHOHX HHUTH THaJlypOHa-
ta. ([leyaraerca ¢ mobe3noro
paspewienusa a-pa J. Buckwalter
H 1-pa L. Rosenberg.) 5—cxema-
THYECKOE H300paxeHue. (Ros-
enberg L. In: Dynamics of Con-
nective Tissue Macromolecules,
M. Burleigh, R. Poole, eds.,
North-Holland, 1975, p. 105)

3aka3 665. ctp. 33-38. 'omn06-

una C.

Tapara: B Ka4eCTBE BOCCTAHABJIMBAIOLIEIO
areHTa HeO6XOAHMA TAKXKE ACKOPOHHOBASA KHC-
n10Ta. CHHTE3UPOBAHHBIA B OTCYTCTBHE 4CKOP-
6HHOBOM KMCJIOTBI KONJIATEH HEMPOYEH, TakK
KaK OH HENOCTATOYHO THMIPOKCHJIMPOBAH; Ta-
Kas CUTyalusi XapakTepHa s mueHrd. Ilon
NEACTBUEM Jpyroro ¢epmMeHTa NPOUCXOMHT
THIPOKCHJIMPOBAHHE JM3uHA. [laee k octat-
KaM TMIPOKCHJIM3MHA LENEH-TPeIIIECTBEHHH-
KOB IPHCOCOHHAIOTCH caxapa. IIpoueccw ru-
JPOKCHIHPOBAHUS M TIMKO3MIHPOBAHUS TPO-
TeKaloT B pubpobnacTax, mocae 3Toro npoko-
JIATeHbl CEKPETUPYIOTCS BO BHEKJIETOYHYIO

Yacrp |1
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TwanypoHosas kuc)oT»

~—— Keparancynocar

<— XOHAPOUTUHCYNbAT

<—CepauesuHHbin 6enok

cpely. 31eChb aMMHO- U KapOGOKCHKOHILEBbIE
06JaCTH NPOKOJUIATEHOBBIX uemeif  OTIe-
ILISFOTCA MPOKOJLTAreH-NENTHIA3aMH, 0Dpa3sys
TPONOKOJINATEH, KOTOPBI CHOHTAaHHO acco-
uuHpyercs B GUOPHILIEL. OCHOBON CTPYKTYphI
KOJUIATEHOBBIX BOJIOKOH SBJSIOTCS Mapas-
JIEJIbHBIE PSAbI MOJIEKYJT TPOIIOKOJUTATEHA, PAC-
TIOJIOXEHHBIE TaK, YTO OAMH PAX CABUHYT MO
OTHOLICHHIO K APYroMy Ha 1/4 njauHbl MoJe-
Kynel. [locnennnii atan cospepanns kosinare-
HOBOIO  BOJIOKHA — DOPMHPOBAHHE  HOINe-
PCYHBIX CBA3€H, NPUAAIOUIMX IOMOJHUTEIb-
HYIO INpO4HOCTh. [TpuMepoM MoOryT cryxuTts
ANIB/IOJIBHBIE TIONEPEYHBIE CBA3H, BO3HHUKAIO-
IIHE NPH KOHACHCALHMH ajbIernaoB, o6paso-
BAHHBIX NyTEM OKHCAEHHs GOKOBBIX Lenei ps-
/1a OCTATKOB JIM3HHA.

DNacTHH -3TO HEepPaCTBOPHMBIA, MOXOXHil
Ha pe3vHy O€JIOK 3ITACTHYECKHX BOJIOKOH CO-
CAMHUTEIbHON TKauH. OH cnocoben k o6paTu-
MOMY PacCTsDKEHHIO B JJIMHY B HECKOJIBKO pa3.
Takune BUABI COETUHUTENLHOM TKAHH, KAK CBA3-
KH M Jiyra aopTel, OCOGEHHO GOraThl 3/ACTH-
HoM. Kak u B kosnarene, B 3mactuHe comep-
XKHUTCS MHOTO NPOJIMHA M TJIHIMHA B OTJIMYHE
OT KOJIJIAr€HA B 3JIACTHHE HET MIPOKCHIIH3HHA
H MaJIO THAPOKCMIOPOIHHA. AMMHOKHCIIOTHBIH
COCTaB 3JIACTMHA XapaKTepPU3yeTCs BbIpa-
XKEHHBIM NIPe06J1aJTaHHEM HEMONAPHBIX aMHHO-
kucnot. IlocnemoBaTenbHOCT, AMHHOKHCAOT
B 3JIJACTHHE UMEET ONPEAEJICHHYIO NEPHOIHY-
HOCTb. Tak, 4acTo NOBTOpSETCA MOCIENOBa-
TeabHOCTh  Pro-Gly-Val-Gly-Val. Dnactun
CHHTE3UPYETCH B BUIE PACTBOPHMOTO MPE/ILIE-
CTBEHHHKA, KOTODBIH J1ajlee IEPEXOANT B Hepa-



cTBOpUMYIO (OpPMY B pe3yibTaTe oOpa3osa-
HHS Da3JIMYHOTO POJa NONEPEYHBIX CIIHBOK.
OnHa M3 TakMX CIIMBOK NpeEACTABASET CO6OM
IECMO3WH-TIPOM3BOAHOE 4YETHIPEX OCTATKOB
ausuHa. Kak u B konnarene, ¢dopMupoBanue
TNIONEPEYHBIX CLUMBOK B JJIACTHHE NPOMUCXOAMT
¢ 06pa30BaHUEM aJbIECTHIOB B KAYECTBE MpO-
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Bonpocbl 1 3aaauu

1. XuMudecku CHHTE3HPOBAHHBI
NOJUNENTH N0JH-L-nposHH cou-

paJIM3yeTCs TaK XK€, Kak H KaXnaas M3 Lenei

B TPOHHOH CIMpan# KoJUIaresa.

a) INoma-L-nposmH He cnocoGen 06pa3oBbi-

BaTh TPOHHYIo crupaib. I[Touemy?

6) Poly (Gly-Pro-Pro) o6pa3syer Takyio xe

TPOHHYIO CITMpaJib, Kak M KoJutareH. ITpeacka-

XKHUTe, KakoBa OymeT TepMocTabHIBHOCTD

TpoiiHeix crnupaneit: poly (Gly-Pro-Gly) no

cpaenenuo ¢ poly (Gly-Pro-Pro).

B) Moxet nu poly (Gly-Pro-Gly-Pro) o6paso-

BaTh TAKYIO XK€ TPOIHHYIO CIUpaJIb, KAK KOJIIa-

req?

2. JlaHa aMHHOKHCJIOTHAs TOCJe-
ZIOBaTEIbHOCTD -Gly-Leu-Pro-

Gly-Pro-Pro-Gly-Ala-Pro-Gly-.

a) Kakue n3 aMHHOKMCIOTHBIX OCTATKOB MO-

TYT THAPOKCHIIMPOBATLCS MPOJIHATHAPOKCHIIA-

3o no C-47?

6) Kakas U3 nenTuamsix cBs3eil 10KHA GBITh
HanboJiee YyBCTBUTENbHA K AEHCTBHIO KOJLIa-
reqassl Clostridium histolyticum?
3. B nanHO# rnase o6cyxnanoch He-
CKOJIBKO THIIOB  KOB&JIECHTHBIX
NMEPEKPECTHRIX CBa3ed B Oeskax. MMeroTcs s
KOBAaJICHTHBIC CBA3H B creayrommx Genkax ? Ec-
JIH [1a, TO KaKHE 3TO CBA3M:
a) puboHykieasa; 6) reMorao6us;
PHMH; I) KOJUIared; n) 37acTuH?
4. B otcyTteTBue omHoro u3 cyberpa-
TOB — NENTUAHINPOIUHA — IPO-
JIMJITHAPOKCHIIA3a CiocobHa nexapOOoKCHnupo-
BaTb O-OKCOrayTapar. [Ias 3ToM peakuuu
TpeGyIOTCS XeJe30 B BOCCTAHOBJNEHHOH (op-
me, O, ¥ ackopbuHOBas kucnota. Ha ocuose
3TOro ()akTa Kakoil MOXHO CAENATh BBLIBOA
O (DEpMEHTATHBHOM MeXaHHIME peaKlUMH TI'u-
I POKCHJINPOBAHHS ?

B) pu6-



MNMABA 10.
BeeaeHne B npobnemy
6uonoruyecknx mMemMbpaH

OG6patuMmcst Tenepb K OHOJOrHYECKHM MeEM-
6paHam, KOTOpbIE IPEACTABIAIOT COO0I BHICO-
KOOPraHH30BaHHBIE CTPYKTYPbl, IOCTPOEHHbIE
[JIaBHBIM 00pa3oM H3 OCJIKOB M JIAIMIOB.
MeM6paHb! HrpaloT XKH3HEHHO BAXHYIO POJb.
OHH OTAENSAIOT KJIETKM OT OKpYXaloueil
CPEenibl, TEM CaMbIM OOYCIIOBJIMBAas HX HHIWBH-
IyanbHOCTb. OTHAKO Membpanbi—3mo OTHIOAD
He [TyXas nperpaja, a 6apvep c gvicokousbupa-
meabHOll  npoHuyaemocmvio, B  KOTOPOM
AMEIOTCH crienuduIeckue MonekyJspHbie Ha-
cocbl U KaHaabl. ITH TPAHCHOPTHHIE CHCTEMBI
PErYJMPYIOT MOJIEKYJISPHBIH H HOHHBIH COCTaB
BHYTPHKJICTOYHOH cpeAbl. B kieTkax 3ykapuor
HUMEIOTCA ellle ¥ BHYTPEHHHE MeMOpaHbl, OT-
IPaHHYMBAIOLLHE OPraHe/UIbl, HAMPUMEP MUTO-
XOH/IPHH, XJIOPOIIACTHI, TH30COMbI. DyHKIMO-
HajlbHas CleNMaIM3anus B MpoUecce 3BOJIO-
nuu 6bUTa TECHO CBfi3aHa ¢ GOpMHpPOBaHHEM
TakuX  OOOCOOJIEHHBIX  BHYTPHKJIETOYHBIX
Y4aCTKOB, Ha3bIBAEMBIX OObIYHO KOMIIAPTMEH-
TaMH, HJIH OTCEKaMH.

MeMOpaHbI peryaupyroT Takxe o6MEeH HH-
dopManmeii MexAy KJeTKaMH H  Cpeaoi.
B yacTHOCTH, OHU HECYT cneyuguueckue peyen-
mopbl, B0CNPUHUMAIOWUE GHEULHUE CMUMYAbL.
JBikenue 6akTepuii K MICTOYHHKY MHILH, OTBET
KJIETKM-MMIIICHH Ha TOPMOH (HalpuMep, UHCY-
JIMH), BOCTIPHATHE CBETa—BCE 3TO MPHMEPHI
NPOLECCOB, TAEC B Ka4Y€CTBE MEPBHYHOIO aKTa
NIPOMCXOJIAT PAclO3HABAaHHE CHIHAJIA CHEIH-
¢duuecKkuM pellenTopoM Ha MemOpane. B coro
O4epeNlb U HeKomopvle MembpaHvl Camu Cno-
COOHbI 2eHepuposams CuzHas — XAMHYECKUH HIIH
anekTpudyeckuid. Bce 3TO cBHOeTenbCcTBYET
0 TOM,"4TO MeMOpaHbl MrPalOT HEHTPAJIBHYIO
ponbL B CHCTEME OHOJIOTHYECKOH KOMMYHHKA-
I{HH.

JlBa caMbIX BaXHBIX npoyecca npeepawjenus
oHepeuu B OHOJIOTMYECKHX CHCTEMaXx 'NpOTe-

KaloT B MEMOPaHHBIX CHCTEMaX, COAEPXaLIHX
BBICOKOYNOPAZOYEHHbIE HabOpbl (PepMEHTOR
H apyrux 6enxoe. Tak, pomocunmes, T.e. upo-
1iecC NMPEBPALLCHHSA CBETA B HEPTHIO XHMHMYE-
CKOH CBA3H, IPOHCXOAMT BO BHYTPEHHHX MEM-
6panax xyioponyactoB (puc. 10.2), Torma kak
okucaumenvroe docopusupoeanue, B Xoze KO-
TOPOTO 3a CYET OKMCJICHHS OPraHUYecKHx Cy0-
cTpatoB obpasyerca anmeHosuHTpHdochaT

Puc. 10.1.  IIpenmapat MJIa3MaTHYECKUX
MeMOpaH OpUTPOLMTOB  IOA
MEKTPOHHBIM  MHKPOCKOTIOM.
(ITeyaTtaerca ¢ mobe3Horo pa3s-

peurenns a-pa V. Marchesi.)

10. Beenenne B npod.iemy
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Puc. 10.2.

200

3000 A

®OTOCHHTE3UPYIOLIUE KOM-
MJIEKCHI THJIAKOMOHbIX MeMOpaH
XJIOPOILJIACTOB MpeBpaaloT
CBET B 3HEPrUIO XHMHYECKHX CBS-
3eil. (ITeyataercs ¢ ymoGe3Horo
paspewenns a-pa M. Ledbetter.
Ledbetter M.C., Porter K. R.
Introduction to the Fine Struc-
ture of Plant Cells, Springer-
Verlag, 1970.)

Yacrs [
Kondopmauus 1 THHAMHKA

" mboJsiee BaXHLIM CBOWCTBAM,

(ATP), npoTekaeT BO BHYTPEHHHX MeMOpaHax
MHUTOXOHApPUH. B Mocieayrolmx riaBax Mbl
noApobHO paccMOTPHM 3TH, a TaKXe HEKO-
TOpbie apyrue memOpanHble npouecchl. Ha-
CTOSILLAS T/aBd MOCBSALIEHA HEKOTOPBIM Ha-
obummM  suts
GonbMHCTBA OGHONOrHYecKuX MeMOpaH.

10.1. O6mme
Mem0Opan
MeM6panbl pa3iMyaroTcas Kak 1Mo (yHKIHH,
Tak ¥ no cTpykrype. OnHaKo BCEM MM NpHCY-
UM CJIeIyIolllie OCHOBHBIE CBOWCTBA.

CBOMHCTBA OHOJIOTHYECKHX

1. MemOpaHbl npeacTaBisAlOT cobo# nao-
CKYl0 cmpyKmypy TOJIUMHOH B HECKOJIBKO MO-
JIEKyJl, 00pa3ylolyIo Cnaowny nepezopooxky
MEXOY OTOACNTBHBIMH OTCEKAMH (KOMl'lapTMeH-
tamu). Tonumua membpau cocrapaser obbu-
no 60-100 A.

2. MeMOpaHBI COCTOST TJ4BHBIM 00pa3oM
U3 Aunudos8 u Heaxos. BecoBoe cooTHolieHue
6enkoB ¥ AMNHIOB 1 OOJBIIHHCTBA OHOJIO-
THYECKHX MeMOpaH JIEXHT B npeaenax ot 1:4
70 4:1. B MeMOpaHax UMEIOTCH TakXke y2ae-
B800HBIE KOMNOHEHMDI, CBSA3AHHBIE C JIMIIMOAAMH
u Gemkamu.

3. JTunudsr Mem6paH npedcmag.ieHbl OMHOCU-
meabHO 11e60AbWUMU MOAEKYAAMU, HECYIITUMHA
ruapoduibHEle ¥ rHAPOdOOHBIE  TpYNMEL
B BoaHO# cpene 3TH nMUNuAbl CHOHTAHHO obpa-
3YIOT 3AMKHymble bumoexyiapHole caou. Ta-
KHE aunudnbvie 080iiHble caou (Oucaou) CIyxaT
GapbepoM [UIsl MOJSAPHBIX COEXUHEHHIA.

4. Omdeabnble Pynkyuu membpan onocpe-
oytomes cneyuduueckumu 6eakamu. Beaxu Bbl-
IMMOJIHAKOT POJIb HACOCOB, KAHAJIOB, PEUENITOPOB,
(epmeHTOB M npeobpazoBaTene IHEPTUH.
Benku MeMOpaH BCTpOEHBI (MHTEpKAJHPO-
BaHbl) B JIMITMIHBIA OUCIION, YTO cO3/1aeT MpH-
FOJIHYIO /1151 IPOSIBICHUA MX aKTUBHOCTH Cpe-
ny.
5. MeMmOpaHb! — HEKOBAJIGHTHbIE  HAAMOJIE-
KYJIIpHBIE CTPYKTYpPbl; COCTABJISIOILNE MEM-
Opany GesiKy 1 TUNHUABL YACPXKHBAKOTCSH BMECTE
6arogapsi BOSHHKHOBEHHIO MHOXECTBA HEKO-
BAJICHTHBIX B3aUMOJCHCTBUI, KOONEPaTHBHBIX
IO CBOEMY XapaKTepy.

6. MeMOpaHbl acummempuynbl: UX HapyX-
Has U BHYTPEHHSAS NOBEPXHOCTH OTIMYAKOTCH
Ipyr oT Apyra.

7. MeMm6GpaHsI —acudkue cmpykmypel. Ecnn
MOJIEKYJIbI JIMITHIOB, TAK Xe KaKk H OeskoB, He
3a(MKCHPOBaHbI B ONPEIEIEHHOM MECTE CHIIA-
MH CIEIH(UYECKOTO B3aMMOJAEHCTBHSA, TO OHH
nerk0 audQPYHAUPYIOT B IJIOCKOCTH MeEM-



Puc. 10.3. MOJEJIH.
A-nanpbmutar  (C,4,  Hacel-
wennelit); B oneat (C,q, He-
HacblleHHbIM). JlBOoHHaAs CBS3b
yuc-koHurypanuu o6ycioBiun-
BaeT U3rub yrieBoaopoaHoi Lc-
MH.

ITpocTpaticTBenbie

Opanbl. MeMOpaHbl MOXHO paccMaTpUBATHL
KaK dgymepiivle pacmaopel onpede.iennvim 0bpa-
30M OpUEHMUPOBAHHBIX (e1Ko8 U  AUNUG0s.

10.2, ®ochoaunuabl — OCHOBHOH KIacC mMeMm-
OpaHHBIX JIHIIHIOB

Jlunuael —3ro rpynna 6UOMOJIEKYJI, HIPUHIKU-
NHAJIBEHO OTJIHYHAS OT AMHHOKHCJIOT U 6€/1KOB.
[To omnpenencHHIo JIMMUIAL HEPaCcTBOPHMBbI
B BOJE, HO MPEKPACHO PAacTBOPSAIOTCS B Oopra-
HUYECKUX PAacTBOPUTEIAX, HAPUMED B XJIOPO-
dopme. JIunuapl BLIU1OHIIOT pa3situubie Ouo-
norudeckue GyHKUHHU: OHU UCTIOJIB3YIOTCA KakK
TOMJIMBO NpPH OKHCJIEHHH, KAK IKOHOMUYHAA
dopMa 3anacaHus SHEPruy, a Takxe Kak KOM-

1CH,0H
, !
i HO C—H
3CH,0P0,?2 CH,0PO,?
A b5
Puc. 104, A6comoTHas  KOHQurypauus

rmuepon-3-gpochata B MeM-
6pannbix munuaax. A—-H u OH,
npucoeaunedHpie x C-2, Haxo-
[OSTCS BIEPEAM ILJIOCKOCTH PH-
cynka, torga kak C-1 u C-3 -no-
3anu Hee. b—usobpaxenue Toi
XK€ CTpyKTypbl no @uiuepy;
B 3TOM CJlyyae rOpPU3OHTAJIbHbIE
JIMHHU CBSI3€ll COOTBETCTBYIOT
CBA3SM, BBICTYMAIOUIUM U3 ILJIO-
CKOCTH PHCYHKA BIEpe/l, @ BEPTH-
KaJIbHBIE JIMHUH — CBSI35IM, Pacro-
JIOKEHHBIM 1M03aaM  MJIOCKOCTH
PUCYHKA.

14-665

noHeHTbl MeMOpaH. [lepBble ABe QYHKUHUN Mbl
paccMoTpuM mnogpobHo B 1. 18. 3mecs ke
pevb MIOET O JIMIHAAX B CBSA3M C MeMOpaHaMu.
B coctaB MeMOpaH BXOAST TPH OCHOBHBIX THNA
JIMIUAOB: Hochoaunudel, 2AUKOAURUObI U X0.1¢-
cmepoan.
_ Mupnan_
KMCNOTE L—

| MupHas —
KncAoTa

VeEX DM

4 [
lnH—Oocm_a‘r H CnwpT |

KOMNOHEHTLI
cocoaymnrnuyepona

HauneMm ¢ docdonnnuios, NOCKOIBKY 3TO
KOJIMYECTBEHHO NMPEBANUPYIOLNHA KJIACC MCM-
6panHbIX MnuaoB. PocdoMIUIbl SBISHOTCS
IPOM3BOJHBIM JINOO TPEX4aTOMHOrO CIHPTa
eauyeposa, nubo 0OoJiee CIIOXKHOrO ClIMpPTa
cunzosuna.  Pocdosnnniibl — TPOU3BOHBIC
[JIMIEPOJIa Ha3biBAOTCH docdoayureauyepo-
aamu. PochoanmIraMIEepoa COCTOUT U3 1JIHIIE-
poJia (OCHOBA CTPYKTYPBI), ABYX LENeH XUPHBIX
KucJIOT U (GochopuIUpOBAHHOTO COUPTA.

Ilenu ocuprbix kucaom B ¢ochommmugax
U IJIMKOJIMIMAAX COAcpXaT OObIYHO HeTHOE
YUCJIO yIJIEPOAHBIX ATOMOB—KA4K MPABHIIO, OT
14 no 24, o wame Bcero 16 wmm 18. 'V xu-
BOTHBIX XHWPHBIC KHCJIOTbl MMCIOT HEPA3BET-
BJIEHHbBIE YJIeBOJOPOAHBIE LenH. JKupHble kuc-
JIOTBL MOTYT ObITb HACBIIIEHHBIMH M HEHACHI-
LIEHHbIMU. [IBOIHBIE CBA3M B HEHACHIILIEHHBIX
KMPHBIX KMCJIOTAX MOYTH BCErJa MMEIOT yuc-
KoHdurypammio. Kak Oymer moxasaHo jaiee,
OT AJIUHBI U CTEIIEHH HEHACBIIEHHOCTH XHPHO-
KHCJIOTHBIX LEMeid B CHJIbHEHIEH CTENneHH 3a-
BUCHT TeKky4yecTb MeMOpan. Ha puc. 10.3 noka-
3aHa CTPYKTypa HOHM3UPOBAHHBIX HOPM ABYX
IIHPOKO PACTPOCTPAHEHHBIX JKUPHBIX KHC-
J0T —nanbMUTHHOBOH (C, ¢, HACBIIIEHHAS XKHUP-
Hast KMCJIOTa) 1 onenHoBoi (C, g, 01Ha ABO#HAA
cB43b). Mbl OyeM Ha3bIBaTh MX B JaJbHEALIEM
TIAABMUTAT U OJI€4T, IIOAYEPKUBAA TOT (bam',
4YyTO B d)lri?'l/lOJ]Ol"M'leCKMX YCIIOBHAX OHH HAXO-

10. Beenenne B mpobGaemy

OHOJIOTHYeCKHX MeMOpaH 201



3bIBaeMOe gocamudamom (MK JRALMIITIIHIIE-
posn-3-pochatom), npeacrasiser coboit npo-
crefimii pochoanuarmmepon. B mem6panax
bochaTHaaT COAEPXHUTCA B MUHHMAIBHOM KO-
JmavecTBe. ONHAKO ITO COEMHEHME SBJIAETCS
KJTFOYEBBIM MPOMEXYTOYHBIM NPOAYKTOM MpH
OuocuuTese apyrux Qochoanuirameponos.

Bece  ochoBubie  docdoanmnrimueposs
ABJISFOTCS NPOU3BOAHBIMU dochatuaaTa. OHu

0

HHHHHHH HHHHHH 0
[ R O A [ é 7
H;C—C—C—C—C—C—C—C— —?—C—C—C—C— —C
S A A A [ A A A A
HHHHMHMHMH H HHHHH
MNansmurar
(HoHMIMPOBAHHAN DOPME NANLMNTHHOBOH KMCNOTM)
H HHHHHHH H HHHHHH 0
A A O R Y [ T A O O
H,C—?—C—C—C——C—C—C—C=C—C—C—C—C-—C—C—C—C\
R O A A [ A o-
HHHHHHH HHHHHHH
Onear
(wouu3INPOBaNHAn HOPMA ONOHHOBOH KMCNOTM)
IATCA B HOHU3MPOBAHHOM COCTOsHMU. Homen- 0
KJIATypa XUPHBIX KUCIOT IPUBOAUTCS B II. 18.
B dochoanmnrimeponax ruapoxcHibHbIE V'L:‘:::“p:"""‘e—’ﬁ; s C—O—(l:"'z
MUPHbIX
rpynnst npu C-1 u C-2 B ramueposte 3tepudu- Kucnor .- C—O—C—H
LIHPOBaHbI KapOOKCHIIBHBIMH TPYINaMH IBYX ‘ 0
XHUPHBIX KUCIIOT. TpeTuit runpokcun riuuepo- 0 I
na sTepuuUMpoBaH (HOCHOPHON KHCIOTOI. H,C—~0—P—0"
O6pa3yromieecs B pe3yIbTaTe COSANHEHHE, HA- 0-
Socharugar
NH,* (awayunrauyepon-3-cpocar)
|
HO—CHZ—(,I—COO‘ OH OH
H H OH
Cepun H H H
. | OH H
HO—CH,—CH,—N(CH,), HO—CHZ—?—CH2~OH HO H
HO—CH,—CH,—NH,’ OH H OH
Sranonamun Xonum Fnuyepon WHoauTon

obpasyroTcs nyTeM stepudukannn GocdaTHOM
rpynmet docdhaTHaaTa ¢ THAPOKCUIILHOM Ipyn-
NOH CHNUPTOB, TAKUX, KAK CEPHH, ITAHOJIAMUH,
XOJIMH, TJIALEPOJT U HHO3UTOJL

Coenunus Teneps Mexy coboit HeKOTOpbIE
M3 3THX KOMIIOHEHTOB, MBI OJAY4HM (ocdaTu-
AMJIXOJIMH — pocdoanuirinuepos, IPUCYT-
CTBYIOLLMH PAKTHYECKH B 000N MeMb6paHe
BBICLLIMX OPraHU3MOB.

H,C ~(CH,);,~ C—O—CH,
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(0]
o I CHs
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H
H,C (CHy),,—CC

Ocrartok
KUPHOU KWCNOTbI

OcTaTtok
cocopunxonuHa

Chunrommuennm

Ha puc. 10.5 npuBeaeHbl CTPYKTYpPHBIE (op-
MyJibl APYTUX BaxHeHIINX dochoammirinie-
poOJIOB, a MMEHHO ¢ochaTHAWISTaHOIAMHHA,
docharunuicepuna, bochaTuamixonusa, poc-
daruaunuHo3uToNa u aupochaTUAWITIHLEPO-
na.

H H

o
C—C—C—CH,0H

H
H,C—(CHy)1,—C=C c| ¢
OH NH,*

ChHHNroINN

Enuncreennbiit pochommunun mMemOpaH, He
SBJISFOIUMICS TPOM3BOAHBIM TJIHLEPOJIA,~ 3TO
cpunzomueun.

OCHOBY €ro CTPYKTYpPbl COCTABJSET CPHuH-
203uH —aAMHHOCIUPT C IJTMHHOW HEHACBHIIIEH-
HOH yIrIeBOAOPOAHOM Henbio. B chuHroMuenn-
He CHHMHIO3WH CBS3aH C XHUPHOH KHCJIOTOM
aMMIHO# ¢Ba3blo. Kpome Toro, nepsuyHas ru-
JIPOKCHJIbHAsS rpynna B chUHro3nHE 3Tepudu-

Il
R—C—O—?H2
i W SR
O HC—0—P—0—CHy—(—NHy'
(O COO~
PochaTHaNNCOPUH
I
R—C—O—(|3H2
R'—(‘f——o—(‘:H (l.')
+
0 HZC—O—FI’—O——CHz—CHz—N(CHg)g
0-
D OCHATHAKNXONUH
I
F!—C—O—(IZHz
R’—(HZ—O—(llH (I? | (0]
I
(0] HZC—O—T—O—CHZ—(I:—-CHZ—O—Fl’
(O OH (0]
Audocarupunranyepon
Puc. 10.5. ®opmynbl HekoTopwlx docdoa-
IHJITJIMIIEPOJIOB.

14+

uupoBana ¢ pochopunxonnnom. Kak Mel yBu-
IUM Jajiee, COHHTOMHENHH Mo KoHpopManuu
cxoneH ¢ GochaTHAHIXOIMHOM.

10.3. B 6osbiumHCTBe MeMOpaH HMEIOTCH TaKke
TIMKOJIMIHIBI H X0JIecTepo

I auxoaunuodvl, XaKk cAEOyeT U3 Ha3BaHMs,—3TO
Aunudvl, codepycawue caxap. T THKOMIIUIBL
XHMBOTHHIX KJIETOK, OJOOHO CHUHTOMMENIUHY,
ABJIAIOTCA POM3BOJHBIMY COUATO3MHA. AMH-
HOrpynna cpuHrosusa, kak ¥ B COMHrOMHENH-
He, AlIMJIMPOBAHA XUPHOH KHCIIOTOH. OTiHdKe
[JIMKOJIMIMOOB OT COHHIOMMUENHHA 3aKIIIo-
YaeTcsd B IPUPOIE KOMIIOHEHTA, MPUCOEIUHEH-
HOTO K TIEPBUYHOMY THAPOKCHITY CHMHIO3HHO-
BOTO CKejleTa. B TIIHMKOIMIUAAaX B 3TOM
MOJIOXKEHHH CTOUT OJMH MJIM HECKOJILKO OCTaT-
kOB caxapa (a ue pocoopumxomus). [Tpocrei-
WIHH TIMKOJIMITHA —3TO yepebpo3ud, coaepxa-
M TOJILKO OAMH OCTAaTOK caxapa (IiokKo3y

Ft—(%—O—CH2
R'—C—O—(llH (0]
é‘) Hzé—o—g——o—CHz—CHz——NH,+
o
SocHaTUARNITAHONAMHH HZC—O—g——R
OH OH 0] HC—O0—C—R’
H o—p-o b, O
G @
HO H
H OH
GoChaTHANNNHOINTON
HZC—O—(@—R
HC—-0—C—R’
ol L
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OcrtaTtok caxapa

—CH,—0—§
H

H
H |
HyC— (CH,),,— c=c—(l:—
H
HO

Z—0O—I

OcTtarok

MUPHOW KMCNOThI™

e

Lepebpoaupg
(rnukonunng)

MM TasiakTo3y). B 6oee C10XHbBIX ravkomnu-
Nax, TAKUX, KaK 2aH24U03udbl, UMEETCS pa3BeT-
BJICHHAs ieNb U3 HECKOJIBKHX (BIUIOTH 10 CEMH)
OCTaTKOB caxapa.

K 4nciy BaXHBIX JMUNUOHBIX KOMIIOHEHTOB
MHOTHX MeMOpaH OTHOCHTCA W Xodecmepod.
OH OpHCYTCTBYeT y 3yKapuoT, M €ro HeT
y GonbumHCTBa TpokaproT. Kak npasuio, xo-
JIECTEpPOJIOM 6OraThl I1LIA3MaTHYECKHE MeM-
OPaHEBI KJIETOK 5YKapHOT, TOIAa Kak MEMBpaHbl
KJIETOYHBIX OPraHe)Ul COAepKaT OTHOCHTENLHO
MaJI0 3TOrO HEHTPAJNBHOIO JIMTTHAA.

CH, ll-i
H —C—CH,~ CH,—CHZ--(IZ—CH,
I
A .
CH
T
[
Ho/‘v
Xonecrtepon

10.4. ®ochomnuasl #H rIHKOIHIHAM  JIErKo
obpa3ylor Gucion

CpoificTBa MeMOPAHHBIX JIMOMAOB HACTOJIBLKO
pa3HOO6pa3Hel, YTO NPH 3HAKOMCTBE C HUMM
MOXHO NPHATH B cMsATenne. OOHAKO cylle-
CTBYET OOLIMHA NPUHUMII HX CTPYKTYPHOI opra-
HU3ALHUU: MemOpanHble Aunudvl A6ARIOMCA aM-
gpunamuueckumu coedunenuamu. Ux Mosexy bl
MMEIOT KaK 2udpoduabHele, TaK ¥ 2udpodobHste
rpymnel (tabn. 10.1). .

PaccMOTpHM NPOCTPAHCTBEHHYIO MOmeNb
kakoro-nubo ¢ochoaumnranuepona, Hanpu-
Mep dochatuannxommna (puc. 10.6). o 06-
e GopMe OH HAMOMHHAET MPAMOYTOJIBHHK.
JlBe Ueny XHUPHBIX KUCIOT PaclONOKEeHbl [O-
YTH MapasUIebHO APYT APYTY, a 0CTaTOK hoc-
GOpHIIXOIMHA HANpPaBiieH B IPOTHBONONOXK-
HYIO OT HHX CTOPOHY. AHaJloruyHas koudop-
MalHs  CBOWCTBEHHa H  cuHromuenuny
(puc. 10.7). B raMKOIMIHAAX OCTATOK caxapa

Yacts 1
KondopMmauuss ¥ auHaMuKa

V
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Tabanua 10.1. Tuapopobubie M rHapodUIBLHBIE 1 pyninBl
B nMnuaax memOpan

Jlunna Fuapogpobuas Tunpopunsuas
MeMOpaHs Tpynna rpynna
®ochornuuepu- Llenu xupHbix Pochopunupo-
bl KHCOT BaHHBIA COUPT
CouaroMuennu Lens xupHo# Dochopuaxonun
KHCJIOTHl M yrile-
BOJOPOAHAs
uenb chHHrozuHa
Inukonunua To xe OnuH wmu He-
CKOJNIbKO Yyrile-
BOJIHBIX OCTAT-
KOBR
Xonectepon Bca Monexyna, OH-rpynna upwu

kpome OH-rpyn- C-3
el

pacnosioxen npak THYECKH TAK XKe, KAK OCTATOK
dochopunxonnsa B chunrommennne. Bee ato
TI03BOJIMJIO NPUGETHYTh K CIEAYIOIUEMY CIIOCO-
6y u3006paxeHUs MEMOPaHHbIX IHUIIHAOB: TH-
ApOQHIbHYIO YaCTb, Ha3bIBAEMYIO TAKKE no-
AAPHOU 204106KO, PUCYIOT B BHIE KPYXOUKa,
TOTA4 KaK yrJIEBOJOPOIHbIE XBOCTbI—B BHIE
TPAMBIX HJIH BOJIHHCTBIX JIMHuHA (pHc. 10.8).

[TocMoTpuMm Teneps, kak BenyT cebs docdo-
JUMNMABL M [JIMKOJIMIMALL B BOAHOM cperne.
Brionne o4eBUAHO, YTO UX MOJAPHBIE TOIOBKH
00120310 CPOACTBOM K BOZE, TOra Kax yriie-
BOJOPOJIHbIE XBOCTEI OTTAJIKHBAIOT Boay. Crie-
ZI0BAaTENLHO, B BoAHONH cpeme dochomunuanl

Puc. 10.6.  ITpocrpancTeennas Momens Mo-

JIeKyJibl pochaTHANITXONMUHA.

Puc. 10.7.

[pocTpancTBeHHas Moaenb Mo-
JIEKYJIbl CHUHrOMHENHHA.



NonspHan
ronosxa

YrnesofqopogHbIv
* XBOCT

)
(1
CumBonnyeckoe  H306paxenme

MoJIekybl - pochonmnuaa  wim
[JIHKOJIHIIHIA.

Puc. 10.8.

Puc. 10.9. Cxematuyeckoe u306paxenue
OTpe3Ka MHLEIUIBI, oOpa3oBaH-

Ho# MoJiekynamu pochomunuaa.

U TJIMKOJIMITHIBL MOTYT 00pa30oBaTh Muyeatbl,
y KOTOPBIX MOJIAPHBbIE FOJIOBKH HAXOAATCSA Ha
NOBEPXHOCTH, & YIJIEBOJOPOAHBLIE XBOCTHI
COpsATaHBl BHYTPL (puc. 10.9).

Bo3moxeH U apyroi cnoco6 opraHu3anuu,
YAOBJIETBOPAIOLIMI THAPOQUILHEIM U FHAPO-
$o6HBIM TpeGOBaHUAM MEMOpPAHHBIX JIMIH-
JIOB, 3 IMEHHO 00pa30BaHUE OHUMOAEKYAAPHOZ0
cA0A, WIM  MHa¥Y€  AUNUOHO020  6ucaos
(puc. 10.10). Okazasocs, umo & 600HoOil cpede
6orvuuncmeo dochoaunudos u 2auxoAunudoe
06pazyiom umeHHO GUMOAEKYAAPHBIIL CAOLL, 4 He
muyeany. Takoe npeanoyTuTenbHOE 06pa3oBa-
HHE CTPYKTYPBI OHCIIOEB UMEET OFPOMHOE 3Ha-
4eHHe B GHOJIOTHH. [Ie10 B TOM, 4TO pasMephl
MULELT OOBIYHO HeBenWkM —MeHee 200 A
B auameTpe. BuMosekynsapHeie ciou, Hampo-
THB, JOCTHI2IOT MAKPOCKONTMYECKUX Pa3MEPOB,
BILIOTE 0 MuumMerpa (107 A).  ®ocdo-
W TJHKOJHUIIKEABI SBISAIOTCS KJIIOYEBLIMH KOM-
NOHEHTAMM MEMOpaH HMEHHO I[OTOMY, 4YTO
OHH JIETKO 00pa3yloT OHMOJIEKYJISPHLIE CJIOH.
Kpome Toro, 3tm Gucnou, HECMOTPS HA XHJ-
KOE€ COCTOSIHHE, MOTYT BBIIOJHATL (PYHKIIMIO
6apeepoB MPOHHIAEMOCTH.

O6pa3oBaHKe JTUNMAHBIX OUCIIOEB OCYLIECT-
BJISETCS NYTEM camocbopku. [IpyruMH ClioBa-
MH, CTIOCOOHOCTL K 06pa3oBanuro 6ucnos 3a-

AOXKEeHAa B CTPYKTYpE JIMMHAHBIX MOJEKY
U onpeaenseTcs riaBHbIM o6pa3oM ux aMou-
NaTHYECKUMH cBoiicTBamu. PopMupoBanue
B BOJIE JIMIMAHBLIX OHCIIOEB M3 [JIMKOJIMIHIOB
um hochonunuioB uaeT OBICTPO U CIIOHTAH-
HO. OcHosHas cuaa, obecneuusarnwjas camo-
cbopky 6ucion,~3mo zudpodobuvie 83aumooeir-
cmeus. BCoMHUM, 4To THAPOPOOHBIE B3aUMO-
JEHCTBHS HWrpaloT TakxXe TJABHYIO poOJib
B CKJIa/IbIBAHUH O€JIKOBBIX MOJIEKYJI B BOJAHOM
pactBope. ITo Mepe TOro kak yrieBoJopoaHbIe
XBOCTH MEMOpPaHHBIX JTMIHIOB MONafaloT BO
{BHYTPEHHIO}O, HEMOJIAPHYIO 4acTh OHCIIOS, OHH
TEPSIOT OKPYXABLIME HX MOJIEKYJIbI BOobl. Ta-
KO€E BBHIICJICHHE BOJABI NPHBOAUT K 6OJbIIOMY
yBeuueHuio 3HTponud. Kpome toro, mexay
YIJIEBOAOPOAHBIMH XBOCTAMH BO3HHKAIOT 64H-
0epeaanbcogsl 83aumooeticmeus, CIOCOOCTBYIO-
IIMe TUIOTHOH YIIAKOBKE YIJICBOJOPOIHBIX XBO-
CTOB JIMOMAOB BHYTpH Oucnos. WM Haxowen,
obpa3oBaHHIO OGHCIIOEB CIIOCOOCTBYET BO3HHK-
HOBEHHE I1eKMpocmamu4eckux cui WU 6000-
POOHBIX C85A3eil MEX /1Y NOJISPHBIMHM I'OJIOBKaMHM
4 MoJieky1amMu Boael. MTak, B crabmiunsauuu
JIMNHIHBIX OHCIIOEB Yy4aCTBYIOT BCE TE CHIIbI,
KOTOpBIE 00€CcneduBalOT MOJIEKYJIIPHBIE B3au-
MOJEHCTBHA B OHOJIOTUYECKHX CHCTEMaX.

10.5. JInnusblie OHCJIOH — HEKOBAJIEHTHbIE KOO-
NepaTHBHbIE CTPYKTYPbI

Elne omHO BaXxHO€ CBOHCTBO JIMIIMOHOrO OM-
CJIOSl —3TO KOONepamugHOCMb €20 CMmpYyKmypbl.
LensHOCTL OHCIION 00ECIeYUBAETCS MHOXE-

.
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Puc. 10.10. Cxemartuueckoe u300paxeHue
OTpe3Ka  JBYCJOHHOH  MeM-
6panbl, 06pa30BaHHON MOJIEKY-
namu pocdomnuos. :
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Puc. 10.11.

IMpocTpancTBeHHas Momenb OT-
pe3ka  dochonmununuoi  aBy-
cnoiHo mMeM6panbl, o6aanaro-
IIEH BBICOKOM TEKYYECTBIO.

CTBOM ycuauealowux oOpyz Opyza HeKoéa-
AeHmHubix  83aumodeticmeuii. Dochonunuab
¥ [JTMKOJIMIUALI OOpa3yloT B BOJAE KOHIJIOMeE-
paThl (KJIACTEPhI), B KOTOPBIX KOHTAKT YIieBo-
AOPOIHBIX HENed ¢ BOAOW CBEIEH 10 MHHHUMY-
Ma. DTy CHTYalHIO MOXHO CPAaBHHTD C OBHAMH,
COMBIIMMHCS B TECHYIO Ky4y B XOJIOAHYIO II0-
rofay, 4To6bl CHU3UTD NOTepro Temia. O6paso-
BAaHHUIO KJIACTEPOB CHIOCOOCTBYIOT TaKXX€ BaH-
ZIepBaaIbCOBLI B3aMMOJCHCTBHS MEXY COCE/I-
HHMMH YIJI€BOAOPOAHBIMY LENIMHU. DTH 3Hepre-
THYECKHE (aKTOPBI MPHBOIAT K TPeM 6HOIOTH-
YECKM BAaXHBIM IOCJIEACTBUSM: 1) nunuaHbIe
OHCIION HMMEIOT TEHICHLUHMIO K y8eAuueHuio
cgoeli noeepxnwocmu; 2) JUNHOHBIE OHCIOU
CTPEMATCS 3aMKHymbcA Ha cedsl Tak, YToObl Ha
KOHIIaX HE OCTaBAJIOCh AOCTYNHBIX [Ji KOH-
TaKTa ¢ BOAOH YIJIEBOJOPOJHBIX Hemneii; B pe-
3yJIbTATE 3aMbIKAHHS BO3HHKAET OTrpaHHYeH-
HO€ TPOCTPAHCTBO (KOMOApTMeEHT); 3) JiH-

Yacrs 1

206 Kondopmauns 1 munamuka

NMUIHBIE CJIOU CMIOCOOHBI camo3zaneyamvléamscs
(camocuIMBaTBCS), MOCKOJIBKY JH06ast JbIpKa
B OHCJIO€ 3HEPreTHYeCcKH HEBBIIOHA.

10.6. JInnuambie GHCJIOM HeNPOHHLAEMBI IS HO-
HOB H MHOTHX TNOJSIPHBIX MOJIEKY.JI
U3MepeHHe NPOHMLIAEMOCTH JIMIHOHBIX OH-
CJIOEB IPOBOJINIIOCK B IBYX YETKO OXapaKTepH-
30BaHHBIX UCKYCCMBEHHBIX cucmemax: Au-
NUOHBIX NY3bIPbKAX M NAOCKUX OB8YCAOiUHbBIX
membpanax. C IOMOIIBIO 3THX MOJEILHBIX CH-
CTEM YOaJIOCh ONPENENIMTL OCHOBHYIO (hyHK-
U0 GHONOTHYECKHX MeMOpaH, a MMEHHO MX
poJib HempoHHuuaeMoro 6apeepa. Pewaronryio
poJib MMeeT TOT akT, YTO NUNHUAHBIE OGuCIoNn
0 CBOEH MPUPOJE OKA3aJHCh HENPOHHIAEMbI
IJ1% HOHOB ¥ OOJIBLIMHCTBA MOJISAPHBIX COEIH-
HEHHUH.

Jlunuduvie ny3wipku (Ha3bIBAEGMBIE TaKXKe
AUNOCOMAMY) TIPEACTABNAIOT COGON BOAHYIO
(Ga3y, OKpYXEHHYIO JIMIHIHBIM OHCIOEM
(puc. 10.12). Ins nosiy4eHHs TUNOCOM TPHIo-
TOBJSIOT CYCIEH3HIO KaKOro-mM60 HOAXOms-
LIEro JIMNUAa, HanpuMep dochaTunnixonuna,
B BOIHOH cpene. [lanee cMeck obpabamsisaiom
yasmpasgykom,; B pe3ynbTaTe 06pasyroTcs
3aMKHYThIE JIMIIMIHBIE MY3LIPbKH OJMHAKOBOTO
pa3Mepa. JIunuaHeie My3bIPbKH MOXKHO TakKXke
HOJIy4HTb, GHICTPO CMEILHBAsA C BOAOH pacTBOp
JIMIKOOB B 3TaHOJE. DTOro MOXHO JOCTHYb



BHyTpeHHee
80AHOE NPOCTPAHCTBO

AsycnonHan memOGpanHa

Puc. 10.12. Cxemartuueckoe H300paxeHHe

JIMITUAHOTO My3bIPBKA.

IlyTeM BBEJCHHS PacTBOPA JMIUIOB YEPE3 TOH-
Kyl0 HIJy, YTO NPUBOZHT X 0OpazoBaHHUIO
Ny3bIPHKOB [IOYTH TIPABUJIBHON CepHYecKoH
¢dbopMsl ¢ nEamMeTpomM okoto 500 A. s nony-
4eHHUs My3bIPBKOB 0OJIbIIErO pa3Mepa (mopsa-
ka 10* A, uau 1 MKM B JMaMeTpe) U3 CycCIeH-
34M $OCHOJMIMIOB B CMELIAHHOH CHCTEME
pacTBOpuTeJiell MEeJJIEHHO BLINAPHBAlOT Opra-
HHYECKMH PaCTBOPHTEJI.

Ecau moJsiydaTs JIMAOCOMBI B NPHCYTCTBHH
KaKMX-TO PaCTBOPEHHBIX B BOJI€ HOHOB MJIH MO-
JIEKYJI, TO 3TH BEIECTBA OKAXYTCi B BOOHOH
¢ase nmunmocom (puc. 10.13). Tak, Hanpumep, ec-
Ji1 MnocoMbl guametTpoM 500 A obpasyrotes
80,1 M pacTBOpe riHIMHA, TO BHYTPH KaX10d
M3 HHX OKaxercs mpumepHo 2000 Mojekyn
runuHa. Takue cofepXalle TJIMUMH JIHIO-
COMBI MOXHO OTHEJIUTh OT OKPYXKAIOLIEro pac-
TBOpa TIJIMIMHA NYTEM JMaju3a HIH Trejlb-
¢wnbTpanun. Ecnu  TpebyeTcs onpenenHThb
TTPOHUIIAEMOCTb MEMOPAaHHOTO GUCI0s B OTHO-
LIEHHY TJMIWHA, TO AJIS 3TOTO HYXHO H3Me-
PHUTh CKOPOCTb BBIXOZA IJIMIMHA M3 BHYTPEH-
HEro KOMIIAPTMEHTA JIMIOCOM BO BHEIIHIOIO
cpeny. JIMMOCOMBI NIPEICTABIIAIOT HHTEPEC HE
TOJABKO B NJIaHE M3y4eHHs INPOHUIIAEMOCTH.
Oka3ajoch, YTO OHH CHOCOGHBI K CIIHSHHIO

Cnuuymk 8 H,0

O6paborka

Qoconunug

Puc. 10.13. TIpuroToBieHne CyCNEH3UH JIH-
OMOHBIX MYy3BIPBKOB, COIEPXKa-
LIMX MOJIEKYJIbI TJIMIIMHA.

¢ MJa3MaTHYECKOH MeMOpaHOH pa3IMYHbIX
KJIETOK, 4 3TO OTKPBIBAET BO3MOXHOCTbL JUIS
BBEEHHS B KJIETKH CAMbIX Pa3HOOOpa3HEIX Be-
LIECTB, HE CMOCOOHBIX MPOHHMKATh YEPE3 MEM-
Opany. M3bupaTeqbHOE CIUAHHE JIMIIOCOM
€ KJIETKAMH ONPee/IeHHbIX THIIOB MOXET OBbITh
YCIIEIHO UCTIOIB30BAHO IS KOHTPOJIMPYEMOMH
JIOCTABKH JIEKAPCTBEHHOT O BEILIECTBA K KJIETKe-
MHILIEHH.

Bropoil THN HCKYCCTBEHHOH MeMOpaHbI—
naockaa 08ycaouHas membpana (WU mem-
6pannbiii 6ucaoii). TlomyyaroT 3Ty CTPYKTYpY,
HCIOJIb3ys OTBEPCTHE pasMepoM 1 MM B nepe-
rOpOJKe MeX1y AByMs BOJHBLIMH PacTBOpPaMH.
Takas MeMOpaHa oueHb y100Ha Ui H3yYeHHUs
3JEKTPHYECKHX ABJICHAH B CHITy 60JIBIIOrO pas-
Mepa M npocToit popmer. Criocob monyyeHus
60nBILMX ABYCIOMHBIX MeMOpaH pa3paboTanu
Mons Mrosnep u Jonang Pynun (P. Mueller,
D. Rudin). B pactBop jumyaa, 3 KOTOpPOro
XOTSAT HOJIYYMTh MeMOpaHy, HalpiMep B pac-
TBOp pochHaTHAMIXOIHHA B A€KaHE, OMYCKAIOT
TOHEHBLKYIO KHCTOYKY. 3aTEM KOHIIOM KHMCTOY-
KH [IeNaloT B3Max 4epe3 OTBepCTHE (quame-
TPOM 1 MM) B Neperopoake Mexay ABYMs BO-
HBLIMH pacTBOpaMmH. B pesyibTaTe OTBEpCTHE
HeperopaxuBaeTcsi CIOHTAaHHO oOpa3oBas-
[Ieics TOHKOHN JIMMHAHOM NJIEHKOM; M30BITOK
JIMITHOB CKAIJIMBAETCH MO KpasM OTBEPCTHS.
@®opMHpOBaHHE IJIOCKOH JBYCJIOHHOW MEM-
6pansl M3 GochHaTHIMIXOIHHA 3aHHUMAET He-
CKOJIbKO MHHYT. HeTpyaHO onpenenuTh 3JI€K-
TPONPOBOAHOCTb TAKOIO MAaKPOCKOIUYECKOTO
6UCII05, TOMECTHB JJIEKTPOIBI B BOAHYIO a3y
no o6e cropousl MmeMOpaubl (puc. 10.14).
MOXHO ONpeae/INTh, HApUMEP, M HOHHYIO
[IPOHMIAEMOCTh MEMOPpaHBbL, H3MepAs BEJIMYH-
Hy MPOXOASIIEro 4epe3 HeC TOKA B 3aBHCHMO-
CTH OT MPWIOXEHHOTO HAaNPSKEHHUS.

HUccnenoBanue IPOHMLAEMOCTH MeMOpaH-
HBIX MY3BIPHKOB U 3JIEKTPONPOBOAHOCTH IO~
CKUX OHCJIO€B MOKa3ajo, YTO AunudHas 08y-

CAUUMH BHYTPU
NUNUAHBIX BE3UKYN

Fens-
GunbTpaymnn

—_
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BogHan dasa

Puc. 10.14. Oxcnepumenrtanvuas YCTaHOBKa
Ul M3YYCHHS TJIOCKMX IBY-
CJIOMHBIX MeMOpaH. JIBycioiiHas
MemOpaHa obpasyeTcs Takum
00pa3oM, 4TO 3aTaruBaet coboii
OTBEPCTHE AMAMETPOM | MM
B IIEPETOPOIKE, pa3Ae/AroUIEiH
Be BOAHBIE (a3l

caounas membpana obaadaem ouenv Maaoil
NPpOHUYAEMOCMbIO 044 UOHOE U 60AbWUHCMEA
hoaapueix monexya. UckmoueHne w3 npasuia
COCTaBJISET BO/JA, IPOHHKAIOINAA Yepe3 TaKue
MeMODpaHbl. DKCIEPHMEHTANBHO MOJy4YeHHbIE
KOI)QUIHEHTH POHULAEMOCTH BapbUPYIOT
B IINpoxux npenenax (puc. 10.15). Tak, Na* u
K ™ npoxoast yepes MeMbpansl B 10° pas men-
Jlennee, yeM Boaa. TpuntodaH, koTopsiit npu
pH 7 sBasieTcst GUIONISIPHBIM HOHOM, IPOXOXHT
uepe3 MeMOpanbl B 10® pa3 MeieHHee, yem uH-
D0JI, KOTOpBI CXO#EH C TPUNTOPAaHOM IO
CTPYKTYPE, HO HE HECET HOHHM3HUPOBAHHBIX
rpynn. Kosgguyuenms: nponuyaemocmu dan
HU3KOMOAEKYAAPHbIX — COeOuHeHuil  Koppeau-
Dylom ¢ OMHOWEHUEM UX PACMBOPUMOCIIY 6 He-
NOAAPHBIX pacMeopumessix K pacmeopumocmu
6 600e. DTa 3aBHCHMOCTB JaeT OCHOBaHHE ny-
MaTh, YTO HHU3KOMOJIEKYJISIPHLIE COEAUHEHHS
NPOXOAAT CKBO3b ABYCJIOHHY0 MeMOpaHy cite-
AyrouMM 06pa3’oM: cHavana OHM TepSIOT
OKpYXAlOILyro UX TMAPATHYIO 060JI0uKy, 3a-
TEM PACTBOPAIOTCS B YIJIEBOAOPOJHOM BHY-
TPCHHEM cioe MeMOpaHkl, HakoHen anddyH-
OUPYIOT Yepe3 I3TOT BHYTPEHHUH  cIIOW
K ApYro¥ CTOpOHE MEMOpaHbL, I/1e BHOBb pac-
TBOPSAIOTCS B BOJE.
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10.7. BoabmmHCTBO MeMGpaHHBIX npoueccos
onocpenoBaHo OeKamMH

OGpaTumcs Tenepb kK MeMOpaHHBIM Hemkam,
OTBETCTBEHHBLIM 3a OOJILIUMHCTBO AMHAMHYE-
CKHX TIPOIIECCOB, OCYLIECTBJIAEMBIX MeMOpaHa-
MH. MeMOpaHHbIe JUIHABI CO3HAIOT 6apbepel
MPOHHIAEMOCTH M TEM CaMbIM OTIPAHHYH-
BAIOT OTAENIBHLIE YYACTKH (KOMIIAPTMEHTHI),
TOTIA KaK cneyughuueckue beaku onocpedyiom
omoenbHvle Gynkyuu membpan, Takue, Kak
TPAaHCIOPT, nepenady uHGOpMalM¥ U Tpe-
obpasoBanne omeprud. Ilpu 3TomM Mem-
GpaHHBIE JIMITHABI CO3AAIOT CPEAY, HEOBXOMH-
MYIO OJIs OEHCTBUSL 3THX OesKoB.

MeM6panbl pasnnyatotcs Mexay co6oil mo
conepxanuio 6eska. Tak, B MuesHHe, KOTOPBII
CIYXHUT H30JMpytouielt 060J104k0ff MHOTHX
HEPBHBIX BOJIOKOH, COXEPXHTCS Majo Oejka
(18%). OCHOBHOW KOMIOHEHT MHEIHHA — JIi-
U C NMPEKPACHBIMH W3OJISIIMOHHBIMH CBOJi-
crBamu. C Apyro# cTopoHsl, B GOJIBIIMHCTBE
KJETOK IUIa3MaTHYecKHe MeMOpaHBl 00a-
A3IOT 3HAYMTENBHO 6oJiee BBICOKONM aKTHB-
HOCTBIO U COAEPXAaT pa3jIMYHBIE HACOCHI, Ka-
Hajel, peuentopel, depMentr. KonumuecTso
Gemxa B Takux MIa3sMaTHYeCKHX MeM6panax
[OCTHUraer, kak npasuio, 50%. Haubonee Boi-
COKMM conepxaHueM Oenka, BILIOTL 40 75%,
XapakTepH3YIOTC MEMOpaHbl, QYHKIHOHMU-
pylolmme kak npeoGpa3oBaTelH  SHEprum,
B YaCTHOCTH BHYTPEHHHE MEMOPAHBLI MUTOXOH-
IpHHA ¥ XJIOPOILIACTOB.

C nomomsto 31exmpogopesa & noauakpuaa-
MuOHOM 2ese c Ododeyuicyavdamom Hampus
(ACH) ynaetcs BBLISSBUTH OCHOBHbBIE MeM-
6panHble Genku.

H,C - (CH,),o — CH,0OSO3Na*
Honeunncynedpar watpus (JCH)

ITpu uCroNB30BaHUM 3TOr0 METOAA MeM-
OpaHbl CHauana COMOOMIM3UPYIOT 1%-HbIM
pactsopom JICH. O1oT feTeprent paspyiuaer
60nbUIMHCTBO 6eNOK-GEKOBBIX U GeToK-I1-
MHIHBIX cBsi3ed. [lallee mosTydyeHHBI pacTBOp
HACcJIaMBalOT HA IONHAKPUIAMHIHBIA Telb,
Takxe coaepxammit JICH, u Bce 310 mome-
IIAIOT Ha HECKOJIbKO YaCOB B JJIEKTPHYECKOE
noJje. B 3To# CUCTEMeE B OTJIHYKME OT APYIHUX, He
conepxammx JACH, anektpodoperrueckas
NOABMXHOCTL OOJIBIUMHCTBA GEIKOB 3aBHCHT
OT MX Macchl, a HE OT 3apsnaa. [leno B ToM, 4To
OTpHUATENbHbIA 3apsan Monekyn JCH, npu-
COCNMHEHHBIX K O€JKy, HAMHOTO NPEBBILLIAET
obuwmii 3apsan camoro 6Gesxa. [Tosocer pasze-
JIMBLUAXCA OeNKOBLIX (pakuuil NPOABIAOT,
06pabaTeiBas reib Kpackoil THIA KyMAcCH CH-
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WUHgon
MoyesuHa H.0
Na Cl rnioko3a Fruuepon 2
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1014 1012 1010 10-8 10-¢ 104 10-2
KoadpdmumenT npounuaemoctn, cmic
YBenuueHve NpoHULAEMOCTH
Prc. 10.15. Kosdduunents: nponmumaemo- Hacoc (dpepment Ca?*-ATPasa). Oka3sa-
CTM  JIMINMAHBIX  JBYCJAOHHBIX JIOCh, YTO M3 cMecH ¢ochomunuga u Oenxa
MEMOpaH AJis HEKOTOPBIX HOHOB  KaJIBHHEBOrO Hacoca MOTYT o0Opa3oBaTbcs
U MOJIEKYIL (GYHKIMOHANLHO AKTHUBHBIE TY3BIPLKH, CIIO-

Huil. TIpy 3TOM BBISBISAIOTCA KpaiiHe Masibie
Koyin4ecTBa 6ejKka—nopsaka HECKOJNLKHX MH-
kporpammos. Ha puc. 10.16 noka3zanel pe3yn-
TaThl TeNb-3JIEKTpOdope3a Tpex MembGpan —
IJIA3MATHYECKOH MeMOpaHBl 3IPUTPOIUTOB,
doTopenenTOpHOM MeMOpaHBI NanOYeK CeT-
4aTKH W MeMOpaHbl CapKOMIa3MaTHYECKOTO
PeTHKyIyMa MpIUIbl. OTYETIHBO BHAHO, YTO
OeNIKOBRIA COCTaB 3THX TPeX MeMOpaH coBep-
HIEHHO pa3ubid. Kpome Toro, Mem6pansr pas-
JIM4ar0TCA Mo Habopy BXOASIIMX B HX COCTAB
NOJMIENTUAHBIX LENel U MO pacnpene/ieHHIo
Maccel. Takum o6pa3zoM, membpanbi, gvinoa-
HAOWUE HEeOOUHAKOBble BYHKYUU, PA3AUAIOM-
¢A makxce no 6eikogomy cocmasy.

10.8. PexoHCTpyKunsi GYHKUHOHHPYIOWHX MeM-
OGpaHHBIX CHCTEM H3 OMHUICHHBIX KOMIIOHEHTOB
Bosblioe MHOXECTBO MeMOpaHHBIX GeJKOB
OBLIO COMOGUIH3NPOBAHO M MONYYEHO B OYH-
IEHHOM BHze (cM. T 34-37). HekoToprie u3
HHX COXPaHsSOT AKTMBHOCTh B PacTBOpE C jle-
TepreiToM. Hanpumep, potopenentopHslii Ge-
JIOK POMOTICHH 1aeT OfHY U Ty e MO0JIoCy No-
riaowends 500 HM HE3aBHCHMO OT  TOTO,
HAXOAUTCS JIK OH B PacTBOPE JETEPreHTa WM
K€ B cOCTaBe MeMOpaHbl ceTyaTku. Bosee To-
ro, B 060MX Cly4asx NMpOCTeTHYEcKas Irpynna
9TOr0 6enka MPH OCBELIEHWM MpeTepreBaeT
OJNHAKOBEIE CTPYKTYPHbIE M3MeHeHHUs. benok
CapKOIIa3MaTHYECKOIO PETHKYIyMa MBILIL
KaJICEKBECTPHH, CBSA3BLIBAIOIIMIA KaJbIHi, CO-
XPaHAET CIOCOOHOCTh CBA3BIBATH KaJIbLHil
U BHe MeM6pansl. U3 capkonnasMartuyeckoro
PETHKYJIyMa Oblj1 BbIAEIEH TAKXKE KaJbI{MEBbIi

cobubie HakanmmBate Ca’* B npucyTcTBHH
ATP xak HCTOYHHKA 3HEepruu. Pekoncmpykyus

S - : ; .
Q- =
ey
——
-
-
A 5 B8
Pue. 10.16. DnexTpodoperpammel pas-
J4HEIX Mem6pan B JICH-no-
JINaK PUITAMH/IHOM rese.

A-nya3MaTuyeckas MeMOpaHa
9PUTPOLUTOB. b —MeMOpaHHbIE

OUCKH ~ MAajJO4YeK  CETYATKH.
B-Mem6panbl  capkomjiazMaT-
YECKOTO  PETHUKYIyMa  MbI-

weyHelx Kietok. [IMewataercs
¢ mo6e3HOro paspellieHus A-pa

T. Steck (puc. 4) u  a-pa
D. MacLennan (puc. B).]

10. BBesnenne B npoGiiemy

0HOIOrHYeCKHX MeMOpaH 209



CH,

i
T+_o_
CH,

AogeumungumeTunamMuHoKcu g
(AAAQ, ammoHukc LO)

H,;C—(CH,);,—CH,—

CH,

H,C—(CHZ),O—CHZ—III*—CH, Br

CH,

BpOMMA AOAGLHUNTPUMOTHNAMMOH KA

(ATAB)

H,C CH,
I L/ \

H,C—(ll—CHz—(ll 0—(CH,—CH,—0),—
H,C CHy

Monuoxcuatunen-n-t-oxrundcgenon

(cepuun TpurtoHa X)

COO" Na*

OH \/\\/

HO” “OH
Xonat HaTpua
Puc. 10.17. CTpyKTypel [ETEPTeHTOB, HC-
MOJIb3yeMBIX I COJIIOOMIM3a-
OHA W OYHCTKM MeMOpaHHbBIX
6eKoB.

PYHKYUOHAALHO AKMUBHBIX MeMODAHHBIX Cu-
cmem U3 OYUWEHHBIX KOMNOHEHMO8 — Ha-
OexcHblil no0X00 K u3yyeHuio memOpaHHblX
npoyeccos.

10.9. Otoenshbie GeJIKH MeMOpaH riIy6oko no-
rpyXeHbl B JIHIIHIHBIH OHCJI0H

Hexotoprie MeMOpanHble OEIKM yHAaeTCs BbI-
JeJIATh METOIAMH MATKOIH 00paboTky, Hanpu-
Mep 3KCTParHpOBAHHEM DPAacCTBOPOM BHICOKOI
noHHOM cuibl (Hanpumep, 1 M NacCl). Jpyrue
6eskn oka3bBaloTCs 6oJiee MPOYHO CBA3AHHbI-
MH ¢ MeMOpaHOii — IX MOXHO OTJEJIUTh JIMIIb
¢ nomopio aerepredTa (puc. 10.17) unu opra-
HHYecKoro pactBopurens. Mcxons w3 paszniu-
4Yuii B NMPOYHOCTH CBA3HM C MEMOpaAHOH, co-
OTBETCTBYIOIIME O€JKM MOAPA3AEIAOT Ha
nepugepuueckue 1 unmezpasvusie (puc. 10.18).
WurerpansHbie Gesku 00pa3yloT MHOTOYMNC-
JICHHBbIE CBSA3M C YIJIEBOJOPOIHBIMH HENSAMH
MeMOPAHHBIX JIMIKHAOB, H MOTOMY HX MOXHO
BBIUIEJIUTD TOJILKO C TIOMOILIBIO areHTOB, KOH-
KyPEHTHO YYacCTBYIOHIMX B 3TMX HEHOJISPHEIX
p3aumoneiicTBusax. [lepudepuyeckue 6enxwu,
HANPOTHUB, CBA3aHbI ¢ MeMOpaHaMH 3JIEKTPO-
CTAaTH4ECKHMH CHJIAMH ¥ BOXOPOJHBIMH CBA3S-
MH. DTH TOJAPHBIE B3aUMOJEHCTBHS MOTYT
ObITH pa3pyllUeHB! NPpH A00ABICHUH COJIEH WIIH

Yacre |
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usmedeHun pH. CornacHo  mocnenHuM
JaHHBIM, nepudepudeckue Oenku MemOpaH
B OONBIIMHCTBE CJIyYaeB MPUCOEOHHSIOTCS
K TOBEPXHOCTH HHTErPAJIBHLIX OE€JIKOB.

J1s TOro 4TOGBI ONPENETUTD, JIOKAJIM30BaH
JIM JAaHHBIK OEJIOK BO BHYTPEHHEH 4acTU MeM-
6paHbl, HCTIONB3YIOT IJIABHBIM 00pa3oM 3ek-
TPOHHO-MHKPOCKOIHYECKHIH METO 3aMOPaXH-
BaHUs—cKasbiBanus. KueTku uim ¢pparMeHThI
MeMOpaHbl OBICTPO 3aMOPaXHUBAIOT O TEMIIE-
PaTyphl XHIKOr0 a30Ta. 3aMOPOKEHHYIO MEM-
6paHy packasIbIBAIOT Aajiee TOTYKOM HOXa MHU-
kpotoma. CKoJ1 OGBIMHO IPOXOJUT NPOJOIBHO
nocepenuxe 6ucnos (puc. 10.19). B pesysnbrare
PAaCKpBEIBAETCS 3Ha4YMTeNbHas o0iacTb 6GHY-
mpenHetl yacmu JTUNHUIHOTO Oucnos. fanee aty

Puc. 10.18. Hnrerpanehbie Oenku (a, 6, 6)
MeMOpaHsl o6pa3yroT 6oJIbILOe
4YHCJIO CBSI3eH C YIJIEBOAOPOIHLI-
MH nensmu 6ucnos. [epudepu-
4yeckue MeMOpaHHble Oenxu (2)
NPHCOENHHSIOTCS K TOBEPXHO-

CTH MHTErpaJIbHBIX OeiKoB.



Puc. 10.19. 3neKTPOHHO-MHKPOCKONHYECKHIA
METOJI 3aMOPaXHBaHHS — CKaJIbI-
Banus. Ilnockocth ckona mpo-
XOIUT ToOcepeauHe MeMOpaHbI
6ucnos.  [Singer S.J., Hosp.
Pract., 8, 81 (1973).]

OOHAXHUBILYIOCS NIOBEPXHOCTb NOKPHIBAIOT I1y-
TEM HaNbUICHHS CJIOEM YT WIH ILIATUHbL, YTO
JlaeT peluIMKy BHYTpPeHHei yactu Oucnos. dnsg
H3YYeHHUsl HAPYXHOH NOBEPXHOCTH MeMOpaHbl
METO/| 3aMOPaXXUBaHUs — CKAJIbIBAHUS UCIIOJIb-
3YIOT B COYETaHHH C METOAOM TiyOoKoro Tpa-
BaeHus. [1pu 3ToM cHavaa myTeM ckoJjia o6Ha-
XaloT BHYTPEHHIOI 4YacTh 3aMOPOXEHHOI
MeMO6panbl. Jlajiee BHICYIUMBAIOT JIE[ HA NpH-
JieXamed MOBEPXHOCTH MeMOpaHBI—3TO Me-
Ton riyboxoro TpaBieHusa. CoueTaHue ABYX
METONOB, HAa3bIBAEMOE 231€KMPOHHOU MUKDPO-
cKonueii ¢ npumeHeHuem 3aMOPANCUEAHUA—
mpagaenus, NO3BOJISET TOJIYYUTh KapTHHY
BHYTPCHHEH YacTH MeMOpaHbl H 00eux ee mo-
BepXHOCTEH. JIOCTOHHCTBO paccMaTpUBaeMOro
NOJX0/1a COCTOUT B TOM, YTO OH He Tpebyer
¢uxcaunu u 06e3BOXUBAHUA GHOIOrMYECKOTO
Marepuaia.

B uccremoBaHMsX METOIOM 3aMOpPaXHBa-
HHs — TPaBJIEHUs OBIJIO HEMOCPEeICTBEHHO JO-
Ka3aHO NPHCYTCTBHE UHTErpaJIbHbIX GEJIKOB BO
MHOTMX Ouojormueckux MemOpanax. Hanpu-
Mep, B MeMOpaHe SpHTpoOLHUTa coxepXaTcs
rI0OYNISPHBIE YaCTHUBI BHICOKOH IUIOTHOCTH
nuameTpoM okoJio 75 A (puc. 10.20). Bosswoe
YHCNIO TJIOOYJIAPHBIX YacTHIl MMEETCS TaKXe
BHYTpH MeMOpaHBl CapKOIJIa3MaTHYECKOTO
peTHKynyma. B oTimyme OT 3TOro Hckyc-
CTBeHHBIH OucioH 13  docdaTuaunxonuna
HAMeEET COBEPHIEHHO TIJAJKYI0 [OBEPXHOCTh
ckona. Oka3anuce 6obiel YacThIO TIaAKUMU
H TOBEPXHOCTH CKOJIAa MHEIIMHOBOM MeEM-
OpaHBbl, YTO H CIAEAOBAJIO OXHAATh OT 3TOH OT-

HOCHTEJIbHO MHEPTHON MeMOpaHbl, (yHKLIHO-
HUPYIOIIEH TIJIaBHBIM 00pa3oM B KayecTse
H30JIMPYIOLIEH TOBEPXHOCTH.

10.10. B memOpaHe JpHTPOLUMTOB ColepkKaTcs
paduHble nepHpepHYecKHe H HHTerpalibHbie

B paborax no msyueHuio memOGpaH 3pHUTpO-
LU THI OK43aJIUCh HAMJIYYIUHM OOBEKTOM HCClIe-
JIOBaHMH, IIOCKOJIbKY OHH JIETKO AOCTYNHbI
M OTHOCHTEJIbHO HPOCTO YCTPOeHBL Bynyun
JIMILIEHB! OPraHesul, 3pUTPONUTHl HMEIOT TOJIb-
KO OJIHy MeMOpaHy —nyiazmMaTHueckyro. ITytem
OCMOTHYECKOTO JIM3HCA MOXHO HOJYYHTh
meHu 3PUTPOLUTOB, T.€. YUCTHIE TJIa3MaTHYe-
ckue MemOpanbl, Oe3 uuromnasmel. Ha
puc. 10.21 nokasaHsl pe3yJbTaThl 3J1EKTPOPo-
PETHYECKOTO pa3fie/icHUs OeNKOB TaKOro MeM-
6paHHOTO npenapata HA NOJHAKPUIAMHIHOM
rene, conepxameM JICH. Ilpn oxpammsanun
KYMACCH CHHHM NpOsiBJIsAeTcs 60jiee necaT! no-
snoc. OCHOBHBIE TIOJIOCHI TPOHYMEPOBAaHbI
4 0603HaYaroTCs Kak mojockl 1, 2, 3,4.1,4.2, 5
u 6 (puc. 10.21). Ilpu oxpamIMBaHHH HOIHOM
KUCOTOH —peakTuBoM IlIudda (PAS-peak-
1us)' BBISBIISETCA HECKOJIBKO OEJIKOBBIX (hpak-
1M, GoraThix yriaeBogaMH. JTH NOJOCH 060-
3Ha4yaroTCs COOTBETCTBEHHO PAS-1, PAS-2,
PAS-3 u PASH4.

I'ne nokanuzyroTcs paccMaTpuBaeMsie Gel-
KM B MeMOpaHe sputpouuTta? Besku, coorser-
CTByIOIME nojyiocam 1, 2, 4.1, 4.2, 5 u 6, skctpa-
THPYIOTCS M3 MeMOpaH Inpd NOBBIHIEHHH
HOHHOH CHMJIbI PacTBOpa MJIM H3MeHeHu# pH;
CJIEAOBATENBHO, OHH PACHOJIONKEHBI Ha niepude-
pun Membpanbl. Kpome Toro, Ha HHMX He
OKa3bIBACT BJIMSHUSA MHKYOAlMs HMHTAKTHbIX
KJIETOK HJIM 3anasHHBIX TeHedl ¢ pa3JIMYHBIMU
MPOTEOJMTHYECKUMH ¢epMeHTamu. B 10 Xe
BpeMs 3TH O€JIKM MOJHOCTHIO PACIIENISIOTCA
npu o6paboTke NpoTea’aMH pa30pPBaHHBIX
TeHe#. Omcioda MOXCHO 3aKalOYumb, Uumo mu
nepugepuueckue beiku Haxodamca Ha yumo-
naasmMamuyeckoii cmopoxe mMemopamsl 3pumpo-
yumog. Ilomoca 6—3T0 (epMeHT raMKoaM3a
rdiepansaerua-3-pocpar — aermnporenasa
(pa3a. 12.5), nonoca 5—axTuH, HEOOXOUMBIH
! ‘B OTe4eCTBEHHON JMTEpAaType BMECTO COKpallle-
Hus UKII sepenko ymorpebnasiercs Gouiee Ouaro-
3syunoe [IIUK, oqHako OHO HE COOTBETCTBYET CYTH,
MOCKONbKY 06paboTka MOOHONH KHCJIOTOM mnpeniue-
cTByeT obpabotke peaktuBom IIudda. ITosromy
MbI 6y}1€M NOJIb30BaThCSl PACPOCTPAHCHHBIM CO-

KpalleHHeM JnaTHMHCKMMH OykBamu PAS (periodic
acid —Schiff reagent).— ITpum. nepes.
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Puc. 10.20. DaekTpoHHas MuKpodoTOrpa-

212

$us nnasmaTuyeckoi  MeM-
6paHbl SpUTPONHTA, TOJIYYEHHAS
C IpMMEHEHHEeM MeToa 3aMopa-
HBaHHS — TPaBJieHUs. BHyTpeH-
HsAf YaCTb MeMOpaHbl, OOHaXUB-
Iasicst NpH ckoJie, 6orata rinody-

Yacts 1
Kondopmaunst n aunamuka

JIAPHBLIMH YaCTHLAMH JHaMeT-
poM oxojio 75A. Ot ua-
CTHLbl — MHTETpaJIbHBIE  OeJKH
meMb6panbl. (ITedataercs ¢ mo-
Oe3sHoro  paspemienus  I-pa
V. Marchesi.)



JUIS MBILLIEYHOTO COKpaIEHHs U obecreynBaro-
UMK KJIETOYHYIO TMOABMXHOCTH (pasam. 34.1).
[Monocer 1 1 2—cnexmpun, nenu KOToporo, co-
eIUHASACh, 00pa3yloT Pa3BETBJICHHYIO BOJIOK-
HHCTYIO ceTb. BMmecTe ¢ apyrumu Genxamu
CNEKTPHH, 10-BHANMOMY, cmabuausupyem u pe-
2yaupyem opmy membpansi 3pumpoyumos, u3-
MEHSIOIIYIOCS NPH NPOXOXIAEHHH KJETOK Ye-
pe3 MeJIKHe KPOBEHOCHBIE cocy sl (puc. 10.22).
Kpome Toro, spuTpouutsl nogsepraroTcs
CHIBHOMY MEXaHHMYECKOMY CHABJIMBAHHIO NPH
MPOTAJIKUBAHHUHY KPOBH CEPILIEM.

Yto xacaercs monoc 3 U 7 M BCEX 4eTBIpeX
M0JIOC, OKpaliuBarolinxcs PAS-peakTuBoMm, TO
HX MOXHO OTAEJHTE OT MEMOPaHBI 3PHUTPOLH-
Ta TOJIBKO C MOMOUIBIO AETEPreHTOB HIIM Opra-
HUYECKMX pacTBOpHTeneid. CliefoBaTeabHO,
3TH MOJIOCH TPENCTABJECHb HHTErpabHbIMU
Gemxamu MemOGpansl. Takoil BHIBOI MOATBED-
KIAETCA PE3yNbTATAMH 3IJIEKTPOHHO-MHKPO-
CKOIMUYECKOTO MCCICAOBAHHA: METOIOM 3aMO-
paxuBaHus —ckanbiBanust (puc 10.20) 6buio
NIOKa32HO, YTO 4acTh GEJIKOB 3PUTPOHHUTA MO-
rpyxeHa B riayOb yrieBomopomHoil o6mactu
MeMO6paHbl.

10.11. MemGpany JpHTPOUMTA NpPOHH3BIBAIOT
KaHaj /IS AHHOHOB H CJIOKHBLIN GeJioK
raHkogopun

B MeMGpaHe 3pUTPOUNTOB HMEETCH AHUOHHBLL
Kanaa, nenaroumMii MeMOpaHy MpOHHIIaeMOM
s HCOj u Cl™. BoicTpblit 06MeH 3THX HO-
HOB 4epe3 MeMOpaHy MMeeT GoJibHIOE 3Have-
Hue 1 Tpancnopra CO, sputpouuramu. Kak
OBbLIO  MOKa3aHO OTHOCHTENBHO HENABHO,
AHMOHHBIH KaHaJl-3TO AUMeED beaka, npedcma-
81€HHO020 npu Iaekmpogopese noaocoii 3 ; OH co-
CTaBJIsi€T ONHY YETBEPTH OOLIETO KOJIMYECTBa
Genxa B 3pHTpoUHTapHO# MeMmOpane. Macca
numepa 95 x/la. [lns onpeneneHus JoKajimu3a-
LMY ¥ OpHEHTAIlHK Oeslka noJI0CH 3 HCIOJIB30-
BAJIM CJICAYIOLUMA IPHEM: HHTAKTHBIE IPUTPO-
UMTBI, DPa30pBaHHbIE TEHH M BHIBEPHYThHIE
HapyKy MeMOpaHHbIE BE3HMKYJbl MOABEPTaH
TPOTEOJIUTHIECKOMY AEHCTBHIO XHMOTpHIIC-
HHa. Pe3ybTaT npoTeoamnsa 3aBuceN OT TOTO,
YTO OBUIO NOCTYNHO NEHCTBHIO XHMOTDHII-
CHHA: HAPYXHas UM BHYTPEHHSS IOBEPXHOCTD
MeMOpaH uiH xe 06e MoBepXHOCTH cpa3y. ITH
OINBITBI TOKA3aJIH, YTO 6e10K noaoce 3 aoKaiu-
306aH HA 06eux cMOPOHAX 3pUMPOYUMApHOIL
MemObpaHbl u 8ce MOaeKyabl beaka 00UHaKo8o
opuermupoganst (puc. 10.23). Oka3zamoch Tak-
X€, YTO YIJIEBOJHBIH KOMIIOHEHT OeJka pacro-
JIOXEH Ha HapyXHOii noBepxHOCTH. TpancMeM-
OpanHas oKanu3anus Geska nosxock 3 BoJHe

M10N0CA | ™ tiiisenemmisison
1 o -Llenb cnexTpuHa
2 ﬁ-uens cnekTpuHa
3 AHWOHHBIN KaHan
4.1
4,2
iy
%
[ AKTUH
6 Fnuyepansgerung-
docar-
Aeruvgporexasa
Puc. 10.21. DnexTpodopernyeckoe pasnere-

HUEe GeKOB IPUTPOLHMTAPHOlM
mem6panel Ha JJCH-nonmaxpu-
amuaHoM rene. Kpacurens ky-
maccu cunmid. (ITeyataercs ¢ mo-
Gesnoro  paspemieHus  na-pa
V. Marchesi.)

COOTBETCTBYET €ro (yHKUMM KaHala yepes
meMbOpany.

Enie onquH XOpolIO M3y4eHHBIH TpaHCMeM-
GpaHHbIi GeTOK IPUTPOLUTOB—ITO 24UKOPO-
pun A, coctosmmit u3 16 omMrocaxapuaHbIX
€[IMH UL, IPUKPETIICHHBIX K €AMHCTBEHHOMN MMO-
JnentyaHo# uenu. Ha noso yriaesomos npu-
xoauTes 60%; Macchl 3TOro Genka, Tak YTO €ro
Ha3paHue (0Opa30BaHHOE OT IPEYECKOTO «He-
CTH caxap») BHOJIHE 3aciTyxenHo. M3-3a BbIcO-
KOrO COAEpXKaHHs YIJIEBONAOB INIMKOQOPHH HH-
TEHCHMBHO OkpammuBaercs PAS-peaktuBom.
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Puc. 10.22.

IMpn npoxoxaeHUn depe3 Mei-
KM€ KDOBEHOCHBIE cocyabl (Ka-
NHJUIAPBI) 3PUTPOLUTH IOABEP-
ralorcs obpatumoii aepopma-
nuu.  (Braehemark P.I.  In-
travascular Anatomy of Blood
Cells in Man, Basel, S. Karger
AG, 1971.)

IT10T Gesok coctasiaser noaocy PAS-1. Ucce-
IOBaHHS C TOPHUMEHEHHEM  MPOTEOJIHN3a,
XHMHAYECKOH MOAHGMKAIMH, a TaKXe 3JIeK-
TPOHHOW MHKPOCKOIIMH IIOKa3aJIH, YTO FJIMKO-
¢opHH A cCOCTOHT U3 TpeX AOMEHOB : 1) N-koH-
LEeBOH 00JIaCTH, COAepXKalleil BCe YrieBOOHbIE
C€AMHHLILI M JIOKAJU30BAHHOM Ha HapYXHOH
cTopone MeM6panbl; 2) ruapodobHOro cpe-
OUHHOTO Y4YacTKa, IOTPYXEHHOTO B Yyrje-
BOAHBIH ciIof MeMOpaHbl, u 3) C-KOHUEBOH
obJacty, conepxaimei MHOTO MOJIAPHBIX U HO-
HH3HPOBaHHBIX GOKOBBIX LIETIEH ¥ PACTIOJIOKEH-
HOM Ha BHYTPEHHEH CTOPOHE 3PUTPOLMTaAPHON
Memb6panbl (puc. 10.24). HecmoTps Ha 6ouib-
LI0€ KOJIMYECTBO AAHHBIX O CTPYKType IJIHKO-
¢dopuHa, QyHKIHSA €ro OCTaeTcs HEeW3BECTHOI.

10.12. YrJieBoaHble eHHHILI PACHOIOXKEHB HA
HapYKHOH CTOpPOHe NJIa3MaTHYeCKoH MeMOpaHbi
B xs1eTOUHBIX MEMOpaHax 3yKapHOT CONEPXKHUT-
cg ot 2 1o 10%, yrnesonos B popme 2aukoaunu-
006 u 2aukonpomeunog. Kak GbLI0 CKa3aHO BbI-
e (pasn. 10.3), IMKONUNUABI BHICHINX Opra-

Yacrs |
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HH3MOB NPENCTaBJIEHbl NPOU3BOAHBIMH CHHH-
ro3uHa ¢ OIHUM MM 6oJiee OCTaTKaMH caxapa.
B MeMOpaHHBIX IJIMKONPOTEHHAX OJHA MJIA He-
CKOJIKO YIJIEBOJHBIX LeTed MPHUCOeIUHEHBI
K HOKOBBIM LIEMSIM CEpPHUHA, TPEOHHUHA MJIH aclia-
paruHa (06b1YHO Yepe3 N-alLeTHIITIOKO3aMHUH
win N-auerniranakro3amus). Jlokanu3anuio
3THX YIJIEBOAHBIX Fpynn B MeMOpaHe ompene-
JIAIOT MYTEM HCIOJIBb30BaHUA ClenUpUIECcKoii
metkH. Ilonxonsielt MeTKO#H OKa3aJuCh aek-
muHbl— pacTUTENbHBIE OefkH, 00nanarome
BBICOKMM CPOACTBOM K crernuduyeckum yrie-
BOOHBIM ocTaTkaM. Hanpumep, konkanasaiun
A npucoeUHSETCS K BHYTPEHHHM U HEpeayl -
PYIOIIMM KOHILIEBHIM OCTATKaM O-MAHHO3bl,
TOTA KaK dzzAI0MmuHUH U3 3apoovluia nuieHuy b
NPHCOEOUHSAETCA K KOHLEBBIM oOcTaTkam N-
AlEeTHITIIOKO3aMHHA. DTU JIEKTHHBI XOPOIIO
BUIHBI B 3JIEGKTPOHHOM MHKPOCKOIE, KOra
OHHM COeIMHeHbI C (peppUTHHOM — GesKoM, Co-
IepXallMM THOPOKCHA eje3a M TOTOMY
o6sagalonMM BBICOKOM 3JIEKTPOHHOM TUIOT-
HocTho. OKa3aoch, YTO KOHBIOraT KOHKaHa-
BaJMHa A ¢ (¢eppuTHHOM crnenudHYecKH
CBA3BIBACTCS HAa HAPYXHOM, HO HE Ha BHYTpEH-
HEel TOBEPXHOCTH MeMOpaHBI 3PHUTPOUHUTOB.
Taxkas xe acumMMeTpus Habaonanacs 1 B OT-
HOILICHUH CBSA3BIBAHMS MHOTHX NPYTHX JEKTH-
HOB MeMOpaHaMH pa3/IMYHBIX KJIETOK. Takum
obpa3oM, HapyxHas JIOKQJIM3aHus yrje-
BOIOHBIX €AMHHI] aHHOHHOIO KaHaja U IJIHKO-
¢dopuna (puc. 10.23 u 10.24) orpaxaer o61wmii
OPUHIMII CTPOEHMS MeMOpaH, a MMEHHO:
ocmamku Caxapos A0Kaau308aHbl HA HAPYHCHO
nosepxHocmu naasmamuueckoii membpansl. Bo
8cex UCCAe008AHHBIX K HACMOAWEMY 8peMEHU
KAEMKAax MAeKOnumaowux ocmamku caxapos



8 naazmMamuyeckux mMemoépaHax 10Kaau308aHbl
MOoAbKO Ha HAPYHCHOU cmopoHe Membpansl
(puc. 10.25).

Bo3MOXHO 4TO yriieBOnHbIE IPYNIILI CIYXAT
ZJisl OPUEH THPOBAHHS ITMKONIPOTEHHOB B MEM-
6pane. O61anas APKO BHIPAKEHHLIMH THIPO-
GHUIBLHBEIMH  CBOMCTBMH, OCTaTKM CaxapoB
B TJHMKONPOTEHHAX HJIM TJIMKOJIMIIMAAX [HOJI-
XHBl pacnoJlaraTbCsi Ha IMOBEPXHOCTH MEM-
GpaHbl, a He B €€ YT1eBOAOPOAHON CEpLEBUHE.
DHepreTHyeckas IleHa BCTPaUBaHHS OJIArOCa-
XapUIHOM LENH B YIIIEBOLOPOAHOE OKPYKEHHE
BHYTpH MeMOpaHBl O4YeHb Bbicoka. CTasio
6bITh, CYymIECTBYET Oapbep, NpPensTCTBYOLMIA
CBOGOHOMY BpAILEHUIO TJIHKONPOTEMHA OT
omHO#M cTOpoHbl MeMOpaHbl K Apyroii. Yrie-
BOJIHbIE KOMIIOHEHThI MEMOPaHHBIX [JIHKOMPO-
TEMHOB CNOCOOCTBYIOT MOMIEPXAHHIO ACHM-
METPHH OMOJIOTHYECKMX MeMOpaH.

YrneBonbl Ha NMOBEPXHOCTH KJIETKH MOTYT
UIpaTh TaKXe BaXHYIO POJIb B MeXCKAemou-
HoM y3nasanuu. OT y3HABAHUS KJIETKAMHU ApYT
Opyra 3aBHCAT TaKHe, HAIpPHUMEp, NpOLECCH,
KaK popMHpPOBaHHE TKaHEH NMyTeM B3auMOLEHi-
CTBHA Pa3MYHLIX KJIETOK HJIM pacHoO3HABAHHE
4YXEPOIHBIX KJIETOK HMMYHHOMN CUCTEMOI BBI-
CHIMX OPraHM3MOB. YTIJIEBOAbI 06j1afaroT no-
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Puc. 10.23. Cxema pacnosnoxenus 6eyka no-
JIockl 3 (aHMOHHBI KaHay) B
MeMOpane spuTpouura. [Wein-
stein R.S., Khodadad J.K.,
Steck T.L., J. Supramol. Struc-
ture, 8, 325 (1978).]

TEHIHAJIBHOH BO3MOXHOCTBEO K CO3JAHHIO
OrPOMHOTO CTPYKTYpHOTO pa3HooOpasus. Tak,
Habop yrieBOJOB HA MOBEPXHOCTH KJETOK
HMeET KOJIOCCAIbHOE YHCJIO BAPHAHTOB MOTO-
My, 4TO: 1) MOHOCaxapuabl MOTYT COEIHUHSTh-
¢ IpYF € ApYroM uepes o0oii U3 CBOUX THi-
pOKCHIIOB; 2) cBa3b no C-1 MoxeT ObITH Kak
®-, TaK ¥ B-KoH}HUrypauun u 3) BO3MOXHO HH-
TEHCHBHOE BETBJIEHME LenH. B camom nesne, u3
4EThIpEX CaXapoB MOXeT 06pa30BaThCA ropas-
no 6oJibllle Pa3sHbIX OJIMTOCaXapoB, YeM H3
4EThIPEX AMHHOKHMCJIOT — pa3HbIX OJIMTOMNEINTH-
JOB.

10.13. Jlunuasl B MHOTHe MeMOpaHHble GeakH
ObicTpo  THQPYHIMPYIOT B IUIOCKOCTH
MeMOpaHbI

buosioruyeckne MeMOpaHBI —3TO HE 3aCThiB-
mMe CTpykTypel. HanpoTus, n munuabl, u MHO-
rue 6eKkH MeMOpaH MOCTOSHHO EpeMENIaloT-
Csi B JlaTepajbHOM HanpasiieHHH. BricTpoe
nBrxkeHHe OekoB MeMOpaHbl  BBISBJISETCS
C MOMOILIBIO (PIyOPECUEHTHOH MHKPOCKOIHM
npu cieaylolei mocraHoBke onsita. KyasTu-
BHDYEMBIE KJICTKH YE€JOBEKA U KJIETKH MBILIH
MOXHO 3aCTaBUTb CJIHTBbCS JADYT C OPYroM;
obpasyromascs npu 3TOM ruOpHaHAS KJETKa
Ha3bIBaeTCs 2emepokapuon. OnHA 4acTh IJas-
MaTHYeCKO# MeMOpaHBl reTepoKkapuoHa Mpo-
HCXOJMT U3 KJIETKH MBIIIIY, & Apyras — U3 KJET-
kd uenoBexa. Ocrtarorcs s MeMGpaHHBIE
6€JIKHM MBIILIH U YEJ0BeKa Pa3/IejleHHbIMH B re-
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Puc. 10.24. TIlocnenoBaTenbHOCTh aMHMHO- TEpOKapPHOHE WJIM OHHM cMeuinBaioTcs? s or-

KHCJIOT ¥ TPAaHCMEMOpaHHas JIO-  BETa Ha 3TOT BONPOC HCHOJIb30BAIH MapKephl,
kamu3anus raukodopuHa A u3  a UMEHHO aHTHUTENA ¢ (IIyOPECUEHTHON MeT-
3pUTPOUMTOB. 15 yrjeBoaHBIX KOH M JaJjiee BU3yandbHO HAGIIONANIM 33 HUMH
€/IHHMULI, TIPUCOEMHEHHBIX K OC- C IOMOILBIO CBETOBOTO MHKPOCKONA. AHTHTe-
TATKAM CepHHAa M TPEOHMHA, JIO K MeMOpaHHBIM GeJlkaM MBILIK HMEJIO 3ee-
MOKa3aHbl CBETJIO-3€JICHBIM, HYIO (UIyOpPECUEHUHIO, a AHTHUTENO K MEM-
a OJHa YrJeBOJHAs €IUHMIA, OpaHHBIM 6exaM 4€JIOBEKA — KPACHYIO
npucoenuHeHHas k Ookosoit  (puc. 10.26). B HoBooOpa3oBaHHOM reTepoka-
LeNnH aclaparvHa,— TEMHO-3ejie- PHOHE OZHA [TOJIOBHHA MOBEPXHOCTH CBETHJIACH
HeIM. ['mapodoOHble aMuHO-  3€JieHbIM, a Apyras—KpacHeiM. OIHAKO MEHB-
KMCJIOTHBIE  OCTAaTKM, TMOrpy- e 4eM uepe3 yac (npu 37°C) yyacTkH 3eJieHOi
XeHHbe B OWCIION, BbIIENEHBI ¥ KPacHOM (UIyOPECUEHIHHM HOJHOCTBIO CMe-
xenThiM. C-KOHIIEBAs YaCTh MO-  [UHMBAJIMCh. DTOT ONBIT OKA3bIBAET, YTO MeM-
nexynel 6ejka, pacroJIoKeHHas  6pawHublil 6esok cnocoben duddynouposams Ha
BHYTPH KJIETKH, HECET MHOTO OT-
PHLATENBHO 3apsKeHHBIX
(kpacHbI€) U TOJOXHTENBHO 3a-
PSKEHHBIX (CHHHME) aMMHOKHC-
JIOTHBIX OCTAaTKOB. B yucnue yrae- ..
BO/IHBIX €OMHHL B N-KOHIEBOH
uacTy OeJKOBO# MOJIEKyJIbl, Je-
XKalleH BHE KJIETKH, MHOTO OTpH-
LaTeJIbHO 3apSsHKEHHBIX [Py
cuanoBoi kHcHoThL. (I[TeyaTtaercs
¢ mobe3Horo paspelueHns a-pa
V. Marchesi.)

Ocrarku caxapa

B rMMKONPOTEUHE

BHeE KNeTKM Ocrarku caxapa
8 rnuxonnnuge

Knetounan
memGpaHa

BHYTPU Knerku

Puc. 10.25. VYrneBoaHbie OCTATKH IJIMKOJIM-
MHOOB M TJIMKONMPOTEHHOB KakK
NpaBUJIO, JIOKAJIN30BaHbl HA Ha-
PYXXHOI NOBEPXHOCTH IJIa3Mma-
Yacts | THYECKMX MeMOpaH KJIETOK Mure-
216 Kondopmaunss n quHaMuxa KOITHUTAIOLIMX.
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paccmosaHue nopadKa HeCKOAbKUX MUKDPOH npu-
MepHo 3a 1 MuH.

Bonee oOmmii # KOJIMYECTBEHHBI METOA H3-
MepeHHs  JlaTepaJbHOi  OudPy3uH  Mem-
OpaHHBIX KOMIIOHEHTOB B MHTAKTHBIX KJIETKaX
COCTOMT B oOnpedeieHuu CKOpocmu 60CCMAHO-
sreHuA  ayopecyenyuu  nocie  myuieHus
(puc. 10.27). 15 3TOTO ONpPEAENCHHBIN KOMIIO-
HEHT Ha TOBEPXHOCTH KJIETKH cCreluHYecKH
MeTAT (PIIyopecueHTHsIM XpoModOpoM H To-
MeLaloT HeOOJBIIyI0 YacTh IOBEPXHOCTH
xietku (~ 3 Mxm?) B noJjie 3peHHs ¢yopec-
LEHTHOro MuKpockomna. Jlanee, Haxonsiuecs
B noJie 3peHus (iyopecuupyromue MOJIEKYJIbI
paspyliaroT MOILUHBIM NYYKOM JIa3€pHBIX JIy-
geil. [Tocyie aToro onpenensaroT BpeMst HOBOTO
nosBjeHus GIyopeCueHIIHH B 110JIe 3PEHHU s, UC-
110J1b3y 4 TOJIBKO cJlaboe ocBemieHUe, YTOObI H3-
6exaTh HOMOJHUTENBHOrO TyleHus. Ecnu me-
YeHblii KOMIIOHEHT IIOABHXEH, TO obeciBe-
YeHHbIE MOJIEKYJIBl MCYE3HYT M3 MOJIA 3PEHHH,
a MX MecTo 3aiiMyT duryopecuupyrone MoJe-
KYJIbl; B MTOT€ HHTEHCHBHOCTb (DJIyOpeCHEeHLIHH
B IoJie 3peHus Bo3pacter. CKOpocTb BOCCTaHO-
BJIEHHsI MCXOHOTO YPOBHs (piyopecueHuun 3a-
BHCHT OT JIaTepaJIbHOM MOABMXHOCTH ¢ulyo-
PECLICHTHO-MEYEHOT'O KOMIIOHEHTa, KOTOPYIO
MOJXHO BBIpa3uTh Yepe3 ko3bpunuent auddy-
3un D. CpeaHee paccTosHHE s (CM), TpoineH-
HOE 110 TJIOCKOCTH 3a Bpems ! (C), 3aBUCHT OT D
(cM?-¢™ 1) B COOTBETCTBHHM C ypaBHEHHEM

s = (4D1)'2.

15 665

Koadpduunent nuddysun nmunupos B pas-
JMYHBIX MeMOpaHax COCTaBJjiseT NPHUMEPHO
1078 cm-c ™. TakuMm o6pa3om, Mostekyna doc-
¢domimuaa nudPyHanApyeT B CpeHEM Ha pac-
crosHue 2-107% oM, wmm 2 MkMm, 3a 1 ¢. OT0
O3HAYaeT, YTO MOA4eKya1a AUNUda Moxcem nepe-
Mecmumbca ¢ 00HO20 KoHya 6axmepuaibHoil
KaemKku Ha Opyeoii 3a 1 c. DKCIEPUMEHTAIbHO
YCTaHOBJICHHAS BeJIMYMHA KoddduineHTa nud-
¢y3un nokasbiBaer, YTO BA3KOCTH MeMOpaH
npuMepHo B 100 pa3 Beille BSI3KOCTH BOABI
U 6aM3ka K BA3KOCTH OJIMBKOBOIO Macija.

B oTimvue ot nunuaoB GesKM OYEHb HEOX-
HOPOJHBI B OTHOLIEHHH JIATEPAJIbHOH MOJBHX-
HOCTH. Hexomopele beaku noumu mak uce noo-
BUNCHBI, KAK Aunudsl, Opyzue—npakmuyecku
HenooguxcHyl. Tak, poTopeuentTopHbiii Genox
POMONCHH XapaKTEPU3YETCS OUYEHb BbLICOKOH
MOABHXHOCTBIO: ero koddpduuuent aupdysnu
pasen 4-107° cm?-¢”!. C apyroit cTOpoHSI,
¢pubponexmun (nepudepudeckuii  IJIHKONPO-
TEHH, yYaCTBYIOIHIA BO B3aUMO/IEHCTBHHU KJIET-
KH ¢ cybcTpaToM) umeeT kodpduunenT auddy-
sun D menee 10712 cm-¢~'. Manas momBmx-
HOCTb HEKOTOPBIX OEJIKOB, BO3MOXHO, 00bsC-
HSETCA TeM, YTO OHHM 3aKpeILieHbl Ha Cyo-
MeMOpaHHBIX LUTOIMJIA3MAaTHYECKHX CTPYK-

KneTtka Knetka

MblWK yenoseka
CnusHue

FeTepokapuoH
Ancpdpyana
(HECKONbKO
4acos)

Puc. 10.26. Cxematuyeckoe H300paxKeHHe
CIIMAHMS KJIETKH MBILIH U KJIETKH
4ejioBeKa C nocienyrouieit nud-
¢dy3meit MeMOpaHHBIX KOMIIO-
HEHTOB B IIJIOCKOCTH MeMOpaHBI.
CnycTs HECKOJIbKO 4acoB IocJie
CIMSIHUS MapKepbl C 3eJIeHOH
M KpacHol ¢iyopecueHnuei
HOJIHOCTBIO MEPEMEIIMBAFOTCH.

10. BBe/enne B npobaemy
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Puc. 10.27.

Meton BoccraHoBnenus dayo-
pecueHlny nocie GOTOTyIIEHHUS.

A—dnyopecueHuus  Me4YeHOTro
KOMIIOHEHTA KJIETOYHOMH MOBepX-
HOCTHM Ha He0OJIbIIOM OCBELICH-
HOM yu4acTKe kJeTkH. b-—dayo-
PeCUMpYIOLIHE MOJIEKYJIBI 00ec-
LIBEYUBAIOT HHTEHCHBHOMN CBETO-
BOM BCHBIIKOH. B-mo Mepe
TOTO Kaxk B pesynbTaTe nuddy-
3MM OOeCLBEYEHHBIE MOJIEKYJIBI
BBIXOAT U3 OCBELUEHHOH 06a-
CTH, a He mojaBepriuuecs obec-
LBEYMBAHHIO BXOJST B Hee, MPO-
HCXOJMT BOCCTAaHOBJIeHHE Qu1yo-
PECUEHIHH 10 MCXOAHOIO YpOB-
He. I'—ckopocTh BOCCTaHOBIIE-
HHs 3aBUCHUT OT KodddunuenTta

nubdysunn.

10.14. MemGpannbie Gelkn He mepeMewalOTCH
nonepex OHc/0eB

B oTiMuue oT ABMXEHHS B NJIOCKOCTH MeM-
GpaHbl CTIOHTAHHOE TIEpEMELIIEHHE JIMITHIOB OT
O/IHOH TIOBEPXHOCTH MeMOpaHbl K Apyroit
OPOMCXOIMT O4YeHb MeileHHo. [lepemerne-
HHE MOJIEKYJIBI C ONHOW MOBEPXHOCTH MEM-
OpaHel Ha JpYryio Ha3bIBalOT nonepeuHoil
oupdysueir (umu flip-flop“-nepeckok), Torma
Kak aupdy3sHo MOJIEKyT B IIJIOCKOCTH
MeMOpaHbl  Ha3bIBAIOT 1amepatbHoli  Jug-
Py3ueii. MeTONOM 3]EKTPOHHOrO mMapamar-
HHTHOTO pe30HaHca ObLIO MpPOBENEHO Mps-
MOe onpenesieHre nonepeunoi nudpdysuu poc-
¢pomnumnbIX Mosekyn B dochaTHaMIXOMH-
HOBBIX Ty3BIDBKAX; OKa3aJoCh, 4TO nepexod
Moaekyavt dpocpoaunuda ¢ 00noil cmoponst Hu-
€108 Ha Opyzyio cosepuiaemca 0OuH paz 3a He-
CKOAbKO 4acog (OTMCAHHE IKCIEPUMEHTA JAaHO
B KOHIIE IJIaBbl B paszaene «Bompock! u 3ajxa-
4W», MyHKT 5). Takum o6pasom, nonepeynas
anpdysus Mosexyasl docoaunuaa Ha pac-
crosnue 50 A 3aummaer B 10° pa3 Gosbiue
BPEMEHH, YeM Tuddy3ns Ha TO ke paccTosHMe

Yacts 1
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Bpems

B JIaT€pajbHOM HarnpaBJIEHHH.
DHepreTHdeckHii Gapbep ANs MoONeEpedHOlM
nuddysuu Mosekyn Geslka eme BBILLE, YeM IS
JIMMHIOB, IIOCKOJbKY B OeJiIkaX 3HAYHUTENBHO
GoJblue MONsApHBIX y4acTkoB. I1posedennvbie uc-
C1€006anUA He 8biAGUIU Nonepeunoil duddysuu
beaka. CrnefoBaTeNbHO, ACHMMETDHS MeMOpaH
COXPAHSAETCst HA AOBOJILHO NJTHTEbHOE BpEMS.

10.15. JKnakocTHo-Mo3anunas Moxeab GHOJIO-
THYeCKHX MeMOpaH

B 1972 r. Ixonaran Cuurep u I'apt Hukon-
coH (J. Singer, G. Nicolson) npeoxuny xua-
KOCTHO-MO3aH4YHYIO MOAENb, OOBACHAIOLIYIO
B OOLIMX YepTax OPraHU3allHIo GHOJIOTHYECKHX
Membpan. CorntacHo 3Toil MozesH, MeMGpaHsl
OPEACTABIAIOT COOOH dsymephbie pacmeopul
onpedeneHnbimM  06pA30M  OPUEHMUPOBAHHBIX
2406yaapnbix Geaxoe u aunudos (puc. 10.28).
B none3y npennoxenHoi Monenu ceHaeTeNb-
CTBYET GONBIIOE KOJMYECTBO OKCTIEPHMEH-
TaJIbHbIX NaHHBIX. OCHOBHBIE MOIOXEHNS XK -
KOCTHO-MO3aMYHO! MOZENH CBOASATCH K CJie-
ayromemy.

1. Bonbwas yacTe MemGpanHBIX docdon-
MTHAOB M TJIMKOJIMIIMAOB NPEACTABIIEHA B BHUJIE
Oucnos. Jlnmuaubii GHCIIOH Hrpaer JBOSIKYIO
poJib, GyAy4H OIHOBPEMEHHO pacmeopumenem
AUt HHTErpanbHbIX 6ekoB MeMOpaHbI U 6aps-
epoM nponuyaemocmu.

Puc. 10.28. )KuakocTHO-MO3au4HAas MOgeb.
[Singer S.J., Nicolson G.L.,
Science, 175, 723 (1972).]



2. Hebosbmiass 4acte MeMOpaHHBIX JIHNH-
ZIOB CIIeM(pHYECKH CBSI3aHA C ONpPEeNEIeHHbBIMU
MeMOpaHHBIME OeJIkaMu H, BEPOSITHO, HEOOXO-
ouMa s ux (GyHKUHMOHHPOBaHHS.

3. Mem6pannsie Genku cBoboano audpdyH-
OUPYIOT B JIATMJHOM MATPHKCE B JlaTepalib-
HOM HanpaBJIcHHH, HO HE MOTYT IepeMelaTh-
€l B IIOTIEPEYHOM HAINpaBJIEHHH, T. €. OT OIHOM
TIOBEPXHOCTH MeMOpaHHl K APYroi.

10.16. Mem6panaM cBoiicTBEeHHa acHMMeTPHS
MeM6paHbl aCHMMETPHYHBI KaK 1O CTPYKTYpe,
Tak U no (QyHKOUAM; 06 3TOM CBHIETENb-
CTBYIOT NPHMEpPHI OPHEHTALUH FiIMKopopHHa
M aHMOHHOTO KaHalla, a Takxe —6oJee obmii
Cily4ai — JIOKaJIM3alis YrjIeBOJOB Ha Hapyx-
HOM NOBEPXHOCTH MeMbOpaH. HapyxHas u BHy-
TPEHHAs TIOBEPXHOCTH 6CeX U38eCmMHbIX 6u0.A0-
2udecKux memOpaH pazauuarmca no cocmasy
u epmenmamugnoii akmusnocmu. SIpkoit un-
JIOCTpallMedl 3TOrO NOJIOKEHHS MOXET CIIy-
XHMTb HAacOC, PETyJMPYIOLUMH KOHIEHTpALUH
Na* n K* B xueTkax. DTa TpaHCIOpTHas CH-
CTeMa MMeeTcs B IUIa3MaTHYECKHX MeMOpaHax
MOYTH BCEX KJIETOK BBICHIHX OPraHW3MOB.
Na*-K*-Hacoc OpHEHTHpOBaH B MJIA3MATH-
4yeckoi MeMOpaHe TakuM 06pa3oM, 4TO BBIBO-
ant Na* u3 knetku u HacacsiBaeT K+ B kneTky
(puc. 10.29). qns paboTel Hacoca Tpebyercs
Takxe ATP, KOTOpBI# JOJDKEH HaXOOUTHCS Ha
BHYTpEHHEH CTOpPOHE MeMOpaHbl. Crenudu-
4ecKHi HHrHOUTOp Hacoca yabaun 3¢ ek THBEH

®O0 ofe

{1
Li

e
e

\ v ) \
OueHb MeaneHHo

00 oX

Nonepeunas auddysnn
{Flip-flop)

15*

Mna3amaruyeckas
MemOpaHa KnNeTku

Puc. 10.29. AcHMMeETpHS CHCTEMBHI CONpS-
)eHHoro Tpancnopra Nat u K*
. B IJIa3MaTHYeCKHX MeMOpaHax.

TOJILKO NpPH BO3ACHCTBHM C HapyXHOH CTO-
POHBI MeMOpaHBHIL.

Kak Oynmer paccMorpeHo Gonee moapo6HO
B OQHOM M3 creayommx rias (pasam. 29.32),
CTPOrO OMNpeAefieHHAas OpPMEHTAllUs MeM-
OpaHHBIX 0eJIKOB OOYyCIOBJIEHA TEM, YTO OHHU
CHHTE3HUPYIOTCS M BKJIIOYAIOTCA B MeMOpaHy,
acCHMMETpUYHBIM o6pa3omM. DTa abconmoTHas
acHMMETpHs coxpansiercsa Giaronaps OTCyT-
CTBHIO TPAaHCMeMOPpPaHHBIX NepeMelleHniH 6e-
KOB Ha BCEM IMPOTSDKEHHH HX CYIIECTBOBAHHSA
B MeMOpaHe. JIunuabl Takxe pacipelesieHbl
ACHMMETPUYHO, YTO OOYCJIOBJIEHO MEXaHH3-
MOM UX OHOCHHTE3a, OJHAKO 3Ta ACHMMETpHSA
NPAKTHYECKH BO BCEX CJIydasix, KpOME IJIHKOJI-
NHIOB, He sBaseTcs abcomoTHol. Hampumep,
B Mem0OpaHe JpHTpouMTa CQOHHIOMHEIMH
H pocdhaTHAMIXOMHH pPaCMoNIOXEHBl NpPEHMYy-
IIECTBEHHO B HapYXHOM cJjloe Oucios, Toraa
kak ¢ocpatmwiaTaHonamMun u docaruaunce-
pHH rjaaBHbIM 06pa3oM—BO BHYTpEHHEM. Xo-
JIECTEpoJ1 B OONBIIOM KOJIM4ECTBE IPHUCYT-
CcTBYeT B 000X ciiosix 6ucios. DyHKIHOHAIb-
HO€ 3HaYeHHe aCHMMETPHH JIMMUIOB MOKa elie
He SICHO.

10.17. Teky4ecTs MeMOpaH 3aBHCHT OT COCTABA
KHPHBIX KHCJIOT H CONEPKaHHS XOJlecTepoJia
B MeM6paHHOM 6HCIIO€ 1ENMH XUPHBIX KHCJIOT
B MOJIEKYJIaX JIMNIKUIOB MOTYT HaXOMUTHCS JIH-
60 B CTPOro YNMOPAZOYEHHOM XXECTKOM, JH6O
B OTHOCHTEJBHO E€30PTaHH30BAHHOM, XHI-
KOM COCTOSIHMH. B ynmopsano4yeHHOM COCTOSIHUM
Bce cBa3n C—C uMeroT mpanc-xoHdopmManuio,
TOrAa Kak B HEYNOPSAOYEHHOM — 20w -KoHop-
Mauuto (puc. 10.30).

ITepexon OT TBEpAOTO (MOJIHOCTBIO MpaHc-)
K XHIKOMY (YaCTHYHO 20ui-) COCTOSIHHIO PO~

10. Begenne B npoGsemy
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A

Puc. 10.30. Kondopmanus cBszeii C—C
B yIJIEBOJOPOAHBIX LIENAX OCTAT-
KOB XHPHBIX KHCJIOT. A—mpanc
(t)-xoHbopmauus. b u B-noso-
pot Ha 120° maer roumr (g)-KoH-
dopManuio, KoTOpas MOXET
6biTh g* (MOBOPOT 1O 4aCOBOIR
CTpesike) WM g~ (MOBOPOT Tpo-
THB vacoBoi cTpenku). Ilpu
rom-KoHPOpMaMul  yrjieBOIO-
poaHas uens H3rubaercs Mox
yriaom 120°.

8
HCXOAHMT NPH MOBBIILCHUH TEMIIEPATYPHI BBILIE
TOYKH MaBieHus T, Omom memnepamypuuiii
nepexoo 3agucum om OAuHbl Yyenu u cmeneHu He-
HacvluyjeHHoCcmu ayuabHozo ocmamka. Hanuuue
HACBILIEHHBIX AIMJIBHBIX OCTATKOB OJaro-
NPUATCTBYET XECTKOMY COCTOSIHHIO, TaK Kak
NpAMBIE YTJIEBOAOPOAHBIE LEMHU JIEFKO B3aUMO-
HeACTBYIOT Mexay coboit (puc. 10.31, A). Ha-
Audue xce O060THOU C8A3U YUC-KOHPU2Ypayuu
npugooum K uzzuby y21e6000podHoil yenu, uz-3a
KOMopozo Hapywaemca cmpozas ynopadoueH-
HOCMb YKAQOKU AYUABHbIX OCMAMKOS, ¥ B pe-
3ysasTate T, camxkaercs (puc. 10.31, B). Tem-

Puc. 10.31.

Hanwune nBoiinbix cBa3eit yuc-
KOHQMIypallMy HAPYILAET BBICO-
KYIO CTENeHb YHOPSJOYEHHOCTH
YNIAaKOBKH YIJIEBOJOPOAHBIX Ie-
new XHUPHBIX KUcaoT. Ha mpuse-
XEHHBIX NPOCTPAHCTBEHHBIX MO-

IeNsAX  MOKa3aHa  YIaKoBKa:
A —Tpex monexyJ creapara (C, g,
HACBHIILEHHDBIH), B~ MOJIeKyJIbl
oneata (C,g, HEHACBIIEHHBIH)
MEXIY ABYMS  MOJIEKyJaMH
cTeapara.

Yacrs 1
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nepaTypa MepexoAa M3 XECTKOrO COCTOSHHUS
B XHIKO€ 3aBHCHT TakKXe OT [JIMHBI IEIH.
JUTHHHbBIE YTIeBONOPOAHBIE LeNH 06pa3yioT
60s1ee MPOYHBIE CBA3M APYT C APYTOM, YEM KO-
poTkue. B 4acTHOCTH, Kaxaas HONMOTHUTEIb-
Has rpymna —CH,— u3MeHseT cBOGOAHYIO
SHEPrHIO CBA3M ABYX NPWIEXALMX YrJIEBOLO-
ponHbix neneit Ha — 0,5 Kkaju/MoOJb.
IIpoxapuomvl pezyaupyiom mekyuecmo ceoux
memOpan nymem usmMeHeHUA 4uUCAQ O6OUHBIX
ceasell u OauHbl ayuabHblx yeneii. Tak, COOTHO-
LIEHHE HACBHIIIEHHBIX W HEHACBIIIEHHBIX OCTaT-
KOB XHPHBIX KHCJIOT B MeMbOpane E. coli cau-
xajoce ¢ 1,6 mo 1,0 npH mMOHMXEHHH
Temneparypel cpeabl ¢ 42 go 27°C. Takoe



YMEHBILEHHE 10JIM HaCBIIEHHbIX XUPHBIX KHC-
JIOT MPEOOTBpAIlAeT Ype3MEPHOE 3aTBEPIIEBA-
HME MeMOpaHbl IIpY NOHMWKEHHOH TeMIepaTy-
pe. V oaykapuom KalouesbiM pezyASmopom
mekyuecmu mMemOpaH ABAsemcA maxxice xoie-
cmepoa. Haxopsice MeXAy alWIbHBIMH Li€Ns-
MM, XOJIECTEPOJI MPENSTCTBYET UX KPUCTAJLIH-

3anuu. B cymmocTw, u3-3a xosecTepona Hcye-
3aer (pasosoli nepexoa. C Opyroil CTOpPOHBI,
XOJIECTEPOJI CTEPHYECKH OJIOKHPYET CHIIBHOE
repeMeLleHNe alIIbHBIX LieNed U TEM CaMbIM
CHIKaeT TexyyecTs MemOpaH. Takum obpa-
30M, 6arogaps 3THM B3aHMOIPOTHBOMOJIOK-
HbIM  3QdeKkTaM  XoJiecTepoila  TeKy4ecTb
MeMOpaH NoAnepXuBaeTcsd Ha KaKOM-TO cpel-
HEM YypOBHe.

10.18. Tpexmephas Moaesb MemOpaH no
JAHHBIM JJICKTPOHHOH MHKPOCKONHH

Kak Msl BHAEIM Ha HpUMepax [EPEHOCYHKOB
KHCJIOpOJa ¥ (PepMEHTOB, ONTCAHHBIX B NIPEbI-
JAYLUMX TJIaBaX, PEHTTEHOCTPYKTYPHbIH aHAJIM3
ABJSAETCSA HAAEKHBIM METOIOM H3y4YeHHS TPeX-
MEPHOH CTPYKTYpbl PpacTBOPHMBIX OenKOB.
TIp¥MeHUM JIH PEeHTTeHOCTPYKTYPHBIA aHAJIN3
K MeMmOpanubIM Oenkam? TpyaHocTh 3akito-
YaeTcs B TOM, YTO O CHX [OpP HE yOaBajoch
HOJIyYHTh HMHTErpajbHLIX OelkoB MeMOpaHbl
B BHJIE TPEXMEPHBIX KpHcTauioB. OaHako He-
KOTOopbie MeMOpaHHble 6ekH 06pa3yroT npa-
BIUIBHYIO PelIeTKy B IIJIOCKOCTH MeMOpaHBl,
T.e. ABYMepHbie KpucTaUibl. CTPYKTypHbIH
aHaJIM3 3TUX KPUCTAUIOWIHBbIX opm ymaercs
OCYIIECTBHTH C IIOMOILbIO 3JICKTPOHHOH MH-
KPOCKOIIHH ; B YaCTHOCTH, TAKOE HCCJIEIOBAHHE
ObUTIO C YCIEXOM MNpOBEAEHO HA nypnypHoil
membpane Halobacterium  halobium — GakTe-
puH, obuTaroneit B conenoit cpene. Ilypnyp-
Has MeMOpaHa—3TO CIeElHaIM3HpOBaHHas
00JIacTb KJIETOYHOH MeMOpaHbl, cojepxalas
6axmepuopodoncur —6enok  Maccoit 25 x/la,
KOTOPBIif IpeBpalllaeT 3HEPTUIo CBETA B TPAHC-
MEMOpaHHBIA NMPOTOHHBLIH I'DAJHEHT, HCIOJIb-
3yemsli 1is cuntesa ATP (pasa. 19.21). Beutn
MOJTy4eHbl KDHCTALTOWBI B BH/IE JIMCTKA, WIH
IucKa, AMaMeTpoM 10 1 MkM. Biarogaps Tomy
4TO B KaXIOM M3 HHUX COIEPXaJoCh OKOJIO
20 000 Monekyn 6akTepHOpPOIONCHHA, MOXHO
ObUIO MOJYYUTH H300paxKeHHe, HUCIONb3Ys
OuYeHb Clabblifi Ny4OK OJJIEKTPOHOB H TeM
CaMbIM CBOJIS K MUHUMYMY PaJHallMOHHBIE I10-
BpexneHus. Kpome Toro, as nojiydeHHs H3o-
OpaXxeHust C BBLICOKOW CTENEHBIO pa3pellleHHs
MOXHO ObUlO OpaTh HeOKpallleHHbIE Npemna-
patel. OQHO 3JIEKTPOHHO-MHKPOCKOIHYECKOE
H300paxeHHe KPUCTALUIOUAHOTO JIMCTKA Myp-

T
dili e

b

i i

Puc. 10.32. A-mopgens 6akTepuOpOmOICH-
Ha, CKOHCTPDYHPOBaHHas IO
NaHHBIM  TPEXMEPHOH  KapThi
¢ paspemesneM 7 A. B-cxema
IS MOSAICHEHMA; MOKa3aHO pa3-
MELLIEHHE  O-CIUPAJIN30BAHHbIX
Y4YacTKOB B JIMIHAHOM OHcIoe.
CB#34 MEeXIY 3THMH CIIHPAJISIMHU
B HacToflllee BpeMs ellle He
onpenesnensbl. ([leyataercs ¢ mo-
6e3HOrOo  paspeilleHds  O-pa
R. Henderson u a-pa N. Unwin.)
3aka3 665. cTtp. 39-43 I'onpob-
uHa C.

10. Beeaenue B npodsemy
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NypHOH MeMOpaHbl [aeT BMIA CTPYKTYpSI,
CIPOCUMPOBAHHOM Ha MI0cKoCTh. Clieayromit
STan—INoJy4eHHe M300paXkeHHl IOoCIeAoBa-
TEJBHBIX CPe30B M 00paboTka MHpOpManum,
3aKJIFOYEHHOM IpMMepHO B 20 CHUMKAX, MeTo-
nom psanos Pypoe.

Hcnons3ys onucammsii mnopxom, Puuapn
Xennepcon u Huren Anymn (R. Henderson,
N. Unwin) CKOHCTPYHpOBaIH TpeXMepHYIO
Mojieib MypnypHod memOpaHbI ¢ paspene-
HueM 7 A (puc. 10.32). Beaxu smoii membpanvi
codepxcam cemb NAOMHO YNAKOBAHHBIX U-CRu-
paseii, Komopbvle udym noumu nepnenoux yAApHO
nAOCKOCMU_ MeMOpaHbl, 3aHUMAA NO WupUHe
0k040 45 A. IIpocTpaHCTBO MeXAy MoJieKyia-
MM Oenka 3alOJIHEHO JIMIHOHBIM GHUCIOEM.
BriosiHe BepoATHO, 4TO NPHHUMI CTPYKTYpPHOH
OpraHM3alluK MypNypHOil MeMOGpaHbl MCHOJIb-
30BaH M B OPraHM3allui APYTHX MHTErpajibHbIX
GenkoB. Ilpeanonaraercs, B YaCTHOCTH, 4TO

MeMOpaHHble HACOCHI U KaHAJIbI coxepxar o-
CHPAJIU30BAHHBIE YYAaCTKH, MPOHU3LIBAIOIINE
OHUCIOM.

3ak.ouenne
Buosornyeckne MeMGpaHbl NpeacTaBISIOT CO-
00M IJIOCKHME CTPYKTYpbI IMPHHOMN nopsaaxa
75 A, XOTOpBIE COCTOAT W3 MOJEKYJI GeNkoB
U JIMIHAOB, YAEPXHBaeMbIX BMECTE HEKOBa-
JICHTHBIMH CBA3SAMH. MeMOpaHsl ciiyxaT 6apb-
€paMH NPOHMIIAEMOCTH C BBICOKOH CTEleHbIo
130MpaTebHOCTH. OHU OTTPAaHHYHBAKOT 3aAMK-
HYTbIE IPOCTPAHCTBA (KOMIIAPTMEHTHI) B BHIE
UEJBIX KJIETOK WIN CyOKJIETOYHBIX OpraHelLl.
Berpoennble B MeMGpPaHBl HACOCHI M KaHATbI
PETYIUPYIOT MOJIEKYJIAPHBIA H HOHHLIA COCTaB
ITHX KOMINApTMEHTOB. MeMm6pansl peryu-
PyroT Takke obmeH wuHbopmaumeii Mmexay
KJIETKaMH. B 4acTHOCTH, Ha HEKOTOPBIX MeM-
OpaHax HaXOmATCA PELENTOPbI TOPMOHOB, Ha-
NpHMEp peLenTopsl MHCyiIMHa. Kpome Toro,
MeMOpaHbI HEMOCPEACTBEHHO Y4aCTBYIOT B Ta-
KHX NIPOLeCCax NPEeBPAILEHHs SHEPT UM, KaK (o-
TOCHHTE3 H OKHCIMTENbHOE (ocopuinpona-
HHE.

OcHOBHbBIE KJIACCHI MEMOPAHHBIX JIMITUAOB —
3T0 HOCHOMMITHALI, TIMKONHIMIB U XOJiecTe-
po:1. K xiaccy pocdomumunos otaocates doc-
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¢oauunrnmeposbl, NOCTPOeHHbIE M3 TIMIe-
POJIOBOrO CKeJieTa, ABYX lernell XHPHBIX KHC-
70T ¥ dochopummpoparHoro cnupra. Llenu
XHMPHBIX KHCJIOT CoiepXaT 0ObNHO OT 14 10 24
aTOMOB YIJIEpOla M MOTYT OLITb KaK HACbl-
LICHHBIMH, TaK H HEHACbILIeHHbIMU. OCHOBHbIE
docdoanunriuueponst — dochaTuanIxoHH,
dochaTunmncepus U bochaTHIIITAHOIAMHH.
K ¢docoomununam npyroro tuna npumamie-
KHT CQUHI CMHETTHH, OCHOBY CKeJIeTa KOTOPOro
COCTaBJIsIET HE MIIHLEPOI, a chunrosmn. [uko-
JIMIAABL NPEACTABIIEHBl  YIJIEBOACOAEPKAlIlH-
MU JIMIIHAaMH — IPOU3BOJHBIMH C(PHMHTO3MHA.
Bce membpannbie sunuab—ambunaTuueckue
coeAuHeHHs. B BoOHBIX pacTBopax OHHM CrIOH-
TaHHO 00pa3syloT OGIMPHBIT  GUMOJNEKY-
JAPHBIA CIIOH, COCTOALUMIA M3 rHAPO(GWILHOM
4 TuapopobHo#t da3. Jlvmuauble Gucion xa-
PaKTePH3YIOTCS KpaiiHe HHM3KOH TNpoHMIae-
MOCTBIO 11 HOHOB M 6OJIBLIIHHCTBA MOJIAPHBIX
COCIMHEHMH ; B TO Xe BpeMsl GHUCIION KHUIKHIA,
YTO MO3BOJISIET €My CJIYXHT pacTBOPUTEIEM
IS MEMOpPaHHLIX OEeJIKOB.

Otaenbhele GyHKUMH MeMOpaH, Takue, Kak
TPAHCIOPT, KOMMYHHKAIlHs, Npeobpa3oBaHue
SHEPIUH, BLIIOJHAOTCSA cllenupHIECKMMHU Ge-
kamu. HekoTopuie MeMGpanHbie Genmku morpy-
XeHbI B IJ1yOb YII€BOAOPOAHOR YaCTH JIMIHUMI-
Horo O6wucnos. TpaHcMemOpanubie Gesk,
B 4aCTHOCTH Genok mosocsl 3 U3 MeM6paHbI
SPUTPOLUTOB, MOTYT CJIYXHTh HOHHBIMH KaHa-
JiaMH. MeMOpaHel aCCHMMETPHYHBI CTPYKTYp-
HO ¥ (YHKIHOHAIBHO; 3TO NPOABIAETCH Kak
B HalpaBJICHHOCTH [EHCTBHA CHCTEM TpaHC-
NOpTa HOHOB, TaK M B JIOKAIM3ALAU yIje-
BOAHBIX OCTATKOB TOJILKO Ha HaPYXHOM CTOPO-
HE NJIa3MaTHYEeCKHX MeMOpaH KJIETOK MJIeKO-
[UTaoMHX. MeM6paHbl - IMHAMUYHEIE CTPYK-
TYPBI, H B OTCYTCTBHE CIIELHAJIbHbIX OrpaHUYe-
HHUH COCTABJIAIOIIME MX OCIKM M JIMIMIBI
6biCTPO  [HOGOYHAUPYIOT B MJIOCKOCTH MeM-
OpaHbl (maTepansHas anddysus). Opmako
nepexoz 6e/KOB M JIMIKIOB C OHOH CTOPOHBI
MeMOpaHel Ha ApYTyio (nonepeynas auddysns,
«flip-flop»-nepeckok) npoucxonut kpaiise mex-
JieHHO. CTeneHb TeKy4ecTH MeMOpaH 4aCTHIHO
3aBHCHT OT JUIMHBI LieNeil U CTENEeHH HeHAachl-
IEHHOCTH COCTABIAOLIMX UX )XKHPHBIX KHCJIOT.
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KH€ LHMKJIONPONAHOBBIC J>XUPHBIE KHCJIOTbI
NOBBIIIATE HJIM NOHHWXATHL TEKYYECTh MEM-

6pan?

Cxonbko Monekyn ¢ochomvnu-
108 coaepxutca B 1 Mxm? pocdo-
JIMNMAHON ABYCJIOWHONH MeMOpanbl? Ilpeamno-

JIOKHMM, 4YTO OgHA MoJiekysna ¢ocdosmnuaa

3anumaeT wiomans 70 AZ.
2. XKupnsle

110.

KHUCJIOTHI,
B cocTaB OakTepuasbHbIX Gocdo-
JIMIIUAOB, COAEPXAT UHUKJIONPONAaHOBOE KOJIb-

Bxomsiue 3.

CH, 0

/A Va4
H;C—(CH,)s—C—C —(CHz)q—C\

oo 0"

Kakoe B cpeaHeM pacCcTOsHHE
NPOXOAST MeMOpaHHBIE JIMIHAbI
3a 1 mxc, 1 Mmcu 1 ¢? Koadpouuuent auddysun

MOXHO MpuHATL paBHbiM 10~ 8 cm?.c ™1

Kakoe BiMsHHEe NOJDKHO OKa3bIBaTh IHKJIO-
[PONAaHOBOE KOJIBIIO HA YMAKOBKY YIJIEBOJO-
ponHbIX nenel BHyTpH Ouciios? ByayTt nu Ta-

10. BBenenne B mpod.eMy

OHOJTIOrHYeCKHX MemMOpaH 223



4. Kosdpduuuent nuddysun D xect-
KOH cdepuyeckoil MoJeKysbl 3a-
aeTCs ypaBHEHHEM

D = kT(6nnr),

TA€ M~BA3KOCTb PAaCTBOPUTENS, F— PagHyC
ctepnl, k—xoncranta Bonbumana (1,38-10°6
spr/rpag), T-abcomoTHas TemmepaTypa.
Yemy pasen koddpduumet muddysuu npu
37°C 6enxa maccoit 100 x/1a B mem6pane, 3¢-
(exTHBHAA BS3KOCTh KOTOPOH COCTaBJSET
1 myas (1 nmya3 = 1 spr-c/cm®)? Kakoe B cpen-
HEM DpACCTOSIHHE MNPOXOAMT 3TOT OeNoK 3a
1 mxc, 1 Mc, 1 ¢? Ipeanonoxum, 4to Gesok
SIBJIACTCS HErMAPATHPOBAHHOM, XECTKOM coe-
PpHUECKO yacTHuell ¢ IIoTHOCTHIO 1,35 r/em.
5. Kopubepr u  Mak-Konnenn

(R.D. Kornberg, H.M=McCon-
nell, 1971) mccnemoBanu nonepeunylo aud-
dy3uio docoonunuaoB B OBYCHOHHOH MeM-
6pane, MCIONbL3ys NapaMarHUTHBOI aHAJIOT
bochaTHONNXONMMHA, TaKk HA3BLIBAEMbIH CHuH-
MeuenHwili pochamudusxoun:

I
H,C—(CH,),,—C—O—(llHZ
H,C—(CH,),.—ﬁ—O—(I:H

Il .
0 H,C—O—T—O—-CHZ—CH,——T—

o-

I'pynna okcuaa azora (NO) B ClIMH-MEYEHHOM
pochatununxonune naer 4eTkuii mapamar-
HUTHBIHA pe3oHaHcHbI# cnektp. Ecnu B npucyT-
CTBHM BOCCTAHABJIMBAIOILMX Ar€HTOB, HANPH-
Mep ackopbaTa, COelMHEHHs OKCHOA a30Ta
NpPEBPALIAIOTCA B aMHMHBI, TO 3TOT CIEKTP
HCYe3aeT.

IMyreM 006paboTKH yibTpa3sBykoM H mocie-
AYIOIIEH OYHCTKH METOMIOM rejib-OuiIbTpanuu
ObLTH OJTyYeHBI IMITHAHBIE My3bIPLKH, COCTOSA-
mme u3 Gocdatruauimxonmna (95%) U cnuH-Me-
4eHHOro asanora (5%). HapyxwHerii AHaMeTp
3THX JIMIIOCOM COCTaBian okono 250 A. Cny-
CTS HECKOJILKO MHHYT Mociie J006aBieHHs
ackopbaTa aMIIMTY/Ia NapaMarHUTHOTO pe3o-
HAHCHOTO CNEKTpa CHMXajack 10 35%, nepso-
HadanbHOro ypoBHs. Ilocie no6asnenus Bro-
POH aJIMKBOTHI ackopbaTa He NPOHCXOIHIIO
3aMETHBIX U3MEHEHHUI CIIEKTpa Ha MPOTDKEHUH
HECKOJIbKHX MHMHYT, OJHAKO Jajiee aMILIMTYAd
9TOr0 OCTATOYHOIO CNEKTpPa 3aTyXaja 1o 3KC-
NOHEHTEe ¢ moJynepuonoM 6,5 u. Kak 06nsc-
HUTb 5TH H3MEHEHHUA aMIUTUTYABI IapAMAaTHHUT-
HOTO cnekTpa?

CH, |
[ /X

N—O
CH,



OTBETbl HA BOIMPOCHI
" 3AA0AYUN

Iaasa 2

a) PeHHIH30THOLHAHAT.

6) JdaHcunxmopua.

B) MoueBHHa; B-MEpKaNTO3TAHOJA AJIs BOCCTAHO-
BJIEHHS IHCYJIbOHIOB.

r) XMMOTpHICHH.

n) CNBr.
e) Tpuncun.

2. a) 3; 6) 12; 8) 4,28; 1) 9.8; n) 24.

3. 0,01; 0,1; 1; 10; 100.

4. 477 A (318 ocTatkoB Ha uens; 1,5 A na OCTATOK).

5. Kax bl aMHHOKHCIIOTHBIH OCTaTOK, 332 MCKJIKOYE-
HHeM C-KOHUEBOTO, MPH PEaKUHH C THAPAIHHOM
xaeT ruapa3ua. C-KOHUEBOH OCTATOK MOXHO MIEH-
THYUUMPOBATH O TOMY INPU3HAKY, YTO OH HaeT
CBOGOAHYIO aMMHOKHMCIIOTY.

6. a) lNpumepHo + 1.

6) Jlpa nenTHaa.

7. BoxoBas uenb S-aMHMHOITHJILHCTEHHA cxoXa ¢ 6o-
KOBOii LENbIO JIN3HHA; CAHHCTBEHHOE pa3jIHYHe 3a-
KJIIOYAETCA B TOM, 4TO B MOJIEKYJIE S-aMHHO3THIIIH-
CTEHHAa BMECTO METHJICHOBOH IPYINLI CTOMT aTOM
cepsl.

8. HaTusHas kOHQOpMalMs HHCYIHHA —~ TEPMOJMHA-
MHYECKH He caMas cTabunsHas ¢opma. OGcyxne-
HHE 3TOr0 BONpoca ¢M. B pa3a. 359.

Inasa 3

1. a) 2,96-10~''r.

6) 2,71-10° monekyn.

B) Her. Eciiu 6b1 reMorno6us Haxoauics B Buje
KyOHYECKMX KPHCTA/IJIOB, TO B OZHOM JPHTPOIMTE
yMemanocs 6er 3,22 108 Monexyn. CnexopaTensHo,
peajibHas MJIOTHOCTH YNAaKOBKH reMorjobuHa
B 3PHTPOUHTE COCTaBIAET 84% OT MaKCHMAJIbHO
BO3MOXHOHM.

2. 2,651 (nan 4,75-10~ 2 moms) Fe.

3. a) V uenobeka 1,44.107 2 r (4,49-10~* Mons) O,
Ha | kr mpiul. V kawanota 0,144 r (4491073
Moab) O, Ha 1 kr mpiumg.

6) 128.
4. a) Mpumepro +36npupH 2, +4apupH 71 +2

npu pH 9.
6) INpumepuo 10. OOHaKO HMeEET MECTO B3aUMO-
LEACTBUE THTPYIOUIMXCS TPYII, NOITOMY ACHCTBH-

TeJIbHAs M303JIEKTPHYECKads TOYKa pasHa 8,2. DTOT
Bonpoc 6yecTsAie pasbupaercs B cratbe Shire S.J.,
Hanania G.1.H,, Gurd F,R.N., Biochemistry, 13,
2967 (1974).

S. a) Tpu nenTuia, COCTOSLINE W3 OCTATKOB OT 1 10
55, ot 56 mo 131 m ot 132 o 153.

6) KopoTkue a-cnmupanu Majno cTabGuiibHBI B BO-
JIHOM pacTBope. B MHOT106MHe OHH CTaGHIIM3UPO-
BaHbl TPETHYHBIMH B3aHMOZEHCTBUAMH.

6. | [MbO,] |
8W =1gp0O, —IgPy,.

7. a) k =20c™ .

OTILUCIJICHHA
[Mb] [02] — KO‘I‘II.[CI'IJ‘IGIH’I
[Mboz] Knpucoenmialm
6) CpeaHss npoAO/DKMTENILHOCTL paBHa 0,05 ¢ (Be-
nM4uHa, obpaTHas kmmenue“m).

8. PactBop MHoOrno06uHa 1 mMr/Mn (Macca
muorno6uHa = 17,8 x/la COOTBETCTBYET KOHUECH-
Tpamuu 5,62-107 5 M. CBeTonorsioieHue 3Toro
pacTBopa NpH AJIMHE ONTHYECKOro MyTH 1 cM co-
crapnser 0,84, 4To cooTBETCTBYET OTHOWIEHHO /],
paBHOMY 6,96. CretoBaTeNbHO, Yepe3 pacTBOP NMpo-
xonHuT 14,49, mamaiowiero cmera.

I'nasa 4

1. a) YBenuyur.

6) CHu3uT.
B) CHH3HT.
r) CHH3HMT CPOACTBO K KHCIOpPOJY.

2. a n 6) Cpaxerca menbwe H ™.

3. Huosutonrekcadocdar.

4. a) AY =0977 - 0,323 = 0,654,

6) AY =0,793 — 0,434 = 0,359.

S. a) pK CHH3HTCH.

6 u B) pK yBENIHYHTCS.

6. JlononHuTeNbHAs METH/IbHAA TIpynna MpensT-
CTBYET HNEpeMELICHHIO aTOMa XKeJie3a B IUIOCKOCTh
nopdupHHa NPH OKCHIEHHPOBAHHH. DTO MOJEIb-
HOE COEJMHEHHE HMHTHPYeT T-COCTOSHHE remo-
rnobuna. MHTEpecHOe 06CyXKOeHHE 3TOrO BOmpoca
MOXHO HaiTH B cTaThe Collman J. P., Brauman J. 1.,
Doxsee K.M., Halbut T.R., Suslick K.S., Proc.
Nat. Acad. Sci, 75, 564 (1978).

7. a) Ha. KAB=KM(KB/KA)=2~10's M.

6) Hanuyue A mosblluaeT cBsa3biBaHue B u aHano-
rHYHO NPUCYTCTBHE B NMOBbILIaeT CBA3BIBaHHE A.

OTBeThl Ha BONPOCHI H 3aa4H 225



Oxcua yriaepona, IpHCOEHHHUBLINCH K OJHOMY re-
MY, H3MEHSET CPOACTBO K KHCIOPORY APYIHX F€MOB
B TOH Xe MoJleKyJie reMornobuna. B wactioctu, CO
NOBBLIIAET CPOACTBO TeMOIrIOOHHAa K Kucaopody
M TEM CaMBbIM CHWXaeT konmyecTBo O, , BrIcBO6O-
Kaaemoe B Tkausx. OKCuI yI/iepoma OKa3biBaeT
cTabunusupylowee AcHCTBUE HA Xapak TEPHCTHKH
4ETBEPTHYHOM CTPYKTYpBI OKCHremornobuua. J1py-
rumu cnosamu, CO umuTHpyeT O, B KauecTBe an-
nocTepHyeckoro shdexropa.

a) Tpaucnopr makcumanes npu K=10"5M.
B o61meM cirysae TpaHCIOPT JOCTHIAeT MaKCHMyMa
npu K = I/L ALB’

6) MakcuManbHBIi IiepeHoc Kucaopona npu Py, =
=447 TOpp, 4YTO 3HAYMTENBHO BbILIE, YEM
26 TOpp - BEJIMYHHA, XapaKTepHAs A1 QU3HOJIOTH-
4eCKHX ycyioBHit. ClienyeT NOAYEPKHY T, YTO B 3TOM
pacyeTe He YYUTBIBAIOTCS KOONEPATHBHOCTD CBS3bI-
Banus u 3¢dext Bopa.

nasa 5

1.

226

a) JIM3WH MM APTHHHH B NOJIOXEHHH 6.

6) [pu pH 8 >ToT remoryiobun GyneT ABMUraTHCH
K aHOMY MEMJIEHHEE JIBYX APYTHX I'€MOTJIOGHHOB,
MOCKOJIbKY Yy HEro HauMeHbIIMH obumii oTpHua-
TENbHBIH 3apsa.

a) HbC; 6) HbD; B) HbJ; r) HbN.

MyTauuu resa o BJIASIOT HA BCE TPH reMoriobuua,
NOCKOJIBKY 3TH TIEMOIJIOOMHBI HMMEKT COOTBET-
CTBEHHO CJIERYIOUIHE CYOBEIMHHYHBIE CTPYKTYpPhI:
a,B,, %8, Ha,y,. MyTauuu re€os B, 8 u y ckaxyT-
CA TOJLKO HA OJHOM M3 THIOB IeMOTrJIOOMHA.
Peakuus

2(a,BBS) = a,B, + a,pY

NpoTekaeT ObICTPO MO CPaBHEHHIO CO BPEMEHEM
nposeneHus snekTpodopesa. Pasgenenue a,a, H
®,0§ B 3NEKTPHYECKOM [10JI€ CABMIAET PABHOBECHE®
peakuuH BIIPaBo.

Jlesoxcu-HbA conepkHT koMniieMeHTapHbIA yda-
CTOK M IIO3TOMY MOXET NPHCOSAHHHTHCS K BOJIOKHY
nesokcH HbS. [lanbheitee ynnuHenye Bosiokua 6y-
JIET Y€ HEBO3MOXHBIM, TaK KaK B KOHLIEBOH MoJie-
kyae pesokcu-HbA Her numkoro yéactka.
CBojicTBEHHAas 1€30KCHIeMoriobuny A Bomopoa-
Has CBA3b MEXJy acnapraToM H THPO3MHOM
B Y4acTKE€ &, 0,-KOHTAKTa OTCYTCTBYET B [€MOTJIO-
6une Kempsey (c. 100). CrenoBaresibHO, I€30KCH-
dopMa 3TOro MYTAaHTHOTO IreMOrJIOOMHA AOJKHA
Jierye JIMCCOUMMPOBATh HAa AMMEPHI, 4Y€M HOp-
MalbHbli reMor106uH. C Ipyro# CTOPOHbI, OKCHre-
HHPOBaHHble GOpMBE 06OMX TEMOTIOGHHOB aHCCO-
LUMHPYIOT TIPHMEPHO OJMHAKOBO, MOCKOJBKY yKa-
3aHHAg BOJOPOIHAS CBA3b HE YYacCTBYET B CTAOMIIK-
3allHH HH TOTO, HH ApPYroro remornobusa.

Yacrs 1
Kondopmauus u aunamuka

I'naBa 6

6.

a) 31,1-10 © mounb.
6) 5-10~ % monb.

B) 622 ¢ .

a) la. K,,=52-10"%M.
6) V, 0 = 684107 1% Monb.
B) 337¢c L.

a) B OTCYTCTBHE
= 47,6 MKMOJIb/MHH H KM
CYTCTBUM MHrHOHTOpa V.

HHru6UuTOpa 14 =
Makc

=1,1-10"° M. B npu-

HE MEHAETCH, a Kaxy-

mascs K., =3,1-10"% f:{uc
6) KonkypeHTHoe uHrubGHpoBanue.
B) 1,1-1073 M.

r) fES =0243 n fEl =0,488.

n) B orcyrcTBue muruburopa f.. =0,73, a B npu-

cyrcTBun 210~ * M uuruburopa fES = 0,49. Coort-

HOILIEHHE ITHX BEJIHYHH, PaBHOE 1,49, 5KBUBAJIEHTHO

COOTHOIEHHIO CKOPOCTEH PeakluH B TeX Xe yCIo-

BHSX.

a) vV =95 mxmonib/Mun. K, =1,1-10"° M,
Maxc M

TaK e Kak M B OTCYTCTBHE MHTHOHTOpA.

6) HekonkypenTHoe.

B) 2,5-107° M.

r) 0,73 kak B NpPHUCYTCTBMH, TaK U B OTCYTCTBHE

HHrubuTopa.

a) V=V, —(V/[SDK,,.

6) Haksion = — KM ; MIEPECEYEHHE C OCHIO y PaBHO

mec ; MEpeceYeHHe C OChI0 X COOTBETCTBYET
Maxc/ KM'

B)

1 -6e3 nuruburopa,
2 - KORKYPEHTHBIH HHrUOHTOD,
3 — HEKOHKYPEHTHBI# MHTrHGMTOD.

VI/(S]

Cas3bIBaHHE KOHKYPEHTHOrO HHIHOHTOpa B OHOM
aKTHBHOM LEHTPE aJLIOCTepHYEcKOoro depmeHTa
MOXET NMPHBECTH K MOBLILIEHHIO CPOACTBA K Cy6-
CTpaTy ApYroro ydacrka B TOH Xe Mojexyie dep-
MEHTa. B COOTBETCTBHH C MOMIEJIBIO COTJIACOBAHHO-
ro MEXaHHW3Ma TaKOH KOHKYPEHTHbIH MHTHOHTOP
cnocoberByer nepexony T — R.



TloTeHunaneHo npu 06pPa3OBaHWH  BOLOPOMHBIX
cBa3eid upu pH 7 noHopamu MoryT ciyxuib Go-
KOBBIC LELH CETYIOIUMX AMHHOKHUCIOTHBIX OCTAT-
KOB: APIMHMHA, ACTAParuHa, riayTaMUHa, THCTHA-
WHA, JIM3MHA, CEPHHA, TPEOHHMHa, TpHu1odaHa
H THPO3MHA.

Cxopoctu ucnonb3oBanus A 1 B 3aai0Tcs ypaeHe-
HUAMHU

Ya= (s
]
Ve= ( Ig;

OTcrona COOTHOLIEHHE CKOPOCTEll PaBHO

)B (E1(B].

() m

Cnenosarensio, GepMeHT BLIGHPAET TOT MITH HHO
W3 KOHKYDHPYIOIMX CyBCTPAaTOB B 3aBUCUMOCTH OT

" 3HAUCHUSA k,/KM, a HE TOJIBKO KM.

I'nasa 7

1.

s

BricTpee scex ruaponusyerca (6), Menscnxee Bcex —
(a).

a) B—C; 6) A—B u E F; B) A—B -C (omun
OCTATOK Caxapa He R3aHMO/IEHCTBYET ¢ GpepMeEHTOM,
BCJICACTBHE MEI'0O y4acTok D kax IHEPTCTHYECKH He-
BBIFOAHBIA OCTACTCH HE3AHATBIM.

180 okaxerca B THAPOKCH/bHOMK Tpynne npu C-4
B uu-NAG (octratxn E—F),

ITOT uHanor, Gyaydu JMILEH rPOMOIIKOIO 3aMe-
cTHTens npu C-5, MOXET, NO-BHAMMOMY, CBA3bI-
BaTLCs B ydacTke D, He npeTepiienas nepopmanuu.
Ortcrona cnenyer, uyto cea3sibaHue octatka D nau-
HOTO 3HAJOTA B OT/IHYHME OT CBA3LIBAHMA OCTATKA
D, npunaguexawero 1e1pa-NAG, He rpebyet npu-
Toka cpoboanoii meprun. Cm. van Eikeren P.,
Chipman D. M., J. Am. Chem. Soc., 94, 4788 (1972).
a) B okcuremoryiobune Fe CBA3AH ¢ NATBIO aToMa-
MM a30Ta ¥ OJHHM aTOMOM KHCa10poaa. B kap6ok-
CHNenTHAa3e A Zn CBS3aH ¢ AByMS aTOMamu a30Ta
H ABYMS aTOMaMH KHCAOPOAL.

6) B oKCHMHOTIOOHHE OMHH W3 ATOMOB a30Ta, cBA-
3aHHbIX ¢ Fe, NpUHAZIEXUT NPOKCHMANbHOMY
OCTATKy THCTHOWHA, 4 OCTAJIbHble HETBIPE —remy.
AToM KHCa0poaa, ces3anui ¢ Fe, npoucxonur us
O,. B xap6okcunenTuaasze A pa aroma a3ora,
KOODAHHAUHOHHO CBA3aHMBIE ¢ ZN, NPHHAANEKAT
OCTaTKaM rucTuauHa. OIOMH U3 CBA3AHHBIX ¢ Zn
4TOMOB KHCJIOPOJIa MPHHALIEXKHT TJ1yTAMaTHOMH
60KOBOI 1tenH, BTOPOIt — MoJleKyJle BOIbI.

B) ACTIapTaT, HMCTEHH H METHUONMH.

Bona, Meuennan '*O, obpasyercs B ciyuae, ecau.
kapboKCHNenTHAA3a A KaTalMIHPYET CuHme3 Men-
TH/IHOR cBA3M Mexkay N-GeHsounr nuimHom u L-te-
HUNanaHuHoMm. B npucytcteuu L-B-penunmonou-
HoH xuenoter '*O me kmovaercs B H,O,
NOCKONBKY B ITOM COCIMHEHMM HET AMHUHOTpyNn

H TIOTOMY CHHTE3 MENTHALOM CBA3M He waeT. O6cy-
KIEHHE 3THX onwiToB cM. Breslow R., Wernick D.
L., Proc. Nat. Acad. Sci., 74, 1303 (1977).

Faapa 8

1.

10.

a) Kapbokcunentunasa A.

6) JInsouum u xapbokcunentunaza A.

B) XHMOTPHIICHH.

r) Kapbokcuientnaasa A U XHMOTPHICHH.

a) Ja.

6) B XMMOTpHIICHHE ~ FTUCTHAMH-57, B JIM30LHUME —-
rnytamat-85, B kapGokcunentupase A - THpo-
3MH-248.

B xuMoTpuncuue —cepun-195, B kapbokcunenTuaa-
3¢ A-rnyTamar-270 (WIM THIPOKCHIIBHBIA HOH).
TouHOE pacnonoXeHHe y4acTBYIOLUMX B KaTajH3e
OCTaTKOB M Cy6CTpaTOB, reOMETPHYECKOE pacTsie-
Hue (nedopmanns cybeTpata), nepeMelieHHe dek-
TPOHOB ¥ aecoibBatauus cybcTpara.

a) Tosun-L-musunxnaopoMmerunkeron (TJIXK).

6) Cuauana onpenenure, cniocobusl a1 cy6eTpaThl
NPeJOTBPATHTL HHAKTHBALIMIO TPUIICHHA TIOJ JeH-
creieM TJIXK. 3atem nposepwre, cnocoben nu
D-usomMep TJIXK uHAKTHBHPOBA1bL TPHNCHH.

B) TpoMGuH.

a) Cepun.

6) IMonyansaerua mexay anbAerHaHo# rpynmnoii
HHIMOMTOPAa H THAPOKCHIBHONW TPYNNOW cepuna
B AKIMBHOM NEHTPE.

ATOM 0Opa IPHCOEAMHAETCA K ATOMY KHCIOpOaa,
NpHHALIEKALEMY CEPHHY B AKTHBHOM IIEHTDE.
FeoMeTpHAs 0GpPa3ylOmIETOCs  TE1pPadaPHYECKOTO
NPOMEKYTOYHOIO IPOAYKTA AHAJIOI MYHA NEPEXO)I-
HOMY COCTOSHHIO.

AKTHRHDOBAHHBIA GukTOp X OCTACTCH CBAZAHHBIM
¢ MeMBpaHaMH TPOMGOLIHTOB, YTO YCKOPRET aKTH-
BALMIO UM TMPOTPOMOHIA.

AHTHTpOoMGuH 111, NO-BHAHMOMY, 2HATIOT EPEXo-
HOTO COCTOAHHA, MO3TOMY /18 €ro R3auMOAEH-
CTBHSA ¢ TPOMOHMHOM TpPebyeTCs MosmocThio chop-
MHPOBAHHBIH AKTHBHBIH TEHTP.
AMHHOKHCJIOTHMC OCTATKH a u d PACLIONIOXEHBI
BHY IPH Q-CMHPATW30BANHON CYNEpCHpaly, BOIM-
3% ee och. unpodobrbie BlanmonelcTRIS MexXay
GOKOBLIMH LENAMH ITHX OCTATKOB CTAGHIHIHPYIOT
cynepcnupais. OOCyXIcliMe 3TOro BONPOCA CM.
Schulz G.E., Schirmer R.H., Principles of Protein
Structure, Springer-Verlag, 1978, p. 79.

Inapa 9

a) KaxaeiM TPETHHM OCTATKOM B Kak10# 13 ueneit
XOJLIAreHa 1O/KeH Obllb [JIMUMH, TAK KaK uid Go-
Jiee KPYNHOTrOo MO pa3Mepy aMHHOKHCIOTHOIO
OCTaTka NPOCTO HET CBOGOAHOrO MPOCTPAHCTBA.
6) Temnepatypa nmaenenns nonu(Gly-Pro-Gly)
HHXE, 4eM TeMnepaTtypa mnuasieHus nonu(Gly-
Pro-Pro).

B) Het. nuMumu He 3anuMaeT Kaxa0ro rpernero
MOJIOKCHHSL.

O1Bersl Ha BONPOCHLI H 3a1a4M 227



2.

a) u 0)
Ctpenkoii moka3aHa pacuienisemMas nNenTHAHas
CBA3b.

OH OH OH

|
-GIy-Leu-Pro-Gly-Pro-Pro-Gly-Ala-Prlo-GIy

a) Jducynbduasl.

6) Her.

B) IlenTuanble CBA3M MeXAY cneUUPUYECKHMH TITy-
TAMHHOBBLIMH M JIM3HHOBBIMH GOKOBBLIMH LENSAMH.
r) ANbIONbHAS MONEpeyHas CBA3b, THCTHAHH-AlIb-
Jl0JIbHASL TIONIEPEYHAs CBA3b M JIM3HJIHODJIEHIMH.
n) AIbOJIbHASA TONEPEYHAs CBA3b, JIM3HIHOPIEH-
OHH ¥ IECMO3HH.

HexapboKCHIHpOBaHHE ®-OKCOTIYyTapaTa —3ToO MO~
noBuHa du3HosOrHYeckor peakuuu. Ilo-Buaumo-
My, CHayajla ®-OKCOIJIyTapaT NOJBEPraercs aTake
CO CTOPOHBI KHCI0posa M 06pa3yeTcs MepoKCH-KHC-
J10Ta, KOTOpas 1ajee BCTYNAeT B PEakuHio ¢ cy6-
CTPATOM, COAEPXKAIMM NpoanH. O6cyXaeHne 31o-
ro ONbITa M €ro 3Ha4YeHHE NI GHOMEXaHHKH CM.

Counts D.F., Cardinale G.J., Udenfriend S., Proc.
Nat. Acad. Sci., 75, 2145 (1978).

Faasa 10

1.
2.

w

2,86-10° monexy.

LIMkI011pONaHoBOE KOJABLLO MNPENATCTBYET YNOPS-
MOYEHHOH YIIAKOBKE YIJIeBOAOPOAHBIX leNel U TeM
CaMbIM TOBBILIAET TEKY4eCTb MeMOpaH.
2-1077cMm; 6,32-10 % cm 1 2-10 % om.

Pajuyc 310l MonexyJsi 3,08-10 7 cM u koaddu-
uneHT auddysuu 7,37-10 2 cm?/c. Cpesnee pac-
cTosHue 3a 1 Mkc coctaBut 1,72-1077 cM; 3a
1 Mc-542-10"®cm m3a 1¢-1,72-10" * em.
IMepBoHayaNbHOE CHIXKEHHE aAMIUIATYAbl MapamMar-
HUTHOTO PE30HAHCHOTO CMEKTpa OOYCIOBJIEHO BO-
CCTAHOBJICHHEM CITHH-MeYeHHbIX docdaTuamixom-
HOB B HapyxHoM cloe Oucnos. Ackopbat
B YCJOBHAX OIbITA HE NMPOXOIMT Yepe3 MeMmOpaHy
H MOTOMY HE BOCCTAHABJIMBACT (hocHoaunuabl BHY-
TPEHHeETO ci104. MenIeHHOe 3aTyXaHne OCTaTOYHO-
ro cnexTpa o6BACHAETCS BoccTaHOBNeHHEM docdo-
JIMIIMAOB, monepedHo AnpdyHAHPOBABILIAX B Ha-
PYXHBIA CJIOH.
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