DepMeHTATUBHBIN KaTaJIM3.

depMeHTaTUBHBIN KaTaau3 HEJIb3sl OTHECTH HA K TOMOT€HHOMY, HU K T€TEPOTeHHOMY THIIAM

Katann3a. XOTs peakiysi MPOXOIAHUT B paCTBOPE, HO Pa3Mephl MOJIEKYJT ()epMEHTA TAKOBHI, YTO TIPU

paccMoTpeHnH (PepMEHTATUBHOTO KaTaln3a HA/I0 YYUTHIBATh aICOPOIMIO PEarupyroInuX MOJIEKYI U

MIPOIYKTOB HA TIOBEPXHOCTH OEIIKOBOM MOJIEKYJIBL. J{JIs1 TaHHOTO THIIA KaTajku3a MPUMEHUMBI BCE

MIOJIOKEHHS TE€TEPOTeHHOTO KaTalln3a, CBsI3aHHBIC C HAIMYMEM aKTUBHBIX IEHTPOB HA MIOBEPXHOCTH U

crnienn(UKOM UX OpraHU3alnU U B3aUMOJICHCTBHS ¢ peareHTaMu. OCHOBHOE OTIMYUE OT TOMOTEHHO-

r'0 ¥ TETEPOr€HHOT0 KaTaln3a COCTOUT B TOM, YTO aKTHBHOCTDH ()EPMEHTOB Ha HECKOJIBKO TIOPSIIKOB

Ooublie, YeM B KaTajln3e HOHAMH U KoMIiekcamu. Hampumep, oTHOCHTEbHAs KOHCTaHTa CKOPOCTH

OKHCJICHHSI HOHOM JKele3a paBHa: B pacTBope coiu 1, B kommiekce 10°, B pepmente 10”.

Koncranrta ruaponuza moueBunsl [(NH;),CO] B kucioM pacTBope npu KOMHATHON TeMIiepaType

pasua 7.10® 1/M.c, a ¢ hepmenTom ypeasza 7.10" 1/M.c.

depMeHT — 3akBacka 1o JaTeiHu (Opoxenwue) (1857), rpeueckuii nepeBoy - sH3uUM (1878).

1713: Peomtop 3aMeTit pepMEHTHI: paCTBOPEHHE Msica B xKely1ouHoM coke, 1814: Kupxrod: moiy-

9HJT caXxap M3 KpaxMaja ¢ BBRITSHKKOM ssaMeHHoro coioaa, 1833: Ilepco Bement u3 coitona GepmMeHT

amunaszy, 1909: Coepencen BBen pH, 1926: Camriep mosy4yusn KpUCTAJUIBI ypeasbl U MOKa3all, 4To
dbepmeHThI 310 Oerku, 1952: rumoTe3a o Tpex YpOBHIX opraHmu3aruu 0enkoB, 1963: cuHTe3 HHCYIIN-

Ha, 1965; pacmdposka cTpykrypsl tm3onuma, M 14600, 129 amunokuciot. Ceitdac uaeHTudum-

poBano okojio 100 TeIC. OEIKOBBIX MOCIeIOBaTeIbHOCTEH. [IprueM Bce 3T0 MHOTOOOpasue cco3ia-

etcs Bcero 270 6a30BBIMU CTPYKTYpaMu. MI3BECTHBI CTPYKTYpHBIE pEHTTEHOBCKHE JTaHHBIE OoJiee
9geM JUIs 5 ThIC. PePMEHTOB, a y YeloBeka: okoJio 80 Teic. (hEepMEHTOB.

e OcHoBa (hepMeHTa MONUTIENTHIBIE TIETIN - Oenku. [lepBUYHOM eAMHUTICH SBISETCS aMHHOKHCIIOTA
NH, - CH; - COOH. B 6enkax (kpome rimnuaa) oguH npotod CH, rpynmnsl 3amernien Ha R;. [1o-
SIBJISICTCSI ONITHYECKU aKTUBHBIN 1eHTp: atoM C. Bee neBbie m3omepsr - L popma. [Ipassie nzome-
Pbl aMUHOKHUCIJIOT FT€OMETPUUECKH HE COTIacyOTCs ¢ Mapoi aJicOOLMOHHBIN U KaTAIUTUYECKUI
HEeHTpHI pepMeHTOB. [loueMy JieBbIe, HE OUeHB MOHITHO, OMH BapuaHT orBeTa (IlomuHr): memoy-
ka u3 L opw™ serue 3akpyunBaercst B ciupaiu. Huke mpecraBieHa THIIOTeTHIeCKas [eTovKa
aMuHOKHCIOT D konurypanuu. Bpamenue no cesassam Cy, — Cg goctaroyno ceo0oHo. Takas

MTOABUKHOCTB MPEIATCTBYET CBEPTHIBAHUIO LIETIEH.



Hogas runotesa - o6pa3zoBaHue 1ienel B [IeoJIMTaxX U TaM JIydllle UMEHHO JieBas popma. B Antapk-
TU/I€ HAILUTM LEOJIHUT C XUPAJIbHON CTCEMOM MOpP U KAaHAJIOB, & SIMOHIIbI CHHTE3UPOBAIN TaKON IEOJIUT.
B npupoze L nepexonsat B D ¢popmy. s acnapruHOBOM KUCIOTHI TOYHO U3BECTHA KOHCTaHTA CKO-
POCTH: Ha 3TOM OCHOBaHa JlaTupoBka koctei. B Kanudopnuu Hanmm koct, Bo3pact KOTOPBIX OIl-
penenunu B 50 ThIC. JeT. B 370 Bpemst Obl1 MOCT A3us - AMEpHKa, T.€. YeIOBEK NpHUIIe] B AMEPUKY

n3 Azum.
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COGI[I/IHGHI/IG AMHUHOKHUCIIOT JACT NOJUIICTUAHYIO HCTIOYKY YCPE3 KOHICBLIC CBA3U:

O chopma

-C(=0)-N (H) - . Bcero nns noctpoeHus: 6em1koB A0cTaTOYHO 20 aMUHOKHUCIIOT, OTIMYAIOIIHXCS
npupooit R : Bogopoa, Metun, 3tuil, uzonponui, kucaotusie 3amecturenu -CH,COOH, -
CH,CH,COOQOH , amuHBI ¥ T€TEPOLUKIIBI C A30TOM, IIPUCOEIUHEHHBIE YEPE3 METUII, THOCTIMPTHI,
apoMaThuyeckue 3aMecturenu. Beeraa 3amenienre yepe3 MeTuil.
1. He#itpanpHble 3amectutenu: 7 (5 yriieBogopo0B, 2 CIIUPTA)
e riuimH: H rim, ananud: CH; - ana, BayimmH: (CHj3),-CH- Ban,
o geitiun: (CH3),-CH-CH,; - neit, uzoneinun: CH; -CH,-C(CH3)H - uine,
e cepun: HO-CHj;- cep, tpeonun: HO-C(CH3)H — tpeo.
2. Kucnsie 3amecturenu: 2 + 2
e acnaprusdoBas: HO - CO -CH;- acn, rnyramunoBas: HO - CO -CH,-CH;- iy,
e ccim OH 3aMeHUTH Ha aMMH, TO elle 2
e acnaprud: NH; - CO -CH,- ach, rinytamun: NH; - CO -CH,-CH;- riH,
3. OcHoBHbIE 3aMecTUTeNHU: 3 (2 aMuHa, | reTepoLK)
e jusuH: NH, -CH,-CH,-CH,-CH;- nu3, aprunun: NH,-C(=NH)-CH,-CH,-CH,-
apr, TMCTUAMH: 5 wiIeHHbIN N conepaKaliyil reTepoLyKi - TUC.
4. Cepocopeprkalue 3aMeCTUTENn: 2
e 1mcrenn: HS -CH; - muc, metnonud: CH3-S-CH;- MmerT.
5. apoMaTH4eCKUE 3aMECTUTENHN: 3
o ¢enunananun: C¢Hs-CH; - ¢en, Tuposun: ¢pennnpaoe konbo-CHy- B mapa-
nonoxernu Kk OH - Tup, Tpuntodan: ounukiarnueckuit N coepKaliii reTeporuK
- TpH (Tpm).
6. HacwineHHbIN N comepkalinii reTepoLMKII: IPOIUH, IPO.
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T.e. ecTb LIEHTPBI KaTanK3a: KUCIOTHBIE IPYIIIbI, IEHTPHl OCHOBHOCTH: a30T, 1 OH n SH -
IIEHTPHI 00pa30BaHUs BOAOPOIHBIX CBsizel. o - Xumotpunicul: C 1105, H 1732, O 344, N 300, S 12.
Lenouka u3 241 aMmuHOKHMCIOTHL. IHTEpECHO, UTO MpH OOJIBIIOM KoWYecTBE (PepMEHTOB IPUPOAA
aKTUBHBIX LIEHTPOB JIO0CTAaTOYHO orpaHuueHa. Tak B u3BecTHbIX ceiiuacl500 rugponasax akTHBHBIMU
LEHTPaMH SIBJISIIOTCS TOJBKO 4 TPyNIbl: MMHIA301 + KapOOKCHUIIbHAS TpyINa, 2 KapOOKCHIa, HOHBI
Zn *" wmm Co ** ¢ 4 nurannamu (3 aMEHOKHCIIOTHI U 00513aTebHO BOAA), HOHBI Mn ** wn Mg ec4
nuranaamu (3 MOJIEKYJIbI BOAbI U aMUHOKHUCIIOTA).

Hanuuune pa3nnyHbIX 10 CBOEH MPUPOIE KUCIOTHBIX WM OCHOBHBIX IPYII B COCTaBE aMHHO-

KHCJIOTHI 00YCIaBIMBACT HANWYHNE HECKOJIBKUX 3HaUeHUH pK,, XapakTepu3yomnuM HOHU3AIHIO:

Kucaoranie ¢cBOMCTBAa AMHUHOKHCJIOT:

MyaHKAKH IDK — 217
N |
ADTAHIH NﬁSNH{GHEJEGHEEFHGDGH pl=1076
pk=12,4g  NH2PK9.04
pll{a= 1,88
AcnaprmHoeas HDDGGHEI?HGDDH pl= 277
—
KMCNOTa enk =
pKa= 365 MNH., pKa 9,60
Iknzaon
NH-GCH Pl 177
i,
M ACTIAaMH GGHEEFHGDDH pl= 7.6
GHZTN NHy—pK =9.0
pKa= 6,0
le; 219
[MyTamHOBASA HDDGGHEGHEGHGDDH pl= 3,08
KMCNoTa [LIH ~pk =9 67
2 a o
pKa= 425



Pk 218
JaH CHEH}JHEJCHECHEGHE?HCDDH pl= 9,74
DKa=1':'.53 NHE*—pKa=E,95

OTinyaroTcsl y aMUHOKHUCIIOT U 3HAUY€HUS N303JIEKTPUYECKON TOUKM aMUHOKUCIOT pl (pa-
BEHCTBO KOHILIEHTPAIlUX AaHUOHOB U KaTUOHOB).

Ecnu nenouka n3 100 aMMHOKHMCIIOT, TO BAPUAHTOB Pa3HOTO pacnoiokeHus 20 aMMHOKHUCIIOT
moxet 6rth 20" ~10' BapHaHTOB, YTOOBI X PEATHU30BATH HAJIO 10" D, a Bes Mace 3emmn 10! D.

IlepBuyHas CTPYKTypa: opranu3anys HCIMOYKHN U3 pa3HbIX AMUHOKHUCIIOT, Yalle TpaHC - OpU-

SHTaIUs pa3HbIX (ParMeHTOB,

BTOpUYHAS: O CIIUPAIIH, TIETIIU, CKIaAKH (3 cion),

TPETUYHAs: CIIMPaJIb CBEPTHIBACTCS B INIOOYIIBI,

4eTBepTUYHAsl ( HE BCETJa) COEAMHEHHUE ABYX - TPEX LIEMOYEK B XKIYT.

OCHOBHYIO pOJIb B 00pa30BaHUU BTOPUYHBIX CTPYKTYP UIPAIOT BOJOPOIHBIE U S-S CBS3H.
Taxas cTpykTypa onpezaenser 3aJaHHOCTh B PacIloyIOKEHUH TOTEHLIMAIbHO aKTUBHBIX Ipyn. [o-
JSIpHBIE TPYTIIBL, KaK MPABUIIO, HAPYXKY TTI00YIIbI, HETIOJISIpHbIE: BHYTPh. CBSA3HU, COEIMHSIONINE TIeTI-
TU/IHBIE LETOYKH, HEIPOUHBI, TOATOMY MOHATHO, YTO OCJIKU ACHATYPUPYIOT (TEPSAIOT aKTHBHOCTD)
IIPY NTOBBIILIEHUH TEMIIEPATYPHI.

OTcyTcTBHE KaTATUTHYECKH aKTUBHOM (hOpMBI (hepMeHTa MOXKET BBI3BIBATh CEPbE3HbIC Ha-
pYLICHHUS KU3HEACATEIbHOCTH. M3BecTHAa 0c00ast 4yBCTBUTEIBHOCTH K aJIKOTOJIIO Y MIPECTaBUTENICH
azuaTckoi pacsl. OOBICHAETCS 3TO TEM, YTO NMPHU OKUCICHUH STHIIOBOTO CIIMPTA CHaYaa ajaKorojb
JETUPOreH3a MPEBPAILaAET €ro B alIbJETU], a 3aTEM aJIbJAETU JETUPOreHa3a OKHUCISAET 1ajiee B
areraT. DTOT MOCJIEIHUI B LIENIOYKE MPEBPAIICHNH (epMEHT CYIIECTBYET B ABYX (opmax, obma-
JAIOMINX Pa3HOW aKTUBHOCTHIO (MaJioe U OOJIBIIOE 3HAUCHHE KOHCTaHTh Muxasmuca). Dopma,
UMeEIoIIasl Majloe 3HaYeHne KOHCTaHTbl Muxasnuca, Oy ieT 6ojiee akTUBHA B ITPEBPAILECHUH aJIb/ICTH-
na. Kak mpaBuiio, y npeactaBuTeneil a3uaTckux Hapoa0B Takoro ¢epmenta maino. [Tostomy He npe-
BpaTUBILNNCS B MAJIO BPEIHBIH JUUIs OpraHu3mMa aneraT (yKCycC) ajabAeTu BbI3bIBAET Y TAKUX JIUIL T10-
KpacHEHHE JIULa U TaXUKapIUIO.

Yamie depmeHT He POCTO OETOoK, a coenuHeHue benka (anodepment, Gpepon) ¢ kopepmeH-

TOM (BUTaMHUHBI, HYKJICOTH/IbI) WK C KO(AaKTOPOM ( MOH MEPEXOTHOTO METaa, KeJIe30nopPpHupu-

HOBBIE KOMIUIEKCHI). YacTo kohepMeHTaMH Haz3bIBatOT U KopakTopbl. KodakTops! 1 KohepMeHTHI
(aron) uMerOT /1Be (DYHKIIMOHAJBHBIE TPYIIIBL: CBSA3b C OEIKOM M cyOCTpaToM, Kak MpaBUiIo, JIETKO

OTACIAIOTCA. HpO‘IHO COCAMHCHHBLIC I'PYIIIbI HA3bIBAKOT MPOCTCTUYCCKUMMU I'PYIITIAMU.
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Peakiiun MOoryT mpoxoauTh He Ha Oenke epMeHTe, a Ha LIeHTpe, 00pa30BaHHOM KO(paKTOPOM

(OKI/ICJ'II/ITGJ'IBHO—BOCCTaHOBI/ITeHBHLIC Ha MOHC MeTanna) 50044 KO(l)epMeHTOMZ
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[To Ty peakmuii pepMEHTHI IEIATCSA HA 6 KITaCCOB:
. OKHCIIUTEIbHO-BOCCTAHOBUTENbHBIE (OKCUPENYyKTas3bl),
. TIepeHoc Bojiopoja (Tpancdepassr),
. TUAPOH3 (THIPOJIA3hI),
. miepeHoc OH (nmassl),

. I3oMepu3aIus (13omMepassbl),

AN L K~ W N =

. CHHTE3 (JTUTa3bl).

Jlnia ynopsiaodeHusi epMEHTOB 110 CBOMCTBAM BBEJIEHBI MOHATHS: MPUPO/a MpeBpaIlaeMoro cyo-
CTpara - MOJAKJIACC, MOJI - MOJKIACC: TPUPOJIA B3auMOIelcTBHs hepMeHT - peareHT. OTcroga Mex-
TyHapoHas cucTeMa Kiaccudukanun: puboHykieasy o6o3nauatot kak KO 2.7.7.167. Ilocnenusis
nudpa Homep GpepMeHTa B CUCTEMATHKE.

[Tpumep: K® 1.2.3. u HOMep depmeHTa

1. okcupemyKkTasbl

2. neicteyet Ha CH, - OH nonopa,

3. akuenTtopoM ciyxut HAJI,



Kpome Toro, Ha akTUBHOCTb (hepMeHTa BIUSIOT 3(h(HEeKTOphI: MPOMOTOPBI U HHTUOUTOPBI.
AKTHBATOPBI BIMAIOT HA MAKCUMAJIbHYIO0 CKOpOCTh. [Ipupoaa s dpexkTopoB 4acTo aHaIOTHYHO MPH-
poze cyberpara. YacTo 3TO NPOTOH, HOHBI METAJUIOB. IHTMOUTOPBI MOAABISAIOT AKTUBHOCTh LIEHTpa
3a cyeT OJOKUPOBKH WIIM MHAYKIIMOHHOTO BIMSHUSA IO IIETIOYKe.

Enununna konnyectsa ¢pepmenTa (E): konndyectBo pepmeHT - penapara, ycKopsoliee nmpesparie-

uue (npespamiaroniee) 1 pumonst cyberpara 3a 1 munyTy nipu 25°C, ONTUMAIBHOM COIEPKAHUU CYO-
cTpaTa u onTUMaiabHoM pH.

ConepxaHue d)eDMeHTa B ITp€raparc. KOJIM4YCCTBO (pepMeHTa B 1 mr. 6enka. Ho ero OIIPECACIIATH

TPYAHO. HOBTOMy BBCICHA MOJICKYJISIPHAA dKTUBHOCTL: KOJIMYCCTBO MOJICKYJI CYGCTpaTa, ImpeBpa-

maroneecs B 1 MuH. mox aeicTBreM 1 Moiiekysibl pepMeHTa, IpH ONTUMAIbHOM KOHIIEHTPALUU

6
cyOctpara. Tak ans katanassl (Fe + nopdupun) monekyisipHas akTUBHOCTH 2,5 -5.10°. Ho nencun =
20.

Ocobennoct JCUCTBUS d)eDMeHTOB KaK KaTaJIu34aTOPOB.

1. JInst 3aMETHOTO YCKOPEHMS PEAKIUU JOCTATOYHO MAJIbIX KOJUYECTB (pepMEeHTa: OOBIYHO UCTIONb-
3yembie KoHmeHTparmu 10~ — 10~ Moms/1. [t cpaBHEHHUS IPHBEEM KOHLICHTPALHH COISHOM Ki-
CIIOTHI, 00ecrnieunBaoIue onpeaeneHHoe 3uauenue pH: 0,1 1 — 1,1, 1.107° - 5.

2. KoHCTaHTBI CKOPOCTH MPOTEKAIOIIUX € yyacTheM (epMEHTOB peakLuii CyIeCTBEHHO OO0JIbIIIE MO
BEJIMYMHE B CPABHEHHUH C OOBIYHBIMM KaTanu3aTopaMu. Tak ruApoIN3 MOYEBHHBI B IPUCYTCTBUU
ypeass yixe mpu 25°C mpoTekaeT ¢ KoHCTaHTol ckopoctr 5.10° M ¢!, a B kicmom pacTBope paxe
npu 62°C 3HaUEHHE KOHCTAHTHI CKOPOCTH COCTABIIAET TONBKO 7,4. 1077 M e

3. Bricokasi ceJIeKTUBHOCTb ITPOTEKAIOIIUX MTPOLIECCOB: MPU BBICOKOM aKTMBHOCTH ypea3bl B THIPO-
JIM3€ MOYEBHHBI OHA COBEPILIEHHO HE AKTUBHA B TMIPOJIM3€E JPYTUX aMUA0B, HE OTIMYAIOIINUXCS MO
PEaKIIMOHHOMN CIIOCOOHOCTH.

4. C moBBILIEHAEM TEMIIEPATYPHI BBIILIE ONpeelieHHoro npezena (00braHo 0koiio 40 °C) akTUBHOCTH
(epMEeHTOB PE3KO YMEHBIIAETCS.

IIprunHEl YCKOPECHUS.

2-3
1. D¢ dexTuBHOE yBENUUEHUE KOHIEHTPALUU U OpueHTauus: ¢pakTop yckopenus 107,
Opuenranus reomerpun U opoutaneil. [IpensTcTBue BpalieHnto: Tak B 1erHpaTaliii CPaBHUTEIb-

Has BEINYHMHA KOHCTAHTHI:
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Beenenue 3amectureneit 3atpyanset spamenue COOH u yBennunBaeT OTHOCUTENBHYIO CKOPOCTb

ACruApaTaluu. HO,[[O6HO B q)epMeHTaX. HpI/I 9TOM OOBIYHO MHOKECTBEHHOE CBA3LIBAHHUE MOIJICKY-
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71 cybcTpara ¢ (hepMeHTOM.

2. Cusarue 3anpera 1o 3apsny: SSOs + CN™ mioxo, T.K. OyJeT oTTalKMBaHUe YacTHll. A ¢ (pepMeH-
ToM E + SSO;” — ES + 80327' n ES+ CN — , T.e. y’)e HET OTTAJIKUBaHUs. Tak OCYyIIECTBISIETCS
nepeHoc cepsl B Tpacdepase. Takoi 3 dext aHamornueH AeHCTBUIO KOMIUIEKCOB. [Ipu aToM Taxke
MOJKET OBITh CHATHUE 3aMpeTa Mo CIUHY.

3. Tonstpusarust cy6eTpara: yekoperus 10°. MckaeHHe yrioB 1 JUTHH CBsi3eil B MOJEKyIIe.
AHaJIOTUYHO JIEHCTBUIO METAUIO - KOMILIEKCOB. HemomnsipHoe OKpy kKeHHe MOKET YBEIUYUTh CKO-
POCTb.

4. I3MeHeHne CBOUCTB cpe/ibl (BIMSIHNE HAa KUCIOTHO-OCHOBHBIE CBOMCTBA, U3MEHEHHE KO PHULIH-
€HTa aKTUBHOCTH). 3HaU€HUE JUAJICKTPUUYECKON MPOHUIIAEMOCTH BOJIN3H aKTUBHOI'O LIEHTPA OL.-XU-
MoTpurcuHa MeHbIe 10, a B unctoit Boge — 80. MoXeT yMEHbIIAThCS MOISPHOCTh CPEibl OKOJIO
cyOcTpaTa U pacTH OKOJIO IIeHTpa. PacTeT MUKPOBSA3KOCTh B 00JaCTH aKTUBHBIX LIEHTPOB. 3a CUeT
TaKuX 5GHeKTOB (HaKTOP YCKOPEHHS MOXKET JOCTHTaTh 3HaueHus 10°. VI3MeHeHHe CBOMCTB KUCIIOTEL,

BXOJIAIICH B 11ETIOUKY (DepMEHTATUBHOTO LIEHTPA.

i
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5. AcnapruH akTUBHPYET MHEPTHBIN CEpUH, MTOCIE Yero HOBBIN LIEHTP Ha CepUHE criocoOeH obpa3zo-
BbIBaTh KOBAJICHTHYIO CBSI3b: MEXaHU3M TMAPOJIN3a MENTHIHON CBA3M B aMMHOKHUCIIOTaX.

6. CraOunu3anus akTUBHOM GopMbI cyOcTparta U JecTabuiIu3aius npeodpazyemMoit rpynisl cyo-
crpata. Tumna komriekca Muxasiuca.

7. BuMoneKyIspHBINA poliecc 3aMeHsIeTCs MOHOMOJIEKYJISIpHBIM. CyIIIeCTBEHHOE BIMSIHUE SHTPO-
nuitHOTO (pakTOpa: MoTeps SHTPOIIMHU HA CTa UM CBA3BIBAHUS cyOcTpata, a npeBpaiieHue B AK yxe
MOJKET OBITh C BBIMTPBIILIEM 3HTPONHHU. Tak nmepeHoc aleTUIbHON rpynibl XapaKTepU3yeTcsl yMeHb-
meHreM SHTponuu Ha 150,8 ».e., a B pepMeHTe ToIbKO Ha 56,3 5.e. Briurpsim B ckopocTtH 24 mo-
psaka.

8. [Tonu¢ynkuonansHocTh: coBMecTHOe neiictBue OH + Metamn. CoOctBeHHO 0Opa3zoBanue AK:

KOMILIEKC Muxanmnuca.
7



9. KoomepaTtuBHOCTh: cyOcTpar, aacopOUpOBaHHBIN Ha COCETHEM LIEHTpE, YCUITUBAET IeHCTBUE COO-
CTBEHHO KaTaJuTHuecKoro 1eHrpa. (Ho MoxeT ObITh 1 MHTHOMPOBAHUE TIO TAKOMY K€ MEXaHU3MY).
Celfyac MpUHATO CYUTATH ITO SBICHNE OCHOBHOW MPUYUHON BHICOKOW aKTUBHOCTH (pepmeHTOB. [Ipn
9TOM SHEPTHs, BBIACIAIOMAACS B X0/I€ XUMUYECKON peakiuu ( peKynepanus YHEPrui) MOXKeET CO-
XpaHATHCS HA MOJIEKyJie Oellka: U3MEHEHHE T€OMETPUH WU YaCTUYHOE YHEPreTUYECKoe BO30y K e-
HUE BHYTPEHHUX CTEMIEHEH CBOOO/IBI.

Ecnu crpynnupoBaTs:
e copOuus, cONMMKEeHHe U OpUEHTUPOBAHUE, 00pa3oBaHre KoMIulekca Muxasnuca: @akTop yckope-
HUSA 0O 10,
¢ TOMU(PYHKIIMOHATHLHOCTE: DaKTOpP YCKOPEHUS 10 10°.
® U3MEHEHHUE CBOWCTB peareHTa u cpebl: DakTop YCKOpPEeHHs 10 10°.

OcoOenHocTH (hepMEHTOB: CTPYKTYpa JOCTATOUHO >KECTKO 33/I1aHa, YTO OIpeAesieT HEKOTO-
pble 0COOCHHOCTH B3auMOAEUCTBUA. D(PPEKTUBHOCTH CBA3BIBAHUS 3aBUCUT OT OPUEHTAIIUU K OTIpe-

JIeICHHOMY y4acTKy (hepMeHTa.

[Ipu opueHTanuu B HYy>)KHOM MecTe (hepMEeHTa MOKET ObITh HEpaBUJIbHAs OPUEHTALIUS OKO-

JIO TIEHTPA.
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NpOLWETHEHD HENPO LY KTHEHD
3nech e u f: qBa yuactka, oopasyromux AKIL] ¢pepmenTa, €' u f': cOOTBETCTByIOIINE YUaCTKH
MOJIEKYJIBI, TIPY HAJIOKCHUH KOTOPHIX Ha (DEPMEHT MPOXOIUT PEaKIusi. ITO BEPOSTHBIN MEXaHU3M
UHTUOMpoBaHus cyocTparoM. [1oHATHO, 4TO 3TO JIerde, Koraa cyocTpaTa MHOTO. HempoaykTuBHOE
CBSI3bIBAHUE MOXET POXOJUTH C TOU JK€ DHEPTUEH aKTUBAIUH.
CrnenuduaHocTh GpepMeHTa OOBSICHSIIOT MOJIEIBIO KIIF0U - 3aMOK (Pumep). [Ipu sTom cyte-

CTBCHHYIO POJIb UTPACT MHOKCCTBCHHOC CBA3BIBAHUC: IBA YUACTKa MOJICKYJIbI CBA3BIBAIOTC C pa3-

HBIMH, HO OIIPEJICIICHHBIM 00pa30M pacIoOKEHHBIMU [IEHTPAMU B CTPYKType epMeHTa:
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3mech mpHBeIeHA CXeMa PacIIeIUICHUs OSIKOBBIX MOJIEKYJT IpoTea3oil. B cTpykrype Oenka
00pa3yroTCs MOJIOCTH, COUZMEPUMBIE C pa3MepaMu MoJieKyl. Tak B IUKI0aMHUIIO3aX JUAMETP TI0-
noctu paBeH 4,5 — 8,5 A, a rimybuna okono 7 A. T.e. He Bcskas yacTuIa crmocoOHa MPOHUKATH B TI0-
J0CcTh. Bee 3TO HarloMUHAET SHEPreTUUECKOe U TEOMETPUUYECKOE COOTBETCTBUE N0 bananauny u ka-
TajJau3 Ha LI€OJIUTAaX.

KoMIuieMeHTapHOCTE.

HOCKOHBKY NOJHUIICIITHAHAA NCIIOYKa BCC-TaKH rubkas u mpeBpalaromreca MOJICKYJIbI, KaK
MpaBUJI0, OPTaHUYCCKUC LCTIOYKH, TO MOT'YT OBITH 3aMETHBIE N3MEHEHUS CTPYKTYPbI, KaK KaTaJln3a-

TOpa, Tak ¥ cyocTpara. DHEPTUsl TAKOT'O COCTOSIHUS BBILIIE.

\_U_/ c
Tako# 3¢ ekt 0003HaualOT KaKk UHIYITMPOBAaHHOE COOTBETCTBUE 10 Konutanmy (anHamude-
ckoe cooTBeTcTBUE). CBOOOIHAS SHEPTHS CBsA3BIBaHUS epMeHT-cyocTpaT nopsaka 10 — 20

KKaJj/Moub. bosbias 9acTh UACT HAa KaTalK3, a HA HHAYIUPOBAHHOE COOTBETCTBHE 5-7 KKaJl/MOJIb.

W3o03nekTprdeckas TOUKa Oenka: pH TaKOBO, YTO B DJICKTPHUYCCKOM II0JIC HET ABUXKCHUA Yac-

THII, CyMMa TTOJIOKUTENBHBIX 3apsI0B PaBHA CyMME OTpUIIaTeIbHBIX. [To0XeHne n3031eKTpuye-
CKOM TOYKH 3aBHCHUT OT KOHCTAaHT MOHHU3AIIUU KUCJIOTHI U OCHOBaHUA. ATs0ymuH 4,71, reMorioonH
6,87, uuroxpom C 10,60.

JHpyroit 0cOOEHHOCTBIO ()EPMEHTOB SIBIISETCS TO, YTO BO3MOKHBI MEXaHU3MbI, B KOTOPBIX
(dhepMeHT TIpeABapUTEIILHO JOJIKEH NIEPEHIN B aKTUBHYIO (POPMY WITH MPUCOEAUHSS (HATIpUMED,
MIPOTOH) WJIM TEPSIS aTOM WM TPYIIITY aTOMOB, OJIOKUPYIONTUX aKTUBHBIN 1IeHTp. Hike cxemaTnye-
CKHM TPUBEJICHA CXeMa aKTUBAIIMU HEaKTUBHOU (PopMBI epMeHTa (3BUMOTEH) MO ICUCTBUEM JAPYTO-

ro, KOHTPOJIUPYIOIIETO aKTUBHOCTH pepmenTa (KD).

cyboTpar
™
suMoreR || depmemT [ E=

Bo3MoxHBI ciydyan, Kor/ia akTUBHBIM OyJET arperar U3 HeCKOJIbKUX MosiekyJ ¢pepmenta. C
Jpyroi CTOPOHBI, CBSI3bIBAHHUE JPYTroi KaKOH-IH00 MOJIEKYJIBI PSAAOM C KaTATUTUYECKU aKTUBHBIM

Y4aCTKOM MOBEPXHOCTU MOKET MOJaBUTh aKTUBHOCTDH (DePMEHTA, MOCKOJbKY HaNpsKEeHUE nepesa-



CTCA 10 ETIU: aJITIOCTCPUICCKOC I/IHI‘I/I6I/IpOBaHI/Ie.

Kuneruka (pepMeHTATUBHBIX PeaKIMH.

Onwucanne KMHETUKU (EPMEHTATUBHBIX PEAKIIMN JOIDKHO OOBSICHUTH P SKCIIEPUMEHTAIb-
HbIX (akTopoB. Eme B 1880 r. O'Cynnusan u Tomcon u B 1892 r. bpayH Hanuiu, 4to 3aBUCUMOCTH

CKOpOCTH (PEPMEHTATUBHBIX PEAKIIUNA OT KOHIICHTPAIIMH, KaK MPaBUII0, UMEIOT HE BTOPOU MOPAJIOK,

HO ES oGpasyetcs. B psae cnydaeB ES oOHapy )i CieKTPOCKOITUYSCKUMHI METOaMH aHATH3a

(nmaxkrataeruporenaza ¢ HAJI o6pa3yeT HUKOTHHAMUIAACHUH AUHYKIe0TH ). CKOPOCTh MEHSIETCS U

JOCTHTAeTCs IpeJIell P HEKOTOPOH KOHIeHTparuu cyoctpara. CyOcTpaTHOE HACHIIICHUE H OTPAB-

JIEHHE: CKOPOCTh MEPECTAET PACTH U JAKE MaJaeT MPH yBeInueHnU KoHueHTpauu [S]. CKopocThb

3aBucuT oT pH cpenel. C TeMmeparypoii HabIr0AaeTCsl POCT CKOPOCTH, HO OoTOM nageHue. [Ipu

3TOM HAILIH, 9YTO PEPMEHT-CYOCTATHBIM KOMIIEKC MOXKET BBIIEPKATh TeMIeparypy Ha 25°C Beilie,
yeM (DepPMEHT - UIC0JIOTUSI IMMOOWIH3aU (PEPMEHTOB, HO 00 STOM TO3XKE.

Cxema Anpu (1902-3) u Muxasnuc-Mented (1913). Mnes, aexkamias B OCHOBE KHHETHYECKO-

ro BbIBO/Ia: 00pa3oBaHue (hepMEHT-CyOCTPaTHOTO KOMIUIEKCA B 0OpAaTHMOI cTauy M HeOOPaTUMBIN
ero pacmnaj B npoayKkTel. CTporo ux BbIBOJ HE BEPEH: MPEANOaraJoch paBHOBECHE Ha IIEPBOM CTa-
II1H, @ B TAKUX peakUusax 3Toro Het. Ho M0OXXKHO MCNOIb30BaTh KBA3U CTAIMOHAPHOCTh IPU MajIoM
3HaYEHUHU KOHCTAHThI BTOPOI CTa Uy 1O CPAaBHEHUIO ¢ KOHCTAaHTaMU 00pa3oBaHus U pacnaaa ES

(bpurrc u Xonneiin -1925 r.).
K k
E+S& ES— P+ E | nonstHo [E]o = [E] + [ES].

k_y

d[ES] _ _ _ _ _ __ KIE]LIS] )
5 kALEL[S1-[ESIS]} -k [ES]-Kk,[ES]=0 [ES] AGIVRTS U cxopocTh mpeBpa
e KRIELIST  KLE), .
LICHUS B IPOAYKT: ¥ = k,[ES] = GRS = - s [S],rme (ki + ko)/ k; = Kum - koH
kl

craata Muxasnuca. [Ipu [S] >> Ky mosrydum npeaen CKOPOCTH Ty = V = ko[E]o. [pu [S] = Ky
04eBHIHO T = 0,5 Tyaxe. [Ipy MambIX BpeMeHax MpOBEICHUsI peakiuu Oananc 1o cyocrparty: [S], = [S]

+ [ES] + [P] = [S]. [TonsiTHO, uTO [E] << [S] 1 [ES] << [S] 1 npu MansIx t npoayktoB maso. Torma
kZ[E]o

IIOJIyYUM yPAaBHEHUE HAYAJIBHBIX CKOPOCTEH 7 =
[S], +K,,

[S],. OcoGeHHOCTD ypaBHEHHUS: IIPU

OO0JIBIINX KOHLIEHTPAIHMIX CyOcTpaTa nojay4yaeM HyJEBOW MOPSIOK MO CyOCcTpary, a mpy MaJlbIxX -
IIEPBBIi.

Jlnst pepMeHTOB THIHYHE! 3HaueHns KoucTanT ki = 107" 1/M.c (3Hauenus, KOTopbIe AaeT
TEOpHel peakuuii KOHTPOIUPYEMBIX Tu(y3ueit peareHToB B pacTBOpPE, HO Hallle OJMKe K HIDKHEMY
npexeny 107), k = 10> 1/c, k, (katanutiaeckas kouctanta) = 100 1/c. TOUHBIH aHATH3 KHHETH-
4ecKoM cxemMbl MM Ipu BBIICYIIOMSHYTBHIX 3HAYEHUSAX KOHCTAHT CKOPOCTHU CTaAUuM IOKa3al, TO

craunoHapHocThb 1o ES npu Tounoctu ananusa 5% cobmoaeTcss B MHTEpBajie BPEMEHU IPOBEICHUS
10



peakuuu ot 0,002 1o npumepHo 80 c. Boobmie D (oTHoIIeHHE cKkopocTel pacxo0BaHus B 00pa3o-
BaHus ES pasno 1,1). [TosTtomy HanexxeH BbIBOJ ypaBHEHHS MM u ero nCHoab30BaHNE TONBKO AT
Ha4aJIbHBIX CKOpOCTEeW. O4EBUIHO, UTO CTALlMOHAPHOCTD 3aBUCUT OT COOTHOILLIEHUSI KOHCTAHT CTa-
. [Ipy ManbIx 3HAYEHUAX KaTaJIUTUYECKONM KOHCTaHThI CTAllMOHAPHOCTh OyIeT COOM0AaThCS B
Oosiee MUPOKOM HHTepBaie BpeMeHu. Tak Moxet O0b1Th 0,001 ¢! y niericuna mipu 31,6°C, 0,026 ¢!
npu 25°C y o - xumoTpuricuna. [ToHATHO, 4TO 3HAYEHUs KOHCTAHT 3aBUCST U OT NPUPO/IbI CyOCTpa-

-2-3
Ta. Z[J'IH OOIBIIMHCTBA CJIYYacB IMOPAAOK BEIIMYHUHBI KOHCTAHTBI Muxasnuca 10 MOJIB/JI.

kg k)
CranMoHapHOCTS JUI OPOoCcTON cxeMbl hepMeHTaTuBHOU peakimu: E +S <> ES— E + P . O603Ha-
k|

9UM HavyalbHbIe KOHIIeHTpanuu pepmenTta [E], = e u cyOcTpata [S], = s, TeKyIue KOHIICHTPAIHH

[P1=p,[ES]=vy,[El=e-y,[S]=s-y-p, k=k_; +k,. IIpeanonaras craimoHapHOCTb TIO Y, U3
d _
d_}t, =k, (e - y)(s -y- p) — k y =0 monyunm cranimoHapHYIO KOHIIEHTpaIuio (pepMeHT-cyoc-

TPaTHOI'O KOMIUIEKCA KaK PELIEHUE KBAaJPaTHOTO YpaBHEHUS
1/2

2
1 _
yCTau:I k+k1(e+s—p)— (—k—kl(e+s—p)] +4kje(p—s)

[Tpocras peakmust ruapataruu CO, + HyO <> H,COs, yeckopsiemast epMeHTOM carbonic
anhydrase, ogHa n3 HanboJee OBICTPHIX N3BECTHBIX (PEPMEHTATUBHBIX peakiii. Bennmunna koHCTaH-
ThI MUXasJuca Ui 3TOH peakiuu B (GU3NOIOTHIeCKUX ycsIoBsax paBHa 0.008 Momb/i.

MaxkcuMaabHYI0 CKOPOCTh Ryax (k2[E]o) 9acTo 0003HAYAOT KaK YHCIIO 0OOPOTOB: YHCIO MO-
JIeKyJ cyOcTpara, MpeBpalaromuXxcs B IPOIYKT 32 SMHUILY BPEMEHH IIPY TIOJTHOM HACBHIICHUN
dbepmenra cyberparoM. PactBop, coaepxarmuii 1 pmons carbonic anhydrase, kaTanmsupyer oopaso-
Banue pactopa 0.6 mons/1 HCOj3; mpu moJTHOM HACKHIIEHHH, T.€. B JAHHOM CITydae 4Yuciio 000pOTOB
cocrasisier 600000 ¢'. OHO M3 HAMMEHBIINX - YHCI0 060pOTOB st TH3omuMa 0,5 ¢ B reiicTBu-
TEJIBHOCTHU YHCIIO 000POTOB MPECTABISAET CO00M KOHCTAHTY CKOPOCTH IUCCOIUAINN (EPMEHT-
cyOcTtparHoro kommiekca ES nceBao nepBoro nopsiaka.

Jpyrue npumepst:
depMeHT AIIETHIIXOJIMH TUApPOSa3a (3cTepas3a): THAPOIIN3 alleTHIXOJIMHA
(CH3COOCH,CH,N"(CH3);0H") xapakTepu3yercsi 3HA4eHHSIMU:

Km=9,5.10"M, k, = 1,4.10" 1/c, [E], =10° M, V = 1,4.102 M/c.

depmeHT Cy6ctpar Kwm , Monb/ 11 AG, xan/ Mosb
Oxkcurenasa Kucnopon 1,5.10 ¢ 5000
Jlunaza I'mroko3a 6.10 3400
VYpeaza MoueBuHa 2,5.107 2200
Caxapaza Caxapo3za 2,8.10 7 2100
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Enzyme Substrate K,M) k(s k_ /K (M's')

Acetyleholinesterasze  Acetylcholine 9.5 ¥ 10 1410+ 15 10%
Carbonic anhydmse  CO, 12X 10+ 1Lox10s g3 107

HCQ, 26X 100 40X 10 15X 107
Catalaze H.Q, 23X 10= 10X 10" 40X 10°
Chyrootrypsin Ahcetylglveine ethyl ester 4.4 X 1071 110 12X 101

AA cetylvaline ethyl ester 8.8 x 102 17X 10 19
Alhcetyltrvosine ethyl ester 66 X 104 19102 29X 10°

Furrarmse Furmarate o0 X 10% alzZ10* 16X 10%
halate 253105 Q010 2o 107
Urease Urea 25X 10+ 1010+ 40X 105

ITo ananu3y, nposenenHomy Ilonropakom, BapdonomeeBbimM u 3aiilieBbIM, pacipezesieHue

3HAYEHU KOHCTAHThl CKOPOCTH KaTaauTUYeCKoi ctaauu u Ky moxoxe Ha ['ayccoBy KpHBYyIO.

EEPOATHOCTE EEPOATHOCTE

[ 0,4 0,4

L gk, O W 19Ky
i 2 0 -2 3 &

Ecnu paccMoTpeTh peakifio Kak paBHOBECHYIO Ha CTa UM 00pa3oBaHus pepMeHT-CyO-

CTPaTHOTO0 KOMIIJIEKCA, TO MOKHO BBIPa3UTh KOHLIEHTpalMio ES uepe3 KoHCTaHTy paBHOBECHS CBSI-

BIELIS] | ko
K +[S] k,

3p1BaHMA Kg ¥ TOrga ckopocTh peakuuu OyAeT BhIpakaThCsl KaK » =
[TonsiTHO, uTO ypaBHeHwus o ¢popme comanaiot u Ky = Kg + k, / k. Ecniu 6y et BoImonHsaTeCs yc-
noBue k, <<k;, To Ky = Ks. UHOr1a 3T0 ycnoBue BbnoiaHseTcs. Tak A TPUIICHHA, YCKOPSIOIIETO
rugponns 6ensomn-L-aprunnna, Ky = 1.10° M, a Kg = 0,6.10° M. Ho 15 IpeBpaIieHus: caxapo3bl
Mo/ IeiCTBHEM MHBEpTa3bl Apoxoken Ky = 3. 102 M, aKg= 9,1.10'3 M.

Cuwuras [S] = [S], - [P] u 0603nauuB k;[E], =V, npu t — 0 nonyuum ypaBuenue MM B Buje:
d[p] _ V(S],-[P])
d K, +[S], -[P]
—(K,, +[S],) In([S], =[PD-[S], +[P1+[S], In([S], —[P]) =Vt + const . ITpu t=0 [P]=0,
[S], [S],

m =[S], -[S1+K,, lnm. Taxum

. [Ipu aTom momnaraem [ES] << [S], [S]o = const. UnTerpupoBanue naer

const =—K, In[S] —[S], utorna Vt=[P]+K,, In

YpaBHEHHMEM I0JIb3YIOTCSI, KOT'/1a JIer4e U3MEPUTh KOHIIEHTpaluio npoaykra. [locneanee ypaBHeHnue,
BBIpAXKaIOLIee CKOPOCTh Yepe3 TEKYIIYI0 KOHLIEHTPALNIO cyOcTpaTa, JETKO MOJTy4YUTh MPSIMBbIM HUH-
TErpupoBaHueM ypaBHeHUs Muxasnuca - MenteH. HegoctaTok: He JOKHO ObITh HHTUOMPOBAHUS.
Kpwusas 1/[S] mo popme mogo6Ha m3orepme JIrarmropa. HavansHbeiil HaknoH qaet V/Ky. Jlerko Bu-
J€Th, YTO IPU OOJBIIMX KOHIEHTPALUIX CyOcTpaTa CKOPOCTh CTAHOBUTCS IIPEEIbHOM:

Tyaxe = V = Ko[Elo. Knvi = [S]r 12 iput 1 =1/2 10 HO TpyIHO TOKA3aThTh, 9TO JOCTUTHYTA MAKCH-
MaJIbHasi CKOPOCTh. TouHee mpoBecTH Takoi aHanmu3. Bripasum [S] kak exp(In[S]). Auddepenmupy-

€M JIBa pa3za CKOPOCTh 110 HOBOM NepeMeHHOoH t = In[S].

12



Vs e e
"TK,+[S] K, +e"™ T K, e

dr Ve'(K, +e')-Ve'e Ve'K,,

= = >0
dt (K, +e')’ (K, +e')’
d’r K, Ve'(K, +e') —K,Ve' 2(K, +e')e' d’r
2 = N » 72 =0 mpu K, =[S].
dt (K, +¢€) dt

T.e. Touka neperu6a rpaduka r = f (In[S]) qaer BosmoxkHOCTE onpenenuTh Ky ¥ TeéM caMbiM
MaKCUMaJIbHYI0 cKopocTb. Ho ommOka onpenenenust MOxeT ObITh BEJIMKa B CBA3H OIIMOKON rpadu-
gyeckoro aupdepeHnupoBaHms KpUBOd. Y 1o0Hee U3MepsTh HauaJdbHbIEe CKOPOCTH. bornee pacmpo-
CTPaHEHO JUIsl OTPEICTICHUs TapaMEeTPOB UCIIOIb30BAHNE IMHEHHBIX (OPM ypaBHEHUsI Muxasnuca-

MeHTeH UiIu UHTETpaIbHOIO YPaBHEHMUS.

a Bl_Em B
r A/ A/
_ KMr

@) r=V-g
1 1 Kp

& =V Vs

Haubonee pacnpocTtpanena nuneiiHas dopMa ypaBHeHus (3) - cripsMiIeHHEe B ABOWHBIX 00-

paTHBIX KOOpJIMHATAaX, HO Takas 00paboTKa 4acTo AaeT HAauOOIbIIYIO OIIUOKY:
HaKNOH = |, |"| W

i
S 1
[5]ir oy 1
HaknoH 1Y HaH”DH:-KM
Ky WHM 1Y
]
- 5 _ o 145
Kb 3] r/[5] 1K, /18]

3/1ech BepTUKAJIbHbIE IITPUXU: olnoOKa. T.e. mpu onpeaeneHu HaKJIOHa TPaAUIIMOHHAs 00-
paboTka He Bcerja camasi HeHaJIe)KHas.

[ToBbITIIEHHE TOYHOCTH MOXKET OBITh JOCTUTHYTO clieaytonuM criocobom (Kopaumi-boynen).
[Ipeobpasyem ypaBHeHue K BUay V =1, + 1.Kym/ [S]o. Torma mis kaxmoit BeTuauHbI S, HAlIeM Ha-
YJaIbHYI0 CKOPOCTH T,. Ha ocu X (Ky) oTimoxum [S],, a Ha ocu Y (V) HalilecHHOE OTBITHOE 3HAYCHUE
To. I3 hopmanbpHOro aHanm3a ypaBHeHHS cienyeT, uto npu V = 0 Ha ocu X mojydaeM TOYKH: - [S],.
ITpu Ky = 0 Ha ocu Y OyayT 3HadeHUs 1,. COCUHSSI 3TH TOUKH, TIOTyYUM Tpsimyto. [IpoBojs He-
CKOJIBKO M3MEpEHUH, MOIyYHM HECKOJIBKO MPSAMBIX, IEpecedeHre KOTOPhIX JacT HCTUHHOE 3HaYCHHE

V u Ky TogHOCTh Takoro aHanm3a BhIIIE U HE TpeOyeT BeIYUCICHHH. Ky

13
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Merton /IukcoHa onpeaesieHus MapaMeTpoB ypaBHEeHHsI Muxasnuca-MeHTeH.

Ha rpadwuke 3aBHCHMOCTH CKOPOCTH OT KOHIIEHTPALIMH CyOCTpaTa OnpeaesisieM TOYKH, COOT-
BETCTBYIOMIHE 3HaUeHUsM 1/2, 2/3 1 3/4 0T MaKCUMaJIBHOM.

A B
I+ C Vm

: 2V
| v 3V,/4

' [8]

[IpoBoauM yepe3 HUX NPSMBIE IO NEPECEUEHNS CO 3HAUYEHUEM MAaKCUMAJIBHOW CKOPOCTH: TOUKH A, B
u C. (Ilpu 3TOoM npeamnonaraemM, 4To CTallMOHAPHOE MPUOIIMKEHHUE JIJIs1 CKOPOCTH IIPOLIEcca BBIIOJI-
HUMO). I3 reomMeTprdecknx cooOpakeHUH MmorydaeM, 9To B TOUKaX MepeceueHust ¢ KPHBOM CKOPO-
CTH 3HAYCHUS KOHIICHTpaIuu cyocTpara 0ynyTt paBabl Ky, 2Ky 1 3Ky, Otcrona, u3 ypaBHeHUs
MPSIMOM, CJIETYET, YTO 3HAaUEHUsI KOHLIEHTpauuu cyoctpara B Toukax A, B u C paBubl 2Ky, 3Ky 1
4K COOTBETCTBEHHO. PaccTOsIHNSA MeX /1y HUMU JIOJKHBI OBbITh TOCTOSTHHBIMU U paBHBIMU K.

Tort ke pe3ysbTaT MOKHO MOJYYUTh U3 aHaJIN3a IPOU3BOJHON CTAllMOHAPHON CKOPOCTH I10
ov Vi Km
7V (kg +15))

TOPOM ompeIesieHa CTallMOHapHAasi CKOPOCTh MPEBPAICHHS, 33 YCIOBHBINA HOJIB [S] - Touka (0). [Ipo-

KOHIIEHTpaluu cyOcTpara: . [IpyMeM HEKOTOpYIO KOHIIEHTPAIHIO, JIJIs KO-

BEJIEM MPSAMYIO Yepe3 UCTUHHBIA HOJIb U 3Ty TOUKY JI0 MIEPECEUEHHUs CO 3HAaUeHHEM MaKCUMalbHOU

ckopoctu (OA). YpaBHEHUE KacaTeIbHOU (0b) K KpUBOM 3aBUCUMOCTH CKOPOCTH OT KOHIIEHTPAIIH

oV) V

=—— . T.e. kKoHleHTpauus cyOcTpara, Ipu YCIOBHOU Ha-

C 6CT aTa B TOYKEC 0 CBOIUTCA K | — -
yOuIP 8 2181 ~ Ky

YaJIbHOM KOHILIEHTpALUK, PAaBHON HYJIIO, B TOUKE b nepeceueHuns KacaTelbHON CO 3HAUEHUEM MaKCH-

MaJIbHOM CKOPOCTHU paBHa K)y, a MOJIHAs KOHIIEHTpaLus cyOcTpara B 3Toi Touke b paBHa 4K),.

14
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HenocraTkom 3THX IByX METO/OB SIBJISIETCS TO, UTO HAJ0 ONPEAECIUTD MIPEIEIbHOE 3HAUCHUE
CKOPOCTH, a TIpY OOJIBIINX KOHIEHTPAIHMAX CyOCcTpaTa pacTeT BEPOSTHOCTh CyOCTPaTHOTO HHTUOU-
pOBaHMsL.

I[J'[f[ HUHTCTPAJIBHOI'O YPABHCHUA CIIPAMIICHUC ONBITHBIX JAHHBIX JOCTHUIa€TCA B KOOPpAHWHATAX

YpPaBHEHHUN:
1 (1[8-8 | K,
O sy, 7ts) =7 | sy, isp | v
(51, -[S] K,
@) — =y -2 (s), /1S)),
3) t K In([S1, /[S]) +—
1S, —(s1~ v |1, —1s1) " v

I[J'If[ HCIIOJIb30BaHUA YPaBHCHUS HYXXHO UCIIOJIB30BATh MAJIbIC t (BI)IHOJ'IHCHI/IG CTallMOHApPHO-

ctH), [S] = [S], 1 OBITH YBepEHHBIM B BHITIOJTHUMOCTH KHHETHIECKOH CXeMe.

HNuruduposanue.

WurnbupoBanue MOXKeT OBITH CIIEICTBHEM KOHKYPEHIIMH 38 aKTHBHBIN IIEHTP, OJIOKHPOBKU
i u3MeHeHus crpykrypsl AKL]. Pasnuyaror 1Ba mporiecca HHTHOMpPOBaHMS: HeoOpaTumoe, B KO-
TOPOM MHTHOHMTOP KOBAJICHTHO CBSI3BIBACTCS C (DEPMEHTOM M aKTUBHOCTDH (pepMEHTa HE BOCCTAHAB-
nuBaeTcs. Yare Torma roBopsT o sAax WM HHAKTUBATOpax (HapUMep, HOHBI TSHKEIBIX METAIJIOB).
B >kuBBIX OpraHu3Max MposiBIseTCs PEAKO, HO MHOTIa THM IPOLECCOM OOBSICHSETCS IeHCTBUE pac-
TUTENBHBIX A70B. [{naHna, NpucyTCTBYIONIHIA B CEMEHAX HEKOTOPBIX (PYKTOB, MOXKET PEearupoBaTh
C HOHAMU MeTaJlia psifa pepMEeHTOB U MOAABIATh X aKTUBHOCTH. B 000ax (calabar beans) Haiinen
physostigmine, sBASIOITHICS HEPBHBIM TOKCHHOM, TIOCKOJIBKY OH HHTHOHPYET alleTUIIXOINHACTepa-
3y. IlpennonaratoT, 4o MoHOAMuH 3cTepa3a (MAO) MokeT ObITh OTBETCTBEHHOM 3a JICTIPECCHIO.
Omna okucseT HEKOTOpble OMOreHHHbIe aMHUHBI (norepinephrine and serotonin).

OOpaTUMBIM Ha3bIBAIOT HHTMOMPOBAHUE, ITPU KOTOPOM yJaJleHHEe HHIHOUTOPA, CBSI3aHHOTO C
(epMEHTOM HE KOBAJICHTHO, BOCCTAHABJIMBACT aKTHBHOCTh. Pa3nyaroT 4eThipe OCHOBHBIX THIIA 00-
paTuMoro MHruOMpoBaHus. BooOie THIIOB HHTHOMPOBAaHHUS MOXKET OBITH MHOTO: TIPOCTO CBSI3bIBa-
HUe cyOcTpara, 30bITOK cyOcTpaTa | T.11.

KoHkypeHTHOE I/IHI‘I/I6I/IpOBaHI/IeI O6p8.30BaHI/Ie HeakTUBHOTO KoMmIuiekca El. YHale ananoru
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cyOcTpara uinu npoaykT. [Ipu 3ToM NporcXoauT KOHKYpeHLus 3a akTuBHbIN 1ieHTp: E + 1 — EI. Ha-
npumep, o-D-rioko3uaasza (MHBepTa3a) THAPONIU3YET CYKpO3y Ha IIoKo3y u ppykTo3y. Ho riroko-
3a ABISETCS KOHKYPEHTHBIM UHTHOUTOPOM O-D-Tioko3uaas3sl. ITOT MPOIECC SIBISIETCS MTPOCTEH-
[IUM PUMEPOM OHOOTHUECKOT0 KOHTPOJIS: U30BITOK MPOIYKTa 3aMeIIseT ero oopasoBanue. [1pu-
MEpOM KOHKYPEHTHOTO HHTMOMPOBAHUS SBJISIETCS BpEAHOE ACHCTBHE HA OPraHU3M METAHOJIA WK
STUIJICHTIIUKOJS (IIMPOKO pacpocTpaHeHHbI anTudpu3). Oba cnupra camu 1o cede He TOKCUYHBI,
HO aJIKOTOJIb JIETHIPOTeHa3a MpeBpaIlaeT uX COOTBETCTBYIOIINE aabAeTUAbI ((opManbIerul U TIu-
OKcallb). 3aTeM MOJ AeUCTBUEM albJIeTH]I AeTUIPOTreHa3bl 00pa3yrOTCs KUCIOTHI (MypaBbUHAS U OK-
caneBasi). [lomyuaroruecs: KUCIOTHI U OCOOCHHO allbJICTUIBI ABISIOTCS CUIBHBIMU TOKCHHAMU. OK-
cajieBasi KCJIOTa KPUCTANIU3YETCs B IOUKAX, YTO BBI3bIBAET MEXAHUUYECKHE MOBPEKICHUS KUZHEH-
HO Ba)KHOTO opraHa. [logaBuTh nmpeBpalieHrne MeTaHoIa U STUIICHTIIUKOJIS MOXHO JJOOaBICHHEM
3TUJIOBOTO cupTa. 2 Mr 3TaHosia B 100 M1 BO/IbI HACKIILIAIOT AJIKOTOJIb Aeruaporenasy Ha 50%. s
TaKOro K€ HacChIIeHus dTHIeHTTuKos Hajo 326 mr B 100 mi. T.e. pepMeHT mpeanouTUTENBHO CBSI-
3BIBAETCS C 3TAHOJIOM. TOr/a He MPEBPATUBILINICS STUICHIJIUKOIb BEIBOJAUTCS C MOYOM.

beckOHKYpPEHTHOE I/IHFI/I6I/IpOBaHI/ICI I/IHFI/I6I/ITOp n Cy6CTpaT MMPUCOCOUHAIOTCA K pa3HbIM Yac-

M monekyJsl (ESI), EI He o6pa3yercs, EIS ne naer nponykra. BapuanTt 00bsicHEeHUS: LIEHTP J10C-
TYNEH UHTUOUTOPY IOCTIe CBA3BIBAaHMS cyOcTpaTa: MHIYLIMPOBAaHHOE COOTBETCTBHE. YacTo npu UH-
rubupoBanuu P umu S. ES+1— ES L.

CwMerianHoe MHruOupoBanue: oopasyrorcs kommiekesl ES u ES 1, koHcTaHThI [ucconanuu

KOTOPBIX HE paBHBI APYT JIpyry. YacTo HHruOMpoBaHHUE IPOTYKTOM.

CyhoTpar

T A e e
TR R
P T Sah I de e Ty
)
R

it

S
Cipiineiinieah

HexonkypentHnoe unrnouposanue: Hapsiay c¢ EI obpasyercs EIS, e marounwmii mpoaykr. Kon-

cranthl auccounanuu ES u EIS paBHbI. DT0 yacTHBIN city4ail CMEIIaHHOTO HHTHOUPOBAHHUS.
WHruburop: MOH TsDKENOro Metaiia. Peakuii cimydaid.
Kak 0oJiee 001mmii cjayyail pacCMOTPUM KHHETHKY CMEIIIAHHOI0 HHTHOMPOBAaHUS.

[Tpu sTom uarudutop odpasyer komriekcsl EI u ESI. KoncranTs! auccounaru EI u ESI He

paBHBL. Cxema peaklnu:
K

ky ky K, u
E+S<k—)ES—)P+E ukE+I1<FElI, ES+1<ESI.

-1

Cxopocts peakiuu 1 = ky[ES]. Ilpunsas paBHoBecue mpu odpazoBanuu El u ES, momyunm
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[EIT = [E][I] / Ky u [ESI] = [ES][I] / Ky. Toraa u3 ycioBust 6ananca mo gpepMeHTy
[E]o = [ES] + [EI] + [ESI] + [E] noiyuuM paBeHCTBO
[E]{l +u} [E] — [ES]{I +£} wm [E].a=[E] —[ES].b.

I<I ° I<II ’

3n1ech 4iieHbl B (QUTYPHBIX CKOOKaX ISl YIPOIICHHS POMEKYTOYHBIX BBIKIIAOK 0003HaUe-
HbI BpEMEHHBIMU MTOCTOSTHHBIMU @ U b. YpaBHEHHE CTAllMOHAPHOCTHU TI0 MMPOMEKYTOUHOMY ES:
d[ES]/ dt =Kk [E][S] — (k.; + k2)[ES] = 0 (ckopoctu pacxomoBanusi u oopazoBanus ES B peakmuu ¢
MHTUOMTOPOM PaBHBI, T.K. IPEANOJIOKMIN paBHOBecHE U B 00ieM ypaBHeHuu 1iist d[ES]/ dt onu co-

kpamatorest). [locne noacranoBku 3HaueHus [E] momyuum:

E], b[ES E], b[ES
kl{[] [ ]}[S] (k, kz)[ES]={[a] [ ]}

[S]-K,[ES]=0.

a
E] [S1/b
[ES]= LELISIS M CKOpOCTh 1 = k,[ES]= RIELISVD _ 1 [S175
ak,, / b+[S5] ak,, /1 b+[S] aKM/b+[S]
[ToncraBuM BpeMeHHBIE TIOCTOSIHHBIC @ U b U AJI1 HAYalbHBIX cKopocTei [S], u [1]o:
|
MaKC [S] / 1 + [ ] z
K, 7 e [S],
r= =
I K*?w +[S1,
K {1+[]} {1+[]} +[S] M +HS]
I<I I<II
I
1+ U,
2 ’/jwakc a¢h _ KI

r

make = s K M = KM VN
[1]0 [1]0
1+ 1+
KI] KU

31ech KOHCTaHTa Muxasirca U MaKCUMallbHasi CKOPOCTh MEHSIOTCS TIO-pasHoOMY. D dex-
THBHAas MaKCUMaJIbHasi CKOPOCTh 3aBUCUT OT KOHCTAHThl PaBHOBECHS CBSI3bIBaHMSI ¢ 00pa30BaHUEM
ESI u 6yner meHbIlIe MaKCUMaJIbHOW CKOPOCTHU MPU OTCYTCTBUM MHTMOMPOBaHMs (3HAMEHATENb BCeE-
rzaa 0oJbIlle eUHMIIBI), @ KOHCTaHTa Muxasiuca: OT COOTHOIIEHHS KOHCTAHT JIByX IPOLIECCOB HH-
rubupoBanus. [Ipuuem ¢ dekTrBHAsS KOHCTaHTa MuXasuca MOXKET ObITh 0oJbIie HCTUHHOM Ky
npu K; < Ky i menbiie npu oOpaTHOM COOTHOLIEHUH KOHCTAHT PaBHOBECHSL.

OTcroza IeTKO BBIBECTH BCE APYTHE BHUIIBI MHTHOMPOBAHUSI.

Ecnu KOHCTaHTHI qUCCOIMAU 000MX THUIIOB KOMILJICKCOB C HHTHOUTOPOM PaBHBI (HEKOHKY-

DEHTHOE MHIHOMPOBAHHUE), TO YPABHEHHE CKOPOCTH YHPOIIAETCH:
Ved, Makc. [S]o . ¥ makc.

=—=,TI¢ r’d’MaKc. =
K, +[S], (H [1])

1
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1/t

T CHMENTAHHOE
HCH. .
WHI AR TR
o fﬁiiilfffff KK K> 1) -2
-1k gy
. 1ir
HEEOHEYPEHTHOE
HCK, ¥P
uHrHb. 1Hrb,

* Sty %

| s 1/5

HpI/I HCKOHKYPCHTHOM I/IHFI/I6I/IDOBaHI/II/I YMCHBIIACTCA 3HAYCHHUC MaKCHUMaJIbLHOU CKOpPOCTH

KaTaJTUTHYECKOM cTaauu, KoHCTaHTa Muxasnuca He MeHsierca. KpuBas B koopaunarax 1/ [S] omyc-
KaeTcs BHUS3.
Ecnu mpoucxoaut tonbko obpazosanue El, o K; nuccounanuu xommiekca ESI paBHo 6ec-

KOHCYHOCTH, a YJICH, €€ conepmamnﬁ, paBEH 1 (KOHKVDCHTHOG I/IHFI/I6I/IDOB8.HI/IC). Torna CKOPOCTHb

e R SR (PR P
K’y +[S], K, K,

peaknuuu:

MaxkcruMasbHasi CKOpOCTh HE MEHSIETCS, @ KOHCTaHTa Muxasnuca ysenuuuBaerca. Kpusas Ha

rpaduxe r/ [S] cranoBUTCA 60JI€€ TIOJIOTOM.
BeckoHKypeHTHOE MHTHONpoBaHue (ayutoctepudeckoe). O0pasyercs ToiapKo koMrieke SI.

o . K
_ V" maxce [S ]o e rady e = FVusaxe u K, = M
K%y +[S], [11, [/],
I+ 1+
17 KH

[Tpu TakoM uHrHOUpOBaHUU Ky U Tyaxe OAMHAKOBO YMeHbatoTes (1], / K> 0).
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1/

.
e — KOHEYPEHTHOE
L ___ " uHruh,
= o HCX,
1
! = 1/=
| 1
P /7
Ep Ep -UEy -UE 17s
e Magp
r Ur DeCKOHEYPEHTHOE
WO,
WHrHh — . [
I HCX,
f /
1 Fm S 1/8
Epfapa -1'E MalI'lI'-” | 4 M

ITocnemoBaTenbHBINA BBIBOJ BCEX CJIy4acB:

KonkypeHnTHoe nHruoupoBanmne. Cxema npouecca

k ky K;
E+S(k—>ES—)P+E uE+I1EL

Ckopocts peaknun r = ky[ES]. [To 6amancy [E], = [ES] + [EI] + [E]. [IpuanMas paBHOBecHe
naruoupoBanus, nonyunM [EI] = [E][1] / K;. u [E], - [ES] = [E](1 + [1])/ K)).

[IpuMeHsist NpUHIMI CTallMOHAPHOCTH, BbIpa3UM KoHIeHTpauuto ES

d[ES] _ B _, [EL,-[EST _
dt = k[E][S]-[ESI(k_, +k;) =k, I+[1]/K, [ST-[ESI(k_ +ky)=0
(ES]= [E]UI[S]
K, [1 + []j +[5]
KI
M CKOPOCTb PEaKiuu OyJIET paBHa:
r= kELI5] HIH r=&,rz{e KM3¢¢‘=KM[1+EJ.H1+M>1.
[/] K g 5] K, K,

K, |1+—|+[S
M[ K,j [S]

VYpaBHEHHE MOKHO YIIPOCTUTH: NpH [S], >> [E], 1 mpu manom 3navenuu ¢ [S] = [S]o, @ mpu
[I]>> [EI] (mpwu [I], >> [E] nnu npu 6onpmmx 3nadenusx Ky) uz 6ananca no uaruduropy [I], = [1]
+ [EI] cnenyer [I] = [1], 1 ckOpOCTh peakuuu:

1
r= _ M8, rae Kyppp = KM(1+ [K]Oj = const.

K s + 81, /

Te.B JaHHOM CJIy4ac MaKCUMaJIbHass CKOPOCTb HE MCHACTCA, HO YBCIIMUYUBACTCA KOHCTAHTA

Muxasmuca. KpuBas Ha rpaduke 1/ [S] cranoBUTCS O0JI€€ MOIOTOM.
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1/

.
e — KOHEYPEHTHOE
| __ " wErmh.
= HCH,
1
! = 1/=
| 1
P /7
Ky Ep UKy -UK /s
=L Magp
r Ur DeCKOHEYPEHTHOE
HCHK,
WHTIH — : [
T HCX,
f /
M S 1/8
Eyfags -1'E MalI'lI'-” | 4 M

becKOHKYPEeHTHOE (aJ110cTepruyecKkoe) HHruoupopanmne. Cxema peakuum:
ky ky K/
E+S<}(—>ES—>P+E u ES+ 1> ESIL
Cxopocts peakiuu 1 = ky[ES]. Tlo 6anancy [E], = [ES] + [ESI] + [E]. [Ipuaumas paBHOBecHe
nipu oopazoBanuu ESI, momyuum [ESI] = [ES][I] / K. [Ipumensis NpUHIUIT CTAIIMOHAPHOCTH, BhIpa-
3uM KoHIeHTpauuto ES u ckopocts npu [S], >> [E]o 1 [I] >> [ESI] u npu Manom BpeMeHU peakiuu

MOHO IIPEACTAaBUTH KaK:

k,[E],[5],
(”[goj V5] v K
r= ! i r=—2 2 ey o=————— u K, = — M
T (Y (T
(1+[]€'j K, K,
K[

[Tpu TakoM uaTHONUpOBannU Ky 1 V oquHakoBo ymensmrarotes ( [1], / K > 0).

Cnyuali cMeliaHHOro MHruoupoBaHus Obul pazoOpad paHee. [Ipu TakoM HHrMOMpPOBAaHUN
KOHCTaHTa Muxasauca 1 MaKCHMaJTbHAsl CKOPOCTh MEHSFOTCS TTO-pa3sHOMy. D (EeKTUBHAS MaKCH-
MaJbHasi CKOPOCTh 3aBHCHT OT KOHCTAaHTHI PABHOBECHS CBS3BbIBaHUS ¢ oOpa3oanueM ESI u Oyxer
MEHBIIIC MAKCUMAIIHON CKOPOCTH TIPH OTCYTCTBUU MHTHOMPOBAHUS (3HAMEHATEIh BCeT1a OOJIbIIe
€IMHHUIIBI ), 2 KOHCTaHTa MuXasmca: OT COOTHOIICHUS KOHCTAHT JBYX MPOIECCOB HHTUOUPOBAHMSL.
[Tpuaem s dexkTrBHAsS KOHCTaHTa Muxasnuca MOXeT ObITh Oombiie uetuaHOM Ky mpu Ky < Ky wim

MCHBULIC IIPpU O6paTHOM COOTHOIICHUH KOHCTAHT PABHOBCCHA CBA3bIBAHUA I/IHFI/I6I/ITOpa.

HekonkypeHtHoe nHrHOHpoBanue. Cxema mporiecca Ta e, 9YT0 ¥ PU CMEIIaHHOM:

kl k2 Kl Kl
E+SoES—>P+E u E+1El, ES+1ESI

k_y
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Ho 3nece K1 = KIV. JIerko BUACTH, UTO
kZ [E]o [S]o _ V3¢¢ [S]o V

I/II/II"—K S srae Vi, =7~
+
(K, +[S1,) 1+[[1<]0 u 151, 1+—[1]v

1 K[

[Tpy HEKOHKYPEHTOM MHTUOMPOBAHNU YMEHBINACTCS 3HAYCHUE MAaKCUMAaJIbHON CKOPOCTH Ka-
TAJIUTUYECKOM cTaanu, KOHCTaHTa Muxasnuca He MeHsieTcsa. KpuBas B koopauHarax r/ [S] omycka-
€TCsl BHU3.

Kunernka anjiocrepu4ecKux gpepmenmos.

http://orionl.paisley.ac.uk/kinetics/contents.html Dr. Peter Birch of the Department of Biological

Sciences at the University of Paisley.

Kunetnka peakiuii ¢ yqacTueM auIoCTepHUECKUX (PEPMEHTOB - IPOTEHHOB (HAIIpUMeED, Te-
MOTJIOOMH) OTJINYAETCS OT KHHETUKHU THIa Muxasiuca-MeHTeH.

Omnpenenenus. ATOCTEPUIECKHI MPOTEUH (PEPMEHT) COACPKUT JIBA UIIH 0OJIee TOOJIOTH-
YECKH Pa3JIMYHbIX CBSA3bIBAIOIIUX JIMTAH]IBI IEHTPA, KOTOPbIe (PYyHKIIMOHAIBHO CBA3aHbI IPYT C APY-
rom. T.e. CBS3pIBaHUE HA OJTHOM IIEHTPE BIUSET Ha CBOICTBA Apyroro. KoonepaTHBHOCTH — BIUSHUE
CBSI3bIBAHUS HA KOHCTAHTY CBS3BIBAHMS (AMCCOLMAIIMH KOMIUIEKCa (PepMEHT- CyOCTpaT) Ha IpyroM
ueHrpe. [TonoxutenbHas KOONEPATUBHOCTh YBEIMUMBACT KOHCTAHTY CBSI3bIBAHUS, OTpULIATENIbHAS —
HaoOopoT. Ecnu aBa nuranna mooOHKI MO CBOCH XMMHYECKON PUPO/IE (IBe MOJIEKYJIbI CyOcTpa-
Ta), TO 3TO TOMOTPOMHBINA 3P dexT. Eciu paznuunsl (CyOcTpaTr 1 HHTHOUTOP) — FeTEPOTPONHBIHN -

Gbexr.
CaoiicTBa ajutoctepudeckux hepmenToB. CymecTByeT psiJi OCOOCHHOCTEH TaKuX (PepMEHTOB, HO HE

00s13aTEJILHO BCE Ha6J'IIOI[aIOTC$I y KaKoro-Jmoo AJUIOCTCPUUICCKOTO Q)epMeHTa.

Curmounanbnas (S) kuHeTrka. OCOOCHHOCTh —HaYalIbHbIN MHYKIIMOHHBIN Iepro (puc).

311ech MOJIOKUTENbHAs KOOTIEPaTUBHOCTh. BHauane cyOcTpaT MI0X0 CBSI3BIBAETCS, a TI0 Mepe YBEJH-
YEeHHUs1 KOHLIEHTPAIMK cyOcTpaTa cBsI3bIBaHUE CTaHOBUTCS Ooibine. Ho Takoil Tun kuHeTuku Halro-

JacTCs HE BCCraa.

Increasing

12 activator
10 4
] /_/,
8 M|
2 ] £
S Toe of o
o b1 curve o 89 Increasing
Lo o
hd = inhibitor
o4 4 -
24 2
o ; . . ; o ; . " "
0 2 4 6 g 10 0 2 4 6 5 10
[Substrate] [Substrate]
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Oddexroprl. UTHrHOUTOPHI WM aKTUBATOPHI, BIMUAIOLINE HA CKOPOCTh NpeBpalieHus. Ha
CJIEAYIOLIEM PUCYHKE MPUBEAEHBI IPUMEPHI MOJIOKUTENBHON KoonepaTUBHOCTH 3¢ dexropa. Eciun
noJ fefcTre a3 peKTopa MakCuMalibHasi CKOpocTh (Vi) HE MEHsSIeTCs, TO 3TO COOTBETCTBYET U3-

MEeHEeHUI0 KOHCTaHThl Muxasnuca (Ky,) — K cucremsl. [{s V cuctem xapakTepHO U3MEHEHUE Vi,

Konkypupyronme ( AHAJIOTMYHBIC CV6CTD8.TV) I/IHFI/IGI/ITODH. B AJITIOCTCPUYICCKUX (i)epMeHTax

Majlasli KOHLICHTpaus I/IHFI/I6I/ITOpa MOKCT YBCIIMIUTHL CKOPOCTh IPCBPALLICHUA. Ho npu OOJIBIINX
KOHICHTpAUAX I/IHFI/I6I/ITOp 6y,Z[eT JIECTBOBAThH KaK O6BILIHO, YMCEHbIIIasA KOHICHTPAlIHUIO CBA3aHHOT'O

cyoctpara. (budazusiii apdexr).
Jenarypupyroue (temneparypa, pH, 1ocTopoHHHE COSIMHEHNUS) areHThl pa3pyLIa0T Ipo-

CTpaHCTBEHHYIO Opranu3anuio 0enka. [Ipu 3ToM KoonepaTUBHOCTh YMEHBIIAETCS, HO CIIOCOOHOCTD
YCKOPSTh PEAKLHUIO MOKET OCTaThCSI.

Crpykrypa noaumepa. OCoOOEHHOCTh TakKuX (PEPMEHTOB — HAIMYNE YETBEPTUUHON CTPYK-

TYpBL, T.€. JEpPMEHT COCTOUT U3 HECKOJIbKHUX OENKOBBIX 1ienel (cyoenunun). [Ipu 5ToM MOXKeT ObITh
paBHOBecHe (PepMEHTA M COCTABIISIONINX €ro CyOeAMHUI], KOTOPBIE CaAMH 110 ce0e MOTYT OBITh HeaK-
TUBHBI, a TAKXKe MIPOMEKYTOUHBIX (popM. HaumeHbI1ast KaTaluTHYECKU aKTUBHASI YacTUIA — IIPOMO-

TOP. Casa3npIBanne JMraiaa MOXET CMEIIAaTb PpaBHOBECHUC.

MexaHu3M aJNIOCTEPUIHOCTH. I[J'IH 00BsCHEHHS 3(1)(1)6KT21 MMPEAJIOKCHO JABAa MCXaHU3Ma: I'i-

1oTe3a corjlacoBaHHoCTH Ui cummerpun (Monod, Wyman, Changeux) u nociae1oBaTenbHOCTH

(Koshland, Nemethy, Filmer — KNF). ['unore3a cornacoBaHHOCTH OCHOBaHa UI€€ CyIIeCTBOBAHUS

cyoenunull B a1ByX kKoHpopmanusx (R u T coctosaus, npuuem T Gonee Hanpsbkeno). [lonararor, uto
B3aUMOJICHCTBHE CyOeAMHUII IPUBOINUT K CYIIECTBOBAHHUIO BceX B 0HOM, R mmu T popmax. Mexay
HHMH B pacTBOpPE MOXKET ObITh paBHOBecHe. B pacTBope 0e3 JIuraHoB MpenMyIIeCTBEHHO CYIIECT-
ByeT T popma, HO R popma nmeet Gosbiiee cpocTBO K cyOcTpary. CBsizbIBaHUE 1aeT KoMIuleke RS
U KoHIIeHTpanus R ymenbpmiaercs. BoccraHoBieHME paBHOBECHS yMEHBIIACT KOHIEHTpaLuio T Boc-
cTaHaBiIMBaeT R ¢popmy. DTO 1aeT MoJI0KUTENBHYIO KOONIEPaTUBHOCTh. BiinsiHue annocrepuyeckux
3 PEeKTOPOB CBOAMTCS TAKKe K CMEIICHHIO pPaBHOBECH IBYX (hopM (epMeHTa: 3a CBET CBA3BIBAHUS
akTuBatopa ¢ R ¢opmoit umeem nonoxxkurenbHbId 3Qdekt, a uaruouropa ¢ T Gopmoii - oTpuia-
TenbHBIH. [IpuuemM akTUBaTOp MOXKET JaTh OOBIYHYIO THUIIEPOOIMYECKYIO0 KPUBYIO 3aBUCUMOCTH CKO-
POCTH OT KOHIIEHTpaIuu cyoctpata. IHruourop OyneT yBeanunBaTh HHAYKIMOHHbIH neproa. Ho

AJIsI HCKOTOPBIX (l)epMeHTOB JIyqlie nmoaxoauT runore3a 1nocjaca0BaTCIIbHOCTH. 3,Z[CCL moJiararoT, 4To

B (hepMeHTE MOTYT OBITh OHOBPEMEHHO JIB€ KOH(pOPMALIUU.

R T
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ITpu 3TOM cybeTpar BiauseT Ha KoHpopmanuio ¢pepmenTa. [lepBoHayaibHO CyIIECTBYET Mpe-
umyiectBeHHo T popma. CiydaiiHoe cBsi3bIBaHHE CyOCTpaTa MOCTENEHHO NepeBoauT pepMeHT B R
¢dopMy: HHAYLHMPOBAaHHOE COOTBETCTBUE. [10CKOIBKY CyOeqMHUIIBI B3aUMOJICHCTBYIOT APYT C ApY-

roM nepeBoJ] oAHOH B R crocoOcTByeT nepexoay Apyrux Takxke B R popmy — B3aumoseiicteue me-

KAy CV66HI/IHI/IH3MI/I A4acT MOJIOKUTCIIbHYHO KOOIICPATUBHOCTD 11O MEPEC YBCIIMUCHUS KOHICHTPAIUN

cyOcTpara.

I/IHFI/I6I/ITODI>I W aKTUBATOPHI. AKTI/IBaTOp HeﬁCTByeT AHaJIOTUYHO CY6CTpaTy, B TO BpCMs KaK UHI'U-

outop nenaer pepMeHT 6osiee KECTKUM, UTO MPEMATCTBYET MEPEXOLy MEXy KOH(POpMAIUIMU.

OrtpunarenbHas cyOcTpaTHas KOONEPAaTUBHOCTD - SIBJIEHUE TOCTATOYHO pekoe. Ee Henb3s 00bsic-
HUTb F'MIIOTE30i CHUMMETPHUH, OCHOBAaHHOI Ha 3aKOHE JIEMCTBYIOIMX Macc. A TUIIOTE3a MOCIe0Ba-
TEJNBHOCTHU 3TOT 3P (PEKT JIerko 0ObIICHAET: Mepexol oJHOU cyOenuHuIbI B R Gpopmy 3aTpynHser ne-
pexon apyroid. OueBUIHO, YTO 06€ MOJIENIN —yIPOILEHHS JEHCTBUTEIIBHOCTH M THIIOTE3a CUMMETPHH
€CTb KpaliHUi ¥ yHPOILEHHbIH cay4ail TUIoTe3bl MOCIE0BaTEIEHOCTH.

Aspartate transcarbamoylase (ATC) unu carbamoyltransferase, nomyuaemsiit u3 Escheri-
Catalytic componeant
comprising 3 subunits

Fegulatory Componant
comprising 2 subunits

schia coli, - BaxHBIN QepMeHT OMOCUHTE3a MUPUMUIUHOBBIX

HyKJ1€0TH0B. OH yCKOPSIET peaklnio B3auMOIeHCTBHS aspartic
KHCTOTHI ¢ carbamoyl docdaTom ¢ oOpazoBanuem N-carbamoyl
aspartate 1 Heopranuueckoro ocdara. ATC cocrout u3 12 pas-
JUYHBIX TPOTEUHOBBIX cyOeauHuL. OH COEepKUT 2 KaTaJIuTHye-
CKHE KOMIIOHEHTBI, Ka)K/ast U3 KOTOPBIX MOCTPOeHA U3 3 0/luHa-
KOBBIX cyOequHuL. Ha puc. cneBa oHa U3 HUX BblJEJIEHA CHHUM
cBeToM. OcTaTok (pepMeHTa MOCTPOEH U3 3 PEryJIATOPHBIX KOM-
MOHEHT, KaX/1asi U3 KOTOPBIX COACPIKUT MO 2 cyOennHuIlbl. (3e-
JeHbli uBeT). PerynstopHbie KOMIOHEHTHI CBsA3bIBat0T HHruouTOop (CTP) mnum aktusarop ATP).
3aBHCHUMOCTb CKOPOCTH OT KOHIIEHTpAllUu cyOcTpaTta uMeeT S — 00pa3Hblil BUJ U ONHCHIBA-

ercs ypaBHeHHeM Xwmia: (a =S). Ko s —paBHa KOHLEeHTpanuu cyOcTpaTa mpu 3Ha-

;o h
Vv = V.a YEHUH CKOPOCTH, PaBHOH MMOJIOBUHE MaKCHUMAJIbHOH.
K f + a'ﬁ Benuunna 4 cmyxut mepoit koonepatuBHocTH. Ecnu =1, To 3 ekt
0.3 ’

KOOIIEPAaTUBHOCTH OTCYTCTBYET. POCT /1 CBUAETENBCTBYET O MOJOKUTEIHHON
koonepatuBHocTH. [Ipu 4 < 1 umeem oTpunaTeabHyI0 KoonepaTUBHOCTh. Ha cinenytomeM pucyHke
IpUBEJICHa KpUBast IPH pa3HbIX 3Ha4eHUAX /. Bo Beex ciayyasaX Viax = 10 1 Ko 5= 4. U3 popmyuisl
Xunna ciaenyer, 4To Bce KpUBbIe MPUXOJAT K OAHOMY IPEJesly CKOPOCTH U NEPECEKAIOTCS B OJJHOM

TOYKE, COOTBETCTBYIOIICH 3HAUCHUIO KOHIIEHTpAllMu cyOcTparta, paBHOM K( 5, B JAHHOM Clly4ae a =
4.
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velocity
N
N\

0 3 5 9 12 15
[Substrate]

Hanes plot showing coop erativity

nepatuBHOCTh. [Ipu n =1 Tpe-

besycnoBHo, 17151 TaHHOTO ciyyas He OyIyT BBIIOJI-

HATHCS ypaBHeHUs Muxasnuca-MeHTeH B JIMHEWHOH Gopme.

IIpeumMyIIeCcTBO CVGCTDaTHOﬁ KOOIICPATUBHOCTH.

ctara (B 81pa3) mist yBenude-
NIPH TTOJIOKHUTEIEHON KOoTepa-
ro B 3 paza. T.e. sH3uM Oouee

(MeHee pacmpocTpaHEHHas!)

[substrate]ivelocity

MBI HC BUAMM Ha Fpa(I)I/IKC J0C-

CKOPOCTH.
351ech Hy>KeH H30bITOK
dbepMeHT MeHee

MHTUOMpYIoIeMy JeHCTBUIO cyOcTpara.

[substrate]

—h=t
=2
—n=1
——h=05

velocity

— 0 of W mage

103 of Wmae

0 a0 200 i) 400 S0 GO0 T i

[Substrate] (% of K,

Jlenarypauus 0ejka.

ann rann

[TonoxutenbHas KOO-
Oyetcst 60JIBIION U30OBITOK CYO-
Hus ckopocTH oT 10 10 90 %. A
TUBHOCTH (n = 4) N30BITOK BCe-
s dextuBeH. OTpunarenbHas
koonepatuBHOCTb. [Ipu n = 0,5

TioxeHud 90% MakcuMaIbHOU

B 6561 pa3. T.e.

YYBCTBUTCIJICH K

OHHOﬁ M3 OCHOBHBIX OCOOECHHOCTEH IeUCTBUS (bepMeHTOB ABJICTCS HAJIMUUC MAKCUMYMa Ha

TeMIepaTypHOI 3aBUCUMOCTH KOHCTAHThI CKOPOCTH Katanutudeckoil peakiuu (k). Kak npasuio,

HpH‘lHHOﬁ 9TOI'0 ABJIICTCA PA3PYIICHUEC KATAIMTUICCKU AKTUBHBIX TpeTHqHOﬁ n quBepTHqHOﬁ

CTPYKTYp OEJIKOBOT'O KaTalu3aropa IpH MOBBILIEHUH TEMIIEpaTyphl: AeHaTypauus 6enka. [Ipu mno-

BBIILICHUH TEMIIEPATypPbl IPOUCXOAUT pa3pylIeHNne HETPOUHbBIX BOJOPOIHBIX U S-S cBsA3eH, onpene-

JSIOIIUX CTPYKTYpY O€NKOB, 1100y1a pa3BopauuBaeTcsa. MoXeT MEHAThCS M KOH(popManus Moju-

NEeNTUIHOM 1enoyky. [Ipu 3ToM HapyIaeTcst reOMeTpUYEecKOe COOTBETCTBUE (epMeHTa U cyocTpa-

Ta, aKTUBHOCTb PE3KO MaAacT. VBennunBaeTcsa A S 3a cueT YBCIIMYUCHUA YUCTIa KOHCI)OpMS.I.IPIfI. C

TemnepaTtypoi Mensercst 1 pH HelTpanpHOro pacTBopa:

t, °C 0 10 20 25

30 40

50

60 100

pH 7,472 | 7,267 | 7,088 |6,999

6,916 | 6,767

6,631

6,508 | 6,117

[Tpumem cxemy Muxasnuca - MeHTeH U 100aBUM paBHOBECHYIO cTaauio E <> E.
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JIns peakuuu, nporekaronen mno cxeme Muxasnuca - MeHTeH,
K fooe ky[E],[S]
E, < E+S< ES— E+ P, ckopocTb OyJeT paBHa: ¥ = ———— .
ko K, +[S]
Ho npu paBHOBecHOI cTaanu JeHATypallK HaJ0 Y4eCThb, YTO YacTh (PepMEHTa JeHATYPHUPO-
BaHa, ¥ HAJI0 ONPEEIUTh HaYaJIbHYI0 KOHIIEHTpaIMio (epMEHTa, HaXOASIIErocsi B paBHOBECHUU C
nenatypuposarHoil Gopmoii ([E],) # HOACTABIATE e¢ B BBIPXKEHHE ISl CKOPOCTH peakiuu. Ode-
BraHO, 4to [E], = [E], + [E] 1 TIe [E]o - KOHIIEHTpanus (epMeHTa B paBHOBECHH C JICHATYPUPOBAH-
Ho# opmotii u [E],- koHTIeHTparus AeHaTypupoBanHoi ¢popmbl. KoncranTta paBHoBecust K = [E],/

[E],. B paBroBecun [E], = [E]o/ (1 + K). T.e. CKOPOCTb peakiuu 6yIeT BHIPaKaThCs KaK
ky[E],[S]

", +ISDA+K)

k[ E],[S]

JUig ynpolieHus aHanu3a pacCMOTpUM KUHETHUKY 1pu [S] < Ky, uTo maer » = .
K, (1+K)

[Ipenmonoxus, uTo KOHCTAHTHI k | 11 k; cnabo 3aBucsT oT T (Eqr = 0), momyunm
k,  kk, k,, exp(=E / RT)k,,
KM - k—l + k2 - k—lO + kZO

ke P kg =10
k_j9 +kao

3necs E - sneprus akruBamym o0pa3oBaHus pepMeHT-CyOcTpaTHOTO KoMIutiekca. [lpu Takom nomy-

k,exp(=E / RT)
IIEHUH CKOPOCTh peakiuu OyeT paBHa r = Kog[Elo[S] 1 &, = I+ exp(AS/R—AH/RT)’
exp -

C pocTom TeMmiepatypbl OyIyT yBEIMYUBATHCSA U YUCIUTENb U 3HAMeHaTelNb. T.K. SKCIIOHEeH-
TbI OyIyT U3MEHATHCA M0 PA3HOMY, MOXKHO 0KUAATh SKcTpeMyM. [Iponuddepenuupyem kyg mo T.
d(kﬂ]) /ko) [1 +eAS/RefAH/RT](E / RTZ )efE/RT _efE/RTeAS/RefAH/RT(AH/ RTZ)
a [1+exp(AS/R—AH/RT)]

[TonoxxeHne sKCTpeMyMa ONpeAesieTcsl paBEHCTBOM IPOU3BOAHON HYJII0. 3HAUECHUE TEMIIE-

AH
patypsl onpezaenseM no opmyne 7, = AS—RIn[E/(AH-E)]’

Jl1g mpuMepa pacCMOTPUM 3aBHCHUMOCThH aKTUBHOCTH TpUIICHHA. PaBHOBecHe neHaTypanuu
onpeaensiercs BemuuuHamu: AS = 891 x/mons. K u AH = 284,5 x/[x/ Moib. DHEprusi akTUBAINH
oOpa3zoBaHus PepMeHT-CYyOCTpaTHOrO KoMILIeKca 00bIuHO cocTaBisieT okoo 50 kJ[/ monsb. [pu
3amannbIx 3Hauenusx T make = 314,7 K (41,5°C). (PucyHok Hmke). Jlus pasioxkKeHus MEPOKCHIA

BOJIOPO/Ia KaTana3oi MakcumyM Oy et npu 63°C.
k10 °

L e R

: ; ; — T.K
273 293 M3 333

W3 npuBeieHHBIX U (P SICHO, YTO C POCTOM TeMIIEpaTyphl CHada1a ObICTpee yBEIMUUBACTCS
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ki, a mpu 6osee Beicokux Temmneparypax K pacret 6sicTpee 1 Bce Oouiblie (hepMeHTa MpeBpariaeTcs
B HEAKTUBHYIO (opMy.

ITpumeuanue. [Ipu aHaIM3€e UCTIONB30BaHb! YIIPOLIEHUS: PABHOBECHOCTD JIEHATypalluy U He-
3aBHCUMOCTh KOHCTaHT CKOPOCTH pacnaja pepMeHT-CyOCTpaTHOIO KOMIUIEKCa OT TeMIIEpaTyphbl.
OueBUAHO, YTO PACCMOTPEHHAs! MOJIEIb HE MOXKET MIPETEH10BaTh Ha KOJMUYECTBEHHbIE COBIAJICHUS C
OIBITHBIMHU JaHHBIMU. Ha n3MeHeHne KOHCTaHThl paBHOBECHUSI MOXKET BIMATH Cpe/ia: U3MEHEHHE KO-
3¢ GuIMEeHTOB aKTUBHOCTH. [10CKOIBKY pBETCS MHOI'O CBSI3€H, TO N3MEHEHHE SHTPOIIUHU U SHTAJIb-
UM Ha MoJieKkyy Oenka Besnko 1 AH Gynet Bcerna 6ounbuie E. [ToBbiieHne TepMocTaOMIBbHOCTH:
uMMOOHIM3aus GepMEHTOB. YIIydlIaeTcs U UX MPaKTHUYECKOE UCIOIb30BAHUE, T.K. JIErYe OTAESTh

(epMeHT OT MPOAYKTOB.
A A A

oH r 5]

Ha puc.: 3aBucumoctu aktuBHocty oT pH (1), (2) ot T, (3)-it uHrHOMpOBaHUE CyOCTpaTOM.

3aBHCHUMOCTh AKTMBHOCTH OT KOHIICHTPAIIMH CVGCTDaTaZ

Kak 00b1uHO, E + S o6patumo B ES HeobGpatumo B npoaykTsl, HO ES + S naert ES; - Tynuko-
Bas ¢opma. S Urpaet poJsib HHruouTopa. Cxema 6€CKOHKYPEHTHOIO HMHTHOUPOBAHUS U 3aBUCUMOCTh

CKOpOCTI/I HOquHM B BUIC
k2 [E]o [S]o

(1 + [S]"j
K Voo [S1, V Ky

r= = rneV,, =—u K, . =

Ko sy K LT (1+[S]”j h [l+[s]0)
(H[SL) ; K

S
HOJ’Iqu/ITCH KpuBas C MAKCUMYMOM. I[J'I?[ 9TOro NpeacTaBuM CKOpPOCThb B BU/IC:
k[ E],[S],
[S1,”

KM+[S]U+?S

" IIPOU3BOJHAA CKOPOCTH 110 KOHICHTpaUun S
d’" kZ[E]o _ k2[E]o[S]o(1+2[S]o /Ks)

drsy, 51, s12)’
KM+[S]0+ KS (KM+[S]0+[I<]O )

a [S]()Maxc = KMKS

N

[Tpu maneix 3HaueHusx [S], (mpeHedOperaem [S]o/Ks) (dhopmMyna cBoaUTCS K cxeMe Muxasm-

ca - Menrten u MoxHo onpeaenutb V u Ky, a u3 3Hauenus [S], B Makcumyme ckopoctu: Ks.
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MeHnee TOUHBIH, HO 60sIee IPOCTO pacueT: MPH MalbIX KOHLIIEHTPALUsIX CyOCTpaTa MOKHO
IpeaCcTaBUTh cKOpocTh B BUE I = V[S]o/Km. Ha rpaduke nmomyunm npsimyio, HakI0oH KOTOPOH AaeT

N 2
V/Kym. BeipaskeHue A MakCUMaabHOM CKOPOCTH MOCHE 3aMEHBI [S]o yaxe” U€PE3 KOHCTAHTHI Oy 1T

[S ](),MuK(.‘
MMEThL BUI: 7, . = 2K, 1V +[S] v

0, maxc

Taxum 00pazoM, 3HAS Tyaxe U [S]o, maxe, OTIPENEIsieM V U OCTaTbHbIe KOHCTAHTEHI.

3aBHCHUMOCTb aKTUBHOCTH 0T pH: X0onMHAICTEpa3a CbIBOPOTKU KPOBH MPEBPALIAET alleTHUIIXO-
v +
auH. Cxema: ¢pepMeHT B kucioi cpeae oOpatumo gaet EH', u306bITOK MPOTOHOB MPUBOAUT K 00pa-

2+ +
3oBanuto EH,"", a aktuBHa ¢opma EH .

Kb Ku kl kZ
H"+E<EH", EH" + H" <>EH)", EH" +S<k—>EH*S—>P+ EH " .Hanpumep:

NH,-E -COO +H"' <> NH; — E —COO™ + H" <> NH; — E —COOH.d

Koncranrs! papHosecus: K, = [E][H)/ [EH 1 u K, = [EH][H']/ [EH,*"]. Banasuc o dbep-
menty: [E], = [E] + [EH'S] + [EH'] + [EH22+]. [Tocie moacTaHOBKU Yepe3 KOHCTAHTHI PABHOBECHS
nonyunm: [E], = [EH'S]+ [EH'](1 +K./[H ]+ [H]/Kp) u

[EH']=([E]o - [EH'S]) /(1 + K,/ [H]+ [H]/ Ky). dns onpenenenns [EH'S]

d[Ed—]—tFS] = kl[EH+][S]_(k_1 + kz)[EHJrS] _
k[E1[S] k[EH S]S] )
4 A —(k_, +ky)[EH"S].

3nece A=1+K,/[H]+[H]/K,.

MeTtoi0M cTalMoOHapHBIX KOHLEHTpauui npu t — 0 MoJyyuM BBIpaKEHHE CKOPOCTH

E
r= kLEL LS, ¥ MakcumyM ckopoct nipu [H =K K, .
K, [H']
Ky | T+ —~—+ +[S],
(7] K,
OntuMansHoOe 3HaueHue pH, kak nmpaBuio, OJIM3KO K HEUTpaTbHOMY, HO JUTsl eTicuHa: 1.
CrOpoCTE
HENCHH Tp};fnﬂgfﬂ;:
1 ] pH

Peakuuu koHe4HO ciioxHee, 4eM cxema Muxasnca - MenteH. Otcrozia TpyJHOCTH pPELICHUS
CIIO’KHBIX CUCTeM TU(PepeHIINATbHBIX YPaBHECHHA.

HoMmenknarypa Mexaun3MoB peakimi mo Knemaumy:

OCHOBHBIE TCPMHHBI: YIOPSIOYCHHBIN MEXaHU3M - H2160p KOHCTAHT CKOPOCTHU U PaBHOBCCHU

3aBHUCHUT OT MOPsKA MPUCOSAUHEHHS MOJIEKYJI CyOCTPAaTOB M OTIIEIUICHUS MPOIYKTOB. [IMHT-TIOHT:

XOTs1 ObI OJTMH U3 MPOAYKTOB OTAEISIETCS paHbIle, YeM MPUCOSAUHATCS Bce cyOcTpaTsl. Uncao KuHe-
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THYCCKH 3HAYUMBIX CV6CTDaTOBZ YHH, 6I/I, TpH.
B F

E&, "')—}EﬂEi —}EPQ—Z) E'l)

e [
N e

E" E"R E'C

MexaHu3M U30-0U-O0U-YHU-YHU-TIUHT-TIOHT. TpexcyOctpatHslii (A,B,C), TpexnpoayKTHbIN

(P,Q,R), ynopsimoueHHoe CBsI3bIBaHUE ABYX MEPBLIX cyOcTpatoB (A,B - 61), compoBokaarorieecs
OTIHICTJICHHEM JIByX mpoaykToB (P,Q - Ou), ¢ mocieayoomum cBs3bIBaHEeM TpeThero cyocrpara C
(YHH) 1 OoTIIEIUIeHHueM TpeTbero npoaykra R (yun). Uzo: EAB u EC nzomepusyrores B EPQ n E'R
COOTBETCTBCHHO. 3HAUCHHS: YHH - OJHOCYO-CTPaTHBIN, OU - IBYXCYOCTpATHBIH, Tep (TpH) - TPEX-
CyOCTpaTHBIH U T.II., MUHT-TIOHT - 3aMeIleHHe CyOcTpaTa Ha APYror B pepMeHT-CyOCTPAaTHOM KOM-
TUIeKCe, M30 - H30Mepu3aIus B PepMEHT-CyOCTPAaTHOM KOMILIEKCE.

ITune-none (0sotinoe samewjenue) mexanuzm. OCHO8HOU 0CODEHHOCIbIO MAKUX (hepMeHmOo8
ABNAEMCA MO, YMO NO KpaliHell mepe 00UH U3 NPOOYKmMo8 8biC8000#c0aemcs u3z pepmenm-
cyocmpamnozo Komniekca 00 mozo, Kak npouzoudem ceasvieanue ecex cyocmpamos. Ha nepeswiii
83271510 MO CMPAHHO, HO J1e2KO 0OBACHUMO OOCMAMOYHO NPOCMbIM Mexanusmom. Hexomopwie doc-
MAmoyHo 0ObIYHBIE (hepMeHmbl, HanpUMep CEPUHO8ble NPOMeazbl MPUNCUH, XUMOMPUNCUH U M.N., d
makaice amuHompancgepaswl, oelcmsyrom maxkum oopazom. Ilpoyecc Hauunaemcs co céa3vl8anUs
nepsozo cyocmpama ¢gpepmenmom cuauana no ooviunou cxeme E + A ¢» (EA). (EA) ssnsemcs oc-
HOBHbIM KOMNAEKCOM. TIpu 5mom akmuguwiti yeHmp noaHOCmbvlo 3aHAM, U Nepsevlii cyocmpam 00i-
JHCeH NPespamumsbcs 8 NPOOYKm 00 C8A3bl8anuUs 6mopo2o cyocmpama. Crnedyowas cmaousi npeoo-
paszosarnus pepmenm — cyocmpamuozo komniexca (EA) <> (FP) aenisemcs kiouesoil 071 6ce2o
npoyecca. Ilpu smom yacme cybcmpama yoanaemcs om cyocmpama A, npeepawjas e2o 8 npooykm
P. Yoaneunuwuii ppacmenm nepgoco cybcmpama Ko8aIeHMHO C8A3bI8AENCS C hepMenmom, 00pasys.
Hosyto opmy pepmenma F. [lepsviii npodyxm P eviceoboocoaemces, a nosas popma ghepmenma F
ceazvieaem emopoti cyocmpam B: (FP) <> F + P, F + B «» (FB). Tenepbo ceésazannas ¢ ghepmen-
MOM 4acmyv nepeoco cybocmpama npespawaemcs 8 Hogyro hopmy emopozo cybcmpama u oopasyem-
cs1 6mopotl npodykm, komopwiti nomom u omoensemcs: (FB) <> (EQ), u 3amem nonyuaem emopoii

npooykm: (EQ) <» E + Q. Huoice npugedena cxema nune —noue mexanusma no Knenanoy.

A P

E EA FP F FB EC
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