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—83 majmoars, uto Menee 0,5% ot obGbeMa Gesaka. Henocpencrsen-
Hoe HabjiofeHue aToro addexra 3aTpyXHUTeNbHO. TeM He MeHEe
BhiCKa3aHHble NPEANONoKeHus PuU3HIecKH ocMbicieHHbl. MaMeHenue
kKondopManuu Gejka, BbiTecHeHHe BOJAbl H3 BHYTDEHHEH MOJOCTH
ryo6yJabl MOJIEKYJ0H cyfcTpaTa MOTYT BhI3BaTh NepecTpOHKY OKpy-
XK awuel BOGHOH CTPYKTYpHI.

«BoxHbili» KOMIeHcal#OHHBIH 3(¢eKT MOoXKeT uMeTb Ba’kKHOe
thusnogIoruiecKkoe 3HayeHne A8 TENJOKPOBHHIX OPTaHH3MOB H, TeM
caMBbIM, /5 3BOJIONHMM B HeJoM. MajocTb u3MeHeHHii CBOOORHOMH
SHEepruM BCJAEJACTBHE KOMIEHCANHM 03HauaeT MaJylo YYBCTBHTEIb-
HOCTb COOTBETCTBYIOWIMX (ePMEHTATHBHBIX MpOIECCOB K TeMmepa-
TYDHBIM H3MEHEHHSIM B OKpYyXKalolle# cpexe.

CyuiecTBOBaHMe KOMMEHCANNOHHOTO 3 deKTa u ero ofbsicHEeHHe
HeJjb35, OJHAKO, CUHTATb CTPOro AOKa3aHHHIM. DdekT MoxkeT 06b-
SICHITbCH [POCTO HENpaBH/IbHBLIM NpUMeHeHueM ypaBHeHus Appe-
Huyca, Kak 3710 nokasaa Daiomendensn (cm. crp. 370). Bompoc
OCTaeTcsl OTKPBITHIM, [TI0KAa HET NOCTOBEpHBIX OnpejneqeHull HCTHHHBIX
TepMOLHHAMHYECKHX mapaMeTpoB. TeM He MeHee pe3yJabTaThl pac-
CMOTpDeHHusl KOMIleHcanuoHHOro sddexkTa YKasbBalOT Ha BarKHbIe
0co6eHHOCTH (hepMEHRTAaTHBHBIX HPOLECCOB.

Kak yxe oTMeuasoch, NOHHNMaHKe CTPYKTYPbl ¥ CBOHCTB GeaKo-
BbIX MOJIEKYJ HEBO3MOXKHO 0€3 yueTa HX BOLHOTO OKpyXKeHus (CM.
ria. 4). Paccmorpenne ¢epMeHTOB B BOZHOM pAaCTBOpE KakK LEIOCT-
HOH cHCTeMbl HeOOXOQHMO H A/ H3YUeHud TepMOJHHAMUKH (epMeH-
TaTHBHBIX HponeccoB. Takof CHCTEMHBIA HOAXOL XapaKTepeH mAJsi
METOROJOTHH COBpeMeHHOH ¢u3uky. Bbluienenune GeJKOBBIX MOJe-
KyJ u3 OKpyXkaloumeil uX BOAHOH cpeibl He3aKOHOMEPHO B CTPOrof
Teopuu. DTO OTHOCHTCH M K KuneTuke. Teopus aGCOJIOTHBIX CKOpO-
cTell peaknufl, nepeHocsimas Ha (epMEHTHl NOJOXKEHHS, CpaBef-
JigBble AJ1f1 FAa30BbIX peaKuuH, NPHrofHa JHlb AJfA TpyObIX OLEHOK.
Teopuss ¢epmenTaTuBHBIX peaknuéi TpeGyer yuera (H3HYUECKHX
CBOMICTB CPe/bl.

6.4. XHMHYECKHUE ACMEKTDI
GEPMEHTATHBHOH AKTHBHOCTH

XapakTepHble 0COOEHHOCTH (PEPMEHTATHBHOrO KaTaJuza — GoJlbe
1rasi aKTHBHOCTb M CTpoOrast cneunquﬂocn, N0 OTHOLIEHHIO K CyO-
cTpaTy wiu rpynne cy6cTpaToB.

MonekynspHol akTHBHOCTBIO ()epMeHTa Ha3biBaeTCHd YHCIO MO-
neKya cybcTpata, npeBpaliaeMblXx B | mum ogHoll Modekyao# dep-
MEHTa NpH ONTHMaJbHOH KOHIEHTpaumuu cyfcrpata. Modekyaspuas
aKTHBHOCTb MOXeT ObiTb Bbipa’KeHa u Kak uqucao o6oporos (Bap-
Oypr) — YuCJO MOJIedl MpeBpalieHHoro cyGcTpaTa, Hpuxossileecs
Ha MoJb depMmeHTa 3a | mun.
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Xopowo paspaGoTaHbl MeTOAbl BbIACIEHHS H OYHMCTKH (epMeH-
TOB M MHOXecTBO (JepMEHTOB MOJYy4eHO B UHCTOH KpPHCTaLJIHYECKOMN
dopme {15, 29, 30]. DTo mgaeT BO3MOXKHOCTb H3y4aTb peakUdH H
CTPYKTYpY (epMeHTOB H (pepMeRT-cy6cTpaTHbix KoMmiekcos (PCK)
in vitro. Pasnuune cuTyauuil in vitro U B KJIeTKe, in 0iv0, COCTOUT
B TOM, YTO KJeTKa 1peJcTaBjaseT coGoH OTKPLITYIO, a He 3aMKHYTYIO
CHCTEMYy ¥ B Hell NpoTeKaeT OJHOBDEMEHHO MHOXKeCTBO (pepMeHTa-
THBHBIX peakuull, B TOM 4HCAe M CONPSXKEeHHHX APYr ¢ gpyroM. Tem
He MeHee u3yueHue (epMeHTOB in vifro HaeT peatbHYI0 OCHOBY X4
NOHUMAHHUA COOTBETCTBYIOIUHX GHOJIOrHUECKHX NPOHECCOB.
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Puc. 6.7. Cxema B3ammozeficTBHs aue- Puc. 6.8. Cxema neficTBHA ascTepasHl,
THIXOJHHSCTEPA3H €  alEeTHJXOJH-
HOM (@) M €ro KaTaJlHTHYECKOro pac- -

wenienus (6).

Ipu o6pasosanun ®CK manas monekyna cyBeTpata crexuoMer-
PUUeCKH CBf3bIBaeTca ¢ Goablioil Moaekynol ¢epmenta. OueBunso,
cy6CcTpaT HENOCPEACTBEHHO B3aNMOJEACTBYET ¢ OIpefeseHHHIM Ma-
JIBIM Yy4acTKOM MOJIEKY/JIbl ()epMEHTa — C ee AKTHBHBIM IIEHTPOM.
[Tpupona akTHBHOTO HEHTPa, T. €. COBOKYNHOCTb M PacCHOJOKEHHe
aMHHOKHCJOTHBIX OCTaTKOB, a Takxe KO(pakTopoB (cM. cTp. 94),
BXOASIIIHX B €r0 COCTAB, YCTAHAB/IHBAaETCS HOCPEACTBOM XHUMHYECKHX
u (usuueckux uccilenoBaHui. lsMeHneHus aKTHBHOCTH, BO3HHKAIO-
IMe B pe3ysnbTaTe XHMHUecKOH MoaMdukaund OeJKa, NO3BOASIOT
BHABUTh (YHKINHOHAJbHBIE TPYyNNbl aKTHBHOro wHeHrpa. Ceepenna
O ero CTPYKType [aeT CIEKTPOCKONHS, CIEeKTPONOISApHMETpH,
cnektpockonusi SIMP u 3IIP (B nocinenseM cayudae B Gesok BBO-
LUTCs MapaMardHuTHas MeTKa, cM. cTp. 344) u T. A. PeHTrenocrpyx-
TYDHBI aHa/JH3 HENOCPeJCTBEHHO pacKpbiBaeT KApTHHY B3auMOfefi-
cTBuA ¢epMenta ¢ cybcTpaToM (HampuMep, B clyuasix JH300HMA,
KapGoKcHIenTHaasbl ¥ Ap.).
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PastioobGpasie aMHHOKHCJAOTHLIX OCTATKOB ()epMeHTa M aTOMHBIX
rpynn kKodakropa ompefensier noAH(DYHKIHOHANBHOCTL AKTHBHOTO
IeHTpa — er0 CnoCOOHOCTb CBf3LIBATH MOJIEKYNBl cyOcTpaTa WiIH
Moau(HKATOpa B HECKOJbKHX «y3/JaX» M KaTaJuTHYECKYIO aKTus-
nocts [31].

Tak, y acTepas u ScTepoJUTHYECKH aKTHBHBIX NpOTeHHA3 ompe-
AeNeH0 Hajuupe B AKTHBHOM LeHTpe (yHKIHMOHANTBHOTO OCTaTKa
Cep, KOTODHIA mojBepraercsi auuJaUPOBAaHHIO Ha NPOMEXYTOUHOH
craguu npounecca. AKTHBHBIN cepua1 QHUIypHpYeT B HICeBOXOTHHACTe-
pase, ¢ocdoraokomyTase,
B XUMOTpPHIICHHE U TPHICH-
He W B psife Apyrux dep-
meHros. Ha puc. 6.7 H3o-
OpaxkeHa cxeMa CBf3biBa-
Hus cyOcTpara aueTHJIXO-
JIHHA alleTHJXOJHH3CTepa-
3081 (AXD) u cxeMa HHTH-
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6upoBauus ee aKTHBHOCTH fT
IpY BLICOKON KOHLEHTpA- 7N
nuu cy6erpata [32]. B acre- [
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pasHufl yyactok AX3 sxo-
IaT HykJeoduiabHas rpyn-
na Y ¥ cMeXHas ¢ HeHl qHuc-
connupyiomais KUCIOTHAA  Pyuce, 6.9. Cxema neficTBHS KpeaTHHKHHA3H.
rpynna HX. AuuabHeifi oc- IMepexouoe COCTOSHHE.
TaTOK B HPOMeXKYTOUHOH
peaknuu npucoeguHsiercss K rpynne Y H AaJjee OTHICIVISETCS OT Hee
[OX fe#CcTBHEM BOADL

YHpomeHHaﬂ cxeMa gedcTsus acTepa3 nokasaHa Ha puc. 6.8 [33].
CorsnacHo 3TOH cxeMe sCTepasel peasusyloT GHU(YHKIHOHAJbHBIN
KHCJIOTHO-OCHOBHBIA KaTanu3. [IpOHCXOAMT OpHeHTHDOBAHHAS CO-
npsAXKeHHas aTaka HyKJCOMUIbHLIX H 3JeKTPODHUIbHBIX (YHKIHO-
HaJbHbIX IPYII HA MOJIEKYJy cy6etpata [34].

Cornacosannoe Bo3speficTBHe HAa CYGCTpaT pasJHUHBIX Tpymn
(bepMeHTa MOXKHO WIIIOCTPHpOBATh TaKKe HpHMepOM KpeaTHHKH-
Hasnl [33, 34], katanusupyoueil peakuuio

AT®"™ + kpearun < AN®* + docdokpearnn— 4+ HY.

Ha puc. 6.9 usoOpaxeHa cxeMa MepPexOJHOTO COCTOSHHA AJf
stoft peaknuu. Kodakropom cayxut uwor Mg+t Ocobo BaXkHYIO
poJb B aKTHBHOM ueHTpe urpaet SH-rpynna. ®epmeHT HHAKTHBH-
pyercs HOZaLeTaMHAOM H HOJALETATOM, IpHYeM CKOPOCTb aJKHJH-
posauuss SH-rpynnn He 3asucur ot pH s uurepsase 6,0—10,0.
HauanbHasa cKopocTb peaKnuu € HofaneTaTOM CH/IbHO 3aBHCHT OT
HOHHOH cuJbl cpenbl. B npucytcrBun MgH u oboux cyberparos
SH-rpynnsl 0KasbiBalOTCS 3alUHIIEHHBIME OT ACHCTBHS Gnoxnpylomw
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pearentos. U3 npusenenusix (Gaxkros cienyer, uro SH-rpynna, se-
POSITHO, COefHHeHa BOLOPOAHOH CBSI3bIO C OJHOHl U3 OCHOBHBIX TPYII
depmenta. Baarogaps nerkoMy nepexoay NpOTOHA B CHCTeMe KHC-
JIOTa — OCHOBaHHeE, cOeXMHEHHBIX BOJAOPONHOH CBfA3bIO, TaKas cHCTeE-
Ma ob6JafaeTr BLICOKOH KAaTaJUTHIECKONH aKTHUBHOCTDIO.

3T HEeMHOTHE TPUMEPHbI MOKAa3bIBAIOT, YTO IpH OOpa30BaHHH
®CK cyliecTBeHHA TOUHAsl B3aMMHAsl OpHEHTanusl QyHKIHOHAJIbHBIX
rpynn ¢epMmenta u cy6crpaTa uiaum Moiudukaropa. Byayum mo-
cTpoeH H3 L-aMHHOKHCIOTHBIX OCTaTKOB, aKTHBHBIH LEHTP CTepeo-
cnepuduued, C mMOMOIIbIO MeUeHbIX aTOMOB YCTaHOBJIEHO, 4TO peak-
nun mogexkya tuna CAABB npoucxomaT Ha mOBEepPXHOCTH (epMeHTa
acHMMETPHUYHO. DTO OTHOCHUTCS, B YaCTHOCTH, K ()epMEHTATHBHOMY
npeBpalleHHi0 aMHHOMAJIOHOBOH KHCJIOTBI (cOmepXKalileli MedeHblH
yIJ1epox B ONHOM M3 ABYX KapOOKCH/IOB) B TVIHLHH: :

C*OOH C*OOH
| t
H,N—C—H —» H2N—CII—H :
COOH H

B peakuuio BCTymaer TOJNBKO OJHA IPYNNa, XMMHUECKM M T€OMETp H-
YeCKH HEeOTJHYMMasl OT APYrod. Ito oOBACHSETCS acHMMeTpHed aK-
THBHOrO neHtpa. Tak Kak rpynnbkl Y u Z ¢epMeHTa, CBS3bIBAIO-
muecss ¢ KapOOKCHWJIOM, pasJHuHbl, HEOJHHAKOBb H pPeakiuOHHblE
crnoco6HOCTH ABYX KapGokcuaos [34, 35]. ®epmeHTbl XOpOLIO pasJu-
4alOT CTEPEeOH3OMEepbl, M ONTHUECKHA AaHTHIIOA HaHHOro cybcTpara
cy6CcTpaTOM yXKe He ABIseTCs.

IIpsiMble peHTreHOCTPYKTYPHbIE HCCJAENOBaHMs KOMILJIEKCOB ¢ep-
MEHTOB C aHajoraMu cyOCTPaTOB — KOHKYDEHTHHIMH HHTHOHTOpaMH
LaloT pe3yJbTaThbl, XOPOLIO COIJIacylolHecs ¢ XHMHYECKHMH mpex-
crapaeHusiMH. Takux ucciefoBaHui MOKAa HEMHOrO, HO OHH Y¥Ke
CJIyXkKaT HCTOUHHKOM OcOOeHHO neHHOH uHbOpManui.

@uaaunc ¥ COTPYAHHKH, YCTaHOBHBIIHE CTPYKTYPY JIM30LKMA,
HCCJIE0BANH TaKXKe CTPOEHHE KOMIJIEKCOB JH30UUMa C HHIHOHPYIO-
IIUMH  aHaJoraMu cybctpaToB-nosucaxapuaos [36]). YcranosiaeHo
BHELpEeHHe JINTaH4a B MOJOCTb, CYLIECTBYIOIIYIO B TIJoOyJe JH30-
M3, ¥ BHISIBJEHbl KOHTAKTbl MeXAYy (DYHKIHOHaJbHbIMH TPyHIaMu
(epmenTa u auranna. Ha puc. 6.10 nokasaHa cTpyKTypa KOMILIeKca
auzonuMa ¢ f-N-aneraJbryiokozaMuHOM. ITH paboThl 103BOIKIH
AaThb AeTaJbHYI0 pacuuppoBKy BBaI/IMOlIeI/ICTBI/II/I tdepMenta ¢ cyb-
crpartoMm [37, 38].

Pentrenorpaguueckn nccaefoBaHbl CTPYKTYPbl KOMIIIEKCOB Kap-
Ookcunentuaasbl ¢ cybcrpatoM rawpua-L-tuposnsoM (puc. 6.11)
¢ uHrubuTOpaMy, HanpuMep ¢ B-(n-nopodeno.n)-nponnoHatom [39].
Y aTOro gepmenTa KOhakTOPOM CAYKHT aToM ZI. JIuraugpl BXOISAT B
0/10CTh MOJIEKYJ/bl GeKa u NPHCOEAHHAIOTCs B Q6/1aCTH, B KOTOPOH
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Puc. 6.10, Crpykrypa komnaekca JausouuMa ¢ f-N-alleTasnriIioK03aMHHOM (IOCJIEAHHA
3ayepHeH)
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HaXOZHTCA Zn — 3TOT aTOM NPHHHAMAET HenocpeCTBeRHOe yuacrneé
B paboTe akTHBHOrO leHTpa (cM. cTp. 393).

OcraHoBHMCS ele HA OZHOM TpHUMepe — HA CTPYKType H d)yHK-
UMM acnaprataMuHorpascdepasst (AAT), JAeTaNbHO H3YyYeHHOH
BpaynmrefiHOM u ero corpyiuukaMy. AMuHOTpaHchepasbl comep-
)ar KoepMeHT — nupunokcanspocpar (I[MAJID), Ob6uias Teopus
HEHCTBHs TakMX ¢epMeHTOB Gblia nocrpoeHa DBpayumrefiHom u

Puc. €11, CTpykTypa KOMIJIeKCa KapPGOKCHNENTHRASH C IVMIHUHJA-L-THPO3HHOV,

Apr 145, Tup 248 u T2y 270 moxasauw X0 CBA3biBaHMA cy6crpaTa (HyHKTHD) H moc.je Hero
(conoumMple JTHHHH).

ero mkoJqo#l (cM. {40, 41]). Cormacuo 3to#X TEOPHH [TAJI®, npuco-
efHHeHHHH K GEJIKY, pearnpyer ¢ aMHHOKHCJIOTOH, o6pasys Tak Ha-
sbiBaeMoe mudPoBO OCHOBAHHE WK albAHMHH

CH20P03H2—BMOK H,  CH:OPOsH,—Benox

——(ll——NHz +O-—CH—<'> N =2 R,——C']—N.—CH—2:> N

+H20
doon HO CHa ool ud e,

B muddoBoM OCHOBAHHU CYLIECTBEHHO H3MEHEHO pacnpepenenue
37eKTPOHOB B aMHHOKHCJIOTHOM OCTAaTKE MO CPaBHEHHIO C aMHHO-
kucaotoii 1 atoM H, serko mmccoummpyer. Tlpm peaknmsix nepe-
aMHUHMPOBAHHA aJbJAMMHH HCIHTHIBAET TayTOMEPHOE npespallieHHe
B KETHUMHH
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KOTOPBIA IHApONN3yeTcs BoAOH ¢ o6pa3oBaHHeM KEeTOKHCJIOTHI
CH,OPO3H,—Benox
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B pesynbrate Bo3HHKaer (ochonupuaokcaMuHHas dopma ¢ep-
menta. OHa pearupyeT ¢ ApPyrofl KeTOKHCJIOTOH, conepzkaiefi Ro,
npHieM pereHepHpyercss HCXOAHHH (epMeHT u noJyuaercs HOBas
aMuHokucnora. CxopHasi cxeMa OblJla He3aBHCHMO IpejsiorKeHa
Cueqsom {42, 43].

[Mpakruueckn Bce peakuHy, KatalausHpyemble (epMeHTaMH, MO-
I'yT IpOTEKaTb ¥ B OTCYTCTBHe (hepMeHTOB, HO, KOHeYHO, C ropasno
MeHbllell CKOpOCTbIO. B psime’ cayuaeB cragvu (epMEHTaTHBHOrO
nponecca MOKHO MOAEJHPOBATb B HH3KOMOJIEKYJSIpHBIX cHCTEMaX —
B «KOHIDY3HTHBIX MOJe/IbHBIX CHCTEMaxy [44].

Peaxuuu TpaHcaMHHHpOBAHHs ObIM H3YYeHBl B CHCTeMe, COJEp-
xawe# TTAJI@, nonb TAXKeAbX MeTaa10B # CyocTpaThl. JloGasae-
Hue cjgaBoro OCHOBAHHMA K CHCTEMe, cojgepiKaluell NnUpHAoKcadb H
aMHHOKHCJOTY, NOJHOCTBIO NOAABJSET BCe peaKIuH, KpoMe paclien-
jgeHusas Co — H-cBA3H; B Takoll Mogenu mpOHCXOAHMT TOJBKO TpaHC-
aMunupopanue [45, 46). B paGote [47] Oblin onpejeseHn HHAUBH-
LyaJbHbie KOHCTAHTH CKOPOCTH LJs CTaju¥ o6pasoBaPpus albiu-
MuHa. Mx 3HaueHusa AJs peakuu¥ aMHHOKHCJAOTH (rayramara) C
aHHOHHOH, OGHNOJNSPHOH M KaTHOHHOH (GopMaMu MOJEJbHOIO COejH-
HeHHs1 3-OKCHIMDHAHNH-4-a/bjlerujia paBHbl COOTBETCTBEHHO Kkay ==
= 80,2 mosv—l-mun=!, lkeun = 1,12-10* mose~'-mun=!, kxar =
== 2,3.105 mose~'-mun~l. KoscTanra ckopocTH epMeHTATHBHOM
peaknu# MHOro GoJblre, a UMenHo k == 10% moas~!-mun-1. Teope-
THYECKHH pacyeT MOKas3bBaeT, 4TO CKOPOCTb HYKJIeO(HIBHOIO mpH-
coeqviHeHHsi K KapOoHw/IbHOH rpynme BospacTtaer B 103—10* pas,
ecau GHMOJIeKyaApHAs peaKnusi TpaHC(HOpMHDPYeTCss B MOHOMOJIEKy-
JASpHYIO ¢ HajJeXkaliMM NPOCTpAHCTBEHHBIM pacroJOXeHHeM B3a-
uMogefictByomux rpynn [48]. MoxHo npegnoJoXuTh, 4To (epMeHT
ofecneunBaer TaKyl0 OpHEHTALHMIO 5THX TPYHN Ha BCEX MOCTefOBa-
TeJBHBIX CTAAMAX mpomecca u crabuiausyeT Haubojee aKTHBHbIE B
COOTBETCTBYIOIIHX CTaAHAX HOHHHe (opMbl CyOCTpaToB, KodepMeH-
TOB Y (yHKIHOHAJNbHBIX TPYNI aKTHBHOTO neHtpa [49].

OcHOBBIBasICb Ha H3J0XKeHHOH Boille rumotese, Msanos u Kap-
nef¢Kui mpesoKIIN TPEXMEPHYIO TNHAMHUYCCKYIO MOAENb 1S peak-
nuu, kataausupyemoin AAT [49]. B cniekrpe aToro pepmenTa umeercs
nojoca norsouieHus npu 3620 A, a npy nonmxenu# pH mnoss-
asercst nosoca npu 4260 A, uto onpenensiercs HonusanMe# (eHosab
Hoii rpynnn Kopepmenra -(pK nepexoxa pasio 6,2). Onruueckas
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aktuhocts ITAJI®P wuuzyunpoBana anodepMentom [50] (cm.
ctp. 312). ®epMent ¢ nupHiokcaMuHbocdaToM, B oTaHuue ot ep-
Menta c¢ TTAJI®, umeer nosocy npu 3300 A. TakuM oGpasoM, KO-
(hepMeHT CAYXKHT Bbipa3sHTeJbHOH CrmekTpaJbHoH MeTkoll. Tak Kak
cy6erpatsi AAT comep:aT ngBe KapOOKCHJbHBlE TpYHNbl, MOXKHO
CY4UTATh, YTO CHenH@HYHOCTb (epMeHTa olpejensieTcss B3auMomei-
crBueM COO- ¢y6CTpaTOB ¢ KOMIJIeMEeHTapHbIMH KaTHOHHBIMH TPy~
naMu ¢depMeHTa. DTO AOKA3bIBaeTcss TeM, YTO JHKApOOHOBBIE KHC-
JIOTBI C/yKaT KOHKypeHTHnMH uurubutopamu AAT. Ilpu o6paGoTke
tdbepmenTa GoporuapuioM Na
H 1pH KHCJOTHOM THJpOJH3e
Obls1  u3oaupoBaH g-N-mupu-
JOKCHJJIH3HIL. @ocdarHas
rpynna ITAJI® Ttakxke cBd-
3aHa c anogepMeHToOM
(puc. 6.12). Msyuenue crekr-
pOB HOTVIOUIEHHST ¥ KPYTOBOTO
anxpousma AAT B pasaHuHBIX
dopmax (puc. 6.13) nano me-
TOJ HAEHTH(HKAIHH NPOTOHO-

Jluz

Cep CH,0PO5 AOHOpHO#  rpynns  Aro —
Aot AAT, cBsisbiBawoileii atom N
P nupuauua [49, 51, 52]. droft

rpynnoil okasaacs Tup. H3y-
yeHHe KWHETHKH acColHaluH
Ano — AAT ¢ psiioM aJKHJIb-
Hbix anasoros [1AJI® noka-
3as10, 4YTo MeruabHasi rpynmna [TAJI® HaxogHTCs B T€CHOM KOHTaKTre
¢ anogepmentom [52]. HakoHneu, ycranOoB/IeHb! 3JeKTPOCTAaTHUYECKHE
B3auMogeiicTBus (enoapno#l rpynns [T1AJIP ¢ anodepmenrom. Hsa-
HOB H KapnefickHil NpUXOAAT K BHIBOAY O CBSI3H BCeX (PyHKIHOHAJb-
HBIX Tpynn kKodepMeHTa ¢ GelkoM. BesencTsre Tako#l MHOroroded-
HOI CBfA3H CONpsXKeHHasl CHCTeMa KohepMeHTAa HAaXOAHTCA B aKTHB-
HOM UEHTpe B COCTOSIHHH € BBICOKOM a2HeprHefi W ¢ BBICOKOH
peaknHOHHOH CTOCOOHOCTBIO. '

Mogenn cBasbiBanusi [TAJI® anodepMeHTOM naeT BO3MOXKHOCTDH
AeTaJbHO pacCMOTpeTh MeXaHn3M (pepMEeHTaTHBHOTO TpaHCAMHHHU-
poBanus [49]. [Tepsas cragus npomecca COCTOHT B HEKOBaJEHTHOM
CBSI3bIBAHHM aMHUHOKHCJOTHI aKTHBHBIM LeHTpoM. Btopas cragus —
HyKJeO®hHJbHOE NpHCOeZHHEHHe aMUHOIpYNObl cyGCTpaTa K CBSI3H

Puc. 6.12. Cps3unBanne xodepMeHTa ak-
THBHHM meHTpom AAT.

/C=N-- anbaUMUHA, AKuentopom npdTOHa ~—NH,-rpynnn 3zecs,

BHAMMO, SIBJSETCA OTpHIATENbHO 3apsKeHHas (eHOJbHAas rpymnna
KoepmeHnTa, TakuM o6pasoM, HeHOHH30BaHHAA HyKJeoduJabHas
aMHHOTpYyNna OKas3biBA€TCSl [0 COCeACTBY € BHICOKODEAKTHBHOH Ka-
THOHHOH dopMoli KodepmeHnTa. OUKCHPOBaHHOE AKTHBHBIM HEHTPOM
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HPOCTPAHCTBEHHOE PAacMOJOXKeHHe acrnapardHOBON KHUCIOTH HOJMIKHO
OTB€UaTh Yuc-KoHpopManuu KapOGOKCHJIOB, TaK KaK MaJeHHOBad
KHCoTa (yuc-coelMHeHue), B oTaMYHe OT ¢(ymaposoit (Tpaxc-co-
elluHeHne), ABJAseTCS KOHKypeHTHHIM uHrubéuropom AAT. D10 pac-
HoJIOXKenHe NMoKaszaHo Ha puc. 6.14. Vs rakoh Momenu clenyer, 4To
peakuHonHas KOOpAHHATa IS HYKJACOPUIBHOTO MPHCOeAUHEHHUS
K KapOOKCcUIy HanpaBJdeHa BJIoJb OpPGHTaAH p, KapGOHUILHOrO
yraepona. C noMoliplo NPOCTPAHCTBEHHBIX MOJIEKYJASIPHBIX MOAe/eH
IOCTPOEHAa CTPYKTypa ajbRHMMHH- ’

HOH (OPMH KoMIaeKca hepMeHT — a0

cy6erpar (puc. 6.15). O6pasosa-
Hue aJbIUMHHHON (opMbl cybeTpa-
Ta INPOHUCXOANT B pe3yabTaTe NOBO-
pota KotepMEHTHOr'o LHKJAa IpH-
6au3uteasso Ha 40° BOKPYT ocH, co-
equnsitomefi rpynns CH; B noJgo-
xenun 2 m CH, B noJoxkeHunm 5
(cM. puc. 6.15).

O6masi cxema npouecca I0Ka-
s3ana Ha puc. 6.16. IIpaBunbHoCTb
ONHCAHHBIX U MOCJAELYIOMUX cTafuli
NOATBEPKAAECTCA DPAAOM 3KCIepu-
MeHTanbHbIX ¢akron [49]. [Ipenao-
*KeHHass TEOpHs1 OOBACHIET BaX-
geiimne csoiictea AAT.

HBanoB u Kapnefickuit cunrator
MHOrOTOY€4HOE CBSI3bIBAHHE NPHUM-
HOH crabunausanin aKTHRHOH 000 4000 , S0
3NEKTPOHHON KOHQUTYypanuH, Tep- A
MOJINHAMHUECKH HEBBIFTOJHONH B TO-  Ppge. 6.13. CnekTpsl KpyroBoro -
MOr€HHOM DAaCTBOpE, W IPUUYHHOH  XPOH3aMa (BBepxy) M CHEKTPH mO-
HalJexallell OpHeHTalHH peard- MOMeHAd 6(;“‘;;?3 D e bopw
pYIOIHX TPYIIL. CyIlleCTB“OBauHI/Ie B Cnaomnas Kpuﬁan—anbﬁﬂmuaﬂax(bopma,
aKTHBHOM LEHTPE IO KpauHEH MEPEC pH 52 nyskrupmaa—rto xe, pH 83;
ZBYX NPOCTPAHCTBEHHO DaSMHHBIX  p_'giPiidfSinbrenc Wionedopue.
ctpykTyp (2 caysae AAT ABYyX woets sememms D nue emoro u wpanoro
pasnuuHBIX OpHeHTauud  Kodep-

MEHTHOIO IHKJIa) obecrneunBaer

BBINOJIHEHAE YKa3aHHBIX YCJIOBHA B MHOrOCTanuiiHOH Q)epMeHTaTHB;~
HOJ peakKuHH. YCJOBHS ONTHMaJbHOCTH KaXNIO# NOCAENO0BAaTENbHOU
cTanuu o06GecreunBaloTCS CTPYKTYPHOH INepecTpodKO#, NPOHUCXONsi-
mell B npensiAymedl craiud. Ha sisbike TepMoLMHAMHKH H3JOXKEH-
HOE 03HauyaeT, YTO B AKTHBHOM NEHTpe NMPOHCXOLHUT BhIpaBHHBaHKE
ypoBHefl CBOGOAHO! SHEPTHH NPOMEXYTOUHBIX CoeAHHEHHi. B cay-
uyae AAT stor sdpdekt nposiBasiercss B cnekrpe noraouienus ®CK
(puc. 6.17), comep:KallueM IIOJOCH IOMVIOWEHHS NPAKTHYECKH BCeEX
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BaXKHEANX TNPOMEXKYTOUHBIX COENHHEHHH peakuHn. B coorser-
CTBYIOUlell KOHIPY3HTHO! cHcTeMe HabJroflaeTcs JHIUIL OJHA 110J0Ca
3300 A.

PaccMoTpennslfi npuMep 1OKa3blBaeT, KaKyl HHGDOPMALHIO
o ®CK, o mexannzMe IeficTBust pepMeHTa HaeT CNeKTPOCKONHs H

cnzom%

Puc. 6.14. IIpepnonaraeMas cTpykrypa kommsiekca AAT — cyGeTpar.

CIIEKTponoNsipuMerpHst. 34ech OCOOGCHHO mNeHHB TaKXKe METONH
SIMP, DIIP, nioMuHeCHEHIHH U METOJbl PelaKCAlHOHHON KHHETHKH
peakuu#t (cMm. § 7.7).

Crepeoxnmuueckasi KapTHHa, H3obpaxamilas CHTYALHIO B akK-
THBHOM II€HTpE, IoJydaeTcss Ha OCHOBE GOJbIIOH COBOKYIHOCTH

Pnc 6.15. IlpeanosaraeMas CTPYKTypa aJbJAHMHHHOA (POPMH KOMuJeKca dep-
MeHT — cy6eTpar.

pasnooGpasHbIX 3KCHEPHMEHTAJBHBIX JAaHHBIX C NOMOIIBIO aTOMHBIX
mozneneli. B nocnennee spemst 6N pa3BUTHI MAaTEMaTHYECKHE METO-
Ipl pacuera 3Tofl KapTHHbI, 3((exkTHBHO npuMeHsomue IBM [53],

ﬁrax, CYWIECTBYIOT pe€asibHble BO3MOXKHOCTH IJfl pacuudpoBKH
B3aUMOJAEHCTBUH MEXJAY AaKTHBHLIM UEHTPOM (¢epMeHTa H



; b NS po - MTge
paok e r® cl’—cotr Rt —co0” R~¢—co0~
H X N AL HN* !
: A NS
y c=N X Ne? A NN NNy \/+\
2 - _NHg
qp i \@0 0~ 0"
—— ——
—— —-*—
Nt BH3 rd
| 'f N N
b i
y4 7 HZ Hz7 Hz
~NHj
;32 %500' ¥ R\ é R 6 © &
~¢~ Yi S0 c/cﬁo_ ~p__pan- R p-000" R - A ¢
u L Hn’? o o 0= H’vé
\ /*\ /EHZ /NHz /Ni.{z
H,0
0- A o‘ u‘ 0
—(—-—- -<——- ) -é—— -<——-
e N '
r} x_{ . f_‘- J{ +|1
HZ A z ; 7 Z

Prc. 6.16. Cxema mocaeoBaTeJbHHX COOHTHI B AKTHBHOM LEHTpC AAT.
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Juragnamyd. B xumpueckoM acnekrte npobuaeMpl Nodydaercs Kaue-
CTBeHHasi KapTHHA B3aUMOJEHCTBUH, BHLIABIAAETCA NMoBedeHHe (PYHK-
IIHOBaNbHEIX rpynn ¢gepmenta ¥ Kodaktopos. OLHAKO XUMHUECKHH
acreKT HEeNOCTATOUEH N5 MOCTPOEeHHs KoJnuecTBeHHo! Teopun. Pac-
CMOTpEHHE B3aHMOJEHCTBHE B AKTHBHOM IHEHTpe MOKa3niBaeT, 4ro
SHEPIrHs aKTHBAIWH NOJAKHA ObITh MOHHMKEHA IO CPABHEHHIO C KOH-
rpYsHTHOH peakuuell, HO HEH3BeCTHO, Ha KaKylo Beanuuny. Ilocra-
TOYHO JIH 3THX B3aUMOJEHCTBHH IJIi KOJHUYECTBEHHOrO OOBACHEHHS
aKTHBHOCTH (epMeHTOB?

XuMHUeCKHHA acHeKT HCXOANUT M3 CYIeCTBOBAHHA aKTHBHOTO II€H-
Tpa onpeneneHHOR CTPYKTypH. SIcHO, uTO 3Ta CTPYKTYypa BO3HHKAaeT

B OpraHu3oBaHHON OeJKOBOH IVIO-

2 Byne TakuM 06pa3oM, UTO B COCTAB

AKTUBHOTO [1€HTPA BXOASAT aMHHO-

KHCIOTHBIE OCTATKH, CHJIbHO yla-

JIeHHBIE APYT OT Apyra BAOJbL NOJH-

nenTUaHod uend. AHalus B3aHMO-

NeAcTBHA B aKTHBHOM IleHTpE He

IaeT OTBeTa HH Ha BOIpPOC O POJH

r106yJabl Kak 1€JOCTHOH CHCTEMBI,

HA Ha BONPOC O BJIHAHHH OKpYy-

A Katomell cpensl.

Hecomnenso, uto B Karanuse

Puc. 6.17. Cnexrp noraomenus AAT  ydacTByer Bcsl GenxoBas riobyna.

B NpHCYTCTBHH L-acraprara. B uexoropmix pa6orax yrtBepxKia-

JIOCh, UTO MOKHO OTpPC3aTh 3HAUH-

TENbHYIO yacTb GelKOBOH nernu 6e3 H3MeHeHHsT aKTHBHOCTH (ep-

MedTa (cMm., Hanpumep, [54]). B nasbnefimieM stH nadHbie Gbuin
onpoBepruyTr [65, 56]

Bpaynumrefis cymMMHpoBan KauecTBeHHbIe MPHYHHBL, OTBETCTBEH-
HBIE 3a KaTaJuTuueckoe aeiicteue depmenTta [57).

1. Boabmoe cponctBo depmenta u cyberparta, T. €. 6onpllias Be-
positHocTh oGpasoBanus (PCK, skBuBaleHTHAs pe3KOMY yBesuue-
HHIO KOHIEHTpPalUUH peareHToB B OOGBYHBIX YCIOBHAX (2ddexT
cbauncernus).

2. Crporast B3auMHast OpDHEHTAalHs peareHTOB, KOGDaKTOpOB H
aKTHBHOrO 1eBTpa (a¢pexr opuentayuu). B OGBLIUHBIX TOMOrEHHBIX
peaKnufax BEPOATHOCTb CTPOrofl B3aMMHOH OpHEHTANWH TPeX HIHN
Bosplero uHcia B3aUMOAEHCTBYIOMINX MOJEKYJ OHeHb Maja.

3. BoaneiictBue Ha cy6erpar B KoHTakTHOM yuactke ®CK my-
KI1eOQUIbHBHX H 3JeKTPODHIbHBX CPYIN AaKTHBHOTO neHTpa (3¢h-
QeKT CUHXPOHHOZ0 BHYTPUMOAEKYAAPHOZ0 KUCAOTHO-OCHOB8HO20 Ka-
TaAU3A) .

Koonepanusi HeCKONBKHX TPYON KAaTaln3atopa MOLeNUpYyeTcH
HEKOTOPHIMH fBIEHHAMH TOMOI€HHOro KHCJIOTHO-OCHOBHOrO Kara-
an3a. Tak, 2-OKCHMHMPHJANH KaTaaW3upyeT MYTapoTauHIO TJIOKO3H,
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Ta6auna 6.3

OueHka KaTaJHTHYECKHX (pakTOpPOB AJA ABYX THAOTETHYECKHX
peakumit ¢ gByMs CyGCTpaTamu

Peakuns 1 Peakiusa 2
KoHuerTpanus cy6- S = lO__4 S, =10"
cTpara S; =10 S, =55 (Boua)
3apsy Ha cybcTpare Her Her
XapakTepi- 3apax B NepeXOqHOM Maaprii IToadsrit nosto-
cTHKA  peak- 1 COCTOSTHHH JKHTeJbHBIH
LHH Katanurnueckue OpHH KUCJIOT- OpuH KucJaoT»
OCTATKU Huifi, OOHH HHY, onHa
OCHOBHKI# OTPHIaTENbHO
3apsikenHasn
rpynna
KoBaJsienTHOE IIPOMEXKY- Ectb Het
TOYHOE COefHHeHHe
dddexT c6/IHKeHAS 55-10° 1072
cybcrpaTtos
O6muit shdexr ocuos- 4 —
dakrops, pa- HOTo KaTajau3a
3YMHO OIl€HEH- O6mui addexr kuclIor- 10 20
Hble Ha OCHO- HOrO KaTaausa
BaHHH H3BECT- DdpderT cOrmKeHns Ka- 3-10° 3-10°
HBE[X XHMHYeE- TaAWTHYECKHX T'PYIN
CKHX JaHHBIX dddekT npomexyToy- 10 -
HOTO  KOBaJ/IEHTHOI'O
CO@J[HHEHH S 2 s
Addexr pacrsopuTenas 10 10
Ddpdexr  06paszoBaHus 10 108
HOHHBIX Tap
[TponssejeHne 3THX HakTOpoB 7109 6-102
Uneso o060poTOB (epmeHTa, je/leHHOe Ha 7.108 6-10
CKOPOCTb DeaKuHH CyGCTPATOB B OTCYTCT-
BHE gaTaJjJH3aropa
MHuoxHuTeas, TpeSynuHii 00bACHEHHA 100 102

»

paspbiBast €€ WECTHUYICHHOE KOJbILO W UCOBITEIBAsT TAYTOMEpHOE npe~

BpallleHne

Fnwoxosa

2-OKCHIHPHAKH

NO—H O0="X
- X

{3 M. B. BoabkenwrTeiln
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Takasi ke peakiys ¢ yuactueM cMeCH nupuauHa u Genona

o0

nporekaet B 7000 pa3 meanennee [58].

B pesyabrare TpeX NEPEYHCIEHHHIX 3 (PEKTOB MPOHCXOAUT PE3~
KOe yBespueHHe a6GCOMIOTHOH CKODOCTH Peaklyy, TakK Kak MaJjoBe-
pOsiTHBIE peaKUHy BHICIIHX IOPAAKOB, Tpebylollue coyaapeHudl Tpex
u GoJapliero 4gcia MOJEKYJa, 3aMeHAIOTCH BBICOKO3((PEKTHBHBIMH
peakiusiMg [MepBOTO HOPSAKA — pPeaKuHUAMH BHYTPUMOJEKYJSIPHOTO
n0JAA(p YHKIHOHAJIBHOT'O KaTajanu3a.

4. AxrtuBauus cy6GcTpara myTeM IepepacnpesieseHHst 3JeKTPOH-
HOM MJOTHOCTH 1OJ AEHCTBHEM 2JIEKTPOAKTHBHBIX I'pyrnu tepMeHTa
(agppexr noaspusayuu).

5. VMiamenenne kondopmaunn Genka npu B3apMoAeHCTBHH C CyB-
cTpaToM (3¢hpext undyyuposanno2o KOHTaKTa).

BansiHHe nepBhIX UeThbipeXx HPHUYHH HIJIOCTPHPYETCH PACCMOTPEH-
oMy npuMepamu. O msTofl pacckasano B cilefaylolleM naparpade.

Jannble coBpeMeHHOH (u3nuecKoll OpraHHuecKoH XHMMHH 103BO-
JNAI0T rpy6o OLEeHHUTb NOPSAAKH BEJIWYHH 3TUX W APYTHX KaTaluTHde-
ckux (akTOpOB, T. €. YCKOpEHHe peaKkuwd, HMH BbI3BaHHOE. DTH
OLeHKH mpuBeaeHn B Tabua. 6.3 [59l.

Ta6uauna 64

CpasueHne ckopocTell ¢epMeHTATHBHMX peakUHH
€O CKOpPOCTAMH HedepMeHTATHBHHX AHAJOTOB

CKOpOCTE Cropocte
dbepmenta- aedepMeHTa-
depMeHT HedepMenTaTHBHLIA aunanor THBHOrO THBHOTO 0fv,
npoiecca v, aporecca v,
cex™ cex™!
Jluszouum 'naposus apetass, OCHOB- 5.107" 3.107° 2.108
HBIH KaTaaus
XuMoTpuncun TI'mgposnus amupa, OCHOB- 4.10™2 1-10"° 4-103
HBIH KaTaJaus
f-amusrasa 'naponus aperats, OCHOB- 1-103 3.107° 3-10t
HBIHl KaTaJuaus
dymapasa CuppupoBanue aJIKeHa, 5.102 3.107° 2.101t
KHCJIOTHBIf H OCHOBHBEIMH
KaTaJu3

B ra6a. 6.4 comocraBiieHbl CKOPOCTH KOHKPETHHIX (epMeHTaTHB-
HBIX ¥ HedepMeHTaTHBHHX npoieccoB. CKOPOCTH NOCAEAHHX YMHO-
KeHbl Ha Ko3hdupueHT, oTBevaiomuil 2pderry cObnuxennn. as
ABYX MOJNEKyJ, pMelolmux pasmepsl MoJseKyanl HyO, stor mMHOXKH-
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TeJb paBeH D5, T. €. MOJNSPHOA KOHIEHTPAIIMH BOABI;, HHBIMH CJO-
BaM#, MOJSPHAs KOHLEHTPAUHUs nap B3aHMOLEHCTBYIOIHX MOJEKYJ
paBHa OpOW3BeNeHHI0 MOJSPHBIX KOHUEHTpPAUU#l PEareHTOB, geJeH-
HOMY Ha 50 W YMHOXKEHHOMY HAa KOODJHHAIHOHHOE YUCJAO B BOJHOM
pactsope [60, 61] (cm. Takxe [62]).

3anaua COCTOHT B 3aIOJHEHUH <«Pa3pbIBa», B KOJHYECTBEHHOM
o0bsicHeHHH (epMeHTAaTHBHOrO KaTanusa. CymiecTByeT Jd Kakoii-
Ju60 OCHOBHOI (PAKTOD, OTBETCTBEHHBIH 332 GOJBIIYIO CKOPOCTE hep-
MEHTATHBHBIX peaKuHH, UI¥ HeOOXOAWMO <«KOHIEepPTHOe» nefCcTBHe
Bcex (aktopoB? Iloka HeT oTBeTa Ha 3TH BONPOCH!, HO MOXKHO HaMe-
TUTb HEKOTOPBle NIYTU UX HCCIeJOBAHHSA,

§ 6.5. KOHOOPMALHOHHBIE CBOHCTBA ®EPMEHTOB

W3 koHhopManroHHO#l Ma6UIbHOCTH MaKPOMOJEKYJbl Geaka cie-
noyer cllenidudeckoe B3anuMojeficTBHe ¢epMeHTa ¢ cybCcTpaTtoM H
OpyruMy auraHnamMy. Bo3MOXKHO, YTO B HEKOTOPBIX KOH(OpMAanUsX
Gellok Gosee 3¢ eKTHBHO cBs3bIBaeT cyGcTpar, uem B Apyrux. Ilpu
CBAI3BIBAHUYN MOXKeT NPOUCXOAHTL OTOOp KoHpopManufli cyberpara.
Kapym o6bsicHHN CNOCOOHOCTL albGYMHUHA IJIAa3Mbi CBA3BIBATH Pas-
JAYHbIE BeleCTBA «KOHMHUrYpamHOHHOH afanTabHUIbLHOCTHIO» 3TOrO
Genka [63].

Moxno nymats, uto B ®CK otbupatorcst Te KoHpopMauun Ge-
Ka u cyGcTpara, KOTOpble HAXOASITC B CTPYKTYPHOM COOTBETCTBUH
IpYyT C ApYyrom, ofecneuuBamwileM ONTHMAalbHOe 3HaueHHe CBOGOJ-
Ho#l sHeprun m3amMoneficteus [64, 65]. CTpyKTYpHOE COOTBETCTBHE
npu obpazosanHn ®CK MoXKHO cuuTars AHHAMHYeCKHM, HHAYIH-
pyembiM. Takum ofpasoM, npu o6pasoBanuy ®CK MoryTr nmponcxo-
INTb H3MEHEeHHsi peaJbHBIX KOH(opMauu# Oenka ¥ cybcTpata HIH
onnoro n3 HuX. Bacnos uw Jlo3pTH KOHCTAaTHPOBAJH HaJHuHe KOH-
tdopMannonHbix 30(HeEeKTOB NPH CBA3BIBAHWE XMMOTPHIICHHOM MOJe-
KyJ cy6CTpaToB W KOHKYPeHTHBIX wHru6utopos [66]. CTpykTypHOe
coorserctBie B PCK 1o HekoTOpOH cTenmeHd nofOGHO COOTBETCTBHIO
B rereporeHHoM karanuse (cM. crp. 359). Mcxons us cpoell Myib-
THUIJIeTHO! TeopHH, DajaHn¥H npefyoXHua KaveCTBEHHYIO CXeMy
CTPYKTYPHOIO COOTBeTCTBHsT (epMenTa, Kodepmentra H cyberpaTa
[67, 68].

MoxHO AyMaTh, YTO 3HAUHTeJNbHble H3MEHEHHs IHTPOINHH MpPH
o6paszoBanuy ®CK npoHcxonsit MMeHHO B pesyiabTare KoH(popMa-
uroHHbIX a(hdexToB. IlonnKenne sHTpONUH npu oTbOpe ONpefeleH-
HOH KoHQOpMAUHH MOXKeT KOMIICHCHPOBATHLCS IIOHHIKEHHEM 3HTalb-
'MW BCJNEACTBYe B3aIMONEHCTBHS W NOBHIIEHHeM 3HTPOIHH APYTHX
yuacTkoB ra06yael. Kak Mbl BAmenH, Gpuanueckuil aHaqus coObITHIl
Takoro tTHna B Gelke Tpebyer yuera sIBJEHHH B OKpyXKalollle#l BOA-
Holl cpene (cM. ¢Tp. 371),
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