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oKaszaHo, 4YTo nomu-N-BUHUIKANposakTaM yBefMuMBae T CKOPOCTb rMaponm3a cy6ecTpaTa 6eH3ouns-
apruHUH napa-HUTpoaHuaaa TpuncuHom npu 25°C. MpeanonaraeTcsi, YTO HalifeHHbIA adhekT
SIBNISIETCS CNEACTBMEM KOMIM/IEKCOO6Gpa3oBaHusi 6enka ¢ MoMMEPOM, BIMSIOLLENO HA KOH(OpMaLuio

q)epmeHTa 1 BbI3bIBAKOLLEI 0 CHWKEHNE KOHCTaHThl Muxasnuca n ysennieHne Vmax.

KnroueBble cfoBa: TPUNCKUH,

(*)epMeHTaTVIBHaFl aKTUBHOCTb,

HMWKHAA KpUTUYECKad TemnepaTypa

pacTBoOpeHus, nonn-N-euHUIKanponakTam, KoHCTaHTa Muxaanuca.

BBepeHuve

BuokaTanmsatopbl, 06Nnafas BLICOKOA cneuu-
(OMYHOCTLHO M aKTUBHOCTbIO, KaK MpPaBwio, UMEKT
CYLLECTBEHHbIA HEAOCTATOK — HU3KYID TepMuyec-
Kyto CTabunbHOCTb [1]. U3 nnTepaTypbl N3BECTHO O
CTabUNN3MPYIOLLEM BIUSHUN HEKOTOPbIX NOMNMe-
POB Ha KOH(OPMaLMOHHYH YCTOYMBOCTb GENKOB
B YCNOBUAX AeHaTypauuu [2, 3]. V13 nccnegyembix
MO/MMEPOB OCOOLIA WHTEPEC, Ha Hawl B3rsg,
MpeacTaBnAOT Mnonu-N-BUHWAAMMALl U, B YacT-
HoCTK, nonueuHunkanponaktam (MBK). 3T0T no-
nnmvep o06n1agaeT BbICOKO KOMMJIEKCO06pasyHoLLEi
CMOCOBHOCTLI0, BUOMHEPTHOCTLIO, HA/TMYMEM HUXK-
Heil KPUTUYECKOl TemmnepaTypbl PacTBOPEHUS
(HKTP) B pAvanasoHe (M3MOMOrMYECKUX TeM-
nepatyp (32-35°C), 4To MO3BOASET MCMOML30BATL
ero ana ummobunmsaunm bnokaTannsaTopos, pas-
[ENeHNst N KOHLEHTPUpOBaHUS GenkoBs, M3roToB-
NEHNS NIEKapCTB MPOIOHIMPOBAHHOMO AeCTBUS.

Mo MHeHMIO aBTOpPOB [4-7], OCHOBHOI MNpu-
YMHOWA CTabunm3aumm epmMeHTaTUBHON aKTUB-
HOCTW Genka MOAMBMHWIKAMPOSaKTaMoM npu Tep-
MWYECKOM HarpeBe ABASETCH CNocobHocTb MBK
MeHSATb CBOe (Pa30BOE COCTOSIHME B Y3KOM WHTep-
Bane TemnepaTyp B6aAuM3n HKTP. C wucnonb3o-
BaHMEM METOAOB CMMWHOBbIX METOK, JHOMWHEC-
LeHTHOI nonapusaumm, AMP un gp. [8-10]
MOKasaHo, YTO NpWY 3TOM MOMUMEPHBIA K1y6OK
CKMMaeTca B pesy/bTaTe rnapoobHOro B3ammo-
[ENCTBNSA, YMEHbLUAETCA CerMeHTa/lbHas MOABUX-
HOCTb MaKpPOMONEKY/bl, U 3aXBayeHHbI (epMeHT
TepsieT CNOCOBHOCTb M3MEHSATL CBOH CTPYKTYPY M
JeHaTypupoBatb. C Apyroil CTOPOHbI, npouecc
TepMoCcTabunM3aLmMm MOXHO paccMaTpuBaTh U B
60/1ee LUMPOKOM acrekTe, a UMEHHO, Y4uTbIBaTb
KoomepaTMBHOE B3aMMoOfeicTBne 6Genka UM nonu-
Mepa, COnpoBOXAaroLleecs 06pa3oBaHMEM MHO-
YKECTBEHHbIX CBSi3ell pasnnuHOii Mpupoabl. Kak
MaKpOMO/IEKyNa CUHTETUYECKOTO NOMMMepa, Tak U
MoneKyna epmMeHTa cogepxat (hYHKLMOHa/bHbIe
rpynnbl, KOTOpble MOryT 00pa30BbiBaTb KOMII-
NEKCbl, HanpuMmep, 3a CYET BOAOPOAHbLIX CBA3EN,
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[IOHOPHO-aKLeNTOPHOro 1 rmapodo6HOro B3anmo-
[eiicTBMst U T.0. Takoe B3aMMOAEACTBME MOXET
BNMATb Ha (PEPMEHTATUBHYHO aKTMBHOCTb Oefka
Kak npu Temnepatype Hmxe HKTP, Tak 1 nocne
ocaxaeHust nonumepa. B nutepatype [2, 11, 12]
HeT 0AHO3HAYHOr0 MHEHMWS O POX MOMMMEpa W €ro
KOMM1eKCo06pa3oBaHns ¢ pepmMeHTamu B MpoLec-
cax brokartanmsa.

B 3TOi CBSi3M B HaCTOslLLE paboTe mccne-
[0BaHO BAMAHME MONM-N-BUHMIKaNponakTama Ha
CTabunm3aumio TPUMNCUHA NpW TeMnepaType Huke
HKTP.

OKCcneprMeHTaIbHadA YacTb

B pa6ote uCNonb30BasiM  NOMUBMHWIKAMPO-
nakTam (MBK) ¢ MonekynsipHoii maccoit 1-10° [la n
TpuncuH (OO0 «CAMCOH-ME[», CaHkT-INeTep-
6ypr). AKTVBHOCTb TPUMNCUHA ONpegensnv no pe-
aKLu1K ero ¢ cyocTpaTom — 6eH30UI-aprMHUH Napa-
HuTpoaHunmaom (BAPNA). O6pasytouuiics npu
rMaponn3e ammuaHoN CBA3U M-HUTPOAHWUANH (UK-
cupoBany cnektpodoTomeTpuyeckn (A =400 HM,
£=10000 monb"'n cM™). Peakuuio NpoBOAVAM B
cpege Tpuc-HCI 6ydepa, pH 8.0. B pabote uc-
Monb3oBa/IN KaK BOAHbIA Gydep, Tak n 6ydep C
no6askoli MBK. HavanbHyto cKopocTb thepMeHTa-
TUBHOIA peakLMn ONpeaensnn no HakIoHy NNHeid-
HOW YacTV KPMBOIA HAKOM/EHWS N-HUTPOAHU/TMHA B
TeueHne nepebix 20-40 ¢ (rnybuHa ruaponusa
cybctpata 10-20%) nocne Hayana peakumu
(onT. eg./MUH). Y®-cnekTpbl perucTpupoBanm Ha
cnektpooTomeTpe Helios Alpha Local Control
System upmbl «Termo Spectronic» (CLUA). Ans
06paboTKM 3KCMEPUMEHTA/IbHLIX AaHHbLIX B paboTe
MCMONb30BaH METOZ MHTEPMONALNM.

PesynbTatbl 1 UX 06CYyXXaeHNe

Mpu onpegeneHUn (HEepPMEHTATUBHON aKTUB-
HOCTW TPUMCMHA MPW KOMHATHOM TemrepaType B
BoAHOM Oydepe n B Oydepe ¢ gob6askoii MBK
nokasaHo (puc. 1), 4To BBefeHMe Monumepa cno-
COOCTBYET MOBbLILIEHNIO aKTMBHOCTU (hepMeHTa
Mpy MNpoYMx paBHbIX ycnosusax. Kpome Toro, us



Tabn. 1 BUAHO, YTO Pa3HOCTb B AKTUBHOCTW TpWI-
CWHa, onpefeneHHas B BOAHOM Bydhepe u B 6ychepe
c po6aBkoii [MBK, 3aBMCMT OT COOTHOLLEHUS
(hepMeHTa 1 cybcTpaTta M MakcumanbHa Mpu ero
HaMMeHbLUEM 3HAYEHUW, C YBEJIMYEHWNEM KOHLIEHT-
paummn TPUMNCUHA 3Ta pasHULA HUBENPYETCA.

[N BblUMCNEHUA KOHCTaHTbl Muxasnuca B
HacTosiLeil paboTe NpoBeAeH pag SKCMEPUMEHTOB
Mo OMNpeAeneHnI0 KaTaMTUYECKOA aKTUBHOCTU
TPUNCMHA NPU NOCTOSHHOW ero KOHLEeHTpauum v
MepeMeHHOM KOHLeHTpauun cybeTpaTa. Bee name-
PEHUs MPOBOAWNCL MPWU KOMHATHOIM TemmepaTtype
B BOgHOM Oydepe n B Oydepe ¢ gobaBkoi 2%
MBK. Mo TaHreHcy yrna Hak/oHa KacaTenbHOl
ornpejeneHa CKOPOCTb B3avMOLECTBUS TpUMCHHa
c cyéctpatom. 10 3TMM [JaHHbIM MOCTPOEHA
3aBucumoctb V = f ([S]). Onsa pacyeTta aTu rpadu-
KM ObliM  NMHEapW30BaHbl METOAOM  ABOMHbIX
06paTHbIX BenuunH (MeTog, JlaliHyneepa—bepka) B
3aBucumocTb 1/V ot 1/[Sg]. KoHcTaHTy Ky onpe-
[enann no oTpe3Ky, OTCEeKaeMOMy MpsMORA Ha ocu
abcumce. KuHeTnyeckue faHHble (hepMeHTaTuB-
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HOro rmgponusa B BogHoM Gycepe n B Bydepe ¢
pnobaskoii MBK B koopauHaTax JlaiHyvBepa—
bepka npeacraeneHbl Ha puc. 2 1 3.

D03

0 1 2 3

T, MUH

Puc. 1. KatanmTnyeckaa akTMBHOCTb TPUMCUHA
B pa3nMuHbIX cpefax: 1 — B Bydepe, cogepallem
2% wac. MNMBK; 2 — B byepe, cogepxatiem
2% wmac. nonueuHUANMpponuaoHa (MBI1);

3 — B BogHOM Gydepe. [Tp] =5 MKM.

Tabnuua 1. Baanmogeiictaue TpuncuHa (Tp) ¢ cybecTpaTom (S)

B pa3nnyHbIX ycnosusx ([S] = 115 MkM)

[Tol CkopocTb peakumm Tp ¢ S, onT. ed./MvH
) 102
MKM [TPVISI10 B BOAHOM Gyepe, B Gy(hepe ¢ 406aBKON ValVi
V1 2% mac. MNBK, V,
8.0 6.96 0.14 0.13 0.93
4.0 3.48 0.08 0.10 1.25
2.0 2.74 0.04 0.075 1.87
0.8 0.70 0.005 0.01 2.00
UV, Monb! n-c 3.0E+05 -
y=8.75x+18931
2.5E+05 -
2.0E+05 -
(
1.5E+05 -
1.0E+05 -
.
5.0E+04
—1.0;E+04 —5.0;:;3('\(1)\.’05-00 5.0IL‘_+03 l.OI“:!-O4 1.5I“:!-04 2.0I“:!-04 2.5IL‘_+04 3.0IL‘_+04
1/[S], Mt
-5.0E+04 -

Puc. 2. KnuHeTnueckume gaHHble rugponusa BAPNA TpuncuHom B BogHOM Gydepe
B KOOpAVHaTax flaiiHyvsepa—bepka. [Tp] = 5 MKM:; [S] = 4.3:10° - 9.4.10™ M.
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1V, monb™ n-c 7.0E+04 -

6.0E+04

5.0E+04 -

4.0E+04

3.0E+04 -

2.0E+04 -

AOE+04 1

y=5.08x+16070

-6.0E+03 -4.0203 .OE+00

2.0E+03

4.0E+03 6.0E+03 8.0E+03 1.0E+04

1/[S], M?

Puc. 3. KnHeTnuyeckue faHHble rugponuza BAPNA TpuncuHom B 6ydepe, cofepKallem
MBK, B koopauHaTax Jlaiinynsepa—bepka. [Tp] = 5 MKM:; [S] = 1.1-10* - 9.1.10"* M.

Mony4yeHHble  KMHETMYECKME  MapaMeTpbl
ypaBHeHUs Mwuxasnuca—MeHTeH npeacTaseHbl B
Tabn. 2, U3 KOTOPOI BWMAHO, YTO ANSl peakuuii B
BoAHOM Oydepe n B Oydepe ¢ gob6askoii MBK
OT/IMYAIOTCA KaK KOHCTaHTa Mwuxasnuca, Tak M
Vimax- Km peakummn B 6yepe ¢ agob6askoii MBK

noytm B 1.5 pasa HWXKe, YeM B BOAHOM, 4TO
roeoput o 60nee 3PHEKTVBHOM  CBA3bIBAHUN
cybctpata ¢ (pepMeHTOM. CKOpPOCTb ruMaponusa
cybcTpata B 6ydepe ¢ gobaskoit MBK Bo3pacTaeT
B 1.4 pa3a, N0 CpaBHEHMIO CO CKOPOCThHIO Tna-
ponusa B BOAHOM Bydhepe.

Tabnmua 2. KuHeTn4eckne napameTpbl rmaponmsa cyberpata BAPNA TpunicuHom npy 25°C ([Tp] = 5 MKM)

bytep Ku, MM Vina 107, MONB/N- KoathpmmeHT koppenaumm R
BOAHbIV 0.462 + 0.002 0.75+0.002 0.9981
¢ go6askoin NMBK 0.316 + 0.002 1.07 £ 0.002 0.9986

Ha ocHoBaHMM NoyYeHHbIX JaHHbLIX MOXHO Npeg-
NOMOXMTb, YTO YBENIMYEHUE aKTUBHOCTU TPUMCYHA B
npucyTcTBMM MBK NpoMCXoauT 3a CYET B3aMIMOAEACT-
BMS TpuncuHa ¢ MBK, KoTopblid, Kak M3BECTHO [2],
00nafaeT BbICOKOA KOMMIEKCOObpa3ytoLleidi cno-
COOHOCTbID. 3TO MPUMBOAUT K W3MEHEHWMIO KOH-
(hopMaLWIOHHOTO COCTOsHMA (hepMeHTa W ONPeensieT, B
KOHEYHOM CHeTe, aKTMBHOCTb G1OKaTa/13aTopa.

Taknum 06pa3oM, CNOCOBGHOCTb K KOMM/EKCO-
06pa30BaHUI0 pearvpyroLmnx BeLLECTB MOXET Of-
pefenatb U (PepMEeHTATUBHYIO aKTMBHOCTb TpWUM-
cuHa. W ansa cpaBHeHus B paboTe MCCNeaOoBaH Lpyroi
nonu-N-BUHUNaMmg — nonmeuHUNnNMpporngoH (MBI),
KOTOpbI/A MO NNTEPATYpPHbIM AaHHbIM [2] uMeeT Gonee
HU3KYIO BE/IUYMHY KOHCTaHTb! KOMIMIEKCO0Bpa30BaHms
C HekoTopbIMM Genkamu, Yem MNBK. W, kak nokasaHo
B HacTosleiA paboTe, B 3TOM C/lyyae Haiuuue
nonMmepa cnabo BAUSET Ha (DEPMEHTATUBHYIO
aKTMBHOCTb TpuncuHa npu 25°C (cM. puc. 1), T.e.
[ENCTBUTENbHO, MPOCNEXMBAETCA  B3aMMOCBS3b
MeXAy CnoCOBGHOCTbIO (hepMeHTa W nofMmepa K
KOMMIEKCO06Pa30BaHNI0 M CKOPOCTHIO  (PEpPMEH-
TaTUBHOIO rMAponM3a cybecTpaTta nog AeicTBMEM
6uoKaTanmsaropa.

C [Opyroii CTOpOHbI, KaK OTMeyanoch, aKTUB-
HOCTb TpUMNCKHA ONPeaensiv no CKopocTn obpasy-
foLLerocs Mmpu rugponnse amyMgHoON CBsisu CybCT-
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pata N-HATPOAHWNMHA, KOTOPbIA (HUKCUPOBaIM
CMEKTPOOTOMETPUYECKN. MOXHO NPeLnoNoXuTb,
YTO MOAAPHBIA N-HUTPOAHWMH 00Opa3yeT KOMM-
nekc c¢ MNBK, 4To NpuBOAUT K YBEINYEHWUID ero
KO3huUMeHTa SKCTUHKLUMU W, COOTBETCTBEHHO,
«KaXKYLLENCA» aKTMBHOCTU TpuncuHa. [eiicTBm-
TeNbHO, CpaBHEHWE Y P-CneKTPoB N-HUTPOAHUIMHA
B BOAHOM Oydepe n Oydepe ¢ gob6askoii MBK
nokasano, 4to Hauume MBK (2%) npuBoguT K
6aTOXpPOMHOMY CABUTY MaKCMMyMa MOr/oLLeHNs
(+4 HM) M He3HaAuUNTENbHOMY POCTY WHTEHCKB-
HocTn nornoweHms (B 1.15-1.20 pasa npu 400
HM). B TO ke Bpems, KMHETUYECKas aKTUBHOCTb
TpuncuHa (puc. 1), n3MepeHHas Npu ToiA Xe AnnHe
BO/MHbI (400 HM), Bo3pacTana B 1.8-2.0 pasa npu
Tex Xe ycnosusx. Kpome toro, B paboTe rnokasaHo,
yTo Npu yBennYeHUN KoHueHTpaumum [MBK B
6yepe oT 1 Ao 4% mac. onTU4YecKas NAOTHOCTb
(400 HM) n-HWATPOAHWNIMHA B 3TUX pacTBOpax
Bo3pocna nuwb B 1.1 pasa, YTO He MOXET W3-
MEHUTb BbIBOAA 06 YBENMYEHUM aKTUBHOCTM
TpuncuHa B npucytctsun MNBK.

Takum 06pa3om, KomniekcoobpasosaHme MBK
C TPWUMNCMHOM NpWY  KOMHATHOW TemmepaTtype
NPUBOANT K HeLeHaTypUPYHOLLEMY UW3MEHEHUIO
KOH(hopmaumn 6enka, 4TO CMOCOBCTBYET POCTY
CpPOACTBa K Cy6CTpaTy, T.e. CHUXKEHUIO KOHCTaHTbI



Mwuxasnuca W, B KOHEYHOM CYeTe, YBEINYEHUIO
KaTa/IMTUYECKOM aKTMBHOCTW hepmeHTa. Takoe
B3aMMOJENCTBME MOXET BAUATL Ha (hepMeHTa-
TUBHYIO aKTUBHOCTb Genka W npu Temnepatype
Bbille HKTP, T.e. mocne ocaxaeHUs noanmepa.
Mpn 3TOM BO3MOXHOCTb KOMIM/EKCO06Pa30BaHUsA
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CUCTEMbI, B YAaCTHOCTU, M-HUTPOAHWUIMHOM, MOXET
NPUBECTUN K M3MEHEHMIO BENMUMHbBI KO3D(urLUMeHTa
3KCTUHKUMU N-HUTPOAHUMMHA, UTO HEeoOX0AuMMO
YUNTbIBaTb NPU CMEKTPasbHOM MeTOAe onpege-
NEHNs KNHETUYECKOW aKTUBHOCTW He TONbKO TpUr-
CVHa, HO U APYruX NOA06HbIX CUCTEM.

MBK 1 ¢ gpyrMmmy KOMMOHEHTaMW peaKLWOHHOM
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THE EFFECT OF POLY-N-VINYLCAPROLACTAM
ON ENZYMATIC ACTIVITY OF TRYPSIN
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It is known that some synthetic polymers can enhance the stability of some proteins including enzymes against
thermal denaturation. An important example of such behaviour is poly-N-vinylcaprolactam (PVC), although the
mechanism of this phenomenon is not fully understood. This paper deals with this problem with the system PVC-
trypsin as an example. PVC is a polymer, which has lower critical solution temperature (LCST) in aqueous
solution. It is shown that the rate of enzymatic hydrolysis of a substrate — benzoyl arginine — n-nitroanilide
(BAPNA) — with trypsin in aqueous solutions of PVC at 25°C is higher than that in the buffer solution. It is
supposed that this effect is a consequence of the complex formation of trypsin with PVC affecting the
conformation of the protein and binding of the substrate. The complexation brings about a decrease of the
Michaelis constant and an increase of the rate of the biocatalyst interaction with the substrate. It is found that the
activity of trypsin depends on the ratio of the enzyme to the substrate. The complexation of trypsin to poly-N-
vinylcaprolactam can have influence on the enzymatic activity of the protein at temperatures above LCST, as well
as on trypsin trapping in the precipitating polymer. It is noted that, when one determines the enzyme activity by
spectral methods, it is necessary to take into account the possibility of complex formation of the polymer with
another substance in the reaction system, which can cause errors.

Key words: trypsin, enzymatic activity, LCST, poly-N-vinylcaprolactam, Michaelis constant.
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