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M3ydeHsl 3aKOHOMEPHOCTH IPOIecca TEPMHUYCCKOW HWHAKTHBAIMM MMMOOWIN30BaHHOW Ha KVY-2
unynuHasel 13 Helianthus tuberosud.cranosieno, 4To B ycaoBUsSX UHKyOaluu uHyIMHa3sl mpu 50u 60°C
(hepMEHT MHAKTUBUPYETCS MOCTEIICHHO, COXpaHsis cOOTBeTCTBCHHO 84 n 81% karanuTuueckoi cnocoOHOCTH
nociie  60-MuHyTHOrO mporpeBaHus o0pasuoB. Peskoe yMmeHblIeHHE (DEPMEHTATHBHONW aKTHBHOCTH
npenapara (Ha 60%) mpoucxoaut mocie 40 munyr uHkyGauuu npu 70°C. Ilpu 80 u 90°C mpouecc
MHaKTUBALMK MHYJIMHA3bI [IPOTEKAET elle 0ojiee MHTEHCUBHO: Yepe3 1 4ac coxpaHseTcs COOTBETCTBEHHO 15
1 7% 0T mepBOHAYATBHON AKTUBHOCTHU YH3UMA.

[IporemMoOHCTPUPOBAaHO, YTO, HECMOTPS HA Pa3IM4YMe B 3aKOHOMEPHOCTSX IMPOTEKaHHs Ipolecca
TEPMHYECKOW  MHAKTHBALMM  HMMMOOWIM30BaHHBIX  HMHYJIMHA3  JPOMOKEBOIO W PACTHUTEILHOTO
MNPOUCXOXKACHHSI, aACOpOIMs HAa HOHOOOMEHHBIX CMOJIAX M BOJIOKHAX MO3BOJSIET YBEJIMYHThH JAUAIA30H
3HAYEHUH TEMIEPATypHOrO ONTHUMyMa WX (YHKIMOHUPOBAHHS M MOBBILIAET TEPMOYCTOWYHBOCTH
MpErnaparoB, 4TO PACHIMPSET TOPH30HTHI MX MPAKTHYECKOrO MPUMEHEHHUs! B (hapMaleBTHYCCKOH, MHUIIECBOM
MPOMBILUICHHOCTH, & TAK)KE B aHAITUTHYSCKON MPaKTHKE.

KiroueBble ¢JI0Ba: HHY/IMHA3a, MMMOOWIM3AIWSA, TEPMHYCCKAass HWHAKTUBAIMS, HOHOOOMEHHAas
cmoia KY-2
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Inulinases (EC 3.2.1.7) participate in a carbohydranetabolism of the higher plants and

microorganisms. They can be used in cycles of sugarduction with various extent of polymerizatiém,
particular, of inulin, fructose and inulooligo-sherides. Heat stability is the major selectioneeriin for
enzymes of industrial value therefore researctegtilarities a thermal inactivation process of tidinase
from Helianthus tuberosus immobilized on KU-2 whae purpose of this work.

The fractions of protein from Helianthus tuberosuisers with inulinase activity, immobilized on

ion-exchange KU-2 pitch, were objects of reseamttiity of heterogeneous preparation was ~ 80%).
Protein content was determined by Lowry methodalgtit activity of enzyme was measured by rezortsin

method.

It is established that at 50 and 60 °C the incalpatif an inulinase doesn't lead to saltatory change

in catalytic activity of a preparation, enzymensagtivated gradually, keeping respectively 84% &heh of
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catalytic ability at 60-minute warming up of sampléAfter 40 minutes of incubation at 70 °C sharp
reduction of catalytic activity of a sample, whigbcreases to 40% at 60-minute warming up, is obdert

80 °C process of an inactivation happens more &itely and after 60 minutes only 15% of preparation
activity remain. High loss of catalytic ability ¢arried out at 90 °C: after 10 minutes of enzyneailration in
buffer solution the percent of activity preservatimakes 59%, and after 60 minutes there are only#%
initial activity were.

Despite distinction in the regularities of couree ffrocess of a thermal inactivation of immobilized
inulinases from fungi and plants, adsorption onéanhange pitches and fibers not only allows toease
value of a temperature optimum of their functioniaabilizes conformation of molecules, but alsotgets
spatial structure of enzymes, increasing heatlgtabf preparations. The adsorptive enzyme becostaisle
in relation to denaturant factors of environmenattlexpands the horizons of its application in the
pharmaceutical, food industry, and in analyticalgpice.

Keywords: inulinase, immobilization, thermal inactivatiooniexchange resin KU-2

BBegeHue

Wnymunazel  (unynaser, 2,1$-D-¢pykran-ppykranorugponassr, Kd 3.2.1.7)
Y4acTBYIOT B YIJIEBOJHOM METa0OJM3ME BBICHIMX PAacTEHUl M MUKpoopraHu3mon. OHu
MOTYT OBITH HCIIOJIb30BAaHbl B LMKJIAX MPOHM3BOJCTBA CaXapoB C PA3IMYHON CTEHEHbBIO
MOJIMMEpHU3ali, B YAaCTHOCTH, WHYJIWHA, GPYKTO3bI U HHYJIOOJIMIOCaXapuIoB —
HEOTHEMJIEMbIX ~ KOMIIOHEHTOB  (DYHKIIMOHAJIBHOTO MUTAHWS, CHWKAIOIUX  PUCK
BO3HHUKHOBEHUS caxapHoro auabera, kapueca U OKUPEHHUS.

TemnepaTypa SBISETCS OJHUM U3 KIIOUEBBIX SKOJOTHYECKHX (DaKTOpPOB, OT
KOTOPOTO 3aBUCUT 3(P(PEKTHUBHOCTh NPOTEKaHUS BCEX (PUIUOJOTHUECKUX MPOIECCOB,
MNONJEPKUBAIOIIUX  KU3HEACITENbHOCTh U oOecrneuuBaomuX  (QyHKIHOHUPOBAHUE
6uocucreMm. Takoil mapameTrp Kak TEPMOYCTOWYHBOCTh — BXKHEWIIMH KpUTEpHil oTOOpa
JUTsl pepMEHTOB POMBILIUIEHHOTO 3HaYEHHs, IOATOMY 11eJIbI0 paboThl ObLIO MCCIEA0BaHNE
3aKOHOMEPHOCTEH  Tpolecca TEPMOMHAKTUBAIMKM UMMoOWnIM3oBaHHOW Ha KVY-2
unynmuHasbl u3 Helianthus tuberosus.

B psine Hammx paboT MOKa3aHo, YTO JUIS JPOXKIKEBON MHYIWHA3bI, aJICOPOIIMOHHO
nmmooOmnm3oBanHo Ha BMOH KH-1, AB-17-21 u KVY-2, temneparypHbiii ONTHMYM
CMelaeTcs B CTOPOHY OoJiee BBICOKMX 3HAYEHHH C MAKCUMAJIbHOW aKTHUBHOCTBIO IPH
70°C, uro na 20°C Bhilre, yeM ajas HaTUBHOTO (pepmenta [1-3]. UMMoOHIN30BaHHBIC HA
KVY-2, KVY-2-84C u AB-17-2A1 mnpenaparel uHynuHasel u3 Helianthus tuberosus
MIPOSIBIISIIOT MaKCUMaJIbHYIO KaTaJTUTHYECKYIO CIIOCOOHOCTh B JIMara3oHe temreparyp 60-
70 °C [4].

AKCNepuUMeHT

OObexramu uccieoBaHus ObUIM  (pakiuu OesKa, BbIIEICHHBIE U3 KIyOHEH
Helianthus tuberosus, nposiBistoNIHe HHYIMHA3HYIO aKTHBHOCTH, HMMOOHMIN30BaHHbBIE Ha
noHooOMenHol cmoiie KY-2 (cTeneHp coxpaHeHUs: akTHBHOCTH T€TEPOreHHOTI0 MpernapaTa
cocraBisiia ~80 9). [TogpoOHO METOAMKH OYMCTKH IMperapara W €ro WMMOOMIH3AIHH
u3JI0KeHbl B padorax [4, 5]. B kadectBe cyOcTpaTta Mcnoib3oBanu uHyIMH pupmer MP
biomedicalsi3 xopueit nukopus ¢ Mmosekyisipaoit maccoii 5000/1a.

Conepxxanne Oenka omnpenensiii  meronoMm Jloypu, akTUBHOCTH (epMeHTa
U3MEPSITH CTIeKTpO(OTOMETPUIECKH PE30PIITHOBBIM METOZIOM Ha
doroanekrpokonopumerpe K®DK-3  (Poccus) [6]. 3a enuHUIly KaTaTUTHYECKOU
AKTUBHOCTHU MHYJIWHA3bI IPHHUMAIIN TAaKOE KOJIHMYECTBO (PePMEHTA, KOTOPOE KaTATU3UPYeET
obpazoBanue 1 MkM ¢pykTo3bl 32 1 MUH.
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Cratuctuyeckyro o0pabOTKY MOIYYEHHBIX PE3yJbTAaTOB MPOBOAMUIM IPU YPOBHE
3HaYMMOCTH S % ¢ ucnons3oBanueM t-kpurepus CThIOJCHTA.

O6cyxaeHue pe3ynbTaToB

C nenbio M3ydyeHHUs BO3ACUCTBUS PA3JIMYHBIX TeMIepaTyp Ha (yHKIHMOHAJIbHBIC
CBOMCTBA MOJIEKYJT HMMOOMIM30BaHHON MHYIMHa3el u3 Helianthus tuberosus namu GbLau
IPOBEICHBI AKCIIEPUMEHTHI 10 MCCIIEIOBAHUIO TEPMOCTAOMIBHOCTH JaHHOTO MpenapaTta.
st 9TOrO pacTBOpHl O€IKOB MHKYOMpoBaid B WHTepBaie BpeMmenn 10-60 Mun mpm
pasmmunbix Temneparypax (50-90 T) c¢ nocneayrommm onpeaeacHueM KaTaTuTHIeCKON
akTHBHOCTH. Ha puc. mokazaHa quHaMHKa IpoIecca HAKTHBAIIMA HMMMOOMIN30BaHHON Ha
KY-2 unynunassl u3 Helianthus tuberosus (akTuBHOCTP KIMMOOHMIH30BaHHOTO (epMEHTa
0e3 mpeaBapUTEIbHOIO HarpeBanus Obuta mpuHsTta 3a 100 %).

YcranoBneno, yto npu 50 m 60°C wmHKyOanus WHYNIMHA3bl HE NPUBOIUT K
CKauKOOOpa3HbIM HM3MEHEHUSAM KaTAJIUTHYECKOH AaKTHBHOCTH TperapaTa, (EepMeHT
UHAKTHBHUPYETCsl MOCTENEHHO, coXpaHss cooTBeTcTBeHHO 84 m 81 % karanuTuueckoit
criocoOHocTu Tipu 60-MuHyTHOM TIporpeBaHuu oOpasioB. [locne 40 MuHYT MHKyOanuu
npu 70°C wnabmromaercsi pe3Koe YMEHbIICHHE KaTaJMTHUYECKOW aKTUBHOCTH o00Opasia,
koropasi cHmwkaercs 1m0 40 % mpu 60munyTHOM mporpeBanmu. [Ipm 80°C mpomecc
MHAKTHBALUU TPOMCXOIUT HMHTEHCHBHee W yepe3 60 MuHyT coxpansercs mumb 15%
aKTHBHOCTH IIpenapara. Beicokas moTepsi KaTaIMTHYECKOM CIIOCOOHOCTH OTMEUaeTcs MpH
90°C: yxe mocne 10 MuHyT MHKyOauumum sH3UMa B OydepHOM pacTBOpe MPOLEHT
COXpaHEHHUs aKTUBHOCTH cocTaBisieT 59%,a yepe3 60 MuHyT — inirb 7% nmepBoHaYaIbHOM
AKTHBHOCTH.
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Puc. 1.3aBHCHMOCTh KaTATUTHUECKOW aKTUBHOCTH (A) MMMOOMIN30BaHHON HA
KVY-2 unynunaser u3 Helianthus tuberosus ot BpeMeHu TepMHYECKON HHAKTHBAIIUN

Panee Hamu OBUT HCCIIEIOBAH MPOIECC TEPMUYECKONW MHAKTHBALUK MHYINHA3HI U3
Kluyveromices marxianus Y-303 B CBOOOJHOM COCTOSIHUM W TOCIE aJCOPOIMOHHOM
AMMOOWIM3anu Ha KaruoHHooOMeHHOM BosokHe BHWOH KH-1. Ilokasaso, 4ro
uHKyOammst cBobogHoro ¢epmenta mnpu Temmeparypax or 30 go 37 T B
(HU3HOIIOTHYECKOM PACTBOPE B OTCYTCTBHE CyOCTpaTa HE MOIABISET €€ KaTaTUTHYeCKOU
cnocooHocTH. [Tpu 50 C nporecc WHAKTUBAIMK MPOUCXOIHUT JOCTATOUHO MHTEHCUBHO H
yepe3 60 MuHYT mporpeBaHus coxpaHseTcs Jumb 33 % KaTaJTuTUYECKOW CIOCOOHOCTH.
NukyOarus nMMOOMIM30BaHHOTO TpenapaTa B TeueHue 1 yaca npu Temmneparypax 50-80
°C He NPUBOAWT K IIOJHON WHAKTHBAIMK (EpPMEHTa, JHUIIb HarpeBaHHEe pPacTBOpPA
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mpu 90 C B Teuenme 60 MUHYT JMIIAET HMHYJIMHA3Y CIIOCOOHOCTH THIPOJIU30BATH
UHYIHH [7].

3aknryeHue

HecmoTtpst Ha pa3nuune B 3aKOHOMEPHOCTSIX MPOTEKAaHUsS IMpoliecca TEPMUUYECKOM
WHAKTUBAllMM  HMMMOOWJIM30BAaHHBIX  WHYJIMHA3  JIPOAOKEBOIO U PACTUTEIHHOTO
IPOMCXOXKACHUS, aACOPOIUs HA MOHOOOMEHHBIX CMOJIaX U BOJIOKHAX HE TOJBKO MO3BOJISET
YBEJIMYUTH JHAla30H 3HAUYEHUN TEMIEpaTypHOTO ONTHUMyMa HUX (YHKIHMOHUPOBAHUS,
crabunmsupyeT KoHpopmanuio mMonekyn [8-13], Ho Takxke 3aluIaeT MPOCTPAHCTBEHHYIO
CTPYKTYpy (EpMEHTOB, MOBBIIIas TEPMOYCTOMYUBOCTH MpenaparoB. AacOpOLUUOHHO-
CBSI3aHHBI SH3UM CTAHOBUTCS 0ojiee CTAaOMIIBHBIM IO OTHOLICHHIO K JEHATYPUPYIOUIHM
dbakTopaM BHENIHEH cpeapl, yeM (PEpPMEHT B CBOOOTHOM COCTOSIHHUH, YTO PACIIUPSET
TOPHU30HTHI €r0 MPUMEHEHHs B (papMaleBTUUECKOM, MUIIIEBON MPOMBIIIJICHHOCTH, a TaKXkKe
B AHAIMTUYECKOU MPAKTHUKE.

Paboma svinonnena npu noooepacke Munoopuayku Poccuu

8 PAMKaxX 20Cy0apcmeenHozo 3a0anus BY3am 6 cghepe nayunou oesmenvrnocmu
na 2014-2016 2o0w1. IIpoexm Ne1090
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