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AHHoTanus. B HacTosIIIee BpeMsi MHOTHE UCCIIEIOBATEIH CTANK oOpamaTh BHUIMaHUE HA TO, YTO HE TOJIBKO
TpaIUIMOHHBIE COPOCHTH 1 HOHOOOMEHHUKH, HO W P IPUPOIHBIX KOMIIOHEHTOB, COICPKAIINXCS B PACTH-
TENBHBIX U )KUBOTHBIX OPTaHMU3MaX, 00JIaIal0T CIIOCOOHOCTHIO ITOTIIONIATE IPYTHE OPTAaHHYECKIE MOJICKYIIbI U
WOHBI, BCTYTIaTh B PEAKIINN KOMIUIEKCOOOPa30BaHUI C HOHAMH METAIIOB, IPOSBIATh KAaTATUTHIECKHE CBOM-
ctBa. K TakuM TpHUPOIHBIM BeIIeCTBaM, OOIaJaroIIdM COPOIMOHHBIMH M HOHOOOMEHHBIMH CBOHCTBaMH,
MO>KHO OTHECTH aMHUHOIIONMCAXapuabl (XUTHH, XUTO3aH), HyKJICHHOBBIC U pHOOHYKIICHHOBBIE KHCIIOTHI, CaIlo-
HUHBI, (hepmeHThl. [IpUBECHHBIN TIEPEUCHb BEUICCTB MOXHO OTHECTH K BBICOKOMOJICKYJISIPHBIM COCIHHC-
HUSIM, 00JIa/IAI0IIUM COPOLIMOHHBIMH, JIUTaH/IHBIMHM ¥ KaTaJIMTHYECKUMH CBOiicTBaMu. B Hacrosmiel padore
NPUBOASTCS PE3yJIbTaThl UCCIE0BAaHMS (DYHKIIMOHAIBHBIX IPYIII aKTUBHOTO LIEHTPa WHYJIMHA3bI U 0COOCHHO-
CTel ee YeTBEPTUYHON CTPYKTYPHI. Y CTAHOBJIEHO, YTO ()EPMEHT UMEET YETBEPTUUHYIO CTPYKTYPY, IPEJICTaB-
JICHHYTO ByMsl cyObenuuuinamu ¢ Mr 76900 Jla u 10140 [a, 001a1ar0uMH KaTaTUTHIECKON aKTUBHOCTHIO.
B oOpazoBanuu (pepMEeHT-CyOCTPaTHOTO KOMIUIEKCA NMPUHUMAIOT y4acTHe MMUIA30JbHBIA paguKai TUCTH-
muHa, SH-rpynmel 1 kapOokcHibHBIe Tpynmbl. Llenpio qaHHON paboThHl SBIIIOCH H3YYeHUE (PYHKIMOHATBHBIX
TPYTIT aKTUBHOTO IIEHTPa M HEKOTOPEIX 0COOCHHOCTEH YeTBEPTUIHON CTPYKTYPHI HHYTHHA3HI.

B HacTosmielt paboTe HCTIOIP30BaH IpenapaT WHYINHA3E], BEICICHHON U3 Aspergillus awamori 112250, oun-
IICHHBIA METOJJOM HOHOOOMEHHOU Xpomarorpaduu Ha KOJOHKAX C TUITHIAMHHOATIIIIEILTI0N030H (JJDAD):
[-O-(CH2)2-N(C>Hs)]. TomorenHOCTh Ipemnapara Oblia OATBEPKACHA METOAOM Tellb-dsekTpodopesa. Kara-
JUTHYECKass aKTUBHOCTh MHYJIMHA3EI ONpeiessiach Ha cyocTpare unynuHe (Spofa, Uexust) cniekrpodoTomer-
PHUYECKH C MOMOIIBI0 pe30pirHa npu A=540 HM, a MOJIEKYJIIpHAst Macca — METOJIOM Telb-XpoMaTorpaduu Ha
Cedanexce G-200. Hammume anexrpodmibabix rpynn COO- ycraHaBimBaiv 1o Metony J{MkcoHa, a Takke
metonom MK-criektpockonuu Ha npubope Vertex-70 B uarepraine gactor 4000-400 cm™.

B coctaB akTUBHOTO IeHTpa ()epMEHTa BXOAAT Y U 0-KapOOKCHIIbHBIC TPYIIITBI OCTATKOB aCIaparnHOBOU U
[IIyTAMMHOBOM KHCJIOT cOOTBeTCTBEHHO. Mo Bomopoaa H' oTmiennsiercs 0T kapOOKCHUIBHON TPYIIBI TIyTa-
MHHOBOTO OCTaTKa (hepMEHTa M CBA3BIBACTCA C KHCIOPOAOM, coenuHromuM Konslia A u b cyberpara. B pe-
3yJbTaTe CBA3b KHCIOPOIa C KOJIBIIOM Pa3phIBACTCs, a YIIIEPOa, HaXOIAIINICS B TOJIokeHNH | kKoJbiia A, 00-
pa3yer KapOOHHMEBBIH MOH, KOTOpHIH cradbmmmsupyercs COO-Tpynmnoi acmapardiHOKHCIOTO OCTaTka ¢ep-
menTa. C kKapOOHUEBBLIM HOHOM B3anMoieiicTByeT OH™-HOH, 1ocTaBIseMblil MOJIEKYJIOM BObI, a H-HOH BOIBI
¢dukcupyercst Ha Mecto H'-noHa, TIOTEpSHHOTO TIIyTAMHHOKHCIBIM OCTaTKOM B MHYyJMHa3e. [Tocme aToro Mo-
JIEKyJIBI WHYJIMHA MTOKUIAIOT (hepMEHT, OCBOOOK/Iask ero Ui MoCIeIyIomell peakiun ¢ cyocrparoMm. OqHaKko
JIAaHHBI MEXaHW3M HE SIBISCTCS CIUHCTBEHHBIM. B 00pazoBanuu GepMEeHT-CYyOCTPaTHOIO KOMILICKCA TaKKe
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NPUHAMAET y4acTue UMHIA30J1 TucTuaAnHA. [Ipy B3anMoIeiCTBUM ¢ MHYJIMHOM MMHU/1a30JIbHas TPYIIa CBSI3bI-
BaeTCS BOJOPOJHON CBA3BIO C KHCIOPOJOM, COSAMHSIONMM Kojibla A u b cyOctpata. IIponcxomur takxe
opuenTarsi COO™ moHa ¢epMeHTa OTHOCUTEILHO 00pa3yromierocs kKapOOHHEBOTO HOHA B KoJblle A. B mo-
cenyronieM wousl H 1 OH™ U3 Mosiekyi1 Bojbl PMKCHPYIOTCS B MHYyJIMHA3€e HA MecTo HY, moTepstanoro Glu, a
OH™ Ha kapOOHNEBOM HOHE WHYJIMHA.
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Abstract. Now many researchers started to pay attention to the fact that not only traditional sorbents and ion
exchangers, but also a number of natural components contained in plant and animal organisms have the ability
to absorb other organic molecules and ions, enter into complex formation reactions with metal ions, and exhibit
catalytic properties. Such natural substances with sorption and ion-exchange properties include aminopolysac-
charides (chitin, chitosan), nucleic and ribonucleic acids, saponins, and enzymes. The provided list of sub-
stances can be classified as high-molecular compounds with sorption, ligand and catalytic properties. This
study presents the results of the investigation of the functional groups of the active centre of inulinase and the
features of its quaternary structure. It was established that the enzyme has a quaternary structure, represented
by two subunits with Mr 76900 Da and 10140 Da, which have catalytic activity. The imidazole radical of
histidine, SH groups and carboxyl groups take part in the formation of the enzyme-substrate complex. The
purpose of this study was investigation of the functional groups of the active centre and some features of the
quaternary structure of inulinase.

In this study, we used a preparation of inulinase isolated from Aspergillus awamori Ts2250, purified by ion
exchange chromatography on columns with diethylaminoethylcellulose (DEAE): [-O-(CH2),-N(C,H5s),]. The
homogeneity of the drug was confirmed by gel electrophoresis [24-25]. The catalytic activity of inulinase was
determined on the substrate inulin (Spofa, Czech Republic) spectrophotometrically using resorcinol at A = 540
nm, and the molecular weight was determined by gel chromatography on Sephadex G-200. The presence of
electrophilic groups COO™ was determined using the Dixon method [28], and also by IR spectroscopy on a
Vertex-70 device (Bruker, Germany) in the frequency range 4000-400 cm™'.

The active centre of the enzyme includes y and d-carboxyl groups of aspartic and glutamic acid residues, re-
spectively. Hydrogen ion H" splits off from the carboxyl group of the glutamine residue of the enzyme and
binds to oxygen connecting rings A and B of the substrate. As a result, the oxygen bond with the ring is broken,
and the carbon located in position I of ring A forms a carbonium ion, which is stabilized by COO" group of the
aspartic acid residue of the enzyme. An OH™ ion delivered by a water molecule interacts with carbonium ion,
and H" ion of water is fixed in the place of H* ion lost by the glutamic acid residue in inulinase. After this,
inulin molecules leave the enzyme, freeing it for subsequent reaction with the substrate. However, this mech-
anism is not the only one. Histidine imidazole also takes part in the formation of the enzyme-substrate complex.
When interacting with inulin, the imidazole group is hydrogen bonded to the oxygen connecting rings A and
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B of the substrate. There is also an orientation of the COO" ion of the enzyme ion relative to the resulting
carbonium ion in ring A. Subsequently, H" and OH" ions from water molecules are fixed in inulinase in place
of H*, lost Glu, and OH" is fixed on the carbonium ion of inulin.

Keywords: inulinase, enzyme, structure, IR spectroscopy.
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BBenenune

B Hacrosiee BpemMst MHOTHE HCCIIeIOBa-
TEJH CTaJIu o0palaTh BHUMaHUE Ha TO, YTO
HE TOJIBKO TpPAJUIIMOHHBIE COPOCHTHI |
MOHOOOMEHHUKH, HO W PSJ TPUPOTHBIX
KOMITOHCHTOB, COJICP)KALTUXCS B PACTHTEIb-
HBIX U JKMBOTHBIX OpraHW3Max, 00JIagaroT
CIIOCOOHOCTBIO TIOTJIONIATh APYTHE OPTaHU-
YECKUE MOJICKYJIbl U HOHBI, BCTYIIaTh B peak-
IIUU KOMITJICKCOOOPa30BaHUS C HOHAMH Me-
TaJJIOB, TPOSBIATh KATAIUTUYECKUE CBOM-
ctBa. K TakuM mpupoHBIM BelecTBaM, 00-
JaIal0IIUM COPOIMOHHBIMU U MOHOOOMECH-

OH

H
HOCH, o o-C o
HO HO
CH,OH CH,OH
OH

(In  Russ.). https://doi.org/10.17308/sorp-

ponaza, K® 3.2.1.7), kotopas criocoOHa oT-
MIETUIATH (PYKTO3HBIE OCTATKU C HEPEAYIH-
PYIOIIEro KOHIA MOJIEKYJIbl HHYJIMHA.
@epMEHT MHYNIMHA3a HAWIEH B pacre-
HUSX ¥ MEKPOOpTaHu3Max (0aKkTepusx, rpu-
0ax, npoxkax) [7-8]. U3 rpuboB Penicillum
BBIJIEJICHO TPU BHJIA MHYJIWHA3bI, UMEIOIINX
MouieKyisipHble  Maccbl 86000, 69000 u
66000 Jla. Ilo manabiM [9-14] akTuBarto-
pamu ¢epmenrta spistorcs noHsl Co’'m
Mn?*, uaru6uropamu — nons Hg?*, Fe’*,
WNuynunasa ruaponu3yer uHyimiH (puc.l) —
MOJIMCcCaxapu, PacTEeHUM, COCTOAIIMN U3
octaTkoB D-¢pykTo3sl (okomo 95%) wu

CH,OH

Puc. 1. CtpykrypHas ¢popMmyiia HHyTUHA
Fig. 1. Structural formula of inulin

HBIMH CBOMCTBaMH, MOXHO OTHECTH aMHHO-
noJIncaxapuabl (XUTUH, XUTO3aH), HYKJICH-
HOBBIC U pUOOHYKJICMHOBBIE KUCIIOTHI, CaIlo-
HUHBI, (hepMeHThI. [IpuBeAcHHBIN IEpeUCHb
BEIIIECTB MOXXHO OTHECTH K BHICOKOMOJICKY-
JISIPHBIM COEAMHEHUSM, 00JIaqar0NUM COpO-
UOHHBIMH, JUTAaHIHBIMU M KaTaJuTHue-
ckumu cBoiictBamu [1-3]. B wyactHOCTH,
dbepMeHThl 00J1aIal0T KaK COPOITMOHHBIMH
CBOWCTBaMHM, TaK U YHUKaIbHOH CIIOCOOHO-
CTBIO BCTymaThb BO B3aMMOJCICTBHE C
MOHAMH METAJUIOB M TPOSBISTH BBICOKYIO
KaTaJTUTUYECKYI0 aKTUBHOCTH [4-6]. OgHuM
U3 Takux (PEpMEHTOB SIBIISETCS HHYJIHHA3a
(unynaza, 2,1-B-D-dpykran-ppykranorum-

D-rimoko3sl (okosio 5%) M IpencTaBiisio-
Ui co00W Hepa3BETBICHHYIO IeNb U3 32-
45 ¢ppykTaHPypaHO3HBIX (PpParMEHTOB, CO-
eAMHEHHBIX [-2,]1-TIIMKO3UIHBIMH CBS3SIMHU
[15-17], x penyuupyromeMy KOHILy KOTOpOH
npucoenHeHa D-rirokonupaHo3a uepes
MOJTyaleTaTbHbIM THAPOKCHIL.

IIpenapar uHynMHA3bl, NOJYYCHHBIH U3
mramma  Chrysosporium  pahhor AHU
97000 [8], xapakTepu3yeTcs MOJEKYISIPHON
maccoit 58000 Jla, n3031eKTpUUECKON TOY-
kol pl=3.8, onTUManbHON aKTUBHOCTHIO B
muanazone pH=6.8-7.0 npu remneparype S0°C.

B pa6orax [8, 15] Opu10 ciemaHo mpearno-
JIO’)KEHUE O MeXaHu3Me (hepMEeHTaTHUBHOIO
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Tabmmia 1. AMUHOKUCIIOTHBIM COCTaB WHYJIMHA3HI

Table 1. Amino acid composition of inulinase

AMHHOKHCIOTHI CopeprkaHne aMUHOKHCIIOT B Oenke, %
I myraMuHOBasI KHCIIOTA 15.53
AcmaparuHoBasi KHCJIO0Ta 11.49
Cepun 8.02
Jletinuu 6.97
ApruHuH 6.49
Tpeonun 6.31
Jszunssest 6.29
JInzun 5.61
Ananua 5.59
[Iponun 4.92
Tuposzuna 491
denunagaHuy 4.81
Banmun 4.24
Wzoneruma 3.77
T'uctunuu 3.38
HucTun 1.07
MeTHoHUH 0.60

neiicTBus nHyIMHA36L. OQHAKO, B psijie mMy0-
nukanuii [18-23] maHHbIE O CTPYKType H
CTPOCHUHM aKTUBHOTO IIeHTpa QepMeHTa
IpeJICTaBICHbl BechbMa orpaHudeHHo. [lo-
ITOMY IIEJIbI0 JAHHOTO COOOIICHHSI SIBUIOCH
u3ydeHue (yHKIMOHAIBHBIX TPYIIT aKTUB-
HOTO I[EHTPAa W HEKOTOPBIX OCOOCHHOCTEH
YETBEPTUYHOU CTPYKTYpPbl HHYJIHMHA3BIL.

JKCNepUMEHTAIbHASA YaCTh

B Hacrosmei paboTe UCTONb30BaH Mpe-
napar WHYJIWHA3bl, BBIACICHHOW U3 Asper-
gillus awamori 112250, ounIeHHBIA METO-
JIOM HOHOOOMEHHOH XpomaTtorpaduu Ha Ko-
JIOHKaxX € JUATHIAMHUHOATUIILEILTION030M
(A2AD) — [-O-(CH2)2-N(C2Hs)2].

['omorenHocTh mpemnapara Obula MOJ-
TBEpXKJIEHA METOAOM Tellb-3JIeKTpodopesa
[24-25]. KaranuTuyeckass akTUBHOCTh UHY-
JWHA3bl OINpeNeNsiach Ha cyOcTpaTe MHY-
nuHe (Spofa, Uexus) cnektpodoTomeTpruye-
CKH C MTOMOIIBIO pe3opiuHa npu A=540 HMm,
a MOJIeKyJIIpHas mMacca — METOJOM Tejb-
xpomarorpaduu Ha Cedanexce G-200 [26].
AMHMHOKHUCIIOTHBIN COCTaB (pepMEeHTa Olpe-
TENSITA TTyTEeM TUIPOTUTUYECKOTO PaCIIIeTi-
JICHUS C MOCJEAYIONIMM aHaTU30M Ha aMHU-
HOKHMCJIOTHOM aHanu3zatope AAA-339. Yuu-
ThIBasi TOT ()aKT, YTO B COCTaB aKTUBHOTO

[[EHTPa MHOTUX ()EPMEHTOB B KAUECTBE HYK-
neoduIbHBIX Tpynn BXoAsaT -SH-rpymmsl
LIUCTEUHA U UMUAA30JIbHbIE TPYIIIbI TUCTH-
nuHa [24-25, 27-28], B MHyJIMHA3€ TPOBO-
VI~ ONpENeNeHHe  CyIb(PTHUIPUILHBIX
rpynn mno MOAU(PHUIMPOBAHHOW METOIUKE
bayspa u nucynbpuaHbIx cBszei mo [8, 15-
17, 24-29], ompexneneHue HMMHUIA30JIbHBIX
TpyNN OCYIIECTBISUTH (POTOOKHCIECHUEM B
0.1 M anerataom Oydepe (pH=4.7 B mipm-
cyrctBun 50 MKM METHUIIEHOBOIO CHHETO)
JaMIoOW JTHEBHOTO CBETa Ha pPacCTOSHUU
15 cm. Hanuuue 37eKTpOQHUIBHBIX TPYIII
COO- ycranaBnuBanu o merony Jlukcona
[28], a Taxxe metonoM UK-cnexkTpockonuu
Ha ipuoope Vertex-70 (Bruker, ['epmanmsi)
B uHTepBase uactoT 4000-400 cv™! [30].

O0cy:xnenune pe3yibTaToB

JlaHHBIE TIO MCCIIENOBAHUIO AMHHOKHC-
JOTHOTO cocTaBa (pepmenTa (tabiu. 1) moka-
3BIBAIOT, UTO MHYJINHA3a COAEPKUT IIPEUMY-
IIECTBEHHO TIOJIIPHBbIE aAMUHOKHUCIIOTHBIE
OCTaTKM (acmapariHOBbIE M INIyTaMHHO-
BbI€), @ TAK)KE UMEET B CBOEM COCTaBE MU~
Na30JbHbIE (TUCTUIMHOBBIC) M S-S-TpYMIIBI
(IIMCTUHOBBIE).
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AKTHBHOCTB,
e./Mr

90 K4

70 /g

5 6 pH

Puc. 2. Bnusinue pH cyGcTpaTta Ha KaTaIMTHUECKYRO AKTHBHOCTD HHYJIHHA3BI TIPH
Pa3IMYHBIX KOHLEHpauusax uayauHa: 1 —5-107M; 2 —4-107M; 3 — 3-107 M.
Fig. 2. The influence of substrate pH on the catalytic activity of inulinase at different inulin
concentrations: 1 —5-107M; 2 —4-10"M; 3 - 3-10" M.

CrnenyeT 3aMeTUTh, YTO ONTUMAIBHBIMU
YCIOBHAMHU I (DYHKIIMOHUpPOBaHUS (ep-
MeHTa siBisitoTes Temmneparypa 50°C u kon-
LHEHTpALUS UHYJIMHA 5-10* M. Onnaxko, uc-
cienyemMblit pepMeHT coxpaHsit 22% akTHB-
Hoctu pgaxe npu 70°C, 4TO CBUIETEIb-
CTBYeT O ero TepmocrabuibHOCTH [7, 27-
28]. Ananusupys 3aBUCHUMOCTb CKOPOCTH
peakuuu karanusza oT pH cpesbl, MOXKHO OT-
METHUTh, YTO HAOIIOAAETCS MpHUCYIIasi MHO-
rum ¢epmerntam [17, 24, 28] (puc. 2) komno-
KoJi000pa3Hasi KpuBasi ¢ MAKCUMYMOM IIpU
pH=4.7, coxpansromas ¢popmy npu padore ¢
Pa3IUYHBIMU KOHIIEHTpALUsIMH cyOcTpaTa.

3acnmykMBaeT BHUMaHUS TOT (haKT, 4TO B
KHCJION 00J1aCTH KpUBas UMeeT 0oJiee ToJIo-
Ui moabeM, 4eM B Imenounoi. I[TogoOHoe
SBJICHUE MOKET CBHUJIETEIbCTBOBATH O TOM,
4yro mnpucyrcrBue H'-MOHOB BimseT Ha:
a) mpoToau3 (YHKIMOHAJIBHBIX TPy aK-
TUBHOTO LIEHTPA; 0) CTPYKTYPY KaTaIUTHIC-
CKOTO IIeHTpa uHynuHasbl. [loaToMy nepBo-
HAYaJIbHO OBLJIO MCCIIEIOBAHO BIMSHUE KOH-
HeHTpauun ¢GepMeHTa Ha ero akTUBHOCTh
npu pa3nuuHbiX pH U ompeneneHsl 3Haue-
HUSI OCHOBHBIX KMHETHYECKUX TTapaMeTPOB —
K 1 Vinax (Tabm. 2).

I'padmueckas 0OpaboTKa 3KCIIEPUMEH-
TalbHBIX JTAHHBIX B KoopAauHatax IgVmax,
IgKn v 1g(Vina/Kn) oT 3HaueHu# pH (puc. 3)
MO3BOJIWJIA OMPEENIUTh KOHCTAHThI MPOTO-
nn3a (pyHKIHOHAIBHBIX TPYII aKTHUBHOTO
neHTpa uHynuHassl (pKer u pKe2).

MoskHO monararb, 4YTO B COCTAB AKTUB-
HOTO IIEHTpa (epMeHTa BXOJAT Y U O-Kap-
OOKCHITbHBIC TPYIIIBI OCTATKOB acliaparuHo-
BOM M TJYyTaMHHOBOW KHCIIOT COOTBET-
CTBEHHO. B 3TOM cilydyae mpeanosnaaracMslii
MEXaHM3M JEHCTBUS HHYJIHWHA3bl MOXXHO
MpecTaBuTh cxeMoit (1):

“_HQ
( H O~ H
o
i - /

- B
B @ (1)
o A O, OH
HO HO ™ OH
OH OH b

[Ipennonaraercs, 4To0 HOH BOAOPOJA H*
OTILIETUIAETCA OT KapOOKCHUIBHOW TPYIIIIbI
rimyramuHoBoro ocratka (Glu) I pepmenta u
CBA3BIBAETCS C KMCIOPOJIOM, COEANHSIOIINM
konblia A u b cyberpara (I1L[-nentunnsie
Lenyu UHYJIMHA3bl). B pe3ynbrare cBsS3b Kuc-
JI0poJia ¢ KOJIbLIOM Pa3phIBaeTCsl, a yriaepo/,
HaXONAIUICSA B HoyioxkeHnH | konblia A, 00-
pa3yeT KapOOHUEBbIN MOH, KOTOPBIN cTaOu-
mzupyetrcss COO -rpynmnoi acraparmHo-
kucioro ocrarka (Asp) II. C xkapOoHueBbIM
noHoM B3auMozercTyetr OH -noH, nocras-
JIIEMBIM MOJIEKYJION BOJBI, a H"-uon BosbI
¢ukcupyercs Ha mecro H'-nona, morepsn-
HOT'O TIYTAMHUHOKHCIIBIM OCTaTKOM B HHY-
nuHase. [locie 3TOro Mosekyibl WHYJIMHA
MOKUJAIOT (PEPMEHT, OCBOOOKIAsi €ro s
nocienyromen peakiuu ¢ cyocrparom. On-
HAKo, JaHHble TalOJa. 3 CBUIETENBCTBYIOT,
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Tabmma 2. Benmmunnsl KoHCTaHTE Muxasnwuca (K,) 1 MaKCUMAaTbHON CKOPOCTH (Var) IUTSI peak-

UU TUAPOJIM3a UHYJINHA

Table 2. The values of the Michaelis constant (K;,) and maximum rate (Vi) for the hydrolysis

reaction of inulin

pH K107, M Vmaxr, MKM/(MT* MHH)
3.0 2.96+0.09 65.80+1.06
3.5 2.19+0.1 120.18+0.07
4.0 2.19+0.01 135.14+1.0
4.5 2.01£0.1 135.45+1.36
4.7 1.86+0.06 136.90+0.5
5.0 3.00£0.06 135.30+1.1
5.5 2.79+0.2 100.69+1.5
6.0 3.47+0.2 42.30+4.08

70
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20
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6.4

12(Vinax
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/
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/
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Puc. 2. U3yuenne pH-3aBucumocTeii GepMEHTATUBHOM peaKky THAPOIN3a HHYJIMHA:
a — u3MeHeHue [gVa oT pH; 6 — m3menenue pK,, ot pH; ¢ — m3menenue /g V,../Kn ot pH.
Fig. 3. Study of pH dependencies of the enzymatic reaction of inulin hydrolysis:

a — change of [gV,. from pH; b — change of ¥K,, from pH; ¢ — change of IgVu/TO, from pH.

YTO MEXaHU3M (2) HE SIBJISIETCS SIMHCTBEH-
HBIM.

PesynbpTaThl M0 (DOTOOKUCICHHUIO THCTH-
JUHOBBIX PAIMKAIOB UHYJIWHA3bI B IPUCYT-
CTBUM METUJICHOBOTO CHUHETO IO3BOJISIOT
YTBEPK/IaTh, YTO B 00pa3oBaHUU (EepPMEHT-
CyOCTpaTHOTO KOMILJIEKCA MPUHUMAET yua-
CTHE MMHAA30J TuctuauHa [27-28]. Bos-
MOYHBI BapUAHT TAKOTO B3aUMOJCHCTBUSA
MO>KHO TIPEACTaBUTh CXeMOM (2).

Kapbokcunbhas rpynna Glu u umuna-
3oibHas rpynna His acconuupoBaHbl B HHY-
nuHa3e BogoponHoi cBszpio (I). Hammuwme
TaKMX AaCCOLMATOB MOATBEPXKAAECTCS IOJIO-
coit mpu 2597 cm!, xapaxrepHoii 115 BOsIO-
ponubix cBsizelt Mmexay =NH-O-C=0 B cu-
cTeMe UMHUAA30J-KapOOKCUIbHAs Tpymmna
[30-31]. [Ipu B3anMOACHCTBUM C UHYJIUHOM
(IT) nmuazonbHas TpyIIa CBSI3bIBAETCS BO-

JTOPOAHOM CBSI3BIO C KUCIOPOJIOM, COCTUHS-
romuM Kombiia A u b cyOerpara. [Ipoucxo-
it Takke opueHtanus COO™ woHa dep-
MEHTa OTHOCHUTEJIHHO 00pa3yromierocs Kap-
O0oHHEBOTO MOHA B KOJbIle A. B mocnenyro-
mem oHbl H 1 OH™ u3 Moneky:1 Boabl (puk-
CUPYIOTCs B MHYyJIMHa3e Ha MecTo H, more-
psaHoro Glu, a OH™ Ha xapOOHHEBOM HOHE
uHyaHa. DepMEeHT CHOBA MPUHUMAET CTPO-
enue I.

[Tomo0HO THUCTHIMHOBOMY  paJMKaIy
(cxema 3) MOTYT B3aMMOJICHCTBOBATH C UHY-
TUHOM U cynbdrunpuibHbie  SH-rpymms
dbepmenta. OO PTOM CBHIETEITBCTBYIOT pe-
3ynbTathl Ta01. 3. [Ipu 6110KMpoBaHUY 71-XIIOp-
Mepkypuoenzoatom SH-rpynm  HaGmroma-
eTcst mHakTuBanus pepmeHta. B monekymne
MHYJIMHA3BI COJIEPKUTCSI CEMb MTOBEPXHOCT-
HBIX U TP IyOuHHBIX rpynmbsl SH-, oOHa-
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Tabmuna 3. Bausaue GhoToOKHCICHNS B IPUCYTCTBUU MeTHIIeHOBOro cuuero (MC) u 010Kupo-
BaHust SH-rpymnn n-xnopmepkypudenszoarom (n-XMbB) Ha KaTamUTHYECKYIO aKTUBHOCTb WHYJIH-

Ha3bl

Table 3. Effect of photooxidation in the presence of methylene blue (MB) and blocking of SH
groups n-chloromercuribenzoate (n-CMB) on the catalytic activity of inulinase

Konuentpanus uny- AKTUBHOCTb , €JI/MT
muna, C-10'M bes MC B npucyrcteun MC B npucyrcteun n-XMb
1 48.50+1.2 0.04+0.001 0.02+0.001
2 72.68+0.6 0.04+0.004 0.08+0.001
3 87.50+0.9 0.04+0.005 0.1+0.003
4 97.20+0.5 0.04+0.005 0.1+0.002
5 102.00+0.7 0.06:0.001 0.1£0.003

pYKeHHBbIE ociie 00padOTKH IeHaTypUpYyIO-
nmmu areHtamu (8M moueBuHa+10%-i pac-
TBOp nojerwicynsgparta Hatpus). Ha ocHo-
BaHUU JJAHHBIX TaOJUIIBI 3 MOXHO MOJIarath,
4TO (KaK ¥ B Cllyyae JAPyrux THOJICOIEpKa-
X epMeHToB) [26, 29] B rUApOTIN3E UHY-
JMHA y4YacTBYIOT coBMecTHO —SH, ummna-
30JIbHBIE HYKJI€O(UIIbHBIE TPYTIIIBI, 8 TAKKE
KapOOKCHIIbHBIE TPYMIBI OCTaTKOB acrapa-
TMHOBOW U ITyTAMHUHOBOM KHUCJIOT.

Crnenyer 3aMeTUTh, 4TO KOH(OpMAIHOH-
HbIe U3MEHEHUs B (hepMeHTe IPUBOISAT K Ba-
pUaLusM ero aKkTUBHOCTHU [26-28] u B psne
Clly4aeB IIOMOTAIOT CJeNiaTh BBIBOJBI O
CTPYKTYpE aKTUBHOTO IICHTpA.

[Tpu uHKyOaUK UHYJIMHA3BI C TOACIIHI-
cyabdarom HaTpus (puc. 4) Ipu KOHIIEHTpa-
mastx 3.5-10%-3.5-10° M umeer mecto ee
nonHas feHatypamus. Bosaeitcraue 3.5-10°M
pacTBopa AoAeuuicyibdara HaTpUs MPUBO-
JUT K YBEIMYCHHIO IIOJIOCHI TOTJIOIICHHS

npu A=280 HM 1O CpPaBHEHHIO C KOHTPOJIb-
HBIM PacTBOPOM MHYJIUHA3bl. MOXKHO Mona-
ratb, 4YTO ATO BBI3BAHO Pa3pPhIBOM HIIU
ocnabieHueM BOJOPOJHBIX CBs3ed B mem-
THUJTHOM OCTOBE (pepMEeHTa, U «CIIPSITAHHBIC)
paauKaibl apOMaTHYECKMX aMHHOKHUCIIOT
OKa3bIBAIOTCS HA BHEITHEW YaCTHU MOJIEKYJIbI
WHyJMHa3bl [26-28]. Ilpu wucnosb30BaHUMA
pacTBopa noaeuuicyibhara HATpUs C KOH-
nentparmeit 3.5-10° M mpoucxomut pac-
uieruieHue nosockl npu 280 um Ha 270 u 287
HM, 9TO MOXET OBITh 00YCIIOBJICHO TUMEp-
HOW KoH(oOpMalueil MHyJIMHA3bl, a TaKXkKe
BIUSTHUEM pa3Nu4HbIX Xxpomodopos. [Ipen-
MOJIOKCHUE O HATMYUU JIBYX CYOBEIUHUI] B
MoJieKyse (pepMeHTa MOATBEPKAAETCS TaH-
HBIMH, TIOJYYEHHBIMH Tellb-XpoMaTorpa-
¢ueii (puc. 5) u UK-criekrpockonueit (puc. 6).

XUMH3M TIPOIECCOB C y4acTHeM hepMEH-
TOB B OOJIBIIMHCTBE CIy4aeB CBSI3aH C MPHU-
COCTMHEHUEM WIIU BBIJCICHUEM MOJIEKYI
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0617 A

Puc. 4. Y®- ciekTpsI MOTIIOMICHNS HHYJIHHA3EI
MPU BO3JIEHCTBUU JTOJICIUIICYIIb(aTa HATPHSL:
1, 2 — HaTuBHas uHyIMHa3a u 3.5-10*M
pacTtBop moxeumicynbdara Hatpus; 3,4, 5, 6 —
(depmenT mocne Boszelicteus 3.5-107, 3.5:10,
3.5:107, 3.5-10°M pacrtBopa gogeunncyiabpara
HATPHsI COOTBETCTBCHHO.

Fig. 4. UV absorption spectra of inulinase when
exposed to sodium dodecyl sulphate: 1, 2 — na-
tive inulinase and 3.5-10*M sodium dodecyl
sulphate solution; 3, 4, 5, 6 — enzyme after ex-
posure to 3.5-10%, 3.5-10*%, 3.5-10, 3.5-10°M
sodium dodecyl sulphate solution, respectively.

BOJABI U MpPeoOpa3oBaHUEM OKCOCOEIUHE-
HU. PEpMEHTBI, OTHOCSIIMECA K TpYIIIE
TUApPOa3, OTHOCATCS K KHCIOTHO-OCHOB-
HBIM KaTajau3aTopaMm, KOTOPBIE YCKOPSIOT
cienyomue npoueccsl [25, 30]:

a) paculeryieHue TIIMKO3UIHON CBSI3U:

o
R1—C=+0=+C—R2 + H.0 —
L '

+* HO—C—R2

L —

— R1—E—O—OH

0) TUAPONIU3 CIOKHOI(UPHBIX CBS3EH
KapOOHOBBIX KHUCIIOT:

b
R1-G~+03C—CHR, + HO —»
o'

—» R1—COOH ++40CH—R2

B) THIPOJIN3 TICNTUIHOU CBSI3U:

Il :
R1—C—=N—R2 + H,0 —
'H

0.7 A
(1=280 1w) 1

0 20 10 60 80 100 120

Puc. 5. Beixomnbie KpUBBIE 1eCOPOITAT
unyiauHassl u3 Cedanexca G-200 mocie
BO3ACUCTBYS Ha (PEPMEHT Pa3INIHBIX KOH-
HEHTpanui 10euICyIbhaTa HATPHSL:

1 — epMeHT mocIIe BO3ACHCTBHUSA
3.5-10°M, 2 - 3.5:10* M; 3 - 3.5:10° M;
4 —3.5-10°° M cOOTBETCTBEHHO.

Fig. 5. Desorption curves of inulinase from
Sephadex G-200 after exposure of the en-
zyme to various concentrations of sodium
dodecyl sulphate: 1 — enzyme after expo-
sure to 3.5:10° M, 2 —3.5-10* M;
3-3.5-10°M; 4 —3.5:10°% M accordingly.

R1—COOH + NH,R2

—_—

CrnenoBaTenbHO, BO3MOXKHO pacliieriie-
HUE CBS3U , KOoTOopasi coemu-
HSIET MUPaHO3HOE U (PypaHO3HOE KOJIbIIA aK-
TUBHOTO IIeHTpa pepmenTa (cxema 1). Xa-
PAKTEpHOH 4epTON paccMaTpUBaceMoro Ipo-
1ecca SIBJISIETCA y4acThe B HEM HE TOJIbKO
nonos H', Ho m monoB ruapoxcuna OH.
[IpucyTcTBUE MOCIEIHUX B CUCTEME MOKHO
OOBSCHUTH UCKIIOUUTEIHHO HATMYUEM MO-
JIEKYJT BOJIBI, TUCCOLUUPYIOMINX C 00pa3oBa-
areM H™ u OH -uonos [31]. IIpennoxennas
B paboTe cxema | IKCHEpPUMEHTaIbHO TMOJ-
TBepkaaeTcs aHanu3zom MK-criektpoB dep-
MeHTa (puc. 6).

MakcumyMm B obmactu 3468 cm™!, coor-
BeTcTBYIonmid konebanusm v HO~HxO ¢
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Puc. 6. UK-cniektpsl HaTuBHOM nHynuHAa3k (1), cyobeaununsl 1 (2) u cyobenununist 2 (3).
Fig. 6. IR spectra of native inulinase (1), subunit 1 (2) and subunit 2 (3).

2- 1 3-Ms1 BOAOPOJHBIMU CBSI3SIMHU, CMeEIIa-
ercsl B JUIMHHOBOJHOBYIO 0061acTh Ha 8 e
(0 CpaBHEHHUIO C JIUTEPATYPHBIMH JIaH-
HeiMu — 3460 cm!) [30-32]. IMonoca B K-
crextpe ripu 3405 cM™!, B oTaMuMM OT M TE-
paTypHBIX JaHHBIX Ha — 3400 cm™!, xapakTe-
pusyer BaneHTHble koiebanus v HoOH,O
¢ 4-ms BozopoaHbIMH CBsi3simu [32-33]. Tlo-
joca mornomenus 1657 cm! (medopmaru-
onnble konebanus o H>O), cmemmaercs k
1654 cv!' [32-33]. HaGmomaeMsle cMertie-
HUSI BOJTHOBBIX YMCEN CBUJETEIHCTBYIOT 00
ocnabieHuu BOJOPOJHBIX CBSI3EH MEXIY
MOJIEKYJIaMH BOJIBI.

Hapsiny ¢ aTuM, ycunuBaroTcs BOAOPOI-
HBIE CBsI3U MeXay Mojekynamu HO u
COO™: v COO™H,0 (3272 cm!), uto coot-
BETCTBYET CMEIICHUIO B KOPOTKOBOJIHOBYIO
o6nacts Ha 10 cM™! o cpaBHEHMIO ¢ TUTEpa-
TypHBIMEM HcTOYHHMKamMu — 3282 cm™! [32-
34]. Ananoruussiii 3Q ekt nposBIIeTCS U

—C.,
IS CBI3H Y —C (3322 em™)), rne nmeer
MECTO KOPOTKOBOJHOBOEC CMEIIICHUE Ha
4 cm! mo cpaBHeHMIO C JMTepaTypHBIMH
narHbIMH (3326 cm™!) [30-33].

[Ipu Bosxeiicteun 3.5:10% M pactsopa
nojeuuicynbdara Hatpus (puc. 5) HabmIO-
naetcst Bbixo1 pepmeHTa onHUM nukom. [o-
SIBJICHHE JIByX MaKCHMYMOB Ha XPOMAaro-
rpamMme uMmeeT Mecto ¢ 3.5-10°M pacTso-

poM noxeuwmicynbdara Harpus. Cremosa-
TEAbHO, ISl HW3YYCHHsS] YETBEPTUUHOMN
CTPYKTYpbl MHYJIHHA3bl TOCTATOYHON KOH-
neHTparmeii seusercs 3.5:10°M pactBOp
peareHTa. Y CTaHOBIIEHO, YTO YETBEPTUYHAS
cTpykTypa (Tabn. 4) dbepMeHTa mpencTaB-
JieHa AByMsl CyOBeAMHHUIIAMU C MOJICKYJISIp-
HeIMU MaccamMu 76900 u 10140, o6nanaro-
IIMMH KaTaTUTUYECKON aKTUBHOCTHIO MEHb-
e, YeM UCXOHAs MHYINHA3a.

CnenyeT OTMETUTb, YTO IMOJIyYECHHBIE
HK-criekTpsl paccMaTpUBaeMbIX CyObenu-
HUI[ B 3HAUYUTEIBHON CTENEHH OTIMYAIOTCS
or UWK-cnekTpoB HaTtuBHOrO (QepmeHTa
(puc. 6). Bo-niepBbIx, MakcuMyM 2586 cm™,
XapaKTepHbIM I BOJOPOAHBIX CBS3EH
MEXJy aTOMOM HMMMJIa30JIbHOTO IMKJIA TH-
cruguHa 1 COOH acnaparunoBoro (wim
[IIyTAMUHOKHCIIOTO) pajuKalla C y4acTUeM
MOJIEKYJ BOJBI, 4YeTKO mposiBisercs B MK-
cnektpe HatuBHOTO (pepmenta [30-31]. On-
Hako B UK-cniekrpax cyobenunui 1 u 2 3tot
nuk otcyTcTByeT. [locneanee moxer cBue-
TEJNBCTBOBATH O TOM, YTO pa3pylLICHHUE YeT-
BEPTUYHOI CTPYKTYphl MHYJIMHA3BI COIPO-
BOKJJACTCSl H3MEHEHUSIMU B €€ BTOPUYHOM U
TPETUYHOM CTPYKTypax U, COOTBETCTBEHHO,
MIPUBOJIUT K HAPYIICHUIO aKTUBHOTO IICHTPA
(cxema 3), B KOTOPOM UMHUIA30JIbHBIC U Kap-
OOKCHJIbHBIE TPYIIbI UTPAIOT CYIIECTBEH-
HYyI0 poJib (Tabiu. 3). O0 u3MEeHEeHHsIX B T0-
JTUNENTHIHBIX IEeTsIX UCXOAHOTO (epMeHTa

749



ISSN 1680-0613

Copbyuonunwvie u xpomamoepaguuecxue npoyeccot. 2023. T. 23, Ne 5. C. 741-752.
Sorbtsionnye i khromatograficheskie protsessy. 2023. Vol. 23, No 5. pp. 741-752.

Ta6m/1ua 4, OHpeZ[CJ'ICHI/Ie MOHCKYJ'IHPHOI;’I MAaCCHI ¥ KaTaTUTHYCCKOM aKTUBHOCTH HWHYJHWHA3bI U €€

CyOBeTUHUIL
Table 4. Determination of the molecular weight and catalytic activity of inulinase and its subunits
Buemuuii
O6Bem Monmnekynspuas | KaraauTudeckas ak-
Bermiectso 00BEM KO- 3
3 3MMI0ATa, CM Macca THBHOCTb, €J1/MI'
JIOHKH, CM
Hirymithasa 48.9 87700 102.040.7
HCX. )75
Cy0Obenunnna 1 ) 50.5 76900 3.2+0.2
CyOnenuania 2 75.0 10140 4.8+0.2

MOKHO CYIUTh Takxke 1o moysocam Amuji-I
(1654 cm") u Amua-11 (1558 cm!), xapak-
TEpHBIX s o-criupainu B ¢epmente [30].
[Ipu mepexome k cyObeguHunaMm 1 w 2
MOKHO Ha0JII0/IaTh, YTO WHTCHCUBHOCTH
paccMaTpuBaeMbIX MOJ0C (110 CPAaBHEHHIO C
UCXOAHBIM (PEpMEHTOM) YMEHBIIIAETCS, HO
IIPU 3TOM BO3PACTaeT MHTEHCHBHOCTh MakK-
cumyMoB 1622 u 1526 cm’!, xapakTepHbIx
kosebangnsam Amun-1 u Amun-11 B monumen-
TUAHBIX (parMeHTax B-popmel (IOYTH BbI-
TaHyThie nenouku) [32]. [locnegnee coot-
BETCTBYEeT KOH()OPMAIIMOHHBIM HU3MEHE-
HUSIM B aKTUBHOM LIEHTPE UHYJIMHA3BI.

3akJjaroueHue

Takum 00pazoM, 00Cyk/1ast OJTyICHHBIS
pe3yJIbTaThl MOXKHO TOBOPUTH O TOM, YTO B
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