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HMMO6UJTH3OBaHHO|  O npen apaTa vP.yn  L IHa3bI  v r3

K l u v v e r o m v c e s  m q r x i a n u s

flpo4eccbr u annaparbt

Ocyuectn.neHa a4cop6uuouuas uttt"to6n.nngauur {lepueHTa HHynuHa3br us Kluy-
veronryces nnrxianus Y-303 na xaruoHHoo6veHriov soJtoxue BHOH KH-l H onperene-
Hr,r orrrr4MalrLHbre ycnoBUt dlyHruuoHrzpoBaHI4.s AaHHoro npenapara. Hccleloaaust tlttt-
3uKo-xr.rMr4qecxlte ceoficrga nltrtao6ulttgogaHHoro tlleplteaT a H xapaKrepucruKr peaK-

ul,rH nn,4ponr.r3a nHyJIHHa ceo6oAHoil u uttvo6ulugoeaHHoft uuynnuasoff ,

K:tnueeorc cnoee'. ancop6ufior'rHar uvuo6tltr:lauvx, AHyiluqa3a. rcaruoHoo6uenHoe Bo,'roKHo
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Oco6yro iiraqrarurocrs B Hacrofirlee epertrir nfia-
o6peraror pa6orbr no HMMo6HJIH3aqI{H $epueHron,
paculenJr.sloulHx [oJrHcaxapHAbl H noJIHQpyKto3H-
gu. Hrrluo6vnw3amfl. 3H3HMa Ha HocHTeJIe nepeBo-

AHT ero m pa3pflAa foMoreHHbrx KaranH3aTopoB B fe-
TepofeHHbre, HMe[orqHe prA TexHonorHr{ecKHx npen-
MyulecrB.

Huyrr.rHa:a (2, I -n-D-$pyKraH+pyKraHoruApo-

nasa,  K3.2.1.7)  cnequ$nvecKf fHAponuzyer v-2,1-
cBfl3tr HHynnHa go Spyxro3br H Qpyrroonurocaxapu-
AoB, npnqeM ycnoBH.rr srofi peaxquu 6onee MtrKI,Ie,
qeM KacJrorHoro ruAporr,rca, rpeGyrcuero Hri3KHx
:HaqeHnfi pH, eucor<ofi TeMneparypbr H npnMeHeHHt
cneqnaJrbHofo KHcJroroycrofi qHsoro o6opyAonaHHr.
B cgr:a c 3THM oco6yro 3HaquMocrb upHo6peraror
pa6orsr no H3yqeHuro crpyKrypHo-0yHKIIL{oHtuIb-
Hux ceoficrs rar\aMo6l,rnu3oBaHHoro $eprr,renra H KHHe-
THKH rHApOJru3a HHyJ[rHCOAep)KarqerO Cbrpbr, a TaK-
)Ke prA TeopeTHr{ecKHX H npaKTHqecKHX BonpocoB,
cBfl3aHHbtx c I,I3yr{eHHeM BItVIflHktfr npHpoAbl HOCHTe-
Jr.rr Ha arcrnBHocTb HHynHHa3bI.

flpousno4uruo Spyrcnoeu ra: KpaxMaJra {epnae*
TaTHBH6TM nyreM COCTOTm H3 HeCrOJrbKr,D( STanOB H Tpe-

6y er H an r.r u rE i rp ex p ain?ffi ffi ffi ir e i- 6- al*a Lff Ia-
3bI, fJItoKoaMHJra3 br H ruIloKo3on3oMepa3bl. flpu srorr,t
noryr{aror 4'Yo-Hsrir SpynrorHrrfi cupon. flpunreue-
HHe HHynHHa3bI AJrr pacqefineHHr hHyJrr,rHcoAePxanie-
ro cLrpbr no3Bonrer ocyulecTBnrTb npoqecc B oAHy
craAnro H noryr{arb 95o/o-ustit Spyx'rosHrrfi cupon.

I{eruo Haurefi pa6o'mr 6sr-no uccreAoBaHHe yc-
.floenfi nulro6urng aq:ar HHy nHHa3br, BbrAeJressoft gg

.apoxxeil Kluyveromyces marxianus Y-343, Ha pa3-
ruqHbrx HocnTentx agcop6quoHHbrM MeroAoM, a raK- '

)Ke n3yr{eHHe $n:uxo-xlEMHqecKHX csofi crs ultuo6u-
nH3oBaHHoro SepnreHrHoro npe[apara v peaKrrHr4
fHAponH3a HHynHHa.

YCJIOBI,I.fl 3KCNEPEMEHTA

O6rerrov Hcc;reAoBaHuit ssnserc $eprr,reur
HHyJrHHa3a, BbrAeJreHHbrfi He gpoxrxeit K. marxianus,
o6naAarcqax cnoco6socrbro K 6uo cuHresy rr4Apon H-
THqeoKHX Seprrrernon c errcorcofi aKTHBHocrbro

tl-6]. Kynrrypa .apoxxcefi K. marxianus Y-3A3
6rua nolyueHa H3 Bcepoccaficrofi rorrercrlzu npo-
MbrIuJIeHHrIx MHKpoopraHH3MoB (BKIIM, Mocnra).

CnNcox coxpaqeHnfi : SDS - loleqnncynrr[ar H$pur.

+ ABTopnnr nepenncKH.
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ky6nHHoe KynbruBnpoBaHue^ Apoxxefr npo-

BoaHJIH s rcor6ax eMKocrblo 500 ctr'li, coAepxaulux

no 50 cv3 nHTare-IlbHoil cpe4u, B TeqeHHe 72 q Ha na'

6oparopHofi rcpyroaofi KaqaJIKe.

[nr nslparq vBat:at K. ntarxi anus l4cnoJlb3oBa-

JrH nl4TareJlbHyro cpeAy, Blslrcqaroqyrc, o%: nenrou -

I ,0; gpoNNenoft ercrparr - 0,5; drpymory 
- 2' Cpe-

Ay crepI,{JIH3oBaJIH B reqeHHe 40 rvillH npu 0,8 Mfla, ox-

Jra)KAaJIH Ao 30o I,I HHoKynHpoBarH eoAHofi cycneH3H-

eft 4pontxeft. Euouaccy npoAyqeHTa orAentJIH or nH-

rarerruoft cpeAbl nyreM qenrpuQyrnpoBaHHt IIpH

1500 o6/rraun B Ter{eHHe 10 uun, 3areM npoMbIBaJIH

BoAoil H cHoBa ueHrprzQyrnpoBaJlu B rex )Ke ycJIoBH-

rx. lorotyto 6uouaccy npoAyqeHra cylIrHJIH npH

25-27".
,[rts ortAeleuua Qepr'reura 6uoti'Iaccy 3Kcrpa-

rHpoBaJIH alrerarHblM 6ydlepov, pH 4,7 (1,5--2 u

npu 20-22o n n epeu eru uaau uu), qeHrpradly rrapo aa-

nu (35 MHH npu 3000 o6/rrar'rH) u cynepuaraHr noABep-

raJrn AaJlbHefi uefi o6pa6orrce. (DepueHr ocalrAailu

800%-ntrr*a H3onponHrloBblM cnuproM B coorHo[Ie-

nuu l:4 n ueHrpudlyrapoBanl{ npu 3000 o6/vHH s re-
qeHue l5 ur.rH. flonyueuultfi ocaAorc pacrBoptnl'I B

MhHHMaJIbHona o6r'eue auerarHoro 6y$epa (pH 4'7)'

.{anrnefi ruyrc oqucrKy HHyJIHHa3bI npoBoAHJIH Mero-
govr reru-$LIJIbrpaIrHH ua ce{ta4erce G-150 (Phar-

macia, tIIeeIrHi) [7, 8]: fovoreHHocrb rloJlyqeHHblx

flpenapaToB KOHTpOJIHpOBaJIH C nOMOUIbIO 3reKrpo-

$ope:a B TIonHaKpHJIaMHAHoM reJle no vo4u{rHqupo-

BaHHoMy MeroAy [onnca 6ea SDS[9].
B xaqecree socureleft An.s uuuo6vJrv3at\rv

dleprraerna ncnoJIb3oBaJIH aHuoHoo6veugrte cMoJIbI

AM 2l A (onstrHoe npou3BoAcrso HI'II4 nJlacrHqec-

rux vacc) u AB-16fC (llponsnogcrBeHHoe o6l"e4u'

HeHlle "A3or") n rcaruouoo6MeHHoe BoJIoKHo BI4OH

KH-l (onurHoe npou3BoAcrBo Vncruryra $nsuuec-
xofi n opraun'{ecrcofi xHMI'IH HAH Eenopyccun) [10]'
flogroroery HoHHroB r unauo6ulu3aliuu ocyurecrB-

nrnH nyreM KoHAt4uHoHHpoBaHI'Ifl lroHoo6laeHH Hxo s

H nepeBoAa HX B HylKHyro {rop"y Il I ' l2]' ,ft'r eroro

nocneAyeMbte o6pa:qst nonoo6meHHblx'cMoJI noMe-

ulanh B HacbtuleHHble pacrBopbl NaCl Ha 3-4 q (Ans

[peAorBpaueHl4t pacrpecKuBaHHs rpanyn), H 3areM

HocI{TeJIH npoMblEuuln AHcTHnJII'IposaHHoft eoAofi'

.{4x yaaneHut MHHepanbHbIX npllMecefi uosurrt o6-

pa6aiunanu pacrBopaMH HCI s coorHoIIIeHHr'l 5 o6'

Ha I o6. cMoJIbt B Hapacraloqefi xosqernpauuu (0,5

s., 1,0, 2,0 u3,0 u.) Ao nonuoro orcyrcrBl'It HoHoB )I(e-

le:a. 3areu npoBoAnnlt o6pa6otcy colsgoft KLcJIo-

b

roft e yMeHbualoqefics rosqeHTpalrHl4 lt aoHoo6-

MeHHHKH orMbIBaJII4 AncrunJll4poeaHuofi eoAofi Ao

uefrrpanrHofi peanqura cpeAbl. ,ftr nepexoAa uoHla-

ros a OH-$opMy HX o6pa6arrteanu pacrBopaMn rHA-

poKcHAa Harpltt B Hapacraloueil rcoHueHTpauHu

(0, l-0,25 H.), sareu orMbIBaJII4 AHcrHnnHposaHHofi
eoAofi..[n.r 6onee norHoro yAaIeHHt npuuecefi rnc-

JrorHo-uleJlo"tHyrc o6pa6oxy npoBoAHJIH rpexKpar-

HO.

Als xouAttquoHHpoBaHH.s uoHoo6ueHHbIX Bo-

JroKoH BHOH KH-l nocleAHne noMeuraJln B AHcrHJl-

nupoBaHHyro BoAy I'r nocJle ualyxauw o6pa6arltea-

JrH B crarHqecKux ycnoButx pacrBopoM HCI nepe-

veusofi KoHlreHTpaurara (0,5 H', '1 ,0, 1,5, 1,0 ra 0,5 n.)

AJrr yAaneHHt ItoHoB )KeJle3a.,{alee BonoKHa npoMbl-

BaflH Ancr:anlupoeaHuoft eoAoil H ocyulecrBlltJlH rlo-

nepeMeHHylo qerblpexKparuyro o6pa6orxy NaOH u

HCI ( l  u . ) .
,{nr npose4euni. cop6quoHHoft Htlt rrao6ufl Hsa-

\uu 5 | HocI{TeJIs ocraBrtJll4 Ha Hotlb rtpl'l KoMHar-

Hofi reuneparype B 50. ivr.n alrerarHoro 6y$epa (pH

4,5). K cycneH3Hn I4oHHra Ao6asrsru 5 rr,tn QepveH-
ra ( l0-5 M) N neper,a etnvBanv e xor6e c noMourblo Me-

rrraJlKpr B TeqeHHe 1,5 .l npn 25", Aanee UeHrprarpyru-

poBaan 5 nlnH npu 3000 o6/vuH. OcaAorc npoMblBaJIH

arrerarHbrM 6y$epor'l (pH 4,5) Ao orcyrcrBu.s B npo-

. MbrBHbrx "BoAax oeflra. Kolrpplr ocy-UIegTBJItIIH Ha..

cnerrpo{toroMerpe CA-46 (Poccrar) npr'r n 190 Hrra u

280 Hna.
Co4epxaHue 6e-ura B orlblrax co cso6oAHstNa

{lepueHrorra onpeAeJItJIH MeroAoM Jloypt't, Anfl vM-

N.t o6unugosaHuoft n Hylu Ha3bI llcnoJlb3oBaJl I4 M oAH-

$nuuponauustfi ueroA Jloypu [13]. Karanuruqec-

Kyro aKTHBHocrb 3H3HMa I'I3MeptJIH cnexrpoSoro-

MerpnqepKnM MeroAoM rrpH noMolqu pearqun Ce-

nr.rnaHoea [9]".
ArrnsHocrr HHynHHa3bI paccqHTblBaJII'I ilo

$opr',ryle:

A -  a

1 80bt

rae A - KararurHqecKat aKtuBHocrs, eAlvr 6elxa

AJrt pacrBopllMoro Seprtaeura (Hocnrelr AJII LMMo-

6pmn:onassoro); a - KoJlllqecreo Spyxro3bl' MKr;

b - xosqesrpallut $epnaeura B peaKunoHsofr cve-

cr,r, rtrr/vl TI,IApOJ{H3ara;t- BpeMs rI'IAponH3a, MHH;

180 - uolexylaprlaA Macca Spyxrossr' flpn pacue-

Te aKTI,IBHo cru suuo6nlu3oBaHHoro $epueH'ra yun-

rbrBzull{ cd}epxaHue $epueHra s 1 r Hocllrerq'

* 3a egnunuy KarirJplrgqecxofi axrunHo crr4 Lrrrylrvr*a3br [pr,rHLIMaJII,I TaKoe KoJII'Iqecrno $epueHTa, Koropoe KaraJwr3ll'

pyer o6pa:onasne I Uxuonr $pyxro:u sa I I\,IHH B ycJIoBI.IrIX 3XcnepI{MeHTa.
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KOBAIIEBA u do

[m onpegeJreHur aKTHBHocTH cBo6oAHoro
{epiueH'rHoro npenapara peaKrlnro rnApoxn3a HHy nn-
Ha npoBoAHIH, HCnOJrb3yt ABa TepMOCTaTHpyeMbrx
$eprraeurepa (rornpolrnrrft n onsrrsbrft), B Koropbrx
peaKIIHOHHat CMe C b [epeMeruHBaJracb c noMotrlbK)
MarHHTHoft MerrraJIKH. Vcnoer4.fl sKcnepHMeHTa
6ruu cleAyroulne: reMneparypa 50o, pH 4,7, roHqeH-
rparrulr vHynHHa 5.10-4 M, npeur pearcrJwli 20 uw:a
i l 4 ,  l5 l .

flpn onpege ileHUH KaruurHTnqecrcofi arrnsHoc-
ru uuuo6uln3oBaHHoro {repnreHra nHry6aqnrc ocy-
rqecrBJr.rrnn n Qepueurepe neplroAHr{ecKoro geficr-
BHs npu reMneparype 70", pH 4,5, KoHueHTparlHH
HHyilHHa 5.10-4 M s reqeHne 20 uun H nocrorHHoM
nepeMeIIIHBaHI,IH c noMolrlbro naarsnrHofi Me[IanKI4.
lanee rnApoJrn3ar aHirnH3npoBaJra Ha coAepxaHue
Qpyrcro:sr.

xI4Me Mbr HcnoJIb3oBalJIH creKfirHHrfi pearnop, Koro-
pslfr npegcrasr.{sr co6ofi repMocrarHpyeMyro roJroHrqy
errcorofi 20 cvu AHaMerpoM I cn,t. llpa noAroroBre
peaKTop npoMbrBaJrn arlerarHbrM 6y$eponr (pH 4,7),
B Hero noMerqann 0,5 r npenapa.ra uuuo6HJrr,r3oBaH-
soft ua BHOH KH- I r.rHylnHa3br c coAep)KaHuer"r Sep-
MeHTa 4,95 ur H KaranaTtqecrcofi aKTHBHocrbro
20,2 ex. Terurneparypa rHAponH3a 70", pH 4,5, xou-
ueHTpaqnr HHynuHa 5.10-4 M.

Crarncrnqecrcyro o6pa6orKy pe3ynbraroB 3Kc-
nepHMeHTOB ITpOBOATIJIH C.npMorqblo naKpTa. npo.r_
pavu Statgraphics. locroeepHocrb or,rrnqHfi roHr-
poJIbHbIX H SKCnepHMeHTaJrbHbrx pe3ynbTaToB orIeHH-
Bairlr npu noMorrlH t-rpurepnr C.rurcgeHra.

PE3yJIbTATbI r4 OECyXAEHT4 E

kluuo6unuzatlafr - oAr.rH H3 nyrefi noBbrrre-
nar ycrofr vHBocTn feprraeHroo K AeHarypHpyroulHM

BrrAe.nenue [HyJrHHa3br n3 AporoK.efi K. marxionus

nos4eftcrunrM BHerrIHefi cpe4u, o6ecneqnsarculprft
MHoroKparHoe [pHMeHeHne 6xoxaraJrn3aropoB B
Qapuaqenrnvecrofi, nnuleeofi [poMbrlr]JreHHocrn, a
TaK)I(e B aHZUIHTHqeCKHX qejltx.

Vuynuuasa 6rula ru4eneHa H3 6nouaccrr
Apoxxefi K. marxianus nyreM ocarr(AeHur H3onpolH-
JroBrrM cnr,rproM c nocJreAyrculeft ovuc.mofi uero,[orvr
renb-xpoMarorpa$un Ha ceSagrce G-150 (ra6.rr. l).
3nrcqarc $epueHra [poBoAHJrH c.ryne Hr{aTo rIHTpar-
Ho-Soc{arHrrrr,r 6ydepov (pH 4,7) co cropocrurc l2
Mrlq. floKasaHo, qro HHynHHa3Hoft aKrfisHocrsro o6-
naAaet Qparqu.r c V.: 54 un.

ftr onpeaeJreHnr xaxyqeficr MoJleKynsp-
gofi rrlaccrr Hcnonb3oBaJra Ha6op 6elrcon-rvrapKepoB :
KaraJra3a - 230 r[a; 6trvnfi cbrBoporoqHufi anr6y-
MHH - 68 x[a; c-uHrep$epoH - 22 rcfla H unrox-
poM c - l3 rc[a. YcranosreHo, r{To Kax(yqarcr Mo-
neKynrpHar Macca HHyilHHa3r;' cocraBrrer 63 xfla.
Snerrpodope3 B [oJrHaKpHnaMHAHoM Fere BbrqBHr
roMoreHHocTb nonyqeHHoro npenapaTa HHynHHa3br
K. marxianus.

Pxg uccle4osarereft ocyulecrBarln auvo6n-
na3arlulo HHynHHa3br ua parHoo6pa3Hbrx HocHTe_
llx. Tan, npH BKJrIoqennH Seprr,leHTa B anbrnHar-
srrft relr oH coxpaHflJr 35Yo axrvsnocrH cso6olHo-
no 3HsHMa. Lluynwuasa, BbrAeJreHHar r,r3 rureroK
Penicillunt sp., 6sr.na BK;rroqeHa B rerrb KapparnHa-
Ha. flpenapaT coxpaHHJr ll,7yo arcrHBHocrH ceo6ol-
Horo $epnaeHra. D..Letca.H coaBT. Hcnonb3oBaJrH Ans.
IrlrMo6HrHs aL\HH HHy nHHa3br MaKponopHcrbre HoHo-
o6nreHsnnn Duolite A 568 n Amberlite 94 S ra nony_
qnflu SepnreHrHtre npeflaparbr, coxpaHrrorqne
19,3yo w 19,\Yo aKTltBHocrH ceo6oAHoro 3H3HMa, co-
orBercrBeHHo [16]. Onrnva.nsHar reMrreparypa pe-
aKTIHH fHApoJrr.r3a HHynuHa npH ncnonb3oBaHHH HM_
wro6pnasosaHHoft aHyna3br xapaKTepr,t3oBaJracb cABH-
rorra s o6racrr 6onee BbrcoKHX TeMrreparyp (50o 4ll

Ta6nrzua I

Craarls, o6texr orrucrKu Koruqecrso
6enxa, ur/un

YAelrsar
artfisHoctr, elNrr

Crenegu ortHcrKH BrrxdA, o%

KylrryparrHar
xI4AKOCTb

3rcrpaxr rryJrbrypbr
l

OcaxAeslre
r43OItpOrrHJroBbrM cnHpTOM

I-elu-xpouarorpatpur
Ha ce$alerce G-150

1,227 + 0,021

0,541 + 0,009

1,128 + 0,007

0,025 + 0,007

0,082 {-  0,015

0,254 + 0,009

0,814 + 0,009

1,47A + 0,A07

I ,0

3 , 1

9,9

t7 .9

r 00,0

l

44,1

ro,q

2,0
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cBo6oAHoro $epueHra, 55o - gttt uuuo6unlr3oBaH-
Horo) [17].

kh{Nto6qnusoBaHHbre $epiueH.rrr, HcnoJrb3ve_
Mbre B nraulenofr n Qapuaqearnqecxofi npoMbrrrr;reH_
HOCTH, AOJDKHbT oTBer{aTb xecTKHM CaHHTapHO_fHrHe-
HHqecKHM HopMaM. floerouy B KasecrBe uocarelefi
B Ha[rHx gKcnepHMeHTax npuMensln uouoo6MeHHu-
rcn BI,IOH-KH-1, AB-16-fC, AM-21-A, ucnolr:ye_
Mbre npH BoAonoAroroBKe H o6ecqseqHeaHun KoHeq-
Hbrx npoAyKroB npon3BoAcrBa aMHHoKr,rcnor. BI4OH
xapaKrepu3yercfl BbrcoKofi crcopocmrc cop6qr,ru r,r pe_
reHeparlHlr (e l0-15 pas esrue, rleM Ar.fl 3epHucrbrx
MarepHanoB), eslcot<ofr eMKocrblo, ceJreKTHBHocrbto,
ruApornTnr{ecxofi ycroftquBocrbro x gefi creurc xuc_
ror, ulenoqefr , pereuepupyrorqux areHToB (coxpaue_
nue o6naeHuofi eurocrn nocJre 100 u 6onee TIHKJToB
cop6qra.r-pefeHeparlnr). Hecnaorpr Ha ro, rlro onu_
cauo 6olrmoe KoJruqecrBo MeroAos cstgrtBaHr4s
$epuernon c HocHTeJreM, mr6op noHoo6ueunuxa u
cnoco6a HvNao6urHsaugra ocraercs Bo MHoroM sMnH_
pHqecKHM [18, l9] .

floxasaHo, r{To HHynHHa3a, uuuo6HJIH3oBaH_
Har Ha BoJroKHHcroM HoHHTe BHOH KH_I, coxpaHr_
na 27,50/o aKrHBHocrH ceo6oAHoro Sepueura. IIpu
cBr3brBaHar,t co cvoloft AB_ l6_fC ocraBrurocb
ll ,8oA nepBoHaqaJruHoft arrugHo.cru, a npu agcop6_
qr,roHHofi rar,arr,ro6unHs adun iia HoHHTe AM-2 I -A :-
l4,5Yo aKrHBHocrH (puc. 1). 3ra 4auHue no3BoJrrtoT
cAerarb BbrBoA o roM, qro Hau6olee s$$ercrneHrru
Ho cHTeJI eM gn n ww,o6unw3 aI\HLr HHyJIHHa3bt rBJrrer_
cr uosoo6uegHoe BoJroKHo BHOH KH-1.

,{a.lee HccJIeAoBaJIH 3aBHcuMocrb Kiltalrvru_
qecxofi aKTHBHocTH ceo6ogHofi u nuuo6nlr,r3oBaH_
uofi sa aoHoo6veuHoM BoJroKHe BHOH KH-1 usynra_
Ha3br or reMneparypbr fuApoJru3 a (puc. 2).

flora3aHo, qro MaKcllMaJrbnyro KarurnTHr{ec_
Kyrc aKTHBHocrr cno6ognufi SeprrleHT nporBrcer
npu 50o, qro BrroJrHe cornacyercr c JrnTeparypHbrMr4
AaHHbrMH. Tar, glr Seprvreura K. marxianus var.
b-u I gar icus reMneparypHbrfi onruuyru coorBercrByer.
55' [6] a p,nn vHynrr4nasr K. marxianus y-g5 EI _
5 ? o  f ? l
J L  

L J ) .

flnn uuy nunasrr, agcop6rluoHHo aMr,ro6uruso_
saHHofr sa BHOH KH-l (a raK)r(e ua AB_16_|C a
AIVI-2 I -A), MaKcHMyM aKTHBHocrn Aocrr.rraerc, rrpu
70o, vro na 20" Bbrrrre, veu cno6o4noro $epueura.
Kpoue roro, pacrBopurrlufi Sepvenr fioJrHocrbro
uHaKruBupyercr lrpu 80o, ror4a KaK npH nuvo6ulu_
3arIHH KaranHTHqecKzur aKrnBHocrb npn g0o coxpaHr_
ercr fia ypoBHe 80Yo o.t uaxcuuaarsofi.

Bepoxrno, noBbrueHue onruMrurbHofi reune_
paryprr peaKrIHH fuApoJrr.r3a HrryrruHa nuuo6ulpr:o-
BaHHbrM QepueHrnrrM npe[aparou o6ycloe.neHo
reM, qTo npH llpncoeAH.$eHUrvt K HoCHTeJTTO npoHcxo-

AHT rroBbuleHue r(ecrKocra Tpernuuofi crpyrryprr
Sepuenra. t{eu 6olsrue o6pasoaano 

"""."il ""r*ayHocHTeJreM ra {epvenroM, TeM 6olrurefi cra6unurot_
rrrc o6la4asr 6erxosar MoJrexyna npu noBbrureHuu
reMneparyprr [18, l9].
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Puc. l. ArrusHocrr nHynuHa3br npu nuuo6u.nu3aLrlu
Ha pa3nr{qHLtx HocHTeJrrx

n o

0,8
0 ,7
0 ,6
0 ,5
0,4
0 ,3
0 ,2
0 , 1

0
l, 
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Pfi c. 2. 3asrcrdMocrb aKrHBHocrlr cso6olHofr (/) ra r,turrlo-
6urusosaHHoft na BHOH KH- | (2) unynuuatbl orreMneparypLr

AHalgg AaHHbrx nl,rreparypbr noKa3brBaer, qro
HHyirHHa3br vs p a3 fluq}lbrx Mr,rKpoopraHH3MOB p a3nu_
qarorcc no pH-onruMyMy. lpz6Hue r,r Apoxu(eB;re
HHyJII4Ha3br nporBJlrroT MaKCI,rMaJrbHylo aICTHBHOCTb
s 6oree nrac.nofi cpeg-e (pH 4,0-5,5), 6arrepuanr_

B Arra[a3oHe pH 5,5-7,5. f lo AaHHbrM pa3_
Jrr.rqHbrx aBTopoB, pH-onrnuyM AnA vHynHHa3 H3
K. marxianus cocraBltse.t 4,4-7,5 LZ}l. Tarc, gnt,
Seprvrenra K marxianus N|CCSZ466 onruualruoe
3HaqeHHe pH : 6,0 l4), a ws urynu*&3br K. marxia_
nus T-2 pH : 5,0 [2].

IIo Haruuu AaHH6IM, onrnMalrbHoe suauerule pH
g.n-a cno6ognoro SepueHTa cocraBJurer 4,,7 (pnc. 3).

1 0 0
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PHc.3.3asHc!l\.rocru aKTHBHocrn cso6olHofi (/) u uuruo-
6MrHrlosaHHofr sa BI,IOH I(H-l (2) HHyltnHa3br or pH cpeAur. 3a
l0A% npuHrra MaKcHr\raJrbHat aKTHBHocrl, cso6oAuoro
rlreprrreHra

flpn artarrlo6HnH3auHH 9H3HMa Ha Bcex nbcle4yelrrx
HOCHTeJTTX OnTHMyM pH [paKTHqeCKH He H3MeHteT-
c.rr: Ha6nloAaeTcr JrHrrJb HeKoTopoe paclrr4peHHe IiVa-
na3oHa 3HarreHHfr, KoTopoe Mo)KHo o6aflcHHTb pa3nH-
qHeM MexAy JroKaJrbHbrMH 3HaqeHHrMH pH MHKpOOK-
py)KeHHfl aKTHBHoro rIeHTpa B HMMO6HIH3HpOBaH-
HoM cocror{HrH B pacrBope [21]..

AHaras noryqeHHbrx AaHHbrx no3BoJrrer rrpeA-
noJro)KHTb, qTo MexaHH3MbI ycTofi qI,IBOCTH HMMO6H-
Jil.r3oBaHHbtx $eprrleuroe K AeficTBHrO 3KCTpeMarb-
Hbrx 3HaqeHrafi pH H reMneparypbr, a rat<>Ke ApyrHX
AeHarypupyrorqux areHToB o6ycloueHbr npe)KAe

. Bcefo lr3M€HeHHeM HX TpeTHqHAfi CTpyKTypbI, oTBeT-
crBeHHoft 3a o6pa3oBaune {repueHr-cy6crparnoro
KoMnJreKca. llpn erolr npeAorBparqarorcr raKae npo-
rleccbr, KaK arperarlur MoJrer(yn QeprlreHra H Auccouna-
rrnr oJrHfoMepHbrx 6elron Ha cy6beAHHHrIbr.

OAHarco cneAyer notvrHnTb, rrro HMMo6r4rH3a-
rlH.fl MO)KeT npHBOAHTb H K 3HaqHTeJrbHOfr noTepe aK-
Tr4BHocrH {repueHra, qro yBennqnBaer Ba}KHocrb
no46opa aocurexxl22l.

I4syveHne $epueHraruBHoro KaraJrn3a rzMMo-
6HrH:osaHFrbrMH 3H3r,tManau ueo6xoAaMo AJII Bbr.rrB-
reHHg MexaH a3MoB Aeitcreufl, rr.terra6paHocBfl 3aHH btx
dlepuernon, onnroMepHbrx 6erxoe u nolu$epnreHr-
Hbrx cHcTeM, cKoHcTpyHpoBaHHbrx rro MOAynbHoMy
npuHqnny [23] .

K snarrlo6unH3oBaHHbrM {repueHranr npHMeHH-
M bf o cHoBHbte nofl oxceHH fl Teopwpt reTepof eHHofo Ka_
TaJrH3a. l{nlMo6urusaqur $eprr,reHToB, KaK npaBHJro,
npI,rBoAHT K H3MeHeHHrc KHHeTHT{ecKHX H TepMOAHHa_
MHr{ecKHX flapaMerpoB $epnaeH.rarnnHrx peaxqufi,

0 noerouy r.rx o6o:HaqarcT KaK KarKyulnecr (Ki,, Vi,,o*

H T.A.). [n.r 6onrruuHcrBa $eplreHroe rHa.reuae K'n,

npn nurr.lo6HnH3arIr,rH yBerHqHBaeTcr, a V;r1x yMeHb-

uaercr 124,25).
Haun nora:aHo, rrro KIzHerHKy peaKqHH, Kara-

lnsnpyenoft cno6ogHsrrvr SepueHrou, HeJrb3r orrH-
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20

0

Kou4eumporpu cy6anpanta, lfo M 10,5 e/n1

Pllc.4.3asncunocrb aKrHBHourn cno6ogHofi (/) a uur,lo-
6nrn:rosaHHoii na BHOH KH-l rHyirr.rHaru (2) m KoHuerrrpa-
uur.r cy6crpara (no ocu oplr.rHaT npHBe,qeHbt o/o or varcnuart-
uoii arrusuocru cso6oAHoro dreprrleura)

carb c nouoqrro ypheHeuua Muxaglnca-Mesres.
Hzy uenue 3aB HcH M ocru aKTHB Hoc rH HHy ilH*a3 br or
KOHTIeHTpaqVU uHy ilHHA npu nuuo6 Hnu3at\r4u HHy -
JII,IHa3bI Ha HoHoo6MeHHoM BoJIoKHe BI4OH KH-I no.
Ka3tulo, r{To ee KHHeTHKa B onpeAeneHHou npn6laxe-
HVIU rroAqlIHreTcr 3aKoHoMepHocTH MHXasrH-
ca-MeHreH (puc. 4).

Ha.nnque H3JIoMoB Ha KpHBbrx 3aBHcHMocrn aK-
rr,rBHocru Seprrlenra or KoHqeHrpauHH cy6crpara
[oATBep)KAaer coxpaHeHHe r{erBeprnvuoft crpyrcry-
pbr HHyJrHHa3br npa aqcop6qnoHHou n:anmogeficr-
BHH c Hocn'reJrsMri. Mogr.r$arcarlnr KaHerurn $ep-

" MeHT?THBHoro KaraJrj.t3a npH arrlvo6nluto(H.h. Mo:
)Ker cBngereJrbcrBoBarb o roM, qro npn cop6qnu 6en-
Ka, BeporTHo, Ha6IrcAaeTCt He6onbuoe H3MeHeHtre
rcou {ropr'r aqn 14 e ro orAeJrb Hbrx cy6re4n H n q, cKa3 br Ba-
louleecr Ha KooneparnBHocrn HX B3auMoAeftcrsH.fl e
npouecce pacqenneHur cy6crpara [25, 26].

C norrroqrrc [peo6pa3oBaHHr KpHBbrx 3aBHcH-
Mocrr.r V or S B KoopAr{Harax JlafiHyHBepa-5eprca
6ulu onpe4eJreHbr Kn' H Vn,o* (a raxxe Ki,, r,r Vi,-*)
peaKIIHH rup.poilu3a vHy nvna H3yr{aeMbrMn $eprr.leHr-
HbrMH npenaparaMr.r (ra6n. 2).

CpaeunrelrHsrfi aHarHs KpHBbrx V(S) H 3Haqe-
Hr,tfi ocHoBH brx Kr.rHerHqecKHX napa MerpoB peaKIIH H
rtIAponH3a HHy nvHa nonyr{eHHbtul,r ntu na o6uJrH3o BaH-
HbrMH npenapaTaMH HHyJrHHa3br w3 K. ilnrxi0r?u/J no3_
BoJI.gIor cAenarb'BbrBoA, rrro Han6onbu;ee cpoAcrBo K
cy6crpary fiporBnrer HHynHHa3a, agcop6quoHr-lo
CB'3aHHa' c HoHoooMeHHHKoM BI,TOH KH- I . Oqe-
BHAHO, AaHHOe BO.nOKHO AOCTaTOT{HO npor{Ho cBq3br_
BaeTct c HHyJIHHa3Ofi, O6ecnevnaas 6olee BbrcoKyro
repMo- u pH-cra6unbHocrb 6elxa. B cer:H c 3rHM
BnoJrHe BeporrHo, qro BI,IOH KH-l oraxercr npH-
roAHbtM AJrr MHoroKparHoro Hcrro;rb3oBaHns e na6o_
paTopHbtx H npoMbruneHHbtx ycnoBHrx.

B c.rregyrorq efi cepwn g KcnepHMeHToB H3yr{an H
BJTHTHHe yclonufi xpaHeHnr H AJlr{TeJrbHoro HcnoJrb-
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PA3PAEOTKA |ETEPO|EHHO|O KATAJIH3ATOPA HA OCHOBE IIMMOEHJIH3OBAHHO|O IIPENAPATA

Ta6tuua 2

3naqenus K. I| V.r, Ars peaKrlll|| r[Aponlr3a ITIIyJIUHa CnO6OAnOfi U n*rrro6n.nusoeaHHoft

uHy.nnnarofi

OepueHrnrtfi [pe[apar Vmax ({,u* ), naxvoJtl'ur/unH

Cso6oAHar Hrynvna3a

Vtty rwaala, nult o6ltnus oBaHHat

na AB-16-fC

i|rtty ttuuaza, ut alto6urHsosaHHal

na AM-21-A

Vvy nuuaza, nruMo6luusoBaHHat
na BhOH KH-l

3OBaHI,tt Ha aKTHBHOCTb HHyJIHHa3bI, HMMO6UJIH3O-

saHHoft na BHOH KH-l'
Kara-nsruqecKat aKtHBHoc'rr SepueHTa H co-

Aep)KaHHe 6elrca B I'IMMo6HJIH3oBaHHoM llpenapare,

xoioprifi xpZrHnnii e cyxolvt sHae npd noMsarHofi'retrl-

neparype, He H3MeHtnHcb Ha nportlKeHLIH AByX neT'

HsoectHo, qro HaH6onee npeAnoqrfiTeJlbHbl-

Mr4 B npoMbllrJIeHHbIX ycJIOBHtx tBJItIOTCt peamo-

p br He n pep bI BHoro geitcrzu x, no3 BoJIt lourne aBToMa-

Tn3r,rpoBarb rexHonorHqecxplfi ilpoqecc. Kpove

Tofo, IIpH Hononb3oBaHHH peaKTopoB HenpepblBHOfO

102 + 0,9

19 *  0 ,9

15 +  0 ,9

35 r 0,9

AeficreHs Bo3pacraer BpeMt KoHTaKTa QepueHra c

cy6crparou. llpu sror'a gll{rdry3uoHHble 3arpyAHe-

HHt Aocryna MoJIeKyJIbI cy6crpara K MorleKyJle I'IM-

N.ro6urnsosaHHoro {repueHra ilpeoAoneBarorcs 6o-

nee's{dlexruBHo no cpaBHeHIrIo c pearcquefr fuAponH-

3a B peaKTope nepuoAuqecKofo Aeficrsnr. CosAaror-

cr 6naronpntrHble ycJIoBHt gla o6pasoraHnr {ep-
naerrr-cy6crparHofo KoMnJIeKca [27]. flooroMy Mbl

vr3yqvnr oco6enuocrH HenpepblBHofo rnAponl'r3a

uly narla B peaKTope I(oJIoHoqHoro runa lZ8, 29) -

Ert.no nonagaHo, qro npu nponycKaHHu pacrBo-

pa r{HynHHa qepe3 KoJlouxy uvuo6HJIH3oBaHHoro

npenapara HHyJIHHa3bl co cKopocrbro 3 rtallutuH co:-

rlarorct orITI4MaJIbHbIe ycJIoBHfl raAponu3a. AxrHe-

HOCTb rlpeflapaTa B pea]cope KoJloHor-lHoro Turla B

3ToM cflyr{ae wa 69Yo npeBbtcHna efo aKTHBHOcTb B

$eprraeurepe npu nepnoAHqecKoM cnoco6e rHAponu-

:a cy6crpara.
llpu yoelnueHHI4 cKopocrn rloroKa cyocrpara

KATATI,ITHqCCKA' AKTHBHOCTb HMMOOHJII"I3OBAHHOH

HHynHHa3bI cHH)Kaerct. llpu 4 vn/utzH n nprz 5

ur/tttl.ttr aKTHBHocrb $eprnleHra yMeHbuaerct Ha

24o/ou52Yo, cOO'rseTCTBeHHo, nO cpaBHeHI'Irc c ero aK-

THBHocrblo B peaKrope fieplaoAuqecKoro AefrcrsHs
(puc. 5).

3rg,rnneHue MoxHo o6tqcHl'{rs cneAy}ouruM

o6pa:ortr. ,{4r nporenaHlrfl peaKl{vru K{rarn3a B cny-
qae nruvo6rzJl H3oBaH Hofo {lepv eHra M oJI eKyra cy6cr-

para AH$SyHAHpyer BHyrpb MarpHqbl HocHTert.

i lpu ualr tx cKopocrtx noroKa an{rQy:uouHble 3a-

TpyAHeHHt npeoAoneBaroTct 3a crteT yBenHveHvfl

BpeMeHH n:anvoAeilcraur $epr'reHra c cy6crparoM H

1 8 0

s  160

3 140

F 120

: 1 0 0

S s o
6

s 6 0

t 4 0
20

0
l 2

Konmpona
4 5

un/ttttu, Cxopocmb nomoKa cY6cmPamo,

Puc. 5. ArrnsHocrs unaMo6nrusosasHofi sa BHOH

KH-l nHy.nuna3bl rlpl4 paslu'rHofr cKopocrl4 noroxa cy6crp''na-

Kourpo.nr ( I 00%) - MaKcHMarbHat aKrfiBHocrb B peaKTope ne-

pr,toauqecKoro .uefr creHr B onrHM a;rbHblx yclloBlltx

Euorexuolorur. 2007. Ng 3
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2,24.104

5,40.10-4
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3,30.10-4
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::31111 
6raronpa.rrHbx ycrroBH ir Ms sosHwr(HoBe_

HH' QCPMEHT.CY6CTPATHOTO KOMruICKCA. COOTBETCT-
BeHHO, npw yBeflwreHltH CKopocTA noToKa cyocTpaTayMeHbrxaeTc' BpeM' KOHTaKTa HHyJTHHA c HHyilHHA_3on, H, B pe3ynbrare o6pa3yerc" ,L"*" Kolraqecr_
i.? j,:lT=sr[27].&,,'noir^i";;;';;*raamuoft
3QQeKrHBHo"rr r"y:6_1rrn3oBaHH6r fi npenVpar uny _JrHHa3br cnelyeT HcnoJrb3oBar" 

" 
p"u*ropax Henpe-pLrBHoro peitcrznx npH cKopocr" noro*a cy6crpara3 un/uwt (cu. pnc. 5).

florca3auo, r{To npH MHoroKparHoM Hcfrorrb3o-BaHHA nltruo6anaso
Ho crb rpa KrH qe cKH ::Tr"#-;ff f ?ffi J,:"":ffi :eeAeHrr).

Tarav o6pa:ou, 6ru nolyveu $epveHrsrilrlpenapar HN{nao6HnHsoeaHHofi ^ryn^nurirrBbrAeJreH-
Hufi a: apoxxeft K nnrxianus, a 

"u,aonoE 
uKTHBHoc_rrrc. floAo6paHbr orrrHMaJrbHlre ycfloBlfl,a Tapre uc-cneAoBaHlr da:axo_xl.nraqecKae csoficrsa H xapaK_TEPHCTHKH peaKIIHH rIdApoIIH3a uHy nilHaceo6oAFIofiu wutro6unrzsoeaHHofi Ha HoHoo6;;;; BorroKHe

_BHOH KH- I auyraHasofi . nonu.orru f"iol"ruo.r"[penapaTa npH XpaHeHHH Vr H)non"ao"ur"r.

JI14TEPATYPA
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PA3PAEOTKA |ETEPOTEHHO|O KATAJIH3ATOPA HA OCHOBE HMMOEI,IJII43OBAHHOTO IPEIIAPATA
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r  
-  D e v e l o p m e n t  o f  a  H e t e r o g e n e o u s  B i o -

, c a t a l y s t  o n  t h e  B a s i s  o f  t h e  I m m o b i l i z e d  I n u _
f inase Preparat ion from Kluyverontyces mar_
xianus

The adsorption immobilization of enzyrne inulinase from
Khyveromyces marxianus on a cation_e*rhong, tibre VION
I!N-l has been pertbrmed: the optimum conCitiinsJ.or functio_
ning of'this preparation were detirmined. physicar and chemicarproperties of the immobirized enzyme and cLaracteristics of theinulin hydrolysis by free and immobirized inutinase were investi-gated.

*,-^ . !:l 
wc,rds: adsorption immobilization" cation-exchange

Irore. tnultnase-
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