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AHHoTanus. OUNYH 1 MamauH — IPOTEOINTHIECKUE (PEPMEHTHI PACTUTEIIFHOTO MTPOUCXOKIACHNUS, IPUMEHS-
eMble B OMOMEIWIIMHE W TMPOMBINUICHHOCTH. PacTBoprMEBIe (OpMBI (DEpMEHTOB MMEIOT PSA HEIOCTATKOB,
HanpuMep, ObIcTpasi MHAKTHBALMS, MUKpPOOHas Jierpafalys, aBToIn3 U Apyrue. braronapss nMMoOuIu3annm
9H3MMOB Ha I0JIMCaxapuiaX MOXKHO UCKIIIOUNTH Ha3BaHHbIE ITPOOIEMBI.

B cBsi3u ¢ BbIlIECKa3aHHBIM, eI NCCIIEJOBAHMS 3aKIII0YANAch B pa3padoTKe METOMKH MOJTYyYEeHHsI KOMILICK-
coB (MIMHA W TallanHa C CyJb(aToOM XWUTO3aHa C Pa3INYHBIMH MOJICKYJISIPHBIMH MacCaMd M W3y4YCHUH HX
CTPYKTYPHBIX OCOOEHHOCTEH

[IpoBenen cunTe3 cynb(ara XUTO3aHa C Pa3IMIHBIMK 3HAUYCHUSIMH MOJIEKYJISIpHBIX Macc: 200, 350 u 600 k/la.
Pa3paboTana MeToanKa KOMITIEKCOOOpa3oBaHus (GHUIMHA U MallanHa ¢ CyiabpaToM xuTo3ana. MccinenoBanue
coliepxaHus OelKa B IMMOOWMIM30BaHHBIX Iperaparax (puIiMHa W mamanHa MpOBOAMIH 1Mo Metoxny Jloypw,
MPOTEa3HYI0 aKTHBHOCTH 00PA3IIOB OIIPEIEIIsUIH IO CKOPOCTH THAPOIIH3a CyOcTpaTa — a30Ka3enHa.

W3 anamm3a pe3ynmbTaToOB SKCIIEPUMEHTOB in silico BBITEKAeT, YTO B3aMMOJIEHCTBHE (HIMHA W TaranHa C
CyImb(paToM XHUTO3aHa OOYCIOBICHO OOpa30BaHHWEM BOIOPOITHBIX CBA3CH MEXITy KOMIIOHEHTAMH, a TaKKe
ANEKTPOCTATUICCKUMU W THUAPO(YOOHBIMH B3amMOAEHCTBHAMH. CBS3M M B3aUMOJCHCTBUSA C CyIb(paToOM
XHUTO3aHa 00pa3yroTCs, B TOM YHUCIIE, C yYaCTHEM aMUHOKHUCIOTHBIX OCTATKOB, 00pa3yrOLINX aKTHBHBIN LIEHTP
su3uMoB (Cys25 u Hisl62 mis ¢ummua, Cys25 u Hisl59 nans nanawHa) wWiM HaXOMAIIUXCS B
HETOCPEACTBEHHOMN OJH30CTH OT HUX.

BrrsiBIIeHO, YTO ONTHMAaIbHOE COOTHOIIEHHE TAKUX ITapaMeTPOB, KaK CoAepKaHue Oesika (B MI Ha T HOCHUTEIIS)
1 00111e# aKTUBHOCTH (B €1. Ha MJI pACTBOPA) MOJYYCHHBIX KOMIUIEKCOB (DHIMHA U MTANIaHA, HAOIF01aeTCs TIPU
MX B3aUMOJICHCTBUU C HOCUTEINIEM, MOJIEKYJIIpHas Macca kotoporo cocrasisier 600 k/a.

[IpemnosxeHHBIN MOIX0 OTKPHIBACT IIUPOKUE MIEPCIICKTHBHI U €T0 BHEIPECHHUS B IPAKTUKY UMMOOWITH3AIHA
mpoTernHa3 O1arogaps MpeIcKa3aHuio CTPYKTYPHBIX 0COOCHHOCTEH OMOKaTami3aTopa Ha OCHOBE in silico pac-
YETOB, HE TPEOYIOIMUX UCTIOIH30BAHUS TOPOTOCTOSIINX PEAKTHBOB.
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Abstract. Ficin and papain are proteolytic enzymes of plant origin used in biomedicine and industry. Soluble
forms of enzymes have several disadvantages, such as rapid inactivation, microbial degradation, autolysis, etc.
Immobilization of enzymes on polysaccharides can exclude these problems.

In connection with the above, the purpose of the study was to develop a technique for the complexation of ficin
and papain with sulfate chitosan with different molecular weights and to study their structural features.
Sulfate chitosan with different molecular weights (200, 350, and 600 kDa) was successfully obtained. A tech-
nique for the complexation of ficin and papain with sulfate chitosan has been proposed. The protein content in
the immobilized formulations of ficin and papain was estimated by the Lowry method; the protease activity of
the samples was evaluated on the substrate azocasein.

It was shown by in silico experiments that the interaction of ficin and papain with sulfate chitosan is due to
electrostatic and hydrophobic interactions, as well as the formation of hydrogen bonds between the compo-
nents. Bonds and interactions with sulfate chitosan are also formed with the participation of amino acid residues
forming the active site of the enzymes (Cys25 and His162 for ficin, Cys25 and His159 for papain) and near-
locating ones.

It was found that the optimal ratio of protein content (mg per g of carrier), total activity (in units per mL of
solution) is achieved for ficin and papain complexes with sulfate chitosan with a molecular weight of 600 kDa.
The proposed approach has broad prospects for practical use in the field of proteinase immobilization due to
the prediction of the structural features of the biocatalyst based on in silico simulations that do not require the
use of expensive reagents.
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NENTUAHBIC CBA3U, COOACPKUTCA OCTATOK CE-
pocoaepKallel aMUHOKUCIOTBI — ILIUCTE-
]_[I/ICTGI/IHOBBIG mporeasbpl — CEMCHUCTBO pHa. DTH q)epMeHTI)I IIAPOKO PpacIpocTpa-

TUpoIias, O0ObEAMHEHHBIX TEM (pAKTOM, YTO  HeHBI B NIPUPOJE U NMPUHUMAIOT y4acTHE B
B HMX aKTHBHOM LEHTpE, PacCLICILIAIONIEM

Beenenne
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npoleccax JKU3HeIeATeIbHOCTH MPeICTaBU-
TeJe BCEX TAKCOHOB XUBBIX OPraHU3MOB
[1]. YuuTeiBas 3TOT (PakT, IIUCTEHHOBHIE
npoTeas3bl HAlLIM APPEKTHBHOE MpPHUMEHe-
HUE B PA3NIMYHBIX OOJIACTAX MPAKTHUECKOMN
NESTENIbHOCTH YeJIOBeKa, CPeIu KOTOPBIX
0Cc000 CIIeyeT BBIACIUTh OMOTEXHOJOTUH
[2, 3], kocmeTomnoruto [4], apmaruto [5, 6],
MeIUIMHY [7, 8] 1 NMUILEBYIO0 TPOMBIIILICH-
HOCTb [9].

[Tamava (K® 3.4.22.2) u ¢unun (KD
3.4.22.3) sABIAIOTCS NEPCIEKTUBHBIMU IS
dapmarun  pepmentamu. [lamawmH momy-
yaroT U3 Jarekca nanaiu Carica papaya. On
cTaOuJIeH PU BBICOKUX TEMIIEpaTypax U aK-
tuBeH B auana3zoHe pH 3.0-9.0. M3onnek-
Tpruueckas touka paBHa 8.75 [10]. [Tanann
o0JasaeT mMpOTHBOBOCHAIUTEILHBIMUA U aH-
TUMUKPOOHBIMH CBOMCTBAMH, TaK KakK TU-
POJIM3YEeT TOKCHKAHTBI OSIIKOBOM MIPUPOJIHI B
obmactu BocmaieHui. Kpome Toro, dep-
MEHT 00najaeT CTUMYJIHUPYIOIIUM JIeH-
CTBHEM IO OTHOLICHHIO K METa0OoIu3My U
pereHepamnyy TKaHEW, a TaKXke CIocoo-
CTBYEeT TPOHUKHOBEHHMIO JAPYTUX JIeKap-
CTBEHHBIX CPEJICTB Yepe3 KOXKHbIE TOKPOBbI
0e3 HapylIeHUs I[EeTOCTHOCTH 3I0OPOBBIX
TKaHew [11, 12].

OUIMH — MPOTEOTUTUUECKUN (EepMEHT,
BBIJICTISIEMBI M3 JIaTeKca WHXupa Ficus
carica. OulMH, Kak W IIallanH, aKTUBEH B
IIMPOKOM Jauana3oHe 3HaueHud pH cpensl.
N3osnexTpuueckas Touka cocrasiseT 9.0.
XapakTepu3yeTcsi JOBOJIBHO BBICOKOW Tep-
MHUYECKOW CTAaOMILHOCTBIO: TemIepaTypa
WHAKTUBAIMU cocTaBisieT nopsaka 80°C, a
ONTHUMYM aKTUBHOCTH MPHUXOJUTCS HA JUa-
ma3oH 60-65°C [13]. dunua cnocobeH Kk
THJIPOJIM3Y MHOTUX THUIIOB OENKOB M 00ma-
JlaeT MPOTUBOBUPYCHBIMU CBOMCTBaMH [ 14].

MHorre 5H3UMBI YacTO XapaKTepusy-
FOTCSl HU3KOM YCTOMYMBOCTBIO K JEHCTBUIO
Pa3IUYHBIX ACHATYPUPYIOMUX (aKTOPOB, B
CBSI3M C YeM JIsl CTAaOUITN3alluU UX aKTUBHO-
CTH IeJecooOpa3HO MMMOOMIIU30BAaTh MO-
JIEKYyJIbl SH3UMOB Ha MaTpHIle MOJUMEPOB
[16, 17]. UneanbHble HOCUTENN, TPUMEHSIE-
MBI€ JUII MMMOOWIN3alMA OMOKATaIIN3aTo-

POB, OJKHBI OTBEYATh CIEIYIOIIUM YCJIO-
BUSIM: CTaOMJIBHOCTh M MPOYHOCTH B YCIIO-
BUSX 3KCIUTyaTallud, OTCYTCTBHUE HECIIELU-
(UYeCKUX B3aMMOJICHCTBHIA, IPUBOSAIINX K
KOH(OPMAIIMOHHBIM H3MEHEHUSM TJI00YII
HH3UMOB, & TAKXKE JIOCTYITHOCTh PEaKIMOH-
HBIX LIEHTPOB JUJIsl BCTYIJICHUS B peakUUu
aKTUBaIMU. Bce BhIlenepeyncieHHbIe 0Co-
OCHHOCTH XapaKTEepHBI ISl XUTO3aHA U €ro
Cynb(aTupoBaHHBIX MPOU3BOAHBIX [18].
AHanu3 JUTEPaTypHBIX [aHHBIX IOKAa3bl-
BAET, YTO B3aUMOACHCTBUE (PEPMEHTOB C XH-
TO3aHOM MPUBOAMT K MOBBIIICHUIO UX TEp-
MOCTAaOUIIBHOCTH U PE3UCTEHTHOCTH K BO3-
JNEWCTBUIO MUKPOOpPraHu3moB [19].

CynbaT XuT03aHa — OJJMH U3 €r0 CTPYK-
TYpHBIX aHAJIOTOB, B KOTOPOM CyJb(daTHas
rpymnna MOXeT ObIThb MPUCOECTUHEHA Hero-
CPEICTBEHHO K aMHUHOTPYIIIIE XWUTO3aHa
[20]. Cynbar xuTo3aHa — MOIUCAXAPH, B
MaKpOMOJIEKyJlaX KOTOPOTO COJepKaTcs
cynb(haTHbie- W aMuHOTpymmbl. [loMuMo
BCEX BBILICTIEPEUNCIECHHBIX CBOMCTB XUTO-
3aHa, KOTOPBIE MPUCYIIH U Cylb(ary XUTO-
3aHa, ToJucaxapuj o0jalaeT aHTHUKOary-
JISHTHOM aKTUBHOCTBIO, BO3PACTAIOIIECH TPHU
YBEJIMUEHUU CTEMIEHU CYIb(paTHPOBAHUS, a
TaK)Ke Pe3KO CHUYKAeT MHTEHCUBHOCTb JIejie-
HUS PaKOBBIX KJIETOK. XHUTO3aH U €ro Cyjb-
(dartupoBanHbIe POpPMBI 00TaAIOT AHTHOK-
CHJIAaHTHBIM JielicTBHeM, 3((eKTUBHOCTD
KOTOpPOTO COMOCTaBUMa C (DEHOJIbHBIMU aH-
TUOKCHJIAHTaMH, HO TI0 CPAaBHEHUIO C IIO-
CIIETHUMH, XUTO3aH M €ro INPOU3BOJHBIE
UMEIOT IPEUMYIIECTBO M3-32 UX HETOKCHY-
HoW mpupoasl [21]. [laHHbIE TOIHMEPHI
HAIIUTH [IMPOKOE MPUMEHEHHE B MEIUIHE
1 apMaKoIoruu OJarogapst UX HU3KOH CTO-
UMOCTH, TOCTYITHOCTH, HETOKCUYHOCTH, HE-
MMMYHOT€HHOCTH, OHOJIerpaglupyeMocTH,
aHTUOAKTepUAILHOW M TPOTHUBOTPHOKOBON
aKTUBHOCTH, OMOPA3J1araeMoCTH, BbIpaKeH-
HBIM aJre3uBHBIM CBOMCTBaM, OHMOCOBMe-
CTUMOCTH, BIUSHUIO HA MPOIIECCHl pereHe-
pary MOBPEKICHHBIX KOXHBIX MOKPOBOB
[22]. Omnako MexaHU3MBI (HOPMUPOBAHUS
KOMILJIEKCOB Cylib(haTa XUTO3aHa C pa3iny-
HBIMH O€JIKaMH Majio U3y4eHBbI.
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Tabmuia 1. AMUHOKUCIIOTHBIC OCTATKU (DHMIIMHA M MMaranHa, KOTOpbie (JOPMHUPYIOT CBSI3H U B3aH-
MOJEHCTBUS ¢ CylIb(aToM XUTO3aHa B MPOLECCE KOMILIEKCOOOpa30BaHU
Table 1. Amino acid residues of ficin and papain, which form bonds and interactions with chitosan

sulfate during the complexation between them

AMHHOKHCIIOTHBIE OCTaTKH, POPMHUPYIONTHE

BOIOPOAHBIC CBA3ZH M AJIMHA CBA3H, A

HWHBIE THUIIBI B3aUMOJIEHCTBUN

AMHMHOKHCIIOTH (PUIIMHA, KOTOPBIe 00pa3yIoT CBSI3U U B3aMMOJICHCTBUS C CyIb()aTOM XHTO3aHA

Asnl8, 2.71 A;
Gly20,3.08 u 3.06 A;
Ser66, 2.70 A;
Gly68,2.93 1298 A;
Glul45,2.96 1 3.04 A;
Aspl61,3.07 A;
His162, 3.23 A;
Trpl84,3.16 A

GInl19, Cys22, Gly23, Tyr60, Cys65, Gly67,
Trp69, Trp188

AMHMHOKHCIIOTHI TaanHa, KOTOphIe 00pa3yIoT CBA3H U B3aUMOJCHCTBHS C CyIb(paToM XUTO3aHa

Gly20,2.73 A;
Cys22,3.06 A;
Cys25,2.89 A;
Cys63,2.91 A;
Gly66,2.87u3.13 A;
Glnl142,2.88 A

Asnl8, Ser21, Gly23, Asn64, Gly65, Alal36,
Vall57, Aspl58, Trpl77

B cBsi3u ¢ BBIIICCKAa3aHHBIM, LICJILIO ITPO-
BEJICHHOTO HCCIICIOBAHMS SIBISIACH pa3pa-
6OTKa MCTOAUKU IOJTYYCHUA KOMILICKCOB
dbunMHA ¥ TIaranHa ¢ CyJb(paToM XHUTO3aHA
U M3Y4YCHHE MX CTPYKTYpHBIX OCOOCHHO-
CTEH.

JKCNepUMEHTAIbHASA YaCTh

OObexkTaMH HCCIEOBaHUS BBICTYNATU
buuH, BeIACNEHHBI U3 Ficus carica, na-
navd, noxydeHHsld w3 Carica papaya
(Sigma, CIIIA), B 3KCIEpUMEHTax I10 OIIpe-
JIEJIEHUIO TIPOTEOIUTHUECKON aKTUBHOCTH B
KauecTBe CyOcTpara Jisi THIPOIN3a UCTIOIb-
3oBanu azokaseuH (Sigma, CIIIA), nns cun-
Te3a cynb(ara XUTO3aHA TPUMEHSITU XUTO-
3aH CO cpeaHen MoJeKyJapHon Maccoit 200,
350 n 600 x/la u cTeneHplo AcaleTUINPOBa-
Hus 0.85 (buomnporpecc, Poccus).

[onydenue cynbdara XuTO3aHA OCY-
HIECTBIISIN O CIASAYIONIEH METOTUKe: IS
MPUTOTOBIICHUS cynbdara xutozana 5.0 r
XUTO3aHa pacTBopsir B 500 cm® 2 mac./06.
BOJHOTO PacTBOpa YKCYCHOHM KHUCJOTBHI, 3a-
tem 20 cm® 10 % Macc. BOJHOTO pacTBOpa
CEPHOU KHCIIOTHI U BBIJICPIKUBAIH TIPH TIepe-
MelmuBaHuM B TeueHue 24 4 npu 25+2°C.
OO6pa3oBaBIINICS T'eJIb ITOMEIIATH B alleTOH

Ha 5 CYTOK, TPl IPOMBIBAIA METAHO-
JIOM M CYHIWJIM B BaKyyMHOH mikady mnpu
5542°C no nmocTostHHOM Macchl. Beixon mpo-
JTyKTa HaXOJUJICA B AMana3one 85-96%.

NmMmobunu3zanuio GuirHa U rnarnavHa Ha
MaTpule cyib(ara XuUTO3aHa OCYIIECTB-
TS TyTeM KOMILIEKCOOOpa30BaHUS, CO-
riaacHo [23].

[ToaroToBKY CTPYKTypHI (pUIIMHA U Mara-
nHa [23] a1 JOKWHTa BHITIOJHSIIN 1O CTaH-
naptHoit s Autodock Vina cxeme. Mo-
JIeNb CTPYKTYPHI Ccyib(ara XUTo3aHa OblIa
HAapHCOBaHA B MOJIEKYJSIPHOM KOHCTPYK-
tope HyperChem, mocienoBatenbHO ONTH-
MU3HpOBaHA CHaYaja B CHJIOBOM TIOJIE
AMBER, a moToM KBaHTOBO-XMMHYECKH — B
PM3. PaccraHoBka 3apsioB Ha MOJIEKYJIE
noJiucaxapujia U ee IPOTOHHpPOBaHHE//ie-
MPOTOHHPOBAHUE OCYIIECTBISUTHCH aBTOMA-
tryecku B makere MGLTools 1.5.6.

Coneprxanue 6e1Ka B KOMIUIEKCHBIX TIpe-
naparax (uUUMHA U TarnavHa ONpeeNsuin
MetozioM Jloypu [24]. AHanu3 npoTeonuTu-
YeCKOW aKTHMBHOCTUM KOMIUIEKCOB IPOBO-
JIVJTA TI0 OTHOIICHHIO K CyOCTpaTy a3okase-
uHy [25]. PaccunTanHble BEINYMHBI Xapak-
TEPU30BAINCH HOPMAJIBHBIM pacmpesere-
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Tlp\%ié‘/% Gly68

Puc. 1. CBsi3u 1 B3aUMOJEHCTBUS MEKTY

(GUIMHOM U CyTh(paToM XUTO3aHa (ITyHKTHP-
HBIMH JIMHUSIMHA 0003HAUEHBI BOAOPOIHBIC
CBS3H, JUIMHA CBA3€H NpuBesieHa B A).
Fig. 1. Bonds and interactions between ficin
and chitosan sulfate
(dotted lines indicate hydrogen bonds, the
length of the bonds is given in A).
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Puc. 2. CBsi3u 1 B3aUMOJEHCTBUS MEXITY
MAanHOM | CYJb(aToM XUTO3aHA
(ITyHKTUPHBIMH JIMHUSMU 0003HAYCHBI
BOJIOPOJIHEIC CBSI3H, JNTHHA CBSI3CH

npusesieHa B A).

Fig. 2. Bonds and interactions between pa-
pain and chitosan sulfate (dotted lines indicate
hydrogen bonds, the length of the bonds

is given in A).
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Puc. 3. Coneprxanue O6enka (B MI/T HOCHTEIS) B KOMIDIEKcaxX (DUIMHA U TTAallarHa ¢ CYIb(aToM Xu-
to3aHa. OT/IEIpHO YKa3aHa d3PPEKTHBHOCTh KOMIUIEKCOOOPa30BaHus (GUIIMHA U NananHa (o cozaep-
JKaHUEO OeNKa), BRIpaKeHHAs B MPOIICHTaX COPOMPOBAHHOTO (PepMEHTa OT €ro KOJIMYECTBA B PACTBOPE
B IpoIIecce KOMIUTEKCo00pa3oBanus, mpuHATOro 3a 100%.

Fig. 3. Protein content (in mg/g of carrier) in complexes of ficin and papain with chitosan sulfate.
The effectiveness of the complexation of ficin and papain (in terms of protein content) is indicated
above bars, expressed as a percentage of the sorbed enzyme from its amount in solution during com-
plexation, taken as 100%.

HUEM, TIOATOMY JIJISl UX CTaTUCTUIECKON 00-
pabotku mnpuMeHsin t-kputepuid  CThloO-
nenTta (p<0.05).

O0cy:xaeHne pe3y1bTaTOB

B pesynbrare ocymecTBieHHOro in silico
UCCIICIOBaHMsl ObUTM BBISBICHBI TUIIBI XH-
MHYECKUX CBSI3eH U (U3NUYECKUX B3aUMO-

JNEUCTBUM, aMHHOKHMCIIOTHBIM COCTaB IIO-
BEPXHOCTEH MOJIeKYJl (pUIMHA W TarauHa,
KOTOpBIE B TpOIECCe KOMIUIEKCOOOpa3oBa-
HHUS B3aUMOJEHCTBYIOT C HOCHUTENIEM, a
TaK)Ke DSHEpPreThuecKkas XapaKTepucCTHKa
mporiecca MepBoro B3auMMOJICHCTBHS — ad-
¢uHHOCTH cBsi3pIBaHuUsA (Tabn. 1, puc. 1-2).
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Puc. 4. O0mias kataauTudeckast akTHBHOCTG (€1./MJI pacTBOpa) KOMILICKCOB (PUITMHA ¥ MATanHa ¢
cynb(aroM xuTozaHa. OTaenpHO yKa3zaHa 2pPEeKTUBHOCT KOMIUIEKCOOOpa30BaHusl (pUIIMHA U Iara-
uHa (110 00uIeil KaTaJUTHYSCKON aKTHBHOCTH), BBIP&)XKEHHAsI B TIPOLIEHTAaX COXPAaHEHHS POTEOTHTH-
94EeCKO# aKTHBHOCTH (PepMEHTa TIOCIIe IMMOOMIIH3AIMY 10 OTHOLICHUIO K aKTUBHOCTH (DMIIMHA U T1a-

ravHa B pactBope, npuHsaTo# 3a 100 %.
Fig. 4. Total catalytic activity (units/mL of solution) of complexes of ficin and papain with chi-
tosan sulfate. The efficiency of the complexation of ficin and papain (by total catalytic activity) is in-
dicated above the bar, expressed as a percentage of the preservation of the proteolytic activity of the
enzyme after immobilization in relation to the activity of ficin and papain in solution, taken as 100%.

W3 mosyd4eHHBbIX JaHHBIX BUIHO, YTO 00pa-
30BaHHE KOMIUIEKCOB HCCIEIyeMBIX Qep-
MEHTOB C CyJb(haTOM XHTO3aHA MPOUCXO-
JTUT, B TOM YHCJIE, C Y4aCTUEM aMHHOKHC-
JIOTHBIX OCTaTKOB, ()OPMUPYIOLIUX AKTHB-
HbIe IIeHTPBI SH3UMOB (Cys25 u His162 nns
¢bununa, Cys25 u His159 nns nananna) wim
PaCTONIOKEHHBIX B HETIOCPEICTBEHHOU OH-
30CTH OT HHUX, YTO OKAa3bIBAaeT BIHSHHUE Ha
KaTaJIUTHYECKYIO aKTUBHOCTD I1€JIEBBIX TIpe-
MapaTroB. OHEpPrus TMEpPBOrO0 B3aWMO/ICH-
ctBus (apPUHHOCTD CBA3BIBAHUS ) PUIIMHA U
nananHa ¢ cyJib(paToM XUTO3aHa COCTaBUIIA
-8.0 u -7.1 kKaj/MOJIb, COOTBETCTBEHHO, YTO
yKa3bIBaeT Ha CaMONPOU3BOJILHOE MTPOTEKa-
HUE TPOIIECCOB.

B xoze ananuza conepxkanus 6enka B 1o-
JTYy4YEHHBIX THOPHUIHBIX MpernapaTax, BBISB-
JIEHO, YTO HanOoJIbllIee KOJIMUECTBO (PULIMHA
COJICPKUTCS B KOMIUJIEKCaX C Cylbharom
XUTO3aHa ¢ MojieKyJsipHor maccoit 600 k/la.
Jlns mananHa HaOar0maeTcst 0ojiee CIIoXKHAas
KapTUHA: cojaepkaHue ¢GepMeHTa MaKCH-
MaJIbHO B KOMILJIEKCAX C HOCUTEJIEM C MOJie-
kyasipaeiME Maccamu 200 u 600 x/la (puc.
3). HaubonbImas mpoTeoauTryeckas akTHB-
HOCTb (DMIIMHA JIOCTHTaeTcsl B pe3yJibTaTe
€ro B3aMMOJICHCTBUS C CyJIb(aTOM XUTO-
3aHa ¢ MoJieKyJiapHor Maccoit 600 k/la, s
nanamHa — Ipyu ero KOMIUIEKCo0Opa3oBaHUU

¢ cynb(}aroM XWTO3aHA C MOJIEKYJISIPHBIMH
maccamu 350 u 600 k/la (puc. 4).

OnTuMallbHOE COOTHOIICHHE COepkKa-
HUs Oenka U o0IIel MPOTeOTUTHIECKON aK-
THBHOCTH KOMITJICKCOB (DHIIMHA U ITallanHa ¢
Cynb(haTOM XUTO3aHA HAOIIO1aeTCs TIPHU UC-
MOJIb30BAHUHM HOCHUTENII C MOJICKYJISIPHOMN
Maccoit 600 k/la.

3akao4YeHue

Takum 00pa3om, HaMU TIPENIOKEHA Me-
TOAMKA UMMOOWIM3AIMU (PUITMHA W Tiama-
WHA IyTeM KOMILIEKCOO0pa30oBaHUs C CyJib-
¢daToM XHTO3aHA C Pa3IUYHBIMH BEJIUYU-
HaMH MOJIEKYJIsIpHBIX Macc (200, 350 u
600 k/la). OnTuManbHOE 3HAYEHUE COOTHO-
IISHHsI COJIepKaHus OeNka (B MI' Ha T HOCH-
TeJs1) ¥ O0ITeH aKTHBHOCTH (B €11. Ha MJI pac-
TBOpA) MOJyYEHHBIX KOMIUICKCOB HaOIIOAa-
eTCsl IPU UCTOJIb30BaHUN HOCUTEIS C MOJIe-
KyJsipHo# maccoit 600 k/la.

bnarogapss coxpaHEHHIO OTHOCHUTEIBHO
BBICOKOTO TPOIEHTa KATATUTUYECKOU aK-
TUBHOCTH, MOJTy4eHHbIe THOPHUIHbIE Mpena-
patbl puIKHA U ManauHa ¢ CylIbpaToM Xu-
TO3aHa MOTYT CTaTh OCHOBOM IS CO3/1aHuUs
WHHOBAIIMOHHBIX JIEKAPCTBEHHBIX CPEJICTB,
coueTalwIux B cebe aHTHOaKTepUaIbHOE,
AHTUTPOMOUYECKOE U TMPOTUBOBUPYCHOE
JIEUCTBUSL.
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