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XPOMATOTI'PAOUHECKAS OYHUCTKA ®EPMEHTHOI'O TIPEINIAPATA
A3 KYJIETYPAJILHOU JKUIKOCTH PLEUROTUS OSTREATUS

Annotrauus. IIposesena nepsuynas ouHcTKa QepMEHTHOrO Npenapata, 06NAIAIOWMENO IPOTEOIHTHYECKONH AKTHBHO-
CTBEO, H3 KYJIbTYPARGHOR WUAKOCTH Pleurotus ostreatus. MCnone308BaHe MeTOLBl OCXIEHHA, NHATH3A, HOHOOOMEHHAOI
xpomatorpadpu Aa DEAE- u KM-cedapose. Yeranosneno, 410 8 pesynsrare xpomarorpaduu Ha KM-cedapose depment-
B [IPENApaT U3 KyAbTY PANLHOM JKHIKOCTH pazdenseTcs #Ha TPH GPakLRK, OMHA W3 KOTOphIX 0013aJ2ET MOOKOCBEDThIBa-
woweli aktrsnocTseio (MCA). Xpomarorpadus va DEAE-cedapose no3Bonnia 3HAYUTENLHO OUUCTHTS hepmenT, obaanato-
wHid MCA.

Karouennie crona: 6230 AHOMULETH, DPOTEOTATHICCKHE DEPMEHTEL, MOTOKOCBEDPTLIBLIOIAS AKTHBHOCTD, D3TY-METOA,
HOHOOOMEHHUKH

Aaga nuTuponanus: Xpomarorpabueckas 04HCTKA PEPMEHTHOrO MPeNapara M3 KyAsTYpaneroil suaxocty Pleurotus
ostreatus / B.B. Caxosud [u ap.| # Bec. Hauw. axkan. nasyk Bexapyci. Cep. 6isn. nanyk. — 2019. — T, 64, Ne 4, — C, 467-471.
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V.V. Sakovich, A. M. Hrusha, V. V. Revenko, D.D. Zhernossekov

Polessky State University, Pinsk. Republic of Belarus

CHROMATOGRAPHIC PURIFICATION OF THE ENZYME PREPARATION FROM THE CULTURAL LIQUID
OF PLEUROTUS OSTREATUS

Abstract. The primary purification of the proteolytic enzyme preparation from the Pleurotus ostreatus culture fluid was
carried out. Methods of salting out, dialysis, ion-exchange chromatography on DEAE- and KM-sepharose were used. It was
shown that during the chromatography on KM-sepharose, the enzyme preparation from the culture liguid was divided into
three fractions, one of which possessed milk-clotting activity (MCA). Chrematography on DEAE-sepharose allowed us to
reach the significani purity of the enzyme with MCA.

Keywards: basidiomycetes, proteolytic enzymes, milk-clotting activity, batch method, ion exchanger
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Breaenne. [Iporeonuruyeckue GepMeHTHI ITHPOKO UCTONBIYIOTCH B MOJIOMHON NPOMBIILEHHOCTH
(CBIpOACAVY) B KAYECTBE CHIMYIKHBIX (PEPMEHTHBIX MpenaparoB. OCHOBHEIM HCTOHHUKOM NONYYEHUSA
AaHHBIX IHIUMOB CILYKAT CBIYYTH — OT/ACIB! JKETYIKOB T€I3T H ArHAT. OJHAKO BBHY OFPaAHHYEHHOCTH
JaHHOTO pecypca HeoOXORMM MOWCK 2IbTePHATHBHBIX MCTOYHMKOB IONYYEHHA NPOTEONHTHUYECKHX
(depmedTor [1].

OaHuMy U3 NEepCHeKTHBHBIX DPOJYLEHTOB ABASIOTCA OasunuansHeie rpudri. HasectHo, 4to
Pleurotus ostreatus COACPRMT NPOTEHHA3bl, 00N12JAIOLIHE MOMOKOCBEPTHIBAIOMER AKTUBHOCTHIO
(MCA) {2]. B nurepaType MMEIOTCE JAHHBIE, WTO SKCTPAKT MIOMOBLIX Ten P. ostreatus UMeeT CXof-
CTBO € NIPenaparamy, HCIOAB3YEMBIMH B MOIOYHOR MPOMBIWICHHOCTH, NOYTOMY MOCJIE NPOBENCHHS
OYMCTKH OH MOKET OBITh NPHMEHEH B Chipofenuu [3—-6]. HaMu nonoGpaHnl muTaresibHbie CPEAL H O1-
THMaJIbHBIE YCIIOBHA ANS TYOHHHOr¢ KyABTHBHPOBAHHA F. ostreatus (7], a KpoMe TOTO, NOKa3aHO, YTO
P. ostreatus obnanaetr MCA [8].

Havaneubrii 91an ogucTky dhepMenTos, obnagaromux MCA, BKIOUAT OcaxieHHe pepMEHTOB COA-
MH: XJIOPHA0M HATPHA H Cy/kdaToM aMmoHrs. Haunyuminit pesyasTart 4alo nojHoe HackleHHe PACTBO-
pa XJopuaoM HaTpis B TeyeHue 12 u npu temneparype 4 °C, pH 4,7, 1 nepemeiluBaHHH OPH CKOPOCTH
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60 oO/MuH. TarxKe PKCHEPHMEHTATBHO MOAOOPaHbl YCIOBHS AT NOCIEAYIOMIErO HA/IH3A MONYUYEHHOTO
npenapata: Temneparypa 4 °C, nepemeiunBanue B Tedenne 20 u npu crkopoctu 60 06/muH [9)].

Lenp paboTsl — xpomarorpaduieckas OUKHCTKA (HEPMEHTHOTO MPEMApaTa H3 KYJIbTYPaibHOR KHl-
KOCTH P. ostreatus.

JAns focTuKeHH Leny HeoOX0NUMO ObLTO pelUuTE PAA 3a71ay:

1. IlpoBeneHue KaTHOHOOMEHHOH XpoMaTorpadiu.

2. Tposenenve aHNOHOOOMEHHOI XpoMaTorpadui.

3. lNposeagenye 63TU-MEeTOAA.

4. Oupegenenue cogepxatua Henka, yposueil MCA u ofuieit npoTeoNUTUYECKOH aKTHBHOCTH Ha
KA AOM 3TAIle O4UCTKH.

MaTepuaibl W MeTOABbI HCCIEIOBAHHA. OKCMEPHMEHTbl BHIMOTHEHbl HA JHKOM IITaMMe
P. ostreatus, KOTOpbIH OblT BbIIENEH H3 ITONOBBIX TeN, pPACTYIUWX Ha KYIbTYpHOM Tonone (Populus sp.).
B xone uccneqoBaHui MCIONb30BANH KapTOQenpHO-Caxapo3Hy o cpeny. FHOKYIIOM BBOIM/IH B BHIE
dparMeHTOB MaTOYHKHKa MALIENMA Toimanbio 1 cm?, KynsTuBUpOBanyu B TeyeHue 14 aHeli B TEMHOTE
npy teMnepatype 27 °C Ha meiikepe WiseShakeSHO tpu ckopoctu 70 06/MuH. [lo OKOHYaHHH HHKY-
OauuH NpoH3BOAHAH OTOOP H 3aMOPAKHBAHHE KYJIbTYPANbHOH KHUIKOCTH, He MOABEPras €¢ JONONHH-
TENBHOMY Pa3BEAEHHIO,

Kounuentpauuto Genka onpeeisnn clekTpopOTOMETPUYECKH, NPeAIONaras, 4To KOHLUEHTpaLus
Oenka 1 Mr/Min cooTseTcTBYET A, = 1 ONT. 11 B KIOBeTE TonMHOH 1 cm [10].

MCA onpeaensnu no oOLIENpHHATON MeTOIHKe: NpoGHpKY ¢ cybeTpaToM (06beMom 10 Ma Mo-
Aoka), conepramuM 0,0015 M pacreop CaCl,, narpesanu a0 35 °C u BHOCHAM 2 M HCCIEAYEMOTo
tepMeHTHOrO npenapara, AKTUBHOCTh [Ipenapara OUeHHBaJIH MO BPEMEHH 06pa30BaHts MIIOTHOroO MO-
JIOYHOTO CrycTka, 3a eannuuy MCA nprHHManH KOJIHYeCTBO fepMeHTa, KoTopoe cBopaunBaet 100 Mn
monoka 3a 40 Mun ipu 35 °C {11}

OO0y TPOTEONMHTHYECKY akTHBHOCTE (ITA) ompenensiy Mo NU3MCY KenaTHHa B TOHKOM CNoe
araposoro tens [12]. O6vem o6pasua, HAHOCHMOTO Ha OelloK-arapoBble MIACTHHBI, COCTaBIAN [0 MKII.
AKTHBHOCTb MpeHapaTa pacCYHTHIBAIH, U3MEpAA IUIOLIaAb OENOK-arapoBbIX MAACTHH C THAPOIH30-
BAHHBIM CyOCTpAaTOM BOKPYT KaxHoi#l nMyHKH. 3a eauHHUY akTUBHOCTH (E) depMeHTa NpUHHMANU TOT
YPOBEHB AKTHBHOCTH, KOTOPHIf 00yC10BAKBAET FUIPOIN3 CyOCTpaTa Ha yuacTke rens pasMepom | em?.

A1 noayueHHs CHIUYKHEIX QEPMEHTOB U3 KYAbTYpPalbHOH JKUAKOCTH ITPUMEHSLITH METO[ BEICATH-
BAHUA € HCMOAB30BAHHEM PA3HBIX CoNMell: cynhghaTa aMMOHHA U XJopuaa HaTpu4. J[1d YAQACHUA COTH
NPHUMEHATH METOT THATH34.

Jna NIUTENEHOrO XpaHSeH s [IPelapaTa HenoJlb30Bali METO, IMOGHIIBHOA CYLIKH IPH COYETAHUU
Temnepatypst =51 °C u pasaenus 137 Ila,

KaTHouobMeHHY 10 XxpoMaTorpaduio nporoguiu Ha koaoHke (1,5 X 3) ¢ KM-cedapo3soii {Bio-Rad,
CIIA), ypaHOBemenroi 0,2 M aneratuwiM 6ydepom (pH 5,0). Dnounio NpoBOAUIH CO CKOPOCTHIO
10 Mn/4, nenonb3ys CTyNeHYaThid IpaIyenT co cledy oMM KoHueHTpaunamMu NaCl: 0,1; 0,25; 0,5;

0,75; 1 M.
TabGanna 1. HavyaasHble ITANBI OMHCTKH AHIOHOOOMEHHYK) XpomaTorpaduio nposo-
MOI0KUCBEPTBIBAOINUX depMeHToB P, ostreatus auan Ha kosouke (1,5X3) ¢ DEAE-cedaposoit
Table 1. Initial stages of purification of milk- (Bio-Rad, CLUA), ypasuoeelienHoit 0,2 M aue-
clotting enzymes P. ostreatus TatbIM Oydepom (pH 5,0). Dmrounro mpoBoIHIH
co cKOpocThI0 10 MIT/4, UCTIONR3YA CTYNMeHYaTeIH
%?;i” i‘;’fi MR, ea ﬁ:ﬂj TPaiveHT CO CHCIYIOIUMH KOHUEHTPAIUAMHA

PR, | e, | gpac- | opuas | 197 [ower- | NaCl: 0,1;0,25; 0,5; 0,75; 1 M.

Ml bl I - B3T4-METOA NPOBOIUIH CAEAYIOMMM 06pa3oM.
iﬂfgﬂ?"“a” 200 |0,1851 5 | 1000 27 1 DEAE-cedaposy ypasrosewusanu 0,2 M anerar-
YS— HeiM Gypepom (pH 5,0), cMelMBani ¢ pacTBOpoM
XA0PHIOM so Joo2! 5 | 250 | 227 | 084 nuodUNEHOrO Tpenapata, VUWTHIBAS KOTHYe-
HaTpHA cTBo Oesika, KOTOpHIH crocobeH CBA3LIBATL OaH-
PacTaop HBIH aHHOHOOOMeHHHK. CMech WHKYOHpoOBalu
moduasHoro 5 ] 1,07 33 | 165 | 30,8 1,14 B Tedenue 30 muy npu temneparype 4 °C. 3arem
floporka CYCTIEH3HI0 LEHTpHGYTHPORANH MpPH CKOPOCTH
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12000 o6/mun npu temneparype 4 °C B TeueHue
10 muH. B HamocaqouHOH KHIKOCTH OMPEIensi
KOHUEHTpauMto Denka u yposens MCA. Jlns onpe-
Nenennd ocratodnoil MCA npolieaypy NOBTOPAIH
¢ 6ydepom, cogepsxararm 0,1; 0,25; 1 M NaCl.

Pesynsratel W ux obcyxkgenme. [leprerii
3Tan OYMCTKW KY.IBTYPANBHON MUIAKOCTH II0-
3BOJIHIL COXPAHNTH MPAKTUUCCKH BCH UCXOMHYIO
MCA (radn. 1).

YacTe JHOQUABHOIO [OPOIUKA HCIONb3IOBA-
JH AN JanpHeHleH odMKCTKY penapara, coaep-
wawero MCA u ITA ua uonooOMennukax (KM-
u JAD-cedapoze).

XpoMarorpapus na KM-cedapose nokasa-
na, yro ITA ucxomuoro npenapara npeacTaBieHa
TpeMs QpakuuaMu:

(epMEHTaMH, KOTOPbIE JTIOHPYIOTCA ¢ KOIOH-
k¥ Oydepom Oes 100aBICHUA CONIH;

(dhepMEHTAMK, KOTOPBIE JMHHPYIOTCA C KOIOH-
Ku Oythepom, cogepskantam ot 0,1 1o 0,25 M NaCl;

thepMEHTaAMH, KOTOPBIE IMKOUPYIOTCA ¢ KONOH-
ku 6ydepoM, conepxainum or 0,1 1o 0,75 M NaCl
(Tada. 2).

Takum o0Opazos, DPOU3OLIIO YaCcTHUHOE
pazmeneHHe MONOKOCBepThiBawOmedl W obwied
[IA npenapara.

" JlaHHBEIH METOJ MOXHO PEeKOMEHAOBATh AJS
JanpHeHIIUX Oonee JeTalbHBIX HCCIeNoBaHHH
CBOWCTB TPOTEONHTHUESCKUX QEPMEHTOR, BXO-
JAIIMX B MCXOAHEIA npenapar, Hanpumep, cy0-
cTpaTHOH cneyupHUHOCTH.

Ilpn xpomarorpagpun Ha JDAD-cedapoze
hepmenT, obrasarominil MCA, He cBA3mBaeTCH
¢ HOCUTENEM, [IPH 3TOM JOCTHIACTCA er0 OUHCTKA
B 22,7 paza. 3o o0ycioBneHo TeM, 4T0 SOJIbLIHH-
¢TrO Benkos (bomee 50 % oT obuero KOIHYeCTBa
fenka, HAHOCHMOTO HA KOJOHKY) CBA3GIBAETCH
¢ anMoHooOMeHHKOM. KpomMe Toro, B mpouecce
XpOMATOrpa@H4ecKoro pa3aeaeHUs TPOHCXOANT
aBTOAKTHBAIHMA (QepMEHTOB WNH (epMeHTa, 06-
nagarouiero MCA. JlanHoe siBnenne oOHapyxke-
HO paHee ans GepMeHTHOrO pendpara, cojep-
wamero MCA u3 rmiopossix tea P ostreatus [6].
Kak paaHO u3 120, 3, MpH AaHHOM BHOE XpOMa-
torpapud MCA u o0was ITA He pasgensioTcs.

Tabawua 2.

Ouncria depmenTHoro npenapara
Ha KM-cejapoze

Table 2. Purification of the enzyme preparation
on KM-sepharose
Ofvem | Conep- MCA, en/mn Cre-
i tpak- | wanue neHb
Cpaxuitx uny, | Benka, [}J:ZK, obuag | Y™ | ouner-
aMn MIMT Wizdt Had KH
Pacrtrop
nHodunkHOro 10 1 107 1 33 165 1 30,8 ) 1,14
nopoLKa
MCA: obvean- | 5y 1 15 | 90 [ 900 | 300 | 11
HeHHaA ppaxiua
ITA: dpaknusg 1 20 (0,15 ]1169( 338 | N3 | 2,7
ITA: ppakius 2 10 ;0,16 | 157 ] 157 | 98 | 2,3
I1A: ppaxuus 3 10 { 0,07 ] 20 | 200 2857| 6,8

Tadbnuuga 3.

Ouanerra GepMERTHOrO penapaTa
na DEAE-cedapose

Table 3. Purification of the enzyme preparation
on DEAE-sepharosa
OfibeM | Conep-|  AKTHBHOCTE, e1/%:1 Cre-
Ppak- | kaHne HeHs
©paknus e, | Gemxa, ¢::K_ otwan | Y2E™ | oumer-
Mt MOMA [ Han KA
Pacteop
TuodHasHOro 5 1,07 | 33 165 | 30,8 1
nopoeLIKa
MCA:
00BbedHeHHAA 8 0,15 | 92,5 740 | 698 | 22,7
dpakuns
MA: obvemunen- | ¢ | 013 (2431 {194,5\ 1835 52
Has hpakuxs

Tadbauna 4.

Ounerka depMenTHOr0 Npenapara
Ha DEAE-cedapose ¢ noMoubio 6314-MeToaa

Table 4. Purification of the enzyme preparation
on DEAE-sepharose using the batch method
Obsen | Conep- MCA, ex/mn CT?
dpak- | kanue neHb
PDpaxuun wmn, | Geaka, QJ::K— oBwas yherd | guper-
M | MM | g Had 3
PacteOp
NHOGHIIBHOTO 5 1,07 | 33 165 | 30,8 | 1,14
nopowrka
Obwenunennas | 5 | o145 | 199 | 700 | 648 | 21
{pakuus

Tak Kak OaHHBIH MeTOA MOXHO PEKOMEHIOBATE A4 UCIIOIb30BAHHA B MOTIOYHOH NPOMBIIHIICHHO-
CTH (CBIPOAETHMH) HA 3Tale MONYUSHHs CHIPHOTO CTYCTKA, UENECO00PA3HO MPEANOKUTE UCH01b30Ba-
Hue 63Tu-MeToaa npu ouucTke Ha DEAE-cedapose. Pesynerathl O4HCTKH 03T4-METOAOM NPHBEIEHDI

B Tabn. 4.

B pesyabTaTe NpMMEHEHHA TAKOTO METOAAa HJOCTUTHYTA CTeNEHb OYMCTKH B 21 pa3. Tlpu 3ToM 3Ha-
YHTENBHO 3KOHOMHTCA BPEMSL MPOBEACHUA IKCIEPHMEHTA, UTO ABMAASTCHA BAXKHBIM IIPH HCIOABIOBAHWM
JaHHOTO METOJa B IPOMBILLIEHHOCTH. B KauecTBe HOCHTENA MOXHO PEKOMEH/I0BATL HEAOPOTHE AHHO-

HoobMeHHUKH, HanpuMep DEAE-uennonosy.
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Jak.mwouenue. Xpovarorpaduueckoe pazgeneHue MCA u [TA na KM-cedapose MoxHO pekoMen-
10BaTh ANA AaNBHEHITHX GoNee AETATBHBIX HCCIIENOBAHUH IPOTEONHTHYECKHX (PEPMENTOB, BXOMAALLIHX
B HCXOAHBIH npenapat. OuucTKy depMeHTHOro npenapara, odinanaromero MCA, ¢ TOMOLBIO XpoMaTo-
rpadun Ha J3IA3-cedapoze npeanaracM HCNoNs30BaTh B CHIPONSTINH HA 3Tane oO0pa3oBaHHs CLIPHOIO
cryctka. [InanupyeTca ganpHefilas oudcTka npenapara, obnanamowero MCA, u u3y4enue cyderpar-
HOH cneUHPHIHOCTH (GePMEHTOB, BXOIALUINX BO ()PAKIIHH, pa3JeNnseMble ¢ MMOMOIIbIO XpoMaTorpaduu
Ha HOHOOOMEHHBIX HOCHTENAX.

CnHcoK HCTIONb3I0BAHHLIX HCTOTHHKOB

1. Aeaxcnosa, [TB. HceaegoBaHue HEKOTOPBHIX (PUIMKO-XMMHMYECKHX CBOHCTBE MOMOKOCBEPTHIBAIILAX (epMEHTOR
BELICHKH O0BIKHOBEHHOI @ apToped. aue. ... kaHA. Guon. Hayk : 03.01.04 / [ B. Jeaxonosa ; IOx. deaep. yH-T. — PocTos
w/l, 2010, - 23 c.

2. Caseinolytic and milk-clotting activities from Motingaoleifera flowers / E. V. Pontual [et al.] # Food Chem. — 2012. -
Vol 135, N 3. — P. 1848-1854. https://doi.org/10.1016/j.foodchem.2012.06.087

3. Enzymatic milk clotting activity in artichoke (Cynara scolymus) leaves and alpine thistle (Carduus defloratus) flowers.
Immobilization of alpine thistle aspartic protease / M. Esposito [et al.] // Food Chem. — 2016. — Vol. 204, — P. 115-121. https://
doi.org/10.1016/j.foodchem.2016.02.060

4, Purification, characterization and functional role of novel extracellular protease from Pleurotus ostreatus / G. Palmieri
[etal.] # Appl. Environ. Microbiol. —- 2001, — Vol. 67, N 6. — P. 2754-2759. https:/doi.org/10.1128/aem.67.6.2754-2759,2001

5. Purification and characterization of a milk-clotting aspartic protease from Withaniacoagulans fruit / M. Salehi [et al.] /
Int. J. Biol. Macromolecules. — 2017. — Vol. 98. — P. 847-854. https://doi.org/10.1016/j.ijbiomac.2017.02.034

6. JleBeaera, I, B, BeyieneHHe W XapakTepUCTHKA QepMEHTA CIYYHHOMO ASHCTBAA H3 MI0J0BBIX TEN BEIMEHKH O0BIK-
noBeHHoil / I B. Jlebenera, M. T. [Tpockypsikos, M. A, Koxyxosa // M3B. BelciL. yue®. sasenenuil. [[HIIEBas TEXHOIOTHS, —
2008.—Ne 1. - C. 114115,

7. Caxosuy, B.B. Tlogfop oUTHMATBHBIX MUTATETRHBIX Cped H YCIOBHA TIyBHHHOrO KyIMeTHBHPOBAHHA Ha dbiex-
THUBHOCTh BblPALIMBAHWA BEWIEHKH OOBIKHOBEHHOM (Pleurotus ostreatus) / B.B. Cakosu4, [1. /1. epHocekos / AxTyanshi
nUTaHHA Gionoriunol Hayku : IV Mikuap. 3aouna Hayw.-npaxr. KoH®., npucs. 100-piudro Bia AHA HAPOIKEHHA aKaa.
[L.T. Boraua, 12 keiT. 2018 p. : 36. ¢T. / HiskHH. Aepxk. yH-T ; ped. kon. : M. Jasitawsizi [ta in]. — Hixun, 2018. — C. 88-89.

8. Cakosuy, B.B. Bnusuue 3KCTpaKTa MHUENHA M KYJIbTYpanbHOH XHUAKOCTH BEWEHKHM 0ObIKHOBEeRHOM (Pleurotus
ostreatus) va dopmuposaden celproro cryerka / B.B. Caxosuuy, O.H. Xy / HayuHblii notenunan MoaoiexH — Oyayuemy
Benapycn 1 matepuans X1 Mexaynap. Monos. nay4.-npaxy. koud., Huuex, 7 anp, 2017 1. : 8 2 4. / Monec. roc. yu-1 ; pen-
xol. : K K. Ilebeko (r:1. pen.) [m ap.]. — Muuck, 2017. -4, 1. — C. 340-342.

9. Cakoeuu, B.B. Paspabotka MeTo10B O4HCTKH (epMEHTA, 031aJa0UIET0 MOIOKOCBEPTHIBAIOIIEH AKTHBHOCTRIO U3
Plewrotus ostreatus / B.B. Caxopud, A.M. Tpyuia, JI J1. MepHocekos // CoepeMenHble podrneMel SHOXHUMHH H MONeEKY-
napHoi 6uonorun : marepuanes [1 Benopyc. 6uoxum. kourpecca (r. ['poano, 17-18 maa 2018 r) / pea. : H.H. Cemenens,
A.T. Moiiceenok. — Munck, 2018, — C. 507-511.

10. Cexperupyemas merannonpotentasa Bacillus intermedius: nony4enue roMOreHHOTO Npenapara depMeHTa H He-
cnegoBanHe GUIHKO-xhmuyeckux cBolficts / H.JL Pyaakosa [u ap) / Y. 3an. Kazau. roc. yu-ta. Cep. EcTecTs. nayku. —
2010.-T. 152, Ne 2.~ C. 145-154.

1. TOCT ISO 11815-2015. Monoxo. OnpeacneHue obiei MONOKOCBEPTHIBANUIEH AKTHBHOCTH FOBAKKLETO ChIUYKHOMO
depmenta. — M. : Cranaaptdopm, 2015 - 10 c.

12. Hukanapos, B.H, Metoas ucenenosanus nporeonusza. / B.H. Hukanapos, H.C. TTsikoera // CorpemeHHme npo-
GeMbl BHOXMMHH : meToast uccaeropaduli / E.B. Baprosckuii [u ap] ; moa pea. A.A. Yupkwra. — Munck, 2013, - T'a. 5.~
C. 132-157.

References

1. Diakonova G. V. Investigation of some physical and chemical properties of milk-clotting enzymes of common oyster
mushroom. Abstract of Ph. D. diss. Rostov na Donu, 2010. 23 p. (in Russian).

2. Pontual E. V., Carvalho B.E. A, Bezerra R, S., Coelho L.C. B. B, Napoledo T. H., Paiva P.M. G. Caseinolytic and
milk-clotting activities from Moringaoleifaera flowers. Food Chemistry, 2012, vol. 135, no. 3, pp. 1848-1854. https:/doi.
org/10.1016/j.foodchem.2012.06.087

3. Esposito M., di Pietro P, Dejonghe W., Mariniello L., Porta R. Enzymatic milk clotting activity in artichoke (Cynara
scolymus) leaves and alpine thistle (Carduus defloratus) flowers. Immobilization of alpine thistle aspartic protease. Food
Chemistry, 2016, vol. 204, pp. 115—121. https:/doi.org/10.1016/j.foodchem.2016.02.060

4, Palmieri G., Bianco C., Cennamo G., Giardina P., Marino G., Monti M., Sannia G. Purification, characterization and
functional role of novel extracellular protease from Pleurotus ostreatus. Applied and Environmental Microbiology, 2001,
vol. 67, no. 6, pp. 2754-2759. htips:/Adoi.org/10.1128/aem.67.6.2754-2759.2001

5. Salehi M., Aghamaali M. R., Sajedi R. H., Asghari S. M., Jorjani E. Purification and characterization of a milk-clot-
ting aspartic protease from Withaniacoagulans fruit. International Journal of Biological Macromolecules, 2017, vol. 98,
pp. 847-854. https:/idoi.org/10.1016/;.ijbiomac.2017.02.034



Becni HausiaHaneHal akaaaMii HaByk Berapyci. Cepoisa Gigiariuneix Hasyk. 2019. T. 64, Ned, C. 467-471 471

6. Lebedeva G. V., Proskuryakov M. T., Kozhukhova M. A. Isolation and characterization of rennet action from the fruit
bodies of oyster mushroom. fzvestiva vysshikh uchebnykh zavedenii. Pishchevaya tekhnologiva = Food technology, 2008,
no. 1, pp. 114-115 {in Russian).

7. Sakovich V. V., Zhernosekov D.D. Selection of optimal culture media and conditions of deep cultivation for the ef-
fectiveness of cultivation of oyster mushroom (Pleurotus ostreatus). Aktual'ni pytanwja biologichnoi nauky: IV Mizhnarodna
zaochna naukove-praktychna konferencija, prysvechana 100-richchju vid dnja narodzhennja akademika P.G. Bogacha
(12 kvitnja 2018 roku, Nizhyn): zbirnyk statej [Actual questions of biological science: 1V International correspondence sci-
entific-practical conference, dedicated to the 100th anniversary of the birth of academician P.G. Bogachy (April 12, 2018,
Nizhyn): a collection of articles]. Nizhyn, 2018, pp. 88—89 (in Russian).

8. Sakaovich V. V., Guk O.N. Effect of mycelium extract and common oyster culture fluid (Plewrotus osfreatus) on the
formation of cheese clot. Nauchnyi potentsial molodezhi — budushchemu Belarusi: materialy XI mezhdunarodnoi molodezh-
noi nauchno-prakticheskoi konferentsii (Pinsk, 7 aprelya 2017 goda). Chast” 1 [The scientific potential of young people — the
future of Belarus: materials of the XI International Youth scientific and practical conference {Pinsk, April 7, 2017). Part I].
Pinsk, 2017, pp. 340-342 (in Russian).

9. Sakovich V. V., Grusha A. M., Zhernosekov D.D. Development of methods for purification of the enzyme. with
milk-converting activity from Pleurotus ostreatus. Sovremennye problemy biokhimii i molekulyvarnoi biologii: sbornik
nauchnykh statei 1l Belorusskogo biokhimicheskogo kongressa (Grodno, 17-18 maya 2018 goda) [Modern problems of bio-
chemistry and molecular biclogy: a collection of scientific articles of the {I Belarusian biochemical congress (Grodno, May
17-18, 2018)). Minsk, 2018, pp. 507-511 (in Russian).

10. Rudakova N.L. Sabirova A. R, Kayumov A. R, Mardanova A. M., Balaban N. P, Sharipova M. R. Secreted metallo-
proteinase Bacillus infermedius: preparation of a homogeneous enzyme preparation and investigation of physical and chemi-
cal properties. Uchenye zapiski Kazanskogo universiteta. Seriva Estestvennye nauki [Scientific notes of the Kazan University.
Series Natural Sciences), 2010, vol. 152, no. 2, pp. 145-154 (in Russian).

11. GOST ISO 11815-2015. Milk. Determination of total milk-clotting activity of bovine rennet. Moscow, Standartinform
Publ., 2015. 10 p. (in Russian).

12. Nikandrov V. N, Pyzhova N.S. Research methods of proteolysis. Chapter 5. Sovremennyye problemy biokhimii:
metody issledovanii [Modern problems of biochemistry: research methods]. Minsk, 2013, pp. 132-157 (in Russian).

Hudopmanns 06 apTopax

Carosuy Banepus Bacuteesna — marverp GHoon.
Hayk. [IlomecckW#l rocypmapcTBeHHBINE yHMBEpCHTET (yI.
" Juenpobckoii d1oTunuu, 23, 225710, r. Flunck, PecnyBnuka
Benapycs). E-mail: mrs.valeryia@mail.ru

Dpyuia Arexcanop Muxatizosuy — ctynent. [lonecckuit
rocyaapcTBeHtbid yHuBepeuTeT (yil. THenposckoi dioTu-
Juu, 23, 225710, r. [uack, Pecnyonaka Benapyce). E-mail:
grusha.alex. 98(@gmail.com

Pegenvxo Badum Bavecnragosuy — cTyaent. Iloaecckunit
rocynapcTBeHHbIH yHHBepcHTeT (Y. JHenposckoii droTu-
num, 23, 225710, r. [Insack, Pecnybnuka benapyce). E-mail:
mrs.valeryia@mail.ru

Heproceroe Jvmumpuii Janunosuy — kaun. GUON. HayK,
ngouenT. [Monecckuii rocygapeTBeHHBlid YHHBEPCHTET (ya.
JuenpoBckoii gnoruanm, 23, 225710, r. [Munck, Pecnybnuka
Benapycs). E-mail: chemikdd@mail.ru

Information about the authors

Valeryia V. Sakovich — Master of biological sciences.
Polessky State University (23, Dneprovskaya Flotiliya Str.,
225710, Pinsk, Republic of Belarus). E-mail: mrs.valeryia@
mail.cu

Aligksandr M Hrusha - Student. Polessky State
University (23, Dneprovskaya Flotiliva Str., 225710, Pinsk,
Republic of Belarus). E-mail: grusha.alex.98(@gmail.com

Vadim V. Revenko — Student. Polessky State University
(23, Dneprovskaya Flotiliya Str.,, 225710, Pinsk, Republic of
Belarus). E-mail: revenko@mail.ru

Dmitri D. Zhernossekov — D. Sc. (Biol)), Assistant
Professor. Polessky State University (23, Dneprovskaya
Flotiliya Str., 225710, Pinsk, Republic of Belarus). E-mail:
chemikdd@mail.ru



Becni HausrananpHait akansmii Haeyk bedapyci. Cepsls Gianariunsix HaByk. 2019, T, 64, Ned 389

ISSN 1029-8940 (Print)
ISSN 2524-230X (Online)

SMECT

Kopanenckan A.H., Pomanosckan T.B. eoounodHas HCTOpHA renos ceMelictsa MTG y nozpoHouHex . ... 391
Pymacosa K. A., Tapanosnu H. M., Ilnutanvnas T.B., Hasaopcxuit H.b., Towuaposa JI.B., Bacunes-
cxaa T. K., Kpunnukaa H.B., Ilapnoeckas A.T, IIuryas M. JL., ®ponosa JI. B. [enoTHnnueckas H3IMEHIUBOCTE
OHOXHMUYCCKOrO COCTABA JIOA0B MHTPOLYUHPOBAHABIX BHI0B cemercTB Ericaceae u Actinidiaceae B ycnosusix be-

By 11073 403
Twabkoea E. T, Kabamuukosa JI. @. BIuaHHe 18TYUHX OPraHHYeCKHX COCIHMHENUWH HA NEPEKUCHDE DKUCTE-
HUe THITHOOB OBCAHNUBI TPOCTHHKOBOH Festuca arundingcea Schreb. .. ... . . o o 411

®omuna E.I, I'puropeeea E.E., Cuecnenok E. I1., Cemumxon IL. A., Tkaues C.B., Baageike A. C. Hcnons-
30BAHHE BHYTPCHHErO KOHTPOIBHOIO 00pasia Ha OCHOBE PEKOMOUWHAHTHBIX PETPOBHPYCHbIX YACTHIL IS OBBILIEHR A

A0CTOBePHOCTH TTLIP-HCCIIGIOBAHMA . . . . .t ittt ot ittt ae e e ettt et e it e e e s 420
Kopanenxo H. A., Cynuuenko I H., Axpamosuu T. H,, Pecsbrona E. B., Jleonteer B. H., lllyrora A.I. Au-
THMHKPQGOHBIE CBOMHCTBA 2NpHOUO Macna Pseudofsuga menziesil ... ... .. . i 431
Heaxosa A.JI,, Heakos A.B., Kosanenko H. A., ®ecshrona E.B., Cyunuenko I H., Cayusro T.B. Buoxu-
MuMecKuil cocTas cemsn Nigefla sativa L., BoipatlennBIX B yCH0BUAX BemapycH . ... ... o o oo 440
Konomuen Q, 0., Tnymes C.B. CyTo4HbIA PHTM POCTA TUCTREB H NIPoRHPepalii KIETOK ¥ Nepla cTPYUKOBOr0
(Capsicum annuum L) .. oo e e e 448

Kyaeauna T.H., Koncrautunos A, B., Ofyxosckas JI. B., Moauar 0. B. Ocobennoctn GopMHPOBAHAA POTO-
CHHTETHHECKOrO annapaTta MUKpOKIOHOB Populus tremula L. u Betula pendula Roth. npn LED-ocsemienrn pa3nuy-

HOTQ CIEKTPANBHOTO COCTABA B MPOLECCE ATANTALH EX VIFO .ottt in i ia e ae s ea s n o i iia e e e 456
CakoBuu B. B., 'pyma A.M., Pepenr.xo B. B., Kepuocekos JI. 4. Xpomatorpagudeckas ouncTika pepMeaTHO-

IO MPENAapaTa N3 KYNLTYPAbHOM WU AKOCTH Pleurotus ostreatus . ... .. e e e e 467
Jepuomopeu A.B. JuHaMuKa YUCICHHOCTH, YCICIIHOCTH PAIMHOMKEHUS H TEPPHTOPHANLHOIO pacipefenenns

6eJIoTo aHCTA B UEHTPANBHOH HACTH BelIapyCh . . .o e e e 472
Memuko A. C, DaxTopsl, OHPEASAAIME COCTAB BOAHO-GOROTHEIX TTHI, IPH PEHATYPaTHIANHI BRIPAGOTAHNEIX

TOPDIFHEKOB - ¢ iy vt ue et ee e e e e s it e e et e e et e m e e e n e et e e e e e et e e e 478
Jaus Yau. Bugosoi cocras swectxoxpoiiblX (Coleoptera) Ha mocerax aposoro panca B benapyen ... ... ... ... 484
Iagera M. C, Cosonornueckuii ananus OPUOKOMIIOHEHTA JTHCTREHHEBIX Tecor benmapyen ... ... ... ... ... 488
Tpuropunk A. I1. MopdoMeTpuueckas XapakTepHCTHKA MYTONOBKH 3Be3uarodl  Benmthophilus  stellatus

(Sauvage, 1874) H3 pekH JHETP (BeIaPYCE) .ottt it i i it e e e e 492

ATIAILI

BoaotoBexuii M. . PeinaeHTHEIE CTBOJOBHIE M MPOrEHHTOPHbIE KRETKH cepaua: MopdodyHKUHOHANBHRIC
CBOHCTBA M NEPCOEKTHBEl MPAKTHUIECKOr0 HCIOMBBOBAHHA . . . ottt ie et et ittt ot eiia e s 499



	1c2ac5349a6d768c5631ade838305dc63af2a604aba8c5423a8f02a64b13e1d9.pdf
	1c2ac5349a6d768c5631ade838305dc63af2a604aba8c5423a8f02a64b13e1d9.pdf
	1c2ac5349a6d768c5631ade838305dc63af2a604aba8c5423a8f02a64b13e1d9.pdf

