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BUOCHUHTE3 ®PEPMEHTOB UMMOBHUJIN30BAHHBIMH
MUHOEJUAJTBHBIMA MUKPOOPI'AHU3MAMM.

AHHOTAMSA

Ha OumocunTe3 (hepMEHTOB MHUKPOOPraHM3MaMH BIMSIOT HE TOJNBKO aKTUBHOCTH MPOAYLEHTa U
YCIIOBHSL HANpaBJIIEHHOI'O HMX CHHTE3a, HO W ONTUMAJbHBIM crmocod WX KylIbTUBUpOBaHuA. llpu
TPaJULMOHHOM INIyOMHHOM KyJIbTUBHUPOBAHUM ANUKAIBHBIA POCT MULEIHAIBHBIX MHUKPOOPTraHU3MOB
oOycnaBnuBaeT o00Opa3oBaHHE TMEUICTOB, TPYIHOAOCTYIHBIX MUTATEJbHBIM BEHIECTBAM CpEAbl |
KHCJIOPOZly, KOTOpbIe B OTPaHWYEHHOM OOBEME MUTATEIBHOW Cpeasl CO BPEMEHEM TEpPSIOT CBOIO
(GU3NOIOTUYECKYI0 aKTUBHOCTh. ONTUM@JIBHBIA JOCTYNl NHMTATENbHBIX BEILECTB K  KYJBTYpe
OCYILECTBIISIETCS. IPU JINHEWHOM BBIPAIlMBaHUU T'H() MOBEPXHOCTHBIM METOAOM KYJIbTUBHUPOBAHUS, IPH
KOTOpPOM OHMOCHHTETHYecKasi CIOCOOHOCTh KyNbTyp HH3Kas. Hamm paszpaboran 3QeKTHBHBIH METOA
JUINTENIBHOTO KYJIBTUBUPOBAHUSI MUKPOOPTaHU3MOB, COUYETAOIINN TOBEPXHOCTHBIN JTMHEHHBIN pOCT TUd
Ha HOCUTEJIE B KMMOOWMJIM30BAaHHOM COCTOSHMM C aKTHUBHBIM TIJYOMHHBIM KyJIbTUBHPOBaHUEM
MPOAYIEHTOB ()EPMEHTOB.

KaroueBble ci10Ba: meieTbl, MULETHAIbHBIE MUKPOOPTaHH3MBI

Hast MaKCHMaJIbHOTO YICTIOJIb30BaHHUS OMOCHHTETHUYECKOTO MOTEHIIAIA
MHUKPOOPTaHU3MOB-TIPOAYIICHTOB ()EPMEHTOB Ba)XKHO BBIPAIMBATH MX HE TOJIBKO B YCIOBHSIX
HANpaBJICHHOTO CHUHTE3a MEJIEBBIX MPOAYKTOB, HO M ONTHMAJIBHBIM CIOCOOOM  HX
KyJbTUBUPOBAHUA. VI3BECTHO, YTO JydIue YCIOBHUS Ui OOpa30BaHUS THAPOIUTUYECKHX
(epMeHTOB cO3/1al0TCsl B TIyOMHHON KyJabType, T.K. JUIsl OMocuHTe3a (epMEeHTOB OoJblIOe
3HaYCHHE MMEET adpalus MUTATEIbHON CPEIbL.

[Tepuonuyeckuil TAyOMHHBIM TpolecC KyJIbTUBHUPOBAHUS XapaKTEPU3yeTCsl POCTOM
MHUKPOOPTaHU3MOB B OTPAaHUYCHHOM 00bEME MUTATEIBHOW cpesibl 0€3 BO3MOKHOCTH €€ 3aMeHBHI,
4YTO MPUBOJUT K MAJCHUIO (PU3MOIOTHYECKON AaKTMBHOCTH KylIbTypbl. Kpome Ttoro mpu
TIIyOMHHOM KYJIbTHBHPOBAaHUHM MUIIETHAIBHBIX MHUKPOOPTaHW3MOB B CHIy UX aMUKAIBHOTO
XapakTepa pocTta O0uomacca MX pacTeT B BHJAE NEJUIETOB TPYAHO JOCTYNHBIX MHUTATEIbHBIM
BEIIECTBAM U KHUCIIOPOJY, YTO MPUBOAWIO K TMAJCHUI0 CHHTETHYECKOW aKTHBHOCTH KYJIBTYPHI
MHUKPOOPIaHU3MOB.

Heo6xomumo Ob110 pazpaboTars ONTUMAIBHBINA METOJ KyJIbTHBHPOBAHUS MHUIIETHATBEHBIX
MHUKPOOPIaHU3MOB, KOTOPBI ObI cOYeTas BbIpAIMBAHUE KYJIbTYpPhl OBEPXHOCTHBIM METOJIOM
Ha HOCHTEJE B TITyOMHHBIX YCIOBUSIX POCTA.

Ilens: Pazpabortath 3¢ddexTuBHbIHA METOA TIyOMHHOTO KYJbTUBUPOBAHUSA IS
MUIETHATEHBIX MHAKPOOPTaHU3MOB-TIPOIYIIEHTOB (DEPMEHTOB, B KOTOPOM TH(BI MPOIYIIEHTOB
HE 3aKpy4YMBAIUCH OBl B MEJJIETHI, @ POCIU B BHUJIE TUIEHKM MMMOOHMIN30BAHHOM Ha HOCUTEIE, B
KOTOPOH KJIeTKaM OBUTH OBI JIETKO JOCTYITHBI ITUTATEILHBIC BEIIECTBA CPEIBI U KUCIOPO/I.

MarepuaJibl 1 METObI

Mukpoopranu3Mbl

[Mponyuenramu nektunasbl Aspergillus awamori 16; a-amunassi - Asp.oryzae 3-9-15. Bce
KYJIBTYpPBI MOJICP)KUBAIMCH HA arapoBbIX Kocsikax co cpemoi Yaneka. [loceBHBIM MaTepuamom
CIYXXHWJIM CYCIIEH3Us CIOp S5-7 [OHEBHOW KYyJIbTYypbl pa30aBieHHass B  CTEPHJIBHOU
JUCTUJUTUPOBAHHOM BOJie U KOHIEHTparuu crop 1,3x107 kiaeTox/mi.

Cpenpl

Cpena Yaneka: NaNO3— 0,15 r; caxaposza — 2,0 r; KH,PO4 — 0,1 1; MgSO,4 — 0,05 1; KCI —
0,05 ; FeSO4— 0,001 r na 1 gutp.
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Cpena s Aspergillus awamori 16: riaroxo3a — 2 1; (NH4)2SO4 — 7,0 T; MgSO4 — 0,05 1
KCI - 0,05 r;KH,PO4 — 0,1 1; FeSO4 — 0,001 r ma 100 mur.

Cpena mns Aspergillus oryzae 3-9-15: caxaposza — 2 r; NaNO3 — 5,0 r; KH,PO4 — 0,1 1
MgSQ, — 0,05 r; KCI - 0,05 r; FeSO4 — 0,001 r ma 100 mu1.

Ob6pa3zoBanue GpepMEeHTOB

s o6pa3oBanusi GEpPMEHTOB MCIOJIB30BAIA KOJOBI DpiienMeiiepa Ha 750 mut co 100 M
IIUTATENIBHOM Cpezbl, KOTOPYIO 3acCeBaJIM CYCIIEH3UEH CIOp B KOJMYECTBE 2 M 5-7 JHEBHOU
KYJIbTYpPbI, BBIpalllcHHOW B MpoOMpKaXx HA  CKOLIEHHOW mNHTaTeldbHOW cpeae Yareka.
KynpruBupoBanu Ha kaudanke (280 o0/MuH mpu 28°C), B TedeHHe IUTHTEIHHOTO BPEMEHHU C
3aMEHOM MUTATEIBHOM CPeAbl Uepe3 KaxK/ble 3 CyTOK U B MOCIEAYIOLIME THU Yepe3 1-2 CyToK.

Onpenenenne GepMEHTATUBHOM aKTUBHOCTH.

AKTHBHOCTh 0-aMWJIa3bl ONpPENEISUIA JABYMSI METOAAMH: IO CIIOCOOHOCTH (epMeHTa
IIPOU3BOJIUTH TUJPOJIN3 Kpaxmaja 0 KOHEUHBIX JAEKCTPUHOB, HE OINpAIIMBAIOIIUXCS HOAOM (B
equaunax AC) u mo ocaxapuparonuii criocoonoctH (B exuaumnax OC).

Onpenenenne nexkronutudecko akTuBHocTd (IIkA) mpoBoawin 1O  KOJIMYECTBY
HEPACUICTVIEHHOTO TMEeKTHHAa [0 M IIOClie BO3JCHCTBHS HAa HEro MNEKTUHPACIIEIUISIOMINX
¢depmenroB (III' u I1JI). III' akTUBHOCTH ONpEAENAIN TAKXKE [0 PEIYyLHUPYIOIIUM BEUIECTBAM
metogom llomanbu-HenbcoHa, OCHOBAaHHOTO Ha TMAaJ€HUU BSI3KOCTH NMEKTUHOBBIX PACTBOPOB B
Bu3ko3umeTpe OctBanbpaa. KomuuecTBeHHOE omnpeneneHHEe NEKTHHA OCHOBAHO Ha IOJyYEHUH
MEIHOW COJIM MEKTUHOBOM KUCIOTHI.

Pe3yabTaTsl M 00Cy:KICHUSA

W3yuenne pocra  MHIETHATBHBIX  MHUKPOOPTaHM3MOB W 00Opa3oBaHHE  HMMHU
TUAPOIUTUYECKUX (PEPMEHTOB TECHBIM 00pa30M CBS3aHO C METOJIOM WX KylbTUBHpoOBaHus. [Ipu
OOBIYHOM TJIyOMHHOM KYJIBTUBUPOBAaHUM CBOOOJHBIX KJIETOK MHUKPOMMIIETOB alMKaJIbHbII
XapakTep UX pocTa 00YCIIOBIMBaeT 00pa30BaHHE MAcChl MHUIIEIHs, pacTyllell B BUJAE HIAPHKOB
(menneToB) WM xjombeBUAHOW Maccel. ®opma Munenus, oOpasyromascs B mpolecce
[IyOMHHOTO KYJIbTUBUPOBAHMSI, IPSIMBIM 00pa30M BIMSIET HA IPOAYKTUBHOCTb KYJIbTYpPHI.

[Tockonbky MeTOOOIMYECKHE PEaKIMK 3aBUCAT OT KOHLIEHTPALMH MMUTATEIbHBIX BEILECTB,
TO KJIETKH, HaXOJSIIMeCs] Ha MOBEPXHOCTH MULEIMAIBHBIX IIAPUKOB, UMEIOT MaKCUMAaJbHBIN
JOCTYIl K MHWTaTedbHBIM BemlecTBaM. [losTomy Hambonee MNPOJODKUTENBHOE BpeMs
MaKCHMaJbHBIN JJOCTYI K MUTATEIbHBIM BEIIECTBAM UMEIOT KJIETKU MULIEIHS, pACTYIIHE B BUE
wieHkd. IlneHka B yClOBUSX INIyOMHHOTO KyJbTHBHPOBAHHS NpPEBpallaeTcs B HUTYATO-
ry04yaTyi CTPYKTypy, B KOTOPOW THU(]BI MHUIIENTUS PACTyT JIMHEWHO O€3 CKpyYHMBaHHUS WX B
HeJIeThl M XOPOILO JOCTYNHBI MHUTATENbHBIM BellecTBaM W Kuciopoay. s oOpa3oBaHus
IUIGHKH CO3JIaHbl YCIIOBUS aJCcOpOLMK MOCEBHOIO MaTepuaja Ha IMOBEPXHOCTH MOHOJUTHOMN
HOJUIOKKH € OOJBIION aJCOPOILIMOHHON MOBEPXHOCTHIO, HA KOTOPOH KyJIbTypa 3aKperuisiach 1
JUHENMHO pocia BAONb €€ IOBEPXHOCTH [JIUTeNbHOe BpeMsa. B ycinoBusx aspauuu u
MEXaHHUYECKOro IepeMelInBaHus Ha Kadajke oOpa3yeTcsi HeMpepbIBHO pacTyllas HUTYATO-
rybuaras CTpyKTypa, KOTopasi IJIUTeIbHOE BpeMs IPOAYLIUPYET PEPMEHTHI.

B nammx uccienoBaHusAX MPOAYLEHTaMH ()EpPMEHTOB ObUIM BHIOpAHBI MUKPOMUIIETHI U3
pomna Aspergillus — Asp.awamori 16 u Asp.oryzae 3-9-15 — mpoayIeHTBl MEKTHHA3bl U O-
amunasbl. CpaBHUTENbHOE M3ydeHHe 0o0pa3oBaHMs NeKTHHpacuiemsonmx ¢pepmentos (I1P) u
a-amuiasel — cBoOoaHbIMU (CK) u nmMMoOunuzoBanubsiMu kietkamu (MK) mokasano, uro mpu
UMMOOMIU3AIIMM HUTYATO-TYOUaTON KyJIbTYyphl OMOCHHTE3 (PEPMEHTOB MPOUCXOIUT aKTHBHO U
JIOCTaTOYHO JUTUTENIbHOE BpeMs (pUCYHOK 1). YBenmnuuBaercs cranmoHapHas (a3a oOpa3zoBaHUs
¢depmenToB B 2,5-3 pasa.
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Pucynok 1 — JluHamuka oOpa3oBaHus 0.-aMUIIa3bl Pa3HBIMHU CTPYKTYPaMU MUIIEITUS
Asp.oryzae 3-9-15. 1- Maccoli KJIETOK pacTyliel meieTaMu; 2- HUTYaTo-ry0uaThiM UMMOOMITH30BaHHBIM
MUIIEIIACM.

Ceoboanbie kimetku Asp.oryzae 3-9-15 — mpoayieHTa o-ammiassl 1 Asp.awamori 16 —
MPOYIIEHTA MEKTUHPACHICTUIIOMUX ()EPMEHTOB B TICPUOJIUUYCECKUX YCIOBHUSIX KYJIBTHBHPOBAHUS
UMCIOT OTPaHMYCHHBIN IMKJI Pa3BUTHS, OHU O0Opa3yloT MakCUMyM (EPMEHTOB Ha 3 CYTKH
(pucyHok 2-3).
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Pucynok 2 — /lunamuka oO6pa3oBaHus O-aMHUIIa3bl MEPUOUECKON KyabTypsl Asp.oryzae 3-9-15.1, 1 —
omomacca, T; I, 2 — akTMBHOCTE O-aMuUIa3kl, €1/MII.
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Pucynok 3 — lunamuka odpazosanus [IP ¢pepmenToB nepuouueckoii Kyaprypoir A.awamory 16.1, 1 —
Macca cyxoro mumenus, r; 11, 2 — TIkA, en/ma

IIpu mnocnenyromem KynbTuBHUpoBaHMU CK mOpoHCXOIUT aBTONMM3 KIIETOK, KOTOPBIM
IPUBOJUT K MIOCTETIEHHOMY Ma/ICHUIO ()ePMEHTATUBHON aKTUBHOCTH KYJIbTYpPAJIbHOM XKHUIKOCTH.
Takum o0pazoMm, 0pU TPAAUIMOHHOM TEPUOJUYECKOM METOAE KYyJIbTUBUPOBAHUS
BbIpAIllUBaHUE MUKPOMHUIIETOB MPOAOSKaNK 3-4 CYyTOK, 3aT€M MpPOLEeCC OCTAaHABIMBAIU M3-3a
PE3KOro CHUXKEHHSI OMocuHTe3a (DEPMEHTOB, CBSI3aHHOTO C JIM3UHOM KYNbTYpbl. [IpennoxeHHbIi
MCTOJ KYJIbTUBUPOBAHUA MHUKPOOPraHU3MOB OGGCHG‘-II/IBaeT HCIIPCPLIBHOC BbIpAllUBAHUC

46



MPOIYIEHTOB ()EPMEHTOB Ha TOJUIOKKE ©O€3 OCTaHOBKH B TedeHuwe oT 12-15 cyrok mo 2-4
MECSIIEB C MHOTOKpPAaTHBIM IIOJIyY€HUEM IIeJIeBbIX (PepMEeHTOB uyepe3 Kaxaple 1-3 cyTok
KyJbTUBHUPOBAaHUA C TIOMOIIBIO YCTpoiicTBa pa3paboranHoro Hamu (Ilatent Nel(04754)
(Tabmural).

Jnst AMTEeNbHOTO KYIbTUBUPOBAHUS MUKPOMMUIIETOB MEPUOANYECKHU yaIsieM MHULICIUN ¢
noaoxku. [locie nmepBoro ynaneHus MULIETUS € MOAJI0KKM HAYMHAETCS] BTOPOI 3Tall mpoiiecca
OuocuHTe3a, JUIs Hadajga KOTOporo xapakrepHo mnajeHue aktuBHoctH KOK. Uepes 2-4 cyrox
MOCJie CHSATHUS MHULEIHS JaKe CJIEIOBbIE KOJIMYECTBA CTApPBhIX KIJIETOK, OCTABIIMXCS B IMOpPax
HOCHUTEJIS, CHOCOOHBI MTPOAYIIMPOBATH CTOJIBKO (PEPMEHTA, CKOIBKO 2-3 T MOJIOJIOTO MHIIEIHS Ha
MepBOM dTare KyJbTUBUPOBaHMS, a UMeHHO 60-80 ex/mu I1I" mpu mpOayKTUBHOCTH KYJIbTYPBI
20-30 en/r Munenus.

Tabmuna 1 - XapakrepucTrka mpolecca KyJIbTUBUPOBAHUS CBOOOTHBIX M MMMOOWIN30BAHHBIX KIIETOK
A.awamory 16 Ha IeHOIOJUYPETAHOBOM IMOJIJIOKKE

[TapaMeTpbl KyJIbTHBUPOBAHHS CeoOonnbie | MMMOOHMIM30BaHHbBIC

KIIETKH KIIETKH

[Ipo10KUTEABHOCTD KYJIBTUBUPOBAHUS, CYT 3 60 u Oomee

OOBeM HCTIONB30BAaHHOM MUTATEILHON CPEIbI, MIT 100 6000

WntepBansr mexay nonmyuenneM KK u cmeHoil ee Ha HOBYIO 3 1-2

MOPLHIO MUTATEIBHON CPEIbl, CYT

Cymma norrygaemoit KK, mu 85 4600

CymMmapHoe KomuuecTBO (epMeHTOB uepe3 60 cyTok - 16 468

KyJIbTHUBHPOBAaHUSA Y MMMOOWIN30BaHHOW KynbTypbl B 4600
L, I1I" aKTHBHOCTB 1O pelyLIUPYIOIIUM BELIECTBAM, €11/MJI

I1J1, en/mi - 55 660
CyMMapHOe KOJIMYecTBO epMeHTa y cBOOOHBIX KJIETOK 3a 3

CyT

III", en/mn 180 -
11, en/mn 200 -

Jlanee, 3aKOHOMEPHOCTH, HAOJIOaeMble Ha IEPBOM 3Tale, OBTOPSIOTCA U Ha BTopoM. Ha
TPETbEM OJTale aKTUBHOCTh YyBenuuumBaerca B 10-12 pa3 mo cpaBHEHHIO C TaKOBOM
NepUOANYECKON KyJabTyphl. B mporecce MHOrostanmHoro Ky/lnbTHUBHUPOBaHUS HaOI0danu
CTa0WJIBHO  YBEJIMYMBAIOUIYIOCS  MPOIYLUPYIOUIYI0  CIIOCOOHOCTh  KYJIBTYphl, KOTOpas
COXpaHSETCS Ha MPOTSHKEHUH BCETO CPOKa KyJIbTHBUPOBaHUS — B TedeHUe 60 cyT. (pUCYHOK 4).
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Pucynok 4 — JIluHaMuKa IpoIyKTUBHOCTH MMMOOMIN30BaHHOMN KyJabTypsl A.awamory 16

Takum o0OpasoMm, mpu umMoOwim3ammu A.awamori 16 umeer  MeCTO MOBBIIICHHE
aktuBHOCTH pepmeHToB KK 0T 2 10 6 pa3 Ha mepBom 3tamne u B 10-12 pa3 - Ha TpeTbeM, a Takke
yIUIMHEeHUE (a3bl aKTUBHOTO 00pa3oBaHMA (EPMEHTOB IO CPABHEHHUIO C TMEPHOAMYECKON
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KyneTypoit ¢ 3 mo 11-14 cyr. Kpome akTuBamum KyabTypbl HaOIIOAAIM CTaOMIIM3AIIUIO
IPOAYLHPYIOLIEH CIOCOOHOCTH rpuba, KOTOpas COXpPaHsAeTCs Ha MPOTSHKEHUU BCEro Cpoka
KynbTuBUpoBaHus (60 cyr.). Yacrora mnodydeHHs 1I€JIEBOIO IPOAYKTAa IOCTEIEHHO
yBenuuuBaeTcs. Ecnu nmpu nepuoauyeckoM KyJbTUBUPOBAHMM LIEIE€BOI MPOJIYKT MOJIydald Ha
TPEThU CYTKH, TO TPH MMMOOMIM3ALMU — uepe3 1-2 CyTOK B 3aBHCHMOCTH OT KOJHYECTBA
arperupoBaHHOI0 MULIEIIHS.
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UMMOBWIN3ALIUAJIAHFAH MUIIEJIUAJIT MUKPOOPT AHU3M/IEP/IIH,
OEPMEHTTEPAI BUOCUHTE3JAEYI

Makanana (GepMEHTTEpIiH MNPOIYLUEHTI — MHUIEIUNAII MUKPOOPraHU3MACPIiIH OHOCHHTE3ICYIIN
KaOJIeTIH  apTTBIPY  JKOJJAPBIH  13[CCTIPY  JKAyIbl  TOXIpUOETiK  Marepuapjgap  Oepijirex.
Mukpoopranu3miepii MOUIOKKaTa HMMOOWIU3AIMSAIAHFAH KYHJIe TEpeHae ocipy IKarmaiibiHma
JAKBUTIAYIBIH THIMJL 9JTiCi XKacambIHABL. byl ofic KylbTypaHbIH OHIMIIIITIH )KOFApPhUIATAIbl KOHE OHBIH
aBTOCEJIEKIIASICEIH KAMTAMACKI3 €T/,

Kiar ce3nep: nemierrep, MULIEIHIAII MUKPOOPTaHU3MIED

Bliyeva R.K.
SNE “Institute of microbiology and virology” SK MES RK, Almaty, Kazakhstan

BIOSYNTHESIS OF ENZYMES BY IMMOBILIZED FILAMENTOUS
MICROORGANISMS

Summary

Biosynthesis of enzymes by microorganisms is affected not only by the activity of producers and
conditions of their directed synthesis, but also by the best possible way of their cultivation. In the
traditional submerged cultivation, apical growth of filamentous microorganisms causes the formation of
pellets,which are of hard access for nutrients and oxygen, and which are in limited volume of nutrient
medium with time lose their physiological activity. Optimal access of nutrients to the culture is
implemented with a linear growing of hyphe by a surface method of cultivation where the biosynthetic
ability of cultures is low. We have developed an effective method of long-term cultivation of
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microorganisms combining surface linear growth of hypheon the carrier in immobilized state with active
submerged cultivation of enzyme producers.
Key words: pellets, filamentous microorganisms

For the maximum use of biosynthetic potential of microorganisms-producers of enzymes it
Is important to grow them not only in terms of the directed synthesis of desired products, but also
the best possible way of their cultivation. It is known, that the best conditions for the formation
of hydrolytic enzymes are created in submerged culture, because aeration of nutrient medium is
of great importance for biosynthesis of enzymes.

Periodic submerged cultivation process is characterized by the growth of microorganisms
in a limited volume of nutrient medium without the possibility of its replacement, which leads to
a fall of the physiological activity of the culture. Furthermore, in the submerged cultivation of
filamentous microorganisms, due to their apical nature of growth,their biomass grows in the
form of pellets which are of hard access for nutrients and oxygen, leading to a fall of the
synthetic activity of the culture of microorganisms.

It was necessary to develop the optimal method of cultivation of filamentous
microorganisms, which would combine growing culture by the surface method on the carrier in a
deep growth conditions.

The objective: to develop an effective method of submerged cultivation for
microorganisms-producers of enzymes, in which hyphe of producers would not become pellets,
but grew in the form of a film, immobilized on a carrier in which nutrients and oxygen would be
available for the cells.

Materials and Methods

Microorganisms

Producers of pectinase used were Aspergillus awamori 16 and Penicillium cyclopium. All
cultures were maintained on agar slants with Czapek’s medium. Inoculum was a suspension of
spores of 5 -7 day culture diluted in sterile distilled water at a concentration of spores 1,3x107
cells / ml.

Environment

Capek's medium contained: NaNO3 — 1,0 g.; Sucrose — 2,0 g; KH,PO,4 — 1,0 g; MgSO, —
0,5 g; KCI-0,5 g; FeSO,4 - 0,001 g per liter.

Environment for Aspergillus awamori 16 contained: Glucose - 2 ¢g; (NH4),SO4 — 0,7 g;
MgSQO, - 0,05 g; KCI - 0,05 g; KH,PO4 — 0,1 g; FeSO4 — 0,001 g per 100 ml.

Environment for Aspergillus oryzae 3-9-15 contains: Sucrose - 2 g; NaNO3; — 0.9 ¢;
KH,PO, - 0,1 g; MgSO, — 0,05 g; KCI - 0,05 g; FeSO, - 0,001 g 100 ml.

The formation of enzymes

For the formation of enzymes we used 750 ml shaker bulbs with 100 ml of culture
medium, which is seeded with a spore suspension of 2 ml of 5 — 7 day old culture grown on the
stock with Capek’s medium. Cultivation implemented on a shaker (280 rev / min at 280C) for a
prolonged period, with the replacement of the culture medium every 3 days and every 1-2 days
afterwards.

Determination of enzyme activities

A-amylase activity was determined with two methods: a) by the ability of an enzyme to
produce hydrolysis of starch until final dextrins, not polled by iodine (in units of AU) and b) by
the saccharifying capacity (in units of the OS).

Determination of pectolytic activity (PA) was performed on the number of unfissioned
pectin before and after exposure to pectin diluting enzymes (PG and PL). Quantitative
determination of the pectin is based on the obtainment of pectin acid copper salt.
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Results and Discussion

Study of the growth of filamentous microorganisms and their formation of hydrolytic
enzymes are closely related to the method of their cultivation. Apical nature of micromycetes’
growth during normal subsurface cultivation of free cells causes the formation of masses of
mycelium growing in the form of pellets. Form of mycelium formed during submerged culturing
directly affects crop productivity.

Since metabolic reactions depend on the concentration of nutrients, cells on the surface of
filamentous pellets have the maximum access to nutrients. Therefore, cells of mycelium growing
in the form of a spathella have greatest access to nutrients for the longest period. Spathella in
submerged culturing transforms into filamentous-spongy structure, in which hyphae of mycelium
grow linearly, are accessible to nutrients and oxygen. For the formation of the spathella we have
created conditions of adsorption of inoculum on the surface of a monolithic substrate with a large
adsorption surface on which culture retained and grew linearly along the surface for a long time.
In conditions of aeration and mechanical agitation on a shaker, filamentous sponge-like structure
is formed which produces enzymes for a prolonged period.

In our studies, producers of enzymes were selected micromycetes of the genus Aspergillus
- Asp.niger and Asp.oryzae 3-9-15 - producers of pectinase and a-amylase. A comparative study
of pectin diluting enzymes (PD) and a-amylase - free (FC) and immobilized cells (IC) showed
that during the immobilization of filamentous-spongy culture, biosynthesis of enzymes is active
and for a significant period of time (figure 1). Stationary phase of enzymes formation increases
2.5 - 3 times.
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Figure 1 - Dynamics of a-amylase formation by different structures of mycelium. A.awamori 16.
1 - by mass of cells growing through pellets, 2 — by filamentous-spongy mycelium immobilized on
paralon.

Free cells have a limited development cycle; they form greatest amount of enzymes on 3-9
day (figure 2-3).
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Figure 2 - Dynamics of a-amylase of batch culture Asp.oryzae 3-9-15,
I, 1 - Biomass, g; I, 2 — a -Amylase activity, units /ml.
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Figure 3 - Dynamics of the formation of PD enzymes of batch culture A.awamori 16.
I, 1 - mass of dry mycelium, g; Il, 2 - RCA, U/ ml

During subsequent culturing of FC, with the replacement of the environment within the
same period of time, as that of the IC, there is autolysis of cells, which leads to a gradual fall of
the enzymatic activity of the cultural fluid.

Thus, the traditional method of microorganism’s growth cultivation for 3-4 days is
follower by the pause of the process because of fall of enzymes biosynthetic associated with
lysine culture. Our method of culturing microorganisms extends continuously on the substrate
without interruption for a period of 12-15 days to 2-4 months with multiple target enzymes every
1-2 days (table 1).

After removing mycelium from the substrate the second stage of the process of
biosynthesis begins with a fall in activity of liquid medium. After 2-4 days after removal of
mycelium, even trace amounts of old cells remained in the pores of the carrier, are capable of
producing as much enzyme as 2-3 g. of young mycelium on the first stage of cultivation, namely,
60-80 U / ml liquid medium in crop productivity 20 - 30 U / g of mycelium.

Table 1 -Characteristics of the cultivation process of free and immobilized cells A.awamori 16 on
polyurethane substrate

Cultivation parameters Free Immobilized
cells cells

Duration of cultivation, days 3 60 and more
Volume of used medium, ml. 100 6000
The intervals between the receipt of liquid medium and replace with a 3 1-2
new batch of medium, days
Amount received liquid medium, ml 85 4600
The total amount of enzymes after 60 days of cultivation in the - 16 468
immobilized culture in 4600 ml, PG activity by reducing substances, U /
ml
Submarine, U / ml - 55 660
The total amount of enzyme in the cell-free in 3 days
PG, U/ ml 180 -
Submarine, U / ml 200 -

Furthermore, the patterns observed in the first phase are also repeated on the second phase.
On the third stage, activity increased 10-12 times compared to that of batch culture. In the
process of multi-stage cultivation was observed to steadily increasing producing capacity of
culture, which is maintained for the duration of culture - within 60 days (figure 4).
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Figure 4 - The dynamics of productivity of the immobilized culture A.awamori 16

Therefore, during the immobilization of A.awamori 16 increased activity of liquid medium
enzymes 2 to 6 times in the first stage and 10 to 12 times in the third, as well as the elongation of
the phase of active enzymes formation takes place, as compared to batch culture from 3 to 11-14
days. In addition to the activation of culture, stabilization of culture-producing ability of the
fungus was observed, which is maintained throughout the period of cultivation (60 days).
Frequency of obtainment of the desired product is gradually increasing. If the periodic
cultivation of target product was obtained on the third day, during immobilization it was
obtained in 1-2 days, depending on the number of aggregated mycelium.
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