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KonnekumoHHble KyNbTypbl aKTUHOMULETOB B OCHOBHOM XPaHAT B BbICYLUEHHOM COCTOAHUW Ha ajgcopbeHTax.
MpakTUKyeTca HNU3KOTEMMNEPATYPHOE XPaHEHVE aKTUHOMMULLETOB NMpu TemnepaTypy MnHyc 70 °C.

B cTaTbe NMpeAcTaB/ieHbl pe3ynbTaTbl UCCNE[OBAHUA CBOMCTB KOHUAWUM LWITaMMOB aKTUHOMMKLETOB Streptomyces
lucensis BKITM Ac-1743 n Streptomyces violaceus BKITM Ac-1734 B npoLecce XxpaHeEHUA Npu MUHYC 12 °C n MUHYC
18 °C B pacTtsope ramuepuHa n 8 0,9 %-om BoAHOM pacTBope x/iopuja HaTpus.

BbifiBIEHO, UTO MHIMOBUTOPHAA aKTUBHOCTbL B HAaTUBHOM pacTBOpe AN UCCNeAyeMbIX LITaMMOB, XPaHUBLLIUXCA
B pacTBope rnvuepuHa npu MuHyc 12 °C v nntoc 4 °C, B pesynbTaTe UX MNocnefytowero KybTUBUPOBaHUSA Ha TU-
Aponun3aTe Kpaxmana B TedyeHue 120 4 HaxoAMTcsA Ha ypoBHe (450 = 10) MIE/cm3 MokasaTenb AN1S KYyNbTyp, Xpa-
HUBLINXCS NpU MUHYC 18 °C, 6bin Bbiwe — (560 + 10) MIE/cM3 Hu3koTeMnepaTypHOe XpaHeHWe KOHUAWK B cu-
31M0/10TMYECKOM pacTBope MeHee 3(peKTUBHO. NMurmeHToo6pasosaHue 60siee aKTUBHO MPU Ky/IbTUBUPOBAHUN
W TaMMOB, XpaHUBLLINXCA NP MUHYC 18 °C.
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Collection cultures of actinomycetes are mainly stored in a dried state on adsorbents. Practiced low-temperature
storage of actinomycetes at minus 70 °C.

The article presents the results of investigations of the properties of the conidia of strains of the actinomycete
Streptomyces lucensis VKPM Ac-1743 and Streptomyces violaceus VKPM Ac-1734 is in the process of storage at
minus 12 °C and minus 18 °C in glycerin solution and in 0,9 % aqueous sodium chloride solution.

It was found that the inhibitory activity in the native solution for the studied strains stored in the glycerin solu-
tion at minus 12 °C and plus 4 °C, as a result of their subsequent cultivation on the starch hydrolyzate for 120 h is
at the level of (450 £ 10) IE/cm3. The indicator for crops stored at minus 18 °C was higher (560 £ 10) IE/cm3. Low-
temperature storage of conidia in saline solution is less effective. Pigmentation is more active in the cultivation

of strains stored at minus 18 °C.
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1. BBepeHue

Han6onee apheKTMBHO XpaHeHMe MUKPOOPraHM3MOB pas-
JINYHbIX TAKCOHOMUYECKUX TPYNMN ApU HU3KUX TemnepaTypax
(ot MuHyc 12°C pgo muHyc 150 °C) [1]. AnnTenbHoe XpaHeHue
KNeToK, 6€3 yTpaTtbl LeHHbIX CBOCTB, MPOBOAMTCA NYTEM FNy-
60KOro 3amMoOpaXKMBaHUS MUKPOOPraHMU3MOB WU UX BbICYLLU-
BaHWA N3 3aMOPOXEHHOro COCTOAHUA (nnodmnnusauns), 6o
HenocpeAcTBEHHO M3 XUAKOr0 COCTOSAHUA ((-BbICyLLUMBAHUE).
BbICOKMI adhdheKT KOHCEPBALLUKM 3TUMM MeTOo4amMn AOCTUraeTca
TeM, YTO K/eTKW, NnLasacb CBOBOAHOM BOAbI B YCNOBUAX CYBOHY-
NeBbIX U (MNN) KPUOTEHHBIX TeMMepaTtyp, NepexoaaT B COCTOSA-
Hune aHabnosa.

KynbTypbl Streptomyces oTHOCATCA K poay 6akTepuin cememn-
cTBa Streptomycetaceae nopsgka akTUHOMMUUeTOB. CoOrnacHo
MeXAYHapOoAHbIM CTaHAapTam, ANA AJAUTEeNbHOro XpaHeHus

Ang UMTUPOBAHUSA: LWaposa H.HO., BbibopHoBsa T.B., MpuHuesa A.A., MaH-
»uesa b.C. CBOMCTBA KOHNAWIY LLUITaMMOB aKTMHOMULETOB 31reploTycss lucensis
1 3lreploTyces ylllacelw B npoLiecce XpaHeHUs NMpY HU3KUX TemnepaTtypax. Mu-
LeBble cucTemsl. 2018; 1(3): 27-32. DOI: 10.21323/1111-1111-2018-1-3-27-32
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6aKTepuanbHbIX KybTyp MCM0/b3YOT KPUOKOHCepBaumio (Mea-
NIeHHOe 3aMopaxusaHue Npu Temnepatype mmHyc 80 °C B npu-
CYTCTBUM KPUOMPOTEKTOPA).

Konnekums MmMKpoopraHmamoB Bcepoccmiickoro Hay4dHo-
nccneoBaTeNlbCKOro MHCTUTYTa NMLLEBbIX go6asok (BHNIMAO)
pacnonaraeT wTtammamu Streptomyces lucensis BKIMM Ac-1743
n Streptomyces violaceus BKIMM Ac-1734 — npofyLeHTaMn UH-
rmbéuUTOPOB [NMKO3MAA3, KOTOpble SABNAKOTCA 6GUONOrMYECKN
aKTUBHbIMM BellecTBAMU W MNOTeHUMaNbHbIMU MULLLEBLIMUA
MWKpOUHrpeaneHTamun [2]. PaHee npoBegeHHble BO BHUWIMA
nccnefoBaHMA NOKasann, YTo WTaMMbl CTabUbHbI U COXPaHS-
0T MIHTMOUTOPHY0 aKTUBHOCTbL MO OTHOLUEHUIO K NaHKpeaTuye-
CKOW a-aMmnase npu temnepaType xpaHeHus natc 4 °C.

Llenbto gaHHOW paboTbl ABAAETCA UCCef0BaHMe XXU3HECNo-
COBHOCTN, NWHIMBUTOPHOW aKTUBHOCTW U NUIMeHToo6pa3oBsa-
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The properties of the conidia of strains of the actinomycete Streptomyces lucen-
sis and Streptomyces violaceus during storage at low temperatures. Food systems.
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Husy witammos Streptomyces lucensis BKIMM Ac-1743 u Strepto-
myces violaceus BKIMM Ac-1734, xpaHMBLUMXCA NpUTeMNepaType
MUHYc 12 °C u mnHyc 18 °C B pactBope rnvuepuHa n s 0,9 %-om
BOHOM pacTBope X/10pnAa HaTpUA ¢ NOCNeAYOLWNM KyNbTUBU-
poBaHVeM Ky/nbTyp Ha rmaponusarax kpaxmana.

2. Matepunanbl n MeToabl

O6bEKTOM MCCNeAOBaHUA ABAANUCH CENEKLMOHMPOBaHHbIE
B MHCTUTYTe wWTamMmbl Streptomyces lucensis BKIMM Ac-1743
n Streptomyces violaceus BKIMNM Ac-1734 — npoAyLLeHTbl UHTU-
6uTopa rnnkosnaas [3, 4].

LWTammbl Streptomyces xpaHunMcbL Npu Temnepartypax Mu-
Hyc 12 °C n muHyc 18 °C B TeueHue 30 gHeln. 3aknagkKy npoBo-
onnn B 15 %-Hom pactBope ravuyepuHa n B 0,9 %-Hom pacTeBope
HaTpusa xnopuga (Pr3pacTBope) CMbIBOM CO CKOLLIEHHOW arapo-
BOW cpefapl.

depmMeHTaLMO NPOBOAWAN MEPUOANYECKMM CMOCO60M Mo
TEXHO/I0TMM KOHUEHTPUPOBAHHbIX CPpej, B YC/IOBUAX LUelikepa-
MHKy6aTopa Multitron (INFORS, Llseriuapusi) B Konbax Bme-
cTUMOCTbIO 750 cM3npu Temnepatype natc 32+ 1°C B TedeHuUe
120 4 [3,4].

CocTaB cpefbl, r/aM3: rMaponunsaT Kpaxmana ¢ 4eKCTPO3HbIM
sksuBasieHToM AE =0T 20 % go 30 % — 150; coeBas myka —5,0;
HaTpuin Xxnopuctblihi — 3,0; MarHWin CEPHOKWUC/bIA CEMUBOA-
HbIi —0,5; Boga go 1 am3; pH 7,0 [5].

Mpouecc BOCCTAHOB/EHUSA 3aMOPOXEHHbIX KMNETOK Ocy-
LWeCcTBNAAN NyTEM OTTamBaHWA Npwu Temnepatype natoc 37 °C
B TeyeHMe 3 MUH. B pasmopoXXeHHbIX KynbTypax onpegeneH
TnTp (KOE B 1cM3MCXOAHOI0 MHOKYNATA).

XKn3Hecnoco6HOCTb KOHWAMUPA wuccnefoBann B pesynbTaTe
BbiCeBa XPaHMBLLUUXCA NPU HU3KUX TemnepaTypax KIeTOK Ha
arapoBylo KpaxmasbHYyto cpefy (cpeay Yaneka).

NHrmbmnTopHyto aKTUBHOCTb ONpPeAensannM B HaTUBHOM pac-
TBOpEe KONOPUMETPUYECKMM METOAOM MO OTHOLUEHUIO K MaH-
KpeaTmyeckon amunase (Tect-chepmeHT) [5]. Mepen onpepene-
HWEeM B HATUBHOM pacTBOpPEe WMHAKTUBUPOBAIN COOGCTBEHHYHO
amunasy MeToom Tepmoo6paboTku npu natoc 98+ 1°C. NHrum-
6MTOPHOE AEeNCTBUE M3YYann NO OTHOLLUEHMIO K NaHKpeaTuye-
ckon amunase («Sigma», CLLUA). NMpoTeHNHa3HYy0 aKTUBHOCTb
HEWHaKTMBMPOBAHHOIO HaTMBHOMO pacTBopa OLeHWMBann co-
rnacHo [6].

MurmeHTOO06pa30oBaHME OLLEHMBAIM MO ONTUYECKOW NAOT-
HOCTW HaTUBHbIX PacTBOPOB NP AJsIMHax BOSH 0T 350 A0 700 HM.

O6paboTKy 3KCNEePUMEHTaNbHbIX [aHHbIX MNPOBOAUAN
C NpUB/ieYEHVEM METO0B MaTeMaTUUYECKOM CTaTUCTUKN N NPO-
rpamm Excel XP.

3. Pe3ynbTaTbl N 06CYXAEHUE

OTANUNTENbHOM 0COBGEHHOCTBIO aKTUHOMULLETOB SIBMSIETCSA
CMNOcOBHOCTb K CMHTE3Y MUTMEHTOB, apOMaTUYECKUX COenHe-
HWIA, BAB, B 4acTHOCTU MHIMGMTOPOB dhepmeHTOB. Vccneaye-
Mbl€ LUTAMMbl SIBASAIOTCA NPOAYLEHTAMUN MHIMGBMUTOpPA FNKO3U-
a3, No3TOMy WX GUOCUHTETUYECKYH) aKTUBHOCTb OLLeHMBaNU
Mo nokasaTeslo «<MHIMBUTOPHAsA aKTUBHOCTb».
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Pe3ynbTaTbl UCCNef0BaHN NoKasann, YTo KIeTKWN LTaMMOB
Streptomyces B KoHLUeHTpaumnsax 107 — 108 KOE/cm3 coxpaHunm
BbICOKYH >XMN3HECnoCO6HOCTb MPU 3aMOpaXuBaHUU NPU TEM-
nepatype mmHyc 12 °C n mmHyc 18 °C nocne 30 gHel xpaHe-
HuA. Ana Streptomyces lucensis BKIMM Ac-1743 TUTp Haxoguscs
B npegfenax oT 8,3 «107a40 2,5 <108KOE/cMm3 ansa Streptomyces vio-
blew BKIMNM Ac-1734 —ot 2,96 «10780 7,4 «107TKOE/cMm3.

Mocne nepBoro naccaxa MakKCUMaibHOW WHIMOUTOPHOM
crnocobHoCTbl0 06nagan witamm Streptomyces lucensis BKIMM
Ac-1743. CTeneHb MHIMGMPOBaHUS HaxoAunacb B Npegenax oT
10 % po 55 %, 4TO COOTBETCTBYET MOKasaTento A0 3aknagku Ha
XpaHeHue.

B cpaBHWTENbHOM acrekTe, B (pU3pacTBOpe aKTUBHOCTb
nccnefyemMblx LITAMMOB CTPeNnTOMULLETOB 6Gblna Huxe B 1,1-
1,2 pasa, 4em Npu XpaHeHUW B rauuepuHe. Vimeetca npeg-
NOMOXEeHWe, YTO BO BPEMSA 3aMOpaXMBaHWA W OTTanmBaHWUA
HeKOTOpble BUAbI 6aKTEPWUI paspyLlaloTcAa He B pe3yfbTare
cAaBnNvBaHUA Kpuctannamm Nbaa, a BCNeACTBUE BO3AENCTBUA
KOHLLeHTPMPOBaHHbIX PACTBOPOB 3/1IEKTPOINTOB NPU TeMMepa-
Typax, NPeBbIAWIMX UX IBTEKTUYECKME TOUKN [7]. B pesynb-
TaTe fob6aBneHNA B cpeay rNuUepuHa KOHLeHTPaunsa 3f1eKTpo-
NINTOB nocne AOCTUMXKEHNA PaBHOBECHOIO COCTOSHWUA CO NbAOM
npw no6oi Temnepatype nNoHwxaetca. MNnuepuH NpegoTepa-
LaeT NOBbllEHWEe KOHUEHTpauMun conel 40 YPOBHSA, Bbl3blBa-
OLLEr0 HapyLUeHne 6MOXMMMNYECKUX MPOLLECCOB B KNeTKax Mn-
KPOOPraHmM3MoB BO BpeMs 3aMOpaXuBaHUS.

Mpn Temnepatype xpaHeHUA MUHYC 18 °C MHIMOGUTOpHas
aKTUBHOCTb LUTAMMOB COXpaHsiacb Ha 6051ee BbICOKOM YPOBHe,
yem npum mmHyc 12 °C, n npesblLllana nokasartesbs npu nawc 4 °C
(Tabn. 1).

Mo-suanmomy, npu 6onee peskoM rnepenage Temnepartyp
(c MuHyc 18 °C Ha nntoc 37 °C) MHTeHcUuumpyeTca BoccTa-
HOBMleHNEe ONOXMMUYECKUX peakumii B OTBET Ha CTPeccoBOe
BO34eCTBME. AHA/IOTNYHbIV 3PEKT MOAYYEeH NPU U3YYEHUN
NPOTEO/IMTUYECKOWM aKTUBHOCTKU WTamMoB (Tabn. 1). B npouec-
ce hepmeHTaLUM NPOTEONMTMYeCKass aKTMBHOCTb BO3pactana
naocTurana MakCMmManbHOro 3Ha4eHMs B KOHLEe BUOTEXHOOTUN-
YecKoro npouecca. Bo3mMoXxHO, LUTaMMbl CTPENTOMMULLETOB CUH-
Te3MPYHT NPOTeMHasbl 4719 PeryinpoBaHnsa Koan4vecTsa co6CT-
BEHHO amunnasbl, KOHKYPUpPYHLLEA C UHTMBGUTOPOM B YCI0BUAX
NMMUTUPOBAHMA NpoLecca N0 UCTOYHUKY yrnepoga. Mpu oueH-
K& MHTMONTOPHOWM aKTUBHOCTU B HEMHAKTUBUPOBAHHOM HaTWUB-
HOM pacTBOpe Habnwaanocb yBeNMYeHME aMUA0INTUYECKON
aKTUBHOCTU, 06yCNOBNEHHOE COBMECTHbIM BO34eiCcTBMEM CO6-
CTBEHHOI aMunasbl NPOAYLEHTA U NaHKPeaTU4ecKoi ammnassbl,
MCronb3yemMon B KayecTBe TeCT-thepMeHTa. B pesynbTate UH-
rméuUTOpHas akTUBHOCTb O6HapyXXuBanacb TO/IbKO NMPU MHOrO-
KpaTHOM pa36aBfieHUN HaTMBHOIO PacTBoOpa, B pesynbTaTe KO-
TOPOro pacnagancs KoOMnaekc MHrMomnTop —ammunasa.

[MOCKONbKY OCHOBHbIM KPUTEPUEM OLLEHKU XU3HEeLeATeNb-
HOCTU U BNOCUHTETUYECKOIM CMOCOBHOCTU MUKPOOPraHM3MOB
ABNSAETCA aKTUBHOCTb UX (hepMEHTHOMN CUCTEMbI, ObII0 U3YHEeHO
B/ISIHWE TEMNEPATYPHOro peXxmma Ha NMPOTeMHa3HYH aKTUB-
HOCTb LUTAMMOB CTPENTOMULETOB.

Tabnnua 1
depMeHTaTUBHAS U MHIMBUTOPHAs aKTUBHOCTU HAaTUBHbIX PACTBOPOB B KOHLe npoLiecca (120 Y) )
HavMeHoBaHMe BKIMM Ac-1743 BKIM Ac-1734
nokasatens nntoc 4 °C MUHYC 12 °C MUHYC 18 °C nntoc 4 °C MUHYC 12 °C MUHYC 18 °C
XpaHeHMe B pacTBOpe FKLEPUHA

MHrnéutopHasa akTMBHOCTb, VIE/CM3 1300+ 100 1600 +100 1800+ 100 1800 +100 2400 £ 100 2800 +200

MpoTenHasHas akTUBHOCTb, e4/cM3 0,204+0,011 0,204 £0,015 0,024 +£0,002 0,144 +0,015 0,144 £0,015 0,084+0,008
XpaHeHune B omspacteope

MHrnéutopHasa akTuBHOCTb, VIE/CM3 1300+ 100 1100+ 100 1600+100 1800 +100 2000 £ 100 2300 +£200

MpoTenHasHas akTUBHOCTb, ea/cM3 0,204 £0,022 oTcyTcTByeT oTcyTcTByeT 0,052 0,006 0,052 0,005 oTcyTcTByeT
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Puc. 1. LUtamm 3”epunaTyceb m\iiolaceus BKIMM AG-173Y
KynbTypanbHaa XuakocTb; 120 4 KynbTUBUP OBaHWUS
KOHWAWIA, XPaHUBLUMXCA MPO1 TeM NepaType MUHyC 12 °C,
MuHyc 18 °C, nntoc 4 °C B TedeHme 30 gHel

Vccnegyemble WTamMMbl SIBASIOTCA MNUIMeHTO06pasyroLLm-
Mn. Tpy N3yYeHUN N3MEHUYNBOCTU KYNbTYyp CTPENTOMMULETOB
OTMeYeHO, YTO NpW BblpalMBaHNKM Ha arapoBblX cpegax n3me-
HAETCA UBeT’ BO3AYLLUHOIO0 MULLENUS, UBeT cybCcTpaTHOro MuLe-
nna ocTaeTcs npakTuyeckn 6e3 nsameHeHwuii. Mocne nepsoro
naccaxxa Ha arapoBylo cpegy NUIMEHT BO3AYLUHOIO MULLeNUs
nmen 6enblii ¢ cepoBaTbiM OTTEHKOM LLBET 4719 060MX nccneay-
eMbIX LITaMMOB, a Cy6CTpaTHbIA — CBETN0-XKeNTbIA ana Strep-
tomyces lucensis BKINM Ac—1743, po3oBblii —ansa Streptomyces
violaceus BKIMM Ac—1734, CBeTN0-KOPUYUHEBBLIA AN APYTUX
KynbTyp (Puc. 1). b TedyeHMe ceMu CyTOK Ky/IbTUBUPOBAHUA Ha
araposoli cpefie MHTEHCUBHOCTb MUTMEHTaLNN Y LLUTaMMOB YCU-
nnnack, 4To CBUAETENbCTBYET 06 aKTMBM3aLUN BUOXUMUNYECKMX
NPOLLECCOB, CBA3AHHbLIX C ajanTauuen KynbTyp B CTPeccOBbIX
cuTyaumsax. MNMocne xpaHeHUs KynbTyp NpU HU3KUX TeMnepaTy-
pax MnHyc 12 °C n muHyc 18 °C B TeueHume 30 gHeln Habnoganoch
60nee NHTEHCUBHOE NUrMeHToo6pasoBaHme (Puc. 1). Boamox-
HO, BO3JelCTBME IKCTPEMasbHbIX TEMNepaTyp NPUBOAUT K Ya-
CTUYHOW [ecTPYKUMKN 6enkos, NMPOAYKTbl KOTOPOW SIBASAIOTCA
cybcTpaTtoMm AN TUPO3MHA3bl, KaTalim3vpylowleii OKucneHue
heHoNoB (Hanpumep, TUPO3NHA) N KaTaNU3UPYHOLWER CUHTE3
MefnaHuHa 1 Apyrux MUrMeHTOB U3 X NpejLlecTBeHHNKA TUPO-

1. Introduction

Storage of microorganisms of different taxonomic groups at
low temperatures (from minus 12 °C to minus 150 °C) is most ef-
fective [1]. Long-term storage of cells without loss of valuable
properties is carried out by deep freezing of microorganisms or
their drying from the frozen state (lyophilization), or directly
from the liquid state (L-drying). High conservation effect of
these methods is achieved by the fact that the cells, losing free
water in sub-zero and (or) cryogenic temperatures, go into a
state of suspended animation.

Cultures of Streptomyces belong to the genus of bacteria of
the family Streptomycetaceae of the order of actinomycetes. Ac-
cording to international standards, cryopreservation is used for
long —term storage of bacterial cultures (slow freezingat a tem-
perature of minus 80 °C in the presence of a cryoprotector).

Collection of microorganisms all-Russian scientific research
Institute of food additives (VNIIPD) has strains of Streptomy-
ces lucensis VKPM Ac-1743 and Streptomyces violaceus VKPM
Ac-1734 —producers ofthe inhibitor field of glycosidase inhibi-
tion, which are biologically active substances and potential food
microingredients [2]. Previously held in VNIIPD studies have
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3nHa [8]. He uckntoyeHo, 4To 6051ee NHTEHCMBHOE MUTMEHTOO-
6pasoBaHMe y KynbTypbl Streptomyces violaceus BKIMM Ac—1734
06ycnoBneHo 60see BbICOKOW aKTUBHOCTbK TUPO3MHAa3sbl Mo
cpaBHeHMto co WTammom Streptomyces lucensis BKIMM Ac—1743.
Kak cneacTBre MHTEHCUBHO MUTMEHTUPOBAHHbIN WTaMM Strep-
tomyces violaceus BKIMM Ac—1734 6onee ycToiiumB K Temnepa-
TYPHbIM N3MeHeHUsAM. LLITaMM 6o/ee yCTOMYMB K BO3LENCTBUIO
KuUcnopoja Bo3ayxa npu rny6uHHON thepMeHTaLMN B UHTEH-
CMBHOM pexunmMe BO3fyxocHabeHUs. ekt 60/1ee BbIpaXkeH
npu KynbTUBMPOBAHUU KNETOK MOCMe HU3KOTEMMepaTypHOro
XPaHEeHUs, YTO BO3MOXHO 06YC/I0B/IEHO HAKOMIEHNEM MEeSTaH -
HMa — CUBHOTO aHTMOKcUAaHTa. MonyYeHHble CNeKTpanbHble
KPWBbIE MOTNOLLEHNSA CBUAETENLCTBYET O MAKCMMYME MoroLe-
HUS cBeTa KOMMOHeHTaMW HaTMBHOFO pacTBopa B MHTepBase
0JIMH BONH OT 450 o 600 HM. B cpaBHUTENIbHOM acrnekTe nur-
MeHToOo6pa3oBaHMe NpU KyNbTUBMPOBAHMN LLITAMMOB, XpaHUB-
LInXcsa B (PU3pacTBope, HE3aBUCMMO OT TeMnepaTypbl (MUHYC
12 °C nnm mmHyc 18 °C) 6b1710 601€ee NHTEHCUBHOE. BO3MOXHO,
3T0 06YC/IOBNEHO TEM, UYTO X/I0PUJ HaTpUS yCUIUBaET Anddy-
3MOHHble NPOLLECCHI Yepe3 KIeTOUYHYIO MeM6paHy, B TOM 4uchne
M 3KCKPELMI0 MUTMEHTOB.

Takmm o6pasom, uccnefyemble WTaMmbl Streptomyces 1n-
eBT15 BKMNM Ac—1743 n Streptomyces violaceus BKIMM Ac—1734
COXPaHWUIN BbICOKYH XXM3HECNOCOGHOCTb NMpY 3aMopaXKMBaHUN
npu temneparype MMHyc 12 °C n muHyc 18 °C 1 XxpaHeHUn B Te-
yeHue 30 gHeli. Bonee NpeanNOYTUTENIbHBIM KPMOMPOTEKTOPOM,
ob6ecneymnBaroLLMM NpakTuyeckn 100 %-Hoe COXpPaHEHWE UHTU-
GUTOPHOI aKTUBHOCTU SIBNSIETCA TINLEPUH.

4. 3aknw4yeHwuve

Ncenegyemble wWTaMmMbl CTPENTOMULLETOB COXPAHSAIOT XN 3-
HeCcnocobHOCTb U BUOCUHTETUYECKYIO aKTUBHOCTb MPU HU3KUX
Temnepartypax. [Ans gnnTenbHOro XxpaHeHUsa NpeanoyTuTensHa
TemnepaTypa MumHy4 18°C. 3awuTHOe [AeACTBUE KNETOYHOW
CTPYKTYpbI LLUITAMMOB B 60NbLUe Mepe ob6ecrneymBaeTcs rauue-
PUHOM. AKTUBM3ALLMUA (DEPMEHTHOMN CUCTEMbI CTPENTOMULLETOB
MHTeHCcMnunpyeTcs Npy 60/ee pe3koM nepenage Temnepartyp.
[ancHelilee n3yyeHne BANAHUA HU3KNX TeMMNepPaTyp Ha CBOM-
CTBa CTPENTOMMLLETOB —MPOAYLEHTOB MHTMONTOPOB aMUI0IN-
TUYeCKNX hepMeHTOB NpeacTaBNseT MHTEPEC N B NePCreKTuBe
[aeT BO3MOXXHOCTb CKOPPEKTUPOBATb YC/0BUS [J/INTENIbHOIO
XPaHeHUS KONNEKLMOHHbBIX KYNbTyp.

shown that the strains are stable and retain inhibitory activity
against pancreatic a-amylase at a storage temperature of plus
4 °C.

The aim of this work is to study the viability, inhibitory ac-
tivity and pigment formation in strains of Streptomyces lucen-
sis VKPM Ac-1743 and Streptomyces violaceus VKPM Ac-1734,
stored at a temperature of minus 12°C and minus 18°C in a
glycerol solution and 0,9 % aqueous solution of sodium chloride,
followed by the cultivation of cultures on starch hydrolysates.

2. Materials and Methods

The object of the study was the selection at the Institute
strains of Streptomyces lucensis VKPM Ac-1743 and Streptomy-
ces violaceus VKPM Ac-1734 —producers of the inhibitor field of
glycosidase inhibition [3, 4].

Strains of Streptomyces were stored at temperatures of minus
12 °C and minus 18 °C for 30 days. The tab was carried out in a
15 % glycerin solution and in a 0,9 % sodium chloride solution
(saline solution) by washing off the beveled agar medium.

Fermentation was carried out periodically using the tech-
nology of concentrated media under the conditions of the
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shaker incubator Multitron (INFORS, Switzerland) in flasks
with a capacity of 750 cm3at a temperature of plus 32+1 ° C
for 120 h [3, 4].

The composition of the medium, g/dm3: starch hydrolysate
with dextrose equivalent DE = from 20 % to 30 % — 150; soy
flour — 5,0; sodium chloride — 3,0; magnesium sulfate —0,5;
water to 1dm3; pH 7,0 [5].

The process of restoration of frozen cells was carried out by
thawing at a temperature of plus 37 °C for 3 minutes in thawed
cultures, a titer (CFU in 1 cm3of the original inoculate) was de-
termined.

Viability of conidia was investigated as a result of seeding of
cells stored at low temperatures on agar starch medium (Chapek
medium).

Inhibitory activity was determined in native solution by
colorimetric method with respect to pancreatic amylase (test
enzyme) [5]. Before determining the native solution was inakti-
virovanie own amylase by the method of heat treatment at plus
98+ 1°C. Inhibitory effect was studied in relation to pancreatic
amylase («Sigma», USA). Proteinase activity of the noninactivat-
ed native solution was evaluated according to [6].

Pigment formation was assessed by the optical density of na-
tive solutions at wavelengths from 350 to 700 nm.

Processing of experimental data was carried out with in-
volvement of mathematical statistics methods and Excel XP.

3. Results and discussion

A distinctive feature of actinomyecetes is the ability to syn-
thesize pigments, aromatic compounds, BAS, in particular en-
zyme inhibitors. The investigated strains are the producers of
the inhibitor field of glycosidase inhibition, so their biosynthetic
activity was evaluated by the measure of the «inhibitory activ-
ity».

The results showed that the cells of Streptomyces strains in
concentrations of 107-108 CFU/cm3retained high viability dur-
ing freezing at a temperature of minus 12 °C and minus 18 °C af-
ter 30 days of storage. For Streptomyces lucensis VKPM Ac-1743
titer was in the range from 8.3 «107to 2.5 <108 CFU/cm3 for Strep-
tomyces violaceus VKPM Ac-1734 — from 2.96 «107 to 7.4 <107
CFU/cm3.

After the first passage, the strain Streptomyces lucensis Ac-
1743 had the maximum inhibitory capacity. The degree of inhi-
bition was in the range from 10 % to 55 %, which corresponds to
the index prior to storage.

In the comparative aspect, in the saline activity of the stud-
ied strains of streptomycetes was 1,1-1,2 times lower than when
stored in glycerin. There is an assumption that during freezing
and thawing some types of bacteria are destroyed not as a re-
sult of compression by ice crystals, but as a result of the action
of concentrated electrolyte solutions at temperatures exceeding
their eutectic points [7]. As a result of the addition of glycerin
to the medium, the concentration of electrolytes after reach-
ing the equilibrium state with ice at any temperature decreases.
Glycerin prevents the increase of salt concentration to the level
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that causes disturbance of biochemical processes in the cells of
microorganisms during freezing.

At a storage temperature of minus 18 °C inhibitory activity
of strains remained at a higher level than at minus 12 °C, and
exceeded at plus 4 °C (Table 1).

Apparently, with a sharper temperature drop (from minus
18 °C to plus 37 °C), the recovery of biochemical reactions in re-
sponse to stress is intensified. A similar effect was obtained in
the study of proteolytic activity of strains (Table. 1). In the pro-
cess of fermentation, proteolytic activity increased and reached
its maximum value at the end of the biotechnological process.
Perhaps the strains of streptomycetes synthesize proteinases to
regulate the amount of its own amylase, competing with the in-
hibitor in terms of limiting the process by carbon source. When
assessing the inhibitory activity in the non-inactivated native
solution, an increase in amylolytic activity was observed due
to the combined effect of the producer’s own amylase and pan-
creatic amylase used as a test enzyme. As a result, inhibitory
activity was detected only with repeated dilution of the native
solution, which resulted in the disintegration of the inhibitor —
amylase complex.

Since the main criterion for assessing the life and biosyn-
thetic ability of microorganisms is the activity of their enzyme
system, the effect of temperature on the proteinase activity of
streptomycetes strains was studied.

The studied strains are pigment-forming. When studyingthe
variability of streptomycetes cultures, it was noted that the col-
or of the air mycelium changes when grown on agar media, the
color of the substrate mycelium remains virtually unchanged.
After the first passage on the agar medium, the pigment of
the air mycelium had a white with a grayish tint color for both
studied strains, and the substrate —light yellow for Streptomy-
ces lucensis Ac-1743, pink-for Streptomyces violaceus Ac-1734,
light brown for other cultures (Figure 1). Within seven days of
cultivation on agar medium, the intensity of pigmentation in
strains increased, which indicates the activation of biochemical
processes associated with the adaptation of cultures in stress-
ful situations. After storage of crops at low temperatures mi-
nus 12 °C and minus 18 °C for 30 days, more intense pigment
formation was observed (Figure 1). Perhaps, the influence of
extreme temperatures leads to partial destruction of proteins,
the products of which are a substrate for tyrosinase, catalyzing
oxidation of phenols (for example, tyrosine) and catalyzing the
synthesis of melanin and other pigments from their precursor
tyrosine [8]. It is possible that the more intense pigment forma-
tion in the culture of Streptomyces violaceus Ac-1734 is due to
the higher activity of tyrosinase compared to the strain of Strep-
tomyces lucensis Ac-1743. As a result, the intensively pigmented
strain of Streptomyces violaceus Ac-1734 is more resistant to
temperature changes. The strain is more resistant to air oxygen
during deep fermentation in the intensive mode of air supply.
The effect is more pronounced in the cultivation of cells after
low-temperature storage, which may be due to the accumula-
tion of melanin —a strong antioxidant. The obtained spectral

Table 1

Enzymatic and inhibitory activity of native solutions at the end of the process (120 h)

VKPM Ac-1743

VKPM Ac-1734

Name
indicator’s plus 4 °C minus 12 °C minus 18 °C plus 4 °C minus 12 °C minus 18 °C
Storage in glycerin solution
Inhibitory activity, IE/cm3 1300+ 100 1600 =100 1800+ 100 1800 +100 2400 £ 100 2800 +200
Proteinase activity, u/cm3 0,204+0,011 0,204 £0,015 0,024 +0,002 0,144 +0,015 0,144 £0,015 0,084 +0,008
Storage in saline

Inhibitory activity, IE/cm3 1300+ 100 1100 =100 1600100 1800 +100 2000 £ 100 2300 +200
Proteinase activity, u/cm3 0,204 +0,022 absent absent 0,052 +0,006 0,052 £0,005 absent

30
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Figure 1. Strains of Streptomyces lucensis VKPM A c-1743
culture fluid; 120 h cultivation of clonidm, stored for
30 days at temperature minus 12 °C, minus 18 °C, plus 4°C

absorption curves indicate the maximum absorption of light by
the components of the native solution in the wavelength range
from 450 to 6)00 nm. In the comparative aspect, pigment forma-
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tion during the cultivation of strains stored in saline solution,
regardless of temperature (minus 12 °C or minus 18 °C) was
more intense. Perhaps this is due to the fact that sodium chlo-
ride enhances diffusion processes through the cell membrane,
including the excretion of pigments.

Thus, the studied strains of Streptomyces lucensis VKPM Ac-
1743 and Streptomyces violaceus VKPM Ac-1734 retained high
viability when frozen at minus 12 °C and minus 18 °C and stored
for 30 days. Glycerin is a more preferable cryoprotector provid-
ing almost 100 % preservation of inhibitory activity.

4. Conclucion

The studied strains of streptomycetes retain viability and
biosynthetic activity at low temperatures. For long-term stor-
age, the preferred temperature is minus 18 °C. The protective
effect of the cell structure of the strains is largely provided by
glycerin. Activation of the enzyme system of Streptomyces in-
tensifitsiruetsa when more drastic temperature difference. Fur-
ther study of the effect of low temperatures on the properties of
streptomycetes —producers of inhibitors of amylolytic enzymes
is of interest and in the future makes it possible to adjust the
conditions of long-term storage of collection cultures.
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