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H3ydeHbl 0COGEHHOCTH TTPOSIBIICHUST TUAPOJTUTHIESCKOM aKTUBHOCTH TaJI0ATKAIOTOJIEPAaHTHBIX OaKTepuit
Pseudomonas peli 3-T, Microbacterium kitamiense 16-J1b u Bacillus aequororis 5-J1Bb, BblIeJIeHHBIX U3 TPYHTa
TEPPUTOPUU COTOBOTO IIJIAMOXPaHWJIMIIA W COZOBOTO OcCajKa JeMCTBYIOIIero nuiaMmoHakormutenass AO
“bepesnukoBckuii conoblii 3aBon” (Ilepmckuii kpait, Poccus). [lokazaHo, 4To MakcuMaabHble aKTUBHO-
CTH BHEKJICTOUHBIX JIMIIa3 U aMWIa3 TpeX UCCIeIOBaHHBIX OaKTepuii mposBisuinch nmpu pH 11 1 BeIcOKOi
KoHUeHTpauu xjaopuaa Hatpust (50—200 r/n). KynetuBupoBanue P. peli 3-T Ha MUHepalbHOIl cpene ¢
0.5%-HbIM mULIepUHOM (MCTOUYHUK yriiepoaa) v 0.03%-Hoit MOYeBUHBI (MICTOYHUK a30Ta) MO3BOJISIET MO-
JIy9uTh 6uomaccy (6.9 1/11) 1 aKTUBHOCTb BHeKJIeTOuHOM (1.26 En/in) u accoMupoBaHHOM ¢ KJIETKAMM JIM-
nassl (3.02 En/Mr cyxux KJI€TOK) C BBICOKUM 3KOHOMUYECKUM KO3(dduimeHToM noTpebieHust cyocTpara
(138%). Tlokazana a3 dpekTMBHOCT, MMMOOMIHN3aLMK Ki1eToK P. peli 3-T u B. aequororis 5-J1b 111 KCTIOJb-
30BaHMs B buoTpaHcdopManuu IMnuaoB u Kpaxmana. Knetku P. peli 3-T, nMMoOMIN30BaHHBIC aicopo-
11Meli Ha KaoJIMHE U BKJIIOYEHMEM B CTPYKTYPY Iejieil aJlbrmHaTa 0apusi U araposbl, coxpaHsuiu ot 40.4 no
63.8% OT aKTUBHOCTH JIUTIA3bl KJIETOK B CyCIeH3UH. VIMMOOMIN30BaHHbBIE aJcOpOIIMeil Ha KAOJIUHE KIIeT-
KU B. aequororis 5-J1b coxpansiiu 42.5% nunasnoit u 90.7% aMuna3Hoit aKTUBHOCTH 110 CPaBHEHUIO C UC-
XOOHBIMHU. [1pu 3TOM aKTMBHOCTH HcclienoBaHHBIX ¢hepMeHTOB P. peli 3-T u B. aequororis 5-J1b coxpaHns-
JIUCh B TeUeHHUE 6-TH ITOCIeI0BATEIBHBIX Peakinii. AMIIa3Hast aKTUBHOCTh MMMOOMIIM30BaHHBIX KJIETOK
M. kitamiense 16-J1b nipu ancopO1uy Ha KaOJMHE 1 XUTO3aHE CHIXKaIach 10 2.7—3.5% oT UCXOMHOM U 1101~
HOCTbIO MHTHOUPOBAIach MPY UMMOOUIM3ALIMY BKIIOUEHUEM B I'eJIU aJlblrMHaTa 6apusi WIu arapo3sbl.

Karoueswie cro6a: amuinasa, 1uiasa, KyJbTUBUPOBaHUE, MUMMOOMIM3aLUsl OaKTepUaIbHbIX KJIIETOK, Fajl0To-
JIepaHTHbIC OAKTEepUHU, ATKaJIOTOJIepaHTHbIE OaKTepUr

DOI: 10.31857/51026347022700068, EDN: HANYNK

OpPraHu3MOB, YCTOWUMBBIE B 1LIEJIOYHOM Cpeae, MOTYT
OBITb MEPCHEKTUBHBI JISI IIPOM3BOICTBA MOIOIINX
CpenCTB, OPraHMYEeCKOro CMHTE3a, IMUIIEBO 1 (papMa-

MMPOU3BONCTBA SBIISIIOTCS JIUIIA3bl (TpUALII-TIULIE-
ponaumaruaponassl, E.C.3.1.1.3), katanusupymoliue
paclleryieHUe CIOXHO3(PUPHONI CBSI3W B TPUTJIHLIE-
puIax, a TakKe CIIoCOOHBIE OCYILIECTBIISITh PEaKIIO
nepesrepuduKkaui — OOMEHa CTPYKTYPHBIX 3JIe-
MEHTOB B MOJIEKYJIAX CIIOXHBIX 3¢upoB (be3doponos,
3aryctuHa, 2014). JIumnassl pa3HbIX OpraHU3MOB (K-
BOTHBIC, PACTEHUST, MUKPOOPTaHU3MbI: MUKPOMMIIETHI,
GakTepui) aKTUBHBI IIPU pa3HOM auara3oHe pH, tem-
reparypbl 1 MUHEpaIU3aluy cpenbl. JINmasbl MUKpPO-
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neBTUYeckoi npomeinuieHHocTH (Fujinami, Fujisawa,
2010; Sarethy et al., 2011). depMeHTHI, CTAOUJILHEIE B
cpezie ¢ BBICOKMM COIEPKaHUEM COJTA, OOBIYHO aKTUB-
Hbl TaKKe B OPraHMYECKMX M BOIHO-OPraHUYECKUX
cmecsax (Kumar et al., 2012; DasSarma, DasSarma,
2015), mo3TOMY YCTOMYMBBIC K BEICOKOI MUHEpaIN3a-
LIUY Cpebl JIUMA3bl MOTYT IIPUMEHSThCS IS TIEpeaTe-
pyudUKaLIUY XUPHBIX KHUCJIOT B OMOTEXHOJIOTMYECKOM
MPOU3BOACTBE OUOAU3EIHEHOIO TOIUIMBA, MPOTEKAI-
ILIEM B TIPUCYTCTBUU OPraHMYECKUX PACTBOPUTEIICIA.



150 MAKCHWUMOBA wu ap.

Bricokas crieninUIHOCTD JINIIA3 MO3BOJISIET CBECTH
K MUHMMYMY HEraTUBHbIC TTOOOYHBIE pEaKIIMU, CBSI-
3aHHbIE C 00pa30BaHUEM COJICH KMPHBIX KUCJIOT, I10
CPaBHEHUIO C aHAJIOTUYHBIM MPOLECCOM ITPOMBIII-
JIECHHOTO opraHuyeckoro cuHresa (Bajaj et al., 2010).

HMcnonab3oBaHue MIa3 B KAYeCTBE OMOKaTalIn3a-
TOPOB B IIPOMBIIIJICHHBIX MacIiTabax MMEET CBOU
HEIOCTAaTKU: UX BBIIEJICHUE U OYNCTKA SKOHOMUYE-
CKU 3aTpaTHHI, a pepMEHT B paCTBOPE HE MOXKET ObITh
HMCHoJIb30BaH MHOToKpatHo (Lépez-Ferndndez et al.,
2021). JIuma3ssl, accoMupoBaHHbBIE C KJIEeTKaMu, 00-
Jiee CTaOWJIbHBI. YBEJIMYUTb CTAOUIBHOCTb TaKOTO
¢depMeHTa, a TakKkKe 00eCIeYnTh €r0 MHOTOKPAaTHOE
MMPUMEHEHNE MOXHO UMMOOWIM3aLMeld (OrpaHUYeHU-
€M ITOABIKHOCTH ) LIEJIBIX KJIETOK ITPOAYLIMPYIOIIMX €TO
MUKpOoOpraHu3MoB (Zaitsev et al., 2019). MukpoOHbIe
KJIETKA B UMMOOWJIM30BAHHOM COCTOSTHUM 3alUILIECHBI
OT HEONArONPUSATHBIX BO3ICHCTBUIA BHEIITHEN CpeNbl, B
pe3yiIbTaTe 4ero oHM MOryT 3@EKTUBHO TpaHCHOp-
MHUpOBaTh CyOCTpaT B TeueHUe Oosiee IJIUTETbHOTO
BpEeMEHM U IIpu OoJjiee BBICOKOW KOHIICHTpalluM, a
Takke B Oojiee mMpokKoMm auanaszoHe pH, orHocu-
TeJIbHO cBOOOAHBIX KJeToK (Es ef al., 2015), moatomy
HWCHOJIb30BaHUE MMMOOMIM30BAHHBIX MHMKPOOHBIX
KJIETOK B OMOTEXHOJOTMYECKHMX MPOoIieccax IMOBBIIIa-
et ux appekTuBHOCTH (MakcumoB u ap., 2007).

Awmwmnasel (KD 3.2.1.1) — dpepMeHTHI KJ1acca TUIPO-
Jia3, KataJu3upylolliue ruapoan3 Kpaxmaia ¢ oopa3o-
BaHUEM JEKCTPMHOB WK TTIOKOOUrocaxapuaoB. OHU
COCTaBJISTIOT OKOJIO 25% (hbepMEHTOB, TOTy4acMbIX B
MPOU3BOACTBEHHBIX MacliliTabax, UCMOJIb3YIOTCS Mpe-
VMYIIECTBEHHO B MUIIEBOM IPOMBILLIEHHOCTH (B
XJIeOO0TeuYeHUH, 1J1s OCBETJIEHUsI (PPYKTOBBIX COKOB),
00paboTke OyMaru u TeKCTUIst. AMUIa3bl TajloaKaao-
(UIBHBIX MUKPOOPTAaHU3MOB COXPaHSIIOT aKTUBHOCTD
B nuara3oHe pH 8—11, mepcrieKTUBHBI IJISI IIpUMEHEe-
HUS B MPOU3BOJCTBE MOIOIIMX CPEICTB, CIIOCOOHBI
MOBBICUTH 3(PHEKTUBHOCTh MPOILECCOB PA3KUKEHUSI
KpaxMaja MOpU MPOMBIIUIEHHOM MCMOJAb30BaHUU
(Sarethy et al., 2011).

B skcTpeMasibHBIX YCIOBUSIX CPeIbl IIPUPOIHOTO
WA aHTPOIIOTEHHOIO TPOUCXOXKIECHUSI MOTYT pa3BU-
BaThCsl MUKPOOPTAaHU3MbI ¢ YHUKAIbHBIMU CBOICTBA-
mu (Guptaetal., 2014). B 111e104HO# 1 BLICOKOMUHEpPa-
JIN30BAaHHON cpelax MUKPOOPTaHU3MbI MPOAYLIMPYIOT
BHeKJIeTouHble pepmeHThl (Fujinami, Fujisawa, 2010;
Sarethy et al., 2011), koTopble NPEACTABISIOT UHTE-
pec Ijist OMOTEXHOJIOTMYECKOTO MPUMEHEHHUS B YCIIO-
BUSIX BBICOKOTO pH 1 HU3KOI1 aKTUBHOCTHU BOJIbI.

B cBs131 ¢ BBIIIEN3J10KeHHBIM,, TTIOMCK HOBBIX ITPO-
JIYIIEHTOB aMU1Jia3 U JINTa3 Cpead MUKPOOPTaHMU3MOB,
OOUTAIONINX B IIEJIOYHBIX BHICOKOMUHEPATU30BAHHBIX
ouoTonax, IpPeACTaBIISIETCS IIEPCHEKTUBHBIM IS
MMPOU3BOICTBA MOIOIIUX CPEICTB, KOPMOB TSI CElb-
CKOXO3SIMCTBEHHBIX XKMBOTHBIX, B ITepepabOTKe OT-
XOJIOB.

Lles paboTHI chOKycMpoBaHa Ha U3yYEHUH YCIIO-
BUIi KyJbTUBUPOBAHUS U MMMOOWIM3AIIMU KIJIETOK
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rajJIoaJIKaJIOTOJIEPAHTHBIX IITaMMOB Pseudomonas peli
3-T — mponyueHTta aunasbl, Microbacterium kita-
miense 16-J1b — nponylienTa amunassl u Bacillus ae-
quororis 5-]1b — mpoxyueHTa JUITa3bl U aMUJIa3bl,
BBIJICJICHHBIX U3 TPYHTa COAOBOTO IMPOU3BOACTBA U
COJ0BOTO OCaIKa.

MATEPHAJIbI 1 METO/bI

bBakTepuajbHbie IITAMMbI, YCJIOBHSA KYJIbTHBHPOBA-
HHS M POCTOBBbIE XapakTepucTuKu. M3 rpyHTa BoccTa-
HaBJIMBAIOIIMXCS TI0C/E AKCIUTyaTallui TeppUTOPUIA
conoBoro nuiamoxpanuauina AO “bepe3HUKOBCKU
comoBhlit 3aBon” (T. bepesnuku, Ilepmckuii Kpaii,
Poccust) ObIu paHee BbIAEI€HB MUKPOOPTaHU3MBbI
P. peli 3-T (GenBank MT860703) — mpoayleHT JIi-
naswl, B. aequororis 5-J1b (GenBank MT875306) —
MPOAYLIEHT JUIIa3bl U aMuiazbl. I3 comoBoro ocagka
Oob11 BeieneH M. kitamiense 16-1b (GenBank
MT872083) — mpomyueHT amuiassl (IllnnoBa u mp.,
2021).

KynbTypbl uccienyeMbiX MUKPOOPTAHU3MOB Bbl-
pammBagm Ha MuHepajibHoIi cpene [1dbennura (r/m):
KH,PO,, 0.3; MgCl,, 0.3, CaCl,, 0.03; npoxxeBoi1
aKkceTpakT, 0.5; pacTBop MUKpO3JeMeHTOB 1o JIum-
nepry—Burmany (1 mun). Mctounuku azora (N): Mo-
YyeBHWHA, XJOPWUJ aMMOHUSI WJIM HUTPAT aMMOHMS,
0.03%. [dnsa mnposiBieHUsT JIMITA3HON aKTUBHOCTU
9TUX OaKTEepUii NCTIOIb30BaAIM UCTOYHUKHU yIiaepoaa
(C): tmuuepun (uma, Poccust), tBuH-20 (“Ferak”,
I'epmanust), TBUH-80 (“Ferak”, I'epMaHus), o1uBKO-
Boe macio (“Global Village”, Mcnanus) Wim Imom-
coiHeyHoe Mactio (“Altero”, Poccus), 1%. s npo-
SIBJICHUSI aMWJIa3HOU aKTUBHOCTU UCITOJIb30BAJIN UC-
touHuk C: kpaxman pactBopumblii (3A0 “HHIILI
I'I1”, Poccus), 1%.

Bce kynbTypbl BbIpallliBaJii B KOHUUECKUX KOJI-
6ax (250 mu), B Kotophie BHOocwian 100 mMi cpenbl,
VHOKYJIMPOBAJIM  CYCIIEH3UEd MUKPOOPTaHU3MOB
(0.5 ma, OIls,, = 1.0) 1 UHKYOHMpPOBAIX HA POTOPHO
Kkagaske (115 06./mun, 25°C, 8 cyT.) bakTepnaabHbIiA
pocT oueHuBanu no uameHeHuio Olls,, cpeapl Ha
dotoanexkTpokonopumerpe KOK-3, mmpuHa KioBe-
Tol 1 cM (Poccus). ITonydeHHYI0 CyCIIEH3UIO KJIETOK
nentpudyruposanu (14 000 g, 10 MuH), ocamoK BbI-
cymmmBanu (50°C, 48 4) u B3BelIMBaIU. 3aTeEM CTPOMIIN
KanubpoBouHy0 Kpubyio 3aBucumoctu Olls,, cyc-
MIEH3UM OT Beca KJIeToK (T/J1).

VIenbHyI0 CKOpOCTh pocTa (W, u~!) paccunTbiBa-
J1 1o popmyiie:

i = 1/OT1, (AOTI/At), (1)
rne OIl, — onTuyeckast TUIOTHOCTD MPHU A 540 HM B
MOMEHT BpeMeHH fy; AOII — usMeHeHue ONnTUIeCKoi

[UIOTHOCTU KYJIbTYPalabHOH cpennl rpu A 540 HM 3a
BpeMst A, 4.

Cyxy1o 6romaccy KireTok (X) orpeaelsiv 1o pas-
HOCTH €€ MAaKCUMaJIbHOW Y HAYAJIIbHOU BEJIUYUH
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X :Xmax _XO’ F/J'I, (2)

rne X, — 6uomacca B HauaJibHOE BpeMsl, X ,, — MaK-
cuMaJibHas OuomMacca Mo OKOHYaHWUM KYJIbTUBUPO-
BaHUSI.

DKOHOMMYECKUN KO3(DGDULIMEHT MNOTpebaeHUs
cyoctpara (Y, %) onpenenstiiu 1mo popMmyiie:

Y = X/Cx100, (3)

rae X — 6uomacca 1ociie UHKyouposaHus, 1/1; C —
Macca notpebyieHHOro cyocrpara, /1.

OnpeneieHne AKTUBHOCTH JIUNA3bI 0AKTEPHATIBHBIX
mTaMMoB. JInma3Hyo akTUBHOCTb OaKTepuii ornipeie-
JISJIM OMOXMMMYECKON peakliveil ¢ p-HUTpOopeHUI-
JlaypaToMm, KOTOpPBIi Mon AeWCTBUEM JIMIa3bl pac-

LIETUISUICS ¢ 0O0pa30BaHUEM OKPAallleHHOTO IIPOIyKTa
p-HutpodeHona (Bulow, Mosbach, 1987).

CycneH3uio KjiaeToK (4 mi) LeHTpudyrupoBain
(4500 g, 20 MUH), OTOEJISIIM CYIIEpHATaHT, OCaI0K 2—
3 pa3a mpombiBasiu (pocaTHbIM Oyhepom (4 mit, pH 8)
U pecyclieHAupoBaiu B 4 MJ1 3TOTo Xe Oydepa. 3ateM
BHocwin 50 Mk p-HutpodeHwuiaypata (10 MM) u
nHkyoupoBanu 1 4 npu 25°C. AKTUBHOCTD JIMNA3bI
OTIPENIEIISUIN 110 TIPUPOCTY ONTHUYECKOUN TIJIOTHOCTH
npu A 405 M (cnekrpodoromerp Ultraspec 3000
“GE Healthcare”, CIIIA).

VnenbHyI0 akTUBHOCTH Jutiassl (E) paccuutsiBa-
11 110 hopmyire:

E = OIl,; ><106/(18.3><103lt), (MKMOJIb MUH ' 71 ), 4)

rne OIl,ys — onTryeckas INIOTHOCTD Ipu A 405; 10° —

Ko3(hdULIMEHT MepecyeTa MOJIb B MKMOJIb; 18.3 % 10° —
KO2(GULIMEHT MOJISIPHOU SKCTUHKIIUN p-HUTpOde-
HOJA, J1 - cM~ ! - Monb~!; / — TOJILIMHA KIOBETHI, CM; f —
BpeMsI MHKYOAlluu TIpOOkI, MUH.

VaenbHyI0 JIMMAa3HY0 aKTUBHOCTb BBIpaXXajl B
MKMOJIb IPOAYKTa peaKIu1, 00pa3yIolIerocs: B MU-
nyty (Ex) Ha mutp cpennl KyabruBupoBanus (Em/i)
WJIM Ha MT cyxux KJjietok (Ex/mr).

OnpenejieHHe aKTUBHOCTH aMIJIAa3bl 0aKTepHAJb-
HBbIX IITAMMOB. AKTUBHOCTb aMUJIa3bl OLICHUBAIU C
MOMOII[bI0 KOMMEPUEeCKOTro Habopa peakKTUBOB AJlb-
da-Ammnaza-OnpBekc OO0 “OnpBekc JnarHocTn-
kyM” (Poccus). Peakunsa ocHOBaHa Ha TWAPOJIU3E
CUHTETUYECKOro cybcTpaTa ITUIWIAEH-p-HUTpode-
HUJIMAJIBTOTEIITa3u Ikl C 00pa3oBaHUEM HUTPODEHUII-
MaJIbTO3U/IOB, KOTOpBIE MOJABEPraloTcs JajibHeeMy
pacuieruieHu1o ajibha-niroKo3uIa30i 10 TIIOKO3bl 1
OKpallIeHHOro Ipoaykra p-Hutpodenona. CycrieH-
3110 KJIETOK OaKTepuil pasnesisuii Ha OCaloK U Cy-
nepHaraHT. Ocagok npoMbiBanu pocdarHbIM Oyde-
poMm (4 M, pH 8) 2—3 pasa u pecycnieHIupoBaiv B 4 M1
TOTO Xe Oydepa. Peakiinio mpoBOaAWIN B MJIOCKOAOH-
HOM 96-JTyHOYHOM TTOJIMCTHPOJIOBOM TnIaHIIeTe. K
100 mxJT 06pasia nooasmsuu 100 MK peareHTa KOM-
Mepueckoro Habopa, coaepxairero HEPES (4-(2-
TUAPOKCUATUI)- | -TIUNepa3uH3TaHCYIb(OHOBas
kuciiota) — O0ydepHyto ocHoBy, pH 8, pacTBop xj10-
PUCTOrO MarHusi U HaTpusl, O-IJIIOKO3WOa3y, XOJaT
HaTpUsI, a3U1 HATpUsI U cyocTpar 4,6-strnuaeH(G7)-
p-"HurpodeHn-(Gl)-o, D-manbrorento3ua. Ak-
TUBHOCTb (DepMeHTa ONpeaessiii Mo U3MEHEHMUIO
ONTUYECKOM IUIOTHOCTH CPebl Ipu A 405 HM, U3Me-
psemoit Ha TutaHmieTHoM puaepe Infinite M1000
“Tecan” (ILIBeiiuapusi) NITUKPATHO C UHTEPBAJIOM B
1 MMH. AKTUBHOCTb aMmwujia3bl pacCUMTHIBAIU IO

dopmyne (4).
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Bansnue pH ¥ KOHueHTpamyu XJIOpUAA HATPUS HA
JIMMA3HYI0 ¥ aMIJIA3HYI0O AKTHBHOCTH OakTepuid. Kyib-
Typy P. peli 3-T BoipamuBaau Ha cpene ¢ 1%-HbIM
TBUHOM-80, M. kitamiense 16-]1b — ¢ 1%-HbIM Kpax-
MaJjioM pacTBOpUMBIM, Bacillus aequororis 5-11b — ¢
1%-HBIM KpaxMaJIOM PacTBOPUMBIM [IJisI WHIYKIIWN
aMUJIa3HOM aKTUBHOCTH MU 1%-HBIM TBUHOM-80 —
JINTIa3HOM aKTUBHOCTH. MccaenoBanu BIussHUE pa3-
HbIx KoHeHTpanuit NaCl (0.5, 5, 50, 100, 200 r/n) u
pH (6, 8, 9, 11) Ha poct P. peli 3-T, M. kitamiense
16-Ab u B. aequororis 5-1b. I1ocine KynsTUBHUpOBa-
HUSI OMoMaccy O0akTepuil OTHENSIIU OT KyJIbTypasb-
HOM cpennl HeHTpUudyrupoBanuem (20 muH, 4500 g) u
OTIpEeNIEIISUTN BHEKJIETOUHYIO U aCCOIIMMPOBAHHYIO C
KJIeTKaMU JIMTIA3HYIO Y aMUJIa3HYIO0 aKTUBHOCTb.

Nvmoboum3anyusa 6aKTepruaibHbIX KJIE€TOK METOI0M
aJcopoIM HA HEOPTAaHMIECKOM (KAO0JIMH) M OpraHuye-
CKOM (xuT03aH) HocuTeax. CyCcIieH3UIo KIeToK P, pe-
li 3-T, M. kitamiense 16-11b u B. aequororis 5-]1b 1ieH-
tpudyruposain (4500 g, 20 MuH), HagOCATOUHYIO
KUIKOCTh YHAISIA, OCaToK PeCcyCIeHIMPOBAIN B
dochatHoM Oydepe (pH 8), neHTpudyrupoBaiu rmo-
BTOPHO ITPU YKa3aHHOM PEXUMeE M OCATOK ITPOMBIBA-
Ju. 3atem onpeaensiu Olls,, cycneH3un KJIeToK Ha
dotoanexkTpokonopumerpe KOK-3 (Poccust).

CycrieH3110 KJIeTOK B (pochaTHOM Oydepe cme-
IMBajIu ¢ KaoauHoM (“Merck”, 'epmaHusi) B COOT-
HomeHuu 10 mn cycnensun/0.5 T KaoJanHa U UHKY-
oupoBaiu 60 MuH Ha 1eiikepe (115 06./muH, 25°C).
3areM 3Ty cycleH3uo (UILTpOBaIU Yyepe3 Oymak-
HBI pmsTp “KpacHast JeHTa” (OO0 “Memmop XXI1”,
Poccus) u onpenenunu Olls,, dunbrpara. Ocanok Ha
dunpTpe MpoMbIBAIM Oy(HEepHBIM PACTBOPOM U OTIpe-
nessui Olls,, DpoMBIBHOTO pacTBopa.

Maccy anre3aupoBaHHBIX (MMMOOMIM30BAHHBIX) HA
KaoJmHe KjieTok (M, ,, M) orpenensuiv no opmysie:

MK.H =CV (Onncx - OH(bmlep - OHCMbIB )/Onucx s (5)
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Tabomuna 1. Poct (+) 6akTepraibHBIX IITAMMOB Ha Cpefe
I1denHura ¢ pa3HBIMU UCTOYHUKAMU yTjepoaa

Yrnepon,
0.1%

M. kitamiense | B. aequororis

P. peli 3-T 16-11B 516

+
|

Imoko3za +
Jdynbuur —
Muozur +
Kcunoza —
JlakTo3a —
MasnbTro3a —
MaHHUT
Caxapo3a
Copbut
CyKuuHaTt
Llutpat

+ + 4+ + + + o+ o+t
+

+ + + + +

rne C — KOHIIEHTpAIYs KJIETOK B CYCTIEH3UU JI0 are-
3UU, MI/MJI, V' — 00bEM CYCIIEH3UH, U3 KOTOPOI alre-
3upoBau KJeTku, mit; OIl,, ., — onTuyeckas IIoTHOCTb
CyCHeH3UM KIeTok 1o aare3uu; OIly, .. — onTuye-
cKasl mioTHocTh ¢wibktpara; OIl,,,,, — onTUyeckas
IJIOTHOCTH IIPOMBIBHOI'O pacTBOpa.

Benuuuny ancopounu A (Mr cyxux KJji./T HOCUTe-
JIST) OTIpENeIIN 110 (popmyIie:

A =M, X IOOO/m, (6)

roe m — Macca HOCUTCIIA, MI.

J1s1 UMMOOMIIM3alUM KJIETOK Ha xuTo3aHe (“Sig-
ma”, SImoHMST) TToTyJaIy TpPaHyJIbl: TOTOBWIN 2% -HBblii
pacTBOp XUTO3aHA B 2%-HOM YKCYCHOI KUCIOTE U
HaKaIlbIBaJI C IOMOIbIO LITIpULia 00beMoM SMiIB 1 M
pactBop KOH, nHKyOMpoBaay npy KOMHATHOI TEM-
neparype B TeueHue 4 4, B pe3yibTaTe MNoJydaau
OTBepAEBIlIMe IPaHyJbl refist xuto3aHa. [loaydeHHbIe
rpanyiabl npoMbiBaiu 0.01 M xammii-pochaTHbEIM
oydepom, pH 7.2 £ 0.2 mo HelTpaabHOM peaKIINU
MPOMBIBHOTO pacTBOpa U 3aTeM aKTUBUPOBAJIU WH-
Kybalueil ¢ paBHBIM 00beMOM 2.5%-HOro rytapo-
Boro anpaernaa 12 9. TpiyKabl IPOMBIBAIN TPaHyJIbI
dochatHeIM OydepoM, 00beM KOTOporo B 2 pasa
MIpEeBBIIIAJI TAKOBOM alberuaa. 3aTeM K IpaHyiaM
HEaKTMBMPOBAHHOIO Y aKTUBUPOBAHHOTO IIyTapoO-
BbIM aJIBIETUIOM XUTO3aHa JOOABISIM CYCTIEH3UIO
KJIETOK, 1 TIOMEIIaJIM Ha 4 4 B XOJIONMWJIBHUK. Maccy
aIre3upoOBaHHBIX KJIETOK Ha XUTO3aHE OIPeACIsn,
KakK OMMCaHO BHIIIIE.

Nvmooum3anusa 6akTepuaibHbiX KieTok P, peli 3-T
u M. kitamiense 16-]1b MeTon0M BKJII0YEHHS B CTPYK-
TYpy reis ajbrusata u arapo3nl. CycrneH3uo 6akre-
pUii CMEIIUBAIIN CO CTEPUIILHBIM PaCTBOPOM 2% -HO-
ro anbruHaTa HaTpus (“Fluka”, IIIBeiinapusi), oTHO-
meHue 1 : 2), a 3aTeM MoJIydeHHYI0 CMeCh Habupaau
B LI PUIL ¥ BBIIABIUBAIIN B oxyaxkaeHHbIN 0.1 M pac-
TBOp Xxiopuaa oapus. [TomydeHHBIE TAKWMM CITOCOOOM

MN3BECTUA PAH. CEPUA BUOJIOTNMYECKAA  Ne 2

TpaHyJIBl aJTbIrTHaTa 6apus TMaMeTPOM 2 MM, COIep-
>Kalye KJIeTKU 0aKTepuil, pecycrieHAUPOBaIU B CBE-
xxeM pactBope BaCl,, BeimepxuBanu 24 1 ipu 4—6°C
1 OTMBIBAJIV TUCTWTUPOBAHHON BOMOIA.

CycneH3uio 6akTepuaibHbIX Ki1eToK B 0.01 M ka-
Jmii-ocdarHeiMm Oydepe (pH 7.2 £ 0.2) cmemuBanu
¢ 4%-ubIM pacTtBOpoM araposbl (“XemnukoH”, Poc-
cus) B cootHouneHuu 1 : 3 (tipu 40—45°C). ITonyueH-
HYIO CMECh pa3iMBaJiv B yaiku Iletpu (cioii 2 Mm) 1
Mocjie ee 3acThbiBaHWs Hape3ajiu cKajblejleM Ha
KBaapaThl (2 X 2 MM).

Yy ITOJIYYE€HHBIX TAKM o6pa30M MMMOOMJIN30BaH-
HBbIX B aJIbI'MHAaTC N arapo3€ KJICTOK OIIPCACIIAIN (bep-
MCHTAaTMBHYIO aKTUBHOCTb.

PE3YJIBTATbBI U ObCYXKIAEHHWE

OnpeneieHne XapaKTePUCTHKH POCTA TAJI0AIKAJIO-
ToJiepaHTHBIX mrtammoB. Poct P. peli 3-T, M. kita-
miense 16-1b u B. aequororis 5-]1b olieHuBanu Ha
cpene ¢ pa3anyHbiMu uctouyHukamu C (ta6i. 1). ITo-
KaszaHo, 4yTo M. kitamiense 16-J1b ciocobeH pacTt Ha
Bcex 11-tu ucrounukax C, P. peli 3-T — Ha mroko3se,
WHO3UTE, MAaHHUTE, caxapo3e, COpouTe, CYKLIMHATE,
uurtpare, a B. aequororis 5-J1b — TonbKO Ha UHO3UTE,
MaJbTO3€ U CYKILIMHATE.

Hunamuka pocta P. peli 3-T Ha cpene ¢ pa3nmmny-
HbIMU McTouYHUKamu C (mmuuepuH, TBUH-20, Mmoma-
COJIHEYHOE W OJIMBKOBOE Macio) U N (MoyeBUHA,
XJIOpUI 1 HUTPAT aMMOHMSI) MOoKa3aHa Ha puc. 1. Otu
coenquHeHUsT C CITOCOOHBI MHAYLIUPOBATH JIMTIA3HYIO
AKTUBHOCTb.

YCTaHOBJIEHO, YTO IIMLEPUH SBJSETCS JIYYIIUM
nctounukoM C 11 HakoruieHus1 onomaccel P peli 3-T
(OIls4 = 1.6 £ 0.4). DTH ICEBMIOMOHAIBI YTUITU3NPO -
BaJIM Takke TBUH-20, IMOICOJHEYHOE U OJUBKOBOE
Macyio (B cCOYeTaHMU C UCTOUHUKaMU N), OTHAKO C
BHECEHHEM MOYEBUHBLI POCT ObUT HAMOOJBIIMM, a
BpeMs ajanTaluy K 3TUM uctoyHukaMm C rpakTuye-
CKU He BbIsIBJIeHO. ClIenyeT OTMETUTh, YTO POCT BTOM
KyJIbTYpBl Ha PAcTUTEIBbHBIX Macjiax XapaKTepU30-
BaJicsl arperaumeil ee KJIETOK, 4YTO IPUBOAWIO, B
CBOIO oUepeb, K CHIDKEHUIO OIITUYECKOM IJIOTHOCTHU
KUOKOM cpeabl. KpoMme Toro, Ha cpefe ¢ pacTUTENb-
HBIMH MacjJaMM OTMeYeH MEHBIIUN BBIXOH €€ O1Oo-
MAaccChl, YTO CBSI3aHO, OYEBUIHO, C UX I'IAPOPOOHO-
CThIO U MEHbIIIE JOCTYITHOCThIO PACTUTEIBLHBIX Ma-
CeJl UTST KJIIETOK.

OmnpeneneHo HakoruieHue ouomacchl P. peli 3-T,
aKTUBHOCTb BHEKJIETOUHOU U acCOLMHUPOBAHHOM C
KJIEeTKaMH JIUIAa3bl, 3(PHEeKTUBHOCTH UCHOIb30BAHUS
cyOcTpaTa M yaeiabHasi CKOPOCTh pocTa B Jiorapud-
Mu4deckoii ase (Taba. 2). YaeabHasi CKOPOCTh poCcTa
P. peli 3-T Obu1a HAUMOOIBIIEH B cpee C INIMLEPUHOM
(1%) n uurpatom ammonwust (0.03%), omHako 3TOT
UCTOYHUK N MHTHOMPOBaJ aKTUBHOCTh BHEKJIETOU-
HOIA INTIa3bl U B TaIbHEHIIINX SKCIIEpPUMEHTAX HE UC-
MMOJIb30BAJICSI.
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(6)
Olls49
2.0 1

1.5
1.0

0.5

4 6 8
CyTKu

Puc. 1. Pocr P. peli 3-T Ha cpene ¢ pa3HbBIMU UICTOYHUKAMU yrilepona: / — NIMUEPUHOM, 2 — TBUH-20, 3 — MOJCOJHEUYHbIM Mac-
JIOM, 4 — OJIMBKOBBIM MAacCJIOM U a30Ta: & — MOYEBUHOI1, 6 — HUTPATOM aMMOHUSI, B — XJI0pUaoM aMMoHUst. OTls4, — onTrye-

CKasl IUIOTHOCTD IIpu A 540 HM.

Hau6onbiuii Beixon 6uomaccel P. peli 3-T (9.1—
10.5 r/) ObL1 MTOJTyYeH Ha cpefe ¢ muuepuHoM (1%),
6omaboit — ¢ mmnepuHoM (0.5%). Takke BBICOKUE
3HAYCHUS 3TOTO TTOKa3aTresss HabIIomaInCh TIPU PO-
cTe Ha TBUHe-20 U TToACOITHEUHOM MacJie (C MOYEBU-
Hoit). CiemoBaTeabHO, Haubonee 3(h(GHEKTUBHO HC-
MOJb3yEMbIM YIJIEPOOHBIM cyOcTpaTtoM mist P peli
3-T okazanca mmuepuH (0.5—1%), Kpome TOro, 3TOT
BapUaHT SKCITEPUMEHTA XapaKTePU30BaJICS U BBICOKUM
9KOHOMHUYECKUM KO3(PPHUIIMEHTOM ITOTPEOICHUSI.

YcTaHOB/IEHO, YTO BHECEHUE MOYEBUHBI (MCTOU-
HuK N) u mmaneprHa (McTouHuK C) B IMTATEIbHYIO
cpelly cnocoOCTBYET YBEIUUECHMIO JIUMA3HONH aKTUB-
Hoctu P. peli 3-T. AKTUBHOCTb JIMTIA3bl B HALOCAI0U~
HOI XXUIKocTu cpeabl ¢ muuepuHoM (0.5%) u moue-
BUHOM gocturana 1.26 En/i, a ¢ ApyrMMyA MCTOYHU -
kamu C u N — He npesbimana 0.6 En/n. BHecenue
TBUH-20 B cpelly He BBI3BIBAJIO YBEIIMUYCHUS BHEKIIC-
TOYHOI1 TuIazHolt akTuBHoCcTU P. peli 3-T.

AccouMupoBaHHas ¢ KJIETKAaMU JIMNa3Hast aKTUB-
HocTb P, peli 3-T npu pocTe ¢ MOYEBUHOI U IIIALIEPU-
HoM (0.5u 1%) mocturana 3.02 u 1.81 En/Mr coorBeT-
CTBEHHO, C npyrumMu uctouHukamMu C u N He npeBbI-
mana 1.26 Ep/mr. PactutenpHble Macia He
CIOCOOCTBOBAIM YBEIMUCHUIO aKTUBHOCTU aCCOLIM-
WPOBAHHO C KJIETKAMU JIUIMA3bI ST 3TOTO IITaMMa.

MN3BECTHUA PAH. CEPUA BUOJOTUYECKAA  Ne 2

Takum 00pa3oM yCTaHOBJIEHO, YTO MOYEBUHA U
IULIEpUH KaK UCTOUHUKU N 1 C crmocOOCTBYIOT YBe-
JIMYEHUIO KaK BHEKJIETOUHOI, TaK M aCCOLIMUPOBaH-
HOM ¢ KJIETKaMM JUITa3Hoii akTuBHOCTU P. peli 3-T.
AXTUBHOCTbD JIMTAa3bl, aCCOLIMMPOBAHHOM C €T0 KJIET-
Kamu, ¢ TBUH-20 nmocturaet 0.5—0.8 Exg/mr. B o ke
BpEeMsI paCTUTEJIbHbIE MacJjia B IIPUCYTCTBUU MOYEBH -
Hbl UHAYLIMPOBAJIM TOJILKO BHEKJIETOYHYIO JIMTA3y, a
TBUH-20 — IIPEUMYILIECTBEHHO aCCOLUMPOBAHHYIO C
KieTkamMu. Takoit ¢pakT MOXHO OOBSICHUTH THIPO-
(GOOHOCTBIO PaCTUTEIBHBIX Maced: MX JIMIUIbl He
CITOCOOHEBI IIPOHUKATh Yepe3 KIIETOYHBIC MEMOpPaHbI
(OHM SBJISIIOTCSI CyOCTPATOM TOJIBKO IJISI BHEKJIETOU-
HbIX Juna3). OnHako TBUH-20, Kak aMudUIbHBIN
cyOcTpaTt, Crioco0eH IMPOHUKATD B IIepUIlJia3MaTuye-
CKO€ TIPOCTPAHCTBO KJIETOK M, T€M CaMbIM, CTaHO-
BUTCSI TIOCTYIHBIM JIJISI aCCOLIMUPOBAHHBIX C KJIeTKAa-
MU JINIIA3.

IMonyyeHHbIe pe3ynbTaThl CBUIETEILCTBYIOT 00 MH-
JIYLMOEIbBHOM XapaKTepe 3KCIIpeccuu jaumnasel y P, peli
3-T, 9TO COOTHOCUTCS C JAHHBIMU JINTEPATypPHI IS
JIpyrux MukpoopraHusmon (Zhang et al., 2003; Gr-
bavcic et al., 2007; Illenramona, Teipcun, 2012).

B utore, st moxydeHusI HAMOOJbIITEH OMOMaCChI
KynbsTypHhl P. peli 3-T, obnamaronieii TMna3Hoi akTUB-
HOCTBIO, TIpenjioxeHa cpena Ildennura ¢ nodasie-
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Taomna 2. buomacca P. peli 3-T B cpene [ldennura ¢ pasueiMu ucrouHukamu C u N, nunasHas akTuBHOCTh (JIA),
yIeJbHasi CKOPOCTb pocTa B jorapudmuyeckoit dase (L) 1 s5KoHOMUYecKuit koadbuimeHT norpedieHus cyocrpata (Y)

C, % N, 0.03% Buomacca cyxas, T /i ?ﬁﬁ;];:ﬁ/rj; w,u! Y, %
ImuuepuH, 1 (NH,),CO 9.3 0.6 (1.81) 0.03 93
NH,Cl 9.1 0 (1.26) 0.04 91

NH,NO, 10.5 0.001 (1.13) 0.41 105

Duuepu, 0.5 (NH,),CO 6.9 1.26 (3.02) 0.08 138
Teun-20, 1 (NH,),CO 6.4 0.06 (0.5) 0.04 64
NH,CI 6.1 0.1 (0.6) 0.04 61

NH,NO; 6.3 0.0009 (0.8) 0.04 63

IToacomHeyHOE (NH,),CO 8.9 0.6 (0.003) 0.1 89
macro, 1 NH,CI 4.1 0 (0.007) 0.04 41
NH,4NO; 2.5 0.13 (0.09) 0.005 25

OnuBkoBoe macio, 1 | (NH,),CO 1.1 0.23 (0.2) 0.0003 10
NH,Cl 2.8 0.14 (0.004) 0.06 28

NH,NO; 2.2 0.01 (0.004) 0.02 22

TTpumeyanue. ¥ AKTUBHOCTbh BHEKJIETOYHOM JTUTIA3bl, ** AKTUBHOCTB JIUTIA3bl, aCCOLIMUPOBAHHOM C KJIETOYHO MOBEPXHOCTHIO.

HueM mniepuHa (uctouHuk C, 0.5%) n MOYEeBUHBI
(uctounuk N, 0.3 r/i).

Bmmsinne pH n KoHueHTpanuu XJIOpUJa HATPUS B
cpeie KYJIbTUBUPOBAHUS HA JIMIA3HYI) M AMHIJIA3HYIO
aktuBHoctb P. peli 3-T, M. kitamiense 16-]1b u B. ae-
quororis 5-]1Bb. ITockonbKy U3y4aeMbl€ IITAMMBI OaK-
Tepuii ObLIM M30JUPOBAHBI U3 IEJTOYHOU Cpenbl C
BBICOKOI KOHIIEHTpallueil Xxjopuaa HaTpus, TO Mbl
W3YyYWIN UX TUAPOJIUTUYECKYIO aKTUBHOCTb B 3aBU-
CUMOCTH OT 3TuX (pakTopoB. Haubomblas akTus-
HOCTb BHEKJIeTOYHOIi Jmna3sl P. peli 3-T okazanachk
ripu pH 11 1 100 r/1 NaCl, a HaumeHbIast — rpu pH 6.
HauGonblliasi aKTUBHOCTb aCCOLIMMPOBAHHON C
KiIeTKkamMu Jnmnasbl BeisiBiaeHa mpu pH 8 u 0.5—100 r/n

(a)

E, En/n
16
14+

NaCl (puc. 2). Beicoknii ypoBeHb BHEKJIETOYHOM JI1-
na3Hou akTuBHoOCTHU P. peli 3-T nposiBsiics B UcClle-
noBaHHOM auana3oHe pH (8—11). MI3ameHeHre KOH-
neHTpauuu NaCl (ot 0.5 mo 200 r/1) BIMsIo He3HA-
YUTEJIbHO Ha aKTUBHOCTh BHEKJIETOYHOM JIMIIA3bI
IpY M3y4eHHOM anaria3oHe pH.

Crenyetr OTMETUTh, UTO aKTUBHOCTh aCCOLIMUPO-
BaHHOI ¢ KJI€TKaMU JIMIIa3bl, ObLIa BEICOKOM U TIpU
pH 6.0, 4TO CBUIETENLCTBYET O COXPAHHOCTH 3TOTO
depMeHTa B IEpUITIaA3MaTUIECKOM MPOCTpaHCTBe. [1pu
pH 11 un BeIcokoit koHeHTpamu NaCl (50—200 r/m)
aKTUBHOCTb aCCOLIMMPOBAHHON C KJIETKAMU JIMMAa3bl
nmocturana 1.0—1.4 En/mr cyx. Beca KJieTok, a ¢ 0.5 u
5 r/n1 NaCl — ne npessiuaina 0.3 Ex/mr.

(6)

E, En/n
2.0

1.6
1.2
0.8
0.4

0

Puc. 2. Bmusnaue pH u konnenrpanuu NaCl (/ — 0,5, 2— 5, 3 — 50, 4 — 100, 5 — 200 r/x) Ha IuIia3Hyo akTuBHOCTb P. peli 3-T:
(a) — BHeKJIeTOUHAasI, (0) —acCOUMUPOBaHHAs C KJIETOUHOI IIOBEPXHOCTHIO.

MN3BECTUA PAH. CEPUA BUOJIOTNMYECKAA  Ne 2
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E, En/n @)

160
140 |-

120 - {‘

100

60

i

©)
E, En/n
25 -
20 -
15

10

Puc. 3. Bmussnue pH u konuentpanuu NaCl (/ — 0.5, 2—5, 3— 50, 4 — 100, 5 — 200 t/n1) Ha amMmwIa3Hyt0 aKTUBHOCTb M. kita-
miense 16-J1b (a) — BHeKJIeTOUHasI, (0) —acCOLMUPOBAaHHAsI C KJIETOYHOI MOBEPXHOCTBIO.

YcraHoBIEHO, 4TO Y M. kitamiense 16-J1b akTuB-
HOCTb BHEKJIETOUHOM aMuWJia3bl MPAKTUUECKA HE 13-
MEHSIIACH IIPY BapbMPOBAHUY KOHIIEHTPALUY XJIOPU-
nma Hatpwust ot 0.5 mo 200 /a1 u pH ot 7 mo 11, a Mmakcu-
MyM ee akTuBHOCTH Habmoxanaca npu pH 11 u 100 r/n
conu. [1pu 3TOM accolumMpoBaHHasl C KJIeTKaM1 aMy-
Jla3Has aKTMBHOCTh 3TOro IIITaMMa ObLIa MaKCH-
mainibHa ripu pH 10 1 0.5 /1 NaCl (puc. 3).

ITamm B. aequororis 5-]1b, KaK yIIOMSHYTO BBbI-
1re, o0JagaeT aMMiIa3HOM U TMMAa3HO aKTUBHOCTBIO.
IMokazaHo, uto B. aequororis 5-1b xapakrepusyercs
BBICOKOII aKTMBHOCTBIO 3THUX BHEKJIETOUHBIX hep-
MEHTOB B IIeJIOYHOM auana3oHe pH (MakcuMyM npu
pH 11). B cpene ¢ pH 11 aktuBHOCTH (DEpMEHTOB OBI-
Jla BbIlIe ¢ GOJBIIMM coaepxkaHueM coiu (50 r/mn),
(puc. 4). Ilpu a3TOM accoumupoBaHHasl C KJIeTKaMU
JINTIa3Hasl aKTUBHOCTH 3TOTO INTaMMa Oblla HaW-
oonpieit mpu pH 10 1 0.5 r/a NaCl, a accoumnupo-
BaHHasl C KJIeTKaMU aMua3Hasi aKkTUBHOCTh — TIpU
pH 9 u 0.5 /1 conu.

ITokazaHo, 4yTO HanMOOJbIIasd aKTUBHOCTh BHEKJIE-
TOYHBIX JIMTIA3 U aMUJia3 TpeX UCCIeTOBaHHBIX OaK-
Tepuit, BeisiBiaeHa rpu pH 11 1 BeIcOKOI KOHIIEHTpa-
o NaCl (50—200 r/ax). OuyeBMAHO, YTO BBICOKOE
3HaueHue pH u conepxxanue NaCl B cpene 1jist pocta
aTKao(UIBHBIX U aJIKAJIOTOJIEPAHTHBIX TPOKAPUOTOB
SIBJIIETCSl ONaronpusTHbIM. MI3BeCTHO, UTO BbICOKast
KOHIIEHTpalusl KaTUOHOB Na obOecrieunBaeT Moaaep-
JKaHUEe BJIEKTPOXUMUYECKOTO IpaardeHTa MPOTOHOB B
CWIBHOIEJIOYHOH cpejie 3a cYeT paboThl aHTUIIOPTE-
pa Na*/H* (Krulwich et al., 2011). D10 5HepreTMyecKu
BBITOJJHOE COCTOSTHUE KJIETKH MOXKET 00ECTIeUUTh YCU-
JIeHHe METabOJMYECKUX MPOLIECCOB, B TOM YUCJE U
9KCIIPECCUU TEHOB I'MAPOIUTUYECKUX (DEPMEHTOB.

Nmvmooummsanus kiuerok P. peli 3-T, M. kitamiense
16-JB u B. aequororis 5-]1b metogom ancopouun. B
OMOTEXHOJIOTUU YaCTO BO3HMKAET HEOOXOINMOCTh B
UMMOOMIN3AUN KJIETOK MUKpPOOpPraHu3moB. W3-
BECTHO, YTO MMMOOMIM3aLIMS KJIETOK JaeT BO3MOX-

MN3BECTHUA PAH. CEPUA BUOJOTUYECKAA  Ne 2

HOCTh MHOTOKPATHOI'O MCITOJIb30BAHUSI TAKOTO OMO-
KaTajM3aTopa 1 OCyIeCTBIEHUS HEIIPE PhIBHBIX IIPO-
eccoB. AICOpOUMS U aare3nss MUKpOOHBIX KJIIETOK
Ha pa3HbIX HOCUTEJIAX OOBIYHO NnpeanoYTuTE/IbHbI,
MOCKOJIBKY HE BBI3BIBAIOT MHTUOMPOBaHUS MX (ep-
MEHTATUBHOII aKTUBHOCTU WJIM MaccoobmeHa. Taxk,
ecli JINTa3a WM aMuiia3a acCOLIMMPOBAHBI C KJie-
TOYHOI1 ITOBEPXHOCTHIO WJIX HAXOISATCSI B IICpUILIA3-
MaTUYeCKOM MPOCTPAHCTBE KJIETKHU, 1ieJeco00pa3HO
MMMOOMIN30BaTh MUKPOOHBIEC KJIETKM. BOJBIIMH-
CTBO TIPOBEICHHBIX paHee UCCIIeTOBaHUI 110 JaHHO-
MY HaIIpaBJIEHUIO ITOCBIIIEHO MMMOOMIIN3ALN KJle-
TOK IpUOOB C JIUIA3HOM aKTUBHOCTBIO Ha TpaHyjIax
MOJIMypeTaHa, MOJUCTUPOIIA, TyOUaThIX MaTepranax
€CTECTBEHHOTO M MCKYCCTBEHHOTO MPOMCXOXACHUS
(Odaetal.,2005; Hama et al., 2007; Tamalampudi et al.,
2008; Koda et al., 2010; Arumugam, Ponnusami,
2014; Ferrarezi et al., 2014; Surendhiran et al., 2014;
Amoah et al., 2016; Guldhe et al., 2016; Rakchai et al.,

%
400 -

300
200 -

100

pH

Puc. 4. Jlunasnas (/, 2) u amunasHas (3, 4) aKTUBHOCTb
(% ot TakoBoii npu pH 7 1 0.5 r/n NaCl) B cynepHaTaHTe
KynbTypsl Bacillus aequororis 5-b nipu paznmuunbix pH u
koHueHTpauusix NaCl: 0.5 (1, 3) u 50 r/n (2, 4).
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Ta6mmma 3. XapakTeprucThKa UMMOOUIN30BaHHBIX KIeTOK P. peli 3-T, M. kitamiense 16-11b v B. aequororis 5-]1b Ha pa3-

HBIX HOCUTEJIAX

Hocutenb/crnocod uMMoouIn3aumnuu

Macca ancopObupoBaHHBIX
KJIETOK, MT/T

AKTHUBHOCTb ITOCJIE
nMMoobwnsauuu, %

AKTUBHOCTb,
En/mr

P. peli 3-T (ucxomgHast cycnieH3us 2.17 r/i)
Jlunmaznast aktuBHOCTH (0.930 * 0.251 En/mr)

Kaonun/ancopomust 42,6 £5.2 0.376 = 0.058 40.4
AJbruHat 6apusi/BKJIIOUEHUE B TeJlb — 0.446 £ 0.072 47.9
Araposa / BKIIIOUCHUE B Iellb - 0.590 £ 0.300 63.8
M. kitamiense 16-J1b (ucxomnHas cycrieHsust 3.23 r/i)
AmunasHast akTUBHOCTb (3.445 + 0.713 En/mr)
KaonuH/ancopoiius 57.84 £2.98 0.096 + 0.023 2.8
HeakTuBupoBaHHbBIN XUTO3aH/aICOPOIIMST 7.97 £ 1.97 0.098 +0.015 2.8
AKTMBUPOBAHHbII XUTO3aH/KOBAJICHTHAS CLLIMBKA 6.23 + 1.11 0.122 £0.072 3.5
B. aequororis 5-1b (ucxomHas cycrieHsust 1.95 r/n)
JIumasHast akTuBHOCTD (20.765 + 1.232 En/mr)
Kaomis,/ancopGiust ‘ 46.71 + 3.45 ‘ 8.819 + 0.189 ‘ 42.5
AMmntasHast akTUBHOCTD (12.386 £ 0.272 En/mr)
Kaonun/ancopGimst ‘ 46.71 + 3.45 ‘ 11.233 £ 0.19 ‘ 90.7

2016). Kynprypy mpoxyleHTa, Kak IIpaBIIo, BhIpa-
IIMBAIOT BMECTE C MaTepUAJIOM HOCUTENSI, B pPe3yJib-
TaTe Yero MpPOUCXOAUT CAMOMMMOOMIU3ALIUS — IIPO-
pactanue rug rpuda B moprucToM Marepuaie. Takue
OuoKaTaqIu3aToOpPbl HCIIOJb30BAJIM B OCHOBHOM B
Mpolieccax NoJaydyeHUs] GUOON3EIbLHOTO ToIUinBa. B
psne paboT IOKa3aHO, 4YTO MMMOOMJIM30BaHHBIC
KJIETKM MPOAYLIMPOBAIM JIMTIA3y BO BHEIIIHIOIO Cpeay
(Taskin et al., 2016). Ecth 1 mpuMepbl UMMOOUITH3A -
LMK KJIeToK 6aktepuit Bacillus subtilis (Oliveira et al.,
2019) u Ralstonia pickettii B Tefie arapa, ajibTUHaTa u
nonuakpuiaamuaa (Hemachander ez al., 2001).

B HacTos111eM HcciienoBaHUM IIPOBOIVIM UMMOOH-
ymzauyio P peli 3-T u M. kitamiense 16-11b meTonamu
afCcopOLIMY HA KAOJIMHE U OITPEAEIIsSIN aCCOLMNUPOBAH-
HYIO ¢ KJIeTKaMU (pepMEeHTAaTUBHYIO aKTUBHOCTD. YCTa-
HOBJICHO, YTO I1pu ancopouuu P. peli 3-T Ha KaoJinHe
coxpaHsuioch 40.4% ucxXomHOI TUITa3HOM aKTUBHO-
ctu (Tabia. 3). AncopoupoBaHHbBIC Ha KAOJMHE KJIeT-
KU B. aequororis 5-J1b coxpansuu 42.5% nunasHoi u
90.7% amuiiazHoii akTuBHOCTH. [1pu 3TOM HabMIOAA-
JIaCh 3HAYMTEIbHAS CTAOMIN3alNSI AKTUBHOCTU DTUX
depmeHTOB. KpoMe TOro, akTUBHOCTh COXpaHSJIach
JIJ1s1 6-TU MOBTOPHBIX peaklnii TpaHchOpMaLu cyo-
crpata (He MeHee 74% OT UCXOIHOI).

IMpu ancop6umu M. kitamiense 16-J1b Ha KaoavHe
aMuJa3Hasl aKTMBHOCTb 3HAYMTEIHLHO CHIDKAIAch M
cocrasJjisiia vk 2.8%. Takoe CHUXXKeHUe Habona-
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JIV TIPU aJICOPOLIMY KJIETOK 3TOM GaKTepuUM Ha aKTU-
BHPOBAaHHOM U HEaKTMBUPOBAHHOM xuTo3aHe (2.8 u
3.5% cOOTBETCTBEHHO). AMMIa3a aKTUHOOAKTEPUU
M. kitamiense 16-J1b mokanu3oBaHa He BHYTPU KJIe-
TOK Y HE B IEPUTTIIa3MaTUUYECKOM MTPOCTPAHCTBE, KaK
y rpaMOTpUIIAaTEeIbHBIX OaKTEepUii, a acCOMMpPOBaHA
C TIOBEPXHOCTHIO, a TAKXKE He 3alllMIilieHa TMoJjiucaxa-
PMIHOI Karlcyioii, Kak y 0aluul, To3TOMYy HabIt0-
JlaeMO€ CHUKEHUE aKTUBHOCTU UMMOOMIU30BaHHbBIX
KJIETOK MOXET ObITh 00YCIOBJIEHO KOHTAKTOM C MeJ-
KOIMCIIEPCHBIM HOocHuTejieM (Tabum. 3).

Nmvmoodumu3anus knerok P. peli 3-T m M. kita-
miense 16-/1b MeT010M BKJIIOUEHHS B CTPYKTYPY reJieid
aJbruHaTa 6apus u araposbl. [1pu BKIIOUEHUH KJIETOK
P. peli 3-T B cTpyKTypy Ienst albruHaTa 6apus 1 ara-
po3bl HaOMIOmAICST BBHICOKWI YpPOBEHBb COXpaHCHUS
aKTUBHOCTU Jiunasbl: 47.9 u 63.8% COOTBETCTBEHHO
(ta6i. 3). KiteTku B CTpyKType ajbriuHaTta 0apusi co-
XpaHsuTM PepMEHTATUBHYIO aKTUBHOCThH Ha TIPOTSI-
JKEHUH psiia [IUKJIOB MICITOJIb30BaHMS, TaK 3a 6 1IMK-
JIOB COXpaHSANIOCh 65.2% aKTUBHOCTH OT TaKOBOM
nepBoro 1ukiaa. CTaGuJIbHOCTb MOJYYEHHOTO HAaMU
O6rokarajm3aTopa IMPU TOBTOPHBIX IMKJIaX TpaHC-
dopmanunu cyocTpara Oblia BbIIIE TAKOBOM, N3BECT -
HOW B IuTeparype: KieTku Ralstonia pickettii c ntuiias-
HOIf aKTMBHOCTBIO HCIIOJIb30BaJIM TOJBKO 3 pasa c
notepeit 10% akTuBHOCTH B Kaxkaom mmkie (Hema-
chander et al., 2001).
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Kpaxman siBisieTcss BbICOKOMOJIEKYJISIDHBIM T10O-
JIMMEPHBIM CyOCTpaTOM, KOTOPBI HE MPOHUKAET B
KJIETKH, TO3TOMY aMMJIa3bl TUAPOIN3YIOT €ro BO BHe-
KJIETOYHOI cpene. MHOro uccienoBaHuil mocBsie-
HO MMMOOMIM3alUU BblAeJeHHbIX amuiaa3 (Akkaya
etal., 2012; Mageswari et al., 2012; Verma, Raghav,
2021). B Hay4yHOIi 1UTEpaType €CTh TAKXKe CBEICHUSI
00 MMMOOMIN3AIINN KJIETOK IPOXKEH IS TTOoIyde-
HUSI aMuja3bl B TIpollecce UX KYJbTUBUPOBAHMSI.
Tak, knetku Saccharomycopsis fibuligera Al1-c 6b111
BKJIIOUEHBl B CTPYKTYpY Tejisd MNOJUBUHUIOBOTO
cnupta (Gen ef al., 2014), a xietku Saccharomyces
cerevisiae VMMOOWIW30BaHbBl Ha OakTepUaTbHOM
newmonose (Khanpanuek ef al., 2022). ¥V KyabTyphl
M. kitamiense 16-]1b 6oJbIliast 9acTh aMUIA3HOM aK-
TUBHOCTU acCOLIMMPOBAHA C KJIETKAMU, MO3TOMY B
Halleii pabore ObLJIM UMMOOWIM30BaHbI OaKTepu-
aJibHbI€ KJIETKU C aKTUBHOCTbIO aMUJIa3bl.

ITokazano, yro mmMMmoomnmm3auusg M. kitamiense
16-1b B cTpyKType resiei araposbl U ajbruHara 6a-
pyisi IPUBOAUT K IIOJITHOMY MHTMOMPOBAHUIO aMIJIa3-
HOM akTUBHOCTH. MHTrmMOmpoBaHue depMeHTaTUB-
HOIl aKTUBHOCTU aMWJIa3bl MOXKET OBITH CBSI3aHO C
InddY3MOHHBIMU 3aTPyIHEHUSIMU TIPU KOHBEPCUU
CJIOXKHOTO TIOJIMMEPHOIO CcyOCcTpara MMMOOMIIN30-
BaHHBIMHU KJIETKaAMMU.

M3 nojiyueHHbIX JaHHBIX MOXHO 3aKJIIOYUTh, UTO
nMMoOuIu3oBaHHbIe KneTku P. peli 3-T v B. aequoro-
ris 5-J1b coxpaHsI0T 3HAYUTEIbHYIO YaCTh JIMITa3HOMN
W/WJIN aMWJIa3HOM aKTUBHOCTU U MOTYT 3 eKTnB-
HO HCIIOJIb30BaThCsl JJIs1 TUAPOJM3a COOTBETCTBYIO-
IUX CyOCTpaTOB.

koK ok

Takum o6pa3zom, ObLTa U3yYyeHa aKTUBHOCTh BHE-
KJIETOYHBIX TUApPOJa3 (JIMIla3a, aMmmuiaa3a) TpexX ajaka-
JloToepaHTHBIX TaMMoB (P. peli 3-T, B. aequororis
5-11b, M. kitamiense 16-J1B) B yCIOBUSIX ITOBBIIIEH-
Horo 3HaueHus: pH u comepxkaHus XJiopuIa HaTpUs.
HauGonpiiasa aktuBHocTh Junasel (P peli 3-T u
B. aequororis 5-]1B) v amunasel (M. kitamiense 16-/1b
u B. aequororis 5-]1B) BrIsIBIIeHA IIpU COYETAHUU BbI-
cokoro 3HaueHus pH (11) u comepxanus NaCl (50—
200 r/n) B cpene. ITokazano, uro knetku P. peli 3-T,
MMMOOWJIM30BaHHbIE Ha KAOJIMHE, B rejie ajiblTMHaTa
OGapuist 1 arapo3bl, coxpaHsiu 40—64% vcxoqHo ak-
TUBHOCTM JuIasbl; B. aequororis 5-J1b (KaonuH) —
42% nunasel v 91% amunasel; M. kitamiense 16-J1b
(kaomuH, xuto3aH) — 3—4% amunassl. [anoankanoTo-
JIepaHTHbBIE OaKTEPUH, BhIACICHHBIE U3 BEICOKOMUHE-
PaTU30BaHHOMN IIEJOYHON Cpelbl aHTPOIIOTEHHOTO
MIPOUCXOXACHUS (COTOBOIO IUIAMOXPAHWININA), MO-
T'yT OBITh NEPCIIEKTUBHBIMU NPOaYLIEHTaMU (pepMeH-
TOB IIJISI TIPOM3BOJICTBA MOIOIIUX CPEACTB, IMepepa-
0OTKM OMOTEHHOIO ChIPhSI, OTXOIOB MUIIEBOIT IMPO-
MBIIIUIEHHOCTH 1 CEIbCKOTO XO351CTBA.

MN3BECTHUA PAH. CEPUA BUOJOTUYECKAA  Ne 2

@unancuposanue. VccieqoBaHue BBIITOJIHEHO TTPU
duHaHcoBoM nogaep:xkke ITpasutenbcTBa Ilepmcko-
ro Kpas B paMKax HaydyHoro mpoekta No C-26/507,
UIEHTU(PUKALIVS IIITAMMOB BBITIOJTHEHA B paMKaX Te-
Mbl “Ilouck M celeKkiys HOBBIX MNEPCIIEKTUBHBIX
MUKPOOPTaHU3MOB TSI Liesieii ouotexHomoruu. Cosna-
HUE UMMYHOXUMUYECKUX AUATHOCTUYECKUX CUCTEM”,
HOMep TocymapctBeHHO#t pernctpaunmu HUWOKTP
122010800029-1.

CITMCOK JIMTEPATYPbI

be3bopodos A.M., 3aeycmuna H.A. JIunaspl B peakiiusix Ka-
TaJln3a B OpraHn4eckoM cuHTe3e (063op) // Ipuknan-
Hast 6ruoxuMusg U Mukpoouonorus. 2014. T. 50. Ne 4.
C. 347-373.

Makcumos A.FO., Makcumosa 0.1, Kysneuosa M.B.,
Ononyes B.D., llemarxos B.A. UmMoOUIu3amnyvs Ha yr-
JIEPOOHBIX COpOEHTaX KJIeTOK Iutamma Rhodococcus
ruber gt1, obnagapIllero HUTPUJIrUApPaTa3HO aKTUB-
HocTblo // TIpuknagHasi OUOXUMUSI U MUKPOOUOJIO-
rus. T.43. Ne 2. 2007. C. 193—198.

Llleaamosa C.A., Toipcun F0.A. UHayK1Ms OGMOCUHTE3A JIU-
na3 mukpomuiietoM. Bectouk OI'Y. 2012. Ne 1(137).
C. 172—176.

Ilunosa A.B., Makcumoe A.10O., Maxcumosa IO.I. Brinene-
HUE U MIeHTU(UKALIMS aJKaJloTOJIEpaHTHBIX OakKTe-
pUii ¢ TUAPOIUTUYECKON aKTUBHOCTBIO U3 COLOBOIO

nutamoxpanuiuiia // Mukpoobuonorusi. 2021. T. 90.
Ne 2. C. 155—165.

Akkaya B., Yenidunya A.F., Akkaya R. Production and im-
mobilization of a novel thermoalkalophilic extracellular
amylase from bacilli isolate // Int. J. Biol. Macromol.
2012. V. 50. P. 991-995.

Amoah J., Ho S.-H., Hama S., Yoshida A., Nakanishi A.,
Hasunuma T., Ogino C., Kondo A. Converting oils high
in phospholipids to biodiesel using immobilized Asper-
gillus oryzae whole-cell biocatalysts expressing Fusari-
um heterosporum lipase // Biochem. Eng. J. 2016.
V. 105. P. 10—15.

Arumugam A., Ponnusami V. Biodiesel production from Ca-
lophyllum inophyllum oil using lipase producing Rhizo-
pus oryzae cells immobilized within reticulated foams //
Renewable Energy. 2014. V. 64. P. 276—282.

Bajaj A., Lohan P, Jha P.N., Mehrotra R. Biodiesel produc-
tion through lipase catalyzed transesterification: An over-
view // J. Mol. Catal. B: Enzym. 2010. V. 62. P. 9—14.

Bulow L., Mosbach K. The expression in E. coli of a poly-
meric gene coding for an esterase mimic catalyzing the
hydrolysis of p-nitrophenyl esters // FEBS Lett. 1987.
V. 210. P. 147—152.

DasSarma S., DasSarma P. Halophiles and their enzymes:
Negativity put to good use // Curr. Opin. Microbiol.
2015. V. 25. P. 120—126.

Es 1., Vieira J.D.G., Amaral A.C. Principles, techniques, and
applications of biocatalyst immobilization for industrial
application // Appl. Microbiol. Biotechnol. 2015. V. 99.
P.2065-2082.

2023



158 MAKCHWUMOBA wu ap.

Ferrarezi A.L., Ohe T.H.K., Borges J.P, Brito R.R., Siqueira M.R.,
Vendramini P.H., Quilles Jr.J.C., Nunes C. da C.C., Bo-
nilla-Rodriguez G.O., Boscolo M., Da-Silva R., Gomes E.
Production and characterization of lipases and immo-
bilization of whole cell of the thermophilic Thermomu-
cor indicae seudaticae N31 for transesterification reac-
tion // J. Mol. Catal. B: Enzym. 2014. V. 107. P. 106—
113.

Fujinami S., Fujisawa M. Industrial applications of alkali-
philes and their enzymes — past, present and future //
Environ. Technol. 2010. V. 31(8-9). P. 845—856.

Gen Q., Wang Q., Chi Z.-M. Direct conversion of cassava
starch into single cell oil by co-cultures of the oleaginous
yeast Rhodosporidium toruloides and immobilized amylas-
es-producing yeast Saccharomycopsis fibuligera // Renew-
able Energy. 2014. V. 62. P. 522—-526.

Grbavcié S.Z., Dimitrijevié—Brankovi¢ S.1., Bezbradica D.I.,
Siler— Marinkovié¢ S.S., KneZevi¢ Z.D. Effect of fermen-
tation conditions on lipase production by Candida utilis //
J. Serb. Chem. Soc. 2007. V. 72(8-9). P. 757—765.

Guldhe A., Singh P, Kumari S., Rawat 1., Permaul K., Bux F.
Biodiesel synthesis from microalgae using immobilized
Aspergillus niger whole cell lipase biocatalyst // Renew-
able Energy. 2016. V. 85. P. 1002—1010.

Gupta G.N., Srivastava S., Khare S.K., Prakash V. Extremo-
philes: an overview of microorganism from extreme en-
vironment // Int. J. Agriculture, Environment & Bio-
technol. 2014. V. 7(2). P. 371—-380.

Hama S., Yamaji H., Fukumizu T., Numata T., Tamalampudi S.,
Kondo A., Noda H., Fukuda H. Biodiesel-fuel produc-
tion in a packed-bed reactor using lipase-producing
Rhizopus oryzae cells immobilized within biomass sup-
port particles // Biochem. Eng. J. 2007. V. 34. P. 273—
278.

Hemachander C., Bose N., Puvanakrishnan R. Whole cell
immobilization of Ralstonia pickettii for lipase produc-
tion // Process Biochem. 2001. V. 36. P. 629—633.

Khanpanuek S., Lunprom S., Reungsang A., Salakkam A.
Repeated-batch simultaneous saccharification and fer-
mentation of cassava pulp for ethanol production using
amylases and Saccharomyces cerevisiae immobilized on
bacterial cellulose // Biochem. Eng. J. 2022. V. 177.
108258.

Koda R., Numata T., Hama S., Tamalampudi S., Nakashima K.,
Tanaka T., Ogino C., Fukuda H., Kondo A. Ethanolysis
of rapeseed oil to produce biodiesel fuel catalyzed by
Fusarium heterosporum lipase-expressing fungus immo-
bilized whole-cell biocatalysts // J. Mol. Catal. B: En-
zym. 2010. V. 66. P. 101—104.

Krulwich T.A., Liu J., Morino M., Fujisawa M., Ito M., Hicks D.B.
Adaptive mechanisms of extreme alkaliphiles / In book:
Extremophiles Handbook. Ed. K. Horikoshi. Springer,
2011. P. 119—139.

Kumar S., Karan R., Kapoor S., Singh S.P., Khare S.K.
Screening and isolation of halophilic bacteria produc-
ing industrially important enzymes // Brazil. J. Micro-
biol. 2012. V. 43(4). P. 1595—1603.

Lopez-Ferndndez J., Benaiges M.D., Valero F. Second- and
third-generation biodiesel production with immobilised
recombinant Rhizopus oryzae lipase: Influence of the sup-

MN3BECTUA PAH. CEPUA BUOJIOTNMYECKAA  Ne 2

port, substrate acidity and bioprocess scale-up // Biores.
Technol. 2021. V. 334. 125233

Mageswari A., Subramanian P., Chandrasekaran S., Siv-
ashanmugam K., Babu S., Gothandam K.M. Optimiza-
tion and immobilization of amylase obtained from
halotolerant bacteria isolated from solar salterns // J.
Genet. Eng. Biotechnol. 2012. V. 10. P. 201-208.

Oda M., Kaieda M., Hama S., Yamaji H., Kondo A., Izumoto E.,
Fukuda H. Facilitatory effect of immobilized lipase-
producing Rhizopus oryzae cells on acyl migration in
biodiesel-fuel production // Biochem. Eng. J. 2005.
V. 23. P. 45-51.

Oliveira A.F., Bastos R.G., de la Torre L.G. Bacillus subtilis
immobilization in alginate microfluidic-based micro-
particles aiming to improve lipase productivity // Bio-
chem. Eng. J. 2019. V. 143. P. 110—120.

Rakchai N., H-Kittikun A., Zimmermann W. The production
of immobilized whole-cell lipase from Aspergillus no-
mius ST57 and the enhancement of the synthesis of fat-
ty acid methyl esters using a two-step reaction // J. Mol.
Catal. B: Enzym. 2016. V. 133. S128—S136.

Sarethy I.P, Saxena Y., Kapoor A., Sharma M., Sharma S.K.,
Gupta V., Gupta S. Alkaliphilic bacteria: applications in
industrial biotechnology // J. Ind. Microbiol. Biotech-
nol. 2011. V. 38. P. 769—790.

Surendhiran D., Vijay M., Sirajunnisa A.R. Biodiesel pro-
duction from marine microalga Chlorella salina using
whole cell yeast immobilized on sugarcane bagasse // J.
Environ. Chem. Eng. 2014. V. 2(3). P. 1294—1300.

Tamalampudi S., Talukder M.R., Hama S., Numata T., Kon-
do A., Fukuda H. Enzymatic production of biodiesel
from Jatropha oil: A comparative study of immobilized-
whole cell and commercial lipases as a biocatalyst //
Biochem. Eng. J. 2008. V. 39. P. 185—189.

Taskin M., Ucar M.H., Unver Y., Kara A.A., Ozdemir M.,
Ortucu §. Lipase production with free and immobilized
cells of cold-adapted yeast Rhodotorula glutinis HL2S5 //
Biocatal. Agric. Biotechnol. 2016. V. 8. P. 97—103.

Verma N.K., Raghav N. Comparative study of covalent and
hydrophobic interactions for a-amylase immobiliza-
tion on cellulose derivatives // Int. J. Biol. Macromol.
2021. V. 174. P. 134—143.

Zaitsev S.Yu., Savina A.A., Zaitsev 1.S. Biochemical aspects
of lipase immobilization at polysaccharides for biotech-
nology // Adv. Colloid Interface Sci. 2019. V. 272.
102016.

Zhang L.Y., Wei D.Z., Tong W.Y. Effective inducers for li-
pase production by Candida rugosa // Ann. Microbiol.
2003. V. 53(4). P. 499—504.

2023



OU3NOJOTIO-BUOXNMUNYECKAA XAPAKTEPUCTUKA 159

Physiological and Biochemical Characteristics, and Biotechnological Potential
of Hydrolitic Haloalkalitolerant Bacteria of Soda Sludge Storage
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Peculiarities of manifestation of hydrolytic activity of haloalkalitolerant bacteria Pseudomonas peli 3-T, Mi-
crobacterium kitamiense 16-DB, and Bacillus aequororis 5-DB, isolated from the soil of the territory of the so-
da sludge storage and the soda sludge of the functioning sludge reservoir of Berezniki Soda Plant (Perm Territory,
Russia) were studied. It was shown that the maximum activity of extracellular lipases and amylases of the three
studied bacteria were manifested at pH 11 and a high concentration of sodium chloride (50—200 g/L). Cultivation
of P. peli 3-T on a mineral medium with 0.5% glycerol (source of carbon) and 0.03% urea (source of nitrogen)
makes it possible to obtain biomass (6.9 g/L) and activity of extracellular lipase (1.26 U/L) and lipase associ-
ated with cells (3.02 U/mg dry cells) with a high economic ratio of substrate consumption (138%). The effi-
ciency of immobilization of P. peli 3-T and B. aequororis 5-DB cells for use in lipid and starch biotransforma-
tion was shown. P. peli 3-T cells immobilized by adsorption on kaolin and incorporated into the structure of
barium alginate and agarose gels retained from 40.4 to 63.8% of the cell lipase activity in suspension. B. aequororis
5-DB cells immobilized by adsorption on kaolin retained 42.5% of lipase and 90.7% of amylase activity as
compared to the initial ones. At the same time, the activities of the P. peli 3-T and B. aequororis 5-DB enzymes
were preserved during 6 consecutive reactions. The amylase activity of immobilized M. kitamiense 16-DB
cells by adsorption on kaolin and chitosan decreased to 2.7—3.5% of the initial value and was completely in-
hibited upon immobilization by cell’s entrapment into barium alginate gels or agarose gels.

Keywords: amylase, lipase, cultivation, immobilization of bacterial cells, halotolerant bacteria, alkalitolerant
bacteria
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