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AHaspoOHass MUKpOOHasi TpaHchopMaIvsl OpraHMYecKrX CyOoCcTpaToB, MPUBOAIIAS K TTOIYICHUIO pa3-
JIMYHBIX BUJIOB OMOTOILJINBA, B HACTOSIIIIEE BpEMsI 3aHMMaEeT OJTHO M3 BEAYIIMX MECT CPEIU UCCIIeI0OBaHUIA,
TTOCBSIIIEHHBIX TIOUCKY W MCITOJIb30BaHMIO aJbTepHATUBHBIX MCTOYHUKOB dHepruu. [TonydeHue Guorasa
HWMEET PSil MPEUMYILIECTB Tepea APYTUMU TEXHOJOTUSIMU, TaK KaK METAHOTEHHBIE COOOIIECTBA CLIOCOOHBI
MOTPEOIATh pa3IMUYHbIe BUIbI OPraHMYECKUX CYOCTpaToOB, a caM IMpoliecc TpaHchopMaluy MPUBOAUT K
YTUJIU3ALUU OTXOJIOB, COKPAIIEHWIO SMUCCUU MAapHUKOBBIX Ta30B U TOJyYEHUIO BBICOKOKAYECTBEHHBIX
ymoopeHuit. [lemmono3oconepkaiiyre MaTepralibl SIBJISIOTCS OMHUMU M3 HanboJjiee MepCreKTUBHBIX Cy0-
CTpAaTOB, OTHAKO JIJISI UX MOJTHOLIEHHOTO MCITOJIb30BaHUSI CYIIIECTBYET Psii HEPEIIEHHBIX BOITPOCOB, Kacaro-
IIMXCS TOJTHOTBI UX YTWJIM3AIWH, YIYJIIeHUST KauecTBa M 00beMa MPOAYKIIMY 6G1orasa, a Takxke coxXxpaHe-
HUSI CTAOMJIBHOCTU W MOBBIIIEHUS (PYHKIIMOHAJIBbHONW aKTUBHOCTM MUKPOOHBIX coobiiecTB. B 0630pe
npeacTaBiieHa MHGOPMAIIUs 0 MUKPOOPTaHU3MaX, BXOISIINX B COCTAB IEJUTIOJI030pa3pyIIaONIMX MeTa-
HOT€HHBIX COO00IIeCTB, (PepMEHTHBIX KOMILJIEKCaX, HEOOXOAMMBIX aHa’3pobaM sl TUAPOIM3a BOJOKOH
LIEJITIONO03BI, O CIIOCO0axX MPea0OpabOTKM ChIPhSI, TOCTYITHOCTD JUIST OMOPAa3I0KeHWSI KOTOPOTO 3HAYNUTEIb-
HO CHUXKaeTCs B MPUCYTCTBUU JUTrHUHA. Ha mpuMepax oO6pa3oBaHUsi OMorasza u3 pa3jiu4HOro TUIIa pacTu-
TeJbHOM 1 OyMaXkKHOU TpoayKiuu (oducHas 6ymara, KapTOH) pacCMOTPEHBI CIIOCOOBI MOBBIIIIEHMS TTPO-

JAYKTUBHOCTU UCITOJIB3YECMbIX MUKPOOPIraHM3MOB IIPU ONITUMU3aALIUN yCJ'lOBl/lﬁ X KYyJIETUBUPOBAaHUI.

CokpallleHWe 3arnacoB TPAAUIIMOHHBIX BUIOB
ToIUIMBa (He(Th, KAMEHHBIN YIroJib, IPUPOIHBIN ras,
roprouue CjaaHIbl U IpeBeCUHa), CIIOCOObI UX JOObI-
YU, TPAHCITIOPTUPOBKU U UCITOJIb30BAHUSI, TPUBOISI-
e K rio0aabHbIM HapylIeHUSIM B DKOCUCTEME U
HEYKJIOHHO yXYIIAIOIIECs 9KOJIOTUM, OTTPEASTIUIN
COBPEMEHHbBIE TEHICHIIMM B pa3padOTKe OMOTEXHO-
JIOTUYECKUX MPOLIECCOB IMOJIyYEHUSI U MCHOJIb30Ba-
HUSI aJILTePHATUBHBIX BO3OOHOBJISIEMBIX UICTOUHUKOB
sHepruu [1—6]. I1pu 5T0M BO30OHOBIIsIEMast SHEPTUS
B HacTosIIee BpeMsT yKe cocTaBisieT okoio 14% ot
notpebisieMoii B Mmupe [7]. [ToMruMo Takux mpupom-
HBIX PECYPCOB, KaK COJIHEUHBI CBET, BETEP, JOXKIb,
IPWINBBI-OTJIMBEL U TE€OTpPeMaJIbHble MCTOYHMKM,
3HAYUTEJIbHYIO POJIb CPEeI ajlbTepHATUBHBIX UCTOY-
HUKOB DHEPTMU MOXKET UIpaTh OMOSHEPreTHKa, 4TO
noapa3yMeBaeT MCIIONIb30BaHME TOILIMBA, MOTyYeH-
HOT'O Ha OCHOBE MMKPOOMOJIOTUYECKOI TpaHChopMa-
UM psia OpraHUIeCKUX CyOCTPaTOB OMOJIOTUIECKOTO
MPOMCXOXKISHUS: CIIeIUaIbHO BBIpalllBacMbIe pac-
TeHMSsI, IIPOIYKIIMS M OTXOBI JIECOIOIb30BaHMUSI U JIe-
cornepepaboTKU, OTXOIbI CETbCKOIO XO3SIACTBA 1 XK1 -
BOTHOBOJCTBA, Pa3IMIHbIX BUIbI OPTaHUIECKIX ObI-
TOBBIX M NPOMBILUIEHHBIX OoTX040B [3, 6—10, 11].
IIpenmyIieCTBO TEXHOJIOIMI, OCHOBAaHHBIX Ha ITPHU-
POIHBIX IIPOlieccax U MeXaHU3MaX KOHBEPCUHU Oopra-
HUYECKUX BEIECTB C MOMOIIbIO (HEPMEHTOB WU
MUKPOOHBIX KYJBTYp, 3aKJII0YAETCS B TOM, YTO OTXO-
JIbl U TIOOOYHBIE TIPOAYKThI MPOLIECCOB TAKXKE€ MOTYT

CJTY>KUTb JOIOJHUTEIbHBIMU UCTOUHUKAMU ChIPbS,
YTO TIO3BOJISIET CO3[aTh ITOJIHOCThIO 0E30TXOIHBIE
TexHosoruu [3]. OOHUM U3 caMbIX DHEPreTUYECKU
3 HEeKTUBHBIX CMTOCOOOB MPOU3BOACTBA OUOTOTIINBA
SIBJISIETCSI TIOJIydeHHe Omorasza (OmoMmeTaH) IOCpel-
CTBOM aHa’pOOHON MHMKPOOHOI mepepaboTKU opra-
HUYECKUX CYOCTPATOB PA3IMYHOTO ITPOUCXOXKICHMSI.
Buoras cocrout, B oCHOBHOM, 13 MeTaHa (55—75%
CH,) u nByokwcu yriepona (25—45% CO,) co ciaeno-
BbIMM KOJIMUECTBAMU a30Ta, BOAOPOa, CEPOBOAOPO-
na, kuciopoaa. Kpome Toro, B 3aBUCUMOCTH OT UC-
MOJIb3YEMOTO ChIPbS, CPENU TMPOJYKTOB OOHAPYXKU-
BacTCsd He3HAUYUTEJIbHOE KOJMYECTBO aMMMaka,
aJIkaHOB, apoOMaTUYECKMX U TaJloreHOo-apoMaThuye-
CKUX YTJIEBOJIOPOIOB, OKUCIEHHBIX COEIMHEH M, Ha-
npuMep nuokcuaa cepsl [12—18]. buora3 otHocuTCS
K 9KOJOTMYECKU YHUCThIM BUIaM TOIUIMBA, XOTS €ro
CXKMTaHME C 3aTPSI3HAIOLIIMMU MPUMECSIMU MOXKET CO-
MPOBOXIAThCsI TOKCUYHBIMU BbIOpocaMu. B mpupo-
JIe MeTaHOTpOGHbIE MUKPOOPTaHU3Mbl — TpeacTa-
Buteau ponoB Methylosinus, Methylocystis, a Takxe
HeMeTaHOTpOoMHBIE Pseudomonas, Flavobacterium,
Janthinobacterium v Rubrivivax, 3a4acTyio pa3BUBalo-
HIMecs] COBMECTHO C METaHOT€HAaMU, CITIOCOOHHI K CO-
OKMUCJICHUIO OeH30J1a, TOJIyoJia, KCUJIojia U HadTalu-
Ha 0e3 HaKOTJIeHUSI TOKCUYHBIX TPOAYKTOB [19]. bbi-
JIO TIOKa3aHO, YTO pa3JIOKEHUE TOJIyoJa MOXKET
OCYIIECTBJISATECS METAaHOT€HHBIM COOOIIECTBOM, B
KOTOPOM JOMUHUpOBanu Methanosaeta, Methano-
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spirillum, Desulfotomaculum m Heu3BECTHBIE paHee
OakTepuaibHbIC IITaMMBbI [20].

Bwnora3s ¢ conepkanneM MeTaHa He MeHee 60% Ja-
IIe BCEro CXXUTAOT, a 00pa3ylolieecs TeIIo UCTOb-
3YIOT 151 000TpeBa MOMEIIESHU I 1 pa3TUUYHbIX TEXHO-
JIOTUYECKMX IIeJIeil, OMHAKO TSI TOJyYeHHST YUCTOTO
TOIUIMBA, UIEHTUYHOTO 10 COCTABY IMTPUPOTHOMY Ta3zy,
HeoOXoIMMa ero J0TOJHUTEIbHAsI ouncTKa. [1pu pas-
IeJICHUN WCXOMHOW Tra30BOM CMecH Ha CIIeIIaIi3M-
POBaHHBIX TA300YMCTUTENIBHBIX YCTAHOBKAX M MEM-
OpaHHBIX MOJYJISIX KOHLIEHTpALMsI MeTaHa TTOBbIIIA-
ercs 1o 95% wm BEINIE, B pe3yJiBTaTe 4ero OmoMeTaH
MOeT OBITh MCITOJIb30BaH ISl TTOJTYYeHUsI DJIEKTPO-
9HEPTUU, a TAKXKe B ABUTATEISIX BHYTPEHHETO Cropa-
Hus [17, 21, 22]. B 3aBUcUMOCTH OT coAepKaHUS Me-
TaHa TeTUIOTBOPHAs CITIOCOOHOCTh OMOTa3a COCTaBIs-
er 4700—6000 kkan/m> [23, 24]. Bruoras uMeer psn
MIPEUMYIIECTB NIEPEA APYTUMU BUTAMU AJIBTEPHATUB-
HOro TomnavBa. buomeTaH o00pa3yeT 3HAYMTETbHO
MEHBIIIE BPEIHBIX BBIXJIONIOB, YeM OCH3WH WU IH-
3es1b [17]. DHeprusd, 3aKI0ueHHas B METaHEe IIpUMeEp-
HO B 3 pasa 0oJiblile, YeM y BOJIOPOIHOIO TOIJINBA, a
YCITOBUSI XpaHEHUS U TPAHCTIOPTUPOBKM MeTaHa TaK-
ke 6oree apdexTuBHEI [25]. Kpome Toro, 1ipm o6pa-
30BaHUU Ororasa u3 6momMacchl HET HEOOXOAUMOCTHU
B CITeIIMAJIbHOM BBIPAIIMBAHUM CEJTbCKOXO3SIMCTBEH-
HBIX pacTeHWIi, KaK 3TO MEeJaeTCs TP TOIyIeHUH
ouoau3zens u buostaHona [22].

B ocHOBHOM, 6110Ta3 MOJTYYalOT IIPU PA3JIOXKEHUN
OpPraHuYeCKUX OTXOJIOB KMBOTHOBOJICTBA (IIperMy-
LIECTBEHHO HaBO3 KpynHoro poraroro ckora, KPC),
MUIIEBOU M CEJIbCKOXO3SIMCTBEHHOU IPOMBIIIICH-
HOCTHU, OUYMCTKE CTOYHBIX BOJI, KOTJa Ha KOHEYHOM
3Tare IMPOUCXOAUT obpa3zoBaHUE OMoOraza B MeTaH-
TeHkax. HecMoTpst Ha To 4TO aHA’pOOHAsI OYMCTKA
CTOYHBIX BOJ M3JaBHA M IIMPOKO WCHOJb3YeTCs,
NpUMEHEHHUE 3TOUW TEXHOJIOTMM B MPOMBILLICHHBIX
MaciTadbax Impu oO0pabOTKe TBEPABIX OPraHMYECKUX
OTXOHOB 0€3 MX 3aXOpPOHEHUS Ha CBaJIKax MEHee
ycniemiHo [17]. B psime cTpaH 3HaYMTEIbHOE KOJIUYe-
CTBO OMora3sa II0JIy4aroT IIpU IepepaboTKe TaK Ha3bI-
BaeMBbIX “PHEpPreTUYeCKMX’ pacTeHWI, BhIpallliBac-
MBbIX UCKJTIOUUTEIBHO C LIEJIbIO JaJbHEHILEN nepepa-
6OTKM B 6MOTOIINUBO |7, 26].

TTonygenne 6morasza u3 OpraHUIECKOTO ChIphsS Ha
CEeTOIHSIIHUI AEHb IIIMPOKO BOCTPeOOBAHO BO BCEM
mupe. ITomuMo mpou3BoACTBa BBICOKO3(M(EKTUB-
HOM HEPryuu U YMEHBIIIEHUS 3arpsi3HEHUS aTMocde-
pbl MTAPHUKOBBIMU T'a3aMM, OCTaBIIASICS TIOCJE MPO-
1ecca aHa3poOHOro pa3I0KeHMUsI Macca IpeICTaBIIs-
eT co0Oli BBICOKOKAYECTBEHHOE OMOyImoOpeHme,
codepxkaiiee a3oTHble U (HOCHOPHBIC COSAUHEHUS;
KpOMe TOTr0, TP BEICOKUX TeMITepaTypax YHUYTOXKA-
IOTCSI TIaTOT€HHBIE MUKPOOPraHU3MbI (HampuMeEp,
E. coli, Salmonella spp.) v mapa3uTsl (diilia TeJIbMH-
ToB) [17, 27—30]. [IpuMeuyaTebHO, YTO (hepMEHTEPHI
JUIST TIOMyYeHHusl OMora3a MOXHO MCIIOJNb30BaTh HE
TOJBKO B IIPOMBINIJICHHBIX MaciuTadax (MeTaHTEH-
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KM), A€ YCIOBUSIMU UX (DYHKIIMOHUPOBAHUS SIBJISI-
IOTCSA BBICOKast CKOPOCTb U 00BEMBI IMMOJIY4YEHHOTI'O
OroMeTaHa, a TakKe HM3Kas ce0eCTOMMOCTh MpO-
1ecca, HO 1 JIOKaJbHO IJISI 3HEProoOecIeYeHMsI XK1 -
BOTHOBOJYCCKHMX M arpapHbIX KOMIIJIECKCOB, >KMJIbIX
moMoB. Hammpumep, K KoHiry 2008 I. TOJIBKO B OTHOM
Iepmanuu ¢yHKumoHuponaiao okono 4000 cemb-
CKOXO3SIMCTBEHHBIX YCTaHOBOK ITO ITOJIYYEHU IO ouo-
raza [6].

OnHako, HECMOTPSI Ha TO UTO peaju3alus MeTa-
HOBOM DHEPIreTUKHU IIPHUoOpeTaeT BCe OOJIBbIINI MHTE-
pec 1 BaXXHOCTb, IMMOTEHIMAI TaKUX ITPOMU3BOJACTB HE
HMCIOJIb3YETCSl JOCTaTOYHO Iupoko [31]. Huist mos-
HOILIEHHOIO M ITOBCEMECTHOIO IPUMEHEHUSI TeXHO-
JIOTUI IIPOM3BOACTBA OMOrasa OCTalOTCs HEpelleH-
HBIMM MHOTHME BOIMPOCHI, KacarolIuecs TOJTHOThI
YTWIN3AllMM CyOCTpaTOB, MOBHIIMICHUSI KadyecTBa W
o0beMa MPOAYKIIMM OMorasa, OYMCTKM Ouorasa oT
MpUMecCeid, a TakKxKe COXpaHEHUsI CTaOWJIBHOCTU W
(YHKIIMOHAILHOM aKTUBHOCTA MUKPOOHEIX CO00-
miectB [17, 32]. Ucnmob3oBaHMe MMEIOIIXCST Ha Ha-
CTOSIIIINIA MOMEHT MHXKEHEPHBIX KOHCTPYKILIMIA TIPO-
MBIIIUICHHOTO MaclluTaba pacIpoCTpaHsIeTCs Ha
KpaliHe HeOOJbIIOM HabOp CyOCTpaTOB, a MO MHE-
HUIO HEKOTOPBIX Ucciaeaonareseii [31, 32] TexHoJi0-
ruyeckasi CTOpoHa IoJjiydeHUs1 6rMorasa B COBpEMeH-
HOM BHE BOOOIIE IIpeAcTaBIieHa YMCTO SMIIUpPUYIEC-
cku. B penkux ciayuasx 3p¢peKTUBHOCTh IIpoliecca
COOTBETCTBYET €r0 ONTUMAaJIbHBIM 3HaUYeHUsIM. Kpo-
Me TOro, He CYILIECTBYeT MaTeMaTUYEeCKMX MOMEei,
CIIOCOOHBIX OIMCaTh BCE MPOILIECCHl M YYECTh BCE
(bakTOpBI, TTPOUCXOASIIIINE TIPU MUKPOOHOI TpaHC-
¢dopMaLy OpraHNYECKOTO BellleCcTBa B O1oras.

METAHOTEHHBIE COOBIIIECTBA

OCHOBHOII O0COOEHHOCTBIO aHA3POOHOTO Pa3jio-
KEHUsI OpraHW4YecKUX cyOCTpaToB, B TOM 4YHUCIIe U
1I€JUTIOJIOBBI, SIBJISIETCSI CJIOXKHASI CTPYKTypa y4acTBY-
IOIIMX B TaKUX IPEBpaLllEHUSIX MHUKPOOHBIX COO00-
IECTB, COCTAB/ISIIOIIMX CBOCOOPA3HYIO “MUILEBYIO
1enb” [25]. MuUkpoOHbIe TONYJISILIMU, TIPeodpas3yio-
I1e HeJITI0JI03y B O1ora3, TaAKCOHOMUYECKU pa3HO-
0o0pa3Hbl, HO Pa3IN4aloTCs, HallpUMep, B IICUXPO-
GUIBHBIX, ME30(PUIBHBIX 1 TePMOMUIBbHBIX YCJIO-
BUSIX, OCYIIECTBJISISI CXOMHBIC TUIIOBBIC pEaKIINMU
[33—35]. CocTaB 1 cTaOMIBHOCTH MUKPOOHOI'O CO-
o0111ecTBa, cliefoBaTeabHO, U 3(p(PEKTUBHOCTH BCE-
ro mpoliecca odbpa3oBaHusl OMorasa, 3aBUCST OT CO-
cTaBa IUTATEIbHOM Cpelbl, YCIOBUN KyJIbTUBHPO-
BaHus (Temmepatypa, pH), cocraBa M CTPYKTYpbI
OpraHM4YecKoro cyocrpara, CKOpOCTH 3arpy3Ku op-
TaHMYEeCKOro BellecTBa B (epMEHTEp, BpPEeMEHU
yAepKaHUs TBEPAOTro BelllecTBa 1 psaa Apyrux dak-
TOpOB [36—39].

MukpoOHOE COOOIIECTBO MOXKET BKITI0UYATh B CE0S
110 60 pa3IMYHBIX BUIOB OAKTEPUIi U apXxeil, pa3BUBa-
IOILIMXCS B aHA’POOHBIX yciaoBusx [40]. Bzanmoneri-
CTBHE 3TUX MUKPOOPTaHM3MOB OOYCJIOBJIEHO UX TPO-
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dUIeCcKoit B3aMMOCBSI3bI0, 0OMEHOM (paKTOpaMH PO-
cTa, Bo3IelcTBUEM (PU3MOJOTMUYECKU aKTUBHBIX
BewecTB [41, 42]. TecHble B3aUMOOTHOILIEHUST BHYT-
pU MUKPOOHOTO COOOIIeCcTBa 0a3UPYIOTCS, IIPEXKIE
BCETO, Ha MUILIEBBIX TOTPEOHOCTSIX, CKJIaIbIBAIOIINX-
Csl BHYTPH LIeTU, KOTAa MPOIYKThI OMHUX MPOLIECCOB
CTaHOBSITCSI CyOCTpaTaMu IJIsI APYTUX 0e3 3HAUYNTEIIb-
HOIO HAKOIUICHUSI MPOMEXYTOUHBIX COEIMHEHUIA.
MertaHoOpa3ylonye MUKPOOPraHM3MBL (METaHOTe-
HBI) — 3TO CTPOTHE aHA3POOBbI, IIPEICTABISIONINE T0-
MUHUpYIOIIYIO Tpynmny apxeil (Archaea) uz duiyma
Euryarchaeota, BKIIOUeHHBIX B IISITh ITOPSIAKOB Meth-
anobacteriales, Methanococcales, Methanosarcinales,
Methanomicrobiales 1 Methanopyrales [43—46]. Dta
KjnaccuduKalysl MpUHSITA Ha OCHOBE aHaliu3a CH-
kBeHcoB reHoB16S pPHK u Gonbinoro uncia Mmopdo-
JIOTUYECKHNX U (PU3UOJIOT0-OMOXNMHUYECKIX CBOMCTB.
OaHaKo TakXke MCHONB3YIOTCS U aJbTepHaTHBHBIC
KiIaccuuKaluyu 1 HOMEHKJIATyphl (CyxXeHue A0 2—
3 KJ1acCcoB/TPYMIT), OCHOBAHHBIC Ha Pa3IUYHOIO PO-
J1a GIIOTeHETUIECKUX UCClIeqoBaHusX [46—48]. Me-
TaHOT€HBLI Ype3BBIYAHO pPa3HOOOpa3HbI, YTO OOY-
CJIOBJIEHO pa3IndueM UX Mopgosorun (0T MPOCThIX
naJioyekK, KOKKOB U CapliMH J0 CIUPaJbHBIX (DOPM U
HEpPEryJasipHbIX KOKKOWUJIOB), CTPYKTYPOIl KJI€TOYHBIX
CTEHOK, MX METaOOJIMTUYCCKUMU U (HU3NOTIOTHIYIEC-
CKUMM cBoiicTBaMHu [49]. B KauecTBe UCTOYHUKOB YT-
JiepoJa MHOTHE U3 HUX MOTYT MCIOJIb30BaTh TaKHe
OIHOYTJIEPOTHbIE COEAMHEHNSI, KAK METaHOJI, (hop-
MUAaT U METWJIMPOBaHHbIE aMUHbI. MeTaHOI, Hallpu-
Mep, UTPaeT BaxkHYIO POJib B KAUeCTBE CyOCcTpaTa Me-
TaHOT€HE3a, KOorma OH oOpa3yeTcsl HpU THAPOIU3E
MEeKTUHA, IIMPOKO IMPEACTABICHHOTO B 1IEJUIIOI030-
conepxkamux cyocrparax [50, 51]. ITpu aTom mmocnen-
HUE HCCJIEIOBAHMS BBISBIISIIOT BCe OOJIbIIIEe KOJIMYE-
CTBO paHee HEMACHTU(PUIMPOBAHHBIX IITAMMOB U
UITOreHeTMYECKUX TPYIIT METAHOTeHOB [46].

MeTtaHoreHbl TOBCEMECTHO pacIlpoCTpaHEHbl U
3aHMMAIOT pa3JIMYHble aHA9POOHBIE SKOHUIIIN: MOP-
CKHe U TIPeCHOBOIHBIC JTOHHBIE OCAIKHU, 3aTOILIsIC-
MBEI€ TTIOYBBI, 3KeJIyTOYHO-KUIIIeYHBINA TPAKT YeI0BeKa
M XUBOTHBIX, IeOTepMajbHbIE CHUCTEMBI, a TaKXKe
pa3HOTO poja CBaJKM OPraHUYECKHWX OTXOIOB U
aHa’pPOOHbIE CUCTEMbI C UCMOJIb30BaHUEM (DepMeH-
TepoB [46]. OmHOI U3 0COOEHHOCTEN 3TUX MUKPOOP-
TaHU3MOB SIBJISIETCSI IPUCYTCTBUE HEOOXOIUMBIX JJIsI
MeTaHOTIeHe3a YHUKaJIbHbBIX (PePMEHTHBIX KOMILICK-
COB U HEOOBIYHBIX KOPepMEeHTOB. MeTaHOTeHE3 SIB-
JISI€TCS 3aKJIIOUYUTENbHOM CTaduei MpU pa3noxXeHUn
OpPraHMYEeCKOTro BellleCTBa B aHA’POOHBIX YCIOBUSIX,
KOTOPOM MpPEeIIIeCTBYIOT APYrue MeTaboIndecKue
MIpoLEeCChl, TaKne, KakK, HalIpuMep, TUAPOIN3 Opra-
HUYECKOI'O ChIpbsl, COpaKMBaHUE CaxapoB U aMUHO-
KHCJIOT, aHa’pPOOHOE OKUCICHNE U 00pa3oBaHUE VK-
CYCHOI KMUCJIOTHI — arieToreHes [42, 52]. ITo HeKoTO-
pbIM JaHHBIM, B TIJ00aJbHOM LIMKJIE YIJiepoja
Ojaromapsi MHMKpPOOpraHM3MaM o0Opa3yeTcss OKOJIO
1 mapn T metana/r [53]. [Ipuyem MeTaH, 0Opa3ylo-
uiics B 6uochepe, MPOUCXOAUT U3 JABYX UCTOUHU-
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KOB: JIB€ TPETU MOCTYIAeT MPU alleTOKJIACTUIECKOM
MeTaHOTeHe3¢e (BOCCTaHOBJIEHME METUIBHO TPYIIIIhI
alierara) U ofiHa TpeTb — Npu BoccTaHoBIeHUU CO,;
B Ka4eCTBE JOHOPOB JIJIsl €T0 BOCCTAHOBJICHMS BHICTY-
naioT Bojgopond uiu popmuart [25]. MeHbIilee, HO He
MEHee 3HaYMMOe KOJIMYECTBO MeETaHa oOpa3yeTcst
MpU BOCCTAHOBJICHUU METWJIBHOM TPYMIThl METaHO-
JIa, METWJIAaMUHOB U auMeTwiacynbduna. Heobxomm-
MO YYMUTHIBATh, YTO METaH SIBJISIETCS IAPHUKOBBIM ra-
30M M IOIJIOLIAIOT TEIJIOBbIE JY4d HPUMEPHO B
25 pa3 aktuBHee, yeM CO, [17, 45, 54].

Herpagamnusi opraHM4eCKUX BEIECTB OCYIIECTB-
JIIeTCSI KAK MHOTOCTYINEHYATHIN IMTPOIIecC, B KOTOPOM
HEOOXOIMMO y4yacTue, 1o MeHbIleil Mepe, Tpex-de-
TBIpEX TPyl MHUKPOOPraHU3MoB (puc. 1): IIepBUU-
HbIe aHa’pOObl (TUAPOIUTUKA U AUCCUTIOTPODHI),
CUHTPOdHI, alleTOTeHbl 1 MeTaHoTeHHI [11, 25]. U3-
HavyaJibHO MePBUYHbIC aHAIPOOBI-OPOAUIIBIIIUKY HC-
MOB3YIOT JIETKOAOCTYITHEIE YIJIEBOIBI U OEJIKM, TT0-
CTyIAIOIINE C OTMEPILIMMU YaCTSIMU PACTeHU I 1 XK1~
BOTHBIX. [MAPOJMTUKM, HAYMHAIOIIME Pa3IoXKEHUE
GUOMACCHI, TIPEACTaBIICHBI IPYHITaMU OaKTEepUiA, CIIe-
LUAJTU3UPYIOIIMMUCS Ha Pa3IMYHBIX TUMAX TTOJIAME-
pOB (monucaxapuabl, OeJIKU, JTUIIUAbI, HYKJICUHOBbBIE
KUCTTOTHI U Ap.). Cpenn aHadpOOHBIX MUKPOOPTraHU3-
MOB, TUIPOIU3YIONINX, HAITPUMED, LIEJITIOIO3Y, 9acTO
B MUKPOOHBIX COOOIIECTBaX BCTpeYaroTCsl OaKkTepuu
pona Clostridium, a TakxXe BUIOBI CIACAYIOIINX POJIOB:
Acetivibrio, Bacteroides, Ruminococcus, Butyrivibrio,
Fibrobacter, Cellobacterium [55—59]. Kpaxman non-
BepraeTcss Ouonmerpagaluy Ojarogapsl yd4acTHIO, B
yacTHOCTU, Ruminobacter, Bacteroides, Prevotella,
Clostridium, Succinimonas, Butirivibrio, Streptococcus,
Thermoanaerobacterium [60—64], KCcuaH 1 IEKTUH —
Bacteroides, Butirivibrio, Prevotella, Ruminococcus,
Clostridium, Lachnospira [65—68], a 6eK1u 1 aMUHO-
KUCIoTel — Bacteroides, Clostridium, Acidaminococ-
cus,  Peptostreptococcus,  Selenomonas,  Syntro-
phomanas, Fusobacterium n np. [69—74]. D10 nanexko
He TIOJIHBI CMHUCOK MUKPOOPraHM3MOB, pasjararo-
IIUX TOJUMEPHBIE COCIVUHEHUS, a IPeICTaBUTCIU
OIHOTO M TOTO K€ poja 3aYacTylo CITOCOOHBI K pac-
LIETUICHUIO Pa3JIUYHBIX 110 CBOCH MPUPOIE BBICOKO-
MOJIEKYJISIPHBIX BEICCTB.

OOpaszoBaBiyecs mocje Ouoaerpagaliuv MoJav-
MepOB OJIUTO- U MOHOMEPHI (caxapa, aMUHOKMCIIO-
Thl, YPUHbI, TUPUMUIUHBI, XKUPHbIE KUCIOThI, TI1-
LICpOJI) 3aTeM pazJiaraloTcsi IEpBUYHBIMU aHAPOOaMHU
(T'MOpPONUTUKA U OUCCUIIOTPOMdBI) ¢ oOpa3oBaHUEM
OpPraHUYECKUX CIUMPTOB (METaHOJ, BTaHOJ, IpoIla-
HoJ, OyTaHOJ), apOMaTUYECKUX COENUHEHUI, opra-
HUYECKUX KUCJIOT (aleTart, MporuoHat, 0yTupar, CyK-
LIMHAT, JJaKTaT, MMpyBar), a TakxKe BOAOpoAa, yIJe-
KUCIIOTO  Trasa M JIpyIMxX  OAHOYIJIEPOIHBIX
coenquHeHuit [42, 52]. [Tpu pa3noxKeHUN LIEIITIOJIO36
nocje AEUCTBUSI TUAPOJIUTUKOB U OpOAMJIBIINKOB
Cpel OCHOBHBIX POAYKTOB TaKXe OOHAPYKUBAIOT-
Ne 5
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OsuroMepbl, MOHOMEPBI
(Le/u100103a, TII0K03a)

LHABKEJIOBA, HETPYCOB

CaXapOJ’[I/ITI/I‘-IeCKI/IC TUAPOJIUTUKU

C,-coenuHeHus
(CO,, dpopmuar),

JleTyuue XupHbIe KUCTOTBI
(TiporimoHat, OyTupar),
CrupThl (METaHOJI, 3TAHOJI, TTPOTIAHO,
OyTaHOJI), JIaKTaT, CyKIIMHAT

I'apoauTUKu, IMCCUIOTPOdbI

CuHTpodbl

Anerar

H,

T'uoporeHoTPOdHBIE METAHOTCHBI

['oMoalieToreHbl

AIIeTOKJIaCTUYECKUEMETAHOTEHBI

Puc. 1. PazoxeHue 11e/1107103b1 ¢ 00pa30oBaHUEM MeTaHa B aHa9pOOHOM MUKPOOHOM COOOIIECTBE (C U3BMEHEHUSIMU T10 [52,
154]). B ycioBusix BBICOKOI TeMIepaTypbl, HU3KUX KOHILICHTPALIMii alleTaTa ¥ BBICOKMX KoHeHTpauuii JIZKK u ammonwus, are-
TOKJIACTUYECKUIT METaHOTeHE3 HEeaKTUBEH; MPOUCXOAUT OKUCIIeHUe aleTaTa ¢ oopazoBaHueM Cl-coequHeHuit U Boropoa,
KOTOpBIE TPeoOpa3yoTCs B METaH C TIOMOIIBIO TUAPOTreHOTPOGHBIX MeTaHOTEeHOB [52, 150].

ca nerydyue xupHbie KucaoTel (JIZKK), criuprthi, Bo-
JIOPOJ M YIIISKWCIIBII ras.

MeTtaHOreHHOE COOOIIECTBO — 3TO TUITMYHBIA
MpUMep CUHTPOMHBIX B3aMMOACUCTBUIA, KOraa s
HOPMAaJILHOTO M CTaOMIBLHOTO (DYHKILIMOHUPOBAHUS
aHa’pOOHON IMUIIIEBOM LIEMW HEOOXOMUM MEKBHUIO-
BOIi MEpEeHOC BOIOPOJa OT OAHOTO MUKPOOpPraHu3Ma
K apyromy [11]. ITonpoOHO cCUHTpO(HBIE OTHOIIIE-
HUSI B METAHOT€HHOM COOOIIECTBE OIMMCAaHbI B 0030-
pax IlIunka [52] u 3ubepa ¢ coanrt. [75]. CuHTpoduio
OIpPEAEISIIOT, KaK BUI CUMOMOTUYECKOU KOOoIepa-
LY MEKAY ABYMSI pa3HBIMHU 10 METaOb0JIM3MY TUITAMU
0aKTepuii, KOTOpbIE HY>KIAIOTCS IPYT B APYTe IS pa3-
JIOXXEHUS OIpeaeIeHHOro cyocTpara u, GoJjiee TOro,
TaKyl0 B3aMMHYIO 3aBUCUMOCTb HEBO3MOXHO MPEOI0-
JIETh IIPOCTHIM T100ABICHUEM KO-CyOCcTpaTa Wi MHBIM
JIPYTYM MUTATEbHBIM coeIuHeHueM [52, 75].

Bropuunbie aHa3poObI (CMHTPOMBI) OCYIIIECTBIISI-
IOT OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIE PEeaKIIUMU C
ydacTUEM BHEIIHUX HEOpPraHWYeCKUX aKIeNTOPOB
3JIEKTPOHOB M TAK3Ke MPEeBPallaloT CIIUPTHI, ITIPOMUO-
HaT u Ipyrue kKoporkounenodeunbie JIZKK, HekoTo-
pble aMUHOKUCJIOTHI 1 apOMaTUYECKUE COSANHEHUS
B arterat, CO, n H,, 13 KOTOpHIX, B CBOIO OYepenb, B
pe3yibTaTe alleTOKJIACTUYECKOTO WIM TUAPOTeHO-
TpodHOIro MeTaHoreHe3a opMupyeTcss MeTaH [75].
OTINYUTENIbHON 4YepTolt CUHTPOGOB SIBISIETCS UX
BO3MOXKHOCTB OCYIIIECTBIISITh META00OINIECKUE peaK-
LMW TIPU U3MEHEHUSIX CBOOOJHOM 3HEPrMM, OYeHb
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OJIM3KMX K MUHUMAaJbHOMY TIPUPOCTY DHEPTrUM, He-
oboxonumoit st cuHte3a AT®D, a Takke 00s13aTelb-
HOCTb OCYIIIECTBJICHUSI 00paTHOTO TPAHCIIOPTA 3JIeK-
TpoHOB. IIpn 3TOM CMHTpOHBIE MUKPOOPraHU3MBI,
Takue, HampuMep, Kak Synthrophomonas u Synthro-
phobacter, MOTYT pa3BUBaTbCS TOJBKO IIPU YCIOBUU
yaajaeHUsI MOJIEKYJISIPHOIO BOJIOPOAa U3 CPeabl TUI-
poreHoTpo(pHBIMU METaHOT€HAaMM, alleTOreHaMu, a
Takxe cynbdaT- U cepopenykropamu. OmQHAKO THI-
poreHoTpo(Hble MeTaHOTeHbl — eIUHCTBEHHBbIC
YYaCTHUKU CHUCTEMBI, CITOCOOHBIE 3(D(HEKTUBHO ya-
JISTh Bogopon mwis BocctaHoBiaeHus: CO, B MeTaH.
CuHTpoHBIII METabOJIM3M, OCHOBAHHBIII Ha Mepe-
HOCe BOJIOpoJia, TToKa3aH, B YaCTHOCTHU, ISt Syntro-
phobotulus glycolicus n Syntrophococcus sucromutans
[75]. B MeTaHOreHHOM COOOIIIECTBE, TOMHUMO BOIO-
poma, BHEIIHMM IIEPEHOCUYMKOM 3JICKTPOHA TaKKe
BeICcTymaer opmuar [43, 76]. Hanpumep, cuHTpod-
HOe TOoTpebyieHue TiponuaHata Syntrophobacter fu-
maroxidans n 6ytupara Syntrophomonas bryantii ipo-
WCXOOWJIO TOJIBKO TIPW Yy9acTUM MeTaHOreHa, KOTO-
pbIii  OAMHAKOBO MCHOJb30BI W BOAOPOHd, U
(hopmuar, Ho He ¢ METaHOTEHOM, KOTOPbIil TTOTped-
JISLT MCKJTIOUMTEIbHO Bomopon [75]. HemaBHOo Onlia
MoKa3aHa BO3MOXKHOCTb IIPSIMOTO 3JIEKTPOHHOTO IIe-
peHoca MeXIy MapTHEPaMHU C IIOMOIIBIO 3JIEKTPOHO-
MPOBOASILMX ITWJIEH WM HaHOIpoBoIoB [75, 77].

Cpenn CUMHTPO(MHBIX MUKPOOPTaHU3MOB M3BECT-
HbI Takue, Kak Thermacetogenium phaeum, KOTOpbie
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00pa3yloT alleTart IpUu poCTe B UMCTOU KyJIBType 1 Ha-
YUHAIOT OKUCJISITh €T0 MPU COBMECTHOM POCTE C Me-
TaHoreHamu [ 78]. IpyrumMu coenuHEeHUSIMU, TIOJIBEP-
ralouuMMcs Jerpajalu B Mpouecce CUHTPOGHBIX
B3aMMOJEUCTBUIA, SIBJISIIOTCS TIPOITMOHAT, OyTUpaT U
OeH3oart, a cpeay CUHTPO(MOB B 3TOM OTHOILLICHUU 13-
BECTHBI IIPEACTAaBUTENN poaoB Syntrophobacter, Des-
ulfotomaculum, Pelotomaculum n Smithella (MeTa6o-
JIM3M IIpoIroHara), Syntrophomonas, Thermosyntro-
pha wn Syntrophothermus (MeTaboamu3M OyTupaTa),
Syntrophus, Sporotomaculum, Pelotomaculum, a Taxxe
Thauera (MeTabom3M 0eH3oaTa) [75]. B mobom ciay-
Yyae BHEKJIETOUHbIN MepeHOC 3JIEKTPOHOB B aHA3PO0-
HOM MHUKPOOHOM COOOIIECTBE HEOOXOMUM IJIST TTOJT-
HOTO pa3IoXKEeHUsI OpraHMYeCcKOro BelecTBa. MeTta-
HOT€Hbl W CUHTPO(MBI SBISIOTCS KIIOUYEBBIMU
UTPOKaMM, TOCKOJbKY MOIIECPXUBAIOT KOHIIEHTpA-
LMY Bogopoaa, ¢opMuaTa v (M) alieTaTa Ha TEpMO-
JUHAMUYECKHU BBITOAHOM JIJIs1 OpOJMIBIIMKOB U alle-
TOT€HOB YPOBHE, YTO U MTO3BOJISIET COOOIIECTBY MUK-
POOPraHU3MOB LISTUKOM TiepepadaTbIBaTh UCXOIHBI
cyoctpar [25].

MukpoOHOE COOOIIECTBO ITOTPEOIsIET KpaiiHe
LIMPOKUIA KPYT OPraHUYECKUX CyOCTpaToOB: MOJIU- U
MOHOcCaxapuibl, 0eJK1, aMUHOKMCIIOTHI, OpraHu4e-
CKME KHUCJIOThI U CIIUPThI, apOMaTUUECK1Ee COeUuHEe-
HUs U apyrue Beiectsa [12, 79]. [To nanHbiM 3. [1p-
Buc [80], U3 oHOI MOJIEKYJIbI [JII0OKO3bI, HATIPUMED,
MOJIy4aeTcs cyeylollee KOJUYECTBO KOHEYHbBIX MPO-
JIYKTOB:

1.0r C¢H;,04 —> 0.25Tr CH, + 0.69T1 CO, + 0.06 T
KJIETOYHOM Macchl + 632 k/IX sHepruu,

WK U3 | MOJIS TJTFOKO3bI MOXKHO TTOJIYYHTh 2.8 MOJIsST
CH, u 2.6 monsa CO,.

B cBoro ouepenb, METaHOTSHBI SIBJISIOTCS “y3KU-
MU CHelUaInucTaMmu”’, TaK KaK MOTYT MCIIOJIb30BaTh
JIAIITL OTpaHWYEHHBIA HabOp cyOCcTpaToB, 00pa3yio-
IIMXCS 32 CYeT aKTUBHOCTU APYTUX YJIEHOB MUKPOO-
HOro coobOuiecTBa. Tak, OCHOBHBIMHU CyOCTpaTamMu
MeTaHOTeHe3a SIBIISTIOTCS YIVIEKMCIIBIN ra3 ¥ BOJOPOL,
(rupporeHoTpoMHBII MeTaHOIeHe3), aleTaT (aleTo-
KJIACTMYECKUIA MeTaHOreHe3), (hopMuaT, METaHOI U
MeTuaaMuHbl. Hanbonee sHepreTM4eCKy BEITOAHBIM
IIPOLIECCOM SIBJISIETCSI peaKlivs oOpa3oBaHUsI MeTaHa
¥ BOIOBI:

4H, + CO, ¢ BbIX0OA0M CBOOOIHOM
sHeprun —135.6 xIxx/Momb [81, 82].

TomoareroreHHbIe OaKTeprU, B ciiydyae ecliu Me-
TaHOTeHe3 MOAaBJIeH, CUHTE3UPYIOT U3 BOAOPOIa U
YIJIEKUCIIOTO ra3a aleraT, KOTOpbIii, B CBOIO OYEPEb,
TakXXe 3aTeM MOXET ObITh MCIIOJb30BaH alleTOKJa-
CTUYECKUMU METAaHOTEHAMU 11 00pa3oBaHUsI MeTa-
Ha [52]. IlpeacraBurenmu pomoB Methanosarcina n
Methanosaeta (Methanothrix) CIIOCOOHBI aAKTHMBHO
notpeossarh auerar [83]. Pon Methanosarcina BKiio-
gaeT B ceOs BUIOBI, CITOCOOHBIE TakKxKe pacTh Ha
H,/CO,, metaHose, MeTUIaMUHax U auLeTaTe, B TO
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BpeMs Kak ripeactaButein Methanosaeta MOryT nc-
IOJIb30BaTh JIMIIL aleraT B KayeCTBe MCTOYHUKA
sHepruu. M3BeCTHO, YTO MPU BBICOKUX KOHIIEHTpA-
LUSIX alleTaTa B COOOIIECTBE MPeodIanaloT mpeacTa-
Butesnn Methanosarcina [84]. Tax, M. barkeri urpaet
IJIaBHYIO POJIb B OBICTPOM YBEJIMYCHUU COIACPKAHUS
MeTaHa, IToTpeOJIsisi HaKOIUISHHEIN atieTat, a Metha-
nosaeta TOMAHUPYET B ciydae JJIUTEILHOTO TIepruoa
cOpaxXuBaHMs, KOrla YpOBEHb alleTaTa CTAaHOBUTCS
Hke 100 mMr/m.

N3meHeHus B 3HaueHUsIX pH MoryT ObITh KpUTH-
4ecKUMHU i1 (pyHKIIMOHUPOBAHMUS METaHOT€HHOIO
coobirecTtBa. ONTUMAJIILHBIMU 1JIsI Pa3BUTUSL METa-
HOTEHOB SBJISIIOTCS HeliTpaibHble pH, a pH Hike 5.0
MOAABJISIOT NX aKTUBHOCTB. B TO ke Bpemst KM ¢ co-
aBT. [85] moka3anu, 9YTO IPU KyJIbTUBUPOBAHUU MeE-
30(bMJIBHOTO METAHOTEHHOT'O COOOIIIECTBA B ITOJTYyHE-
MpepbIBHOM pexuMe hepMeHTepa ¢ TJII0OKO301 B Ka-
gecTBe cyOCTpaTa M BpeMEHEeM THAPaBINYECKOTO
yaepxXaHus B TedeHue 9 cyt Hu3kuit pH (4.5) He
OKa3bIBaJl MHTMOMPYIOIIETO BIMSHMS Ha IIPOLECC
ruaporeHoTpodHOro MeraHoreHesa. OmHaAKO Apy-
rue aBTOpHI [86] cunTaroT, 4YTO BHYTpU hbepMeHTEPa
CYIIECTBYIOT HUIIIM ¢ HelTpaibHbIM pH — cBoe06-
pa3Hble LIEHTPHl MHULUMPOBAHMWS METaHOTEeHE3a.
Hamuuue pasnmunii B 3HadeHusIx pH, BiaxkHocty n
koHUeHTpauuu JIZKK crnocoOGCTBYIOT MPOSIBICHUIO
MUKPOOHOI akTuBHOCTU Iipu HU3Kmx pH. Ilpu ot-
CYTCTBUHM TaKMX HUII HA4Yajl0 METaHOTeHe3a MOXKET
OBbITH CBSI3aHO C TPOSIBJCHWEM AaKTUBHOCTU TOJIe-
paHTHOI K Hu3kuM pH M. barkeri. Kak Tonbko pH
JOCTUTAECT HEUTPAJIIbHBIX 3HAYEHUI, aKTUBHOCTb M€~
TaHOTeHe3a COO0IIeCTBa YBEIUUUBACTCS B HECKOJIb-
KO pas.

BO3OBHOBJIAEMBIE CYBCTPATBI
METAHOI'EHE3A

st omydeHust Omorasa MOryT OBITh MCITOJIb30Ba-
HbI pa3jIUYHble BUALI OPraHUYECKNX CYOCTPATOB, OJI-
HAKO OCHOBHBLIM CBIPbEM [IJIsI €ro IPOM3BOACTBA Ha
IIPOMBIIIIEHHO-KOMMEPYECKMX IIPEANPUATUSIX OCTa-
FOTCSI HABO3 CEIbCKOXO03SIMCTBEHHBIX >KUBOTHBIX U IO-
MET NTHUIL, a TAKXKe OpraHn4YecKasl 4acTb OBITOBBIX U
MPOMEBINIUICHHBIX OTXOIOB B BHAE CTOYHBIX Box [11,
17]. IlpoBomsdTcst ucCIemOBaHUS IO ITOJYYSCHUIO
Ouorasza 13 TaKux TPyaAHOOOpadaThIBaeMbIX CyOCTpa-
TOB, Kak Topd u yrousb [25, 87]. [lokazaHo, 4yTO Ha-
MHOTO BBITOJTHEE KaK C 9KOHOMMYECKOM, TaK U C KO-
JIOTMYECKOU TOYEK 3peHUs cCOpaknBaTh HE “UMCThIE”
OTXOHbI, a AOIOJHSTh UX KO-CyOCcTpaTaMu, HaIlpu-
Mep, U3 “PHepreTUYeCcKuX”’ pacTeHHU, K KOTOPBIM
OTHOCSIT CIICLIMAJIbHO BhIpaliBacMble TPAaBSIHUCTHIC
KYJABTYphl (CaxapHBIM TPOCTHUK, KYKypy3a, IIpOCo,
MOACOJITHEYHUK, MUCKAHTYC, Paric U HEKOTOPHIE ApY-
rue), a TakxKe ApeBeCcHbI moapocr [7, 26, 32]. Pactu-
TeJIbHBIE OTXO/IbI, OJIydaeMEbIe IIpU JiecornepepadoT-
K€, BeACHUHU CEIbCKOIO XO3SIMCTBA U KMBOTHOBOI-
CTBa TaKXKe MOTYT 3HAYUTEJIbHO ITOBBICUTH BBIXOJ,
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Ouoraza, KpoMe TOro, OHM He TPeOYIOT 3aTpar Ha UX
BbIpalllMBaHUe, cCOOp U 00paboOTKy, KaK B CiIyyae C
“aHepreTMyeckMuMu’” pacteHusmu [7]. Tak, mo naH-
HBIM Bacunona [88], BeIxom 6morasa mpu MCIOJIb30-
BaHWU TpaBbl, KapTo(eabHOU OOTBBI, KYKYypPY3HbIX
crebJieit, eayxy MOACOIHEYHMKA U MILIEHUYHOM COo-
Jombl coctasistet 630, 420, 420, 300, 340 1 CH,/kT
COOTBETCTBEHHO, B TO BpeM:I KaK IpU COpaKMBaHWH,
HampuMmep, TojbKo HaBo3a KPC ob6pa3syercs
250 n/kr. Mo npyrum manHbIM [26], BBIXON OMOTa3za
ITPY UCTTOIb30BaHUM Pa3IMIHBIX CyOCTPATOB COCTaB-
JisieT npu copakuBaHuu HaBo3a KPC, cBuHel U co-
JIEP>XKMMOTO 3aTOHOB JIST XXUBOTHBIX — 25, 30 u 60 1
Omorasa/Kr BiIaXXHO OMOMAacChl COOTBETCTBEHHO, B
TO BpeMsI KakK IMpHU cOpakuBaHUU CBEKJIOBUYHBIX JIM-
CTheB, KOPMOBOW CBEKJIbI, CyIaHCKOI TpaBbl (Sorgh-
ium vulgare), TPaBIHOTO M KYKypy3HOTO CHJIOCOB M
OCTaTKOB 3epHa obpasyerca 60, 90, 130, 160, 230 u
550 n6uorasa/Kr BlIaXHOI OMOMAaCChl COOTBETCTBEH-
Ho. B IepMaHuu KyKypy3HBI W TpaBSIHOW CHUJIOC
HanboJjee 9acTO HMCHONB3YIOT B KadyecTBe KO-CyO-
cTpaToB B (epMeHTEpax [26].

Bromaccy GoOTOTpOHBIX MHKPOOPTaHNU3MOB
TaKKe paccMaTpyBalOT, KaK TEPCIIEKTUBHBIN Cy0-
CTparT [JIsl Noy4YeHust Ouorasa, Tak Kak OHU XapaKTe-
PU3YIOTCS BBICOKMMH CKOPOCTSIMU POCTA, JIYYIITUM
10 CPaBHEHUIO C HA3eMHBIMM PACTCHUSIMU YCBOCHU -
€M COJIHEYHOI SHePIuHU, OOJIBIINM COASPKaHUEM 3a-
MMAaCHBIX BEIECTB M BKIIIOUECHUI, KOTOPHIE TTOBBIIIIA-
IOT UX dHepreTudeckuit moreHuuan [89]. Kpome To-
ro, Ux KyJIsTUBUPOBaHUE OTHOCHUTEIBHO HEIOpOro.
Cpenn HanboJjiee M3yYeHHBIX B 3TOM IUTaHE MUKPO-
OpPraHW3MOB — TIPEACTABUTENIM IIMAHOOAKTepUil U
MuKpoBogopocieit [21, 90, 91]. Tak, npu aHa’poO-
HOM pa3zJioKeHUuu (oToTpodHOii OGuomMacchl ObLIO
noxyaeHo 500, 450, 300 1 350 mu1 6uorasa,/r Omomac-
cbl Spirulina platensis, Anabaena variabilis, Chlorella sp.
[21] u Spirulina maxima [90] cooTBeTcTBeHHO. [TpoO-
TYKTUBHOCTb Pa3IOXKEHMsT OMOMAacChl BOHOpOCTEH
CpaBHMMA C TIPEIbIAYIIIMMY MTOKa3aTeISIMU M COCTaB-
nstet 500 Mo/t [91].

OCHOBHBIM  TIOJIMCAaXapUIHBIM KOMITOHEHTOM
BBICILIMX PACTEHU SIBJISIETCS] LIEJII0I03a, COAepKa-
HUE KOTOPOI MOXKET COCTaBIISTh OKoJio 35—50% or
CYyXOI1 MacChl pacTUTEIbHBIX BOJIOKOH [57, 92]. Bto-
pPbIM TIO COAEPXKaHUIO PACTUTEIbHBIM MOJMCaXapU-
JIOM SIBJISIETCSI TEMUIISIIII0103a, KOTOpask COCTaBIISIET
25—35% oT NMUTHOLEJUTIONO3HOM OMOMACCHI U TIpe/i-
CTaBJieHa, B OCHOBHOM, 3aMeIlleHHbBIMU KCUJaHaAMU
(1Ipeo0bJi1amaloT B TBEpOOM ApeBeCUHE), TJIIOKaHAMU,
MaHHaHaMM, apaOMHaHaMM WM rajakTaHamu (Co-
JepKaHue TJIIOKOMAaHHAHOB MOBBIIIEHO B MSTKOI
npeBecuHe) [92—94]. B cocTaB KJIE€TOUHO CTEHKU
pacTeHUI BXOIST TakKKe U ApyTrue OMONoJIMMephl —
MEeKTUHBI (MoaMcaxapuabl, coaepxXalliue, B OCHOB-
HOM, OCTaTKM rajJlaKTOyPOHOBOI1 KUCJIOTHI), ITOJIM-
¢deHoNbl (IUTHUHEI, cocTaBlisomue oT 5 1o 30% ot
CYXOM MaccChl pacTeHHUI, a TakXke TaHWHBI) U, B
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MEHBIIIe CTEIIEHU, CTPYKTYypHbIE OeJKHN, Kpaxmas
[57]. CunuTaeTcs, 4TO B HACTOSIIIEE BpeMsI UCIIOJIb3Y-
eTcd TuInb 2% OnoMacchl KJIETOUHBIX CTEHOK pacTe-
Huii [94]. [1pu BEICOKOM conepKaHUU JUTHUHA (Ipe-
BECHHa, cojioMa, OTpyou) Jrodass 00paboTKa pacTu-
TEJIBHOIO ChIPbsl CTAHOBUTCSI 3aTPYOHUTEIBHON M
3a9acTyl0 HEeOoOXOAWMO IIPOBOIUTH HPEABAPUTEIIb-
HBIN TUIPOIN3 ChIpbS [95].

AHADPOBHOE PACIIEIVIEHUE
HEJUTIOJIO3bI

CHocOOHOCThIO K aHa’poOHOMY pPa3IoXeHUIO
LEJUTIONO3bl  00J1aJaloT pa3audHble (U3MOJIOTHYe-
CKUX TPYNIIBI MUKpooprann3MoB. Hanbomnee moHbie
CBeJicHMsI 00 3TOM IIpeACTaBIeHbI B 0030pax [57, 93,
97]. ITockosbKY BOJIOKHA 1I€JUTHOJI03bI IUIOTHO CBSI3a-
HBbI C APYTMMU NOJMMEPAMU, TAKUMU, KaK TeMULIEII-
JIF0J103a U JIMTHUH — 3TO JejiaeT LeJITI01030CoaepXa-
I1Me MaTepuaiabl KpaifHe YCTOMYMBBIMU K pa3pyllle-
Huo. [Maponmns 1eurono3bel 0akKTepusIMUA OOBITHO
OCYILECTBISIETCS MEIJIEHHO, OMHAKO MUKPOOHbIN
KOHCOPLIMYM PyOIla XKBaYHbBIX CIIOCOOEH THUAPOJIN30-
BaTh 60—65% 1emn010361 3a 48 4 [96]. CiocoOHOCTD
K pasJIoKeHUIO 11eJUTI0I03bl OOHApYyKeHa Yy a3po0oB —
npeacraBureneii ponoB Acidothermus, Bacillus, Caldi-
bacillus, Cellulomonas, Cellvibrio, Cyfophaga, Dyella,
Erwinia, Microbacterium, Micromonospora, Pseudomo-
nas, Pseudoxanthomonas, Sporocytophaga, Rhodother-
mus, Streptomyces, Thermobifida 57, 92, 98—104].
Cpeny aHa3pOOHBIX MUKPOOPTAaHM3MOB LIEJITIONI030-
JIMTUKU OOHaApyKeHBI Yy TIpeJcTaBuTes el ponoB Aceti-
vibrio, Anaerocellum, Bacteroides, Butyrivibrio, Caldi-
cellulosiruptor, Clostridium, Desulfurococcus, Entero-
coceus, FEubacterium,  Fibrobacter,  Halocella,
Ruminococcus, Spirochaeta, Thermotoga |33, 55, 56,
57-59, 92, 96, 101, 105, 106]. BaxHoii 0ocOGeHHO-
CTBIO aHARPOOHBIX 1LIEJUTIOJIO30JIUTUKOB SIBIISIETCS UX
CIIOCOOHOCTH K aare3uy Ha cyocrpare (puc. 2), 4To
OCYIECTBIISIETCS 3a cUeT OaKTepHaJbHOIO BHEKJIC-
TOYHOTI'O MaTPUKCa, KOTOPBIM HE TOJBKO TO3BOJISIET
MUKPOOPTAHU3MAM TPUKPEIIATLCI K TUIPOJIU3YeE-
MOMY CyOCTpaTy, HO U BBITIOJHSIET CTPYKTYpOoOoOpa3sy-
IOIIYIO POJIb U MIPEAOCTABISIET 3alUTY IJISI MUKPOO-
HBIX KJIETOK OT pa3HOro poaa (pu3anKo-XUMUYECKUX
daxropos [57, 107—109].

AHaspoOHbIe TepMOMUIbHbIE LEUTION030IUTH -
YeCcKre MUKPOOPTaHU3MBI OOJIbIIEH YaCThIO BEICOKO
CcHeuMaJu3upoOBaHbl M YaCTO HE CITOCOOHBI pacTu Ha
MOHO-, OJIMTO- W TIOoJMcaxapuaax, CoIepXKalluxX B
CBOEM COCTaBe OTJIMYHBIC OT IJIFOKO3bl 3BeHbsI. OHU
JIOCTaTOYHO OBICTPO TMAPOJMU3YIOT TaKUE LEJTI0JI0-
30coAep:Kallye MaTepuayibl, KaK (UIBTpOBajbHAasI
OyMmara, Bara, BOJIOKHA XJIOIIKA W JIbHA, JIbHSHEIC U
XJaom4aToOyMazkHble TKaHH, KapToH [57, 92]. B otiu-
yre OT a’poOOB, KOTOPBIC Pa3pyllIaloT LEUTION03Y C
MOMOIIBIO BHEKJIETOYHOIO KOMILUIEKCa (DEpMEHTOB,
aHa’pOoOHbBIE OAKTEPUM TUAPOIUIYIOT €€ C yIacTUEM
MYJIBTU(PEPMEHTHBIX 1I€JUTIOJIa3HbIX CUCTEM — IIEJI-
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monocoMm [96, 110, 111]. C. thermocellum HapaBHe C
3assKOPEHHBIMU Ha KJIETOYHOI TTOBEPXHOCTU LIEJITIO-
JIOCOMaMM BbIJIEJISIET M BHEKJIETOUHbBIE 1IEJUTI0JIa3hl,
TOTrJa KaK MHOTHE aHa’poObl MMEIOT TOJBKO KOM-
TUICKCHI LIEJIJTIOJIOCOM U HE 00pa3yloT KaKoro-jimbdo
3HAUUTEILHOTO KOJMYECTBa paCTBOPUMBIX LIeJLTIOIA3
[57]. Uenmmtonocomsl npeacraBurelieit ponoB Clostridi-
um n Ruminococcus n3ydeHbl TOCTATOYHO TIOJIPOOHO.
VY C. thermocellum rvaponun3 UeUTH003bl TPOUCXOAUT
C IOMOIIBIO CIIELMAIBHBIX OPTaHe/I — ITOJIUILIEIITIO-
JIOCOM, MOJIEKYJISIpHasi Macca KOTOPBIX TOCTUTAeT
100 Ma [57, 96]. Ctpoenue, pasHOOOpa3ue U Mexa-
HU3M AEHCTBUS ITHUX LIEJUIIOJIOCOM PACCMOTPEHBI B
o63opax B. IlIBapua [96], JI. Tunga [57] u E. baitepa
[112].

Hemmonocombl C. thermocellum TipeacTaBiaSIOT
CTaOMJILHBII BHEKJIETOYHBIN (DEPMEHTHBIA KOM-
IJIEKC C MOJEKYJISIpHOI Maccoil okono 3 MJla,
JKECTKO CBSI3aHHBIA C OakTepuaJbHOU KIIETOYHOM
CTEHKO!. DTOT KOMILIEKC COCTOUT U3 HEKATAJIUTUYUE-
CKOT'O ITOJIAITETITUAA, IIOYyYMBIIETO Ha3BaHMUE MHTE-
rpupymoiiero neanoaocomy oenka A (CipA) — ckad-
donnuHa U oT 15 10 25 pasIuyHBIX TUAPOIUTHAYE-
CKUX (epMEeHTOB — OelKoB-MoayJeit [57, 96, 113,
114]. B coctaB MyabTYHKIMOHAIBHBIX LIEJII01a3-
HbIX KOMITJIEKCOB KJIOCTPUAUMA, MTOMUMO LIEJIII0IA3,
9HJIO- ¥ 9K30III0KaHAa3 MOTYT BXOAUTH TAKXKE MaHHa-
Ha3bl, KCMJIaHA3bl, XUTUHA3bl U TuXxeHas3sl. biaroma-
ps LeJuroJiocoMaM (puc. 3) pacCTosIHUE MEXIy Cy0-
CTPaTOM U KJIETKOUM CTAHOBUTCSI MUHUMAJbHBIM, UTO
3HAYUTEJILHO COKpaIllaeT IOTepU IIPOIYKTOB THAPO-
JIn3a Ueso03bl. LlenoocoMbl TpeacTaBIsIOT CO-
00li ClIoXHbBIE OeIKY ¢ KaTaTUTUYECKUMU LIEHTpaMu
¥ cyOCcTpaTCBsI3BIBaOIINMU JoMeHamu [96]. Bee co-
CTaBJISIIONIME KOMILIEKC (PEpMEHThl TakXke HNMEIOT
MOJyJIM, Ha3biBaeMble TOKEPUHOBBIMU (JOKEPUHBI
I), koTophbie criendrUecKy CBSI3bIBAIOTCS C KOMILJIe-
MEHTapHLIMU MM KOTI'€3MHOBBIMM MOMYJISIMU (KOTIe-
3uHbl 1) ckadpdonauna [96, 113]. [TomoOHBIE Kore-
3UH-JIOKEPUHOBBIE B3aMMOACUCTBUSI (POPMUPYIOT
CTPYKTYPY LICJUIIOJIOCOMBI U YIEPXKUBAIOT BMECTE
Bech KoMInieke [57, 112, 114]. Cpenu apyrux Moay-
JIel, BXOISIIX B COCTAaB LIEJUTIOJIOCOMEBI, OOHApyXKe-
HBl YTJI€BOACBS3bIBaOIIME (1IE/UTI0JI030CBSI3bIBAIO-
mue) Moayau (YCM), UMMYHOTJIOOYJIMHITOOO0HBIE
MOIyJIu, MOyiu Tumna ¢pudopoHekTuH I11-cBsi3bIBatO-
IIUX JOMEHOB, 0003HauaeMble, Kak X-Momynu [96,
114]. ITpukperuieHUEe LEITIOI0COMbI K KPUCTALIN-
YeCKOl CTpYKType cyOcTpaTa, IIaBHBIM 00pa3oMm,
oOycnosieHo BzauMonaeiicteueM YCM cemeticTpa 111
ckaddoanuna [96]. T1pu sToM cyobeanHuIa cKkad-
donmuHa cogepXut oguH YCM, HO ¢ OOJIBIIMM KO-
JIMYECTBOM KOT€3MHOBBIX Momyieii [112].

Ckaddonnun C. thermocellum (197 x/la) coctout
n3 9 Kore3nHOBBIX foMeHOB THITa I. K HacTosmemy
MOMEHTY Y 3TOr0 MUKPOOpPIraH1M3Ma UAeHTUDULIUPO-
BaHO OoJiee 20 TreHOB, OTBETCTBEHHBIX 3a OMOCHHTE3
KOMITOHEHTOB IIEJUTIOJIOCOMBI: Cpear HUX 4 KOTUpY-
10T 9K30MTI0KaHa3bl (1eJI00Moruapoasbl), 9 — aH-
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Puc. 2. ®parmeHT aHAa3pOGHOTO Me30GUITEHOTO COO0IIIe-
CTBa MUKPOOPTaHU3MOB, pa3jararoLimux LeJUTa03y ¢ 00-
pazoBaHHeM MeTaHa. MUKpPOOHBIE KJIIETKH, B TOM YHCJTIE C
TePMUHAJIBHBIMU CIIOpaMU, OOBEAMHSIOTCS (anre3usi)
BOKPYT BOJIOKHA LIeJITI0JIO3HI [ 146]. CBeTOBast MUKPOCKO-
s, yenmmaeHue X900.

JIOTJIIOKaHa3bl, 5 — KCUJIaHa3bl, TUAPOINU3YIOIINE Te-
MMULIECJUTIOJI03Y, IO OMHOMY — XMTHHA3y, MAHHAaHAa3y U
mmxeHady (B-1,3—1,4-sHnmormokanasy) [57, 96].
Kpowme Toro, ckadpdonnmabel HecyT YCM cemericTBa
II1, X-noMeHBbl 1 MOIU(PUIIMPOBAHHBIE JTOKECPUHBI
II Tuma. KomruieMeHTapHble UM Kore3wHbl Tuma [1
coJepxKarcsl B 0ejikax IMpearnooXUTeIbHO MPpUHAal-
JieXalux S-cjao0 0akTepuaibHOM KJIETKHM, TaK KakK
BCe OHU coaepxaT cnenuduueckue mist S-cinosga SLH
moMmeHbl (surface-layer homologous module) [96,
113]. CTpoeHue 1 cocTaB LIEJUTIOJIOCOM, a TaKXKe JIO-
KaJIu3aliysi TeHOB OTJIMYAIOTCS HEe TOJbKO MEXIY PO-
JlaMU MUKPOOPTaHU3MOB, HO 1 Y BUJIOB, MPUHAJIE-
Kalux K ofHoMy poay. B To ke Bpems cpenu aHas-
pOoOHBIX TpUOOB U3 poaoB Neocallimastix, Piromyces,
Orpinomyces, 3aceisiiolIMX KeJTyTOoUYHO-KUIIIEeYHbIH
TPaKT TPABOSIHBIX XKUBOTHBIX (B OCHOBHOM, pyO€ell U
CJIeTyI0 KUIIKY) ¥ aKTUBHO TUAPOJIU3YIOIIMNX LEJUTIO-
JIO3y, TakKxKe OOHapy>KeHbl CXOIHbIE 1IEJUTI0JI0COMO-
OJIO0HBIe OEJTKOBBIE KOMIUIEKCHI [114].

DbDEKTUBHOCTh U MPEeUMYIIECTBa OaKTepUalb-
HBIX [EJUTIOJIOCOM CBSI3aHBI C BBLICOKOW aKTUBHOCTBIO
LEJUTIOJIO30CBI3BIBAIOIIETO TOMEHA, O0ECEYNBAKO-
1IeTOo MpUKpEernjJeHue K cyocTpaTy, CUHEPru3MoM
NEWCTBUSI MU ONTUMAIBHBIM COOTHOILIEHUEM MEXIY
BCEMM KOMIMOHEHTAMHU, BXOJSIIIIUMU B COCTaB 3TOTO
MYJIBTU(PEPMEHTHOTO KOMILJIeKCa, a TakXke IIpo-
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Puc. 3. CxemaTuyHoOe npelcTaBieHe CTPYKTYPbI LiesutosiocoMbl Ha ipuMepe C. thermocellum ( ¢ uameHeHusimu 1o [57, 96]).
OG6o3HaueHUs: MOIyJIbHAsI CTPYKTypa cKaddoiarHa oTMedeHa CepbIM LIBETOM, (pepMEHTHBIE KOMITOHEHTbI — TEMHBIM 1[BE-
ToM. YCM — yIiIeBOICBSI3bIBAIOIINI (1IE€JUTIOI030CBA3BIBAIONINIA) MOAYIb, X — X-Moayib, K1—K9 — kore3unsr, KOI' I, 11 —
kore3uHoBble Mmoayiu I u 11 Tunos, JIOK I, II — nokepuHoBsie Mmoayau I u II Tunos, SLH — “surface-layer homologous” Mo-
yJib, CBA3bIBAIOLIMUI KOMILIEKC ¢ OaKTepruaabHOM KJIETOUHOW CTEHKOM.

CTPAHCTBEHHOI OpraHMU3alUen, ONpeaeIAIolEein mo-
psiIoK aeiicTBus hepMeHTOB [96]. B mmocneaHee BpeMst
MHOTHME MCCJIEIOBAHUS IIOCBSIIEHBI T€HETUYECKOMY
KOHCTPYMPOBAHUIO HCKYCCTBEHHBIX 1IEJUTIOJIOCOM C
3aJJaHHBIMM CBOMCTBAMM, UTO MO3BOJISIET OOBEANHUTD
HECKOJILKO HYXXHBIX (pepMEHTOB BMECTE U JOOUTHLCS
MX CKOOPJAMHUPOBAHHOIO JIEUCTBUSI BHYTPU CO3daH-
HO LeJu1oocoMbl [57, 112]. boiee Toro, miaa3Mumbl
C reHaMM, OTBETCTBEHHBIMM 3a CHMHTE3 MHOHOOHBIX
CTPYKTYP, MOKHO BBOJIMTH B MEHEee TPeOOBaTEILHBIN
K YCJIOBUSIM KYJIBTUBUPOBAaHUSI MUKPOOPTaHU3M, Ha-
OpuMep IITaMMBbI — IIpencTaBuTen poma Bacillus
[112]. ITomoOHBIMA TMOAXOHM IIO3BOJHUT 3HAYMTEIHHO
CHM3HUTH 3aTPaThl MO IIpeao0paboTKe HEeUTI0I030C0-
JIepKallero ChIpbs (CM. HIDKE) M €r0 KOHBEPCHU B
OMOTOIIUBO.

B nporiecce rmaponmsa 1eJUTION03bI 00pa3yoTcs
JII0KO03a, 11e/UT00103a 1 LIEJITIONeKCTPUHBI Pa3Ing-
HOW IJTMHBI, KOTOPbIE COPasKUBAIOTCS 10 MIPOIYKTOB,
Cpeln KOTOPBIX MPUCYTCTBYET 3HAYUTEIBLHOE KOJIU-
YecTBO alleTara M yrjeKucjoro rasza. B pesynbrare
KOHBEPCUU MPOMEXKYTOUYHBIX MPOAYKTOB, HAIIpUMEP
MnYpyBaTa, pa3Hble BUAbl 0aKTepHUil 00pa3yloT JIAKTaT,
3TaHoJI, (hopMUAaT, CyKIIMHAT U IPyTUe OpraHuvYecKue
KHCJIOTHI, B TOM YHCJIE alleTaT, a TAaK:Ke BOTOPOI 1 yT-
JIeKUCHbIN ra3 [92]. B npupoaHbIX YCIOBUSIX pa3py-
IIIeHHE TEJITI0IO3BI IIPOMCXOINT, B OCHOBHOM, B pe-
3yJIbTaTe€ aKTUBHOCTU COOOLLIECTBA MUKPOOPTaHU3-
MOB, COCTOSIIETO U3 HECKOJbKMX (MHOIHUX)
LIEJUTIONIO30JIMTUYECKMX W HEIeJUTION030JIuTHYe-
ckux BugoB [33,52,57,104, 115—117]. Mukpoopra-
HU3MBI, COCTaBJISIIONIME TAKUE COOOIIECTBA, TOMUMO
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KaTaboJIM4eCKUX B3aUMOICUCTBUI, OOeCIeYnBalOT
CBOMX ITAapTHEPOB CBSI3aHHBLIM a30TOM, BUTAMUHAMU
M ApyruMu (paKTOpaMH POCTa, B KOTOPBIX HYXKIAIOT-
csd, HO He MOTYT CMHTE3UpPOBAaTh HEKOTOPHIE U3 UX
Y4acTHUKOB [41, 42, 52].

ITEPEPABOTKA HEJUTIOJIO3bI B METAH

boapmmHCTBO (hyHAAMEHTAJIbHBIX U OMOTEXHO-
JIOTMYECKNX pa0dOoT IMOCBAIIEHO N3YYeHUIO 00pa3oBa-
HUS OMorasza u3 HaB03a XXHWBOTHBIX, OCAIOUHOTO UJIa
CTOYHBIX BOJ M Pa3HOrO pojia OPTAaHWYECKUX OTXO-
JIOB, YTO TOCTATOYHO IIIMPOKO OTPAKEHO B JIMTEPATy-
pe [3, 23, 37, 118—121]. 3HaunTeILHO MEHBIIIEC NH-
¢dopManMu MpPEeACTaBIEHO O TaKOM cybcTpare, Kak
nesutoao3a. [1pu 3ToM UMEHHO 1IeJUTION03a U TeMU-
LIeJITI0J103a 3a4acTyIo MpeobaaaloT B TBEPABIX Opra-
Huueckux ObIToBBIX orxomax (TBO) [122—124]. B
nocJiefHee BpeMsl MHTepeC K KOHBEpCUM OyMaxKHOTO
CBHIPBSI B OMOTa3 BO30OOHOBUJICS, UYTO CBSI3aHO, B YaCT-
HOCTH, C aKTUBHBIM BHEJIpEHMEM BO MHOT'MX CTpaHax
TEXHOJIOTUI pa3aesibHOro coopa mycopa. Kpome To-
ro, bymara 1 KapTOH SIBJISTIOTCSI Han0oJIee JOCTYITHOM
Itst ouonerpanauuu ¢dpakuueids ThO [7, 124, 125], a
CTOYHBIC BOABI, 0Opa3yeMbie IIpU aHAPOOHOM pa3-
JIOXKEHUHN HEUTI0I030COoIepKaIINX MaTeprualioB He-
TOKCUYHBHI [125].

M3BecTHO, 4TO 3HEprUs, comepKallasicsa B opra-
HUYECKOM CBIpbe, MOXKET NepexXoauTh Ha 85% B Me-
TaH (pacyeT MPOU3BEICH IO KOHBEPCUM LEIIIIOI0-
3bI), KOTOPBII SIBISIETCSI OCHOBHBIM KOMIIOHEHTOM
6uorasza [126]. Ha ckopocTs 1 OJHOTY GMOpa3ioxke-
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HUSI LEJUTIOJIO30COAEpKAIer0 MaTtepraia BIUSIEeT
MPUCYTCTBUE JIMTHUHA. B pasnuyHbIX BUOAX LEUTIO-
JI030Co/IepKalllNX CYOCTPATOB €ro CoAePKaHNE MOXKET
coctaBisTh (%): 18—35 — npeBecuna, 30—40 — ckop-
nyna opexoB, 10—30 — tpaBa, 0—15 — pa3Iu4yHOrO TU-
na oymara, 15 — mmeHu4yHast cojioma, 0 — JIMCThS,
18—30 — razera, 2.7—5.7 — TBepabIiA HABO3 KPYITHOI'O
poratoro ckota [97]. HecMoTpst Ha TO YTO CyIIECTBY-
€T mpsiMasi 3aBUCUMOCTb MEXXy MOBBIILICHUEM KOH-
LEeHTpallM¥ MeTaHa B Cpelie KyJIbTUBUPOBAHUS IIPU
YBEJIMUYEHUM COAEp>KAHUS 1IEJUTI0N03bl M TeMUIIE-
JIIOJI03bI B cyOCTpaTe, HaJIuure JIMTHUHA MOXET 3Ha-
YUTEJIbHO WHIMOMpOBaTh OOpa3oBaHMe Ouorasa
[125].

Craaus TuapoJIn3a LIeJUTI0JIO3bI BOOOIIIE SIBISICTCS
CKOPOCTBJIUMUTHUPYIOIIUM 3TAIlOM IIPU aHA3POOHOM
paclienjeHuu cyocTpaToB, COAEPKaIUX LIEeJUTI0JI0-
3y, UTO, B OCHOBHOM, CBSI3aHO MMEHHO C IIPUCYTCTBU -
eM JyiarHuHa [57]. Kpucrammmgeckass CTpyKTypa M
pa3Mepbl 4acTUll MYJBTUKOMIIOHEHTHON U TeTepo-
T€HHOM 110 COCTaBY JIMTHOLIEJLIIOI03HOM OMIOMAaCChI U
HEJIOCTYITHOCTD [3-TJTUKO3UAHBIX CBA3€U TS LIEJUTIO-
Jla3 3HAYUTEJIbHO 3aTPYIHSIIOT YCBOSIEMOCTD 1IeJLUTIO-
JIO3BI ¥ TEMUIIEIUTIONO36I [57, 127].

B cBs131 ¢ 3TUM 3a4acTyto MPUMEHSIIOT pa3InYHbIe
¥ He BCETa JIeleBhbIe CITOCOOBI MPeaoOopaboTKHU LI~
JII0JI030COACPKAILETO ChIPbsI, KOTOPBIE MOT'YT BKJIIO-
yaTh MEXaHWYeCKoe u3MeJibYeHUEe U MepeMasiblBa-
HUE, TUPOJIN3 npu TemIieparypax Boimie 300°C, uc-
MOJIb30BaHUE TaMMa- M CBEPXBBICOKOYACTOTHBIX
(MuKpoBoOJTHOBbIE) U3nydeHuit [128, 129]. B nepeBo-
006pabaThIBaOIIEil MPOMBIIIJICHHOCTA MCITOJIb3YIOT
00paboOTKy TOPSYMM MapoM — BBICOKOTEMIIepaTyp-
HbIl aBTOTUAPOIN3 U TUAPOTEPMOIN3 — HEPEIKO C
JIo0aBJIeHUEM TOMOTHUTEILHBIX aT€HTOB B BUJIE He-
OpraHUYECKUX KUCIIOT, TapOB YIJIEKUCIIOrO ra3a, aM-
muaka [93, 97, 130]. XumMuyeckue cnocoObl Ipe1oo-
paboOTKHU LEJUTION030CoAepXKaIIUX MaTePHaIOB BKITIO-
YaOT O30HOJIM3, IIEJIOYHON TUAPOINU3 U TUAPOIIU3 C
MTOMOIIIBIO KOHILIEHTPUPOBAHHBIX W pa30aBICHHBIX
KHCJIOT, @ TAKXKE OKCUAUPOBAHKE OKCUIOM BOIOPOaA
BO BJIaxXHOU atMocdepe [57, 93, 131, 132] u Tak Ha-
3bIBa€MbIii OPraHOCOJIB — IIPOLIECC, MPU KOTOPOM,
HapsiIy ¢ HeOpraHMYeCKUMU KHUCI0TaMU, UCITOJIb3Y-
IOTCS METaHOJI, 3TAHOJ, alleTOH, 3TUJIEHIJIUKOIIb,
TeTparuapodPypPyposa u HEKOTOPhIC APYTHe OpraHm-
yeckue pactBoputesu [57, 93, 97, 133]. Bce Ooubliie
BHUMAaHUS YASISIIOT U3YUYSHUIO U YIIyIIIEHUIO TEXHO-
JIOTUIA OMOJIOTUYECKOMN TTPpeoOpaboTKM C UCITOIb30-
BaHUEM KYJIbTYP MUKPOOPTaHU3MOB, B OCHOBHOM
rpuOOB 1 (PepMEHTOB, BbIIEIEHHBIX U3 HUX. TaK, BbI-
COKYIO aKTMBHOCTb IIPU PaA3IOXEHUU JJUTHUHA TIPO-
SIBJISIFOT  0a3WIMOMMIIETHI, BbI3bIBAIOIIME OEJIyIO
THUJIb, U3 pojga Phanerochaeta. He MeHee aKTUBHBI
npeacraBurend ponoB  Pleurotus, Sporotrichum,
Cyathus v Ceriporiopsis [97, 134]. Ectb nanHbie [135]
00 3¢hGhEeKTUBHOM HCIIOJb30BAaHUM MMKPOMMUIIETA
Trichoderma reesei B IByXCTaIUITHOM IIPOLIECCE TIPE-
I0OpabOTKU OTXOI0B BBICOKOJMTHUMDUIIMPOBAHHBIX
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JIMCThEeB araBhbl (cu3aib). [1pu nanpHeimeM copaxu-
BaHMU 00PabOTAaHHOIO TAKMM 0OPa30M ChIPbhsI BBIXO/I
MeTaHa cocTaBWJI 292 MJI/T MaccChl CyXOil Macchl, 4TO
66110 Ha 101% BbIlIEe TTO CPaBHEHUIO ¢ HEOOpaboTaH-
HbIM KOHTPOJIEM.

st monydeHust pepMeHTOB (1IeJUII0JIAa3) UCIIOJIb-
3yI0T pa3InYHbIe MUKPOOPTaHU3MbI, IPUYEM I'prdaM
OoTAaeTcs TpeArnovYTeHUue, MOCKOJbKY OHU He Tpedy-
IOT cIieM(UYIeCKMUX YCIIOBUIA 11 pOcTa, KaK, Halpu-
Mep, aHa’pOOHBIE MW TepMO(PUIILHBIE OaKTEepUH, a
KOJIMYECTBO 00Opa3yeMbIx (PEepMEHTOB B HECKOJIbLKO
pa3 TMPEeBbIIIAET MUKPOOHBINA OaKTEpUAIBHBIN OWO-
cunte3. [lpu aTOM cpeam GakTepHaJbHBIX KYIBETYP
HanOoJiee U3y4eHbl B 3TOM OTHOIICHUU TIPeICTaBU-
tenu ponoB Clostridium, Cellulomonas, Bacillus, Ru-
minococcus, Thermomonospora, Erwinia, Bacteriodes,
Acetovibrio, Microbispora |57, 96, 97, 135]. Cpenn
MUKPOMUILIETOB OCHOBHBLIMU MPOAYLEHTAMM LIEJIIIO-
JIa3 SIBJISIIOTCS BUABL ponoB Phanerochaeta, Sclero-
tium, Trichoderma, Penicillium, Aspergillus n Schizo-
phyllum [97].

HeobOxomuMo OTMETUTh, 4YTO IIO0ObIE CIOCOOBI
npenoopaboOTKN 3HAYUTEILHO YBEJIWYWUBAIOT CTOM-
MOCTb BCEro mpoliecca, 3a4acTyio SIBISIIOTCSI HERKO-
JIOTUYHBIMUA U TPeOYIOT MOCIEAYIONIE OUYUCTKU OT
WCITOIb30BaHHBIX peakTUBOB. IIoMCK MHMKpPOOHBIX
CO00IIEeCTB, CIOCOOHBIX 3((HEKTUBHO OCYIIIECTBIISITh
BCE CTaVM aHA3pPOOHOTO PA3JIOKEHMUS 1IEJLTI0I030-
coliepxKallx cyocTpaToB 0e3 mMpeaoopaboTKM, ocTa-
€TCA OL[HOIL;I N3 aKTyaJIbHBIX U IIE€PBOCTCIICHHBIX 3a-
Jad 151 TOIy4eHUsl OMoraza MUKpPOOUOIOTMYECKUM
OyTEeM.

ITpu uccnengoBaHuM MepepadOTKMU psiia OpraHU-
YeCKMX CyOCTpaTOB: TpaBa, JIMCThs, BETKU, IUIIEeBbIE
OTXOHIbI, MEJIOBaHHasl Oymara, cTapble ra3eThl, CTa-
phIii TobpUpPOBaHHBI OOEPTOYHBINA KapTOH, Oopuc-
Hag 6yMara — BbIXOH Guorasa cocrasuia 144.4, 30.6,
62.6, 300.7, 84.4, 74.3, 152.3 1 217.3 M CH,/T cyxoit
Macchl COOTBeTCTBeHHO [124]. Hannyuymue mokasa-
TEeJIU, HEe CUMTAsI MOJyYEeHHBIX IpU 0MOpa3a0KEeHUN
nuieBbIX 0TXoa0B (300.7), moydeHEI IIPU pa3jioxKe-
HUM KapToHa U o(pUCHOM OyMaru, B KOTOPBIX COACP-
KaHue JUTHUHA MUHUMAaJIbHO. [1o HEeKOTOphIM JaH-
HBIM [124, 136], comepxaHue JTUTHUHA KOJieOaeTcs
oT 2% B oducHoit no 24% B razetHolt Oymare. [1pu
3TOM aBTOPHI OTMEYAIOT JUIMTEIbHBIN TIepruoa odpa-
30BaHMsS OOVMHAKOBBIX KOJIMYECTB METaHa IIPU pa3yio-
KeHUU O(pUCHOM OyMaru, 4To CBSI3aHO C €€ ITOCTOSTH-
HBIM COCTaBOM (B OCHOBHOM, IIEJIJTI0JI03a U TEMULIECT-
JII0JI03a, JIMTHUH IIPaKTU4YeCKU OTCYTCTBYeT). [Ipyrue
ncciaenoBatenu [ 137] yKa3pIBaloT Ha TO, YTO OprcHas
OyMara mo CKOPOCTSIM DPa3jiOKEHUSI U KOJIWYECTBY
00pa3yeMoro KyMyJISITUBHOTO MeTaHa IPaKTUICCKU
CXOIHA C YMCTOM LEJUTIOJIO30M, B3STON B KA4eCTBE
KOHTPOJISI, B TO BpeMsl KaK KapToH (Kak rogpupo-
BaHHBIN, TaK 1 00EPTOYHBII), COAEepKAIIU B CBOEM
coctaBe 10 5% NUTHUHA, TUAPOJIU3YEeTCSI MEHee aK-
THUBHO, a IpeBECUHA IMMPAaKTUYECKN YCTOMYNBA K MUK-
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pobHoOMY pasnoxeHuto. IIpu aHaspoOHOM pasiioxe-
HUU TPaBbl, CMEIIAHHBIX PACTUTEJILHBIX OTXOA0B, O¢-
JneHoit  (oducHoit) Oymaru, TOGPUPOBAHHOTO
KapTOHAa, 3KypHAJIOB 1 ra3eT aBTOPHI ITOJIYIUIN BBIXOI
metaHa 210, 140, 370, 280, 20 1 8 mJ1/T cyxoro Bellle-
CTBa COOTBETCTBEHHO. TakuM o6pa3om, opurcHas Oy-
Mara M KapTOH SBIISIIOTCSI HauOosee 3¢h@(EeKTUBHO
TMIPOJIN3YEMBIMU CYOCTpaTaMM.

JlaHHbIe MocHeIHUX McclieqoBanmit [123] ceune-
TEJbCTBYIOT O TOM, YTO M3MeIbueHUe cyocTpaTa (0y-
Mara M KapToH) He CIIOCOOCTBYET MOBHIILICHUIO J0-
CTYIHOCTM ILEJUTIOJIO30COAepKAIIeTo  MaTepHajia
MUKPOOHBIM (hepMeHTaM U He 00JIeryaeT aare3uio Ha
HEM MHUKpOOpraHm3MoB. B skcriepuMmeHTax, ImpoBe-
JIEHHBIX B Me30(UIbHBIX YCIIOBUSIX, aBTOPHI IT0Ka3a-
JIY, 4YTO U3MeJIbYEHUE HE BJIMSIJIO HU Ha BbIXOJ MeTa-
Ha, HU Ha CKOpPOCTb ero odbpaszoBaHusi. CKOpOCTb
TUIPOJIM3A LEJIUTI0I03bI B OOJIBIIION CTEIICHU 3aBUCUT
OT aKTUBHOCTM MUKPOOPTaHU3MOB, BXOJSIINUX B CO-
CTaB MUKPOOHOTO coodiiecTBa. Tak, Mo CpaBHEHUIO
C YMCTBIMU Me30(WIbHBIMU KyAbTypaMu, Clostridium
cellulolyticum v Ruminococcus albus, MUKpOOHBIE
COOOIIIECTBA, COCTOSIIIIME M3 HECKOJbKUX (MHOTHX)
MHUKPOOPTaHU3MOB, OKa3bIBAIOTCs OoJiee 3 HEKTUB-
HbiMu [122, 138, 139]. IIpu a3TOoM ocoboe 3HaUYEHHUE
MeeT UCTOYHUK BbIICJICHNSI MUKPOOHOTO COOOIIIe-
CTBa U KOJIMYECTBO BHECEHHOTO MHOKYJISATA, OT Y€TO
3aBUCHUT IJIOTHOCTh KOJJOHU3ALUM 1 aAre3us MUKpPO-
OpPraHM3MOB Ha BOJIOKHaX LeJUToa03bl [122]. O’Cai-
JIMBaH ¢ coasT. [140] moka3aiu, 4TO UMEHHO OT aJire-
311 Ha CyOCTpaTe B OOIbIICH CTEIIEH!, Y€M OT TUIPO-
JIMTUYECKOM aKTUBHOCTU OTACIbHBIX BUIOB 3aBUCUT
CIIOCOOHOCTH MUKPOOHOTO COOOIIECTBa K TUAPOJIN3Y
LeJUTI010361. Pa3anaust B cocraBe MUKPOOHOTO CO00-
1IECTBa, a TAKXKE MCIOJAb3yeEMOM MUTATEIbHOM Cpelie
U apyrux akTopax HMMeIU MeHblliee BIWSIHUAE Ha
CKOPOCTb THAPOIN3a II0 CPABHEHUIO C KOJIMYECTBOM
aKTUBHBIX KJIETOK, CITTOCOOHBIX K aAre3uU ¥ TUAPOJIU-
3y cybcTpaTta. ABTOpBI MpearoJiaratoT, YTo ecjiu B
depMeHTepaxX YBEIUIUTD INIOTHOCTh KJIETOK 10 KOH-
LEHTpallMM, COIIOCTaBUMOM C coaep:KaHUEeM OakTe-
puii B pyOlle >XKBayHBIX, TO U CKOPOCTb THMAPOIN3a
LEJITI0I030COIe pPKaIINX MaTepUaIoB MOXKET 3HAUM -
TEJIbHO BO3PaCTH.

Cpenu (hakTopoB, OINpenessiiolnX, M0 MHEHUIO
psifia uccieaoBaTesield, BBICOKME MOKa3aTesiu CKOpo-
CTU TUJIPOJIN3A LIEJUTION03bI B ME30(MUILHBIX YCIOBU-
sax (34—38°C), MOXHO BBIASIUTH MCIIOJIb30BaHUE
dunprpaTta pyoOila XKBauyHBbIX XMUBOTHBIX B KauyecTBe
nHokysTa [141—143], KoHUEHTpallMii MOCEBHOIO
MaTepuaia, paBHbIX 15—25% 06/06 [141, 142] 1 o-
CTOSTHHOE MoJepkaHe HeUTpaIbHBIX 3HaYeHn pH
cpellbl, a TakXe KYJBTMBUPOBAaHUE MMUKPOOHBIX CO-
O0IIIECTB B peXXuMe MOJyHeNpepbiBHOU depMeHTa-
oun [122, 144, 145]. I1pouecc 6momerpamaiiiy Hei-
JII0JIO3BI B TaKUX YCJIOBUSIX MPOXoAUuT 3 (hEeKTUBHEE
U3-3a OTCYTCTBUS Jar-dassl [122]. B TepModUabHBIX
yeroBusix (60°C) B pexXuMe XeMocTaTa Ipy KyJIBTH-
BUpPOBaHUM 4yrcTOM KynbsTypbl Clostridium thermocel-
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lum [144] ee MIPOOYKTUBHOCTh 3HAUYNTEIHLHO TTPEBHI-
IIajla MoKa3aTeJIu, IOoJydYeHHble B Me30(MUIbHBIX
YCIIOBUSIX KyJBTUBUpOBaHus. Tak, Hampumep, KOH-
CTaHTa CKOPOCTH TMIPOJIN3a IIEPBOTo MOPSIAKA B TEP-
MOMMIIBHBIX YCIOBUSIX COCTaBMIIa 5.6/CyT Mo cpaBHe-
Huto ¢ 0.5—2.5/cyt B Me30duibHbIX. B Me3oduib-
HOM COOOIIECTBE, BBHIIEJIEHHOM M3 CTOYHBIX BOO U
oboralieHHOM Ha cpefie C LIeJUTION0301, BBIXO MeTa-
Ha goctur 314 mu MetaHa/n cyT, a conepxxanue CH, B
cocraBe 6rorasa coctaBmio 57—62% [122].

IIpu cpaBHEHUM pa3IMUYHbBIX UCTOYHUKOB MHOKY-
JIsiTa (HaBO3 TPaBOSIIHBIX XXMBOTHBIX, KOMIIOCTHBIE
KY4H, UJIOBbIE OTJIOXKEHMUS Pa3IMIYHbIX BOJOEMOB, OT-
XOJIbI TIepepabOTKN BUHOTPaga — KOM), B3ITOTO JJIs
ouoTpaHchopManu 1IEJUIIOI03bI MUKPOOHBIMU CO-
obuecTBamMu B TepMoUIbHBIX (55°C) yClIOBUSIX,
Hauboyiee aKTUBHBIMM M CTaOUJIBbHBIMUA OKa3aJUCh
COOOIIIeCTBa, BHIAEICHHBIE M3 HAaBO3a TPaBOSAHBIX
(KOITBITHBIX) XKUBOTHBIX [146, 147]. CocTaB (PyHKLIM-
OHAJILHOTO MMKPOOHOTO COOOIIECTBAa pa3indacTcs
HE TOJIBKO B 3aBUCMMOCTH OT UCTOYHMKA NHOKYJISTA,
HO M MCHOOJB3YeMOTO CyOcTpaTa, a TakKe YCIOBUIA
KYyJBTUBUPOBaHUS (HalIpUMep, TeMIiepaTyphl). JdaH-
HBIE MCCJIENOBaHUI, TPOBEASHHBIX C UCITIOIb30BAHM -
€M COBPEMEHHBIX MOJIEKYJISIDHBIX METOHOOB, IT03BO-
Jan 6oJiee TOYHO OTCICAUTh PA3IMYUSl U UICHTU-
¢uLpoBaTh MUKPOOPTAaHU3MEI, BXOIAINNUE B
coo0I11IecTBa, 00pa3ylolire 01oras IMpu pas3IoXeHUN
OpraHMYecKUX BellecTB. Tak, Mo maHHBIM JIeBeH ¢
coaBT. [36], pu pa3IoKeHUU OPraHMYECKUX OTXO-
OB, B TOM 4YHCJE 1IeJUTIOJIO30COAePKAINX, aHaIN3
MUKPOOHBIX COOOIIECTB, BBIpALlICHHBIX Mpu 37 M
55°C, moka3zaj, 4To mpeacraBuTenu Bacteroidetes
(34% ot o6mero uncia kioHoB) 1 Chloroflexi (27%)
JOMMHUPOBAIU B ME30(MJILHBIX YCJIOBUSIX, B TO Bpe-
MsI KaK B TepMO(UIbHBIX YCJIOBUSIX MPEBATUPOBAIN
Thermotogae (61%). OCHOBHBIMM TIPEACTaBUTEIISIMUI
apxeii 011 Methanospirillum n Methanosarcina B me-
30(bWIILHBIX U TePMOMUIbHBIX YCJIOBUSIX COOTBET-
CTBeHHO. B MeTaHOreHHBIX COO0IIEeCTBaX, BBIICICH-
HBIX HAa PUCOBBIX ITOJISIX M 00OTalllEeHHBIX Ha Cpelae C
LIEJUTIONIO301 B TeUEeHUE 5 MepeceBOB, ObLIN UAESHTU-
¢dunmpoBaHbI BUALI ceMeiicTB Methanosarcinaceae u
Methanosaetaceae, nomuaupyomnue mpu 30 u 15°C
cooTBeTcTBeHHO [148, 149]. B oboux cooOiiecTBax
Take TIPUCYTCTBOBAIU LITaMMbI pona Methanobac-
terium (5—25%). ABTOpPBI OTMEYAIOT pa3INdMe B CO-
CTaBe MUMKPOOPraHW3MOB B MCXOJHOM KyJIBTYpPE U Ha
KOHEYHOM aTare KyJasTuBupoBaHus [148]. Eciau B
Havajie pa3IoKeHUS 1LIeUTION03bI KOIUIECTBO apXei
coctaBisiio 4 u 10%, To K KOHILY KYJIETUBUPOBAaHUS
X 9ucio yeeamumioch 1o 50 u 30% npu 30 u 15°C
COOTBETCTBEHHO [149].

B Haiux paboTtax ¢ moOMOIIbIO METOIOB MUKPO-
CKONUM ObLIM BBISIBJIEHBI Pa3inuvs B MUKPOOHBIX
coO00IIleCcTBaX, BbIpAlIMBAaeMbIX B Me30(UJIbHBIX U
TepMOMUILHBIX YCIOBUSX [ 146, 147], mpudyeM cocTaB
MHUKPOOPTAaHU3MOB OTJIMYAJICS MPU UCMOJIb30BAaHUN
pa3TUYHBIX MHOKYJISITOB /IS 3aCceBa, a TAKXKe B TUHA-
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MHKE pa3BUTHSI COOOIIECTB ITpu nepeceBax. Hecmor-
pSI Ha TO YTO B M€30(DMIIbHBIX YCIOBUSIX OMOKOHBEP-
CHST MICTIOJTB30BAHHOTO OYMaKHOTO CBIPhS YCITEIITHO
3aBepIrayiach oopa3oBaHEeM OHorasza ¢ COmepKaHU-
eM MetaHa oT 47 10 63%, 3TOT IPOLIECC MTPOUCXOINIT
MeIJIeHHEee U CKOpOCTh oOpa3oBaHus 6uorasa (COB)
ObLIa B 2 1 OoJiee pa3a MeHbIe, yeM Iipu 55°C (0.7—
0.9 mut/cyt Mt cpennl) [146, 147]. B yciaoBusix mepu-
oauyeckoro kyabTuBupoBaHusi (37°C) Haubosee
aKTUBHBIE COOOIIeCTBA OOPa30BBIBAIM  OKOJIO
12 mmonpCH,/T niesutrono3bl. OmHaKO 11 OOJbIITNH-
cTBa Me30(UIbHBIX KYJBTYp BBIXOJI MeTaHa ObLJT 3HA-
yuTeabHO MeHblIe (oT 2—4 no 8—11 mmonbCH,/T),
yeMm 1mpu 55°C (16 mmons CH,/T ¢ comepkanueM Me-
TaHa B cocTase 6uorasa 60%).

B MopmenbHBIX SKCHEPUMEHTaX I10 HU3YYEHUIO
ouoperpagauuu orUCHON OyMaru M KapToHa ObLIO
MOKa3aHO, 4YTO B Me30(MIbHBIX YycaoBusax (35°C)
IMPOUCXOAUT BpeMEHHOE MHTMOMPOBaHUE alleTOKIIa-
CTUYECKUX METAHOTEHOB JIETYUMMU KUPHBIMU KUC-
JIoTaMi M HU3KMM pH. DTo TIpMBOAUT K TOMY, YTO
CHayajla MeTaH o0pa3yeTcs NPEeUMYIIeCTBEHHO U3
H,/H,CO;, a 3aTem u3 auerara [150]. MU3BecTHO, uTO
aleTOKJIACTUYECKUII ~ MeTaHOTeHe3  MPOUCXOAUT
MPEIIOYTUTENIbHE TP BBICOKUX KOHIIEHTPAITUSIX
anerata B cpene. B rTepModuabHBIX ycaoBusx (55—
60°C) npu HU3KUX KOHEHTpALMsIX alerata U Halu-
yuy MHruoutopoB (ammMonuii, JIZKK) mommHUpYyIo-
MM MEXaHU3MOM O0pa30BaHUs MeTaHa CTAHOBUTCS
JIBYXCTYTEHYAThIi MPOLIecC, B KOTOPOM alleTar cHa-
yajia OKUCIISIETCI CUHTPOGMHBIMH alleTaTOKUCIISIIO-
mumu 6aktepusimu 1o Bogopoaa u CO,, a 3ateM ruj-
pOreHOTpO(HBIE METAHOTESHBI IIEPEBOASAT 3TH COCIU -
HeHus B MeTaH [52, 150, 151].

B uccnemosanusx I. Dpwura [152], K. Xappueca c
coaBrt. [153] u C. Ilombe ¢ coaBr. [123] ipu 6uopas-
JIOXKEHUU B Me30(UJBbHBIX YCIOBUSIX HEKOTOPBIX
LEJTI0I030COIepXKaInuX CyOCTpaToB OMOIOTrAYe-
ckuii noreHuuan Metana (BIIM, man CH,/r) cocra-
BUJI 72 1 96 mis razet, 60—135 misg KypHallbHO# Oy-
maru 1 209 wist ooepTouHoro KaptoHa. I1pu cOpaxku-
BaHUM CMECH U3 OyMaru U KapToHa ObLIN ITOJTy4eHbI
cxomHble pe3yasraTtel Mo BbITM u mponenTty 6mone-
rpaganuu cyocTpaTa, KOTOpble MPaKTUYECKU HE OT-
JINYaJINCh TIPU WCIIOJIB30BaHWM YaCTHIL CcyOcTpara
pa3Horo pasmepa (10 cMm, 2 cM, meHee 1 MM) 1 cocTa-
Bunu 141—143 mn CH,/r u 43% coOOTBETCTBEHHO
[123]. M3BecTHO, YTO M3MeJbUeHUE OMOMACCHI MO-
BhIIIaeT 3(PEKTUBHOCTD ¢ OMoIerpagalliii, OTHAKO
aBTOPHI YKA3bIBAIOT, UTO IS OYMaKHOM TIPOAYyKIINU
He pa3Mep YacTUll, a UMEHHO COJiep>KaHue JIMTHUHA B
ChIpbE CKOpEe SIBIISIETCS ONPENeISIoINM (HaKTOPOM
npu ero oopadoTKe.

Ilpyn BBIpaIIMBAaHUM IPYTUX MHUKPOOHBIX COO0-
1IeCTB Ha o(pUCHOI OymMare ¢ 4epHO-0eJIoN MeyaThbio
M YIaKOBOYHOM rogpupoBaHHOM KapToHe (55°C)
BBIXOJI METaHa COCTaBMJI 0KOJ10 48—51%, 4To B cpel-
HeM cooTBeTcTBOBaIO 240—280 M1 CH, /T 1ipu KyibTU-
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Ckopoctb o6paszoBanus 6uoraza (COB) npu pasznoxeHUun
LIeJUTIONIO3bI, O(DUCHOI OymMard M KapToHa HauOojee ak-
TUBHBIMUA MUKPOOHBIMU COOOIIIECTBAMHU, BbIPAIIICHHBIMU
B TepModmibHbiX (T) m mMe3ohunbHbIX (M) yciaoBusx
KyJBTUBUPOBAHUS

Maxkcumym COB, Maxkcumym COB,
ma CHy/cyt mut cpenbt mia CHy/cytr
Ne Lenmronosa, maccax
1 5 1 5
3T 1.30 0.76 86.7 50.7
4T 0.66 0.72 44.0 48.0
6T 1.30 0.71 30.0 47.3
7T 0.64 0.48 42.7 32.0
17T 0.64 0.72 42.7 48.0
18T 0.59 0.64 39.3 42.7
19T 0.96 0.80 60.6 53.4
20T 1.00 0.82 66.7 54.7
21T 0.93 0.54 62.0 36.0
22T 1.36 0.90 90.7 60.0
1M 0.40 0.46 26.7 30.7
21 M 0.40 0.43 26.7 28.7
Og;, il/[c;;gﬂ Kapton 06(13)7 1;140;::;1 Kapton

3T 0.60 0.66 40.0 44.0
6T 1.00 0.74 66.7 49.3
17T 0.68 0.76 45.3 50.7
18T 0.86 0.70 75.3 46.7
19T 1.00 0.80 66.7 53.3
20T 1.91 0.78 127.3 52.0
21T 0.86 0.82 75.3 54.7
22T 0.84 0.62 56.0 41.3
1M 0.60 0.60 40.0 40.0
21 M 0.49 0.46 32.7 30.7

BUpPOBaHMM Ha oduCHON Oymare m 223—252 wmn
CH,/r Ha kapToHe [147]. B Me30(bUIbHBIX YCIOBUSX
M CKOPOCTb 00pa3oBaHusl O1orasa, 1 00beMbl BbIXOJa
MeTaHa B COCTaBe 00pa3yIollerocs ororasa ObLIM Ha
aTuX cyocrtpatax Huxke (211-245 u 193—-240 mn
CH,/r cootBercTBeHHO). [IpumeuaTenbHO, 4TO B
porecce ceIeKIINM MUKPOOHBIX COO0IIeCTB (TIepe-
CEBbI Ha Cpefy, COJEepXKallylO LETI0JI03Y, B TeUeHUE
HECKOJIbKUX Maccaxeil) o01ieid TeHASHLIUU B U3Me-
HEHUM CKOPOCTU 0Opa3oBaHUs Ororasa u HaKoILIe-
HUSI Me€TaHa B Ouorase BbIsIBJIEHO HE ObLIO: U151 HEKO-
TOPBIX COOOILECTB MPOUCXOAWUIIO YBEJIUYEHUE MPO-
nyktuBHocTH 1 COB, B TO BpeMs1 KakK IJjIsl IPYTUX
nepBOHaYaIbHbIE TTOKA3aTen JTMO0 HE UBMEHUJINCD,
MO0 yMEeHbIIMINCH [ 146, 147] (Tabnnua).
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kskosk

IIpu pa3paboTKe pa3iIMYHBIX CTpPAaTeTHI IO yTU-
IM3auuy U 0MoTpaHchopMauyr 1IEJUIIOI030COAEP-
XKalux cyocTtpaToB (OTXOIbI) B OHoOras ceiaeKlius
MUKPOOHBIX COOOIIECTB U IOAOOP ONTUMAIBHBIX
YCJIOBUIA IJIsI X KyJIBTUBUPOBAHUS MOTYT UMETh pe-
11aliee 3Ha4eHue JJisi TOro, YToObl 3TOT ITPOLIECC
MpPOXOIMJI MaKCUMaJIbHO 3¢ PeKTuBHO. B rtociennee
BpeMsI MOSBIIMCH IIPEJIOXKEHUSI IO MCIIOJIh30Ba-
HUIO T€HHO-MHXEHEPHBIX IITaMMOB METaHOTCHOB,
CBOIICTBA U MMPOAYKTUBHOCTb KOTOPBIX 3HAYNTEIILHO
MIPEBOCXOAWIN ObI TAKOBBIE Y MCXOAHBIX IPUPOIHBIX
BUOOB [25].

[Ipu HEYKJIOHHO COKpalllaloIIMXCs 3amacax Tpa-
JUIIMOHHBIX BUIOB TOILUIMBA BCe OOJIbIlIee BHUMAaHUE
VIEJISIIOT ajbTepHATUBHOM sHepreTuke. OmHUM U3
HauOoJjiee IIOIYJISIPHBIX M IIMPOKO MCIIOIb3yeMBIX
CITOCOOOB TIEpepadbOTKM OPTaHNMIECKOTO CBIPhI U OT-
XOIOB SIBJISIETCS X aHA3POOHOE pa3jioXXeHue ¢ oopa-
3o0BaHMeM Ouoraza. OgHako, HECMOTPSI Ha OOMIve
BCEBO3MOXHOI WMHG(pOpMALIMM OTHOCUTEIBHO pa3-
JIMYHBIX ACIIEKTOB MOJy4YeHUs Ouorasa, 10 CUX IOp
OIIYIIAaeTCs HENOCTAaTOK (pyHIaMEHTAJIbHbBIX JTaHHBIX
0 COCTaBe U AMHAMMKE Pa3BUTHSI MUKPOOPIraHU3MOB,
0 MEXaHHW3Max PErysliiyi U BIAUSHUM Pas3IMUHbIX
¢GakTOpOB, B TOM YUCJIE CTPECCOBBIX, HA BCE CTAIUU
npeobpa3oBaHUSI CyOCTpaTa B MeTaH, OTCYTCTBYET
rIyOMHHOE MTOHMMAaHUSI IIPO1IECCOB, MPOTEKAIOIIMX B
MHOTOKOMIIOHEHTHOM MMKPOOHOM COOOILIECTBE.
W3-3a HemocTaTOYHO pa3BUTON TEXHOJOTMYECKOM
0a3bl aJIbTepHAaTUBHASI OMOYHEPIreTUKA OCTaeTCsl He-
JIOOLIECHEHHOM 1 3aKPbITOM IIJISI ITOBCEMECTHOIO MC-
noJab3oBaHus. OCOOGEHHO OCTPO 3TU BOIIPOCHI CTOSIT
MpU NOJy4eHUM 01ora3a U3 LeJUTI0JI030COoAEPKAIINX
MaTepUaJIOB, XOTS UMEHHO 1IeJUTI0NI03a, OTXOIbI Je-
peBooOpadaThIBaIOIIC MPOMBILLIEHHOCTU ¥ OyMazK-
HOE CBHIPhE SIBJISTIOTCS OOTHUMM M3 Han0oJIee IepCreK-
TUBHBIX CYOCTPATOB JIJISI OJIydYeHUs Ouorasa.
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A Review
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Abstract—Anaerobic microbial conversion of organic substrates to various biofuels is one of the alternative
energy sources attracting the greatest attention of scientists. The advantages of biogas production over other
technologies are the ability of methanogenic communities to degrade a broad range of substrates and con-
comitant benefits: neutralization of organic waste, reduction of greenhouse gas emission, and fertilizer pro-
duction. Cellulose-containing materials are a good substrate, but their full-scale utilization encounters a
number of problems, including improvement of the quality and amount of biogas produced and maintenance
of the stability and high efficiency of microbial communities. We review data on microorganisms that form
methanogenic cellulolytic communities, enzyme complexes of anaerobes essential for cellulose fiber degra-
dation, and feedstock pretreatment, as biodegradation is hindered in the presence of lignin. Methods for
improving biogas production by optimization of microbial growth conditions are considered on the examples
of biogas formation from various types of plant and paper materials: writing paper and cardboard.
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WccnenoBaHbl KaTaIMTUYECKHE CBOMCTBA HUTPUWITMIApATa3bl, NU30JMPOBAaHHOM M3 1ITaMMa Rhodococcus
ruber gtl ¥ UMMOOWIN30BAaHHOM METOIOM KOBAJEHTHOM CIIIMBKM C XUTO3aHOM, aKTUBUPOBaHHBIM 0.1%-
HBIM pacTBOPOM OeH30xMHOHa. OTpeesieHbl KWHETUYECKHME MapaMeTphbl peakiiuy TuApaTaiii aKpuiio-
HUTpWIA, KaTaJIM3UPyeMOit UMMOOWIM30BaHHOW HUTPWITUIPATA30il U (DEPMEHTOM B pacTBOpE. YCTaHOB-
JIEHO, YTO UMMOOWIIM3ALMS He TIPUBOIUT K CHIKEHUIO MAaKCUMAIBHOM CKOopocTH peakuud (V. .), TOTaa
Kak KoHcTaHTa Muxasinuca (Ky;) yMeHblnaetcs B 2.4 pa3a. [lokazaHa BO3MOXHOCTb MHOTOKPAaTHOTO UC-
MOJIB30BaH1SI UMMOOMIN30BaHHOTO (hepMeHTa Ha TTPOTskKeHU 50 mocyienoBaTeIbHBIX IIUKIIOB TpaHC(hOp-
MallMy aKpUJIOHUTPpWIIA, MPUYEeM aKTUBHOCTb HUTPWITHAPATa3bl B S0 1IMKIIE TIpeBbIlIaia TAKOBYIO B Mep-
BoM 1ukJIe B 3.5 pa3a. [TokazaHo, 4TO BIMSTHUE TeMITepaTyphbl HA aKTUBHOCTH 3aBUCENIO OT KOHIIEHTPAITUKN
depMeHTa, YTO TOATBEPXKIAeT TMCCOLMAaTUBHBIN XapaKTep MHAKTUBALMM HUTpUIruaparassl. OGHapyxe-
HO, YTO UMMOOMJIM30BaHHAsI HUTPWITHApaTa3a coxpaHseT aktuBHOCTh Ipu pH 3.0—4.0, Torma kaxk gep-
MEHT B pacTBOpE B 3TUX YCJIIOBUSIX UHAKTUBMpPYeTCcs. [ToaydyeHHBI OMoKaTaan3aTop MoxeT a(ppeKTUBHO

HCITOJIB30BATLCA IJIA ITOJYYCHUA aKpruJIaMuaa nu3 akpuJIioOHUTpUJIa.

Hurpunruagparaza (K® 4.2.1.84), karanusupyio-
masi TUApaTalnio HATPWIOB IO aMUIOB, SIBJISIETCS
KJIIOYeBbIM (DEPMEHTOM MeTaboJM3Ma HUTPUJIOB Y
MUKPOOPTaHU3MOB. DTOT (DEpPMEHT TPUMEHSIETCST B
KPYITHOMACIIITAOHOM ITPOMBIIIUICHHOM TTPOU3BOI-
CTBE U3 COOTBETCTBYIOLIMX HUTPUJIOB aKpuJiaMuaa 1
HUKOTUHAMUAA, WCIIOJIb3YeMBIX B XUMWYECKOU U
dapmaneBTIecKO nHAycTpuu [1, 2]. BuorexHono-
rMYecKoe MPOM3BOICTBO akpuiaamuaa B Poccum oc-
HOBaHO Ha BBICOKOIPOAYKTUBHOM ILITAMME POAO-
KOKKOB — Rhodococcus rhodochrous M8 [3—5], B
Smonuu — R. rhodochrous J1. Y IpoMBIIIIJIEHHO 3HA-
yumoro mramma R. rhodochrous J1 o0Hapy>keHO IBa BU-
J1a HUTpWITMapaTa3 — BeIcoKoMoJieKynsipHas (520 k1a)
u HuskomoJjiekyasipHasa (130 x/la), reHbl KOTOPBIX
9KCIIPECCUPYIOTCS B 3aBUCUMOCTU OT WMHIYKTOpa,
J00aBJIEHHOIO B cpeny KyabTuBupoBaHus. Oba dep-
MEHTa — TeTepOMEpPHhI, COCTOSIIINE U3 O.- U P-CyOb-
JIMHULI: BBICOKOMOJIEKYJISIPHbII (DEPMEHT CONEePXKUT
10 8—10, HU3KOMOJIEKYJISIDHBIN — I10 2 KaXII0i1 CyOhb-
enquHULEI [6]. Hurpunruaparasa mramma R. rhodoch-
rous M8, xak u R. rhodochrous J1, siBnsieTcs1 reTepo-
MEPOM U COJIEP>KUT MOHBI KOOAJIbTa B AKTUBHOM LIE€H-
TpE [4].

Crabunusanusi (GepMeHTOB SIBISIETCS HEOOXOaU-
MBIM 3TalloM Ha TMYTH MX ITUPOKOTO BHEIPEHUs B
Mpou3BOoACTBO. OrpaHnyeHue KOHMOPMaIIMOHHBIX
nepecTpoeK OeJIKOBOI MIOOY/Ibl MO3BOJISIET COXpa-
HUTH pabOTOCTIOCOOHOCTH aKTUBHOTO IIEHTPA B TeUe-
HUeE JJIUTeIbHOTO BpeMeHHu [7]. UMMoOwir3aius Ha

HEepacTBOPUMOM HOCHUTEJIE, OCHOBaHHAsS Ha (PU3UKO-
XMMUYECKUX TIPUHIIMIIAX, JaeT BO3MOXHOCTh OoJjiee
JUTUTEJIbHOM SKCITyaTaluyu (hepMEHTOB U, KaK CJIe -
CTBUE, TTOBBILIEHUST UX IIPOJYKTUBHOCTHU.

IlepcneKTUBHBIM HOCUTENEM JJII UMMOOUWIM3a-
MU (HEepMEeHTOB SBJSIETCS XWUTO3aH, MOJy4YaeMblid
MpU JealleTUIMpoBaHUM XuTuHA. [lo XuMHUdeckoi
CTPYKTYpe XUTO3aH — cornojiuMmep D-rioko3aMrHa u
N-auermi-D-rmoko3amuHa. B BEICOKOMOIEKYIsIp-
HbIX JJUHEHHBIX LEMNsIX MOJIUTII0KO3aMUHA UMEETCs
00JIbIIIOE KOJUYECTBO PEAaKIIMOCIIOCOOHBIX AMUHO- U
TUAPOKCUJIbHBIX TPYIIl, TOABEPXKEHHbIX XWMUYE-
ckuMm Moaudukamusam [8]. 3a cuer oOpazoBaHUs
0OJIBIIIOrO KOJUYECTBA BOJOPOAHBIX CBSI3Cil OH MO-
KeT (YHKLIMOHMPOBATh KaK YHUBEpCAJIbHBII COp-
OEHT, CBS3bIBAIOIIMI pa3IMUHbIE BEIIECTBA OPraHu-
YecKOil 1 HeopraHu4deckoil mpupoasl [9]. boiblinoe
KOJIMYECTBO PEAKIIMOHHOCTIOCOOHBIX TPYIII B MOJIE-
KyJie OIpeesisieT ero CloCOOHOCTh B3aUMOJEMCTBO-
BaTh C OM(YHKIIMOHAJIbHBIMM peareHTaMu, o0pa3ylo-
LIMMU XUMUYECKHE CBSI3U KaK C MOJIEKYJIO XMTO3aHa,
TaK U C MOJIEKYJIol Oejika, 4YTO AejaeT BO3MOXHBIM
KOBAJICHTHYIO CIIMBKY (hepMeHTa ¢ XxuTo3aHoM. [1pu
KOBaJIEHTHOM TPUCOEIMHEHUU (DEPMEHTOB K HOCU-
TEJI0 B Ka4yeCcTBe OM(PYHKIIMOHAIBHOTO peareHTa 4a-
CTO UCIIOJIB3YIOT IIyTapoBbiii anpaerun [10]. B ciayyae
MMMOOWIN3ALUM HUTPUITUAPATA3bl 3TOT aKTUBATOP
He SIBJISIETCS MPEANOYTUTEIbHBIM, T.K. UHTUOUDPYET ee
akTuBHOCTbD [11]. CBeneHMit 06 aKTUBUPOBAHUU HO-
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cuteneil 6eH30XUHOHOM VIS KOBaJIEHTHOI CIIMBKU
(dEepMEHTOB IPAKTUYSCKU HE BCTPEUYACTCS.

Hamu paHee Ob110 N3y4eHO BIUSTHUE aICOPOITUOH-
HOM MMMOOWJIM3AallM Ha HEOPraHWYEeCKUX HOCHUTE-
JISIX, BKJTIIOYasi HEMOAU(UIIMPOBAaHHbBIE 1 YIJIEPOICO-
JiepKalliue OKCUIbl aTIOMUHMUS, a TAaKXKe YIJIepOAHbII
HocuTeab CMOYHMT, HA aKTUBHOCTb U CTaOMJIBHOCTh
HUTpUJITUApPaTasbl [12]. AKTMBHOCTh MOJYYEHHOIO
MMMOOWMJIN30BaHHOTO (hepMeHTa He MpeBhIaia 6—
10% wicxomHOM B pacTBOpe, YTO 00YCIIOBUIIO HEOOXO-
JUMOCTD TaJdbHEHUIINX IMTOMCKOB MPEANOYTUTEIbHBIX
METOJ0B UMMOOMIN3AIIUU HUTPUJITUAPATA3HI.

Llenr paGoTel — MoOJIydeHHE OHoKaTajam3aTopa
TpaHcopMall aKpWIOHUTPWIA B aKpwiiaMHa Ha
OCHOBE (DEPMEHTHOTIO Mpernapara, CoaepKallero HUT-
puaruapaTasy, KoBaJeHTHO MMMOOMIM30BaHHOIO Ha
aKTUBUPOBAHHOM XMTO3aHE, M U3yYEHNE €TI0 KaTajlu-
TUYECKUX CBOMCTB.

METOJUNKA

Hurpunruaparasy BbIASASIA U3 LITaMMa OakKTe-
puii R. ruber gt 1, 06nangaioniero BEICOKO HUTPUJITHAI-
paTta3Hoit aKkTUBHOCTEIO [13]. BakTrepuaabHyiO Kyilb-
TypY BbhIpallIMBAIM B KOJIOAX 00beMOM 1 JI Ha KavaJike
co ckopoctblo BpalieHus 100 o6/mun nipu 30°C no
cTalMoHapHou (a3bl pocTa Ha MUHUMAJILHOM coJe-
BOI1 cpene caenytonero cocrana (1/1): KH,PO,— 1.0,
K,HPO, - 3H,0 — 3.7, NaCl — 0.5, MgSO, - 7TH,0 —
0.5, FeSO, - 7H,0 — 0.005, CoCl, - 6H,O0 — 0.01,
pH 7.2—7.4. B kxadecTBe MCTOYHMKA yrjiepoaa HC-
MOJIb30BAJIM IJ1I0KO3Y B KoHILIeHTparuu 0.1%, ucrou-
HUK a30Ta — XJIOPUCTBIA aMMOHMI B KOHLIEHTpAlLlMU
10 MM. buomaccy uenTpudyrupoBanu 20 MUH Ipu
10500 g, oTMBIBa/IM KJIETKHM OT CPEIIbl M PECYCIICH TN -
poBanu B 10 MM cdocdhatHOM Oydepe, pH 7.4, conep-
xameM 44 MM Oytupat Hatpus. Kitetku pazpyimaim
JIECITUKpPAaTHOI 00paboTKoi yiabTpasBykoM (Y3I'8-
0.4/22, BHUUM TBY r. Caukr-Iletepoypr, Poccus)
no 15 ¢ mpu yacrtore 22 xli1 ¢ oximaxaeHuem g0 0—
4°C. TomoreHnar ueHtpudyruponsaan 20 MUH TIpH
10500 g u Temneparype 4°C, 3aTeM HOpPOBOOWIN
dpakumoHupoBaHue Oejika Cyab(haToM aMMOHMUS,
MOCJeA0BaTeIbHO A0BOAS KOHIEHTpauuio 1o 35 u
60% ot Hacwlalolieil. B npemapare, nojydeHHOM
npu 60%-HoOM HacChIIIEHNY CyIbdaTa AMMOHUSI, CO-
nmepskaHue pepMeHTa cocTaBuiIo 72% OT 06IIIeTO KO-
nu4yecTBa 6enka. KomuecTBo Oelika B IIpooOe orpee-
s o Metony bpendopn ¢ kpacutenem Kymaccu
opuwmuanToBeiM cuHuM G-250. B kadecTBe craH-
JapTa MCIOJIb30BaJIM OBIUMIT CBIBOPOTOYHEBIN ajib0y-
MUH [14].

Hutpunruaparasdy MMMOOWJIM30BAJIM METOAOM
KOBAJIEHTHOM CIIMBKM C aKTMBUPOBAHHBIM XUTO3a-
HoM. ToroBuu 2%-Hblit (Bec/06.) pacTBOp XMTO3aHA
cpenHeit Baskoctn (“Sigma”, Anonust) B 2%-Hou
(06./00.) YKCYCHOM KHMCJIOTE Y HAKAIIbIBAJIM C TIOMO-
IO LITIPULIA OJIsT UHBEKIUN 00beMoM 5 M1 B 1 M
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pactBop KOH. ITocne 3arBepaeBanus B TeueHne 1 9
rpaHyabl OTMBIBaJIM omHokpaTHOo 0.01 M kanuii-
ochatubsiM Oydepom, pH 7.2 + 0.2. [TonyuyeHHbIE
rpaHyJiel akTuBHpoBaiu 0.1%-HBIM pacTBOpOM GeH-
3oxuHoHa (“Fluka”, IIIBeitiiapusi) B TedeHue 15 MuH
B COOTHOILLIEHUU TpaHyJ 1 akTuBaropa 1 : 1. OTMbIBa-
Jm 3 pasa ¢ocharHbM Oydepom, IByKpPaTHO IIPEBHI-
IIAIOLIUM 00BeM pacTBOpa OeH30XMHOHA. AKTUBHU-
pOBaHHbBIE TpaHyJbl CMEIIMBaId C (hepMEHTHBIM
mpemnapaTroM B cooTHolneHuu 2.5 : 1, mocie 40 MmuH
nHKyO6auu npu 22—25°C orMmbiBanu 3 pa3a ¢pocar-
HBIM Oy(epoM, TISITUKPATHO MPEBBIIIAIOIIUM 00beM
pactBopa Oenka. KommyecTBo Oenka, CBSI3aHHOIO C
aKTMBUPOBAHHbBIM XUTO3aHOM, ONPEAESIIN 1O pa3-
HOCTM KOHIIEHTpalluu OejIka B pacTBOpE /10 U TOcJie
KOHTaKTa ¢ HocuteneM. [ToaydeHHbI UMMOOWUJIN30-
BaHHbII Mpenapar XxpaHuau pu Temrmeparype ot 0 1o
+10°C.

HutpunruaparasHyio aKTUBHOCTh PaCTBOPEHHO-
ro 1 UMMOOWJIM30BAaHHOTO (hepMeHTa OIpeaessiin
M0 KOHIICHTPAIIMM aKpujIaMuaa, odpa3yroIerocs 3a
10 MyuH TpaHchOpMAILIMU pacTBOpa aKpUJIOHUTpUIIA
(HAK). YnenbHy0 akTUBHOCTb HUTpuiTUaparassl (E)
BBIpaskaJl B MKMOJTb aMIa,/MT OeTKa MUH.

KoHneHTpanunio akpuiaMuga OIPEaesIsiiA METO-
mom BO2XKX na xpomarorpage LC-10 (“Shimadzu”,
Anonus) ¢ kosioHkoir Synergi 4u Hydro-RP 80A
(250 x 4.6 mM). B kauecTBe MOABMKHOM (ha3bl KC-
noaws3oBasn 25 MM NaH,PO,, ckopocTh notoka co-
crasistia 0.75 mia/mMuH npu 25°C, aeTeKUUIo TPOBO-
JWJIY OpU JjivHe BoJaHbI 200 HM.

Koncranty Muxasnuca (Ky;) 1 MakCMMaJbHYIO
cKopocTb (V) HATPUITUAPATA3HON peaklMu, Ka-
TaAU3UPyeMOl UMMOOMIN30BaHHLIM (DepPMEHTOM M
¢epMEeHTOM B pacTBOpE, BBIUMCIISUIM MO Tpaduky
JlaitnynuBepa—bepka, MOCTpOEHHOMY TII0O METOdY
JIBOMHBIX 0OpaTHBIX BeJUUMH. {711 3TOTO MpoBOAUIN
peakunu TpaHcgopmanmu pactBopoB HAK B nuana-
30He KoHLeHTpauuii ot 0.015 10 1.36 M B 1—5 M Ka-
Jmii-ocdaTHoro 6ydepa (pH 7.2 = 0.2) B TeueHue
10 MuH, peakUMIO OCTaHaBIUBAIMU JT00aBIECHUEM
kKoHLeHTpupoBaHHO HC1 mo KoOHeYHOU KOHIIEH-
Tpauuu 5%, KOHLIEHTPALIMIO 00pa3yIolIerocst akpu-
JlaMuaa onpenessumm MetogoM BOXKX.

OnepanMoHHYIO CTAaOMJIBHOCTL HUTPUITHApATA-
3bl, UMMOOWJIM30BAHHOM Ha aKTUBUPOBAHHOM XUTO-
3aHe, OLEHUBAJIM ITI0 COXPAHEHUIO HUTPUITHUIpA-
Ta3HOM aKTUBHOCTU MPU MOCeI0BaTEIbHOM ITPOBE-
nenun 10 muH umkitoB KouBepcuu 0.58 M pactBopa
akpuwioHutpuiaa. [1ociae nmpoBeneHus peakKlIMOHHOTO
LMKJIa TpaHyJIbl XUTO3aHa C UMMOOWJIM30BaHHBIM Ha
HUX (pepMEeHTOM OTMBIBAJIM Kajuii-pochaTHBIM Oy-
¢depoM (pH 7.2 £+ 0.2) 1 ucriob30BajIu B ClIeIyIOIIEM
LUKJIE.

3aBUCUMOCTb AKTMBHOCTU MMMOOUIN30BAHHOMI
HUTpWITHApAaTa3bl U hepMEHTa B pACTBOPE OT TEMIIE-
paTypbl ONpene/sUIi IIpU IIPOBEICHUM OECITUMU-
HyTHOU TpaHchopmaiu 0.58 M pacTBopa akpujio-
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Karamutnyeckue cBoiicTBa CBOOOTHOM M MMMOOMIN30BaHHOMN HUTpUJITUApaTasbl

% Ky MuHT!
Hwurpunrugparasa Ky, Moib/n Mmonh&;j{’r MIUH
40°C 50°C 60°C
B pactBope 0.41+0.15 50 6.6x 1073 2.7 x 1072 1.4 % 107!
MMMOGHIM30BaHHAS 0.17 £ 0.05 50 2.2x1073 2.4x1072 1.0 x 1071

HUTpmIa 1pu temneparype ot 10 mo 70°C B kanmii-
docharaom oydepe (pH 7.2 = 0.2) c mpeaBapuTesib-
HbIM HarpeBOM pPeaKIIMOHHOW CMECH 0 BHECEHMUS
cyoctpata B TeueHue 10 MuH. HarpeB u TpaHchopma-
10 cyGeTpaTa OCYIIecTBIsIM B TepMoctate TC —
1/80 CIT1Y (“Jlabtex”, Poccus). Peakimio ocraHaB-
JIVBAJIM, KaK orurcaHo Bbille. KoHIIeHTpalnio akpuJi-
amuza onpeaenasuiu MmerogomM BOXKX.

TepMocTabUIBHOCTh (pepMEeHTa OMPENEIISIIIN Clie-
JIYIOIIMM 00pa3oM: UMMOOWJIM30BaHHYIO U HaTHUB-
HYIO0 HUTPWITHApaTa3dy B Kanuii-pochaTHOM Oydepe
(pH 7.2 = 0.2) nporpesaym nipu 40, 50 u 60°C B Teue-
Hue 15, 30, 45 v 60 MUH, pe3KO OXJIaXKIaIu Ha Jeasi-
HOI 0aHe M MPOBOAWIM peaklvio TpaHCchopMaluu
0.58 M pactBopa akpuinonutpuaa mnpu 22°C. Ompe-
JeJISITA HATPUITUAPATa3HYI0 aKTUBHOCTb, KaK OIMU-
caHo BbIlIe. KOHCTAHTBI TEpMOMHAKTUBALUU (dep-
MeHTa (K,,,) BBIUUCISLIN 1O rpaduky 3aBUCUMOCTHU
HaTypaJIbHOTO JlorapudmMa aKTUBHOCTU OT BpeMEHU
9KCITO3ULIMU TIPU JAaHHOU TeMIlepaType U BbIpaKaiu
B 00paTHBIX MUHYTaX (MUH ).

3aBUCUMOCTh aKTUBHOCTH WMMOOUJIU30BaHHOM
HUTPpUWJITHApPaTa3sl M hepMeHTa B pacTBope oT pH pe-
aKIIMOHHOM Cpelibl M3YJaJIM MIPU TTPOBEICHUN AECSI-
TUMUHYTHOU TpaHchopMmaluu 0.58 M pacTBopa ak-
puioHuTpwia npu 22°C B yHUBepcajlbHOM Oydepe
Teopenna—Crenxarena [15] mpu pH ot 2 mo 10.5.

PesynbraThl IpeacTaBlIeHbl CPEIHUMU 3HAYCHUSI-
MU MO TPEM HE3aBUCUMBIM ONBITAM. DKCIIEPUMEH-
TaJbHas OIIMOKA COCTaBJIAET He Ooiee 15%.

T
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Ne ukia

Puc. 1. OnepaimoHHasi CTabMIbHOCT UMMOOWIN30BaH -
HOUW HUTpUJITHUAPATA3bI.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

PE3VYJIBTATbBI 1 UX OBCYXIEHUWNE

KuHeTnyeckne mapaMeTrpbl peakimu THIPATAIMH
AKPUWJIOHUTPWJIA B aKpPWIAMHMI, KATaJIU3UPYeMOil MM-
MOOMJIN30BAHHOI HUTPHIITHIPATA30ii U (DePMEHTOM B
pactBope. OripenesieHO, YTO MaKCUMajibHasi CKO-
PpOCTb HUTPpWITUAPATa3HOU peakuuu (V. .), KaTaau-
3UPYEMOUM KOBJIEHTHO MMMOOWJIM30BaHHBIM hep-
MEHTOM, MOXET I0CTUTaTh V. p€aKIIMU C ydaCTUEM
(epmeHTa B pactBope — 50 MKMOJb/MT MuH. Coxpa-
HeHue (pepMeHTaTUBHON aKTUBHOCTU MPU UMMOOU -
JIM3allMU yKa3blBaeT Ha TO, UYTO OEH30XMHOH B Kaye-
CTBE OM(MDYHKIIMOHAIBLHOIO peareHTa 3(pGhEeKTUBHO
CBSI3bIBaeT MOJIEKYJTY (pepMEHTa C XUTO3aHOM, HE 3a-
TparuBasl €ée aKTUBHbIU 1LIeHTp. B TO e BpeMsi KOH-
craHTta Muxasnuca (Ky;) HUTpWITUApPATa3bl, KOBa-
JICHTHO TIPUCOEAMHEHHOW K XUTO3aHY, CHUXKAETCS B
2.4 pa3za u cocrabiszeT 0.17 = 0.05 Monb/n (Tabamiia).
T.x. no onpenenenuto V,, . U Ky — KOHCTAHThI ypaB-
HEHUsSI CKOPOCTH PeaKIu, BIBEASHHOTO IJIsl Orpe-
neneHusi (pepMeHTaTUBHON aKTMBHOCTUM B pa30aB-
JIECHHOM pacTBOpe, B cliyuae UMMOOMJIM30BaHHBIX
¢epMeHTOB cJieayeT TOBOPUTh O “KaxyIlehcss” KOH-
crante Muxasnuca [16]. [eiicTBUTEILHO, CyOCTpaT
(bepMeHTAaTUBHON peaklIMU OCTAETCS MPEXKHUM, U B
3TOM ciiyyae CHuXeHue Ky; MOXKeT SIBJISIThCS Pe3yJib-
TaTOM pa3INYHbIX 3((DEKTOB pacrpeneieHus: Moje-
KyJ cybcTpaTa U MpoAyKTa, BO3HUKAIOIIUX TTPU UM-
MoOmM3ann (pepMeHTa, JTMOO OTpakaTh M3MEHE-
HUE cpolcTBa pepMEeHTa K CyOCTpaTy B pe3ysbTare
KOH(OpMaILIMOHHBIX U3MEHEHU CaMOTr0 aKTUBHOTO
LIEHTpa MpU KOBAJIEHTHOM MPUCOEIUHEHUU MOJIEKY-
Jibl hepMeHTa K Hocuteno. DddekT cHuxeHus Ky,
OMucaH B paboTax, KacalIIUXCs aJCcOpPOIIMOHHON
MMMOOUIIN3ALIMHY JINTIa3bl HAa XUTo3aHe [9].

OnepanyoHHast CTA0WIBLHOCTh HMMOOUIN30BAHHOM
HUTpUIArHAparaspl. [Ipy mOpoBegeHMU mMOCIenOBa-
TEJIbHBIX LIMKJIOB KOHBEPCUU aKpUJIOHUTpUJIA ObLila
BBISIBJICHA BBICOKAsl OIlepallMOHHASI CTAaOMJIBHOCTh
MMMOOMJIM30BaHHOM HUTpMJIruapaTassl (puc. 1). Bo
BTOPOM U HECKOJIBKMX MOCIEAYIOIMX (10 6) LMKIIaxX
peaxkiuuii ObLI0 OTMEUYEHO BO3pacTaHWe HUTPUITUI-
paTa3HoOIf aKTUBHOCTH B 18 pa3 mo cpaBHEHMIO C TTep-
BBIM LIMKJIOM, 3aTeM TMTOCTEeIIeHHOe CHUKEHUE aKTUB-
HocTH, KoTopas B 50 1ukie O6buia B 3.5 pasa BhIIIIE,
gyeM B niepBoM. CTaOMIBHOCTh MMMOOMIM30BAaHHOTO
(bepMeHTa TIpU TTOBTOPHOM MHOTOKPATHOM MCIOJIb-
30BaHUU MOXHO OOBSICHUTD XKECTKUM (PUKCUPOBAHU -
€M €Tr0 MOJIEKY/Ibl Ha HOCHUTEJIEe, IIPEIOTBPAIIAIOIINM
JUCCOLIMALIMIO TeTepoMepa M TOTEPI0 CTPYKTYPHI
Ne 5
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KATAJIUTUYECKUE CBOMCTBA HUTPUJITUJIPATA3BI

cyobenuHML. BeIMBIBaHME (epMeHTa M3 HOCHUTEIIS
TaKKe He IMPOMCXOAWIO Ojiarogapss KOBaJICHTHBIM
CBSI35IM, 00pa30BaHHBIM MEXIY €ro MOJIeKyJIoi, Or-
(GYHKIMOHAILHBIM peareHTOM W XuTo3aHoM. Jljis
00bsicHeHUsT addeKTa Bo3pacTaHUsT HUTPUITHIpA-
Ta3HOUW aKTUBHOCTU OBbLIU MPOBEACHBI IKCIIEPUMEH -
THI IO aACOPOLIMY MPOAYKTA pPeaKIMM — aKpraaMuaa
Ha aKTMBUPOBAaHHOM XWTO3aHE ¢ MMMOOUJIM30BaH-
HBIM Ha HeM 6enkoM. OmnpenesieHo, 4To u3 1%-Horo
(Bec/006.) pacTBOpa akpusiaMmuaa agcopoupyercs 25%
BeliecTBa. M3 aToro MoxXHo ciaeiath BbIBOI, YTO I1O-
BBIIIIEHWE KOHUEHTpAlluu akpuiaMuia BO BTOPOM
UKJIe peaKIMi B HEKOTOPOI CTEIIEHHU CBSI3aHO HE C
MOBBIIIEHNEM aKTMBHOCTH, a CO CHMXXKEHMEM BEJIU-
YMHBI aACOPOLIMU IMPOIYKTA 3a CUET B3aMMOIe i CTBUS
C aMHIOM YacTH PEeaKIMOHHOCIIOCOOHBIX TPYIIIT XU-
TO3aHa M aKTUBATOpa B MpeablaylleM HuKiIe. T.K. 11
00BbsiIcHeHUsT 18-KpaTHOro Bo3pacTaHUsSI aKTUBHOCTHU
¢ 1 mo 6 HUKII 3TOr0 HEJZOCTATOYHO, MOXKHO BBICKA-
3aTh MPEOIIONOXKEHNE, 9TO APOOHOE BBEICHHUE CYyO-
cTpaTa B peaKLMOHHYIO CpPeAy BbI3bIBAIO anamnTaluio
KaTaJIMTUYECKOIO LIeHTpa hepMeHTa K JaHHOMY Cy0-
CTpaTy, MPUBOIS K YBEIUICHUIO CKOPOCTU (hepMEHT-
CcyOCTpaTHBIX B3aUMOACHCTBUIA.

ITpy MHOTOITMKITOBOI KOHBEPCUU aKPWJIOHUTPH-
Jia OTIpeie/IeHO, YTO UMMOOWJIM30BaHHBIU (pepMEeHT-
HEBII1 IIperiapar B KogmdecTBe 1.4 Mr (mmo 0Oenky) 3a
8.3 4 o6pa3yeT 60 MMOJIb aKpUIaMUIA.

3aBUCHMMOCTb HUTPUJITHIPATA3HON AKTUBHOCTH OT
TeMNEePATypbl 1 TEPMOUHAKTHBAIIMSI CBOOOIHOM M UM-
MOOWJIN30BAHHOM HUTPUIITHApaTa3bl. M3BecTHO, UTO B
oTimune oT ontTuMyma pH He cymiecTByeT Temmepa-
TYPHOIO OIITUMyMa aKTUBHOCTH (pepMEHTOB, T.K. 3a-
BUCUMOCTb aKTUBHOCTM OT TeMIIEpaTyphl SIBJISETCSI
pe3yJIbTaTOM HAaJIOXKEHUsI ABYX Pa3IMYHBIX MpOlieC-
COB: YCKOPEHUSI ABVDKEHUSI MOJIEKYJ HPU MOBBIIIE-
HUU TeMIepaTypbl U JeHaTypaluu OejIka, 3aBUCSI-
el oT TeMmIlepaTypbl U BpeMEHU €€ BO3IeHCTBUS
[15]. ITo HammM faHHBIM, TEMIIEPATYPHBIN ONTUMYM
aKTUBHOCTHU CIBUTAJICSI B CTOPOHY 0oJjiee BBICOKMX
3HAYCHUI TeMIlepaTyphbl IPHU YBEJIMYCHUUN KOHIICH-
Tpauuu ¢pepMeHTa B pacTBope. Tak, IIpu KOJIMYECTBE
Oenka B pactBope 0.45—0.5 Mr MmakcuMasbHast aKTHUB-
HOCTb HabOmoganack npu 30—40°C, a ripu yBenude-
HUHM KOJIMYecTBa Oenka B pacTBope a0 1.1 Mmr — mpu
50°C. UHTEpecHO, YTO MOJ00HAasT 3aBUCUMOCTh aK-
TUBHOCTH OT TeMIIepaTypbl MPOCIEKUBAIACH U Y UM-
MOOMIN30BAaHHOTO (pepMeHTa: IPY UMMOOIMIN3aINN
Ha xuto3aHe ot (.8 70 2 Mr Gejika MakKcuMasbHas aK-
TUBHOCTb HaOmonanachk npu 45°C, ot 3.8 10 4 Mr —
npu 55°C. Ilpumep 3aBUCHMMOCTH HUTPUJITHIpA-
Ta3HOI aKTMBHOCTH CBOOOITHOTO 1 UMMOOMJIM30BaH -
Horo epMeHTa OT TeMIlepaTypbl TOKa3aH Ha puc. 2.
W3BecTHO, YTO 3aBUCUMOCTh KMHETUKM WHAKTUBA-
UM OT KOHLEHTpauuu (pepMeHTa SIBISIETCS KpUTE-
pueM nuccouuaTuBHON MHakTuBauuu [17]. Takum
00pa3oM, KOHILIEHTpallMOHHAsSI 3aBUCUMOCTb TEPMO-
MHAKTUBAIlUM COIJIACYeTCS C HaHHBIMA OO0 OJIMIO-
MEPHO CTPYKTYpe HUTPUJITHAPATA3HI [6].

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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Puc. 2. 3aBUCHMOCTb aKTUBHOCTH (%) HUTPUJITUAPATA3BI
OT TeMITIepaTyphl: / — UMMOOWJIM30BaHHOI Ha aKTUBUPO-
BaHHOM XxMTO3aHe; 2 — B pacTBope. KosnuecTBo Geika B
pactBope — 0.5, umMMmobuiIn3oBaHHoro — 0.8—1.5 mr B
10 mut peakunoHHou cmecu. 100% — makcuMasnbHasi ak-
TUBHOCTh MUMMOOWIM30BAaHHOW U CBOOOJHOUW HUTPWJI-
ruipatasbl COOTBETCTBEHHO.

OnpenenaeHbl KOHCTAHTBI TEPMOMHAKTUBALIUU
MMMOOUIIN30BaHHOM HUTPUITUAPATA3bl U (hepMeHTa
B pactBope (Tabnuua). ITokazaHo, 4YTO KOBaJEHTHO
MMMOOWJIN30BaHHAsI HUTPUJITUApaTa3a 0ojiee TepMo-
cTabUJIbHA, YeM HaxoAslasicsi B pacTBope (puc. 3).
HaubGoiee BeposTHO, YTO yBEeJIWYECHHE TEPMOCTa-
OUJILHOCTY CBSI3aHO C TEM, YTO KOBaJIeHTHasI CIIIMBKa
depMeHTa ¢ HOCUTEIEM IIpeaoTBpallaeT AUCCOLIa-
muio ¢epMeHTa Ha CyObeOMHULBI, TTPOUCXOISIIYIO
[IPU MOBBILIEHUU TEMIIEPATYPHI, a4 TAKXKE YCUIUBAECT
OOIIYIO XXECTKOCTb MOJICKYJIBbI (pepMeHTa, IPUBOIS K
ero crabmmsanuu [18].

3aBHUCHMMOCTb AKTHBHOCTH CBOOOTHOI 1 HMMOOMJIV -
3oBaHHOil HuTpUaruaparassl ot pH. ITokasaHo, 4dto
HUTPUITUApaTa3a, MMMOOWIN30BaHHAsI HAa XUTO3a-
He, MPOSIBIISIET aKTUBHOCTh MpU 00Jiee HU3KUX 3HA-
yeHussx pH, yem ¢depMeHT B pacTBOpe, KOTOPbIA
uHaktuBupyetrcs: npu pH < 4.0 (puc. 4). Ontumym
pH st HUTpMIITMApaTa3bl B pacTBOpe OoJiee y3Kuii u
HaXOJIWTCS B HEUTpaJbHOU 001aCTH, TOTJa KaK KOBa-
JICHTHO CBSI3aHHBIM (PEepMEHT TIPOSIBJISIET aKTUB-
HOCTb, OJIU3KYI0O K MakKCHMMaJbHOW, B 0ojiee IIUpPO-
kKoM muamnasoHe pH — or 5.0 mo 7.0. B memoynom
nuamna3zoHe pH > 10.0 mHakTuBUpyeTCI U CBOOOMI-
HBIII, 1 UMMOOMJIN30BaHHLIN (epMeHT. [1omoOHbII
ad ekt BausgHug pH Ha aKTUBHOCTH UMMOOMIN30-
BaHHOW HUTPWITUApPATA3bl MOXHO OOBSICHUTH MPU-
poioil HocuTesst — xuto3aHa. B naHHoM cityyae pH B
MaKpOOKpYXEeHUU (pepMeHTa, e MPOUCXOASAT U3Me-
peHus, oTnuyaeTcsa or pH MukKpookpyxeHus: dep-
MEHTa, Ha KOTOpPOE€ OKa3blBaeT BO3IEWCTBUE HOCHU-
TeJib. boJbIlloe KOJMYEeCTBO CBOOOJHBIX aMUHOTPYMII
B MOJIEKYJIe XUTO3aHa OIpeaesIsieT ero CBONCTBO CBSI-
3bIBaTh MOHBI BOJOPOAA U TIPUOOPETaTh U30BITOYHBI
MOJOXUTeNbHBIN 3apsan [8, 9]. T.K. moaMKaTHOHBI
OOBIYHO OTTAJKMBAIOT MPOTOHKI, TO BOJIM3U (hepMEH-
Ne 5
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Puc. 3. TepmounnakTuaius (%) uurpuiaruapatassl ipu 50 (a) u 60°C (6): 1 — UMMOOWIM30BaHHOM Ha aKTUBUPOBAHHOM XM~
To3aHe; 2 — B pactBope. KonnuectBo 6esika B pactBope — 0.3—0.7, uMmMoOmim3oBaHHOTO — 1.4—3 Mr B 10 M1 peakIMOHHOI

cmecu. 100% — akTUBHOCTb HUTpWITHApaTassl rpu 22°C.

Ta pH Oynert BhIlIIe, YeM B CBOOOJTHOM pacTBOpE, Clie-
noBaTenbHO, pH-mmuanma3zoH paboTel (pepMeHTa pac-
IIMPUTCS B CTOPOHY 00JIee HU3KUX 3HAYSHUI.

CpaBHMBAs 1Ba U3YYESHHBIX CITOCO0A MMMOOWIIN-
3al1 HUTPWITHApPATa3bl — aacopOnuio (HOCUTEIN —
OKCHUIbl AIIOMUHMS U YIJIEPOACOAECpXKAILNE ancop-
OEHTHI) M KOBAJICHTHYIO CIIUBKY (HOCUTEJIb — aKTUBU-
POBaHHBI XWUTO3aH), CIACAYET OTMETUTh MPEUMYILIE-
CTBa KOBaJIECHTHOII UMMOOMJIU3ALIMU — BBICOKYIO OIlE-
PalLIMOHHYIO CTAOMJIBHOCTD I COXpaHEHUE aKTUBHOCTH
HaTtuBHOTO pepMeHTa. B TO XXe BpeMs amcopOums Ha
MOAU(PUIIMPOBAHHBIX OKCHIAX aJITIOMUHUS TTO3BOJISI-
na ¢pepMeHTy yHKIMmoHupoBaTh npu 70°C ¢ coxpa-
HeHueM 30% MakcHMMallbHOM aKTUBHOCTHU, TOTAA KakK
(GepMEeHT, KOBaJICHTHO CIIUTBINA C aKTUBUPOBAaHHBIM
XUTO3aHOM, TIPU 3TOU TeMIlepaType MHAKTUBHUPOBAJI-
ca [12]. CnenyeT OoTMETUTh, UTO B HACTOSIILIEE BpPEeMs
ellle He MOJIy4eHO JOCTAaTOYHO IPOAYKTUBHBIX ITpe-
rapaToB UMMOOMWJIM30BaHHBIX HUTpuIruaparas. I1o
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Puc. 4. 3aBUCMMOCTb aKTUBHOCTH (%) CBOGOTHOM U M-
MOOMJIM30BaHHOUN HUTpWwiIrnaparassel ot pH: I — ummo-
OMJIM30BAaHHON Ha aKTMBMPOBAaHHOM XUTO3aHe; 2 — B
pactBope. 100% — MakcuMalibHasi aKTUBHOCTh UMMOOM -
JIN30BAaHHOW U CBOOOIHOI HUTPWITMApPATa3bl COOTBET-
CTBEHHO.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JJAHHBIM COBPEMEHHOI HAy4YHOW JUTepaTypbl, Kaca-
olIeiicss UMMOOUIN3ALMKU  (DEPMEHTOB, IIMPOKOE
pacnpocTpaHeHUe MOTYyYU METO MONEePEeYHO-CII-
TBIX (pepMeHTHBIX arperatoB (IIC®A), mpemiokeH-
veiii P. [llenmoxom [19]. DToT MeTOO MMMOOMIN3A-
MU 6e3 HOCUTEJISI, BKJIIOUAIOIIMI CTaiuu ocaxie-
HUSI YaCTUYHO OYMIIEHHOTro depMeHTa U ero
MOTEePEYHYIO CIIUBKY peareHToM, ObLI MCTIOJIb30BaH
U U1 UMMOOWIM3alluy MperapaTta YaCTUYHO OYMU-
meHHoi Hutpuiaruaparasbl. [ICDOA HUTpuaruapa-
Tasbl, coxpaHsgonye 88% akKTUBHOCTH HATUBHOIO
(hepmeHTa, TpaHC(HOPMUPOBAIU OKCO- U THUIPOKCHU-
3aMelleHHbIE HUTPUJIbI B COOTBETCTBYIOIIE aMUIbI
[11]. HecMoTpst Ha ycriexu, JOCTUTHYThIE B CTA0OMIIM -
3auu pepMmeHTOB MeTomoM [TCDA, oTcyTCTBUE HO-
CUTEJISA JUIIAaeT MMMOOWJIM3ALIMIO psia TMperumy-
11IECTB, CPEIM KOTOPBIX JIETKOCTh OTAEJIE€HUS TTPOIYK-
Ta OT pEaKIIMOHHOU CpeJibl U BO3MOXHOCTb CO3/IaHUS
HETIpEePbIBHBIX TEXHOJIOTHIA.

Takum o6pa3om, B JaHHOI paboTe OBIJIO ITOKa3aHO
BJINSIHUE KOBAJIEHTHOM I/IMMOGI/U]I/ISaLlI/II/I HUTPpWJITUI-
paTa3bl Ha XUTO3aHe Ha KWHETUYeCKME apaMeTphl pe-
aKIUM TUApATAlMM aKpWJIOHUTPWIA B aKpUIaMUI,
OIEPalIOHHYIO CTA0OMILHOCTh Y TEPMOCTA0MIIBHOCTh
depMmeHTa, a Takke pH-3aBUCMMOCTh €r0 aKTUBHO-
ctu. br1o 06HApyXeHO, YTO KOBaJ€HTHOE IIPHCO-
eIMHEHNEe HUTPWITMApaTa3bl K aKTUBHUPOBAHHOMY
XWUTO3aHy MPUBOJIUT K CHUXEHUIO Ky, B pSiIe ClTyyaeB
TMO3BOJISIET TOCTUYDb V,,, . PEaKIIU, KaTaTu3UpyeMoin
CBOOOIHBIM (PEPMEHTOM, M JAaeT BO3MOXKHOCTh MHO-
rOKpaTHOTO MCHOJIb30BaHUs OMOKaTajM3aTopa C CO-
XpaHCHUEM aKTMBHOCTH. BbIJ'lO MMoKasaHoO, 4YTO BJIUA-
HUE TeMIIepaTypbl Ha aKTUBHOCTb (DEpPMEHTA 3aBUCUT
OT €ro KOHIEHTPALUM, YTO MOATBEPKIACT AUCCOLAA-
TUBHBIIA XapaKTep MHAKTUBALIMM HUTPWITMApPaTa3bl.
INokazaHo, YT0 MMMOOMIM3ALUS Ja€T BO3MOXHOCTh
¢depMmeHTy QYHKIIMOHMPOBATH IpU 00JIee HU3KMX 3HA-
yeHusx pH u pacimmpsier nuarazoH pH, ipu koropom
aKTUBHOCTb 0J1M3Ka K MakcuManbHoi. Mcnonab3oBa-
HMe pacTBopa OEH30XMHOHA B KayecTBe OM(pYHKIINO-
Ne 5
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KATAJIUTUYECKUE CBOMCTBA HUTPUJITUJIPATA3BI

HaJIBHOTO peareHTa ISl KOBUICHTHON CIIUBKHU (ep-
MEHTA C XUTO3aHOM T103BOJISIECT IOJYYNUTh aKTUBHBIN U
CTaOMJILHBIM MMMOOWIM30BaHHbIN MpenapaT HUTPUJI-
ruapatasel. [lomydeHHBINT OMOKaTaIM3aTOpP MOXKET
OBITh HMCITOJIB30BaH B IIpolieccax TpaHchopMauuu
aKpUJOHUTPUIA B aKpUJIAMU/L C JOCTATOUHOM CcTeTe-
HBIO 3P HEeKTUBHOCTH.

Pa6ota BeImosiHeHa ITpu (PMHAHCOBOI ITOAIEPXKKE
®IIIT “HayyHble 1 HayYHO-TIeAArOTUYECKHUE Kadphl
nHHoBaLuMoHHo# Poccun” na 2009—2013 rr, rocy-
IapcTBeHHBINM KOHTpakT 02.740.11.0078.
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Catalytic Properties of a Nitrile Hydratase Immobilized
on Activated Chitosan
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Abstract—The catalytic properties of a nitrile hydratase, isolated from a strain of Rhodococcus ruber gt1 and
immobilized by covalent cross-linking with chitosan activated with 0.1% benzoquinone solution, have been
investigated. The kinetic parameters of acrylonitrile hydration catalyzed by immobilized nitrile hydratase and
the enzyme in a solution have been determined. It is found that the immobilization does not lead to a decrease
in the maximum reaction rate (V,,,,), whereas the Michaelis constant (Ky,) is reduced by a factor of 2.4. The
possibility of reusing an immobilized enzyme for 50 consecutive cycles of acrylonitrile transformation was
shown, and the nitrile hydratase activity in the 50th cycle exceeded that in the first cycle by 3.5 times. It is
shown that the effect of temperature on activity depended on the concentration of the enzyme, which con-
firms the dissociative nature of nitrile hydratase inactivation. It was found that immobilized nitrile hydratases
remain active at pH 3.0—4.0, whereas the enzyme is inactivated in a solution under these conditions. The
resulting biocatalyst can be effectively used to receive acrylamide from acrylonitrile.
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WHOLE CELLS OF Haloarcula
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Halophilic Archaea are adapted to a life in the extreme conditions and some of them are capable of growth
on cellulosic waste as carbon and energy source by producing cellulase enzyme. The production of cellulase
using free and immobilized cells of halophilic archaeal strain Haloarcula 2TK2 isolated from Tuzkoy Salt
Mine and capable of producing cellulose was studied. The cells were cultured in a liquid medium containing
2.5 M NacCl to obtain the maximum cellulase activity and immobilized on agarose or polyacrylamide or alg-
inate. Optimal salt dependence of free and immobilized cells of Haloarcula 2TK2 was established and the ef-
fects of pH and temperature were investigated. Immobilization to Na-alginate enhanced the enzymatic ac-
tivity of the haloarchaeal cells when compared to free cells and other polymeric supports. From the results
obtained it is reasonable to infer that decomposition of plant polymers into simpler end products does occur
at high salinities and cellulase producing haloarchael cells may be potentially utilized for the treatment of hy-

persaline waste water to remove cellulose.

The microbial conversion of cellulose to soluble
compounds requires the action of cellulase. Cellulases
can be divided into 3 main groups of enzymes: endo-
cellulase (EC 3.2.1.4), exocellulase (EC 3.2.1.91), and
B-glucosidase (EC 3.2.1.21) [1-3]. Cellulases have a
huge economic potential in the conversion of plant
biomass into fuel and chemicals, and also find applica-
tions in the food and detergent industries [4]. Al-
though a large number of microorganisms are capable
of degrading cellulose, only a few of them produce sig-
nificant quantities of cellulase [5—7]. Fungi are the
main cellulase producing microorganisms though a
number of bacteria and Actinomycetes have been re-
ported to yield cellulase activity [1, 8]. There appears
to be a tendency for a broader range of carbohydrate
utilization in more extreme environments such as
halophilic, perhaps as consequence of cellulose input,
possibly combined with the presence of fewer compet-
ing species in these habitats [7, 9]. Halophilic Archaea
are a group of microorganisms that inhabit natural en-
vironments containing high salt concentrations, e.g.
salt lakes and mines, crystallizer ponds of solar salterns
or artificial habitats such as salted fish, vegetables,
meat and hides [5, 10, 11]. Hydrocarbon-degrading
isolates have been isolated from hypersaline environ-
ments and some cellulase-producing haloarchaea bac-
teria obtained from the Tuzkoy Salt Mine belonging to
Haloarcula have been reported by Birbir et al. [7]. Cel-
lulosic waste in the mine might have been utilized as
carbon source by Haloarcula strains. Haloarcula is dis-
tinguished from other genera in the Halobacteriaceae
family by the presence of specific derivatives of trigly-
cosyl diether-2 (TGD-2) polar lipids [12]. Since im-

mobilization of archeal cells and a detailed mecha-
nism study have not been performed before and also to
obviate costly and tedious purification procedures that
may inactivate the enzyme and to retain the enzyme’s
native geometry and microenvironment [13, 14]. The
aim of the study was to immobilize whole cells of Ha-
loarcula 2TK2 on polyacrylamide or Na-alginate and
or agarose. The effect of entrapment in different ma-
trixes was evaluated by the determination of the cellu-
lose activity and stability and the results obtained were
compared with those of the free cells. Potential usage
of the Haloarchaeal cells for the biological treatment
of saline and hypersaline waste water to remove organ-
ic carbon was discussed.

MATERIALS AND METHODS

Chemicals. Carboxymethyl cellulose (CM-cellu-
lose), casamino acids, yeast extract, Na-alginate, aga-
rose and acrylamide were purchased from Merck,
(Germany). All the chemicals used were analytical
grade.

Microorganism. A cellulase producing strain 2TK?2
was isolated in our laboratory (Marmara University,
Biology Department, Turkey). Identification of the
organism was achieved by microbiological and bio-
chemical tests [12]. DNA sequences and phylogenetic
analysis revealed that the isolated strain was mainly
species of the genus Haloarcula [7].

Production. The cells of Haloarcula 2TK2 were
grown for 7 days at 40°C in a liquid medium (g/1):
CM-cellulose — 3.0, KCI — 2.0, MgSO, - 7H,0 — 20,
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casamino acids — 1.0, yeast extract — 1.0 and 2.5 M
NaClin an orbital shaker incubator [12]. The resulting
culture suspension was adjusted to the McFarland
nephelometer standard number 3.0 [12—15]. The cells
were separated by centrifugation at 10000 g and 4°C
for 30 min [16]. The packed cells were suspended in
sterile 2.5 M NaCl solution.

Immobilization of whole cells to polyacrylamide, al-
ginate and agarose. The sedimented cells were immo-
bilized on polyacrylamide or alginate or agarose.

Polyacrylamide immobilization. 750 mg of acryla-
mide monomer and 40 mg of metyhlenebisacrylamide
monomer were mixed in 2 ml of 2.5 M NaCl. The wet
Haloarcula 2TK2 cells (2.5 g) were added to this solu-
tion. 70 ul of TEMED were added as polymerization
agent. Polymerization was completed in 20 min at
25°C. The gels formed were cut into pieces in assay
buffer containing 50 mM Tris-HCI1 (pH 7.2) with
10 uM MnCl,, 0.1% B-mercaptoethanol (w/v) and
2.5 M NaCl. Any free cells were removed by washing
with 2.5 M NaCl solution [13, 14].

Alginate immobilization. Sterile 3% sodium alginate
suspension (w/v) was prepared by suspending sodium
alginate in assay buffer. The wet Haloarcula 2TK2 cells
(2.5 g) were suspended in 5 ml of 2.5 M NaCl and
stirred thoroughly to ensure complete mixing. 1 ml of
cell paste was suspended in 50 ml of alginate solution.
Alginate mixture was added dropwise to 1.010f0.15 M
CaCl, with constant stirring and the addition was con-
tinued until the desired number of beads was obtained.
Alginate beads were washed with 2.5 M NacCl solution
and filtered [13, 14].

Agarose immobilization. Agarose solution was pre-
pared by dissolving agarose (3% w/v) in 2.5 M NaCl at
100°C. The solution was cooled to 40°C and mixed
with 2.5 g of the wet Haloarcula 2TK2 cells. The mix-
ture was allowed to cool at room temperature. The gel
formed was shredded in a blender and free cells were
removed by washing with 2.5 M NaCl solution [17].

Activation of immobilized beads. Immobilized cells
were grown in the nutrient rich liquid medium contain-
ing (g/1): CM-cellulose — 10.0; casamino acids — 5.0;
yeast extract — 5.0; NaCl — 250; MgSO, - 7H,0 — 20
and KCI — 2.0, at 40°C and 100 rpm for 7 days. After
incubation, the immobilized cells were washed twice
with 2.5 M NacCl and transferred to the nutrient poor
liquid medium containing (g/1): CM-cellulose — 0.2,
casamino acids — 0.1, yeast extract — 0.1, NaCl — 250,
MgSO,- 7H,0 — 20 and KCI — 2. A nutrient poor me-
dium was used as a reaction medium for improving the
activity of cells [17].

Assay of the cellulase activity. The cellulase activity
of Haloarcula 2TK?2 was determined in triplicate with
CM-cellulose as a substrate and glucose as the product
[18, 19]. Released glucose was determined in a hexoki-
nase/glucose-6-phosphate dehydrogenase system at
340 nm. One unit of cellulase activity was defined as

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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0.01 mg of the glucose formation per min from CM
cellulose at 25°C.

The effect of pH on the stability of cellulose of Ha-
loarcula 2TK2. The effect of different values of pH
from 4.0 to 12.0 on the stability of the enzyme was
measured, both for free and immobilized cells of Ha-
loarcula 2TK2, at optimal salt concentration [13, 17].

The effect of salt on the activity of cellulose of Ha-
loarcula 2TK2. The effect of NaCl concentration from
0.1 to 5 M on cellulase activity was determined by vary-
ing the concentration of NaCl used in the assay buffer
whilst keeping all other conditions constant [20, 21].

The effect of temperature on the stability of cellulose
of Haloarcula 2TK2. Temperature profile from 25 to
65°C on the cellulase activity both for free and immo-
bilized cells were monitored at optimal salt concentra-
tion and pH [22].

Storage stability. The storage stability of the immo-
bilized Haloarcula 2TK2 cells on to alginate in nutri-
ent poor liquid medium containing CM-cellulose as
substrate (0.2 g) at 2—6°C was assessed by cellulase as-
says monitoring the production of glucose [13, 14].

RESULTS AND DISCUSSION

Although ability to digest cellulose is not common
among halophils, some cellulase-producing microor-
ganisms in hypersaline environments have been re-
vealed [7, 9, 22, 23]. Birbir et al. [7] have showed the
presence of cellulase-producing extremely halophilic
archeael strains in Tuzkoy Salt Mine. Among them
Haloarcula 2TK2 displayed the highest cellulase activ-
ity [24]. Haloarcula like other members of the halo-
bactericeae family requires at least 1.5 M NaCl for
growth but its optimal growth is obtained in 2.0—4.5 M
NaCl. Enzymes of Haloarcula are of potential interest,
for example, amylase produced by Haloarcula sp.
functions optimally at 4.3 M salt at 50°C and is stable
in benzene, toluene and chloroform [25].

The results obtained revealed that the time required
for optimum cellulase formation for the Haloarcula
2TK?2 cells was 7 days. Cellulase-producing strain pre-
ferred to hydrolyze CM-cellulose rather than avicel as
substrate indicating that the strain is mainly endocel-
lulase producer [26]. Nutrient poor medium as reac-
tion medium has been used to improve the activity
[15]. The effect of salt concentration of the enzyme
working solution and pH on the cellulase activity of
the free Haloarcula 2TK2 cells and the cells immobi-
lized on polyacrylamide or alginate or agarose are pre-
sented in Figure a and b respectively and the effect of
temperature on enzyme activity of free and immobi-
lized cells are shown in Figure c.

Maximum cellulase activity was attained at 2.5 M
NaCl both for the free and immobilized Haloarcula
2TK2 forms. Cellulase activity of the cells immobi-
lized on alginate was significantly higher than that of
free cells (Figure a) but for the cells immobilized to
Ne 5
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The effect of salt concentration (a), pH (b) and tempera-
ture (c) on cellulase activity for free the Haloarcula 2TK?2
(1) cells and cells immobilized on polyacrylamide (2) or
alginate (3) or agarose (4).

polyacrylamide and agarose it was significantly lower
when compared to free cells (p < 0.001). Cellulase that
we obtained from Haloarcula 2TK2 is highly salt toler-
ant but its specific activity was lower when compared
to the enzyme from halophilic bacteria Salinivibrio sp.
strain NTU-05 described by Wang et al. [22] since they
found the maximum specific activity at 0.1 M NaCl as
32.4 U/mg. The optimum pH for cellulase of Haloar-
cula 2TK?2 was present over a broad range and showed
maximum activity at pH 7.0 (Figure b). Cellulase ac-
tivities of free cells and the cells immobilized on 3 sup-
ports were similar to each other and dramatically high-
er at pH 7.0 in comparison to other pH. The results in
Figure ¢ demonstrate that the optimal temperature of
cellulase of Haloarcula 2TK2 was 25°C. Cells immo-
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bilized to alginate showed higher activity than those of
free cells and the cells immobilized to polyacrylamide
and agarose (p < 0.001). Polyacrylamide and agarose
were not a good support for the cells perhaps due to the
diffusional barriers set up by the gel against the trans-
port of the substrates [27]. It is important to note that
not only the isolated haloarchaeal strain was extremely
salt tolerant but it was also capable of retaining stabil-
ity at ambient pH and temperatures. A similar range of
pH and optimal temperatures have been reported for
halotolerant cellulase from Salinivibrio sp. strain
NTU-05 by Wang et al. [22].

Since agarose and polyacrylamide were not good
supports, the storage stability of Haloarcula 2TK2 cells
was only performed for alginate in nutrient poor liquid
medium containing CM-cellulose as substrate (0.2 g).
The cells were stable for 3 weeks, activity could not be
determined at the end of 4-th week. Nutrient poor me-
dium had been used instead of nutrient rich to improve
the activity [15]. The nutrient poor storage medium
for the immobilized Haloarcula 2TK2 cells by itself
could not ensure the viability of the cells and the cells
became eventually non-viable. The results showed that
calcium alginate immobilization is a promising meth-
od for the halophilic archaeal cells. We can propose
that micro-environment cage created by the alginate
gel seems to be beneficial for haloarchaeal cells to
maintain their activity [28].

The large volumes of cellulosic waste generated
from households and industry is the largest contributor
of organic pollution in salt sources [29]. The presence
of cellulose-consuming microorganisms in the mine,
confirms the organic pollution. For the biological
treatment of the industrial waste waters with salt con-
centrations up to 10%, such as the brines generated by
the pickling industry, aerobic treatment systems have
been developed. But the results were satisfactory only
at salt concentrations up to around 6%, at higher sa-
linities the systems perform less well [30]. Future ap-
plication of the Haloarcula 2TK2 cells immobilized to
alginate at higher salinities appears to be a feasible and
useful method for the treatment of hypersaline waste
water to remove organic carbon.

For the halobacterial cells immobilized on sodium
alginate, high enzyme activities relative to the free
cells were obtained. The results showed that calcium
alginate immobilization is a promising method for
halophilic archaeal cells. The use of whole cells in-
stead of isolated cellulase may obviate costly and te-
dious purification procedures that may inactivate the
enzyme. Although a detailed mechanism study was
not performed on the whole cells, we can conclude
that the microenvironment created by alginate cage
seems to be beneficial for the archaeal cells to main-
tain their activity and stability.

In conclusion, biologic treatment of hypersaline
waste by extremely halophilic archaeal strains immo-
bilized to alginate may bring to reduce the environ-
Ne 5
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mental impact and cost of waste disposal in hypersa-
line environments.
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Phosphoketolases are key enzymes of the phosphoketolase pathway of heterofermentative lactic acid bacte-
ria, which include lactobacilli. In heterofermentative lactobacilli xylulose 5-phosphate phosphoketolase
(X5PPK) is the main enzyme of the phosphoketolase pathway. However, activity of fructose 6-phosphate
phosphoketolase (F6PPK) has always been considered absent in lactic acid bacteria. In this study, the FOPPK
activity was detected in 24 porcine wild-type strains of Lactobacillus reuteri and Lactobacillus mucosae, but
not in the Lactobacillus salivarius or in L. reuteri ATCC strains. The activity of F6PPK increased after treat-
ment of the culture at low-pH and diminished after porcine bile-salts stress conditions in wild-type strains of
L. reuteri. Colorimetric quantification at 505 nm allowed to differentiate between microbial strains with low
activity and without the activity of FOPPK. Additionally, activity of F6PPK and the X5PPK gene expression
levels were evaluated by real time PCR, under stress and nonstress conditions, in 3 L. reuteri strains. Although
an exact correlation, between enzyme activity and gene expression was not obtained, it remains possible that

the xpk gene codes for a phosphoketolase with dual substrate, at least in the analyzed strains of L. reuteri.

Bacteria belonging to the genus Lactobacillus are
common inhabitants of the gastrointestinal tracts of
vertebrate animals and have received considerable at-
tention due to their putative health-promoting proper-
ties when they are ingested as probiotics. Although
they comprise only a minor part of the bacterial com-
munity in human feces and animals, such as pigs,
chickens, mice, and rats, lactobacilli are the predomi-
nant bacteria in the proximal regions of the gut [1].
Since low pH, bile acids and increasing osmolality are
encountered by bacteria during gastrointestinal tract
transit, gene expression in these conditions is likely to
code for different proteins, including carbon and ener-
gy sources, which enable Lactobacillus to compete and
survive better in hostile environment conditions [2].
Several strains of Lactobacillus also appear to be meta-
bolically active in vivo in the intestine [3], however, the
factors that allow lactobacilli to become established
and persist in the gastrointestinal tract are unknown
[1, 3].

Phosphoketolases are key enzymes of the phospho-
ketolase pathway of heterofermentative and facultative
heterofermentative lactic acid bacteria, and of the
fructose 6-phosphate shunt of bifidobacteria. Phos-
phoketolases catalyze an irreversible thiamine diphos-
phate dependent phosphorolytic reaction splitting
d-xylulose-5-phosphate (XSPPK, EC 4.1.2.9) or d-fruc-
tose-6-phosphate (F6PPK, EC 4.1.2.22) in the pres-
ence of inorganic phosphate [4]. Bifidobacteria have

two distinct types of FOPPK. One is specific for fruc-
tose 6-phosphate; the other is less stringent and is able
to utilize d-xylulose-5-phosphate as an alternative
substrate. The dual-specific X5P/F6PPK is encoded
by the gene xfp, first described in Bifidobacterium ani-
malis subsp. lactis |5].

In heterofermentative lactobacilli, X5PPK is the
central enzyme of the phosphoketolase pathway. This
enzyme is encoded by the gene xpk [6], and is the only
phosphoketolase activity expected. Moreover, for
many years it has been stated that “the most direct and
reliable characteristic for the assignment of Gram-
positive rod shaped bacteria to the genus Bifidobacteri-
um is that based on the demonstration of F6PPK in
cellular extracts” [7]. This taxonomic criterion is still
used for a rapid identification of the Bifidobacterium
genus [8] and to demonstrate that novel strains are
members of the genus Bifidobacterium [9]. Neverthe-
less, it has been demonstrated that other related ge-
nera: Gardnerella, also posesses the activity of this en-
zyme [10].

Four years ago, publications of protein sequences in
the GenBank database (http://www.ncbi.nlm.nih.gov/
Genbank/index.html) were reporting the presence of
F6PPK in Lactobacillus reuteri (accession number:
ZP 01273782). However, recently this sequence was
removed “because it has been superseded by a new as-
sembly of the genome” (http://www.ncbi.nlm.nih.gov/
protein/92088824). Nevertheless, to our knowledge,
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no other genus belonging to lactic acid bacteria, that
colonizes the gastrointestinal tract of vertebrates, has
been associated with FOPPK activity.

The aim of the present study was to evaluate the
presence of FOPPK, under stress and nonstress condi-
tions, in wild-type strains of L. reuteri and L. salivari-
us, isolated from the intestinal tract of pigs. Moreover,
in 3 wild-type strains of L. reuteri, the expression level
of the xylulose 5-phosphate phosphoketolase gene,
was evaluated by correlation search between the
F6PPK activity and xpk gene expression under stress
and nonstress conditions.

MATERIALS AND METHODS

Bacterial strains and culture conditions. The bacte-
rial strains, including 39 strains Lactobacillus and
6 strains of Bifidobacterium, used in this study are list-
ed in Table 1. The wild-type strains were isolated from
the gastrointestinal tract of healthy post-weaning and
slaughtered adult pigs, and characterized by polypha-
sic taxonomy in a previous work [11]. Wild-type Lac-
tobacillus and L. reuteri ATCC 53608 strains were
grown at 37°C in 5% CO, atmosphere in MRS (Man,
Rogosa & Sharpe) broth (Difco, USA). Lactobacillus
salivarius subsp. salivarius ATCC 29602 and L. sali-
varius subsp. salicinus ATCC 11742 strains were grown
at 37°C in MRS broth under aerobic conditions. Bifi-
dobacterium strains were grown anaerobically at 37°C
in MRS broth, (pH 6.0) supplemented with 0.05%
(w/v) cysteine hydrochloride (Sigma, USA). All
strains were conserved in MRS broth with glycerol
(20% v/v) at —20°C.

The F6PPK activity. The detection of F6PPK ac-
tivity was carried out as previously described [12]. All
reagents were obtained from Sigma (USA). The ability
of the bacterial strains to express F6PPK, after stress
conditions, was evaluated as follows: all the wild-type
strains were grown overnight in MRS broth at 37°C as
described previously. After incubation, culture media
were distributed into 3 aliquots. One aliquot was kept
at 37°Cin 5% CO, and used as control. The other two
aliquots were centrifuged to precipitate the cell pack
(5 min at 2000 g). One of the pellets was suspended in
MRS broth, pH 3.0 (low pH), and the other one was
suspended in MRS broth with 0.5% (w/v) porcine bile
salts. Both samples were incubated for 1 h at 37°C in
aerobic conditions and used with control sample for
the detection of F6PPK activity. Subsequently, they
were centrifuged to clarify the bacterial suspension
(5 min at 2600 g) and absorbance was measured at
505 nm spectrophotometrically. Each procedure was
carried out by duplicate.

Absorption spectra. Some samples obtained from
different strains of lactobacilli and bifidobacteria were
selected for absorption spectra measurement. Ultra-
violet/visible difference spectra with tandem trays
were carried out in an Ultrospec 400 (Pharmacia Bio-
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Table 1. Bacterial strains used in this study
Species Code Source

B. breve ATCC 15700, CECT 4839 | Human
B. infantis ATCC 15697 Human
B. longum CECT 4503 Human
B. angulatum | CECT 5775 Human
B. lactis Bb12 Lactic product
L. reuteri ATCC 53608, 2, 30, 32, Pig

107, 119, 124, 169, 676,

703, 1415, 1447, 1703,

1704, 1705, 1709, 1715,

1717, 1722, 1723, 1725,

1726, 1729,

L6D14 Piglet
L. salivarius L5122, L6D6, L6YDS6, Piglet

L7Y17,L7Y18, L7Y20,

L7Y21, L7Y24, L7Y28,

L8YD6, L8YDI5, L817
L. mucosae L7Y23 Piglet
L. salivarius ATCC 29602, ATCC 11742 Human
subsp. salivarius
L. salivarius ATCC 11742
subsp. salicinus

tech, UK). Difference spectrum was obtained by
subtracting the contribution of the blank control (all
the reagents used in the detection of F6PPK activity,
except the microorganism) spectrum.

Protein quantification. In order to obtain an adjust-
ed value for enzymatic activity, protein measurement
was performed in an aliquot of the selected samples af-
ter cetyl trimethyl ammonium bromide (CTAB) treat-
ment as previously described [12]. Total proteins were
obtained by a trichloroacetic acid precipitation proce-
dure, as previously described [13]. Total protein in the
crude cell extract was quantified with the Bradford
protein assay, and the quotient ODjs/total protein was
obtained for the adjusted value of phosphoketolase ac-
tivity.

Statistic analysis. Differences between species were
evaluated by two samples t-tests. Differences between
stressing and not stressing conditions were evaluated
by paired t-tests. All statistics were performed in a
standard computerized statistical program (NCSS sta-
tistical software, USA). A probability of p < 0.05 in two
tailed test was used as the criterion for statistical signi-
ficance.

Bacterial strains and culture conditions for xpk gene
expression. Wild type L. reuteri strains 2,676 and 1704
were grown at 37°C in 5% CO, atmosphere in MRS
broth for 10—11 h. After incubation, culture media
were divided in 4 aliquots. 3 aliquots were used to
make the control, low-pH and bile-salts samples as it
was described in chapter “The F6PPK activity”. The
fourth aliquot after centrifugation and the low pH
treatment was centrifuged again, suspended in MRS
broth with 0.5% (w/v) porcine bile salts and incubated
Ne 5
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for 1 h at 37°C in aerobic conditions. After incubation,
all the samples: control, low-pH, bile-salts and low-
pH+bile-salts were used for RNA isolation. The same
stress procedures were used to evaluate the FOPPK ac-
tivity. After incubation, all the samples and one posi-
tive control (B. breve strain), were used for the detec-
tion of F6PPK as mentioned above. Each procedure
was carried out by triplicate.

Real time PCR (RT-PCR). Total RNA was isolated
from all the treatments of the three wild-type strains of
L. reuteri using RNAprotect bacteria reagent (Qiagen,
Germany) and RNeasy mini kit (Qiagen, USA), ac-
cording to manufacturer’s protocols. Total RNA was
quantified spectrophotometrically and the integrity
was evaluated in a 1.2% agarose gel (Sigma, USA).

The primers for the xylulose 5-phosphate phosphoke-
tolase gene XPK3F (5-TTGATGCTTACTGGCGTG-3)
and XPK4R (5'-AACTTGACCACCGTGACCT-3")
were designed according to xpk sequence from L. reu-
teri strain ATCC 55730 (GenBank accession number
DQ466581). 16S rRNA was used as internal control
for normalization of expression [14] and the primers
LR16SIF  (5-TTTGGCTATCACTCTGGGA-3)
and LRI16S2R (5'-CCGAAACCCTTCTTCACTC-3")
were designed from a 180 to 200 bp consensus se-
quence obtained from the three wild-type strains as
mentioned above. All primers were designed using
DNAMAN software package (Lynnon, Canada). /n
silico comparisons and PCR amplification products
confirmed that the 16S rRNA and X5PPK primers sets
were specific for L. reuteri and would not hybridize to
other Lactobacillus species neither to other related
genera (data not shown). All primers were purchased
from Sigma-Genosys (Sigma, USA) and evaluated by
conventional PCR with genomic DNA, the resulting
PCR products were purified using GFX columns (GE
Healthcare, USA) and sequenced at the Genomic Ana-
lysis and Technology Core at the University of Arizona
(USA). Sequences were compared to the data available
at GenBank using BLAST software [15], available at
NCBI: http://www.ncbi.nlm.nih.gov/BLAST/.

All the RNA samples were treated with DNase I
(Sigma, USA) to eliminate any remaining genomic
DNA contamination prior to cDNA synthesis. Re-
verse transcription was carried out using 100 ng of total
RNA and the specific reverse primers with QuantiTect
reverse transcription kit (Qiagen, Germany), according
to manufacturer’s instructions. Negative controls (all
the reagents except reverse transcriptase) were pre-
pared for each treatment and each strain. The resulting
cDNA samples were stored at —20°C until use.

RT-PCR amplification was performed in 96 well
plates on aniQ5 RT-PCR detection system (Bio-Rad,
USA), using SYBR green for the product detection.
Each well contained SYBR green master mix (Bio-
Rad, USA), 200 nM 16S rRNA or 800 nM X5PPK of
each primer and cDNA synthesized from 100 ng of to-
tal RNA as template. Negative controls: NTC (no
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template control) and NPC (no prime control) and re-
verse transcription negative controls were included for
each treatment and each strain. PCR amplification
was initiated at 95°C for 5 min, followed by 40 cycles
of 95°C for 30 s, 60°C for 35 s and 72°C for 30 s. PCR
specificity and product detection were evaluated by
examining the dissociation curves of the PCR pro-
ducts. These melting curve profiles were generated by
heating the samples from 60°C to 94.5°C for 30 s.

RT-PCR data analysis. For RT-PCR, all the sam-
ples and their respective negative controls were ana-
lyzed by triplicate and the averages of the C; values
were used for further analysis. Real time PCR amplifi-
cation efficiencies were determined for each primer
pair by standard curves generated by plotting the starting
amplicon concentrations against the observed C; val-
ues in serial ten-fold dilutions. The slope of the cali-
bration curve was used to determine the reaction effi-
ciency as £ = 10 (—1/slope) and final comparisons
were done by double delta C; analysis, and the mean,
standard deviation (SD) and coefficient of variation
(CV) were then determined from the triplicate samples
at each time point [16].

RESULTS AND DISCUSSION

F6PPK activity. The FOPPK test is considered the
standard phenotypic assay in the identification of bac-
teria belonging to Bifidobacterium genus [7, 8] and to
demonstrate that novel strains are members of this ge-
nus [9]. In this work, all the bifidobacteria strains
showed a typical positive reaction, with colors from
red to purplish, in the FOPPK assay. In contrast, all
wild-type L. salivarius strains, L. reuteri ATCC 53608,
L. salivarius subsp. salivarius ATCC 29602 and L. sa-
livarius subsp. salicinus ATCC 11742 revealed a typical
negative reaction to the test, with a pale yellow color.

However, the colors obtained for wild-type L. reu-
teri strains were from orange to red, and were clearly
distinguishable from the typical yellow color observed
in the negative controls and the L. salivarius strains,
although not as intense as the Bifidobacterium strains.
Furthermore, the authors of the original technique for
detection of acyl phosphates, considered that “de-
pending on the concentration of acyl phosphate the
color shade will be from orange-brown to purplish
brown” [17]. In fact, the appearance of a red to purple
color is considered as positive, and a yellow color is
considered a negative result of the test [12, 18]. In ad-
dition, some bifidobacterial strains do not have con-
siderable phosphoketolase activity [18]. Differences
between the absorbance values of wild-type L. reuteri
and L. salivarius strains were clearly observed (Fig. 1).
Whereas the mean absorbance for L. reuteri strains was
0.212 + 0.046, the mean absorbance for L. salivarius
was 0.092 + 0.022 in a two sample t-test analysis. Tak-
ing into account these results, it was considered that
the L. reuteri strains were positive for the test and the
Ne 5
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Fig. 1. F6PPK activity in 35 wild-type strains of lactobacil -
li. Representation of statistic values: mean, standard devi-
ation and interquartile range, obtained for 23 wild-type
strains of L. reuteri (1) and 12 wild-type strains of L. sali-
varius (11) in F6PPK activity.

L. salivarius strains were negative. The value of 0.260
obtained for the L. mucosae strain revealed F6PPK ac-
tivity, similar to that observed in the L. reuteri strains.

Absorption spectra. The absorption spectra were
quite different between strains. In Fig. 2, absorption
spectra of selected strains are demonstrated. It could
be seen that Bifidobacterium infantis ATCC 15697 dis-
played a characteristic increase in absorption between
480 and 505 nm, Although L. reuteri strains did not
shown an identical pattern to those obtained for bifi-
dobacteria, it is possible to detect the same behavior
between 479 and 490 nm. However, as mentioned
above, it has been noted that some bifidobacterial
strains do not have considerable phosphoketolase ac-
tivity, but could be differentiated from other Strepto-
coccus and Lactobacillus strains that did not lead to
color development in the test [18]. Moreover, absorp-
tion spectra of L. salivarius, as it could be seen in
L. salivarius, strain L7Y18 spectrum, showed a maxi-
mum absorption between 455 and 465 nm, values that
correspond to the yellow color observed in the test,
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Fig. 2. Absorption spectra obtained from the F6PPK assay
in the selected Lactobacillus and Bifidobacterium strains.
1— B. infantis ATCC 15697; 2 — L. reuteri 676; 3 — L. sal-
ivarius subsp. salivarius ATCC 29602; 4 — L. salivarius
subsp. salicinum ATCC 11742; 5 — L. salivarius L7Y18;
6 — L. reuteri ATCC 53608.

and at 505 nm it is possible to differentiate from L. re-
uteri (Fig. 2).

The only wild-type strain of L. mucosae evaluated,
exhibited the FOPPK activity. This species has been
previously isolated from pig’s intestine and differenti-
ated from other related species, but it is closely related
to L. reuteri [19]. A possible explanation of our results
is that the L. reuteri and L. mucosae phosphoketolases
can utilize both substrates: xylulose 5-phosphate and
fructose 6-phosphate, as it had been demonstrated for
the bifidobacteria [5, 20] and Leuconostoc oenos phos-
phoketolases [21]. Another possible explanation for
this low activity of F6PPK observed in L. reuteri wild-
type strains could be that fructose 6-phosphate is not
splitted as efficiently as the enzyme’s original sub-
strate: xylulose S5-phosphate.

Adjusted FOPPK activity. Selected strains were as-
sayed to obtain adjusted F6PPK activity (Table 2). The
absorption spectra were quite different between strains
and although it could not be possible to obtain specific
activity, since the enzyme was not purified, it was pos-

Table 2. Comparison between A,,, and adjusted F6PPK activity in selected strains of lactobacilli and B. infantis

Strain Amax, NM OD; 1ax ODjss Protein, pg/ml | Adjusted activity*
L. reuteri 676 481 0.273 0.252 55 0.0046
L. salivarius L7Y18 463 0.058 0 305 —
L. reuteri ATCC 53608 489 0.035 0.032 165 1.9 x 10~
L. salivarius subsp. salivarius ATCC 29602 462 0.111 0.045 634 7.09 x 1073
L. salivarius subsp. salicinus ATCC 11742 462 0.094 0.032 954 3.35x 107
B. infantis ATCC 15697 501 1.511 1.507 308 0.0048

* Adjusted the F6PPK activity according to protein concentration in the crude extract.

3 TMPUKIAOHAA BUOXUMUA U MUKPOBUOJIOTUA

Tom 48  Ne 5 2012



498

Table 3. Comparison of the F6PPK activity obtained for 23
wild-type strains of L. reuteri under stress and nonstress
conditions

Treatment Group ODjss P*
Low pH Control 0.215%£0.05 0.000004
Low pH 0.298 +£0.06
Bile salts Control 0.215+0.05 0.00003

Bile salts 0.163+0.07

* Two tailed paired t-tests.

sible to obtain adjusted phosphoketolase activity, ac-
cording to protein concentration in the crude extract.
In Table 2 it could be appreciated differences in A,
and ODsy; between all strains. However, when activity
is adjusted to total protein content in crude extracts,
activity of F6PPK is almost identical in L. reuteri
strain 676 and B. infantis ATCC 15697.

In this work, wild-type strains of L. salivarius did
not show F6PPK activity. These results are logical
since this species is considered as obligate homofer-
mentative, so it does not have phosphoketolase activi-
ty [22]. However, the complete genomic sequence of
L. salivarius strain UCC118 has been obtained, and
this strain contains genes that codify for enzymes of
the phosphoketolase pathway. Although L. salivarius is
currently regarded as homofermentative, the authors,
based on these results, recommended that it should be
grouped among facultative heterofermentative lacto-
bacilli [23]. It could be that L. salivarius phosphoketo-
lase is specific for xylulose 5-phosphate, that the ex-
pression of the enzyme requires some stimulation or
that this enzyme is not functional, since the presence
of the gene for phosphoketolase does not guarantee its
expression, as observed previously in a great number of
organisms [4].

F6PPK activity under stress conditions. After stress
conditions with low pH and bile salts, the FOPPK ac-
tivity remains negative in L. salivarius strains. A slight,
and statistically significant, increase in absorbance
values was detected after incubation with bile salts. As
well, an increase in the mean from 0.092 in control to
0.112 after bile-salts treatment was detected, but these
results remained negative. Another interesting feature
evidenced in this work is that in L. reuteri, the phos-
phoketolase activity increased after exposure to low-
pH stress and decreased after treatment by bile salts, as
it could be seen in Table 3. It has been demonstrated
that phosphoketolase expression increased in response
to the combination of the lactic acid stress and a lower
growth rate in Lactobacillus plantarum [24], and that
the expression of proteins participating in the sugar
metabolism is generally rather variable [25].

Since bile salts are toxic for bacterial cells, the au-
tochthonous gastrointestinal microbiota must have
developed strategies to prevent damage caused by bile
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salts [26]. When wild-type strains of L. reuteri were
stressed with porcine bile salts, the F6PPK activity di-
minished. These results do not agree with previous
studies in Bifidobacterium strains. Sdnchez and col-
leagues [27] found that B. longum NCIMB 8809 strain
increases the F6PPK activity, after exposure to bile
salts. Although some L. reuteri strains possess the bile
salt hydrolase activity, and this property is utilized in
the selection of potentially probiotic organisms [28],
some studies had demonstrated that free bile acids are
toxic to lactobacilli [29], and this condition could be
the responsible for the low FOPPK activity detected in
the bile-salts stress conditions.

F6PPK and xpk gene expression. Three wild-type
strains of L. reuteri were selected for simultaneous
evaluation of the F6PPK activity and mRNA levels of
xpk gene after exposure to low pH, bile salts and low
pH+bile salts. After these stress conditions the activity
of F6PPK was characterized by high variability and
distinct patterns in each strain. Although a great vari-
ability could be observed in Table 4, tendencies ob-
served in the mean values of each treatment and con-
trols were maintained in the replicas of each proce-

dure. Using the 2 A method [16], the data are
presented as the fold change in mRNA levels as nor-
malized to an endogenous reference gene (16S rRNA)
and relative to the untreated control. Stress conditions
influenced the xpkA gene expression in all strains. Low
pH had more influence in strains 32 and 676 as shown
in Table 4. However, low pH did not influence the
mRNA levels of xpk in strain 1704.

In L. lactis subsp. cremoris MG 1363 the changes in
glycolytic enzyme concentrations, under acid stress
conditions, did not correlate directly with modifica-
tions in transcript concentrations because accelera-
tion of glycolysis was regulated by both, an increase in
the concentrations of glycolytic enzymes (hierarchical
regulation) and the specific modulation of enzyme ac-
tivities (metabolic regulation) [30]. Moreover, it has
been documented that L. reuteri ATCC 55730, while
growing in an optimal medium and when all the en-
zymes of both pathways are active, prefers the phos-
phoketolase functioning over the Embden-Meyerhoff
pathway [2].

The F6PPK activity after consecutive stress with
low pH and bile salts resulted in an apparent lower ac-
tivity of the enzyme with similar results to those ob-
tained after bile stress in strains 32 and 1704, but in
strain 676 the result resembled more those obtained
after low pH treatment. The low-pH+bile-salts stress
showed similar results to those observed in bile-salts
stress in strains 32 and 676. Whereas in the first strain
the expression was almost the same with the treatment
as in the control, in strain 676 the treatment with low-
pH+bile-salts generated the highest levels of expres-
sion observed in this work. The increase of phosphoke-
tolase gene expression in strain 1704 after low pH- bile
salts treatment was notable since this was the only
Ne 5
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Table 4. F6PPK activity and xpk expression, under stress and nonstress conditions in wild-type strains of L. reuteri

F6PPK xpk gene expression
Strain Treatment ODss 2_AACT CV*
32 Control 0.272 £0.107
Low pH 0.350 £ 0.112 2.10+0.204 9.728
Bile salts 0.185 £ 0.060 1.44 £0.092 6.405
Low pH+ bile salts 0.178 £0.078 1.04 £ 0.098 9.450
676 Control 0.212+£0.091
Low pH 0.189 £0.065 3.93+£0.271 6.909
Bile salts 0.099 £ 0.069 2.41+£0.523 21.712
Low pH+ bile salts 0.179 £ 0.111 3.33+£0.384 11.542
1704 Control 0.194+0.110
Low pH 0.242 £ 0.067 1.00 £ 0.074 7.445
Bile salts 0.144 + 0.065 0.67 +0.061 9.101
Low pH+ bile salts 0.110 £ 0.074 1.84£0.153 8.308

* CV — coefficient of variation.

treatment that really affected positively expression in
this strain.

It is known that tolerance to some lethal treatments
can be triggered by preexposure to sublethal pretreat-
ments [31]. In B. longum NCIMB 8809, resistance lev-
el of bile-resistant derivatives was dependent on the
external pH, decreasing at neutral values and increas-
ing in acidic environments [26]. General stress pro-
teins are induced by bile in agreement with the cross-
protection against bile after thermal or detergent pre-
treatment that has been observed in several bacteria in-
cluding Listeria monocytogenes [32], and Bifidobacteri-
um adolescentis [33]. For example, L. monocytogenes
LO28 cells are exquisitely sensitive to unconjugated
bile acids, but prior adaptation to sublethal levels of
bile acids or heterologous stresses, such as acid, heat,
salt, or SDS, significantly enhanced bile resistance.
This adaptation response was independent of protein
synthesis, and in the cases of the bile and SDS adapta-
tion, occurred in seconds [32].

Although the double delta Cr, results were not too
high, variations in gene expression were detected in
this study. In L. plantarum WCFSI strain, the relative
expression levels of the in-vivo inducible genes in-
creased up to 350-fold in the mouse intestine com-
pared to levels observed for the L. plantarum WCFS1
cells grown in a rich laboratory medium [3]. Moreover,
several genes displayed intestinal compartment—spe-
cific (small intestine versus colon) activities, confirm-
ing that this strain displayed specific and differential
responses at various sites along the mammalian intes-
tine. Furthermore, comparisons of transcript levels
found in stationary- and exponential-phase of the
L. plantarum cells revealed that many genes were more
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highly expressed in the stationary-phase cells fed to
mice [3].

It is noteworthy that two genes and some insert se-
quences identified in Lactobacillus reuteri LTH5531
during type Il sourdough fermentation were not
present in the genome of L. reuteri ATCC 55730,
which is a human isolate. As the available sequence is
estimated to cover 90 to 95% of the complete genome,
it was suggested that these genes or sequences may be
located in the unsequenced regions or may not be
present in the genome of the bacteria obtained from
humans [34]. This situation must call the attention to
some intriguing aspects related to the presence of spe-
cific genes, required, utilized or present only in some
strains of the same species, but that colonize different
hosts like pig and human.

In some cases, RNA levels may not correlate di-
rectly to the levels of the proteins produced by the cell,
since post-transcriptional regulation occurs. RT-PCR
data are totally uninformative about protein activity
[35], but genome-wide transcript analyses using DNA
microarrays will provide opportunities for even more
comprehensive and integrative views of bacterial activ-
ities occurring within the intestinal tract [3].

In conclusion, activity of FOPPK was detected in
porcine wild-type strains of L. reuteri, but not in wild-
type L. salivarius or in ATCC L. reuteri and L. saliva-
rius strains. This activity seems to be influenced by
stress conditions in wild-type strains of L. reuteri and
colorimetric quantification at 505 nm could differen-
tiate between strains with low activity and strains with-
out activity of phosphoketolase. Furthermore, low pH
and porcine bile stresses influenced the X5SPPK gene
expression. Although an exact correlation, between
enzyme activity and gene expression could not be ob-
NeS5 2012
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tained, it remains possible that the xpk gene encodes

for

a phosphoketolase with dual substrate, at least in

these L. reuteri strains.
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BJIUAHUE YCJIIOBUI KYJIETUBUPOBAHUA HA AJITE3UBHYIO
AKTUBHOCTDb POJOKOKKOB B OTHOIIEHNUN H-TEKCAJAEKAHA
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HccnenoBaHo BIMSIHUE YCIOBUI PocTa (COCTaB, KUCIOTHOCTD, COJIEHOCTh ITMTATEIbHOM CPEIbl, TEMIIepa-
Typa ¥ TUAPOAMHAMMWYECKUIA PEXXUM KYJTBTUBUPOBAHUS ) Ha are3uI0 aKTUHOGAKTepuii poaa Rhodococcus K
H-TeKkcaznekaHy. [IpoBeeHHbIE UCCIIEAOBAHMUS TIOKA3a/IM, YTO aAre3MBHAsI aKTUBHOCTb POJOKOKKOB 3aBH-
CUT OT COCTaBa IMUTATEJIbHOM Cpefbl U TEMIIEPATYPhl MX KYJIBTUBUpOBaHUs. OOCYKIEeHbI BO3BMOXHBIE Me-
XaHU3MbI BIMSIHUS POCTOBBIX YCJIOBUIA Ha aAre3uio POJOKOKKOB K XKUIKHUM yIJIEBOIOPOIAM ITIOCPEICTBOM
M3MEHEHUsI COIePXKaHUS KIIETOYHBIX JIMITUIOB U 3eTa-MOTEeHIIMAala KIETOK. B pesyibrate mcciieqoBaHuUs
OTOOPAaHBI IIITaAMMBI POTOKOKKOB, 00J1anatorime Beicokoi (80—90%) anre3mBHOM aKTUBHOCTBIO ITPY TTOHU -
xeHHoi TeMmnepatype (18°C), Boicokoii coneHoct (5.0% NaCl) u kucinotHoctu (pH 6.0) mutareabHOM
cpelbl, KOTOPBIE MOTYT OBITh ITIEPCIIEKTUBHBI IJIST UCITOJIb30BAHUS B OMOTEXHOJIOTHSIX OYUCTKH 3arpsSI3HEH-

HBbIX YIJIEBOAOPOJaMU ITOYB U BO/.

WM3BecTHO, YTO B pellIeHUMM OAHOI M3 Haubosee
aKTyaJbHbIX TTPOOJEM COBPEMEHHOCTU — 3arpsi3He-
HUE OKpyXalomieil cpemabl HePTIHBIMM YTIIEBOIOPO-
JlaMU, KJTIOYEBYIO POJIb UTPAIOT YTIEBOAOPOIOKCIISI -
[o1IMe MUKpoopTraHu3Mbl. [1oaTOMy MUKPOOGHUOJIOTH -
YeCKMe METONbl ACCTPYKLUMU  YIJIEBOTOPOTHBIX
COCIMHEHU pacCcMaTPUBAIOTCS B HACTOSIIEE BPeMs,
Kak HauboJjiee MepCreKTUBHbIE CIOCOOBI OYMCTKU
HedTe3arpsa3HEeHHBIX 3KOCHUCTeM. B ecTecTBEHHBIX
YCIIOBUSIX ITPOIIECCH OMomeTrpaxalini yriaeBoaI0POIOB
YacTO OCJIOXHSIOTCSI BAUSITHUEM HEOJIaronpUsiTHBIX
dakTopoB, TaKMxX, KaK MOHIXEHHas TeMIiepaTypa,
BBICOKAsT MMHEpAJIM3aIns, dKCTpeMaIbHbIe 3Hade-
HUSI KMCJIOTHOCTU cpelbl U T.A. CienyeT OTMETUTb,
YTO HavyaJbHbIM 3TarioM Mpoliecca ouoTpaHchopma-
oun JII060ro TUIAPOoGOOHOT0 COSANHEHUS SIBISETCS
bOakTepualibHas aare3usi, ”THTCHCUBHOCTb KOTOPOIi B
3HAYMTEJIbHO Mepe 3aBUCUT OT (PU3UKO-XUMUYE-
CKHUX nmapaMeTpoB cpensl [1]. B cBs3u ¢ aTum mccie-
JIOBaHUE aJIre3VBHBIX CBOMCTB YIJIEBOAOPOIOKHUCIISI-
oIMX 0akTepuii, obJiamaloliux YCTOMUYMBOCTBIO K
pPa3IMYHBIM 3KOJOTMYECKUM (haKTopam, IpeacTaB-
JIsieTcsl aKkTyaJbHBIM Il Pa3BUTUSI OMOTEXHOJIOTUIA
OYUCTKU 3arpsi3HEHHBIX HEPTIHBIMU YTJIEBOAOPOIA-
MU TIOYB U BOJIL.

AnresuBHasT AaKTHUBHOCTb MHUKPOOPraHW3MOB
OIpeAesieTCs] CBOMCTBAMM KJIETOUHOM TMOBEPXHO-
CTHU, TIPEXKIIE BCEro CTEIIEHBIO ee TmapodoOHOoCTH [2],
Ha KOTOPYIO 3HAYUTeJIbHOE BJIUSIHUE OKa3bIBalOT
YCJIOBUSI KYJBTUBUpOBaHUsl. B 3apyGeskHOIt 1uTepa-
Type BCTPEYalOTCsl MCCIEIOBAHUSI aAre3UBHOM aK-
TUBHOCTHU TIpelcTaBuTeNeil ponoB Bifidobacterium,
Pseudomonas, Serattia [3—5]. OqHaKO 0COOEHHOCTU
anre3ny aKTMHOOAKTepuii poma Rhodococcus, akTUB-
HO pa3padaThIBaeMbIX OMOTEXHOJOTMYSCKUX aTeHTOB
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OKUCJIUTEIbHO TpaHchopMaluy MPUPOIHBIX U aH-
TPOMOTeHHbIX YTJIEBOAOPOIOB, MIPAKTUUECKU HE U3Y-
yeHsbl [6, 7]. Hamu paHee [8] moka3aHa BeICOKas afl-
re3uBHasi aKTUBHOCTb POIOKOKKOB Pa3HbBIX BUIOB B
OTHOIIIEHUH XUIKUX H-aJIKaHOB C JUTMHOM IIeTTH OT 6
1o 16 aromoB yrirepona. [1pu a3ToM HarGOIBITHE TTO-
KaszaTejau aare3uy K HMCCIeIyeMbIM YIJIEBOIOpOAaM
HaOoganuce y npeacrasuteiieit R. ruber, anre3us-
Hasl aKTUBHOCTb KOTOPBHIX YBEJIWYMBAlach C BO3-
pacTaHWEM YMCIIa YIJIEPOIHBIX aTOMOB B MOJIEKYJIE
H-aJIKaHa.

Llens paGoTHl — U3yYeHUE BIUSHUS YCIOBUM PO-
cra (cocTaB, KMCIOTHOCTb, COJICHOCTh ITUTATEILHOMN
cpelbl, TeMreparypa U TUAPOIMHAMUYECKUN PeskuM
KyJETUBUPOBAHUS) POJOKOKKOB Ha WX aATre3WBHYIO
aKTUBHOCTH B OTHOIIICHUY H-TeKcaaeKaHa.

METOAMKA

OO0beKT ucceA0BaHNA U YCJIOBUSA KYJIHTHBHPOBA-
Hua. Vcronp3oBanm KyJABTYpbl aKTHUHOOAKTEpHit
pona Rhodococcus, TpuHagIEeXKalUX K BHUIAM
R. erytropolis (10 mrammoB), R. fascians (11 mram-
MOB), R. longus (5 irtamMmmoB), R. opacus (6 IITaMMOB),
R. rhodochrous (4 mitamma), R. ruber (6 mITaMMOB) U
noaaepxuBaeMbiXx B PernoHanbHoOl npoduinpoBaH-
HO KOJIIEKIINY aTKaHOTPOMHBIX MUKPOOPTaHU3MOB
HNUBI'M ¥pO PAH (akponum UDI'M; WFCC #768;
www.iegm.ru/iegmcol/index.html), a Takke 30 my-
TaHTHBIX KJIIOHOB R. ruber UOI'M 231, mony4eHHBIX
METOJIOM Hecnenuduyeckoro in vitro TnS myrareHesa.

,Z[.TIH OLCHKHM BJIUAHUA YC.TIOBI/II\/JI KYJIbTUBUPOBa-
HUA Ha aTr€3MBHYIO aKTUBHOCTb POJOKOKKM ITapaj-
JICJIBHO BbIpalllMBaJIM Ha MACO-IICIITOHHOM arape
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(MIIA) u arapusoBaHHOI MuUHepaabHOI cpene K [9]
cnenyoiero cocrasa (r/n): KH,PO, — 1.0, K,HPO, —
1.0, NaCl — 1.0, KNO; — 1.0, MgSO, - 7H,0 — 0.2,
FeCl;-7 H,0 —0.02, CaCl, - 2H,0 — 0.02. JonoaHu-
TEJIbHO B MHUHEPAJIbHYIO Cpelly BHOCUJIU PACTBOP
MukpoasiemeHToB (1.0 mu/m) [10]; mposkkeBoii aKc-
TpakT (“Mukporen”, Poccust) (0.05 /1), a Takke
OJIMH U3 H-aJIKaHOB: H-T€KCaH, H-TeNTaH, H-HOHaH,
H-JIeKaH, H-YHAeKaH, H-I0JeKaH, H-TeTpafaeKaH, H-TeK-
cagekaH (98%, OO0 “Bekron”, Cankr-IletepOypr)
(1.0 06. %) mM160 TroKO3y (10 T/71) B Ka4ecTBe MCTOU-
HUKa yrjiepoaHoro nutaHus. KyJ1sruBupoBaHue ocy-
mectBiasin  npu 18, 28, 37°C Ha Kayvajke
(160 06/MuH) TMOO CTAIMOHAPHO B TedeHUEe 3—7 CYT.
Taxke KJIETKM BBIpAIIMBAIM B MSCOIIEITOHHOM OY-
nwoHe (MIIB) ¢ no6aBaeHueM pasnuuHbix (1.0, 2.0,
3.0, 4.0, 5.0, 10, 15 n 20%) KOHLIEHTpaLINii XJIOpHIA
Hatpus, B nuamnazoHe pH ot 4.0 no 9.0 Ha kavanke
(160 06/MuH) ipu 28°C.

Tn5-MyTareHe3 KJIeTOK pOAOKOKKOB. M crob3oBa-
mu tpaHcrnozomy EZ:TN™ (KAN-2)Tnp Transpo-
some™ (“Epicentre Technologies”, CIIIA), mpen-
CTaBJISTIONIYIO CO0OI KOMILIEKC TpaHCHo30Ha TnS ¢
BCTPOEHHBIM T€HOM YCTOMUYMBOCTU K KAHAMULIMHY U
Oenka TpaHcnosasbl. IIpouenypy TpaHchoOpMaluu
MPOBOJMUJIM C TOMOIIIBIO 3jekTpornopaTopa E. coli
Pulser™ Transformation Apparatus (“Bio-Rad”,
CIIA) npu HanpskeHuu 2.5 kB 1 emkoctun 10 Mk®D.
YacTtoTy TpaHChOpMallM¥ BBIYUCISIU MO KOJUYE-
CTBY BBIpOCIIMX Ha 4aiikax ¢ LB arapoMm (KoHLIEH-
Tpauus aHTuonotuka B cpeae 100 MKr/mi1) ycToium-
BBIX K KAHAMUIIMHY KOJIOHU# MO OTHOIIEHUIO K UC-
XOJIHOMY YHCIY KJIeTOK. BO3MOXHOCTh CITOHTaHHBIX
MyTalliii OLIeHWBaU MYyTEM BbICEBAa KJIETOK MCXO.-
HOIi OaKTepuUaJIbHOUW KYJIBTYpbl, HE MOIABEPrHYTOM
TpaHcdopMaln1, Ha Yalku ¢ arapoM LB, conepxa-
M KaHaMWIIH [11].

IMTpucyrcTBre TpaHcro3oHa ThS B OakTepuabHON
JIHK moaTsepxxnaiyd ¢ HOMOLLBIO TTOJIMMEPa3HOM LIeI-
Hoit peakuyu (IIIIP) ¢ ucnonab3oBaHueM IIpaiiMepoB
KAN-2 FP-1 (5'-ALLLHTALHAALIAAAT LT TLATLA-
AIIII-3") 1 KAN-2 RP-1 (5'-THAATT TAALIATTIATA-
ITATTTTTAI-3") (“Epicentre Technologies”, CIIA).
JHK mn3 6akTepraibHbIX KJIETOK BbIIESUIA C TIOMOIIIBIO
InstaGene™ Matrix (“Bio-Rad”, CIIA), comacHo
MPOTOKOJTy KOMITAHUM-TIPOU3BOIUTENS. AMIUTU(UKA-
oo npoBom B Tepmonukiepe MyCycler (“Bio-
Rad”, CIIIA). B kayecTBe MOJIOKUTEILHOIO KOHTPOJIS
MCIONB30BaM TpaHcro3oH EZ: TN™ (KAN-2).

YCTOWYUBOCTh MYTAHTOB K KaHAMUILIUHY OLIEHU-
Bau AucKoangGy3nOHHBIM METOIOM ITO BEJIMYMHE
JIMaMeTpa OTCYTCTBUSI pOCTa BOKPYT MHAWKATOPHBIX
muckoB (“HUIL®”, Cankr-IleTtepOypr), comepxka-
mux 30 MKr KaHaMULIMHA. MyTaHTHBIE KJIOHBI Xpa-
Hum B cpene LB ¢ 10% rimmuepuna u 100 MKT/Mi Ka-
HamMuuyHa pu —84°C.

Onpenenenne CTeNeHN aAre3nH KIJIETOK POJAOKOK-
KOB K H-TeKcajieKaHy. AIr¢3MBHYIO aKTUBHOCTh POJIO-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

PYBLIOBA u np.

KOKKOB K H-aJIkaHaM (H-TeKcaH, H-renTaH, H-HO-
HaH, H-JeKaH, H-yHIeKaH, H-IoAcKaH, H-TeTpaje-
KaH, H-TekcanekaH) (98%, OO0 “Bekron”, CaHKT-
IleTepOypr) onpenensin ¢ momoibio MATH-tecta
(Microbial Adhesion to Hydrocarbons — Mukpo06Hasi
aaresus K yrjieBoaopoaam) mo MoarudulMpoBaHHON
METOIMKe, IIpUBeAeHHO HaMu paHee [12]. Moan-
(ukalys MeToma 3aK/II04Yagach B 9KCIEpUMEHTab-
HO TMOJOOpaHHOM COOTHOIIEHUU TUAPOGOOHON—
BOOHOM (a3, paBHOM 1 : 2.5, mpu KOTOpOM HaOII0a-
JIMCh YCTOMUYUBBIE MTOKA3ATENIN KIIETOYHOM aAre3uu K
ruapodoOHOMY CyoCcTparTy.

HOnsa  omnpenelieHUs BIUSHUS —TeMIlepaTypPHBIX
ycnoBuii npoBeaeHuss MATH-Tecra Ha anre3MBHYIO
aKTUBHOCTb POJOKOKKOB K H-TeKcaJeKaHy Ioka3aTe-
JIM aare3uu onpenessiy npu 18, 28 u 37°C.

Onpenenenne crenend ruipoGoOHOCTH KJIETOK poO-
JIOKOKKOB. M crosib30Baiy MeTOM CONeBOM arperaiiu
[13], ns aToro roroBuim paziandHbie (0T 0.2 104 M ¢
uHteppaioM 0.2 M) konHuentpauuu (NH,),SO, B
0.001 M mnarpwmii-pocharHoM Oydepe. Ha mpeamer-
HOM CTeKJIe CMEIIIMBAJIM B PaBHbIX KOJMYECTBAX pac-
TBOp Cyidb(ara aMMOHUSI M CYCIIEH3MIO KIJIETOK
(107 xi1./Mi1) B dusnonorndeckom pactsope. Habmo-
JIeH1e Mpollecca 00pa3oBaHUS KJIETOUHBIX arperaToB
MPOBOJMIIM Yyepe3 | MUH ¢ ucoib30BaHUEM (ha30BO-
KOHTpacTHOI Mukpockonuu (Axiostar Plus, “Karl
Zeiss”, [epMaHus) ¢ MacISTHO-UMMEPCUOHHBIM 00b-
ekTuBoM (yB. x 1000). MuHMMAaIbHYIO KOHIICHTPA-
uuto pacrsopa (NH,),SO,, npu KoTopoii Haba0na-
JIoCh 00pa30BaHUE KJIETOUHBIX arperaToB, MpuHUMa-
JIN 3a YCJIOBHOE 3HaUYeHUE CTEeNeHU ruapo(GoOHOCTU
kJieTok. CorjlacHoO JaHHOMY METO[ly, YeM OoJiee Tui-
podobHa KiaeToyHasl CTeHKa OakTepuii, TeM IpH
MeHbIIIell KOHILIEHTpallMX pacTBOpa Cyjib(ara aMMo-
HUS HaOmomaeTcs: arperanust kietok [14]. Mcxon-
HYI0 KJETOYHYIO CYCIleH3UI0 0e3 mobaBieHust
(NH,),SO, ucnonb3oBaii B KadyecTBE KOHTPOJI.
DoTONOKYMEHTUPOBAHME TIOJyUYeHHBIX H300paxke-
HUI OCYIIECTB/ISUIM C IOMOIIbIO (hoToKamepsl “Pix-
era” (CIIA) u KkoMIibIOTEpHOM TTporpaMmsbl “Buaeo-
Tect — Pasmep 5.0” (Cankr-IletepOypr).

Onpenenenne CyMMApPHbIX KJIETOYHBIX JIMIHIOB.
CyMMapHble KJIE€TOYHBIE JIUMUIbl 3KCTParupoBaiv
no Metoauke [15], cormacHo kotopoit 0.05 r cyxoit
61oMacchl CyCIIEHAUPOBaIN B 1 MJI IUCTUILIMPOBAH-
HOW BOJIbI C MOCEAYIOLIUM 100aBIeHeM 4 MJI CMeCH
xnopodopm—meraHon (1 : 2). IMoayyeHHYIO cMech
BCTPSIXUBAJIU U OCTABJISUIA Ha 1 CyT, IEeHTpUDYTUPO-
Baiu ripu 2000 g B Teuenue 10 MuH, HagOCaIOYHYIO
XKUIKOCTh CIIWBaJIM B LICHTPUPYKHYIO TPOOUPKY, K
0oCaaKy A00aBIsIA 5 MJI CMecH XJopodopM—MeTa-
Hosi—Boxa (1 : 2 : 0.8), BcTpsAXuBaiv U LICHTPUDYTUPO-
Basii. CyriepHaTaHT OOBENMHSUIU C paHee MOJTyYeHHbIM
9KCTPAKTOM U T00ABJISIIIA 5 MJI CMeCH XJI0po(hOpM—BO-
na (1: 1), noBropHO HeHTpUPYrupoBain. XJ10podopM-
HBII CJIOM MEpeHOCUIM B MpeaBapyuTeIbHO B3BEIIEH-
HYIO KPYIVIOJIOHHYIO KOJIOY 1 yIapuBaaud Ha POTOP-
Ne 5

TOM 48 2012



BIVAHUWE YCIOBUM KYJIBTUBUPOBAHUSA HA AATE3VBHYIO AKTUBHOCTD

%
100

80
60
40

20 11

nn iR G0N SON SN 50D

1 2 3 4 5 6

Puc. 1. Anre3uBHasi aKTUBHOCTh (%) B OTHOILIEHMH H-
rekcaaekaHa KJIeTOK POJIOKOKKOB, BbIpAIlIEHHBIX Ha pa3-
HbIx cpenax: | — MIITA; II — muHepanbHas cpena B pu-
CYTCTBUM H-TekcanekaHa; I11 — B mpucyTCTBUU IJTIOKO3bI.
IMpuBeaeHbI cpeaHUe TaHHBIE I POIOKOKKOB Pa3HbBIX
BunoB. I — R. erythropolis (4), 2 — R. fascians (4), 3 —
R. longus (3), 4— R. opacus (3), 5— R. rhodochrous (4), 6 —
R. ruber (5). B ckoOKkax yka3aHO YMCJIO MCCAEN0BAHHBIX
LITAMMOB.

HOoM wucnapureiie Tipu 60°C, Tocie 4Yero KoJoy
B3BEIIMBAIN A0 TOCTUKEHMSI TOCTOSSHHOM MacChl Ha
BBICOKOTOYHBIX aHaauThueckux Becax AUW 120D
(“Shimadzu”, Amonwus). KonudecTBo 0OIIMX JTAIIN-
JIOB BBIpaKaJli B MPOLIEHTAX OT CyXOl MacCHI KJIIETOK.
DKCcneprUMEeHTbI TPOBOIWIN B IATUKPATHO! OBTOP-
HOCTHU.

OnpenesieHue 3eTa-MOTEHIMANA KJIETOK POIOKOK-
koB. Kitetku R. ruber UBI'M 231, BbIpallleHHbIE B
MIIB, npu pazmmyHoii Temmepatype (18, 28 u 37°C),
pH (ot 6.0 mo 8.0) u comenoctu (0.5, 1.0, 2.0, 3.0,
4.0% NaCl) nBaxabl OTMBIBAJIM U PECyCIIEHAMPOBa-
qu B 10 MM KNO; (pH 7.0) no noctuxeHust 3Haye-
Hus ontudecKoil InoTHOCTU (OXlgygp,) 0.2 (cmekTpo-
¢doromeTp Lambda EZ 201, “Perkin Elmer”, CIIIA).
3eTa-noTeHILIMA POJIOKOKKOB B CYCHEH3USIX PEerv-
CTPUPOBAIM METOIOM TMHAMUYIECKOTO CBETOpaccesi-
HUS Ha aHanuzatope ZetaSizer Nano ZS (“Malvern
Instruments”, Benuko6purtanus) npu 25°C. ABTOMa-
THYECKYI0 00pabOTKY MOyYeHHBIX JaHHBIX TIPOBOIM -
JIN C WCTIOJIb30BAaHUEM TIPOTPAMMHOTO O0eCTICUCHUST
Malvern Zetasizer, v. 2.2 (“Malvern Instruments”, Be-
JIMKOOpUTAHUST). DKCIIEPUMEHTBI IPOBOAWIN B TPEX-
KpaTHO# TTOBTOPHOCTH.

PE3VIJIBTATBI 1 UX OBCYXIEHWNE

Bausinne cocraBa cpeibl KyJI5THBUPOBAHUS HA aj-
Te3uBHYI0 AaKTHBHOCTb POJOKOKKOB. Pe3ynbrarhbl
oITpeneIeHUs aire3MBHOM aKTUBHOCTH KJIETOK POIO-
KOKKOB K H-TeKCaJleKaHy B 3aBUCUMOCTH OT COCTaBa
cpelibl X KyJbTUBUPOBaHUS (purc. 1) CBUAETENbCTBY-
0T, 4TO mpenactaBureau R. opacus, R. rhodochrous n
R. ruber nposBisioT BBICOKYIO (75—90%) anre3ums-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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% M
100 - 0
ll ° o . L) . . 0.2
90 B . 0.4
80 0.6
0.8
70 1.0
60 1.2
1.4
50 = - 1.6
1234 567 &910 11121314 15161718 19202122

Puc. 2. CpaBHUTEIbHBIN aHAIU3 aAre3UBHON aKTUBHO-
CTU U TUIPO(POOHOCTH KIETOK POIOKOKKOB: | — pesyiib-
tatbl MATH-tecta (% anresun), II — pesynsratel MeTOna
conesoil arperauuu (M (NHy),SOy). I — R. erythropolis
HNBI'M 24, 2— R. erythropolis UDT'M 186, 3 — R. erythropolis
NUDI'M 268, 4 — R. erythropolis UDTM 271, 5 — R. fascians
HUBIM 35, 6 — R fascians UDTM 278, 7 — R. fascians
NBI'M 170, § — R. longus UDITM 27, 9 — R. longus UDTM
28, 10 — R. longus UBI'M 29, 11 — R. opacus UBT'M 37,
12— R. opacus UBI'M 62, 13 — R. opacus UDIT'M 716,
14 — R. opacus UBTM 458, 15 — R. rhodochrous UDT'M
64, 16 — R. rhodochrous UOTM 632, 17 — R. rhodochrous
NUDI'M 633, 18 — R. rhodochrous UDTM 646, 19 — R. ru-
ber UOI'M 231, 20 — R. ruber UDI'M 235, 21 — R. ruber
UBIM 219, 22 — R. ruber UDTM 326.

HYIO aKTUBHOCTb MPU KYJIBTUBUPOBAHUU KaK B MPU-
CYTCTBUH YIVIEBOAOPOAA, TaK 1 0e3 HEro. DTo yKashl-
BaeT Ha TOBBILICHHYIO THIPOGOOHOCTh KIESTOYHOMN
CTCHKHN POJOKOKKOB JaHHbBIX BUIOB HE3aBUCUMO OT
cocTaBa POCTOBOM cpedbl, YTO, MO-BUAUMOMY, O0Y-
CJIOBJIMBAaeT WX BPOXIACHHYIO adalTalluio K YCBOE-
HUIO YIJIeBOIOPOIHKIX cyocTpaToB [16]. Kak BugHO
u3 puc. 1, misa npeacraBureneii BUIOB R. erythropolis,
R. fascians n R. longus cpena KyJIbTUBUPOBAHMSI OKa-
3pIBajzia AU PepeHIIMPOBAaHHOE BIMSIHNE Ha ajre-
3MBHYIO aKTUBHOCTb: CPEeIHME ITOKa3aTeau KJIETOU-
HOM aAre3uy NpU MCIIOJb30BAaHMM TJIIOKO3bI B Kade-
CTBE MCTOYHUKA yIJIEpOIAa He IIpeBbIIau 55%,
TOraa KakK KyJbTUBUPOBAaHUE B MPUCYTCTBUU H-T€K-
caJeKaHa crioco0CTBOBaIo 3HaUnTe IbHOMY (10 30%)
MOBBILICHUIO aAre3uBHON aKTMBHOCTHU IO CpaBHE-
HUIO C KyJIbTypaMH, BeIpamieHHbIMU Ha MITA. Tlo-
BUJIMMOMY, TMPUCYTCTBUE VYIJIEBOIOpPOAA B Cpele
KYJIBTUBUPOBAHUSI CIIOCOOCTBYET MOBBIIICHUIO CTE-
neHu TUIPOPOOHOCTU KIICTOYHOM ITOBEPXHOCTH Y
MpeacTaBUTENEH TaHHBIX BUAOB POJIOKOKKOB U, KaK
CJIeJICTBUE, YBEJIUUYCHUIO aJre3UBHON aKTUBHOCTH B
OTHOILIEHUU H-TeKcaaeKaHa. JlaHHble o ruapodoo-
HOCTU GaKTepI/IaﬂbeIX KJIETOK, ITOJYYECHHBIC C HC-
MOJIb30BaHUEM METOJa COJIEBOIl arperaliu, CBUE-
TEJIbCTBOBAIU (pUC. 2), YTO OOJBIIMHCTBO MUCCIEIye-
MBbIX KYJIBTYP POOOKOKKOB XapaKTEPU3YIOTCS BBICOKOM
ruapo¢dOOHOCThIO KJIeTouHOUM moBepxHocTu (0.2 M
(NH,),S0O,). Ha mukpodotorpadusix (puc. 3) nipen-
Ne 5
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Puc. 3. MukpodoTorpaduu KIeTOUHbIX arperaToB pogoKOKKOB, (popMUpyeMbIX B pacTBopax cysibdata aMMoHUsT: R. fascians
MBT'M 34 (a — koHTponk; 6 — B pucyrctumn 0.2 M (NHy),SOy), R. erythropolis UBI'M 271 (B — KoHTpons; T — 0.2 M

(NHy),S0y).

CTaBJIEHbI IPUMEPHI Koarperaiyu KjieToK POJOKOKKOB
1011 TEWCTBUEM PacTBOpA CyJib(haTa aMMOHUSI.

C uenblo 6oJiee 1eTaIbHOTO UCCIEA0BAHUS BIUSI-
HUSI IPUPOIAbI TUIPO(GOOHOr0 MCTOYHUKA YIJIEPO-
HOTO TUTAHWSA Ha aAre3WBHYIO aKTUBHOCTH KJICTKU
DPOIOKOKKOB BBHIPAIIMBAIM B MPUCYTCTBUM H-ajiKa-
HOB C JUIMHOM 1Henu oT 6 1o 16 aToMOB yriiepoja.
Hamwu ycraHoBneHa yeTkast 3aBUcMMOCTh (R = (.87,
p = 0.0049) Mexny MHTEHCUBHOCTBIO KJIETOYHOIO
pocTa B IIPUCYTCTBUU JAHHBIX YIJIEBOJOPOIOB U CTe-
MEHBIO aTe3UMN K HUM KJIETOK POOOKOKKOB (puc. 4).
INonydyeHHbIE TaHHBIE CBUICTEBLCTBYIOT O TOM, YTO
WHTEHCUBHOCTh POCTa POJOKOKKOB B TPUCYTCTBUH
pPa3IMYHBIX aTudaTAYECKUX YIJIEBOIOPOAOB 0O0Y-

cyioBJIeHa 3P (HEeKTUBHOCTHIO MpoIecca UX aare3nu K
HMCCIEA0BAaHHBIM TUAPO(GOOHBIM COEAUHEHUSIM.

DbOEKTUBHBIM CIIOCOOOM M3y4eHUsSI TeHeThuYe-
CKHUX OCHOB (hyHKIIMOHAJIbHBIX XapaKTePUCTUK OaK-
TepUAJIbHBIX KJIETOK SIBJISIETCSI TOJTyYeHIE MYTAHTOB.
Pesynbrarel nccienoBaHUs aAre3uBHON aKTUBHOCTU
TnS-MyTaHTHBIX KJIOHOB POJOKOKKOB TlOKa3aiu
(Tabi. 1), 94TO IOJIydeHHBIC MYTAHTBI XapaKTepHU3y-
JOTCSI TIOHWKEHHOM CTEeTIeHbIO are3Mm K H-reKcaje-
KaHy 1O CpPaBHEHUIO C POAUTENBbCKHUM IITAMMOM
R. ruber UDI'M 231, a Takke 6oiee HUBKMMU II0Ka-
3aTeJIIMU HAaKOTUICHUSI KJIETOUHOM OMOMAacChI.

N3BecTHO, 4TO CcTeneHb TUAPOPOOHOCTU MUK-
POOHBIX KJIETOK OIIPENEISICTCS COIEepXKaHMEM Kile-
TOYHBIX TUITMIOB [17]. ITpoBeneHHBIE HAMU CPaBHU-

Tadmuua 1. Anre3vBHast aKTUBHOCTh M TTOKa3aTeJM pocta Tn5 MyTaHTHBIX KITOHOB R. ruber UBTM 231 B IpUCyTCTBUU

H-TCKCaacKaHa

I/ICCJ'ICJIYCMBIC MYTaHTHBIC KJIOHBI

CreneHb aare3nu, %

Knerounas 6uomacca, /1

R. ruber UDI'M 231 (UCXOAHBII ITAMM)

2,3,4,9,12,13, 14,15, 16, 17, 18, 21, 22,
30, 35, 42, 46, 49, 50, 119, 137

7,25, 31, 58, 66, 87, 110
61

96.6 =24
80+4.3-97+25

60 £3.1-79+4.2
0 0

44 + 0.1
2.6 £0.05-4.1 £0.63

1.4+0.52—-2.5 £ 0.46

MPUKIAOAHAA BUOXMMUA 1 MUKPOBUOJIOTUA
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Puc. 4. 3aBUCcUMOCTDb TOKA3aTeIsI KIETOYHON OMOMaCChI
POIOKOKKOB (T/J1) OT MX aare3MBHON aKTUBHOCTH (%) B
OTHOIIIEHUM ainGaTUIECKUX yIIeBOAOPOAOB (H-TeKCaH,
Cg; H-reniran, C7; H-HOHaH, Cgy; H-mekaH, C|(; H-yHIe-
kaH, C|; H-nonekaH, C;,; H-TeTpanekaH, C4; H-rekca-
nexaH, Cj¢). [Ipencrasnensl cpegHue 1aHHble 11 R. ru-
ber UBTM 219, UBTM 231, UDBT'M 326.

TeJbHBIE WCCIIETOBAaHMUSI KOJMYEeCTBA JUITUIOB TIPU
pocTe Ha pa3HBIX cpeaax (puc. 5) ImoKas3aim yBeamde-
HUE MaHHOTO KOMITOHEHTa B KJIETKaX POIOKOKKOB
IPU POCTe Ha MUHEPATLHON cpelie ¢ mobaBIeHIEM
H-TeKcaaekaHa (17—22%) 1mo cpaBHEHMIO C TAKOBBI-
mu, pactymumu B MI1b (8—14%). Kpome Toro, pa-
Hee HaMM ObLIO 1oka3aHo [17], 4To B cocTaBe Kie-
TOUYHBIX JIMMTUIOB POJOKOKKOB, BbIpAlllEeHHBIX B TIPU-
CYTCTBUM H-TeKcaleKaHa, ComepXaHMe MpeaeTbHbBIX
(HaCBIMIEHHBIX) XUPHBIX KUCIOT W HEUTpaTbHBIX
dochomunuaoB (B YaCTHOCTHU, KapAWOJUIIMHA U
dochaTuauasTaHOJIAMMHA) BBIIIE, YeM B KJIETKaX,
pactymux B MIIB. BT10, nno-suaumMomy, o0yCIOBIM-
BaeT MOBBIIICHUE CTeTIEHU KJICTOYHOM aAre3uu K He-
noJisipHOMYy yrieBomopoay. CieayeT OTMETUTb, UTO
MOJTydeHHBIN MyTaHT 61 (cM. Tabi. 1), neUIUTHBIIR
T10 a[ITe3U 1 Ml HECITOCOOHBIN K POCTY Ha H-TeKcameKa-
He, XapaKTepu3yeTcs Hanboiiee Tiapo@UIbHOMN Kite-
TOYHOM CTEHKO# (KOJTMIECTBO CYMMAapPHBIX JTUTTHAIOB
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Puc. 5. Conepxanue aunuaoB (%) B KiIeTKax pOIOKOK-
KoB, BoIpalieHHbIXx B MIIB (1) u arapuszoBaHHOIi cpene
“K” B mpucytcTBUU IapoB H-rekcanekaHa (I1). bakrepu-
anbHble TaMMBbL: I — R. ruber UDI'M 371, 2 — R. ruber
NUBI'M 324.

KJIeTOK cocTtaBisieT 5.4 + 0.76% oT cyxoli Macchl KJe-
TOK, 9TO B 2 pa3a MEHBIIIE IO CPAaBHEHMIO C TAKOBBIM
POIUTEJILCKOTO LIITaMMa).

Ilpu uccrenoBaHUM BIWSHUS TOKa3aTesiss KUC-
JIOTHOCTU Cpelbl Ha aAre3uBHYI0 aKTUBHOCTb
23 ITaMMOB POJIOKOKKOB ObUIO MOKa3aHo, 4To 90%
WCCIIeNyeMbIX KYJIBTYp HE CITOCOOHBI pAaCTH B KUCJIOH
(pH 5.0) nutatenbHoOM cpene. biaronpusiTHbie yciio-
BUs IIJIS pOCTA TOMABIISIIONIETO OOJIBITMHCTBA KYJIb-
Typ orpaHmdyeHbl auarazoHoMm pH 6.0—8.0, 3a wuc-
KJIIOUeHUEeM IIpeacraBuTesieii R. ruber, CIIOCOOHBIX
pactu 1 B menoyHbix (pH 9.0) ycnosusx. I1pu aTtom
Haubomee Beicokue (70—100%) mokaszaTenu aare3nu
HaOJII0JAIUCh MTPU KYJIBTUBUPOBAaHUU POJIOKOKKOB B
HelTpaabHOI U ciabolenodyHoii cpene (pH 7.0—8.0)
(tabn. 2). BpIIBAIEHO 2 1mTaMMa pPOJOKOKKOB
(R. rhodochrous NBT'M 66, R. ruber UDT'M 231),
CMOCOOHBIX pacTu B ycioBusix kucioil (pH 5.0) cpe-
IIBI, OMMHAKO TPY 3TOM WX aAre3uBHAas aKTUBHOCTH B
OTHOILLIEHUM H-TeKcaleKaHa He npesbiiaia 50%.

BiusitHue cojleHOCTM MUTATEIbHOM cpelbl Ha aj-
re3UI0 POJOKOKKOB K H-TeKcaleKaHy OKa3ajloCh He-
ogHo3HayHBIM (Tabn. 3). Hauboinee Bricokume (75—

Tabmuna 2. BiustHue rokasaTesist KUCJIOTHOCTH Cpeibl KYyJIbTUBUPOBAHMST POJOKOKKOB Ha X aire3MBHYIO aKTUBHOCTD B

OTHOIIICHUM H-TeKcaJeKaHa*

BaxkTepuanbHBIi BUL pH 6.0 pH 7.0 pH 8.0 pH 9.0
R. erythropolis (5) 43+ 11 6112 57t 14 -
R. fascians (4) 61 £8 74 £ 10 75+ 6 -
R. longus (4) 48 +£9 51+11 42 + 14 —
R. opacus (4) 75+9 88 +7 68 +7 -
R. rhodochrous (7) 88t 9 89+ 4 91t4 —
R. ruber (6) 85+ 6 84+ 6 735 58*9

>kr[pe}]CTaBJICHI)I CpE€aHUEC IJ1d BUda SBHAYCHUA aAr€31uu. B ckobkax YKa3aHO KOJIMYECTBO ITAMMOB. Hpo‘{epK O3HA4YacT OTCYTCTBUEC POCTA.
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TaﬁJmua 3. Anre3uBHast aKTUBHOCTD POOJOKOKKOB Pa3HbIX BUJOB B 3aBUCMMOCTHU OT KOHLICHTpallun NaClB Cpeac KyJib-

TUBUPOBAHUS*
Kontentparust NaCl B cpene KyJTbTUBAPOBaHUS, %
BbakTrepuanbHbIil BUI

0.5 1 2 3 4 5
R. erythropolis (7) 517 55+ 11 46 =7 53+6 46 =11 51+12
R. fascians (5) 885 79t 9 78+ 8 7519 0 -
R. longus (4) 70 £ 8 50+ 12 4113 31+ 14 0 0
R. opacus (4) 86+ 4 77+ 8 46 + 12 62 *8 58+ 10 —
R. rhodochrous (8) 739 70+ 12 70+ 11 73+ 11 74+ 9 60+9
R. ruber (10) 90 + 4 79 £8 76 £ 9 72+9 70 £ 10 39+ 14

* B ckobkax YKazaHO KOJIHMYECCTBO IITaMMOB. npe)lCTaBJTeHBI Cp€aHUE )1l BUJA JaHHBIC Are3MBHON aKTUBHOCTH T10 pesyabraTaM

MATH-Tecra. IIpouepk o3HayaeT OTCYTCTBUE POCTA.

95%) nokasarenu anre3uu ObLIM 3a(PUKCHUPOBAHEI
npn HuU3kux (0.5—1.0%) xonueHTpanmsax NaCl.
YcTaHOBJIEHO, YTO COAEpXKAaHWE XJIOpHMIAa HATPUS B
cpene cBoile 4.0% He CTOCOOCTBYET POCTY POIOKOK-
KOB 3a UCKJIIOYEHHWEM OTIEeJIbHBIX MpeAcTaBuTeNIei
R. erythropolis, R. rhodochrous n R. ruber.

s OOJBIIMHCTBA INTAMMOB POIOKOKKOB Ha-
Oomanach o01IIasT TCHACHITUS TTOHMKEHUST aiTe3nuB-
HOIl aKTUBHOCTHM C YBEJMYEHUEM KOHILICHTpaLUU
NaCl B cpefe KyJIbTUBUPOBAHUSI, YTO COTJIACyeTCs C
maHHbIMU [ 18] mist ymepeHHO-TanopuiIbHON 0aKkTe-
puu Halomonas elongata, KoTopble aBTOPbI OObSICHSI-
JIV alanTallMOHHBIM MEXaHU3MOM K YCJIOBUSIM BBICO-
KOW COJICHOCTH CpeIbl, peaIM3yeMbIM B CHIDKCHHUU
cTerneHn ruapoPOOHOCTU KJIETOYHON CTEHKH C IIe-
JIbIO YBEJIMYEHUS CPOACTBA KJIETOK K MOJIEKYJIaM BO-
Bl B KOHIICHTPMPOBAaHHOM BOIHO-COJIEBOM PAacTBO-
pe. OmHaKO B TO XK€ BpeMsI HAMH BBISIBJICHBI IIITAMMBI
R. opacus UDIT'M 262, R. rhodochrous NBT'M 608,
NUBI'M 639, n1s KOTOPBIX KOHIEHTpALUs XJIOpUOA
HaTpus B cpeae 6oiiee 2.0% okasbiBajla CTUMYJIUPY-
o1 uii 3 dheKT Ha UX aAre3MBHYIO0 aKTUBHOCTh. Kpo-
Me TOro, y €IWHMYHBEIX mTamMMoB (R. rhodochrous
HNUBI'M 63, UDI'M 64, UBDI'M 67, R. ruber UDTM 73,
NUDI'M 219, UDI'M 326, UDT'M 328) Habmogaanuch
CTaOuJIbHBIC TMOKa3aTe/lu aAre3uv K YIrjieBOIOpPOIY
npu noBbeIIleHNMM KoHOeHTpannn NaCl B cpenme oT
0.5 mo 5.0%. Cnenyetr OTMETUTh, YTO YMEPEHHas ra-
JIOTOJIEPAaHTHOCTh, CBOWCTBEHHasl JAaHHBIM BUIaM
POIOKOKKOB [19], naeT uM omnpeneseHHbIe SKOJIOTU -
yecKue TPEerMYIIEeCTBa MO CPaBHEHMUIO C JAPYTUMU

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MPEICTABUTEISIMH  YTJIEBOAOPOTOKUCIISIIONIEC MUK-
podaopsl, B YaCTHOCTM B OMOTOIAX HA3eMHBIX W
MOPCKUX 3KOCHCTEM, TOIBEPTHYTHIX He(DTIHOMY 3a-
TPSI3HEHUIO.

Bimsinue TeMnepaTypHBIX YCJIOBMiA KYJI5THBHPOBA-
HUS HA aJre3UBHYI0 AKTHBHOCTH POJIOKOKKOB. I1o Ha-
1M JaHHBIM, TEMIIEpaTypa KyJIbTUBUPOBAHMS OKa-
3pIBaJIa AU depeHIMpOBaHHOE BIIMSHUE Ha aire-
3UBHYIO aKTMBHOCTb POJOKOKKOB (puc. 6). Ilpm
BbIpalyBaHuu KiieTok B MITB mnmu Ha MITA (puc. 6a, 6)
JUIST GOJIBINMHCTBA HMCCJIENOBAHHBIX ILTAMMOB Ha-
OromaInch CTAOMIIbHBIC TTOKA3aTeIn aAre3uu He3a-
BHUCHUMO OT TeMIIEPaTypHOTrO pexkruMa KyJITUBUPOBa-
Husg. OgHaKo IIpU BhIpallMBaHUU POAOKOKKOB Ha
MUHEPAJIbHOM cpelie ¢ 1o0aBJIeHUEM H-TeKcaaeKaHa
(puc. 6B) TIOHMXKEHUE WIIM TIOBBIIIEHUE TeMIIepaTy-
pbI KyabsTuBUpoBaHUs 10 18 u 37°C cOOTBETCTBEHHO,
3HAYUTEJIbHO CHIDKAJIW aAre3uBHYIO aKTUBHOCTh
KJIETOK, KOTopasi B CpelHEM He TpeBblmana 65%.
Tak, moka3aTen aAre3uu MoJaaBsIIoIIero OObIINH-
cTBa mpeacTaBuTeneil BuaoB R. fascians, R. opacus,
R. rhodochrous 1 R. ruber, BbIpalliecHHBIX HAa MUHE-
panbHOU cpene npu 28°C, 3HauuTtenbHO (Ha 35—
55%) nipeBbIlLIaI TAKOBBIE POJOKOKKOB, KYJIBTUBU-
pyembix ipu 37°C.

TakuMm oOpa3oM, onTUMalbHAs TeMIIepaTrypa
KYJBTUBUPOBaHUS TIpelicTaBuTesiell pona Rhodococcus
U JOCTHKEHUSI MaKCHUMaJIbHON 3(PdEeKTUBHOCTU HX
KJIETOYHOM aare3ny K XKUIKIM yIJII€BOAOPOIaM COCTaB-
Jget 28°C. BmecTe ¢ TeM HaMu ObUIM OTOOpaHbI oy~
Ne 5
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Hu4HbIe TaMMbl (R. rhodochrous UDTM 64, UDI'M
608, R. opacus UDI'M 246, R. ruber UDI'M 328), anre-
3MBHast aKTUBHOCTB KOTOPBIX Bo3pacTaja Ha 25—30%
MpU CHUXEHWUU TEMIIepaTypbl KyJbTUBUPOBAHUS N0
18°C. JaHHBIE KYJBTYPbl MOTYT OBITh UCITOJIb30BaHbI
B mpolieccax OuopeMmenvanuny HedTe3arpss3HeHHBIX
9KOCHUCTEM B XOJOAHBIX KJIMMATUUYECKUX YCIOBUSX
[20, 21].

Crenyet OTMETUTh, YTO MUHEpaIbHAs cpejia ¢ 10-
OaBjieHMEeM H-TeKcaJeKaHa oKasajlach HalMeHee
OJIarONpPUSITHOM Cpenoil KyJIbTUBUPOBAHUS POHO-
KOKKOB npu noHmkeHHoM (18°C) remmiepatype. [1pu
3TOM B OTAEJbHBIX ciaydasix (mutamMmbl R. longus
NUDBI'M 68 u R. opacus UDI'M 56) rekcagekaHcoaep-
XKallasi cpela He ToAjepXXuBaja OGaKTepuajlbHOTO
pocTa, 4TO, OYEBUIHO, CBSI3aHO C HU3KON OuOHO-
CTYITHOCTBIO JAHHOTO CyOCTpaTa MpU HU3KUX TEMITE-
paTypax BCIIeICTBUE YBEJIMUCHUS €TO BI3KOCTH (TeM-
rneparypa 3amep3aHus H-rekcanekada 16°C).

Juist ompenesieHUsT BKJIada 3JEKTPOCTATUYECKON
KOMITOHEHTBI B IPOLIECCHI aAre3U1 POJOKOKKOB K YT-
JIEBOOOPOAY ONpeAessyii 3eTa-NMOTEHIMAl KJIETOK
R. ruber UDI'M 231, BBIpallieHHBIX TP Pa3IMUHBIX
TeMmreparypax, pH u coneHocTu cpenbl KyJIbTUBUPO-
BaHus. 1o HammM gaHHBIM, TeMmItepaTypa u pH cpe-
IIbI KYJIETUBUPOBAHUSI OKA3bIBAJIM OJMHAKOBOE BJIM-
sSIHAE KaK Ha aJre3uio poAOKOKKOB, TaK U Ha 3Haye-
HUE UX 3eTa-TIoTeHIuana (puc. 7a, 6), oqHAKO Mpu
W3MEHEHUU COJIEHOCTH CPeIbl aHAJIOTMYHOM 3aBUCH -
MOCTM He Habmonanochk (puc. 7). ITpu aTomM okasza-
JIOCh, UTO HanboJiee BLICOKUM 3HAYEHUSIM 3eTa-T10-
TeHouana (—22 ... —26 MB) cOOTBETCTBYIOT MaKCH-
MasibHbIe  (95—98%) ToKasareauM — aare3uBHOMN
aKTUMBHOCTH KJIeTOK. MI3BecTHO, 4YTO H-rekcajekaH B
BOIHOM cpele 00JIamaeT OTpULIATEIBHBIM 3apsaoM
[22], clemoBaTeabHO, YEM BHIIIE 3€Ta-IOTEHIIUA
OakTepuaJibHBIX KJIETOK, TeM B MEHbllIel CTerneHu
MIPOVICXOAUT UX OTTAJIKUBAHME OT TOBEPXHOCTH YTJIE-
BOJIOPOJIA, a TOKA3aTeJIM aATre3Uu BhIIIIC.

Bimsgnue ruipoaMHAMMYECKHX YCJIOBHI KYJILTHBH-
pPOBaHMS HA AaAre3WBHYI0 AKTHBHOCTb POJOKOKKOB.
IMpu rccaenoBaHUA BIMSTHUSA THAPOANHAMAYECKOTO
pexnMa KyJIbTUBUPOBAaHUS POJOKOKKOB ObLIO yCTa-
HOBJIEHO, YTO BBIpalllBaHNE KJIETOK Ha OpOUTAIb-
Holt kavanke (160 o06/MmH) crmocoocTByeT 5—20%
MMOBBIIIEHWIO NX aAre€3UBHOM aKTUBHOCTH B OTHOIIIE-
HUU H-TeKcaaekaHa. OqHaKo HaMU YCTaHOBJIEHO TSt
eIVMHWYHBIX ITaMMoB (R. longus UDI'M 68,
R. rhodochrous UDTM 608, UBI'M 647 B 4yacTHO-
CTH), YTO POCT B CTAlIMOHAPHBIX YCIOBHUSIX CIIOCOO-
cTtByeT 25—40% yBeIUYEeHUIO CTENIEHU UX aAre3un K
yraesogopoay. IlpencraBureny BuUmoB R. opacus,
R. rhodochrous n R. ruber xapakTepu3yloTCSI BEICOKH -
mu (60—85%) mokaszaTessMH aare3UBHOM aKTHMBHO-
CTH HE3aBHUCHMO OT TUIPOAMHAMWYECKMX YCIIOBUIA.

TakuM ob6pa3om, B pe3yibrare MPOBEAECHHBIX WC-
CJIEIIOBaHW YCTAHOBJIEHO, YTO M3MEHEHHNE TeMIiepa-
Typbl 1 pH cpenbl KyJIbTMBUPOBAHUSI OKa3bIBaeT B~
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Puc. 6. Anre3nBHast akTUBHOCTD (%) POIOKOKKOB, BbIpa-
meHHbiX B MIIb (a), MIIA (0) u arapy3oBaHHOM cpene
“K” B mpucyTcTBUM MapoB H-TeKcaaekaHa (B), IpU pas-
JnuHbIX Temreparypax: [ — 18°C, 11 — 28°C, 111 — 37°C.
BakrepuanbHbie Buabl: I — R. erythropolis (4), 2 — R. fas-
cians (4), 3— R. longus (3), 4— R. opacus (3), 5— R. rhodo-
chrous (4), 6 — R. ruber (5). B ckobkax yka3zaHO YMCJIO UC-
CJIe[IOBAaHHBIX LITAMMOB.

sIHA€ Ha TUAPOMPOOHBIE U 3JEKTPOCTAaTUUECKIE CBOM-
CTBa KJIETOK POJOKOKKOB, KOTOpPbIE, IO-BUIUMOMY,
MPUHUMAIOT YYacTHe B MPOLIECCaX aAre3uu K XKUIKUM
yraeBogoponaam [22]. [TokazaHo, yTo HauboJiee BbICO-
Kasl aJre3uBHasi aKkTUBHOCTb KJIETOK POJOKOKKOB K
H-TeKcaJeKaHy MpOsIBSIETCS] MPU UX KYJIBTUBUPOBA-
HUM B YIVIEBOJAOPOJACOAEpXKalllell cpele, a TakKe B
HelTpasbHON uiau cnabomenouyHoir (pH 7.0—8.0)
Ne 5
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Puc. 7. Anre3suBHast akTUBHOCTD (%) u 3eTa-nioteHuuan (MB) kiieTok R. ruber, BoIpallieHHBIX ITPY Pa3IMYHbBIX TEMIIEpaTypax

(a), pH (6) u conenHocTy (B) cpeabl KyJIbTUBUPOBAHUS.

cpene mpu 28°C B mipucyrctsuu 0.5—1.0% NaCl. B
pe3yabkTaTte MCCliefOBaHUSI OTOOpaHBI IITaMMBI, 00-
J1aIal0IIME BBICOKOW aAre3MBHOM aKTUBHOCTbIO MPU
MOHIDKEHHOM TeMIlepaType, MOBBIIIEHHON COJIeHO-
cTU (KMCJIOTHOCTHM) IIMTATEJIbHON Cpeabl U ToJje-
PAHTHBIE K YCJIOBUAM KYJIbTHMBUPOBAHUI. ,Z[aHHbIe
npeacraButenu poaa Rhodococcus MOTYT OBITH pe-
KOMEHAOBAaHbI IJISI WMCIOJB30BaHMUS B IIpolieccax
ounoTpaHchopMaly YIJIEBOAOPOAHBIX COCTMHEHMIA,
a TakXXe B cOCTaBe OMompenapaToB, MpeaHa3HAYeH-
HBIX IJIsI OMopeMeauany HedTe3arpsa3HeHHbIX Ha-
3€MHBIX 1 MOPCKHX 3KOCHCTEM B XOJIOMHBIX KIMa-
TUYECKUX YCIIOBHSIX.

WccnenoBaHue BBIMIOJHEHO MpU  TOIAEPKKE
rpanToB IIpe3unenta P® “Benyiiye HaydHbIE 1IKO-
Jae1”, MuHHUCTepCTBAa O0O0pa30BaHUSI M  HayKW
P® (16.518.11.7069; 16.513.12.3015) u [IporpamMmbl
IIpesugmyma PAH “MKB”.
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Effect of Cultivation Conditions on the Adhesive Activity
of Rhodococci towards n-Hexadecane
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¢ Perm State National Research University, Perm, 614990 Russia
b Institute of Microorganism Ecology and Genetics, Ural Branch, Russian Academy of Sciences, Perm, 614081 Russia
e-mail: kuyukina @iegm.ru
Received January 18, 2012

Abstract—The effect of cultivation conditions (the composition, acidity, and salinity of the cultivation
medium; temperature; and the hydrodynamic conditions of cultivation) on the adhesion of actinobacteria of
the genus Rhodococcus to n-hexadecane has been investigated. A study performed showed that the adhesive
activity of rhodococci depends on the composition of the cultivation medium and on the cultivation temper-
ature. The possible mechanisms underlying the effect of growth conditions on the adhesion of rhodococci to
liquid hydrocarbons and involving changes in the cell lipid content or the zeta potential of cells are addressed.
Rhodococcal strains displaying high adhesive activity (80—90%) at a low temperature (18°C), high salinity
(5.0% NacCl), and acidity (pH 6.0) of the cultivation medium have been selected as a result of the present

work; these strains have a considerable potential for use in bioremediation of soil and water contaminated by
hydrocarbons.
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DEGRADATION OF NICOSULFURON
BY Bacillus subtilis YB1 AND Aspergillus niger YF1

© 2012 X. H. Lu*, Z. H. Kang*, B. Tao*, Y. N. Wang*, J. G. Dong**, J. L. Zhang*
*College of Plant Protection, of Agricultural University of Hebei, Baoding 071001, China
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The optimal degrading conditions for the nicosulfuron degradation by Bacillus subtilis YB1 and Aspergillus ni-
ger YF1, and site of their action on nicosulfuron were studied. The results showed that the degradation effi-
ciency of free cells of B. subtilis YB1 and A. niger YF1 was respectively 87.9 and 98.8% in basic medium I11
containing 2 mg/! of nicosulfuron after inoculation with 1 ml of culture containing 2.3 x 10’ CFU ml~! and
incubation for 5 days at 35°C. Moreover, the degradation rate of nicosulfuron by the mixture of microorgan-
isms was much higher than for every of them taken separately in the same conditions. The mass spectrometric
analysis of the products degraded by B. subtilis YB1 revealed that the sulfonylurea bridge in nicosulfuron mol-
ecule had been broken. Extracellular (EXF) and endocellular (ENF) fractions obtained from bacterium and
fungus were tested for the ability to degrade nicosulfuron. The degradation efficiency of fractions extracted
from B. subtilis YB1 was 66.8% by EXF and 15.8% by ENEF but neither EXF nor ENF extracted from A. niger

YF1 had the activity of degrading nicosulfuron.

Nicosulfuron, one kind of the sulfonylurea herbi-
cides, is mainly used for weed control in corn field.
The effective application dose for it is much lower than
that of the traditional herbicides [ 1—3]. The nicosulfu-
ron moves easily in soil and causes groundwater con-
tamination [4—6]. Even low remains of nicosulfuron
in the soil may still cause phytotoxicity to some sensi-
tive crops.

The bioremediation is one of the effective ap-
proaches to improve the environment conditions, es-
pecially to manage herbicides pollution. According to
previous studies, Gu et al. [7] isolated the ethametsul-
furon-methyl-degrading bacterium Pseudomonas sp.
SW4 from contaminated soil. Luo et al. [8] reported
on Brevibacterium sp. degrading bensulfuron-methyl;
Xu et al. [1] isolated 3 strains (Pseudomonas sp. D61,
D66 and Bacillus sp. D713) from pyrazosulfuron-ethyl
contaminated soil and identified the main pyrazosul-
furon-ethyl biodegradation products as pyrazosulfu-
ron acid by liquid chromatography—mass spectrosco-
py and MS—MS techniques. Ma et al. [9] studied and
reported the degradation characteristics, pathways
and products of chlorimuron-ethyl by strain
Pseudomonas sp. LW3; Valle et al. [10] described the
biodegradation of azimsulfuron and its degradation
products. Zhang et al. [11] found that Klebsiella jilinsis
2N3 was able to degrade sulfonylurea herbicides, in-
cluding the nicosulfuron, but only with 8% degrada-
tion efficiency.

It is well known that the most biodegradation path-
ways on the pesticides are environmental enzymatic
degradation [12]. Preparation of degrading enzymes

can better to manage poor environment conditions
than the use of the corresponding microbes, and the
activity of degrading enzyme is much higher than the
microorganism itself. Many studies on enzymatic deg-
radation of pesticides were reported in literatures.
Huang et al. [2] reported cell-free extract of S113
identified as Methylopila sp. was able to metabolize
metsulfuron-methyl and other sulfonylurea herbicides
and proved that enzymes played an important role in
the decontamination of this compound. Pizzul et al.
[13] revealed that the pure manganese peroxidase, lac-
case, lignin peroxidase and horseradish peroxidase
could degrade glyphosate and other pesticides.

Recently, Aspergillus niger YF1 and Bacillus sp.
YBI1 were isolated in laboratory of Department of pes-
ticide (Agricultural University of Hebei, Baoding,
China) as efficient microorganisms to degrade nico-
sulfuron [14]. The aim of the study is to investigate the
degradation characteristics of two strains and mecha-
nism of the nicosulfuron degradation by Bacillus sp.
YBI1. The results obtained could be helpful in provid-
ing the theoretical evidence for controlling environ-
ment pollution of nicosulfuron. Furthermore, the po-
tential for the use of strains Bacillus subtilis YB1 and
Aspergillus niger YF1 in the treatment of soil polluted
with the nicosulfuron need to be thoroughly investi-
gated.

MATERIALS AND METHODS

Microorganisms, culture media and chemicals. The
tested strains were Bacillus sp. YB1 and Aspergillus ni-
ger YF1 isolated and stored at the laboratory of Plant
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Protection Institute of Pesticides of Hebei Agricultural
University (China). Main apparatus were Agilent
1200 LC and HPLC—MS/MS (Thermo Electron
Corp., San Jose, CA, USA); 94.87% nicosulfuron
original drugs were provided by the Institute for Drug
Control of Hebei Province (China).

A potato dextrose agar medium (PDA) containing
(g/D): potato — 200, glucose — 20, agar — 20, was used
for the activation of strains. The potato dextrose medi-
um (PD) was the PDA medium without agar. Basic me-
dium I contained (g/1): KH,PO,— 0.5, K,HPO, — 0.5,
NaCl — 0.5, MgSO, — 0.5 and glucose — 5. In some
experiments basic I medium was supplemented with
0.5 g/1 of NH,CI (medium II) or 5 g/1 of glucose (me-
dium IIT). The described above 4 types of culture me-
dia were used for the degradation of nicosulfuron by
B. subtilis YB1 and A. niger YF1. Luria-Bertani (LB)
medium containing (g/1): yeast extract — 5.0, pep-
tone — 10, NaCl — 5.0, was used for the bacterial cul-
ture to produce enzyme. Methanol and acetonitrile
were chromatographic pure grade and other inorganic
and organic chemicals were analytical grade.

Characteristics of the nicosulfuron degradation by
B. subtilis YB1 and A. niger YF1. To detect the effect of
different media on degradation of nicosulfuron, 1 ml
suspension of microorganism was inoculated into
250 ml Erlenmeyer flask containing 100 ml of liquid
medium with 2 mg/I of nicosulfuron and incubated for
5 days at 30°C. To detect the effect of nicosulfuron
concentration on degradation, 1 ml bacterial or fungal
suspension was inoculated into the optimal III medi-
um with nicosulfuron at concentrations of 0.5, 1.0,
2.0, 5.0 and 10.0 mg/1, respectively. To reveal the effect
of temperature, 1 ml suspension of microorganism was
inoculated to the optimal I1I medium with 2.0 mg/I1 of
nicosulfuron. The samples were separately cultivated
at 15, 20, 25, 30, 35 and 40°C for 5 days. All treatments
described above were compared with two controls: one
with nicosulfuron without microorganism and anoth-
er with microorganism without nicosulfuron. Each
treatment was carried out in triplicate. Samples were ex-
tracted and determined as the following method below.

Analysis of microbial samples treated with nicosul-
furon by HPLC. In order to quantity the nicosulfuron
in samples, the culture medium was centrifuged at
12000 x g for 10 min after 5 days of incubation at
30°C. 20 ml supernatant was transferred to a 250 ml
glass separation funnel and extracted with 40 ml of
dichlormethane thrice for the liquid-liquid distribu-
tion. The dichlormethane was evaporated by 40°C wa-
ter bath under a stream of nitrogen, and redissolved in
5 ml of methanol. After filtration, 2 pl sample was sub-
jected to HPLC analysis and the degradation rate of
nicosulfuron was calculated.

Agilent Technologies 1200 series HPLC system
(USA) consisted of a quaternary pump and a UV spectro-
photometric detector. The separation was performed us-
ing an Agilent reversed phase C,g column (150 x 4.0 mm,
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5 um). The acetonitrile-water-glacial acetic acid mix-
ture at the ratio of 30 : 70 : 0.05 (v : v : v) was used for
elution detected at 240 nm and 1.0 ml min~!, the tem-
perature of the column was 30°C.

Dynamics of the nicosulfuron degradation by B. sub-
tilis YB1 and A. niger YF1. Two treatments were con-
ducted by inoculating 1 ml suspension of strains to
250 ml Erlenmeyer flask containing 50 ml of running
water with 0.2% glucose and nicosulfuron (2 mg/l)
placed in static culture at 30°C and inoculating 1 ml of
bacterial or fungal suspension to the same liquid me-
dium, with the 1 : 1 (v : v) mixed, respectively. Two
controls were set up as described above. The samples
were withdrawn at regular intervals of 12 h and extract-
ed as the protocol described above. Degradation kinet-
ics equation was calculated as following formula:

Ct= Coe_K’—)ll’lC,= lnCO - Kt —> t1/2= 11’12/K,

where Kis the degradation constant; 7 is reaction time;
C, is the initial concentration of pesticide solution at
the start of response; C, is the concentration of pesti-
cide solution when reaction time is ¢, and ¢, , is half-
life of pesticide.

Preparation of extracellular and endocellular mi-
crobial fractions degrading nicosulfuron. The B. subtilis
YBlcells were inoculated to the plate with solid LB
medium and incubated at 30°C for 24 h. Then a single
colony was transferred to 500 ml Erlenmeyer flask
containing 200 ml LB liquid medium and shaked at
30°C and 150 rpm for 72 h. The cells were separated by
centrifugation at 5000 x g for 30 min at room temper-
ature. The culture supernatant was further filtered us-
ing 0.22 um membrane of vacuum filtration to remove
the bacteria and concentrated by ammonium sulfate
precipitation (80% saturation, w/v). It was left stati-
cally for overnight at 4°C and centrifuged at 8000 x g
for 30 min to discard the supernatant. To resuspend
the proteins, 10 ml of phosphate-buffered saline (PBS,
20 mM, pH 7.0) was added. Denatured proteins were
removed by centrifugation and the crude enzyme was
obtained. It was dialyzed against the same buffer
which was changed several times until the ammonium
sulfate was utterly removed. The solutions were con-
centrated 5-fold with polyethylene glycol 20000 (PEG
20000) and the concentrated solution was designated
as the extracellular fraction (EXF). In addition, cells
were washed twice with 40 ml of 20 mM PBS, pH 7.0,
and then centrifuged at 8000 x g for 30 min to obtain
sediment, which was resuspended with the same PBS
and broken intermittently by ultrasonic cell crusher
for 10 min on ice. After centrifugation at 10 000 x g for
30 min the supernatant was designated as the endocel-
lular fraction (ENF). The protein content in crude ex-
tracts was determined colorimetrically at 595 nm by
Bradford method [15] with the BSA as a standard pro-
tein.

The A. niger YF1 cells were inoculated to PDA
plate and incubated at 35°C for 48 h. Then a fungal
Ne 5
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Fig. 1. Biodegradation of nicosulfuron by B. subtilis YB1 (1)
and A. niger YF1 (2) in different culture media - I-111, PD.

cake was transferred to 500 ml Erlenmeyer flask con-
taining 200 ml of PD liquid medium and shaked at
35°C and 150 rpm for 5 days. The culture medium and
mycelium were separated by filtration through filter
paper. EXF was obtained by ammonium sulfate pre-
cipitation as the described above. The mycelium was
squeezed between filter-paper sheets and grinded into
powder with liquid nitrogen. Then it was resuspended
with 20 mM PBS, pH 7.0 and centrifuged at 10000 x g
for 30 min to obtain the supernatant as the ENFE

Nicosulfuron-degradating activity was measured in
the reaction medium containing 2.7 ml of nicosulfu-
ron (2 mg/l) and 0.3 ml of diluted enzyme after incu-
bation at 30°C for 60 min. The reaction was stopped by
adding 0.2 ml of 1.0 M HCI, the amount of nicosulfu-
ron was determined by HPLC and compared with a
control containing 0.3 ml inactive enzyme. The treat-
ment was carried out in triplicate. One unit (U) of the
crude enzyme was defined as its amount required to
degrade 1 pg of nicosulfuron per min under the condi-
tions described above.

Determination of the nicosulfuron degradation
products by B. subtilis YB1. Nicosulfuron (200 mg/1)
was added to 250 ml Erlenmeyer flask containing
50 ml of basic medium III, inoculated with 2 ml of
suspension of B. subtilis YB1 (2.3 x 10’ CFU ml~!) and
incubated for 10 days at 30°C. Then culture medium
was filtered, the filtrate was extracted with an equal
volume of dichloromethane 3 times, organic phase
was dried over anhydrous Na,SO,, finally the extracts
were concentrated into 2 ml in a rotary vacuum evap-
oration at 40°C. The residue was dissolved in 5 ml of
methanol and determined by HPLC.

The HPLC—MS/MS was used. The HPLC sys-
tem was equipped with a C;g column (150 x 2.1 mm,
5 um) and the UV detector was operated at a wave-
length of 240 nm. The mobile phase consisted of aceto-
nitrile and 0.05% glacial acetic acid at a flow rate of

200.0 ul min~'. The gradient conditions were 0—7—

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Fig. 2. The effect of different nicosulfuron concentra-
tions of on its biodegradation by B. subtilis YB1 (2) and
A. niger YF1 (1).

10—15 min, with acetonitrile 15—10—10—15% respec-
tively. Mass spectrum (MS) analysis was carried out
using electron impact ionization at 350°C and 15 eV
with a mass scanning range from 100 to 400 m/z.

RESULTS AND DISSCUSSION

Effects of different media on the nicosulfuron degra-
dation by B. subtilis YB1 and A. niger YF1. The effect
of different culture media on the nicosulfuron degra-
dation by both microorganisms was tested, and the re-
sults (Fig. 1) showed that in the basic medium III con-
taining carbon-nitrogen the highest degradation rate
for B. subtilis YB1 and A. niger YF1 was, 82.1 and
98.2%, respectively. On the other hand, the lowest
degradation rate for B. subtilis YB1 was 20.9% in the
PD medium and 3.5% for A. niger YF1 in basic medi-
um (without glucose). Therefore, the basic medium I11
was more appropriate for the degradation of nicosulfu-
ron by bacterium and fungus. The basic medium III
was not only with carbon sources but also with nitro-
gen sources, as well as its ingredients were simple,
available and low-cost.

Effects of different concentrations of nicosulfuron
on its degradation by B. subtilis YB1 and A. niger YF1.
The degradation nicosulfuron curves (Fig. 2) showed
that degradation rate depended on its concentration.
The degradation ability of microorganisms in the me-
dium containing 0.5—2.0 mg/1 of nicosulfuron was sig-
nificantly higher than at concentration 5—10 mg/1. In
the basic medium III containing 2 mg/1 of nicosulfu-
ron, the highest degradation rate for B. subtilis YB1
and A. niger YF1 was 82.5 and 98.5%, respectively.
With the increase in the concentration, the degrada-
tion ability of strains decreased. When the concentra-
tion was 10 mg/l, the degradation rate reduced to
71.3% and 97.4% respectively. The results showed that the
B. subtilis YBI cells were more suitable for degradation of
nicosulfuron at low concentration (0.5—2.0 mg/l), al-
though some studies indicated that degradation abili-
Ne 5
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ties of many microorganisms were stronger on the
higher concentration of sulfonylurea herbicides in en-
vironment and poorer on the lower’s [2, 7,9, 11]. Pre-
vious studies showed that the most of microorganisms
were better for degrading of sulfonylurea taken in high
concentration in comparison with its low concentra-
tion in environment. This study discovered that the
low concentration (2 mg/l) of nicosulfuron was the
most optimal for strains A. niger YF1 and B. subtilis
YBI to degrade this compound. It is important that
nicosulfuron presents at lower levels in nicosulfuron-
used soil, nicosulfuron-contaminated water, pesticide
manufacturers and treated industrial wastewater, but
even if the concentration is very low, it still causes
chemical injury to sensitive crops. Thus, B. subtilis
YBI1 and A. niger YF1 could be practically significant
to degrade nicosulfuron.

Effects of temperature on the nicosulfuron degrada-
tion by B. subtilis YB1 and A. niger YF1. The tempera-
ture was an important factor influencing the microbial
degradation. The results obtained (Fig. 3) showed that
the different temperature could obviously affect the
nicosulfuron degradation by both microorganisms.
When the temperature was at 15°C, the degradation
rates for B. subtilis YB1 and A. niger YF1 were only
6.4% and 40.9%, respectively. With the increase in the
temperature, the degradation rate of nicosulfuron also
increased. When the temperature reached 35°C, it was
the highest, 87.9% and 98.5%. However, when the
temperature reached 40°C, the degradation rate of
B. subtilis YB1 decreased to 83% and that of A. niger
YF1 stayed at level 98.5%. Therefore, too low or too
high temperature suppresses the degradation of nico-
sulfuron by bacterium and the low temperature su-
presses it by fungus. The optimal temperature for both
microorganisms was 35°C, however, at 25—30°C, the
degradation activity remained high.

Determination of degradation dynamic of nicosulfu-
ron by free cells of B. subtilis YB1 and A. niger YF1.
The results illustrated degrading reaction of nicosulfu-
ron obeyed first-order kinetic models [16—18]. Degra-
dation rates of nicosulfuron by single microorganism
and mixture of them and the kinetic parameters of the
nicosulfuron degradation were displayed in Table. The
results proved that the degradation rate by the mixture
was higher than by single microorganism, and it was
speculated that a mixture of two strains promoted the
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Fig. 3. The effect of different temperatures on biodegradation
of nicosulfuron by B. subtilis YB1 (2) and A. niger YF1 (I).

degradation of nicosulfuron. Due to low levels of nico-
sulfuron in polluted environment, bacterium and fun-
gus were inoculated to the culture medium containing
a small quantity of glucose in running water to deter-
mine the degradation dynamic. Results revealed that
the degradation rate of the mixed microorganisms was
much higher than that of single one. The bioremedia-
tion of mixed strains has great developing prospects in
future [19—20]. In this study, only glucose was added
into the running water to provide nutrition for the
growth and reproduction of the microorganisms,
hence, the optimal conditions of degradation kinetics
of nicosulfuron by mixed strains need further study. At
the same time, the toxicity of degradation products to
humans, animals and environments is necessary to be
tracked and monitored.

Determination of degradation dynamic of nicosulfu-
ron by partially purified microbial EXF and ENF.
Through precipitation of the supernatant with ammo-
nium sulfate, crushing cells by ultrasonic or grinding
cells with liquid nitrogen, corresponding EXF and
ENF were extracted, which were diluted to the same
concentration of protein with 20 mM PBS (pH 7.0).
The degradation activities were measured as described

The kinetic parameters for degradation of nicosulfuron by B. subtilis YB1 and A. niger YF1 in basic medium III

Rate constants of degradation
Strains Kinetics equation of degradation .

r K T /5(d)
B. subtilis YB1 C = 2.0e0:00274t 0.9883 0.00274 6.5929
A. niger YF1 C = 2.0 00136t 0.9900 0.01360 4.9908
A. niger YF1+ B. subtilis YB1 C = 2.0e™0-0380¢ 0.9958 0.03800 3.9633
* Correlation coefficient.
4 TIPUKIIAOIHAA BUOXUMUA U MUKPOBUOJIOTHUA Tom 48 Ne 5 2012
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Fig. 4. Mass spectra of the metabolites A (I) and B (I1) of nicosulfuron transformed by the B. subtilis YB1.

above. The results showed that B. subtilis YB1’s ENF
was capable of degrading nicosulfuron at 15.8%
(2 mg/ml of nicosulfuron for 2.7 ml) in 60 min; the
EXF had a higher degradation activity of nicosulfuron
(about 66.8%). However, the EXF and ENF of A. niger
YF1 had no the nicosulfuron degradation. It is known
that the effective ways of biodegradation of pesticides

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

include enzymatic and non-enzymatic degradation in
environment. Most microorganisms degrade pesti-
cides by exuding enzymes. This work built a founda-
tion for constructing genetically engineered bacteria.

Degradation mechanism of nicosulfuron by B. subti-
lis YB1. Fig. 4 showed total ion chromatograms on
degradation products of nicosulfuron. Product A
Ne 5
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Fig. 5. Biodegradation pathway of nicosulfuron by B. subtilis YB.

(Fig. 4a) showed prominent protonated molecular ion
at m/z 155.8. Product B (Fig. 4b) showed prominent
protonated molecular ions at m/z 274.1. Based on this
information, products A and B were identified as sul-
fonamide and heterocyclic amine, respectively. So the
possible pathway of the nicosulfuron degradation is
the cleavage of the sulfonylurea bridge (Fig. 5). The
results proved that the degrading pathway was different
between the microbial metabolic and hydrolysis
mechanisms of nicosulfuron. Although the hydrolysis
mechanism is also the cleavage of sulfonylurea bridge,
the products are corresponding sulfonamide, amino
heterocyclic compounds and CO, [1]. According to
previous reports [1, 8, 9, 11, 21], the cleavage of sulfo-
nylurea bridge seemed to be the common degrading
pathway of sulfonylurea herbicides, yielding the corre-
sponding hydrolysis products of sulfonamide and het-
erocyclic amine [22, 23]. In our work, the active site of
nicosulfuron degradation by B. subtilis YB1 was pre-
liminarily studied, which provided a theoretical basis
for controlling pesticides-contaminated environment.
Because only two major peaks of degradation products
were determined by mass spectrometry, the remaining
products need further separation and determination.
The products and site of the nicosulfuron degradation
by A. niger YF1 need further study.
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OYHKIIMOHAJIBHBIN AHAJIN3 TEHOMHOI'O ®PATMEHTA,
YYACTBYIOIIIETO B ADPOBHON JETPAJIAIIMN TUXJIOPMETAHA
Methylobacterium dichloromethanicum J1M4
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HccnenoBansl tunioreTndeckue reHsl Methylobacterium dichloromethanicum IM4 METDI 2671 (bioD,) n
METDI 2680 B cocTaBe XpoMOcOMHOTO (pparmeHTa (126 T.1.H.), CBI3aHHOTO C JAerpafalueil IuxjiopMera-
Ha (JIXM). Metomom nmoinmmepa3Hoii HenHol peakunu ¢ oopatHoit Tpanckpumnnueii (OT-IIIHP) mokasa-
HO, UTO B KJIETKaX, BhIpallleHHbIX Kak Ha JIXM, Tak 1 Ha MeTaHoJIe, IPUCYTCTBYIOT TPAHCKPUNTHI 0O0UX
reHoB. C UCTIOIb30BaHUEM MOOWJIM3YEMOTO CyUILIMAHOTO BekTopa pK18mob nosyyeHbl HOKayT-MyTaHThI
no 3tuM reHam. Mytant BUO (c uHcepiueit B reHe bioD,) nocie KyJbTUBUPOBAaHMS Ha METaHOJIE XapaK-
TEPU30BAJICS ITOHMKEHHOM CKOPOCThIO pocTa Ha JIXM 1o cpaBHeHMIO co mTamMmmoM JIM4 nukoro Tuiia, B
TO BpeMs Kak mytaHT MT (¢ uncepuueii B rene METDI 2680) He oTIM4aics 1o 3TUM ITOKA3aTeNIsIM OT HC-
XOJHOTrO WTaMMa. Pe3ynbraThl CBUAETENBCTBYIOT 00 ydyacTuu reHa bioD, B OMOCUHTE3e OMOTHUHA, COMpPsI-

>KEHHOM ¢ aerpagauueit JIXM.

B nocneaHue rombl aKTUBHO pa3pabaThIBalOTCS
METOAbl OYMCTKU MPOMBIIUIEHHBIX CTOYHBIX BOJI U
ra3oBbIX BBIOPOCOB, COAEpXKallUX AUXJIOpPMETaH
(CH,Cl,, IXM), ¢ ucnoab3oBaHUEM OUO(UIBTPOB
Ha OCHOBE a3pPOOHBIX METUITO0AKTEPUIA, MCITOIb3YIO-
LLIMX 3TOT MEePCUCTEHTHbIN, KAHLIEPOT€HHbII U MyTa-
TE€HHbI MOJUTIOTAHT B KAYECTBE UCTOYHMKA yTepoaa
u aHepruu [ 1]. YcraHoBIEHO, 4TO IMTPU POCTE METUIIO-
Oaktepuii Ha XM mHAOyLMpPYeTCS TUXJTIOpMETaHOIe-
rajgoreHasza DcmA (K® 4.5.1.3) — oquromniasMaTuue-
CKU (hepMEeHT — roMmorekcamep, KaTaau3upyoimni
Tpancdopmaiuio CH,Cl, no dopmanbaeruaa u aByx
moJiekyn HCI B peakiimm, 3aBUCUMOI OT BOCCTAHOB-
JIeHHOoTO TiiyrathnoHa [2]. OmHakKo Ho cuUX TOp He
UAEHTUGULMPOBAHbBI 1OTIOJHUTEIbHbIE (PEPMEHTHI U
TeHbI, YYaCTBYIOLIME B Ipouecce aerpagauuu XM
Hapsiny ¢ DcmA [3, 4]. CekBeHUpoBaHUE TeHOMa
Methylobacterium dichloromethanicum JIM4 BbIIBUIO
YHUKAJIBHBIN 11 3TOrO IITaMMa y4acTOK OaKTepu-
ampbHOM XpoMocoMBEI (“AXM-ocTpoB”), CBSI3aHHBII C
Jerpaganyeil JaHHoro mnojuiotaHTa [5—7]. B pene-
J1ax aroro obmmpHoro dparmenta JHK (126 T.m.H.)
obHapy:KeHbI 129 Koaupylolmnx OeJIKU HYKJICOTH/I-
HbIX MOCJIEA0BATEJIbHOCTEN, OTCYTCTBYIOIIMX Y Me-
tuiorpodpa Methylobacterium extorquens AM1, Han-
OoJiee TeHETUYECKM OmM3Koro mramMmmy M4, Ho He
criocobHoro pactu Ha JXM. CpaBHeHUE 3TOro
¢dparmenTa JIHK ¢ n3BeCTHBIMU reHOMaMU JE€CTPYK-
TOpoB raaoMetaHoB Methylobacterium chloromethani-
cum CM4 wn Hyphomicrobium denitrificans ATCC
51888 BbIsiBUIO BHYTpu “JIXM-ocTpoBa” 1iTamMMma
JAM4 HecKONIbKO KOIMPYIOIIMX OEJKU HYKJICOTH/I-
HBIX TTOCJIEIOBATE/IbHOCTEM, y4aCTHE KOTOPBIX B ITPO-

necce paznoxeHus [IXM BIIoHe BEpOSITHO, HO HYX-
JTaeTcsl B 3KCIIepUMEHTaIbHOU TipoBepke [7]. Tak,
npoaykt reHa METDI 2680 npearoioXKuTeabHO SIB-
JseTcs MeTuwiaTpaHcedepasoit, nmemoleit 83 u 56%
CXOICTBa ¢ OelIKaMU JeCTpyKTopa XJIopMeTaHa
M. chloromethanicum CM4 (MCHL_5330) u H. denitri-
ficans ATCC 51888 (Hden_0265) coorBercTBeHHO. B TO
K€ BpeMST 3TOT TeH OTCYTCTBYET y He MCIIONB3YIOIIINX
XM nipencraButeneit poaa Methylobacterium.

B npenenax “AXM-ocTtpoBa” oOHapy:KeHBI T'¢HbI
6uocuHTe3a OmotmHa. Ien bioD, (METDI 2671)
MPEATONOXKUTEIbHO KOAUPYET TOMOJIOT JeTUOOUO-
TUHCUHTETA3bl, TIpEAIiocieqHero ¢hepMeHTa B 1IeTu
OnocuHTe3a OMOTHHA. DTOT I'eH BeChMa CYIIeCTBEH-
HO OoTJInYaeTcsl oT cBoero napanora bioD;, (METDI
3114), pacnonoxeHHoro 3a mnpeaeiaamu “AXM-oct-
poBa” y mrtamma IM4, u ot bioD apyrux mraMMoOB
pona Methylobacterium (ypoBeHb aMUHOKMCJIOTHOM
uaeHTuaHocTH 27%). Hamportus, reHbl AeTHOOHO-
tuHcuHretad M. dichloromethanicum JIM4 (u3
“IXM-octpoBa”) u H. denitrificans ATCC 51888
BeChMa IMOXOXHU U SIBISIIOTCSI CMEXHBIMU C TeHaMu
bioA, mo-BUIMMOMY, KOTUPYIOIINMMU ellle onuH dep-
MEHT OMocuHTe3a OmotuHa. IloTeHIManbHasT CBSI3b
Mexay pyHKUUsIMU OMoTUHA U MeTabonu3mMoM C,-co-
SMMHEHWIT MOXEeT 3aK/TIoYaThCsl B pOJIM OMOTHMHA Kak
KoakTOopa peakuuii KapOOKCUIMPOBAHUS M Jie-
KapOoKcwiInpoBaHusi |8, 9].

Iens paboThl — MccIeIOBaHUE TPAHCKPUIIINHT
reHoB METDI 2680 u bioD, (METDI 2671) y
M. dichloromethanicum M4 1 ux ydacTueB Aerpa-
nauuu JIXM.
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Ccblnka
[IItamm wiu TIa3mMuaa XapaKkTepucTuKa
WJIN UICTOUHUK
L TamMBbI:
Methylobacterium dichloromethanicum | dectpykrop XM, mTaMM IUKOTO TUIIA DSM 6343 [10]
JAM4
BHUO IMpousBonnsiit IM4, bioD,::aacCl, Gm' HannHas pabota
MT [MpousBonHsiit JIM4,
METDI 2680::aacC1, Gm* Jannas pabota
Methylobacterium extorquens JIM17 Hectpykrop XM [4]
Methylorhabdus multivorans AIM13 Hectpyktop JIXM, TUIIOBOI IITaMM BKM B-2030
(4]
Methylorhabdus multivorans IM15 Hectpykrop XM DSM 21470 [4]
Methylopila helvetica AM9 Hectpykrop AXM, TUIOBO# ITaMM BKM B-2189 [4]
Albibacter methylovorans 1M 10 HectpykTop XM, TUIIOBO IITAMM DSM 22840 [4]
Ancylobacter dichloromethanicus IM16 | JectpykTop JIXM, TUTIOBO IITAMM DSM 21507 [4]
E. coli S17-1 F~ thi pro recA hsdR |[RP4-2Tc::Mu-Km::Tn7] Tp' Sm" [11]
E. coliTOP10 F mcrA A(mrr-hsd RMS-mcrBC) ©80lacZAM15 AlacX74 recAl | Invitrogen
araD139 A(ara-leu) 7697 galU galK rpsL (Str') endA I nupG \-
InasmMumast:
pK18mob Mobunu3syeMblii MHOTOLIEIeBOI BeKTop, Km" [12]
p34S-Gm Ucrounuk Gm'-kaccersl, Ap", Gm" [13]
pBIOf-01 pK18mob, conepxxammii 542 n.H. Xbal/Hindlll — dparment | JlanHast padora
rena METDI 2671 (bioD,) n3 muramma JIM4
pBIOf-02 pBIOf-01, conepkammit Gm"-kaccery, KIOHUpOBaHHYIO 110 | JlaHHast paboTa
cavitam Psfl u3 p34S-Gm, B oOpaTHOM OprEeHTALIUU
pMT-01 pK18mob, conepxaimii 702 n.H. Xbal/HindI11 — ¢dparmenT | lanHast pabota
myranTHoro reHa METDI 2680 u3 mtamma JIM4
pMT-02 pMT-01, conepxkanuii Gm"-KacceTy, KJIOHUPOBaHHYIO I10 caii-| JlaHHast pabora
Tam Sall 13 p34S-Gm, B IpsIMOIT OprEHTALTAN

METOAUKA

KynsruBupoBaHne OaKTepuii M WCIOJb30BAHHBIE
BeKTOpbl. LlITaMMBbI OakTepwii W TUTA3MUIBI TIpEmI-
cTaBJieHbl B Ta0a. 1. JuHamuky pocta Ha JIXM 1 me-
TaHoJie UcxoaHoro itamma M. dichloromethanicum
JAM4 1 mony4yeHHBIX Ha ero ocHoBe MyTaHTOB bO n
MT wu3ydanm ¢ MCMOJB30BAaHUEM XUIKON MUHU-
MaJibHOI cpenbl “MM” [14], Kak oncaHo paHee [4].
B npyrux skcrieppMeHTaX MeTUI00aKTepU KYJIBTH-
BUPOBaI Ha MUHepajibHO cpene “K” ¢ MeTaHOJIOM,
MYTaHTHBIE IITaAMMEBI — ¢ TOOaBJICHUEM COOTBETCTBY -
IOLIMX aHTUOMOTUKOB [4].

®unoreHernyeckmii anaim3. [TocTpoeHne ykope-
HEHHOTO (PUIIOTeHEeTUYECKOro JepeBa Ha OCHOBE
aHajiM3a aMWHOKUCJIOTHBIX IIOCJIeIOBATEIbHOCTEM
BioD mpencraBureneii Proteobacteria, TOCTYITHBIX B
0aze manHbeix NCBI Database Project, mpousBoaniam
metogoMm Neighbor-Joining, peaqmM30BaHHBIM B Ta-
kete mporpamMm TREECON [15].

N3y4yenne sxcnpeccun renos “JIXM-ocTpoBa” me-
Tonom OT-IIIP. ToranbHyio PHK wu3 kierok
M. dichloromethanicum JIM4, BBIpallleHHBIX 0€3 JI0-
OaBieHust OMOTMHA Ha MUHepaibHOl cpene “K”, co-
nepxaueit CH,Cl, nnu CH;OH, Bbinensiiv ¢ nomo-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

uibto peareHta TRIzol (“Invitrogen”, CIIIA) u obpa-
oareiBain  JIHKazoit  (“Fermentas”, JluTpa)
COMIaCHO MHCTPYKLUSIM  (DUPM-ITPOU3BOAUTEICHA.
st xkoutponst orcyrctBust JIHK B ipermapare PHK
nposogwiu IIIIP ¢ ucnonb3oBaHUWEM TipaliMepoOB
DRTfor u DRTrev Ha reH demA [4]. I1pu oTcyTcTBUM
aMIiMpuKalum (GparMeHTOB OXUAAeMON IJTWMHBI
npernapaTr cuuTaju CBOOOAHBIM OT mpumecu JTHK.
Peakiuio o6paTHOI TpaHCKPUITLIMY MTPOBOAWIIMN TIPU
IIOMOLIM 00paTHOM TpaHckpunTasel RevertAid™ M-
Mulv (“Fermentas”, JIutBa) mo npoToKoaxy (DUPMbI-
MPOM3BOAUTENS C UCITOJIb30BaHUEM CHELIM(DUYECKUX
npaiimepoB Ha redbl METDI 2680, METDI 2671
(tabi. 2). YenoBus OT-IILP anamormyHbl omy0m-
KOBaHHBIM paHee [4], 3a UCKII0YeHUEM TeMIIepaTy-
pBI oTXuUTa IIpaiimepoB (61°C).

ITosyyenne nokayr-myranroB M. dichloromethani-
cum JIM4 c soikmoyennbiva reHavmu METDI 2680 u
bioD,. Boinenenue reHoMmHol U ninasmuaHoi JITHK,
xionupoBanue JITHK u TpaHcdopmanmio kKomrie-
TEHTHBIX KJIETOK OCYIIECTBIISIV COIVIACHO CTaHAApT-
HBIM MeToavKaMm [16].

J1s1 TiojlydeHUsT MHCEPLIMOHHOTO BapvaHTa reHa
bioD, (METDI 2671) nmocpeacTBOM TOMOJIOTMYHOM
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Taoauma 2. IlpaiiMepbl, UCIONIb30BaHHbBIE B JAHHOI paboTe™

OUPCOBA u np.

Ilpaiimep| HykneotumHas rmociaenoBaTeIbHOCTb (5°-3") U caliT peCTPUKIIMKI Llef::oﬁ Haznauenue
1IMTS CGGCICTAGAATGGACGCATTCTCCGATCC METDI | ITLIP-myTareHe3 v KJIOHUpOBa-
Xbal 2680 | Hue myTraHTHOrO reHa (702 1m.H.)
IMTe* | ATTCGACTTATATTGTAGTCGACGAAGCCCTCGTGCAACTG B pK18mob; anamms skerpec-
cun MetonoM OT-TTLP; nerek-
Sall 1St metoznom [TLIP
3MTT* GTCGACTACAATATAAGTCGAATAGCGCGCCGGAAGGCCCATT
Sall
AMTr GCCAAGCTTTCAGGCGTAGGCGACCC Hindlll
BIOf AGGTCITCTAGAGCTCGCGGATTCGATATCCGT bioD, | KnonuposaHue 542 1.H. ¢par-
Xbal (METDI | menTa rena B pK18mob
BIOr TACTAAGCTTCGCACAAAGCACGATCGGCA 2671)
Hindlll
2671F GAGATCGGGAAGTCGGTCTTCTCT bioD, | AHanU3 3KCNPECCUU METOLOM
(METDI | OT-TTUP, nponykt — 311 1.H.
2671)
2671r TAAAGCGTGCTGCGACTAAGCG

* KOM]'[J'ICMCHTaprIC Y4aCTKU BbIACTICHBI KYPCUBOM.

PEKOMOMHALIMY aMITIM(pUIIMPpOBaIM (DparMeHT pas3-
MepoM 542 11.H. (coaepKaluii 5’ -KOHIIeBOI y4acTOK
MOCJIeIOBATEILHOCTU TreHa bioD, pazmepoM 393 m.H.
1 4dacth coceaHero reHa METDI 2672 pasmepoM
149 n.H.), ucnonnsdysa nparimepsl BIOf u BIOr, co-
nepxamue caitel sHToHyKIeas Xbal n Hindlll coor-
BETCTBEHHO (Ta0a. 2). AMIUIMGUKALIMIO JTaHHOIO
dparmenTa ¢ ucnoigs3dopanmeM Pfu-JIHK-mmoanme-
passl (“Fermentas”, JIuTBa) 1 ero O4MCTKY IIPOBOIM -
JI1, KaK ormrcaHo paHee [4]. [TonydeHHEBI (pparMeHT,
obpabdoTaHHbIN pecTpukTazamu Xbal n Hindll1, xno-
HUPOBAIM B MOOWJIM3YEMOM CYUIIUIHOM BEKTOpPE
pK18mob mo Tem Xxe caiitaM, B pe3yJibraTe ObLIa Mo-
nyyeHa minasmuaa pBIOf-01 (ta6m. 1). Hamee Pstl-
dparmenT (895 11.H.) U3 BekTopa p34S-Gm, conepxa-
LM TeH YCTOMYMBOCTU K TEHTAMULIMHY, KIOHUPOBAIN
B BekTope pBIOf-01, KOTOpBIII MMeN eIUMHCTBEHHBIN
cait pectpukuum Psfl mpubIn3uTeNbHO B cepearHe
KJIOHMPOBAHHOTO (pparMeHTa mimHoit 542 m.H. Cairt
pectpukumu Pstl pacrioyiarajicsi Ha ydyacTKe TeHa
bioD, Ha paccTossHMU 58 M.H. OT ero Havana. [Tomy-
YeHHbII TakuM o0pa3oM BekTop pBIOf-02 conepxxan
MYTaHTHBIN (bparMeHT reHa bioD, co BCTpOEHHON

Gm'-KacceToil B OOpaTHOW OpHMEHTAlLIMM, a TaKxKe
HeOOJIBIION yyacToK cocemHero rena METDI 2672,
KOTOPBIN B ITIPOIeCCE TOMOJOTUYHON pEeKOMOMHAIINH
OCTaBaJICsl HEM3MEHEHHBIM.

AHaJIOTMYHO ObLI TTOJTy4eH UHCEPLIMOHHBIN Bapu-
anT rena METDI 2680, ripu 5T0M HEOOXOAMMBIIA TSI
BctaBKM Gm'-KacceThl caiiT pectpukiuu Sall BBO-
nu MmetogoM [T P-myrarene3a. C ucnojib30BaHU-
eM pa3paboTaHHBIX Hamu Itap npaiimepoB 1MTTf u
2MTr, a takcke 3MTfu 4 MTr (Tab:1. 2) ObUIH ITOIYyYe-
HbI aMIUJIMKOHbI, COOTBETCTBYIOIIME€ MTPABOI 1 JIEBOM
nonosruHaM reHa METDI 2680 (325 m.H. 1 397 n.H.).
AMIUIMKOHBI OYMIIAIN HAa KosIoHKax Quantum Prep®
PCR Kleen Spin Columns (“Bio-Rad”, CIIIA) u pa3-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

6aBstia B 50 pas. Ilpaitmeps 2MTr u 3MTT conep-
XKaJim cauT pectpukuuu Sall, a Takxke B3aMMHO KOM-
TUIEMEeHTapHble yyacTKu. B nanbHeiilliem B KauecTBe
marpunsl [T P ncnonbp3oBanm cMech 000MX aMILIH-
KOHOB U MTPOBOJAMIY MEPBbIN LIUKJI aMILIU(pUKAILIUA
0e3 gobaBiieHUS IpaiitMepoB, a MOCAEAYIOLINE LIUK-
JIbl — C UCITOJIb30BaHUEM (DIaHKUPYIOLINUX MTpaiiMe-
poB I1MTfu 4 MTr. ITILP nmpoBoauiau B cTaHAapTHOM
pexuMe, yKkazaHHOM 115 (pparmMeHTa reHa bioD,. T1o-
nyyeHHblin [TIIP-pparmenT pasmepom 702 11.H., co-
OTBETCTBYIOIIMIT MyraHTHOMY TeHy METDI 2680 ¢
BBEICHHBIM CaiiTOM pecTpukuuu Sall, mociie oumcT-
KM Ha KoJoHKax ¢upmbl “Bio-Rad” kjioHupoBaiu B
MOOMJIM3yeMOM CyMIIMIHOM BekTope pKI8mob mo
cavitaM Xbal n Hindl11. B pe3ynbraTe Obl1a MojydeHa
miazmuaa pMT-01. Janee Sa/l-pparment (895 1m.H.)
u3 BekTopa p34S-Gm, coaepKalivii TeH yCTOMUMBO-
CTU K TeHTaMUILIMHY, KJIOHUPOBaIu B BeKTope pMT-
01. ITosydyeHHBI TakMM obOpa3zom BekTop pMT-02
cogepxai red METDI 2680, nykyieoTuaHas nocie-
JIOBaTEbHOCTh KOTOPOTO Obljla MpepBaHa BCTAaBKOW
Gm'-KkacceTbl B IPSIMOU OpUEHTALIMH.

IMnasmuasr pBIOf-02 1 pMT-02 mMo6uiuzoBaniu
IyTeM JIBYPOIMTEIBCKOTO cKpemmBaHus M. dichlo-
romethanicum IM4 u E. coli S17-1 (pBIOf-02 unn
pMT-02), xak onucano paHee [4]. [loTeHIIMaIbHBIE
TPAaHCKOHBIOTAHTHI OUYUINAIM ABYKPAaTHBIM IIepece-
BOM U3 €AMHUYHBIX KOJIOHUM Ha CEJIEKTUBHOI cpelie
“K”, conepxaneii 2% MetraHosa u 20 MKT/MJT FeHTa-
MuLMHA. Bce peKOMOMHAHTBI OMOJIHUTEIbHO IIPO-
Bepstin rocpeactsoM TP Ha Haamune MyTaHTHOTO
ajiiesis co BctaBkoii Gm'-KacceThl.

AHamTHyeckue Metoabl. KOHIIEHTpallMio MOHOB
Cl~ B cymepHaTaHTe IIOCJE€ LIEHTPU(MYTrUpOBaHUS
(8000 g, 5 MUH) CyCIEH3UM KJIETOK OIIpeAe/Isid I10
onucaHHomy metony [17]. OnTruyecKkyio MIOTHOCTh
Ne 5
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98 Bradyrhizobium japonicum USDA 110 (NP_768738)
Methylobacterium dichloromethanicum 1M4 (YP_003068194) BioD,
Rhodopseudomonas palustris BisB18 (YP_531971)
Oligotropha carboxidovorans OMS5 (YP_002289703)
Hyphomicrobium denitrificans ATCC 51888 (YP_003757311)
Methylosinus trichosporium OB3b (ZP_06890641)
Nitrobacter winogradskyi Nb-255 (YP_319026)
Nitrobacter hamburgensis X14 (YP_578046)
Sinorhizobium fredii NGR234 (YP_002827022)
Agrobacterium tumefaciens C58 (NP_356641)
Brucella microti CCM 4915 (YP_003105280)
Mesorhizobium loti R7TA (AAG47793)
Paracoccus denitrificans PD1222 (YP_916698)
:Methylobacterium radiotolerans JCM 2831 (YP_001753432)
Methylobacterium nodulans ORS 2060 (YP_002501446)
Methylobacterium populi BJOO1 (YP_001924984)
Methylobacterium dichloromethanicum M4 (YP_003068622) BioD,
Methylobacterium chloromethanicum CM4 (YP_002421379)
Methylobacterium extorquens PA1 (YP_001639798)
3 Methylobacterium extorquens AM1 (YP_002963395)
Escherichia coli O157:H7 (YP_002269447)

100

100

100

100

Puc. 1. ®unorpamma, MocTpoeHHasi HA OCHOBE CPABHUTEILHOTO aHaIu3a aMUHOKHMCIOTHBIX MOCJIEA0BATEIbHOCTENM AETHO-
ouotnHcuHTeTa3 (BioD) MeTunoTpodHbIX 1 HeMeTUIOTPOdHBIX TIpeacTaBuTeseii Proteobacteria. KopeHs omnpenesieH BKITIO-
yeHueM rocienosareibHocTy BioD Escherichia coli O157 : H7 B KauecTBe BHeLIHeH rpyrinbl. Macuitad cootBeTcTByeT 10 amu-
HOKMCJIOTHBIM 3aMeHaM Ha Kaxable 100 aMmHOKHUCIOT. CTaTUCTUYECKYIO TOCTOBEPHOCTh BETBJICHUST OLIEHUBAJIU C TTIOMOIIIbIO
“bootstrap-ananu3za” 100 aasTepHATUBHBIX JEPEBHEB.

METDI 2680
M 1 2 3 4

bioD,
M 5 6 7 8

300 m.H. 300 m.H.

Puc. 2. OT-TILIP ananu3 skcripeccun reHoB METDI 2680 u bioD, B k1eTkax mwrtamma JIM4, BbipaliieHHbIX Ha MeTaHode (1, 5)
u JIXM (2, 6).

M — mapkep MosekysipHoit macesl; 1, 2— TP ¢ k IHK METDI 2680; 5, 6 — ITLP ¢ k IHK bioD,; 3, 7— I P c reHoMHOI1
JHK mmramma JIM4 (110J10XKUTEbHBIA KOHTPOJIb) C IIpaiiMepaMu Ha riepedyncieHHbie reHbl; 4, § — [P 6e3 maTpulib! (0Tpu-

LIaTeJIbHbI KOHTPOJIb).

n3Mepsuid 1pu 340 HM Ha PEerucTPUPYIOIIEM CIICK-
Tpodoromerpe “Shimadzu UV-160" (Amonust).

PE3VIJIBTATBI 1 UX OBCYXIEHWNE

Ha ocHOBaHWMY NaHHBIX aHATW3a TEHOMA TIPEATIO-
JIOKWJIA, YTO CUHTE3 OMoTHHA y mtamma JIM4 ocy-
IIECTBIISIETCS] YePE3 CIAEAYIONNE MHTEPMETUATHI:

numMetonmii-CoA — 7-KeTo-8-aMHUHOIIeIaprOHOBas
Kuciaota — 7,8-auaMuHOIIeIapTOHOBast KMCJIoTa —>
— d-neTno6uoTuH — d-OMOTHH.

B aTOT IIponiecc nocaeaoBaTeIbHO BOBJICUEHEBI Te-
HEIL bioF, bioA, bioD n bioB; TOMOJIOTUYHEIE UM II0-
CJIeIOBAaTEIbHOCT HMEIOTCI B TeHOME IITaMMa
JAM4, npuuem aBe (bioD,, bioA,) HaxoasITCSI BHYTPpU
“IXM-octpoBa”.

Ha puc. 1 moka3zaHo ¢puJIoreHeTUIeCKOe MOJIOXKE-
HUe JeTnobuotuHcuHTetas BioD M. dichloro-
methanicum JIM4 cpeay MeTUJIOTPOMHBIX U HEMETHU -

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JJOTpo(PHBIX TpoTeodakTepnii. BumHo, 9To TpaHC/IM-
poBaHHasi aMMHOKMCJIOTHAas MOCJIEA0BATEIbHOCTD
BioD, mitamma JIM4, konupyemasi reHom u3 “JAXM-
ocTpoBa”, 0JM3Ka COOTBETCTBYIOLIMM (epMeHTaM
puzobuii, Torna Kak BioD, siBasercs oOuieit s
npenacraButeneii poga Methylobacterium.

Metonom ITLP ¢ ucnons3oBaHueM crienuduye-
CKUX MpaliMepoB Ha TeH JAeTHMOOMOTUHCUHTETa3bl
bioD, mtamMmma JIM4 coOTBETCTBYIOLIUI TaHHOMY Te-
Hy ¢parMeHT OBbLI HalgeH HaMM Y JEeCTPYKTOPOB
JAXM c cepuHoBbIM (M. helvetica M9, M. multi-
vorans AIM13 u AM 15, M. extorquens JIM17) v puby-
nozobucoocharaeiM  (A.  methylovorans JAMI10,
A. dichloromethanicus JIM16) niytamu. ®Dakr Haau-
yysl ONMHAKOBOTO BapuaHTa TeHa y MeTUI00aKTe-
puii, TpUHaMIEXAIMX K pa3IMYHbIM POJaM U peajinu3y-
IOIIMX pa3Hble MyTW TiepBUYHOUN C-aCCUMWISLIMY,
BeCbMa MHTEPECEH M MOXET ObITb OOYCJIOBJIEH JiaTe-
paIbHBIM IEPEHOCOM 3TOTO reHa. B nanbHeieM ruia-
Ne 5
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Ollgyo [CI], MM
1.4 180
ol 3160
‘<140
1.0 1
3120
0.8 - 100
0.6 180
-1 60
0.4
440
0.2 = 12
.."V 1 1 1 1 1 0
0 20 30 44 54 68 92

9

Puc. 3. lunamuka pocta Ha JIXM mtamma IM4 (7, 3) n
HokayT-myTaHTa BUO (2, 4). 1, 2 — OII cycrieH3uu Kiie-
TOK; 3, 4 — KOHIIEHTpAIlKsI MIOHOB XJIOpa B Cpee.

HUPYETCS OINPEIeIUTh TTOTHYI0 HYKJICOTUIHYIO TTOCTIe-
JIOBATEJILHOCTH bio D TEHOB y 3THX JeCTPYKTOpOoB JIXM.

B T0 ke Bpemsi reH-OpTOoJIoT MpearojaraéMon Me-
tuntpaHcdepassl METDI 2680 mramma JIM4 meTo-
noM I[P o6HapykeH TOIBKO y OJIM3KO POACTBEHHO-
ro nectpykropa AXM M. extorquens JIM17.

TpaHCKpUNLIMOHHBIIA aHAJIM3 3KCIIPECCUM T'€HOB
bioD,u METDI 2680 metomom OT-IILIP moka3an,
uto B KJeTkax M. dichloromethanicum JIM4, Bbipa-
IIEHHBIX Kak Ha JIXM, Tak 1 Ha MeTaHOJIe, ITPUCYT-
ctBytoT PHK-TpaHcKpunThl yKa3zaHHBIX T'€HOB
(puc. 2). Dkcnpeccusi 3TUX T€HOB Ha yPOBHE TpaH-
CKPUIILIMU HUKE, 10 CPABHEHUIO C TEHOM JUXJI0pMe-
TaHJerajaoreHasbl dcmA, Ha 4TO yKa3bIBaeT OTHOCH-
TeJIbHO HEBBICOKUI BBIXOJ MPOAYKTa B Iapalie/ib-
HBIX PeaKlUsIX MPU KUCIIOJb30BAHUM OJHOIO U TOTO
ke miperrapatra PHK. Pesynsratel TP ¢ x/JIHK
METDI 2680 cBUIETENLCTBYIOT O HEOOXOAUMOCTHU
9KCIIEPUMEHTAJIbHOM TIPOBEPKM TUMOTE3bl 00 WMH-
JMYKIIUY TPAHCKPUITLIMM 3TOr0 TeHa B KJIETKaX, BbIpa-
meHHbIX Ha JIXM.

Jlanee, MCITONB3ysd MOOWIM3YEeMBIM CYWLIMAHBIN
BekTop pK18mob, monyunian HokayT-myTaHTel MT u
BHO ¢ BeikmouyeHHbIMU reHaMu METDI 2680 u
bioD,, HyKJI€OTUIHAS TTOCIEN0BaTEIbHOCTb KOTOPBIX
ObL1a mpepBaHa nHceplLreid Gm'-KacceThbl. YCTaHOB-
JneHo, yto MyTaHTel MT u BMO coxpaHuimn cnoco6-
HOCTb K pocTy Ha JIXM Kak B XKUJIKHMX, TaK U HA arapu-
30BaHHBIX cpejgax. He BBISIBIEHBI pa3jidyusi B JUHA-
MMKE pocTa 000MX MyTaHTOB B XXUIKOU cpene “MM”
C METaHOJIOM II0 CpaBHEHUIO co mtamMmom JIM4 nu-
Koro turia. OnHakKo Ipu Nepexoie OT KyJIbTUBUPOBa-
HMSI Ha MeTaHoJIe K pocTy Ha JIXM HabJroganu ctaTu-
CTUYECKM JTOCTOBEPHOE CHIDKEHHE CKOPOCTU POCTa
myTtanTa BMO 1o cpaBHEHUIO ¢ MCXOIHBIM IIITaM-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

OUPCOBA u np.

Ol [CI7], MM
1.2 7 160
10 1140
%120
0.8
100
0.6 80
1 60
0.4 1
40
0.2 20
0

Puc. 4. lunamuka pocra Ha JIXM mrtamma IM4 (7, 3) u
HokayT-mytaHTa MT (2, 4). 1, 2 — OIl cycneH3uu Kie-
TOK; 3, 4 — KOHLIEHTpALMsI HOHOB XJIOpa B cpelie.

MOM, YTO OTpaxk€HO Ha rpaduKax U3BMEHEHUSs ONTU-
YeCKON INIOTHOCTU OaKTepHaNbHOW CYCHIEH3UM U
KOHILIEHTpAlIMU B CpeJlie XJIOP-UOHOB, DKCKPETUPYE-
MBIX KjieTKamMu npu aerpaganuu XM (puc. 3). Tak,
B pa3HbIX Toukax otoopa npod OTllg,, myranta BUO
cocrapisiia 74.3—87.2% OTHOCUTETEHO KOHTPOJIS, a
KoHLeHTpauus noHoB Cl- — 69.5-92.5%. Auaino-
ruyHble rpaduku Wit myranta MT u ucxogHOro
mramma JIM4 nmpakTU4ecKy MOJTHOCTBIO COBITaAaIN
(puc. 4). DTo 03HAYAET, YTO T'eH MpPeATiogaraeMoi Me-
mrrpancdepassl METDI 2680, cxomHoli ¢ 6ekamMu
Jexjaopupylomux 1raMMoB M. chloromethanicum
CM4 u H. denitrificans ATCC 51888, He uMeeT OTHO-
1meHus K aerpagaiuu JIXM wiau 1ecTBYET B YCIOBU-
SIX, OTJIMYHBIX OT YCJIOBUI 3KCTIEPUMEHTA.

Hanpotus, 3amennenue pocra Ha JIXM MyTaHTa
M. dichloromethanicum JIM4 ¢ BIKII0O4EHHBIM TEHOM
bioD, cBUIETEILCTBYET O TOM, UTO IETUOOUOTUHCUH-
tetada BioD, ydyacTByet B OmocuHTe3e ouotuna. [Ipu
9TOM CJIeyeT YYUThIBaTh, UTO TeH bioD, MOXET KO-
TPAaHCKPUOUPOBATHCS CO CACAYIOIIUM 32 HUM TeHOM
bioA, (METDI 2670), npeanosoxuTebHO, KOTUPY-
JOIIMM aMHHOTpaHcdepasy 7,8-muaMuHOINeIapro-
HOBOM KHUCJIOTHI, JEUCTBYIOLIYIO Ha IPEaIIECTBYIO-
mIeM aTare omocuHTe3a Koakropa. B aTom cityyae y
myTtanta BUO MoxeT OBITh OTHOBPEMEHHO 3a0JIOKH -
poBaH cuHTe3 IByX epmeHTOB (BioD, u BioA,), uro
MPEACTOUT BBISICHUTD B JAJIbHEMIINX NCCIIETOBAHUSIX.

IToka He MmoyiydeH OTBET Ha BOIPOC, MOYEMYy B
“IXM-octpoBe” mrTamma JIM4 OTCYyTCTBYIOT ABa
JIpyTUX TeHa 6uocuHTe3a buotuHa bioF u bioB. Tlo-
BUJIUMOMY, COOTBETCTBYIOLINE PeaKIIMU OUOCUHTE3a
HE SBJSIOTCS JUMMUTUPYIOIIMMU. B 1ie10oM, posb
OmoTHrHa B npoiecce aerpagauuu XM meTnnodak-
TepUsIMU JIETAILHO HE WucclieqoBaHa. BoO3MOXHO,
Ne 5
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BaXXHOCTh OMOTMHA B ®TOM IIpollecce OOyCIOoBJIeHa
0Cco00If poIbI0 OMOTMH3aBUCUMBIX KapOOKcHUiIa3, B
yactHocTH aueTnii-CoA-kapookcuiasel (KD 6.4.1.2)
n nipormmoHnI-CoA-kapbokcunasbl (KD 6.4.1.3), ka-
TAJTU3UPYIOIIMX KJIIOUEBbIE 3Tarbl OMOCUHTE3A KUP-
HbIX KucioT [18]. M3BecTHO, 4TO agarTamysi IITaMMOB
OakTepuii, TOJIEPAHTHBIX K TOKCUYHBIM OPraHMYeCKUM
pPacTBOPUTEISIM, COTTPOBOXKIAETCS U3MEHEHUEM COCTa-
Ba >KUPHBIX KUCIOT HOochOoIUNUI0B KIETOUHBIX MEM-
OpaH [19]. Kak Gbu10 1TOKa3aHO HaMu paHee, IMpu Oak-
TepuajibHOM nerpagauyu JIXM npoucxoauT yIioTHe-
HUe Oapbepa IPOHUIIAEMOCTH KJIETOUHBIX MeMOpaH
MyTeM yBeJIMYeHUs cofepKaHus HachIeHHbBIX (C¢.) U
YMEHBIIIEHUSI YPOBHSI HEHACBIILIEHHBIX XUPHbBIX KHUC-
J10T (Cyg.; ¥ Cyp.) C OTHOBPEMEHHBIM MOBBILLIEHUEM CO-
nepxaHusi (ocdarunmixoamHa. BeposiTHO, Takue
aTanTUBHBIE IEPECTPONKM TIPU UCTIONB30BaHUM JIXM
YBEJIMYUBAIOT MOTPEOHOCTh AECTPYKTOPOB B OMOTHHE,
CUHTE3 KOTOPOTO de novo TIPOMCXOAUT B YCJIOBUSIX KUC-
JIOTHOTO, OCMOTMYECKOTO M OKUCIUTEJIBHOTO CTpecca 1
MOXET OCYILECTBJISIThCS TIPY YYaCTUM pa3HbIX U3odep-
MeHTOoB. ClemoBareIbHO, U3yYeHUEe CBOMCTB (hepMeH-
TOB OMOCHMHTe3a OMOTMHA, KOIUPYEMbIX T€HaMU
“IXM-octpoBa” y mramma JIM4, HeoOXOOUMO JIsT
TMOHMMAaHUST MOJIEKYJIIPHBIX MEXaHU3MOB Jerpaaaliuu
3TOrO MOJITIOTAHTA.

Pa6ora BeinmosiHeHa Mpy (PMHAHCOBOI MOAAEPXKKE
MunwnctepcrBa obpaszoBanusi U Hayku PO (I'K
Ne 16.512.11.2024) nrpanta PO®U Ne 12-04-00760-a.
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Functional Analysis of the Genome Fragment Involved in Aerobic
Dichloromethane Degradation by Methylobacterium
dichloromethanicum DM4

Yu. E. Firsova, D. N. Fedorov, and Yu. A. Trotsenko

Skryabin Institute of Biochemistry and Physiology of Microorganisms, Russian Academy of Sciences, pr. Nauki 5, Pushchino,
Moscow oblast, Russia

e-mail: trotsenko @ibpm.pushchino.ru
Received January 14, 2012

Abstract—The hypothetical genes of Methylobacterium dichloromethanicum DM4, METDI 2671 (bioD,),
and METDI 2680 located within the chromosomal fragment (126 kb) associated with dichloromethane
(DCM) degradation have been studied. The reverse transcription polymerase chain reaction method (RT-
PCR) showed the presence of transcripts of both genes in cells grown on DCM and methanol. The mobilized
suicidal vector pK18mob was used to obtain knockout mutants in these genes. The BIO mutant (with an
insertion in the bioD, gene) after cultivation on methanol was characterized by a lower growth rate on DCM
compared to the wild-type DM4 strain, while the MT mutant (with an insertion in the METDI 2680 gene)
did not differ from the initial strain in respect of these characteristics. The results demonstrate the involve-
ment of the bioD, gene in biotin biosynthesis coupled with DCM degradation.
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CLONING AND BIOINFORMATIC ANALYSIS OF AN ACIDOPHILIC
B-MANNANASE GENE, Anman54, FROM Aspergillus niger LW-1

© 2012 S. G. Zhao, M. C. Wu, C. D. Tang, S. J. Gao, H. M. Zhang, J. F. Li
Jiangnan University, 214122 China
e-mail: biowmc@126.com; lijf@163.com
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Using 3'and 5' rapid amplification of cDNA ends (RACE) techniques, the full-length cDNA sequence of the
Anman5A, a gene that encodes an acidophilic B-mannanase of Aspergillus niger LW-1 (abbreviated to
AnMan5A), was identified from the total RNA. The cDNA sequence was 1417 bp in length, harboring 5'- and
3'-untranslated regions, as well as an open reading frame (ORF) which encodes a 21-aa signal peptide, a 17-
aa propeptide and a 345-aa mature peptide. Based on the topology of the phylogenetic tree of f-mannanases
from glycoside hydrolase (GH) family 5, the AnMan5A belongs to the subfamily 7 of the GH family 5. Its 3-
D structure was modeled by the bitemplate-based method using both MODELLER 9.9 and SALIGN pro-
grams, based on the known 3-mannanase crystal structures of Trichoderma reesei (1QNO) and Lycopersicon
esculentum (1RH9) from the GH family 5. In addition, the complete DNA sequence of the Anman5A4 was am-
plified from the genomic DNA using the pUCm-T vector-mediated PCR and conventional PCR methods.
The DNA sequence was 1825 bp in length, containing a 5'-flanking regulatory region, 2 introns and 3 exons

when compared with the full-length cDNA.

Mannan, the second most abundant hemicellulose
after xylan, can be classified into 4 subfamilies: linear
mannan, glucomannan, galactomannan and galacto-
glucomannan. Each of these polysaccharides presents
a B-1,4-D-linked backbone, containing only mannose
residues or a combination of mannose and glucose res-
idues. For complete biodegradation of mannans, be-
sides -mannanase, B-mannosidase and B-glucosi-
dase, additional enzymes such as acetyl mannan es-
terase (EC 3.1.1.6) and a-galactosidase (EC 3.2.1.22)
are required to remove side-chain substituents [1]. B-
Mannanase (3-1,4-D-mannan mannohydrolase, EC
3.2.1.78) can catalyze the random cleavage of internal
[-1,4- D-mannosidic linkages of the mannan back-
bone [2]. To date, almost all known B-mannanases
have been grouped into glycoside hydrolase (GH)
families 5, 26 and 113 based on their primary sequence
alignment and hydrophobic cluster analysis (http://
www.cazy.org/). Recently, B-mannanases have attract-
ed much attention owing to their potential applica-
tions in diverse industrial processes [1]. Like the other
GH members, f-mannanases played important roles
in simplifying the industrial processes improving the
quality of products, and reducing the environmental
pollution caused by using the chemicals [3].

So far, B-mannanases have been isolated and char-
acterized from microorganisms, plants and meta-
zoans, among which filamentous fungi were consid-
ered to possess great potential for their production [4].
Studies have been performed on enhancing the [3-
mannanase activity by mutating enzyme-producing
strains and optimizing fermentation conditions, and

on producing enzyme on an industrial scale. However,
the commercialization and broad applications of -
mannanases are still limited by their low activities and
expensive production costs [5]. Therefore, increasing
the enzyme activities and improving its properties, by
means of genetic engineering, are highly desirable. Up
to date, some P-mannanase genes from filamentous
fungi, such as Aspergillus usamii (4], Aspergillus sul-
phureus (6], Aspergillus aculeatus [7], Biopora sp.
MEY-1 [3] and Trichoderma reesei [8], were cloned,
characterized and rationally modified, and several re-
combinant 3-mannanases were expressed in heterolo-
gous cells [3, 7].

In our previous research, the bimutation breeding
and fermentation conditions optimizing of Aspergillus
niger IW-1 for enhancing the [-mannanase
(AnMan5A) activity were performed [5, 9]. The enzy-
matic properties of the AnMan5A were also character-
ized, which possessed some crucial properties includ-
ing the superior V), and good chemical tolerance [10].
The aim of this study was the cloning of both full-
length cDNA and complete DNA sequences of the
AnmanbA, a gene that encodes an acidophilic B-man-
nanase of A. niger LW-1. Moreover, the bioinformatic
analysis of the AnManS5A and Anman5A sequences was
also described.

MATERIALS AND METHODS
Reagents and kits. Restriction enzymes, 7ag DNA
polymerase, T4 DNA ligase, X-gal, isopropyl 3-D-
1-thiogalactopyranoside (IPTG), DNA marker,
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RNA PCR Kit and 5'-Full RACE Kit were purchased
from TaKaRa (China). RNA extraction Kit, BCA-200
protein assay Kit and protein markers were obtained
from Sangon (China). Phenyl-Sepharose CL-4B,
DEAE-Sepharose FF and Sephadex G-75 were prod-
ucts of Pharmacia (Sweden). EZ-10 Spin column
DNA gel extraction Kit was purchased from BBI
(Canada). Locust bean gum and Coomassie brilliant
blue R-250 were products of Sigma (USA). All other
chemicals were of analytical grade.

Strains, media, and vector. 4. niger LW-1, isolated
from the soil in China as reported previously [9], was
used to extract the total RNA and genomic DNA. The
strain was cultured in a liquid medium containing (%):
of tryptone — 1.0, yeast extract — 0.5, dextrose — 1.0
and locust bean gum — 0.5 (pH 6.0). E. coli JIM109
(TaKaRa, China), used as a host strain for gene clon-
ing and DNA sequencing, was cultured in a Luria-
Bertani medium [11]. The pUCm-T vector (Sangon,
China) was used both for the vector-mediated PCR
method originally developed in our laboratory [4] and
for the directly cloning of PCR products.

Total RNA and genomic DNA extraction. A. niger
LW-1 was cultured at 32°C and 220 rpm for 36 h.
Mycelia were collected, and washed with deionized
water. Total RNA was extracted by using one-step
method according to the instruction of RNA extrac-
tion Kit. Analytical results of the extracted total RNA
showed that the ratio of OD,¢, to OD,g, was 1.96, and
the 18S and 28S rRNA bands, characterized for eu-
karyotes, on formaldehyde denatured agarose gel elec-
trophoresis [4] were specific, indicating that the total
RNA had high purity and was not decomposed. Ex-
traction of the genomic DNA from A. niger LW-1 was
performed according to the method reported previ-
ously [12].

Enzyme activity assay. f-Mannanase activity was
assayed by measuring the amount of released reducing
sugar from locust bean gum, using the 3,5-dinitrosali-
cylic acid (DNS) method as described previously [9].
One unit (U) of B-mannanase activity was defined as
the amount of enzyme liberating 1 umol of reducing
sugar equivalent per min under the assay conditions,
using D-mannose as standard.

Protein and carbohydrate content assays. SDS-
PAGE was performed on a 12.5% gel by the method of
Laemmli [13], and isolated proteins were visualized by
straining with the Coomassie brilliant blue R-250.
Protein concentration was determined by using the
BCA-200 Protein Assay Kit, using bovine serum albu-
min as a standard. Carbohydrate content of the puri-
fied native AnMan5A was assayed by the phenol-sul-
furic acid method [14], using D-mannose as a stan-
dard.

Purification of the AnMan5A. AnManS5A synthe-
sized by A. niger LW-1 was secreted into the solid-state

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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culture medium (koji) [9]. The koji (10 g) was extracted
with 10 volumes (w/v) of 20 mM Na,HPO,—NaH,PO,
buffer (pH 7.0) at 30°C for 30 min with shaking
(100 rpm). The crude extract was fractionated by am-
monium sulfate at concentrations ranging from 40 to
75% saturation, and the fraction containing the
AnMan5A activity was retained. The resulting precip-
itate was dissolved in 10 ml of the same buffer, and
then dialyzed against it overnight. Subsequent purifi-
cation manipulations were performed by using phe-
nyl-Sepharose CL-4B hydrophobic chromatography,
DEAE-Sepharose FF ion exchange chromatography
and Sephadex G-75 gel filtration according to the
method reported previously [10].

Primers for PCR amplification. After aligning
4 fungal B-mannanase sequences from the GH family
5: A. usamii (ADZ99027), A. sulphureus (ABC59553),
A. aculeatus (AAA67426) and T. reesei (AAA34208),
we found 2 most conserved peptide fragments, GYF-
AGTNS(/CO)YW and STINTGADGLQ, located in
the N-terminal region. Therefore, 2 degenerate prim-
ers ManF1 and ManF2 were designed corresponding
to GYFAGTN and STINTGA, respectively. Primers
dT-PR and PR (original names, oligo dT-M,; primer
M, and M ; primer M,), as well as OP and IP (original
names, 5'-RACE outer primer and 5'-RACE inner
primer) were provided by RNA PCR Kit and 5'-full
RACE Kit, respectively. By pUCm-T vector-mediated
PCR, the 5'-flanking regulatory region of the
Anman5A of A. niger LW-1 was amplified using primers
T-5prF (identical to the 21-bp fragment upstream the
T/A clone site of the pUCm-T vector) and ManR1 or
ManR2. Primers CManF and CManR were used to
amplify the complete DNA sequence of the AnmanSA.
As listed in Table 1, all primers (except those provided
by Kits) were synthesized by Sangon (China).

Cloning of the full-length cDNA. The 3'-end frag-
ment of AnMan5A cDNA was amplified by using
RNA PCR Kit and nested PCR technique. The primer
dT-PR was used for reverse transcription of the first-
strand cDNA from the A. niger LW-1 total RNA. Us-
ing the resulting first-strand cDNA as template, the
first-round PCR amplification was carried out using
primers ManF1 and PR as following conditions: a de-
naturation at 94°C for 2 min; 30 cycles of at 94°C for
30 s, then 53°C for 30 s and 72°C for 75 s; an extra
elongation at 72°C for 10 min. Then the second-
round PCR amplification was performed for confir-
mation (nested PCR) using primers ManF2 and PR
under the same conditions as the first-round PCR.
Next, the 5'-end fragment of AnMan5A cDNA, orig-
inating from the transcription starting point, was am-
plified using 5'-full RACE Kit. The first-strand cDNA
was used as template for the first-round PCR using
primers OP and ManR1, and then subjected to the
second-round PCR using primers IP and ManR2 for
Ne 5
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The oligonucleotide sequences of primers for PCR amplification

Cloned fragments Primers Oligonucleotide sequences (5'—3")* Size, bp
3'-end fragment ManF1 GCTACTTYGCSGGVACSAAC 20
of AnMan5A cDNA ManF2 TCDACVATCAACACKGGNGC 20

dT-PR GTTTTCCCAGTCACGAC-Oligo dT 37
PR GTTTTCCCAGTCACGAC 17
5'-end fragment OoP CATGGCTACATGCTGACAGCCTA 23
of AnMan5AcDNA I p CGCGGATCCACAGCCTACTGATGATCAGTCGATG 34
ManR1 ATTGTCGATTTGCCGTCCTG 20
ManR2 GCAGTTGGTACCAGACTGTG 20
5'-flanking region T-5prF ACGACTCACTATAGGGCGACA 21
of the Anman5A ManR1 ATTGTCGATTTGCCGTCCTG 20
ManR2 GCAGTTGGTACCAGACTGTG 20
Complete DNA CManF GGATCCCACCACTCAGAGGAT 21
of the Anman5A4 CManR TTAAGTTTTACTTGTTTGATTT 22

*Y=C/T,S=C/G,V=A/G/C, D =A/G/T,K = G/T and N = A/T/G/C.

confirmation. Finally, the full-length cDNA sequence
of the Anman5A was identified by assembling above
cloned 3'- and 5'-end fragments of AnMan5A cDNA.

Cloning of the complete DNA. The pUCm-T vec-
tor-mediated PCR amplification, a novel method ini-
tially developed in our laboratory to amplify 5'- or 3'-
flanking region of a known DNA fragment, was per-
formed by 4 steps as flowcharted in Fig. 1 (exemplified
as the cloning of a 5'-flanking regulatory region of the
AnmanbA). Firstly, the A. niger LW-1 genomic DNA
was digested using two optimum restriction enzymes,
which were selected by a series of pre-experiments, to
obtain a longer unknown 5'-flanking region. In this
work, BamHI and EcoRV were selected for the diges-
tion of the genomic DNA. Secondly, a BamHI cohe-
sive end was filled in and an adenine nucleotide (A)
was added to the 3'-end of each DNA strand using 7aq
DNA polymerase at 72°C for 10 min. The third step
was the ligation of the second step’s products into
pUCm-T vector. And finally, the recombinant vectors
were first amplified using T-5prF and ManR1 to ob-
tain the 5'-flanking regulatory region of the Anman5A,
and then subjected to the second-round PCR using
T-5prF and ManR2 for confirmation. The complete
DNA sequence of the Anman5A was directly amplified
from the A. niger LW-1 genomic DNA by conventional
PCR using CManF and CManR.

Nucleotide sequence accession number. Both the
full-length cDNA and complete DNA sequences of
the Anman5A of A. niger LW-1 have been deposited in
the GenBank database under the accession numbers
of IN123356 and JN811092, respectively.

Analysis of the AnMan5A structures from A. niger
LW-1. The signal peptide of the preproAnMan5A was

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

predicted by using SignalP 3.0 (http://www.cbs.dtu.dk/
services/SignalP/). The putative N-glycosylation sites
were located by using the NetNGlyc program 1.0 (http://
www.cbs.dtu.dk/services/NetNGlyc/). The physico-
chemical properties of the mature AnMan5A were as-
sayed by using the Protparam (http://au.expasy.org/
tools/protparam.html). The homology alignment of the
protein primary structures between the AnManSA
from A. niger LW-1 and other 3-mannanases from the
GH family 5 was accomplished in GenBank using the
BLAST program. The phylogenetic tree was con-
structed by Swiss-Prot protein knowledgebase (http://
www.ebi.ac.uk/swissprot/) using the PC/GENE
CLUSTAL method [4]. The 3-D structure of the
AnMan5A was modeled by the bitemplate-based meth-
od using both MODELLER 9.9 (http://salilab.org/
modeller/) and SALIGN programs (http://salilab.org/
DBAIi/?page=tools &action=f salign), based on
known crystal structures of the 7. reesei f-mannanase
(1QNO) and Lycopersicon esculentum B-mannanase
(1IRH9) from the GH family 5.

Analysis of the Anman5A sequence from A. niger
LW-1. The open reading frame (ORF) was determined
by using the program of NCBI ORF Finder (http://
www.ncbi.nlm.nih.gov/gorf/gorf.html). The Gene-
Mark (http://opal.biology.gatech.edu/GeneMark/
eukhmm.cgi) was applied for the exact localization of
the exon/intron boundaries. The prediction of 5'-pro-
moter region and its characterization were carried out by
using both the Berkeley Drosophila Genome Project
(http://www fruitfly.org/seq_tools/promoter.html) and
PLACE (http://www.dna.affrc.go.jp/ PLACE /signalscan.
html).

Ne 5
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Genomic DNA from A. niger LW-1
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|

Recombinant
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Fig. 1. Flowchart of the pUCm-T vector-mediated PCR and nested PCR amplification methods (exemplified as the cloning of

a 5'-flanking region of the Anman5A from A. niger LW-1).

RESULTS AND DISCUSSION

Purification and N-terminus sequencing. The native
AnMan5A from the cultivated koji of A. niger IW-1
was purified to homogeneity by using ammonium sul-
fate fractionation, phenyl-Sepharose CL-4B hydro-
phobic chromatography, DEAE-Sepharose FF ion
exchange chromatography and Sephadex G-75 gel fil-
tration [10]. The specific enzyme activity of the native
AnMan5A towards locust bean gum was 238.1 U/mg.
SDS-PAGE analysis revealed a single protein band of
about 48.0 kDa, an apparent molecular weight of the
native AnMan5A, which is larger than the theoretical
molecular weight of 38 kDa. The carbohydrate con-
tent of the purified AnMan5A was detected to be
25.2% using the phenol-sulfuric acid method. The N-
terminal amino acid sequence of the native AnMan5A
was analyzed on 470A automatic sequencer obtained
from Applied Biosystems (Foster, CA, USA). The se-
quence of N-terminal 15 amino acid residues was de-
termined to be SFASTSGLQFTIDGE, which is iden-
tical to those of the A. usamii and A. sulphureus 3-man-
nanase [4, 6].

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Cloning of the full-length cDNA of the Anman5A.
Using the reverse transcribed first-strand cDNA as
template, one 1.2-kb band and the other faint band
were amplified by the first-round PCR amplification
using primers ManF1 and PR (Fig. 2, lane 1). Based
on the principle of the nested PCR technique, each
band was agarose gel-purified and subjected to the sec-
ond-round PCR for confirmation using primers
ManF2 and PR. Only the 1.2-kb band can be ampli-
fied again (Fig. 2, lane 2), and then was ligated into
pUCm-T vector. DNA sequencing result verified that
the cloned 3'-end cDNA fragment was exactly 1213 bp in
length (except complementary sequence of dT-PR).
An approximate 450-bp band of the 5'-end cDNA
fragment was first-round amplified using primers OP
and ManR1 as a major PCR product (Fig. 2, lane 3),
and then subjected to the second-round PCR for con-
firmation using primers IP and ManR?2 (Fig. 2, lane 4).
DNA sequencing result showed that the first-round
major PCR product was exactly 394 bp in length (ex-
cept primers OP and IP), containing a 190 bp of se-
quence identical to that between ManF1 and ManR1,
and a 204 bp of sequence in which a transcription
Ne 5
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Fig. 2. Cloning of the full-length cDNA sequence of the
AnmanSA from A. niger LW-1. M — 250 bp DNA marker;
1 — one 1.2-kb band and the other faint band amplified by
the first-round PCR using primers ManF1 and PR; 2 — an
agarose gel-purified 1.2-bp band in lane 1 subjected to the
second-round PCR for confirmation using primers
ManF2 and PR; 3 — an approximate 450-bp band ampli-
fied by first-round PCR using primers OP and ManR1 asa
major PCR product; 4 — a gel-purified 450-bp band in lane 3
subjected to the second-round PCR for confirmation us-
ing primers IP and ManR2.

starting point (G) and a cDNA fragment encoding a
21-aa signal peptide, a 17-aa propeptide and a deter-
mined N-terminal 15 amino acid residues (SFASTS-
GLQFTIDGE) of the native AnMan5A were recog-
nized (Fig. 3). The full-length cDNA sequence was
obtained by assembling two cloned 3'- and 5'-end cDNA
fragments. It was 1,417 bp in length (except polyA),
including a 41 bp of 5'-untranslated region (5'-UTR),
a 1,152 bp of ORF encoding a 383-aa
preproAnMan5A, and a 224 bp of 3'-untranslated re-
gion (3'-UTR).

Analysis of the AnMan5A primary structure of
A. niger LW-1. The SignalP 3.0 predicted an unambig-
uous signal peptide cleavage site between Ala21 and
Leu22, indicating that the AnMan5A is a secretory
protein. With the information of the determined se-
quence of N-terminal 15 amino acids of the native
AnMan5A purified from A. niger LW-1, it was proba-
ble that a 383-aa preproAnMan5A was predicted to
contain a 21-aa signal peptide from Metl to Ala2l, a

ZHAO et al.

17-aa propeptide from Leu22 to Thr38 and a 345-aa
mature peptide (namely AnMan5A) (Fig. 3). Propep-
tides also exist in other 3-mannanases or microbial
enzymes [15, 16]. The molecular weight of 38 kDa and
pl of 4.15 were calculated from the deduced
AnMan5SA. There were 2 putative N-glycosylation
sites (N156-S-S158 and N225-F-T227) in the
AnMan5A sequence. Amino acid homology alignment
showed that identities of the AnMan5A from A. niger
LW-1 with other 4 fungal B-mannanases of A. usamii
(ADZ99027), A. sulphureus (ABC59553), A. aculeatus
(AAAG67426) and T. reesei (AAA34208) from GH fam-
ily 5 were 98.6, 93.0, 73.9 and 56.3%, respectively.
Alignment analysis also revealed that the AnMan5SA
sequence contained 7 functional amino acid residues
that were strictly conserved among the GH family
5 members [6]: 2 catalytic residues (acid/base, Glu168
and nucleophile, Glu276) located respectively in the
B4 and B7 strands, and 5 active site residues (Arg52,
Asnl67, His241, Tyr243, and Trp306) (Fig. 4). These
features verified that the AnMan5A from A. niger LW-1
was a member of GH family 5.

As the amino acid sequence identity among the
members of GH family 5 is less than 20%, an addition-
al classification into more than 10 subfamilies has
been introduced. As a result, GHs within any subfam-
ily show at least 25% sequence identity and may dis-
play similar substrate specificity. On the basis of their
sequence similarity and substrate specificity, 3-man-
nanases belong to subfamilies 7, 8 and 10 [17]. In 1998
B-mannanases from the eukaryotic and prokaryotic
organisms were grouped under subfamily 7 and 8, re-
spectively [18]. Phylogenetic tree of 24 known 3-man-
nanases from various microorganisms, plants and
metazoans of the GH family 5 and the A. niger LW-1
AnMan5A was constructed using the PC/GENE
CLUSTAL method as shown in Fig. 5. Based on the
topology of a phylogenetic tree, the AnMan5A is relat-
ed to B-mannanases from the subfamily 7 and is clos-
est to those of A. usamii (ADZ99027), A. sulphureus
(ABC59553) and A. aculeatus (AAA67426).

Analysis of the 3-D structure. Based on crystal
structures of the 7. reesei B-mannanase (1QNO) and
L. esculentum [-mannanase (1RH9) from the GH
family 5, we modeled the 3-D structure of the
AnMan5A from A. niger LW-1 using the bitemplate-
based method (Fig. 4). The 3-D structure consisted
principally of the (a./B)s TIM-barrel protein fold. The
structure has been likened to a ‘salad bowl’, with one

Fig. 3. Nucleotide sequence of the full-length cDNA or complete DNA of the Anman5A from A. niger LW-1 and its deduced ami-
no acid sequence of the AnMan5A. Two introns with sizes of 63 and 60 bp are shown in lowercase letters. A signal peptide from
Metl to Ala21 and a propeptide from Leu22 to Thr38 are underlined. The determined N-terminal 15 amino acid sequence of the
native AnMan5A is indicated in a grayed box. The bold letters of TATAAA and G in boxes indicate a putative TATA box and a
transcription starting point, respectively. The grayed italic letters of ATG and TAA represent the starting codon and stop codon,
respectively. A polyadenylation signal, AATAAA, is shown as grayed underlined letters. The bold arrows below the letters repre-

sent the primers for PCR amplification.
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GGATCCCACCACTCAGAGGATCTGAAACACACGGCAGAGGGTGTCGCCATACCGAATCGAGCACGGACAAAACAC

CManF
CTGCATCTGCAGATTGATTACCTACCACGATGATCGTCACCGCTCCGTTCTCAACTCGGTATCTGGGTGGTCCAG
AGATGGAGCCAAAGTCCCTTCCTGCTCCTCCTACAGGCCACTGCTTATTTCAGAACGGAGGGTCGTCCGTGTAGC
AGAAAACGGAAGGGACACTGAATAGCTAGCITATAAAIGGCACCTGAACCCTCATATCTTGAGTATCATAAACAAAC

CAAAGGAAATCAATCAAACGGTCACAATGAAGCTTTCCAACGCCCTCCTCACCCTGGCTAGCCTGGCGCTGGCCA
M KL SNALTULTTLAGSLATLA

ACGTCTCCACGGCTCTGCCGAAAGCCTCCCCTGCACCGAGCACCAGCAGCAGTGCTGCCTCCACCTCCTTCGCCA
N VS TALZ®PEKASPAPGSTSS S AAST E F E

GCACCTCCGGCCTCCAATTCACCATTGATGGOGAAACTGGCTACTTCGCCGGAACCAACAGCTACTGGATCGGTT
ManF1
B TSGLAQFTTIDGEHTGYFAGTNSYWTIG

TCCTCACTGACAACGCGGACGTCGACCTCGTCATGGGCCACCTGAAGTCGTCCGGCCTCAAGATCCTCCGCGTGT
FLTDNADVYVYDLVMGHLI KT S SG GLI KTITLT RY

GGGGCTTCAACGATGTCACCTCGCAGCCCTCCTCCGGCACAGTCTGGTACCAACTGCACCAGGACGGCAAATCGA

ManR2 ManR1
¥ G FNDVTSAQPSSGTVWYQLUHAGQQDGTIKS

CAATCAACACGGGTGCCGACGGTCTCCAGCGCCTCGACTACGTCGTCTCGTCTGCCGAACAGCACGACATCAAAC
ManF2
T I NTOGADGL QRLUDYVV S S AEAQHTIDTIEK
TCATCATCAACTTCGTCAACTACTGGACCGATTACGGTGGTATGTCTGCGTACGTGAGCGCGTATGGCGGATCCG
LI INFVNYWTDYGGMSAYVSAYGGS
GCGAGACGGATTTCTATACCAGTGATACCATGCAGAGTGCCTATCACACATATATCAAGACGGTCGTGGAGCGGT
G ETDFYTSDTMQSAYHTYTII KTVVEHR
ACAGTAACTCCTCGGCGGTGTTTGCGTGGGAGT TGGCGAATGAGCCGAGATGTCCGAGTTGCGATACTTCTGTGT
Y S NS SAVFAWELANEZPRTCPSTCDTS SV
TGTATAACTGGATTGAGAAGACGAGTAAGTTTATTAAGGGGTTGGATGCGGATCGTATGGTTTGTATTGGTGATG
LYNWTIEI KT SI KT FIIKGLDADIRMYCTIGT?D
gtgagttgccccatactcagtecttgattttagttttgtatggtgggtgctgatgaaaggtagAGGGCTTCGGTC
E G F G
TCAACATCGACTCAGACGGCAGCTACCCTTATCAATTCTCCGAGGGCTTGAACTTTACGATGAACCTCGGTATCG
LNIDSDGSYZPYQF SEGLNTFTMNLTGTI
ATACTATTGACTTTGGTACCCTCCACTTGTACCCTGATAGCTgtacgtaccecteteccecttactetecttgee
DTIDVFGTULUHLYUPDS
gtcaatatccagactaatcaaatgaagGGGGCACCTCCGACGACTGGGGCAACGGCTGGATCACCGCCCACGGCG
WG6GTSDDWGNGUWTITAHG
CAGCCTGCAAAGCAGCCGGCAAGCCATGTCTCCTGCAGGAATACGGAGTCACCTCGAACCACTGCAGTGTGGAGG
AACKAAGKPTCLLAGQEYGVYTSNHTCS SVE
GCTCGTGTCAGAAGACAGCGCTCAGCACAACGGGCGTCGGCGCGGATCTGTTCTGGCAGTATGGTGATGATTTGA
G SCQKTALSTTG GV GADILTFWQYGDTDL
GTACCGGGAAGTCGCCGGATGATGGGAATACTATCTACTATGGGACTAGTGATTATCAGTGCCTGGTGACGGATC
S TGKSPDDGNTTIYYGTS SDYQCLVTTD
ATGTTGCTGCTATTGGTAGTGCT TAAGGGGGATACTGAGACTGAGATGTGGGGGAAAGGATGTGATTGTTGGTGA
HV AAIGS A *

TTTGAGAATGTATGTACAAAAGGGGGGAAGCGGTGAATGAGAGTTGTTCGTTGAGTTTTTGGTAAACAATTGGAC
AGTCAAACCATCAGCCAAGACTAGCTAAGATACTGGGTATTTTGGTCACTGCTTTTCATAATAAAACATGCTATT
TATAAATCAAACAAGTAAAACTTAA

CManR
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(b)

Fig. 4. The 3-D structure of the AnMan5A from A. niger LW-1 modeled with the bitemplate-based method using both MOD-
ELLER 9.9 and SALIGN programs, based on crystal structures of the 7. reesei f-mannanase (1QNO) and L. esculentum -man-
nanase (1RH9). The 3-D structure consists principally of the (c/3)g TIM barrel fold. Two catalytic residues (Glu168 and Glu276)
and 5 active site residues (Arg52, Asn167, His241, Tyr243, and Trp306) were strictly conserved among the GH family 5 members.
(a) View along the barrel axis. (b) The “salad bowl” view showing the hydrophobic cleft for substrate binding and cleaving.

face of the molecule having a large radius (approxi-
mately 45 A) due to an elaborate loop architecture,
while the opposite face, which consists of simple o/
turns, had a radius of approximately 30 A. This was
similar to the fold described for GH family 10 enzymes
and both were members of GH clan-A [19]. Indeed,
two GH families 5 and 10 were quite closely related
and in addition to sharing a common fold they had the
same type of catalytic mechanism and shared several
common residues [17, 20]. Two catalytic residues,
Glul168 and Glu276, located in the hydrophobic cleft
of the AnMan5A, where the [3-1,4-D-mannosidic
linkages of the mannan or heteromannan backbone
were inserted and got cleaved.

Cloning of the complete DNA of the Anman5A4. An
approximate 750-bp 5'-flanking regulatory region of
the Anman5A from A. niger LW-1 was first amplified
using primers T-5prF and ManR1, then subjected to
the second-round PCR for confirmation using prim-
ers T-5prF and ManR2. DNA sequencing result
showed that the second-round PCR product was ex-
actly 657 bp in length (except the sequence from the
primer T-5prF to T/A clone site of pUCm-T vector),
containing a new 275-bp sequence and a 382-bp se-
quence identical to that from the transcription starting
point (G) to ManR2. Using the A. niger LW-1 genomic

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

DNA as template, an approximate 1.8-kb complete
DNA sequence of the Anman5A was directly amplified
by the conventional PCR using primers CManF and
CManR, and then cloned into pUCm-T vector, fol-
lowed by DNA sequencing. Result showed that the
DNA sequence was exactly 1,825 bp in length, con-
taining a 5'-flanking regulatory region, 3 exons and
2 short introns with sizes of 63 and 60 bp, respectively
(Fig. 3).

Analysis of the complete DNA of the Anman5A.
Compared with the full-length cDNA sequence of the
Anman5A, the complete DNA sequence was com-
posed of a 285 bp of 5'-flanking regulatory region, a
41 bp of 5'-UTR region, 2 short introns with sizes of 63
and 60 bp respectively, 1152 bp of ORFE and a 224 bp
of 3'-UTR. Both of the exon/intron boundaries con-
form to the canonical GT-AG rule. It was predicted
that the 5'-promoter region of the Anman5A located at
the range from —40 to +10 bp, designating the tran-
scription starting point (G) as + 1 bp. The TATAAA
sequence as a classical TATA box locates at —30 bp up-
stream the transcription starting point, which is in
agreement with the consensus distance generally
found in 5'-promoter regions of eukaryote genes. In
some cases, other consensus sequences, such as
TTATTT, also could act as substitutes for the classical
Ne 5
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Fig. 5. The phylogenetic tree showing the evolutionary relativity and the homological degrees among the 3-mannanase amino
acid sequences from the GH family 5. The estimated genetic distance between sequences is proportional to the lengths of the hor-

izontal lines connecting one sequence to another.

TATA box [21]. In eukaryotes, the functional CAAT
box is typically found about —75 bp upstream the tran-
scription starting point. Some CAAT boxes may locate
far from the starting point [22]. However, we did not
found any CAAT box in the Anman5A until —285 bp.
It was also found that the AATAAA sequence as a pu-
tative polyadenylation signal located at +1500 bp
downstream the transcription starting point.
skskook

The native AnMan5A purified from the cultivated
koji of A. niger LW-1 possesses some predominant
properties including the superior V), and good chem-
ical tolerance, pH stability and thermostability, which
are very suitable for industrial applications. But, its
purification processes were time-consuming and labo-
rious. To simplify the purification manipulations and
to produce the AnMan5A inexpensively, it is necessary
to express the Anman5A in heterologous cells, such as
Pichia pastoris GS115 that is one of the favorite hosts.

In this work, we developed a procedure to clone
both the full-length cDNA and complete DNA se-
quences of the Anman5A from A. niger LW-1 by using
4 steps of PCR amplification based on different prin-
ciples. In addition, the bioinformatic analysis of the
AnMan5A and Anman5A sequences was also reported.
Our present work provided a solid basis for further re-
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searches on the Anman5A expression in P. pastoris
GS115, the relationship between AnMan5A’s struc-
ture and function, and improvement of its enzymatic
properties by means of genetic engineering such as the
site-directed mutagenesis, directed evolution and
computational design.
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Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) degrading thermophilic fungus was isolated from
soil sample collected from waste disposal site, Islamabad, Pakistan. It was able to grow efficiently on a medi-
um containing PHBV as a sole source of carbon and has been identified as Aspergillus sp. NA-25 by 18S rR-
NA. Using 9% of inoculum maximum production of PHBV depolymerase was observed at 45°C, pH 7.0 in
the presence of 0.2% lactose as an additional carbon source. PHBV depolymerase was purified by precipita-
tion with 80% ammonium sulfate and gel filtration chromatography on Sephadex G-75. The four enzyme
forms obtained after gel filtration were analyzed on SDS-PAGE and their molecular weights (36, 68, 72 and
90 kDa) were determined. They were characterized on the basis of effect of different temperatures, pH, metal
ions and different reagents on the PHBV activity and stability. It is obvious that the fungal strain Aspergillus sp.
NA-25 is capable of degrading PHBYV with the help of different types of depolymerases.

Polyhydroxyalkanoates (PHAs) may form complex
subcellular structures referred to as “carbonosomes”,
produced by microorganisms due to excess of carbon
source [1]. They have gained much attention as they
are a better replacement of fossil fuel polymers. These
polymers have similar material properties to that of
polyolens [2]. Microorganisms in isolated form or in
consortia can degrade them easily [3]. The fascinating
feature of these polymers is their complete degrada-
tion to carbon dioxide and water under aerobic condi-
tions and into methane under anaerobic conditions.
Natural PHA degraders of various bacterial species
from soil and water include genera i.e. Pseudomonas,
Alcaligenes, Comamonas, Streptomyces, Illyobacter (4,
5], as well as fungi belonging to Ascomycetes, Basidio-
mycetes, Deuteromycetes, Mastigiomycetes, Myxo-
mycetes [3].

At present, approximately 150 different constitu-
ents of PHAs have been identified as homopolymers or
as copolymers [6]. The most important are polyhy-
droxybutyrate (PHB) and poly(3-hydroxybutyrate-
co-3-hydroxyvalerate) (PHBV). PHBV is a copolymer
of PHB, which contain 3-hydroxyvalerate monomers
in the side chain. Because of the better mechanical
performance of PHBY, it is used in making various
products like films, compost bags, disposable food ser-
vice ware and moulded products [7]. The PHBV mol-
ecules are large enough to be transported directly
across the cell wall and, therefore, nature has provided
bacterial and fungal species with the ability to degrade
PHBYV extracellularly. This ability is realized in the
form of extracellular depolymerases, which convert
these large polymers to its respective monomers i.e.
3-hydroxybutyrate and 3-hydroxyvalerate [8].

531

Among the microorganisms, fungi are considered
to be appropriate candidates for the PHA degradation
because they show fast surface growth rate and high
depolymerase activity. Fungi belonging to Aspergillus
species contribute considerably to PHA breakdown.
Many thermotolerant strains of Aspergillus fumigatus
that are capable of degrading PHB and PHBV at high
temperatures (above 40°C) have been isolated from
soil samples [9] and compost [10]. A number of re-
searchers have isolated different strains of A. fumiga-
tus, degrading PHA as a carbon source [10—13].

Many extracellular PHA depolymerases from
prokaryotic and eukaryotic microorganisms have been
purified and characterized. Scherer with coworkers
[11] reported that the extracellular PHB depolymerase
of Aspergillus fumigatus M2A isolated from compost
had a molecular weight of 57 kDa whose activity was
maximum at pH 8.0 and 70°C. It was revealed [14]
that the extracellular PHB depolymerase of Paecilo-
myces lilacinus D218 isolated from soil had a molecu-
lar weight of 48 kDa and its optimum activation con-
ditions were pH 7.0 and 45°C. Han and Kim [15] re-
ported that the extracellular PHB depolymerase of
Penicillium simplicissimum had a molecular weight of
36 kDa and activity at 45°C at pH 5.0. In another
study, Shah et al. [16] purified two types of extracellu-
lar PHBV depolymerases from Streptoverticillium
kashmirense AF1, isolated from municipal sewage
sludge. They had molecular weights of 35 and 45 kDa
and maximum activity at 45°C and at pH 7.0 and 8.0.
PHA depolymerases purified from recombinant Es-
cherichia coli appeared as 4 bands on SDS-PAGE with
molecular masses 44, 46, 49, and 65 kDa. Pseudomo-
nas lemoignei was found to have five PHB depoly-
merases [17].
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The aim of the study was to isolate and identify
PHBYV degrading fungi from soil, and to purify and
characterize the degradative enzymes.

MATERIALS AND METHODS

Material. Poly-3-hydroxybutyric acid-co-3-hy-
droxyvaleric acid (PHBV) containing 5% 3-hydroxy-
valeric acid (3-HV), was obtained in powder form
from Sigma-Aldrich (Germany).

Sample collection. Soil samples were collected
from waste disposal sites, Islamabad, Pakistan, and
were used to screen for PHBV utilizing microorgan-
isms.

PHBYV-agar plates. PHBV-degrading microorgan-
isms were isolated from soil, by inoculating on mineral
salt agar [17] supplemented with 0.2% (w/v) of PHBV
as a sole source of carbon source. PHBV suspension
was prepared by sonicating PHBV powder in a flask,
containing mineral salt medium (MSM) for 20 min in
ultrasonic water bath (35 KHz, 285 W). 2% agar was
added to the PHBYV suspension and poured into petri
plates for the clear-zone assay.

Isolation of PHBYV degrading microorganisms. The
PHBV degrading microorganisms were isolated
through enrichment technique. The soil sample (1.0 g)
was added to Erlenmeyer flask containing 100 ml of
MSM containing 0.2% PHBYV (pH 7.0) as the sole car-
bon source and incubated at 30°C with shaking
(150 rpm/min). MSM contained (g/1): K,HPO, — 0.5;
KH,PO, — 0.04; NaCl — 0.1; CaCl, - H,0 — 0.002;
MgSO, - 7H,0 — 0.02; (NH),SO, — 0.2 and FeSO,
- 7TH,0O — 0.001. After a week, 0.5 ml of this culture broth
was transferred into a fresh MSM supplemented with PH-
BV. This step for re-culturing into fresh medium was re-
peated 5 times. At the end of the experiment, the cul-
ture was spread on PHBV emulsified mineral salt agar
plates for single-colony isolation.

Identification of PHBYV degrading microorganism.
A fungal strain NA-25 was isolated on the basis of clear
zone around its growth on PHBV emulsified mineral
salt agar plates. It was identified by macroscopic
(conidial and mycelial color) and microscopic (seria-
tion, vesicle, conidia and ascospores) examination
and also through 18S rRNA sequencing.

18S rRNA sequencing procedure. The DNA
was extracted from Aspergillus sp. NA-25 and 18S
rRNA gene was amplified from DNA using ITS1
(5" TCCGTAGGTGAACCTGCGG 3') and ITS4
(5" TCCTCCGCTTATTGATATGC 3') primers.
For PCR reaction, 1 pl of template DNA was mixed
in 20 pl of PCR reaction solution, then 35 amplifi-
cation cycles at 94°C for 45 s, 55°C for 60 s, and
72°C for 60 s were made. DNA fragments were am-
plified about 500 ~ 800 bp. The unincorporated PCR
primers and dNTPs from PCR products were removed
by using Montage PCR Clean up kit (Millipore,
USA). The purified PCR products of approximately
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about 500 ~ 800 bp were sequenced by using
ITS1/1TS4 primers. Sequencing was performed by us-
ing Big Dye terminator cycle sequencing kit v.3.1 (Ap-
plied BioSystems, USA). Sequencing products were
resolved on an Applied Biosystems model 3730XL au-
tomated DNA sequencing system (Applied BioSys-
tems, USA) at the Macrogen (Korea).

Preparation of spore suspension. Spore suspension
was prepared by adding autoclaved 0.9% NaCl solu-
tion directly on to sporulating fungal colonies grown
on Petri plates, and then spore suspension was collect-
ed under aseptic conditions in screw caped tubes. The
spores were counted as 2.3 x 10° cells/ml, with the
help of hemocytometer (424027 — BD BB’ Hema-
cytometer Cover Glass, USA).

Optimization of various factors for the production of
PHBYV depolymerase. PHBV depolymerase produc-
tion was observed at different temperatures (30, 37, 45,
50, 55°C), pH ranges (3.0—9.0), substrate concentra-
tions (0.1—0.5% w/v), 1% carbon sources (glucose,
fructose, lactose, sucrose) and size of inoculum (1, 3,
5,7,9,11%). For these experiments, PHBV was emul-
sified in MSM; the suspension was prepared by soni-
cating the mixture for 30 min at 90 duty cycles using a
Branson sonifier (Branson Ultrasonic Cooperation,
USA).

PHBYV depolymerase assay. PHBV depolymerase
activity was determined by the method described by
Kobayashi et al. [18]. PHBV was taken in a concentra-
tion of 0.03% in 50 mM Tris-HCI, pH 8.0. This sus-
pension was sonicated for 30 min in Branson sonifier
(Branson Ultrasonic Cooperation, USA). After cen-
trifugation at 10000 g for 10 min, 0.1 ml of culture su-
pernatant was added to 0.9 and the mixture was incu-
bated for 24 h at 30°C. Activity was measured as the
decrease in turbidity of PHBV suspension at ODgs,
against blanks (substrate + buffer). One unit of activity
is defined as the activity resulting in a decrease in OD
at 650 nm per 24 h.

Protein estimation. The protein determination was
done by using the method described by Lowry et al.

Purification of PHBV depolymerase. The fungal
strain was grown in liquid MSM containing PHBV as
a carbon source under optimized culture conditions at
30°C and 150 rpm for 2 days.

Ammonium sulfate precipitation. The culture was
centrifuged at 10,000 g for 30 min at 4°C. To precipi-
tate the protein, cell free extract was subjected to in-
creasing concentrations (10—80%) of ammonium sul-
fate. The material was sedimented at 10,000 g, for
20 min at 0°C. The pellet was dissolved in minimum
amount of 0.1 M phosphate buffer, pH 7.0, and kept
at —20°C.

Gel permeation chromatography (Sephadex G-75).
About 2 ml of crude enzyme was loaded in the Sepha-
dex G-75 column and eluted by using the same phos-
phate buffer. Fractions showing maximum enzyme ac-
tivity were pooled, lyophilized and used for SDS-
Ne 5
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PAGE analysis on a 12% polyacrylamide gel according
to the method of Laemmli [19]. The samples were run
along with the standard protein markers of 26—170 kDa
(Fermentas, USA). The gel was stained with silver
staining kit (Bio-Rad, USA) and was visualized on gel
documentation system (Bio-Rad, USA).

Characterization of purified PHBYV depolymerases.
The purified enzymes were characterized on the basis
of effect of temperature, pH, metal ions and inhibitors
on enzyme activity and stability.

Effect of temperature on the activity of purified PHBV
depolymerases. The residual PHBV depolymerase ac-
tivity was determined after incubating the purified en-
zyme for 1 h at 25, 35, 45, 55, 60 and 70°C at pH 7.0.
The percentage stability was also calculated.

Effect of pH on the activity of purified PHBYV depoly-
merases. The PHBV depolymerase activity was mea-
sured by incubating the purified enzyme forms in the
presence of buffers of various pH (4.0—9.0) for 1 h at
37°C and residual enzyme activity was calculated.
Buffer solutions (20 mM) of different pH values were
used: acetate buffer (pH 4.0—5.0), phosphate buffer
(pH 6.0—7.0), Tris- HCI (pH 8.0) and glycine- NaOH
buffer (pH 9.0).

Effect of metal ions on the activity of purified PHBV
depolymerases. The effects of various metal ions on the
activity of the purified PHBV depolymerase were ex-
amined by assaying the remaining activity after incu-
bating the enzymes with 1 mM metal ions (chloride
and sulphate salts of the metal ions included Na®,
Ca?*, Mg?+, Co?*, and Zi**) for 1 hat 37°C at pH 7.0.

Effect of reagents influencing enzyme activity. Effect
of 1 mM inhibitors (EDTA, [-mercaptoethanol,
SDS) was determined after incubation with the PHBV
depolymerase for 1 h at 37°C at pH 7.0 and determin-
ing the residual activities.

RESULTS AND DISCUSSION

Isolation and identification of PHBYV degrading mi-
croorganism. A fungal strain was isolated from waste
disposal site by enrichment and plate assay techniques.
The sequencing result of microorganism named strain
NA-25 showed a total of 967 bp nucleotides of 18S rRNA.
The resultant sequence was matched with those in the
NCBI GeneBank and Ribosomal Database Project
(RDP). The blast analysis of the 18S rRNA sequence
revealed that the strain NA-25 belongs to genus As-
pergillus having 100% similarities with Aspergillus sp.
DX12 with accession number GU726139.1.678. The
polymer-mineral salt agar plates were used to determine
the PHBV degradation by this fungus. The results
showed that Aspergillus sp. NA-25 was capable of de-
grading PHBV as a carbon source by producing clear
zones of hydrolysis. Aspergillus species are considered
as predominant PHA-degraders [20]. According to
systematic screening of 45 soil fungi for degradation of
PHAs 6 potent Aspergillus isolates belonging to As-
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pergillus flavus, A. oryzae, A. parasiticus, and A. race-
mosus were selected [21]. Recently, Shah et al. [16]
isolated an Actinomycetes strain i.e. Streptoverticillium
kashmirense AF1, from sewage sludge capable of de-
grading PHBV and Ghanem et al. [22] isolated PHBV
and PHB degrading Nocardiopsis aegyptia from ma-
rine seashore environment.

Production of PHBYV depolymerase by Aspergillus sp.
NA-25. Different factors (temperature, pH, substrate
concentration, different carbon sources and inoculum
size) influence the production of PHBV depolymeras-
es. These environmental factors had a drastic effect on
the degradation of polymer [23]. The maximum deg-
radation of PHBV by Aspergillus sp. NA-25 was found
at temperature 45°C (6.70 U/mg). Thermotolerant
Aspergillus sp. ST-01, Streptomyces MG and Bacillus
TT96 isolated from soil were able to degrade polyca-
prolactone (PCL), PHB and poly(butylene succinate-
co-adipate) at 50°C after 144 h of incubation [24].
Many thermotolerant A. fumigatus strains that are ca-
pable of degrading PHB and PHBYV at high tempera-
tures (above 40°C) have been isolated from soil sam-
ples [12] and compost [10]. Phithakrotchanakoon
et al. [25] isolated 5 bacterial species, degrading PHA’s
at high temperature.

The influxes of H* and OH" ions have a drastic im-
pact on the production of degradation enzymes. As-
pergillus NA-25 was capable of degrading PHBV at
vast range of pH but the maximum degradation oc-
cured at neutral pH (7.22 U/mg). Phithakrotchanak-
oon et al. [25] isolated a Streptomyces sp. BCC23167
showing degradation of several biopolymers including
PHA copolymers, PCL and polybutylene succinate at
neutral pH. A fungus Paecilomyces lilacinus F4-5
showed maximum enzyme production at pH 7.0 for
PHB and PHBYV depolymerases [26].

The substrate concentration plays an important
role because it suppresses the activity of enzyme [27]. As-
pergillus sp. NA-25 had maximum depolymerase pro-
duction in the presence of 0.2% of PHBYV (6.39 U/mg).
Elbanna et al. [28] used 0.2% PHB for the production
of PHB depolymerase from Schlegelella thermodepoly-
merans. Increase in concentration of PHBV decreased
the production of depolymerases. The decrease in en-
zyme production at higher concentration of polymer
in growth medium seems to be due to saturation of ex-
tracellular depolymerase by the substrate in the imme-
diate vicinity of the microbial growth. PHA degrading
activity is known to be regulated by simple carbon sub-
strates. We have found lactose as the best carbon source,
which enhanced enzyme production (8.62 U/mg). Reg-
ulation of PHA degrading activity generally acts
through a catabolite repression mechanism [25] and
lactose can participate in this process. According to
Manna and Paul [27], degradation of PHB by bacteria
isolated from soil and sewage sludge, was affected sig-
nificantly when the PHB-containing medium was
supplemented with easily consumable carbon sources.
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Fig. 1. Purification of PHBV depolymerase from Aspergil-
lus sp. NA-25 by gel permeation chromatography on
Sephadex G-75. I — protein; 2 — enzyme activity.

The utilization of the nutrients is largely dependent
on the population of microorganisms. To ensure a high
production of enzyme in the limited volume of medi-
um, the inoculum size should be controlled [29].
Maximum production of PHBV depolymerase from
Aspergillus sp. NA-25 (13.18 U/mg) was observed in
the presence of 9% of inoculum. In these conditions
the incubation time decreased from 120 h (5% inocu-
Ium) to 48 h.

Purification of PHBYV depolymerase from Aspergil-
lus sp. NA-25. Precipitation of PHBV depolymerase. To
purify PHBV depolymerase from Aspergillus sp. NA-25
precipitation by 80% of ammonium sulphate was
made. Shah et al. 16, 30] had used the same procedure
for the purification of PHBV depolymerases from Strep-
toverticillium kashmirense AF1 [16] and Bacillus sp.
AF3[30].

Gel permeation chromatography. It is obvious that 4
peaks of PHBV depolymerase activity obtained by gel fil-
tration represent different forms of the enzyme (Fig. 1).
Sephadex G-75 was also used for PHBV depolymerase
purification and one peak was obtained from Bacillus sp.
AF3 [35] but two peaks from Streptoverticillium kash-
mirense AF1 [16]. Sephadex G-100 was used for puri-
fication of PHB depolymerase from fungus Emericel-
lopsis minima W2 [9]. Kim et al. [31] used Sephadex
G-150 for PHA depolymerase purification from Strep-
tomyces sp. KJ-72.

SDS-PAGE. The purified forms of the enzyme
were further analyzed by SDS-PAGE showing 4 bands
with molecular weights of 68, 90, 72 and 36 kDa, re-
spectively (Fig. 2). It can be assumed that 4 forms of
PHBYV depolymerase from Aspergillus sp. NA-25 are
encoded by 4 different genes, which can be further se-
quenced. Scherer et al. [11] purified PHB depoly-
merase from A. fumigatus M2A having molecular mass
57 kDa. PHBYV depolymerase isolated from a fungus
Paecilomyces lilacinus F4-5 [26] had molecular weight
45 kDa. PHB depolymerases purified from a fungus
Penicillium simplicissimum 1LAR13 [15] and thermo-
philic bacterium Thermus thermophilus HBS [37] had
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Fig. 2. SDS-PAGE of the puried PHBYV depolymerase (E)
from Aspergillus sp. NA-25. I — molecular mass standards;
2—El;3—E2;4—E3; 5— E4.

molecular weights 36 kDa and 42 kDa, respectively.
Shah et al. [16] purified two PHBV depolymerases i.e.
35 and 45 kDa, from Streptoverticillium kashmirense
AF1. The Pseudomonas lemoignei enzyme had at least
5 forms, which differ slightly in their biochemical
properties [17].

Characterization of purified forms of PHBYV depoly-
merases. Effect of temperature on the activity of the pu-
rified PHBV depolymerase forms. After incubation at
70°C for 1 h the residual activity of the two enzyme
forms from Aspergillus sp. NA-25, E2 and E1, was
99.16% and 86%, respectively (Fig. 3a). PHB depoly-
merase, isolated from 7. thermophilus HB8 showed
75% of stability at 60°C and 50% at 70°C after 4 h of
incubation [32]. Scherer et al. [11] isolated a PHB de-
polymerase from A. fumigatus M2A, showing maximal
stability at 70°C. The PHB depolymerase of Penicilli-
um simplicissimum LLAR13 remained stable at 45°C for
0.5 h [15]. The PHB depolymerases from Comamonas
acidovorans YM1609 [33] and Paecilomyces lilacinus
F4-5 [26] were stable for 30 min at temperature below
37°C and 40°C, respectively.

Effect of pH on the activity of purified PHBV depoly-
merase forms. The residual activity of all enzyme forms
from Aspergillus sp. NA-25 was 100% at pH 7.0 while
decreased of it above or below neutral pH (Fig. 3b).
The PHA depolymerase of Pseudomonas alcaligenes
showed over 60% of its maximum activity in the pH
range 7.0 to 9.5 [34]. The purified enzyme of 7. ther-
mophilus HBS8 showed stability at pH 8.0 [32]. In an-
other work, the depolymerase from Pseudomonas indi-
ca K2 showed activity at a wide range of pH (6.0—10.5)
but the maximal stability was found at pH 8.2 [28].

Effect of metal ions on activity of PHBV depoly-
merase forms. Different types of metal ions were added
at a concentration of 1.0 mM to incubation mixture
Ne 5

TOM 48 2012



PRODUCTION OF POLY(3-HYDROXYBUTYRATE-CO-3-HYDROXYVALERATE)

% (a)
120 - WE| ME2 OE3 OE4
100

80
60
40
20 1
0 I I I I I
25 35 45 55 60 70

Temperature, °C

I

pH

%
120

100 [
80
60 [
40

2k e

(b)
OE1 mE2 OE3OE4

1

Fig. 3. Effect of temperature (a) and pH (b) on the ac-
tivity of the purified PHBV depolymerase from Aspergillus sp.
NA-25.

and the activities of all the purified enzyme forms were
detected. Their residual activities were less in the pres-
ence of metal ions except E1 and E2 which showed
91% and 97% of residual activity in the presence of
Co** and Mg?*, respectively (Fig. 4a). Ca**, Mg?",
Mn?**, Cu?*, Zn**, Co?* and Cd?* had a negligible ef-
fect on the activity of P. simplicissimum LAR13 [19].
Kobayashi et al. [18] observed that the activity of the
PHB depolymerase from Agrobacterium sp. and was
nearly independent of Co?>*, Mg?*. The PHB depoly-
merase from P. lilacinus was 80% deactivated by Zn>*,
Mn?* and Cu?* [14]. Na* and K" and Mg?* caused in-
hibitory effect on the PHB depolymerase of 7. thermo-
philus HBS, when they were used in high concentra-
tion i.e. 5 and 10 mM [37]. 5 mM Zn?** and 5 mM
Mg?* had also inhibitory effect on the PHB depoly-
merase of Penicillium sp. DS9701-D2 [35].

Effect of reagents influencing the activity of purified
PHBYV depolymerase. In our study, all enzyme forms
were strongly inhibited by reagents such as EDTA,
SDS and 2-mercaptoethanol except form E2, which
was partially inhibited by EDTA and 2-mercaptoetha-
nol (Fig. 4b). The PHB depolymerase of Schlegelella
thermodepolymerans was also partially inhibited by
EDTA. The recombinant PHB depolymerases of Es-
cherichia coli were totally inhibited, when the enzymes
were pre-incubated for 5 min in 3 mM EDTA [17].
The extracellular PHB depolymerase of T. thermophi-
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Fig. 4. Effect of metal ions (a) and reagents (b) on the ac-
tivity of the purified PHBV depolymerase (E) from As-

pergillus sp. NA-25. 1—4 — E1—-E4; I — Na™, IT — Ca+2;
I — Zn*2, IV — Mg*2, V — Co*2, VI — EDTA, VII — 2-
mercaptoethanol, VIII — SDS.

lus HB8 was greatly inhibited by EDTA and 2-mer-
captoethanol [32]. These facts indicate that this en-
zyme belongs to the serine hydrolase family like other
PHA depolymerases because the enzyme requires
some metal ions and disulfide bonds, which play an es-
sential role in enzyme activity [17].

The present study shows that the Aspergillus NA-25
has the ability to produce the extracellular PHBV de-
polymerase that degrades PHBV. The enzyme forms
produced by the Aspergillus NA-25 are robust with the
ability to perform at a wide range of temperature, pH
and in the presence of different metal ions and protein
inhibitors. The application of specific plastic degrad-
ing enzymes is highly advantageous where pure mono-
mers can be recovered from the mixed plastic wastes
without distinction. The results imply that the PHA
can be applied to enzymatic monomer recycling using
specific microbial enzymes.
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MMUMUKPOMMIIETBI Aspergillus ochraceus — ITPOJLYIHEHTBI BHEKJIETOYHbBIX
ITPOTENHA3 — AKTUBATOPOB ITPOTENHA C IIJIABMbI KPOBUA
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IIpoBeneH CKPUHMHT IIPUPOIHBIX U30JISITOB MUKPOMULIETOB Aspergillus ochraceus 13 TI0YB ¥ paCTUTEIbHBIX
OCTaTKOB Pa3HbIX PETMOHOB. BhIae/leHHBIE IITaMMbI XapaKTepPU30BAJIUCh CXOOHBIMU KYJIBTYpPabHO-
MOPGhOIOTMYECKUMU CBOMCTBAMMU U MACHTUYHON HYKJICOTHIHOM MMOCIEI0BATEIbHOCTBIO IO YYACTKY
ITS1-5, 8S-1TS2 p/IHK. YcTtaHOBNIeHa CITOCOOHOCTh BHEKJIETOUHBIX TPOTEMHA3 MUKPOMULIETOB A. ochra-
ceus akTUBUPOBaTh npoTerH C I1a3Mbl KPOBU. BBISIBJICHBI pa3IMuMsi B HAKOILICHUM IIPOTEMHA3 C aKTHUBa-
TOPHOI K TTpoTerHy C aKTMBHOCTBIO U ITPOTEMHA3 C TPOMOMHOIIOA00HO U TJIa3MUHOITOA00HOM aKTUBHO-

CTbIO B AIMHAMHUKE poCTa IMMPpOAYLICHTOB.

TpomMOoO3MObOIMIECKIIE OCIOKHEHMS CTAHOBSITCS
HauboJiee YaCThIMU U CEPbe3HbIMU 3a00JIeBaHUSIMU
CepHeIHO-COCYaUCTON cucTeMbl. MDakTophl pucKa
pPa3BUTHUS TAKUX OCJIOXKHEHUU MOTYT ObITh HE TOJILKO
MpUOOPETEHHBIMU, HO M HACJEACTBEHHBIMU, B pe-
3yJbTaTe KOTOPBIX TPOMOOIMOOIMHU TIepexonsT B
TpoMOoduanu. K HUM OTHOCSTCS HEOJOCTATOYHOCTh
coliepXaHusl B TIa3Me KPOBM aHTUTPOMOMHA, TIPO-
TernHa C, mpoTeuHa S, MOBBILIEHHOE COAEpXKaHUE
dakTopa VIII u nosiBneHre B KpoBOTOKe dakTopa V
JleiineHa — MmyTaHTHOI (opMbl hakTopa V, pe3u-
CTEHTHOIO K aKTUBUpOBaHHOMY mpoTteuHy C [1].
IIpotenn C saBasgercs ButamMmuH K-3aBUcUMBbIM OelI-
KOM, LIMPKYJUPYIOLIMM B KPOBU B BUZIe TpOdepMeH-
Ta — TMpealIeCTBEHHUKA KJIIOYEBO MTPOTEUHA3bl CU-
CTeMbl TeMOCTa3a — aKTMBUpPOBaHHOro nmpotenHa C.
AxTuBanus npogepMeHTa B (pepMEeHT OCYIIECTBIISI-
€TCsl Ha TIOBEPXHOCTU OBHAOTEINSI KOMILIEKCOM
TPOMOMH-TpOMOOMOIYINH. BazkHelimme QyHKIINN
aKTMBUPOBaHHOTO TpoTtenHa C B opraHu3Me CBsi3a-
HBl C €ro aHTUKOATYJISHTHBIMU U IIUTOIIPOTEKTOP-
HbIMM CBOMCTBAaMU: OH WHAKTUBUPYET (PaKTOpbI
cBepThiBaHUsI KpoBu (Va u VIIla), mpenoTBpaiias
ype3MepHoe TpoMOooOpa3oBaHe, U Y4aCTBYET B MH-
TMOVMPOBAHUU OCBOOOXIECHMS LIUTOKMHOB (MPEXIe
Bcero (hakTOpoOB HEKpO3a OITyXOJiM), MHTUOMpOBa-
HWU ariornTo3a, 0JIOKUPOBAHWUYW BOCTIAJICHUST U U3MeE-
HEHWU 9KCIIPECCUU T'€HOB B SHAOTEIUATBHBIX KJIET-
Kax, BBICTyIasl B Ka4eCTBe CUTHAJIbHOW MOJEKYJIbI
[2—4]. HemocTaTo4HOCTh comepkKaHusl B KPOBU ca-
moro npodepmeHTa (mporerH C) MOXET IIPUBECTU
KaK K pHUCKaM BO3HUMKHOBEHUS TpPoMOO3IMOOInUe-
CKMX OCJIOKHEHUH, TaK U B psiie CIyyaeB K JeTalb-
HbIM ucxonaM. [ToaToMy akTyalbHBIMU MPEACTaBIISI-
I0TCS CPENCTBa, aKTUBUpYIolIUe mpoTenH C, a TakxKe
MO3BOJISIONIME KAaYeCTBEHHO U CBOEBPEMEHHO Jua-
THOCTMPOBATh €ro cColiepXKaHue B KpOBU yesaoBeka. K

HACTOSIIEMY BpeMEeHHM M3BECTHBI aKTUBATOPHI IIPO-
ternHa C, coaep:Kalivecs B siie HEKOTOPHIX BUIOB
3meli [5]. IIpoTeonutudyeckue ¢pepMeHTHl — aKTUBa-
TOphl niporerHa C, BBIACIIEHHBIC U3 SIIa I0XXKHO-aMe-
PUKAHCKOIO IIUMTOMOpPIHUKA Agkistrodon contortrix
contortrix, HaXOsT LLIUPOKOE MPUMEHEHUE B COCTABE
IVATHOCTUKYMOB IJIsI ompeacieHus mnporenHa C B
1a3Me KpoBHM denoBeka [5, 6].

XapakTepHOit 0COOEHHOCThIO MUKPOMMULIETOB SIB-
JISETCSI CIHOCOOHOCTh IPOAYLUPOBATh IIMPOKUIA
CHEKTP BHEKJIETOUHBIX (PEpMEHTOB, B TOM YMCIE U
npotenHas [7]. [ToaTomy GoJsiee JOCTYIMTHBIMU U TIEpP-
CHEKTUBHBIMU MOTYT OKAa3aThCsl MMPOTEWHA3bI TPUO-
HOTI'0 MPOUCXOXIECHUSI, OCYIIECTBIISIOIINE AKTUBA-
uuio nporeuHa C wim apyrux (pakTopoB CBEpThIBA-
HUS KPOBMU.

Oco6eHHO MHTEHCUBHO B MOCJEAHEE BpEMS U3y~
YaroTCsl MPOTeoUTHYeCKre (hepMEeHThI MULIETUATb-
HBIX TPUOOB, OKa3bIBaIOIIE BO3ACHCTBUE Ha OEIKU
cucteMbl remocta3a [8—10]. MukpoMuLETHl BUIa
A. ochraceus SIBASIOTCSI U3BBECTHBIMU MPOAYILIEHTAMU
MpOTEeUHA3, MPOSBISIOINX (GUOPUHOIUTUYECKIE U
MpOKOaryJstHTHEIE cBoiicTBa [11].

BriepBoie aHTUKOAaryjasiHTHasi aKTMBHOCThH BHE-
KJIETOUHBIX MPOTEeMHAa3 MUKPOMMUIIETOB ObLiIa TTOKa-
3aHa COTPYOZHUKaMU MOCKOBCKOTO TOCYIapCTBEH-
Horo yHuBepcuteta nMeHun M.B. JlomoHocoBa [12].
OpgHuM U3 Haubosiee aKTUBHBIX ITPOAYLIEHTOB IO-
JIOOHBIX IIPOTEMHA3 OKa3ajach KyJbrypa A. ochra-
ceus. @epMeHTHI A. ochraceus, 1oOaBJIEHHbIE K IT1a3-
Me KpPOBHU, YIMHSUIM aKTUBUPOBAHHOE YaCTUYHOE
TpomborutacTuHoBoe BpeMsi (AYTB) nmo tuny akTu-
BaTopoB mnporerHa C aHaJIOTMYHO TPOMOMH-TPOM-
OOMOIYJIMHOBOMY KOMILJIEKCY U aKTUBATOpaM U3 sifa
mmromMopaHuka [12, 13]. Beio BhickazaHO Mpeanno-
JIOXXEHHWE, 9TO JaHHAasI aKTUBHOCTb MOXKET OBITh CBSI-
3aHa ¢ akTuBauueii mporerHa C. B cBsi3u ¢ 3TuM 3Ha-
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YUTEJIBbHBIM MHTEpeC MPEACTaBIsIeT U3ydeHUe BHE-
KJIETOYHBIX ITPOTenHa3 A. ochraceus Kak BO3MOXKHbBIX
akTuBaTopoB NpoTenHa C Iia3Mbl KPOBU YeJIOBEKA.

Llenb paGoTHI — oMpeaeieHne CIOCOOHOCTA MUK~
POCKOITMUECKUX TpuboB A. ochraceus oOpa3oBHIBaTh
IIpOTEerHAa3bl — aKTUBaTophbl NnpoTeruHa C IIa3Mbl
KpOBHU.

METOAUNKA

Boinenenne n naeHTugUKanysa MUKpOMULETOB As-
pergillus ochraceus. BeineneHue mpoBOAVIN METOIOM
oceBa MOYBEHHOI'O MeJIKo3eMa M (hparMeHTOB pac-
TUTEJIbHBIX OCTaTKOB Ha vamku Ilerpu ¢ arapoBoii
cpenoi ¢ HesuIa030i (cpeaa [eTunHcoHa) u cycno-
arapoM c nocJienaylonleit mHkyoaumeit mpu 25°C [14].
Hcnonb3oBann oOpa3lbl BEpXHUX TOPU3OHTOB IIy-
CTBIHHBIX TI€CYAaHBIX MTOYB, CEPO3EMOB, COJIOHYAKOB,
KapOOHATHBIX YEPHO3E€MOB, JE€PHOBO-AJLTIOBUAJIb-
HBIX ITOYB, KPaCHO-KOPWYHEBBIX IIOYB U PaCTUTEIIb-
HBIX CyOCTPaTOB, OTOOPAaHHBIX COOTBETCTBEHHO B CTEII-
Hoil (Boponexkckast 06J1., KpacHomapckuii Kpait), 1my-
CTBIHHOU W TOJymyCThIHHOW 30Hax (TypkmeHus) u
peruoHax ¢ CyOTpOIMYECKUM Y TPOITMYECKUM KIIMMa-
ToM (KpbiMm, Ipenusi, Mekcuka). Yaiku ¢ HaHeCeH-
HBIM MEJIKO3€MOM IIpEIBAPUTEIHLHO BHIICPXKUBAIA B
TeuyeH1e HECKOJIBbKIX YacOB IIPH ITOBBIIIICHHON TeMIIe-
parype 52—54°C, a 3arem nHkyouposaau npu 20°C. B
KauyecTBe MHIMOMTOpa pocTa OaKTepuid MCITOIb30BaI
cynbdat crperrroMuinHa. [loanep:kaHue BblIeIeHHBIX
IITaMMOB OCYIIECTBISIIIN Ha cpene Yameka—/lokca n
cycio-arape.

NneHTuduKkanmnmo ITaMMOB IPOBOIMIIN I10 KYJIb-
TypaabHO-MOPGOJOrMIeCKUM MPU3HAKAM C ITOMO-
mIplo onpenennTens [15] 1 MoneKyJIsIpHO-TeHEeTYE-
CKUM TIpru3HaKaMm Ha ocHoBe IT1[P-ananu3a ¢ mocie-
IYIOIIMM CHUKBEHCOM aMIUIM(UKOHOB U aHAIM30M
CUKBEHCOB.

Brimenenne JJHK u3 mMuiienans mpoBoOAWINA TIO
CTaHJapTHOM MeToauke [16].

s mpoBeeHUsT MOJIUMEpPa3HOU 1IeIMHON peak-
LAY UCIIOIb30BaJI PEKOMEHAyeMBbIe I MUKPOMU-
neroB mpaiiMepsl ITS-1 (5'-TCC GTA GGT GAA
CCT GCG G-3") u ITS-4 (5'-TCC TCC GCT TAT
TGA TAT G-3') [17]. AMouduKanuio sk KaxXaoro
obpasna JIHK mpoBoauim ¢ 1 MKII BBIIEIEHHOMN TO-
tanbHOl JIHK, pasBeneHHoii B 100 pa3, B 30 MKJI pe-
aKIMOHHOU cMecu, coaepxaieir 2 MM MgCl,,
1.5 E Taqg AHK-nmonmumepa3ssl (“CunTton”, Poccust),
0.5 MxM xaxpgoro mparimMepa n 400 MKM KaxXmoro
JTHT® B COOTBETCTBUHU CO CJIICAYIOLIM IIPOTOKOJIOM:
IepBUYHAs IeHaTypalus B TeueHne 5 MuH 11pu 95°C
¢ mocienyrommmMu 40 mUKIaMM JeHaTypaluu TP
95°C 30 ¢, ormkuroM 1ipu 50°C 30 ¢ u 30HTaLMeR
npu 72°C 1 MUH € 3aKJTIOUYUTETbHBIM 3TallOM 3JIOHTa-
onn 3 muH nipu 72°C. TTonyaennsie ITL P-iponyKTsl
OBLTM OUMIILICHBI C UCTTOJIBL30BaHUEM HabOpa peakTH-
BoB Wizard® DNA Clean-Up System (“Promega”,
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CIIA). CexkBenupoBanue JJHK mpoBoauau ¢ moMo-
nipio Habopa peaktusos ABI PRISM® BigDye™ Ter-
minator v. 3.1 ¢ mocJieAyIOIIMM aHaJIU30M IIPOAYKTOB
peakuyd Ha aBToMaThdyeckoM cekseHaTtope JHK
ABI PRISM 3730 Applied Biosystems.

AHaJIM3 MOYyYeHHBIX IOCIeI0BaTEIbHOCTEN OCy-
IIECTBIISIIA C UCIIOJIb30BaHUeM nporpaMmel BioEdit.
Ilouck M paHXUpOBaHMWE TOMOJIOTMYHBIX HYKJIEO-
TUIHBIX TOCJIEA0BATEIBHOCTE B MEXIyHAPOIHOU
06aze nanHbix GenBank mpoBoawiu B mporpamme
BLAST.

KynasTuBupoBaHHe MUKpPOMHUIIETOB. MUKPOMULIECTHI
BBIPAIIUBAIN B YCJIOBUSIX TIIyOMHHOTO KYJIETUBUPOBA-
HUS B Ka4aJI0YHbBIX KOJ10ax o0beMoM 750 Mt co 100 Mt
MUTATeIbHON Cpeabl Ha OpOUTAbHBIX Kadajakax
(200 06/Mun) mipu 28°C. B KkauecTBe ITOCEBHOIO Ma-
Tepuralia UCITOJb30BaIN 7-CyTOUHbIE KYJIBTYPhl MUK-
POMUIIETOB, BBIpalllcHHbIE Ha CKOIIEHHOM CYCJIO-
arape. KyasTuBUpOBaHUE MPOBOIWIN B ABE CTaIUU,
CHayaJjia Ha cpejlie ¢ CYCJIOM, ITIOKO30i U MEeNTOHOM
[13], moce yero, 1o UCTEYSHUHU 2 CYT KYJIETUBUPOBA-
HUSI 4aCTh GMOMACCHI IEPEHOCUIN B (DEpPMEHTALIMOH -
HYIO cpely clieayroliero coctana (%): rimokosa — 3.5,
kpaxman — 1.0, coeBast Mmyka — 0.2, THApOIU3aT PHIOHOM
myku — 0.5, nenroH — 0.5, NaCl — 0.2, KH,PO, — 0.05,
MgSO, — 0.05.

OnpeneneHne NPOTEOJUTHYECKOH AKTHBHOCTH.
AXTUBHOCTb IPOTEMHA3 OIPEAC/ISUIA B KYJIBTypaab-
HOW XXUAKOCTHU, TIPEIBAPUTEIHLHO OTASINB GUOMaccy
GUIBTPOBAHMEM.

OO0l11iLyI0 MPOTEOIUTUYECKYIO aKTUBHOCTD KYJIBTYD
onpenesyiii MOIU(PUIIMPOBAHHBEIM METOIOM AHCO-
Ha [18]. AKTMBHOCTh BbIpaxkaqu B MKM THpO3WHa,
obOpa3oBaBlIerocs B TedyeHue 1 MUH B 1 MJI KyJbTy-
paJIbHOM XXUIKOCTH.

AKTHMBaTOpHYIO K TTpoTeuHy C aKTUBHOCTb OIpe-
JIEJISLIM T10 PacCIleIJICHUIO XPOMOT€HHOTO IIEIITUIHO-
ro cyocrpara nuporiryraMui-L-ipoymi-L-aprusmi-
n-aurpoanmnuaa (pGlu-Pro-Arg-pNA) [19] c momo-
mpo Metoma, momuduumposaHnHoro B.I. Kpeiiep.
Jna mpoBenenmst aHanms3a K 200 Mxn duasTparta
KYJABTYpaTbHOU XXUIKOCTH 100aBisin 50 MK pa3Be-
JIIEHHOH B 2 pa3a 4eJI0BEYECKOM IIJIa3Mbl KPOBH, HC-
MOJIb3yeMOIl B KadecTBe MCTOYHMKa mporerHa C.
TTosyyeHHYy10 CMech MHKYOMPOBAaJIU Ha BOMSTHOM Oa-
He B TeyeHue 5 muH npu 37°C, nmocie no0aBsIv
100 mx1 0.05%-HoTO pacTBOpa XPOMOTEHHOTO CyO-
crpata B 0.05 M Tpuc-HCI-6ydepe, pH 8.2 u npo-
JOJIKaIu MHKYOAlMIO ellle B TeYeHre 5 MUH MPU Tex
Ke ycJIoBMsIX. Peakiinio ocraHaBIMBaIM J00aBICHM -
eMm 200 Mk 50%-Hoi1 yKCcycHOM KucioTel. M3mepe-
HUE OMNTUYECKOW IUIOTHOCTUM TIPOBOAMIU TpU
405 aMm. s pacyeta akKTUBAaTOPHOM aKTUBHOCTU
CTPOMJIM KaJIMOPOBOYHYIO KPUBYIO I10 IM-HUTPOAHU-
JuHY. JIMHEMHOCTh MOrIoIeHs Habroaaau B UH-
tepBaze 10 x 103—150 x 1073 MkM pNA/m1.

TpoMOMHONOOOOHYIO M TUIA3MHUHONOAO0HYIO aK-
TUBHOCTbB OIPEIC/ISJIN C XPOMOTEHHBIMU CyOCcTpaTa-
Ne 5
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Taoauma 1. OnpeneneHure akTUBATOPHO K poTerHy C aKTUBHOCTHU KYJIBTYPalibHOM KUIKOCTU A. ochraceus L-1 ¢ xpo-

MoreHHbIM cyocTpatom pGlu-Pro-Arg-pNA

Ne ripoObI

CocTaB MHKYOAIIMOHHOI cMecH

AxTuBatopHas K npoteuHy C
aKTMBHOCTb, E/M x 1073

3 I1ma3zma + cyocTpar

KynbrypanbHast skunkoctb A. ochraceus L-1 + tinazma (ripotenn C) + cyocrpar
KynbrypanbHast XuakocTb A. ochraceus + cyocTpat

77.0
0.0
0.8

MU TO3WJI-L-rimmii- L-niponui- L-apTuHWI-TT-HUAT-
poanwmaom (Tos-Gly-Pro-Arg-pNA) u D-Bamui-
L-neitiyn-L-nusuia-n-uutpoanuiuaom (DVal-Leu-
Lys-pNA) cooTtBeTcTBeHHO nmobGaBisist K 100 MK
KynbrypanbHOU xuakoctu 150 mxin 0.05 M Tpuc-
HCIl-oydepa, pH 8.2, n 100 mxu1 0.05%-Horo pacTBopa
COOTBETCTBYIOIIETrO cyocTpara. CMech MHKyOMpOBain
B TeuyeHue 5 MuH npu 37°C, mocie 4ero peakiuio
octraHaBuBaM nodasiaeHueM 200 Mk 50%-Hoi yK-
CyCHOI KHUCJIOThl. MI3MepeHne OonTUYeCKOM TUIOTHO-
cti npoBoawian Tipu 405 HM Ha crneKTpohOoTOMETpe
Hitachi 200-20 (SIrmoxms).

3a enuHuily akTuBHOCTH (E) BO BCcex ciaydasix rpu-
HUMaJIU KOJIMYECTBO MKM OTIIENUBIIETOCS TT-HUTPO-
aHWIMHA B 1 MJI KyJIBTYPaTbHOM SKMIKOCTH 3a 1 MUH.

buomaccy onpenensuin BECOBBIM METOIOM, BbICY-
muBas ee npu 86°C 10 MOCTOSHHO MacCCHI.

OKCIIEpUMEHTHI BBIMIOJHEHBI B 3 MOBTOPHOCTSIX,
MOJy4eHHbIE PEe3ybTaThl MPUBEACHBI, KaK CPEeIHUE
BEJIMUMHBI U3 TpeX oNnbITOB. O1nbKa cpeIHUX 3Haue-
HUI1 He npeBbiiana 5—7%.

PE3VIJIBTATBI 1 UX OBCYXIEHWNE

AcCTIepruiiibel M, B YaCTHOCTH A. ochraceus, ITIApO-
KO TIpeJCTaBIeHbl B MUKOOMOTE TTOYB I0XKHBIX pETHO-
HOB, UTO U OOYCJIOBUJIO MX BBIOOD JJIs1 MOMCKA JAaH-
HBIX MUKpomuiieToB [20, 21]. B pe3ynbsraTte mmpose-
JICHHBIX TIOCEBOB OBLIM BBIACJACHBI B YHUCTYIO
KyJabTypy 10 U30J5ITOB, KOTOpbIE UMEIU TUIUYHbIE
s A. ochraceus KyJnbTypaabHO-MOPQMOIOTMISCKIE
npuzHaku [15]. He3HauuTenbHbIE OTAWYUS MEXITY
lITaMMaMu ObUIM OTMEUYEHbl B CKOPOCTU POCTa, MH-
TEHCUBHOCTH CITIOPOHOIIIEHUS U MUurMeHTauuu. M3o-
JISITBI XOPOILIO POCJIY Ha CTaHAAPTHBIX Cpeaax: Cyc/o-
arap, cpena Yameka—Jlokca, TJIIOKO30-MENTOHHAS
cpena npu 25°C. CriopoHOIIeHne HaYMHAIOCh Ha 4,
5 ¢cyT, OOMJIBHO CITOPOHOCSIIINE KOJIOHUN (pOpMUPO-
Baiich K 7—10 cyT. YacTb KyJbTYp BbIACJISIIIO DKCCY-
JlaT SSHTApHOTO 1IBEeTAa.

Muxkpomutietsl BUaa A. ochraceus Wilhelm oTHO-
CATCS K MUTOCITIOPOBBIM IprbaM — aHaMop@daM acKo-
muieTHoro agpduHuTeTa: poma Aspergillus, cemeri-
ctBa Trichocomaceae, nopsinka Eurotiales, xiacca
Eurotiomycetes, oTmena Ascomycota W SIBJISIOTCS
KOCMOTIOJIUTHBIMU U TEPMOTOJIEPAHTHBIMU OPTaHU3-
MaMHU, CIIOCOOHBIMU PacTH B LIMPOKOM MHTEpBase
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temnepatryp (8—55°C) ¢ onTUMaIbHBIM POCTOM MpU
25-30°C.

OnpezaeiaeHe HYKJIIEOTUAHON TTOC/IEN0BATEIbHO-
ctu JokycoB ITS1-5,8S-1TS2 pIHK Bcex mtamMmmoB
A. ochraceus mokazajao UX TOJHYIO WIEHTUYHOCTD.
CpaBHUTENBHBII aHAIN3 MOJTyYEHHBIX TTOCTIEIOBATETb-
HocTelt yyacTkoB I'TS M3ydeHHBIX IITaMMOB C TTOC/IEA0-
BaresbHOCTsIMU I TS-yyacTKoB 3TOr0 BHIA, MPEACTaB-
meHHbiMM B GenBank (JN246072.1, EU273559.1,
AY373856.1), BoisBun ux 100% cxoncTBo, YTO TOA-
TBEpKJAaeT TPOBEACHHYIO HaMU WISHTUMUKALIMUIO
IITAMMOB KakK A. ochraceus Vi JTaHHBIE TUTEPATYPHI O
TOMOTEHHOCTH 3TOTO BHUAa [22].

PesynbraThl onpeneaeHUss akTUBaTOPHOM K IIpO-
TeuHy C aKTUBHOCTU KYJBTYpaJIbHOMN KUIKOCTU Ha
npumepe MUKpomulieTa A. ochraceus L-1 ¢ xpomo-
TeHHBIM TIeNTUAHBIM cyocTpaTtoM pGlu-Pro-Arg-
pNA B cpaBHEHUU C KOHTpoOJsIMU (TTpoObl Ne 2 1 3
COOTBETCTBEHHO) MpUBEACHEI B Ta0a. 1. Y3 Tabauiibl
BUJIHO, UTO HU KyJbTYpaJibHasl XKUAKOCTh, HU IIJ1a3Ma
MO0 OTAEIbHOCTH HE PACILETISLIIA XPOMOTeHHBIH Cy0-
CTpaT, M TOJIBKO IIOCJIEe IpeIBapUTEIbHON MHKYOa-
WU KyJIBTypaJIbHOM XUIKOCTU A. ochraceus 1.-1 n
11a3Mbl (TipoterH C), AeMCTBUTENBHO, IIPOUCXOIUT
akTuBauys nporerHa C, 1 o0pa3yloIIniicsl aKTUBU-
poBaHHBIN TIpoTenH C paclieruisseT XpOMOTEHHBIN
cyOcTpaT 10 aprTMHUHY B COOTBETCTBUU CO CJIEIYIO-
e cXeMoIi:

IIporennasa A. ochraceus + nnasma (nmporeu C) —
— aKTUBUPOBaHHBIHN TTpoTenH C
AxtuupoBaHHbIi rTpoterH C + pGlu-Pro-Arg-pNA —
— pGlu-Pro-Arg-OH + pNA

Takum 06pa3om npoTernHasbl A. ochraceus oTieN -
JIsIIOT -HUTpoaHWwInH (pNA) ot cyOocTpaTa, aHaIornd-
HO aKTHBaTOpaM si1a 3MeU IIIUTOMOPIHMKA [6, 23, 24].

CriocoOHOCT, K 00pa3oBaHUIO BHEKJIETOYHBIX
MpoTerHa3 — aKTUBaTOpoB nmpoTerHa C ycTaHOBJIeHa
Yy BCeX M3YUYCHHBIX U3O0NSTOB A. ochraceus BHe 3aBU-
CUMOCTH OT 3KOTOIIOB U PETMOHOB, M3 KOTOPBIX OHU
OBLIM BBIAEeHBI. [IprueM akTuBaTOpHAasI K IIPOTEU-
Hy C aKTUBHOCTh OOHApY>KMBAJIACh B KYJIbTYPaIbHOM
XKUIKOCTU A. ochraceus yxe Ha 1 CyT KyTbTUBUPOBa-
Hus (Tad. 2).

OOpa3oBaHUE MPOTEMHA3, aKTUBUPYIOIIUX IIPO-
TenH C 11a3MblI KPOBU, OBUIO M3YyYE€HO B TMHAMMUKE.
IMTapamnenpbHO MPOBOAMIIN ONpeAcieHUe TPOMOMHO-
Ne 5
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Taﬁﬂnua 2. AKTI/IBaTOpHaH K IIPOTEUHY C aKTUBHOCTBH IITAMMOB A. OC/II’CZCEUS, BBIICJICHHBIX U3 pPa3HbIX 3KOTOITIOB

Ilramm M CcTOYHUK 1 MECTO BBIIEJICHUS AKTHBATOPHa K D OTemfy ¢
A. ochraceus No aKTUBHOCTD, E/Mit x 1073%
121 Cononuak (KpbiM, YkpanHa) 59.0
154 Pacturenpabie octatku nmonctiku (Iperrmst) 66.3
247 YepHo3eMm Ha kKapOoHaTHBIX Topoaax (BopoHeskckast 06:., Poccust) 65.0
513N IlycTeinHas mousa (TypkMmeHuUs) 63.5
L-1 TMorpe6ennas mousa (packornku r. @anaropuu, KpacHomapckuit kpaii, 63.9
Poccust)
L-2 PactutenbHblie octaTku noactuiku (Mekcuka) 34.0
MA-1 Cepas necHas mouBa (MockoBckast 001., Poccust) 58.1
MA-2 Pacturenpnbie octatku (MockoBckast 00i1., Poccust) 58.8
X-1 Pactutenvhbie octatku (Iperust) 59.2
X-2 JlepHOBO-aJLTIOBUAIbHAS ouBa (Mekcuka) 55.8

* Ha | cyT KyTbTUBUPOBAHUS MUKPOMUIIETOB.

NOoJOOHOM M IIa3MUHOMNOAOOHONM aKTHUBHOCTEH
KYJABTYpaJIbHOM XKUIKOCTH CO CIeHUPUIEeCKUMU
XPOMOTEHHBIMM CyOCTpaTaMu, OOIILYIO ITPOTSOJTUTH -
YeCKY10 aKTUBHOCTb C Ka3eMHOM U buomaccy. Ha pu-
CYHKE IIpeACTaBJICHbI MaHHbLIC II0 HAKOIUICHUIO B
KYJIBTYPIbHOM KUIKOCTU BHEKJIETOYHBIX IIPOTEU-
Ha3 11 A. ochraceus 1L-1. CxogHy10 JMHAMUKY TTOKa-
3aresieii pocTa M aKTUBHOCTEH MMPOTEMHA3 Ha0Ioma-
JIX y BCE€X OCTAIbHBIX M3yUYeHHBIX IIITAMMOB.

MakcuMaabHble 3HAUeHUs] aKTUBATOPHOM K TIPO-
TeuHy C aKTMBHOCTU OOHapy>XUBaIu Ha 2 CYT KyJib-
TUBUPOBAHUS B JorapupmMmuieckoi ¢asze pocra, mo-
CJIe 4eTo aKTUBHOCTb CHUXKAJIaCh ¢ HEOOJBIIUM MH-
KOM aKTMBHOCTM Ha 5 CyT B cTallMOHapHOI a3se.
MaxkcuMyMbl 00pa30oBaHUS IIPOTENHA3 C TPOMOMHO-
NOAOOHOM M TUIa3MUHOIIOJIO0HON aKTUBHOCTSIMU

450
-1 400
350
300

MT/MJI
NN
S W

S

828
MKM Tup/mn/mMuH

CyT

JlnHaMWKa HaKOIUIeHUs (CyT) TTPOTEOIMTUYECKUX hep-
MEHTOB MMKpOMUIIETOM A. ochraceus 1.-1. I — akTtuBa-
TOpHasI K IpoTenHy C aKTUBHOCTb, 2 —TPOMOMHOITOI00-
Hasi aKTUBHOCTh, 3 — TJIA3MWHOTIONO0HAasT aKTUBHOCTb,
4 — o611ast TPOTEOUTUYECKAst aKTUBHOCTh, 5 — OroMacca.
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MPUXOAUINUCH Ha 3, 4 CyT KyJIBTUBUPOBAHUS (CTallM-
OHapHas ¢aza pocTa), UMeJr OJM3KHE 3HAYCHUS U
CXOJIHYIO MOJIOXUTEIbHYIO KOPPEJISILIUIO U HE COBIMa-
JlaJIv C IIMKOM aKTMBHOCTU MPOTEMHA3-aKTUBAaTOPOB
npotenHa C. ITosyyeHHbIe JaHHBIE CBUICTEIbCTBY-
IOT, 9YTO MPOTEeMHA3bl — aKTUBATOpPHI ITpoTernHa C u
NpOTeMHAa3bl C IUIa3MUHO- U TPOMOMHOMNOAOOHOM
AKTUBHOCTBIO SIBJISIFOTCSI pa3HbIMU (epMeHTamu. B
TO XK€ BpeMsI TPYIHO TOBOPUTH O IPUHAIJICKHOCTH
TPOMOMHOIIOAOOHOI U INIAa3MUHONOAOOHOM aKTHUB-
HOCTE pa3HbIM (epMeHTaM, T.K. M3BECTHO, 4YTO
I1a3MuH (IUIa3MUHONOAO0OHEIE (hDepPMEHTHI) CITOCO-
OEH paclIeIlIsITh CyOCcTpaThl TpOMOMHA [25].

JluHamMuKa oOlLIeit MpOTSOJIUTUIYCCKON aKTUBHO-
CTU KyJBTYpaIbHOU XWAKOCTWU ObLIa CXOIHOW C
TPOMOMHO- U MJIa3MUHOIIOTOOHBIMU aKTUBHOCTSIMU
1 He COBIajaja ¢ MAaKCUMaIbHBIMU 3HAYSHUSIMU aK-
TUBATOPHOH K MpoTenHy C aKTUBHOCTHU (PUCYHOK).

HMHTEpECHO OTMETUTb, YTO MPOTEUHA3bI KYJBTY-
pajibHOM XXKUJIKOCTU U3YyYEHHBIX MUKPOMMIIETOB T'UJI-
pomu3oBaim cyoctpar TpomouHa Tos-Gly-Pro-Arg-
pPNA (akTUBHOCTb BapbMpoOBaia B Iipemenax 110—
144 E/Mn x 1073 y pasHbIX IITAMMOB) U HE CTIOCOOHBI
ObM paciierisiTh cyoctpar pGlu-Pro-Arg-pNA,
oTnyalolmiicsa Ha 1 amuHoKuciory (Ta6a. 1, Ne 2).
OTU JaHHbIE CBUJIETEIbCTBYIOT, YTO MPOTEOIUTHUYE-
ckue pepMeHTHI A. ochraceus 001amaloT pa3HOU Cyo-
CTpaTHOM cnelM(UYHOCTHIO MO OTHOIIEHUIO K XpO-
MOTE€HHBIM MENTUAHBIM cyocTpataM. B ciyyae c ak-
TuBaTopamu TiporeuHa C U3 si1a IUTOMOPIHMKA
Hajuuue B XPOMOIEHHOM cyOcTpaTe-TpUIenTuIe
nepea aprTMHUHOM TIPOJIMHA TTPUBOIUT K €ro TUAPO-
JIN3Y aKTUBUPOBAHHBIM MpoTernHoM C, eciin Xe mpo-
JIMH 3aMellleH Ha JPYTryio aMUHOKUCIIOTY, HallpuMep
(beHunanaHuH, cyocTpaT He TUApOIU3yeTcs. Beene-
HUE B JUNENTUI MPOAUI-apTUHUI-pNA IOIOJIHU-
TEJIbHOW aMUHOKMCJIOThl HE3HAYUTENIBHO BJIUSLIIO Ha
Ne 5
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Taomuna 3. TTnazmMuHOIIOA0OHAST, TPOMOMHOTIONOOHAS M O0I1Iast TPOTEOIMTUIYECKAsI aKTUBHOCTb BHEKJIETOUHBIX ITPOTeE-
MHa3 ITaMMOB A. ochraceus B MAKCUMyMe aKTUBAaTOPHOM K MpoTeuHy C aKTUBHOCTH

IITamm AKTUBHOCTB akTUBaTOpOB | [Tna3zmunHononobHas, | TpomOuHonogo6Has1, |  OOIast mpoTeoUTUYECKast
A. ochraceus, Ne| npotenna C, E/mn x 1073 E/mnx 1073 E/mnx 1073 aKTUBHOCTb, MKM Tup/mij/MuH
121 71.9 125.5 95.2 149.8
154 69.0 81.4 62.3 110.5
247 77.9 99.8 84.2 67.2
513N 76.1 81.4 82.7 40.2
L-1 77.5 46.3 47.5 54.3
L-2 67.4 65.3 84.0 167.8
MA-1 71.0 40.4 32.3 37.7
MA-2 64.4 44.9 39.3 95.1
X-1 72.5 80.6 72.1 58.8
X-2 69.6 74.5 63.5 87.9

paciierieHne cyocTpara akTHBUPOBAHHBIM IIPOTEN-
HoM C [6].

B Tabsn. 3 npuBeneHbl 3HAYEHMS IIPOTECOIUTUYC-
CKOM aKTMBHOCTU Pa3HBIX IITaMMOB A. ochraceus B
MaKCHUMyMe aKTUBATOPHOM K mpoTeuHy C aKTMBHO-
ctu. BumHo, 4To MakcuMasbHbIC 3HAYCHUSI aKTUBa-
TOpHOH K IpoTenHy C aKTUBHOCTH MHKPOMMIIETOB
OJIM3KY U UX BapbUpOBaHMeE He TpeBbIaio 15%. Ak-
TUBHOCTH C CyOCTparaMM Ijla3MMHa M TpOMOMHA, a
Tak:Ke 00IIast MPOTEeOIMTUYECKasl aKTUBHOCTh B MaK-
CUMaJIbHBIX 3HAYEHUSIX aKTUBATOPHOIM aKTUBHOCTU
paznuyaroTcs. BapbupoBaHue 1Mo TpoMOMHOIIOZ00-
HOM, MJIa3MUHOIIONO0HOM M OOIIEH IMPOTEOIUTHYIC-
CKOIl aKTUBHOCTHU cocTaBwiIo 67, 66 u 77% cooTBeT-
CTBEHHO. 3HA4YWUTEJbHBIA MHTEpeC MNpPeACTaBISIOT
MOPOAYLEHTHI IIPOTeMHA3—aKTUBATOPOB npoterHa C,
MpOsIBJISTIONINE OoJjiee HU3KME BEIUMYMHBI 3HAYESHUI
COMYTCTBYIOLIEH TPOTEOJUTUUECKOM aKTUBHOCTH.
ITo sTomMy KpuTepuio OBUIM OTOOpaHBI IITAMMBI
A. ochraceus 247, A. ochraceus 513N, A. ochraceus
L-1 u A. ochraceus X-1, KOTopble AETTOHUPOBAHbI B
BKM mnon coorBeTrcTByOIIMMU HOMepamMu BKM
F-4106D, BKM F-4107D, BKM F-4104D, BKM
F-4105D.

IMonydeHHBIe pe3ynbraThl HOKA3BIBAIOT, YTO CITO-
COOHOCTh 00Pa30BBLIBATH ITPOTEMHA3EI — AKTUBATOPHI
nporerHa C IUia3Mbl KPOBU M3YyYEHHBIX IITAMMOB
A. ochraceus — N30IIITOB pa3IMYHBIX SKOTOIOB Te0-
rpau4ecKy OTAAJICHHBIX PETHOHOB MOXET SIBJISIThCST
XapaKTepHBIM NPU3HAKOM acHepruuIoB 3TOIO BUA.
Kpome miporenHaz—akTuBaTopoB IporenHa C, U30-
JIITBI 00Pa3yIOT MPOTENMHA3BI C TPOMOMHOIIOTO0OHOM
M TJ1a3MHUHOIIONO0OHOI aKTHMBHOCTHIO. Hebobinoit
CPOK KYJIETUBUPOBAaHMSI MUKPOMHMIIETOB M 0Opa3oBa-
HUE IIPOTEerHAa3 C aKTUBAaTOPHOM K IpotenHy C ak-
TUBHOCTBIO Ha JIOCTYIIHBIX Cpelax JiejaeT BO3MOXK-
HBIM IPAaKTUYECKOE UCII0Ib30BAHNE MUKPOMHUILIETOB
A. ochraceus B KauecTBe aJbTepPHATUBHBIX STy IITUTO-
MOPIHMKA UICTOYHUKOB aKTUBATOPOB npoTtenHa C.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

ABTOpBI TJIyOOKO OJarogapHbl COTPYAHUKAM Ka-
denpel Mukpoouonsorun MI'Y A.JI. BproxaHosy,
B.A. KopneeBoit u M.A. byOHOBY 3a KOHCYJIbTallUU
¥ TIOMOIIb B IIPOBEACHUN MOJIEKYISIPHO-TeHETUYE -
CKUX UCCJICIOBAHUM.

CeksennpoBanue JAHK mpoBommam B MeXWH-
CTUTYTCKOM IHEHTpPe KOJIEKTUBHOIO ITOJIb30BaHUS
“TEHOM” UMb PAH (http://www.genome-centre.
narod.ru/), opraHM30BaHHOM ITpu noaaepkke PODU.
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Aspergillus ochraceus Myxomycetes Produce Extracellular
Proteinases—Protein C Activators of Blood Plasma
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Abstract— Natural isolates of Aspergillus ochraceus myxomycetes from soil and plant remains from various
regions have been screened. The isolated strains were characterized by similar cultural and morphological
features and an identical nucleotide sequence in the ITS1-5,8S-1TS2 region of rDNA. The ability of the
extracellular proteinases of A. ochraceus myxomycetes to activate protein C of blood plasma has been estab-
lished. Differences are revealed in the accumulation of proteinases activating protein C and proteinases with
thrombin- and plasmin-like activities in the growth dynamics of producers.
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CO3JAHUE KOMIIUIEKCHBIX ®EPMEHTHDIX ITPEITAPATOB ITEKTMHA3
N HEJUIIOJIA3 JUIA ITIEPEPABOTKHN CBEKJIOBUYHOI'O 2KOMA
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Ha ocHOBe peKOMOMHAHTHBIX INTAMMOB IT'pu00B Penicillium canescens, mony4eHbl KOMIUIEKCHBIE (hepMEHT-
HbIE TIpeTTapaThl, 061a1aoIIe aKTHBHOCTHIO FTOMOJIOTUYHOM EKTUHIMA3BI A, TeTePOJTOTUYHBIX 3HIO- 1 ,4-
B-rmoxkaHassl Penicillium verruculosum v B-rimoko3unasbl Aspergillus niger. B paboTe ObLTU peain30BaHblI
JIBa MIOJIXO/Ia: Co3MaHne (hepMEHTHOTO TIperapaTa Ha OCHOBE HOBOTO IITaMMa — ITPOAYIIEHTa BCeX TpeX (hep-
MCHTOB U ITOJIYYCHUEC d)epMeHTHOFO npemnapara 1nmyréM COBMECTHOI'O KYJBTMBUPOBAHUA TPEX IUTaAMMOB —

IIPOAYLECHTOB KaXXa10Io OTACJIbHOTO (I)CpMeHTa.

IIpoBeneHo cpaBHeHME OcaxapuBalolllell CIIOCOOHOCTU 3TUX (hepMEHTHBIX MPernapaToB MO OTHOIIEHUIO K
CBEKJIOBUYHOMY koMy. Hanbombiieit achdhekTHBHOCTBIO 001anan epMeHTHBIN Mperapar, ToJydeHHbIH B
pe3yJibTaTe COBMECTHOTO KYJIbTUBUPOBAHUS LITAMMOB — (MOHO)TMIPOAYLIEHTOB, 110 CPABHEHUIO C (hpepMeHT-
HBIM TPEeTiapaToM, MOJIYyYEeHHBIM C ITOMOIIIBIO IITAMMA-TIPOAYLIEHTA TpeX (PePMEHTOB.

CBEKJIOBUYHbBIN XOM — OTXOJl CaXapHOTO ITPOU3-
BojacTBa Poccuu, oueHb Masas 4actb Kotoporo (15%
Ha ocHoBaHuMM JaHHBIX Poccrata 3a 2008 rom,
WWwWw.gKks.ru) MCITob3yeTcsT KaKk KOpMoBas Jo0aBKa,
OoJbIIas K€ 4YacThb OCTaeTCsI HEBOCTPeOOBAHHOI.
DKoJIorn4eckKy 0€30MacHbIM 1 9KOHOMUYECKH OIIpaB-
JIAaHHBIM CITOCOOOM YTUJIM3AlIMU CBEKJIOBUYHOTO KO-
Ma U MOJO0OHBIX €My OTXOJ0B ITUILIEBOI TMTPOMBIIIUICH-
HOCTH SIBJISIETCSl MpeBpallieHue MojncaxapuaoB pac-
TUTEJILHOM KJIETOYHOI CTEHKM B caxapa, KOTOpOe
MOXKET OBITH OCYILIECTBICHO KOMILIEKCOM (hepMeH-
TOB — Kapooruapas. [TockonbKy KieTouHasi CTeHKa B
COCTaBe CBEKJIOBUYHOTO XOMa COAepXKUT 8.4% TeK-
TUHOBBIX BellecTB, 20.1% uemnonosst u 37.4% remu-
OeJuTIoNo3bl [1], odeBMAHO, 9TO TIpeaHa3HAYeHHBIN
I ee ruapoiusa (epMeHTHBIN Tiperapat (®II),
JIOJKEH ObITh oOorallieH Kapooruapa3saMu, paciler-
JISIIOLIMMU  OCHOBHBIE TOJIMCaxapuabl KJIETOUHOM
CTEHKU — IIEJUTIOJIO3Y M TeMMIICJUIIONO03bI, a TaKXKe
MEKTUHA30M, pa3pyllarolleid CeTh MEKTUHOBBIX BE-
IIECTB.

Ha npotsckeHun IociaeagHUX JIET PeKOMOMHAHT-
HBII mTaMM P. canescens 1MUPOKO UCTOIb3YeTCSl B
KayecTBe J1abOpaTOPHOIO INTaMMa [Jisl MOTyYeHUs
pazimmyHbIx TUIIOB PI1 [2, 3]. K npenMyliiecTBam Mc-
MOJIb30BaHUSI JAHHOTO IIITaMMa OTHOCSITCSI aKTUB-
HBIII KOMILIEKC TeMUIIeJUIIoNa3, [elleBast cpeaa
KyJIBTUBUPOBAHMSI, MPOCTOTA Ipollecca (pepMeHTa-
nuu [4], oTpaboTaHHBIE METOAUKU TpaHCHOPMALIUU
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sk3oreHHot JIHK, uto gmenaeT 1mTraMM-peLUITACHT
P. canescens ynobHoli cuCTEeMOW MJIsI TOJTYyYEeHUS
KoMmruieKCHbIX PIT nekTrHa3, LUesIoIa3 U FreMULIe-
JTI0J1as.

Lleap paboThl — mojydeHue KoMruieKcHbix DII,
0o0oTralleHHBIX aKTUBHOCTSIMU TIEKTUHJINA3BI U 1IeJI-
JII0Ja3bl Ha OCHOBE PEKOMOWHAHTHBLIX INTAMMOB
P. canescens n cpaBHeHHE X CIIOCOOHOCTU K Ocaxa-
PYBaHMIO CBEKJIOBUYHOTIO JKOMa.

METOANKA

IITammel MuKpooprauu3MoB. LlITaMM-peLiummeHT
JUI TUTA3MUIHOM TpaHCOpMaluyu — MYTaHTHBIA
wraMM P. canescens RN _niaD) ¢ nedpekToM B reHe
niaD, xomupylomeM ¢GepMEHT HUTpaTpeayKTasy.
ITamm E. coli Mach-1 (ArecA1398 endAl tonA

®80AlacM15 AlacX74 hsdR(rgymy) (“Invitrogen”,
CIIIA) ncrnoab30BaJiv IS CyOKJIOHUPOBAHUSI TEHOB
MEKTUHJIMA3bl Y LIEJUII0JIAa3, a Takxke IUId Ipenapa-
TUBHOM HapaboTtku JHK.

Ilna3muaHble KOHCTPYKIUH. ODKCIPECCUOHHBIC
ma3MunHbeie KoHCTpyKuuu pEGII u pBGlu ¢ uene-
BBIMU FeHaMU 2HI0- 1 ,4-B-sHaornoKaHasbl P. verru-
culosum (OI'ID) u B-tmoko3unassl A. niger (BIJI) on
TOMOJIOTUYHBIM KCWJIaHa3HBIM IPOMOTOPOM IIITaM-
Ma P. canescens OBUIM TIOJIydeHBI paHee B JabopaTo-
pun onorexHonornu pepmMeHToB MHCTNTYTA OMOXM -
muu uM. A.H. baxa PAH [2].
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ITnasmuoa pPelA ¢ reHoM TIIeKTHMHAMA3BI A
P. canescens (IIEJI) Obula mojydyeHa MyTeM aM-
naucdukauuu reda [TEJI MeTonom nmonumepasHoit

BYILIIMWUHA wu np.

nenHoii peakuuu (IIIIP) u3 renomuoin JHK
mramMma P. canescens ¢ UCIOJb30BaHUEM OJIUTO-
HYKJIE€OTUAOB:

pepA-UpLIC: caaacagaagcaaccgacacaatggttgtcttcagccagatcacg

pepA-LowLIC: agagcaagccgaggttaggectggggagecgaagecaaga,

U KioHupoBaHus mnoiaydyeHHoro IIIIP-mpomykra B
BekTop pXEGuniversal, obecriednBaronInii 3Kcrpec-
cuto nenesoro reHa ITEJI 3a cueT crabuIbHOI MHTE-
rpaTUBHOI BCTPOWKU reHa B XxpoMocomy rpuda P. ca-
nescens. Kimonuposanue rexna I1EJI ocymecTBisiim ¢
MpUMEHEHUEM METO/Ia HE3aBMCUMOTO JIUTUPOBAHUS,
OIIMCAaHHOTO B pabdoTe [5], U IPUMEHEHHOIO paHee
It mramMa rpuba P. verruculosum [6] n Aspergillus
awamori [7]. Bce ctangaptHbie npoueaypsl ¢ JJHK, a
UMeHHO: BblaejleHue reHoMHoit JIHK, BbigeneHue
I P-11pomyKTOB 13 arapo3HOTIO I'eJisl, a TAKXKe BhIIe-
nenue mnasmuaHoi JIHK ocyiiecTBasiim ¢ momo-
b0 HabopoB pupmbl “QIAGEN” (CIIA) o meto-
nuKaM ¢pupmel-npousBoautessi. 1L P nmpoBoauiack
Ha npuoope MyCycler (“BioRad”, CIIIA) no ciemy-
rorreit cxeme: 95°C 5 muH — 1 nukir; 95°C 1 mun 30 ¢,
55°C 1 muH, 68°C 1 mun 30 ¢ — 20 nukinos; 68°C
10 muH, 4°C 30 MuUH.

TakuMm o6pa3oM, B pe3yiabTaTe KIOHUPOBAHUS
Obu1a moydyeHa miaazMuaa pPelA (puc. 1), akcnpec-
CHOHHAas KacceTa KOTOPOM COCTOsIIa U3 TOMOJIOTHY -
HOTO TIPOMOTOpA M TepMHHATOpa IeHa KCUJIaHa3bl
(KCHUJI) rpuba P. canescens, TOMOJIOTUYHOIO HYK-
JICOTUIOW MOCAeI0BaTEIbHOCTU, KOAUPYIOIIEH CUT-
HaJIBHBIN TTenTu s -ramakro3unassl (bgaS SS) u Hyk-
JICOTUIHOM TTOCJIeIOBAaTEIbHOCTU I'eHa 3peJioro oeJ-
ka [TEJI P. canescens.

Tpancopmanus rpubHoro mramma P. canescens
RN_niaD™ u cenexuus Tpancdopmantos. s rosy-
YeHMSI TPAaHC(OPMAHTOB C LI€JICBBIMY aKTUBHOCTSIMU
B KaueCTBEe peLIMITMEHTA UCIIOIb30BaIM 1TamMM P. ca-
nescens RN _niaD®). IlltaMM-peLUNUEHT ObUI
TpaHchopmupoBaH miazmunamu pPelA, ppGlu u
pEGII o MmeToauke, ormcaHHoM paHee [8].

O160p TpaHchopMaHTOB, cekpeTupyromux D11,
BIJI u T1EJI, npoBoavin B UMMYHOJIOTYECKHX 96-
JIYHOUHBIX TIJ1aHIIeTaX. TpaHchopMaHThI, BBIpOCIIINE
Ha CEJICKTUBHON MUHUMAJIbHOM Cpee, OTAEIbHO Ie-
peceBaIich B JIYHKHM TLTaHIIeTa ¢ 600 MKJT cpebl, Co-
nmepxkaineii (r/m): coeBas menayxa — 45.0, KyKypy3HBIit
skcTpakT — 50.0 u KH,PO, — 25.0. Yepes 144 4 BbI-
pamuBanus ipu 220 06/MuH 1 30°C U3 KaxX10i JTyH-
KM OTOMpaJIM aJvMKBOTHI KYJBTYPIbHON KUIKOCTHU
(KZK) u mpoBoauiu 31eKTpodopes o6pas3ioB B [TA-
AT B nmpucyrctBuu Na-IJIC, a Takke onpeaesiv
yleJibHble aKTUBHOCTU CEKPETUPYEMBIX (DEPMEHTOB.

®epMeHTHBIE penapaThl. B paboTe ncroab3oBamm

noaydeHHble paHee npenapatel DI'1L P. verruculosum,
BI'J1 A. niger n I1EJI P. canescens [9, 10], a Takske ®I1

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

ucxonHoro wramMmma P. canescens RN _niaD®). IIpy-
rve ucnojb3oBaHHble B ucciaegoBaHusx PI1 O6buin
MOJy4EHHI IIyTeM JMOodIIbHOro BeicymmBaHus KoK
HOBBIX IITAMMOB-MIpoaylieHTOB i K2K mocie cos-
MECTHOIO KYJBTUBUPOBAHUSI TIOJYYEHHBIX paHee
mTaMMOB — (MOHO)IpoayleHTOB. KylisruBupona-
HHME IITaMMOB IIPOBOAWIN B 3 11 (pepMeHTEpaxX, UC-
TOJIb3YSI Cpefy, cliefylolero cocrtaBa (%): coeBast
mrenyxa — 4.5, KyKypy3Hbiit akctpakt— 5.0 u KH,PO, —
2.5. @epMeHTaLMIO TTPOBOAWIN B TedeHue 120 4 nmpu
30°CupH 4.5.

DaekTpodopes 6eakoB. DaeKTpodope3 00pas3loB
KK v pactBopoB ®DI1 nposonunu B 12%-1om [TAAT
B npucyrctBuu Na-JIJIC ¢ ncnoiap3oBaHuEeM 3JIeK-
TpoopeTnueckoit s4eiiku Mini Protean (“Bio-
Rad”, CIIA). O6pa3usl pactBopoB PII, comepxka-
mue 30 MKr Oenka, mHKyoupoBanu 15—20 MuH npu
100°C B npucyrctBuu 1.0% Na-AJC u 5.0% B-mep-
KanrToaTaHosna. g omnpeneneHus MOJEKYJSIpHOM
Macchl OEJIKOB B MCCJIEIyeMbIX 00pa3iiax UCITOIb30-
BaJI OE€JIKOBBIE MapKephl C MOJIEKYISIPHOI Maccoii B
npenenax 14.4—116 kJla (“Fermentas”, JIutsa). ben-
KOBBI€ TIOJIOCHI OKPAIIIMBAJIA C UCTIOJIb30BaHUEM KY-
maccu OpwuimaHToBoro cuHero G-250 (“Ferak”,
Iepmanwms).

CyocTpartsl. s onpeneneHust (hepMeHTaTUBHBIX
AKTUBHOCTEM MCHOJB30BAJIM CIEAYIONIe CyocTpa-
TBI: IIUTPYCOBBIN IMTEKTUH CO CTEIIEHBIO 3TepUdUKa-
1 ~70%, Na-conp KM, 6epe30Bblii KCUJIAH U IT-
HutpodeHmi-B-D-rmoxkormmpanosun (ITH®T )mpo-
u3BoncTBa “SIGMA” (CIIIA).

KomMmepueckn ZOCTYITHBIN CyXOil TpaHyIMpPOBaH-
HbII KOM OBLIT U3MEJIbYeH Ha MeJIbHULIE, TTO3BOJISIIO-
IIIei1 TTOJTyYaTh YaCTHUIIEI pa3MepoM 1.5—2 MM, a 3aTeM
B HOXEBOI MeJibHMIEe Meakoro rmomojia MF10 basic
(“IKA Werke”, Tepmanust) no yactuil paamepom 0.5—
1.0 Mmm.

Onpenenenne (epMEeHTATHUBHBIX AKTUBHOCTEH. 3a
eIUHUIY aKTUBHOCTH TIPMHUMAJIA TaKoe KOJHMJe-
CTBO hepMeHTa, KOTOPOE B ONTUMAIBHBIX YCIOBUSIX
oOpaszyeT 1 MKMOJIb MpoAyKTa 3a 1 MUH.

AKTMBHOCTb TIEKTUHJIWA3bl OMpEAessiiu, peru-
CTPUPYS HAYaJIBHYIO CKOPOCTh HAKOTIJICHMS HEHACHI-
IIEHHBIX MPOAYKTOB JAECTPYKIIMU LIMTPYCOBOTO TEK-
TUHA 0pu 232 HM ¢ KO3 GULIMEHTOM TOTIOIIECHUS
5500 M~ cm~!. Peakuuio mpoBOAWIN B TEPMOCTATH -
pyemoii ktoBete 1ipu 40°C u pH 5.0 (50 MM anerat-
HBI1 Oydep), KOHLIEHTpaus MeKTUHAa B peaKIIMOH-
HOi1 cMecu cocTabiisiia 2.4 v/a [10].
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Ap

pPelA
8173 bp

Sacl (5320)

Notl (5299)
Xbal (5292)
Pstl (5285)
EcoRI (5275)
HindlIII (5263)
Xhol (5242)

egl3 terminator

545

Kpnl (6)

Xhol (17)
Pst1 (33)
xylA promoter
Bgll1 (995)
Apal (1209)
<~ bgaSSS

HindlIll (1892)
Upper LIC
Pst1(1939)
Kpnl (2115)
Kpnl (2148)
Ndel (2273)
Ndel (2399)
pelA gene
Kpnl (2608)

Pst1 (3050)
Lower LIC
Ndel (3287)

Puc. 1. Cxema rnasmuasl pPelA, Hecyieit red romosoruunoit ITEJI P. canescens.

AKTWUBHOCTH 2HIO-1,4-B-TooKaHa3bl OmNpenesns-
JIM IO CKOPOCTH 00pa30BaHUST BOCCTAHABIMBAIOIINX
caxapoB (BC) nipu ruaponuze KMII (5.0 r/n) npu
50°CupH 5.0 (0.1 M aneraTHsIii Oydep), Bpems T~
pomu3a — 5 muH. Konuenrpanuio BC onpenensiiu
metongoMm Ilomonu—Henbcona [11].

AKTUBHOCTb KCUJIaHa3bl OMpEaessiii 10 CKOpO-
ctu obOpaszoBaHusi BC mpu rumponmse 0epe30BOro
kcuaHa (5.0 r/n) ipu 50°C u pH 5.0 (0.1 M auerart-
HbIIi Oydep), Bpems ruapoausa — 10 muH [11].

AKTUBHOCTb [3-TJTIOKO3UIa3bI OTIPEEISUTN TI0 KO-
JIMIECTBY MH-HUTpodeHoMa, 0bpasylomerocs B pe-
gyaerare rugponusa [THOI [11].

Onpenesenue KoHnenTpamun oeyaka. ConepkaHue
6enka B DI1, a Takke KOHILIEHTpaL1o Oejika B 00pa3-
1Hax KyJbTypaJbHOM XUJIKOCTU WM XpoMmaTorpadu-
yeckux ¢dpakuuii onpenensyivu merogom Jloypu.

Tuapoan3 CBEKJIOBHYHOTO KOMAa. ODKCICPUMEHT
OPOBOAWIM B IUIACTUKOBEIX €MKOCTSIX OOBEMOM
60 mi1. PeakiimoHHast cMech coaepKaja: U3MeabyeH-
HBII CBeKJIOBUYHBIN koM — 100 /i1 (B riepecuere Ha
cyxue BellecTBa), 2.0 uiu 10 Mr 6esika COOTBETCTBY-
fomrero AIT Ha 1.0 T cyxux BellleCcTB CBEKJIOBUYHOTO
xkoma, 0.1 M aneratHsiii 0ydep, pH 5.0, a Takke aH-
THOaKTEepUaIbHBIC areHTHI, IIPEA0TBpaIlaiolIe 6po-
xenwue (0.001 M a3ug HaTpHsI ¥ aMITMIWIAH C KOHEY-
Hoit koHLeHTpauuei 0.1 r/i). O6beM peaKIIMOHHOM

6 IIPUKIIAAHAA BUOXMUMHUA U MUKPOBUOJIOTUA

cmecu coctasisit 20 mi1. EMKocTH ¢ peakKImoOHHOI
CMeChI0 MHKyOupoBanu B Tepmolnelikepe INNOVA
40 (“New Brunswick Scientific”, CIIIA) ripu 50°C u
250 06/MuH B TedueHue 24 4. [To ucteueHUn yka3aH-
HOTO BpeMEHU M3 peakKLIMOHHON cMecH OTOupanu
600 MKJI rugpoau3aTa, LeHTpUPYTrUpoBaaId B TeUe-
Hue 10 MuH 1ipu 8765 g ¥ U3MEPSUIM KOHIIEHTPALIAIO
BC B cynepnarante metogoMm Illomomu—HenbcoHa.

Anam3 cocraBa (epMeHTHBIX npenaparoB. IIpen-
BaputenbHytlo ounctky MII npoBomwim nmyrem oca-
XIeHUsI 6eJIKOB cyibaTroM aMMoHUS (80% OT HachI-
LIeHUsI) ¢ MOCIEAYIOIIUM LEeHTpU(YrupoBaHUEM U
nepepactBopeHremM B 20 MM Oydepe Bis-Tris/HCI,
pH 6.8. 3ateM pactBop PII 06eccomBaIn Ha KOJIOH-
ke ¢ HocuteneM buorens-P4 (“BioRad”, CIIA).
IMocnenyiolye cTagyuu pasaeacHUs ITPOBOIUIN C UC-
MOJIb30BaHUEM KMIKOCTHOIO XpomaTtorpada cpem-
Hero pasieHus FPLC (“Pharmacia”, IIBewust).
O6ecconeHnblii pactBop @IT noaBepraay aHMOHO-
oOMeHHOM XpoMaTorpadru Ha KoJoHKe Source 15 Q
(“Pharmacia”, IlIBenus), HaHeceHHEe 00pa3la Mpo-
Bomuau B 20 MM 6ydepe Bis-Tris/HCI, pH 6.8. Dmio0-
WPOBaHUE CBI3aBIINXCS OEJIKOB IIPOBOAMIIN B TPAIU-
enTe KoHeHTpauuu NaCl ot 0 o 0.4 M. ITocnemyio-
1ee pasaejeHue HeCBsI3aBIIecs (paKInn, a TAKKe
HETOMOT€HHBIX (PpaKIlInii, B COCTaBE KOTOPbIX IPU-
CYTCTBOBAJIU 1IeJIeBble OEJIKU, MPOBOAUIN C TTOMO-
Ne 5
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Tab6anma 1. AktuBHoctu depmeHToB (en./mi) B KK uc-
xogHoro mramma P. canescens (RN_niaD™) u nomnyuen-

BYILIIMWUHA wu np.

HBIX IITaMMOB-TipoayLeHToB (C3, C5, D3 u C9)

IIpermapar bIJ1 Il IEJ
RN _niaD® 5.8+0.9 17.5+2.6 0
C3 349+52 | 55.5+8.3 6.5+1.0
C5 319448 | 61.1£9.1 | 26.6%£4.0
D3 67.3+10.1| 98.1+147| 65%0.8
C9 57.6+86 | 859+129| 10.3+1.5

mblo TuapodoOHON Xpomarorpaduu Ha KOJOHKE
Source 15 ISO (“Pharmacia”, IlIBermusi)B rpaaueHTe
KOHIIeHTpalMu cyiabdhata aMmmoHus oT 1.7 o 0 M
(50 MM auerarHsiii 6ydep, pH 5.0). B monydyeHHBIX
dpaxkMaX OIpeaeasuIn KOHLIEHTPAINIo OeIKa 1 aK-
TUBHOCTb T1O0 OTHOIIIEHUIO K LIIMTPYCOBOMY MEKTHUHY,
KM, xkcunany u I[TH®I. Ha ocHoBaHWU TTOTy4eH-
HBIX JJAaHHBIX PACCUUTHIBAIM KOMIIOHEHTHBIU COCTaB
ucciienyemoro @I1.

PE3VIJIBTATBI 1 UX OBCYXIEHWNE

IToxydyenne ®@II Ha OCHOBE HOBOTO IMTAMMA-TIPO-
ayneHta. PeuunueHTHbIld 1mTamMmMm P.  canescens
RN _niaD® 6pu1 kotpancdopmuposad 10 MKT cMecH
Tpex ueneBbix rwiasmun pPelA, pGlu u pEGII, B3sThIX
B paBHbIX cooTHoIIeHUsIX 110 3.3 MkT JIHK. B pesysnbra-
Te OBbUIO TTOIy4eHO 82 TpaHC(OpMaHTa, YTO COOTBET-
CTBYET JIUTEPATYPHBIM JaHHBIM O YaCTOTE TpaHC(hOp-
Mmanuu mramma P. canescens [8].

IlepBuunoe wmccnenoBanue K2XK pekoMOmHAHT-
HBIX IITAMMOB TMOKa3aJ0o, YTO KOJWYECTBO TpaHC-
¢dopMaHTOB, 00JIaIAIOIIMX TPEMSI, IBYMS WU OJHOM
aKTUBHOCTBIO cocTaBiisieT 12, 21 u 24% ot o61ero
KOJIMYECTBA TPAaHC(POPMAHTOB COOTBETCTBEHHO.

k/la
118
90

34

26

13 W

1
-
50 .
-
-

Tpancpopmanter C3, C5, D3 u C9, obianaroiue
BCEMM LICJIEBBIMU aKTUBHOCTSIMU,, KYJIETUBUPOBAJIN B
KoJIOax Ha CpeJie C COEBOU IIENTyXOl, B TTIOJIy4EHHOU
KoK onpenensin aktuBHOCTU (pepMeHTOB (Tadi. 1).
Tpanchopmant C9, oOsagaBLIMT MaKCUMAaJIbHOM
aKTUBHOCTbIO 3 (hepMEHTOB, ObLI OTOOPaH IJIsl KyJb-
TUBUPOBaHUS B (hepMEHTEpaX C 1LIEJIbIO MOJIyYeHUs 1
n3ydeHust KomruiekcHoro MIT Ha ero ocHoOBe.

CaoiicTBa ¢epmMeHTHBIX TpenmapatoB. Ha puc. 2
IpuBelieHa dJIeKTpodoperpaMMa o0Opa3loB BCEX NC-
cienyeMbix @I1. IMpenapater BIJI, BT'1I u ITEJI, no-
JydeHHbIE Ha OCHOBE IUTaMMOB-IIpoayleHTOB BIJI
(117 xda), BT (39 x1a) u ITEJT (38 k/a) cuyibHO OT-
mmaamuch ot PIT ucxomroro mramMMa (RN_niaD®) u
WMeEJIM B OCHOBHOM OJIHY aKTUBHOCTb.

®I1, monydyeHHbIN Ha OCHOBE CO3JaHHOTO IITaM-
ma-npoxayueHrta C9, comepxal 3 nejeBbIX hepMeHTa,
YTO MOATBEPAUIN JaHHBIE T10 YIeJIbHO aKTUBHOCTU
(Tabi. 2) u anekrpodoperpamma (puc. 2). OTMeTnM,
gto mronoca ~40 x/la coorBercTBoBasa DI'Il n ITEJI,
MOJIEKYJISIPHBbIE MAacChl KOTOPBIX OblIM Oan3ku. PI1
BIJI_BI'1l_TTEJI, moaydyeHHBI TyTeM BbICYIIIMBA-
Hust KK ripu coBMecTHOM KyJIbTUBUPOBAHUM IITAM-
MOB — (MOHO)MpPOAYLIEHTOB, TaKXXe colepxKai 3 ak-
TUBHOCTU (puc. 2). YaeabHast aktTuBHOCTb DT 11 B DIT
BI'JI BI'll_ITEJI 6511a B 1.5 pa3sa BbIllle IO CpaBHE-
Huto ¢ @I1 CY, a yaenpHas aKTUBHOCTD [B-TTIOKO3U-
nasel — B 4 paza. HanpotuB, yneabHasi akTUBHOCTb
nektrHivasbl B @IT BIJI_BT11_TTEJ 6b11a B 2 pasa
Hxe 110 cpaBHeHUI0 ¢ DIT C9 (Tabm. 2).

Heob6xoauMo OTMETUTh YMEHbIIEHUE YAEJIbHOM
KCWJIaHAa3HOM aKTUBHOCTH B TIOJIYIeHHBIX PEKOMOM-
HaHTHBIX DII. D10, MO-BUIAMMOMY, OOYCJIOBJICHO
MPOLIECCOM “TUTPOBKMU TMPOMOTOpA”, CBSI3aHHOIO C
samemeHneM reHa KCHMJI renamu ITEJI, BIJI u BT'11
B pe3yJbTare 3aJeiCTBOBAHUS TOMOJOTUYHBIX PEry-
JIITOPHBIX BJIEMEHTOB B TIPOILIECCE TOMOJIOTUYHOMN
pekomomHanuu [2]. Hamubonee 3ameTrHOe ITameHUe
KCWJIaHa3HOM aKTUBHOCTU Habmoganock B @IT BITJI,

Qp— SIII, ME

: ; lKCI/IH

Puc. 2. JAC-anektpodope3 PI1: / — Genkoblii Mapkep, 2 — PI1 ucxomHoro mramma P. canescens RN_niaD(_), 3 — @Il
wraMMa-npoayueHra C9, 4 — @I1 BIJI, 5 — ®I1 BT, 6 — ®I1 [TEJI, 7— @I, nony4yeHHbII B pe3yJabTaTe COBMECTHOTO KYJb-
TUBUPOBAHMS IITaMMOB — (MoHO)mpoayueHToB (BIJ1_BI'Il _ITEJ).

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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Tadamua 2. AKTUBHOCTHU (ef./MT 6esika) rcciieayeMbix OI1

547

Ipemapar BIJ1 SI'1l KCHUJ T1EJI
RN_niaD™ 0.1x£0.03 1.3+ 0.08 101.0 = 5.05 0
9 2.1£0.11 12.2 £ 0.61 30.1 £ 1.50 5.71£0.29
BIJ1 5.81£0.29 0.6 +£0.31 2.6+0.13 0
OI'll 0.1+£0.01 7.3+0.37 5.8+0.29 0
TMEJI 0.2+0.03 0.8 +0.04 6.5+ 0.33 30.6 £ 1.53
BIJI_OTI1I_ITEJ 7.8 £0.39 19.2 +£0.96 12.3 £0.62 2.6 +0.13

OI'll u IEJ (tabn. 2). ®II C9 obnagam B 3 pasa
6onbiieii mo cpaHenuto ¢ DI1 BIJI _BI'IL TTEJ
VIEJTbHON aKTMBHOCTBHIO KCHJIaHAa3bl, OMHAKO OTHO-
cutesibHO PI1, MoJy4eHHOTO ¢ MOMOIIBIO UCXOIHOTO
mwramma RN_niaD™®), kcunanasnas aktuBHocTh DI
C9 ObL1a cHUXXeHa B 3 pasa.

CpasHenne (epMEHTHBIX IpenaparoB Mo 3¢gdek-
THUBHOCTH OCAXAPUBAHUS CBEKJIOBHMYHOIO XKoMa. Dd-
(eKTUBHOCTb OcaxapyMBaHUSI CBEKJIOBUYHOIO >XOMa
olleHWBaIU 10 KoHIleHTpannmu BC B peakiimoHHOM
cMmecu mocie 24 4 ruaposusa, mpoBeaeHHoro PI1
npu 50°C u pH 5.0.

Ha puc. 3 npuBeaeHbI pe3yIbTaThl OcaxapyuBaHUS
Ipu 103MPOBKe mnperapata 2 1 10 Mr 6eska Ha 1 r cy-
XUX BEIIIeCTB CBEKJIOBUYHOTO koMa. M3 puc. 3a Bum-
HO, 4TO TIpu Jo3upoBkKe 2.0 Mr/T Beixoa BC nop meii-
creuem ®I1 BIJI_OI'Il_ITEJ Ha 72% Bbllie OTHO-
cutenbHo Bbixoga BC gnst koHTposbHoro ODII
RN_niaD™), nosy4eHHOro Ha OCHOBE MCXOIHOIO
wrraMMa P. canescens RN _niaD™, Torna kax @I1 C9
npu go3upoBke 2.0 Mr/r 6enKa yBeJIuYMBajl BbIXO.
BC Bcero Ha 11% 110 cpaBHEHUIO C KOHTPOJIbHBIM
®I1 RN _niaD®.

ITpu no3uposke 10 mMr/r 6enka (puc. 30) ocaxapu-
atomasi criocooHocts MPIT BIJI_BIII TTEJT u C9
TaKkxe 6bUIN BhIlIe 110 cpaBHeHuIo ¢ @ITRN_niaD™) —
Ha 43 n 18%, COOTBETCTBEHHO.

INonydyeHHBbIE JaHHBIC ITO3BOJISIOT YTBEPXKAATh,
yro PI1, noayyeHHBI MPU COBMECTHOM KYJITUBU-
poBaHMM IITaMMOB — (MoOHO)IponyueHToB BIJI,
OI'Il u ITEJI 6p11 Hanboiee 3pHEKTUBHBEIM Cpean
HUCCIeyeMbIX.

Cocras ucciaeayembrx ®II. Hamu Gblin TipoaHa-
Jm3upoBaHbl coctaBbl DI1, ToTydeHHBIX B pe3yJibTa-
T€ COBMECTHOTO KYJBTUBUPOBAHUSI 3 IITAMMOB
(BIJI_BTI'1I_IIEJ), Ha ocHOBE IITAMMa-IpPOayLIeHTa
3 ueneBbix epmeHTOB (C9), a TakKe MCXOTHOTO
mramma (RN_niaD®). ®I1 ¢ppakumoHupoBaIn co-
IJIAaCHO OTIMCAHHOM BBIIIE MeTOAMKE. B moaydyeHHBIX
dpaxkumsx, coorBercTBytomux bIJI, DI, TTEJ A u
KCWMJI omnpenenstiiy KOHIIEHTPAIIAIO OeJIKa M aKTUB-
HocTu 1o KMII, nextuny ITH®I' u KCWJI, nanee,
Ha OCHOBAaHUM JTaHHBIX 00 YAENbHBIX aKTUBHOCTSIX
atux pepmenros [10, 11—14], paccunTeiBaIm comep-
J)KaHUe yKa3aHHBIX (DEPMEHTOB B COCTaBE COOTBET-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

crByrommx @I1. YeranosieHo, yto conepxanne KCHUJT
u [1EJI B ®I1 C9 Ha 5.9% u 2.2% coOTBEeTCTBEHHO
Bollle mno cpaBHeHuro ¢ PIIBIJI B3I _ITEJ
(puc. 4), a conepxxanue DI'Il u BI'JI HanpoTtus B ®I1
BIJ1_BI'll_ITEJ na 1.2% wu 16.6% BbIIiie 1o cpaBHe-
Huio ¢ @PI1 C9.Comepxkanne KCHUII B DI
BIJI_OTTI_ITEJ u C9 nagano Ha 20.8% u 14.9% co-
OTBETCTBEHHO 110 cpaBHeHUI0 ¢ PIT RN _niaD),

CpaBHeHME JaHHBIX O KOMIIOHEHTHOM COCTaBE 1
ocaxapuBarllei CITOCOOHOCTH UCCIIETOBAHHBIX ITpe-
napaToB ITO3BOJIMJIO MPEANOJIOXHUTD, YTO GoJiee BbI-
cokast 3(P(PEKTUBHOCTD OCAXapyBaHMUS CBEKJIOBUYHO-
ro xxoma PI1, mosry4eHHBIM B pe3yJIbraTe COBMECTHOTO

r/m (@)
40 -
30
20 -
0 1 1 1 1 |
1 2 3 4 5 6
r/n ©

40 -

)
30
20
10]
0 I I I I I
1 2 3 4 5 6

Puc. 3. Beixon BC nocite 24 9 ruapoiiniza CBeKJIOBUYHOTO
JKOMa Tpu 103upoBKe — 2 Mr/T (a) u 10 mr/r (6). 1 — PI1
BIJl, 2 — ®IIJII, 3 — @I ITIE], 4 — @I
BIJI_BTIIl_ITEJI, 5 — ®I1 ucxonHoro mramma P. cane-
scens RNiniaD(_’b, 6 — ®IT mramma-nipoayueHTa C9.
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(a)
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Puc. 4. KomnoHeHTHBII cocTaB ucciemyembix AI1. a — OI1
BIJI_BI'Tl_ITEJI, mony4eHHBIN B pe3yJIbTaTeé COBMECTHOTO
KYJIBTUBUPOBAHUS IITAMMOB — (MOHO)IPOAYLIEHTOB, 6 —
®IT wramma-nponyueHta C9, B — @I1 ucxomHoro mramma
P. canescens RN_niaD. BI'J1 — B-tmoko3unaza, DIl — sH-
no-1,4-B-rmokanasa, ITEJI — mekturmaza A, KCUJT —
KcumaHasbl, 1P — apyrue 6enku.

KYJBTUBUPOBAHUS INTAMMOB — (MOHO)ITPOIYIICHTOB
(®I1BIJ1_BI'1_ITEJ), no cpaBHeHuto ¢ DI Ha ocHo-
Be mramma C9 oObsicHsieTcs1 60siee BhICOKUM (Ha 18%)
COJIep>KaHUEM B TIEPBOM LIEJUTIONIOUTHYECKUX (hep-
meHTOoB — OI'1T u BIJI.

Takum oOpa3oMm, Ha OCHOBE PEKOMOMHAHTHBIX
wrrammoB P. canescens PCA-RN_niaD™ 6bu1m nosry -
yeHsbl ABa PI1, o6nagamIMX aKTUBHOCTHIO TOMOJIO-
rimaHoit TTEJI u rereponormanbix DI P. verruculo-
sum n BI'Jl A. niger. IlokazaHo, uro @I, nmonydyeH-
HBI B pe3yibraTe COBMECTHOTO KYJIBTUBUPOBAHUS
IITAMMOB — (MOHO)IPOIYLIEHTOB, CEKPETUPYIOLINX
BIJI, BT'1I n ITEJI, obmanain 6onbiieii a3¢pOeKTUBHO-
CThIO OCaxapMBaHUs CBEKJIOBUUYHOTO XXOMa T10 CpaB-
HEHUIO C MperapaToM Ha OCHOBE INTaMMa-IIpoIy-
eHTa 3 ¢pepmeHTOB. Yepes 24 4 ruapoJin3a CBEKJIO-
BUYHOTO Xoma nopn aeiictBuem DII, momydyeHHOrO
P COBMECTHOM KYJIFTUBUPOBAHUU IIITAMMOB, BbI-
xon BC cocraBui 35.6 v/, yto Ha 43% OoJblie I10
cpaBHeHU10 ¢ DI, moIyYeHHBIM C TTOMOIIBIO UCXO/I-
Horo mramma P. canescens RN _niaD™) u na 21%
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BYILIIMWUHA wu np.

6oJblie 1o cpaBHeHUIO ¢ PIT co3maHHOrO IITAMMAa-
npoxayleHTa 3 GepMEeHTOB.

PaGora Obl1a BbINojHEHA IpU (PUHAHCOBOM ITOA-
Iepkke heaepaaIbHO 1eIeBol ITporpaMMbl “HaydHbie
Y HaydyHO-TIeAAarormuyeckue Kaapbl WHHOBALIMOHHOM
Poccun” (2009—2013 rr), a Takke 4YaCTUYHOW TOM-
nepskky u3 cpenctB 'K Ne 12.741.11.0102.
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Development of Complex Enzymatic Preparations of Pactinases
and Celulases for Sugar Beet Marc Digestion
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Pushchino, 142290 Russia
Received November 8, 2011

Abstract—Complex enzymatic preparations demonstrating activities homologous to pectinlyase A and het-
erologous to endo-1,4-B-glucanase from Penicilliumverruculosum and B-glycosidase from Aspergillusniger
have been obtained on the basis of recombinant strains of the fungus Penicilliumcanescens. Two approaches
were utilized: development of an enzymatic preparation on the basis of a new strain, which produced all three

enzymes, and development of an enzymatic preparation via combined cultivation of three strains, each of
which produced one of the enzymes.
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VMHAYKIUA TEIVIOYCTOMYMBOCTU KOJEOINTUIEN MINEHUIIBI

CAJINIINJIOBOM U SHTAPHOM KNCJIOTAMMU:
CBS3b D®DEKTOB C OBPABOBAHUEM U OBE3BPEXUWUBAHUEM
AKTUBHBIX ®OPM KUCJOPOJIA

© 2012r. IO. E. Koaynaes, T. O. fictpeo, H. B. IlIsunenko, 0. B. Kapnen

Xapvkosckull HayUOHANbHYLIL aepapHblil yHusepcumem um. B.B. Jlokyuaesa, Xapvrkoe 62483, Ykpauna
e-mail: plant _biology @mail.ru
IMocrynuna B pemakiuo 11.11.2011 &

NzyueHo BausiHue canuimioBoit u sHTapHo#t kucioT (CK u K) Ha reHepalinio akTUBHBIX (DOPM KHUCIJIO-
pona (A®K) koneonTwisiMu miueHULbI ( Triticum aestivum L.) 1 UX yCTOMYMBOCTD K TTOBPEXIAIOIIEMy Ha-
rpeBy. O6paboTka koneonTuieit CK u SIK B koHuieHTparu 10 MkM nipuBoauiia K yCUJIEHUIO 00pa3oBaHUSI
CYIEepOKCUIHOTO aHMOH-paIMKasa U HaKOTUJIEHUIO B HUX Mepokcuaa Bonoposa. JJanHbiil adhdekT yactuy-
HO TtogaBisiics Kak uHruoutopom HAJI®-H-okcuaassl o-HaDTOIOM, TaK 1 MHTMOUTOPOM TTEPOKCUAA3BI
camuumiaruapokcamoBoii kucinoroi. [loa Bmusinuem CK u K nmoBbimmaanch akTHBHOCTb aHTUOKCUIAHT -
HbIX (DEPMEHTOB CYNIEPOKCUIUCMYTa3hl, KaTaja3bl U pACTBOPUMOI MEPOKCUIA3BI, a TAKXKE U TETLIOYCTOM -
YUBOCTb KOJICONITWIeH. AHTUOKCUIAHT MOHOJ, UHIMouTOpsl HAJIMP-H-oKkcumasbl ¥ mepoKCcUaasbl Cyle-
CTBEHHO cHUXanu rnojioxkutenbHoe BiustHue CK n K Ha TennoycToiMYnBOCTb KOJIEONTUIIEH TTIIIEHUIIBI.
CraenaHo 3akJIIOYeHUE, YTO MOCPEAHUKAMY B MHAYLIMPOBAHUYN TETUIOYCTOMYMBOCTU TIPU 00paboOTKe KO-
neontwieit CK u SIK ssnsiiorcst AOK, yeuneHue o6pa3zoBaHUsSI KOTOPBIX MOXKET ObITh O0YCIOBJIEHO TTOBBI-
mreHreM aktuBHocTH HAJI®D-H-okcnnasbl M mepoKCcumaasshl.

CamummnoBas kuciiota (CK) B HacTosiiee BpeMs
paccMaTpUBaeTCsl KaK OJWH M3 CTPECCOBBLIX (UTO-
TOPMOHOB, YY4aCTBYIOIIUX B (h)OPMUPOBAHUM 3aIUT-
HBIX peakLuii pacteHnii. OCOOEHHO OeTAIbHO UCCIIE-
nyercst poib CK B pa3BUTUM UMMYHUTETA paCTECHUI
npu aeiictBum nartoreHos [1, 2]. [Toka3zaHo yyacTtue
CK u B 6000B0-pu3zodmaabHoM cuMouose [3]. YBe-
JImyeHue copepxkaHust sHgmoreHHoit CK y pacTeHuit
3aperuCcTPUPOBAHO TAKXKE B OTBET HA IeiCTBHUE aOUO-
TUYECKUX CTPECCOPOB — rurieprepmun [4], yasrpaduo-
Jeta [5], TsoKelibIx MeTa/uioB [6]. B monb3y nipeacraniie-
Huit 06 ygactn CK B (hopMHpOBaHNM YCTOMYMBOCTH
pacTeHMiT K aOMOTUYECKNM (DaKTOPaM CBUICTEIIHCTBY-
IOT U JaHHbIe 00 UHAYLIMPOBAHNU UX PE3UCTEHTHOCTHU
o BisiHueM sk3oreHHon CK [7-9].

Cuuraercs, 4TO, MO KpaliHe# Mepe, 9acTh PU3HO0-
norngeckmnx 3¢ pekroB CK cBsi3aHa ¢ ee CmOCOOHO-
CTbIO BBI3BIBAaTh YCWJICHHE TI€HEpallMd aKTUBHBIX
dopm kucnopona (APK), B 4aCTHOCTH mepoKcuaa
Bonopopa [3, 10]. CnencTBueM TpaH3UTOPHOIO YBE-
auyeHus: coaepxaHusi H,O,, BbINOJIHSIIOIETO POJib
CUTHAJIbHO MOJEKYJIbI, MOXKET ObITh KaK aKTHUBaIIUSI
MpPOILIECCOB, HAalpaBA€HHBIX HA YHUYTOXKEHHUE IaTO-
TeHOB (OKUCIUTEIbHBIN B3pbIB, CUHTE3 PR-0e1K0B 1
np.) [11], Tak 1 TOBBIILIEHUE aKTUBHOCTU aHTUOKCH -
JTAHTHBIX (PEPMEHTOB, HAKOIUJIEHUE MOJU(PYHKIINO-
HaJIbHBIX HU3KOMOJEKYISIPHBIX MPOTEKTOPOB, UYTO
BaxKHO 111 (pOpMUPOBAHUS YCTOMYNBOCTH PaCTCHUMN
K abuoTuyeckuM ctpeccopam [9, 12].

OnHoOIT M3 OCHOBHBIX NPUYMH HAKOIUICHMS IIe-
poKcHuIa BOAOPOAA B pACTUTEbHBIX TKAHSIX MO/, BJIU -
gHuueM CK cunTaeTcss MHTMOMpOBaHUE KaTajla3bl
(K® 1.11.1.6) [13]. B To 3kxe Bpems 1JIsI MHOTUX BUJIOB
pacTeHuil XapaKTepHO JIUIIb He3HAYNTEIbHOE YTHEe-
TeHue 31oro ¢epmeHta CK B (pU3MOIOTMYECKUX
KoHLeHTpanusx [14, 15]. YBeanueHnue conepkaHus
HepoKcHaa BOAOPOAAa B PACTUTEIbHBIX TKAHSIX ITOIH
BaustnueM CK MoxkeT OBITh U CJIeACTBUEM MOBHIIIIC-
HUsSI aKTUBHOCTU cynepokcuanucmyTtassl (COI, KD
1.15.1.1) [14]. Takxe ycuneHuto obpazoBanusi H,O,
nox aeiictBueM CK MoxXeT crrocodcTBOBaTh reHepa-

LMl CYyMEepOKCUTHOTO aHWoH-pamukaia (0,), oby-
cJIOBJIeHHas1 yBejudeHueM aktuBHoctu HAJID-H-
okcupaassl (K® 1.6.3.1) [16] 1 oToenbHBIX (popM Tie-
poxkcunasel (KD 1.11.1.7) [17].

Hexoropble (puszmoornyeckre peakim, Xxapak-
TepHble 111 CK (Hampumep, yCUIeHME TeHepaluu
CYIIEPOKCHUIHOTO aHMOH-paauKajia U CUHTe3a psaa
0OEJIKOB), MOTYT OBITh BBI3BAHBI U ACMCTBUEM Ha pac-
TeHUs KUCJIOT uukiaa Kpebca, B UaCTHOCTU SIHTapHO
kuciaotel (AK) [18, 19]. ITocnenHsist obiagaer cro-
COOHOCTBIO IIOBBIIIATH YCTOMYMBOCTH PACTEHUIA K
psany HeOaaronpusaTHEIX (pakTopoB [20] 1 paccmat-
pUBaeTCs HEKOTOPBIMU aBTOpaMu Kak MuMeTuk CK
[18]. Tak, mokazaHo cxogHOe (MHTMOMPYIOIIEe) BIU-
aane CK u AK Ha kaTtamasy KiyOHel KapTtodess B
cucteMe in vitro [21]. B To Xe BpeMs1 MCCIeIOBaHUIM,
B KOTOPBIX OB HA OJJHOM 1 TOM Ke& 00BEKTe CpaBHM-

550



MHAYKIWA TEIJIOYCTOMYMBOCTU KOJEOINTUIEN MIIEHULIBI

Basioch aeiictBue CK m K Ha KOHKpeTHBIE dep-
MEHTHBIC CHUCTEMBbI, YYaCTBYIOIIME B I'eHepaluu U
obesBpexuBannn ADK, moka HegoCcTaTOYHO.

HecMoTtps Ha mpuMeHeHMe 00eMX KMCJIOT B ITpaK-
TUKE PACTEHWEBOJICTBA, MEXaHU3MBI UX BIIMSIHUS Ha
YCTOMYMBOCTb PaCTeHUI K aOMOTUYECKMM CTPECCO-
paM M3y4eHBI HEJIOCTAaTOYHO ITOJIHO. MeHee mcciie-
JIOBAaHBI B 3TOM OTHOIIEHUM peakluU, UHIYyLUpYye-
Mble 3K3oreHHoit K.

Lens pabotel — cpaBHeHue BaussHus CK u JIK Ha

reHepalnio pacCTUTEIbHBIMU KiieTKaMu Q) U MepoK-
cuJa BOJOpO/Ia, ycTaHOBICHNUE (hePMEHTHBIX CICTEM,
y4acTBYIOIIUX B yBelIndeHUM KonmdecrBa ADK, a
TaK>Ke BBIICHEHUE BO3MOXKHOI CBSI3M MEXIY CIO-
COOHOCTBIO M3YYaeMbIX KUCJIOT BbI3bIBaTh OKUCIIH-
TEeNBHBIN CTpecC U MHAYLUPOBAHUEM MMU YCTOWYM-
BOCTU pacTeHMI K aOMOTUYECKOMY CcTpeccy (rurep-
TEPMUM).

METOAUKA

OOBEKTOM HMCCIASIOBAHMUS CIIYXXWJIN OTPE3KH KO-
JICOTITUIICI, OTACACHHbBIE OT YETHIPEXCYTOYHBIX 3TUO-
JIMPOBAHHBIX MPOPOCTKOB MileHULIbI ( Triticum aesti-
vum L.) copta Dierusi, KOTOpble SIBISIOTCS MOIEIIb-
HbIM OOBEKTOM, 4YYBCTBUTEJIbHBIM K JISUCTBUIO
9K30TeHHBIX (PUTOTOPMOHOB M TOPMOHOITOJOOHBIX
coequHeHuii, B T. 4. CK. Kak ObLIO yCTaHOBJIEHO Ha-
MU paHee, KOJCOITUIM MIIEHUIBI pearupoBajiu Ha
00paboTky sK30oreHHON CK OBICTPBIM yBeJIUYEHUEM
aktuBHocT CO/l 1 comepxkaHusl IepOKCHIa BOIOPO-
J1a, a TAaKKe TTOBBIIIIEHUEM TEIIOYCTOMYNBOCTH [22].

IMoaroroBka pacTUTeIbHOIO MaTeprajia onrcaHa
B npenblayiux padotax [9, 22]. ITocne oTaeaeHus oT
MPOPOCTKOB KOJEONTUIM MHKYOUPOBAIMU B YalllkKax
INetpu Ha 2%-HOM pacTBOpe caxapo3bl B TeUeHHE
14—16 4, 3aTeM OTPE3KM OIILITHBIX BApUAHTOB BBI-
Jep>kuBaiu B TeueHue 2 4 B pactBopax CK (10 MkM),
AK (10 MkM) i nx KomOouHamu. i1 BEISICHEHUS
mexaHu3MoB aerictBust CK u K koneontuiiv cooTseT-
CTBYIOIIIMX BapUaHTOB 0OpabaThIBaIi aHTUOKCUIAH-
TOM MOHOJIOM (5 MKM), narnoutopamu HAJ1®-H-oxk-
cunasbl — o-HadTosmoM (1 MkM) [23] u nepokcuaasbl —
camimruapokcamoBoit kucioror (CI'K, 500 MxM)
[24]. KoHueHTpauuu 3pHeKTopoB BEIOUPaAIU Ha OC-
HOBaHUWU TIpeIBAPUTENbHBIX ONBITOB. B BapnaHTax ¢
KOMOMHMPOBAaHHOI 00pabOTKOI yKa3aHHbIE COEAU-
HeHUsl 100aBJsSIIM B OCHOBHYIO Cpely WHKyOaluu
KoseonTwieit (2%-Hblil TPOCTePUIN30BAHHBIN pac-
TBOp caxapo3bl) 3a 1 4 1o BBegeHus: B Hee CK mim
AK. KoneonTnim KOHTPOIbHBIX BADMAHTOB UHKYOU-
poBaymm B 2%-Hoit caxapo3e.

ITocne okoHYaHUSI MHKYyOAIUM KOJICONTWICH B
pacTBopax uccienyeMblx 3¢ (GeKTOPOB YacTh OTpe3-
KOB 13 KaXXI0ro sapruaHTa rnoaseprajii nNoT€HIualb-
HO JIETaJIbHOMY HarpeBy B BOJHOM YJILTPaTepMOCTAaTe
B CTEPUJILHON AUCTUIIIMPOBAHHOM BOZAE TIPU TEMIIe-
patype 43 £ 0.1°C B Teuenue 10 MuH, a 3aTeM IIOMe-
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manu B yauku [letpu ¢ 2%-HbIM pacTBOPOM caxapo-
3bl. Uepes 3 cyT mocJjie HarpeBa OlLieHMBAIU TTOBPEKIE-
HUS KOJICONTWIeH 1O MOSIBJCHUIO CITelUPUIECKOTo
OypoBaToro oTTeHKa U IoTepe Typropa. B aTo ke Bpe-
M OLHEHUBAJIN COCTOSAHUEC KO.HGO]'[TI/I.HCI‘/JI, KOTOPBIC HE
noJBeprajuch HarpeBy. Bo Bcex BapraHTax OMNBITOB,
HE3aBUCHUMO OT IIPUPOIHI TOOABIISIEMBIX B cpemy 3¢~
¢eKTOpOB, BBIKMBAaHUE HE TMOABEPTHYTHIX HArpeBy
KOJICOIITHJIEH COCTaBIISLIO He MeHee 95%.

ITocie okoHUYaHUsT 0OPaOOTKM KOJICOITUICH MC-
clielyeMbIMI COEIVMHEHUSIMHU OIIPENe/IsUId MHTEH-
CUBHOCTb FeHepalluM CYIIEPOKCHUIHOTO aHUOH-paar-
Kaja, coaepxaHue TMEepoKCHaa BOAOpPOJA, AKTUB-
HocTb nepokcunasbl, COJl 1 KaTana3bl. AKTUBHOCTh
AHTUMOKCHUJIAHTHBIX (PepMEHTOB TaKKe aHAIU3UpPOBa-
Jiv yepes 1 1 24 4 rociie HarpeBa KOJICOITUICH.

IeHepaliio CyNepoKCUIHBIX aHUOH-PaAUKaIOB
WHTAKTHBIMU OTPEe3KaMU KOJIEONTUIIE BO BHEITHUI
pacTBOp ONpeAessuIM IO BOCCTAHOBIIEHUIO HUTPO-
TeTpal3oust cuHero [25]. ITo 15 Koneontuieit mome-
many B mpodupku ¢ 5 Mt 0.1 M K,Na-docharHoro
6ydepa (pH 7.6), cogepxaiero 0.05% HuTpoTeTpa-
3osus cuHero, 10 MxM D/ITA, 0.1% tputona X-100.
I[IpoGhl BhIIEpXKMBAIM Ha IIeiKepe-Kadallke IIpu
120 06/MuH B TeueHHE 1 4, MOCJIE Yero ONTUYECKYIO
TUIOTHOCTb MHKYOALIMOHHOIO pacTBOpa M3MEpSIn
npu miMHe BoJHbI 530 HM. 1Sl TpOBEpKU CIeLU-

duuHocTH reHepaninu O, B CIELMATBHBIX OMBITAX B
mpo6sI nodasisin COJL (50 en./mi), KoTopast UHTU-
OMpoBajla TeHepaluio CYNepOKCUAHOIO aHMOH-pa-
nuKaia He MeHee yeM Ha 90%. B cBs13u ¢ 3TMM cunTa-
JIM, YTO KOJIMYECTBO BOCCTAHOBJIICHHOTO HMUTPOTET-

pa3oJIKsi CUHEro orpeesisieTcs: conepxkanuem O .

CognepxaHue MepoKCcuaa BOIOPOaa ONpeIesuIn
no o00pa30BaHUIO KOMIUIEKCA C KCHUJIEHOJIEBBIM
opaH:keBbIM [26]. [Tepen aHaIM30M peakTHUB TOTOBM -
Jm cmemnuBaHueM 1 mi 25 MM pacTtBopa coiim Mopa
B 2.5 M cepnoit kuciiote co 100 M 125 MkM pacTBo-
pa KcuJieHoJieBoro opaHxkeporo B 100 MM copouto-
ne. Jdna onpenenenusi copepxanusi H,O, HaBecky
KosieonTwiel pactupanu Ha Jpay B 0.025 MM Na-
docdarHom Oydepe, pH 6.2, romoreHar ieHTpUdy-
rupoBaiu 10 muH ipu 8000 g, cyriepHaTaHT 100aBIIsSI-
Jm K 10-KkpaTHOMY 00beMy yKa3aHHOIO peakTHBa U
MHKYOMpOBaJIM TNpM KOMHATHON  TeMmmepaType
30 muH. ITocne ueHrpudyrupoBanus npu 8000 g B
TeyeHre 10 MMH OIIpene/suid ONTUYECKYIO ILIOT-
HOCTb pacTBoOpa IIpH AJIMHE BOJHBI 560 HM.

AKTUBHOCTb PAaCTBOPUMOM MEPOKCUIA3BI OTIPEIE-
JIsIU o MeTony [27] ¢ He3HaYUTeIbHBIMUA MO~
KauussmMu. KojeonTuyiu roMOreHM3upoBajM Ha XO-
noge B 0.06 M K,Na-docharHom 6ydepe, pH 6.2,
roMoreHar ueHTpudyrupoBaiu 15 muH nipu 8000 g u
B CyliepHaTaHTe ONpeaesisyii aKTUBHOCTh (hepMeHTa.
B kauecTBe cybcTpaTa UCIONb30BAIU MEPOKCU BO-
Jlopojia, a B KauyeCcTBe IOHOpa BOJIOpoia — I'BasiKOJI.
Ne 5
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O6pa3oBaHUe aKTUBHBIX (hOPM KMCJIOPOAA B KOJIECOTITUIISAX MIIIEHUIIBI TTociie 06paboTku apdeKkTopaMu, BBDKMBaHUE 1O~

ciie moBpexknatoiero Harpesa (43°C, 10 MmuH)

BapuaHT onbita Ienepaius cynepokcuaHoro |ConepskaHue repokcuia Bogopo-| BerkrBaeMocTb,
aHMOH-pagrKaia, % K KOHTPOJIIO | J1a, MKMOJIb/T CyXOTO BellleCTBa %

KonHtposnb 100.0 £ 4.1 0.70 £ 0.02 476 1.9
Canuuunosas kuciota (10 MkM) 1343+ 54 0.99 £ 0.04 71.6 £2.7
SnTapHast kuciaora (10 MkM) 130.8 £4.9 0.95 £ 0.04 67.2+33
Caymnuiosast kuciorta (10 MkM) + 136.3+44 1.02 £0.04 65.4+3.7
+ starapHas kuciora (10 MkM)
Honon (5 MkM) 87.6 £3.7 0.58 £0.03 426+29
Cayuiwiosast kuciora (10 MkM) + 89.2+4.1 0.54 £ 0.06 46.6 £ 3.0
+ noHon (5 MKM)
AnTapHas kucnota (10 MkM) + 86.4+4.7 0.68 +0.07 47.7+2.8
+ nono:n (5 MkM)
o-HadToa (1 MKM) 95.6 +3.9 0.72 £ 0.05 43.7 £ 3.1
Cammuutosast kuciora (10 MxM) + 108.7 £ 3.6 0.74 £ 0.04 60.5£2.6
+ a-Hadron (1 MkM)
AnTapHas kucnota (10 MkM) + 111.3£3.8 0.77 £ 0.06 58.1 £2.8
+ a-Hadrona (1 MkM)
CaMImuIrHIpoKcaMoBast KHCIOTa 92.6+2.8 0.66 + 0.03 46.1+2.3
(500 MmxM)
Canuumosas kuciora (10 MkM) + 113.5+6.2 0.69 £+ 0.05 55.2+3.5
+ CaTMIMITUAPOKCAMOBast KUCIIOTa
(500 MmxM)
AurapHas kuciota (10 MKM) + 108.4 + 4.8 0.74 £ 0.04 494+33
+ CaTMLIMJITUAPOKCAMOBast KUCIIOTa
(500 MmxM)
a-HadTon (1 MKM) + camuuvirua- 83.2x5.1 0.51 £0.06 379+ 3.8
pokcamoBasi kuciora (500 MkM)
Canuuunosas kuciora (10 MkM) + 91.1 £6.9 0.52 £ 0.08 37.2+£5.0
+ o-HadToa (1 MKkM) + canuuui-
rugpokcamoBast kuciora (500 MkM)
AurapHas kuciota (10 MkM) + 100.6 = 5.6 0.59 £ 0.06 414 +3.7
+ a-Hadprtoma (1 MkM) + cammimn-
ruapokcamoBast Kuciota (500 MkM)

AKTUBHOCTb BHEKJICTOUHOM MTEPOKCUIA3bI OTIpe-
eI B MHKYOAlIMOHHOM pacTBOpe Mmocje 1 9 BbI-
JIep>KUBaHMUSI Ha IIeiikepe-Kadajike mpu 120 06./MUH
10 oTpe3koB KoneonTmiaei B mpodupkax ¢ S mia 0.1 M
K,Na-docdartHoro oydepa, pH 6.2, ¢ nobaBiieHrueM
0.1%-noro TputoHa X-100, TakzKe UCITOJIB3YS B Kade-
cTBe cyoctpara H,0,, a BoccTaHOBUTEITSI TBasIKOJ.

s onpenenenusi aktuBHoctu COJl TKaHU KO-
JICOTITUJIEN TOMOTeHU3UpoBaInu Ha xonoae B 0.15 M
K,Na-dochatHoMm 6ydepe, pH 7.6, ¢ mobaBieHEeM
nerepreHta TputoHa X-100 (KoHeuHasi KOHLIEHTpa-
uust 0.1%). 1151 aHann3a UCITOJIb30BaIM HaT0Caa04-
HYIO XXHIKOCTh IOCJIe IIeHTPU(MYTUpOBaHUS TOMOTe-
Harta mpu 8000 g. AktuBHOCTH COJI onipeaessiiv, uc-
TOJIB3YST METOI, OCHOBAaHHBIM Ha CITOCOOHOCTHU
¢depMeHTa KOHKYpUPOBaTh C HUTPOTETPA3OJIUEM CU-
HUM 3a CYIEpPOKCHUIHBIE aHUOHBI, 0Opasylolinecs

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

BclienacTBre aspobHoro B3ammopeiicteusgs HA-H n
deHaszuHMeTacysbdata [22].

AKTUBHOCTb KaTajia3bl OIIPEAC/IsUIA 110 KOJIude-
CTBY Pa3JIOXUBIIErocsi MEPOKCUAA BOAOPOIA, IKC-
Tparupysa dpepment 0.1 M tpuc-HCI 6ydpepom, pH
7.4122].

Buonornyeckme 3KCIEpUMEHThI IIPOBOAUIN B
TpeX- WIN YeThIPEXKPATHOM MOBTOPHOCTHU U BOCIIPO-
V3BOIWIM HE3aBUCUMO He MeHee Tpex pa3. Ha pu-
CYHKax M B TaOJIMIIC TIpeICTaBIeHbI CpeIHIE 3HAUC-
HUS U UX CTAHOAPTHBIC OTKJIOHEHMUSI.

PE3VIIBTATHI 1 UX OBCYXKIAEHUWE

OO6paboTKa KOJICONTUJIEH MIIEHUIBI paCTBOPaMU
CK u SIK cymiecTBeHHO MOBBIIIAJa WX BBDKUBae-
MOCTb IIOCJIe TIOBpEXIaloIIero HarpeBaHus (Ta0Jm-
11a), T.e. BBI3bIBasIa 3P GEKT IMpeaganTalii K TeIio-
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BOMY cTpeccy. B To ke BpeMst mpu cOBMeCTHOI oOpa-
ootke kojeontuiieit CK n AK ux BbKMBaHUE MOCe
TETIJIOBOTO CTpecca TOCTOBEPHO HE OTJIMYAIOCh OT
3HaYEHU, HaOJIIOAABIIUXCS B BApUaHTaX C UCIOJIb-
30BaHUEM KaxKJIOUi KUCIOTHI B OTAEAbHOCTA. MHBIMU
clioBaMU, 3aMeTHBIX 3¢h(heKTOB CUHeprusma, aaav-
TUBHOCTH JIUOO aHTaroHW3Ma Mpu COBMECTHOM Jeii-
ctBun CK u K Ha TeruioycToiYMBOCTh KOJIEONTU-
JIeH MIIIEHUIbl He MPOSIBIISLIOCH.

IMocie IByx4acoBOro BO3JAEMCTBUS HA KOJEONTH-
JI1 00enX OpraHMYECKUX KMCIOT OTMEYaa0Ch yCuie-
HUE TeHepalui MU CYIIEpOKCUIHOTO aHUOH-Paau-
Kalla U yBeJIWYEeHHE CONepXKaHUsS B HUX MEPOKCHUAA
Bomopona (tabmuma). Ilpu 3ToM coBMeCTHOE Oeii-
CTBME JBYX KHUCJIOT Ha KOJICONTWIN CYLIIECTBEHHO HE
OTJIMYAJIOCE OT 3(@PEKTOB, BBI3BIBAEMBIX KaXKHION
KHCJIOTOU B OTIEIBHOCTHU.

JI1s1 ycTaHOBJIEHUST BO3MOXKHOTI0 3HadeHuss ADK
B MHAYLUPOBAHUM TEIUIOYCTOMYMBOCTU KOJICOITH-
neit mox neiictBueM CK u AK, a takke dpepMeHT-

HBIX UICTOYHUKOB obpaszoBanust O, u H,0, uccreno-
BaJli KOMOMHHMPOBAHHOE [IEHCTBHME OPraHMYECKUX
KHMCJIOT C aHTMOKCHJIAHTOM MOHOJIOM M UHTUOMTOpa-
My HAJI®D-H-okcupassl (o-HadTOIOM) U IIEPOKCH-
nmaszel (CI'K). B mMcnonb30BaHHBIX KOHIICHTPAIIMSIX
yKa3aHHbIC COCIMHEHUS caMU I10 cebe JIMbo He oKa-
3bIBAJIM CYILIECTBEHHOrO BIMSHUS Ha OoOpa3oBaHUE

O; u coaepxkaHue MepoKCcuIa BOAOPOo/a B KOJICOTTH -
JISIX TIIEHUIIbI, JM0O BbI3bIBAIM UX CHUXKEHUE (Tald-
JuLa).

ITpeno6padoTka KoJICONTWIEN aHTUOKCUIAHTOM
WOHOJIOM TMOJIHOCTbIO CHUMAJIa yCujieHne oopa3oBa-
Hust ADK, BrizsiBaemoe neiicteueM CK u AK. Tpen-
BapuTeabHoe Bo3aelicTBue a-HadToma u CI'K Takke
3HAYUTEJIbHO YMeHbIaN0 3D deKT yBeTUUEHUS TeHe-
palMu CyNepOKCUAHOTO paaukKajla W COAEPKaHUs
nepokcuaa Bogopoda, OOYCIOBJIEHHBIN OeCTBUEM
Ha KOJICOTITWJIM OpraHuYecKux KUcaoT. [Ipu sTtom
uHruobupyoiee piusHue CI'K Ha Hakortenue H,0O,
ObLIO 0O0Jiee CYILIECTBEHHBIM MO CPaBHEHUIO C JCW-
CcTBUEM a-HadTosa (Tabaulia).

IIpu coBMecCTHOM AECTBUU ABYX WHTMOUTOPOB
OpOoOKCUIaHTHBIX (hepMeHTOB (o-HadToaa u CI'K)
ux 3d@deKThI, MO KpailHeil Mepe YacTUYHO, CYMMU-
POBaIMCh U YCWICHHUE 00pa30BaHUS CYIIEPOKCUIHO-
ro aHUWOH-paauKaja M MEepoKCHUaa BOAOPOAA B KO-
neontuiisix, BeizbiBaeMoe CK u AK, mopasisiioch
MOJHOCTBIO (Tabamiia).

Ecnu momycTuTh, 4TO AEMCTBHE MCHOJIB3YEeMBIX
MHTUOUTOPOB (DEPMEHTOB B YCJIOBUSIX HAIIIMX IKCIIS-
PUMEHTOB 1I0CTaTOYHO crieludUIHO (o-HadTON UH-
ruoupyet HAJI®-H-okcnnasy, a CI'K mepokcumasy),
TO MOXKHO TIpeAnoaoxuTh, uro CK u K ycunnBaror
reHepauunio APK B KoneonTwissX, BIMsIsS Ha 00a UX
(epMEHTHBIX ICTOYHMKA.

B nonb3y nipennosaoxeHus: o6 yyacTUu MepoKCH-
na3pl B reHepauuu ADK, MHAyLUpOBAHHON neii-
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Puc. 1. AKTUBHOCTh BHEKJIETOYHOM IMEPOKCHAA3bl KO-
JICOTITHIIEH TIIIIEHHUIIBI.

1 — xoHtposrp; 2— CK (10 MxM); 3 — K (10 MkM); 4 —
CK (10 MkM) + K (10 MxM); 5 — CTK (500 MxM); 6 —
CK (10 MxM) + CI'K (500 MmxM); 7 — K (10 MxM) +
+ CI'K (500 MxM); § — a-HadTou (1 MKM).

crBueM Ha kojieontuin CK u K, cBUaeTe1bCTBYIOT
M pe3yJITaThl HEIIOCPEICTBEHHOI'O OIIpeIeICHUS aK-
TUBHOCTHU allOIUIACTHOW (DOpPMBI 3TOrO (epMeHTa.
CK u [K BbI3bIBAJIM yBEJIWYEHNE aKTUBHOCTU BHE-
KJIETOUHOW TepoKCUIa3bl KojeomnTuien (puc. 1).
IIpn coBMecTHOM HOEeMCTBMM OOEMX KMCJIOT Ha KO-
JICOTITWJIM CYMMUPOBAHUSI MX BJIMSHUS Ha aKTUB-
HOCTb BHEKJICTOUHOI IIEpOKCUIa3bl He HaOmoma-
Jnock. O6padoTka koyeonTwieir CI'K mpuBognna x
CHMXKEHMIO aKTUBHOCTH arloMjacTHON MePOKCUIA3bI
MOYTH B JIBa pa3a U CHATUIO 3(PdeKTa MOBBIIIECHUS
aKTUBHOCTH 3TOU (pOpMEI (hepMeHTa IO, IeHICTBUEM
CK u 4K. B T0 ke BpeMms o.-HadTOJI, NUCITIOJIb3YeMBIit
Hamu Kak uHrnoutop HAJI®-H-okcunasbl, He OKa3bl-
BaJI 3aMETHOTO BJIMSTHUSI HA aKTUBHOCTD IEPOKCUIA3BI
(puc. 1). B cBsI131 ¢ 9TUM YaCTUYHOE CHATUE A-HapTO-
JioM addekra yewineHus: reHepauyun APK koneonTu-
JISIMM TILIEHUIIBI, BbI3bIBacMOro nx oopaborkoit CK u
AK, MOxXHO paccMarpuBaTh KaK apryMEHT B ITOJIb3Y
npeanojoxeHust 06 yuactun HAJID-H-okcunassl B
JTaHHOM IIpoILecce.

Kak yxxe oTMeuasioch, yBeIUUEHUE COAECPKAHUS
A®DK B KJIeTKax KOJIEONTWIEN, MTPOUCXOAIIEE IO
BaussiHueM CK u AK, MoxeT ObITh O0YCIOBJICHO HE
TOJILKO MOBBIIEHNEM akTUBHOCTH ADK-reHepupyio-
mmx dpepmentoB (HAID-H-okcuaasel 1 nepokcuia-
3bl), HO U MOAU(DUKALIMEH aKTUBHOCTA aHTUOKCUIAHT-
HbIX pepMeHTOB, B T.4. COJI u Katanassl [13, 14].

B Hammx skcnepuMmeHTax IpemodbpadoTka Ko-
neontuiieii CK BBI3BpIBaza yBeMUYEeHNE aKTUBHOCTH
CO/I B xoseonTuiisix 0ojiee yem B 1.5 pasza (puc. 2).
Bddext AK ObLT HE CTOJB CYIIECTBEHHBIM, HO BITOJI-
He IOCTOBEpHbIM. B TO e BpeMsi akTUBHOCTh Karta-
Jiazbl B GU3NOJIOTMYECKM HOPMAaJIbHBIX YCIOBUSIX (10
BozleiicTBUSl TuriepTepMun) noxa BausHuem CK u
AK B KOJIEONTUSX TMIIEHUIIBI CYIIIECTBEHHO HE U3-
MeHsutach (puc. 2). CienyeT oTMETUTb, YTO paHee B
Ne 5
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Puc. 2. BnusHue oopabotku koneontuiiei mieHuibl CK u 1K Ha akruBHocts CO/L (a), KaTanassl (0) 1 mepokcuaassl (B).

I — cpasy nocne nByxuacoBoit 06pa6oTku CK i AK; 1T u I11 —gyepes 1 u 24 4 mociie moBpeXkaaroliero HarpeBa COOTBETCTBEH-
HO; IV — yepe3 24 4 nocie obpadbotku CK u SIK 6e3 mocnenyiolero nmoppexnarliero Harpepa. / — KoHTpoJb; 2 — CK

(10 MKM); 3 — SIK (10 MKM).

OMBITaX C KOJICONTWISIMU TIIIEHUIBI APYTrOro copTa
(HoHeukas 48) HaMU OBIJIO BBISIBJICHO 3aMETHOE T10-
BeilieHUe akTuBHOCTU COJl M OTHOCHUTEJILHO He-
0OoJIbllIoe MHTUOMpOBaHME KaTajiazbl (IIPUOIM3U-
TesbHO Ha 20%) non neiictBuem CK [22]. ITo-Buan-
MOMY, MTHTUOMpoBaHUe KaTajnasbl geiictBueMm CK mu,
BO3MOXHO, K 3aBucuT oT M30(hepMEeHTHOTO COCTa-
Ba M, CJIEIOBATEIbHO, MOXET OBITh COPTOCIICLIN(DUY-
HbIM. CopTocneuuduuHoe neiicteue CK Ha karaa-
3y MOKA3aHO APYTMMU aBTOpaMHU Ha IIpUMeEpPE pacTe-
HUM KyKypy3bl [28]. B 1iesioM ke MOKHO I1oJaraTh,
YTO KaTaja3a KOJICOITHJICH IMIISHUIILI MeHee 4yB-
crButelibHa K aetictBuio CK u 51K o cpaBHeHMIO Ka-
Tajla30il psifa APYrux BUAOB pacTeHuid [21, 28].

AKTUBHOCTh BHYTPUKJIETOYHOM pPACTBOPHUMOI
¢ opMBbI ITepoKcraa3bl, KOTOpask pacCMaTpUBAETCS Kak
aHTUOKCUIAHTHBINA ¢epMeHT [29], 10 BO3aeicCTBUS
TTOBPEXAAIONIETO HarpeBa B BapraHTax ¢ 00pabOTKOM
koneontuied CK u K He nusmeHsuiace (puc. 2).

O6paborka koneontmiieit o.-Hadronmom 1 CI'K nHe
OKa3bIBajla JOCTOBEPHOI'O BIMSHUS Ha aKTMBHOCTb
CO/I u kartayia3bl (pe3yabTaTbl HEe TIPUBOISITCS), YTO
MO3BOJISIET TOBOPUTD, IO KpaliHell Mepe, 00 OTHOCH -
TeJbHOU CHEUM(PUUHOCTHA ITUX MWHTUOUTOPOB (ep-
MeHTOB. bonee Toro, CI'K, ucrosb3yeMast HaMU KakK
MHIMOUTOp II€POKCUIA3bl, KaK YK€ YIIOMHHAJIOCh,
CYIIECTBEHHO YrHeTaja aIoIjacTHyo dopMy dep-
MeHTa (puc. 1), HO IIpu 3TOM CHMXXajla aKTUBHOCTh
pacTBOpuMOl (BHYTPUKJIETOYHOM) IIEPOKCUIA3HI HE
6omee yeM Ha 10% (pe3ysbTaThl HE TIPUBOISITCS).

Takum o6paszoMm, yBenmmueHue reHepanum ADK
KoJieonTusiMu TieHu1s o BausHuem CK n AK
MOXET OBITh CBSI3aHO C MOBHIILICHUEM aKTUBHOCTU CY-
MEPOKCUA-TEHEPUPYIOIINX (PePMEHTOB, JIOKAIM30BaH-
HBIX B anoriacTe 1 (Win) asmanemme — HAJIMD-H-
oKcHIa3bl U nepokcuaasbl. K HabmomaeMoMy B Ha-
IIMX SKCIEPUMEHTAX YBEIWYCHUIO COIEpXKaHUS IIe-
poKcHAa BOJOPOIa B KOJICONTIISIX o BiussHueM CK
u K Taxke, no-suamumomy, npudactHa CO/l, akTus-
HOCTh KOTOPO# 3aMETHO ITOBBIIIAJIACH (pUC. 2).

Ecau npeanonoxuts, utro APK (05 u H,0,) sB-
JISTI0TCS mocpeaHukamu B unayuupoBanuu CK u AK

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

3alIUTHBIX peaklinii, 0O0yCIOBIMBAIOIINX POCT TEH-
JIOYCTOMYMBOCTHU KOJICONITUIIEH, TO YTHETEHUE X 00-
pa3oBaHUsI TOJKHO OTPA3UTHCS HA 3TOM IoKas3arelie.
HMonon, HeitTpanu3ytomnii pagukaibHble APK, cam
no cebde JOCTOBEPHO HE BIMSJI HAa TEIUIOYCTONYM-
BOCTb KOJIEONTWIEN, HO MOJTHOCTHIO CHUMAJ 3 dEeKT
ee TTOBBILIEHUs, 00yciioBlIeHHBIN aeiictBuemM CK m
AK (tabnuua). CT'K u oa-HadToa, HUBEIMpPYIOIIME
addexT yBenmueHus reHepaunu ADK, BbI3bIBAEMBI
CK u K, yacTU9YHO CHUMAJIN U TIOBBIIIICHUE TETIO-
YCTOMYMBOCTH KOJICONTWICH, MHAYLIMPYEMOE 3STUMU
OpraHuYecKMMM Kuciaoramu. HamMeHblyto ycToium-
BOCTb K HarpeBy MMEJIM KOJICOITUIN, 00paboTaHHBIC
OIHOBPEMEHHO IBYMsI MHTMONTOpaMu (hepMEHTOB, SIB-
Jismtoyxcst uicrouHukamu ADK. TTpy KoMOMHUPOBaH-
HOM peiictBun uHruouropos HAJI®-H-okcupasbel 1
nepokcuaasbl Kak ¢ CK, tak u ¢ JK, BeDKuBaHue KO-
JICONTWJIEH ITOCJIe HarpeBa TakKe ObLITIO HU3KUM.

OnHo# M3 3alIUTHBIX peaklvil, UHAYLUUPYEMbIX
CK u dK npu nocpenundectBe ADK, MOXeT ObITh
MOBBIIIIEHWE AKTMBHOCTUM aHTUOKCUIAHTHBIX ¢dep-
MEHTOB B KOJIEONTHUJISIX TIeHUIIbI. Kak yxke oTMeua-
JIOCh, 00paboTKa KOJICONTUIeH OOEMMM OpraHuye-
CKMMM KUCJIOTaMU HE BMsLJIa HA aKTUBHOCTb KaTa-
Jla3bl M PacTBOPUMBIX (DOPM TI€POKCUIIA3bl, HO
BBI3bIBajia CYIIECTBEHHOE TOBBIILICHUE aKTUBHOCTH
CO/I. Yepe3 1 9 mocae cTpeccoOBOTO BO3ICHCTBUS
(nmoBpexparoiiero Harpena) aktuBHocTh COJl n ka-
Tajga3bl B KOJICONTWISIX, npenobpadoraHHbix CK u
SK, 6plIa TOCTOBEPHO BHINIE, YEM B COOTBETCTBYIO-
X KOHTPOJBHBIX (puc. 2). boiee BBICOKUIT I10
CPaBHEHUIO ¢ KOHTPOJIEM YPOBEHb aKTUBHOCTH 3TUX
(bepMEHTOB B KOJIEONTUIISIX OTIBITHBIX BADUAHTOB OT-
meyasics 1 yepes3 24 4 mocye HarpeBa. Kpome Toro,
yepes 24 4 1ocJie HarpeBa MpOUCXOIUI0 MOBbIIIEHUE
aKTMBHOCTU pPacTBOPUMOM TEepoKCcuaasbl B KO-
JICONITWISIX, TIPU TOM B OIBITHBIX BapuaHTax OHO
ObLIO OoJice CylleCTBEeHHbIM. B KOJIEONTMIISIX, KOTO-
pbl€ He TOJIBEPraJIMCh HArPEBY, Pa3inyusl B aKTUBHO-
ctu COJl 1 kKaTama3bel Ha 3Toil (haze dSKCIepruMeHTa
ObLIM HE3HAYMUTEJIbHBIMU, & aKTUBHOCTb PacTBOPU-
MO mepoKcuaasbl B KOJICONTWIISIX, 0OpabOTaHHBIX
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CK u K, mpeBpIraga 3HadeHUST COOTBETCTBYIOIIETO
KOHTpOJIS (puc. 2).

TakuM oOpa3zoMm, B HacTosllIeil padoTe IoKa3aHO
MOBBIIIEHNE TEIUIOYCTOMYNBOCTY KOJICONTUIICH TTIIIe-
HULBI on BoszevictBueM 3k3oreHHbIx CK u K.
BaxkHbIMM OCpeTHUKAMU B peain3alnuy (pU3M0oJI0Tr-
yecKnX 3(pGeKTOB 3TUX OPraHUYECKUX KHUCJIOT, MO-
BUIUMOMY, sBstioTcst ADK.

CrenyeT 3aMETUTh, UTO B JIMTEpAType Ha OCHOBA-
HUW JaHHBIX, TOJIYYEHHBIX Ha Pa3IUYHBIX PaCTU-
TeJbHBIX 00BEKTaX, O00CyxXmaeTcsl BKJIaA psiga dep-
MEHTOB B ycuiieHue reHepaluu ADPK, HaGoaaBIie-
eca non BimsitHueM CK. Ha kynbrype KiteTok Impoca
rokaszaH 3HauuTeabHbIN BKiag HAJI®-H-okcunasbl
B reHepaLuio CyIIepoKCHIa U IIEPOKCHIa BOAOPOoaa U
MEHbIIIast pojb Iepokcumas [16]. B To ke BpeMst Ha
M30JIMPOBAHHBIX KOPHSX MIIeHULBI [19] moaydeHbl
JIaHHBIC O TIPEUMYIIIECTBEHHOM BKJIaJie CyTepOKCHU/I-
TeHepUpYIOUINX (POPM IIEPOKCHUIA3HI B peain3ainio
adppekToB CK. ¥V pacTeHuit apadbumoricuca 3aperm-
ctpupoBaHo 3HaunTeabHoe CK-uHayupyemoe yBe-
JIMYeHMre colepKaHMs IepOKCHIa BOOOpoaa Ha (hoHe
noBbIIeHUsT aktuBHocT CO/JI [14].

Ha ocHoBaHUY pe3y/IbTaTOB UHTMOUTOPHOTO aHAJIV -
3a MOXKHO I10J1araTh, YTO B KOJICOITTUJISIX ITILIEHULIBI (pep-
MEHTaTUBHBIMU MCTOYHMKAaMM oOpazoBaHust ADK, ctu-
mympyemoro CK v K, sensoress HAID-H-okcuaasa
1 aroIuiacTHasl MepoKCcHaa3a, MoCKOJIbKY MHTUOUTO-
pbl aTUX epmeHToB (a-HadTon u CI'K) yactuuHo
HUBEJIMpOBaIU ycrieHne odpazoBanust APK u mo-
BBIIIIEHWE TEIUIOYCTOMUYMBOCTU KOJIeONTUIe (Tad-
quna). OgHol M3 MPUYXUH YBEIMYEHUS NPOIYKIIUU
CYIepOKCUIHOTO aHWOH-paauKajla C yJacTueM Iie-
pPOKCUAA3bl MOXET OBbITh aKTUBALIMSI BBIXO/IA OTIE/b-
HBIX MOJIEKYJISIpPHBIX (DOpM 3TOro epMeHTa B aro-
miact [30]. HaGmomaeMoe B HaIlIMX 3KCIIEpUMEHTaX
MOBBIIIIEHNE COJEPXXaHUs TMEepOKCUIa BOIOpOJa B
KosieonTwisix, oopadoranHbix CK u SIK, B Kakoii-To
CTETIeHU MOXKET ObITh OOYCIOBJIEHO U YBEJIMUYEHUEM
aktuBHOCTU COJ/I (puc. 2). B 1ienoM xe, 1S BBISICHE -
HUSI MEXaHU3MOB BJIUSTHUS UCCJIEAyeMbIX OpraHuye-
CKUX KUCJIOT Ha aKTUBHOCTb (DEPMEHTOB, TPOIYIIU-
pytonnx ADK, HeoOXoauMbI CIIELIMaJbHbIE UCCIIE-
JIOBaHUS.

CrenyeT TakXKe OTMETUTD, YTO HCCJIeIyeMbIC B Ha-
et padote dusnonornyeckue a¢dexktol CK u AK
Ha KOJICONTWIN IIIIeHUIBI ObLJIM OYE€Hb MOXOXWMM,
YTO B LIEJIOM COIJIACyeTCs C TUIIOTE30M O NEWCTBUM
K xak mumetuka CK, oOyClI0BIEHHOM CXOAHBIM
pacnojioXeHNEM TUIPOKCUJIBHBIX TPYIII MO OTHO-
MIEHUIO K TUApO(poOHOMY OJIOKY Yy MOJIEKYJI 00enX
kucyoT [18]. KocBeHHO Ha CXOACTBO MEXaHM3MOB
nmeiictBust CK m SIK Ha TemaoycTOMYMBOCTL KO-
JICONTWJIEN MIIEHUIIbI yKa3bIBaeT OTCYTCTBUE 3¢(h-
(GEeKTOB KaK CHMHEpru3Ma, TaKk U aHTaroHu3Ma Ipu
COBMECTHOM IIPMMEHEHUU 3TUX OPraHNYECKUX KIC-
70T (Tabauiia). B To Xe BpeMs HeOOXOAMMO yUUTHI-
BaThb, UTO JAHHBIX O (PU3MOJOrU4YecKux 3ddeKTax
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JK, B yacTHOoCTM 00 e¢ BIMSIHUU Ha aKTHUBHOCTH
ADK-reHepupylOILIUX U AaHTUOKCUAAHTHBIX dep-
MEHTOB, HAKOIIJICHO II0Ka MaJI0 1 OHM HEOQHO3HAU-
HBI. Tak, Ha OCHOBAaHUU MOJIYYEHHBIX HAMU PE3YJIb-
TaTOB BPSA JIM MOXHO CAeaTh IMPEANOJOXEHUE O
BKJaae MoaM(pUKallMM aKTUBHOCTU KaTajia3bl B pea-
ym3annio 3¢pdexroB AK, mocKombKy mom ee BAUSTHU-
€M aKTUBHOCTb 3TOTO (pepMeHTa B KOJECONTUIISIX, HE
MOABEPTHYTHIX HarpeBy, HE U3MeHsIach (puc. 2). Tem
HE MeHee, Ha IpUMepPe IBYIOJIbHBIX ITOKA3aHO CYIIIE-
CTBEHHOE MHTMOMpoOBaHUE KaTajia3bl (PU3UOJIOrIe-
ckumu KoHueHTpausamu AK u CK [21]. B nutepa-
Type MMEIOTCS JaHHBIE 00 YBEJIMYEHUU aKTMBHOCTU
BHEKJIETOYHBIX TEPOKCHIa3 KOPHEN MIIEHUIIbI IO
piusiHueM AK [19], oqHako B 3Tol paboTe UCIIOIb30-
BaJIMCh JOCTaTOYHO BHICOKME (MLIMMOJISIPHBIE) KOH-
neHTpayu JAK, 3¢ deKThl KOTOPBIX MOTYT OTJIMYAThCS
OT JIeCTBUS (PU3UOJOTUUECKUX KOHLIEHTPALIWIA.

B mesmom, MOXHO BBICKA3aTh IIPEAIIONIOXECHHUE O
TOM, 4TO aHTHUCTpeccoBble 3pPekTh AK mpu ee nc-
MOJIb30BaHUM B HU3KMUX KOHILICHTPALUSIX MOT'YT ObITh
CBSI3aHbBI ¢ MoguduKanuein (pepMEeHTOB, JTOKAIU30-
BaHHBIX Ha KJIETOYHOW ITOBEPXHOCTH M YYaCTBYIO-
mux B oopaszoBaHuu AOK (HAJI®-H-okcunasa, me-
pokcuagasa). Mx aktuBaluss MOXeET MNPUBOAUTH K
¢dopMUpPOBaHUIO U TIepedade B FeHETUUECKMIA aIlra-
paTr CUrHaja, MHAYLUPYIOIIETo HeclelupuIecKue
3alllMTHBIE peaKlMU, HAIIpUMep YCUJIEHUE SKCITpec-
CUM TEHOB aHTUOKCUIOAHTHBIX ¢GepMeHTOB [9]. B
3TOM OTHOIIeHNN ¢pu3noorndeckne 3pdexTe CK n
AK MoryT ObITh JOCTATOUHO OMU3KUMU. OTHAKO I
MOATBEPKICHUSI JAHHOTO IIPEAIIOI0XKEeHUsST Heo0X0-
IVMBI JeTaJlbHbIE UCCIIEIOBAHMS OCHCTBUS pa3Ind-
HBIX OPTaHUYECKUX KUCITOT (aanudaTUYEeCKUX U apo-
MAaTHUYECKMX) Ha OKUCIUTEIHbHO-BOCCTAHOBUTEIIb-
HBIII OajlaHC M KOHKPETHBIE (PU3MOJOTMIECKIE
peakuuu, BaXHbIEC [JII YCTOMYMBOCTU PACTEHUN K
OIpeeIeHHBIM CTPECCOpPaM.
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Induction of Heat Resistance in Wheat Coleoptiles by Salicylic
and Succinic Acids: Connection of the Effect with the Generation
and Neutralization of Active Oxygen Forms
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Abstract—The influence of salicylic (SaA) and succinic (SuA) acids on the generation of active oxygen forms
(AOFs) and the heat resistance of wheat ( Triticum aestivum L.) coleoptiles has been studied. The treatment
of coleoptiles with 10 uM SaA or SuA results in the accumulation of hydrogen peroxide and enhanced for-
mation of a superoxide anion radical. This effect is partially suppressed by both a-naphthol (the NADPH
oxidase inhibitor) and salicylhydroxamic acid (peroxidase inhibitor). SaA and SuA cause an increase in the
activity of antioxidant enzymes, such as superoxide dismutase, catalase, and soluble peroxidase, and improve
the heat resistance of coleoptiles. Antioxidant ionol and compounds, which inhibit the NADPH oxidase and
peroxidase, significantly reduce the positive influence of SaA and SuA on the heat resistance of wheat coleop-
tiles. AOFs are considered to be intermediates for heat resistance induction in coleoptiles, treated with SaA
and SuA; enhanced AOF generation can be caused by an increased activity of the NADPH oxidase and per-

oxidase.
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BJIUAHUE YCJIIOBUI ATICOPEIIMM MOHOKJIOHAJIBHBIX AHTUTEJ

HA AHTUT'EHCBA3BIBAIOIIIYIO AKTUBHOCTD

© 2012r. IO. H. Tapakanosa*, JI. A. JImurpuen*, 10. C. Maccuno*, M. b. CMupHoBa**,
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IMoctynuna B pemakumio 28.11.2011 .

HccnenoBaHa aHTUTEHCBSI3bIBAIOIIAS] AKTUBHOCTh UMMOOMJIM30BAaHHBIX aHTUTEN B 3aBUCMMOCTH OT pH
Hacslmatoniero oydepa. I[poananuzupoBaHo 28 MoHOKIOHAIBHBIX aHTUTEN (MKA), cekpeTrnpoBaHHBIX
pa3IMYHBIMMU THOpUAOMaMH K TPeM BMPYCHBIM aHTMI€HaM: sIepHBIN O0eaok p23 Bupyca rematura C (C
core-protein p23), 6enok p24 BUY 1 u moBepXHOCTHbBII aHTUTEeH Bupyca reratuta B (HBsAg). Antutena
aIcopOoMpoBaIv Ha ITOBEPXHOCTH MMMYHHBIX IU1aHIIeTOB B KuciaoM (pH 2.8), nelitpaasHom (pH 7.5) u 1ie-
snounoM (pH 9.5) 6ydepax. [TpoBeneHo TecTMpoOBaHME CBSI3BIBAHUSI MEUEHBIX aHTUTEHOB (OMOTUHUINPO-
BaHHBIE WJIM KOHBIOTUPOBAHHBIE C TIEPOKCHIA301 XpeHa) ¢ UMMOOWIN30BaHHBIMM aHTHUTeIaMM. [Tokasa-
Ho, uyTo 10 13 28 (36%) mpoaHamn3npoBaHHbIX MKA 3HaYUTEIHHO JIy4Ille COXPAHSUTH aHTUTEHCBS3bIBAIO-
IIyI0 aKTUBHOCTb, €CJIIM TIPOIIECC WX IMaCCUBHOM aIcopOIIMM Ha ITOBEPXHOCTU TTOJUCTUPOJIOBBIX
TUTAHIIIETOB MPOUCXOAU B KucsioM Oydepe (pH 2.8). DTOT nmoaxoa mo3Boan CKOHCTPYUPOBATh BHICOKO-
YyBCTBUTEJBbHBIN COHIABMY-MeTOA ompenesieHuss HBSAg ¢ MUHUMabHOM, HOCTOBEPHO OIpeneIsieMoi
koHuleHTpanueit antureHa — 0.013—0.017 vr/ma. OnMcaHHBIA TpHUEM MOXET ObITh PeKOMEHI0BaH IS OIl-

TUMU3AlIUHN COHABUY-METOO0OB 1 TBCpHO(l)aC’)HLIX KOHKYPC€HTHBIX METOJOB.

buonornyeckast akTHMBHOCTh COpOMPOBAHHBIX aH-
TUTEN SBJISIETCS BaXXHEUIIUM (DaKTOPOM, OTpeaesi-
ouM 3OHEKTUBHOCTh TBEPAO(a3HbIX KOHKYPEHT-
HBIX U COHJIBUY-METOAOB TECTUPOBAHUS AaHTUTEHOB.
B ynoMs