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PaCCMOTpeHbI JaHHBIC O 3BHAYCHUUN I/IHI‘I/IGI/ITOPOB ITPOTCOITUTUYCCKUX (I)CpMeHTOB B aganrTainm paCTCHI/Iﬁ
K pa3JIMYHbIM He6ﬂaFOHpH${THBIM BHCIIHUM CbaKTOpaM abuoTUYECKOro XapakTepa — HeJO0CTaTKy BOAbI, 3a-
COJICHUIO ITOYBbI, SKCTPEMAJIbHBIM TEMIICpATypaM U Jp., a TAKXKE BEPOATHLIC (l)OpMI)I ydyacTtud MHTUONTO-
POB ITPOTEMHA3 B IMIPOLECCE ECTCCTBECHHOI'O CTapCHUA Yy paCTeHHﬁ.

MHTMOUTOPHI MPOTEOTUTUIECKUX (DEPMEHTOB 00-
Pas3yloT OOJIBLIYIO U CIOXKHYIO 10 COCTaBy Ipymniy OeJi-
KOB, KOTOpbIE OOBEANHSIET 00I1Iasi CIIOCOOHOCTH 00pa-
30BBIBaTh C (pepMEeHTaMU OOpaTUMBbIE CyOCTpaTOIIO-
JIOOHBIE KOMILJIEKChI, B COCTaBe KOTOPBIX ITOCIEeIHUE
YTPauMBaIOT KATAJIMTUIECKYIO aKTUBHOCTS [1, 2]. MH-
TMOMTOPBI IIIMPOKO PACIIPOCTPAHEHBI Y PACTEHUM, CO-
JiepXkaTcsl Kak B BeTeTaTUBHBIX, TAK U B PEMPOIYKTUB-
HBIX OpraHax |3, 4].

B 3aBucumoctu ot tuna ¢GepMeHTOB, Ha KOTOpbIE
OHU JICHCTBYIOT, pa3inyaloTcsl MHTUOUTOPBI CEpUHO-
BbIX, LIMICTEMHOBBIX, aclapTaTHbIX U MeTaJlJIcoaepxKa-
IIMX TIpoTerHa3. ¥ pacTeHUil B HacTosilliee BpeMs B
HaMOOJIbIIICH CTeNIeHU U3y4eHbl MHTMOUTOPHI CEPHUHO-
BbIX U LIUCTEMHOBBIX MpotenHas [5]. Ha ocHoBaHuu
0COOEHHOCTElN TIEPBUYHOM CTPYKTYPHbI, UUCJIa U PacIio-
JIOXXEHUST TUCYTbMUIHBIX CBS3€l U PEAKTUBHBIX LIEH-
TPOB WMHIUOUTOPBI Pa3ae/siioT Ha OTIEJIbHbIC ceMeii-
CTBa POICTBEHHBIX OesikoB [1]. Cpemy MHrMOMTOPOB
CEPUHOBBIX ITPOTEMHA3 y PACTEHU I B HACTOSI11IEE BPEMSI
MOXKHO BBIACJIUTD, 11O KpailHel Mepe, IeBSITh TaKUX Ce-
MeiicTB [5, 6]. B oTiimure oT MTHTMOUTOPOB CEPUHOBBIX
MPOTEMHA3 UHTMOUTOPHI 1IMCTEMHOBBIX MPOTEUHA3 U3
pacTeHuii B MOJABJISIONIEM OONBIIMHCTBE MPUHAIJIC-
XKar K CyIlepceMencTBy [IMCTaTUHOB U 0Opa3yloT B €ro
COCTaBe OTIEJIbHOE CEMECTBO (PUTOIIMCTATUHOB [7, 8].

Yro kacaercss GpU3MoNIOrndecKnx GyHKINN UHTH-
OUTOPOB MPOTEUHA3 Y PACTCHUIA, TO OHU MOTYT Aeki-
CTBOBATb KaK PETyJISITOPbl aKTUBHOCTHA COOCTBEHHBIX
MpOTEerHa3, a TaKXKe UrpaTh POJb 3alacHbIX OCJIKOB
[3, 4, 9]. CrtocOOHOCTP MHTUOUTOPOB U3 PACTCHUN
HOHABISATh aKTUBHOCTDH IIPOTEMHA3 ITUIIECBAPUTEIIh-
HOTO TpaKTa HAaCEKOMBIX U (epMEHTOB (pHUTOIIATO-
T€HHbBIX MUKPOOPTaHW3MOB ITpUBeJia K 3aKJTI0UYEHUIO,
4TO OHM MOTYT JIeMiCTBOBaTh KaK 3alllUTHBIE OEIKU
[9—13]. D10 3aKkI0YeHNE TTOTYYUIO TTIOATBEPXKICHIE
B OIbITaX C TPAHCTEHHBIMU PACTEHUSIMU, COMAEPKa-
IIMMU I'eHbl MTHTUOUTOPOB MMPOTENHA3, KOTOPEIE 00-
JIagaroT MOBBIIIEHHONW YCTOMYMBOCTBIO IO OTHOIIIE-
HUIO K HACEKOMBIM U IPYTrUM BpeauTensm [14—16].
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Hapsiny ¢ BpenuTensiMu 1 (pUTOITaTOTeHHBIMU MUK-
poopraHM3MaMi pacTeHUSI MOCTOSIHHO CTaJIKMBAIOTCSI
C HeOMaronpuATHBIMA BHEIITHUMU BO3IECUCTBUSIMU
abMOTUYECKOTO0 XapaKTepa — HeIOCTATKOM BOJIbI, 3aCO-
JIEHUEM TIOYBBI, [IOHVKEHHOM U MOBBIILIEHHON TeMITe-
paTypoii, TIPUCYTCTBUEM TSDKEJIbIX METAJIOB U T.1I. Bce
3TU HaKTOPHI OTPULIATESILHO BIMSIIOT Ha POCT, Pa3BUTHUE
W TIPOAYKTUBHOCTh PACTCHUI U SIBJISIIOTCSI OMHOM U3
INIABHBIX TPUYMH CHIDKEHUS YPOXKAWHOCTU BasKHEI-
IIUX CETbCKOXO3SIMCTBEHHBIX KyIBTYp [17].

AnmanTanysi paCTeHUi K pa3iMyHbIM HeOJIarornpu-
SITHBIM BHEIITHUM BO3ICHCTBUSIM CBSI3aHA C N3MCHEHM -
€M B PETYJSIIIAM OOJIBIIOro YHcia TaK Ha3bIBAEMBIX
cTpecc-3aBUCUMBIX TeHOB [18—20]. IIpu aToM mpowuc-
XOIWUT yBeJIMICHIE aKTUBHOCTA OTHUX T¢HOB 1 TTOIaB-
JIeHWe aKTUBHOCTH IpyTHX. K 4mcity reHOB, aKTHBHOCTh
KOTOPBIX BO3pAcTaeT, MPUHAJIEXAT reHbl (hDepPMEHTOB,
TUIPOJIU3YIOLINX OEJIKU U JIpYrue MaKpPOMOJIEKYJIbI
[21, 22]. B ycnoBusIx cTpecca ImpoTeoIuTuIeckue dep-
MEHTBI HE TOJIbKO OCYIIIECTBIISIIOT pacIIeTUIeHUE Je-
(beKTHBIX, JAeHATYpUPOBAHHBIX U YTPATUBIIUX CBOE
(byHKIIMOHATEHOE 3HaUYEeHHE OETKOB, HO 1 YYaCTBYIOT B
PELMKIM3AlMK  a30Ta, TIPOIIECCUHIe W aKTUBAIUU
BHOBb CUHTE3MPOBAaHHbBIX OeIKOB [23, 24].

B HauGosblelt creneHn u3ydeHbl UBMEHEHUS MPOo-
TEOJIMTUYECKOW aKTUBHOCTHU Y PACTEHUI TIPU OTHOM U3
CaMbIX PaclpOCTPAHEHHBIX Y BAXKHbBIX B TTPAKTUYECKOM
OTHOIIIEHWA BOMHOM cTpecce. B mumctesax dacomm
(Phaseolus vulgaris 1..) v iiuenuun! ( Triticum aestivum L..)
BHYTPUKJIETOYHAS TTPOTEOTUTUYECKASI aKTUBHOCTD ITPU
BOJHOM CTpecCe YBEJUYMBAETCSI B HECKOJBKO pa3
[25—28]. OnHOBpeMEHHO MPOMCXOIUT CHIDKCHUE CO-
Jep>KaH1s OeJIKa BO BCEX KIIETOYHBIX (PPaAKIIMSIX, BKITIO-
yast MeMOPaHHYIO (DPaKIIUIO W XJIOPOIUIACTHI [25, 26].
Ilpu peruaparaiii MpPOTEOJUTUYECKAs] AKTUBHOCTD
CHMXKAETCsl ¥ BOCCTAHABJIMBAETCS coiepkaHue Oeska B
KiIeTke [26, 28]. D10 ykasbIBaeT Ha HajgM4yue TECHOMR
CBSI3U MEXIY OBYMSI SIBJICHUSIMU. YCUJIEHUE DKCITpec-
CUM TIPOTEOJIUTUYECKUX (PEPMEHTOB HAOJIIONAIOCh U
IpU JPYyTUX BUIAX CTPeCCa — TOBBIIIIEHHONH KOHIICH-



502

TpaIvu CoJIei, IKCTPEeMaIbHBIX TeMITepaTypax, B IIpH-
CYTCTBUM TSIKEIbIX METAJUIOB U Ap. [29—34].

OnrumainbHble 3HadeHus1 pH m1st pepmMeHTOB, ak-
TUBHOCTb KOTOPBIX TMOBBIIIAETCS B YCJIOBUSIX CTpecC-
ca, jexart B cinabokucioit cpene (pH 4—6), dro co-
IJ1acyeTcsl ¢ UX BEPOSITHBIM BaKyOJSIPHBIM IIPOKMC-
xoxnaeHueM [26—28, 35]. TlpeobinagaroliuM THUIIOM
CTpECC-3aBUCHUMBIX SHIONENTHUAA3 SIBIISIFOTCS LINCTE-
MHOBBIE IpoTenHaskl [26, 28—30, 32, 36, 37]. OnHako
B psifie ciydyaeB HaOI01aJI0Ch YCUJIEHUE SKCIIPEeCCUN
Y IPOTENHA3 IPYIrUX KaTaJIUTUICCKIX TUIIOB — CEPU-
HOBBIX M acnaptaTHbix [27, 31, 38, 39]. Hapsnay ¢ aH-
JIoNenTraa3aMu ObUIO TaKXKe OTMEUEHO YBeIMYeHUE
aKTMBHOCTH 3K30MeNThAa3, aMUHOIIETHAA3 1 KapOo-
Kcumnerrtunas [28, 38, 40, 41].

3aciyXnBaeT BHUMaHMS TO 0OCTOSITETLCTBO, YTO
yBeJIWYEHUE TTPOTEOTUTUYECKOI aKTUBHOCTU M CHU -
KEeHUe colepxkaHusi Oejlka B KJIETKE B YCIOBMSIX
cTpecca HaAMHOTO CHJIbHEe BBIpakeHBI y IYBCTBU-
TEJIbHBIX BUIIOB M COPTOB PACTeHUI IO CPAaBHEHUIO C
ycToituuBbiMU [22, 25, 27, 38]. DT0, MO-BUANMOMY,
MOXKET OBITH CBSI3aHO C TeM, UTO OEJTKOBHII aItmapart y
YYBCTBUTEJIBHBIX PACTCHUI HYXXKIaeTcsl B bosiee Iry-
OOKOI1 TTepecTpolike B yCIIOBUSIX CTpecca.

VBenuueHne TMPOTEOIMTUUECKONM AaKTUBHOCTU B
YCJIOBUSIX CTpecca OCOOCHHO Y YyBCTBUTEILHBIX BUIOB
¥ COPTOB PaCTeHUI MOXKET IIPUBOAUTH K HAPYIICHUIO
OajlaHca MexXIy IpolieccaMy CMHTe3a U pacliaga Oe-
KOB U BBI3BaTh IMPEXIEBPEMEHHOE CTapeHUe U TMOeb
pacteHuii. YToOHBI IIpeI0TBPaTUTh TaKyI0 BO3MOXKHOCTD
HEOOXOIUMO HaIMYME HAIeKHbIX MEXaHU3MOB KOH-
TPOJIsl MPOTEOJIMTUYECKOM aKTUBHOCTM HE TOJIbKO Ha
YPOBHE TPAaHCKPUIILINU Y TPAHCIISILIUM, HO 1 Ha II0CT-
TPaHCJSIIMOHHOM ypoBHe. K 4Ty TakKix MeXxaHU3MOB
OTHOCSITCSI CMHTE3 MPOTEOJIMTUYECKUX (hepMEHTOB B
JIATEHTHOI, 3MMOIreHHOM (hopMe U HaImdre SHIOTCH-
HBIX MTHTUOUTOPOB (pepMeHTOB [42, 43]. V pacTtenuii B
YCJIOBUSIX CTpecca, MOo-BUAMMOMY, MOTYT PeaiM30BbI-
BaThCsl 00a 3T MeXaHn3Ma. Tak, McTenHOBAasI IPOTeH -
Haza BD21 akcnpeccupyercs B JTUCTBSIX Arabidopsis
thaliana Tipy BOTHOM CTpecce B BUJIE BbICOKOMOJIEKY-
JIIPHOTO TIpEAIIIeCTBEHHUKA C MOJICKYJISIDHOIT Maccoii
57 x/1a m JM1Ib 3aTeM IpeBpalaeTcs B aKTUBHYIO (hop-
My 33 kJla B KuCJIOi cpele LIEHTpaJIbHOI BaKyoJu
[29, 44]. AcnapTaTHasi TipoTeMHas3a TUna (pUTericuHa
CHHTE3UPYETCS B JIUCTHIX (pacor B (popMe 3UMOTeHa C
MOJIEKYJIIPHOI Maccoit 46 k/1a. @epMeHT COXpaHsETCs
B JJAaTEHTHOM (hopMe B OOBIYHBIX YCIOBUSIX U TIpeBpa-
1aeTcs B akTuBHYIO popMy 38 k]la rmpu BOTHOM cTpec-
ce, Korja IpoUCXOIUT pe3Koe yBeJInYeHre TpOoTeoIn-
TUYECKUI aKTUBHOCTU B JTUCThsIX [45]. [Tpu paznnuHbIX
aOMOTHYECKUX CTpeccaxX HaOIOMaeTCs TaKKe yBeIJIe-
HU€ aKTUBHOCTU MHTUOMTOPOB IIPOTENHA3 Y PACTEHUIA
[34]. T1pu 3TOM B psizie CliydaeB IIPOUCXOAUT OTHOBPE-
MEHHOE YBEIMYCHIE aKTUBHOCTU ITPOTEMHA3 1 MX MH-
ruourtopos [46, 47].

B mucTesax parica (Brassica napus 1..) 6bu11 0OHapy-
>KEHBI Ba OJM3KUX IO CBOMCTBAM IeNTUIA C MOJIEKY-
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JsipHOM Maccoit 22 k/la. IlenTtnnsl HakaruIMBalOTCS B
3HAYUTEBLHBIX KOJIMUECTBAX TPU BOAHOM U COJIEBOM
cTpeccax U ucuesaloT Npu peruapatauuu [48]. Ot no-
JIMTIETITUABI, 0003HaYeHHBIe Kak BnD22, mMmerot amm-
HOKMCJIOTHYIO TOCJIEIOBATEIbHOCTb, TOMOJIOTUMYHYIO
aMUHOKHWCJIOTHOM MOC/Iea0BaTeIbHOCTU UHIMOUMTOPOB
CEpUHOBBIX IPOTeWHA3 U3 CEMENCTBA COEBOIO MHIMOM -
topa TpuricuHa Kynutia (SKTI). CootBeTcTByIoas
MPHK HakarmBaeTcsl ipy BOIHOM 1 COJIEBOM CTpecC-
cax B JIMCTBSIX PAacTeHUSI, HO OTCYICTBYeT B CEMEHax
[49]. ITo3nHee ObUTIO YCTAaHOBJIEHO CYIIIECTBOBAaHUE 00-
paTHOW KOppesIMy MEXAy COAepXaHWeM Oeka
BnD22 B mucThsIX parca u IpoTeOJUTUIECKON aKTHUB-
HOCTBIO ITPH TIPOrpeccrpyIonieM BogHoM cTpecce [50].
3penast (popMa MHTMOUTOPA C MOJICKYJISIPHOI Maccoi
19 x/Ia, oOpasyrolasicsi B pe3yJibraTe OTIICIUICHUSI OT
BnD22 C-koHueBoro memntuaa, CriocooHa ITOJaBISITh
aKTUBHOCTb BHIOTEHHBIX IMPOTEMHA3 13 JIMCThEB parica
M MOJEJIBbHBIX CepUMHOBLIX mpotenHas [50]. Ycuienue
AKCIIPECCUN IIPU PA3IUYHBIX CTPECCOBBIX BO3IEHi-
CTBUSIX OBLJIO YCTAHOBJICHO U JIJISI UYHTUOUTOPOB 11~
CTEMHOBBIX MpOTenHAa3. TaK, YBeIUMYECHUE ComepKa-
HUSI TPAaHCKPUIITOB LIMCTaTMHA HaAOIIONAIOCh B JIM-
CThsIX M KOpHsxX KamTaHa (Castanea sativa Mill.) npu
TeMIIepaTypHOM U COJIEBOM I1I0KE, a B JIUCThSIX SIAMEHSI
(Hordeum vulgare 1..) — mpy NOHDKEHHOM TeMIIepaTy-
pe, B TeMHOTe U aHaspobuo3ze [51, 52]. B naabHeiiem
YCUJICHME DKCITPECCUN TEHOB MUHTMOUTOPOB CEPUHOBBIX
M IUCTEeMHOBBIX IIPOTEMHA3 MPU pPa3/IMIHBIX BHUAAX
cTpecca ObLUIO YCTAHOBJICHO [IJTsI OOJIBIIIOTO YKMCJIa pac-
TEHUM, IPEACTABUTEIEN PA3JIMUHBIX CEMEMCTB KaK J1BY-
JIOJIbHBIX, TaK Y OMHOAOJIBHBIX (Ta0JI. 1 1 2).

AKTUBHasI poJTb THTHOUTOPOB ITPOTEMHA3 B a/lariTa-
MU PACTEHUI K HEOIarOMPUSITHBIM BHEIITHIM YCIIOBH -
SIM TIOATBEPXKIAETCS PE3YJIBTATAMU OITBITOB, TIPOBEICH-
HBIX C TPAHCTEHHBIMM pacTeHUsIMU [66, 67, 71, 74].
[umrepakcripeccuss  MHTHOMTOpA  XUMOTPUIICHHA,
TNpUHAaIIEXKAIIEro K ceMeicTBy mHrmonTopa I u3 kap-
Tohenst, y TpaHcreHHoro puca (Oryza sativa L.) IOBbI-
I1aja yCTOMIMBOCTh PACTEHUI TIPY BOTHOM Oe(DHITUTE.
TIpu sTOM HaOMIOOAIOCH CHIDKEHNE aKTUBHOCTH CO0-
CTBEHHOI XWMOTPUIICUHOITOAO0HOW MNpOTeUHAa3bl B
JICTBSIX M 3aMeJIeHHe pacrama KIECTOYHBIX OeJIKOB
[67]. V3 coeycTOMYMBOrO COMaTUYECKOro rudpuaa
MIIeHULIbI U XUTHsIKA (Thinopyrum ponticum, Podp.)
BbIIeseH reH WRSITS, KoTopblii KOTUpYyeT OeJIOK-UHTH -
OUTOpP TPUTICMHA, OTHOCSIIITUIACS K CEMECTBY MHTHMOM-
topa baymana—bupk [66]. [unepakcrnpeccust reHa
WRSI5y Arabidopsis thaliana moBbllliana yCTOMYUBOCTD
pacTeHuii K N30BITKY COJIH [66]. AHAIOTMYHBIE PE3yITb-
TaThl ObUIM TTOTYYEHBI 1JIsI MHTUMOMTOPOB LIMCTEMHOBBIX
npotenHas. [loBBIIIEHHAST SKCIIPECCUsT IMCTATUHOB
AtCYSa u AtCYSb y A. thaliana npunaBana ycToRIN-
BOCTb PACTEHUSIM TIPY BOTHOM, COJIEBOM, OKMCTUTEITb-
HOM M TeMIiepaTypHOM cTpeccax [71].

PaznuuHble aOMOTHYECKUE CTPECCHl MOTYT MHITY-
LMpOBaTh TPOLECC TMPEXIEBPEMEHHOTO CTapeHUs
pacTuTenbHbIX TKaHel [78, 79]. B cBolo ouepenb, 3a-
JIepXKa Tpollecca CTapeHusl IpUBOAMIa B HEKOTO-
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Taoauna 1. MHOyKiuus MHTMOMTOPOB CEPUHOBBIX MPOTEMHA3
Crpecc*
Pactenue (cemeiicTBo, BUMI) Wuruburop** CcpLika
B C T pil|

Booossie (Leguminosae)

ropox (Pisum sativum L.) + BBI [53]

monuH (Lupinus albus 1..) + SKTI [46]
KanycTtabie (Brassicaceae)

paric (Brassica napus L.) + + SKTI [48]

penuc (Raphanus sativus L.) + “_” [54]

kamycra (Brassica oleracea L.) + + + “” [55, 56]

apabunonicuc (Arabidopsis thaliana 1..) + “» [57]
ITacnenoBbie (Solanaceae)

Tomathbl (Solanum lycopersicum L.) + potl,2 [58]

o« + pot 2 [59]

kaprodeinsb (Solanum tuberosum L.) + SKTI [60, 61]

tabak (Nicotiana tabacum L.) + + pot 2 [62, 63]
3aaku (Graminea)

meHuna ( Triticum aestivum L.) + + + BBI [64—66]

puc (Oryza sativa L.) + + pot 1 [67]
Brionkossie (Convolvulaceae)

6arar (Ipomoea batatas (L.) Lam) + + pot 1 [68]
AmapanToBbie (Amaranthaceae)

amapaHT (Amaranthus hypochondriacus L.) + + pot 1 [69]

* Bunpl ctpecca: B — Bonnblil, C — coneBoii, T — remneparypHbiii, /I — apyrue.
** YUuruouropsl: SKTI — coeBblit uHruouTop tpuncruia Kynurua, BBl — coeblit unruourop baymana—bupk, pot 1 — unruéurop I

u3 Kaptoders, pot 2 — uaruourop 11 u3 kaprodens.

“+” — yca0BUSI, MPU KOTOPBIX HAOJII01a]1aCh 9KCIIPECCUs JTaHHOTO MHTMOUTOpA.

PBIX CJIyYasiX K IMOBBIIICHHONW YCTOMYUBOCTU PacTe-
HU#l K abuotuueckum ctpeccam [80]. CrapeHue y
PaCTEHMM CIIYKMT 3aBEPIIAIOLIECA CTAIUEN OHTOIE-
He3a U SIBJISIETCS aKTUBHBIM KOHTPOJIMPYEMBIM TPO-
LIECCOM, CBSI3aHHBIM C M3MEHEHUEM BKCIIPecCUu
3HAYMTEJILHOTO YKrcia reHoB [78, 79]. st mpoiecca
CTapeHUs] XapaKTepHO MHTEHCHUBHOE paclleryieHue
OEJIKOB U IPYTUX MaKpOMOJIEKYJI B CTAPEIOIIUX U OT-
MUpAIOIIMX TKaHSIX U TepeHOC MPOAYKTOB Jerpaaa-
LIMU B MOJIOJIbIE PACTyIM€ YaCTU PACTEHUSI U B pe-
MpPOAYyKTUBHBIE opraHkl [78, 79, 81].

MHTeHCUBHBII paciiaj KJIIETOYHBIX OEIKOB B CTape-
JOLIMX TKAHSIX CBSI3aH C YCUJIEHHOM BKcIpeccuein mpo-
TEOJIUTUYIECKNX (PEPMEHTOB PA3IMYHBIX KaTaIATHYe-
CKUX TUIIOB, B TIEPBYIO OYePeb [IUCTCMHOBBIX, a TAKXKE
acIrapTaTHBIX ¥ CEpUHOBBIX [82—85]. B HEKOTOPEBIX CITy-
Yasix 3TO Te 3Ke (DePMEHTbI, MHAYKIIMSI KOTOPBIX HA0II0-
TaeTcs TIpu cTpeccax [29, 86]. dpyre TpoTenHa3bl 9KC-
MPECCUPYIOTCST UCKITIOUUTETHLHO B CTAPEIOIINX OpraHax
1 TKaHsIX. K MX 4nciy oTHOCSTCS LMCTEMHOBAsI ITPOTe-
nHaza SAG12 u3 A. thaliana v ee TOMOJIOTY 13 HEKOTO-
PBIX APYTUX PACTEHUIA, a TAKKE CYOTUIM3MHOMOI00HAS
npoterHasa P1 u3 mucreeB mineHutis! [85, 87]. [Momxas-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JICHUC HpOTeOJTVITI/I‘{eCKOﬁ AKTUBHOCTU C IIOMOIIBIO
XUMHNYECKUX I/IHFI/I6I/ITOpOB IMCTECMHOBBIX N CECPUHO-
BBIX MPOTEMHA3 IPUBOIMT K 3aMeIJICHUIO TIpolecca
crapeHus [88, 89]. AHalornyHoe ACHCTBIE MOTYT OKa-
3BIBaTh ¥ IPUPOTHBIC MTHTUOUTOPHI ITPOTEOTUTUIESCKIX
depmentoB. IIpu crpecce, BEI3BBAHHOM HEIOCTATKOM
a30Ta, B JINCThIX parca pa3IMYHOro BO3pacTa HabIIo-
Jajgach oOpaTHasl 3aBUCUMOCTh MEXIY COOepKaHUeM
nHTHONTOpa TpUTicmHa BnID22 11 cKopocThio cTapeHUS
[90, 91]. Eciny B MOJTOABIX TUCTBSIX ITPYU BOAHOM U COJIEe-
BOM cTpeccax conepxkanue BnD22 nocturaer 1% ot 00-
IIETO COAEPKAHUS OEJIKOB, TO B CTAPBIX, KEITEIOLINX 1
OTMUPAIOIINX JIMCTBAX I/IHFI/I6I/ITOp IMOJIHOCTBIO OTCYT-
ctByeT [48, 49]. CxonHast cuTyalMsi UMeeT MECTO U C
WHTHOUTOpaMM LIMCTEWMHOBBIX TpoTenHa3. M3BecTHO,
YTO yBsIIaHUE 1IBETOB IBo3auKU (Dianthus caryophyl-
lus 1..) CBSI3aHO C YCUJIEHHOM SKCIIPECCHE reHa LIMCTe-
WHOBOW TTpoTenH3kbI [93]. Merolmiicsl y TBO3IVKU TeH
LMCTaTUHA aKTUBHO 3KCIIPECCUPYETCS B JIEMECTKAX Ha
MOMeHT LiBeTeHusl. [1pu cTapeHnU B LIBeTaX OOHAPYKU -
BalOTCS B OOJIBIIIOM KOJTMYECTBE TPAHCKPHUIITHI LINCTE -
HOBOI MPOTENHA3bI, TOTJA KaK TPAHCKPUITHI IIUCTATH -
Ha OTCYTCTBYIOT [94].
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Taoauna 2. MHOyKuuss MHTMOMTOPOB LIMCTEMHOBBIX MPOTEMHA3 ((DUTOLIMCTATUHOB)

Crpecc*
Pactenue (cemeiicTBo, BUI) Cchuika
B C T i |

Booossie (Leguminosae)

urHa (Vigna unguiculata (L.) Walp.) + [70]
Kanycraeie (Brassicaceae)

apabunornicuc (Arabidopsis thaliana 1..) + + + + [71]

kakute (Cakile moritima Scop.) + + [72]
3aaku (Graminea)

sumenb (Hordeum vulgare L.) + + [52]

KyKypy3a (Zea mays L.) + [73]

mmenuna ( Triticum aestivum L.) + + + [74]
Bykosbie (Fagaceae)

kawtaH (Castanea sativa Mill.) + + [51]
AmapanToBbsie (Amaranthaceae)

amapaHnT (Amaranthus hypochondriacus 1.) + + + [75]
Jlasposbie (Lauraceae)

aBokano (Persea americana Mill.) + [76]
ApanueBblie (Araliaceae)

XeHbleHb (Panax ginseng C.A. Meyer) + + + [77]

* O003HaUYeHUs CM. TaoOI. 1.

CHmxenne 3¢pGeKTUBHOCTA (POTOCHMHTE3a SIBIISICT-
¢Sl XapaKTEePHBIM TIPU3HAKOM IS CTAPEIOIIMX TKaHEMH
pacTeHMid, a TakXkKe OJIs1 paCTeHUI B YCJIOBUSIX CTpecca
[21, 22, 95]. CHukeHue 3¢hheKTUBHOCTU (hOTOCUHTE3A
COIPOBOXKIAETCS AeTrpanaleii 6eJIKOB CTPOMbI XJI0pO-
IUIACTOB, BKJIIOYasl IJIaBHBIM OeJloK, puOyne3o-1,5-
oudochar  kapdbokcunazy/okcureHady  (Rubisco,
K® 4.1.1.39), a Takkxe mectpykuueit xinopoduia [96].
Benymast posis B pacuierieHnn Rubisco n npyrux 6ei-
KOB CTPOMBI XJIOPOILIACTOB MPUHAIJICXKUT LIUCTEUHO-
BbIM TIPOTEMHA3aM BaKyOJISIPHOTO MPOUCXOXICHMUSI
[97, 98]. Dxcnipeccust THTMOMTOPA IIMCTEMHOBBIX MPTE-
MHA3 U3 prca, OpU3ALUCTATUH I, y TpaHCTeHHOTO Taba-
Ka ITPMBOAMIA K 3aMeJICHUIO CKOPOCTH CHUXKEHUST 3(h-
dexTBHOCTH (POTOCHHTE3a M aKTUBHOCTH Rubisco kak
IpH CTpecce, TaK U B IIpoliecce cTapeHus [98].

B neiictBuTesbHOCTH, (DYHKILIMY UHTUOUTOPOB MPO-
TeMHa3 MOTYT HE OrpaHMYMBAThLCS 3aIUTON OEIKOB
XJIOPOILJIACTOB OT ITPOTEOJIMTUYECKON nerpagaiuu. M3
JIMCThEB KarycThl (Brassica oleracea 1..) ObL1 BbIIEIEH
0enoK, cBs3biBatonuii xopoduwr (WSCP, water-solu-
ble chlorophyll protein). bejiok UMeeT BLICOKYIO CTETIEHb
romosnoruu ¢ BnD22 n muHrnonropaMmu cepruHOBBIX IIPO-
TenHa3 13 cemerictea SKTI [55, 99]. AHanornyHbie Xj10-
POGMIICBI3BIBAIONITE OSJIKM OOHAPYKEHBI M1 Y MHOTHX
pacTeHuii cemelicTBa KammycTHEIX (Brassicacea), a Takke
Y HEKOTOPBIX PACTEHUI U3 IPYrUX ceMeMcTB. X cuHTe3
VHIYLMPYETCs IIPY BOAHOM U TEIIOBOM cTpeccax [99].
TTockonbky 6enk WSCP kiacca Il cmocoOHBI M3BJIe-

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

KaTh XJIOpOoWUT U3 MEMOpaH TWIAKOUIOB, ObLIO BbI-
CKa3aHO MPEINoJIOKeHNE O TOM, YTO OHU MOTYT JAeii-
CTBOBaTh Kak ero IiepeHocumku [100]. Paccmarpusa-
JIach Takke BO3MOXKHOCTh yuactuss WSCP B cuHTe3e u
nerpagaumny xopoduiia [101]. Hakoner, HegaBHO OBbI-
JIO yCTaHOBJIEHO, uTo O6esIkii WSCP MoryT 00pa3oBbIBaTh
TeTpaMepHble KOMIUICKCHI, coaepXKallue MOJeKYJIbl
xnopoduiia. B cocraBe Taknmx KOMIUIEKCOB XJIOPOMUIIT
IprUOOpeTaeT YCTOMIMBOCTD K (poTOAETpagallii B IIpy-
CYTICTBUU peaKTUBHBIX ¢hopM Kuciaopona [102]. Ha oc-
HOBaHMU UMEIOIIMXCS JaHHBIX ObLTO BBICKA3aHO ITpe/l-
MOJIOKEHNE O TOM, YTO MHTMOUTOPhI MPOTEeMHA3 TUMA
BnD22 wi WSCP urparor y pacTeHuii IIpu cTpeccax u
CTapeHUU OBOSIKYIO posib. C OQHOI CTOPOHBI, OHU 3a-
IIMILAIOT OEJIKY OT MPEeXXASBPEMEHHOM Aerpagalum, a
C JAPYroil — MpensiTCTBYIOT pa3pylIEHUIO XJIopodusuia
[91, 92].

HMmeroTcs u apyrve naHHbIEe, CBUIETEbCTBYIO-
1IMe B MOJb3y TOTO, UYTO (PYHKLUUU WHTUOUTOPOB
MPOTEOIUTUYECKUX (DEPMEHTOB Y pacTeHMid mpu
cTpeccax He OrpaHMYMBAIOTCS TOJIBKO CIIOCOOHO-
CTbIO TIOJABJISITh aKTUBHOCTDb MpOTenHa3. Tak, ObLIO
MOKa3aHo, YTO IKCTPAKT M3 ceMsIH 60O0BOro pacrte-
Hust Adenanthera pavonina (L.) oka3pIBaeT CTaOWUJIN-
3upylolee AelicTBUEe Ha OeKu, TPeJoXpaHss UxX OT
neHarypauuu. [1pu aToM ObLIO YCTAHOBJIEHO, UTO aK-
TUBHBIM HAayaJIOM B 9KCTPaKTaX CJIy>KaT UHTMOUTOPbI
IpoTenHa3, oTHocsurecs K cemeiictey SKTI [103].
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PaznuaHble aOMOTUYECKNE CTPECCHl ¥ pacTeHUH
COMPOBOXIAIOTCS YBEJIMYEHUEM COJIep>XKaHUS peak-
TUBHBIX (popM Kuciopona, B ToMm yucie H,O,. Bro
MOXET MPUBOAUTh K MOBPEXICHUIO OEIKOB, UMK~
JIOB U JAPYTMX COEIVMHEHUU U, B KOHEUYHOM CYETe,
OBITb TIPUYMHOM OKMCIUTEIbHOro crpecca [104].
Baxnyrto ponb B HeliTpanmzaunu H,O, urpator dep-
MEHTBI aCKOpOAT-IIyTaTUOHOBOTO LIMKJIA, B TOM Y1 C-
JiIe MOHoAeruapoackopoar peaykrasa (KD 1.6.5.4) u
nmernapoackop6ar peaykrasa (Kd 1.8.5.1) [17].

Jlernapoackop0aT peayKTasa, BbIICJICHHAs U3 XJI0-
porutacToB wmmuHata (Spinacia oleracea 1..), 1 SKTI
WMEIOT TOMOJIOTUYHBIE N-KOHIIEBbIE aMHUHOKMWCIIOT-
HBIE TTOC/IeIoBaTeIbHOCTY. Bosiee Toro, B OKMCIeHHOM
(mucynbdunHoil) dopMe OeOK 001amaeT aKTUBHO-
cThio mHruouropa tpuricuHa [105]. BeickaspiBaeTcs
TIPEATIONOKEHNE, YTO B BOCCTAHOBUTEJIBHOM Cpee
BHYTPH XJIOPOILJIACTOB O€JIOK MPUCYTCTBYET B TUOJIOBOIA
dopme 1 IeMCTBYeT KakK AeTUAPOAcKOpOAT pemyKTasa,
TOrjJa Kak B JAPYIMX 4acTsaX KJIIETKM OH HaxooUTCs B
OKMCJICHHOU ¢opMe U 00J1agaeT aKTUBHOCTBIO MHIU-
ouropa tpuricuHa [105]. Takue cBoiicTBa merumpoac-
KOpOaT peayKTa3bl M3 XJIOPOIUTACTOB IIIITMHATA HE STB-
JisieTcsl yHuKabHbIMU. M3BeCTHEI elile ABa 6eika, 00-
JIajarolire akTUBHOCTBIO IeTUAPOACKOPOAT peayKTa3bl
W MOHOIETUIPOACKOPOAT peayKTas3hl 1 OMHOBPEMEHHO
JIEUCTBYIOIIME, KAK MHTUOUTOPHI IMPOTEMHA3. DTO CIo-
paMuH 13 KopHeii 6arata (Ipomoea batatas (L.) Lam.) u
MUOCKOPWH, 3amacHOil OeloK M3 KIyOHeil smca
(Dioscorea batatas Decne) [106, 107]. U3 MmutoxoHapuii
3TUOJIMPOBAHHBIX MPOpPOCTKOB Matua (Vigna radiata L.
(Wilczek)) 611 BBIIEIEH OCJIKOBBII KOMILIEKC C aKTHUB-
HOCTBIO MHTMOUTOpPA TPUIICMHA U IETUAPOacKopOaT pe-
nykTasbl. UMelolluecst JaHHble MPUBEIN K 3aKIoue-
HUIO, YTO 00€ 3TH aKTUBHOCTH TIPMHAUTIEKAT OTHOMY U
TOMY 3Ke O6enky [108].

ITpuBeaeHHBIE BBIIIEC TAHHBIE TTO3BOJISIIOT CEIATh
3aKJIIOYEHNE, YTO WHIUOUTOPBI TPOTEOTUTUUECKUX
(bepMEeHTOB UTPalOT aKTUBHYIO POJIb B 3alllUTE pacTe-
HUI OT HEOIArOMPUSITHBIX BO3AEUCTBUI BHEIITHEN Cpe-
Jibl. O0 5TOM CBUIIETEILCTBYET YCUJIEHHAST 9KCITPECCUST
WHIMOMTOPOB CEPUHOBBIX U LIMCTEMHOBBIX MPOTEVMHA3
TIPY Pa3IMIHBIX CTPECCAX AOMOTUYECKOTO XapaKTepa —
HeloCcTaTKe BOJbl, U30BITKE COJIU, SKCTPEMATIbHBIX
TemIieparypax u ap. (tabdi. 1 u 2). Takoe 3aKmodyeHue
MOJTBEPXKIAETCS U Pe3yJIbTaTaMU OITBITOB C TPAHCTE€H-
HBIMU PACTeHUSIMU, COJAEPXKAIIIMMM TeHbl MHTUOUTO-
poB nporenHas [66, 67, 71, 74]. AGMOTUYECKIE CTPEC-
Chbl, B CBOIO OYe€peab, MOTYT WHAYLIMPOBAaTh MPOILIECC
CTapeHUsI pacTUTEIbHBIX TKaHeil [78, 79]. Xapakrep-
HOM 4EPTOM IPOLIECCA CTAPECHUS SBJISIETCS YCKOPEHHAs
Jerpananusi OeMKOB U IPYTUX BBICOKOMOJEKYIISIPHBIX
COEIUHEHWI B CTapeloluX M OTMHUPAIOIIUX YacTsIX
pacTeHUi U MEpPeHOC MPOAYKTOB paciajia B MOJIOAbIE
pacTyiye TKaHU U perpoayKTUBHBIE opraHbl [78, 79,
81]. deiicTBysl Ha aKTUBHOCTb POTEOJIMTUYECKUX (pep-
MEHTOB, UHTMOWUTOPBI MOTYT KOHTPOJIMPOBATh OOIILYIO
CKOpOCTh Tpollecca CTapeHusl, odbecrieurBasi TeM ca-
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MBbIM YCITELIIHOE 3aBeplleHNe SKU3HEHHOTO LI1KJIa Y MO-
HOKapIMYeCKUX pacTeHU W cos3daBasi yCIOBUS ISt
JAJTbHEUIIIETO POCTa W Pa3BUTHUSI MHOTOJICTHUX pacTe-
HUM TIpY JIMKBUIALIMKA HEOJIATONPUSITHBIX BHEITHUX
ycyoBuii [91, 92, 109].

B cooTeeTcTBUM C UMEIOIIMMUCS JTaHHBIMU B JIerpa-
JTAlIMM KJIETOUHBIX OEJIKOB B YCIOBUSIX CTpecca U MpU
CTapeHUM OCHOBHAsl POJIb MPUHAMIEXKUT LUCTEUHO-
BbIM MPOTEMHA3aM BaKyOJISIPHOTO MPOUCXOXKIEHMS
[28—30, 87, 96—98, 110]. OnHako npy HEOIATOIPUSIT-
HBIX BHELITHUX YCJIOBUSIX HAOII0AAEeTCSl yCUJIEHHAsT 3KC-
npeccusi MHTIMOMTOPOB KaK 1IUCTEMHOBBIX, TAK U CEPU-
HOBBIX MpoTenHa3 (Tabir. 1). DTo MOXeT ObITh CBSI3aHO
C TOU aKTUBHOM POJIbIO, KOTOPYIO CEPUHOBBIE TTPOTEU-
Hasbl UTPAIOT Yy PACTEHUI HE TOJIBKO B 00IlIEM OOMEHE
OEJIKOB, HO M B PETyJISILMU 1I€JIOTO psifia BaXKHBIX (DU-
31OJIOTMYECKUX MPOLIECCOB, CBI3aHHBIX C MOpOreHe-
30M U pasButueMm [24, 111, 112]. Cnemyer Takke UMETb
B BUTY, YTO (PYHKIIMU O€JIKOB, MTHTUOUTOPOB MPOTEOJIH -
TUYECKUX (PePMEHTOB, Y PACTEHUI MOTYT ObITb ILIUPE U
HE OrpaHUYMBATLCS UX YUaCTUEM B PETYJISILIMA TTPOTEO-
Jutndeckux rpoieccos [103, 105—108].
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Abstract— Data on the role of proteolytic enzyme inhibitors in plant adaptation to various unfavorable envi-
ronmental abiotic factors—water deficiency, salinization of soil, extreme temperatures, etc.—and also prob-
able functions of proteinases inhibitors in natural plant senescense are considered.
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IMpoananuzupoBaHbl 1 OOOOIIEHBI TAHHBIE JIMTEPATYPhI IO BIUSHUIO KOMILIEKCOOOPa3YIOIIEro CoeIMHe -
HuUs sTWIIeHAamuHTeTpaaterara (BDITA) Ha OKpyKalOIILYIO CPEIy, a TAKXKE SKOJOTMYEeCKUE PUCKU B CBSI3U
c ero npuMeHeHueM. CUCTEMaTU3MPOBAHBI CITOCOOBI A0MOTUYECKOTO U OroTUYecKoro pasnoxeHust D TA.
Oco0oe BHUMaHUe YAeJeHO MUKPOOMOJIOTrMUEeCKOM Aerpagaiy 3Toro coenuHeHus. [lpencraBiaeHbl 1aH-
HbIe O TpaHCTOPTe U TyTsAX MeTaboau3ma DA TA y aapoOHbIX 6akTepuii. O0CyKaarTcs TPaKTUYECKUE ac-
MEKThI UCIIOJb30BaHMs adPOOHBIX OaKTepuii-a1ecTpyKTopoB D TA B 3KOOMOTEXHOIOTHH.

IIpoGnema pazyioxkeHUsSI IIEPCUCTEHTHBIX M OITac-
HBIX COCAVMHEHU, KOTOpbIe HAKAIUIUBAIOTCS B OKpY-
JKalolleil cpeae BCJISACTBUE MHTEHCUBHOIO ITPOMBIIII-
JIEHHOTO MpPOM3BOACTBA M TNPHUMEHEHMS, aKTyaJIbHa.
OpraHuyeckue COeIMHEHUs] TPYIIlbl aMUHOMIOJIMKapP-
60oHO0BBIX KUCIOT (AITK), K KoTopbiM oTHOCUTCSI DJITA,
COCOOHBI 00pPa30BBIBaTh CTAOMJIbHBIE KOMIUIEKCHI C
OOJIBIIMHCTBOM MOHOB METAJIJIOB B BOJHBIX pacTBOpax
[1]. AHroH DATA* conepxut 10 aKTMBHBIX LICHTPOB,
CMOCOOHBIX OCYILIECTB/ISITh KOOPAMHALIMIO JIMTaHIa
MOHAMU METAJUIOB: 2 aTOMa a30Ta 1 8 aTOMOB KHCJIOPO-
na (puc. 1). B tBepnoii haze B KauecTBe JOHOPHBIX aTO-
MOB MOTYT BBICTYTaTh Bce 10 ieHTpoB. OmHaKo reoMeT-
p¥isi TUTaHIa TaKoBa, YTO C OOJHUM aTOMOM MeTajula OH
MOXET 00pa30BbIBaTh He OoJjiee 6 CBs3eil: 2 ¢ aToMaMu
azora U 4 ¢ aroMaMu KMCJIOPOJIa Pa3HbIX alleTaTHBIX
¢dparmenToB D/ITA, 94TO COOTBETCTBYET IeKCalACHTAT-
HOMY TUITy JaHHOTO KoMIuiekcoHa. I1pu aTom oOpazy-
eTcs 5 MATUWIEHHBIX METAIOLIUKIIOB: OUH STUJICH-
nraMyuHHBIA (E-1mKin) 1 yetbipe raMuuHaTHBIX (Gly-
kb)) (puc. 1). Takoe coueTaHre JOHOPHBIX LIEHTPOB
nemaer DJTA ompamM M3 Hamboiee 3PPEKTUBHBIX
XeJIaTOB, TPUMEHSIEMBIX B Pa3JIMYHBIX O0JIACTSIX COBpe-
MEHHBIX TEXHOJIOTUM, AaHAJTUTUYECKON XMMHWU U MEI~
LHBL.

VuusepcanpHOCcTh aAeiictBuss DJITA cBsizaHa B
MepBYIO o4yepelb ¢ XejaaroaddekToMm [2], Ipu KOTO-
POM OTJIMYUTEbHBIM CBOWCTBOM XeJlaTa SIBJISIETCS
LIUKJIMYHOCTb, OOYCJIOBJIEHHAsl HAJIMYMEM HECKOJIb-
KMX JOHOPHBIX TPYIIM, BCIAEACTBUE YEro JUraHj 3a-
HUMaeT HECKOJbKO KOOPAMHAIMOHHBIX MECT BO
BHYTpeHHeN cdepe KoMmIuiekca. Kpome crmocobHO-
CTU K (hOPMUPOBAHUIO XEJIATHBIX LIUKJIOB, JJISI MOJIe-
Kynbl DJITA xapakTepHa ITOBBIIIEHHAS JJA0UJIBHOCTh
KaK BO B3aMMHOM pPacloOJOXEHUU STUJIEHIUaMUH-
HOTO 1 TJIMLIMHATHOTO (pparMeHTOB, TaK 1 B KOH(POpP-
MallMy KaXI0TO U3 HUX B OTAEIbHOCTH.

Jlpyroit uHTepecHOi 0co0eHHOCThIO DA TA saBIsI-
eTCs BO3MOXHOCTb BapbUPOBAaHUSI OTHOCHUTEIbHBIX

PACCTOSIHUM METaJI—KMCJIOPOA, M METaUI—a30T B
KOMIIJIEKCax ¢ MeTajjlaMu pa3Hoil mpuponsl [3]. B
3aBUCUMMOCTH OT MeTajljla U3MEHSIETCSI CLIOCOOHOCTh
NpenMyIIeCTBEHHO KoopamHupoBaTbcsd ¢ O- m N-
aToMaMM, KOTOpbIE€ CJYKaT HENOCPEICTBEHHLIMU
JOHOpaM1 B OOJBIIMHCTBE KOMILIEKCOB. KaTHOHBI
TPEXBAJICHTHBIX METAJLUIOB O0OO0pa3ylOT KOMILIEKCHI
npu pH 2—3, TsKenple IByXBaJIEHTHBIE METaJIJIbI ITPU
pH > 3—4, Torma Kak IeJIOYHO3eMeJIbHBIE — MIpU
pH>7[4].

BaxxHolt XxapaKTepuCTUKOUN KOMIUIEKCOB SIBJISIETCS
KOHCTaHTa ctabuiabHoCcTH K, mpencrassitoniasi coooi
KOHCTaHTY paBHOBECUSI peakiluu 0O0pa3oBaHUSI KOM-
miekca wmeraa (Me) c¢ jgurangom (L): K =
=[MeL]/[Me] - [L]. KoHcTaHTbl cTAOMIBHOCTH IJISI
pasmmuHbIX KoMmiuiekcoB MeEDTA pasmyatotcs |5, 6],
HarvMeHblllee 3Ha4eHUWE KOHCTAaHThl CTaOMJIbHOCTHU
onpeneneHo a1 Ba-EDTA, a nHauOosbliee — s
Fe(IID)-EDTA.

ITepBbie ymnomuHaHus1 o cuHTe3e DI TA cBsI3aHbI C
nMeHeM d. MioHIIa, KOTOPBI, MBITASICh CO3aTh 3a-
MEHUTEJIh JIMMOHHOM KHWCJIOTHI, cuHTe3npoBan D/ITA
U3 3TWJICHIMaMUHa, 00pabaThIBasi €ro XJIOPYKCYCHOMU
KMCJIOTOW U TUAPOOKKMCHIO HaTpus [7]. OaHaKo Mpo-
MBIIIIJIEHHOE TIpon3BoAcTBO DI TA ObI10 HauaTo He-
meukoit ¢upmoii “I.G. Farbenindustrie” auiip K
1940 . B nanbHeiileM METOAbI TTOJYYeHUsI KOMITJIEK-
COHOB COBEPILIEHCTBOBAIMCH B CBSI3U C IMHPOKUM
MPaKTUYECKUM MCIIOJb30BaHUEM.

B nacrosiee Bpemst DJITA cuHTE3UPYIOT U3 3TU-
JIeHIuaMuHa, GopManpaeruaa M IMaHuAa HaTpUs
noa HauboJiee U3BECTHBIMU TOPTrOBBIMU Ha3BaHMSI-
MU: TpUJIOH b, BepceH, smeTat, TUTPHUILIEKC, KOM-
mekcoH I u xenaroH. CrieKTp NpoOM3BOJIMMBIX KOM-
miekcoHoB, Bkmoudas DJITA, HacuuThiBaeT OoJjiee
200 HanmeHoBaHuii. CymMMapHOE€ MHPOBOE ITPOM3-
BoucTBo D/ATA B 2000 . mocTurio 2 x 103 T, mpu 310M
70—80% motpednerHoro DATA mocTymaeT B OKpy-
XKarolyto cpeny [8—10].
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Puc. 1. Crpykrypa B/ITA u ero Komruiekca ¢ Metajiamu [29].

PazButue (dyHOaMEHTaTbHBIX WCCAEAOBAHUN XU-
MUU KOMIUIEKCOHOB CITOCOOCTBOBAJIO PACIIMPEHUIO
chep ux nmpuMeHeHusl. B OCHOBHOM 3TO OTHOCHUTCSI K
MCIOJIb30BAaHUIO KOMIUIEKCOHOB JIJIsI ITPEA0OTBPaILiCHUS
o0pa3zoBaHUsI OCAIKOB METAJUIOB, YCTPaHEHUSI MOHOB
METaJUIOB, KaTaJU3UPYIOIIMX HEXeJIaTeJbHYI0 peak-
110 (CMsITYEHUE BOJbI, yOaJdeHUEe HAKWUIIW), WIM Ha-
00opoT, genas nx 6onee JOCTYITHBIMU IyTeM yaepsKa-
HUS B pacTBope (YOIOOpEeHUSI B CEJICKOM XO3SICTBE).
Kpome Toro, KOMITIEKCHBIE COeIMHEHMS IIIMPOKO ITPH-
MEHSIIOTCSI B TEKCTJIbHOM, He(hTera3oBoii, (papMarieB-
TUYECKOM, KOCMETAUYECKOM U MUILEBOM MPOMBIIIIJICH-
HOCTH IS IpeIOoTBpalleHs TpaHchOopMallii MHIpe-
JUEHTOB U MX IIPOTOPKAHUS BCJICACTBUE CIIOHTAHHO
MIPOUCXOISIINX OKUCIUTENbHBIX peaklnii, a TaKXKe B
¢otorpacuu, rme FeNH,-BITA wucnons3yoT Kak
OKWCJISTIOIINI areHT it cepedpa [11—13].

TpaguIMOHHO, B MEXaHMYECKUX Mpoleccax M3-
MeJbYeHUST NPEeBECUHBI XeJaThl T00aBJISIOT 10 CTa-
N CTYILLICHUS. 3aTCM METaJIJIbI U3 XCJIaTOB yAaJIAIOT
Ha cTaguu OO0E3BOXMBAHUS, IIPU 3TOM OOIAsi KOH-
LICHTpALIMsI MOHOB B ITyJIbII€ 3HAYMTEJBHO CHUKAET-
ca. ITockonbKy TpeboBaHUS K Oenn3He OyMaru BO3-
pacTaiot, goOaBJIeHHE XeJlaTOB Ha pa3HbIX 3Tarax
TEXHOJIOTUYECKOTO MPOIIeCcCa MOBBIIIAET CTEIIEHb OT-
oemmBanwus (http://www.versene.com).

Oo6HapyxeHo, uTo npucyrcteue DJ1TA Bo dpak-
LIMM OYUILEHHBIX CTOUHBIX BOJ LIEJUTIOJIO3HO-OyMaxK-
HOTO MPOM3BOJICTBA CTUMYJIUPOBAJIO POCT BOJIOPOC-
neit Ha 20—40%, BO3MOXHO, M3-3a TOBBILIEHUS 10-
CTYITHOCTU HEOOXOIMMBIX METa/UIOB, KakK Xeje3o0,
ouHK 1 Menb [14]. CnocoOHOCTh TaKMX MPOMBIIII-
JIEHHBIX CTOKOB MOAAEPXHBaThb POCT BOAOPOCIEH
ObLIa cCpaBHUMaA ¢ OOratoif MUTaTeIbHOW Cpemoit s
MOpCKUX Bopopociei. CrenoBaTelbHO, TPUCYT-
CTBHUE TUIOXO JeTpagupyeMoro xejaTa, BbI3bIBaOIIIE-
r'o YBEJIMUYCHUE JOCTYIMTHOCTU METAJLJIOB, MOXKET YCKO-
PSITh BBTPO(UKALIMIO BOAOEMOB, IlIe KOHLICHTPALIUS
OATA u austuneHtpuamuHneHTtaanerarta (JATIIA)
pocturana 10—60 mr/x [15].

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

ITpu ynaneHun paauoHyKIUAOB U TTPOIYKTOB KOP-
PO3UH U3 OXJIAKAAIOIINX CUCTEM SIIEPHBIX PeaKTOPOB
MUCIIOJIL3YIOT IIMPOKUIA CHOEKTp peakuuii, Mpuyem
00b1yHO npumeHsiioT DATA, JITTIA, MMKOJIMHOBYIO U
JIMMOHHYIO KUCJIOThI ISl 0Opa3oBaHUSI KOMILJIEKCOB.
Takue KoMIIEKCHI ¢ paTMOHYKIIMAAMM 3aTeM 00pada-
THIBaIOT MOHOOOMEHHBIMU cMoJIaMu. [ToyyeHHbIe OT-
XOIBI YIUTOTHSTIOT ¥ IMKBUAMPYIOT [ 16—19].

DATA mmMpOKO MCHONB3YeTCSI B MEIWIIMHE KakK
dapmalieBTUYECKUI areHT ¢ MO YyHKIIMOHAILHBIMU
cBoiictBamMu. OH IPUMEHSICTCS [IJIs1 BEIBEACHUS SIIOB 1
TSDKEJIBIX METAJJIOB 3 OpraH13Ma YeJIOBEeKa, KaK aHTH -
KOAryJIsIHT B KPOBH JIJIsT JTAOOPATOPHBIX MCCIICIOBAHUIA
[20], xpome ToTrO, 3hPHEKTUBEH ITPU COCYAUCTBIX HAPY-
IIeHUSX (TUIIepKalbleMHUsI), TMPeIoTBpallacT aTepo-
CKJIEPO3 U ApPYTUe XpoHUUYecKue 3aboeBaHus [21—-23].
KimmHnaeckyie UCIbITAHNS OKA3aJIM CHIKEHME YPOB-
HSI XOJIECTEpUHA 1 KPOBSTHOTO AABJIEHUS B XOJIE Opalb-
HOTro TIpMMEHEHUS TIpernapartoB, coaepxammx D TA
[24]. Pa3paboTaHbl MeTOMIbI BbIBSACHUSI PAgOAKTUB-
HBIX U30TOIOB C TIOMOIIBIO KOMITIEKCOHOB. OTMe4daeT-
csl pe3Koe BO3pacTaHME MHTepeca K MCCICIOBAHUIO
KOMITJIEKCOHOB PaJIMOAKTUBHBIX METAJUIOB (TEXHEIINSI-
99) misa muarHoctrku. 1o manueiM BO3, exxenHeBHOE
notpebiaeHre DJITA B KOHLIEHTpauuMu 2.5 MI/KT He
OKa3bIBaeT TOKCUYHOIO ACUCTBUSI Ha JIIOACI, OMHAKO
HEOOXOAMMBI TOMOJIHUTEIbHbIE 1 00Jiee IINTETbHbIC
WCCIIeIOBAHUSI €TO 6E€30MaCHOCTH.

Hzyuero pnusitaue DA TA Ha kinetku Salmonella en-
ferica ipy BbIpalMBaHuU B nipucyrctun Ca’t wim
Mg?t. DIITA okasblBajl BIUSIHAE HA BHELIHIO MEM-
OpaHy akTMBHEE B Hauajle, HeXeIu B cepeauHe WU
KOHIIe 9KCMOHEHIIMaIbHOM a3kl pocta [25]. Jlecradu-
ymsupyrommii apdekr DJTA Ha KIeTodHbIE CTEHKU
rpaMOTPULIATEIbHBIX OaKTEPUI XOPOIIO W3BECTEH.
OATA ypansseT KaTMOHHBIE MOCTMKUA B KJIICTOYHBIX
CTEHKAxX OaKTepWii, Iie KOHLICHTPUPYIOTCS KATHOHBI
MarHus v KajabLiyst. [Tpyr 3TOM KJIeTKM CTaHOBSITCS OoJiee
YYBCTBUTEIBHBIMU K aHTUMUKPOOHBIM areHTaM [26].

Yposuu D]JITA B okpyxKaromeii cpene. [ToBcemecT-
HO€ MCMOJb30BaHUE U YCTOMYUBOCTh K OMoerpaaa-
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LIMU TIPUBOIAT K HAKOIUIEHUIO X€JIaTHBIX areHTOB B
okpyxaroueit cpeae. B 1997 . MmupoBbie mpoaaxku
B TA B EBpornie cocraBmym 32550 1, a B 2000 . ux mic-
noss3oBanme gocturaimo 200000 T [27]. IIpumeuga-
TEJIbHO, YTO CpPEeIu aHTPOMOTCHHBIX COCAUHEHMIA
BJITA npucyTCTBYeT B BoJoeMax B CAaMO BBICOKOM
KoHueHTpauuu [12]. DJITA oO0HapyKeH B IPYHTOBBIX
1 B CTOYHBIX Bojax [28]. Apyroii xeaaT, HUTPUJIOTPHU-
anerat (HTA), impoko pacrnpocTpaHeH B TPYHTOBBIX
Bomax [29].

Konuentpamust DATA B pekax AHIVIMY TOCTUTajla
1 1/, TOrma Kak B ApYrux €BpoIeicKux pekax cocTaB-
nsina gecsatky MKT/i [30]. HecMoTpst Ha mmpokoe uc-
noJib3oBaHue, HakoruieHne HTA B Bonoemax KaHambl
He BBIIBIICHO. B mprOpeXXHBIX Bogax ATIAHTUKUA U
Tuxoro okeaHa u B obpasiax M3 nopra B lanudpakce
OJITA He oOHapyXHBadu B TEUEHUE IBYX JET IOC/e
MEPBOTO UCMOJIb30BaHUSI B MOIOIINX CPEACTBAX, TOTa
Kak B pekax Iepmanun u llBeitapun comepxkaHue
OATA npessiiiano 100 Mr/a. B TOHHBIX OTJIOXEHUSIX
ceBepHOM YacTu o3epa Pudenc ooHapyxen D/TA B
KoHueHTpaunu 60—170 mr/n [31], a B JOHHBIX Ooca-
Kax I0KHOI 4acTu 3TOro o3epa KoHueHTpaus DA TA
coctapisia 80—310 mr/n. CTonb BBICOKHE KOHIIEH-
Tpalli OOBSICHSIIOTCS COpOCAMM CTOYHBIX BOJ, 1IEJI-
JIF0JI03HO-0yMaskHBIX 3aBoaoB IlIBeiinapuu, KoTopbie
ncnonb3yloT D TA u ATIIA B TeXHOIOTMYECKMX IIPO-
neccax [12]. CnemoBarenmbHO, KOMIUIEKCOHBI MOTYT
MOTEHLIMAJIBHO aAcOpOMPOBaTh TSKEble METAJLIbI U3
JIOHHBIX OTJIOXKEHUHN pPeK U APYIuX BOAOEMOB B ecTe-
CTBEHHBIX ycIoBUSIX [6, 31]. B dounabsrpare Boobl ¢ mo-
BEPXHOCTU peku Pyp oOHapyKeHBI TOBOJBHO BbHICO-
kue KoHleHTpaiu DJITA (25 mr/m). B Takux >ke KOH-
neHTpauusix Becrpedaercs D TA u B HeoOpaboTaHHOK
BOJIE, TTOCKOJIbKY 3TO COSAMHEHUE HEe yIalsIeTcsl B XO-
ne pusrpanmu [6]. Xotss DA TA He TOKCHYESH TS XK1 -
BOTHBIX U JIIOJIEN B CTOJIb BBICOKUX KOHILIEHTPALIUSX,
€ro HakoIUJIEHWE B TPYHTOBBIX BOJAAaX MPUBOIMUT K
YXYAIIEHUIO KauecTBa MUTheBOW BOJBI, TaK KakK CITO-
COOCTBYeT TMepexoly B pPacTBOPEHHOE COCTOSIHUE
HWOHOB TSKEJIbIX U TOKCUYHBIX MeTa/ioB. Kpome Toro,
HeJIb3s1 UCKJII0YaTh, UTO 3TO COCAMHEHUE MOXKET af-
COpOMpOBaTh TSKEble METalIbl B TpyOOmpoBoAax,
o0pa3yst pacTBOPUMBIE B BOJE KOMIUIEKCHI. AHaIN3
npo0, B3SITBIX U3 OYMCTHBIX coopyxkeHuii IlIBeiia-
puu, nmokKasaj, 4To cpeaHue KoHueHTpauuu DATA B
HeoOpabOTaHHBIX CTOYHBIX BOJIaX BAPhUPOBAIA B ITpe-
nenax 10—500 mr/n. OgHako ypoBHu B TA 1o u mo-
cJie OYUCTKU 3TUX CTOUHBIX BOJ CYIIECTBEHHO HE OT-
Jauyanuch. M3 aTOro ciemyet, yro OoJjbliiasi 4acTh
OTA He ypansiiach U3 CTOYHBIX BOJI, B TIPOLIECCE MX
ounctku |28, 32].

DKojlorn4ecKre pucKM npuMeHeHns xeaaros. Mo-
HUTOPUHT OKPYXKaIOIIel CpeIbl BLISIBUJI HAKOIUICHUE
BATA, 1IoCKOJIBKY OMomerpagausl 3TOTO COeIMHE-
HUSI B OUMCTHBIX COOPYKEHUSIX Majloa(ddeKTUBHA, a
B IIpUpOJe OOHAPYKEH TOJBKO OIUH 3HAYUMBbII ITYyTh
nerpaganuu D TA — poToxumMmyeckoe pas3IoxXeHue
komruiekca Fe(I11)-O/1TA Ha ToBepXHOCTHU BOABI MO/,

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA

KATTAPYJIUIMHA u np.

BosaelictBueM Y@-nydeii. K riaBHbIM mpobGieMam,
00Cy>X1aeMbIM B CBSI3M ¢ pUCKOM HakoruieHust AITK
B OKpY:Kalollleil cpefe, OTHOCST: TOKCUIECKOe Aeii-
CTBHME Ha MJICKOIIMTAOIIMX, BKJIA a30Ta B 9BTpOodu-
KallMIO BOJOEMOB U UMMOOWJIM3ALINIO METAJLJIOB.

Tokcnunocts HTA m3ydyenHa Ha 50 pa3zHOBMOIHO-
CTSIX MPECHOBOJIHBIX U MOPCKUX OPraHU3MOB, 3 heK-
Tl HAOJIIOOAIN JIMIIB B TEX CIIydasX, Korga KOHIIEH-
tpauu HTA, ncnonb3yeMble B TecTax, ObIJTM PaBHBI
WIN MPEBBILIAIM KOHLIEHTPAllM NOHOB JIBYXBaJICHT-
HBIX MeTa/uIoB [33]. AHamormyHo, Komiuiekcel D TA
u JATTIA ¢ MeTajmaMu XapaKTepHU30BaJIMCh TOKCHUYE-
CKUM 3(p(PeKTOM IO OTHOIIEHHUIO K BOAHBIM OpraHU3-
maM [34]. ITokazaHo, uro D/ TA HapyIIaeT KIeTOIYHOE
JieJieHne, CUHTEe3 XJIopodwia U HaKoIUIeHWe OHo-
macchbl Bogopocieil. MTHTepeCHO OTMETUTD, UTO Ta XKe
KoHHeHTpauus xenatoB D/ITA ¢ MUKposIeMEeHTaMU
HEe OKa3bIBajla TOKCUYHOIO JEHACTBUS HAa BOOOPOCIIU.
ITokazaHo TakxKe, 4YTO MaclITaOHOe MNPUMEHEHUE
BATA wmu HTA (oba comepkaT a30T) MOXET yBEJIU-
9UTh 3BTPODUKALIMIO BOJIOEMOB, HO CYIIIECTBEHHOTO
BKJIaJia B 9TOT Mpoliecc He ooHapyxeHo [11].

LIUTOTOKCMYHOCTh XeJaTOB BO3HUKAET Yallle BCETO
Ha (poHe HeoCcTaTKa METaJJIOB, HEOOXOAMMBIX ISl pa3-
JIMYHBIX KJIETOYHbIX (pyHKIM. [TokazaHo neTanibHOE
BozneiictBue OJTA B HUBKUX KOHIIEHTPALUSIX
(<100 MxM) Ha KneTku nouek Kpbic [34]. Kpome Toro,
MOJABJISICS CUHTE3 Oelka M3-3a 00pa30BaHUs KOM-
TUIEKCOB 1IMHKAa M MapraHiia B KJIETKaxX MEeYEHU KpbIC
niocite BBeneHus Ca*t-BJITA. DJTA oka3bIBal TAKXKE
HeOJIaronpuysiTHOE BO3IEUCTBUME Ha Pa3sMHOXEHUE U
pa3BUTHE MJICKOIMTAIOIINX, HO ObLT Oe30raceH Ipu
Hapy>kKHOM NMPUMEHEHUMU, TTOITOMY aKTUBHO UCTIOJIb3Y-
€TCSI B KOCMETUYECKOM MPOMBILIJICHHOCTH [35].

YcranoneHo, yto nmpu pH 7—8 TsoKenble TOKCHY-
Hble Metauibl (Pb?* wm Cd?*) copbupyroTcs Ha 4acTu-
nax, a komruiekc Fe(I11)-B1TA, npucyTcTBYIOIINIA BO
MHOTHX peKaxX, MOXKET IOBTOPHO MOOMJI30BaTh aJICOP-
onpyeMbie TsoKelble MeTayibl. C Opyroil CTOpOHBI, B
BOJIOHOCHBIX ciosix ¢ pH < 7 nByxBajieHTHble Me-
OTA xomruiekcol Oyayt pearuposatb ¢ Fe(OH);, uto
cnocooctByeT ¢opmupoBanuio Fe(II)-OJTA xom-
miekcoB. MTak, IOSIBIeHME 3aMETHBIX KOJIMYECTB
OTA u npyrux KOMIUIEKCOHOB B OKpYKalollleil cpene
CO3MIaeT CEPhe3HbIC IKOIOTUIECKIE ITPOOJIEMBI, ITO3TO-
MY aKTyaJIeH ITOMCK HOBBIX 3((PEKTUBHBIX IIITAMMOB—
nectpykropoB DJITA nmis pa3paboOTKM COBPEMEHHBIX
TEXHOJIOTHIA OHMopeMenualy 3KOCUCTEM M OYMUCTKU
TMIPOMBIIILIEHHBIX CTOKOB.

Vnanenne paznnuabix AITK n3 okpyxaromiei cpe-
JIbl OCHOBAHO Ha pa3JIMYHBIX A0MOTUYECKUX, a TAKKE
OMOTHYECKUX IIPOlIeccax, KOTOPhIC UTPAIOT TJIABHYIO
pOJIb B MX IecTpyKuuu. HecMoTpst Ha XuMudeckoe 1
cTpykTypHoe cxoiacTBo AITK, MexaHM3MBI, OTBET-
CTBEHHBIEC 3a UX Aerpagaluio, CleayeT paccMaTpu-
BaTh OTIEJBHO IS KaXKI0ro coeauHeHus [6].

Aonornyeckue Meroabl pasiioxkenus AIIK. B mpu-
ponHbix ycyoBusx DITA, kak u apyrue AIIK, moryr
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MOIBEPTaThbcsl  (PU3MKO-XUMUYECKOMY  Pa3IOXEHUIO
riox, aeiictBueM Y@ (poTonms) B auarmasoHe CIIEKTpa
W3JTy4eHUsI COJTHEUHOTo cBeTa He Bbie 400 HM [36].
IlokazaHo, uyro TonbKo Komiuieke Fe(I1I)-BATA pas-
pylaeTcst 1o AeCTBUEM COJTHEYHOI'O CBETa C Tepro-
oM Tonypacnana 11.3 MuH, Torma Kak KOMILIEKCHI
BDATA ¢ Mg*, Ca**, Ni**, Cu**, Zn**, Cd** u Hg?* He
nonaBepraroTcs ¢oronusy. B madoparopHBIX yCIIOBHSIX
komiuiekcbl Mn(II)-OATA u Co(I)-BDATA Takxke
rnoaBepraiTcsl (oToNMU3y, HO pa3pylleHUe HE3HAUYU-
teasHO [37, 38]. ®@oronus apyroro xenata — JATTIA,
poucxoauT ObIcTpee, 1o cpaBHeHMIO ¢ OJITA [39].
BrisiBiiena gerpanauus D/TA o neiictBueM YO-y-
Yyeil B IMara3oHe, KOTOPHIN Yallle BCEro MCIOIb3yeTCsI
JIJ1T O4MCTKU OT pagroakTuBHocTH (0.6—30 1/1 DIATA,
pH 10) u saaepHbIx oTx0m0B (1.5 r/J1 IMMOHHO KUCIIO-
bl +2.5—5 /1 B/ITA). I[lokazaHo, 4yTO (hOoTOXUMUYE-
ckas perpananyst S TA (1—7 r/1) Bo3MoXKHA B IIIEI0Y-
HbIX yeiaousx mpu pH 10, a taxcke ipu pH 3.3—3.6 [40].

B onbITax ¢ pasMYHbIMY BUAAMU U3JTydeHMsI TTOKa-
3aHO, YTO IIPU UCIIOJIb30BAaHINY KCEHOHOBBIX JIAMII YPO-
BeHb Aerpamanyy DI TA Ha enquHUITy CBETOBOTO M3JTy-
YEHUs BBIIIE, T10 CPAaBHEHUIO C PTYTHBIMU JIaMIIaMMU.
[MonoxutebHBINA pe3yabraT ObUI JOCTUTHYT MHPU H0-
6asnenun H,O,: BpeMmst paznoxenusi DA TA mon neii-
ctBueM Y@ cokpartianock ¢ 80 1o 5 muH [40]. B xone
dotokataniutrueckoit nerpanaiuu S TA ¢ TiO, uaeH-
TU(PULIMPOBAHEI MHTEPMEINAThI, TaKle KaK IIIMOKCU-
JIaT, TJIMKOJIeBasi KUCIOTa, STWISHINAMUH, UMUHOIM-
aleTar, IJIMIYH, YTO IMO3BOJIJIO MPEII0XKUTD IMyTh ITpe-
BpamieHusi DATA [41]. Kpome Toro, BbIsIBJIeHA
He3HauuTenbHas ancopoumst DJITA Ha TyMHMHOBBIX
KMUCJIOTaxX, KBaplle, KaoJWHEe, PEYHBbIX OTIOXEHMSIX,
TBEPIBIX YACTULIAX IIEPETHOS M HAa YaCTULAX aKTUBHOTO
nina [36]. M3-3a oTpUIIATETbHOTO 3apsiga KOMIUIEKCOB
Me-DITA B mmanazone pH 5.0—8.0 ux copOumst Bo3-
MOXHA TOJIBKO Ha TBEPIBIX ITOJOXUTEIBLHO 3apsDKeH-
HBIX YacTUILaX, TaKWX KakK: TMIPOOKWCh AIIOMMHMSI,
ruapookuchk xesesa (111) m okucs mapranma (111, IV) [6].

Paznoxenne 1 MM BDJITA B xome 030HUPOBAHUS
(10 Mr/mMuH/n) 3aBUCETIO OT YpoBHsI 030Ha [42]. Tlpu
pH 3.0 mony4eH psin mpoayKTOB Ierpagaiii, TAKMX KaK
stinreHgnamMuaTpuaterar, UJA, HTA, mmokcunar,
¢dopMUaT, OKCaJIMHOBAasl KUCJIOTa, INIMLIWMH, aMMOHUA,
Hutpar u nepekuch. [Tpu pH 7.0 oGHapyXeHbI Te XKe
MIPOOYKTHI, 32 MCKIIOYEHMEM IIepeKncru M (opmuara
[43]. B xonme TepMudyeckoi Aerpamalni KOMILUICKCOB
BJITA ¢ MeTa/uIaMU B IIEIOYHBIX YCJIOBUSIX Tipu 250°C
OCHOBHBIMM TipomyKtamu Obuir UJIA, rugpokcuaTu-
JIMMUHOIMALIETAT U 3TWJICHIJIMKOJIb, TOTAa KaK ITpu 00-
Jiee BBICOKOI TeMIiepaType BbIACISUIUCH TMMETUIaMUH
u yraekuciiora [44]. McciienoBaiyu Takske COBMECTHOE
neiictBue o3oHa U Y@ Ha Ierpagalyio KoMILIeKca
Cu**-O/ITA, NOJIYy4EHHOIO B XOIE BBILLEIAYMBAHUS
MeIU U3 3arpsI3HCHHOM MOYBBI BUHOTPAIHUKOB. B uto-
re, 6610 yaaneHo oyt 40% Menu, py 3TOM TOKCIY-
HOCTB TTOYBBI CHM3WIACH Ha 29% [45]. KpoMe Toro, mist
nerpagaumy DA TA ucrmoab3yior paguonus [46] n koM-
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OMHMpoOBaHHBIE (QU3MKO-XUMHYecKre Tomxonnl [30].
HenasHo nmokazaHo, yto D TA, HTA u aTuneHanaMuH
MOTYT OKMCJISIThCSI B IIPUCYTCTBUM TIepMaHTaHaTa Ka-
s ripu pH 12—14 [47].

Paznoxkenne AIIK mukpoopranmsmamu. M3BecTHO
HEOOJIbIIIOE YMCJIO IITaMMOB—IeCTpyKTopoB AIIK,
cnocooHbIx pact Ha HTA, D/ITA u striieHAMaMuH-
mucykimHate (DIJC). bakrepum Moryr paspyiiaTh
HTA xak B mpUCYTCTBUM MOJICKY/ISIPHOTO KHCJIOPOJA,
TaK U B yCJI0BMSIX AeHuTprduKauuu. [1lepBbie npuHam-
JIexXar K Kiaccy Alphaproteobacteria n KJ1acTepu3yIOTCs
¢ ponamu Rhizobium v Agrobacterium, BTopbie — K Kj1ac-
cy Gammaproteobacteria v 6ym3ku Xanthomonas [6, 48].
OxapakTeprn30BaHbI M U3yYeHBI TpaMOTpHULIaTe/IbHbIC,
aspobHo ucnonwsytonme HTA Chelatobacter heintzii
ATCC 29600 vt Chelatococcus asaccharovorans [6,49—51].
X0T MMKpPOOMOJIOTUYECKUI CITOCO0 aerpagalvuu
BATA cuuraeTcsa Hanboee MEePCIEKTUBHBIM, 10 CUX
TOP BBIZEIEHO HECKOJIBKO CMEIIIAaHHBIX U YMCTHIX KYJTb-
Typ aectpykropoB DTA [6, 42, 52].

1. Agrobacterium radiobacter BbiieJieH U3 CTOUYHBIX
Bon, comepxamux Fe(III)-DTA [46, 53], mo3nHee
peknaccuupoBaH B Rhizobium radiobacter [54].
Orot mramMm aerpagupoBail Komruieke Fe(111)-DTA B
BbICOKMX KOHIIeHTpanusix (30 MM) B TeueHue 48 4 1o
ocTaToyHOM KoHILleHTpauuu 3 MM. B xone akcrepu-
MEHTa BapbUPOBAJIM HAYaJIbHYI0 KOHIICHTPAIINIO
Fe(III)-BATA ot 2.9 no 140 MM. Poct R. radiobacter
Ha O/ITA, cBsI3aHHBIM C APDYTUMHU METAJLJIAMU, HE 00-
HapyxeH [53]. OToT mramMMm He ucnosb3oBal HTA,
NIA u stunespuamuuananetat (BJA). Jlobasie-
HMeE TIeTITOHA UJIU JPOXKXKEBOI0 9KCTPaKTa B Cpeday He
BIUsUIO Ha pasnoxeHne DIATA, ogHako BHeceHUE
IIAIIepUHA PEe3KO CHIKAJIO ero Aerpaganuio. [1o-Bu-
JTUMOMY, B TIPUCYTCTBUHU IJIMLIEPHMHA KYJIBTypa yTU-
JusupoBaja BJITA TolbKO KaK UICTOYHMK a30Ta.

2. Pseudomonas sp. Al pazmaran Fe(II)-DTA u
TIPYTYE XeNaThl TP HadadbHOM KOHIIEHTPAIIN MeHee
100 mr/n (0.3 MM/n), a Tipu GoJiee BHICOKUX KOHIIEH-
TPAIUSIX POCT 3TOTO IITaMMa MHTUOMpoBaJICS [55].

3. M3 MopcKux 00pa3lioB U30JUPOBAHBI HECKOJIb-
KO GakTepuabHBIX ITaMMOB—aecTpyKTopoB Fe(I1I)-
BITA. AspoOHBII TpaMM-BapuaOEeIbHBIN IITAMM
02-N-2, BbIIeJIEHHBIN 13 MoJullocka B MHaniickoMm
okeaHe, paspyman kommuiekc Fe(IIl)-BATA mpu
pa3IMYHBIX KOHIIEHTpALMSIX MOPCKOI BOAbI (OCMO-
JsipHocTH). KpoMe TOro, MHTaKTHbIE KJIETKU OBbLIN
CIIocoGHBI erpaaupoBath KoMmruiekeol DJITA ¢ Cat,
Cu?*, mu Mg?*. Ilo naHHBIM CEKBEHUPOBAaHUS I'eHa
16S pPHK 3TOT 1ITaMM IIpOSsIBJIST BBICOKOE CXOACTBO
¢ Bacillus jeotgali JCM 108857 [56].

4. Tpancnopt u nerpanauuio Fe(I11)-BTA takke
usyvyanu y Escherichia coli BL21 [57]. BroT mtamm
ucnoJjb3oBan komiuieke Fe(1I1)-D/ITA mo 20 MM B
KayeCcTBe eAMHCTBEHHOTO UCTOYHHUKA a30Ta, MpUYeM
HaKOIUIEHWE OMOMAacChl ObLIIO MPUMEPHO OJIMHAKO-
BBbIM Ha cpeJie ¢ TJIIOKO301 WJIK Ha Cpelle C TJI0K030M
u Fe(1I1)-BTA. ITpu sTtom mitamm BL21 ciabo mc-
Ne 5
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moJsib3oBasr Komiutekcel DATA (10 MM) ¢ apyrumu
nonamu: Ca**, Co?*, Cu?*, Mg?* u Zn>*. I1pu onpe-
JIeJICHUU TIPOTOHABMKYIIEH CUJIBI JJI TpaHCIopTa
BJITA ucnoab3oBaiv MIOHOMDOPHI KAPOOHWILIMAHW/I -
M-xJopdeHWITAPa3oH 1 rpamMuuuanH (Nat), Kkoro-
pbic He BAuUsUIM Ha motpebneHue DATA KireTkamu
E. coli. Coenano 3akimodeHue, 9ro TpaHcnopt S TA
y uccaeayemMoro mramma 3aBucen oT AT®. Kpome
Toro, mrtamMm BL21 obnanan HUKeIb-TpaHCTIOPTHOM
CHCTEMOI, MMEIOIIEH CXOACTBO ¢ m3BeCTHBIMU ABC-
TpaHcrioptepamMu. IlokazaHo, YTO B TIPUCYTCTBUU
Ni* norpedsnenue DATA cocrasnsuio 10% ot mno-
tpebnenusa Fe(I11)-DATA. dpyrue katuonsl (Mn?™,
Zn*") He OKAa3bIBAJIM MHIMOVPYIOLIETO NEHCTBHS, XO-
TSI CKOPOCTh MOTPeOJIeHUsT Oblia HeBbIcOKOM. OcTa-
eTCsl HEBBISICHEHHBIM, Kakoit (¢pepmeHT E. coli BL21
paspymaet Fe(1II)-BJTA, mocKoabpKy IIpu CpaBHE-
HuM reHoMoB mrtamMmMoB BL21 m BNCI1 He ynmanock
HaWTU HYKJIEOTUAHbBIE TOCIEeI0BaTeIbHOCTU MOHO-
oKcureHasbl, umetolteir oonee 20% cxoncrsa ¢ DATA-
MoHookcureHas3oi mramma BNC1, xapakrepucTtuka
KOTOpOI1 NpUBeIeHA HIKE.

5. W3 cTounbIxX Box, comepxkamux D/1TA, BeigeneHa
rpamotpuiareiabHasa cakrepuss BNCI1 (DSM 6780), y
KOTOPOI1 CITOCOOHOCTH K aecTpykuuu BATA cTtporo
3aBucesia OT TEPMOJAMHAMUYECKON CTaOWJILHOCTHU
koMIiekcoB [58—60]. IllTamm BNCI1 cnoco6eH pa3-
JIaraThb KOMIUIEKCHI C KOHCTAHTOM CTaOMJILHOCTY HU-
xe 10'* — Ba-(Ig K 7.8 ), Mg-(Ig K 10.6), Ca-DATA
(Ig K 10.7) co ckopoctbio 20 MKM/Mr Genka/ 4 u
komruiekc Mn-D/1TA (Ig K 15.6) ¢ MeHBbIIIel CKOpO-
cThio 15 MKM/Mr Genka/4. B ToxXe BpeMst KOMILJIEK-
CBbI ¢ KOHCTaHTOM crabuiabHocT Boiie 10' [Fe(I11)-,
Co-, Cd-, Pb-, Ni-, Cu-BITA] He yTUIM3UpPOBa-
auck. KpoMe Toro, mramMm He CHOCOOEH pacTu B
MPUCYTCTBMU CBOOOJHOIO, HEe OOBEIMHEHHOTO B
kommyieke, DATA. TlpeanosaramT, 4YTO CBOOOIHBIN
BOATA 3HAYUTEIBHO CHIKACT XXU3HECIIOCOOHOCTh
KJIETOK M3-3a B3aMMOJAEHUCTBUS C MOHAMU METAJIJIOB
KJIETOUHOM NnoBepxHocTU. HenaBHO Bbize/IeH ITaMM
ANPI11, crmoco6HbIil Hapsay ¢ DATA paspyiaTh
1,2-pnaMuHOIIpOITaHTeTpaaleTart [61].

6. B yncTy10 KyJIbTYpY BblI€JIEH TaKXKe OaKTepUaib-
HeIi mramm DSM 9103 [62, 63], KoTopkIii Ipu 100aB-
JIEHWH B aKTUBHBIN WJI TOPOACKMX OYMCTHBIX COOPYXKE-
HUI1 TTOJIHOCTRIO paspyman DA TA nmpu ero HauaIbHOM
KoHLeHTpauuu 3 MM. OOHapy:KeHO, YTO KJIETKH 3TOr0
ImTaMMa CIIOCOOHBI pa3pyiiaTh cBoOomHbIil DJITA u
XenaTbl C HU3KOW KOHCTAHTOM cTaOmibHOCTH. KoM-
iekchl Mg?t-, Ca> -, Mn?"-D/1TA paspyliaimch B Te-
yeHne 10 9 ¢ MOCTOSTHHOM CKOpOCThIO. ecTpyKims 60-
Jee crabmibHbIX XenatoB ¢ Co-, Cu-, Zn-, Pb-OJITA
MPOMCXOOMJIa YACTUYHO W C MEHBIIIel CKOPOCTBIO, a
Cd- u Fe(I11)-D/1TA He BoIsiBiieHa [64].

7. Burkholderia cepacia YL-6 ucrionb3yetr 1 r/n
Fe(IIl)-BATA B kauecTBe MCTOYHHMKA yrjiepoaa u
9Hepruu, a Takxke cmecb (NH,),SO, nu (NH,),CO; B
KayecTBe MCTOYHMKA a3oTa. I[lokazaHo, uTO Yepe3

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

KATTAPYJIUIMHA u np.

17 cyT meprnogmIecKoro KyJIbTUBUPOBAHMS KOMILIEKC
Fe(IIT)-BITA pa3pyiiajicst 10 KOHEYHOI KOHIIEHTpa-
miu 100 mr/m. Kpome Toro, mramMm YL-6 criocobeH
paznarath 0.5 v/ Cu(1l)-31TA 3a 20 cyt [65].

8. I3 ouncTHBIX coopyskeHuid . [TylnHO BbleIeHbI
TPY YKCThIE KYJIBTYPbl IPaMOTpULIATEIbHBIX OaKTEPUI —
dakyneraTuBHEIX HecTpyktopoB OITA: LPM-410,
LPM-5, LPM-6, a Takke OOJMTaTHBIA IECTPYKTOP
OTA — mwramm LPM-4 [66, 67]. llltamm LPM-410
yriumsuposai D/ TA B KauecTBe MCTOYHUKA YITIEpOa,
SHEPIUM U a30Ta, a TAaKXKe IIIMPOKUIA CIIEKTP APYTHUX Op-
FaHWYECKUX coeuHeHuii [66]. [TokazaHo, 4TO cycreH-
3Us1 KJIETOK, COOpPaHHBIX B SKCIOHEHIIMAIIBHOM (hase
pocta Ha B/TA, cnocobHa pa3pyiaTh KOMIUIEKCHI
BMITA ¢ Mg-, Ca-, Ba- 1 Mn-D/ITA ¢ mocTossHHOI
ckopocthio ot 0.363 mo 0.525 MM BITA/(T KIeToK 4).
bonee crabuiabHbil KoMruieke Zn-BJITA paznaraics
IITAMMOM C HM3KOM cKopocthio — 0.195 MM
BIITA/(r xiterok4). He oOHapy>keHa nerpamaiiys KOM-
wiekcoB ¢ Co-, Cu-, Fe(11I)-DTA [66].

OO0uraTHbI HecTpyKTop, IrtamMm LPM-4, obiana-
eT cnenudmueckoil morpedoHocThio B D/ITA Kak enmH-
CTBEHHOM MCTOYHMKE yIJIepoJa, SHEpruu 1 a3oTta [9].
INomo6Ho mrammy DSM 9103, kinetku mramma LPM-4
JIeTpagrpoBaIi KoMIUIeKChl Mg-, Ca- , Ba-, Mn-DJITA
co ckopocThio oT 0.310 mo 0.486 MM DIATA/(r kie-
Tok'u) B TeueHue 10 4. bojiee cTaOMIIbHBIN KOMILJIEKC
Zn-D/TA (K = 10'33) paspyiancs B Teuenue 48 u ¢ Ha-
qayipHOM ckopocThio 0.137 MM DATA/(r KieTok4).
Kommuiekcost DTA ¢ Pb- Cu-, Fe(I1I1)-DTA He pa3py-
manuck. CienoBarteabHo, mTaMMbel DSM 9103,
LPM-410 u LPM-4 Gonee akTUBHO, YeM APYTHUE U3-
BECTHBIC IECTPYKTOPHI, pa3iaralor He Toibko DJITA,
HO U ero Komiuiekcel ¢ Ba, Mg, Ca, Mn, Zn, T.e. riep-
CHEKTUBHBI TSI IIPAKTUYECKOTO IIPUMEHEHMSI C LIEIbI0
OYNCTKHU CTOYHBIX BOII, coaepxkammx DI TA nmu ero xe-
Jatel [52]. @akynsTaTUBHBIE JECTPYKTOPHI ILITAMMBI
LPM-410, LPM-5 u LPM-6 cniocoOHBI pacTH B cpefe,
conepxareii 1.0 r/m DATA.

Heckonbko pabot nocpsiieHo aectpykuuu DTA
CMEIIaHHBIMU KyJIBTypaMu. M3 acconmanmm n301mpo-
BaHO 40 KyIBTYp, Cpean KOTOPBLIX OOHAPY:KECHBI TPE/I-
craBuUTenn ponoB Methylobacterium, Variovorax, Entero-
bacter, Aureobacterium n Bacillus. OmHAKO cMellTaHHas
KyJnbsTypa cjiabo paspylnana Komiuiekcbl Me-D/1TA,
KOTOpBbIE MO CTEeMNEeHM JerpagadesIbHOCTU pacriojara-
JCh B caenytomeM nopsiake: Fe (60%) > Cu (30%) >
> Co (25%) > Ni (23.4%) > Cd (19.3%). ecrpykiust
Na-3ITA nocne 28 cyT KyJbTUBUPOBAHUSI COCTaBMJIA
1.57 MM (31%). I[1pu moGaBiIeHUN B Cpery HeOpraHmJe-
cKoro ¢ocdopa HabTIOTAIN YIAICHHUE TSKEITBIX METaJI-
JIOB, KOTOpOE TTPOMCXOAWIO TIapasUIeJIbHO C pa3jioxKe-
HrneM OATA. MMoOMIM30BaHHBIE KIIETKW HAaHHOM
KysTypHI paspyinamm 20% komrmiekca Fe(111)-B5/1TA B
TedeHue 2.5 4, Toraa Kak B HENPEePhIBHOU KYJIBTYpe IS
3TOrO TPeOOBAJIOCH 4.5 CYT, YTO MOKET OBITh MCIIOIb30-
BaHO UIsI OMoerpagalii LIEJIOro psiga KOMILIEKCOB C
TSDKEJIBIMU MeTayuiamMu [68].
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100 - Aminobacter aminovorans DSM 6450 (AJ011762)

Aminobacter aminovorans DSM 7048T (AJO11759)
Mesorhizobium loti ATCC 336697 (D14514)

98 - Mesorhizobium plurifarium LMG 11892 (Y14158)
Mesorhizobium amorphae ATCC 19665 (AF041442)

71 Pseudaminobacter salicylatoxidans BN12 (AF072542)
‘{ 100 EDeﬂuvibacter lusatiae DSM 11099 (AJ0132378)
93 Aquamicrobium defluvium DSM 11603 (Y15403)

Chelativorans oligotrophicus LPM-4T (EF457242)

50\ Chelativorans multitrophicus DSM 9103 (EF457243)

Chelativorans sp. LPM-410 (FJ167675)

64 |Chelativorans sp. LPM-6 (FJ167676

Chelativorans multitrophicus BNC1 DSM 6780 (NC_008254)

100 -Sinorhizobium fredii ATCC 354237 (D14516)

Sinorhizobium americanum CFNEI 1567 (AF506513)
Agrobacterium tumefaciens C4 (AF508093)
Rhizobium galegae ATCC 436777 (D11343)

6971 100 Rhizobium tropici CIAT 8997 (U89832)
@hizobium leguminosarum ATCC 10004" (AY509899)

-Rhizobium etli CFN 42 (U28916)

100 —— Azospirillum lipoferum ATCC 29707 (M59061)

L Azospirillum brasilense ATCC 29145 (AY324110)

Escherichia coli 0157:H7 (AY513502)

Puc. 2. ®unoreHeTnyeckoe mnojoxeHue nectpykropoB BJTA, cpeau npencraBureneii Alphaproteobacteria, ocHoBaHHOE Ha
CpaBHEHMU HYKJICOTUIHBIX MocyieqoBaTesibHocTel reHa 16S pPHK. Maciitab cooTBETCTBYET IBYM HYKJIEOTHIHBIM 3aMeHaM
Ha Kaxnble 100 HyK1eoTUI0B (3BOJIIOIIMOHHBIM paccTosiHueM). KopeHb onpeesieH BKIIOYSHUEM TTocieqoBaTebHOCTU E. coli
B KauecTBe BHelIHeu rpymnmbl. LlndpaMu nmokazaHa cTaTUCTUYECKAst JOCTOBEPHOCTD MOPsIIKA BETBJICHUSI, ONIPeIeIeHHAs C M0~

Molbio “bootstrap”-aHann3za 100 abTepHATUBHBIX 1€PEBLEB.

TakcoHoMusi U (DUJIOTEHHS HOBBIX J€CTPYKTOPOB
DJITA. TakcoHOMUYECKOE IIOJIOXKEHUE NECTPYKTOPOB
OATA — mrammoB DSM 9103, LPM-410, LPM-6,
LPM-5 u LPM-4 nonroe BpeMsl OCTaBajOCh HEBBISIC-
HeHHBIM. /111 MaeHTndUKaAIM HOBBIX JECTPYKTOPOB
BOATA ucrnonab30Bad METOAbI MOIM(Pa3HON TaKCOHO-
muun. Hamu mokasano, uto mrammel LPM-410, LPM-6
n LPM-4 npuHagiexaTt K HoBomy pony Chelativorans
[69], Torna kak mtamm LPM-5 oTHeceH K HOBOMY BUIY
Stenotrophomonas chelatiphaga [70] (puc. 2, 3). OcHOB-
Hble U auddepeHIpyIoNIe CBOMCTBA 1eCTPYKTOPOB
O TA npeacraBieHbI B TAOJIMIIE.

Buoxummnyeckue W reHeTH4ecKHe ACIEKTHI Jerpa-
mauuu HTA u DJITA. DU acriekThl paHee U3ydalnch
Ha Chelatobacter heintzii ATCC 29600, Chelatococcus
asaccharovorans TE 11, DJTA-merpamupyrommx
mwrammax DSM 9103 u BNC1 (DSM 6780) [59, 63,
71, 72]. Takxe ObLia wuccliefoBaHa Aerpamalus
B1C mrammom DSM 9103 [6].

Tpancnopr DATA. DHeprozaBUCUMOCTb TPaHCIIOPTa
OJITA ucciegoBain Ha Kietkax mramma DSM 9103
[62]. Onipenensii BAUSIHUE pa3IAYHBIX MWHTUOUTO-
POB 3HEPreTMYECKOro MeTabojiu3Ma Ha TPaHCIIOPT
BJITA v BHYTpUKIETOYHBIN YypoBeHb ATD. 2,4-J1u-
HUTpodEeHON, KapOOHWIINAHUI-M-XJI0ppeHNI-
TMApa3oH M KapOOHWJILMAHUI-TI-(TpUGTOPMETOK-
cH)-(peHMITUaApa30H MOTYT pPa300I1IaTh IPOTOHIBU -
XKYIIyI0 CUIY, OJIEKTPUYeCKUil (MeMOpaHHBII)
MOoTeHLIMaN M rpagueHT pH depes MeMOpaHy KIISTKMU.

2 TIIPUKIIAAHAA BUOXMUMHUA U MUKPOBUOJIOTUA

IMpenHKyOaLs C STUMU COSAMHEHUSIMUA 3HAYUTETHLHO
MHTHOMpOBaIa rmpoiiecc TpaHcropra D TA.

OKCNEepUMEHThl C LIMAaHWUJIOM Kausl MOoKas3aliu,
yTo TpaHcTiopT DA TA gaBAsIeTCS 3HEPro3aBUCHUMBIM.
Tpancnopt D/TA B kitetku mtamma DSM 9103 (ko-
HeuHast KoHHOeHTpauus 10.4 MKMOJb) HOJHOCTBHIO
noaassuics B mpucyrcteuu 10 MM KCN, a mpu KOH-
meHtpauun 1 MM KCN wHaGmoganu auinb 8% ot
MepBOHAYAILHON aKTUBHOCTU TpaHCcIopTa [62].

IMorpe6nenne komruiekca Ca?"-DJTA kieTkamu
mramma DSM 9103 3HaYMTEILHO CHIDKAIOCh TAKXKe B
npucyTcTBUM MHrnouropa ATda3wl u MoOHOGOpa HUTE-
pUILIMHA, pa300IaloIIero MPOTOHHBINA rpagreHT. Ha-
MPOTUB, BAIMHOMUIIUH, KOTOPBI IEMCTBYET Ha 2JIeK-
TPOXUMMYECKUI TpaIyeHT, IIPaKTUIECK He BT Ha
TpaHcriopt DJATA, yka3pBasg Ha TO, YTO TPaHCIOPT
DJITA, BEepOSITHO, OCYIIECTBIISICTCS IO ITPOTOHHOMY
rpaguenTy [62]. KoMGuHaims 060ux MoHOGOPOB pas-
o0111aa MPOTOHABMIKYIIYIO cyTy. JloOaBieHue MHIU-
ouropa AT®a3bl, N, N-IULIMKIOIeKCUI-KapOOKCHIM-
UMUIa, IIPUBEIO K HAMOOJbIIIEMY MHTMOMPOBaHUIO. B
TNIPUCYTCTBUM MHTMOMTOPOB TPAaHCIIOPTa 1 THTUOMTOpA
AT®a3bl ypoBeHb BHYTPUKIETOUHOTO AT® cHuKascs
1m0 40% ot koHTpond. JlobaBlieHUE OOHOTO U3 JIBYX
MOHO(OPOB HECYIIECTBEHHO BIMSUIO HA 3TOT YPOBEHb.
Tem He MeHee, B TIPUCYTCTBUY HUTEPUIIMHA MOTpebJIe-
Hue DI TA kimetkamu irramma DSM 9103 3Ha4MTE IEHO
CHIKAJIOCh, HECMOTpPSI Ha BBICOKMiIT ypoBeHb AT,
BO3MOXHO, M3-3a OTCYTCTBUSI KOPPEJISILIUU MEXITY aK-
Ne 5
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0.1 Stenotrophomonas humi R-32729T (AM403587)

48

Pseudomonas pictorum ATCC 233287 (AB021392)

Stenotrophomonas nitritireducens 12T (AJ012229)

% Stenotrophomonas terrae R-32768T (AM403589)
74 Stenotrophomonas acidaminiphila AMX19T (AF273080)
59 Stenotrophomonas koreensis TR6-01T (AB166885)
96 7 Stenotrophomonas maltophilia IAM 124237 (AB294553)
Stenotrophomonas chelatiphaga LPM-5 (EU573216)
9591 Stenotrophomonas rhizophila e-p10T (AJ293463)

100

11— Stenotrophomonas dokdonensis DS-16T (DQ178977)
-Pseudoxanthomonas broegbernensis B1616/1 (AJ012231)
L Luteimonas mephitis B1953/27.1T (AJ012228)

Escherihia coli 0157:H7 (AY513502)

Puc. 3. ®usoreHernueckoe rnojoxeHue Stenotrophomonas chelatiphaga LPM-5T, ocHoBaHHOe Ha CpaBHEHMU HYKJICOTUIHBIX
nocnenoBarenbHocteir 16S p/IHK npencraButeneit ponos Stenotrophomonas, Luteimonas n Pseudoxanthomonas. T1oka3aHbl
bootstrap 3HaueHust Bbilie 45%. JlepeBO IMOCTPOEHO OTHOCHUTENbHO MochenoBareabHoct 16S pJAHK E. coli 0157:H7

(AY513502).

TUBHOCTBIO TPAHCIIOPTA U BHYTPUKJIETOYHBLIM COIEP-
xannem AT®. IlokazaHO, YTO ONTUMAIBHBIMU IS
tpancnopra D/ TA B xiretku 66Ut 40°C 1 pH 7.0 [62].
JlokazaHo cylecTBOBaHME UHAYLUOSIbHONM U SHEepro-
3aBUCUMOI TPAHCIIOPTHOM CHUCTEM, KOTOPbIE BeChbMa
crriennpUIHBI, TTOCKOIBKY M3 Bcero amanazoHa AITK
ToJIbKO JITTIA KOHKYpEeHTHO MHTMOMpOBaj MOTpeodie-
aue DJITA.

YCTaHOBJIEHO, YTO TPAHCIIOPTHBIE CUCTEMBI IS
HTAu BATAYy C. heintzii u iuirtamma DSM 9103 umeror
MmHoro obomero [71, 73]. Takke oOHapyXeHO, YTO
Tpancriopt B TA kiretkamu, BeIpameHHBIMA Ha HTA,
uHruouposasics npu BHeceHUM HTA B cpemy KyabTH-
BupoBaHus. BepositHo, HTA TpaHcnopTupyeTcst CBo-
WM TIEpEHOCYMKOM, OTJIMIHBIM OT TpaHcItopTepa DI TA,
JIMOO UAET KOHKYPEHLIMS MEX Ty ABYMsT (DepMEHTaMU 3a
cyocrpart. TpaHcnopT pa3mMIHbIX KoMIuieKcoB DJITA ¢
MeTaJulaMU CTPOTO 3aBUCEN OT KOHCTAHT CTAOMIbHOCTH
9TUX KoMIuiekcoB. Tak, kierku mrtamma DSM 9103
CITOCOOHBI TIOTJTONIaTh CBOOOMHBII DJ/ITA MM B KOM-
TUIeKCe C MeTajllaMu, C KOHCTAaHTaMM UX CTA0OMIbHOCTH
MeHee 10'°. banskue pe3ynsraThl MOIydeHbI A1 IHTaM-
ma BNC1 [59].

Pesynsrarsl oneltoB ¢ “Ca-DTA BO MHOroMm
OOBSICHWJIM MOBEAEHWE MOHA MeTajljla B XO/Ae 3TOro
rpolecca. YcTaHOBJIEHO, 4TO MOHBI Ca’* TpaHcIop-
THpPYIOTCS B KleTKH BMecTe ¢ DATA [62]. BeraBuHy-
Thl IBE€ TUIIOTE3bl OTHOCUTEIBHO TOTO, KAKMM O0pa-
30M KJIETKU CIIPABJISIIOTCSI C BBICOKMMU BHYTPUKJIIE-
TOYHBIMU  KOHIICHTPALIASIMM WOHOB  METaJIJIOB.
CoriacHO TIepBOM TUIIOTe3€, MOHbl METAJIJIOB Oca-
JKIIAIOTCS B BUE HEPACTBOPUMBIX COJIEU, HAIIpUMep,

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

(hocdaros kanbiusi. CoriacHO BTOPOI TUIOTE3¢ N0~
Hbl METaJUIOB BKCKpeTupytoTcs. Kpome Toro, peHT-
TeHOCTPYKTYPHbI aHAIM3 MOKa3aJl, YTO KJICTKU, BbI-
pamieHHble Ha DI TA, UMEIOT BKJIIOUEHUS, CoaepKa-
ye IpeuMyllecTBeHHO noHbl Ca’*t m Mg?*, uto
TMOATBEPKIAET MEXaHW3M OCAXICHHUS METaJIOB
BHYTPU KJIETOK. MeXaHU3MbI 3KCKpeLnn noHoB Ca’*
TakXXe, BEpPOSITHO, MPUCYTCTBYIOT y BCeX OaKTepuid,
YTOOBI MONIAEPXKUBATh HU3KYI0 BHYTPUKIETOYHYIO
KOHIIEHTPAIIMIO NOHOB MeTaslia.

DJITA-mMoHoOKcHrenasa mramvMa DSM  9103.
IlepBuunble peakimu aerpaganuu DATA y dakyib-
TaTuBHBIX AecTpykTopoB DSM 9103 u BNCI1 ouensn
OMV3KM U KaTaJU3UPYIOTCI MOHOOKCUTEHA3HBIMU
cucrtemamu [71, 73—75].

ITokazano, yro mpu noOasienun Mg-DJTA u
HA/IH, k 6eckiieTouHOMY 3KCTpakTy mtamma DSM
9103 DJITA pasmaraercsi MOHOOKCUTEHA30M, aKTUB-
HOCTb KoTopo#t coctaBuia 0.097 MKMOJb/MUH/MT
Oenka [74]. HobaBieHue B pPeakKIMOHHYIO CMeECh
DOMH v A yBeTUUNBAIO AKTUBHOCTD (DEPMEH-
Ta B 7 1 2.5 paza cooTBeTCTBEeHHO. ONITUMYM (dep-
meHTa Habmonancs rmpu pH 8.0. ITpu pH 7.0 u 8.5 ot-
MmeueHa 50%-Hasi aKTUBHOCTb 3TOro (epMeHTa, a
npu pH 6.0 1 9.5 akTUBHOCTH (hepMeHTa He yaaloCh
00HapyXuThb. ONTUMYM TeMIepaTrypbl hepMeHTa —
28—30°C. DKCTpaKThl KJIETOK, BBIpAIIEHHBIX Ha (y-
MapaTe ¢ aMMOHHMEM B KayeCcTBe MCTOYHMKA a30Ta
i 1A B KauecTBe UICTOYHHMKA Yrepojia, SHEPruun
1 a30Ta, UMeJIN JeCATUKPATHOE CHIDKEHUE aKTUBHO-
ctu nepBoro ¢pepmeHTa paznoxeHus S TA. Hampo-
Ne 5
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Puc. 4. Pectpukunonnsie caiitel BamHI (B), HindIll (H) u EcoRI (E) n opranusanus reHos 15.603 m.H. ¢pparmenrta JJHK.
[eHbI, MOKa3aHHBIC YePHBIMU CTPEJIKAMU, HEITOCPEACTBEHHO yJacTBYIOT B Aerpagauuu D TA [76].

TUB, KJIeTKM, BeIpaiieHHble Ha HTA unu D/1J1C, 006-
naganu 80% akruBHOCTH DJITA-MOHOOKCUTEHA3HI.

YcranosneHo, yto DI TA-MOHOOKCUTEHA3a COCTO-
UT U3 ABYX CyObenuHull [74, 76]. Cyobeauuuiia B —
OKCHIOpeAyKTa3a, KOTopasi IepeHOCUT BOCCTAHOBU-
TeabHBIe SKBUBaeHTH oT HAJ/IH, Ha ®MH. Cy6n-
eIuHNIIa A — COOCTBEHHO MOHOOKCHUTEHA3a, IMpeBpa-
1iaromiast Komruieke Metai-OATA B aTuIeHIMaMUH-
TpuaueTraT W DIMOKcwiIar B TipucyTtctBuu O, u
®OMHH,. OuwniieHbl MOMHBIN (QEPMEHTHBI KOM-
ruiekc gerpagaunu D TA u cyObeAMHULIBI B OTIEIb-
HoCTH [74]. AKTUBHOCTB CyObenMHULBI A (CA'), KOTO-
past coctaBuia 0.2 MKMOJIb/MUH/ MT OesKa, orpese-
JSUIM  TIOCJIE  PEeKOHCTpPYKIuMM  (epMeHTa C
okcunopenykrasoit cB' us Photobacterium fischeri.
Metonom arnekrpodopesza B ITAAIT mokazaHo, 4TO
OUMIIICHHasl CyObeOMHMIIA CA MMEET MOJIEKY/ISIPHYIO
maccy (M.M.) 44 kx/1a, a METOIOM aHAJIMTUYECKON Treflb-
¢dwisrpalii  oIpenesicHa BeJIMYMHA HATUBHOM M.M.
210 kIla, 9TO COOTBETCTBYET TETPAMEPHOM CTPYKType.
Cy0benuanLa okcuaopenykrassl (cB') — romomumep
(25 x 2 x/la). OxkcunpenykTa3Hasi aKTUBHOCTb YETKO
nposieisiack ¢ HA/IH,, Ho He Habmomamack c
HAJI®PH, u cocrapmszia 50 MKMOIB/MUH/MT OeJKa.
Tlocne noctmzkennst KonneHTpauyu 91 TA 0.2—0.3 MM
HauMHaJICsl BTOPOM 3Tall — JAECTPYKLMsI 3TOro MpoMe-
KYTOUYHOTO COeIMHEHUS ¢ 00pa30BaHMEM IJIMOKCHIATA
n N,N'-3JA. “BIIA-tpaHchopMupyrowmmii dep-
MEHT”’, KOTOPBII IIPUBOIWII K 00Pa30BaAHUIO STUICHI-
aMUHMOHOAIIETaTa U TJIMOKCHIaTa, ObLT OXapaKTepU30-
BaH m1s1 rramMa BNC1 nosnaee. Kpome Toro, npearo-
naraercs, uto B xozae nerpagaumn DA TA u JITTIA onua
U3 MHTEPMEIMATOB STWICHAMAMUHTPUALIETaT MOXKET
CIIOHTAHHO MPHOOPETaTh LIMKINYECKYIO CTPYKTYpY, 00-
pa3ys KeTonuiiepa3snHKapOOKCWIaT, YCTOMYMBEIN K JIe-
rpagaluu, HO O €ro TOKCUYHOCTU U MOBEICHUM B OKPY-
Kalollleit cpelie HUYero He U3BeCTHO [42].

Monookcurenaza DJITA mramvma BNC1. OGHapy-
JKEHO, YTO MOHOOKCHUTeHa3a B KieTkax mramma BNCI1
aHaJorM4Ha takoBoii mramMma DSM 9103. OuuineHHas
MmoHookcureHaza DTA nmeer m.M. 45 x/la, 4TO KOp-
peJIMpyeT ¢ AJaHHBIMM I MOHOOKCHTIeHAa3bl IITaMMa

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

DSM 9103, Ho sIBJIsIeTCSI MOHOMEPOM IO JAHHBIM T'eJTb-
duabTpalMy. YCTaHOBJICHO, YTO (DEPMEHT KaTaIu3u-
pyeT OKMCJIeHHE He TOJIBKO cBobomHoro DATA, Ho u
KOMILJIEKCOB C MOHAMM JBYXBAJICHTHBIX METAJLJIOB, U3
KOTOPBIX KOMIDIEKC ¢ Mg?* Hambosiee IpeItoYTUTe-
jeH. ONTUMaJbHBIMU YCJIOBUSIMU JIJIsI pabOThI (ep-
meHTa sapsitorcst 20 MM HEPES 6ydep ¢ pH 7.7 u Tem-
nepatypa 35°C. Kpome Toro, moHookcureHasa DI TA
mrtamma BNC1 Moxet ucnionbzoBate HTA u JITIIA B
Kauectse cyocrparos [75]. PMHH,-okcunopenykrasza
n3 mramma BNC1 geranbHO oxapakTepu3oBaHa [77].
JL1st pacimmpoBKY MexXaHU3Ma 3TOM peaKLIMU OIIpeac-
JWIM  KPUCTATMYECKYIO  CTPYKTYpPY  arogopmbl,
DOMH-®PMH komriekca u PMH—-HAIH, komiurek-
ca. ®MH—-HAJIH,-okcunopenykraza EmoB mnpen-
CTaBJISIT COOOI rOMOTETpaMep, COCTOSIIIIMI U3 YeThIpeX
anbda/6eTa eIUMHUYHBIX MOHOMEPOB, OKPY>KEHHBIX
MISITHIO aJTb(ha-CIUPAISIMU, KOTOPBIE Pa3IMIaloTCs BTO-
PUYHOI U TPETUYHOM CTPYKTYPOIi OT JAPYTMX JBYXKOM-
TMOHEHTHBIX MOHOOKCUTeHa3, Takux Kak PheA2 u
HpaC. [IBa n30a/U10KCa3MHOBBIX KOJIbIIA 1 HUKOTHUHA-
MUJ1,/U30aJJTOKCA3MHOBBIX KOJIbLIA CITYXKWJIU IS TIepe-
Hoca BOAOponHOi#t cBsizu. CremoBareibHO, peakius
MIET 10 MEXaHM3MYy ITMHI-TIOHTa, YTO MOATBEPXKISHO
DH3UMOJIOTUYECKUMM MCClIenOBaHUSIMH [77].

Nvunomuanerar-okcunasa mramma BNC1. 13 kie-
ToK IrramMma BNC1 Hapsimy ¢ MOHOOKCHUTEeHA30M BhIZIC-
JIeHa U oxapaKTepr30BaHa OKCHIa3a MMUHOIMAIIeTaTa
(MA), oTBevaroliasi 3a IOCJIeAYIoIIee ero paciiernie-
HHE J0 TIAIIMHA U TIMOKCHIIaTa, a Takke DA — mo
atwiieHnuamMuHa [78]. OumncTKa Genka, BKIIIOUarolas
8 3TanoB, MO3BOJIMJIA TOJTYYMTh TOMOTEHHbI Mpernapar
NIA-okcunasel. Metonom anekrtpodopesa B TTAAT
yIaj0Cch TOKa3aTh, YTO OUUIIECHHBII (hepMEHT UMEET
mM. 40 xJla, a HAaTUBHBIIA OEJIOK IIPEACTaBIISIET COOOM
romoauMep. OuninenHas MJIA-okcumasa nMena cier-
Ka KeJTOBaThlii IIBET C TMKOM TIOIJIOIIEHUST TIpU
446 aM, XapaKTepHBIM T (bi1aBONTpoTeMHOB. DTaBHH,
aKcTparupoBaHHbI 13 MJIA-okcunasbl, gaBan (iryo-
pecuenTHoe 1THO ¢ Rf 0.055, KoTOpOE COOTBETCTBO-
Basio @A/I, a MoJIsipHOE COOTHOIIIeHUE (bjTaBUHA K OeJT-
Ky 0.98 ykazano Ha To, 4TO Kax/asi CyObeAMHUIIA CO-
JepxXUT 10 omHoil Mojekyie DPAJL [78]. Taxke
Ne 5

TOM 47 2011



ADPOBHAA OJETPAIALINA STUITEHINAMWHTETPAALIETATA

nokasaHo, uyro oumineHHass MJIA-okcumasa BBEICOKO-
cneuuUyHa, TaK KaK CKOPOCTh Aerpamaluy APYyTrux
cyoctparoB DA n capko3rHa COCTaB/ISIa COOTBET-
cTtBeHHO 26 1 4% TakoBoii UJIA. @epMeHT He MpOosIB-
JIsi1 akTUBHOCTHU B mpucyTctBumn S TA, HTA, cykuu-
HaTa, dymapata u wmimuvHa. [lpu aerpamanuu
500 amos DA obpazoBaiioch 794.4 HMONb TITNOK-
cujara, a MoJISIpHOE cooTHoIIeHUe 1.59 yKa3pIBajio Ha
OTILEIUIEHUE 00CUX alleTUJILHBIX TPYII 1 00pa30BaHUE
STWICHINAMMHA B KadyeCTBE KOHEYHOIO IIPOAYKTa.
OrnpenesieHbI ONTUMAaTbHBIC YCIOBUS 711 pabOTHI (hep-
MEHTA: HAanOOJIBIITYIO aKTUBHOCTh Ha0momamu B 20 MM
Tpuc-HCI o6ydepe (pH 8.0) mpu 35°C. [dobaBneHue
CaCl, unu MgCl, K ouniiieHHOMY (hepMEHTY HE BISLIO
Ha aKTMBHOCTb, CJIEI0OBaTe/IbHO, JaHHBIN (DepMEHT He
HYXKIAeTCsI B MOHAX JBYXBaJICHTHBIX METAJIOB. TakMm
00pa3oMm, BhIICIEH 1 OXapaKTepU30BaH €I1Ie OIUH BaK-
HbII (hepMEHT, yJacTBYIOIIWI B MpoLIecce Aerpaialuu
HTA n BDATA, 4To 1103BOJISIET JIy4dllle IIOHSTh IIyTH 00-
pa30BaHMS UHTEPMEINATOB MX META00IM3Ma.

I'ennbiii K1acrep, yyacTByronmmii B aerpagamun DJITA.
KJtoHMpoBaH U cCeKBEHUPOBaH KjacTep, COCTOSIINI
n3 BocbMu reHoB eppABCD, emoA, emoB, emoR,
idaA [76]. Ocoboe MecTo B gerpagauuu D TA 3aHu-
MaeT rpynmna reHoB eppABCD, peilicTBylolumx Kak
AT®-cBs3bIBaolIas TPAaHCIOPTHASI CCTEMAa U 00ec-
neuynBatoias TpaHcnopt DATA B kietku [79]. Kak
ruapoduibHoe coenuHenne DI TA HyXnaeTcs B ak-
TUBHOM TpaHCIOPTE Yepe3 LUTOIIa3MaTUYeCKYIO
MeMOpaHy. YCTaHOBJIEHO, YTO T€Hbl jAerpaialuuud u
TpaHcnopta DI TA TpaHCKPUOUPYIOTCS U PETYIUPY-
IOTCSI KaK oguH orepoH (puc. 4). CTOII-KOIOH II0-
CJIETHETO reHa repMeasHoit cuctemMsl eppABCD 1ie-
pPEKpbIBAETCSI CO CTAPTOBBIM KOJTOHOM I'€Ha MOHOOK-
cureHasbl DJITA emoA, 3a KOTOPBIM PacOJIOKEH T'eH
emoB, xomupyrommit HAIIH,:®MH -3aBucumyro ok-
CUAOPENYKTa3y W Jajee CleNyeT PeryjsiTOpHbId reH
emoR. ABC-TpaHcriopTep UMeEeT IepuIliazMaThye-
ckucBs3aHHbI Ocenok (EppA), mpuparommii cyo-
cTpaTHyIO crienqnuduIHOCTh, TpaHcmopTepy. C mc-
MOJIb30BaHUEM U30TEPMUYECKON TUTPALIMOHHOM Ka-
JIOpUMETPUU MOKa3aHO, 4To 6e10K EppA crocobeH
CBSI3BIBaTh CBOOOIHBIN DJITA ¢ KOHCTAHTOM OTUCCO-
LAY HITKe 25 HMOJIb, a Takxke KoMIuiekesl Ca*-
DATA, Mg?+*-BTA, Ca-HTA u Mg-HTA™, HO He
Cu2*-B1TA? nnu Cu-HTA.

IMTockonbky DJITA-MOHOOKCHTEHA3a HAXOIUTCS B
LIMTOIJIa3M€E U UCIIO0JIb3YeT CTAOUIbHbBIE KOMILIEKCHI
B KaUeCTBE CyOCTpaToB, OTCYTCTBUE CBsI3bIBaHUSI EppA
HEKOTOPBIX KOMIJIEKCOB MOXET MPUBOAUTH K HECITO-
COOHOCTH MX Aerpaganmnu Kietkamu mramma BNCI.
IeH epp B xogupyeT nepMeasHbIii OEJTOK, COCTOSIIITUA
u3 315 aMUHOKUCIIOT, a TeH eppC KonupyeT OeIoK U3
308 aMMHOKMCIIOT ¢ KOHCepBaTuBHOM 1eTieii (EAA)
MEXIy IByMSI TpaHCMeMOpaHHBIMU criupaisimu. Oba
OeJika cofepKaau KOHCEPBATUBHBIE TOMEHBI, UMEIO-
1111M€ BBICOKYIO TOMOJIOTHIO C TIEpMea3HbIMU KOMIIO-
HeHTamMmu ABC TpaHCHOpPTHOW CUCTEMBI U IIECThb
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MeMOpaHHBIX o-crimpaiieii. Hanee reHa eppC Haxo-
JIUTCS TeH, Koaupyomuii 6esok EppD, KoTophlit s1B-
nsercst ATD-cBsasbiBaouM 6esikom. EppD copep-
>Kajl IBa MOTHMBA, XapaKTePHbIE IJIsI TAKUX OEJIKOB, U
AMUHOKMCJIOTHYIO  JIMHKEPHYIO  TOCJIeI0BaTEIb-
HOCTb, UTO CBUACTEIILCTBYET 00 ATM-CBI3BIBAIOIIEM
nomeHe ABC-tpaHcnoptepa [79]. Metonom ITLP B
peabHOM BpeMEHMU IT0Ka3aHo, YTO T€HbI TpaHCIOPTa
U TeH emoA TpPaHCKPUOUPYIOTCS C OAHOI'O IIPOMOTO-
pa, a reH emoB KOHCTUTYTMBHO 3KCIIPECCUPYETCS CO
cBoero mpoMotopa. Ien MJIA-okcunassl idaA pacrio-
JlaraeTcsl TMOoCJie PETyJISITOPHOTO TeHa U He BXOIUT B
ONEpOH, TaK KaK OTCTOMT OT HEro NMpHMMEpPHO Ha
400 m.H. OgHako idaA nrpaeT BaXXHYIO POJIb B OKHC-
geHuu A 1o rivuuHa v riiMoKcuiiaTa, a paccMar-
pYBaeMbIii TEHHBIN KJIACTEP COACPKUT BCE T€HBI, He-
obxonumeble Ut gerpagaunu D1TA.

IlyTv mepBHYHOTrO W HEHTPAJIBHOTO MeTa0O0JM3Ma
BDJITA y HoBbIX aecTpyKTopoB. HecMmoTpst Ha TO, 4TO
OBIJIM U3ydeHHI TIEpBUYHBIC TyTH Aerpagaiu S TA y
dakynsraruBHbIX IITaMMoB DSM 9103 1 BNCI1, nytu
LEHTPAILHOIrO MeTaboIM3Ma 10 CUX IOp OCTaBaIMCh
HeBbIsIcCHeHHbIMU. [1pu BeipamuBanuu C. oligotrophi-
cus LPM-4, S. chelatiphaga 1L PM-5, Chelativorans sp.
LPM-6, LPM-410 Ha cpene ¢ DJTA, B KauecTBe eAUH-
CTBEHHOI'O MCTOYHMKA yIJIEPO/ia, a30Ta U S9HEPTUM Ha-
MU OOHApYKEHBI JIBa MPOMEXKYTOYHBIX MTPOIYKTa Je-
rpagaumu; mmmokcwiaT (13—30 MkM) 1 MOHBI aMMO-
Hus (40—80 mr/im) [80]. KpoMme Toro, B KyJIBTypabHOM
KUIKOCTU OOHApy>KEHO BEIIECTBO, OKpallliBaeMoe
HUHTUApUHOM, Torma Kak DJTA He mnposBiseTrcsa
HuHTHApUHOM. C MCITONMB30BaHMEM TOHKOCIOWHOM
xpoMarorpadu ¥ aMHUHOKHWCJIOTHOTO aHaiIu3aTropa,
MOKa3aHO, YTO 3TO COCAMHCHUE COJCPXUT aMUHO-
TpYyIILy, HO, HE Oyay4Ys aMUHOKMCJIOTO, BO3MOXHO,
SIBJISIETCS] STWICHAUAMUHOM.

TMonsporpaduyeckue ucciaenoBaHus oKa3aiu, YTO
KIIETKM mTaMMOB—aecTpykTopoB LPM-4, LPM-410,
LPM-5, LPM-6 tipu BHecennu DJITA akTHMBHO MO-
TpeOJISUTU KUCIOPO/l. AHAJIU3 TIPOIYKTOB Pa3IOXKEeHUsI
OIATA »KcTpakTaMM KIIETOK HCCIACAYyeMBIX IIITaAMMOB
BBISIBIJI, YTO OJHUM U3 TIEPBBIX MPOAYKTOB JIerpagallvii
SIBIIsIeTCs TToKcmat. Peakimst paznoxenus D/ TA 3a-
Bucena ot HA/IH, n crumymmposairace @MH y 1irram-
MoB LPM-4 u LPM-6, Ho He @A/l wim pubodiasu-
HoM. CriegoBaTesIbHO, MEPBbIM (pepMEHTOM Jerpanaa-
mm  BOATA y wuccrenyeMbIx INTaMMOB Obula
MOHOOKCHUTEHAa3a, MoJo0Hasi OOHapy:KeHHOI paHee y
mrtammMa DSM 9103 [74]. B ormvMuue OT 1ITaMMOB
LPM-4 u DSM 9103, utamm LPM-5 oGnagaet DAL -
crumynupyemoit D1 TA-MOHOOKCHUTEeHa30ii, B TO Bpe-
MsI Kak TepBbIi hepMeHT aerpananu DI TA y imramMmma
LPM-410 He ctumynupyetcst pnaBuHamu. DI TA-Mo-
HookcureHassl y mramMmmoB LPM-4, LPM-410 u LPM-5
aKTUBHBI B IIUPOKOM auana3oHe pH, B oTinuue ot u3-
BecTHOro mTammMa DSM 9103. BTo cyiiiecTBEHHO OT/IU-
yaeT nepBblit hepMeHT aerpagai DI TA y HOBBIX Jie-
cTpykropoB. HaMu nmoka3aHa BbICOKast aKTUBHOCTb MO~
Ne 5
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Puc. 5. Cxema nyTeii NepBUYHOTO U LIeHTpajibHOro Metabonusma DA TA y obnuratHoro necrtpykropa Chelativorans oligotrophi-
cus LPM-4.

HooKcureHasbl y itaMMoB LPM-4u LPM-410tipupH  MepoB Ha moHookcureHasy DI TA [81]. YuurtsiBas,
8.0, ay mramma LPM-5 — ipu pH 7.4. YTO CHMCOK OakTepuid, CIMOCOOHBIX K Jerpaaaluu
., OITA, BecbMa OorpaHUYEH, 0OBEM BBIOOPKU BKIIIO-
Hcnonb3oBanune “GyHKUMOHAIBHBIX TCHOB” TI03-  yaji noc/ie10BaTeIbHOCTY reHa enmod u3 KJ1acTepa re-
BOJSICT OLCHUTb PACHPOCTPAaHCHUE PA3IMYHBIX  HOB, OTBETCTBEHHLIX 3a paspyuieHue D/ TA, mramma
TPyl MUKpoOOpraHusmoB B 6uoronax. Hamu 6s1a  BNCI1 (AF176664) u rena nmoA nerpagauvu HTA y
pa3paboTaHa cuUCTeMa OJIMTOHYKJICOTUAHBIX mpaii- Aminobacter aminovorans ATCC 29600 (1L49438).

MMPUKIAOAHAA BUOXUMUA 1 MUKPOBUOJIOTUA Tom 47 Ne 5 2011
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IMociiemoBaTeIbHOCTM MOHOOKCHUTE€HA3 IPYTUX
MOJUTIOTAHTOB 3HAYUTEILHO OTIMYATIUCH OT TAKOBBIX
emoA, 9To TIPUBEJIO K BHICOKOU CTEEHU BHIPOXKICH-
HOCTH pa3paboTaHHBIX HAMU IpaliMepoB. buln BI-
OpaHbpl HambOoJyiee KOHCEepBaTHMBHBIE yYacTKM TeHa
MOHOOKCUTEHA3hl, YTO MO3BOJIMIIO CO3/IaTh CUCTEMBI
npaitMepoB 11 aMIUTU(UKALIMY TeHOB emoA pa3me-
pom okoJio 750 n. H. JIHK 4uCThIX KyJIBTYp JeCTPYK-
topoB DIATA (C. oligotrophicus LPM-4, C. mul-
titrophicus DSM 9103, Chelativorans sp. LPM-410,
Chelativorans sp. LPM-6 u S. chelatiphaga 1.PM-5)
WCITOJIb30BAJIM [IJIsI TIPOBEPKMU pa3pabOTaHHBIX CHU-
CTeM MpaiiMepoB, a B KaUYeCTBE HEraTUBHOT'O KOHTPO-
ns1 — JAHK E.coli. Inst npoBepKM TOTO, YTO MOJTYyYeH-
Hble aMIUIMKOHBI JEHCTBUTEIBbHO SIBISIIOTCS par-
MEHTaMM TeHOB emoA, uX ceKBeHuUpoBaiau. Bce
BoigenenHble JJHK umenn 99.5—100% romonoruio
MEXAY CEKBEHHPOBAHHBIMU (parMeHTaMU TIeHOB
emoA v emoA y mmiramma BNCI1 [81]. TTokazaHo, 4TO
BCe HOBBIE M paHee M3BECTHBIC NeCTpyKTOphl DA TA
o0beaguHeHBI B onuH Kiactep. ClenyeT OTMETUTD,
yTO poj Stenotrophomonas NPUHAIJIEKUT K KIIACCY
Gammaproteobacteria, Torna Kak OCTaJlIbHbIE MCCIIE-
JIOBaHHBIC IITaMMbI—AeCTPYKTOPHEI DI TA sBssioTCs
npeacraBurenssmMu - Alphaproteobacteria. CienoBa-
TeJIbHO, TIpeIJIOKeHHasl CUCTeMa IpaiiMepoB CIO-
CcOOHA YCMEILIHO BBISBIATh (DparMeHThI TeHa enoA y
MIPOKAPUOT Pa3IMIHbBIX KJIACCOB.

DH3MMOJIOTUYECKUI aHaIU3, MPOBEIEHHbIA HaAMU,
y mraMMoB-1ecTpykTopos LPM-4, LPM-410, LPM-5
u LPM-6, BoIpaiieHHbIX Ha DJITA, nokasai, 4To Iep-
BUYHBIC TTPOIYKTHI gerpaga D/ TA — rimokcunar u
WOHBbI aMMOHMUSI, Jlajiee BOBJIEKAIOTCS B LIEHTPAJIbHbIA
MeTabomm3M. [imokcunar MeTaboIM3upyeTcsl ¢ yda-
CTHEM MaJlaTCUHTAa3bl Yepe3 MIMOKCWIATHBIN IIYHT U
IJIMLIEepaTHBIM MyTh. aKyJIbTaTUBHBIE IECTPYKTOPHI
BITA wtammbl LPM-410 u LPM-5 umeroT 3aMKHY-
ThIN LMK Kpebca, B ommmume ot oosuratHoro (LPM-4)
M OrpaHMYeHHO-(aKYJIBTATUBHOTO 1TaMMa LPM-6, y
KoToporo 1K Kpebca pa3oMKHYT Ha ypOBHE OL-KETO-
mIyTapaTaeruaporeHa3bl M OTCYTCTBYIOT (hepMEHThI
mkomsa (6-dochodpykTokrHaza U Gpykro3o-1,6-
oucoocdaranbaonaza). OueBUIHO, YTO OOHApPYXKEH-
Hble MeTaboamdyeckue neeKThbl SIBJSIOTCS OTHOW M3
MPUYMH OOJUTaTHON M OrpaHUYEeHHO-(aAKYIBTATUB-
Hoii 3aBucuMocTu oT BJITA. Hanpotus, hakyabTaTUB-
Hble aectpyktopbl LPM-410 u LPM-5 obGnanatot ak-
TUBHOCTIMU  (pyKTO30-1,6-6Mchocdaraabmonassl,
dpykT030-1,6-6Uchocdarazbl U 2-KeTo-3-1e30KCU-6-
docdornokoHar anpaoiasbl. M3 aToro ciemyet, 4To
JIaHHbIE ITAMMbI ACCUMWIUPYIOT TIIOKO3Y MIMKOJIM-

TUYECKMM U NieHTo30(ochaTHbIM myTsamu. NH, accu-
MWIMpPYeTCs TIOCPEICTBOM BOCCTAHOBUTEILHOTO aMU-
HUPOBaHUS NUpyBaTa WK O.-KETOIIyTapara U B peak-
IMSIX TpaHCaMUMHUpOBaHMSI. B  aHaruiepoTudecKoit
duxcauu CO, y mirtammoB LPM-4 u LPM-410 yyacrt-
BYIOT nupyBaTkapookcuiaza, MEIT-kapbokcuiaza u
DEII-kapbokcukuHaza. Ha ocHOBaHMM pe3y/ILTaTOB
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SH3MMOJIOTMYECKOTO aHaJIM3a HaMU TIPEIJIOXKEeHa CXe-
Ma TIyTel MEepPBUYHOTIO U LIECHTPAIBHOTO MeTaboIM3Ma
OJITA nyist HanboJee AeTalbHO U3YYeHHOTO IECTPYKTO-
pa C. oligotrophicus LPM-4 (puc. 5). cionb3ys Iipaii-
Meposl Ha MIIA-okcuaasy, mokasaHo, uro IdaA mram-
moB BNC1 n LPM-4 umeror 99.7% cxoncTsa, 4YTO CBU-
nmerenbeTByeT 00 ydyactni MJA okcmmasel y mramMma
LPM-4 B okucjieHUM 3TWISHIMaMWHIMAalleTata Mo
MIMOKCWIaTa U aTWiIeHAuaMuHa [82].

OcCoO0BIil MHTEpPEC IPEACTaBISIIO U3YyYeHUE CIO-
coonoctu C. oligotrophicus LPM-4 x nByxdazHOMY
pocty Ha cmecu BJATA + rmokosa. [lokazaHo, 4To
IJII0K03a HE MeTa0oIM31UPOBaiach KyJIBTypOi B TeUe-
HUue 48 4 1 HauMHaja NOTPEOJISITECS TOJBKO II0CIIEe
3HAYMTEJILHOTO CHUXXEHUST KoHlLeHTpalu DATA B
cpene. Ilpeamnonaraercs, 4To IIpY 3TOM IJII0KO3a UC-
MOJIb3YETCSl B KAYECTBE OTIOJHUTEILHOIO UCTOUYHM -
Ka yriepoaa. Bo3MoXHO, poCT KyJIbTYpbI Ha TJIIOKO3€
nociie ucuepranuss DJATA B cpeme oOyCIIOBIIeH HC-
MOJIL30BAaHMEM SHEPIUM HAKOIIJICHHBIX ToJimdocda-
TOB, YPOBEHb KOTOPBIX CHWXAJCS BO BTOpOUl haze
pocta. OO0HapyKeHHOe NHIMOMPOBaHME TeKCOKIHA-
3bl U INII0K030-6-pocdaTaeruaporeHassl DJTA Mo-
KeT ObITh OAHOM 13 Tpu4nH nuaykcuu C. oligotrophi-
cus LPM-4 na cmecu DATA c rimroko3oii [83].

Taxxke ycTaHOBJIEHO, YTO MOTpeOJCHUE alleTaTa
knetkamu C. oligotrophicus LPM-4 mporcxoaunio
MPaKTUYECKU OIHOBPEMEHHO C WCIOJb30BaHUEM
B/TA, Torna Kak cyKnmHar, (oymapar, MajiaT 1 LIATpaT
MOTPEOISUIMCH MTOC/IE 3HAYUTETLHOIO CHIDKEHMSI KOH-
neHrpaiu DJTA B cpene. C. oligotrophicus 1.PM-4
MOXHO HCITOJIb30BaTh HAa OYUCTHBIX COOPYKEHUSX,
[MOCKOJIBKY IIPUCYTCTBUE OPraHUYECKMUX KUCIIOT U ca-
XapoB HE CHIKAJIO CIIOCOOHOCTHU KYJIBTYPHI K Aerpaaa-
o D/TA.

IIpumenenne nectpykropoB DJITA B 3K00HOTEXHO-
Jorud. MHOIOUMC/IEHHBIE HCCIEIOBAaHMSI TOKAa3alll,
YTO 3HAYMMOTO paspyitueHns DI TA B OUMCTHBIX COOpY-
JKEHUSIX TIPaKTUIECKU HE MPOMCXOIUT. BoIbIIMHCTBO
KOMIUIEKCOB, KOTOphIE 00pa3yloTCs B pe3yJibTaTe B3au-
mopericteusg D/ITA ¢ moHaM1 METa/UIOB, B TOM UHCIIS
TSDKEJIBIX U TOKCUYHBIX, TTPOHUKAIOT B TPYHTOBBIC U
CTOYHBIEC BOIBI, a TaKXKe B IMTheBYIO Boay. IIpobiaema
OYNCTKN OT KOMITIIEKCOB MeTauT-DJTA MoxkeT OBITh
pelieHa MUKPOOMOJIOTMYECKM criocoOoM. BrineneH-
HbIe YMCThIE KYJBTYpbl, Ucnioib3ytoiue DI TA B Kaue-
CTBE MCTOYHHMKOB YIJIEpOAa, a30Ta W SHEPIHUH, Iep-
CIIEKTUBHBI KaK JIECTPYKTOPHI 3TOTO COSAUHEHMUSI.

I1epBoie padoTel o nerpagauyy D TA cMelIaHHbI-
MU KyJasTypaMu oTHocsitcsa K 1975 . Mccnenosanu
ouonerpamaumio (““*C)DATA M KOMIUIEKCOB CMELLIAH-
HOM KyJNBTYpOI 13 TIOYBBI M OCAAKOB 03epa MuunraH.
CBexxeoToOpaHHYIO TOYBY 1 OCaIK MHKYOUPOBAIM C
("*C)D/ITA 1 ero KOMILIEKCAMU B a3POOHBIX YCJIOBUSIX.
3a ucKiIoyeHreM KoMruiekca ¢ Ni2t, nerpagaums Ko-
TOPOTO TIPOXONWIA MEMIEHHO, xenartel ¢ Cut, Cd*,
Zn**, Mn**, Ca?* u Fe3*, nobaBiieHHBIE K CMEITaHHOI
KyJIBType yCIelHo pasiaramch [84]. IMokasana 90%-
Ne 5
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Has pectpykuus komruiekca (“C)DTA ¢ xenezom
CMEIIIaHHOM KyJBTYpOil B T€UeHWE 5 CyT IIPU ONTH-
MajibHOM 3HayeHuu pH 7.0—8.0 u koMHaTHOI Temrie-
parype [85]. Herpanauus D/ITA mpoxoauia ycrenrHee
npu 1e1o9HbIX 3HaueHusIX pH 8.0—9.0, ee adpdexTus-
HoCTb Bo3dpacTaiia 10 50% [6].

®akynsratuBHble AecTpyKTophl C. multitrophicus
DSM 9103 u C. multitrophicus BNC1 takke paHee
WCIIOJIb30BAJIN UII OYMCTKU CTOYHBIX Bon oT BATA
[86]. B cnyuae C. multitrophicus DSM 9103 tipu no-
0aBJIeHMM K CTOYHBIM BOJIaM PaCTBOPOB IIEJI0YHO3E-
MEJIBbHBIX METAJUIOB TPOXOAWia JAerpaganus 10
3.5 MM B TA, Torna kak Chelativorans multitrophicus
BNCI1 paszpyman no 16 MM D1TA [58]. UMMobOwtm-
30BaHHBIC KJICTKM (DaKyJIbTaTUBHOTO IEeCTPYKTOpa
C. multitrophicus DSM 9103 rcnionb3oBaiu 1181 orpe/ie-
JIHUs1 HUBKMX KoHLeHTpauuii BJTA, peructpupys
CKOpoOCTb TToTpediieHust kuciopona [87]. Kpome Toro,
HeTaBHO Ha OCHOBE MMMOOWIM30BAaHHBIX KJIETOK O0JI1-
ratHoro aectpyktopa C. oligotrophicus LPM-4 pa3pabo-
TaH OMOCEHCOp aMIIEPOMETPUYECKOro TUIla, paboumii
nmana3oH kKotoporo cocraBwi 0.1—4.0 MM. Brtot nmmna-
Ma30H KOHIIEHTpAalUii cormacyeTcsl ¢ pU3NOIOTMIeCKU-
MU ocobeHHOCTsIMU mTamMa LPM-4, KoTopblii MOXeT
Hncrob30BaTh 10 8 MM BJITA.

AHam3 1oCTyIMHOI MH(OpMalIui CBUIETEILCTBYET
0 Hamuuu HecKoIbKuX DI TA-necTpyKTOpOB M Jge-
TaJTbHOM U3y4YeHUU MEPBOro 3tana aerpaganuu. [omy-
YeHbI JaHHBIC 110 TpaHcnopTy D TA B KITETKHM OeCTPyK-
TopoB. KiIOHMpOBaH U ceKBEeHUPOBaH I'eHHbII KJ1acTep,
YUaCTBYIOIIWIA B Jerpajaliii 3TOro Belectsa. Ilo-
ckonmbky DJITA — MCKITIOYUTENIFHO TEXHOTEHHOE CO-
CANHCHUE, ITOABUBLICECCA B IIPOMBIINIICHHBIX CTOKax
OTHOCUTEJILHO HEJAaBHO, BO3HUKHOBEHUE B IIPUPOJIE
mTaMMoB, ucnonab3yonmx DATA B KadyecTBe eauH-
CTBEHHOI'O0 MCTOYHMKA yIJIepoaa, a30oTa U BHEPIuu,
CBUIETEILCTBYET O JIOCTATOYHO BBICOKOI CKOPOCTU
SBOJIIOLIMOHHOTIO MpoLecca y 0aKTepuii, peain3yIonIx
HOBBIE MeTabomyeckue myTu. CnenoBatesibHO, O0JIH-
raTHple M (aKyJbTaTUBHBIC INTAMMBI—ICCTPYKTOPBI
BJITA mepcieKTUBHBI B KAYECTBE MOJIEJICH JIJIST ICCIIe-
JIOBaHMSI MEXaHM3MOB aianTalliy 0aKTeprii K JAHHOMY
XeJIaTOHY U JIJIs1 OMopeMeIualiii OKPY>KaloIei Cpebl.
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Abstract— Literature data on the influence of complexing compound ethylenediaminetetraacetate (EDTA)
on environmental and ecological risks related with its application were analyzed and summarized. Methods
of abiotic and biotic degradation of EDTA were systemized. Special attention was paid to microbiological
degradation of EDTA was paid. Data on EDTA transport and metabolism pathways in aecrobic bacteria are
represented. The practical aspects of application of aerobic bacteria-destructors of EDTA in ecobiotechnol-

ogy were discussed.
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C-KOHIIEBOI (PparMeHT 4YeI0OBEeYeCKOro oHKo(deTanbHOro 6enka aiabda-geronporerHa (ADIT) moxer
OBITh UCITOJIb30BAH JIJISl aIPECHOM TIOCTABKM LIUTOCTATUKOB K PAKOBBIM KJIETKAM MHOTHX BUIOB OITyXOJICH.
®parmenT ADII (c 404 110 595 aMMHOKMCIIOTHBIN OCTaTOK IMOJTHOPa3MepHOTO 6eJika) ObLT KIOHUPOBAaH U
MpOAYLIMPOBaH B KieTkax Escherichia coli, mramm BL21 (DE3) B Buze tenen BKiaodeHus. JJist mojydeHust
(GYHKIIMOHATIBLHO aKTUBHOTO OeJIKa He0OXOIMO MPOBOIUTH €ro peHaTypanuio. [1polienypa peHaTypauu
tpethero nomeHa ADIT (rAFP3D) 3HauuTeIbHO YCIOXHSIETCS T€M, UTO JaHHBINM OSJI0K SIBJISIETCS TUIPO-
GOOHBIM M COIEPXKUT OOJIbIIIOE KOMUIEeCTBO S—S-cBsaseil. Beura pa3paboraHa MeToauKa peHATypaluun
rAFP3D nMMOOMIN30BaHHOIO Ha KPEMHUEBOU MeTallsIo-XeJaTHOM cMmojie. BbeIxon peHaTypupoBaHHOTO
C-KoHIIeBOTO (hparMeHTa coctaBui He MeHee 60% c yrctoToit mopsiaka 98%. PazpaboraHHast MeToaUKA
ObLIa BIIepBble MpUMEHEHA s TUAPodOOHOro Oejka ¢ OOJIBIIMM KOJUYeCTBOM S—S-cBs3eil. JlaHHbIM
MOMIXOJl MOXET ObITh TIpUMEHEH 111 3HEeKTUBHON peHaTypaluu Jpyrux rugpo@oOHbIX OEJIKOB ¢ 00/b-

MM KOJIUYECTBOM ,H,I/ICyJ'Ib(l)l/IHHbIX CBSI3eM IS HaYYHbIX 1 ITPAKTUYCCKUX LeJIeH.

Anbda-peronporenn (APII) aBisieTcs] OCHOBHBIM
CBIBOPOTOYHBIM OEJIKOM, XapaKTepHbIM IS 3MOpHO-
HaJIbHOTO TIeproia pa3BuTusi yesoseka [1]. B Hopme B
MOCTAMOPUOHAILHBIN TTepuon, pa3BuTtust ADPIT orcyt-
CTBYET B CBIBOPOTKE KpoBH. [TosiBiieHre 3TOro Geika B
3TOT TepUOJ B CHIBOPOTKE KPOBM UeJIOBEKa YKa3bIBaeT
Ha pa3BUTHE pPa3IMYHBLIX OITyXOJIEBBIX 3a00JIeBaHMIA
(mepBUYHBIN paK II€YeHM, TeTpakKapluHOMA M IIp.)
[2,3]. MeronoM 3JeKTPOHHOU MWKPOCKOIMU Oblia
MIPOAEMOHCTPUPOBAaHA TPEXIOMEHHAsI OpraHu3alus
MoJieKyJibl AT [4]. JaHHBI GEOK ITPOHUKAET B KJIET-
KY C TOMOIIIbIO PELIEITOPONOCPEIOBAHHOTO SHAOIIUTO-
3a [5]. benok, urparommii poias peuenTopa miss ADIT
(PADII), TakKe SBsIETCSI OHKOGETATBHBIM OEJTKOM: OH
9KCIIPECCUPYETCS BO MHOTMX BHIAX PAKOBBIX KIIETOK,
HO HE B HOPMAaJIbHBIX KJIETKAaX OpraH13Ma B TOCTAIMOpHU-
OHAJTbHBIN TTepurof [6, 7]. CyllecTBYIOT JaHHBIE O TOM,
YTO KOHBIOraThl npupogHoro AMI1 ¢ nurocraTMkaMu
n30MpaTeTbHO MHTMOMPYIOT POCT PAKOBBIX KJIETOK 71 Vi-
vo U in vitro [8—10]. Takum o0pa3oM, HaAJIMYKE CIICLIM-
¢uueckoro BzanmopaetictBus ADIT co cBonM perienTo-
POM TIO3BOJISIET co3IaBaTh Ha 0CHOBe ADIT KOHBIOTAThI
C LIMTOCTaTMKaMM JUISI MX aApecHOM JOCTaBKU K paKo-
BbIM KJIeTKaM. Takune KOHBIOTaTbl MOTYT ObITb UCTIOJb-

IIpunsteie cokpamenns: ADPIT — anbda-deTonpoTenH YeoBeKa;
PA®II — peuentop anbha-deronporerHa; TB — Tenblia BKiroue-
Hust; TAFP3D — pekoMOWHAHTHBIN TpeTwii ToMeH ayibda-deTo-
npoteuHa; LB — cpena Jlaypus—bepranu; @®CB — docdarHo-co-
seBoii 6yep; KII — kpyrosoii auxpousm; ¥3 — yiasTpa3ByK.

30BaHbl JId CO3JaHMA HOBBLIX ITPOTMBOPAKOBLIX JIC-
KapCTB, ITPAKTUYCCKOC IIPMMEHCHHNE KOTOPbLIX MOXKET
SHAYUTEJIbHO YJIYYIINTD ITPOTUBOPAKOBYIO TEPAIIUIO.

VYuyacrok cBsa3biBaHuss ADII ¢ penientopoM Haxo-
JIUTCSI B TpeTbeM JoMeHe [11], moaroMy i1 1iesieBoit
JIOCTABKH JICKAPCTB JOCTATOYHO HCITOIb30BaTh PEKOM-
ouHaHTHBIN Tpetuii nomeH ADIT (rAFP3D) Bmecto
MnoJjiHopa3MepHoro Geka. PaHee HaMu OblLia co3gaHa
BBICOKOR(PEKTUBHAsI CUCTeMa Ui IIPOXYKIIMU
rAFP3D B ktetkax Escherichia coli [12]. PeKoMOMHaHT-
HBII TPETUI TOMEH TPOIYLIUPOBAICS B TEJIbLIA BKIIIO-
genus (TB), moatomy mrst mosrydeHus (pyHKIIMOHAIBHO
aKTUBHOTO OeJIKa HEOOXOIMMO IIPOBOIUTH €0 peHaTy-
pauwmio [13, 14]. 1 mpakTUYECKOro MCIIOJIb30BaHUS
JaHHOTro OeJIka B KPYMHbBIX MacluTabax HeoOXOAUMO,
YTOOBI METOIMKA €TO TTOJTyJYeHMsI ObllIa BEICOKO3(hdeK-
TUBHOM M C MMHMMAJIbHOM 3aTpaTov MaTepuasioB.
IIpouenypa peHaTypallMd TPEThEro JOMEHA 3HA4YM-
TEJIBHO YCIOXHSIETCSI TEM, YTO JaHHbIN OSIOK SIBIISIETCS
TUIAPO(POOHBIM M COAECPXKUT OOJBIIOE KOJTMIECCTBO
S—S-cBa3eii. [ToaTroMy paszpaboTka 3((PeKTUBHOM Me-
TOIWUKM peHaTypalnu SIBJISIETCS] OCHOBHOI TPYIHOCTBIO
MpHY MOAyYeHUN (PYHKIIMOHAIBHOTO PEKOMOMHAHTHO-
ro TpeTbero nomeHa ADII.

Bo Bpems peHaTypauyyu 0o0pasylOTCS 4aCTUYHO
CBEPHYTBIC OEJIKOBBIE MOJIEKYJIbI, arperaiysi KOTOPbIX
3HAYUTEJILHO CHMKAeT 3(@eKTUBHOCTL IIpoliecca.
TakuMm 00Opa3oM, OCHOBHas 3ajada 3aKJIIOYaeTcs B
CBCACHNU K MUHUMYMY B3aI/IMOL[CIL/'ICTBI/Iﬂ MECXOY Ta-
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KWMU WHTepMeIMaTaMM B 3TOM Tipoliecce. Tpamuiim-
OHHO ISl 3TOTO MPOBOMST PEHATYpalLUI0 METOI0M
pas3baBiieHusl, T.e. MPY OYEHb HU3KOI KOHLIEHTpalluK
oenka [15]. K coxaneHnio, B OOJILIIMHCTBE CITydacB
TaKoM1 IoaxoJ He obecrieurnBaeT 3 OEKTUBHYIO peHa-
Typauuio THAPOMOOHBIX 1 COAEPKAIINX OOJIBIITIOE KO-
JINYECTBO TUCYIbMUIHBIX CBsI3eit 6ekoB [16].

AJIBTEpHAaTUBHBIM IIOAXOAOM K CBOpPaYMBaHUIO
OeNKOB in Vvitro IBJIISIETCS CBOpaYBaHNE OCIKOB, M-
MOOMJIM30BaHHBIX Ha TBepaoil ¢asze. CyTb MeTonma
COCTOMT B TOM, YTO AE€HATYPHPOBAHHEIN OCJIOK M-
MOOMIM3YIOT Ha CMOJIE U 3aTeM PeHaTypUpYIOT, yaa-
JIsIst AeHaTypaHT. TakuM oOpa3oMm, B TIpoliecce peHa-
Typaluy MOJIEKYJIbl Oejika W30JUPOBaHbI JIPYyr OT
JIpyra 1 BEPOSTHOCTb MX arperalny yMEHBIIIAeTCs.
[HIupoko ucnoab3yeMoit pa3HOBUAHOCTBIO pPeHaTy-
pauuy Ha TBepAoi ¢asze sIBJsieTCsl peHaTypaius 0e-
Ka, MMMOOWJIM30BAaHHOIO Ha MeETaJUIO-XeJIaTHOM
cmode. [penMmyniecTBOM JaHHOTO METO/Ia SIBJISIETCS
TO, 4TO O€JIOK MMMOOMIN30BaH 3a CYET TUCTUINHO-
BOTI'O Tara, Ipy 3TOM BCsl OeJIKoBasi MOJIEKYJIa MOXKET
CBOOOJHO KO0JIEOAaThCSI B pacTBOPE BO BpeMsI peHaTy-
patuuu. B To Xe BpeMsi ruapodoOHbIE B3aUMOIEH-
CTBUSI MEXAY YaCTUYHO CBEPHYTBIMH OCJIKOBBIMU
MOJIEKYJIaMU CBeIEHbI K MUHUMYMY.

IIpu peHatypalLmy GeJIKOB Ha CMOJIE Yallle BCero Uc-
TOJIB3YIOTCSI MAaTPUIIBI HA OCHOBE YIVIEBOJOB (araposa,
JIEKCTPO3a 1 Mp.). YCTAHOBJICHO, YTO IIPU PeHATypalln
nosiHopa3zMepHoro A®II Ha arapo3Hoii cmosie 00Jib-
11as1 YacTh Oejlka HeoOpaTUMO CBSI3bIBaJIaCh C MaTpU-
1Ieii 1 He amonpoBaiack [17]. Mcnonb3oBaHue B Kavye-
CTBE OCHOBHI JIJISI MATPULILI OKCUIA KPEMHUS, KaK 00-
Jiee THEPTHOTO MaTepurajia, BO3MOXHO, MTO3BOJINIO Obl
CHU3UTb HEOOpaTUMOE CBSI3bIBAHUE OCIKOBBIX MOJIC-
KYJI CO CMOJIOM BO BpeMsI peHaTypaliHn.

Lenb nccnenoBanust — pa3padborka 3¢hpHeKTUBHOMI
METOIMKM peHaTypalliyi MMMOOWIM30BAaHHOIO TpE-
Thero gomeHa AMDII, npuromHoii IS ee MpakTUde-
CKOI'0O IIpUMEHEHMSI.

METOIUNKA

Co3nande KOHCTPYKIUH JJIi MPOAYKIIMM TPEThEro
nomena ADII (rAFP3D) B Escherichia coli. 13 miaun
KJIETOK TeIaToLeUTIONSIPHON KapLIMHOMBI YeJIOBeKa
HepG2, skcnpeccupytoimux 6eaok ADII, 6buia BbI-
neyieHa TotanbHast MPHK [18]. Jlns1 co3naHusi KOH-
CTPYKLIMHU OBbLIN UCITOJIb30BAHBI CTAHAAPTHHIEC MOJIE-
KyJnsipHO-TeHeTu4decKue Metoauku [ 19]. C momoliisio
peakiMy oOpaTHOU TPaHCKPUMLIMU OblJla CUHTE3U-
poBaHa k/IHK, koaupyomas noJHopa3MepHblii 6e-
ok AD@II, KOTOpyIO UCNOJIB30BAIM B Ka4yeCTBE MaT-
PULIBI LTSI TTOJTy4eHUsI (pparMeHTa TeHa, KOAUPYIoIie-
ro C-koHueBoii ¢pparmeHT 6enka (octarku 404—595
nosHopa3mepHoro ADIT) — rAFP3D.

B HykieoTmaHOI MOCIeNOBaTEIBbHOCTH, KOOUPY-
romeii TAFP3D, Obu1 3aMeHeH TaHIIEM KOJOHOB

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA
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AGG, komupytomux Apr508 m Apr509, Ha M30aK-
unentopHbie KogoHbl CGT n CGC.

Tlpn aMIumMuKkalim UTOTOBOM HYKJICOTHUIHON
rmocyieqoBatebHOCTA TAFP3D ObIJIM MCIIOB30BaHBI
cienyoliiue npaimepsl (5'—3"):

GGGAATTCCATATGTACATCCAGGAGAGC-
CAAGCATT (npssMoit ) conep>XXUT cailT paclierie-
Hus pectpukTaspl Ndel (BblmereHO KypcHMBOM), 3a
KOTOPBIM CJIEAYEeT MOCIeA0BATEIbHOCTh HYKJICOTH-
OB, mpeacTapisiiomias S'-koHell C-KOHIEBOTO
dparmenTa ADII;

AAGAATGTCGACTTAGTGATGGTGATGGTG-
ATGGTGCTCTTCAGCAAAGCAGACTTCCT (ob6par-
HBII1) ObUT CKOHCTPYMPOBAH Tak, 4ToO I10cjIe 23 OCHOBa-
HUI, KOMITJIEMEHTApHBIX MTOC/IeI0BaTeIbHOCTH 3'-KOH-
na C-koHunesoro ¢parmeHta ADII (BbiIeIcHO KUpP-
HbIM 1IpU@PTOM), CJIeaoBajga IOCIEIOBATEILHOCTb,
Komupyitoliasi 7 TUCTUAMHOB, KOMILIMMEHTAPHBIN
cror-kKonaoHy TpurieT TTA U caiit paciierieHusT pe-
crpukTasbl Sall (BbiaeIeH KypcBOM).

ITonyyeHHass HyKJICOTHMOHASI MOC/IEIOBATEILHOCTh
OBIJTa KJIOHMpOBaHa B MOOU(PUIINPOBAHHYIO TIa3MUILY
pETl11c (“Novagen”, IepMaHusi): B MOJWIMHKEP KOM-
MEpPYECKOM IUIa3MUAbLI ObLUTM J00aBJIEHBI CAMThI pac-
meruieHus pectpukras Smal, Kpnl, Xhol, Sall [19].

ITponykims rAFP3D. [TonyyeHHyI0 ruia3mMuiy, co-
Jepxalryro  MOIUMUIMPOBAHHYIO  MOCJIEI0BaTE b~
HOCTBh, Konupymoiyto rAFP3D, TpanchopmMupoBaiu B
kinetku E. coli mramma BL21(DE3) (E. coli B F~ dem
ompT hsdS(rg- my-) gal A(DE3) (“Novagen”, Tepma-
Hus)). [Tponykinio 6enKa MTHIYIMPOBaIU 10OaBJICHU -
eM u3orporui-B-D-Tuoranakronupanosuaa (“Sigma-
Aldrich”, CIIIA) B KoHeuHoI1 KoHLIeHTpaLuu 0.4 MM.
IMponykimio npoBoanau rpu temmepatype 37°C B Te-
genue 3 4 B cpene LB (“Sigma-Aldrich”, CIIIA) ¢ am-
muuwuimHoM  (“Sigma-Aldrich”, CIHA). MuaykTop
JOOABISIM MPU  ONTUYECKON TUIOTHOCTU KYJIBTYPhI
0.5—0.6 Dy [19].

ITocne mpoayKIMK KJIETKU OCAXKIAIN LIeHTpUDY-
TMpoBaHUEM U ocanoK xpaHuiau npu —20°C.

Bbinesienne u ouncTKa Teen BKodeHusa. Ocaaok
KJIETOK MOCJIE MHAYKIIUY PECYCIIEHANPOBAIN B (hOC-
datHo-coneBom 6ydepe (PCBb — 1.7 MM KH,PO,,
5.2 MM Na,HPO,, 150 MM NaCl, pH 7.4) nononHu-
teabHO conepxaiieMm 0.1 M NaCl u 1 MM 4-(2-amu-
HOOTWI) OcH3oa-cynbpoHmadTopun  (“Melford
Lab.”, CIIIA) npu xoMHaTHOM Temreparype. Cyc-
IIeH31I0 0OpabaThiBaiuv yabTpa3BykoM (¥Y3) 2 pasza no
40 c mpu 0°C. IMocne aToro nodapnsuiu Tputox X-100
JI0 KOHEUYHOM KOHLIeHTpauuu 1% u cHoBa oopabaThl-
Bajn Y3 1ipu Tex ke ycaoBusax. CycrieH3uIO LIEHTPU-
(yruposanu B TeueHue 10 muH nipu 12000 g (“Beck-
man”, JA-14, Iepmanus). Ocamok pecycieHaupoBa-
m B ®CB, pH 7.4, nOIOJMHUTENILHO COIepKalleM
0.1 M NaCl u 0.1%-HbIi1 n1e30KCUXOJIaT HATPHSI, U
o6pabareiBanu Y3 B TeueHue 40 ¢ mpu 0°C. CycrieH-
3UI0 LIEHTPUPYTUpOBaIu B TedeHue 10 MUH Tipu
Ne 5
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12000 g. Ocanok pecycrieHaupoBaiu B ®CB, pH 7.4,
1 BHOBb LIEHTPUPYTUPOBAIN, KaK OMMCAHO BHIIIIE.

IMonydeHHBII 0calOK Tejell BKIIOUSHUST XpaH WU
npu —20°C.

Penarypamua rAFP3D, uMMOOMIN30BAHHOrO Ha
KPeMHHEBOI MeTaJlIo-XeJIaTHO cMoJjie. B KayecTBe
HOCHUTEJISI MCITOJIb30Bajlach KpeMHUueBast cmojia His-
Link (“Promega”, CIIIA). Ocanok Teiel BKIIOUEHUS
peCyCTICHIMPOBAIN B CONIOOMIN3NPYIONIEM Oydepe
(0.05 M Na;BO;, pH 8.6, conepxatiem 8 M MmoueBu-
Hy, 12 MM B-MmepkanToatanon u 10 MM uMunason).
PacTBop MHKYOMpOBaaM B TeYECHUE 5 4 IpU KOMHAT-
HOW TeMIlepaType MpU IMOCTOSSHHOM IepeMelInBa-
HUM J0 TMOJHOTO pacTBOpeHus: ocaaka. CycrieH3UIo
neHTpudyruposanu 15 MmuH nipu 13000 g m 7°C. Ha
cmony HisLink, ypaBHOBeIIIEeHHYIO TeM Xe OydepoM,
HAHOCWIM CyNepHaTaHT U UHKYOMPOBAIM MUHUMYM
30 MuH npu KOMHaTHOM TemIieparype. CMoJiy mpo-
MbIBai 3 pas3a mo 10 oobeMoB B TeueHue 10 mMuH
®CBhb, pH 8.0, conepxanum 8 M MoueBuHy, 12 MM
B-mepkanroatanon u 10 MM umunazon. K cmore no-
OaBnsin 10-KpaTHBIN M30BITOK pPEeHATYPHUPYIOIIETO
oydepa, conepxaniero 10 MM nMuaa3oi, U UHKyOU-
poBajiu B TeueHUe 4 4 MPU MOCTOSIHHOM MepeMeln-
BaHus npu 4°C. benok smonpoBain 2 pa3a B Teue-
Hue 10 muH 1 o6beMom PCBhb, pH 8.0, conepxaiiero
800 MM mmwmmazon, nipu 4°C. Ilpu HEOOXOTUMOCTU
oenok muanm3oBaiu potuB 1000-KpaTHOro U30BIT-
ka ®CBb, pH 8.0, mpu 4°C B TeueHHE HOUM.

PenatypupoBaHHBIi1 6e10K xpaHuiau npu —20°C.

Boinenenne u ounctka rAFP3D ¢ nomompio meTan-
JIO-XeJIaTHoi xpoMarorpadun Ha arapo3Hoii Ni-NTA
cvoste. Ocamok Tejiell BKIIIOUEHUS TOCTe OYMCTKU
pacTBOpSIIU B coJirodmnniupyomeM oydepe (0.05 M
Na;BO; pH 8.6, comepxamem 8 M ModeBUHY U
12 MM B-mMepkanroatanon). PactBop nHKyOMpoBa-
JIM B TeYeHHUE 5 4 TIpU KOMHATHOI TeMIiepaType Ipu
MOCTOSIHHOM TIepeMeIlIMBaHUM 10 TOJIHOTO PacTBO-
penust ocanka. CycneH3uio IeHTpUPYrupoBaIn
15 mun npu 13000 gu 7°C.

Ha cmomy Ni-NTA (“Qiagen”, CIIIA), ypaBHOBe-
LIEHHYIO COJIIO0OMIN3UPYIOLIUM OydepoM, HAaHOCUIU
CyIliepHaTaHT U UHKYyOUpoBanu 1 4 mpu KOMHATHOIM
Temneparype. Cwmoimy tipombiBain 30 obObemMaMu
DdCB, pH 8.0, conepxaniero 8 M moueBuHy 1 15 MM
nmuaason. bemnok amounposanu @CH, pH 8.0, conep-
xammm 8 M moueBuHny u 0.3 M umumazon.

Penarypamusa ounmenHoro rAFP3D wmeronom
obicTporo pasodasienus. OuuieHHblli TAFP3D (1—
2 MI/MJI) peHaTypHUpOBaId OBICTPBIM pa30aBlIEHUEM
npu MMOCTOSTHHOM TiepeMemnBanun B 100-kpaTHOM
U30bITKEe peHaTypupytoliero oypepa (PCh, pH 8.0,
5 MM r1yTaTUOH BOCCTAHOBIEHHBIN, | MM minyTaTu-
OH OKWCJIEHHBI) [0 KOHEYHOW KOHLIEHTpalUu
0.01—0.02 Mr/MJ1 1 UHKYOMPOBAJIM B TeYEHUE 2 CYT
npu 4°C npu MOCTOSTHHOM TepeMelnnBaHuu. Jlanee
B peHATypHpylonuii 0ydep ¢ 6eJIKOM BHOCUIA CMOJTY
Ni-NTA (Ha 5 Mr 6enka 1 M cMOJIBI), ypaBHOBEIIIEH-
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HYIO peHaTypUpYIOIINM OydepoM, 1 MHKYOMPOBaJIHN
eute 1 cyr nmpu nepememnBadnuu u 4°C. ITocie aToro
CMOJIy TIEPEHOCWJIM B KOJIOHKY, IpoMbiBanu POCBH,
pH 8.0, n amoupoBanm TeM ke OydepoM, comepKa-
muM 300 MM nMuaasol. anee pacTBOp peHaTypu-
poBaHHOTO Oenika guamm3oBain npotuB DOCB,
pH 8.0, mpu 4°C B Teuenwne 1 cyrT.

PenatypupoBaHHBIi1 610K xpaHuiau npu —20°C.

CopepxkaHue 6ejka B mpobax orpeaessiiv IeHCU -
tomeTpueii JJJIC—ITAAI anexkTpodoperpaMm ¢ mo-
MOIIbIO TIporpaMMHoOro obecrieueHus1 OnedScan
(“Stratagene”, CIIIA). HMcmonb3oBajiu OeIKOBBIS
MapKepbl MOJIeKyJIsIpHbIX Macc (“Fermentas”, JIut-
Ba) IJIST OLICHKW OTHOCHUTEIbHOI 3JIeKTpodopeTnde-
CKOI1 TTIOABUKHOCTU UCCIIeIyeMOro 0eJika.

Onpenejienne  CBOOOAHBIX  CYIb(THAPUIbHBIX
rpymn.  CBoOOmHBIE CyTb(MIUAPUIBLHBIE TPYIIITHI
OTIpenesIsIU TI0CTIe POLIeYPhl peHATypaluy 1o Me-
Tomy DyimMaHa [20].

AnaymTrdeckasi xpomarorpadms. [enb-punbsrpanmio
npoBoawian Ha nipudope Breeze (“Waters”, CIIIA), Ha
kosnonHke BioSuite 450 HR SEC 7.8 x 300 mm B DCB,
pH 7.4, npu ckopoctu motoka 1 Mi/MUH ¢ I€TEKII1-
et 6enka mpu 280 HM. B KauecTBe cTaHIapTOB MOJIE-
KyJISIpHOW Macchl ucrnonb3oBaiu (M, k/la): deppu-
TuH (440), OBIYMIT CBIBOPOTOYHBIN anbOyMuH (134 n
67 n1g guMepa U MOHOMEpPa COOTBETCTBEHHO), OEJIOK
genoBeka CDS81 (30), mu3onum (14).

Xpomarorpaduio B odpaiieHHON (a3e OCyIIeCTB-
Js Ha ripubope Breeze (“Waters”, CIIIA), Ha xo-
Jonke Symmetry300 C4 5 mm 3.9 x 150 MM, B TMHE-
HoM rpaguenTe atieronuTpia (0—100%, 60 MuH) ¢ 1o-
6aBneHreM 0.1% TpudhTOPYKCYCHON KUCIOTHI IIPU
ckopoctu mortoka 0.5 Mia/MUH C OgeTeKlueill Oeaka
npu 214 u 280 HM.

KpyroBoii mauxpousm. lcciemoBaHue BTOPUYHOM
CTPYKTYPbl PEHATypUPOBAHHOTO OeJika MPOBOAWIU C
ucronb3oBaHreM criekrpockonuu KJI Ha cniekTporio-
Jspumetrpe “JASCO-810” (AAnoHmst) B nuara3oHax
JIH BosIH oT 190 1o 250 HM. 3HaYeHUSI MOJISIPHOM 371~
JIAMITUYHOCTH PACCUYMTHIBATIN W3 ypaBHeHMS: [0] =
= [0] 154 Moer/ (LC), BKOTOpOM C — KOHIIEHTpAIIHS O€I-
Ka (Mr/mi), L — JJIMHA ONTUYECKOTO ITyTH KIOBETHI
(Mm), 61,5, — U3MEpEHHAsT JUTMIITUIHOCTD (TPAITyChl)
U M., — CpeliHsis MOJIEKYJISIpHas Macca ocTaTKa MernT -
na (Jla), paccurtaHHas U3 €10 AaMUHOKHUCIOTHOM MOCIIe-
JIoBaTeJIbLHOCTU. MI3MepeHusl TpOBOAMIIY B 1 MM KroBeTe
npu KoHLeHTpauyu 6enka 0.03 mr/ma B @Ch, pH 7.4.

PE3VIJIBTATHI U X OBCYXIEHUNE

ITepBonavanbHO mis1 peHaTypauuu rAFP3D wmc-
nonb3oBasi cMoiy Ni-NTA, ¢ moMoIbio KOTOpoit
MPOBOJMJIM OUYUCTKY Oejika B mpeablaylieit padborte
[12]. K coxaneHu1o, OEJIOK IIOCjie peHaTypalru He
3TIOUPOBAJICS CO CMOJIBI BBICOKUMU KOHIIEHTPAIIMSI -
MU MMUJa30j1a HU B HaTUBHBIX Oydepax, HU B pac-
TBOpax ¢ N00aBeHUEM ASHATypPUPYIOIIMX arcHTOB.
Ne 5
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Puc. 1. Daekrpodopernueckuii ananus (JAC-TTAAT-
anektpodopes) rAFP3D mo (2) w mocne (3) peHarypa-
uuu; I — 6eJKOBbIe MapKephbl MOJIEKYJISIDHBIX Macc.

Hcxonst U3 3Toro, MOXKHO 3aKJII0UMUTh, YTO B TIPOLIEC-
ce peHaTypalluy MOJIEKYJIbl Oejka HeoOpaTUMO CBSI-
3bIBAJIMCH C YIJIEBOJHOU MaTpMILEd CMOJIbBI — arapo-
30i. U3BeCcTHO, 4TO arapo3a — 3TO MOJUMEP, COCTOSI -
LW U3 AMcaxapuaoB, T.e. JOCTaATOYHO peaKIIMOHHO-
aKTUBHbBIA Marepuai. Bo3aMoxHO, 4yTO B mpoliecce
peHaTtypalii HECBEpPHYThIC OEJIKOBBIC MOJIEKYJIbI
CBSI3BIBAIOTCSI C arapoO3HOM MaTpUIIE IMMOCPEICTBOM
ruapo@OOHBIX CBI3€ M/MIIM peaKIIMOHHO-CII0CO0-
HbIX Tpynn (SH-, NH,- u T.4.), u mo3ToMy Bnocjie-
CTBUU HE STIOUPYIOTCSI CO CMOJIbI.

JpyruM IIMpOKO UCITONb3yeMbIM HOCUTEJIEM B Ka-
YECTBE OCHOBHI [IJISI CMOJI MOXKET CITY>KUTh CUJIMKATCITb.
ITo cpaBHEHMIO C arapo30ii, CUJIMKAreJib SIBJISICTCS XM~
MUYECKU MHEPTHBIM MatepuajaoM. JIJIs peHaTypauu
rAFP3D 0bu1a ncnonbs3oBaHa cMoJia Ha OCHOBE CHJIH-
karenst HisLink. CoctaB peHaTypupyoliero oydepa
OBbUI TAKOI 3Ke, KaK IIPU peHaTypaluy pa3daBlieHUEM
(cM. MeTonuka).

Benok B KoHIeHTpauu 1 Mr/mMj peHaTypupOBa-
JI1 Ha cMoJie B TedeHue 1—24 4. Hamnydmmii BeIXoz,
peHaTypupoBaHHOTro Geska coctaBwi 60% mocie 4 4
nHKyOanuu. Yucrora peHaTypUpOBaHHOIO Oejlka
cocraBuia He MeHee 98% (puc. 1). [1o pesynsratam
I C—ITAAT -anekTpodope3a nmpu HaHeceHUM 1 Mr
Oenka Becb Marepuall CBSI3bIBajcs co cMmouoii. B
3JII0aTe MOCje peHaTypaly aHaINu3 MTOKa3bIBajl Ha-
muune 0.6 Mr Oenka. OcHoBHble notepu rAFP3D
IIPOMICXOJMIN B pe3yJibTaTe HeOOpaTUMOTO CBSI3bIBa-
HUSI CO CMOJIOH B TIpoIIiecce peHATypalluu.

IIpuHATO CUMTATh, YTO IIPU peHATYpalIuM OeJIKa Ha
CMoJIe, YITAaKOBAaHHOU B KOJIOHKY, YBETMUEHNE KOTUYe-
CTBa HAHOCUMOTO 0OeJIKa KOppeaupyeT C YMEHBIIICHUEM
BBIXO/Ia peHaTypaluy U3-3a OONbIIel arperanuu oe-
KOBBIX MoJieKya [21]. IIpuunHON 3TOro MOXKeT OBbITh
HEpPAaBHOMEPHOE pacrhpeesieHue OeTKOBBIX MOJIEKYJ
Ha KOJIOHKE B Ipoliecce HaHeceHMs1. JIOKaJIbHOE TOBHI-
IIeHVe KOHIIEHTpalMK1 Oejlka B KaKOH-JIM00 YacTh KO-
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Puc. 2. Tenb-dunsrpanus peHatypupoBanHoro rAFP3D
B @CB. Bo BcTaBke TpencTaBiieHa 3aBUCUMOCTh BpeMe-
HU BBIXOAA OT MOJIEKYJISIPHOTO Beca OeJIKOBBIX CTaHIap-
TOB MOJIEKYJISIpHOII Macchl: 1 — pepputuH (440 xJla), 2u
3 — OblYMii CBIBOPOTOYHBIM aJIbOYMUH, IMMeEpHas
(134 x[1a) u MoHOMepHas (67 k[a) ¢popmbl, 4 — yeaoBe-
yeckuit CD81 (30 x/la), 5 — muzouumMm (14 xJla). Ctpen-
Kol 0603HaueHo BpeMs Beixona rAFP3D.

JIOHKM MOXET CITOCOOCTBOBATh arperaliiy Npu rnepeBo-
Jie B peHaTypUpYIOII1e YCIOBUS U TEM CaMbIM YMEHb-
miaTh BBIXOJ peHaTypupoBaHHoro oenka [17]. beuio
U3y4YEHO BJIMSIHME KOJWYECTBA HAHECEHHOTo Oelka Ha
BBIXOJ, peHaTypaluu. PasHble kKonuuyectBa TAFP3D
(0.5—10.0 MT) HAaHOCWJIM HA ONWH U TOT K€ 00BEM CMO-
JbI (1 MJT) M peHaTypupOBaIM IIPU ONMHAKOBBIX YCJIO-
BUsiX (cM. MeTonuka). BeIxon peHaTypaliuy He 3aBUCEN
OT KOJMYEeCTBA HaHECEHHOro Oejka B UCCeIyeMOM
nuarnaszoHe W cocTaBisii 60—65%. Takoii pe3yssraT
MOXHO OOBSICHUTb TEM, UTO TPU B3aUMOIEMCTBIUM OeJT-
Ka co CMOJIOl B MPOOMPKE €ro pacripeesieHue Ipouc-
XOOUT OoJjiee paBHOMEPHO, YEM IIpU HAHECEeHWU Ha
CMOJTy, YITaKOBaHHYIO B KOJIOHKY. Kak ciiencTBue, Bbl-
XOJI peHaTypalluy He 3aBUCUT OT KOJIMYeCTBa HAHECEeH -
HOTO 0eJKa.

PaccunranHast mo BpeMeHHU BBIXO/Ia C KOJIOHKH P
MPOBeACHUH TeJIb-(bMIBTpallid MOJIEKYJIIpHAsl Macca
rAFP3D cocraBuia 26 x/la, 4To GIM3KO K TeopeThde-
ckoil. BeicokoMoJiekysisipHble (hOpMbI U arperarbl OT-
CYTCTBOBAJIM B AETEKTUPYEMbIX KOJIMUECTBax (puc. 2).
I1pu nipoBeneHM XxpomaTorpacduu B 0OpaleHHbIX (a-
3aX B Mperapare OIpeIessiCs TOJbKO OOWH IMK
(puc. 3). D10 NOATBEP>KIAET TOMOI€HHOCTDb BbIIEICH-
HOro IiperapaTta Oejika. B mpenapare IOJIydeHHOTO
Ne 5

ToM 47 2011



BBICOKODOOPEKTUBHAA PEHATYPALIUA

10 15 20 25 30 35 40 45 50 55 60
MWH

0 5

Puc. 3. Xpomarorpacdus B oOpaimieHHbIX (a3ax peHary-
pupoBaHHoro rAFP3D. Onrtuyeckylo MiIoTHOCTb U3Me-
psiim nipu 214 (a) u 280 (6) HM. XpomaTorpaduio ocy-
LIECTBISUIM B JIMHEWHOM TpagMeHTe alleTOHUTpUja
(0—100%, 60 muH) ¢ nob6asnenuem 0.1% TpudTopykcyc-
HOM KMCJIOTBI IPU CKOPOCTH TToToKa 0.5 Mj1/MUH.

OeJiIKa OTCYTCTBOBAJIM CBOOOHHBIC CYIb(MTUIPUILHEIC
IpYyHITbl (OTIPEAeISIIA 10 METOAY DJIIMaHa).

BropuuHasg  CcTpyKTypa  peHaTypUpOBaHHOTO
rAFP3D Opita npoaHanm3upoBaHa MeTonoM KJI
(puc. 4). AHanu3 mokasaj, YTO BTOPUYHAs CTPYKTypa
peHaTypUpPOBAaHHOIO Oe€jiIKa COCTOUT IIPEUMYIIIE-
CTBEHHO M3 O.-CTMpajeii, Tak Kak npodpunb K nme-
€T SIPKO BhIpaxkeHHbIe MUMKHU Ha 199, 208 u 222 HM.
Ionyuennbiii mpodpunb K/l cxomeH ¢ pe3yabsraTaMu
aHajM3a MoJHopa3MepHoro mnpuposHoro AM®II u
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Puc. 4. Cniextp KpyroBoro quxpousma peHaTypupoBaH-
Horo rAFP3D.

dyukumoHansHO aktTuBHOro rAFP3D, penatypupo-
BaHHOTO pa3baBieHueM [12, 22].

BolliensnoxkeHHble  pe3yJbTaThl  MMO3BOJSIIOT
MIpPEeaNoOXNTh, YTO peHaTypupoBaHHBII rAFP3D
00pa3oBaJl MPOCTPAHCTBEHHYIO CTPYKTYPY, COOTBET-
CTBYIOIILY1O TakOBO# B mpupoaHom AMDII.

151 cpaBHEHMsI pa3HbIX CITIOCOOOB peHaTypaluu
rAFP3D B xauecTBe KOHTpOJIsI Oblla IIpOBelieHa pe-
HaTtypanus pasbaBieHrmeM. KoHIeHTpamms Oeika
npu peHarypauuu coctaBuia 0.01—0.02 mr/mi, BbI-
XOJl peHaTypHUpOBaHHOTO Genka coctaBuia 50% ¢ un-
cTOTOM mopsinka 95%.

Bbixonpl 6ej1Ka IMpy peHaTypaLyy Ha CMOJIE U Pas-
OaBJieHMEeM ObLIH 013Ky U coctaBiiv 60 1 50% coot-

CpaBHeHME dKCIIepUMEHTAbHBIX ITapaMEeTPOB peHATypally Ha CMOJIE I peHaTypaluu pa3oaBlieHIEM

DKCIIepUMEHTAIbHBIN ITapaMeTp Cwmona PazbaBneHue
Hcxonnoe konmuyectBo rAFP3D, Mr 1 1
O0BeM peHaTypupylolero oydepa, Mt 10 100
Bpewms peHatypauuu, 4 4 48
Konuentpaius rAFP3D nipu peHarypauuu, Mr/mi 0.1 0.01
Beixon penarypupoBanHoro rAFP3D, %* 60 50
Yucrora peHatypupoBaHHoro rAFP3D, %* 98 95
IIpomyKTUBHOCTB peHaTypaluu (Mr ! q_l) 0.015 0.01 x 1072

* Onpenesisuiv IeHCUTOMETpUel 3eKTpodoperpaMm ¢ IToMolliibio mporpaMmbl OnedScan (“Stratagen”, CILIA).
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BeTcTBeHHO. OCHOBHBIE Pa3IN4UsI 3aKITI0YAINCH B HE-
00XOAMMOM BpEeMEHM peHaTypallii 1 KOJIMYECTBE pe-
HaTypupyoliero oydepa (tadauia). [ToaroMy ¢ Touku
3pEeHUS TIPAKTUIECKOTO MOJTydeHUsT OeJika 6oJjiee ameK-
BaTHBIM OyZIeT CpaBHEHUE ITPOAYKTUBHOCTH peHATypa-
LIMU, KOTOpast OIpeIeIsIach 10 YPaBHEHUIO:

p=IM_ (1)
Vt100%

rae P — NpoayKTUBHOCTb peHaTypauuy (Mr M~ u=1),
Y — BBIXOI peHaTypHupoBaHHOrO 6enka, %, M — uc-
XOJIHOE KOJWYECTBO OejKa, B3SITOro JJIsi peHarypa-
ouu, MT, V' — 00beM peHaTypupyromiero oydepa, M,
{ — BpeMsI peHaTypaluu, J.

3HaYNTEIbHOE IIPEBOCXOICTBO MPOAYKTUBHOCTHU
peHaTypalyy Ha CMOJie TI0 CPaBHEHMIO C peHaTypa-
uel pa3doaBiIeHUEM OOBSICHSIETCS MEHBIIMM BpeMe-
HEM MHKYOAllMM U MEHBIIMM 00beMOM peHATypUpY-
rouiero oydepa (tadauia). ITpu 3Tom yncrora 6e1ka
ocJie peHaTypaly Ha CMOJIe ObLIa BbIIIE, YeM IIpU
peHatypaluu pasdasiecHueM. HeobXxonMMocTh KOH-
LHEeHTPUPOBATh W MOOIOJHMUTEIHHO OUYMINATH OEJIOK
ocJie peHaTypaluy pa3daBJieHUEM BHOCUT OIIpEJie-
JIEHHBIE TPYAHOCTU B POLIECC MOJyYeHUS (PYHKIINO-
HaJbHOTO OeJiKka.

Pesynbrarel CBUIETEILCTBYIOT O TOM, YTO peHaTypa-
st TAFP3D MMMOOUIM30BaHHOTO Ha CMOJE MO
OPOAYKTUBHOCTY 3HAYMTEILHO IIPEBOCXOMUT peHa-
Typaluio MeToloM pasbasiieHus. JlaHHBI crocob
peHaTypallui BIEpPBbIe NMPUMEHEH C BBICOKOH 3(-
(eXTUBHOCTHIO 11 THAPOoGOOHOro OeJIKa ¢ OOJIbIINM
KOJIMYECTBOM TUCYIbGUIHBIX CBsI3ei. OCHOBA CMOJIBI,
Ha KOTOPOIl MMMOOWJIM30BaIM OCIOK IJIsSI peHaTypa-
LIMY, MMeJla OrpoMHOe BIMSIHME Ha 3(h(PEeKTUBHOCTh
npouenaypsl. Mcnonb3oBaHue CMOJIBI HA OCHOBE CHIIH-
Kareyisi, BMECTO TPaaULIMOHHO KCIIOJIb3YeMBIX arapo3-
HBIX CMOJI, TO3BOJIAJIO 3HAUUTEIBHO YIYUIITNTh 3heK-
TUBHOCTH peHatypauuu (ot npaktudecku 0 mo 60%).
HMcnonb3oBaHWe TaKO CMOJIBI HA OCHOBE CUJITMKATEJIST
IS peHaTypaluy HMMMOOMJIM30BAaHHBIX OCJIKOB, IO
cBorictBaM cxomHbix ¢ TAFP3D, Te. rmnpodoOHbIX 1
cofepXalux OOJbIIoe KOJUYECTBO AUCYIbMUIHBIX
CBSI3€i, MOXET MO3BOJIMTH PACIIMPUTh CIEKTP KaK UC-
CJIeAyeMBIX B HayKe OCJIKOB, TaK Y IIPUMEHSIEMbIX JIJISI
MIPAKTAYECKUX LIETIEH.

IIpunocum OmaromapHocts b.C. MenpHUKY 3a
W3MEpeHHE CIIEKTPOB KPYTOBOTO AUXPOU3MA.

PabGora Oblna mnoagepxkaHa rpaHToMm PODOU
(Ne 09-04-12281-0odu_M).
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High-Efficient Renaturation of Immobilized Recombinant
C-Terminal Fragment of Human Alpha-Fetoprotein

O. A. Sharapova“, M. S. Yurkova’, S. M. Andronova’, A. N. Fedorov?,
S. E. Severin?, and E. S. Severin®
4 Moscow Research Institute of Medical Ecology, Moscow, 117638 Russia
e-mail: sharapova_o@hotmail.ru
b All-Russia Center for Molecular Diagnostics and Treatment, Moscow, 117638 Russia

e-mail: sharapova_o@hotmail.ru
Received March 1, 2011

Abstract—C-terminal fragment of a human oncofetal alpha-fetoprotein (AFP) may be used in targeted cyto-
statics delivery to malignant cells of many tumors. AFP fragment (from 404 to 595 amino acids residues of a
full-sized protein) was cloned and produced in Escherichia coli cells, BL21 strain (DE3) in the form of inclu-
sion bodies. To obtain a functionally active protein, is it necessary to renature the protein. The renaturation
procedure of the AFP third domain (rAFP3D) is considerably complicated by the fact that the protein is
hydrophobic and contains a large number of S—S bonds. A renaturation technique of rAFP3D immobilized
onssilicic metal chelate resin has been developed. The yield of renatured C-terminal fragment was no less than
60% with purity on the order of 98%. The developed technique has been applied for the first time for hydro-
phobic protein with a large number of S—S bonds. The approach can be applied for efficient renaturation of
other hydrophobic proteins with a large number of disulfide bonds for scientific and practical purposes.
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BJIMAHNE TPUTEPIIEHOBDBIX ITINKO3NJ10B HA AKTUBHOCTD
a- 1 B-AMUJIA3 1 COAEPXKAHUE CYMMAPHOI'O BEJIKA
B ITPOPOCTKAX ITIIEHUMIIbI

© 2011r. BO. C. JlaBugsaniy

Cmaesponoavckuli Hay4Ho-uUccae008amenbCKull UuHcmumym ceavckoeo xossaiicmea PACXH,
Muxaiinosck, 356241, Cmaspononvckuil kpaii

e-mail: sniish@mail.ru
IMocrynuna B penakiuio 12.01.2011 .

W3ydeHo BavsIHIE TJIMKO3MIOB OJICAHOJIOBOM KMCIOTHI, MOMYYSHHBIX M3 HaI3eMHOM YacTu Silphium perfolia-
tum L. (cunbduosunbl B, C, E u G) u UXx NporeHMHOB Ha aKTUBHOCTb aMUJIa3 U COACPXKaHUEe CYMMapHOIO
OeJIKa B IIPOpOCTKax MmeHuIbl. OopaboTKa ceMsIH 03UMOM MsATKOM nineHusl ( 7riticum aestivum L.) 1.0—
10.0 MKM BOIHBIMHU pacTBOpaMU MOHO- W AUTIMKO3UAOB (MOHO- U OMCAECMO3K/Ibl) MOBbIIIAIa Ol-aMUJIa3-
HYI0O 1 CYMMapHYI0 aMUJIOJIUTAYECKYI0 aKTUBHOCTh B TPOPOCTKAX. YBEJIWUYEHUE KOJUUECTBA TJIIOKO3HBIX
ocTaTkoB 10 3 (cuwibduo3un E) mpuBoauiio K rorepe CTuMyaupyloiiero addexkra Ha akTUBHOCTb OL-aMIJIa-
3bl. Y OMC-TPUTIIOKO3UIA, COACPKAIIIETO alleTUILHYIO TPYITITY B YIJIEBOAHON YaCTH MOJIEKYJIbI (CUIb(ro3un
C) cnnocoOHOCTh K CTUMYJISIIMU OL--aMWJIAa3HOM aKTMBHOCTM B KOHIieHTpauuu 0.5—1.0 MKM coxpaHsiiack.
Oo6pabotka cemstH 5.0—10.0 MKM pacTBopaMM UCCIIEAYyeMbIX BEIIIECTB MPUBOAMIIA K MTOBBIIICHUIO CyMMAap-
HOTO 0eJiKa B TPOPOCTKAX U YCUJIEHUIO UX POCTA, MPU ITOM IeCTBUE ITIMKO3UA0B He ycTynano addekram K-

30T€HHBIX TMOOepeIUTMHA A3z M 6-0eH3MIIaMHOITYpYHA.

TputeprieHOBbIE TJIMKO3UAbI MPEACTABISIOT LIU-
POKO pPacIpOCTPaHEHHYIO M CTPYKTYPHO Pa3HOO0O-
pa3HyIO IpyIiy BTOPUYHBIX META0OIUTOB PAaCTEHUIA,
KOTOpbIE MPEAINOJOXKUTEIbHO UIpPalOT PeryasiTop-
HYIO POJIb B IIPOIeCCaxX PoCTa, Pa3BUTHUS U CTPECCO-
YCTOMUYMBOCTU PACTEHUIA.

Poctperynupyioniass aKTMBHOCTh yCTaHOBJIEHA
JUISI TPUTEPIICHOUIOB psifia ojieaHaHa, JiylaHa, JaM-
MapaHa 1 UX IJIMKO3ua0B [1—7].

BrisiBiieHrE POCTCTUMYJIMPYIOIIETO IEHACTBUS Y
TPUTEPIICHOBBIX KUCJIOT JJAHOCTAHOBOTIO Psifia, BhIAC-
JICHHBIX U3 MUXTHI cubupckou (Abies sibirica Ledeb.)
[8], mo3BOJIMIIO TTOYyYaTh HA UX OCHOBE MperapaThl
(cunk, 6MOCKUIT, HOBOCUII, B3PBA), TOKAa3aBIlIe CBOIO
3¢ PEKTUBHOCTL TTIPU BO3ACIBIBAHUN MHOTUX CEJIb-
CKOXO3SIICTBEHHBIX KYJIBTYp [9].

B psine pa6or [3, 4, 7] moka3aHO, YTO TPUTEPIIEHO-
BbIE TJIMKO3UIbI 001anatoT 60Jiee BBICOKOW POCTPETY-
JIMPYIOIIEH aKTUBHOCTBIO, YeM CBOOOIHBIC TPUTEPIIC-
HOUIIbI (arTMKOHBI). Kpome Toro, NIMKO3uibl pacTBO-
pUMBI B BOjE, UYTO oOJerdyaeT HUX BbIACJICHUE U3
pacTeHUsI U OTKPhIBA€T BO3MOXKHOCTh IPAKTUIECKOTO
WCITIOJIb30BaHMSI 3TUX COSANHEHUI B KauecTBe 3P deK-
TUBHBIX, 9KOJOTNYECKN 0€30MaCHBIX PETYISITOPOB PO-
CTa paCTEHUM.

Bbuonoruyeckue ucnbiTaHUsI 3KCTpaKTa CUIbGUN
npoH3eHHoIUCTHOMN (Silphium perfoliatum L.), co-
JIepxaiero (pu3MoJOrniecKd akKTUBHBIE TpUTEpIIe-
HOBBIC TJIMKO3WABI, TIOKA3aJlu, 4YTO 00paboTKa 3KC-
TPAKTOM PacTeHWI O3WMOI TIIIEHUIIBI Pa3HBIX COP-
TOB TIOBHBILIAJIA COJIepXKaHUE XJIOpOGULIa B TUCTHSX,

YPOXailHOCTh 3epHa U COlepKaHWe B HEM Oelka U
ChIpOii KJIeliKoBUHBI [10, 11].

YnoOHOI GHMOJOrMYECKON MOMAEIBIO WIST U3YUYCHUS
JIIEUCTBUST TPUTEPIIEHOBBIX TNIMKO3WOIOB TAaKXKE MOTYT
CJIY>KWUTh MpOpacTalolyie 3epHOBKU MileHUIbl. O0pa-
30BaBIIMECS B pe3y/IbraTe IpoTeojI3a 3aracHbIX Oell-
KOB IJIMaIVHA U IIIOTEeHWHA aMWHOKWCIIOTHI U TIOJIH-
TIETITUABI UCTIOJIB3YIOTCS JIJIs1 OMOCUHTE3a CTPYKTYPHBIX
U (pepMEHTATUBHBIX OCJIKOB, HEOOXOOUMBIX JIJISI HOBO-
00pa3oBaHMsI HOBBIX KJIETOK M CMHTe3a BeecTs. [1po-
JIYKThI aMUJIOJIM3a YIaCTBYIOT B (DOPMUPOBAHUU CTPYK-
TYPHBIX 2JIEMEHTOB ITPOPOCTKA, a TAKXKE BOBJIEKAIOTCSI B
OKHUCJIMTEJIbHBIE ITPOLIECCHI, OOECIIeUnBaIOIINE DHEP-
rueii aHaOOIMYECKUE peaKlInH.

Oco0y10 aKTMBHOCTb B IIPOPACTAIOIINX 3€PHOBKAX
MIIEHULIBI TPUOOPETAOT (pepMEHTHI aMUJIOTUTUYECKO-
TO KOMIDIEKCAa — Ol- U [3-aMWIa3bl, yIacTBYIOIIVE B Jie-
rpagaliv OCHOBHOTO 3aIlaCHOTO BEIlIECTBA — KpaxmaJia.

o-Avmnaza — 1,4-o-D-rmokaH-TmoKaHTraposiasa
(K® 3.2.1.1), kanpumiiconepxalas 3HIOTTIOKO3WIa-
3a, ruapoausyeT o.-(1 — 4)-mIMKO31IHbIe CBSI3U B aMU-
JI03¢ ¥ aMUJIOTIEKTUHE C 00pa30BaHNEM CMECH MaJIBTO-
3bI 1 HUBKOMOJIEKYJISIPHBIX OJTUTOCAXapPUIIOB.

B-Amunaza — 1,4-o-D-mmokanmansrornaposnasa
(K® 3.2.1.2), ak3o0rmoko3uiiaza, paspbiBaet o-(1 — 4)-
TIMKO3UIHBIE CBSI3U B Kpaxmalie, Mocjea0BaTebHO
OTIIETIISIST MATBTO3Y C HEPEAYIIUPYIOITNX KOHIIOB MO-
JIEKYJIbl. AMUJIO3Y [3-aMuiiaza paciieruisieT MOJTHOCTHIO,
a MpU IeMCTBMU Ha aMUJIONIEKTUH 00pa3yrOTCsl MaJIBTO-
3a ¥ BBICOKOMOJICKYJISIPHBIE TEKCTPUHBI, KOTOPHIE THI-
POJIM3YIOTCST Ol-aMUJIa30il ¢ 0Opa3oBaHUEM JOEKCTPU-
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HOB C MEHBbIIIE MOJIEKYIsIpHOI Maccoii. I1pu ogHO-
BPEMEHHOM JEWUCTBUM OOEMX aMuiaa3 Kpaxmal
rugpoausyercst Ha 95% [12].

Llenb paboThl — U3yYeHNE UBMEHEHUI aKTUBHOCTU
o- U B-amMwia3 U comepkaHusi CyMMapHOro Oejika B
MPOPOCTKAX TMIIEHUIbI, BOZHUKAIOIIUX MOCJIe obpa-
OOTKM CEMSTH TPUTEPIICHOBBIMU INIMKO3UIAMM Pa3JTAY-
HOTO CTPOCHMSI, YCTAHOBJICHUE BJIUSIHUSI CTPYKTYPbI
IJIMKO3WIOB Ha UX METa0OJIMUECKYIO aKTUBHOCTD.

METOINKA

B pa6ote ucnomnb3oBamu 3-O-f-D-rmokonupaHo-
3up osieaHoJToBo KucioThl (1), 3-O-B-D-rmokormpa-
Ho3un (1 — 2)-O-B-D-rmokornupaHo3un o1eaHoIo-
BOI KMCJIOTHI (COpopo3u1 01€aHOI0OBOM KUCIOTHI, 11);
3,28-1m11-O-3- D-rmokonpaHo3u 1 0J1eaHOJIOBOM KHC-
sotel (cunbduosnn B, 111); 3-O-[B-D-rmokormpano-
3ui (1 — 2) — (6-O-atetwn)-3-D-nmokonpano3uz|;
28-0-B-D-r1oKonupaHo3u 0JIeaHOJIOBOM KHUCJIOTbI
(cumsdmozun C, 1V); 3-O-[B-D- nmokonmpaHo3ut
(1> 2) — O-B-D-rmokonupanosun); 28-O-f-D-rmo-
KOMWPAHO3UJ, OJIEAaHOJOBOI KUCIOTHI (CHUIb(pHO3U
E, V); 3-O-B-D-mmokypoHonupano3un — 28-O-f3-
D-rmokonmpaHO3UI 0JI€aHOJIOBO# KUCIOTHI (CHJTb-
duosun G, VI).

Cunbdpuosuabl (II1—VI) Oblau BhIAEIEHB U3
Hana3eMHoU yactu Silphium perfoliatum L. 1o meto-
MKe, olMcaHHoM HaMu paHee [13—16]. Dnukosumsr I
u 11 monydyeHbl OMbUIEHHUEM COOTBETCTBEHHO CUJIb-
¢uosunoB B (111) [13] u E (V) [15].

OT1BITE TPOBOAMIM Ha CeMEHaX O3MMOI MSTKON
niueHulsl Triticum aestivum L. copTa ABecTta, Ipolle/-
LIMe TIEPUOJ, MOCIeyOOPOYHOro no3peBaHust (3—6 me-
cstyHOro XpaHeHwus ). IIpennoceBHy0 00pabOTKy ceMsIH
HCCIIeAYyeMbIMU BeILIECTBAMU OCYILIECTBIISLIN MO O0l1Ie-
MOPUHSATON METOOMKE, “moyycyxum” criocoooM. s
3TOr0 CeMeHa MHTEHCHMBHO BCTPSXUBAIM C BOTHBIMU
pacTBopaMM MMKo3ua0B u3 pacuera 1 mii/100 cemsiH. B
KOHTPOJIE ceMeHa 00padaThIBa/Iv JUCTULIMPOBAHHOMN
Bomoii. JIyIss cpaBHeHUSI OMOJIOTMYECKOIrO IEeMCTBUS
IJIMKO3UIOB CEMeHa 00padaThiBaJIM pacTBOpaMu TMO-
beperuiHa A, (rubeperoBast kucnota) (TA;) 1 6-6eH-
swtamuHorrypuHa (BAII) (“Serva”, Iepmanust) omHoM
13 3PHEKTUBHBIX KOHLIEHTPALIW, KOTOPBIE OITPEACIIsI-
JIN B TIpeIBApUTEJIbHOM OITbITE.

OO0OpaboTaHHBIE CEMEHA CYIIWIM IIPU KOMHATHOM
TeMrieparype. 3aTeM IpopaninuBajii B TedeHUE 7 CyT B
vaikax Iletpu Ha GUIBTpOBabHOM Oymare, CMOYEH-
HO 6 MJT TUCTWUTUPOBAHHOM BOJKLI B TEPMOCTATE TP
Temiieparype 22—24°C. 114 onpeaenaeHust akKTUBHOCTU
aMuiia3 1 CyMMapHOro 0eJjika MCIIOJIb30Bad 7-CyTou-
HEBIE TIPOPOCTKM C SHIAOCIIEPMOM M CEMEHHOM KOXKY-
poit. O IeficTBUM INTMKO3WI0B Ha POCT CYIWJIIH 10 MU3MeE-
HEHUIO JJIMHBI KOPHEWN, HAI3EMHOM YaCTU, ChIPOI U Cy-
XOI MacChl KOHTPOJILHBIX Y OIILITHBIX IIPOPOCTKOB.

DKCTPaKT (DepMEHTOB TTOIyJaIy 1o MeToauke [16].
Hagecky pactutensHoro Marepuana (20 mpopocTKOB)
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pacTUpaIM B CTYIKE ¢ HEOOJBIITUM KOMdecTBoM 1%-
Horo NaCl. CooTHollleHMe MeX Ty HaBeCKOI U pacTBO-
poMm NaCl 1 : 20. Dkcrpakuus mpoaoyKaiach 1.5 4 nmpu
Temriepatype 4°C TIpu MeUIEHHOM ITepeMeITMBaHNM.
ToMoreHar ¢uabTpoBaIM M LIEHTPUMDYTUPOBAIU TIPU
4000 g B TeueHue 10 muH. CynepHaTaHT UCIIOIb30BaIU
TSI OTIpefie/IeHUs1 aKTUBHOCTY aMUJias.

CyMMapHyl0 aKTHUBHOCTh aMWJIa3 OMNpenessuin
CceKTpoOTOMETPUIECKU TIpU 595 HM, HCIIOJIB3YSI
KpaxmaJl B KayecTBe cyocTpata corjiacHo [17]. B mpo-
OUpKM TIpWIMBAIA MO 3 MJ aneratHoro Oydepa,
pH 5.5, m mo 3 M 2%-HoTrO pacTBOpa Kpaxmaia, Ha-
rpeBayiu 10 40°C. 3aTeM B OIbITHBIE TPOOMPKI BHOCH-
Jm 0.2 MJT 3KCTpaKTa (DEPMEHTOB, B KOHTPOJILHBIE — Ta-
KO€ XK€ KOJIMYECTBO AUCTUIIDIMPOBAHHOM BOAbI. I1o-
cie uHKybaumu mpu 40°C Ha BomsiHOUM OaHe B
TeyeHue 30 MUH peakiUIo OCTaHABJIUBaIU 100aBJe-
HueMm 2 i1 1 M HCI. 3ateMm 13 Kaxmoit IpoOrpKu OT-
ounpanu 1o 0.5 MJI cMeCH ¥ BHOCHJIN B MEPHBIC KOJIOBI
Ha 50 MJI, B KOTOPBIX coaepKaaoch 30 MJI TUCTUILIIM-
posanHo¥ Bogbl, 1 M1 0.1 M HCl u 5 kamntens 0.3%-
Horo pactBopa iona B 3.0%-Hom pactBope KI. Co-
Jep>KUMOe KOJIO TOBOAWIM IO METKU BOIOIA, TIepeMe-
IIWBAJIV U U3MEPSUTU OIITUYECKYIO TIJIOTHOCTh Ha CITeK-
TpodoroMeTpe Spekol (“Carl Zeiss”, [epmanust).

J1s1 oripeeieHns aKTUBHOCTH OL-aMMJIA3bI K DKC-
TpakTy ¢epMeHTOB (5 M) H00aBJISIIM HECKOJIbKO
MUWJIJIMTPAMM CYXOIo aleraTa KajabLUsl, BEIAEPXKBa-
Jm 15 MmuH Ha BogsgHol 6aHe npu 70°C ajist ”THAKTU-
BallMM [-aMWiIa3bl, 3aTeM OBICTPO OXJIAXIAJU.
TTonydyeHHBI pacTBOP UCHOJb30BajM I ONIpe-
JIeJeHUs Oo-aMIJIa3HOM aKTUBHOCTHU T10 BBIIIEOITH-
CaHHOU METOIVKE.

AKTUBHOCTH [B-amMUJIa3bl OMpemesIsid Mo pa3-
HOCTH MEXIYy CyMMapHOW aKTUBHOCTBIO O- U -
aMujia3 U aKTUBHOCTBIO OL-aMWJia3bl. AKTUBHOCTD
aMuiia3 BeIpaXkali B YCIIOBHBIX eIMHUIIAX, B MT THII-
ponm3oBaHHOrO Kpaxmana 3a 30 MUH WHKyOaluu
nipu 40°C B pacueTe Ha 1 MPOPOCTOK.

CyMMapHbIii 0OeJIOK 3KCTparupoBaivd U3 U3MEb-
YEeHHOTIO paCTUTEIbHOTO MaTepuana 4-KpaTHbIM KOJIM-
gectBoM OopaTtHoro 6ydepa (pH 10.0), comepkaiiero
0.2% owvcynnsdara Hatpws [17]. [omoreHaT B36aiThIBA-
Jim Ha 1erikepe (“Elpan”, Ilosblia) B TedeHue 1 4, mo-
cJie OTCTauBaHUS pacTBOpa B Te4eHue 15 MUH oTOrpamn
10 M1 1 menrpudyruponsanu npu 3000 g 15 mun. Len-
Tpudyrat UCMOIb30BAIU JIJ151 ONPENETICHNUS] CyMMapHO-
ro 6enka o meroay Jloypu.

HNccnepoBanus mpoBOAMINCHL B 3-KpaTHOM IIO-
BropHocTu. Ha puc. 2—4 u B Tabiuie NpUBEICHBI
cpenHue apudMeTUUYEeCKHUEe M3 TpeX He3aBUCUMBIX
BKCIIEPMMEHTOB U X CTAHAAPTHBIE OITUOKU.

PE3VJIBTATBI 1 UX OBCYXIEHHE

Bzsareie 115 uccienoBaHusT TIIMKO3UAbI OJIEAHOI0-
BO KHCJIOThI pa3inyaavch CTPOEHUEM YTJIEBOAHOM ya-
ctu (puc. 1). MoHocaxapuaHbII COCTaB TJIUKO3UIOB
Ne 5 2011

TOM 47 R



532 JABUISIHLL
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Puc. 1. @opmysibl IITMKO3UI0B OJIEAHOJIOBOI KUCIIOThI, UCITOJIb30BAaHHBIX B padoTe.

MpencTaBlIeH IPEeUMYIIECTBEHHO ocTaTkamMu D-rio-
KO3hbl, 3a uckmodeHreMm rmuko3una G (VI), comepxka-
IIIETO TAKXKE OCTaTOK D-TIIIOKYpOHOBOIA KMCJIOTHL.

O06paboTKa ceMsIH 03MMOM MIIEHUIIBI UCCIEaye-
MBIMHU BellleCTBaMM OKa3bIBajla pa3jIMdYHOE JIeCTBUE
Ha aKTUBHOCTh aMUJIa3 B IPOPOCTKAX B 3aBUCUMOCTU
OT KOHIEHTPALUU U CTPYKTYPHI TJIMKO3W/A.

ITocne 0OpabOTKM ceMsiH pacTBOpaMW MOHO- U
OMO3UI0B 0JIEaHOJIOBOW KHUCJIOTHI HAOII0JaI0Ch T10-
BbILLIEHME CYMMAapHOM aMMJIOJIUTUYECKOM aKTUBHO-
CTU B IPOPOCTKAX IO CPABHEHMIO C KOHTPOJIEM, TPU-
yeM HamboJsee 3(p(eKTUBHBIMM OKA3aIMCh KOHIICH-
tpauuu MoHo3uaa (I) 10.0 MxM u 6uosunos (11, 111,
VI) — 5.0 MxM (puc. 2).

DT K€ KOHIIEHTpAlMY INIMKO3UAOB CYIIECTBEHHO
CTUMYJIMPOBAJIH B IIPOPOCTKAX AKTUBHOCTD OL-aMUJIa3bI
(B 2.3—3.0 pa3za) OTHOCUTEILHO KOHTPOJISI, IpHUYeM (-
(eKT NNIMKO3UIOB MPEBOCXOINIT IEMCTBIE 9K30T€HHBIX
T'A; u BAITI. ITpu 3TOM 110 CpaBHEHUIO C KOHTPOJIEM U3~
MEHUJIOCh COOTHOIIEHUE MEXITY aKTUBHOCTBIO OL-aMHU-

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

Jla3bl 1 B—aMI/IﬂaBbI B CTOPOHY YBCJIMYCHUA JOJIM aKTUB-
HOCTHU Ol-aMMJIa3bl.

MaxkcuMaibHOE yBeTMUYeHIEe aKTUBHOCTU OL--aMU-
J1a3el B mpopocTkax (B 3.0 paza) oTMe4YeHO Mpu aeii-
cTBUM codopo3uga ojieaHoygoBoi kucyioThl (II),
MMEIONIero octaTok codopossl mmpu atome C-3
arJMKoHa. AHAJOTMYHBIA C HMM IO COCTaBy
cunbduosug B (I11), HO comepkalMii ocTaTKuU
D-rmoko3sl kak nipu C-3, Tak v ipu C-28 arnvMkKoHa,
IeiicTBOBaI MeHee aKTUBHO. OmHaKko 3P (eKT CUIb-
¢uo3uga B (IIl) Owin OGojiee BBIpaxKEeH, YeM
cunbduosuga G (VI), uMerlnero Takoe pacmno-
JIOXEHHUE YIIEeBOIHBIX (PparMeHTOB, KaK U CHUJIb-
¢uoszun B (III), HO B oTaM4YuMe OT HEro, coaep-
XKalmiero BMecTOo ocTaTtka D-rmoko3sl npu C-3
arJMKoOHa OCTaTOK D-IIoKypoOHOBOI KMCJIOTHI.

O0paboTKa CeMSTH TIISHUIIBI pacTBOpaM1 TPHUO3U-
JIOB OJICAHOJIOBOI KMCJIOTHI TaKXKe BbI3bIBAJIa U3MEHE-
HUEe aKTUBHOCTY aMuja3 B MPOPOCTKAxX, HO XapakTep
nevictBus cuibguosuna C (IV) cymmecTBeHHO OT/IMIaiI-
¢ ot TakoBoro cwibduosuaa E (V). Ucnons3oBaHue
Ne 5
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ell./TIpOpPOCTOK
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500 [~ W & & i
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0 1 1 1 1 1 1 1 1 1 1 1 Il Il J
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Puc. 2. BiusiHue o6paboTKu CeMSsIH MILEHWLIbI Pa3TMYHBIMU KOHLIEHTPALIMSIMU MOHO- Y TUTJIMKO3UAOB 0JICAHOJIOBOI KHCIIO-
Tbl Ha aKTUBHOCTb O.- U 3-aMuJIa3 B IPOPOCTKax: | — IMCTWIIMPOBaHHast BoAa (KOHTPob), 2 — 2.9 MxM TA;3, 3 — 45.0 MmkM
BAIl, 4—1.0, 5— 5.0, 6 — 10 MkM 3-0-f-D-rmokonmpaHo3u I oJeaHoI0BoM KUCIOTh, 7 — 1.0, 8 — 5.0, 9 — 10.0 MKM codo-
po3un ojeaHo0Boi kucaotel, 10—1.0, 11— 5.0, 12— 10 MxM cunbduosun B, 13— 1,0, 14— 5.0, 15— 10 MkM cunbduosua G.

I — cymmapHast akTHBHOCTb aMua3, 11 — aktuBHOCTS 3-ammitassl, 111 — akTHBHOCTB Gt-aMWITa3hbl.

elI./TIpOPOCTOK
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400 F B 111

300 Z
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100 | %
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Puc. 3. BiaussHue o6paboTKY CeMSTH TIIEHULIBI Pa3TUYHBIMU KOHIIEHTPALIMSIMU TPUTJIMKO3KUIOB 0JIeaHOJIOBOM KMCIOTHI Ha aK-
TUBHOCTb O- U [3-aMWIa3 B IpopocTKax: / — MUCTUIUTMPOBaHHas Bonma (KoHTposb), 2 — 0.1, 3 — 0.5, 4 — 1.0, 5 — 5.0, 6 —
10.0 MM cunbcpuosun C, 7— 0.1, 8— 0.5, 9— 1.0, 10— 5.0, 11 — 10 MxM cunbduosun E.

I — cymmapHast akTMBHOCTh ammiias, [1 — akTuBHOCTD [3-amuasbl, [11 — akTMBHOCTD oL.-aMUJIa3bl.

0.5—10.0 MxM cutbpuosuna C mpuBoaWiIO K yBeIde-
HUIO CYMMapHOW aMWIOJUTUYECKON aKTMBHOCTH IO
CpaBHEHMIO C KOHTPOJIEM, B TO BpeMsl KaK HU OfHA U3
HCCIeNOBaHHBIX KOHIIeHTpaluii cuibguosuma E (0.1—
10.0 MxM) Takoro addekra He okazbiBajia (puc. 3). Ak-
TUBHOCTb Ql-aMWUJIa3bl B TIPOPOCTKAX, MOJYYEHHBIX U3
ceMsiH, 00paboTaHHbBIX pacTBopamu cuibguosuaa C B
nHTepBayie KoHueHTpauuii 0.1—10.0 MkM ObLa BEIIIIE,
yeM B KoHTposie (puc. 3). Haubombliiee MoBbILIEHUE
aKTUBHOCTH Ol-aMIJIa3bl B 2.6 11 2.4 pa3a OTMEUeHO TIpU
ncnons3oBanuu 0.5 n 1.0 MkM cunbdpmosuma C cooT-
BeTcTBEHHO. [Tocie 00paboTKM ceMsTH TIIEHULIBI pa3-
JIMYHBIMUA KOHLIEHTpalusiMu cuwibduosuna E moBbi-
ILIEHUsI aKTUBHOCTU Ol-aMWJIa3bl B ITPOPOCTKAX HE BbI-
gBiaeHo, a wmcnonk3oBanme 0.1, 5.0 m 10.0 MxM
pacTBOPOB V BBI3bIBAJIO CHWDKEHME aKTUBHOCTU (hep-
meHTa (puc. 3). CiaenoBaTeIbHO, YBEIMYCHUE KOIYe-
CTBa MOHOCAXapUJHbIX OCTaTKOB /10 3 B MOJIEKYJe
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cunbdurosuna E (V) mpuBogur K mmorepe CTUMYIMPYIO-
1iero adekTa Ha aKTUBHOCTh Ol-aMWJIa3bl 1O CpaBHe-
Huto ¢ rukosunamu (I-ITI, VI), conepxamumu 1—2
YIJIeBOIHBIX KoMMNoHeHTa. Y cuibpuosuaa C (IV), or-
JINYAIOIIETOCSI OT CBOETO CTPYKTYPHOTO aHAJIoTa CUJIb-
¢uosuna E (V) HanmuureM aleTUILHOM TPYIIIIbI B YIJie-
BOJHOM YaCTM MOJIEKYJbl, HAIIPOTUB, CIIOCOOHOCTh K
CTUMYJISILINM O.-aMWJIa3HOM aKTUBHOCTH COXpPaHsIach.

Eciu B oTHOLLIEHUM aKTUBHOCTU OL-aMMIa3bl
MPOSIBUJIACH CIIEU(UIHOCTD IeUCTBUS IITMKO3UIO0B,
00yCJIOBJIEHHAs OCOOEHHOCTSIMM HX XMMMWYECKOTO
CTPOCHUSI, TO Ha colepKaHUe CyMMapHOro OeJjika B
MPOPOCTKAX BCE UCCenyeMble TITMKO3UIbl He3aBU-
CHMO OT WX CTPOCHUSI OKa3bIBAW CTUMYJIHMpPYIOIIce
nericteue (puc. 4). Hanbonbmmii 2¢dekT BhI3bIBaIa
obpabotka cemssH 10.0 MKM pacTBOpoM MOHO3HUIa
(D), 5.0 MxM o6uozunos (11, 111, VI) m 5.0 1 10.0 MxM
TpUa3uaoB ojeaHoyioBoi KucioTel (IV, V) coot-
Ne 5
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Puc. 4. BnusiHue 06paboTKu CeMSTH MIIIEHUIIBI Pa3TUYHBIMYA KOHIIEHTPAIUSIMU TPUTEPTIeHOBBIX uko3unoB (I — 1.0, IT— 5.0,
III — 10.0 MxM) Ha cozmepXaHue CyMMapHOro 6ejKa B MpPOpocTKax: / — MUCTWUIMPOBaHHas Boja (KOHTpousb), 2 — TAj
(2.9 MkM), 3 — BAII (45.0 MkM), 4 — 3-0-f- D-rmoKonMpoHO31 ] 0JIEAHOJIOBOI KUCIOTHI, 5 — cOPOpO3UI 0JIeaHOJOBOIM KHC-
JIOTHI, 6 — cunbduosun B, 7 — cunbduosun C, § — cunbbuosun E, 9 — cunbduosua G.

BeTcTBeHHO. [Ipu 3TOM comepxaHue CyMMapHO-
ro 6ejiKa B POPOCTKAX MOBBIIIAIOCH Ha 8—16% oT-
HOCUTEIbHO KOHTpoJIsi. Hanbonee BEICOKMIA YPOBEHB
colmepkaHusl OelKa OTMEYEH B IPOPOCTKAaX, ITOJIy-
YEeHHBIX M3 CEMsIH, O0O0pabOTaHHBIX YyKa3aHHBIMU
KOHLIeHTpauusiMu cuibpuosugoB C u E, a Takxke
coopo3naga 0J€aHOJIOBOM KHUCIOTBHI. AKTUB-
HOCTb INIMKO3UI0B B TaHHOM Cjiy4yae He ycTyma-
Jla aKTUBHOCTHU 3K30reHHoro BAII.

Takum o6Gpa3zoM, TPUTEPIIEHOBBIE TJIMKO3UABI CITO-
COOHBI CTUMYJIMPOBATh BaKHEHIIINEe OMOXUMHUYECKHE
MPOLIECChI B IIPOPACTAIOIIMX CEMEHAX IIIEHULIbI (THUI-
pOJIM3 3amacHOro Kpaxmayia, GMOCUHTe3 Oejka), co-
CTaBJISIOLINE OCHOBY aKTUBHOT'O POCTA PACTCHUIA.

ITpu 06paboTKe ceMsiH MILEHULbI TTUKO3UIaMuU
HaGJIIOTaJIOCh M3MEHEHHE MOPDODU3NOTOTHISCKIX
rmoxasarejieil TTpOPOCTKOB, CBUACTEIBCTBYIOIINX OO
YCWJIEHUM POCTOBBIX IIpolieccoB (Tabmuna). I[Mpu
MENCTBUY OITHMAJBHBIX KOHIICHTPAIIUA TJIMKO3M-
1oB (5.0—10.0 MmxM) cyxast Macca MIpOPOCTKOB MOBBI-
manach Ha 8—13% Mo cpaBHEHUIO C KOHTPOJIEM.
MakcumMaiabHOe YBeIMUEeHUE CyXOl MacChl MPOPOCT-
KOB KOPPEJIMPOBaJIoO C HAKOIJIEHNEM B HUX OesKa.

KitroueBast posib B peryssiiiii pocTa U MeTaboam3Ma
pacTeHuil OTBOIUTCS TOPMOHAIbHOW cucteme. MHmIy-
LMpOBaHHbIN [A; cMHTE3 o--aMuiIas3el de novo B alneipo-
HOBOM CJIOE CEMSIH TIIIEHUIIbI CBSI3aH C YBEJIUYEHUEM
conepxanus crietmduuHoit ”PHK, TpaHcaupytoieii
a-amunasy [19]. TputeprieHOBbIE IJTMKO3UIbI, BOZMOX-
HO, CBA3BIBAIOTCA C peLientopoM IA; okasbiBas HETo-
CpeACTBEHHOE BIMSHUE HAa aKTUBHOCTh TMOOEpEJUTMHO-
3aBUCUMBbIX TeHOB. [1100epe/IMHONONO0HOE IeCTBIE
IJIMKO3UIOB ObUIO paHee YCTAaHOBJIEHO HAMU B OMOTECTe
IO YUTMHEHUIO TUTTIOKOTWIICH canara, BhISIBIIEHbI TAKKe
3 GheKThl IMKO3UAOB B JPYTHX TeCTaX, XapaKTepHbIX
JiIsS1 OMOJIOTMYECKON aKTMBHOCTM ayKCUHa (CTUMYJISI-
1I1s1 KOpHEOOpa3oBaHMS Y YePEHKOB (DacoJiv) U IIUTO-

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

KWHUHA (3aIepXKKa pa3pylIeHUsT XJI0poduilia B IUCTO-
BBIX OTpe3KaX STIMEHSI, CTUMYJISILIUS IIPOPACTAHMSI Ce-
MSIH caJiaTa IpHU MOBBILIIEHHOI TeMreparype) [6].

OTU JaHHBIE TTO3BOJISIOT npeamnojgaratb, 4To
TPUTCPIICHOBLIC TJIMKO3UIbI, B3aPIMOI[eI710TBy51 C (I)I/I—
TOrOpMOHaMM, MOT'YT BOBJICKATbCA B PETYJIALINIO ME-
TaOOIMYECKUX U POCTOBLIX ITPOLICCCOB.

B peamuzaninu  GuUTOpEryIupyIomero AeicTBUS
TPUTEPIIEHOBBIX NIMKO3UJOB BAXKHOE 3HAYEHUE MOXKET
UMETh MX CIHOCOOHOCTb M3MEHSTH MPOHUIIAEMOCTh
KJIETOYHBIX MeMOpaH. B3auMoaeicTBys co crepuHaMu
MeMOpaH, TPUTEPIIEHOBBIE TNIMKO3UAbI 00Pa3yloT KOM-
TUIeKChl U opMupyloT KaHaibl [20], yepe3 KoTopbie
MOXKET OCYILECTBIISIThCSI KaK OTTOK M3 KJIETOK HU3KO-
MOJIEKYJISIPHBIX METAOOIUTOB, TaK, TTO-BUAUMOMY, U UX
nputok. He uckioueHo, 4YTo BbI3BAHHOE OMNpPeeIeH-
HBIMU KOHLIEHTPALIMSIMU TPUTEPIIEHOBBIX TJIMKO3UIOB
U3MEHEHUE MPOHUIIAEMOCTU KJIETOYHBIX MEMOpaH MO-
JKET CIOCOOCTBOBATh AKTUBU3AlIMY META00IM3Ma 1 PO-
cTa pacteHuil. MI3MeHeHre MPOHUIIAEMOCTU KIIETOY-
HbIX MEMOpaH OKa3bIBaeT BIMSHUE Ha CKOPOCTh MO-
CTYIUIEHUSI BOIbl B LIMTOILIa3My, BBICBOOOXKIEHNUE
(bepMEHTOB, TPaHCIIOPT MOHOB M UX KOHILIEHTPALIUIO,
pH, conepxxanne MTHTIMOUTOPOB, AOCTYIIHOCTh CyOCTpa-
TOB U T.I1., UTO, B CBOIO OYepe/ib, BbI3bIBACT U3MEHEHUE
aKTUBHOCTU (pepMEHTOB U MeTa00J11M3Ma HYKJICMTHOBBIX
Kucior [21].

JleiicTBrEe MOBBILIEHHBIX KOHLICHTPALIUIA TPUTEP-
MEHOBBIX TJIMKO3WUIOB, BBI3bIBAIOLINX TOPMOXKEHHUE
pOCTa y BBICIIUX PACTEHUI, BO3MOXXHO, aHAJIOTUYHO
X ASMCTBUIO HA TpUOBL. B aTOM Cityyae mpu B3anMo-
JIECTBUM TPUTEPIICHOBBIX TJIMKO3UAOB CO CTEpUHA-
MM KJIETOYHOI ITOBEPXHOCTU MPOUCXOOUT 3HAUM-
TeJIbHOE YBEJIMYECHME IIPOHULIAEMOCTU OMIOMeMOpaH,
YTO, B CBOIO O4epedb, NMPUBOIUT K HAPYILICHUIO UX
HOPMAaJIbHOTO (bYHKIIMOHUPOBAHUSI, YTeUKEe HU3KO-
Ne 5
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Bmmsinue OGpaGOTKI/I CEMAAH IMIIICHUIIBI PA3JIMYHBIMU KOHLICHTPAIIUAMU TPUTCPIICHOBLIX INIMKO3MI0B Ha POCT ITPOPOCTKOB

BelectBO, KOHIIEHTpalysi, MKM JiiHa KOpHsI, CM HHHI:I{:C};?/IH’?XHO?I H(I:)I:)Ig ngﬁZ?ifr ng;%i;\f(?c;r
JlvucTuiimpoBaHHas Boaa (KOHTPOJIb) 11.5£0.2 8.5+£0.2 102.5+1.3 13.0£0.2
IA;,2.9 11.8+0.4 8.8+£0.2 107.4+ 1.5 13.4+0.3
BAII, 45.0 11.5£0.2 8.8+ 0.1 1142+ 1.7 14.4+0.3
3-0-B-D-rrokonmpaHo3us
oJieaHoJ10BOM KUcaoThI (1)
1.0 11.9+£0.2 9.0+0.3 104.7+ 1.3 13.1+£0.6
5.0 12.1+£0.2 9.1£0.2 106.5+ 1.4 13.2+£0.2
10.0 12.4£0.5 9.1+£0.3 113.3£1.9 14.0£04
Codopo3sun oneanonoBoit Kucaotsl (1)
1.0 12.2+£0.3 9.4+0.2 115.0+ 1.8 14.2+£0.1
5.0 12.1+£0.2 9.5+£0.2 1158+ 1.4 14.3£0.3
10.0 11.8 £0.5 9.1£0.1 109.2+2.0 13.3+£0.3
Cunbdpuosnun B (111)
1.0 12.1+£0.2 8.9+£0.2 110.7+£3.3 13.9£0.2
5.0 11.9+£0.2 9.3+0.2 112.2+2.7 14.0+£0.3
10.0 11.1+£0.2 8.910.1 109.3+1.2 13.8£0.2
Cunbdpuosun C (IV)
0.1 11.8 £ 0.2 8.9+0.3 103.4+2.4 13.5+£0.3
0.5 12.3£0.1 9.0+£0.2 106.5£2.9 13.5£0.2
1.0 12.1+£0.3 9.2+0.6 107.6 £ 1.8 13.8+0.7
5.0 12.0£0.5 9.4+0.6 111.7£2.5 13.9+£0.5
10.0 12.6+0.8 9.7+£0.7 125.1+£ 3.0 14.7£0.8
Cunbdpuosun E (V)
0.1 11.4+£0.2 8.7+£0.2 103.5+2.2 13.8+0.2
0.5 12.5£0.1 9.1+£0.3 1129+ 3.1 14.0£0.1
1.0 12.3+£0.2 8.9+0.1 104.6 + 3.0 13.8+0.1
5.0 12.1+£0.2 9.4+0.3 114.8 £2.8 14.4+0.1
10.0 12.4£0.1 9.3+£0.1 122.0+ 3.2 13.8+0.6
Cunbdpuosun G (VI)
1.0 11.7+£0.3 8.5+£0.2 104.0+£2.8 13.0+0.2
5.0 12.0+0.4 9.0+0.3 107.6 £5.4 13.8+£0.3
10.0 12.2+£0.7 8.9+0.3 103.5+4.5 13.6£0.2

MOJIEKYJISIPHBIX KOMITOHEHTOB KJIETOYHOIO Iyja U
MHIMOMPOBAHMIO pocTa rpuooB [22].

Pesynbrartel uccienoBaHus, IIpeaCTaBICHHbIC B Ha-
CTOsIILIEN paboTe, IMOKa3alld, YTO ONTUMAJIbHbIE KOH-
LIEHTPALN SK30T€HHBIX TPUTEPIIEHOBBIX TTIMKO3UIOB
MIPUBOIWIN K YBEIMYECHUIO OL-aMIUIA3HOM, CyMMapHOI
AMUWJIOJIUTUYECKOM aKTMBHOCTU U COOEPXKAHUSI CyM-
MapHOTro 0ejlka B MPOPOCTKAxX MINeHUIEBL. B oTHOIIE-
HUM aKTUBHOCTM O.-aMMJIa3bl BbISIBJICHA M30MpaTesb-
HOCTh JEWCTBUSI TIIMKO3UIOB, 3aBUCSINAS OT KOJYe-
CTBa MOHOCAXapWUAHBIX OCTAaTKOB B  MOJICKYIIE.
‘YceranosineHHbBIE 3(hGEKThI IITMKO3UI0B, BEPOSITHO, SIB-
JISIIOTCSI JIMIITb OTHOM 13 CTOPOH MPOSIBJICHUSI MHOTOO0-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

pa3HoI MEeTaboNYECKON U, CIeIoBaTEIbHO, POCTPETY-
JINPYIOIIE aKTUBHOCTU 3TUX COEOIUHEHMIA. MOXHO
OXWAaTh, YTO MEXaHU3M JICMCTBYS INIMKO3UIOB HA MO-
JIEKYJISIPHOM YPOBHE OCYIIECTBIISIETCS KaK ITyTeM HElTlo-
CPEICTBEHHOTO PETyJIMPOBAHUS aKTUBHOCTA TEHOB,
TaK ¥ ITyTeM BO3IEWCTBHS Ha ITPOHUIIAEMOCTh KJIETOU-
HBIX MEMOpaH ¥ aKTUBHOCTh (PUTOTOPMOHOB.
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Effect of Triterpenoid Glycosides on a- and p-Amylase Activity
and Total Protein Content in Wheat Seedlings
E. S. Davidyants

Stavropol Research Institute of Agriculture, Russian Academy of Agricultural Sciences,
Mikhailovsk, Stavropol oblast, 354241 Russia
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Abstract— Influence of the aleanolic acid glycosides from Silphium perfoliatum L. (silphioside B, C, E and G)
and their progenins on the amylase activity and total protein content in wheat seedlings was studied. Treat-
ment of the Triticum aestivum L. seeds with 1—10 uM water solutions of mono- and diglycosides (mono- and
bisdesmosines) elevated the a-amylase and total amylase activities in seedlings. Silphioside E containing
three glucose moieties in its molecule did not change a-amylase activity, but it did if bis-triglycoside acety-
lated carbohydrate (as in silphioside C). Effects of 5—10 uM solutions of the active glycosides was comparable
with that of exogenous gibberellin A; and 6-benzylaminopurine.
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CHANGES IN GENE TRANSCRIPTION AND PROTEIN EXPRESSION
INVOLVED IN THE RESPONSE OF Agrobacterium sp. ATCC 31749
TO NITROGEN AVAILABILITY DURING CURDLAN PRODUCTION
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School of Biotechnology, Jiangnan University, Wuxi, 214122, PR China
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The changes in transcription of genes involved in nitrogen metabolism and curdlan biosynthesis, and total
protein expression were firstly analyzed to define the responses of Agrobacterium sp. ATCC 31749 to nitrogen
source availability during curdlan fermentation. The transcription of all nitrogen metabolism and regulation
genes increased significantly under nitrogen limitation. The genes of carbon (exoC) and nitrogen (ntrB, ntrC,
and nifR) metabolism showed distinctive transcriptional responses to nitrogen limitation. Their relative ex-
pression level was increased by 14, 9, 7 and 7-fold, respectively. Two-dimentional electrophoresis (2-DE) re-
vealed that the expression of 14 proteins were elevated and 6 proteins were down-regulated significantly under
nitrogen starvation. Furthermore, 4 proteins (GroEL, ABC transporter, Atul730 and enoyl-acyl carrier pro-
tein reductase) in which the expression level changed significantly were identified. The results showed that
Agrobacterium sp. regulates its carbon flux and nitrogen assimilation effectively for better survival.

Nutrient limitation is the prerequisite for the accu-
mulation of many microbial metabolites in which curd-
lan production is a distinct case. Curdlan is a water insol-
uble B-(1,3)-exopolysaccharide produced by Agrobacte-
rium species under nitrogen limitation [1]. Similar
phenomenon was also observed in many other biopoly-
mer-producing bacteria, such as Azospirillum brasilense
for the production of polyhydroxyalkanoates (PHA) and
poly-3-hydroxybutyrate (PHB) [2]. However, hitherto
the mechanism of the nitrogen regulation on biopoly-
mers synthesis in bacteria has not been fully understood.
Reports showed that the ntrBC and ntrC mutants of strain
A. brasilense Sp7 could accumulate a large amount PHB
in the presence of a high concentration of ammonia in
the medium. The classical bacterial nitrogen metabolic
regulation system is the NtrB-NtrC two-component sys-
tem (Ntr family) [3]. The protein NtrB — histidine pro-
tein kinase (EC 2.7.13.3) catalyzes the phosphorylation
and activation of its partner response regulator NtrC- re-
sponse regulator (EC 2.7.13.3) under nitrogen limitation.
The activated NtrC then turns on many other genes and
proteins responsible for the initiation of the nitrogen star-
vation response. It was found that the Ntr family positive-
ly regulated biosynthesis other macromolecules, such as
alginate, lipase and other biopolymers [3—35].

In this study we investigated the transcription and
proteomic profiles of Agrobacterium sp. ATCC 31749
in response to nitrogen limitation in order to under-
stand the mechanism of nitrogen regulation on curd-
lan biosynthesis. In Agrobacterium sp., 4 genes coding
for enzymes of nitrogen regulation components (n#rB,
ntrC, ntrX, ntrY), 3 genes for nitrogen assimilation and
fixation (nifR, glnA, gitB), 5 genes for carbon metabo-

lism and curdlan biosynthesis (glm U, Crd, exoC, musC,
pssA) were selected for evaluating their transcription
response (Table 1). The roles of these genes in Agro-
bacterium sp. ATCC 31749 metabolic pathway and the
rationale for the tests are summarized in Fig. 1 [6]. The
two-dimensional electrophoresis method was applied
to study changes of total protein expression in re-
sponse to nitrogen starvation of Agrobacterium sp. The
results showed that the chosen Ntr family of genes and
carbon metabolism genes apparently altered their rel-
ative expression level in response to nitrogen limita-
tion as well as many accompanying protein expression
modulating systems.

MATERIALS AND METHODS

Microorganism, culture medium and conditions of
cultivation. The strain of Agrobacterium sp. ATCC
31749 was used in this study. The batch fermentation
medium contained (g 17'): glucose — 50, NH,Cl —
1.6, KH,PO, — 2.7, MgSO, — 0.5 and 10 ml of a trace
element solution [7]. The batch fermentation was car-
ried out in a 7 1 jar fermenter (BioFlo 110, NBS,
USA). Culture temperature was controlled at 30°C.
Agitation speed and aeration rate were maintained at
400 rpm and 1 v/v min (volume of air per volume of
medium per min), respectively during cultivation.

Estimation of curdlan yield, cell dry weight and am-
monia concentration. The biomass and curdlan pro-
duction were determined by the dry weight method.
The cells were centrifuged at 6000 g for 30 min at 4°C.
The supernatant was collected for the analysis of am-
monium. The pellet containing cells and curdlan was
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Table 1. Genes function and primer sequences for RT-PCR in this study

Gene Protein Primer F Primer R Length
Crd | Putative curdlan synthase TGTGACGACACACGTCGCGG | GCGTCTGGACGACAGCCACC 247
gI/mU | Bifunctional N-acetylglu- CGCGAAGCGATCAAACGCG |TTGCGTTCCTCGTCGGTGGC 230
cosamine- 1-phosphate uridyl-
transferase
mucS | Exopolysaccharide I1 synthesis | CGTTGTTGCCGACGCACACG | GACACGCGAACGCTGGTGGT 289
transcriptional activator ExpG
pssA | Phosphatidylserine synthase | GCCGGACAAGCCCTTCGCTT |CGTAGCGGCGATGCCAGAGG| 254
nifR | Nitrogen regulation protein | GGCTGTGCTCGCCGGACATT |TCATGCGGCCTTCCTTGCGG 277
ntrB | Two component sensor kinase | CACAGCCCGGCAGATGCGAA | CCGAGGCGTGGCGAACTCAG 269
ntrC | Two component response TCGAGACGGAGGCGCTGGA |CCGGTGCGAACCGCCATICTT 187
regulator
ntrX | Two component response TGACAGGGTTGCCCCCACCA | TCCGTGCCGAACAGCGCAAT 177
regulator
ntrY | Two component sensor kinase | GCGGGAATGGTGGTTGCCGA | CCGCCGCCCTGCCCTTTTTA 247
gltB | Glutamate synthase CGCTCCCCGATCCTGACCCA |CGAAACGTGCCGGTCGGTGA| 216
exoC | Phosphoglucomutase CGCGGCGGCGGATGATTTTG | CGCATCCGGCTCGTAACGCT 172
glnA | Glutamine synthetase TCAACCACGTGCCGGATGCC |CCGACGGACCGTTTTCCCCG 207

resuspended in NaOH solution (0.5 M) for 1 h and the
centrifugation was repeated. The resulting curdlan in
the supernatant was neutralized and precipitated by
2.0 M HCI. The cells and curdlan were washed and
dried to a constant weight in an oven at 80°C. Ammo-

nium (NHj) concentration was determined by the so-
dium salicylate method [8].

RNA extraction. Agrobacterium sp. ATCC 31749
cells were harvested by centrifugation at 4°C, 6000 g
for 10 min and cells were disrupted with glass beads at
4°C for and centrifuged for 6 x 30 s at 6000 g. There-
after one fifth volume of chloroform was added into
the supernatants. The solution was mixed thoroughly
and left to stand at room temperature for 5 min. The
mixture was subsequently centrifuged at 4°C, 13000 g
for 15 min, and supernatant was transferred to a new
1.5 ml centrifuge tube. Propanol of the same volume
was added to the tubes and the centrifugation was re-
peated. The precipitate was washed with 0.7 ml 70%
ethanol and collected by centrifugation again. Purified
RNAs were suspended in 30 ul of (dimethylpyrocar-
bonate)-treated water (DMPC) 0.1%.

Reverse transcription and real-time PCR. The cDNA
was synthesized using the Fermentas RevertAid™ First
Strand ¢cDNA Synthesis Kit (Fermentas, Lithuania).
Primers were designed in order to have a length of about
20 bases at Tm of about 60°C and synthesized by SBS
(SBS Genetech, Shanghai, China). Details of primers
were listed in Table 1. The accession ID (Identification)
of tested genes in sequence database (NCBI) were:
40556679 (Crd), 1133482 (nifR), 1133483 (ntrB),
1133484 (n#rC), 1133485 (ntrY), 1133486 (ntrX),

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

1132231(ginA), 1132183 (gltB), 1135948 (exoC), 1133100
(pssA), 1133201 (mucS), 1133825 (ghmU).

Real-time PCR was carried out with an ABI 7300
quantitative PCR instrument (ABI, USA) with RT-PCR
Master Mix (SYBR Green, TOYOBO, Japan). Thermal
cycling conditions were designated as follows: initial de-
naturizing at 95°C for 5 min, followed by 45 cycles of
94°C for 10 s and 60°C for 30 s. An additional step start-
ing from 90 to 60°C was performed to establish a melting
curve to verify the specificity of the real-time PCR reac-
tion for each primer pair. For each measurement, a
threshold cycle value (Cp) was determined. Results were
analyzed using the comparative critical threshold (Cy)
method in which the amount of target RNA is adjusted to
a reference relative to an internal calibrated target RNA
as described [9].

Sample preparation for two-dimensional electro-
phoresis. Agrobacterium sp. cells were harvested by
centrifugation at room temperature at 6000 g for
15 min. The pellets were washed 3 times with a Tris-
HCl buffer (40 mM, pH 8.0) and 50 pl cell pellets were
resuspended in 1 ml of a lysis buffer containing 7 M
urea, 2 M thiourea, 1% w/v amidosulfobetaine-14,
40 mM Tiis, 0.001% bromophenol blue, 1 mM EDTA,
10 pl tributyl phosphate and 10 pl carrier ampholyte.
After sonication (JY92, XinZhi Biotechnology Com-
pany, Ningbo, China) for 3 min in ice bath (ultrason-
ic-15 s, spacing interval-4 s, cycle-20 times) the cell
debris was removed by centrifugation at 12000 g for
60 min [10]. The supernatants were stored at —80°C until
analyzed by two-dimensional electrophoresis (2-DE).
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Fig. 1. Metabolic network of the test genes involved in curdlan production by Agrobacterium sp. ATCC 31749. UDP-Glucose —
uridine diphosphoglucose; UDP-GIcNAc — beta-1,3-N-acetylglucosaminyltransferase; ED — Entner-Doudoroff pathway.

Two-dimensional electrophoresis and MALDI-TOF
mass spectrometric analysis. The first dimension of 2-
DE was carried out on a GE IPGphor™ Electro-
phoresis System at 20°C. Linear pH 4—7 immobilized
pH gradient (IPG) gel strips (Bio-Rad Laboratories,
CA, USA) were rehydrated overnight by placing the
strips gel-side-down in the sample containing rehy-
dration solution in a strip holder and covering them
with mineral oil (Bio-Rad Laboratories, USA). The
first dimension was performed for 30 min at 250 V, for
1 hat 1000 V, for 5 h at 10000 V, and until 70000 V h
at 10000 V for the analytical and preparative gels that
had been prepared for image analysis. The IPG gel
strips were then equilibrated for 15 min in an equili-
bration solution of 0.375 M Tris-HCI buffer pH 8.8
containing 6 M urea, 20% glycerol (v/v) and 2% sodi-
um dodecyl sulfate (SDS) with 2% dithiothreitol
(DTT) for 15 min and then 2.5% iodoacetamide for
15 min. The equilibrated gel strips were placed on a
12.5% polyacrylamide gel and the second dimensional
separation was carried out using an Ettan Dalt six
Electrophoresis system (GE Healthcare, USA) at
12°C. SDS-PAGE was carried out at 2 W/gel for
30 min and 16 W/gel for 6 h until the bromophenol
blue reached to the bottom of the gel. Silver-staining
of proteins was performed using a modified method, as
described elsewhere [11]. Triplicate gels used to visu-
alize proteins by silver-staining were scanned with GE
Image Scanner. The images were analyzed by using
PDQuest 8.0.1 (Bio-Rad Laboratories, USA).

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

The samples for the matrix-assisted laser desorp-
tion-ionization-time of ight (MALDI-TOF) mass
spectrometry analysis were extracted from the Comass-
ie-stained spots [12]. Protein analysis was performed
using a MALDI-TOF mass spectrometry system (Voy-
ager DE-STR, USA). The web-based search engine
MASCOT 2.2 and the most recent Swiss-Prot database
(http://www.matrixscience.com/search form select.ht-
ml) were used to identify protein spots by querying the
trypsin digested peptide fragment data.

Statistic analysis. All data were entered into the
SPSS 15.0 program for standard deviation and signifi-
cance analysis. The significant P value was set as 0.05.

RESULTS

The batch growth profile of Agrobacterium sp.
ATCC 31749. A typical growth profile of Agrobacteri-
um sp. ATCC 31749 was shown in Fig. 2. Apparently,
the biomass accumulated in the nitrogen-sufficient
period and no curdlan was produced at this phase. At
the end of nitrogen exhaustion, the biomass reached
the maximum level and curdlan synthesis was initiat-
ed. Samples analyzed were taken from the cultures
with cultivation times of 8, 12, 24 and 36 h (labeled in
Fig. 2 as C, A, D, B, respectively).

Changes in relative expression level of genes related to
nitrogen metabolism of Agrobacterium sp. in response to
nitrogen limitation. Two samples were taken for relative
expression (RE) level analysis: culture in growth phase
Ne 5
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Fig. 2. The kinetic of cell growth and curdlan production
in batch fermentation. A, B — sampling time for RT-PCR
at 12 and 36 h; C, D — sampling time for 2-DE at 8 h and
20 h: 1 — biomass; 2 — curdlan production; 3 — recidual
NH,CI.

with sufficient nitrogen at 12 h (sample A), in curdlan
synthesis phase with exhausted nitrogen at 36 h (sam-
ple B), as shown in Fig. 2. Sample A was defined as the
calibration point using 16sRNA as internal reference, the
RE level elevated higher than 2-fold means that the genes
were increased their expression significantly [13]. The re-
sults are shown in Fig. 3.

When the availability of nitrogen in the environ-
ment was changed from sufficient to limited, an ap-
parent transcriptional increase of Ntr family of genes
was observed and their RE levels all exceeded 2-fold,
resulting in a significant elevation. As shown in
Fig. 3a, the highest increase in gene expression level
was ntrB and its RE level increased nearly 9-fold. The
RE level of ntrC increased 7-fold, 5-fold for ntrX and
3-fold for ntrY. Activated NtrC can turn on many

RE level
12

1

(a)
10

ntrB ntrC ntrX ntrY nifR glnA gltB

YU wu ap.

genes expression in the cell, but its gene expression was
also controlled by nitrogen availability.

Glutamate (Glu) and glutamine (GlIn) serve as the
key nitrogen donors for the biosynthesis of many building
blocks and some small molecules in all bacteria. The
most important pathway which facilitates the incorpora-
tion of nitrogen into Glu and Gln is the Gln synthetase
(EC 6.3.1.2)/Glu synthetase (EC 6.3.1.2) (GS/GOGAT,
ginA and gitB) pathway, which is ubiquitous in bacteria. In
addition, NifR is the main enzyme responsible for nitro-
gen fixation regulation for some soil bacteria such as
Agrobacterium sp. [14]. The RE level of gltB and ginA
genes showed a moderate increase of 3 and 5-fold respec-
tively under nitrogen starvation, and the RE level of nifR
was also elevated significantly.

Changes in RE level related to curdlan biosynthesis and
carbon metabolism genes under nitrogen limitation. The
bifunctional N-acetylglucosamine-1-phosphate uridyl-
transferase (EC 2.7.7.23; 2.3.1.157, gimU) is a cytoplas-
mic bifunctional enzyme involved in the biosynthesis of
the nucleotide-activated UDP-GIcNAc (EC 2.4.1.149)
[15]. As shown in Fig. 3 b, the expression of glm U is quite
sensitive to changes in the available nitrogen level of the
culture medium, and it’s RE level increased 3-fold.
Phosphoglucomutase (EC 5.4.2.2, exoC) is central in
carbon metabolism and catalyzes the conversion of G-1-P
to G-6-P. The RE level of exoC increased to the highest
level of 15-fold during the transition from sufficient ni-
trogen source to limited level in the culture medium. Crd
gene encodes the key enzyme of curdlan synthase
(EC 2.4.1.12) for curdlan biosynthesis [ 16]. Under nitro-
gen starvation Crd gene was activated and its expression
level was elevated 5-fold. Similar result was observed in
exopolysaccharide II synthesis, in which transcriptional
activator ExpG (mucS) is a regulator controlling EPS 11
synthesis in response to nitrogen availability [17]. Phos-
phatidylserine synthase (EC 2.7.8.8, pssA) is a mem-
brane-associated enzyme involving in curdlan transport
[18]. When nitrogen source was used up and curdlan bio-

16 (b)
14
12
10

S NN B~ O

exoC pssA  glmU mucS Crd

Fig. 3. Changes in the RE level of the curdlan biosynthesis, nitrogen (a) and carbon (b) metabolism related genes under nitrogen

limitation in Agrobacterium sp. ATCC 31749.
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Fig. 4. Silver-stained 2-DE SDS-PAGE at the 8 h (a) and 20 h (b) of the curdlan batch-fermentation process, and close-up views
of the 4 identified proteins on 2-DE maps: a — 2-DE map of sample at 8 h fermentation; b — 2-DE map of sample at 20 h fer-
mentation; ¢ — close-up view of identified proteins spots, and among them I represents protein 2-DE map at 8 h, Il represents

protein 2-DE map at 20 h.

synthesis was initiated and the RE level of pssA4 gene also
increased 3-fold.

Proteomic analysis of Agrobacterium sp. ATCC 31749
in response to nitrogen limitation. The samples for 2-DE
analysis were: culture in growth phase of 8 h (sample C)
and in curdlan synthesis phase of 20 h (sample D), as
shown in Fig. 2. Triplicate 2-DE were run for 2 samples
with good reproducibility. The 2-DE maps of 2 samples
are shown in Fig. 4 a and b. Further analysis of the 2-DE
map was carried out using the PDQuest8.0.1 software. As
a result, nearly 750 protein spots were found on the two
maps and the protein spots distribution position were
generally identical and the matching rate was about 78 %.
When comparing 2 maps 20 protein expressions changed
significantly and 14 of them were elevated (labeled with
numbersas 1, 3,5,7,8,9, 10, 11, 12, 13, 15, 16, 19, 20).

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Six of them (labeled with numbers as 2, 4, 6, 14, 17, 18)
decreased significantly.

Identification of changed proteins by MALDI-TOF
mass spectroscopy. Subsequently, 5 proteins were chosen
from the 20 proteins exhibited significant changes for
identifying. Four proteins were successfully identified —
3 proteins with known functions and the other was un-
known protein as shown in Table 2. Close-up views of
2-DE maps of the tested 4 proteins spots were shown in
Fig. 4c, and spots on I maps represented protein expres-
sion under nitrogen sufficient conditions, spots on II
maps represented protein expression under nitrogen lim-
itation. The No. 2 protein was a molecular chaperone of
GroEL. The main function of this protein is to combine
and to stabilize other protein which has unstable confor-
mation that promotes new peptide folding and trans-
membrane transport of protein associated with cell or-
Ne 5
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Table 2. Identification of differential proteins of Agrobacterium sp. ATCC 31749 in different phases by MALDI-TOF/TOF-MS/MS

and protein database searching

Spot Protein name* Accession no. | Mr, kDa/pl Protein Matqhed Protein function
no. score | peptides
2 Chaperonin GroEL 2i|15888025 | 57.63/5.08 234 15 Helps new protein folding exactly
13 ABC transporter gil159185771 | 36.14/5.70 620 18 Transports salt ions from vivo to vitro
17 Hypothetical protein 2i/15889035 | 30.10/5.13 302 12 -
Atul730
18 Enoyl-acyl carrier protein | gi|15888100 | 29.29/6.51 263 13 Catalyzes the last step of fatty acids
reductase extension

* The proteins were searching from the protein database of A. tumefaciens str. C58 whose genome is highly homologous to Agrobacterium sp.

ATCC 31749.

ganelle [19]. The protein expression decreased apparent-
ly under nitrogen source exhaustion. The No. 13 protein
was an ABC transmembrane transport protein capable of
transporting different molecules such as carbohydrates,
amino acids, peptides and cell metabolites into the cell
[20]. The expression of the No. 13 protein was elevated.
When nitrogen source was absent in the environment,
toxic metabolites accumulated and cell growth creased.
Conceivably, this protein may remove harmful metabo-
lites out of the cells and the osmotic pressure balance was
maintained. The No. 18 protein was an enoyl-acyl carrier
protein reductase (EC 1.3.1.9), one of the key enzymes in
fatty acid biosynthesis. Fatty acid is the precursor for the
biosynthesis of phosphatide, lipopolysaccharide and oth-
er lipid components which are the important compo-
nents for cell wall and biofilm formation in bacteria.

DISCUSSION

In this work we investigated the response of Agro-
bacterium sp. ATCC 31749 to nitrogen limitation and
the relationship between nitrogen and carbon metab-
olism in unbalanced nutrient situation by the appro-
priate transcriptional and proteomic data. One of the
most interesting observations is that with regard to the
target genes, Agrobacterium sp. reacts immediately to
environmental changes of nitrogen availability.

The Ntr family of genes showed profound sensitivity
to nitrogen availability in the culture medium. Similar
phenomena were also found in other bacteria in which
the Ntr family of genes was responsible for switch on ni-
trogen assimilation. In E. coli the intracellular NtrB and
NtrC increased upon nitrogen limitation. The activated
NtrC would elevate the transcription level of glnA and
gltB which were controlled by nitrogen availability [21].
Kumar and Shimizu [22] also reported that the transcrip-
tion level of g/tB and glnA was enhanced under high C/N
condition in the same bacterium. The g/tB mutant of
Pseudomonas putida KT2442, was found to be impaired
in the capacity to survive under prolonged nitrogen star-
vation [23]. Thus, the Ntr family of genes and nitrogen
assimilation proteins were responsible for the survival of

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA

the bacterial cells in nitrogen starvation environment by
elevating their expression.

As a result, genes related to curdlan biosynthesis
were rapidly activated to produce curdlan in the bacte-
rial surface to protect the bacteria under adverse envi-
ronment of nitrogen exhaustion [16]. The transcrip-
tion of the exoC gene was highly elevated under nitro-
gen starvation, and more carbon flux of G-1-P was
channeled into curdlan biosynthetic pathway. The
phenomenon was similar to previous reports that exoC
mutants of A. fumefaciens could not convert G-1-P in-
to G-6-P, an intermediate for the biosynthesis of
UDP-glucose which is the precursor for exopolysac-
charide biosynthesis [24]. Thus, Agrobacterium sp. el-
evates exoC gene expression in order to supply more
G-6-P for the curdlan biosynthetic pathway. Jancza-
rek and Skorupska [25] reported that the gene pssA4 in
Rhizobium leguminosarum was involved in exopolysac-
charide biosynthesis and its production was enhanced
when the specific gene transcription was increased un-
der nitrogen limitation. Analyzing the changes in the
RE level of genes examined under nitrogen starvation
we could postulate that the Ntr family as a regulator of
nitrogen metabolism would increase their transcrip-
tion level in order to activate some genes transcription
related to nitrogen assimilation and exopolysaccha-
ride biosynthesis in response to nitrogen availability.

Consequently, it is conceivable that down-expres-
sion of enoyl-acyl carrier protein reductase, the im-
portant enzyme for cell wall and lipopolysaccharide
formation, inhibits cell growth under nitrogen limita-
tion since the cell wall synthesis would be blocked. Ac-
cordingly, the reduced lipopolysaccharide biosynthe-
sis enabled the UDP-glucose to be channeled to curd-
lan exopolysaccharide synthesis.
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CHUHTE3 COITIOJINMEPOB 3-T'NIPOKCUBYTUPATA-CO-4-
I'NJPOKCUBYTUPATA BOOOPOAOKUCTIAIOIINMU BAKTEPUAMUAU
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WccnenosaH cuHTte3 conoiaumepa 3- u 4-ruapokcudyrupara (3Ib-CO-4I'B) kak Hanboiee IepCcIrieKTUB-
HOTO TIpeJCTaBUTEJIsl ceMeicTBa 6ropa3pyiiaeMbix nmoauruapokcuankaHoaton (IITA). C ucronb3oBaHueM
MPUPOIHBIX IITAMMOB BOIOPOAOKUCISIONUX 6akTepuit Ralstonia eutropha B5786 u Cupriavidus eutrophus
B10646 HalineHbl YCIOBUS KYJBTUBUPOBAHUS M 3GbdeKTUBHOrOo cuHTe3a comnoiumepa 3I'B-CO-4T'Bb.
IlonydyeHa cepusi BBICOKOOUYUIIIEHHBIX 00pa31oB comnojumMepa 3I'b-CO-4I'b ¢ pa3znuuHbIM comepKaHueM
4T'B (ot 8.7 1o 24.3 mon. %). YcraHoBaeHO, uTo BKIodyeHre 4I'B B comosuMep B GOIbIIEN CTENIEHU, HE-
KeJIM 3-TUIPOKCUBaIepaT U 3-TUIPOKCUTEKCAHOAT, TIPUBOIMUT K CHIDKEHUIO KPUCTATTMIHOCTH COTTOJIN-
Mepa; TOJy4eHbI 00pa3ilbl, UMEIOIINe CTeNeHb KpUCTATMYHOCTH Hike 30%. [Toka3aHo, 4YTO CpeIHEBECO-
Basi MoJieKyJsipHast Macca cornoyimMmepoB 3I'b-CO-4I'b He 3aBUCUT OT COOTHOIIEHNUSI MOHOMEPOB U BapbH-

pyeT B npokux npeneyiax (ot 540 no 1110 xJa).

B HacToAICE BPpEMA YICTIACTCA 3HAYUTCIIBHOC BHU -
MaHue MCCJIEIOBAaHUIO CHUHTE3a MUKPOOPraHu3MamMu
PE3CPBHBIX IMMOJIMMEPOB — TMAPOKCUIIPOM3BOIHBIX aJI-
KaHOBBIX KMCJIOT (monuruapokcuankaHoatsl, IITA).
CBs13aHO 3TO C KOMILJIEKCOM BBICOKUX IOTPEOUTETb-
CKMX CBOMCTB, XapaKTepHBIX JJIs TaHHOTO KJjacca I1o-
mumepoB. TITA mipencraBiieHbl pa3HOOOPA3HBIMU TTO-
madupaMn, 00pa3oBaHHBIMM OJHOPOTHBIMM MOHO-
MepaMu ¢ pa3muyHoi mmmHoNW C-lernu, a Takke
COMoJIMMEPaMU, CPEAN HUX — BBICOKOKPUCTA/LTAYHBIE
TEePMOIIACThI M TEPMOJIAOMIIBHBIC PE3MHOIIONOOHBIE
snactoMepsl [1]. HampaBnennsrit cuaTe3 INTA — Bech-
Ma CJIOXHas TEeXHOJOTWYecKasl 3amada, O3TOMY IS
nonyyeHnst IITA 3amaHHOTO cocTraBa HEOOXOTVMMEI
¢dyHOAaMeHTaJIbHbIE 3HAHUSI O 3aKOHOMEPHOCTSIX CHUH-
te3a I1TA Toro nam MHOro cocTaBa v O BAUSIHUM XUMU-
YeCKOI CTPYKTYPHI IIOJIMMEPOB Ha NX (DU3UKO-XUMUYIC-
CKHE CBOMCTBA.

bakrepuu Ralstonia eutropha oTHOCST K mepcriek-
TUBHBIM TIPOAYLIEHTaM, TaK KaK OHW HaKallJIMBarOT
T1T’A ¢ BBICOKMMU BBIXOJAMU Ha Pa3IUYHbIX CyOCTpa-
Tax, BKJIOUAsi OTXO/AbI MPOMBIIIJIEHHBIX U CEIbCKOXO-
3MCTBEHHBIX TPOU3BOIACTB [2—35]. JOMUHUPYIOLIUM
MoHoMepoM B IIIA, cuHTe3upyeMbIX MNPUPOIHBIMHU
mrTamMaMmu Ralstonia eutropha, oqHaKo, sIBJsIeTCS KO-
POTKOLIEOYEYHBIN 3-TUAPOKCUOYTUPAT, BBIXOIbI KO-
TOPOTO MOTYT JIOCTUTAaTh B CIIELIMAIM3UPOBAHHBIX pe-
sxkumax 10 80—90% ot Beca cyxoit 6Guomaccsi [6]. o He-
JIaBHETO  BPEMEHU  OIMCaHHble B  JIMTEpaType

JIOCTUTHYTBIE YPOBHU BKIIFOUCHUSI CPEeIHELICTTIOYSUHBIX
MOHOMEPOB (HaImpuMep, 3-TMAPOKCUIeKcaHoaTa, 3-
TUIPOKCUOKTAHOATa) B MHOTOKOMIIOHEHTHBIE [1TA He
npeBbliam y R. eutropha 1-2 mon. % [7—10]. B pe-
3yJibTaTe UCCIEeI0BaHUI 3aKOHOMEPHOCTEN 00pa3oBa-
Hust [1TA y 6aktepuit R. eutropha B5786 Hamu nipemto-
JKEeHO JIBa MoJIX0Aa JIJIs CUHTE3a MTOJIMMEPOB Pa3InyHOMU
cTpyKTypbl. OnUH TIoAX0 6a3upyeTcsl Ha MapamMeTpU-
YECKU YMPABISIEMOM KYyJBTUBUPOBAHUU OaKTepuid C
WCIIOIb30BaHWEM KOMILJIEKCHOTO YIJIEPOAHOIO Cy0-
cTpara ¢ y4eTOM 3HaHUI O TOM, YTO CKOPOCTU CUHTE3a
ob1iero myJsa nojumepa (IJIaBHbIM 00pa3oM, 3-Tui-
pokcubyTHpara), He COBIaAaloT CO CKOPOCTHIO CUHTE3a
MOHOMEPOB ¢ 0oJsiee mmmHHOM C-1Ienblo, a TaKKe, U4TO
CooTHollleHe MOHOMepoB B III[A HemocTossHHO, U
MaKCHUMaJIbHasl BeJIMUMHA BKJIIOUEHUSI, HAIlpUMeEp
3-ruapoKcUreKcaHoara, HaboaaeTcsl Yepe3 HECKOJIb-
KO 4acoB MOCJIe T00aBKU AOTIOTHUTETLHOTO CyOCcTpaTa
(conu aJIKaHOBBIX KMCJIOT) B KYJIBTYpY. ClieryeT yauThI-
BaTh TaKXe, YTO TOAOOHbBIE CyOCTpaThl-100aBKHU, CTH-
MyJIMpylolMe oOpa3oBaHWEe MHOTOKOMITOHEHTHBIX
T1T’A, TOKCMYHEI 11711 OaKTEePUiA, TO3TOMY MX UCITOJIb30-
BaHKE BO3MOXHO B YCTAHOBJIEHHBIX JUTS1 INTAMMOB MH-
JUBUAYAIbHBIX MPEIETIbHO JOMYCTUMBIX KOHLEHTpa-
musix [11]. Apyroit moaxom OCHOBaH Ha MeTadoJIde-
CKOil peryasiiuu myreir  OumocuHTe3a IITA ¢
WHTUOMPOBAHUEM peaKlWil IIUKIa [3-OKMCIeHUs, 4TO
MPEensITCTBYeT yKopauuBaHuio C-1lenmu cpeaHelernno-
YEYHBIX MOHOMEPOB B PEaKIIUsIX [3-OKUCICHUS U, Clie-
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JIoBaTeIbHO, OOecIeunBacT HAKOIUICHUE UX B KIIETOU-
HOM myJe 1 nocienyioiiee BkmodeHue B I1TA. B pe-
3ylbTaTe peaii30BaHbl  PEXXUMBI, ITO3BOJIMBIINE
CHHTE3UPOBaTh CIEKTP MHOTOKOMIOHEHTHBIX T1TA, B
TOM YHCJIe HOBOI XUMIUYECKOM CTPYKTYpHI [12].

OaHUM 13 NePCIEKTUBHBIX, HO TPYAHO CUHTE3UPY-
eMbIM 1 Majio u3ydeHHbIM IITA sBisieTcst conoamumep
3-runpokcudyrupara-CO-4-rugpokcudyrupata (3I'b-
CO-4TI'Bb). [1n1s1 aToro tTuna ITTA xapakTepHbI BBICOKIE
CKOpPOCTH OMojerpagaliiy in vivo U B OKpYyKarollen
cperne, OH SIBJISIETCS] BJIaCTOMEPOM, MMeeT 0oJiee BBICO-
KHe MoKa3aTe/u YIJIUHEHUSI IPU pa3pbiBe U OTHOCU-
TEJIbHO BBICOKUI TIpe/esT TPOYHOCTU Ha pas3phiB B OT-
JIMYME OT OOJIBIIIMHCTBA OOIIEU3BECTHBIX MOJIMMEPOB
atoro knacca [13]. CriocoGHOCTh MMKPOOPraHM3MOB
(Ralstonia eutropha, panee Alcaligenes eutrophus [14], Al-
caligenes latus [15], Comamonas testosteronii [ 16], Coma-
monas acidovorans [17], Hydrogenophaga pseudoflava
[18], Chromobacterim sp. [19], Rhodococcus rubber [20])
cuHTe3upoBath 3TOT TUII I TTA 11pu pocTte Ha cpenax, co-
JIepXKalllix B KauyecTBe YIVIEPOIHOro cyocTpaTa 4-Tui-
POKCHUMACJISIHYIO KUCJIOTY, Y-OyThponakToH wiu 1,4-
OyTaHa1oJ, IT0Ka3aHa B cepyuu padoT eiie B 90-e roabl
npoluioro Beka. OqHako MHTMOMPYIOIIee BO3ACHCTBIE
3THUX CyOCTpaTOB OTPULIATEIBHO CKa3bIBAaeTCs Ha 00-
IIeM ypozkae OMoMacchl M BRIXOJax cornoamnmepa. B mmo-
cJIeIHMe TOIbI n3ydeHue 3toro rpencrasurens [1TA ak-
TUBU3MPOBAJIOCh. B KauecTBe HOBBIX IMPOIYIIEHTOB CO-
nomamepa 3T’ b-CO-4I'b onmmcaHbl peKOMOMHAHTHBIE 1
NPUPOIHBIC INTAMMEI [21—24].

Llenas paboThl — McClIemOBaHME BO3MOXKHOCTH IOJY-
yeHus1 HoBoro turna conosumepa 3I'b-CO-4I'b ¢ pas-
JIMYHBIM codepxxaHueM 4-tuapokcudyrupara (4I'b)
MPUPOIHBIMU IITAMMAMU BOIAOPOJOKHUCISIOIINX OaK-
Tepuit Ha cpefie C Y-OyTUPOIAaKTOHOM U OLIEHKA BIIMSI-
Hus ppakuum 4I'b Ha cBolicTBa cononmepa.

METOJIUKA

HccnenoBanbl 2 1mTaMMa BOIOPOJOKMUCIISIONIMX
GakTepuii: Ralstonia eutropha B5786 [25] v Cupriavidus
eutrophus B10646, KOTOpble KYJIBTUBUPOBAIN B CTPOIO
CTEPITEHOM TIEPHUOTNIECKOM pekKMe Ha TEPMOCTaTH -
pyemoii kadaiike “New Brunswic” (CIIIA) B cTekiIsaH-
HBIX K0s10ax oobeMoM 1.0 11 ¢ KoapdpuimeHToM 3ar11oJI-
Henus 0.5 Ha MUHepaJIbHOI cojieBoil cpene lllnerens
(r/n): Na,HPO, - H,O — 9.1, KH,PO, — 1.5, MgSO, -
-H,0 — 0.2, Fe;C,H50, - 7TH,0O — 0.025. Mukpoane-
MEHTBI BBOIWJIM B Cpely IO MPOMMCU XoarjaHaa U3
pacueTta 3 MJ1 CTaHAApTHOrO pacTBopa Ha 1 J1 cpenbl.
CraHgapTHBI pPacTBOp MUKPORJIEMEHTOB COAEPKUT
(r/n): H;BO; — 0.228, CoCl, - 6H,O — 0.030, CuSO, -
- 5H,0 —0.008, MnCl, - 4H,0 — 0.008, ZnSO, - 7H,0 —
0.176, NaMoO, - 2H,0 — 0.05, NiCl — 0.008. B aBro-
TpOHBIX YCJIOBUSX B KAYECTBE MCTOUYHMKA YIJIepoaa U
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SHEPIrMU MCHOJIb30BaIU cMech ra3oB (CO,, H,, O,). C
TIOMOIITBI0 KOMITpECCOpa YIS U3 KOJIO BO3MyX, 3a-
MeTiast 00beM Ta30BOM CMECHIO M3 Ta3roIbIepa, COSIM-
HEHHOTO C KOJI0AMM CUCTEMOI TepMETUIHBIX IIIJTAHTOB.
CooTHoIIIeHe KOMITOHEHTOB B Ta30BOM CMecH OBLIO
caenyomum: CO,—0,—H,kak 1 : 2 : 7 o oobemy. [1pu
reTepoTpodHBIX YCAOBUSIX BhIpAIllMBaHUS OaKTepUii
WCTIONB30BATIM  (DPYKTO3y WIM MACIISTHYIO KUCIIOTY.
[MprMeHsT pa3paboTaHHBIN paHee PEKUM KyJTETHBHU-
poBaHUS GaKTepHii ¢ TMMUTHPOBAHNEM POCTA 10 a30-
Ty Ha nepBoM atarne (0.4—0.5 r/n NH,Cl) u B 6e3a30T1-
HoOI1 cpene — Ha BropoM, ripu pH 7.0 1 30°C [26]. Ins
CTUMYJIMPOBaHUS oOpa3oBaHMsT MOHOMepoB 4I'b u
cuHte3a cononumMepoB 3I'b-CO-4I'b B coctaB cpenbl
B KayecTBe TpealIecTBeHHUKa MOHOMepoB 4I'b BHO-
cwin y-O0yruponakroH (“Fluka”, ITepmanus). Hnu-
TeJIbHOCTb KYJIBTUBUPOBAHUSI IIITAMMOB B 3aBUCUMO-
CTU OT YCJIOBU YIJIEPOJHOTO MUTAHUS KYJBTYp B OT-
JIeJIbHBIX 9KCIIEpUMEHTaX COCTaBIsiIa ot 48 1o 144 4.
ITonauy y-OyTUpOJIaKTOHA B KYJIBTYPY BapbUpPOBAIU
KaK T10 KOJIMYECTBY, TaK U KOHILIEHTpaLIMH1 100aBOK.

KoHueHTpanuuio ¢ppyKTo3bl B Cpeie ONpeaeisiiv pe-
30PLIMHOBBIM MeTonoM [27]. Ypoxkaii GoMacchl peru-
CTPUPOBAJIU TIO BECY CYXOro BeIeCTBa U ONTUYECKUM
nokasaTeJisiM KyasTypbl. ConepxaHMe coIojiiMepa B
KJIeTKax OMpeae/siii XxpoMaTorpadueidi MeTUIOBBIX
3(UPOB XKUPHBIX KUCJIOT MOCJIe METAHOJIN3a OIOMACChI
Ha XpoMaro-Macc-criekrpoMerpe Agilent 5975 Inert,
“Agilent” (CIIIA); B KauecTBe BHYTPEHHEIO CTaHIapTa
WCIIOIb30BaI OCH30MHYI0 KUCJIOTY. [1J1s1 KOPpEeKTHOTO
oIpene/ieHUus] COOTHOILIEHNSI MOHOMEPOB 3- U 4-rui-
pOoKcHUOyTHpaTa B COMOJIMMEpPE, IOMUMO PEerucTpaluu
Macc-crieKTpoB, cHATH 'H-SAMP criekTpsl pacTBOpoOB
conoiumMepa B CDCl; (AMP-cniektpometp Avance 111
600 “Bruker” (Iepmanwust). Tekylnyio KOHIIEHTPALIAIO
Y-OyTUPOJIAKTOHA B KYJIBTYPE aHAIM3UPOBATIU XpOMa-
TorpapuIecKu.

PeHTreHOCTPYKTYpHBINM aHAIU3 U ONIpeae/IeHIe CTe-
MeHN KpuUcTaMIHOCTA oOpasioB I1TA BeIMoIHEHBI
Ha peHTtreHocriektpoMerpe D8 ADVANCE “Bruker”
(Iepmanust) (rpacduTOBBIA MOHOXpPOMATOpP Ha OTpa-
JKeHHOM ITy4Ke). JIJIs 3TOTr0 CHSITHI CIIEKTPHI B TTOIIATO-
BoM peskuMe (“scan-step”) ¢ marom 0.04° 1 2-ceKkyH/I-
HOI BBIIECPXKKON 711 U3MEPEHUSI UHTEHCUBHOCTU B
Touke (pexxuM padboThl mpudopa — 40 kB x 40 MKA).

MoutekysipHy10 Maccy M MOJIEKYJISIPHO-MacCOBOE
pacnpenenenue I1TA vccnenoBaiv ¢ UCTIOIb30BaHUEM
xpomarorpacda sl TeJbIIPOHUKAIOIIe XpoMarorpa-
¢um Breeze System (“Waters”, CILIA) oTHocUTEbHO
noaucTuposoBbix craHaaptoB (“Fluka”, [Isefiiapus,
Iepmanust). Haxonunu cpenHeBecoyio (M,) u cpen-
HeuucaoByo (M,) MOJEKYISIpHYIO Maccy, a Takxe
nomuaucnepcHocts (PD = M, /M,).
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Puc. 1. Boixon coronmepa 3-ruapokcuodytupara-CO-4-runpokcudyrupara (% ot Beca cyxoit 6momMacchi) (/) v coaepkaHue 4-rui-
pokcubyTrpara B cornonumepe (Moit. %) (2) B ycloBUsiX aBTOTpodHOIA (a), reTepoTpodHoii, cyocTpar — (hpykrosa (0) win MacisiHast
KUCJoTa (B) KYJBTYpbl 6akTepuii R. eutropha B5786 ripu pa3nnyHbIX KOHIIEHTPALIUSIX Y-OyTUPOIAKTOHA B cpenie (T/71).

DKcHeprUMeHTHI TTIPOBOAWIN B TPeX MOBTOPHOCTSIX.
CTaTUCTUYECKYI0 O00pabOTKY PE3Y/IBIaTOB OCYILIECTB-
JISUTA OOIIETIPUHSITEIMA MeTogaMu [28] ¢ ncrnoib3oBa-
HIEeM CTaHIapTHOTO ITakeTa rmporpamM Microsoft Excel.

PE3VYJIBTATbBI 1 UX OBCYXIEHUE

B aBroTpodHoii KynsType R. eutropha B5786, Beipa-
IIMBaeMOM B KOJI0AaX Ha Kadajke, MpU AeULIUTE B Cpe-
Jie a3oTa Ha MOoHoyIiepoaHoM cyocrpare (CO,), ypo-
JKail ¥ BBIXOJI ITOJIMMepPa 3a 68 4 (pepMeEHTALIU COCTABY -
Jm coorBercTBeHHO 6.1 £ 0.2 r/m n 65.4 + 4.2%.
B cocraBe moimMMepa, CHHTE3MPOBAHHOIO IITAMMOM
R. eutropha B5786 Ha MOHOYTJIepOIHOM cyocTpare, Obl-
710 99.2 mout. % 3-runpokcubyrupara u 0.8 moin. %
3-rugpokcuBaiepara. Panee HamMm OBLIO IIOKa3aHO,
YyTO 0O0JIee INTENIbHOE KYJIBTUBUPOBAHNE OAKTepU B
KoJIOax, a TakKe MCIOJb30BaHNEe COBEpPIICHHON dep-
MEHTALIOHHOM TEXHUKU MO3BOJISIET YBEJIMYUTD BBIXO
noimmMepa 10 85—90% [29]. OmHako B JaHHOM MCCJIe-
JIOBaHWH TJIaBHBII BOIIPOC, HA KOTOPHII CJIeI0BAIIO O-
JIy4UTH OTBET, 00J1aIaeT JIM JaHHBIA IITAMM CITOCOOHO-
cthio BKIrovyath B I1TA B kagectBe MoHOMepa 41'b n ka-
KWE POCTOBBIE YCIIOBUSI JUISI KYJIBTYpPHI CHEIyeT IS
3TOro obecreunTsb. Borpoc o Bbixoae coOCTBEHHO OMO-
MacChl B KYJIEType ObUI BTOPOCTEHEHHBLIM, ITO3TOMY
JITATEIbHOCTb  KYJIBTUBUPOBAHUSI B aBTOTPOGHOM
KYJIBType B KOJIOAX OOBIYHO He TpeBbimiana 60—70 u.

C y4eTOM MMEIOLIUXCS TaHHBIX O TOKCUYHOCTU
y-OyTuposakToHa [ 14] ucciaenoBaHo BAUSIHUE KOHIICH-
TpalMu 3TOrO JOMOJHUTEIBHOIO cyOCcTpaTa Ha poCT U
cunre3 IITA R. eutropha B5786 B nquana3zoHe KOHILIEH-
tpauwmii ot 0.5 10 4.0 r/n. Pesynbrarel OMocuHTe3a [1TA
U BKItoueHus 4I'b B comoMep Ha CMEIIaHHOM YTJie-
ponHoM cyoctpare (CO, + y-0yTHUpONaKTOH) MpeICTaB-
JIEHbI Ha pUc. la, U3 KOTOPOTO CJIEAYET, YTO Y-OyTUpO-
JIAKTOH MHTUOMPOBAJI POCT 1 HAKOIUICHUE TTOJIMMEpa.
ITokazaHo, 4yTO yBeJIMYEHUE KOHLIEHTPALIUHU Y-OyTUPO-
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JIaKTOHA B cpelie He TOJIBKO He YBETMIMBAJIO COMepKa-
Hue 4I'b B comommMepe, HO MHTHMOMPOBAJIO ITPOLIECC
npeBpalieHus y-0ytuposnakroHa B 4I'b. Eciu ipu KoH-
LIeHTpauuu y-0yruposakToHa B cpene 0.5 r/1 creneHb
ero npeBpamieHus B4I'b cocraBuia 0.21, tormpu 4 /1 —
meHee 0.02. DTH pesyJIbraThl COIIACYIOTCS C JaHHBIMU
IPYTUX aBTOPOB 1o o6pazoBanuio 4I'b n3 TokcmaHoro
v-OytuponakroHa. Tak, y wramma Cupriavidus sp.
USNAA1020 mpu pocTe TONbKO Ha Y-OyTUPOIaKTOHE
creneHb ero npespamieHus B 4I'b Bapeuposaia ot 0.04
1o 0.1 [30], y Comamonas acidovorans coctaBuna 0.12
[17], y Hydrogenophaga pseudoflava — 0.33 [18].

HezaBucumo oT BeMUMHBI JOOABKHU Y-OyTHPOJIaK-
TOHA, ypoXKall KyJIBTYphI He mpeBbIan 5.0 /11, 9To Ha
25—30% mHike KOHTPOJIST (POCT OaKTeprii B aHAJIOTHI-
HBIX YCJIOBUSIX HA MOHOYTJIEpOIHOM cyocTtpare — CO,).
ITpu nccnenoBaHUM BAMSHUS 1OOABOK Y-OyTUPOJIAKTO-
Ha Ha CMHTE3 ToJMMepa OOHapYKEHO J10303aBUCHMOE
CHWXXEHME BHYTPUKJIIETOUHOM KOHLIEHTpALIMY MOJIUME-
pa; TpU BTOM MaKCUMaJIbHBII BBIXOA MOJIMMeEpa
(39.9 £ 1.7%) monydeH npu MUHUMAJIBLHON OTHOKpaT-
HoIi nobaBke y-0yTuposnakToHa B qo3e 0.5 r/in. CuHre-
3UPOBaHHBIA B B3TUX YCJIOBUSIX TOJMMEp comepKal
3 MOHOMepa: AOMUHUPYIOLIMI 3-TUAPOKCUOYTHPAT,
4I'b 1 MUHOpPHBIE BKJIIOYEHUST 3-THApPOKCHUBajepara.
Hanuuue 4I'B BbIsIBJIEHO BO BeexX Mpodax, MaKCHUMallb-
Hasl BeJIMUMHA BKJIIOUSHHSI 3TOI0 MOHOMEpPA COCTaBUJIa
6.3 mon. % (puc. 1a).

JJ1s1 CHYDKEHMST TOKCUYECKOTO AEACTBUS Ha KYJIBTY-
py Y-OyTHMPOJIAKTOHA MCMOJIb30BAIM PEXKUM JTPOOHOTO
JIo3MpoBaHMsl. Bapbupys BeJIWMYMHY IloJaBacMoOu B
KYJIBTYPY OaKTepuii 103bl Y-OyTUPOIAKTOHA U MOCTIENy-
IOIIee BPEMS KYJBTHUBUPOBAHUA, yJaJ1OCh ITOBBICHUTDH
OO ypoxkail 6akTepuii, a TakKe BBIXO[ ITOJIMMepa.
IIpu aByx poGaBkax y-OyTUposakToHa (CyMMapHasi
KOHILIEHTpaLMs1 6 TI/d) BBIXOH IOJMMEpa COCTaBUJI
55.7% ot Beca cyxoii Guomacchl 0e3 MOoTepH OOIlei
MPOIYKTUBHOCTU KYJIBTYPhl, OMHAKO BEJIMYMHA BKIIIO-
Ne 5
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yenms 4I'b ocraimack Ha mpexXXHeM YpOBHE M HE TIPEBbBI-
mana 6 moi. %. I1pu romave y-GyTMpOIaKTOHA B KOH-
neHrpamuu 9.0 r/n Tpems mobaBKamu 110 3 T/J1 ¢ Tiepe-
pbIBaMU B 8 4 BBIXO[ TojmMepa coctaBuil 50.3% mipu
ob6meM ypoxkae 6momMaccel 6.0 /71 1 aHAJIOTUYHO HU3-
KOM (He BhIIIe 6 Moi1. %) comepxkannu 41'B.

IIpy rereporpodHOM BBEIpAIIMBAHUN OaKTEepHUiA
R. eutropha B5786 Ha ¢pyKTO3e B KAUECTBE OCHOBHOTO
cyocTpara MHTUOUpYonid 3¢hdheKT y-0yTHpOoIaKTOHA
OBLT BIpaXkeH B MeHbIIIel cTerieHu (puc. 10). Jlo3a om-
HOKpPAaTHOI mofayu y-OyTUPOJIaKTOHA B KYJIBTYpY CO-
crabuia 2.0, 6.0 u 10.0 r/n. UurnbuposaHue pocta 6ak-
TEPUIA UMEJIO MECTO TOJILKO IMPU CaMOI BBICOKOMN KOH-
LIEHTpalUu yY-OyTUPOJIAKTOHA; ypOoxKail OMoMacchl pu
3TOM He TIpeBbIcwI 4.5 1/11. B aByX mpyrnx BapuaHTax
ypoxaii GuoMacchl ObLT OJIM30K K KOHTPOJTIO, TIOpsiaKa
7.0—7.5 T/71 ipy IIMTENLHOCTH KYJIETUBUPOBAHUS 58 4.
B sTux ycnoBusix notpediaeHue yY-0yTUpoIaKTOHA KYTb-
Typoii ObLJIO OoJiee aKTMBHOE MO CPaBHEHUIO C aBTO-
TpoGHBIM IIPOLIECCOM, M Yepe3 34 4 ITocIe ero 100aBiie-
HUSI KOHLEHTpALUs Y-OyTUPOJIAKTOHA B KYJIBTYpE HE
npebimaia 0.1—0.2 r/n. Tlpu MHrMOuUpyoiieit KoH-
LIEHTpalUU Y-OyTUPOIAKTOHA BBIXO/I TTOJIUMEPA COCTa-
B 56.7 £ 2.9% ot Beca cyxoii 6rmoMacchl, Ho 10751 4I'b
B TIOJIMMEpe TIPH 3TOM He TpeBbIckia 2 Moi. %. Ipu
rnonave y-OyTUPOAKTOHA B KYJBTYpy B Ao3e 6.0 u
2.01/n1 BBIXOA TIOJIMMEpPAa COOTBETCTBEHHO COCTaBWII
50.6+4.1u57.3+3.4% ot Beca cyxoii OMOMAacChl, OHA-
Ko conepkanue 4I'b B cononmMepe 66110 MeHee 2 MO %.
ITepexon Ha pexxuM IpOOHON MOJAYU Y-OyTUPOJIAaKTOHA
B KYJIBTYpY OOeCIeuns1 yBeJIMUeHUe ypoxkasi Mmojumepa
110 65.9—78.1% oT Beca cyxoif OMOMacchl, OAHAKO C He-
3HAYWTEILHBIM U3MEHEeHNEM cofiepkaHusl B HeM 41'b,
10 3.8—4.1 mon. %.

3ameHa (ppyKTo3bl MacCISIHON KUCIOTOM (MCIIOIb30-
BaJIU HATPUEBYIO COJIb MAC/ISIHOM KUCJIOTHI) MOJIOXKU-
TeJIbHO BJIMsIa Ha BBIXOJ COTOJIMMEpa U ero cocraB. B
CBSI3U C TEM, UTO KOHLICHTpALIMsI MAacCASIHON KUCIOThI
cBbitiie 5.0 r/1 MHrMOMpoBaja poCcT GaKTepUid, UCTIONb-
30BaJIi PEXKUM C TPOOHBIMU TOOAaBKaMU 3TOTO CyocTpa-
Ta. BeipammmBanue R. eutropha B5786 Ha cpene ¢ Maciisi-
HOW KMCJIOTOM U C AByMs1 10OaBKaMU Y-OyTUPOJIaKTOHA
(cymmapHasi KOHIIEHTpalusl y-0yTUpoIakToHa cocTa-
BUJIa 6 T/J1) MO3BOJIUJIO JOCTHYb BBIXOIA MOJIMMEpPA 10
81.7%. Onnako yBenmuuyenus noiau 4I'b B conommmepe
HE TIPOMCXOIUJIO; BeJIMUMHA (PPaKIIMU HE MpeBhICHIIA
4.4 mom. %.

Takum oOpa3oM, BapbUpysl YCJIOBHUS YIJIEPOIHOIO
NMUTaHusA, BKIIIo4as TUII 1 KOHUOCHTpalui0 OCHOBHOI'O
YIJIEPOIHOTrO CyOCTpaTa v peXXuM J03UPOBAHUST AOTIOJ-
HUTEJIBHOTO cyOcTpara (y-OyTMpOJIAKTOH), YAAJOCh
YBEJIMYUTD BBIXOIBI MOJIMMEPa U yposKasi OMOMAacChl B
KyJasType R. eutropha B5786 n obecrieunTh nojydeHne
coroumMepoB 3I'B-CO-4I'b ¢ Bximouenunem 4I'b ot 0.6
10 6.3 Mo %.
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ComracHO TaHHBIM JIATEPATYPBI, WIS YBEJTUICHUS
nonu 4I'b B coniosiumepe B cpefy € y-OyTUpOIaKTOHOM
TMOOABJISTIOT alleTaT, MPOITMOHOBYIO KHCIIOTY, aMWHO-
KHCJIOTHI. DTO MO3BOJIWJIO B OTHEIBLHBIX CITyJastX YBEIH-
yuth BKmodeHue 4I'b 1o 60—80 moi1. %, ogHako npu
00111eM HU3KOM BbIxoAe noimmMepa (19—38% ot Beca
cyxoit omomaccsl) [22, 30, 31]. ITo3uTuBHOE BIMSIHUE
TAHHBIX JOTIOJTHUTEIBHBIX YIJIEPOTHBIX CYOCTPaToB Ha
CHHTE3 COITOJIMMepPa M COOTHOIIICHNE B HEM MOHOMeE-
PoB 3- 1 4-TUAPOKCUOYTHUpPATa, BO3MOXHO, CBSI3aHO C
TeM, YTO YTWIM3AIMS 3TUX COeOTMHEHUI COMTPOBOKIA-
eTCs yBeJIMYeHWEeM BHYTPUKIIETOUHOTO ITyJa alleTHI-
CoA, 4TO, B CBOIO OYepelb, THTUOMPYET PEaKIINIO pac-
eTuieHUs 4-TuapoKcnoyTHpiI-CoA 10 ABYX MOJIEKYIT
arreTii-CoA 1, COOTBETCTBEHHO, IIPUBOIUT K BO3pac-
TaHUIoO conepskaHus 4I'b 1 BKITFOUEHHIO ero B COTOJH-
mep [30].

PeammizoBaHHBIN  majiee peXXUM  BBIpAIIBaHUS
R. eutropha B5786 Ha cpene, coaep:Kallieil B KauecTBe
OCHOBHOT'O CyOCTpaTa IPONMOHOBYIO KMCIOTY B KOH-
LIEHTpalUuu 2 r/1 1 100aBKU Y-OyTUPOIAKTOHA, TO3BO-
JIAJT HE3HAYUTEIIBEHO TTOBBICUTE comepkanne 4I'b B mo-
muMepe (1o 8.1 mon. %), mpu 3TOM B HEM, TTIOMHUMO
3-TUOPOKCUOYTHpaTa, TIPUCYTCTBOBAI B KAYECTBE TPe-
Thero MOHOMepa 3-Tuapokcusaiepar (35.2 mon. %).

BoipaiyBanue 6akTepuii Ha MacasiHON KUCJIOTe C
no0aBKaMu yY-OyTMPOJIAKTOHA TO3BOJIMJIO TOJMYyYUTh
0oJiee BBICOKME pe3yJIBTaThl (puUcC. 1B). Ypoxkaii 6akTe-
puii U BBIXOJ MOJIMMeEPa BapbUPOBAJIY B IIIMPOKUX Mpe-
JiefaX B 3aBUCMMOCTHM OT COOTHOIIEHMSI B KYJBTYpe
MACJISIHOM KUCJIOTHI U T06aBKU Y-OyTUPOIAKTOHA, MAK-
CUMaJIbHblE BBIXOJIbl COCTaBWJIM COOTBETCTBEHHO
7.11t/mu 92.7% OT Beca cyxoit GMOMAacChI; TP 3TOM
conepxanue 4I'b BappupoBaso B auarnazoHe 8.7—
16 moi. %.

Hcronb3oBaHMe B KauyecTBE IMPOMYIIEHTA COITOIM-
mepa 3I'b-CO-4I'b wramma Cupriavidus eutrophus
B10646, oG6namaroliero ITOBBILIEHHOW TOJIEPAHTHO-
CTBIO K BO3IEHCTBUIO Y-OyTMPOIAKTOHA, B KauyecTBe
MOHOYTJIEPOTHOTO cybcTpara B KoHIleHTparmu 10 1/
MO3BOJIJIO YBeJIMUUTh coaepxkanue 4I'b B comonumepe
110 24.3 moin. %.

Bce mmonmyyeHHbIe HamMu 00pa3iibl cononumMepa 31'b-
co-4I'b OB TOTIOTHUTEIHFHO ITPOBEPEHBI Ha BKITIOUE-
nue 4I'b B nommep Meronom 'H-SIMP. ITposeneHHbIe
uccaenoBaHus noareepaym Hanmuue 4I'b B momme-
pe. Ha puc. 2 mpencrasnens! criektpst ' H-IMP o6pas-
OB conoamMepa ¢ BknoyeHueM 4I'b 8.7 u 16 mon. %.

Taxum o00Opa3oM, CHHTE3MPOBAHBI COITOJIMMEPHI
Pa3IMYHOrO COCTaBa, KOTOPhIE ObUIM OUYMILIEHBI 10 TO-
MOI€HHOTO COCTOSIHMSI, YTO ITO3BOJIMJIO MCCJIENOBAaTh
MX CBOICTBA.

BaxkHelmmmu xapakTeprucTUKaMU TIOJIMMEPOB CITy-
>KaT BeJIMYMHA MOJIeKyJIsipHoi Macchl (MM) u cTerneHb
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| Il Il
(—O—CH—-CH,—C-~—-0—-CH,—CH,—CH,—C5-
3-ruapokcudyrupar-CO-4-ruapokcudyTupaT

BOJIOBA u np.

O

(@)
Jl\ , T 5H0 [ H,0 | M4
50 45 40 35 3.0 2.5 2.0 1.5
(6)
J k k
1 5 237 6 H0 4
1 1 1 | | 1
50 45 4.0 3.5 3.0 2.5 2.0 ppm

Puc. 2. Criektpsl 'H-SIMP comnonumepa 3TITB-CO-4I1TB ¢ conepsxannem 4T'B 8.7% (a) u 16% (6).

MOJIMMEPU3YEMOCTU. [loMMIUCIIEpCHOCTh ITTO3BOJISIET
OLICHUTb, KAKOBO COOTHOIIIEHKE B MOJIMMepe (pparMeH-
TOB C Pa3JIMYHOM CTEINEeHbIO momMepusyemoctu. Kop-
PEKTHasl perucTpalus JaHHBIX ITapaMeTPOB BO3MOXKHA
TOJIBKO C IIPUMEHCHUEM FeﬂprOHMKalOLLleﬁ XpoMarto-
rpagum, KoTopast ITo3BoJIsSIeT orpeaeinTe MM u nonm-
JIUCIIEPCHOCTD ITOJIMMEpa.

C uCronb30BaHUEM TeJIBIIPOHUKAIOIIEH XpOMAaTo-
rpacdhum omnpeneaeHa MM cepui CUHTE3UMPOBAHHBIX
o6pazuoB conosmmMepoB 3I'b-CO-4I'b (tabiuia). B
VICCJIeIOBAaHHOM Jara3oHe COOTHOIIEHNSI MOHOMEPOB
B contoiuMepe (BKmoueHue 4I'b BapbrpoBaio oT 8.7 1o
24.3 moi. %) He OOHapYKEHO BIUSIHUS 3TOTO ITapaMeT-
pa Ha MM u nonuaucriepcHOCTh conoanmepa. Cpen-

MorekynasipHast Macca v CTereHb KpUCTAIMYHOCTHU COMOJMMEPOB, CUHTE3UpYeMbIX R. eutropha B5786

Conepxanue 4I'b B comonu- | CpenHeuncioBast MmojieKy- |CpemHeBecoBast MoJieKy-| Ilommmmc- CrerieHb KpH-
Mmepe 3I'b-CO-4I'b, mon. % | nspHas macca (M,;), k[la | nisspHast Macca (M), [la | mepcHOCTh |cTaJuIM4HOCTH, %
0 760 £ 15.2 1300 + 28.7 1.60 £0.03 76
8.7 230+ 1.7 630+3.5 2.76 £0.03 44
10.7 480£9.1 1110+ 17.9 2.32+0.06 43
14.9 320£6.6 850+ 12.2 2.65%0.04 44
16 370+5.2 970 £ 18.2 2.59 £ 0.04 43
17 370+ 12.2 850+ 24.2 2.31+0.06 25
243 285+5.3 540£9.6 1.91+£0.01 12
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CHUHTE3 COITOJIMMEPOB 3-TMAPOKCUBYTUPATA

HEYrCcIoBas MOJIEKYJISIpHAsT Macca y cepur o0pasiioB
BapbprpoBayia B nrara3oHe 230—480 x/la; cpemHeBeco-
Bass MOJIEKYJsipHast macca coctaBuia 540—1110 x/la;
MOJUACHEPCHOCTD OT 1.91 10 2.76 Ge3 YeTKOI CBSI3H C
conmepxanueM 4I'b B commommmMepe. DTo TOATBEpKIACT
paHee TIOTydeHHBIC Pe3yIBTaThl 00 OTCYTCTBUU CBSI3M
mexay coctaBoM ITTA 1 MmosiekyssipHoit Mmaccoii [29].

YcraHoBiieHO, 4To BKiMoyeHue 4I'b pe3ko (cyiue-
CTBEHHO B OOJIBIIICH CTETIEHU MO CPaBHEHUIO C 3-TU/I-
pOKCHBaJIepaTOM U 3-TUAPOKCUTEKCAHOATOM) BJIUSIET
Ha COOTHOIIIEHVE KPUCTATMYECKOI 1 aMOP(HOIA 30H B
COIoJIMMepe, 3HAUUTEJIbHO CHIKAsl KPUCTAJLIMYHOCTh
nociaegHero (tabnuua). BnepBble yaaaoch IMOIYYUTb
o6pasupl I1TA, nMmerole MOHXXEHHYIO CTEIIEHb KpH-
crajutnaHocTH (0T 44 1o 12%).

B pesynbrate BBEITTOTHEHHBIX NCCIICIOBAaHMI Haitme-
HBI YCJIOBUS KYJIBETUBUPOBAHUS BOTOPOIOKUCIISIIOIIIIX
GakTepuii, TTO3BOJISTIONINE TTOTyYaTh BBEICOKHE OOIIIMe
BBIXOIBI BBICOKOMOJIEKYJIIPHOTO Y HU3KOKPUCTALTY-
Horo conoimMepa ¢ BkaodeHreM 4I'b cebine 20 Mo, %.

PaGota BeINoIHEHA TIpU (DUMHAHCOBOM TTOIEPKKE
rpanTta IIpaButenncTBa Poccuiickoit Denepauyu s
TOCYIapCTBEHHOM ITOJAACPXKKM HayYHbIX MCCIedoBa-
HUW, TIPOBOAUMBIX IO PYKOBOICTBOM BENYIIUX y4e-
HBIX B POCCHUMCKHX 00pa3oBaTe/IbHbIX YUPEKICHMSIX
BBICIIIETO TTpodeccMoHaIbHOIO obpa3zoBaHust, Iloct
IIpaBurensctBa PO Neo 220 (tipoekT “buorexHonornu
HOBBIX OMomaTepuaioB”), u IIporpaMmbl MHTETpaLy-
oHHbIX uccienoBanuii I1pesnnuyma CO PAH (mpoekT
Ne 96).
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Abstract—Synthesis of 3- and 4-hydroxybutyrate copolymer ((HB-CO-4HB), the most promising member
of the biodegradable polyhydroxyalcanoate (PHA) family, has been studied. Cultivation conditions of natu-
rally occurring strains of hydrogen-oxidizing bacteria Ralstonia eutropha B5786 and Cupriavidus eutrophus
B10646 have been optimized to ensure efficient synthesis of the 3HB-CO-4HB copolymer. A set of highly
pure samples of the 3HB-CO-4HB copolymer with 4HB content varying from 8.7 to 24.3 mol % has been
obtained. Incorporation of 4-HB into the copolymer was shown to cause a more pronounced decrease in polymer
crystallinity than the incorporation of 3-hydroxyvalerate or 3-hydroxyhexanoate; samples with a degree of crystal-
linity below 30% have been obtained. The weight average molecular mass of the 3HB-CO-4HB copolymers was
shown to be independent on the monomer ratio and to vary broadly (from 540 to 1110 kDa).
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MUKPOBUOJJIOTUYECKOE ITOJTYYEHUE BOJOPACTBOPUMOI'O
MEJAHWHA 1 U3YYEHUE ETO ®U3NKO-XUMHWYECKNX CBONCTB
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Hayuno npouzeodcmeennniii yenmp “Apméuomexuonoeus” THKO HAH PA, Epesan 0056, Apmenus
e-mail: aghajanyanarmen @yahoo.com
IMoctynuna B penakuuio 12.01.2011 r.

PaspabortaH 3heKTUBHBIN COPOIIMOHHBINM METOM BBIACICHUS U OYMCTKM MeJaHWMHA M3 KYJBTYpaJIbHOM
xuakoctu Bacillus thuringiensis serovar galleriae K1, npencrasieHa MpUHLIMITMAIbHAS TEXHOJIOTHUYECKAsT
cxema TojrydeHus1. MUneHTudurKammio morydeHHOro MurMeHTa ¢ 00pa3iiaMy MpUPOIHOTO M CHHTETUYECKO-
ro MeJIJAaHMHOB TIpoBoaAuIn MeToaoM MK-crnekTpockornuu, a COOTHOILIEHUE MHTEHCUBHOCTEM ONTUYECKOTO
nornoieHust npu 650 u 500 HM MO3BOJISIET BBIAEIEHHBIM MEJIAaHUH OTHECTU K KJIaCCy dyMeJIaHMHOB. Tep-
MUYECKOI 06pabOTKOI YCTAaHOBJICHO, YTO aMOpGhHBIN 0CaloK MeJJaHUHA YCTOMYUB TPU TeMIlepaTrypax 10
120°C, rpu 5TOM KOHIIEHTpAlMsI TTapaMarHATHBIX HEHTPoB uaMeHsetcs ¢ 0.053 x 10'® crmn/T (48°C) mo
0.25 x 10" crrin/r (120°C). [oBblueHe TeMIEpaTypbl 06paGoTKy 10 210°C MPUBOIMT K CYILIECTBEHHOMY
YBEJIMYECHUIO KOHIICHTPAIIUM HECTIApEHHBIX 3JIEKTPOHOB, 1 ITpu 280°C HabmomaeTcs ee pe3kuii poct. [1pu
350°C poct npekpaliaics, a 3aTeM Habmogancst cnaf. [TonydyeHHbIe pe3yJIbTaThl MOATBEPXKICHBI METOIA-

mu MK -criektpockonum 1 aepuBaTorpaum.

MenaHHBI — TEMHOOKpAIIEHHbIE BHICOKOMOJIEKY-
JISIpHbIE HEPETYJISIpPHbIE OMOIOIMMEDPHI, OOpasyrole-
csl B opraHusmax Iipyu ¢GpepMEeHTATUBHOM OKMUCJIEHUU
a30TcoAepKallnX 1 0e3a30TUCTBIX MojiudeHosoB [1, 2].
SBAsIsich THTMOUTOPOM CBOOOTHOpPAIMKAIBbHBIX peaK-
LIMIA, MeJIaHWHbI CIIOCOOHBI MTOAABJIATh POCT 3J710Kaye-
CTBEHHBIX OIMYXOJICH, OKa3bIBaTh 3allIMTHOE JENCTBUE
OT JIeTAJIbHBIX J03 MOHU3UPYIOIIIETO MU3ITy4YeHUs, TOP-
MO3UTb MPOLIECCHI MEPEKUCHOTO OKUCIIEHUS JIUTIUIIOB,
CTUMYJIMPOBATh POCT pacTeHUi. MeJTaHUHBI UCTIOJIb3Y-
I0TCSl B MeJMIIMHE, (DapMaKOJIOTUU, CETbCKOM X035~
CTBE 1 B Ipyrux oonactsx [3].

MenaHuHBI OIYYaloT XMMUYECKUM [4] 1 MUKpPO-
OMOJOrMYECKMM CUHTE30M [5—8], a TakKe 9KCTpaKIIU-
el U3 XKWBOTHOTO U PacTUTENIBHOTO Matepuara [2, 9].

XUMUYECKUIA CHUHTE3 MeEJIJaHWMHA, 13-32 BBICOKOI
CTOMMOCTH MCXONHBIX MaTepUaoB U CJIOXKHOCTH TEX-
HOJIOTMYECKOTO ITPOIIECcca, B MPOMBIIIIICHHOM MacIlTa-
6c TPYIHO OCYIIECTBUM, UTO B 3HAYUTEIILHOM CTETIEHU
CKa3bIBaeTCsI HA CTOMMOCTHU KOHEYHOTO TTPOIYKTA.

TpyaHocTr BbIIEEHUS U OYMCTKA METAaHWHOB U3
O1OJIOrMYEeCKUX MaTEPUATIOB U U3yYEHUS UX CTPYKTYPbI
CBSI3aHbI C TEM, UTO BCE MEJTAHUHOBbIE TUTMEHTBHI SIBJISI-
[OTCs1 aMOpHBIMU BelllecTBaMH [ 1, 2]. Benenacrsue ato-
To, a TaKXe M3-3a OOJBIIOTO pa3HOOOpa3us TyTe WX
OroCcHHTe3a, TOYHAs CTPYKTYpa U (DYHKIIUU MHOTUX Me-
JIAHWHOB JIO CUX MTOP He BbIsICHEHHI [ 10] 1 mpuBeneHHbIE
B JiUTepaType JaHHble 00 UX (PUMKO-XUMMUECKUX
CBOICTBax, BOCHOBHOM, OTHOCSITCS K BOJJOHEPAaCTBOPU-
MBIM JMOKCU(peHWTATaHMH-MeaHuHaM [1, 2, 11, 12].
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bosnbiioe pazHooOpazre GUOTOTUUECKOTO ChIPhS
JUTS TIOJIyYeHUSI MeJTaHWHA TTOCIYXKIJIO MPeNnsTCTBU -
€M CO3[IaHUI0 CTaHJApPTHOIO METOJa BbIAEIEHUS U
OYUCTKM MUATMEHTA.

OcHoBHas pobJyieMa IMpru MUKPOOMOJIOTUIESCKOM
crocobe ToJlydeHUsI MeJlaHMHA 3aKJII0YaeTCs B TOM,
YTO MCHOJb30BaHHBIE ITaMMBI TIpU (hepMeHTAITUN
CUHTE3VPYIOT BHYTPUKIIETOUHBIN MeTaHuH. 1St mo-
JIydeHUsI MeJlaHMHA HaMU HWCIIOJb30BaJICs IITaMM-
MPOMYIEHT, HaKaIlIMBAIOIMINK B KYJBTypaJbHOM
xkunkoctu (K2K) BHEKI€TOUHBIN BOIOPACTBOPUMBIIA
MeJlaHWH, YTO 3HAYUTEJIbHO O0JIeryaeT IOC/Ieaylo-
IIIME TIPOIIECCHI €T0 BhIIEICHMS.

Henp nccnenoBaHust — pa3padboTka 3PHEeKTUBHOIO
crnocoda IToIyYeHMsI BOAOPACTBOPUMOIO MUKPOOHOTO
MeJIaHMHAa UM U3yYeHue ero (pU3NKO-XUMUYIECKUX
CBOJCTB.

METOJINKA

Hcnonb3oBanu mramMm-tiponyueHT Bacillus thurin-
giensis serovar galleriae K1 (menoHUpoBaHHBIIA HOMED
MHMMHA 11212), nmoaydyeHHBI HaMW M3 TIPOU3BOJI-
CTBEHHOTO MHCEKTULIUIHOTO IUTaMMma B. thuringiensis
galleriae 69-6 MeTOIOM XMMITIECKOTO MyTareHe3a [13].
®depmeHTALIMIO TPOBOAWIIN B JIAOOPATOPHOM (hepMEH-
Tepe AHKyM-2M (Poccust) ¢ padounm oobemMoM 7 I,
Opu  CIAEAyIIIUX TEXHOJOTMYECKUX TapameTpax:
pH 7.3—7.8; Temmnieparypa 30—32°C, KLa = 180—220 4~ ;
MNPOAOJDKUTEILHOCTL (pepMeHTaunn 72—76 4. ns
(bepMeHTALIMK MCIIOB30BAIM CPENy CIICAYIOIIEro CO-
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craBa (%): mueHnyHble oTpyou — 1.5—2.0; 20%-Hb1ik
CEPHOKUCJIOTHBIA TUAPOIU3AT PHIOHOU MyKu — 2.5—
3.0; NaCl — 0.2; MnCl, — 0.01; CaCl,— 0.05. KoH1ieH-
Tpalys MeJIaHMHA B IOJTYIeHHO KYJIBTYpaTbHOM KU -
KOCTHU cocTaBisiia 7—8 r/i1. Buomaccy ucrosib3oBaiy B
KayecTBE OCHOBBI JIsI TTOJy4YeHUs] WHCEKTULMTHOIO
Tperrapara.

Cop011to MeaHuHa U3 cynepHaTaHTa KoK Ha Hu3-
KOOCHOBHOM TopucToM aHuoHute MA-1p KoHaeHca-
moHHoro Tuna (Poccust) oG1agaroniyM XopoIei Imo-
[JIOTUTEIBHOM CMOCOOHOCTBIO MUTMEHTOB [14, 15] B
JMHAMUYECKUX YCIOBUSIX MPOBOAWIN MPU JIMHEHHOM
CKOpPOCTU TIIOTOKAa CyMNepHaTaHTa IO HAaIpaBJIEHUIO
CHU3Y BBepx, paBHoii 0.034 cMm/c. Dionyio MeJlaHMHA
CO CMOJTBI TIPOBOMWIIA 3%-HBIM aMMHUAYHBIM PacTBO-
POM TIpU CKOPOCTU MOTOKA 3JII0EHTA MO HAIIPABJIEHUIO
CBepxy BHU3, paBHoi1 0.015 cm/c.

KoHTposb 3a XonoM npoiiecca OCyIIeCTBIISUIU U3Me-
peHueM ontudeckoii miotHoctu (OIT) pacTBopa mpwu
315 HM ¥ cpaBHEHHEM MOJyYeHHOI BEJIMUMHBI CO 3HA-
yeHueM OI1 cranmapTHOro pacTBopa MejaHWHa.

NK-criekTpbl CHUMaJIM Ha crieKTpoMeTpe Nexus
Nicolet FT-IR (“Thermo Nicolet”, CIIIA) ¢ npu3moii
n3 ZnSe (4000—650 cM~!) ¢ OMHOKPATHBIM OTPAXKEHN-
€M, YMCJIO CKAHUPOBaHUiA 32, pazpeleHue 4 cm—.

Cnektpbl DITP perucrpupoBanu npu 20°C Ha
cnektpometpe Tuia SE/X-2543 (“Radiopan”, TToab-
111a) ¢ BbiIcokodacToTHOM Momyssiueit 100 xIir Ha ga-
crore 9.4 I'Ti1.

OnTryecKre CITeKTphl TOMIOIICHNST CHUMAaIN Ha
cnekrpomerpe 550S UV-VIS (“Perkin Elmer,” CILA).

TepMorpaBUOMETPUYECKHI aHAIN3 TIPOBOAWIM Ha
nepuBarorpade mapku Q-1500 (“MOM,” Benrpus)
Mpu ckopocTy Harpesa 5°C/MMH B aTMocdepe Bo3ayxa.

Conepxanue 0Oenka B o0pa3iiax MeJlJaHWHa oIpe-
JIeJsiav o Metony bpandopa.

AHalmM3 BJIEMEHTHOTO COCTaBa MeEJIaHWHA OCYy-
mectryisuin Ha aHaimzaTtope EURO EA 300 (Mtanus).

JJ1s1 1pUTOTOBJIEHUS CTaHJAPTHBIX PACTBOPOB UC-
MOJIb30BaJI CUHTETUYECKUI MeJIaHUH (DUPMBI “Sig-
ma” (CIIA), a TakKe MOJay4YeHHbIA HAMU OYMILIEH-
HbII MpenapaTt BOJOPacTBOPUMOTro MeJlaHUHA.

PE3VIJIBTATBI 1 UX OBCYXIEHWE

UccnenoBanus mokasaim, 4To Hambosee 3pdek-
TUBHBIU CITOCOO BBIIEICHUS MEeJTaHUHA U3 CyTiepHaTaH-
Tta KK — copbumonHsiii [16, 17]. CopbLust MeJlaHHA
U3 CylepHaTaHTa U3y4yeHa B 3aBUCMMOCTH OT TUIIa [IPU-
MEHsIEMOTO cOpOeHTa WJIM CMOJIbI, BeiuuuHbl pH pac-
TBOpa U pa3Mepa rpaHyi cmonbl [17]. ITo coBokymHO-
CTU TIapaMeTPOB (IOCTYITHOCTb, ITPOYHOCTh, OOJIbIIIAS
€MKOCTb, JIETKOCTb SJTIOLMK) HauboJjiee MpearodyTH-
TEJIbHBIM COPOEHTOM /i1 M3BJeUeHUs] MeJlaHWMHA U3
KoK okazanace nonoooMeHHast cmoia MA-1p (dbpak-
st —0.6 — +0.2 mm) B Cl~-cbopma, ¢ pH paBHOBeCHOTO
pacTtBopa rnpu copoimu 3.5—4.0.

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

ATAJUKAHSH u ap.

Hecmortpst Ha TO, 4TO MPU 3TOM YacCTh ITUTMEHTA U3
pacTBopa nepexoausia B 0CaaokK, B cydyae COOIONeHUS
YCJIOBUI TUAPOAUHAMUYECKOTO peXuMa, 00pa3oBaB-
mIiics ocagok He Merman 3dekTnBHOM copormu [17].
HepacTBopeHHast yacTb MeJJaHMHa BMeCTe C COpOMpPO-
BaHHOM IPU 2TIOLIMU aMMUAYHOU BOJOM TIepexoauiia B
smoaT. CoOpaHHbBIM aMMUAYHBINA 3TI0aT MOABEPTraIn
BaKyyM-yIapuBaHUIO 10 KOHIIEHTpallUu MelaHWHA
70—90 r/n. C uenblo 0CBOOOXIEHUST OT TMTUPOTeHOB U
JPYTMX MHMKPOIIPUMECE 3/I10aT TOABSPrain yJbTpa-
(unbrpaly ¢ JaJIbHEHIIINM BaKyyM-yIapyuBaHUEM 10
KOHIIEHTpalMK1 MeJlaHHa B pactBope 250—270 r/n. U3
YITApEHHOTO PAacTBOpA BBICYIIMBAHUEM MOJTYYaIN dep-
HO-KOPUYHEBYIO aMOP(HYI0 Maccy C MeTaIndecKuM
oneckoM [16, 17]. Pa3spaGoraHHass NpUHLMITAAIBHAS
TEXHOJIOTMYECKas cXema BblIeaeHus MenaHnHa 3 KoK
npeacTaBieHa Ha puc. 1.

i ycTaHOBJIEHUST TIPUHAIJICXKHOCTH TTOTYICH-
HOTO MUIMEHTa K MeJaHWHaM MCIOJb30BaIk Kaue-
cTBeHHbIe peakuuu ¢ okucaurensamu (H,O,, KMnO,,
FeCl,). PesynbraTel nokasanu MpUCyTCTBUE B MOJie-
KyJie TIOJIyYeHHOTO MMUTMEHTa XUHOUIHBIX U (heHOJIb-
HBIX CTPYKTYP, YTO MOATBEPAMIIO €r0 MEJIaHUHOBYIO
npupony [1, 2, 18].

INormomenre cBeTa MPUPOTHBIMU ITUTMEHTaAMK
nMeeT yHIaMeHTaTbHOEe 3HAYeHWE W OIpeAesieT
OCHOBHYI0 (YyHKIMIO MeJdaHUHOB. CrieKTpodoTo-
METPUPOBAaHNE TOJYICHHOTO TMHMIMEHTa OCYIIECTB-
JISUTM B BOIHOM M B IIIEJIOYHOM PacTBOpax, a CUHTE-
TUYECKOTO MEJIJaHWHA — B LIIEJIOYHOM PacTBOpE.

Beanuunbel OIT pacTBOpOB CHUHTETHMYECKOIO U
MUKPOOHOTO MEJIAaHWMHOB B IIEJIOYHOM Cpeae MOHO-
TOHHO CHMKAJINCH C YBEJIMISHUEM JIMHBI BOJIHEL. Y
CIEKTPOB 000uX MeJlaHMHOB B obj1actu 300—340 HMm
HaO0JII0JAIOCh IJIATO, YTO, MO-BUIAMMOMY, CBSI3aHO C
HaJIMYMEM B MOJIEKYJIE MEJAaHWHOB TIPYMIIIMPOBOK
apoMaTUYeCKOI MPUPOIbI, MOMIONIAIONINX CBET TP
BBIIIICYKa3aHHOM myinHe BoHbl. CHuzkeHue pH pac-
TBOpa IIPUBOAWIIO K CABUTY IIMKA CIIEKTPa ITOTJIOIe-
HUSI MUKPOOHOIO MeJIJaHWHA B CTOPOHY YBEJIUYCHUS
JUIMHBI BOJIHBL. M3 puc. 2 BUOZHO TakKKe, 4TO B 00/1a-
ctu 220—300 aM nipu HelitpanbHOM pH pactBOpa y
MHMKPOOHOTO MeJIaHMHA HAOJII0Ja10Ch CHIDKEHIE Be-
JIMYUHBI KO3 dUIIMeHTa SKCTUHILIMU, YTO KOPPEJIn-
poBaio ¢ maHHbIMU DITP-ciekTpockonmum — yMeHb-
mieHue BeanduHbl curHaita DIIP ¢ moHmkeHunem
s3HaueHust pH pactBopa [16].

HMccaenoBaHa MHTEHCUBHOCTb CIIEKTpa TTOTJIOIIE-
HUSI CHHTETMYECKOTO 1 MUKPOOHOTO MeJIaHWHA B 3aBU-
CUMOCTU OT BPEMEHU BBIACPXKKU PacTBOPOB. OMBITHI
MOKa3aJIu He3aBUCUMOCTh KO3 UIIMEHTa SKCTUHILINN
KaK CUHTETUUYECKOI0, TaK U MUKPOOHOTIO MeJIaHUHA OT
BpEMEHH BBIIEPXKKW WX PACTBOPOB B TedeHHWe 15 cyr
IIpY KOMHATHOM TeIepaType B TEMHOTE.

B psine pabot mist onpeneneHus: NprUHAIIEXKHOCTU
MUTMEHTOB K 3yMeJIaHMHaM 1Uiv ¢heoMeTaHMHAM Mpe/l-
JlaraeTcsi MCMoJib30BaTh OTHOIIIEHWE UWHTEHCUBHOCTEM
nortoteHwyst rpu 650 u 500 HM. Tak, y CHHTETHYECKUX
Ne 5
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Bona

Lentpudyruposanue
(3000 g, 20 MuH)

Ocanok

p 94%

3.0% p-p amMuaka

CopO1us MeJlaHMHA U 1eCOPOLIs
V' —0.034 cm/c; t — 10—30°C

Crtoxu copoumn

I IlpomMbIBHAs Boma

p 95% l “Benubli a0ar”
ITap
YnapuBaHue 3110aTa
—— Konnmencar BBY
Bona (55—60°C; P=0.008—0.013 MIla)
Bona
l AMMMavyHas Bona 1isi
p 97%
MIPUTOTOBJIEHUS DJTIOEHTA
Boma VabTpadwibTpanns
(P=0.15-0.20 MITa; 18—20°C) > IlpomeiBHas Bosa
p 95%
ITap
YnapuBaHue riepMearta
Bona (55—60°C; P=0.008—0.013 MITa) |~ Komaencar BBY
Bona
P 94.2%
Cymka
(55—60°C; 18—20 )
P 93.5%
Tapa PacdacoBka u yrmakoBka

p 97.5%

l'oToBBII TIPOITYKT
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Puc. 1. [IpyHuunuanbHast TeXHOJIOrMYecKasi cxema BolaesieHrs meslanuHa u3 KK, p — Beixon Ha cranguu, BBY — Bakyym BbI-

napHasl yCTaHOBKa.

syMeJlaHUMHOB oTHoieHue D 650/500 konmeGamoch B
muartazoHe 0.25—0.33, a y cuHTeTM4eCKUX (peoMeTaHn-
HoB —auanasone 0.10—0.14 [19, 20]. ITpoBeneHHbIC Ha-
MU BKCTIEpUMETHI TTOKa3alu, YTO OTHOIIIEHUE MHTEH-
CUBHOCTEl TIOTJIOIIEHUSI MUKPOOHOTO M CUHTETHUYe-
ckoro MenmanuHa pu 650 1 500 um coctasisuio 0.328 u
0.315 coorBercTBeHHO. M3 MOTyYeHHBIX T10 BHIIICYKAa-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

3aHHOMY cnoco6y JaHHBbIX CJICOYET, YTO 00a MeJlaHWHa
TIIpUHaMICXKaT K 9yMCJIaHUHAaM.

B NK-cnekTpe BogopacTBOPUMOI0 MUKPOOHOTO
MeJlaHWHA MPUCYTCTBOBAJIM TIOJOCHI, XapaKTepHbIe
JJ1st MeJaaHuHOB [16, 17]. I1pu conoctaBnenuu K-
CIEKTPOB BUHOTPATHBIX MEJIAHWHOBBIX MUTMEHTOB
[21], mUrMeHTOB, BBIACACHHBIX W3 TPUPOJHOU W
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Puc. 2. CrieKTpsI TIOTJIOLIEHUs MeJTIaHWHA: [ — CHHTETH-
yeckuii MeanuH, pH 11.5 (JieBas mikana); 2 — MUKpPOO-
Hbiii, pH 11.5 (11paBas mkana); 3 — MUKpoOHsbIit, pH 7.2
(ripaBasi 11IKaja).
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Puc. 3. Cnekrpsl BI1P MenmanuHOB MUKpoOHOro (/) u
cuHTeTn4ecKoro (2) npoucxoxaeHus mpu 20°C.
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Puc. 4. 3aBuUCMMOCTh KOHIEHTpALIMM HECIapeHHBIX
3JICKTPOHOB B MMKPOOHOM MeJIaHWUHE OT TeMITepaTypbl
00paboTKU.

KYJBTUBAPOBAaHHOI 4Yaru [11], cMHTETMYECKOro M
MOJIy4eHHOTO HaMU MUKPOOGHOTO MeJlaHWHa [16, 17]
OOHapYy>XUBAETCS UX CXOJICTBO B OTHOIIIEHUU OCHOB-
HBIX TT0JIOC TIOTJIOIIEHMUSI.

OCcO0EeHHOCTRIO MEJTAHMHOB, KaK IIPUPOITHBIX ITO-
JUMEPOB, COJEpPKAILIUX PA3BUTBHIE CHCTEMBI COIIPSI-
JKEHHBIX CBSI3€M, SIBJISICTCS HaAW4YKWe HECIIapeHHBIX
9JIEKTPOHOB. Bce MenaHuMHBI 0€3 UMCKIIOYESHUS
nmMmerotr DI1P-nornonieHue B BUae cjierka acuMMET-

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

ATAJUKAHSH u ap.

PUYHOIO CHUHIJIETHOTO CUTHajla ©€3 CBEpXTOHKOM
CTPYKTYpPHI C BEIMUMHOM g-(daKkTopa, BapbUpylolei
B npeaenax 2.003—2.004 [22].

[MapaMarHeT3M MPUPOMTHBIX MEJTAHMHOB OKa3hbI-
BacT CYIIECTBEHHOC BJIMSIHME HAa MHOTHME BaXKHbIC
CBOICTBA: 3JIEKTPOIPOBOTHOCTb, OOMEHHYIO €M-
KOCTbh, XUMHIECKYIO PEaKIITMOHOCIIOCOOHOCTh, aHTH -
OKCUJAHTHbIE CBOICTBA, OMOJIOTMYECKYIO aKTUB-
HocThb U T.A. [11, 21—23].

Hcxomst m3 BhIIIecKa3aHHOTO, IJIsT Gojiee ITOJTHOTO
MCCJIEIOBAHUS MPENCTABJICHUI O CTPOEHUM U CBOMCTBAX
HCCIeayeMbIX MeJIAaHMHOB ObLT IiprMeHeH meTon DI1P,
KOTOPBII TTO3BOJIMJT TIOTYYUTh MHGOPMAITIIO O T1apa-
MarHuUTHBIX HeHTpax. CHeKTp MUKPOOHOIo MeJIaHWHA
MPEeCTaBIsIT COOOM cerka aCUMMETPUYHBIN CUHTJIET
6€3 CBEpPXTOHKO CTPYKTYPHI C IMMPUHOM JIMTHUY MEKITY
TOYKAaMU MaKCUMaJIbHON KPYTM3HBI OKOJIO 7 Taycc U
3HaueHueM g-dakropa, paBHbIM 2.003 (puc. 3).

JBoifHOE MHTETPUPOBAHME STOTO CITEKTpa ToKa3a-
J10, 4TO B HeM conepxurcs 0.21 x 10'8 crimn/r mapamar-
HUTHBIX 1IeHTPOB. CITeKTp CHHTETUIECKOTO MeTaHHA
OBLI TOXXE CUHIJICTHBIM, HO JIMHUSI TTOTJIOLLIEHUS TIPEeI-
CTaBJIsIIa yKe JIOpeHI1IeBYIo (hopmy ¢ g-pakTopom, paB-
HbIM 2,004 1 mmpuHOI okono 8 raycc. Ymcao Hecrma-
PEHHBIX 3J1eKTPOHOB B HeM 0.37 x 10! criun/r [16].

IMony4yeHHBIIT MeJTaHWH XOPOIIIO PACTBOPUM B BO-
JIe, YTO TIO3BOJIMJIO 3apericTPUPOBaTh €ro CIIEKTPhI
OIIP B pacTBOpe B 3aBUCUMOCTH OT pa30aBICHUS
[16]. TToka3aHo, 4TO B CTPYKTYpe MeJIaHNHA UMEJINCh
JIBa THUIA MapaMarHUTHBIX LIEHTPOB, OAUH U3 KOTO-
PBIX ABJISUICS JIAOWUTBHBIM, a IPYTOM CTaOMIILHBIM.

Wccnenosanue 3aBucumoctu curHaiaoB DIIP ot
BemunHbI pH pacTBOpa mokasajo, 4To B IMalia30He
pH ot 3.0 mo 7.6 HaGm0manack MOYTH JIMHEHAs 3a-
BucuMocTh curHaia DI1P or pH, a mpu pH Bbiie 7.6 —
ee pe3kuit pocr [16].

N3yyeHo Taxkke BIMSHUE TEMIIEPAaTyYpHOIO BO3-
JIeCTBUS Ha MapaMarHUTHBIE CBOMCTBAa MUKPOOHOTO
MeJlaHMHa U ero pactBopuMocTh. Ha puc. 4 npen-
CTaBJIeHa 3aBHUCUMOCTb KOHIICHTPAllMM HecHapeH-
HBIX 2JIEKTPOHOB B | I MUKPOOHOIO MeJIaHMHa OT
TeMIlepaTypbl 00pabOTKU.

KoHTponbHbIl 00pa3el, BeICylleHHBI npu 48°C,
nMen koHueHtpauuio 0.053 x 10'® ciun/r. TMocne
nporpeBa 10 120°C ero KoHLEHTpalys yBeJINYNBa-
sack 10 0.25 x 10'® cniue/r. JaapHednmii pocT TeM-
nepaTtypsl 00padotku g0 210°C mpuBoguI K Cylie-
CTBEHHOMY YBEJIUYEHUIO KOHILICHTpALIMU HeCcIapeH-
HbIX BJIeKTpoHOB U mpu 280°C HaGmonancs ee
pe3kuii poct. [Tpu 350°C poct npekpaiiaercs, 3aTeM
HabJstogaeTcs cnaj.

Ju1a moHuMaHus XapakTepa MoJIy4deHHON KPUBO
Ha 3THX Ke oopasiiax MesrannHa canMann MK-crrek-
TpHI (puUc. 5).

B cniektpe MMKpOOHOI0O MeJIAHWHA IIPUCYTCTBYIOT
TOJIOCHI, KOTOPKIE SIBIISIIOTCS MACHTU(PUKALIMOHHBIMU
Jutst MestaHuHOB [11, 16, 17]. TTonockl B o6mactu 3400—
Ne 5
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Puc. 5. UK-criekTpbl MUKpOOHOTO MeJlaHMHa, 00pabOTaHHOTO TMPY pa3IUYHbIX TeMIiepatypax: / — oOpasell, BbICYLIEHHBIN

npu 48°C; 2 — 210°C; 3 — 280°C; 4 — 410°C.

3300 cM~! 0OyCJIOBJIEHBI BAJIEHTHBIMU KOJIEOAHUSAMU
OH- u NH-rpym; 2960—2870 cm~! —CH,-, —CHj,-
rpynm; 1650—1600 cM~! — koneGaHMsAMU COTPSIKEH-
HBIX aBoiHBIX cBs13eit C=C u C=0, C=0 B cocrase
BTOPUYHBIX aMuIoB; 1400 cM~—! — mipucyTcTBEM aMuI-
HBIX 1 aMUHHBIX TPYIIM, AeOpMallMOHHBIMU KoJieha-
HussmMu N H-rpyrnn BropuuHbix amuaoB, -CH, B coctaBe
amdarnueckux pagukanos, C=0 xuHoHoB; 1090 cm~!' —
C—O-yIIeBOOHBIX Y CIIMPTOBBIX rpyIid [24].

B ucxonnoM koHTpoisHoM MK-cniektpe (puc. 5, 1)
HabJII0aIachk IoJjioca MomIomeHus mpu 1644 cm—!,
KOTOpasi OTHOCUTCS K MOJIOCE COTMPSIKEHHBIX IPYIIIT B
MmenaHuHe. B oOpasue, o6padoranHoMm mpu 210°C
(puc. 5, 2), npousxoauin peskue nuzmeHeHus: B K-
CMEeKTpe: Moj0ca, CBSI3aHHAs C COTPSIKEHHBIMU CBSI-
35IMU, KMcue3aia, U BMECTO Hee TMOSIBISUIUCh 2 MHTEeH-
CUBHBIE TI0JIOCHI TTOMIONIeHUS Tipu 1662 n 1397 cm~.
HK-cnekTp obpasua MejaHWHA, IIPOrpeToro Mpu
280°C (puc. 5, 3), MeJ1 IOI0CY, COBEPIISHHO HE CBSI-
3aHHYIO C CONPSDKEHHBIMU CBA3sIMU. HakoHelr, mpu
410°C (puc. 5, 4) Habmomasics UK npu 1683 cm—.
ITo panapM MK -cniekTpockonmu, HabJII0aaIOCh CO-
OTBETCTBME MEXIY KOHIEHTpalLleil CTMHOB B MeJla-
HUHE M TeMIlepaTypoil oOpaboTku obOpaslioB. DTHU

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JMIaHHbIE TIOATBEPXIAEHBI JepuBaTOrpaduuecKum

aHainu3oMm (puc. 6).

ITpumepno ¢ 80°C HaunMHaIOCh MJIaBHOE YMEHb-
mieHue Beca obpasua menaHuHa. C 140°C HakiIoH
nafgeHus KpUBOWM M3MeHeHHUs1 Beca (puc. 6, 1) ObLI
0ojiee CTPEMUTEJNbHBIM M 3TO MPOAOJIKAIOCH [0
320°C. CpaBHUTEIBbHBIN aHAJIN3 KPUBBIX 1 PepeH-
UATbHO-TEPMHUYECKOr0 aHamu3a (puc. 6, 3) u
mddepeHINATBEHO-TEPMHUIECKOT0 N3MEHEHNH Beca
(puc. 6, 2) MoOKa3bIBAET, YTO MOSBISIOIINECS DHIO-
TepMuuyeckre 3¢p@eKThl coBMagalu ¢ M3MEHEHUEM
Macchl oopas3na. Ha kpusoii Beiire 330°C, mo-Buamn-
MOMY, OTpaxXeH TIIpoLecC OKMUCICHUS YIepoa,
KOTOpPBIil COMPOBOXIAET NajJbHelIIasl MoTepsl Beca,
n nogBiaeHue 3kK303¢dekra. C 320°C menaHuH,
MO-BUAMMOMY, HAUMHAJI pa3jiaratbCsi, YTO MOATBEP-
KIaeTcs pe3KUM YMEHbIIIeHeM KOHIIEHTpallu CBO-
OOMHOpPAIMKAJIBHBIX COCTOSIHUI TMpU TeMmIlepaType
BBINIE yKa3aHHOU. DHI03(p@dEKTH Ha KPUBBIX NPH
HU3KUX TeMreparypax (MeHee 120°C), B OCHOBHOM,
o0ycsnosiieHbl ynaienueMm H,O, a mpu BICOKUX TEM-
neparypax — H,0, CO, u NH; [25].

I1pu BBICYImIMBAaHMM 00pPa3ll0OB MUKPOOHOTO Me-
JIJaHMHA TeMIepaTypy MOXHO TogHumartb 10 120°C.
Ne 5
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Puc. 6. Kpusble nepuBaTorpaMMbl MUKPOOHOTO MeJTaHU-
Ha: / — n3MeHeHue Beca; 2 — nuddepeHunaNTbHO-TEPMU -
YyecKoe M3MeHeHMe Beca; 3 — nuddepeHIaibHO-TepMU-
YEeCKUI aHAJIU3.

VkazaHHBIC JaHHBIC OBIJIN MOATBEPKICHBI OMOJIOTH -
YeCKOil aKTUBHOCTBIO ITOJIy4EHHBIX IIpenapaToB.

HccnenoBaHo Takke BIMSIHUME TeMIlepaTypbl Ha
pPacTBOPUMOCTh MUKPOOHOTrO MeJlaHWHA. JIJIsT 3TOro
aMOpQHBIN TEMHO-KOPUIHEBBIN OCagoOK MeJaHWHAa
roABeprajim Tepmoodbpadorke npu 45, 80, 120, 200,
350 u 500°C B TeueHue 2 4. 3aTeM MOJTYyYEHHbIE 00-
pa3ubl MeJIaHWHA PACTBOPSIIA B BOJE ITPU Pa3IUIHBIX
penmunHax pH pactBopa. ONBITH TTOKa3au, 4YTO 00-
pa3iibl, ITIOABEPTHYTHIC TepMOOOpadoTKe 1pu 45, 80 n
120°C, xopol110 pacTBOpSIUCH B Boae. OOpa3iibl Me-
JlaHUHa, BbicylueHHbIe 1pu 200°C, He pacTBOPSUIMCH
B BOJIe, HO pPaCTBOPSIJIMCH MPU KUTISTYEHUHU B 1 H. pac-
TBOpe eaKoro HaTpa. YTo KacaeTcs 06pas3LoB, BhICY-
meHHBIX TTpr 350 m 500°C, To OHM He pacTBOPSIIINCH
HU B pacTBOpPE 1IEJ0YU, HU B KUCJIOTE.

AHaM3Mpys MOJIydeHHbIE Pe3Y/IBTaThl, MOXKHO ClIe-
JIaTh caeayloliee 3aKimoucHe. AMOP(MHEIN 0CagoK Me-
nannHa ycroitunB npu 120°C. I1pu moBBIIIIEHUN TEM-
nepartypsbl cpeanl (1o 200°C), mo-BUAMMOMY, HAYMHA-
Jach Jerpagaldsi MeJlaHWHA, 4YTO TPUBOIWIO K
YacTUIHOMY HapyILIEHUIO €T0 CTPYKTYpHEL. B pe3yibraTe
3TOr0 MEJIaHUH Tepsisl CIIOCOOHOCTh PacTBOPSITHCS B
Bome. Ilpu KuMIssYeHUU B ILEJIOYHOI cpele MeJIaHMH,
HO-BUAVMMOMY, BOCCTAHABIMBAJ II€pBOHAYAJILHYIO
CTPYKTYpy M pacTtBopsiicsa B Boae. Ilpu temmeparype
Boile 350°C MeJlaHMH MOIBEpPrajics pa3pylleHUIO U
MO3TOMY TePSIT CLIOCOOHOCTh PACTBOPSITHCSI KaK B I1Ie-
JIOYHOM, TaK U KMCJION Cpelie.

MonekynsgpHast Macca IToJTyde HHOIO MUKPOOHOTO
MeJIaHMHa cocTaBisuia okouo 4 x/la [16].

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

ATAJUKAHSH u ap.

Wccnenosanus nmokasanu, YTO B BbIIEJIEHHbIX 00-
pasiax MeJJaHuHa COAEPKUTCS IIpUMEPHO 25% Geika
[13]. YcraHOBIEHO, UTO B TUAPOIU3aTeE OIS KUCIIBIX,
HEUTpaIbHbIX, apOMAaTUUYECKUX U OCHOBHBIX AMUHO-
kuciot 6su1a 44.0; 11.5; 37.3 1 7.3% cooTBETCTBEH-
HO. DTO XOpOILIO KOPPEIUpyeT KaK ¢ JTaHHBIMU 3KC-
TMEPUMEHTOB MO U3YYEHUIO U302JIEKTPUUECKON TOY-
ku (pl = 3.0—3.2), TaKk 1 ¢ JTaHHBIMU SKCTIEPUMEHTOB
0 PacCTBOPMMOCTHU (MaJiasi paCTBOPUMOCTD B Auaria-
3oHe pH 2.6— 4.3) [16].

Hanunuue nentuaa, no-BUAMMOMY, IpUIAET MeJia-
HUHY TUAPODUIIbHBIE CBOMCTBA, YTO OOeCIIeUMBaET
XOPOIIIYI0 pacTBOPUMOCTH B Boze [3, 13]. B otnens-
HbIX 9KCMIEPUMEHTaxX ObLIO TOKa3aHO, YTO CoJepKa-
HIuiics B mpernapare MeJlaHMHa MEeNTUI He OTASIsUICS
OT IMUTMEHTA B IMpoliecce Tejib-(UabTpaliui.

OmpenesieH 2JeMEHTHBIM COCTaB IOJYYeHHOTO
memannHa: C (44.96—45.02%), H (5.04—5.14%) u N
(11.57—11.65%), cepa (0.61%).

HMcxonst 3 maHHBIX rejib-XpoMaTorpaduu u Je-
MEHTHOTO aHaJIM3a, BOJOPACTBOPUMbBIN MeJIaHUH U3
KynbTypel Bacillus thuringiensis serovar galleriae K1
MMEET CJACAYIOIIYI0 OSMITMPUYECKYI0 (OpMYITy:
C85H25706 NyoS.

IIpenapatbl MeJlaHUMHA ObLTU YCHELTHO UCTOIb30-
BaHbI CEJIbCKOM XO3SHCTBE B KaueCcTBe OMOCTUMYJISI-
TOpa pocTta pacTeHuil [26] u B MeauKo-O61oIoruye-
CKuX uccaenoBaHusix [27].

PaGora BbIMOJIHEHa MpU MOAAEPKKE HAyYHOTO
rpanta A.N.S.E.FE. (NS-2077), ocHoBanHoro B HblO-
HMopke, CIIIA.
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Obtaining of Water Soluble Microbial Melanin and Study
of Its Some Properties
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A. S. Hovsepyan, A. H. Vardanyan, and A. S. Saghiyan
SPC “Armbiotechnology” NAS RA 14 Gyurjyan Str., Yerevan, 0056, Armenia
e-mail: aghajanyanarmen@yahoo.com
Received Juanury 12, 2011

Abstract—The effective sorption method for melanin isolation and purification from fermentation solutions
of Bacillus thuringiensis serovar galleriae K1 has been elaborated, the principle process flowsheet is presented.
The identification of obtained pigment with the samples of natural and synthetic melanin was done by IR—
spectroscopy, and the intensity ratio of optical absorption at 650 and 500 nm allows to refer the isolated mel-
anin to eumelanin class. By thermal treatment it was determined, that melanin’s amorphous sediment is
steady at up to 120°C temperatures, at that the concentration of paramagnetic centers is changed from
0.053 x 10'® spin/g (48°C) to 0.25 x 108 spin/g (120°C). The rising of the temperature of treatment up to
210°C brings to substantial increase of the concentration of unpaired electrons, and at 280°C its sharp growth
is observed. At 350°C growth stops, then sharp decrease is observed. The obtained results were confirmed by
methods of IR spectroscopy and derivatographic analysis.
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HccnenoBaHa AeCTpyKIUS psiga apoOMaTUUECKMX CyOCTpaTOB aHAdPOOHBIMU MUKPOOHBIMHU COOOIIEeCTBA-
Mu. BblaeneHbl akTUBHbIE METAHOTEHHbIE MUKPOOHBIE COODIIECTBA, pa3iararolinue aMMHOAPOMATUYECKIE
kucoThl 1 azokpacutenu 10 CH, u CO,. I1ponykTel mepBUYHOM TpaHChOPMaLUY aMUHOAPOMAaTUYECKUX
KMCJIOT OIlpeaesieHbl KaK 2-TMapOKCUOSH3WIOBBIM 1 OEH3UJIOBbII CIIMPTHI, OCIEA0BAaTEeIbHO peBpallia-
rouuecs B 6eH3oat. [lokazaHo, 4To BblIeI€HHBIE MUKPOOHBIE COOOIIECTBA CIIOCOOHBI O€3 Jlar-repuoaa, Ho
C pa3HbIMU CKOPOCTSIMU IIpeBpalliaTh B 0ora3 06 H3MJIOBBIN CIIMPT, O6H30aT, CaJIUIIMIOBYIO KMCJIOTY M a30-
KpacHUTeJTb 30JIOTUCTO-XKETHIN, NCITOJIb3yeMble KaK MCXOIHbIE CyOCTpaThl. BiepBEIe onpenesieHbl IpoMe-
KYTOUHBIE apOMaTUYECKUEe U JIMHEHbIE UHTEpMeaIUaThl OMOAECTPYKLIMK apOMaTUUECKUX AMUHOB TIOJTy-
YeHHBIMU HAKOIMUTEJIbHLIMU KYJIBETypaMM. YCTaHOBJIEHO CEJIEKTMBHOE BO3JIEMCTBME aMHMHOapoMaTH4e-

CKHUX CyOCTpaTOB Ha MMKpPOOHOE COOOIIEeCTBO,

BbIpaxKaromeecsd B CHUXCHUN pa3H006pa3Hﬂ n

ocJienoBaTeIbHOU CMEHE TOMUHUPYIOIIUX MOP(GOTHUIIOB.

C pa3BUTUEM HOBBIX XMMHUYECKUX TEXHOJIOTMI B
orocdepy mocTyraer OOJIbIIIOE KOTAYECTBO TOKCHY-
HBIX U YCTOMUMBBIX COEAMHEHUM, YPOBEHb KOTOPBIX
BO3pacTaeT ¢ Kax/IbIM rogoM. AMUHOApOMaTUYECKUe
COEMUHEHNSI, UCIIOJIb3yeMble B ITPOM3BOICTBE JIeKap-
CTBEHHBIX TTPErNapaToB U JJAKOKPACOUHBIX MaTeprasioB,
COZIepKaTcsl B CTOYHBIX BOAAX MPEANPUITUIA XUMUYE-
CKO W (hapMalleBTUYECKOU MpOMBIIIUIEHHOCTH [1].
AMUHOApOMaTUYECKME BEILEeCTBA SIBISIIOTCS Takke
MPOAYKTaMU BOCCTAHOBJIEHUSI a30KpacuTesiel B aHaa-
POOHBIX YCIOBUSIX [ 2], MpruYeM HEKOTOPbIE UMEIOT ITpH-
ponHoe TmipoucxoxneHue. Hampumep, 2-aMUHOOEH-
3oitHas kucnora (2-ABK) — npe/iirecTBeHHUK CUHTE3a
aJIKaJionaoB B pacteHusix, a 4-ABK (4-amMuHOOeH301i-
Hasl KUcJIoTa, BUTaMuH H,) mcnosb3yercs KUlleuHon
MUKPOOUOTOM JJ1s1 CUHTEe3a (hOIMEBOI KUCIOTHI.

JlecTpyKimst TakKux (aMUHO)apoOMaTUIECKUX COeIU-
HEHUI 3a4acTyi0 MpoucXoauT Oosiee 3¢h(HEKTUBHO B
aHa’pPOOHBIX YCIOBUSIX, T.K. B TPUCYTCTBUM KUCIOPOIA
MHOTUE U3 HUX MOJUMEPU3YIOTCSI, UYTO 3aTpydHSIET
JMAJTbHEUIIYI0 MUHEpAIU3ALIMIO JTMOO 00pa3yloT TOK-
CUYHBIE MPOMEKYTOYHbIE MpOmyKThl [3]. B cBsa3m ¢
9TUM aKTyaJlbHbl WCCENOBaHUS, HaIpaBJE€HHbIE Ha
MOJIydeHe MUKPOOHBIX COOOIIECTB, CITIOCOOHBIX OCY-
LLIECTBJIATh MPOLIECC MUHEpaIM3aluu (aMMHO)apoMa-
TUYECKUX KCEHOOMOTUKOB B OTCYTCTBME KUCIOPO/A.

K HacTosieMy MOMEHTY U3y4eHbl (PU3MOJIOTO-
OMoXMMHUYECKHEe OCOOEHHOCTU Mpoliecca aHa’poOo-
HOIO pacuieruieHuss 0eH30JIbHOro Kosbla [1, 4—7],
OMMCaHbl KaK YUCThIe KYJIBTYPhI, TAK 1 MUKPOOHBIE

coO00IIlecTBa, pa3pylIaloliie aMUHOApOMaTUIECKUE
COEIVMHEHUsI B HUTPAT-, CyJIb(ar- 1 KapOoHaTpeay-
OUPYIOIIUX YCIOBsX [4, 5, 8, 9].

Lleab paboThl — U3yYeHUE CITOCOOHOCTU MUKPOOHBIX
COOOIIECTB K MECTPYKIIMM DPsila apOMaTHUYECKUX CyO-
CTPATOB, YaCTh U3 KOTOPBIX SIBJISICTCS] MHTEpMEIaTaMu
aHa’pPOOHOM KOHBEPCHH aMITHOOEH30MHBIX KMCITOT.

METOAMKA

Hccnenyembie o0pasupl. HakonurebHBIC U YMCThIE
KYJIBTYPBI BBIACSITA U3 TIPO0 aHA3pPOOHBIX WJIOB psiia
OUMCTHBIX COOPY:KEHUI U JOHHBIX OTJIOXKEHUI ecTe-
CTBEHHOTO BomoeMa (Taoir. 1, 2). AHa3poOHbBIE KYJIETYPhI
04 1 P2 6b111 noJTydeHbl U3 Me30(MUIBHOTO (DIIOKYJISIP-
HOTO MJ1a OYUCTHBIX COOpyKeHUI KypbsiHOBCKOI CTaH-
muu aspauun (w1 KCA) myrem agantanuu K 2-AbK n
4-ABK coOTBETCTBEHHO B T€UCHME JUTUTETLHOTO TIEPHO-
na. MUcxomHaeiM 6ruomMatepuaioM ist KynsTypel EP mo-
CITY>XXIJI aHA3POOHBIN Me30(WIBHBINA TpaHYJISIPHBIA WJT
OYMCTHBIX COOpY:KEHMII MBOoBapeHHOro 3aBoma “Efes
Pilsener”, moTpeOJyiseMbIM CyOCTpaTOM SIBJIsIJIach
2-ABK. AnaspoOHyto kynerypy LI momydama ryrem
ajianTalvy aHa’poOHOIo Mjla JOHHBIX OTJIOKEHUM 03epa
Haiinam k 5-ACK. Mcnosb3oBaHHbIE apoMaTUYeCKUE
amuHbl (2-ABK, 4-ABK, 5-ACK) sIBIIsUMCH € AMHCTBEH-
HBbIM UCTOYHUKOM YIJIEpOJia U SHEPTUU B COODILIECTBE.

Yeaosusa KyasrusupoBanua. [1poObl uia pacceBa-
JIM Ha MUHepanbHyIo cpeny [10, 11] cnemyromiero co-
craBa (mr/m): NH,Cl — 280, CaCl, - 2H,0 — 10,
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Taomuma 1. CBolicTBa aHadpOOHBIX 00PA3IIOB WJ1a, B3STHIX ISl UCCIICTOBAHMS

AHa’pOOHBIN IMpoucxoxneHue Du3MKO-XUMUYECKUE YCIIOBUS
Mopdonorndyeckue 0COOEHHOCTH
obpaserlr OMOJIOTMYECKOro MaTepuasa Ha MOMEHT oTbopa IpoOLI
Me3zohunbHbIN O4UCTHBIE COOPYXKEHUST 15-25°C,pH 7.0, YepHble MeJIKKUE YaCTUIIbI, COCTOSI -

bIOKYJISIpHBIHT WJT,
KCA

KypbsIHOBCKOW CTaHIIUU
aspauuu, Mocksa

conepxaHue 6enka 0.69 Mr/miu

mME N3 TOHKUX IMaJIOYCK pa3H0171
JJIMHBI, MCJIKUX ITPAMBIX ITAJIOYECK,

KOKKOB pa3HOTO pa3sMepa, IIpenmy-
IIECTBEHHO B BUJIE TETPAI 1 KPYyTI-

HBIX TUTUIOKOKKOB

Me3ohunbpHbIIT O41CTHBIE COOPYKEHUST 25-30°C, pH 6.5—-6.9, TemHBIe YacTHUIIBI, COCTOSIIIINE U3

rpanyasipubiii ui, |(EGSB-peakTop) cToKOB conepxaHue 6esika 1.13 mr/mn |11 TUNOB Majoyexk U 3 TUMOB KOK-

EP MMBOBApPEHHOIO 3aBO/Ia KOB, C ITpeo0agaHueM KPYITHbIX

“Efes Pilsener”, MockBa MPSIMBIX MAJIOYEK C 0OPYOJEHHBIMU

KOHILIAMU B BUIE KOPOTKUX LIETIOYEK
U KOKKOOALIMJILI, JIeXXal[MX MoNapHO

JloHHBIE Osepo Laiinam, bypsatus 15—20°C, pH 9.2, conepxkaHue |3ejieHOBaTO-CEpble KPYITHBIC PhIX-

otTnoxeHus, L1

oenka 0.38—0.53 Mr/mu1, o61as
MUHepanuzauus 14 r/n

JIbIE XJIOTThST, COCTOSIIIIME U3 CKOTLIe-
HU MEJIKUX U KPYITHBIX KOKKOB 1
MaJIoYeK pa3HOM JUIMHBI U (DOPMBI

Ta6.1mua 2. HakomnurenbHEIE KYJBTYpPbI, paCHICTUIAIOIIME aMWHOApOMaTUYCCKUEC Cy6CTpaTI)I

CpenHsisi CKOPOCTb Oe-
Jlar-nepuopn ak- CTaOWIbHOCTb aKTUBHOCTU
Bapu-| Hcxon- |IlapamMeTpsl KyJIbTUBHPOBa- rpamamnyy B IIUKIIE MO~
. TUBHOCTH OMOpa3- (BO3pACT KYJIBTYPbI/IUCIIO
aHT | HBIM U1 HUsI, cyocTpar TpeOyeHus cyocTpara,
JIOXKEHMSI, CYT LIMKJIOB ITOTPEOICHMST)
MM/cyT
04 KCA 30°C, pH 6.5—-7.5, 2-ABK 10 0.03 Boicokas (9 siet 9 mec/355)
P2 KCA 30°C, pH 6.5—7.5, 4-ABK 10—14 0.03 Bricokas (3 rona 7 mec/129)
EP EP 30°C, pH 6.5—7.5, 2-ABK 7—14 0.08 Cpennsis (5 et 6 Mec/39)
L L 30°C, pH 7.0, 5-ACK 113 0.07 Cpennsis (2 rona/10)

K,HPO, — 250, MgSO, - 7TH,0 — 100, DOTA — 1,
NaHCO; — 5000, H;BO; — 0.05, FeCl; - 4H,0 — 2,
ZnCl, — 0.05, MnCl, - 4H,0 — 0.05, CuCl, - 2H,0 —
0.03, AlICI, - 6H,0 — 2, NiCl, - 6H,0 — 0.05, Na,SeO; -
-5H,0 — 0.1. Cpena comepxama takke 100 mr/n
JIPOXOKEBOTO 3KCTPAKTa M MHIMKATOP aHa’pOOHbBIX
ycnoBuii pezasypuH (0.2 mr/m), HayanbHbIA pH cpe-
nel Obu1 7.0—7.5. AHa3pOoOHBIC YCJIOBUSI CO3JaBaIu C
TTOMOILIBIO 3aMEHBI a30TOM Ta30BOi1 (ha3bl B 3aKPHITHIX
PE3WHOBBIMU MPoOKaMu (hrakoHax oobeMoM 120 mut, a
TakXe BHeceHUs BocctaHoBuTesst — 0.278 1/ Na,S -
-9H,0. B kauyecTBe OCHOBHBIX aMMHOAapoOMaTHye-
CKHX CyOCTpaTOB MCITOJIb30BaIU 2- U 4-aMUHOOEH-
30liHbIe KUCTOTHI (2- u 4-ABK), 5-amMmuHocanuuiIo-
By1o kucioty (5-ACK), a Takke O€H30MHYIO KUCTOTY
(BK), 2-runpoxkcubensunonsiii cnupt (2-I'BC), 6eH-
3uioBblii crupT (BC) u canumnosyto kucioty (CK).
CyOcTpaThl 1 ApyTrue HeOOXOoaMMBbIe 10OaBKM XpaHU-
JIU B BUNIE CTEPUIbHBIX KOHLIEHTPUPOBAHHBIX pac-
TBOPOB B aHA3POOHBIX YCIOBUSIX U BHOCWUJIU B COCYIbI
LIMPULIEM IO HY>XKHOU KoHLleHTpauuu. s dopmu-
poBaHUSI aHA’POOHBIX COOOILECTB B XKUIKYIO CpPELy,
colepxalnyio (aMUHO)apoOMaTUYeCKUd CyOCTpar,
BHOCUIM 5—10% (06./06.) TOMOreHHU3MPOBAHHOM

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

npoOsl mia. HakonurenbHbIEe KyJIBTYPbl MHKYOMPO-
Basu 1pu 30°C B cTaTUYECKUX YCIOBUSIX B TEMHOTE U
epeceBaliv ¢ MOMOIIBIO CTEPWILHBIX IIMPULIEB, CO-
OJIrozIast YCJIOBUS aHa3poOMo3a.

OnpenesieHne TOKCHYHOCTH. TOKCMYHOCTh apOMaTH-
YECKUX HMHTECpMEOMATOB OIIPCAC/IsI/IM  CTaHOAPTHBIM
METOJOM MO aKTMBHOCTM alleTOKJIACTUYECKOTo MeTa-
HOTeHe3a MUKpOoOHoro coobiuectsa [12]. B cocynsl mis
KYJIFTUBUPOBAaHMSI ¢ MUHEPAJIbHON aHa3pOOHOI cpe-
JIOMi BHOCWIM aHa3poOHO MHOKYJAT (10% ot oobeMa
KUAKOM (pa3bl), 3aTeM 3aMellayI BO3IyX aprOHOM ITO
CTAaHIAPTHOM CXeMe M M00aB/IsUIM IIIIPHUIIEM PAacTBOP
alieTaTa HaTpusl 10 KOHEYHOI KOHIEHTpaluu 2 1/ B
KayecTBe cyOcTpara MeraHoreHe3a. Ilocyie BHeceHUs
AJIMKBOT KOHILICHTPHMPOBAHHBIX PaCTBOPOB TOKCHKAH-
TOB (bmakoHBI TToMmetnanr B Tepmoctat 1pu 30°C. Ko-
HCYHBIE KOHUCHTpAalLlUM apoMaTU4YC€CKHMX BEUICCTB B
xunkoit aze coctaBwin ot 0.5 mo 12 MM. B kauectse
KOHTPOJIC KCIIOIb30BaId (PIakoHBI 0e3 J00aBICHUS
apoMaTuJecKuXx BellecTB. Yepes Kaxkable 24 4 METOIOM
ra3oBoii xpomaTtorpaduu U3MepsId KOHLEHTPALIUIO
METaHa B Ta3oBOi (pa3e, ITOIYYEHHBIE pPE3yJIBTaTh
TIIPEACTABISUIN B BUE rpadprka B KoopaumHaTax: Y — KO-
JIMYeCTBO MeTaHa, MM; X — BpeMs, CyT. 3HaUeHME alie-
Ne 5
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TOKJIACTUYECKOI aKTUBHOCTM aHa’pOOHOIO MJjia pac-
CUMUTBLIBAIM II0 TAHIEHCY yIJla HAKJIOHA JIMHEWHOIro
yJacTKa KpMBOM 3aBUCUMOCTH KOHIIEHTpallM MeTaHa
ot BpeMeHH. 3a 100% aKTUBHOCTH TIPUHUMAJIV TAHTCHC
yIJla HAaKJIOHA JIMHEWMHOIO yYacTKa 3TOM KPUBOM B BKC-
MepuMeHTe 0e3 MO0aBIEHUsS] apOMAaTUYECKMX TOKCH-
KaHTOB. [ToCKONIBKY CKOPOCTH pa3/I0KeHUS apoMaTye-
CKMX BEILIECTB B ONMCAHHBIX BBIIIE YCJIOBUSIX (COOTBET-
CTBEHHO, 1 CKOPOCTh OOpa30BaHUS alieTaTa Ha OQHOM
M3 3TAIOB IPOIIecca Pas3IoKEHMsI) HAMHOT'O HIDKE CKO-
POCTH alleTOKJIACTUYECKOM peakiiuy, BKJIaAoM alleTaTta,
KOTOpBIIi 00pa3oBajicsl U3 apoOMaTUYECKUX BeILeCTB,
npeHeoperaan (T.K. ero KOJIMYECTBO CIMIIKOM MaJio IO
CPaBHEHUIO C KOJIMYECTBOM BHOCMMOTO alleTaTa).

AnanuTuyeckue mMetonapl. KoHIleHTpaluu apoma-
TUYECKUX COCAMHEHUI 1 MPOAYKTOB UX JAeTrpamalni
onpeneasyin  criekrpodoromMerpuuecku (Shimadzu
UV-1202, ”Shimadzu”, filnoHust) Npu COOTBETCTBY-
omux mmmHax BoaH (HM): 5-ACK — 330, 2-ABK —
310, camuumioBasg kuciaotra — 300, cynbdaHumoBas
kucyoTra — 255, 4-ABK — 275, a Takke BBICOKO3(-
(exTHUBHOI XUIKOCTHOM XpoMaTorpadueii (BD2KX)
B oOpaInieHHbIX (pa3ax Ha KonoHKax ChromSpher C18
2—10 cm (“Chrompack”, HunepiaHabl) 110 IIOIJIO-
meHio mpu 230 HM. KoHIeHTpauio opraHm4ecKux
KMCJIOT ¥ CITUPTOB OIpeeIIsiiin ¢ moMoribio BOXKX Ha
kosioHke Varian Metacarb 67H (300 x 6.5 mm; “Merck”,
®PT). ConepxaHue razoB U3MEPSIIM Ha TA30BOM XPO-
matorpade Shimadzu GC-2014 (“Shimadzu”, fmo-
HUSI) C IBYMsI KOJIOHKaMu. PazneneHue Bomopoaa u Me-
TaHa IPOBOAMIIN Ha KOJIOHKe Molsieve 2 M x 3 MM, TeM-
nepatypa aetekropa —100°C, raz-HOCUTEIb — IeIMIA.
CO, u3Mepsiii Ha TOM Xe Xpomarorpade, TeMreparypa
nerekropa 33°C, ra3-HOCUTENIb — TeJIdil, KOJIOHKA —
Poraplot Q C37554, 25 m x 0.53 mm (“Chrompack”,
“Varian Inc.”, CIIIA).

Mukpockonuyeckue MeToabl. Mopdoaornueckue
0COOEHHOCTU MUKPOOPTaHU3MOB B 00pa3liax uccie-
JIOBaJIM MeTOAaMM (pa30BO-KOHTPACTHOU M CBETOBOM
(Mukpockon buonam-2, “JIOMO”, Poccust) MUKpo-
CKOTIMM MpenapaToB XXKUBbIX U TEPMUYECKU (PUKCU-
POBaHHBIX OKpaIlIEeHHBIX (DYKCMHOM KJIETOK COOTBET-
CTBEeHHO. MukpodoTorpaduun ¢ HCIOJb30BaHUEM
¢a30BOro KOHTpacTa Mojydyaid C MCIOJIb30BaHUEM
mukpockora Leica DMR HC (“Wetzlar”, ®PT),
obopynoBaHHOro UM poBoii Kamepoii Leica DC 250.

PE3VIJIBTATHI U UX OBCYXKIEHWE

Hakonmre/ibHble KYJILTYpbI, Ierpaupylonme aMUHO-
apoMaTHYECKHe COeIuHeHHs. AHa3pOOHBIE HAKOIM-
TenpHbIe KyNsTypel O4, P2, EP n LI nonyyanu mmyrem
CEJICKTUBHOI amanTalliid aKTUBHBIX METaHOTSHHBIX
WJIOB K Pa3IMYHbIM aMUHOAPOMATUIECKIM KHCIOTAM.

st moBeIlieHUsT 3(HEeKTUBHOCTH Ouoaerpaaa-
IV U3MEHSLIN YCIIOBUS KYJTBTUBUPOBAHUS, UCTTIOJTb-
3ys pa3InuHbIe COUeTaHUS TeMIlepaTypbl MHKYOAaIMn
M KUCJIOTHOCTU cpenbl. ONTUMaTbHBIMU IS TIPO-

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA

JIMHBKOBA wu np.

ecca omoaerpagaiii BEIOpaHHBIX aMUHOApPOMAaTH -
yeckux cyocrparoB 66utn 30°C 1 pH 6.5—7.5.

15t BceX HaKOMUTENIBHBIX KYJIBTYP Ha HAa4aIbHOM
aTane ObUI XapakTepeH OIpeAesIeHHBII Jar-nepuos, B
TedeHIe KOTOPOro He HaOIoIai akTUBHOM TeCTPYK-
oM cyocrpara. Bpems amanranmy M IJIMTEIBHOCTH
LMKJIa MMHEpaIu3alii UCXOIHOTO aMUHOapoMaThuie-
ckoro cyocrpara (Tabi1. 2) B pa3HbIX BapMaHTaX HaKO-
MUTETLHBIX KYJBTYP pa3Indafch, HO TIOCIEI0BATEIb-
HOCTb ITOSIBJICHUSI, COCTaB OCHOBHBIX MHTEPMEINATOB 1
KOHEUYHBIX MPOIYKTOB OCTaBAJIMCh HEM3MEHHbIMU. B
KavecTBe MPOMEXYTOTHBIX TTPOAYKTOB BCeraa oopaso-

+
BeiBasIch CO,, H, 1 NH, , 3atem 6eH3oar, atetat. Ko-

HEYHbIMU NpoayKTamu aectpykimu obuiu CH, u CO,.
Takast mocaenoBaTe IbHOCTh MHTEPMEANATOB XapaKTep-
Ha U 7151 pa3pyllarolmX aMMHOApOMaTUYECKIE COeaM -
HEHUsI aHa3pOOHBIX COOOIIECTB, TIOIYICHHBIX U3 IPY-
TUX UCTOYHUKOB [8].

AHa/M3 NPOAYKTOB TpaHChopMAIMA AMHHOAPOMA-
THYECKHX cyOcTparToB. /111 TOrO YTOOHBI ONPEACIUTh
MPOAYKThI, 00pa3oBaBIliMecs] B pe3yJjibTaTe MepBUY-
HOI TpaHCc(oOpManuyd OCHOBHBIX CYOCTpaTOB, ObLI
npoBedeH BOXKX-ananm3 KyJIbTypajJbHOU >XWIKO-
CTU, KOTOPBIi BBISIBUJI B KQUECTBE MPOAYKTa ITepBUY-
HOIl TpaHcpopManuu 2-aMUHOOCH30MHOM U Cajlu-
IMJIOBOM KUCJIOT OEH3WJIOBBIN CHUPT, ITOCIEHOBA-
TeJIbHO MpeBpallawiuniicss B 6eHsoaT. [TpomykTom
aHa’poOHOU Nerpagaiiu OEH3UIOBOrO CIMpPTa TaK-
>Ke ObL1a OeH30iHas Kuciaora (Tad. 3).

Panee mpm wuccienoBaHum Aerpagauuvy - (aMu-
HO)apoOMaTUYECKMX COSIMHEHUI B Ka4eCcTBe MPOAyKTa
nepBuuHOi TpaHchopmauynu 5-ACK MeTaHOreHHBIM
COOOIIECTBOM, MOJIY4EHHBIM U3 MJjla OYMCTHBIX COOPY-
>KEHMIA CBMHOBOTYECKOI0 KOMILIEeKca [9], ObLT ompene-
jgeH 2-I'bC. IIponykr TpaHchopmanuun 5-ACK mux-
POOHBIM COOOIIIECTBOM, BBIIEICHHBIM M3 Wia 0O3epa
Iaiimam (bypsTust), ObUT Takke MICHTA(DULMPOBAH,
kak 2-I'bBC, npeBpaluaroniuiicsl 1mocjieaoBaTeIbHO B
OeH3oarT.

s TIpoBepKU BO3MOXKHOCTU peain3aliii ajlb-
TEepHATUBHBIX ITyTEH Aerpajaliyi aMMHOApOMATUKMU,
rae B Ka4eCTBE LIEHTPaJIbHBIX UHTEPMEANATOB BBICTY-
NaT Pe30PLUH I (PIOPOITIOLIMHOI, OBLITIO U3yde-
HO mnotpebiieHue coobiuectBoM EP, u3HavanbHO
amanTupoBaHHBIM K 2-ABK, dnopormoimHona, pe-
30plLIMHA 1 ero aHajora nuporauioja (tadiu. 4). Ot-
CYTCTBUE MOTpeOJIeHUST (DIIOPOIIIOLMHOJIA U Pe30p-
OUHA JAaHHBIM COOOIIECTBOM HAapSOy C HaJIMIUEM
nHTepMearaToB pasyoxeHus 2-AbBK u 5-ACK cBu-
JIETEJIbCTBYET O peanu3anuu 6eH3omi-KoA-mytu oe-
CTPYKIIMM aMMHOapoMaThdeckux cyoctpaToB [13]
MUKPOOHBIMHM COOOIIIECTBAMM.

JecTpyKiusi HAKONUTEJIbHbIMH KYJIETYPaMH apoMa-
THYECKHX cyocTpaTos. Lis1 onpenesieHus MeTaboJIu-
YeCKUX BO3MOXHOCTE HAKOMUTENbHBIX KyJIBTYp O4,
P2 n EP mipoBepsin nX CITOCOOHOCTH K IECTPYKIIAN
MHTEPMEIMaTOB aHa’pOOHOU OMOKOHBEPCUU aMU-
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Taoauua 3. Mcnonb3oBaHue apoMaThueckux cyocTpaTtos coobiiectsamu O4, P2 u EP, anantpoBaHHBIMU K aMUHOOEH-

30MHBIM KHMCJIOTaM

Kynsrypa CyocTpar Cxopocrs norpe6re- IIpomMexXyTOoUHBIE TPOTYKTHI Koneunnie
HUs, MM/CyT MTPOAYKTBI

04 2-ABK, ocHOBHOIA 0.03 BeH3uIoBbIil criupt, 6eHsoar, anerar, NH, | CH,, CO,
3XK 0.25 CynbdhaHuaoBast KUCJIOTa, alieTaT, 3TaHOJ CH,, CO,
BC 0.167 BeH3oar, alierat, 3TaHoJI (CAeIbI) CH,4, CO,
bK 0.071 Auerar, 3TaHo (Caenbl) CH,4, CO,
2-TbC 0 - —
CK 0 - —

P2 4-ABK, ocHoBHOI 0.03 BeH3uIoBbIil criupT, Gensoar, auerar, NH, | CHy, CO,
3XK 0.22 CynbdaHuoBast KIUCI0Ta, alleTaT, 3TaHOJI CH,, CO,
bBC 0.040 bensoar, anerat, aTaHoJI (CIeabl) CH,, CO,
BK 0 — —
2-T'bC 0 — —

CK 0 — —

EP 2-ABK, ocHOBHOIA 0.08 BeH3mIoBbIiA criupr, Gensoar, auerar, NH, | CHy, CO,
3XK 0.12 CynbdaHumoBas KUCI0Ta, alleTaT, 3TaHOJI CH,, CO,
bBC 0.022 ben3zoar, amerar, aTaHOJ CH,, CO,
BK 0.113 Axrerat, aTaHO (CIEIBI) CH,, CO,
2-I'bC 0.002 H, (cnenpr), 6eH30art, alieTaT, 3TaHOJ (CIeabl) CH,, CO,
CK 0 — —

HOOEH30MHBIX KUCJIOT (OEH3UIOBBIN CIUPT, OCH30M -
Hasl KMCJIOTa, 2-TUAPOKCUOEH3WJIOBBIN CIUPT), a
TaKKe CAJTUIIMIIOBOU KUCJIOTHI U KHUCIOTHOTO a30-
KpacuTelist 30J10TUCTO-XKeaToro (32K).

JIOBOJIbHO aKTMBHOE, MPAKTUUECKU Oe3 JIar-rnepuo-
J1a, oTpedaeHrue 0EH3MI0BOIO CIIUpTa ¢ 00pa3oBaHU-
em CH, u CO, B KauecTBe KOHEYHbIX MPOAYKTOB Ha-
omonanu B Kyierypax O4, P2 nu EP. Hanbonee 3Haun-
TeJbHAas Aerpaganus mporcxoansa B cooodirectsax O4
u P2, paHee nonsepraBinxcs 0oJjee JIMTSTbHOMY BO3-
JIEUCTBUIO aMMHOAPOMATUIECKOTO CyOCTpara, 4eM Ba-
puanT EP. beHsoiiHyto kucnorty ¢ oopazoBaHuem CH, 1
CO, notpebsiiu HakonuTebHble KyJabTypbl O4 u EP,
npuyeM BapuaHT EP ormnmyancsa Oosbliieili akTUBHO-
cThI0. B KauecTBe MPOMEKYTOUHBIX MPOMYKTOB pEeru-
CTPUPOBAJIMN alleTaT U CJIEAbl 3TAHOJIA.

HesnauurenbHoe morpebieHUe 2-TUAPOKCUOCH-
suioBoro criupta (0.34 MM) ¢ o6pazoBanuem CH, 1
CO, npoucxoausno Toabko B Bapuante EP (tabi. 3).
ITpu aTOM Nar-nepuo akTMBHOCTU KYJIBTYPbI COCTa-
BuJI 150 cyt. Ha 7 cyT peructpupoBaiu cielbl MOJie-
KYJISIPHOTO BOJIOpoJa, OeH304aT, alieTaT, a TakKXe clie-
el aTaHona. [MorHoNM MUHEpanu3aluy cyocTpaTa He
npoucxoauiio gaxe crmycts 200 cyT, 4To MOIJIO OBITh
CBSI3aHO C TOKCUMYHOCTBIO IAHHOTO cyOcTpara.

5 MNPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Takum oOpa3oM, u3yYeHHBIE HaKOIUTEIbHbIE
KYyJIBTYPBI OKa3aJIMCh CITOCOOHBI K PACIIIETUICHUTO PsI-
Jla apoMaTUIECKUX CyOCTpaToB 0Oe3 jar-nepruoaa, Ho
C Pa3HbIMU CKOPOCTSMU. DTO COrIacyercsl C JTaHHbI-
MU Apyrux aBTopoB [11, 12] o 3HaYeHUM XUMUIECKOI
MPUPOIBI U TIOJIOKEHUST 3aMECTUTEJICH B MOJIEKyJ1ax
apoMaTUYECKUX COEAUHECHUIN IS UX JeCTPYKIIUU
METaHOTEHHBIMM MUKPOOHBIMU COOOIIIECTBAMMU.

TOKCMYHOCTD HMCINOJIb30BAHHBIX apPOMATHYECKHX
cyocTparoB. OmieHKa IIMTOTOKCUIHOCTH apoMaThde-
CKMX KCEHOOMOTHUKOB SIBJISIETCSI OOHUM M3 BaXKHBIX
napaMeTpoB TpU OIpeAeSeHUN BO3MOXHOCTH HC-
MOJIb30BaHMSI MUKPOOPraHU3MOB IIJISI MUHEpaIu3a-
MY TaKUX BEIIEeCTB. 3a4acTyIO CTaarsI 00pa30BaHUs
MeTaHa JIMMUTUPYET MpoliecCc MUHEpaaIu3alluy opra-
HHMYECKOI'0 BEIIECTBA MHMKPOOHBIM COOOIIIECTBOM.
LleHTpasbHBIM CYOCTPaTOM METAaHOTEHE3a CUNTACTCS
aleTar, U3 KOTOPOro MpU pa3IoKeHUU OpraHuye-
CKUX BellleCcTB obpasyercs 6osee 70% merana [14].
M3MmeHeHre ypOBHS alleTOKJIACTUYECKOIO METAHOTe-
He3a B TNPUCYTCTBUU TIOJIIOTAaHTa MOXHO CpPaBHMU-
TEJIBHO JIETKO 3apeTuMCTPUPOBaTh B J1aOOPaTOPHBIX
YCIOBUSIX, B CBSI3U C Y€M OTOT METOI IPUMEHSIIOT, KaK
CTaHIAPTHBIA CIOCOO oOmpeaeaeHUs] TOKCUYHOCTU
KCEHOOMOTHKA JJIsI MUKPOOHOTO coobinectsa [11].
OmHako JaHHBIII METOI He MO3BOJISIET ONPEAS/INTh
CcTerneHb BO3ICHCTBUSI TOKCUKAHTA Ha Apyrue pyHK-
Ne 5
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METAHOTEHHAS JECTPYKLIUSA (AMUHO)APOMATUYECKHMX BEILECTB 563
% %
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Puc. 1. TOKCUYHOCTh apOMATUYECKUX CYOCTPATOB MO OTHOIIEHHUIO K METaHOTreHHOMY coo011ecTBy EP (auerokiiactuueckast
aKTUBHOCTD, %): a — OEH3WJIOBBIN CITUPT; 6 — caTUIMI0Bast KUCIIOTa; B — 2-TUAPOKCUOEH3WIOBBIN CITUPT; T — GEH30Hast

KucJiora.

IIMOHAJIbHBIE 1 TAKCOHOMMNYECKUE TI'PYIIINIbBI MUKPO-
OpraHM3MoOB, BXOOAIIIMEC B COOOIIECTBO.

TokcMYHOCTb apOMaTUYECKUX BEIIECTB 10 OTHOIIIEe-
HIIO K aHa’poOHOoMy coodbmiectBy EP ymeHbImaercs B
psay: 2-T'BC > GeH3WI0BbIN CIIMPT > O€H30HAsT KUC-
JioTa > cajauiuioBas kucioTa (puc. 1). KoHueHTpaius,
P KOTOPOM AllETOKJIACTUYECKAsT METAHOTCHHAsl aK-
TUBHOCTb MUKPOOHOTO COOOIIIECTBA CHMWXKAeTCsl Ha
50% (1Csy), coctaBua st 2-I'BC 0.355 MM. B cirygasix
OEH3WJIOBOIO CITUpPTa, OEH30MHOM U CAIMILIIOBOM KHC-
JIOT HaOMOJAIM YBEJIMYEHUE alleTOKJIACTUYECKON aK-
TUBHOCTH BIUTOTh A0 KOHILEHTpauu 3, 4 u 12 MM co-
OTBETCTBEHHO. DTO MOXHO OOBSICHUTh MUHepaIu3a-
LIMed TPOMEXYTOYHOro TMpoAyKTa OeH3oara, B
MpoLecCce KOTOPOUl B KauecTBe MHTepMearaTra oobpasy-
€TCSI TOTIOJTHATETbHOE KOJTMYECTBO alleTaTa.

O6bpazoBanue CH, u CO, HakKonuTeIbHbIMU
KyJBTYpaM# CBUIETEITBLCTBYET O TOM, YTO MCITOIb30-
BaHHbIE HaMU KOHIIEHTpAIlMd aMUHOApOMaTH4e-
CcKux KMcaoT (2—3 MM) He OKa3bIBalOT CHJIBHOTO
TOKCHYECKOTO ACHCTBUS Ha METaHOTeHHBIC OpTaHU3-
MBI, IPUCYTCTBYIOIINE B KYJIBTYpaX, XOTS 3TOT METOT
He sBJisieTCs] UHGMOPMATUBHBIM JUISI OMNpenesieHUst
BIIMSTHUST JAHHBIX KCEHOOMOTHKOB Ha IPyTHE TPYTIITHI
MHUKPOOPTAaHM3MOB B COOOIIIECTRBE.

BwMmecTte ¢ TeM cHMXKeHHe 0MOopa3Hoo0pa3ns B CO-
oburectBe [3] CBUAETEIBCTBYET O BO3MOXKHOM TOK-
CUYHOCTU apOMAaTUKM IJjII MUKPOOPTraHU3MOB, OCY-
LIECTBIISIOIINX HEMETAaHOTEHHBIE CTaauM Ipoliecca
OuopasoXeHus.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

CruMyMpoBaHHe MUPYBATOM Mpoliecca Ouoaerpana-
MM APOMATHYECKHX CyOcTpaTroB. [IoMMMO OCHOBHOTO
cyoctparta, 2-ABK, kynerypa EP B mpucyrcTBum rmmpy-
BaTa oKazaJlach CMIOCOOHA K AECTPYKIIMY APYTHX apoMa-
TU4YeCKUX cyocTparoB (Tadi. 4). Baecenue 20 MM -
pyBata B cpedy KYyJBTMBUPOBAHUS CTUMYJIMPOBAIO
npolecc ouomerpagain Kak 2-ABK, Tak u apyrux
apoMaTH4ecKuX BelllecTB. [IprueM HeKOTOphIe Belle-
CTBa (CaIMLIMIIOBasI KMCJIOTa, MAPOTraJIoi, OeH3aIbae-
I'MI) HaKoMMUTeIbHAas1 KyasTypa EP paznaraia Toiabko B
MPUCYTCTBMU TTUpYyBaTa KakK JOMOJHUTEILHOIO UCTOY-
HUKa yrjieposia v 3Hepruu. B ciyuyae, korna vcciemnye-
MBIl CyOCTpaT TOTPEeOssIIcS KYyJIBTYpOid B KadyecTBe
€IUHCTBEHHOTO UCTOYHMKA YIJiepoja U SHEPruu, J0-
OaBJieHMEe MUpPyBaTa yBEJIMYUBAIO CKOPOCTh MOTpebIie-
HUS apoOMaThKH B 2—60 pas3.

Taxkum o6pa3oM, B MPUCYTCTBUM ITMpyBaTa MUHEpa-
JIU3alusi OCHOBHOTO M JIPYTMX apoOMaTMYeCKMUX CyO-
CTPaTOB MPOUCXOAMIIA 3HAYUTEILHO OBICTpEE, YeM TTPU
pocTe Ha (aMUHO)apoOMaTUYECKOM BEIIECTBE KaK €IH-
CTBEHHOM MCTOYHMKE yIJIepoja M 3Heprum (Ttadi. 4).
TMapanneabHo ¢ IeCTpyKLIMEil apoMaTHYecKOro cyo-
cTpara COOOIIECTBO COpaXkuMBajao IMpPyBaT, oOpas3ys
alierar, MpoIruoHar, ¢popMuart, OyTUpaT U JIaKTaT B Ka-
YeCTBE MTPOMEXYTOUHBIX ITPOTYKTOB.

Mukpockonuyeckass KapTuHa coodmectBa. [lpu
CpaBHEHUM MOPGOIOrnyecKux OCOOEHHOCTEM uc-
XOJIHOTO WJIa U aKTUBHBIX HAKOMUTEJIbHBIX KYJBTYP
ObLIO OOHAPYKEHO CEJICKTUBHOE BO3JICHCTBUE aMM-
HoapoMaTuku. s HakonuTeabHON Kyabsryphl EP,
paspymatoiieit 2-ABK, nipu ¢opmupoBaHuu cra-
Ne5 2011
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JIMHBKOBA wu np.

Puc. 2. U3aMeHeHre MUKPOCKOTTMYECKO# KapTuHbI coobiecTBa EP B TeueHue nnkia norpednenus 2-ABK (cBeToBast MUKpo-
cKoIust ¢ a30BO-KOHTPACTHBIM yCTPOCTBOM, x1200): a — HyseBast Touka, 6 — 2, B, I — 6—8 CyT LUKJIa.

OWUJIBHOrO METAHOTEHHOTO coo0IIecTBa 3aUKCUPO-
BaHO YMEHBIIIeHNE YKcia MOP(MOTUIIOB KJIETOK OT 14
(McxXomHBI HeamanTUpoBaHHBIN W) 10 5. CHuXe-
HUE KOJIMYECTBA CaTEJIUTHBIX MUKPOOPTaHU3MOB,
MPUBOISIIEe K YMEHBIIECHUIO YHMCIa MUKPOOHBIX
MOpGhOTUIOB IO, BO3AEHCTBMEM aMHUHOApOMaThye-
CKMX BEIlIECTB, ObLJIO OMKCAHO U APYTUMU aBTOpaMu
[3]. B Teuenue uukia norpediaeHus: 2-AbK HabJt0-
nanu cykueccuio coobiiectBa EP (puc. 2). BHauase B
KYyJIBType TIPUCYTCTBOBAIU KOPOTKUE U CPeaHEN TN -
HbI MaJI0YKHU, a TaK>Ke HEOOJIbII0e KOJINYECTBO KOK-
KoB (puc. 2a). Hauyano metaHoreHes3a Bcerma ObLIO
CBsI3aHO C MOSIBJIGHUEM B COOOIIECTBE IJTUHHBIX TTa-
JIOYEK WJIW HUTEM, OKPYKEHHBIX KOKKaMu (puc. 2B, 2T).
Krietkn B cocTaBe arperatoB B aKTMBHON HaKOTIM-
TEJIbHOM KYJIBType 4acTO ObLIM OCJIU3HEHBI (pUC. 2T).

Kak wu3BecTHO, CHUMOMOTHMYECKass KOOIepalus
(cuHTpO(DUSI) MeKAY METabOJMUSCKU Pa3HBIMU MUK-
poopraHusMamu, 3aBUCALLIMMU APYT OT JApyra Ipu pas-
PYIIEHNN CyOCTPaTOB, B aHA3POOHBIX MECTOOOMTAHMSIX
SIBJISIETCSl OJJHUM M3 BaXXHBIX YCJIOBUM, T.K. 3a4acTylo

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

OTHEeJIbHbIC YWICHBI aCCOLIMAlIMM 13-3a SHEPTeTUUECKUX
GapbepoB HE MOTYT HCIOJIL30BaTh XUMHWUYECKH CTa-
oubHbIe BemiecTsa [, 15]. Kooneparust Mukpoopra-
HU3MOB-TIAPTHEPOB MPU CUHTPOGHBIX B3aUMOICH -
CTBUSIX ONTUMAJbHA, €CJIM PACCTOSIHUSI, Ha KOTOPbIX
TIPOMICXOMUT TIOCTYIUICHIE CyOCTpara IyTeM MOJIEKY-
JsipHO# nnchdy3un, MpeaeabHO Majibl. DTO JOCTUTAeT-
csl B Clydae TeCHOTO (PM3MYECKOro KOHTAKTa TMapTHe-
POB, T.€. MPOCTPAHCTBEHHOTO O0bEAUHEHMsI TpoUUe-
CKM CBSI3aHHBIX THMIIOB MHWKpOOpraHusmoB [5, 135].
BepositHo, KOKKU (puc. 2B, 2T) 00pa3yioT CMUHTPOGhHYIO
accolralMIo C JUTMHHBIMU MajloukaMu (CXOAHBIMU C
MeTaHOoreHoM Methanosaeta), 0b6nanaroT OPOIVIBHBIM
TUIIOM MeTaboJIM3Ma W TpeBpalllaloT NMUpyBar (J11bo
OeH30aT) B alleTaT, KOTOPBIA MCITOIB3YEeTCSl OpraHn3-
MOM NogoOHBIM Methanosaeta. Mukpockomnudeckas
KapTHUHa COOOIIIECTBa C JOMOJHUTEIbHBIM UCTOUHU -
KOM yrjiepoja (ImupyBar) 613Ka TaKOBOM, TAe MPU-
CYTCTBYET TOJIBKO apOMaTHIECKUt CyOCTpaT, OMHAKO
HabJIIoaeTCs yBeIMYEHME O0IIETO KOJIMYECTBA KJIETOK
Ne 5
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Y YBEJIMYCHHE KOJINUECTBA KOKKOB CpEAHUX Pa3MepOB
(puc. 20).

CuHTtpodHbIe B3aMOJIECHCTBUSI B aHa3POOHBIX CO-
O0IIIECTBAX 3a4acTyl0 YCIOXHSIIOT BbIIEJIEHUE YUCTBIX
KYJIBTYp M3 METAaHOT€HHbBIX MUKPOOHBIX COOOIIECTB 1
3aTPYJHSIOT UX KYJBTMBUPOBAHUE M3-3a TaKUX OCO-
OEHHOCTe, Kak, Halpumep, HU3KOe MaplrajbHOe
JlaBJieHUe BONOPOJIa, KOTOPOE TOAJAEPXKUBAETCSl MeTa-
HOIreHHBbIMU apXesiMu [16], win Hajm4yue oCoOBbIX poO-
CTOBBIX (haKTOPOB.

Wtak, BbIICIEHHBIE HAMY aHA3POOHbBIE MUKPOOHbIE
CO00111eCTBA MPOSIBIISUIM aKTUBHOCTh B OTHOILIEHUH PSi-
Jla apOMaTUYECKUX KCEHOOMOTUKOB. M3yueHue pasio-
JKCHUSI TIOJUTFOTAHTOB HAKOMUTEIbHBIMU KYJIBTYpaMH
U3 OUYUCTHBIX COOPYXXEHMI NEMOHCTPUPYET BBICOKUIA
MeTaboIMYeCKU I MOTEHIIMAT KaK CaMUX KYJIBTYD, Tak 1
MCXOMHBIX WJIOB, U3 KOTOPBIX OHU OBLIM TOJYYEHBI.
HccnenoBanue nerpagaliii aMUHOApOMaTUKW aHad-
POOHBIMM MUKPOOHBIMU COODIIIECTBAMU W3 JOHHBIX
OTJIOKEHUI CMOCOOCTBYET OCMBICIIEHUIO MEXaHW3MOB
CaMOOYMILICHMSI ECTECTBEHHBIX MeCT oouTaHusl. [ToHu-
MaHUe MpPOoIIECCOB aHA3POOHON OUOAECTPYKIIMU (aMU-
HO)apOMaTUYECKUX BEIIECTB MO3BOJISIET POrHO3UPO-
BaTh CyJIbOY TAKUX KCEHOOMOTHKOB B TPUPOJIE U OUMCT-
HBIX COOPYXEHUSIX U CIAYXUT (yHIaMEHTaTIbHON
OCHOBOM CO3AaHUs CIEeUATbHbIX OMOTEXHOIOTHM 151
OOpPBOBI C TTIOTOOHBIMU 3aTPSI3HEHUSIMU.

Pa6oTa BeInmosiHeHa Mpy (PMHAHCOBO MOAIEPXKKE
rpaHTa Peaepaliny €eBponeicKux MUKpOOHUoJIoruye-
ckux obuects (FEMS) Ne FRF 2009-2, RU-IMRS.
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Abstract— Destruction of a number of aromatic substrates by anaerobic microbial communities was studied.
Active methanogenic microbial communities decomposing aminoaromatic acids and azo dyes into CH, and
CO, were isolated. Products of primary conversion were found to be 2-hydroxybenzyl and benzyl alcohols
gradually transforming into benzoate. It was shown that isolated microbial communities are capable of con-
verting the initial substrates—benzyl alcohol, benzoate, salicylic acid, and golden yellow azo dye—into bio-
gas without a lag-phase but with different velocities. Aromatic and linear intermediates of biodestruction of
aromatic amines by obtained enrichment cultures were determined for the first time. Selective effect of aro-
matic substrates on a microbial community that was expressed in decrease in diversity and gradual change of

dominant morphotypes was revealed.
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CEJIEKTUBHOE M3BJEYEHUWUE METAJIJIOB 13 IIMHKOBOT'O
KOHIIEHTPATA ACCOIIMAIIMEN XEMOJUTOTPO®HLIX BAKTEPUI
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M3yueHa BO3BMOXHOCTb CEJICKTUBHOTO M3BJICUCHUSI MEAY U LIMHKA U3 [IMHKOBOTO KOHIIEHTpAaTa accolra-
ouen XeMOoJIUTOTpoGHBIX OakTepuii. [TokazaHo, YTO B NPUCYTCTBUM acCOLMALIM OAKTEPUIl YCKOPSIETCS
BHIIIIEIaYMBaHMe IIMHKA B 3, Meau B 4—5 u kene3a B 2 pa3a. [Ipu aToM ¢ HanbOoIblIeil CKOPOCTHIO BBIIIIE-
JIaYMBaeTCs LIMHK, 3aTeM Melb U XeJle30. BeIsiBIIeHo, uTo npu mobasnenuu 2r/1 Fe’t cuiibHO opasmsieTcst
BbILIEIaYMBaHUE Xeje3a, M B 3 pa3a Bo3pacTaeT CKOPOCTh BhIILIEIaYMBAHUS MEIU IIPU HEM3MEHHO CKO-
pOCTU pacTBOpeHMs] MUHepaja uuHKa. I[IpenmosaraeTcs, 94To MHTEHCU(UKAIIUST BhIIETad9MBaHUs MeI
CBsI3aHA C ACSATEIbHOCTBIO CEPOOKUCIISIOLINX 0aKTePUii, CTOCOOHBIX AKTUBU3MPOBATh IOBEPXHOCTh MUHE -
payia myTeM yJaJIeHUs C Hee MaCCUBUPYIOIIEro CI0sI 3JIEMEHTHOM cephl. [lenaeTcs 3aKiIiodeHue, 4To Cyle-
CTBEHHAsI POJib B BBIIIEIAYMBAHUM MEIU U3 LIUHKOBOIO KOHLIEHTpATa MPUHAMIEKUT CEPOOKUCIISIOIINM
OakTepusiM. VI3 myJibITbl BBIIIEIaYMBAHUS [IMTHKOBOTO KOHIIEHTpAaTa BBIIEJIEH M M3y4eH OPUTMHAIbHbBIN
IITaMM Me30(UIbHBIX CEPOOKUCISIONINX OaKTEPUil, KOTOPBIH B IIEPCIIEKTUBE MOXET CIYKUTh 3DHEKTUB-

HbIM KaHAUAATOM JJIs1 OCYHICCTBJIICHUSA CCJICKTUBHOTO U3BJICYCHUA MCIU N3 HMHKOBOTO KOHILICHTpAaTa.

[MonvmMeTaminyeckue pyabl OTHOCSIT K HanboJsiee
TpynHoOOOoraTUMbIM. CJI0XHOCTh MX OOOTalleHUs
OOBSICHSIETCSI BKPAILJICHHOCTBIO PAa3/IMYHBIX CYJIb(pu-
JIOB U MX B3aUMHBIM cpacTaHueM. Jlaxke pu TOHKOM
U3MeJIbUeHUU OOJbllIasi YacTh MUHEPAIOB LIMHKA U
MeIY HAXOOUTCS B CPOCTKAX MEXAY COOOM U C MUPU-
TOM, 4YTO HE ITO3BOJISIET HOJIy4aTh CEJIEKTUBHBIE KOH-
JIUILIMOHHBIE TIPOAYKTHI TTPpU (PIOTAlIMOHHOM OOora-
IICHUHY U TIPUBOAUT K 3HAYMTEILHBIM IIOTEPSIM LINH-
Ka, M€, a TAaKXKe 30J10Ta, cepedpa U APYyruX HEeHHBIX
3JIEMEHTOB B OTBaJjiax 1 xBocTax [1].

YaHoBoe OaKkTepHaIbHOE BBIIETAYNBAHUE SBJISI-
eTcsl HauboJsiee BBITOJHBIM IO 3KOHOMMWYECKUM U
9KOJIOTUYECKUM COOOpaXKEHUSIM MPOLIECCOM LIS Tie-
pepadoTKN MOIUMETATIIUYECKUX PYA U (PIOTaIMOH-
HBIX KOHIIEHTPaTOB [2].

CuuTaT, 4TO OMOBBILIEIAYMBAHUE MUHEpaIa
LIMHKa — caJeprTa MTPOUCXOIUT TJIABHBIM 00pa3oM
0 HEeTNpSIMOMY MeXaHU3My ITOJ IefiCTBUEM TpeXBa-
nenTHoro xenesa (Fe’t), apngionierocsa nmpomykToM
GaKTepHUaJIbHOTO OKMCJICHMSI 3aKMCHOTO XKejeza U
XeJjiezocoaepxkammx MuHepaioB. OkuciaeHue coa-
neputa (ZnS) nonamu Fe** xopowo nsyueHo [3, 4].
COOTBETCTBYIOIIYIO PEaKIUi0 MOXHO TIpeICTaBUTh
CJIeyIOIIMM YpaBHEHUEM:

ZnS + 2Fe’™ — Zn?* + 2Fe*™ + S°.

Bwmecte ¢ TeM B paboTax psiia aBTOPOB ITOKAa3aHO, YTO
CKOPOCTb OKMCJIEHU caneputa noHamu Fe3* B nipu-
CYTCTBUM OaKTepUil 3HAUUTETILHO BBIIIE, YeM 0e3 HUX
[5, 6]. TIpr 3TOM yCTaHOBJICHO, YTO HAMOOJIBIITYIO CKO-
POCTb OKUCJIEHUS chajieprTa 00eCIIeunBalOT yMEPEHHO

TepModuabHbie  Sulfobacillus  thermosulfidooxidans n
9KCTpeMaibHO TepModuibHble Oaktepuu [7, 8]. Ilo
JAHHBIM JIPYTUX aBTOPOB, CTETEHb U3BJICUEHUS LIMHKA
U3 HEKOHIUIMOHHBIX CYILMUIHBIX PYI C ITOMOIIBIO
Leptospirillium ferrooxidans 3Ha4uTeNIbHO BBIIIE, YeM
pu ucrnojib3oBaHuu Acidithiobacillus ferrooxidans, ipu-
yeM L. ferrooxidans mposiBIsSIET BBICOKYIO 3(PdeKTuB-
HOCTb B OKUCJIEHUN KOMIUICKCHBIX CYIb(UIOB JaXe B
OTCYTCTBHE CEPOOKUCISTIOIIUX OakTepuii [9]. OmHako
HET UCCIeI0BaHU I, TOATBEPXKAAIOIINX, YTO OKHCIIEHIE
ctaneputa MpoTeKaeT Mo MPSIMOMY MEXaHU3MY HEIo-
CPENICTBEHHO C MOMOIIIbIO MTPUKPETIIIEHHBIX K MUHEPAITY
KJIeTOK Oakrepmii. bosee Toro, mokasaHo, YTO KJIETKA
A. ferrooxidans cnetudecky MPUKPETUISTIOTCS K MU-
HepaJty xKeje3a —IUPUTY, TOrIa KaK UX CPOJICTBO K ca-
JIEPUTY 3HAYUTEJILHO MeHblIIIe [6]. [ToaToMy poJib xeMo-
JUTOTPO(HBIX OaKTEepHii B Ipoliecce BhIIICIaunBa-
HUS cdajiepyTa CBOAUTCS JIMIIb K pereHepauuu
okucnurens — Fe** cornacHo ypaBHEHMIO:

Fe>* + O, + 4H* —Swrepmn_y Fe3+ 4 9 0.

YuuThIBasl BbIIIECKA3AHHOE, JUIST BBIICTAYNBAHUS
LIMHKOBOIO KOHILIEHTpaTa 3aHre3ypcKoro MeIHO-MO-
JmbaeHoBoro kom6mHara (3MMK) (ApMeHUsI), MbI
WICTIONTE30BAIN ACCOITMAIIAIO JKEJIC300KUCIISTIOIINX Xe-
momToTpodHbIx (KOX) Oakrepuii, COCTOSIIYIO U3
A. ferooxidans, L. ferrooxidans, S. thermosulfidooxidans,
TIPOSIBJISTIOIIYIO BBICOKYIO 3((PEeKTUBHOCTD B BHIIIIE/Ia-
YMBaHWM MeIHOTO KoHIeHTpaTa [10, 11].

Ienap paboThl — M3y4yeHME BO3MOXHOCTU CEICK-
TUBHOTIO W3BJIEYEHUS IIMHKA U MEIU U3 [IUHKOBOTO
KOHIIEHTpPaTa C MOMOIIBIO acCOIUALIMN XEMOIUTO-
TpOo(HBIX OAKTEePUIA.
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OOBEKTOM MCCIIEIOBAHUS CIIYXXUJIM  00Opa3ibl
IMHKOBOTO KoHIIeHTpaTa 3MMK. XuumMunueckue aHa-
JIU3bl 00pa3lLOB KOHIIEHTpaTa, MpuBeAeHHbIE B Ta0-
e, ObITA TIPOBEACHBI OOIENPUHITEIMUA B MUHE-
panoruu metogamMu. OCHOBHBIE MUHEpAJIBI — cae-
put (ZnS), xanekonuput (CuFeS) u nupurt (FeS).

JUisT  OWOBBIIIETAYNBAHUST OOpa3llOB IIMHKOBOTO
KOHIIEHTpaTa WCMOJb30BAIM aCCOLMALIUIO KEIe30-
OKUCJISTIOIINX XeMoaMToTpodHbIX (KOX) GakTepuii,
BBIJIEJIEHHBIX U3 MPOO MOJIMMETATUYECKON pyabl AX-
tana (ApmeHusi) Ha cpene 9K, comepxkateit (r/n):
(NH,),S0O,— 3.0, KCIl — 0.1, K,HPO,— 0.5, MgSO, —
0.5, Ca (NOs;), — 0.01) u nByxBaJIeCHTHOE X€eJIe30 B Ka-
YyecTBe UCTOUHMKA Hepruu [12].

OnbITEl IO BBIIIEIAYMBAHUIO IUHKOBOTO KOH-
eHTpaTa TIPOBOAMJIM B NEPUOOUIESCKOM peXUME
KYJBTUBHUPOBaHUS OakTepuii. OOpa3ibl KOHLIEHTpa-
Ta u3Meabdanu go dactul pazmepom 0.080 mMm. Ha-
BECKM M3MEJBbYSHHBIX 00Pa3I0B ITOMEIIAIN B KOJIOBI
OpraeHmeitepa oobeMoM 250 MJ1, cMaYlBaIu JUCTUI-
JIMPOBAHHON BOJOI U cTeprin3oBaiu rnpu 0.5 atm B
TeueHre 30 MuMH. 3aTeM KOJOBI 3armoiaHsuid 50 M
cpeabl 9K 6e3 xenesa, nogkuciaeHHoi 10 pH 2.0 u
BHOcwM accormanmi 2KOX 6akrepuit (5%).

MHTeHCUBHOCTh BBHIIIEIAYMBAHUS KOHIICHTpATa
OLIEHMBAJIU IO KOJMYECTBY BBIIIEIOUCHHBIX MEIU,
LIUHKA 1 KeJie3a, a TakKe 1o cHuzkeHuto pH cpenbl u
YBEJIMYECHUIO TUTPA CEPO- U KEJIC300KUCSIOIINX
OakTepHii.

Konnuectso Fe?t u Fe’* onpenessim KoMIUIeKco-
MeTprmdecKnuM MeToaoM ¢ TpuiaoHoM b [13]. Konnge-
CTBO BBIIIEIOYEHHBIX MU U [IUHKA OTIPEAe/IsIN Ha
aTOMHO-a0COpOIIMOHHOM cIieKTpodoToMeTpe AAS
IN (“Carl Zeiss”, Iepmanus).

3a pocToM OakTepuit HaOIIOOAIM C MCIOJIb30Ba-
HHeM MukKpockora MBHU-3 (“JIOMO”, Poccus) c
($a30BO-KOHTpPAacTHLIM ycTpoiicTBoM. KommdyecTBo
KM3HECTIOCOOHBIX KJIETOK OMNPENC/ISUIA METOIOM IIpe-
JIeJbHBIX pa3BeAcHU, Haubosiee BEPOSITHOE YUCIIO Kile-
TOK pacCYMTHIBaJIU 110 Tabmmiiam Mak-Kpenu [11].

BoineneHure 4MCThIX KYJIBTYP CepPO- U KeJIe300KMC-
JISTIONIUX OaKTepUid TIPOBOAWINU C MCHOJIb30BaHUEM
IUIOTHOM cpeabl MaHHMHra, cofep:xkaiieit 0.6% ara-
po3sl (Agarose, type I, Low EEO, “Sigma”, CIIIA) u
cooTBeTcTBeHHO TeTpatnoHara (3.0 r/m Na,S,Oq -
- 2H,0) nwmu nByxBaneHTHOrO Xene3a (6.0 r/m FeSO, -
- 7TH,0) B kayecTBe UCTOUHUKA SHEPTUU.

JlaHHbIe 0O0padaThIBaAIU CTAaTUCTUYECKU.

PE3VIJIBTATBI 1 UX OBCYXIEHWNE

BoimenaunBanue MMHKOBOro KoHnenrpara. Mccie-
JOBaHMsI ToKa3ajau, 4yTo npuMeHeHue 2KOX Oakre-
pUii IS BEIIEIaYMBaHNsSI IMHKOBOIO KOHIICHTpaTa
MO3BOJISIET YBEIMYNTh U3BJIeUeHNE IIMHKA B 3.3, Me-
11 B 4—5u xkene3a B 2.0 pa3a 1o cpaBHEHUIO C HEMHO-
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XUMUYECKUI aHAJIn3 O6p.':13]_[OB IIMHKOBOT'O KOHIICHTpAaTa
3MMK

CogaepxaHue MeTaioB, %
Oo6paserlt
Zn S Cd Fe Cu
Ne 1 58.75 23.56 0.35 6.8 2.64
Ne 2 53.7 30.1 0.31 5.8 2.8

KYJIMPOBaHHBIM KOHTpoJjieM (puc. la). Ilpu atom c
HaunOOJIbIIIe!l CKOPOCTHIO BhIIIEIAYUBAJICS LIMHK, 3a-
TeM Meab. CKOpPOCTh BhIIIeIaYMBaHMS XeJjle3a Oblia
3HAYUTEJILHO HIKE. TakK, CKOPOCTh W3BJICYECHUS
nuHKa 13 oopasna Ne 1 B 2 u 10 pa3 npeBbliajia CKo-
POCTH M3BJICYSHUS MEOU M Kejle3a COOTBETCTBEHHO.
B BapmuanTe ¢ npo6oit Ne 2 cKOpocTb BhILIETa4Ba-
HUS LIMHKAa ObLIa TIPUMEPHO B 5 pa3 BhILIE, YeM s
Menu 1 xese3a. [lomydeHHBIe JaHHBIE MOXKHO OOBSIC-
HUTD JIEKTPOXUMUYECKMMU CBOMCTBAMU CYJIL(UI0B
YKa3aHHBIX METAJJIOB, BXOASIIMX B COCTaB KOHIIEH-
TpaTa. MI3BeCTHO, YTO 3JIEKTPOXUMUYECKUIA TTOTESH-
M CyJIbGUIHBIX MUTHEPAJIOB SIBIsICTCS (PyHIaMEH-
TaJIbHOM OCHOBOM WX OKHUCJIEHUSI U OIpPEeHcJIsIeTCS
9HEpPTUEN CBSI3UM MeTall—cepa B KPUCTAJUTNYECKOM
penreTke MuHepanoB [14]. B manHoit cucreme, co-
JepXkalile cMechb CyJb(pUI0B METalIoB, chajlepuT
(ZnS) umeeT HAaMMEHbIINUHN 3JEKTPOAHBINA MOTESHLIM -
all 1 ObICTpo okwmciisieTcs [15]. MuHepan meou —
XaJILKOITUPUT XapaKTepusyeTcsl 60Jiee BBICOKUM I10-
TEHLIMAJIOM W OKMCIISIETCSI MeHee akTUBHO. HanBbic-
M ITIOTEHIIMAJIOM B IMTHKOBOM KOHIIEHTpaTe o0JIa-
JAeT MUPUT, KOTOPBIA C TPYIOM ITOABEPTracTCsa OKUC-
JICHUIO, B TOM 4mcJie OaKkTepruaibHOMY [14].

IMonyyeHHbIE JTaHHBIE YKA3bIBAIOT TaKKe Ha TO, YTO
MIpHU BHIIIEIaYMBAHUM IMTHKOBOIO KOHIIEHTpATa NMe-
er Mecto 3ddekT rampBaHomap. CoxpepKaiumiicss B
KOHILIEHTpaTe BBICOKOMOTEHIUAIbHBIM MUHEpaI Xe-
Jie3a — MUPUT, BBIITOJHSISI POJIb KaToaa, CTUMYJIMPYET
OKMCJIUTEIbHBIN ITPOIIECC HU3KOITOTEHITUATBHBIX MU~
HepaJioB — cdajiepuTa U XajubKonupuTa (aHoapl). Tak
KaK MHTEHCUBHOCTb OKMCJICHMsS MHUHEpaja — aHojia
OpsIMO  TIPOIOPLIMOHAJIBHA pa3HULIE B BeJIUYMHAX
BJIEKTPOJHOIO MOTEeHIIMAada TMapTHEPOB TajibBaHUYE-
CKOI1 mapkl, TO MAaKCUMAaJIbHOI KOPPO3UM ITOABEpraeT-
csl HanOoJIee HU3KOITOTEHIIMAJIBHBIN YWIEH 3TOM CUCTE-
MbI, KaKOBBIM sIBJIsieTcsl caieputT. Kpome Toro, BbI-
LIEJAYMBAaHUIO Zn CIIOCOOCTBYIOT TakKe MOHBI Fe’*
(HermpsiMoe OKUCJIeHUe casiepuTa), 00Opa3yronnecs B
pe3yJibTaTte YaCTUYHOTIO BhIIIeIa4MBaHUsI OAKTePUSIMU
MYpUTA.

Creqyer OTMETUTD, YTO HECMOTPS Ha pasinyie B
CKOPOCTSIX BBIIIEIaUYMBAHUSI COCTABISIIOIINX CYIb(U-
JIOB, OOYCJIOBJIEHHBIE UX 3JIEKTPOXUMHUYECKNUMU CBOIA -
cTBaMH, 3a 14 CyT cTeneHb M3BJIEYEHUs] METAUIOB C
HCIIOJb30BaHUEM yKa3zaHHoOro coobuiectBa 2KOX
GakTtepuii nocturana 95.2 u 100% mna menu, 52.9 u
66.4% nna xenesa u nipuMmepHo 20% Ut MHKA U3
LIMHKOBOTO KOHIIeHTpaTa oopa3ioB Ne 1 1 Ne 2 coort-
Ne 5
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Puc. 1. KuHeTuka Bblle/IladMBaHUs LIMHKA, MeIH 1 Kejie3a (r/71) mpu okucjaeHnr oopa3oB Ne 1 (a) u Ne 2 (6) IMHKOBOTO KOH-
neHtpara coobiectBoM 2KOX 6akrepuii (pH 2.0; rutotHocts nysasthl (ITIT) — 4%): 1, 3, 5 — BbllllelaunBaHKe LIMHKA, MEIU U

2KeJji€3a B KOHTPOJIbHOM BapUaHTE; 2, 4, 6 — BbllETauBaHUE IMHKa, MEAU U XKEJI€3a B OIIBITHOM BapMUaHTE C 6aKTepI/IHMI/I.

o 120 -
100 - (a) B ©) 01
=)
100 - -
g0 L - m I
80 -
60 - —
60 -
40
40 -
20 20
0 l 0 :
11 14 0 7 11 14
cyT

Puc. 2. Uzeneuenue (%) xenesa (I), menu (II) n maka (111) u3 mpo6 Ne 1 (a) u Ne 2 (6) coo6miectBom 2KOX 6akrepuit (pH 2.0;

(TITT) — 4%; 30°C).

BeTCTBEHHO (puc. 2). Takum obpa3om, MprMeHEHUE
accoumanyy 2KOX 0akTepuii O3BOJISIET IIOYTH I10JI-
HOCTBIO U3BJIEKATh MeIb U3 LIMHKOBOT'O KOHLIEHTpAaTa.

Biusinue uonos Fe3+. [IpoBeneHHbBIE UCCIIENOBAHUS
MokKasajiu, 4ro npu nobasnenun 2 r/a1 Fe3* k cpene
OMoOKMCIeHNS B 3 pa3a BOo3pacTaeT CKOPOCTh MU3BJIe-
YyeHUs] MeIM, CKOPOCTb M3BJICUCHUS] IIMHKa CJierka
yMmeHblaercs (1.2 pas), a okuciieHue cyabduaa xesne-
3a pe3Ko (B 2—3 pa3a) nogasiisieTcs (puc. 3).

IMo naHHBIM psiia aBTOPOB, MOHBI Fe" BBITOIHAIOT
KJTIOUEBYIO pOJIb B PACTBOPEHMU CyJIbMUaa IIUHKA.
IMoka3zaHo, 4To f06aBiIeHNE NOHOB Fe’t B KoHLIeHTpa-
LIMSIX, HE MpeBbIlIaomuX 12 r/J1, IpUBOAUT K 3HAUM-

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

TEJIbHOMY YCKOPEHUIO GUOBBIIIEIauMBAHUST MIHEPa-
JIOB ITMHKA — cajepuTta u MapMmartura [ 16—18].

OnHaKo comTacHO NOJIydeHHBIM HAMU TJAHHBIM, TIPU
BBIIIEIAYMBAHNM ILIMHKOBOIO KOHIIEHTpATa accolra-
nueit KOX 6akrepuii nobasneHue noHos Fe’* BMecTo
chaiepuTa IIPUBOAMIIO K YCKOPEHUIO OKMCIICHUST MU-
Hepajla MeIu — XaJbKoInupuTta. IIpuMmedaTebHO, 4TO
IIPY 3TOM KeJIe30 B BHIIIEIAYMBAIOIIC cpeae HaXom-
JIOCh IIpenMyILLeCTBeHHO B Buze Fe3t. Kommuectso Fe?t
OBUIO HE3HAYUTEIHLHO, YTO CBUIETEILCTBYET O TOM, YTO
CKOPOCTh OKucJIeHns Fe* accoumanyeit 6akTepuii rpe-
BBIIIIAET CKOPOCTh XMMWYECKOTO BEIIIIEIAYNBaHMS cda-
seputa noHamu Fe*t. D10 MOXXHO 0OBSICHUTH 00pa30Ba-
HHEeM Ha ITOBEPXHOCTU HanboJIee JIETKO OKUCJISIEMOTO (B
Ne 5
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Puc. 3. Boienayubanue (r/n) uvHka (a), menu (6) u xesnesa (B) Npu OKMCIEHUU LIMHKOBOIO KOHLEHTpATa COOOIIECTBOM
KOX B otrcyrctBue (/) u B ipucyrctBuu 1.0 v/n (2), 2.0 r/n Fe3* (3) (mpu pH 2.0; (ITIT) — 10%; 30°C).

TOM YHCJIE XMMUYECKU) MUHepaJia — ccaaepuTa rTuapo-
OKCHCOEIMHEHUI Kejie3a W 3JIEMEHTHON cepbl, 4TO
MIPUBOIUT K 3aTpynHeHUIo 1uddysuu nonos Fe** u 3a-
MeUIEHUIO TIpoliecca OKMCIEHMSI MIHEpaIa.

Yrto KacaeTcs yCKOPEHUs! BhILLIEIaYMBAHUS Xalb-
KOIIMPUTA, TO 3TO, IIO-BUAUMOMY, CBSI3SHO C aKTUBa-
LUell TTaCCUBUPYIOILIETO CJIOSI CEPOOKUCSIOMINMU
oakrepusiMu. M3BeCcTHO, YTO TIPY XMMIUECKOM 1 B HE-
KOTOPBIX CJIydasix MUKPOOUOJIOTMYECKON (C ydacTUeM
JIEOTOCHUPUIUT) ACCTPYKLUMU XaJbKOMUPUTA Ha I10-
BEPXHOCTH MHUHepaja oopa3yeTcss HEITOPUCTHIN CIOM
3JIEMEHTHOM Cepbl U TEM CAMBIM IIPEISITCTBYET €ro
manbHeimeMmy okuciaeHuio [5, 19]. Cepookucisiio-
me O6akTepuu Onaromapsi CITOCOOHOCTHM OKHUCISITH
BJIEMEHTHYIO CEpY U €€ BOCCTAHOBJICHHBIC COeIUHE-
HUS TIPUBOJAT K YCKOPEHUIO OKUCJIEHUS XaIbKOMU-
puTa myTeM yaaleHUs yKa3aHHOTO MaCCUBUPYIOIIETO
CJIOSI C €r0 OBEPXHOCTU COIIACHO YPaBHEHUIO:

2S + 30, + 2H,0 —8wreomn_y 9902 4 4H+,

Kpome Toro, obpazoBaBiMecss UOHBI BOIOPOIA
(TIpOTOHBI), B CBOIO O4Yepelb, SIBISIOTCSI HE MeHee
CWJIBHBIM OKUCJIUTENIEM IIJIST XaJIbKOTIMPUTA.

MukpoouoiormuecKuii aHam3 my/bnbl. [TpoBeneH-
HbIe MUKPOOHMOJIOTUIECKHE MCCIICIOBAHMS TTOKA3aIH,
YTO B IJIbITE BBIIEIAYMBAHMS IIMHKOBOTO KOHIIEHTpATa
K KOHILY OIbITa JOMUHUPOBAIN CEPOOKUCISTIONINE OaK-
Tepun. Mx xommuectBo gocturano 108—10° ki./mi, To-
r1a Kak YUCJICHHOCTD XeJIe300KUCSIONIMX OaKTepuit,
TIpeICTaBIeHHBIX IPEVMYIIIECTBEHHO JISTITOCTIN PUIIIa-
Mu, He nipesbiana 10*—10° k1. /. [o-BuauMomy, 1o
Mepe BBIIIETaYMBaHNST IIMHKOBOTO KOHIIEHTpaTa yCJIo-
BUSI B MyJIbIle MEHSIIOTCSI M_CTaHOBSTCSI Oojiee Ojaro-
MPUSITHBIMU JUISI POCTa CEPOOKUCISIIONIMX OaKTEPUIA.
Kak yxxe oTMeyasoch BHIIIIE, 3TO, B TIEPBYIO OYepeb,
CBSI3aHO C HAKOTUIEHUEM B Cpeie DJIEMEHTHOM Cephl Kak

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MPOAYKTA XUMUIECKOTO 1 OAKTEPUATHLHOTO OKUCISHUS
MUHEPAJIOB IIMHKA 1 MEIU.

IToyueHHBIE Pe3yJIBIaThl MO3BOJSIIOT 3aK/IIOYUTD,
YTO B BbIIIEJIAYMBAHUM IIMHKOBOI'O KOHLIEHTpATa Hapsi-
Iy C KeJIe300KUCIISIOINMI 6aKTePUSIMHU BasKHYIO POJIb
WUIPalOT CePOOKHUCIsIome oakrepun. Ilpu aToM aesi-
TEJIbHOCTh CEPOOKHUCIISIIONIMX OaKTEepUii B OCHOBHOM
CBsI3aHa C BBIIIEIaYMBAHEM CONEPXKAIIErocss B KOH-
LIEHTpAaTe MUHEpaia MeIU — XaJIbKOIIUPUTA.

Taxum 0Opa3om, B Ipoliecce BhIISTaYNBaHMSI IIH-
KOBOT'O KOHIIGHTpaTa Moj ACHCTBUEM COOTBETCTBYIO-
X (PU3NKO-XUMUIECKIX M MIAHEPATIOTMIECKIX (haK-
TOpOB (POPMUPYETCS 0COOOE TI0 CBOEMY COCTaBY HOBOE
COOOIIIECTBO XeMOJIUTOTPOMHBIX OAKTEPUIi, COCTOSIIIIEE
MPEUMYIIECTBEHHO U3 CEPOOKUCIISIOIINX OaKTepUii, a
TaK3Ke XKeJIE300KUCIISIONINX JIENTOCHUPUILI, HanboJee
aJariTUpOBAaHHbLIX K YC/JIOBHAM BbILICIAYMBaHUA JaH-
HOTO KOHIIEHTpaTa, KOTOPOE€ B IMEPCHEKTUBE MOXKET
CIIy>KUTh 3(POEKTUBHBIM TMOTEHIMAIBHBIM KaHIWIa-
TOM JIJISI OCYILIECTBJICHUSI CEJICKTUBHOIO W3BJICUCHUSI
MEIU ¥ IMHKA U3 IMHKOBOI0 KOHIICHTpaTa.

Puc. 4. KontoHnu BeIIeICHHBIX CEPOOKUCISIIONINX OaKTe-
pUii Ha arapM30BaHHOU cpene.
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Puc. 5. Mukpodororpacdusi oKpalieHHbIX KJIETOK Cepo-
OKHUCJISTIOIINX OaKTePUid, BbIIEICHHBIX U3 ITYJIbITbI BBIIIIE-
JayrBaHMSI IMHKOBOIO KOHIIeHTpaTta, x1000.

M3 nyabnbel  OakTepUaIbHOTO — BbIIIEIaUMBaAHMS
LIMHKOBOTO KOHIIEHTpaTa OblLla M30JMpOBaHa YMCTast
KyJIsTypa — Me30(prIbHbIe CEPOOKUCIISIONINE OaKTe-
puu. Ha TBepnoii cpese ¢ TeTpaTuoHaTOM OaKTeprUU 00-
Ppa3yloT peryjsipHble KOJJOHUM MOJIOYHOIO 1IBeTa, I10-
KPBITBIE TOJICTHIM ciioeM cim3u (puc. 4). B monomoii
KYyJIBType KIJIETKW MNPEACTaBISIOT COOOIl TOABUKHbIE
nayiouku pazmepom 0.8 x 1.5—2.0 mxM. ITo mepe pocta
MaJIOYKU MOTYT MPEeBPATUTHCS B JUIMHHbIE HUTWU WU
LIETIOYKHY KJIETOK (puc. 5). B KauecTBe ICTOYHMKA SHEP-
rMyu OakTepyuM MOTYTT MCIIOJb30BaTh TETpaTHOHAT
(NaS,Oq - 2H,0), a Takxke aneMeHTHyIO cepy (S°), He
CMOCOOHBI OKMUCHISTh Cyabduabl MeTauioB. CTporuii
aBTOTpPOd, JIPOXKEBOU 3KCTPAKT MHTMOUPYET POCT
0OaKTepHil 1 OKMCICHE DJIEMEHTHOM CEephI.

HanbHeiile Oosiee AeTalbHBIC HCCIEIOBaHUS,
BKJIIOUASI MOJIEKYJIIPHO-TEHETUYECKHUE, ITO3BOJIST
WOCHTU(PUIIPOBAThL BBIICICHHYIO OaKTEepHWIO, BBI-
SIBUTh €€ OCHOBHBIC OMOXMMMYECKHUE U JIpyrue Xa-
PaKTEepPUCTUKHU, a TAKKE ITOTCHIIAI B BHIIICIa4YBa-
HUM MeJIH, LIMHKA U APYTUX METAJIJIOB.

B 3akimoueHre MOXKHO CKa3aThb, YTO, YUUTHIBAS pa3-
HbIe MTHTEHCUBHOCTH OMOOKMCIICHUST CYIb(HUIOB pa3-
JINYHBIX META/UIOB, BXOIALIMX B COCTAB KOHLIEHTpATa,
OOYCJIOBJICHHBIE UX 3JICKTPOXUMUYECKMMU CBOIICTBA-
MU Y CJIOKHBIMU B3aUMOJICUCTBUSIMU MEXKITYy HUMU, Ba-
pBUPOBaHUEM (DU3NKO-XUMUUYECKIX MapaMeTPOB Mpo-
ecca 0aKTepHaIbHOTO BhIIIEIAYMBAHUS MOXKHO OCY-
LLIECTBUTh CEJIEKTUBHOE M3BJIEYECHUE MeAu, LIMHKa U
JIPYIUX LIEHHBIX METAJUIOB M3 LIMHKOBOIO KOHIIEHTPATA,
YTO MPU TPATULMOHHBIX TEXHOJOTUSIX HEBO3MOKHO

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

NI 9KOHOMMYECKHN HEBBLIIOJHO M3-3a CJIOXKHOI0 MH-
HEPAJIOTMYECCKOI'o COCTaBa KOHLICHTpaTa.

Pabora BhITIONIHEHA TIPU MONIEPXKE TIpaHTa
ANSEF (Armenian National Science and Education
Foundation) 2010 NS 2091.
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Selective Extraction of Metals from Zinc Concentrate
by Association of Chemolithotrophic Bacteria
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e-mail: nvard@sci.am
Received January 18, 2011

Abstract—Ability for selective extraction of copper and zinc from zinc concentrate using association of
chemolithotrophic bacteria was investigated. In the presence of bacterial association, the rate of desaliniza-
tion of zinc, copper, and iron was increased 3-fold, 4—5-fold, and 2-fold, respectively. Zinc, copper, and iron
were levigated with the most significant rate. It was revealed that addition of Fe3* 2 g/1 resulted in reduction
of iron desalinization and in 3-fold increase of desalinization rate of copper at constant dissolution rate of
mineral zinc. It is suggested that the intensification of copper desalinization is connected with the activity of
sulfur-oxidizing bacteria able to activate the mineral surface via elimination of passivation layer of elemental
sulfur. It was concluded that sulfur-oxidizing bacteria play a significant role in copper desalinization from
zinc concentrate. A unique strain of mesophile sulfur-oxidizing bacteria was isolated from desalinization pulp
of zinc concentrate; in the perspective, it may serve as efficient candidate for performing of selective extrac-

tion of copper from zinc concentrate.
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BLIIIEJAYMBAHUE METHOM PYAbl YIOKAHCKOI'O
MECTOPOXKIEHUA IMPU HU3KUX TEMITIEPATYPAX ACCOLIMALIUEN
AIINJTOPUJIBHBIX XEMOJIUTOTPOP®PHBIX MUKPOOPTAHU3MOB
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N3 cynbdUIHO-OKUCIEHHO MeTHOM pyabl YIOKAaHCKOTO MECTOPOXIECHUS BbIIEJCHBI YUCThIC KYJIBTYPbI
IMITaMMOB a0OPUTeHHBIX MMKPOOPTaHM3MOB, MICHTU(MUIIMPOBAHHBIX, KaK Acidithiobacillus ferrooxidans
TFUd, Leptospirillum ferrooxidans LUd, Sulfobacillus thermotolerans SUd. I3y4eHbI peXXUMbI XMMHUYECKOTO
M 0aKTepHaJbHOTO BHIIIEIaYMBaHUS Pyl B Auana3oHe temmepaTtyp oT —10 mo +20°C. [1okazaHo BIUsIHIE
Ha U3BJIeYeHNEe MeIM KUCJIOTHOCTHU PacTBOpa, TEMITEpaTyphl U IPUCYTCTBUSI MUKPOOPTaHU3MOB. baktepu-
aJIbHOE BBIIIEIaYMBaHUE HAOII0IaI0Ch TOJIBKO IIPH MOJIOXUTEIbHBIX 3HAYEHUSIX TeMnepaTypsl, ripu 20°C
HaMHoOro akTuBHee, yeM 1pu 4°C. Ilpolecc 1es MHTeHCUBHee IIpU 00jiee BLICOKOM COIEPKAHUU B pyIe
BOJOPACTBOPUMBIX M OKUCJICHHBIX MUHepaioB. [loka3zaHa BO3MOXHOCTh BBIIIETAYMBAHUSI MEITHBIX PYI
YIoKaHCKOTO MECTOPOXIEHMSI pacTBOpaMu cepHoil Kuciotel ¢ pH 0.4 mpu oTpuliaTeIbHBIX 3HAUYCHUSIX
TeMITepaTypbl U ¢ MMPUMEHEHNEM allua0MWIBHBIX XeMOJUTOTPODHBIX MUKPOOPTAaHU3MOB TIPU TTOJIOKHM-
TEJIbHBIX 3HAYEHUSIX TEMITEPATYPhl M HU3KUX 3HaYeHUsTX pH.

Bénblnast yacTb MCCaenOBaHUI MPOLIECCOB BhIIIIE-
JIaYMBaHWUSI LIBETHBIX METAJJIOB MPOBEAcHA Ha MEIbCO-
nepxanux cyocrpatax [1]. C konma 80-x 1 Havana 90-x
rogoB XX BeKa OCHOBHBIM HalpaBJIeHUEM TEeXHWUYE-
CKOTO TIporpecca B 001aCT! TepepadOTKA HU3KOCOPT-
HbBIX, OKMCJIEHHBIX, TPYTHOOOOTAIIAeMbIX MEAHBIX PYI
SIBJIsIach pa3paboTKa v MPUMEHEHNE TEXHOJIOTUY Ky4-
HOIO BBILIEJIAYMBAHUS, KOIIA pyda pacrojaraercs
MPaBUILHBIMU CJIOSIMU Ha CTMIELIMAIBHO MOATOTOBICH-
HBIX TUIOLIAKaX, 00pa3ys Kyuu, WK BbIIEIaYUBAHUS
B oTBajiaX, (hOpMUPYIOIIMXCS TIPY A0ObIYE PYIbI, C UC-
MOJIb30BAaHUEM  AlUAOMUIBHBIX  XeMOJUTOTPOMHBIX
MUKPOOPTraHnU3MOB [2]. bb1o ycTaHOBIEHO, YTO KITHE-
TUKA OKUCJIEHUST BTOPUYHBIX CYJIb(UIHBIX U OKUCIICH-
HBIX MEIHBIX MUHEPAIOB 3HAYUTEIBbHO TMOBBIIIAETCS
MpU OaKTepUaATbHOM BbIlIEIAYMBAHUN TI0 CPABHEHUIO
C 00pabOTKOM CEpHOI KHUCJIOTOW U CEPHOKUCIBIMHU
pacTBopaMM OKHMCHOTro kejie3a [3—5]. XanbKormupur
(OCHOBHOI METHBIN MUHEpPaJI B METHBIX pydax) — Hal-
0oJiee TPYIHOOKUCIISIEMbII MUHEPaJI MIPY BBIIIEIAYM -
BaHUU. OKHCIEHHbIE MEAHbIE U BTOPUYHbIE CYJIbGhU/I-
Hble MUHEpaJIbl, XaJIbKO3WH 1 KOBEJIJIMH, 0oJiee JIETKO
MOAIAIOTCS BhILIEIaYMBaHUIO. VI3BjIeueHe Meau U3
OKMCJICHHBIX MUHEPaJIoB MoxXeT mocturate 70—90% B
TeYEeHUE HECKOJIbKUX Helesb Wiu MecsiieB. M3Bieue-
HUE MEIU U3 CyTbOUIHBIX MUHEPAJIOB OOBIYHO JJTUTCS
JIOJTBIIIE Y JOCTUTAET MEHBIIIETO 3HAYCHMUSI.

TeXHOJI0THS KYYHOI'O GaKTepUabHO-XUMUYECKO-
IO OKMCJIEHUsI UCIbITAHA Ha GOJIBILIOM KOJHUYECTBE
TUMOB CYIbMUAHBIX PYJ U KOHIIEHTPATOB, COolepxkKa-

IIMX LIBETHbIe MeTauibl. IIpuMepom opraHuzanuu
TaKoro Ipoliecca 6aKTepualbHOIO BbIlIEIa4MBaHUS
B Poccuu gaBisieTcd BhIllieladuBaHUE Oe THBIX METHO-
IIMHKOBBIX pya HAa HUKoJIaeBCKOM pyIHUKE U BbIIIIE-
JlJayMBaHue Meau U3 OedHbIX OKMCIIEHHbIX OTBajOB
Ha KoyHpaackom pynHuke [2].

IIpoMEbIIIZIEHHOE MCIIOJAb30BaHUE TEXHOJOIUM
0aKTepHUaJbHOIO BBIIICIAYMBAHUS MPUMEHSIETCS B
OCHOBHOM JJIsT OeTHBIX MEIHBIX Py U ITPOJYKTOB UX
nepepaboTKU B CTpaHaX € TEIJIbIM KJIMMaToM — Yu-
1m, [lepy, ABctpanuu, Mekcuke u ap.

VaokaHCKOE MECTOPOXKICHUE, KOTOPOE SIBJISICTCSI
CaMbIM KPYITHBIM HEOCBOCHHBIM MECTOPOXKICHUEM
menu B Poccnn, Haxomutcd B YUTUHCKOI 00J1acTH B
palioHe BEYHOI MEP3JIOThI C XOJOAHOW MPOAOJIKU-
TEJIBbHOU 3UMOM NIPY OTPULIATEIIBHOM CPEIHETOL0BOM
TeMIepaType Bo3ayxa.

Lens paboThl — HcCienO0BaHE BO3MOXHOCTHU TIpU-
MEHEHMST OaKTepHAIbHO-XMUMUYECKOTO BBIIIIEIAYBa-
HUSI MY U3 CYJIB(PUIHO-OKUCIIEHHBIX Py, YIOKaHCKO-
IO MECTOPOXKICHUS IIPY ITOHVKEHHBIX TEMITepaTypax.

METOAMKA

O0bekTbl HccaenoBanud. OObeKTaMU MCClIenoBa-
HUI SBISUTACH 3 TIPOOBI MeOHOM pydbl YIOKaHCKOTO
MECTOPOXKACHUSI, Pa3TNJaIOIIMECs TI0 MUHEPAIBHOMY
U XuMudeckomy coctaBy. B mpooe Ne 1 pynbl conepkut-
ca 1.82% wmemn, n3 koropoit 1.05% — B cymbdumax
(tabn. 1). MenHass MuHepanu3alusl MNpeAcTaBieHa
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Taoauma 1. ComepxxaHue MeIM B MUHEPaIbHbBIX (ha3ax mpob YIOKaHCKON MeIHOM pyabl

ConepxaHue Menu B pyae, %
Ne ipoGhI CreneHb
PYIBI o6LIce BOJIOPaCTBOPUMBbIE BTOPUYHbBIE MepBUYHBIE OKUCJIEHHOCTH, %
Lu U OKMCJICHHbIC MUHEPaJIbl MeIU| CYIbDUIbI MEaU cyabdunp Meau
1 1.82 0.77 1.04 0.01 42.31
2 10.40 8.06 2.55 0.20 75.05
3 10.29 4.52 5.58 0.22 43.93

cyabbuIaMU, COMepKaIliMHu B pyae (%): XaTbKO3WH —
0.7, xoBesutuH — 0.6, 6opHUT — 0.3, XaTBKOIMUPUT —
0.02, a Takke cyabpatamu u kapooHaramu. Conepxka-
HUe OpolraHTHTa cocTtasisteT 1.9, mamaxura — 0.1%.
ITpucyTcTBYIOT B HE3HAUUTEITBHOM KOJIUYECTBE CUJIM-
KaThl Meau, copepskanue xprn30Kosutbl 0.01%. Cymmap-
HOe colepXaHre MEeIHBIX MUHepaJtoB 3.63%.

IIpo6a Ne 2 u mpoda Ne 3 pynbl XapaKTepU3YIOTCS
BBICOKUM coaepXaHueM Meau, bonee 10%, 1 paszmya-
JOTCS colepKaHUEeM OKCUIHBIX U CYIb(MUIHBIX MUHE-
panoB Meau. CTerieHb OKMCIEHHOCTH MUHEPAJIOB MEIN
B ripobe Ne 2 — 75.05%, B mpobe Ne 3 —43.93%. Conep-
KaHWe XaJlbKOIMUpUTa OOvMHakKoBo — okono 0.02%
(Tabu. 1).

JLJ1s1 BbILLIeIauMBaHMSI UCTIOJIb30BaHAa acCOLIMALIUS
anmMIOPUILHBIX XeMOJMTOTPOMHBIX MUKPOOPTaHM3-
MOB, BBIICJICHHBIX U3 HAKOITUTEIbHBIX KYJIBTYD, I0-
JIyYEeHHBIX Ha YCPEAHEHHBIX MPO0aXxX pyabl B KauecTBe
WCTOYHWKA a00PUTEHHBIX MUKPOOPTaHNU3MOB.

KynsruBupoBanmne. HakonureabHbIe KyJIbTYphI a00-
pUTeHHOI accouualyy aluAO(MWIbHBIX XEMOJMUTO-
TpoHBIX MUKPOOPraHM3MOB nonydayd u3 10 r HaBe-
COK YCPEeTHEHHBIX TTPO0 py/bl, MIOMEIIEHHBIX B KOJIObI
Opaenmeriepa Ha 250 M1 co 100 MJT CTepUITBHBIX Cpel.
IITammel A. ferrooxidans Beinensiii Ha cpene CUIbBep-
maHa u Jlronarpesa 9K [6] (r/n): FeSO, - 7TH,0 — 44.2,
(NH,),S0, — 3.0, KCI — 0.1, K,HPO, - 3H,0 — 0.5,
MgS0,- 7H,0 —0.5, Ca(NO;),-4H,0—0.01 npu pH 2.0
1 28°C, mraMmbl A. thiooxidans — Ha cpene Bakcmana [7]
¢ arIeMeHTHOI cepoii (r/n): S° — 10.0, (NH,),SO, — 0.2,
KH,PO, — 3.0, MgSO, - 7 H,0 — 0.5, CaCl, - 6H,O —
0.25, FeSO, - 7TH,O — caenp! ipu pH 3.0 1 20 u 28°C,
wtamMmmbl Sulfobacillus — Ha cpene 9K, comepxkareit
0.02% npoxXxsKeBOTo SKCTpaKTa, MpH Temmepatypax 20,
35, 42 1 50°C, mrraMmMbI apxeit — Ha MOAM(UILIMPOBaH-
Hoii cpene 9K, conepxkaineii 3.7 r/J1 3aKHCHOTO XeJie3a
npu pH 1.8 u Temnepatypax 20, 35 u 42°C. Boigene-
HUe mTaMMOB Leptospirillum TpoBOOMIN B TOM XKe
Jarna3oHe TeMIiepaTyp Ha cpefe CIeayIONIero cocra-
Ba (r/n): FeSO, - 7 H,0 — 13.89, (NH,),SO, — 0.2,
MgSO, - 7H,0 — 0.4, K,HPO, — 0.1, KC1 — 0.1 npu
pH 1.9-24.

BripaiBaHue KyjabTyp NPOBOAWIA Ha POTOPHOM
Kavajike co cKopocThio BpaieHus 300 o6/MuUH Tipu
pa3Hbix TeMnepatypax (ot 20 mo 50°C). [I1st BeiaeaeHus
KYJIBTypbl JOMUHUPYIOIIIETO 1ITaMMa MPOBOAWIMU pac-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

CeB METOIOM JECATUKPATHBIX MPENeTbHbIX pa3Bele-
Huit. KyJsTyphl U3 MpoOMPOK C HAMOOJIBIIIAM pa3Beie-
HHUEM pacceBa Ha TBepayto cpemy ¢ 0.8% araposbl
(“Promega”, CIIIA) 1 nHKyOMpOBaax B TeYCHUE 2 HEIl
nipu 20 u 28°C. Haubonee yacTo BCTpeyarolmecs: Ko-
JIOHUY OTCEBAJIM Ha CKOIIEHHYIO TBEPAYIO Cpelly TOro
JKe cocTaBa Ui TIoAnepXaHWsl YUCTOW JIMHUM U Ha
*kuakyto cpeny 9K mjist aKcriepyMeHTaIbHbIX LIE/IEH.

YciioBus 3KCNIEPUMEHTOB B NepKoJisiTopax. Briie-
JJauMBaHUE YCPETHEHHBIX MPOO MEIHOUM pyIbl, W3-
MeJIbYEeHHBIX 10 pa3mepa 5 MM (ripoda Ne 1) u 15 mMm
(ripo6sr Ne 2 1 Ne 3), mpoBOAWJIM B MEPKOJISITOPAX,
KOTOpbIE IPEACTaBJISIOT COO0M BEpTUKAJIbHBIN LIU-
JIMHIPUYECKHUI CTEKIITHHBIN COCY THaMeTpOM 4 cM
u BeicoTOM 40 cM, CHAaOKEHHBIN YCTPONCTBOM IS TTO-
Jla4u KOMIIPECCOPOM BO3Iyxa, TTOJ TaBJIeHUEM KOTOPO-
TO TIPOMCXOIUT TTPOCAYMBaHME pacTBOpa, COMEpIKaIIle-
TO MUHEPAJTbHBIE COJTM I MUKPOOPTaHU3MBI, Yepe3 Cy0-
cTpart, Ipu TeMrneparypax ot —8 mo +20°C. 3HaueHue
pH 0.4 ycraHaBmmBamv It MpeIOTBpaIeHUs 3aMep3a-
Hus pactBopa mpu —10°C. JInst 6aKkTepranbHOIO BBI-
1IeTaYBaHUsI MCIOJIb30BAJIM MUHEPATIbHYIO OCHOBY
cpennl 9K 6e3 3akumcHoro xkejesa. KucioTHoCTh pac-
TBOpa peryanpoBaiy 10 H. pacCTBOPOM CEpHOI KMCIOTHI
u onpenensmi Ha pH-Merp-monomepe Dkcrepr-001
(“BOxoHukc-Okcerept”, Poccus). I1pu cHUKeHUM cTe-
TIeH! M3BJICUEHMST MEIU M3 PYIBl IEPUOINIECKHU TIPO-
BOIWJIA CMEHY BbIIIIEIaYMBaOIIETO pacTBOPA.

TIpo6s1 Ne 2 1 Ne 3 BhlllielauynBaIv cHavajia pac-
TBOPOM CePHOI KUCHOTHI. KynsrypanbHyIo Xumi-
KOCThb C GakTepusaMu go0aBiasyii Ha 21 cyT Tiocie
CHYDKEHUS CTENEH U3BJIEYEHMS MEIMN.

AHamuTHyecKue MeToabl. MuHepaabHbIA Y XUMU-
YecKUil cocTaB TpoO pyabl aHAJU3UPOBAIU C MC-
MOJIb30BaHUEM TUTPUMETPUUECKOTO, (hOTOMETPUYE-
CKOTr0, aTOMHO-a0COpPOIIMOHHOTO METOIOB U 060OPY-
poBaHug: dporomerp KDK-2 (“30M3”, Poccus),
aTOMHO-a0COpPOIIMOHHBIN crieKTpodoTOMETp Ana-
Lyst 100 (“Perkin Elmer”, CIIIA).

KoHLeHTpallnio Meau B pacTBOpax OMpenessuin
Ha AaTOMHO-aOCOpPOIIMOHHOM CITEKTpPOodOTOMETpE
3100 dpupmsbl “Perkin Elmer” (CILA).

KoHueHTpanuio Xeje3a B pacTBOpe M3MEpPsUIM
MOAU(PULIMPOBAHHBIM POJAHUIHBIM METOIOM, MC-
KITIOYAIONINM BIMSIHHE MEOW Ha OIIpeAeieHHue dJIe-
MEHTOB [8].
Ne 5
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Puc. 1. llitamm A. ferrooxidans TFUd, BeimeeHHBIN M3 HAKOTIMTEILHOU KyJIBTYPhI. B KIIETOK B 3JIEKTPOHHOM MUKPOCKOTIE
CO CKaHUPYIOIIUM YCTPOMCTBOM (a), — B TIPOCBeYMBalOIIeM pexxume (0).

(@)

-— -
— —
— —
—
- s
e

Puc. 2. I1poduns pparmeHToB XpomocoMHoi JIHK mtammoB 6akTepuii:
a: 1 — L. ferrooxidans LUd, 2 — A. ferrooxidans BKM B-458 (pasmepHnbiii cranmapr), 3 — A. ferrooxidans TFUd, 4 — L. ferroox-

idans 97,

0: I — A. ferrooxidans BKM B-458, 2 — A. ferrooxidans TFBk, 3 — A. ferrooxidans TFUd.

Mopdoaoruio KieToK MUKPOOPTaHU3MOB M3ydJa-
JIM C WCIIOJIb30BAaHUEM CBETOBOTO MUKPOCKOIIa
Olympus CX41 (“Olympus”, CIIIA) ¢ ¢a3oBo-KOH-
TPAaCTHOM MPUCTABKOM M 3JIEKTPOHHOTO MUKPOCKOITA
JEM-100C (“JEOL’, SAAnoHus) B TIpocBeYMBAIOIIEM
peXMe WU CO CKAaHUPYIOIIUM YCTPOHCTBOM.

CrpykTypy XpoMmocomHoM JIHK mrammoB ananmm-
3UpPOBaJId METOIOM IIyJlbC-3JeKTpodopesa ¢par-
meHTOB HaTtuBHoit I HK, pacuiermieHHOl 3HIO-
HyKJieazaMu pectpukuuu Xbal nins Acidithiobacillus n
Leptospirillum [9] n Notl — nnsa Sulfobacillus [10].
VYcnoBus mynbc-3ieKTpodopesa B pexkume pasiese-
HUSI KPYIHBIX (parMeHTOB: HanpstkeHue 12 B/cw,
BpeMsI myJibca 25 ¢, temrieparypa 15.5°C, mpomomku-
TeJILHOCTb — 44 4. YcaoBusl Iyjbc-3JieKTpodopesa B
peXumMme pasfejeHUs] MeJKUX (parMeHTOB: Harpsi-

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

xkeHue 13 B/cm, Bpems mynbca 10 ¢, temmepaTypa
15°C, npono/mKUTEIbHOCTh — 72 4.

PE3VYJIBTATbBI 1 UX OBCYXIEHUWNE

XapakTepucTHKa A0OPUTeHHBIX ANUIO(MWIBHBIX Xe-
MOJIMTOTPO(HBIX MHUKPOOPTaHM3MOB, BbIIEJEHHbIX W3
MeaHOi pyapl. VI3 HaKkOMUTEIbHON KYJIBTYpbl abopu-
TEHHBIX a0 IHLHBIX XeMOJIUTOTPO(PHBIX MUKPOOP-
TaHU3MOB ObLI BBIIEJICH IITaMM A. ferrooxidans, 0060-
3HayeHHbI TFUd. O01mumii Bua KJIETOK MpeacTaBIeH
Ha puc. lau 3a. Kitletku umenu (popMy KOpOTKHUX Mayio-
yek mmprHoi 0.4—0.5 MM 1 mmHoit 0.6—0.8 MKM,
CHaOXeHbl OIHUM IIOJIIPHBIM KTYTUKOM (puc. 10).
ramm TFUd siBnsieTcst Me30(pMIbHBIM OPTaHU3MOM C
orruMyMoM TemmepaTtypbl 28—30°C, HO OH TaKxXe XO-
POLLIO pacTeT U OKMUCISIET 3aKMCHOE XKeJie30 Ipu 5°C.
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Puc. 3. lltamMmMbl GakTepuii, BbIAEACHHbBIX M3 HAKOIMUTEIbHON KYABTYpbl. Bua B 3JIeKTPOHHOM MHKPOCKOIIE B IPOCBEYMNBAIO-
mem pexume: A. ferrooxidans TFUd (a), L. ferrooxidans 1L.Ud (0, B).

OCo0eHHOCTb 3TOrO IITAMMA — YCTOMYMBOCTh K HU3-
KuM 3HauyeHusIM pH. OkuciaurebHast aKTUBHOCTD TTPH
3HauyeHMsIxX pH 1.1—1.3 Obu1a TaKo# Xe, KaK 1 P OIl-
TUMaIbHBIX 3HaYeHusix pH 1.8—2.0. [Ipu msyyeHun
ctpykTypbl XxpoMocomHoi JIHK mramma TFUd meTo-
JIOM TTyJIbC-2JIEKTpOoope3a MoKa3zaHoO €ro OTJIUYUE OT
JPYTUX U3BECTHBIX IITAMMOB A. ferrooxidans (puc. 2).

B nakonurensHOM Kyasrype Ipu 20°C Hapsimy ¢
A. ferrooxidans nabmonany 00JbllIOe KOJTUYECTBO KJle-
TOK Jenrocnupwul (puc. 36, 3B). Mopdonornueckun
etk L. ferrooxidans 1L.Ud nmeroT ¢hopMy BUOPHOHOB
1 CIUPWII, CHAOXEHHBIX MOJISIPHBIM XTIyTUKOM. 1o
ctpyktype xpomocoMHoi JIHK BwimeneHHBIN mTamMmm
CYIIIECTBEHHO OT/IMYajics OT mrTamma L. ferrooxidans 97
13 My3esl 1JabopaTopur XeMOJIUTOTPODHBIX MUKPOOP-
ranu3zmoB MHMM PAH (puc. 2a).

ITpu 20 u 35°C ObLT BBIAEACH HOBBII U30JIST XKee-
30- U CEPOOKMCIIsIIONLIEe GakTtepun S. thermotolerans,
obo3HaueHHbIn SUd (puc. 4). Temmeparypa 35°C oka-
3a/Iach ONTUMAILHOM IS POCTA M OKUCJICHUST 3aKUC-
Horo xkene3za mramMoM SUd. Mopdosorust mramMmma
SUd tunuuHa pist 6akrepuilt poaa Sulfobacillus. 910
IrpaMIIOJIOKUTENbHBIE Manodku pasMmepom 0.7—0.8 x
x 1.5—3.5 MM, 9acTO 0Opa30BBLIBAJIM 1IETIOYKHN 13 Ye-
ThIpeX 1 0oJiee KJIETOK, HenoaBKHbIe. LlItamm S. ther-
motolerans SUd B KauecTBe MCTOYHNKOB SHEPTUU MC-

Puc. 4. llltamm S. thermotolerans SUd, BeIneIeHHBIN U3
HaKOMUTEJbHOUN KYJBTYpbl. BU B 271eKTPOHHOM MUKPO-
CKOITe B TPOCBEUMBAIOILEM PEXUME.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MHOJIB30BAJI 3JIEMEHTHYIO Cepy, 3aKMCHOE KeIe30 U
cynbduIHbIe MUHEpaTbl. 10 CTpOeHNIO XPOMOCOMHOM
JHK oTnmyancst oT u3BECTHBIX IITAMMOB S. thermosul-
fidooxidans, S. thermotolerans u S. sibiricus (puc. 5) [10].

IITamMmel 6akTepuit A. thiooxidans n apxeu B Ipo-
0ax MeIHOI pydbl He OOHApPYKEHHEI.

Bansaue Temneparypsl u 3Hadenusi pH pacrtBopa
HA Bblle1aunBanue mpoobl Ne 1 memnoii pyapl. Boliie-
JIadMBaHWE PyIObl IPU pPa3HBIX TeMIlepaTypax M 3Ha-
yeHUsX pH mpoBoanan KyabTypabHOM XXKUIKOCTHIO,
cojepKalleii MUKpOOpraHU3Mbl aDOPUTEHHOM acco-
MalMX U TPeXBaJEHTHOE Xejle30 B KOHLEeHTpaluu
7.6—8.4 /1. Pe3ynabTaThl BHILLIEIAYMBAHUS MEOU U3
npoObl Ne 1 MemHOM pyabl IIpeacTaBieHbl B Ta0d. 2.
Ipu ommHakoBoM 3HadeHwuu pH 1.6 um3BIcUcHME
CEpHOM KWCIIOTOM MPOTEKAJI0 aKTUBHEE, B CpeaHEM
Ha 13%, npu temmieparype +20°C, yuem nipu +4°C. 3a
4 cyT BHILICIaYMBaHUS IIpU TeMItepatype +20°C u3-
BlIeyeHrMe Meau coctaBuwio 35.9%, mpu +4°C —
24.4%. bonee NHTEHCUBHOE M3BJICUCHNE MEIX B Ha-

Puc. 5. IIpoduns dparmeHToB xpomocomHoit JHK
mrramMmMoB Sulfobacillus: 1— S. sibiricus, 2 — A. ferrooxidans
BKM B-458 (pa3mepHsblii cranaapt), 3 — S. thermotoler-
ans SUd.
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Taomuna 2. M3BiedeHre Meau mpu 6aKTeprabHO-XMMHUUECKOM BhIIIeIauYMBaHUM MpoObl Ne 1 YnokaHCKOM MeTHO py-

JbI B pa3HbIX TEMIIEPATYPHBIX PEXKHUMax

W3Bneuenune meau, %
Bpems
BBILLIEIaYMBa- 20°C 4°C 0...—2°C -8...—10°C
HUS, CYT
pH 1.6 pH 1.0 pH 1.6 pH 1.0 pH 0.4 pH 0.4 pH 0.4

1 18.6 20.4 17.1 19.3 40.6 38.4 37.2

4 359 37.8 24.4 33.5 49.2 41.2 41.7

21 53.9 51.9 36.9 37.8 58.0 44.2 42.1

35 61.3 57.5 46.8 47.3 60.2 45.4 43.7

56 614 60.1 58.5 53.4 64.6 45.5 44.3

77 65.4 65.3 60.4 58.1 66.5 46.6 44.9
137 76.0 74.2 74.0 68.1 68.5 51.0 45.3
160 79.3 77.4 75.6 70.4 69.9 53.1 46.7

yajie BblleJaunuBaHus pyasl ripu 3HaueHuu pH 1.0 B
TeMmrnepaTypHbix pexumax 20 u 4°C, a takxke npu
pH 0.4 u Gojlee HU3KMX TemIepaTypax IIIO 3a CYET
OoustbIIeit KUCIOTHOCTU pacTBopa. M3BnedeHne Menu
3a 4 cyr nipu temiieparype ot 0 mo —2°C cocTaBuiIO
41.2%, a or —8 1o —10°C — 41.7%, 4TO COOTBETCTBYET
77.6—89.3% Menu B OKWCIIEHHBIX MUHEpalax pYyIbl.
OnHako BbICOKast KUCJIOTHOCTb 1 HU3KUE TeMITepaTyphbl
WHIUOMPOBAIM MUKPOOPTaHU3MBI — PEreHepPaTophl
okucnurensi Fe,(SO,); B OakTepuaibHO-XUMUYECKOM
npoliecce, MO3TOMY CO BpeMEHEM U3BJIicUeHUE MEIU
CHIDKaI0Ch. OCOOEHHO 3TO 3aMETHO ITPY HU3KUX TEM-
nepatypax: ot 0 mo —2°C u ot —8 1o —10°C.

OnTUMATEHOM TeMIepaTypoil Il KU3HEIesTeb-
HOCTY JOMUHUPYIOIIETO MUKpPOOpPraHu3ma A. ferrooxi-
dans sensnack 28—30°C. Kak BumHO 13 1adi1. 2, IIpo-
1eCC BBIIIEIAYNBaHMS Mear 13 TIpoOkI N 1 11reJr oTHO-
CUTEJIbHO aKTMBHO U Tipu Oojiee HUBKUX, HO
MOJIOKUTENILHBIX TeMIIepaTypax, TaK KaK M3BJICUCHUE
MeIHU TIPEBHIIATIO COIepKaHNe OKMCIEHHBIX MUHEpa-
JoB. Ilpu oTpulaTeNbHBIX TeMIlepaTypax OaKTepuu
MOJTHOCTBIO TpeKpallaini CBOIO JeSTeIbHOCTb, 4TO
MOATBEPXKIATIOCh Pe3y/IbTaTaMU BBIIIEIAYMBAHUS: 13-
BJIEYEHME MEIY B KOHIIE IIpoLiecca He MpeBhIIaio 46.7
u 53.1%, 4TO HeMHOro OOJbIIEe COAEPKAHUS MEIU B
OKUCJIEHHBIX MUHepasax B pyae (42.3%).

WM3BrnedyeHue Menu U3 pyabl BO3pacTaio Kak Mpu
MOBBILICHUN TeMIIepaTyphbl, TaK U MPU MOBBIIICHUU
sHauyeHust pH ot 0.4 10 1.6 Ipu MOJTOXKUTETBHOM TeM-
rneparype.

Bimsnue Temmeparypbl HA BbIIeIAYMBAHHE TIPOO
Ne2 u Ne 3 memnoii pyasl. BernenaunBanue Menu u3
npo6 Ne 2 1 Ne 3 MenHOI pyabl TPOBOAWIIN MPU S5 U
20°C npu mopaepxanuu 3HayeHust pH 1.6—1.9 (puc. 6).

B miepBbIe 5 cyT B 000MX TeMIepaTypHBIX PEXXMMAaX
HaOIoaI UHTEHCUBHOE pacTBOpeHue menu. B mo-
caenyroiye 10 cyT BbllllelayBaHUEe MEIU CHUXKAJIOChH
W MOpaKTUYECKU TpeKpainaioch Ha 16—21 cyt. Ilpu
20°C BblIIETaYMBAHUE MEOW KHUCJIOTOM B TEUEeHUE

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

17 cyT akTMBHEE TTPOMUCXOIWIO U3 TIpoobl Ne 2, comep-
XKallei 0oJblile OKUCIEHHBIX (pa3 Meau, YeM B Ipode
Ne 3 pymer (puc. 6a, 66). [Tocne modapneHus Ha 21 cyT
KYJBTYypajbHOI XUAKOCTU, COAepKalleid MUKpoopra-
Hu3MHI 1 2.9 /1 Fe**, ussneyeHue Menm Bo3pacraio,
WHTEHCHBHEE U3 IIPOoOBLI N2 3, 4TO OOBSICHSIJIOCH OKHC-
JICHUEM CYIb(PUIHBIX MIHEPAJIOB.

ITpu 5°C xapaxrep BblllieTauMBaHUSI MEIU U3 00€-
X Ipo0 pyabl OMMHAKOB, U, TaK Xe, Kak 1pu 20°C, u3-
BJIEUeHUE Meay OoJblire u3 poobl Ne 2 (puc. 6B, 6r).
ITocne cHuXeHUsST W3BJICUYEHUST Meau a00aBieHUE
KYJIBTYpaJbHOU XXUAKOCTU, CoiepKallleii MUKpoopra-
HU3MBI U MOHBI Fe’t| moBbIano pacTBOpeHUe Mel-
HBIX MUHEPAJIOB OYeHb HE3HAYNTEIFHO B OTJIMYHE OT
npouecca npu 20°C.

M3BnedyeHne Menu Npu BblllieIauruBaHAU POObI No 2
nipu 20°C cocraBuiio 83.61%, 4T0 HEHAMHOTO OOJIBILIE,
yeM 1ipu 5°C — 81.63% (tabm. 3). U3BneyeHue meau
npu BblleaaurBaHuM Mpoobl Ne 3 ripu 20°C coctaBuiio
60.32%, atipu 5°C — 54.16% (Taou. 3).

W3Bneyenue meau us npodbl Ne 1 3a 35 cyt —
46.8% nipu 4°C u pH 1.6 (TabGi. 2) HUXe, YEM IIPU 1O~
YTH TOI Xe TeMIiepaType U 3HadyeHuu pH u3 mpoObI
Ne 3 — 54.16% (taba. 3) m OJIM3KOM CTeTIeHN OKMC-
JIEHHOCTH MUHepaiaoB Meau (42—43%) (taba. 1), 9to
OOBSICHSIETCSI PAa3IMYMEM PEXKMMOB BhbIILIETaAYMBAHUS
U Pa3sHbIM MUHEPAJIbHBIM COCTABOM PYIbI.

Ilpy cHIDKEHUM TeMIIepaTyphbl BbILIEIAYUBAHYSI
MEeIHO pyabl U3BJICUeHE MEeIU YMEHbIATIOCh Ha 2.4%
n3 mpoos! Ne 2 1 Ha 10.2% 3 1ipo6s1 Ne 3, HO TTOBBI-
IIAJICSI PACXOJT CEPHOM KMCJIOTHI HAa U3BJICYEHHYIO ME/Ib:
Ha 12% 1a ipo0y No 2 1 Ha 4% Ha 11po0y Ne 3 (Tabur. 3).
Pacxon xuciorsl Ha BolileiaunBaHue meau (0.82—
0.92 kr/kr meau 13 TIpodbl Ne 2, comepkaitieit GoJiblie
OKUCJIEHHBIX MUHEPAJIOB MeIU, OOJIbIIIE, YEM 13 TTPOODI
Ne 3 ¢ MeHBlIIIe CTENEHbIO OKMCIEHHOCTH MEIHBIX MU~
HepaioB — 0.52—0.54 xr/kr meau.

Takum oOpazoM, XMMHUYECKOE pAaCTBOPEHUE ME-
HBIX MHUHEPAJIOB IIPOMCXOJIUT BO BCEM OHMAIla30HE
Ne 5
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Puc. 6. Boiiesnauuanue meau us nmpo0Osl pyasl Ne 2 ripu 20°C (a), v u3 ipoobl Ne 3 (6); ipu 5°C — u3 poOsbI pyast Ne 2 (B) u

13 po6bl Ne 3 (T).

I — cMeHa BhIIIETIaYMBAIOIIETO pacTtBopa, II — BHeceHme Kyanypaanof/I KUAKOCTH C 6aKTepI/IﬂMI/I.

temmnepatypbl oT —10 10 +20°C 1 uHTeHCUDULUPY-
eTCsI TIPU TIOBBILIEHUH KOHLIEHTPALIMU CEPHOI KUC-
notel o pH 1.6 no 0.4. AunaodpuIbHbIE XeMOJIUTO-
TpodHBIe MUKPOOPTAHU3MBI YYaCTBYIOT B Mpoliecce
BBIIIEJIAYMBaHNA Mean u3 pyasl npu pH conee 1.0 n
Mpy TMOJOXUTEJbHBIX TeMreparypax. K3BieuyeHue
MEIH M3 PyIObl BO3pACcTaeT IPH MOBBIIICHUN TeMIIC-

patypsl 1 npu yBeqmdeHnu 3HadeHust pH or 0.4 mo
1.6 mpu MOJIOXUTENBHOM TeMmepaType. Pacxom cep-
HO# KMCJIOTHI B pacueTe Ha U3BJICYSHHYIO Mellb BO3-
pacTtaer Ipy CHIDKEHUH TeMITePaTyphI.

TIpoBeneHHast pabora mokasajia BO3MOXHOCTbH BBI-
11IeJTaYMBaHMSI MEAHBIX Pyl YIOKaHCKOTO MECTOPOXKIIe-

Tao6yuna 3. M3BieyeHre MeIM U pacXo CEPHOIM KMCIIOThI IPU OaKTEpHaTbHO-XMMHUYECKOM BhIlIeJIadynBaHUM TPpo0 Ne 2
n No 3 YmokaHCKOI MEIHOI pyIbl B pa3HBIX TEMIICPATYPHBIX peXXMax

Pacxon cepHOIi KMCJIOTBI
Bpemst BIIIE/a- oy— y—— Ussneuyenue menu, %
YUBaHMS, CYT

20°C 5°C 20°C 5°C 20°C 5°C

ITpoGa Ne 2
5 13.47 18.87 0.48 0.68 24.0 33.82
9 20.70 33.40 0.52 0.75 46.33 54.75
15 30.63 37.03 0.60 0.72 63.22 62.70
17 32.43 38.83 0.61 0.73 72.0 74.70
21 33.33 39.73 0.61 0.74 75.0 76.80
33 51.17 51.63 0.82 0.92 83.61 81.63

IMpo6Ga Ne 3
5 21.33 17.40 0.82 0.44 27.21 26.95
24.93 24.63 0.50 0.41 38.42 43.05
15 28.56 30.06 0.42 0.40 49.14 49.92
17 29.46 31.86 0.36 0.39 51.89 51.34
21 31.26 32.76 0.38 0.39 52.86 51.73
33 46.56 48.20 0.52 0.54 60.32 54.16
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KOH/IPATBEBA u np.

HUS B YCJIOBUSIX CYpOBOTO KJIMMaTa paCTBOPaMU CEpHOM
kuciotsl ¢ pH 0.4 ipu Temniepatypax ot —10°C u Bbllle

nc

MUKPOOPTaHU3MOB,

Fe?

MIpYMEHEHNEM allIOMIITEHBIX XeMOJTUTOTPOMPHBIX
pPETEHEPUPYIOIINX  OKMCIUTETh
* W OKUCIISIONINX YITOPHBIE CYIb(MUIHBIE MIHEpA-

JIbI, COACPKAIIMUE ME/Ib, ITPU TTOJIOKMTC/IbHBIX 3BHAYCHU -
AX TEMITIEPATYPhI U HU3KMX 3HAYCHUAX pH

PaGora BhImOJHEHA IIpn IoAAdCP>KKE TIpaHTa

PODU 10-04-00589.
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Leaching of Copper Ore of the Udokanskoe Deposit
at Low Temperatures by an Association of Acidophilic
Chemolithotrophic Microorganisms

T. F. Kondrat’eva“, T. A. Pivovarova“, L. N. Krylova?, V. S. Melamud®,
E. V. Adamov’, and G. 1. Karavaiko*
¢ Winogradsky Institute of Microbiology Russian Academy of Sciences, pr. 60-letiya Oktyabrya 7/2, Moscow, 117312 Russia
e-mail: kondr@inmi.host.ru
b National University of Science and Technology “MISIS,” Leninskii pr. 4, Moscow, 119049 Russia
e-mail: krulov@yandex.ru
Received January 19, 2011

Abstract—Pure cultures of indigenous microorganisms Acidithiobacillus ferrooxidans strain TFUd, Lep-
tospirillum ferrooxidans strain LUd, and Sulfobacillus thermotolerans strain SUd have been isolated from the
oxidation zone of sulfide copper ore of the Udokanskoe deposit. Regimes of bacterial-chemical leaching of
ore have been studied over a temperature range from —10 to +20°C. Effects of pH, temperature, and the pres-
ence of microorganisms on the extraction of copper have been shown. Bacterial leaching has been detected
only at positive values of temperature, and has been much more active at +20 than at +4°C. The process of
leaching was more active when the ore contained more hydrophilic and oxidized minerals. The possibility of
copper ore leaching of the Udokanskoe deposit using sulfuric acid with pH 0.4 at negative values of temper-
ature and applying acidophilic chemolithotrophic microorganisms at positive values of temperature and low

pH values was shown.
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INCREASE OF ETHANOL PRODUCTIVITY BY CELL-RECYCLE
FERMENTATION OF FLOCCULATING YEAST
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Using the recombinant flocculating Angel yeast F6, long-term repeated batch fermentation for ethanol pro-
duction was performed and a high volumetric productivity resulted from half cells not washed and the optimum

opportunity of residual glucose 20 g 1-! of last medium. The obtained highest productivity was 2.07 g1~ h~!, which
was improved by 75.4% compared with that of 1.18 g1~! h~! in the first batch fermentation. The ethanol con-

centration reached 8.4% corresponding to the yield of 0.46 g g~!. These results will contribute greatly to the
industrial production of fuel ethanol using the commercial method with the flocculating yeast.

Since the oil crisis of 1973, the biological produc-
tion of ethanol has become one of the top candidates
for the replacement of petrochemicals for energy us-
age. At the same time the use of bioethanol is consid-
ered advantageous from an environmental point of
view. However feasible solutions do not guarantee a
breakthrough in the usage of the renewable resource
unless the prices of products obtained are competitive
with those from fossil raw materials. Numerous studies
have been performed dealing with various aspects of
ethanol fermentation. The raw material represents a
major share of the production costs [1], and any im-
provement ethanol productivity should lead to an im-
proved process economy.

Long-term cell-recycle fermentation showed a higher
volumetric productivity of ethanol than a simple batch
fermentation, because a shorter fermentation time and
higher substrate consumption rates were obtained in cell-
recycle fermentation. However, centrifugation is usually
too complex to be economically viable on a large scale
and is difficult to maintain aseptic conditions. The ability
of yeast cells to flocculate is of considerable importance
for the fuel ethanol industry, as it provides an effective,
environment-friendly, simple and cost-free way to sepa-
rate yeast cells from the final culture fluid, thus facilitat-
ing further downstream processing.

It also is one of the feasible approaches that the
production of byproducts should be minimized.
Quantitatively, carbon dioxide, glycerol and cell biom-
ass are the most significant byproducts during anaero-
bic ethanol production by Sacharomyces cerevisiae [2].
Carbon dioxide is an inevitable fermentation product,
but the off-gas can be sold as a high-quality raw mate-
rial. Substantial amount of glycerol, up to 10% (w/w)
of the carbon source, may be formed under anaerobic
conditions for the purpose of reoxidising surplus

NADH being formed in anabolism [3—5]. Another re-
search states that glycerol consumes up to 4% of the
carbon source in industrial fermentations [6]. Glycer-
ol is also produced as a compatible solute during os-
motic stress [7].

Using the flocculating Angel yeast F6 which was de-
scribed previously [8], ethanol was attempted to be pro-
duced at a high volumetric productivity by cell-recycle
fermentation. Although many studies have constructed
the flocculation yeast [9—12], the recombinant yeast
strain has seldom been applied to ethanol production by
cell-recycle fermentation. Therefore, the flocculation
Angel yeast F6 was recycled without centrifugation and
the experiment performed for 16 recycle rounds and a
highest productivity of 2.07 g 1-! h~! during 8th recycle
round was achieved.

MATERIALS AND METHODS

Microorganism and media. Angel yeast F6 was con-
structed previously and maintained in a frozen state at
—70°C. The preculture contained (g 17!): yeast extract —
8.5, glucose — 30.0, (NH,),SO,— 0.5, MgSO, — 0.1 and

CaCl, — 0.06. The fermentation medium consisted of

(g171): yeast extract — 5.0, glucose — 150.0, (NH,),SO, —
0.5, MgSO, — 0.65, CaCl, — 2.0 and KH,PO, — 1.5 in
static Erlenmeyer flasks (250 ml) containing 150 ml. Five
percent (v/v) of the seed culture was inoculated, and the
initial pH of the medium was adjusted to 5.0.

Batch fermentation. Growing cells of S. cerevisiae
Angel yeast F6 were precultured in a 250 ml Erlenmeyer
flasks containing 50 ml of the growth medium at 30°C
with agitation at 200 rpm for 12 h. This seed culture was
then inoculated into a 250 ml Erlenmeyer flasks contain-
ing 150 ml of the fermentation medium. The initial pH
was adjusted to 5.0, although pH was not controlled dur-
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Table 1. Choice of re-inoculated opportunity

WANG wu ap.

RG oflast medium, g/1
Indicators
40 30 20 10 0
Fermentation 48 56 48 56 48 56 48 56 48 56
time, h
EC, %, v/v 6.2 7.0 7.1 7.4 7.7 7.7 6.6 6,6 6.7 6.7
Yield, g/g 0.34 0.40 0.41 0.42 0.44 0.44 0.38 0.38 0.38 0.38

ing the fermentation. Temperature was maintained at
30°C and the fermentation was performed statically.

Cell-recycle fermentation. After the completion of
batch fermentation with a working volume of 150 ml in
a 250 ml Erlenmeyer flasks, cell-recycled fermenta-
tion in the Erlenmeyer flasks was performed. Whenev-
er the glucose concentration fell below about 20 g 17!,
the cultural medium was transferred and half of cells
were kept. A fresh medium was added to the cells re-
covered from the Erlenmeyer flasks to give 150 ml in
all recycle rounds. Cell-recycle fermentation with the
flocculating cell was performed for 16 recycle rounds.

Analytical methods. Glucose concentration assay.
Glucose concentration was measured by using biosen-
sor analyzer with a glucose oxidase (GOD) coupled
enzymatic membrane.

Dry cell weight assay. Dry cell weight (DCW) was
obtained after centrifuging at 1500 g for 15 min,
washed twice with distilled water, re-centrifuged and
dried at 105°C for 24 h.

Ethanol concentration assay. Ethanol concentra-
tion was measured by using Shimadzu GC-2010 gas
chromatography (Japan) with a PEG20M column
(internal diameter 0.25 mm, length 3 m) and a FID
detector. Nitrogen was used as the carrier gas at a flow
rate of 3 ml/min while n-propanol was used as the in-
ternal standard. The column temperature was main-
tained at 220°C.

RESULTS AND DISCUSSION

Choice of the cell-recycle opportunity. It was proved
in the experiment that glucose was the most important
factor influencing the ethanol production of the re-
combinant Angel yeast F6 (data not shown). The re-
sidual glucose concentration of the medium was taken
as the standard of the choice of the cell-recycle oppor-
tunity. As was shown in Table 1, the yeast cells were re-
used when the residual glucose (RG) of last medium
was more than 30 g 17!, the fermentation time was
longer than those of the other three ways. The cells
were recycled when the residual glucose of last medi-
um decreased to less than 10 g1~!, the ethanol concen-
trations in the fermentation media were lower and fer-
metation time were longer. The optimum opportunity
for yeast cells to reuse was the residual glucose con-
centration of 20 g 17! in the fermentation medium with
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the maximum ethanol concentration of 7.7% and
yield of 0.44 g g~! obtained.

Repeated batch fermentation with all and half cells.
Repeated batch fermentation means that culture broth
is centrifuged at the end of ordinary batch fermenta-
tion and centrifuged cells are recycled for the next
batch fermentation [13]. In this study, the recombi-
nant Angel yeast F6 flocculated from the early station-
ary growth phase. At the end of batch fermentation
yeast cells sedimented at the bottom of flask and was
reused for the next batch by taking the above medium
out, without centrifugation.

The effects of the different amount of recycled cells
on the ethanol production were investigated. As shown
in Fig. 1, the variety of biomass was especially obvious
and increased with the rounds of cell-recycle fermen-
tation. The final biomass of the sixth batch fermenta-
tion with half recycled cells increased to 4.22 g 17!,
which was 1.7-fold compared with the 2.48 g1~! of the
first original batch. However, when repeated batch fer-
mentation performed with all cells to reuse, the final
biomass was 5.94 g 1-! of the sixth batch fermentation,
which was 2.4-fold compared with the 2.48 g 1-'. The
ethanol concentration also increased with the rounds
of cell-recycle fermentation during the six batch fer-
mentation. But the variety of the ethanol concentra-
tion was only improved by 18.3% from 7.1 to 8.4%, not
so much as the biomass. In the second repeated batch-
es the ethanol concentration of fermentation with all
recycled cells was 7.6%, higher than those with half re-
cycled cells, which was 7.2%. Then they were main-
tained similar after the third repeated recirculation.

The ethanol concentration could be improved in
the fermentation with cell recycled, but had not obvi-
ous difference between the fermentations with all and
half recycled cells. The repeated fermentation with
half recycled cells could reduce the quantity of cells, so
one of the most significant byproducts during anaero-
bic ethanol production was reduced.

Repeated batch fermentation with recycled cells
washed and not washed. The influence of washing reused
cells on ethanol formation was investigated. Experiments
were divided into two groups. In one group (A) recycled
cells were washed with distilled water before reuse during
six batch fermentation. In the other group (B) recycled
Ne 5
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Fig. 1. Time courses of biomass (a) and ethanol (b) concentration in repeated batch fermentation with all (1) and half recycled

cells (2).

cells without washing were directly reused. The results
were shown in Tables 2 and 3, respectively.

As shown in the two tables, half cells were reused for
the next batch fermentation. The final dry cell weight
(DCW) in each cycle increased with the rounds of fer-
mentation. The biomass of group A was similar to that of
group B. But the ethanol concentration of group A in-
creased from 7.1 to 7.6%, and yield was from 0.39 to
0.42 g g~!. Both were lower than those in group B, which
were from 7.1 to 8.1%, and from 0.39 to 0.45 g g~'. Fur-
thermore the highest productivity of 1.90 g I"'! h~! in
group B was higher than that of 1.79 g1=! h~! in group A.
Fermentation with recycled cells not washed was prior to
that with recycled cells washed, which indicated that the
activity of washed cells were decreased and the ability of
ethanol formation was inhibited.

Repeated batch fermentation with the flocculating
Angel yeast F6. Time courses of biomass, glucose and

ethanol concentration in 16 rounds of repeated fer-
mentation with half recycled cells not washed were
shown in Fig. 2. The biomass increased with the in-
crease of recycles constantly during the first 11 batches
and reached 5.21 g 1! at the end of 11th batch, which
was 2.1 times as the first ordinary batch 2.48 g1=!. The
final ethanol concentration kept increasing in the first
10 batches and reached 8.4% at the end of the 10th
batch. Although the final ethanol concentration did not
change much from 6.5 to 8.4%, the fermentation time
varied from 32 h to 48 h, and the volumetric productivity
varied from 1.08 to 2.07 gI=! h~!. In the 8th batch, the fi-
nal ethanol concentration was 8.3% for 32 h, and corre-
sponded to an ethanol yield of 0.46 g g~! and a volumetric
productivity of 2.07 g I-! h~!, which was improved by
75.4% compared with that of 1.18 g 17! h~! in the first
batch fermentation.

Table 2. Repeated batch fermentation with recycled cells washed

Round of fermentation
Indicators

1 2 3 4 5 6
Initial DCW, g/1 0.65 1.22 1.45 1.62 1.69 1.81
Final DCW, g/1 2.48 2.88 3.23 3.34 3.52 3.64
Fermentation time, h 48 46 42 38 36 34
EC, %, v/v 7.1 7.0 7.2 7.4 7.5 7.6
Yield, g/g 0.39 0.39 0.40 0.41 0.41 0.42
Productivity, g/1 h 1.18 1.22 1.37 1.56 1.66 1.79
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Table 3. Repeated batch fermentation with recycled cells not washed

Round of fermentation
Indicators

1 2 3 4 5 6
Initial DCW, g/1 0.65 1.24 1.39 1.52 1.71 1.84
Final DCW, g/1 2.48 2.78 3.11 3.41 3.78 3.95
Fermentation time, h 48 46 42 38 36 34
EC, %, v/v 7.1 7.2 7.4 7.6 7.9 8.1
Yield, g/g 0.39 0.40 0.41 0.42 0.44 0.45
Productivity, g/1 h 1.18 1.25 1.41 1.60 1.76 1.90

Actually the recycled fermentation with the recom-
binant flocculating Angel yeast F6 has been performed
for 16 rounds (Fig. 2). From the 6th to 12nd rounds,
the final ethanol concentration kept stability of more
than 8.0% and each fermentation time did not exceed
48 h of the ordinary batch fermentation. During the
13rd to 16th batches, the ethanol concentrations var-
ied from 7.9 to 6.5%. As the volumetic productivity

DCW, g/I
S = N W AN W N

declined 1.08 g 1I"! h~! in the 16th round, which was
lower than that of the ordinary batch fermentation, it
was not worthy to continue the cell-recycle fermenta-
tion and 15 rounds of repeated-batch fermentation
were accessible.

Microorganisms were found to actively produce me-
tabolites under anaerobic conditions. Repeated fermen-
tation using the flocculation yeast has been performed

(a)

150
130
110
90
70
50
30

RG, g/1

(b) PO TR S

10

EC, %
L =)}
T

1 1 |

0 100 200

300

400 500 600

Fig. 2. Time courses of repeated fermentation with recycled cells of recombinant Angel yeast F6: a — DCV, g/1, b — RG, g/1; ¢ — EC, %.
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under anaerobic condition and high cell mass has been
easily obtained, resulting in much higher productivity.

k% ok

It was the optimum opportunity for yeast cells of the
recombinant Angel yeast F6 to reuse that the residual
glucose of the medium decreased to 20 g 1-!. The ethanol
yield and concentration could be improved in the fer-
mentation with cell recycle, but had not obvious differ-
ence between the fermentation with all and half recycled
cells. Fermentation with recycled cells not washed was
prior to that with recycled cells washed, which indicated
that the activity of washed cells decreased and the ability
of ethanol formation was inhibited.

Long-term repeated batch fermentation for ethanol
production with the recombinant flocculating Angel
yeast F6 was performed and a high volumetric productiv-
ity resulted from half cells not washed and the optimum
opportunity of RG 20 g I"! of last medium. The obtained
highest productivity was 2.07 g I"! h~!, which was im-
proved by 75.4%, compared with that of 1.18 g1=' h~! in
the first batch fermentation. The ethanol concentration
reached 8.4% corresponding to the yield of 0.46 g g~!.
These results will contribute greatly to the industrial pro-
duction of fuel ethanol using the commercial method
with the constructed flocculating yeast.
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Extracellular secretion of lignin peroxidase from Pycrnoporus sanguineus MTCC-137 in the liquid culture growth
medium amended with lignin containing natural sources has been shown. The maximum secretion of lignin per-
oxidase has been found in the presence of saw dust. The enzyme has been purified to homogeneity from the culture
filtrate of the fungus using ultrafiltration and anion exchange chromatography on DEAE-cellulose. The purified
lignin peroxidase gave a single protein band in sodium dodecylsulphate polyacrylamide gel electrophoresis corre-
sponding to the molecular mass 40 kDa. The K, k., and k,/K,,, values of the enzyme using veratryl alcohol and

H,0, as the substrate were 61 uM, 2.13s7!, 3.5 x 10*M~'s™'and 71 pM, 2.13 57", 3.0 x 10* M~ s~! respectively

at the optimum pH of 2.5. The temperature optimum of the enzyme was 25°C.

The lignin decomposing basidiomycete white rot
fungi secrete a hemeprotein, lignin peroxidases (LiP,
EC 1.11.1.7) which in presence of H,0, degrades lig-
nin and lignin model compounds [1]. The sequence of
catalysis is given below:

LiP (Fe’*) P + H,0,

— LiP-1(Fe**— O)P** + H,0, (1)
LiP-1 (Fe**-0) P+ + R
— LiP-1I (Fe** -O)P + R, )
LiP-1I (Fe*-0) P+ R+ 2H*
— LiP (Fe*)P + R* + H,0, )

where R is the organic substrate and P is porphyrin. LiP
compound I (LiP-I) carries both oxidizing equivalents of
H,0,, one as an oxyferryl (Fe**-O) center and one as a
porphyrin 7t cation radical (P* "), whereas LiP compound I1
(LiP-1II) carries only one oxidizing equivalent. The sub-
strate R is oxidized by compound I to an aryl cation radi-
cal which with subsequent nonenzymatic reactions yield
the final products. LiP is a biotechnologicaly important
enzyme having wide potential applications (I) in deligni-
fication of lignocellulosic materials [2] which are seen as
an alternative to the depleting oil reserves, (II) in the con-
version of coal to low molecular mass fractions [3] which
could be used as a feed stock for the production of com-
modity chemicals, (III) in biopulping and biobleaching
[4] in paper industries, (IV) in removal of recalcitrant or-
ganic pollutants [S—9] and (V) in the enzymatic polymer-
ization [10] in polymer industries. Keeping in view the
biotechnological potential of LiP, the authors have initiat-
ed enzymatic studies on the LiP from indigenous fungal
strains. LiP of Phanerochaete chyrosoporium has been ex-

tensively studied [11—13] and LiP of Trametes versicolor
[12], Pleurotus ostreatus [13], Polyporus ostroiformis [14],
Ganoderma lucidum [15], Aspergillus terreus [16], Fusari-
um oxysporum [16), Pencillium citrinum [16], Rizopus nig-
ricans [17], Pleurotus sajor-caju 18], Abortiporus biennis
[19], Pestalotia bicolor [19], Heterobasidium annosum
[19], Gloephyllum striatum [19], Loweporus lividus [19]
have been reported. The fungal strain Pycnoporus san-
guineus MTCC-137 is a white rot fungus isolated from
Shorea robusta and is reported to secrete laccase but its lig-
nin peroxidase has not been reported so far. Our research
interest in lignin peroxidases has prompted us to screen
this fungal strain for the secretion of lignin peroxidase.
The culture condition for the maximum secretion of the
enzyme has been optimized. The enzyme has been puri-
fied and enzymatic characteristics like K, pH and tem-
perature optima have been determined.

MATERIALS AND METHODS

Veratryl alcohol, which is 3,4-dimethoxy benzyl al-
cohol was from Aldrich (USA). Nitriloacetate was
from Sigma Chemical Co. (USA). The chemicals used
in gel electrophoresis including protein molecular
weight markers were procured from Bangalore Genei
Pvt. Ltd. (India). All other chemicals were either from
CDH (Delhi) or Loba Chemie (Mumbai) or SD Fine
Chem Limited (Worli, Mumbai) and were used with-
out further purification.

Fungal strain. The fungal strain was procured from
Microbial Type Culture Collection Center and Gene
Bank, Institute of Microbial Technology, Chandigarh
and was maintained on agar slants [20]. The medium
used for agar slants for the fungal strain Pycnoporus
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Fig. 1. Secretion of ligninperoxidase by P. sanguineus MTCC-37 in the liquid culture medium supplemented with different nat-
ural lignin containing substrates: coirdust (/), sawdust (2), bagasse (3), corn-cob (4), wheat straw (J5), and without substrate.
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Fig. 2. Optimisation of secretion of ligninperoxidase in the liquid culture medium amended with sawdust (/—7) by the fungal

strain P. sanguineus MTCC-37.

1—100, 2— 200, 3 — 400, 4— 500, 5 — 600, 6 — 800, 7— 1000 mg.

sanguineus MTCC-137 consisted of (g/1): glucose —
10, yeast extract — 5.0 and agar — 15.0, dissolved in
double distilled water.

Enzyme assay. The lignin peroxidase activity has
been assayed [11] by monitoring the formation of ve-
ratraldehyde spectrophotometrically at A = 310 nm
using veratryl alcohol as a substrate with UV/VIS
spectrophotometer Hitachi (Japan) model U-2000,
which was fitted with electronic temperature control

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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unit. Molar extinction coefficient value 9300 M~! cm™!
for veratraldehyde was used to calculate the enzyme
unit. One unit (IU) of lignin peroxidase was defined as
the amount of enzyme, which converts one uM of ve-
ratryl alcohol to veratraldehyde under the standard as-
say condition. The least count of absorbance measure-
ment was 0.001 absorbance unit.

Secretion and optimization. For the secretion of lignin
peroxidase, the fungal strain was grown in a medium

Ne5 2011
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Table 1. Purification steps

SHARMA u np.

Steps Total Protein, |Activity, _Speciﬁc thal thal Purification| Recov-
volume mg/ml U/ml |activity, U/mg | protein, mg | activity, U fold ery, %
1. Crude enzyme 720 0.20 0.28 1.41 144 203.04 1.00 100
2. Concentrated enzyme 10 1.43 3.12 2.17 14.30 31.16 1.53 15.30
3. Dialysed enzyme 18 0.51 1.35 2.64 9.18 24.30 1.87 11.96
4. DEAE cellulose 30 0.23 0.74 3.19 6.90 22.0 2.26 10.85

containing (g/1): glucose — 10.0, ammonium tartrate —
1.32, KH,PO, — 0.2, MgSO, - 7H,0 — 50 mg, CaCl, —
10.0 mg, thiamine — 10.0 pg/l and 1.0 ml of a solution
containing (g/1): MgSO, - 7H,0 — 3.0, MnSO, - H,0 —
0.5, NaCl — 1.0, and (mg/l): FeSO, - 7TH,O — 100,
CoCl, - 6H,0 — 185, CaCl,— 80, ZnSO, - 7H,0 — 180,
CuSO, - 5H,0 —10.0, AIK(SO,),— 10.0, H;BO;—10.0,
Na,MoQO, - 2H,0O — 12.0 and nitrilotriacetate — 1.5 g.
The pH of basal medium was adjusted to 4.5 with 20 mM
dimethyl succinate.

Extracellular secretion of lignin peroxidase in the lig-
uid culture medium by P. sanguineus MTCC-137, was
determined by inoculating a small piece of mycelia of size
5 mm diameter aseptically in 100 ml sterilized culture
flask containing 25 ml of the growth medium amended
with 500 mg of lignin containing natural substrates like
coir-dust, sawdust, bagasse particles, corncob, wheat-
straw and one control, the growth medium of which was
not amended with natural lignin containing substrate.
The culture was grown under stationary condition in a
BioChemical Oxygen Demand Incubator (B.O.D., In-
dia) at 30°C. 0.5 ml of the growth medium was with-
drawn at the regular interval of 24 h, was filtered through
Millipore (France) Millex-GS filter (0.22 pm) unit and
was assayed using the method described above [11]. En-
zyme unit/ml was plotted against the number of days of
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Fig. 3. Elution profile of the lignin peroxidase from DEAE
cellulose column.

1 — the activity, D5;(; 2 — protein, D74.

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

growth and the best inducer was decided on the basis of
the enzyme activity peak height.

In order to optimise the culture conditions for
maximum production of lignin peroxidase by the
above mentioned fungal strain, the amount of the best
inducer sawdust was varied from 100 to 1000 mg in
25 ml of the growth medium as mentioned above. In
this case also the enzyme units/ml of the growth me-
dium was plotted against the number of days after the
inoculation of the fungal strain. The amount of the in-
ducer in the growth medium which gave the maximum
height of the enzyme activity peak was taken as the op-
timal amount of the inducer.

Purification. The enzyme was purified by growing
the fungal strain in thirty sterilized 100 ml culture
flasks each containing 25 ml of the liquid culture
growth medium containing optimal amount of saw-
dust 600 mg. The maximum activity appeared in the
growth medium on the 5™ day after inoculation of the
fungal mycelia. When the maximum activity appeared
in the culture flasks, the cultures of all flasks were

2 1
-
w  97kDa
o 68
o 43
LiP - 29
B 20
14
-

Fig. 4. SDS—PAGE analysis results of the lignin peroxi-
dase. Lane / — the molecular weight markers (from top):
phosphorylase (97 kDa), bovine serum albumin (68 kDa),
ovalbumin (43 kDa), carbonic anhydrase (29 kDa), soya
bean trypsin inhibitor (20.1 kDa) and lysozyme
(14.3 kDa); Lane 2 — the purified ligninperoxidase (20 pig).
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Table 2. The enzymatic characteristics for lignin peroxidases from different sources using veratryl alcohol and H,O, as the substrates

Fungal strains K, for veratryl alcohol, pM K, for H,0,, uM | Temperature, °C pH
Phanerochaete chrysosporium 60 80 26 3.0
Penicillium citrinum 69 64 30 4.0
Fusarium oxysporium 64 72 25 2.3
Aspergillus terreus 60 80 22 2.0
Loweporus lividus 58 83 24 2.6
Gloeophyllum sepiarium 55 75 25 2.5
Pycnoporus sanguineus* 61 71 25 2.5

* Present study.

pooled, mycelia was removed by filtration through
4 layers of cheese cloth. The culture filtrate 720 ml
with 0.282 IU/ml activity was concentrated with Am-
icon Concentration Cell Model 8200 (USA) using
PM-10 ultrafitration membrane with molecular
weight cut-off value 10 kDa to 10 ml. The concentrat-
ed enzyme was dialysed against 1000 times excess of
5 mM sodium succinate buffer pH 5.5 overnight at
20°C. The dialysed enzyme was loaded on a DEAE
column of 1 cm diameter and 16 cm height which was
preequilibrated with the same buffer. The adsorbed
enzyme was washed with 50 ml of the same buffer and
was eluted by applying NaCl gradient (0—200 mM;
50 ml/50 ml). Fractions (5 ml) were collected and
analysed for lignin peroxidase activity [11] and protein
concentration [21]. The active fractions were com-
bined and concentrated with the Amicon Concentra-
tion Cell Model 8200, and there after with Model-3
using ultrafiltration membrane PM10. The concen-
trated enzyme was stored at 4°C and was used for fur-
ther studies. The enzyme did not loose activity for two
months under these conditions.

SDS-Polyacramide gel electrophoresis. The homoge-
neity of the enzyme preparation was checked by SDS—
PAGE analysis using the method of Weber and Osborn
[22]. The separating gel was 12% acrylamide in 0.375 M
Tris-HCI buffer pH 8.8 and stacking gel was 5% acryla-
mide in 0.063 M Tris-HClI buffer 6.8. Proteins were visu-
alized by staining with Coomassie Brilliant Blue R —
250.The molecular weight markers were phosphorylase
(97.4 kDa), bovine serum albumin (68 kDa), ovalbumin
(43 kDa), carbonic anhydrase (29 kDa), soya bean
trypsin inhibitor (20.1 kDa) and lysozyme (14.3 kDa).
Gel was run at a constant current of 20 mA using Tech-
nosource (Mumbai, India) mini vertical gel electro-
phoresis equipment model Monokin.

Steady state enzyme kinetics. The steady state enzyme
kinetics of the purified lignin peroxidase was studied by
measuring steady state rate of formation of veratralde-
hyde spectrophotometrically at 310 nm and using the
molar extinction coefficient value of 9300 M~! cm™! us-
ing veratryl alcohol as the substrate. The K, and V,,,,
values for the substrate veratryl alcohol were deter-
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mined by measuring the steady state velocity of the en-
zyme catalysed reaction at different concentrations of
veratryl alcohol (range 0.1—2.5 mM) at the fixed en-
zyme saturating H,0O, concentration 0.4 mM in
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Fig. 5. Michaelis—Menten and double reciprocal plots for
veratryl alcohol (a) and for H,O, (b) as the substrate.
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Fig. 6. The pH (a) and temperature (b) optima of the purified lignin peroxidase.

50 mM sodium tartrate buffer pH 2.5 at 25°C. The K,
and V,,,, were calculated by the linear regression anal-
ysis of the double reciprocal plot.The same procedure
was adopted for the determination of K, and V,,,, for
H,0, except that H,0, concentration was varied in the
range 0.05—0.5 mM at the fixed enzyme saturating
concentration 2 mM of veratryl alcohol.

The pH optimum of the purified lignin peoxidase was
determined by measuring the steady state velocity of the
enzyme catalysed reaction in reaction solutions of vary-
ing pH values (range 2.0—3.5 pH) at the fixed tempera-
ture of 25°C. 1 ml reaction mixture consists of 0.4 mM
H,0,, 2 mM veratryl alcohol, in 50 mM sodium tartrate
buffer at variable pH. The pH optimum was calculated by
plotting steady state velocity at different pH versus pH of
the reaction solution. A similar procedure was adopted
for the determination of the temperature optimum ex-
cept that the steady state velocity was determined at the
solutions of varying temperature (18°C to 30°C) at a
fixed pH of 2.5. 1 ml reaction mixture consists of 0.4 mM
H,0,, 2 mM veratryl alcohol in 50 mM sodium tartrate
buffer pH 2.5 at variable temperature.

RESULTS AND DISCUSSION

The fungal strain was screened for the secretion of lig-
nin peroxidase in its liquid culture growth medium con-
taining separately sawdust, coirdust, wheatstraw, corn-
cob, bagasse particles and a control experiment in which
non of the above mentioned substrates were added. It is
obvious from the Fig. 1 that lignin containing natural
substrates induce the secretion of lignin peroxidase and
sawdust is the best inducer. The culture conditions for the
maximum secretion of lignin peroxidase in its liquid cul-
ture growth medium were optimized by varying the
amount of the best inducer sawdust. The results are
shown in Fig. 2. Results show that 600 mg of sawdust
contained in 25 ml culture medium in 100 ml culture
flask gave the maximum secretion.

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA

The procedure for the purification of lignin perox-
idase from P. sanguineus cuture filtrate has already
been described in material and method section. The
results of purification procedure are summarized in
Table 1. It involved concentration by ultrafiltration
and an ion exchange chromatography on anion ex-
changer DEAE-cellulose. The elution profile of the
lignin peroxidase from DEAE cellulose is shown in the
Fig. 3. The active fractions were combined, concen-
trated and analysed by SDS-PAGE for the purity of
the enzyme. The results of SDS-PAGE analysis are
shown in Fig. 4 in which lane 7 contains protein mo-
lecular weight markers and lane 2 contains the purified
lignin peroxidase. The presence of single protein band
in lane 2 clearly showed that the enzyme was pure. The
molecular mass calculated from the SDS-PAGE anal-
ysis was 40 kDa. The value of molecular mass of the
purified lignin peroxidase lies in the range (38—
46 kDa) of molecular masses reported [11] for the dif-
ferent isoenzymes secreted by Phanerochaete chrysos-
porium. In presence of saw-dust in the liquid culture
growth medium, P. sanguineus secretes only one form
of lignin peroxidase where as in case of P. chrysospori-
um 10 isoenzymes of varying molecular masses and
specific activities have been reported [11].

The Michaelis Menten and double reciprocal plots
using veratryl alcohol and H,O, as variable substrates are
shown in Fig. 5. 1 ml reaction mixture consists of 0.1—
2.5mM veratryl alcohol as the variable substrate,
0.4 mM H,0,in 50 mM sodium tartrate buffer pH 2.5 at
25°C or 1ml reaction mixture consists of 0.05—0.5 mM
H,0, as the variable substrate, 2 mM veratryl alcohol, in
50 mM sodium tartrate buffer pH 2.5 at 25°C.

The K, k. and k.,/K,, values for veratryl alcohol
and H,0, are 61 uM, 2.13 s7!, 3.5 x 10* M~'s!and
71 uM, 2.13, 3.0 x 10* M~''s~! respectively. The K, values
for the lignin peroxidase of P. chrysosporium using veratr-
yl alcohol and H,0, as the variable substrates have been
reported [11] to be 60 and 80 uM respectively. The &,
Ne 5

ToM 47 2011



PURIFICATION AND CHARACTERISATION OF LIGNIN PEROXIDASE

and k_,/K,, values calculated from the available data in
the literature for different isozymes of lignin peroxidase
of P. chrysosporium have also been found in the same
range (3.5 x 10* to 17.5 x 10* M~!s~") assuming that all
isozymes have the same K, value for veratryl alcohol and
H,0, of 60 and 80 uM as reported in the literature [11].
The pH and temperature optima (Fig. 6) of the purified
lignin peroxidase were also in the same range as the values
reported for the lignin peroxidases from other sources
given in Table 2.

In conclusion, this communication reports a lignin
peroxidase of P. sanguineus MTCC-137 secreted in
culture medium containing sawdust. Only one form of
the enzyme is secreted in the culture medium and the
enzymatic properties of the enzyme are similar to the
properties reported for lignin peroxidases of P. chry-
sosporium ATCC-24725.
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In this study; sub-tropical white rot fungi, Trametes versicolor was investigated for its ability to degrade
4-(3'-methyl-4'-(4"-nitrophenyl)azo-1'H-pyrazol-5'-ylazo)-3-methyl-1H-pyrazol-5-on in the mediums
containing glucose and different concentrations of degrade dye in batch systems. This dye was synthetized at
Pamukkale Universtiy of Organic Chemistry research laboratory. Samples were collected on 10 days, and was
detected by Shimadzu UV-1600A spectrophotometry. Decolorization study showed that this disazo dye was
removed by more than 70% in 10 days. Laccase enzyme activity was detected in samples and then last sample
was analyzed by GC-MS. Metabolites weren’t showed in GC-MS result. It was concluded that 7. versicolor
could achieve the biodegradation of this new disazo dye.

Azo dyes account for the majority of all textile dye
stuffs produced and have been the most commonly used
synthetic dyes in the textile, food, paper making, color
paper printing, leather and cosmetic industries [1—3].
Synthesis of most azo dyes involves diazotization of pri-
mary aromatic amines followed by coupling with one or
more nucleophiles [4]. Benzidine (BZ)-based azo dyes
have been found to be tumerogenic [5] and carcinogenic
[6, 7] due to their biotransformation to BZ [8]. Azo dyes
are recalcitrant xenobiotics and therefore, conventional
aerobic wastewater treatment processes usually cannot
efficiently decolorise and degrade azo dye bearing efflu-
ents to the regulatory levels [2].

The growing interest in the pyrazole chemistry lies in
designing new synthetic approach, theoretical calcula-
tions and applications of newer spectroscopic tech-
niques. The usage of many pyrazole derivatives has un-
doubtedly created considerable attention in developing
many different synthetic procedures in pharmaceuticals,
agrochemicals, dyestuff. The recent developments in the
synthetic routes and the chemistry of pyrazoles have been
throughly reviewed [9—15]. The use of heterocyclic inter-
mediates in the synthesis of azo disperse dyes is well es-
tablished and the resultant dyes exhibit good tinctorial
strength and brighter dyeing than those derived from
aniline-based diazo components. For instance, amino-
substituted thiazole, benzothiazole [16—19] and ben-
zoisothiazole [20] compounds afford highly electronega-
tive diazo components and consequently, provide a pro-
nounced bathochromic effect compared to the corre-
sponding benzoid compounds.

At present, there is no satisfactory method to eco-
nomically and reliably decolorize and detoxify textile

wastewater. Recent research points toward the potential
of fungal wastewater treatment for textile industries. The
satisfactory ability of white rot fungi to depolymerize lig-
nin is well known. Their ability to degrade synthetic
chemicals, such as azo dyes, is also very important be-
cause these dyes are usually recalcitrant to microbial deg-
radation and cause problems in biotreatment of industri-
al effluents. The most studied white rot fungus, Phanero-
chaete chrysosporium has been reported to decolorize
dyes with enzymes involved in lignin degradation, such as
lignin peroxidase (LiP), manganese peroxidase (MnP)
and laccase. Other white rot fungi, such as Trametes ver-
sicolor, Pleurotus ostreatus, Bjerkandera fumosa, Thele-
phora sp., have been reported to be able to decolorize var-
ious classes of dyes [21].

In the present study, new disazo dye, acetonitrile sol-
uble, disazo based azo dye (Fig. 1), was selected for car-
rying out microbial decolorisation and biodegradation
studies. Also, a comparative study of the toxicity potential
of the dye before and after degradation treatment was
carried out.

MATERIALS AND METHODS

Dye solution preparation. New disazo dye (Fig. 1) was
dissolved in acetonitrile to prepare a stock solution
(100 mg/1). Solutions of the desired concentrations were
obtained by successive dilution.

Organism and culture conditions. The white rot fun-
gus T. versicolor (ATCC 11 235) was maintained on 2%
(w/v) malt agar slants at 4°C and the fungus was activated
at 26°C, for 3 days. The mycelium were harvested with
sterile 0.9% NaCl solution and then inoculated into
100 ml of 2% malt extract broth (pH 4.5) in 250 ml Er-
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Fig. 1. Molecular structure of new disazo dye.

lenmeyer flasks at 26°C and 175 rpm for 4 days. Pellets
were inoculated into the medium consisting of (g/1): glu-
cose — 10.0, NH,H,PO, — 1.0, MgSO, - 7H,0 — 0.05,
CaCl, — 0.01, yeast extract — 0.025. Cultivation was car-
ried out in an orbital shaker incubator, at 26°C 175 rpm
[22]. At the beginning of the fourth day of incubation,
4-(3'-methyl-4'-(4"-nitrophenyl)azo-1'H-pyrazol-5'-
ylazo)-3-methyl-1H-pyrazol-5-on was added to the
flasks aseptically at the desired concentrations. Aliquots
were assayed for the laccase activity.

Sampling. Samples (1 ml) were taken every day (total
10 day). Samples were centrifuged to remove suspended
biomass and ligninolytic (laccase) activities in superna-
tants were determined. All experiments were performed
in triplicate.

Analytical methodology. Spectrophotometric analysis.
Aliquots of 1—2 ml volume of clear dye solution were tak-
en from each reaction flask at regular time intervals and
measured immediately using a UV-Vis recording double
beam spectrophotometer (Shimadzu, Japan). Because of
the low water solubility of this dye, an equal volume of ac-
etonitrile was mixed with the analytical solution to ensure
complete solubilization prior to measurement. Decolori-
zation was determined spectrophotometrically by moni-
toring the absorbance at the wavelength maximum for
this dye, and by the reduction of the major peak area in
the visible region for new disazo dye.

Extraction procedure. Fluorene extraction and analy-
sis was performed as described in Yuan et al. [23] and
Chang et al. [24]. Briefly, 1 ml of n-hexane was added
1 ml sample. The organic phase was collected. The com-
bined crude extracts of organic phase were dried. The res-
idue was dissolved in acetonitrile (1.5 ml), filtered
through a 0.45 pm membrane filter and an aliquot of 5 pl
was taken for GC-MS analysis.

GC-MS analysis. Shimadzu GC-2010, gas chromato-
graph equipped with MS-QP2010 plus mass spectrome-
ter, AOC-20s auto sampler and AOC-20i auto injector
were used for analysis. A 30 m x 0.25 mm [.D. x 0.25 pm
HP-5MS fuse-silica capillary column was employed.
The column temperature program was set as follows:
60°C hold for 1 min, at 10°C/min to 200°C hold for
15 min. The GC injector was held isothermally at 250°C
with a splitless period of 3 min. All injection volumes
were 1 plin the splitless mode. The solvent delay time was

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

set at 5 min. Helium was used as the carrier gas, at a flow
rate of 10 ml min~! by using electronic pressure control.
The GC/MS interface temperature was maintained at
250°C. The MS was operated in electron impact (EI)
ionization mode with electron energy of 70 eV and scan
ranged from 50 to 500 amu (atom to mass unit) to deter-
mine appropriate masses for selected ion monitoring.

Enzyme assays. Laccase (Lac) production was as-
sessed by measurement of enzymatic oxidation of 2,2'-
azinobis-(3 ethylbenzothiazoline-6-sulphonic  acid)
(ABTS) at420 nm (2 = 3.6 x 10*cm~' M) [25]. The re-
action mixture contained 300 ml of extracellular fluid,
300 ml of 1 mM ABTS and 0.1 M Na-acetate buffer
(pH 4.5). One unit of enzyme activity is defined as the
amount of enzyme that oxidizes 1 mmol ABTS in 1 min.

RESULTS AND DISCUSSION

'H-NMR and FT-IR analysis of new diszao dye. The
infrared spectra of new synthetized disazo dye (in KBr)
showed pyrozol and pyrozolone (N—H) bands at 3169 ve
3103 cm™!, aromatic C—H band at 3068 cm™!, pyrozol
and pyrozolone (—CH;) band 2971 cm™', carbonyl
(C=0) bands at 1678 cm™! (Fig. 2).

The "H-NMR spectra measured in DMSO-d6 at
25°C showed a singlet peak for pyrozolone at 2.08 ppm
(—CHy,;), a singlet peak for pyrozol at 2.54 ppm (—CH,),
a multiplet from 8.30—8.10 ppm for aromatic protons
(Aro-H), a broad peak for enol tautomer (—OH) or hy-
drozo tautomer (—NH) at 11.61 ppm, a singlet peak for
pyrozolone proton (—NH) at 13.34 ppm, a singlet peak
for pyrozol proton (—NH) at 14.03 ppm (Fig. 3).

UV-visible spectrophotometric analysis. The ultravio-
let and visible absorbance (from 200 to 800 nm) of dye
samples were monitored by a UV-Vis spectrophotometer
to examine the biodegradation rate of disazo dye by
T. versicolor. A visible decolorization occurred in the me-
dium of 7. versicolor for this dye. Most color removal in
the first day may due to dye absorption by mycelium of
fungi, which took on the color of the dye. To accurately
reflect the full degree of decolorization, both the wave-
length maximum of the dye and the area under the curve
in the visible regions (400—800 nm) were employed in the
calculation. 4-(3'-methyl-4'-(4"-nitrophenyl)azo-1'H-
Ne 5
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Fig. 2. FT-IR spectrum (a) and the 'TH-NMR spectrum (b) of new synthetized disazo dye: / — DMSO, 2— DME, 3 — acetonitrile,
4 — metanol, 5 — acetic acid, 6 — chloroform.
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Fig. 3. Biodegradation of disazo dye: / — 10, 2 — 20, 3 — 30, 4 — 40, 5 — 50 mg/I of disazo dye.

pyrazol-5'-ylazo)-3-methyl-1H-pyrazol-5-on (Fig. 1) trum shows a major peak at 408 nm in acetonitrile. The
contains one substituted aromatic rings, one withanami-  biggest color removal occurred in the first 6 day. The
no group and the other with a nitro substituent, typical of ~maximum wavelength of absorbance decreased by 78%
disazo disperse dye. The visible portion of the dye spec-  (table). In different concentration of this new disazo dye
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removal was exhibited in Fig. 2. Spectrum of new disazo
dye and spectrum of medium after degradation were
shown Fig. 3.

Ligninolytic enzyme activities in different fluorene con-
centrations. In this study, laccase activities were mea-
sured daily (Fig. 4). Laccase (benzenediol: oxygen oxi-
doreductase, EC.1.10.3.2) from white-rot fungi are part
of the complex enzymatic system for lignin degradation
[26, 27] catalyse the oxidation of a wide variety of organic
and inorganic substrates, including mono-, di- and
polyphenols, aminophenols, methoxyphenols, aromatic
amines and ascorbate with the reduction of oxygen [28,
29]. In this study, in order to determine the role of ligni-
nolytic enzymes on new disazo dye degradation, laccase
was monitored during the degradation of this compound.

GC-MS analysis. Total ion chromatograms (TIC)
obtained from GC-MS analysis of the degradation prod-
ucts. TIC shown in Fig. 5 was also present in the control
cultures. In order to verify the presence of cell-bound
metabolites, the fungal mycelium was extracted with
hexane. When the supernatant was extracted with hex-
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Biodegradation results

Concentration Biodegradation, %| Standard deviation
of dye, mg/1
50 54.22 +0.2
40 52.9 +0.5
30 60.22 0.4
20 70.79 +0.3
10 78.12 +0.6

ane, no metabolites other than those obtained when the
extraction was carried out.

In our assay of 4-(3'-methyl-4'-( 4'-nitrophenyl )azo-
1'H-pyrazol-5'-ylazo)-3-methyl-1H-pyrazol-5-on, mi-
nor products were detected (Fig. 6). The identification of
these minor metabolites could not be determined by
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Fig. 4. Spectrum of new disazo dye (a) and of medium after degradation (b).
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Fig. 5. Laccase activities in different disazo dye concentra-
tions: 1 — 0, 2—10, 3 — 20, 4— 30, 5— 40, 6 — 50 mg/I.
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Fig. 6. GC chromatogram of new disazo dye biodegrada-
tion products.

mass spectrometry. Our study showed that 7. versicolor
could degrade this new disazo dye, enzymatic and non-
enzymatic systems involved in the decolorization with
liquid medium.
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BJIMAHUE ITOJININKIIMYECKUX APOMATNYECKUX YITIEBOIAOPO/I0OB
HA ITPOAYKIIUIO JJAKKA3BI TPUBOM BEJIOM T'HWUJIU Pleurotus ostreatus D1
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WccnenoBaHo BIMsSTHUE TOIUIUKINYSCKUX apoMaTUIecKUX yriaeBogoponaos (ITAY) Ha AMHAMUKY POIYK-
UM JJaKKa3bl TpubdoMm Pleurotus ostreatus D1 B ycI0OBUsIX IOTPY>KE€HHOTI'0 KYJIBTUBUPOBaHUs Ha cpeae Kup-
Ka. Iloka3zaHo, uto (peHaHTpEeH, IIyopaHTEH, IMMPEH U XpU3eH aKTUBHO MHIYLIMPOBAIN 3TOT (DEPMEHT, TO-
rIa Kak (GpJIyOpeH UM aHTpALeH BIWSUTM B MEHBIIEH cTereHu. JloMoTHUTEIbHOE BHECEHNEe HOHOB Mn?' B
cpeny KyJIbTUBHPOBAHUS YBEINIMBAJIO aKTUBHOCTD JIAKKA3bI B 2 M 0oJiee pa3 B IIPUCYTCTBUM BCEX HCCIIe-
noBaHHbBIX [TAY. DnekTpodope3 B HeleHATYpUPYIOLIMX YCIOBUSIX MOKa3ajl MHIYKIMIO KCEHOOMOTUKAMU
JOIIOJTHUTEJIFHBIX (DOPM JJaKKa3bl. AKTUBHOCTH JIMTHUHOJUTUICCKIUX IIEPOKCUIA3 B JAHHBIX YCIOBUSIX 00-

HapyeHo He ObLIO.

Ipnbn1 Oenoii THUIM — HauboJiee aKTUBHEIC Ie-
CTPYKTOpHI JIMTHUHA B ipupoje. [Ipoliecc aerpamaimu
JINTHUHA KaTaJIM3UPYeT BHEKJIETOUHBINA (PePMEHTHBIN
KOMILIEKC 3TUX I'pUOOB, BKITIOUAIOIIWI IUTHUHIIEPOK-
cuaasy (KD 1.11.1.14), Mn-niepokcuiasy
(KD 1.11.1.13), TUOPUIHYIO Mn-1iepokcunasy
(K® 1.11.1.16) u makkazy (K® 1.10.3.2). CocraB nur-
HUHOJIUTUYECKOTO (hepMEHTHOTO KOMILIEKCA y Pa3HbIX
BUIOB rpr0OOB 0eJIoil THAJIM BapbUpYeT, OHAKO Haru0o-
Jlee IIMPOKO pacIpocTpaHeHbBI Mn-TiepoKcuaasbl 1
nakkasbl [1]. UMeHHO TociefHue CUMTalOTCsl CaMbIMU
BaXKHBIMU CpeIU TUTHUHOJUTUUECKUX (hepMeHTOB [2].

JIBe HamboIee BeposSITHBIC OMoJiornuyeckre GyHK-
LIMU, TPUTTMChIBaeMble TPUOHBIM JIJaKKa3aM — UX y4Ja-
CTUE BMECTE C IUTHUHOJUTUUYECKUMU TIepoKcHuIa3a-
MU B Jerpajaliuy JUTHUHA 1 UX y4acTue B BUPYJIEHT-
HOCTU T'prba KaK KJIFOYEBOTO areHTa B MaTOreHe3e 10
OTHOIIIEHMIO K pacTeHn0-x03suHy [3]. Kpome Toro,
CUMTAIOT, YTO IprObI 6€J101 THUJIU CEKPETUPYIOT JlaK-
Kazy IJIs1 yaajaeHUsI TOKCUYHBIX (PeHOJIOB, 00pa3yro-
LIMXCSl TIpU Aerpajaluy JUTHUHA WA Pa3IudHBIX
KCEHOOMOTUKOB apOMaTUIECKOU NPUPOIHI [4—6].

Kak 06bUTO moKa3aHo, JJakKKa3bl Y MHOTUX IprUOOB
MOTYT OBITh KaK KOHCTUTYTUBHBIMU, TaK U UHAYIIN-
oenpHBIMU [3]. UHOyKTOpaMu JIaKKa3 OOBIYHO SIBJISI-
IOTCsI BellleCTBAa, CXOAHbIE IO CTPYKTYpe C cyOcTpara-
MU 3TOro (pepMeHTa, a TaKKe COCTUHEHMS, aHaJIO-
TAYHbBIE IIPUPOTHBIM POCTOBBIM CyOCTpaTaM rpuOoB
[3]. Tak, HanpuMep, CKopoboraTbKo ¢ coanT. [7] mo-
Ka3aJiu yBeJIMYeHre MPOayKUUU Jakka3bl B 10 pa3 B
MIPUCYTCTBUM M3BECTHOIO JIAaKKa3HOIro cyocrpara —
cupuHranapaasuHa. lajioBas u ¢epyaoBasi KUCIOThI

Cokpawenus: TIAY— NOIMUMKINYECKHE apoOMaTUYEeCKUe yrIje-
Bomoponbl; ABTC — mumamMmonHwuiiHast coib 2,2'-a3MHO-0MC-3-
STUIOEH30THUA30IMH-6-CyIb(poHOBOM KUCIOTh; BO2KX — BBI-
coK0a(hDeKTUBHAS KUIKOCTHAsI XpoMaTorpadusi.

CO CTPYKTYpOI1, TOJJOOHOI MOACIBHBIM COeAUHEHU -
sIM JIMTHUHA, TaKXXe SIBJISIOTCSI UHAYKTOpaMu 3TOTO
¢depmenra [3]. B mabopaTopHBIX 3KCIepuMeHTaX IS
yBEJMYEHUS MPOIYKIIMU JIAKKA3bl YACTO UCIIOJb3YIOT
2,5-xcumuauH [8]. Psanm BemiecTB, MHIYLMPYIOIINX
aKTMBHOCTb JIaKKa3bl, BCE BpeMsl MOIOJHSIETCS, He-
KOTOpble KCEHOOMOTUKM U WOHBI METAJIOB MOTYT
BBICTYTATh B POJIM UHAYKTOPOB [9—11].

TpuGHI 6enoit THIIIM U3HAYATBHO MCCIIEIOBATNCH
KaK aKTUBHbIE IeCTPYKTOPHI TUTrHUHA. [To3aHee ObI-
JI0O OOHApyXeHO, YTO, KpOMe JIMTHUHA, OHU CIOCO0-
HBI JeTpaglpoBaTh IMIMPOKUM CIIEKTP KCEHOOMOTH-
KOB apOMaTU4eCKO MPUPObI, BKII0OYast TTOJUXIIOP-
UPOBaHHBbIE (PEHOJBI, HUTPO- U aMUHO3aMelllcHHbIE
(beHOJTBI, CUHTETUYECKHE KPACUTENIN U TTOTUITUKITH-
yeckue apomaruyeckue yrieBomopoansl (ITAY) [2,
12—14]. Yuactue nakka3 B nerpaganuu ITAY obcyx-
nmaeTcst MHOTUMU aBTopamu |14, 15]. IToka3zaHo, 4To
YUCTBIN (DEPMEHT MOXET KaTaIM3UPOBaTh OKHUCIIE-
Hue [TAY c o6pazoBaHrEeM COOTBETCTBYIOIIAX XMHO-
HOB [14, 16, 17]. OgHaKO 10 HACTOSIIETO BpeMEHU
pOJIb TaKKa3kl B gerpagaumnu [TAY TogaHo He onpene-
JieHa. CBeicHUS O BJIMSIHUU TUX KCEHOOMOTHUKOB Ha
MPOAYKIINIO JIMTHUHOJIUTHYECKUX TepOKCUaa3 u
JJaKKa3 BCe eIlle OTPaHWYMBAIOTCS BBISIBICHUEM HX
aKTUBHOCTH B rpouecce aerpaganuu ITAY [18, 19].

Llens paboTel — ucciaenoBanue BaustHUS TTAY Ha
TIPOAYKIINIO BHEKJICTOYHBIX INTHUHOIUTUIECKUX Pep-
MEHTOB rpuooMm Genoii THuu Pleurotus ostreatus DI.

METOANKA

Pleurotus ostreatus DI 6b11 TiofydeH u3 Jlaboparto-
puu Mukpobuosoruu u mukogornu UbOPM PAH
[20]. Huist TIOMy4YeHMsT MHOKYJISATA TPUO KyJIBTUBUPO-
BaJIU Ha OoraToii cpeje a1s 6asuauoMuiieTos, pH 6.0
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Puc.1. Yobuib (%) TTAY yepe3 14 cyT KyTsTUBUPOBAHUS
Ha cpene Kupka ripu pH 4.5 (I) u pH 6.0 (I1): 7 — denan-
TpeH, 2 — aHTpaneH, 3 — diyopeH, 4 — IMpeH, 5 — Xpu-
3eH, 6 — (hJIyopaHTEH.

[21], ipm 26°C ¥ TTIOCTOSTHHOM a’pallii Ha KadaJike
npu 150 06/mMuH. MccnenoBanue Bausgaus ITAY Ha
MPOAYKIUIO (DEPMEHTOB MPOBOAMIN Ha cpeae Kupka
[22]; pH cpenbl nomnepxuBanu Na,K-dochaTHbiM
oydepom (pH 6.0) mnm Na-tutpaTHBIM OydepoM
(pH 4.5). B xauecTBe pOoCTOBOTO CyOCTpaTa MUCHOJb-
30Bay 2% -Hyto MaJIBTo3y; B KadecTBe [TAB — 0.2%-Hbr1it
Tween-80. KynbruBupoBaHuE OCYILIECTBISUIA B
250 m kon6ax co 100 mut cpensl mpu 26°C B yCIOBUSIX
MOCTOSIHHOM aspallvu Ha Kadajke mpu 150 06/MuH.
ITAY BHOcuu Ha 3 cyt B 200 MKJI xjiopoopma 10
KOHEYHOI KOoHIeHTpaluu 50 Mr/i, B KOHTPOJIbHbBIE
BapuaHThl (0e3 [1AY) mo6aBnsiiu 200 MK XJIOpo-
¢dopMa. Mn?* BHOCHUIM B BUJAE BOJHOIO pacTBOpa
MnCl, Takxe Ha 3 CyT KyJbTMBUPOBAHUS 1O KOHEY-
HoM kKoHOeHTpauuu 0.1 MM. AKTUBHOCTH (hepMeH-
TOB M3MEPsUIN €XEeTHEBHO B TeueHue 25 cyT. s
KaXXJIOTo BapvaHTa ObUIM MPOBEAEHBbI 3 OTACIbHBIX
SKCITepUMeEHTa, KaXXIbIii 9KCIIEPUMEHT OBLT B TpeX
ITOBTOPHOCTSIX, OIITMOKA He MpeBbiana 7%.

Ocrtarounble [TAY sKkcTparupoBajiv U3 Cpeibl KyJlb-
TUBUPOBAHUS TPYDKIBI PaBHBIM 00bEMOM 3THIIAIleTaTa.
DKCTPaKThl OOBEIUHSITN W YITAPUBATIN 10 MITHUMATh-
Horo oobema. Yowuts ITAY ananmu3upoBaid METOIOM
BbICOKOA((MEKTUBHOI KMIKOCTHOW XpomaTtorpaduu
(BD2KX) (Spectra Series P200, “Spectra-Physics Ana-
Iytical, Inc.”, CIIIA) Ha KosoHKe Spherisorb S5 PAH ¢
nerekropoM Spectra Series UV 100 (“Thermo Separa-
tion Products”, CIIIA) [23]. IIpomyKThel aerpamandun
TTAY aHaym3upoBaIv METOIOM TOHKOCJIOMHOM XpoMa-
torpadum (TCX) Ha mmactuHax Silufol UV-254 (“Kava-
lier”, Yexust) B cucteMe 6eH301—3TaHoII (9 : 1) 1 MeTo-
JIoM ra3oBoii xpomarorpacduu (Shimadzu 2010, Ano-
Hus1)) Ha kojoHke Equity-1 (“Supelco”, CIIA) c
ruiaMeHHo-(oTtoMeTprueckuM aetekropom [23]. Ile-
pel ITpoBeIeHNEM Ira30Boi XpoMaTorpadrn MeTado -
Tbl MeTHIMpOBaIM CH;,COCI [24].

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

MO3JHAKOBA u ap.

IMponykinio akKa3bl TECTUPOBAIN MO OKMCIIE-
HUIO TUAMMOHUIHON conu 2,2'-a3uHO-0uc-3-3THI-
6eH30THa30IMH-6-CyabdoHoBOl KuciaoTel (ABTC)
pu 436 uM (¢ = 29300 M~! cm~!) cormacno Huky-
ITaaBona c coaBT. [25]. AKTMBHOCTB JIMTHUHOJIUTHYE-
CKUX MEPOKCUIA3 U3MEPSIIU IO Peakliuy OKUCICHUS
2,6-nuMeToKcu(deHoIa B IpUcyTcTBUM Mn?** (Mn-
nepoxcugasa) u 6e3 Mn?t (rubpunHass Mn-nepok-
CcHJa3a) U pacCCUMTHIBAIN, KaK Pa3HUILY MEXKIY peak-
uusimu B mipucyrcteun H,O, 1 6e3 H,0, [26].

33 CIUHUILY aKTUBHOCTH ITPpMHUMAIN KOJINYECTBO
depMeHTa, KaTaIM3UpyIoIIero oopasoBaHue 1 MKMOJIb
MNPOAYKTa B 1 MUH 1 BEIpaXKaJli B YCJIOBHBIX €IMHUALIAX —
MKMOJIb/MUH MJI (DepMEHTHOTO Tpernaparta (ei./M).

AnekTpodope3 B HEICHATYPUPYIOUINX YCITOBUSIX
MPOBOIWIIN corjlacHo Metomy Jlammiu B 12%-HoM
MOJUAKPWIIAMUIHOM Tene [27] ¢ UCKIIIoYeHnueM M3
pPacTBOPOB OONELMICYIbdaTa HATPUs U -MepKamnTo-
3TaHOJIA U TTOCTIEIYIOIIM OKpaIlIMBAHUEM TeJisl O-Ara-
HU3UAMHOM (U151 BBISIBJIEHUSI aKTUBHOCTH JIaKKa3bl)
U O-AuaHu3uaruHoM B npucyrcteuu 100 MM H,O, 1
100 MxM MnSO, (m1s1 BbISIBIEHUSI aKTUBHOCTH I1€-
poxcuaas).

Huammonwnitnag conmb ABTC u 2,6-1uMeTOKCH-
¢denon — mpomsBoacTBa “Sigma-Aldrich” (Iepma-
HUA); (peHaHTpeH, aHTpalleH, (hJIyopeH, IUpeH, (hJIy-
OpaHTEH M Xpu3eH — npousBoacTea “Fluka” (IIBeii-
napusi). OcTajibHble PeaKTUBBI “Peaxum”
(Poccus).

PE3VIIBTATHI 1 UX OBCYXIEHUWE

Hamu 6bUI0 Uccie1oBaHO BIMSHUE 3- U 4-KOJbLIe-
Bbix [TAY Ha mponyKumio TUTHUHOJIUTHYECKNX dep-
MeHTOB Ha cpeae Kupka. DTy cpely 4acTo UCTTONIb3YIOT
JUISI U3y4eHUs1 MeTaboIM3Ma JIMTHUHA U KCEHOOMOTH -
KOB apOMaTUYeCKOU MPUPOJIbI, a TAKXKE UCCIETOBAHUS
MPOAYKLIMU JIUTHUHOIUTUYECKUX (hepMeHTOB [23, 28].
P. ostreatus D1 oTHOCHUTCS K TpyTITie TpUOOB O€Tol THU-
JI1, TIpoayLuupylommx Mn-Tiepokcuaasy, TMOPUIAHYIO
Mn-nepokcuaaly U J1akkasdy. JIMTHUHIepokcuaasza y
TpUOOB, OTHOCSIIIIMXCSI K 9TOMY POy, A0 HACTOSIIIETO
BpeMeHU He oOHapyxeHa [29]. OntumMyMbl 3TuX dep-
MEHTOB HaXOMSTCSI B KMCJIOM IuanazoHe pH, mosatomy
Ha TIepBOM 3Tarle UcciieJoBaHU1 HaMU ObLia UCIIOIb30-
BaHa cpena Kupka c pH 4.5.

B aTux ycinoBusix rpub MeTaboIM3upoBal BCe UC-
cinenoBaHHble [IAY. Hcnonb3oBaHuWe METONOB
BB2KX, TCX u razoBoit xpoMmarorpaduu mo3BoJIMJIO
HaM BBISIBUTb U UAEHTU(ULIMPOBATh Psili 0O0pasylo-
mimxcsa metadbonuToB [23, 30, 31]. K 14 cyT KyJIETUBH-
poBaHMs1 YOI (pHC. 1) cocTaBisia oT 46 (I vpe-
Ha) 1o 94% (mrs diryopena). Herpamamust [TAY co-
MpPOBOXJAJIaCh MPOAYKIIMEN JlakKa3bl B Te4yeHUe
BCETO BPEMEHU 9KCNEPUMEHTa, AKTUBHOCTEI JIMTHU -
HOJIUTUYECKUX MEePOKCHUAA3 OOHApYKeHO He ObL10. B
KOHTpoabHOM BapuaHTe (0e3 ITAY) He ObLUIO BBHISIB-
JIEHO HU JlJaKKa3bl, HU MepoKcuaas (puc. 2a). Makcu-
Ne 5
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Puc. 2. JlunamMuka poayKIIMK JlakKa3sbl (e1./min) Ha cpene Kupka 6e3 Mn2+ npu pH 4.5 (a) u pH 6.0 (0): 1 — deHaHTpeH, 2 —
aHTpalieH, 3 — duyopeH, 4 — nupeH, 5 — Xpu3eH, 6 — dbJyopaHTeH, 7 — KOHTpoJib (6e3 [TAY).

MaJTbHasl aKTUBHOCTB JIAKKA3bl U BPeMsI €€ TOCTIKE-
HMS 3aBUCEJIM OT ucnoJjibdoBaHHoro ITAY. Haubo-
Jiee aKTUBHBIMU MHIYKTOPaMHM JIaKKa3bl OKa3aluCh
3-konbueBble duyopeH (102.5 en./mi1) m aHTpaleH
(78.7 en./min). B TO XXe BpeMsI aKTUBHOCTD JIAKKA3bI,
BBISIBJICHHAsI B TIPMCYTCTBUU (peHaHTpeHa, He TIpe-
Boimana 18.0 en./mi. M3 4-konblieBbix [1AY Hanbo-
Jiee aKTUBHBIM OKa3aJicsl TIMPEH, B MPUCYTCTBUU KO-
TOPOTO aKTUBHOCTH JIAKKA3bl JOCTUTaIa MaKCUMyMa
56.4 en./mn Ha 10 cyt (puc. 2a).

ITo nammm ganaeM [23, 30—32], TIpu KyJIBTUBH-
poBaHuu rpuda P. ostreatus D1 Ha 0boraToii cpene s
GasumuomuiieTos rpu pH 6.0 nerpamaums ITAY mpo-
xonuja 6oJjiee aKTUBHO U COIIPOBOXAalach MPOIYK-
el NByX JUTHUHOJUTUYECKUX (hepMEHTOB — JlaK-
Kas3bl U TMOpuaHOit Mn-niepokcuaasbl. [ToaTomy Ha
clielylollleM 3Talle Mbl HCCIAEAOBAIM Jerpaaaluio
ITAY u npoayKiinio BHEKJIETOUYHBIX (hepMEHTOB Ha

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

cpene Kupka nipu pH 6.0. DTu ycioBHUs oKa3alucCh
OoJsiee mpuroaHbIMu ISt aerpaganuu [TAY: npakTu-
gecku 100% mcxomHo 100aBIEeHHBIX CYyOCTPAaTOB ObI-
JIO pa3pylIeHo yxXe K 7 cyT KyJabTuBupoBaHus. Uc-
KJIIOYEHUE COCTaBUJI TOJIbKO MUPEH, YObLIb KOTOPOTO
mocturaia 65.6% k 14 cyt (puc. 1). B KOHTpoJIbHOM
BapuaHre (0e3 IIAY), B oTnmuyuMe OT BapuaHTa C
pH 4.5, obHapykeHa IIpoayKIus JJaKKa3bl (puc. 20).
AXTHUBHOCTb Jlakka3bl npyu pH 6.0 He3Ha4yuTENBLHO
yBEJIMUUBAJlach, a B MPUCYTCTBUU HeKOTOpbix ITAY
(mupeH) Jaxe yMeHbllIajach 10 CPaBHEHUIO C COOT-
BETCTBYIOIIMMU 3HAUYEHUSIMU aKTMBHOCTHU JaKKa3bl
npu pH 4.5. Ograko BpeMs IIPOIYKIINA 3TOTO dep-
MEHTa YBEJIMUMBAJIOCh. AKTUBHOCTb JIAaKKa3bl TPU
pH 4.5 x 21 cyT cHuxkanace (puc. 2a), B TO BpeMsl Kak
aKTUBHOCTH Iipu pH 6.0 ObLJIa 3HAYUTENIHLHO BBIIIE U,
B IPUCYTCTBUM (pEHAHTpEHA, MMPEeHa U XpU3EHa, 10-
cturaja Tpetbero nuka K 18—20 cyt (puc. 26). Bme-
Ne 5
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Puc. 3. ilnHamMuKa NpoayKIMK JJaKKa3bl (e1./Mi1) Ha cpene Kupka B mpucyTcTBUA Mn2+ npu pH 4.5 (a) u pH 6.0 (6): 1 — ¢e-
HaHTpeH, 2 — aHTpaleH, 3 — JyopeH, 4 — mupeH, 5 — Xxpu3eH, 6 — ¢dyopaHTeH, 7 — KOHTpoJib (6e3 [TAY).

CTe C TEM B 3THX YCJIOBUSIX, TaK Xe, Kak 1 ipu pH 4.5,
HaMM He OBIJIO OOHAPYKEHO MPOAYKIIMKU Mn-nepoK-
cuaassl M(Uan) TMOpUAHOM Mn-TepoKcrIashbl.

Haiwm nipeaBapuTelIbHbIE MCCIICAOBAHUS TOKA3AIH,
YTO B YCJIOBUSIX TIPOAYKLIVY M JIAKKA3bl, U TUOPUIHOMN
Mn-nepokcunassl nerpaganust [TAY mpoxommia 6e3
HaKOIIICHNST coOoTBeTCTBYIONNX [TAY-XMHOHOB ¢ 00-
pazoBaHUEM METa0OIUTOB, BKITIOUAIOIIUXCSI B OCHOB-
Holt oomeH [23, 30, 31]. IIpyHnMast BoO BHUMaHUE 3T
JTaHHBIE, MBI TIOCYUTAIN LIeIeCOO0pa3HBIM HCCIIEN0-
BaTh BO3MOXXHOCTb MHIYKIIMU U JIAKKA3bI, ¥ IATHUHO-
JIMTAYECKUX TIepoKcuaas B xome Aerpagaumu [TAY Ha
cpene Kupka. B kauecTBe BO3MOXKHOIO MHAYKTOPA ObLT
UCIONB30BaH Mn?*, KOTOpBIiA, KaK U3BECTHO, MOXET
VHAYLMPOBATh MPOAYKIIMIO HE TOJIBKO JIMTHUHOJIUTH-
YeCKMX MEePOKCUIa3, HO U JlaKKa3 y psiia rpuooB OeJioi
rauu [10].

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

IMokaszaHo, uTO n00aBIeHMe MOHOB Mn’" B cpemy
KYJIETUBUPOBAHMS YBEIMUMBAJIO aKTUBHOCTD JIaKKa3hbl,
OTHAKO MEPOKCUIA3HOM aKTUBHOCTY MPU 3TOM He 00-
HapyxeHo. [Tpomykiins 1aKkKa3bl yBeIMIMBanIach B 2 1
0oJiee pa3 Mo CpaBHEHUIO C BApUaHTOM 0e3 J0OaBICHUS
Mn?* co Bcemu uccrenyeMbivu TTAY. VBenmuusanach
CKOPOCTb JOCTIDKEHMSI MAKCUMYMa 1 KOJIMYECTBO ITH-
KOB aKTUBHOCTU. ITepBbIii MUK aKTUBHOCTU CMEIIAJICS
Ha OoJiee paHHUE CPOKU — 9 CyT U OCTUTaJl MaKCH-
MaJbHOIO 3HAYe€HWSI B IIPUCYTCTBUU  XpH3€HA
261.3 en./Mn (puc. 3a). Bropoii mipuxomuicst Ha 13—
14 cyT 1 gocTUTa MaKCUMAaJIbHOTO 3HAYCHUS TAKXKE B
npucyTcTBUM XpuseHa 293.7 en./mi (puc. 3a). Tpetuii
nuK pukcupoBayicd Ha 17—18 cyT u gocTuran Makcu-
MyMa B npucyrctBuu <¢eHaHTpeHa 334.7 em./mn
(puc. 3a). OnHako ciemnyeT OTMETUTh, YTO BCE 3TH 3HA-
JeHUsI ObLUIM HIDKE, YeM B KOHTPOJILHOM BapraHTe (0e3
TTAY), u3 yero MoXHO IPeAIoI0XUTh, YTO OJHOBpPE-
Ne 5
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MeHHoe nipucytctsue [TAY u Mn?* B cpesie KyJIbTUBU-
POBaHMS CHMKAJIO TTPOIYKIIUIO JIAaKKA3bI.

Tak ke, kak ipu pH 4.5, no6asiieHne noHOB Mn?*
B cpeny KyiasruBupoBanus ¢ pH 6.0 3HauuTeIHHO
YBEJIMYMBAJIO aKTUBHOCTb JIaKKa3bl U KOJUYECTBO
ITMKOB €€ aKTUBHOCTH JIO 5. AKTUBHOCTH TTEPOKCHIA3
IIPY 3TOM He ObLII0 OOHAPYKEeHO. AKTUBHOCTb JTaKKa-
3bl B IPUCYTCTBUU (iiyopaHTeHa (puc. 30) Bo3pocia
TIOYTH B 2 pas3a Mo CPaBHEHUIO C KOHTPOJIEM, 1 3TO
ObUTO MaKCUMaJIbHOE 3HAYeHUE B JAHHBIX YCIOBUSIX
(191.7 en./mu). @epMeHTaTUBHASI aKTUBHOCTD B IPU-
CcyTcTBHMU ITpeHa (puc. 30) yBeImumnBaiach B 1.5 paza
10 CPAaBHEHUIO C COOTBETCTBYIOIIMM KOHTPOJIEM U B
3.5 paza — 110 cpaBHEHUIO C BApUaHTOM Oe3 JobaBiie-
HUA MOHOB Mn?** u cocrasisina 176.5 en./mi. Dto 3Ha-
yeHue ObLJI0 MAaKCHMAaJIbHBIM 110 CPABHEHUIO C COOTBET-
CTBYIOIIMMU TTOKA3aTeJIIMU  aKTUBHOCTH B IPYTHUX
ycJoBUsIX B mpucyTctBumM 3toro ITAY. AKTUBHOCTH
¢depMeHTa B MPUCYTCTBUHM (peHAHTpeHa M aHTpaleHa
(puc. 36) yBenmuuBaiach HE3HAUUTEJILHO MO CpaBHE-
HUIO C KOHTPOJIEM. XpU3eH U (hIyopeH MHTMOMPOBAIN
MPOIYKIIUIO JIAKKA3BI B JAHHBIX YCIOBUSIX (puC. 30).

B noctyrnHoit HaM iuTepatype oOHapyKeHbI JUIIb
eIMHUYHBIE cooOIIeHus1 o BIusHuM ITAY Ha npo-
IYKUUWIO JIUTHUHOJUTHUYECKUX ¢epMeHTOB. Tak,
bezasiesn ¢ coaBT. mokaszaiu, YTO MPOAYKIIMS JTJaKKa3bl
JIPYTMM IITaMMOM rpuba P. ostreatus He 3aBucesia OT
Haau4uusl B cpelie KyJbTUBUPOBaHUs (DeHAHTpeHa, a
¢bayopeH yBeIUuUMBa MPOAYKIIMIO 3TOro ¢hepMeHTa
npuMepHo B 1.5 pa3za [19]. DayopeH TakKe CTUMYJIM-
poBan MpOAYKIIWIO JIaKKa3bl Trametes versicolor B
4.3 paza [18]. Ha Goraroii cpene njis 6a3uaroMUlIe-
TOB P. ostreatus mpoayluupoBal JakKa3zy He3aBUCUMO
OT HaJIU4usl B cpelie KyJbTHUBUPOBaHUSI TUpEHa, a
¢iryopaHTeH 1 O¢H3[a]mupeH mpuMepHO B 1.5 pasa
MHIuOupoBaau ee npoaykiuio [19]. B To xe Bpems
Jpyrue aBTOpHI MOKa3aJiv, 4To OeH3[a]mupeH He oKa-
3bIBaJI CKOJIbKO-HUOYIb 3aMETHOTO BIUSIHUS Ha TTPO-
IYKIIWIO JJakKKasbl rpudamu Fusarium solani n F. oxy-
sporum [33] u T. versicolor [18]. Bo Bcex aTux uccie-
JIOBaHUSIX aKTUBHOCTh JaKKa3bl TECTUpPOBajlach B
ornpejejeHHble MOMEHTbI BpeMEHU U JUHAMUKa aK-
TUBHOCTH 3TOTO (pepMeHTa He BhIsIBIsIach. B Henas-
HO onyOJMKOBaHHOW HaMu paboTe TpeacTaBiieHa
JMHaAMUKa TIPOAYKIUU JIaKKa3bl U TMOpUIHON Mn-
nepokcuaaspl B mpoiiecce aerpagauuu ITAY P. os-
treatus D1, omHaKO B 3TOM cJly4ae KyJI6TUBUPOBAHUE
rpuda IIpoBoaAMIN Ha OoraToii cpene [32].

Jlakkasbl B OCHOBHOM CUHTE3UPYIOTCS KaK Psi U30-
(depMEHTOB, KOTOpbIE KOIUPYIOTCS CEMECTBOM T'€HOB.
B oTBeTe Ha MHAYKTOPBI SKCIPECCUS JTAKKA3HBIX TCHOB
y pa3HbIx TprboB BapbupyeT. Hanpumep, B citydae Fo-
mes annosus, Pholiota mutabilis, P. ostreatus, n T. versi-
color NMaKkasbl, BbIOEIEHHBIC U3 KYJIBTYP, WHIYLIMPO-
BaHHBIX KCWJIMIWUHOM, 3aMETHO OTJIMYAJIUCh OT HEMH-
JIyLIMPOBaHHBIX (opM. B kaxmoit MHAyLUMpOBaHHOM
KYJIBETYpe 3TUX TPHMOOB TIOSIBIISIACH TOJILKO OfHA (hopMa
WMHIYLIMPOBAaHHOTO (hepMEHTA, HE3aBUCHUMO OT KOJIN4e-
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Puc. 4. Dnexrpodoperpamma nakkas (/—4), npomyumpy-
eMbIX P. ostreatus D1, Ipu KyJbTUBUPOBAaHUU Ha cpele
Kupxka npu pH 6.0: a — konTposs (6e3 [1AY), 6 — B mpu-
cyrctBum [1AY (dbeHaHTpeH).

CTBa KOHCTUTYTUBHBIX. UHOyLIMpOBaHHBIE (DOPMBI JIaK-
Ka3bl U3 F. annosus, P. ostreatus v T. versicolor Murpupo-
BaJIM B Tejie ObICTpee, YeM KOHCTUTYTUBHbBIC, TOTAa KaK
WHAYLUMPOBaHHbBIN hepMeHT u3 P. mutabilis MurprpoBai
MejIeHHee, YeM ero KOHCTUTYTUBHasI (hopma. Bmecte ¢
TeM HOBbI¢ (DOPMBI JIAKKA3bl HE MOSIBISJIUCH B MHIY-
LIMPOBaHHBIX KyJbTypax Botritis cinerea, Rhizoctonia
praticola n Podospora anserine [8]. Hamuume nByx
¢dopM J1aKKa3bl OBLIO MTOKA3aHO B MPUCYTCTBUU DepPy-
JIOBOM U 4-TUIPOKCUOCH30MHON KHUCIOT, II-TUJI-
pokcubeH3anbAeruaa, Beparpopoit kuciaorsl, CuSO,
n KeummauHa y rpuda Volvariella volvacea, Torma Kak
0e3 JobaBIeHUsI UHAYKTOpa (PepMEHT HEe MPOAYyLUPO-
BaJjics [34].

Hamu OB poBeAcH 31eKTpoGOpeTUISCKU aHa-
3 PepMEHTOB, IIpoayuupyeMbix P. ostreatus D1 B
xone nerpanaiuu ITAY. Ha nporsokeHumn Bcero Bpe-
MEHMU KyJBTUBUPOBAHWUSI, HE3aBUCUMO OT UCIIOJIb30-
BaHHOro ITAY u(unu) Mn?*, oGHapyXeHa aKTUB-
HOCTb TOJIBKO JIaKKa3bl. JIOMOTHUTETBHOE OKpaIln-
BaHME el O-IUaHU3UINHOM B IPUCYTCTBUM Mn* 1
H,0, He BBISIBWIO HaJIMYWS JOMOJHUTEIbHBIX MO-
JIOC, 4TO TakKxKe IMOATBEPXKIanao OTCYyTCTBUEe Mn-me-
pokcuaasbl U(uin) rubpuagHoit Mn-nepokcuaasbl B
JIAHHBIX YCIIOBUSIX.

Iloka3zaHo, YTO B KOHTPOJBHOM BapuaHTe TpU
pH 6.0 rpu6 npomyrposain 2 hopMbl JTaKKa3bl (puc. 4a).
Buecenue B cpeny KynbruBupoBaHusa ITAY u(unm)
Mn?* IpUBOAWIO K MOSBIEHUIO ABYX JOIOJIHUTEIb-
HbIX (popM (He3aBucuMO oT pH cpenbl), MUTPpUpPYIO-
11X B TeJie MelJIeHHee KOHCTUTYTUBHBIX (puc. 40).
AHaJIoTMYHbIEe JaHHbIE ObLIM MOJYyYeHbl HAMM TIpU
2JIEKTPOPOPETUYECKOM MCCEIOBaHUHU JIaKKa3, MPo-
Ne 5
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IyLIMpYeMbIX TpuOOM Ha Oorartoii cpene. B aTom ciny-
yae npucyrctBue ITAY B cpene KyJabTUBUPOBAHUS
TaKKe IIPUBOAWIO K IIOSIBJICHUIO IOITOJIHUTEILHOMN
dOpMEBI JTakKKa3kl [32].

Takum obOpa3oM, HalllM MCCIENOBaHUS TTOKa3asu,
4TO, HE3aBUCUMO OT MCIOIb30BaHHOrO pH cpenpl, me-
rpagauys ITAY conpoBoxmamack MPOAYKIINENH TOTBEKO
JIaKKa3bl Ha IPOTSKEHUM BCErO BpeMEHU KYJIBTUBUPO-
BaHMsI. MakcuManbHasi aKTUBHOCTh, BpeMsT JOCTIKE-
HUS TTMKa aKTUBHOCTHU (pepMeHTa, a TAaK3Ke KOTMIECTBO
MUKOB 3aBUCEJIMN OT UcIojib3oBaHHOTO ITAY 1 ycmoBuit
xynstuBuposanus (pH cpeasl u Hamume Mn?*). Tpu-
cyrcteue [TAY u(um) Mn?* B cpesie KyIbTUBUPOBAaHUS
rpuba MHOYyHUpYeT MNPOIYKIUIO HECKOJBKMX (HOopM
JIaKKasbl, IO MEHBIIEH Mepe, deTbipex. IIpomykimu
JIMTHUHOJNTUYECKMX TIEPOKCHAA3 B HJAHHBIX YCIIOBUSIX
BBISIBJIEHO HE ObLIO.

Astopsl G6iaromapsat B.E. Hukutuny (MBOPM
PAH) 3a nipenocraBieHHbIN 1ITaMM rpuda Pleurotus
ostreatus DI.
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Effect of Polycyclic Aromatic Hydrocarbons on Laccase Production
by White Rot Fungus Pleurotus ostreatus D1

N. N. Pozdnyakova, S. V. Nikiforova, O. E. Makarov, and O. V. Turkovskaya
Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, 410049 Russia
e-mail: nataliapozdnyakova@yahoo.com, echio@ibppm.sgu.ru
Received December 28, 2010

Abstract—The effect of polycyclic aromatic hydrocarbons (PAHs) on the dynamics of laccase production by
the fungus Pleurotus ostreatus D1 under conditions of submerged cultivation on Kirk’s medium has been
studied. It has been shown that phenanthrene, fluoranthene, pyrene, and chrysene actively induce this
enzyme, whereas fluorene and anthrecene had a smaller effect. Addition of Mn?* ions to cultivation medium
elevates the laccase activity twofold and more in the presence of all the studied PAHs. Electrophoresis under
nondenaturing conditions demonstrates induction of additional laccase species by xenobiotics. Ligninolytic
peroxidase activities are undetectable under the conditions used.
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CAJIMIINJIOBASA U 2KACMOHOBASA KNUCJIOTHI B PEI'YJISALIN
ITPO-AHTUOKCUJIAHTHOI'O CTATYCA JIMUCTBEB IIIIIEHUIIbI
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WccnenmoBaHo BIUSTHUE MEIMATOPOB CUTHAJIBHBIX cucTeM cammmmioBoit (CK) u xacmonoBoit (2KK) kuc-

JIOT U UX cMecH Ha obpazoBaHue ADK (cynmepokcumHOTo paavkaia 0'2_ u H,0,), aKTUBHOCTb OKCUAOPE-
IyKTa3 (OKcajJaTOKCUAa3bl, MepOKCHUAAa3bl, KaTajaa3bl) B IMCThSIX MIIEeHULIbI 1riticum aestivum L., uHpuum-
POBaHHbBIX BO30ynuTeeM centopuosa Septoria nodorum Berk. IpeanocesHast oopadorka cemsiH CK u KK
CHICKaJla CTeeHb pa3BUTHU rpruba Ha TUCThaxX MineHulbl. CK oka3bpiBasia 6osiee paHHUI MHIYLUPYIOIIUIA

addekr Ha cuntes OF 1 H,0, no cpaBHenuto ¢ )KK. 3amuTHoe feiicTBYe CaTMLIIOBO 1 XaCMOHOBOM
KUCJIOT TIPOTUB BO30YOUTEJISI CENTOPHO3a ObLJIO O0YCJIOBJIEHO aKTUBALIME OKCalaTOKCUAA3bl, UHAYKLIMEH
AHMOHHBIX U KATUOHHBIX MEPOKCHUIA3 U CHUXKECHUEM aKTUBHOCTU Kartajiadbl. CIIOCOOHOCTh COeIMHEHMIA
cruMynupoBaTh oopa3oBaHre ADK B pacTUTeIbHBIX TKAHSIX MOXHO MCIIOJIb30BaTh B KAYECTBE KPUTEPUSI
IS OLIEHKA UMMYHOMOIYJIMPYIOIIE aKTUBHOCTU HOBBIX CPEACTB 3alUThI PACTEHUIA.

WMHayKuus 3alMTHOTO OTBETA B pACTEHUSIX TPOTUB
MaTOTEHOB OCYIIECTBISIETCSI C TTOMOIIBIO Pa3IMUHbBIX
CUTHAIbHBIX cucTeM [1]. U3BeCTHBIMU X MearaTOpa-
mu gpisitorcst canuuuiaoBas (CK) u skacMoHoBast
(KK) kucnotsl [2, 3]. HokazaHo, yto CK, Kak uHTep-
menuaT HAJI®H-okcuaazHol cUCTEMbI, CTUMYJIUPY-
€T 3all[UTHbIE PEaKIUW PACTEHUU MPOTUB OOJIE3HEH,
BBI3BIBAEMBIX OMOTPOGHBIMM TIaTOreHaMU, TTOCpem-
CTBOM WHAYIIUPOBAHUSI B HUX KOMIIOHEHTOB CUCTEM-
HO-TIpuoOpeTeHHOI ycroitynBocty (CIIY), B ToM
qUCIIe PEryJISIUY aKTUBHOCTU (DEPMEHTOB MPO-aHTU-
OKCUJAHTHOI CUCTEMBI, HAaKOTIJICHUST (heHOIbHBIX CO-
€IVMHEHU, YKpEeTUIeHUsT KJIETOYHOW CTEHKU B 30HE
WMHOUIIMPOBAHMS 32 CYET OTIOXEHUS IUTHUHA [4, 5].
B ortHomiennu 2KK—wuHTepMenuata JUIIOKCHUTE-
Ha3HOI CUTHAJILHOM CUCTEeMBbI, ITOKAa3aHOo, YTO B 00pa-
OOTaHHBIX €10 PACTEHUSIX B OTBET HA TIOPAaHEHUE Hace-
KOMBIMU-BPEAUTEISIMU U HEKPOTPODHYIO MHGDEKIIUIO
WHAYLMPYETCSI CUCTeMHasi MHIYLIMPOBaHHAST YCTOM-
ynuBocTb (CHUY), KOMITOHEHTAMU KOTOPOIA SIBIISIIOTCS
aKTUBAlIMSI MHTMOUTOPOB IpoTerHa3 U (epMEHTOB
aHTUOKCUIAHTHOM 3a1uTHI [6]. [ToCKONMBKY B HEKOTO-
PBIX CJIydasiX TUI MUATAHUS Y BO30yauTeei TPUOHBIX
0oJe3Heli ObIBaeT CMeIIaHHBIM (TeMUOMOTPOdbI), KaK
y Septoria nodorum Berk., To TipencraBisieT 3HA4YM-
TenbHBbIN nHTepec BhisicHeHUe poin CK 1 2KK B Takmx
cucreMax.

Panee Hamu ObLia BBISIBJIEHA BaxkHAST POJIb OKCa-
Jarokcuaassl B reHepauuu H,O, u dopMupoBaHumn
3alUTHOTIO OTBETA PACTEHUU IMIIEHUIIBI K TPUOHBIM
natoreHam [7]. Ee akTuBalius u conpsikeHHasi reHe-
pauust H,O, non Bo3neiicteuem CK u xutoonuroca-
Xapu0B MOBBIIAIU YCTOMUYUBOCTD MILIEHULIBI K BO3-
OyauTesIIM TBEPIOM TOJIOBHM M KOPHEBOW THMJIM

[8, 9]. IlpenobpaboTka pacTeHUid MHTepMeauaTaMu
CUTHAJIBHBIX CUCTEM U HUX CMECSMMU C BJIUCUTOpaAMU
BechbMa IMEPCIEeKTUBHA B CEJIbCKOM XO3SICTBE IS
3alllUThl PaCTeHUH, TMMOCKOJIbKY TaKUe KOMITOHEHTHI
3 HeKTUBHBI JaKe B HAHOMOJISIPHBIX KOHLIEHTpAL -
six [10]. OnHako 11st co3maHus MOJAOOHBIX Tpernapa-
TOB HEOOXOAWMBI HOBBIE CBEICHUSI O MEXaHU3Max
WHIYLUMPOBAHUS CUTHAJbHBIMU MOJIEKYJIAMU YCTOM -
YMBOCTHU K MaTOreHaM MpHU YYaCTUU MPO-aHTUOKCU-
JMTAHTHOIM CUCTEMBbI pacTeHUM, TMTOCKOJbKY B HEKOTO-
PBIX cllydassx OHU MOTYT OOJlalaTh CYIPECCOPHBIM
3(hbheKToM Ha UMMYHHYIO CUCTEMY PACTEHUIA.

Ienap paboThl — U3yyeHHE O0Opa30BaHUS pa3Idy-
HbIX opM ADK, usMeHeHHId aKTUBHOCTU OKcajaT-
oKcuaasbl, KaTajasdbl, M30(DEPMEHTHOIO CIIEKTpa
MePOKCHUIa3bl B CBI3U C (DOPMUPOBAHUEM YCTOMYUM-
BOCTU pacTeHUI MIIIEHULIBI K Tpuby Septoria nodorum
Berk. mon Bo3nelicTBUEM CATMIIMIOBOM 1 KaCMOHO-
BOM KUCJIOT, a TAKXKE UX CMECH.

METOJIUKA

Oo0bekT uccaenopanus. OMbITb TPOBOAWIN Ha OT-
pe3kax jucteeB Triticum aestivum L. copta bammkup-
ckast 24, BbIpallleHHOM M3 TpeaoopadboTtaHHBIX (3 4)
pactBopamu 10~® M caymumioBoii (4.4.a., “Peaxum”,
Poccust) u 1077 M xacMoHOBO# (4.1.a., “Peaxum”,
Poccus), a takke nx cmecnio (1 : 1). CemeHa mpopariiu-
BaJli Ha (UIBTPOBAIBHOW Oymare Ipy KOMHATHOM
temrnepatype. [1oMHOCTbIO pa3BepHYThIe JTUCTbsI 7 CYT
IMIPOPOCTKOB CPe3ali, MOMEILAIM BO BJIAXKHYIO KaMepy
Ha QUIBTPOBAJILHYIO Oymary, cpe3bl IIPUKPHIBAIA Ba-
TOI, CMOYEHHOI B pacTBope 6eH3numuaasoa (40 Mr/m)
[11]. OTpe3kn IUCTBEB MHOKYJMPOBAIM CyCIICH3UEH
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nukHocnop S. nodorum Berk. (10° criop/mit), KOTopble
OBbUTH BBIIEJICHBI aBTOpAaMU W3 MECTHOW MOMYJISIIUN
rpuba. MHOKyTMpOBaHHBIE JINCThsI BBIICPKABAIN TIPU
KOMHATHOI TeMITepaType B TEMHOTE B TeueHHe 24 4,
rocJjie Yero NepeHOoCUIM Ha UCKYCCTBEHHOE OCBEILIEHE
¢ dotomnepronoM 16 4/cyr. MHTEeHCUBHOCTD pa3BUTHST
rpuba Ha 3IMAEPMICE JINCTHEB OLICHUBAJIA Yyepe3 24 4,
re”Hepauvio H,O, B Me3odusuie muctheB — uepes 48 4,
MHTEHCUBHOCTb CUMIITOMOB 00JIE3HU — yepe3 72 4 Mo-
cJie THOKYJISILIMK. B KauecTBe KOHTPOJISI UCTTOIb30BaIn
HC[/IH(I)VIL[I/IPOBaHHbIC " I/IH(I)I/ILII/lpOBaHHbIC JINCTbS
pacteHuii, He oopadoTaHHbie CK 1 2KK.

Onpenenenne H,0,u O . OTpe3ku ITUCTBEB TOMO-
renusuposanv B 0.025 M docdatHoM Oydepe, pH 6.2
(®Bb), B cootHomieHun 1 : 3, ueHTpUGYrupoBaIu
20 muH 1ipu 10000 g Ha uenTpudyre dupmsl “Eppen-
dorf” (Iepmanus). CynepHaTaHT MCIIOJB30BAIA ISt

onpeneneHus: conepxanuss H,O, u 0. KonneHrpa-

o O) onpenessuiv Mpu JUTMHE BOJHbI 530 HM ¢ Hc-
noyib3oBaHueM 0.6 MM HUTPOTETPA30JMs CUHErO
(HTC) ¢pupmsbr “Sigma” (CILLHA). KoadhduimeHT MO-
JISIPHOTO TIOTIoIIeHus (hopMazaHa, 00pa30BaBIIETOCs
npu BocctaHoBIieHn HTC cynmepoKCMIHBIM pamgrKa-
JIoM, TIpuHUMa pasHbIM 15000 M~ cm~'[12]. Conep-
sxxanue H,O, otleHnBamm pu 560 HM ¢ UCTTOJTb30BaHM -
€M KCUJIGHOJI0BOro opaHzkeBoro [13]. PeareHTt conep-
xan 0.074% conu Mopa B 5.81% cepHOil KUCIOTE U
0.009% kcuneHoI0BOro opamkeBoro B 1.82% copbuta
(B cootHomieHnu 1 : 100). OnTUyecKylo IUIOTHOCTh
MPOJIYKTOB PeakiMM U3MEPSIIM Ha CIIEKTpooToMeTpe
Biospek-Mini ¢pupmel “Shimadzu” (Amonus).
HMurencuBHocTh oOpazoBanuss H,O, oneHuBanu
TaKkKe Ha TUCTOJIOTUYECKMX Cpe3ax Mo OKMCIICHHIO 3,3-
nrnamMuHob6eH3unrHa (JJAB) o MeTomy, U3JTOXKeHHOMY
B padote [14]. Cunre3 H,0, olieHMBaJIX TIO KOJIUYECTBY
OKpaIIIeHHBIX KJIETOK Uepe3 48 9 I1ocjIe MHOKYJISIIAMN.

AKTHBHOCTB OKcajaTokcunasbl (KP 1.2.3.4). Lluro-
IUTa3MaTHYECKYIO (CBOOOTHOPACTBOPHMYIO) (hpaKITUIO
depMeHTa BbiAeNsUIM ¢ ucnosib3oBaHueM 0.05 M cyk-
nuHatHoro Oydepa, pH 3.8 (CB) [15]. lis 3Toro or-
pe3KH JIMCTheB ToMoreHn3upoBam B Chb 1pu cooTHO-
IIEHNY MacChl HaBeCKU JIMCTheB K 00bemy Cb (1 : 3).
OkcrpakT HeHtpudyrupoBamu 20 muH mpu 12000 g
(“Eppendorf”, Iepmanus). PeakimoHHast cMech ISt
orpee/ieHUs] aKTUBHOCTU OKCaJaTOKCUAA3bl COAEp-
xkana 100 mxn Chb, 0.0025 M 1iaseneByto Kucioty (“Pe-
axum”, Poccust), 50 MKJT (hepMEHTHO BBITSDKKU U KOM-
Mepueckoi Tepokcuaasbl xpeHa dupmbl (“JdAnasM”,
Poccust) B xoHneHTpamum 15 em./mir u 0.08%-Hbrit
XpOMOTEHHBIN cyocTpat o-deHuneHnrnamMuH (OD,
“Peaxum”, Poccus).

AxTuBHocTh Karanassl (K® 1.11.1.6). Pacturenb-
HyI0 TKaHb pactTupaiv B 50 MM pactBope ®b, pH 7.8.
OrTHollIeHHEe MacChbl HaBeCKM K o0bemy Oydepa Pb
1 : 10. ITocne uentpudyrupoBanus 25 MuH nipu 12000 g
Ha neHtpugyre 5415K (“Eppendorf”, Iepmanust) cy-
MEepHATAHT WCMOJb30BAIM IJII aHAJIM3a aKTUBHOCTU
depmeHTa. Peakiunio WHULMHAPOBAIN J00aBICHHUEM
0.1 i1 cynepnHaranta K 2 M 0.03%-Horo pacrtsopa
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H,0,. B KoHTposibHYIO TTpo0y BMECTO CylepHaTaHTa
BHocur 0.1 MJI IUCTWIITMPOBAHHOM BOAbl. Peakiimio
ocTraHaBIMBaJX Yepe3 10 MuH gobasieHneM 1 mir 4%-
HOro Moymbmarta aMMOHUSI. MHTEHCUBHOCTb pa3BUB-
LIeICsT OKpacKM WU3MEpsUIM Ha CIIEKTPO(pOTOMETpE
(“Shimadzu”, SInonwust) npu mimHe BoaHBI 410 HM po-
TUB KOHTPOJILHOM TTPOOHL.

AKTHUBHOCTb KaTajia3bl paCCUMTHIBAIU T10 (POopMyJIe:
E=(Ax—Ao0)ViK, tne E — akTUBHOCTB KaTana3bl (MKM
H,0,/mr 6enxa MyH), AK 1 Ao — MOIJIOIIEHUE KOH-
TPOJILHOH 1 OMBITHOI MPOO COOTBETCTBEHHO, V — 00b-
€M BHOCUMOIT npoOkI, 0.1 M, ¢ — BpeMs MHKyOallnH,
600 ¢, K — koahGUIeHT MATUTUMOJISIPHOTO TTOTJIONIE-
nus H)O,, paBublii 22.2 x 10° MM~ ecm™.

AxTHBHOCTH epokcuaassl (K® 1.11.1.7). J11s BoI-
JIeJICHUST LIMTOIJIa3MaTUYeCKoil (ppaKIuy IIePOKCH-
J1a3bl OTPE3KU JIMCTheB roMoreHu3uposaiu B 0.01 M
Na-docdaranom 6ydepe, pH 6.2 (DPB). OTHolIEHNE
Macchbl HaBeCKM JUCTheB K 00beMy Db 1 : 3. Dkc-
TpakT ueHTpudyruposanu 25 muH npu 12000 g Ha
nentpudyre 5415K (“Eppendorf”, Iepmanus). Cy-
MepHaTaHT MCIOJIb30BaIM ISl aHalu3a aKTUBHOCTHU
repoKcuaas3bl. AKTUBHOCTh (epMEHTa OIIpeaeIsuin
no oxkuciiennio 0.15%-noro O®D]/l B mpuCyTCTBUU
0.0015% H,0,80.01 M ®Bb.

OnTUYeCKYIO TJIOTHOCTh oOKucaeHHoro OMD]I npu
OTpEeNeICHUM OKCAJaTOKCUIA3bl M IEePOKCUIA3bI
oneHuBanu mmpu 490 HM Ha mpuOOpe WIST UMMYHO-
¢depmenTHoro aHanm3a Benchmark Microplate
Reader (“BioRad”, CIIIA). EguHuna akKTUBHOCTU
(bepMeHTa COOTBETCTBOBAJa KOJWYECTBY OKMUCJICH-
HOTO cyOCTpaTa, BbI3bIBAIOIIEMY YBEIUUCHUE SIMHM -
IIbI ONITUYECKOM TUIOTHOCTH AA 3a 1 muH. 11 cpaB-
HUTEJBHOTO aHalin3a aKTUBHOCTh BBIpAXKaIM B
OTH. e/I. Ha 1 T CBIPOit MBICCHI.

N3o0depmenTHbiii cnekTp mepokcuaasbl. M3o35ek-
tpodokycrupoBaHue (MUDP) OGEIKOBBIX 3KCTPAKTOB
npoBoAWId Ha mnpubope dupmbl “Xuity-Kamryp”
(DcroHus) ¢ ucnoiib3oBaHUEM 7 %-HOTO TTOJIMaKprIa-
munHoro Tenst (ITAAD) u 2.5% wzomutoB hupMer “MP
Biomedicals” (CIIA). Ilepen HaHeceHMEM Ha TeJib
00pa3lbl BRIPAaBHUBAIM IO COAEPKAHUMIO OeIKa U ara-
JIM30BTA TIPOTUB MTUCTAUTMPOBAHHOM BOIBI. AKTHB-
HOCTh M3omepoKcHaas B rejie BeIABITIN 0.01%-HbIM
pacTBopoM 3,3-IMaMUHOOSH3UIMHA COJITHOKHCIIOTO C
0.005% H,0, B 0.1 M ®Bb. IMocne nposiBieHus: dep-
MEHTATHBHON AaKTMBHOCTU TeM aHAIM3UPOBAIM C
ncrojb3oBaHueM ckaHepa (“Genius”, CIIIA). Ompe-
nmenmeHne pl Tlepokcumas TIIIEHMITHI TTPOBOAWIIM C
WCIIOJIb30BAHUEM IMAaTHOCTUYECKUX HAOOPOB OETKOB C
nauanaszoHoM pl ot 3.5 1o 10.6 (“Sigma”, CILIA).

CrarucTHyeckas o0pa0oTka AaHHBIX. OTIBITH
MPOBOJMIIM B 3 OMO0rMYeCcKuX MoBTOpax. B kaxkaom
BapuaHTe omnbiTa pukcupoBaiu mo 10 gucteeB. Ha
pUCyYHKaX MpUBEACHBI CpeHUE PE3yabTaThl OIbITa U
VX CTaHJApPTHbBIC OLIMOKH.
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Puc. 1. Biustnue canuumnosoit (CK) u xxacMonoBoi#t (2KK) KucI0T 1 X cMecu Ha MHTEHCUBHOCTB IpopacTtanus criop (1), re-
Hepauuio H,O, B ki1eTkax Mezoduiia B 3oHe nHGuuuposanus (11) u pazeurue cumnromos centopro3sa (111) B IucThsx mitre-
HUIIBL: @ — KOHTPOJIb, 6 — 06paboTka CK; B — o6paboTka KK, r — o6padorka cmechio CK + KK. I, I1, I11 — 24, 48 u 72 4 tocie

MHOKYJISAIUUN COOTBETCTBEHHO.

PE3VJIBTATBI 1 X OBCYXIEHUE

Bmsmue CK n 2KK Ha passutue rpuda S. nodorum na
JMCTbsiX mueHuibl. HabmoneHue 3a poctoM BO30yauTe-
JISl CENTOPpHO3a Ha SITUACPMUCE JIMCThEB MOKA3aJ10, YTO B
KOHTpOJIE y3Ke uepe3 24 4 mocjie THOKYJISILIUY MULISTUIA
rpuba rycTo TOKpbIBaJl MOBEPXHOCTh JIUcTa (puc. la, I).
B BapuanTax onbita ¢ mpuMmeHeHreM CK, 2KK 1 m1x cme-
CH TIpOpacTaHHWe CIOp OBLI0O MeHee WHTEHCUBHBIM
(puc. 16, 1B, 1, I). TlpusHaku pa3BUTHS CENTOPHO3a B
KOHTPOJIbHBIX JIMCThSIX HAOI0AaIMCh Yepe3 24 4 mocie
WH(MpULIMPOBaHUS B BUIE C1a00ro o0ecliBeYMBaHMS JI1 -
CTBEB C IOCJIEAYIOIINM MX IOOypeHrEeM, a uepe3 72 4 I10-
CJie THOKYJISILIUM CUMITTOMBI CEITOPHO3a TIPOSIBIISLTCH
B BUJIE KPYIHBIX OyphIX MsiTeH (puc. 1a, I11). B muctbsax
pacrenuii, ipenoopaboranHbix CK n KK, cuMmnTomMbr
0oe3HM ObUIM BBIpaXXEHBI cjlabee, 4YeM B KOHTPOJIE
(puc. 106, 18, I1I). OngHako B BapuaHTe co cMmechio CK +
+ KK yepe3 72 4 1ociie MHOKYJISILIMA CUMITTOMBI 00O~
JIE3HU MPOSIBIISUTUCH MPAKTUYECKU C TOM Ke UHTeHCHB-
HOCTBIO, YTO ¥ B KOHTpOJIbHOM BapuaHTe (puc. 1t 11I).
Taxum obpaszoMm, Tpu 00padoTke cemsH Kak CK, Tak n
KK Habmonaiics cyiabblit pocT rprda Ha JIMCThSIX B Te-
yeHMe 72 4 HaOMIoIeHU, UTO YKa3blBaeT Ha MHIYLIMPO-
BaHUE YCTOMYMBOCTH ITIIEHUIIBI K CENITOPUO3Y B STUX
BapUaHTax onbITa. B TO ke BpeMsI B BapraHTe OIbITA C
npenodpadoTtkoit pacteHunit cMecbio CK + 2KK B Hauase

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

MH(PEKIIMOHHOIO Mporiecca Ipud pa3BUBAICSI MEIJICH-
HO, HO 3aTeM €TO Pa3BUTHE YCKOPSITOCH.

Bmsane CK n 2KK Ha oOpasoanne ADK B jm-
CTbSIX MIIEHWIBI Tpu UHGUIUpoBanuu S. nodorum.
Oo6pazosanne ADK gpnsieTcst omTHUM M3 HauboJee
PaHHUX OTBETOB PACTUTEJIbHBIX KJIETOK HA KOHTAKT C
MaTOreHoM, B pe3yJibTaTe 4Yero MHAYLIMPYIOTCS 3a-
IIIMTHBIE peakliuu pacTeHusi. U3BeCcTHO, YTO MEPBHIM
3BEHOM B IaTOIN€H-UHAYLIUPYEMOM OKUCIUTEIbHOU
BCITBIIIKE SIBJISIETCS aKTUBALIMS CBI3aHHOM C KJIETOY-
HoU MemOpaHoit HAJNMH-okcuaassl 1 reHepamust
CYIEepPOKCUIHOTO paauKaja, KOTOPbIi MpU y4acTUu
cyrnepokcuaaucMyTasbl npeodpasyercsi B H,O, [1].

Tak, momaBieHue obpazoBaHusi O, MPUBOIWIO K
BOCIIPUMMYMBOCTY PACTCHMIA TIIIEHUIIBI K BO30YIM-
TEeJTI0 pXKaBuYMHEI [ 16].

HNccnemoBanus mokasaiau, YTO B OTBET Ha MHPU-
LUpOBaHUE BO30OYAUTENIEeM CENTOPHUO3a B JIUCThIX
MIIeHUIIBI HaOJIOAAI0Ch TTOBBLIIIEHWE KOHIIEHTpA-

v O5 depes 24 4 mociie HHOKYJISILMK (Tabauia). B
npenodpadboraHHbix CK 1 KK 1ucThsIx cMHTE3 BCex
dopm ADK ycunusaincs (tabauua). [Ipuuyem npu
UHPULIMpOoBaHUHU 1o Bo3aecTBueM CK nunayupy-
ercs1 bosee paHHee noBhilieHUe YpoBHI ADK (24 4
MOCJIE MHOKYJISLMU) MO CPpaBHEHMUIO C 00pabOTKOM
KK. B Bapuante CK + KK BbICOKUIT ypOBEHB 00pa-
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Bmusane camummnooit (CK) u xacmonoBoit (2KK) K1cIIOT 1 nx cMecH Ha HaKOIUIEHHE CYNEepOKCHIHOTO paauKaia

(0'2_) n H,O, B mucThax mienunusl copta bamkupckas 24 npu nuH@uUUUpoBaHUU rpuboMm S. nodorum

Bpems nociie uHUUIIMPOBaHUS, 4
Bapuant
24 48 72
05, HM/MT chIpoii Macchl
KoHTponb 73.0+£3.7 81.1+£3.2 62.0+3.9
S. nodorum 98.1+4.1 92.3+4.6 79.1+£2.1
CK 99.2+3.7 88.1£6.1 742+2.4
CK+ 8. nodorum 165.0£6.8 118.2+£9.9 98.1+£5.5
KK 89+3.7 124.3+£5.8 96.3+3.9
KK+ S. nodorum 126.2 +8.7 149.0+ 7.2 94.1+4.3
CK + XK 101+3.9 112+6.7 80.2+3.4
CK + XK + S. nodorum 131 £8.6 123+£5.9 107.3+4.2
H,0,, MKM/MT CcbIpOii Macchbl
KonTpons 18.3+0.7 10.1£0.6 7.21£0.3
S. nodorum 22.7+1.5 159+0.9 8.6£0.2
CK 21.0£1.3 14.1£0.7 9.7+£0.3
CK + S. nodorum 38.8+2.5 20.7+0.8 10.8+0.5
KK 20.4+0.8 21.9+0.5 11.3£0.2
KK + S. nodorum 29.2+1.6 26.8+1.3 12.1£ 0.4
CK + XK 243+ 14 28.3+1.7 15.2+0.7
CK + XK + S. nodorum 30.1+1.7 343+1.2 21.3£0.9

3oBaHus ADK mpociieXXuBajcs Ha NPOTSKEHUH 48 4
nociae uHUIUpoBaHUsi. B nuTeparype uMeroTcs
cBeneHus o6 nHaynupoBaHuu CK panHero odpazo-
BaHUS CYINEPOKCUIHOIO pagukaia B KJIeTKaX Me30-
dwuia JUCTbEB TIIEHULBI NMPU UHOUIKUPOBAHUU
BO30yauTesieM Oypoil pKaBYMHBI [17] 1 3HAYMTENb-
HOM yBenudeHuu comepxanuss H,O, mon Bosaeii-
ctBrUeM oOpabotku KK Ha 0ojiee MO3OHUX CTaausIX
naroreHesa [18].

Ienepauus H,O, B kieTkax Me3odusuia TMCTbEB MO/
BO3MIEMCTBMEM HCCEAYeMbIX COEIMHEHUI U UX CMECHU
ObUIa KccieoBaHa TAKKe C MIOMOILIbIO KpacUTeJIs Iua-
MUHOOeH3uaHa. OOHapy:KeHO, YTO U B MH(MULIUPO-
BaHHOM KOHTpOJIe, U BO Bcex BapuaHTax omnbita H,O, -
MPOIYLIMPYIOILINE KJIETKU HAOMIONATUCh B Me30duie
JIMCTheB cIycTst 48 4 mocie nHoKysuuu (puc. 1, II).
IIpuyeM B OMBITHBIX BapuaHTax KojauwdyectBo H,O,-
MPOAYLIMPYIOIIMX KJIETOK ObLIO OoJibiie (puc. 10, 1B,
I, IT), yeM B KoHTpOI€E (puc. 1a, II).

Bmsinne CK n 2KK Ha aKTHBHOCTb OKCAJIATOKCHIA3BI
npy MHQUIMPOBAHUU TpUdoM S. nodorum. B orseT Ha
WHOKYJISLIWIO JIUCThEB BO30YAUTENIEM CEIITOPUO3a ITPO-
MCXOAWIO MOBBIIIEHUE aKTUBHOCTU OKCAJIATOKCUAA3bI
(puc. 2a, 2). CK okasbiBajia a(pdeKTuBHOEC UHAYLIUPY-
ol1ee JIEMCTBUE HAa aKTUBHOCTb OKCATATOKCUIAa3bl KakK
B 3I0POBBIX pacTeHusix (puc. 2a, 3), TaKk 1 IIpu UHPU-
LIMPOBAaHUM, OCOOEHHO Ha paHHUX 3Talax MaroreHe3a
(puc. 2a, 4). Tak, B npenoopadoraHHbIX CK JIMCThSIX ue-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

pe3 24 4 mocie MHOKY/ISIIUM aKTUBHOCTb 3TOro (ep-
MEHTa IpeBblliiajia MoKa3aTesib KOHTPOJIbHOI'O BapraH-
Ta B 3 paza (puc. 2a, 4). IlonooHoe aericrBue KK Ha mH-
IyK1Mo (hepMeHTa TPOsIBISUIOCh Ha 0OoJsiee TO3THUX
aTanax B3aMMOOTHOUIEHUI pPaCTUTEIbHBIX KIIETOK C
rpu6boM (48 4 mmocie nHOKyIsILMu) (puc. 2a, 6). Muny-
nupyromiee aetictBue cmecu CK + KK Ha akTMBHOCTD
OKCaJIaTOKCHIA3bl TIPOSIBIISUIOCh Ha MPOTSLKEHUU 48 4
nocJie MHOKyJsiyu (puc. 2a, §).

Wamenenue yposHs ADK B pacTUTEIbHBIX TKAHSIX
IPOMCXOOUT B pe3yjibTaTe MHOIMX METa0OJIMYECKUX
IIPOILIECCOB, B TOM 4YHCJIE U3MEHEHUSI B aKTUBHOCTU
Mpo-4-aHTUOKCUAAHTHEIX (bepMeHTOB. M3BeCTHO, YTO
HaunOOJIBIINIA BKJIaA B HakorwieHue ADK BHOCUT aKTH-
BalliM OKCHUIA3, Cpedyd KOTOPBhIX OKCaJlaTOKCHIa3a
SIBJISIETCSI MATOTeH-UHAYLIMPYeMbIM OEJIKOM U BasKHEM -
LM KOMIIOHEHTOM ITPOOKCUIAHTHOM CUCTEMBI pacTe-
Huii [19]. PaHee Hamu Obula BBISIBIEHA aKTUBALIMS
OKcaJlaTOKCUAa3bl U noBbillieHue yposHsi H,O, B Tka-
HSIX TMIIEHULbI MO BIMSIHUEM BO30yIuTEIe KOpHe-
BbIX THUJICH, TBEpHAOI IOJIOBHU U 00pabOTKE MHIYKTO-
pamu ycroituuBocTH [4, 20]. Takum o6pa3oM, OTHUM U3
BO3MOXKHBIX MEXaHM3MOB HHAYLIMPYEMOIO CUTHaIb-
HbIMU MoJieKyiamu HakorieHus: H,O, B TMCThSIX Tiiie-
HULIBI TPY UHGUIMPOBAHUU S. nodorum SIBJIIETCS aK-
TUBALIMS OKCAIATOKCUIA3bI.

Bmsinne CK n KK Ha aKTHBHOCTb KaTajassl MpH
undunmpoanum S. nodorum. PaHee HaMu OGbLIO TO-
Ne 5

ToM 47 2011



606

4r (@)

3_
di 7
L
0
©)

16 -

12+ s

el./Mr OelKa

16 (B)

12 F

i

12345678 12345678 12345678
I II I

el./MT OeliKa

MkM H,0,/mr 6enka
o & o0

Puc. 2. Bausnue camuumioBoit (CK) u kacMoHOBOI
(’KK) xucnoT Ha aKTUBHOCTh OKCAJaTOKCUA3bI (a), Ka-
Tajasbl (0) U MEPOKCHUIA3LI (B) B IMUCThSIX MIIEHULBI TIPU
uHduuupoBaHuu S. nodorum: 1 — KOHTPOJIb, 2 — UHDU-
mupoBanue S. nodorum, 3 — oopaborka CK; 4 — o6paboT-
ka CK + mHdunmupoBanue S. nodorum; 5 — odbpaboTka
XK, 6 — obpaborka XK + nubuuupoanue S. nodorum,
7 — obpabotka cmecbio CK + KK, & — obpaboTka cme-
coio CK + XKK + wHbuumposanue S. nodorum. 1 — 24,
11 — 48, 111 — 72 9 mocjie UHOKYJISILIAN.

Ka3aHo, 9YTO BO30YIMTEb CETITOPNO3a CITOCOOEH CEK-
pertvpoBaTh Kartajady B Cpely KYJIbTUBUPOBAHMS,
MIpUYEM BBICOKOArpeCCUBHBIE IITAMMBbI S. nodorum
XapaKTepU30BaIUCh 0o0Jiee AaKTUBHLIM CUHTE30M
BHEKJIETOYHOI KaTaja3bl II0 CPaBHEHUIO C CJ1abo-
arpeccuBHbIMU [21]. Tlpenmomaraercst, 4To 3a CUET
CeKpelMU B pacTUTEIbHbIE TKAHU KaTaJla3hbl IpUO I10-
nmaBisit reHepanuio AOK B MecTax JoKaIu3aluu U
obecrieunBall cede yCrelIHbIid POCT U pa3BUTHUE.

WccnemoBaHust ITIoKa3aid, YTO B MTHMUIIMPOBAHHBIX
JIMCThSIX TIIIEHULIbI AKTUBHOCTD KaTala3bl IIOCTEIICHHO
BO3pacTaja, JOCTUTast MAKCUMAJTBHOTO 3HAYEHUSI Yepe3
72 4 nmocne nHoKysauu (puc. 20, 2). CK oka3sbiBaia
VHIUOMpYIolllee IeiiCTBUE Ha KaTaJa3HYl0 aKTUBHOCTb,

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

APYIIJIIMHA u np.

KaK B 3M0POBBIX (puC. 20, 3), TaK ¥ B MH(ULIMPOBAHHBIX
JIMCThSIX TIIeHUIIBI (puc. 20, 4). B xone akcriepyuMeHTa
noxn BosnerictBueM CK kaTamaszHass aKTUBHOCTh CHU-
JKaymach yxe yepe3 24 4 mocjie MHOKYJISIIuK (puc. 20, 4).
Nurnoupyromee aeiictBue 2KK Ha KaTajmazHylo aKTHUB-
HOCTb IIPOSIBIISUIOCH CITYCTS 48 4 mocje MHOKYJISILIN
(puc. 20, 6). IIpu coBmecTHOM Mcnonb3oBanuu CK u
KK akTMBHOCTB KaTaia3bl Ha IIPOTsDKeHNY 24 4 He3HA-
YUTEIbHO OTIMYanach OT KOHTPOJBHOIO BapHaHTa
(puc. 206, 7, &§). Ilockonbky H,O, siBisieTcs HeoOxoau-
MBIM KOMIIOHEHTOM DPa3BUTHSI JIOKAIBHOM U CUCTEM-
HOI YCTOMYMBOCTU PACTEHMI, TO TTOIABJIEHME KaTala3-
HoM aktuBHOCTU T1ox BosaeuctBueM CK u KK cnoo-
COOCTBYET MHIAYKIIMK 3alllUTHOIO OTBETA IMIIEHMULIBI K
S. nodorum (puc. 10, 18, I1I).

Bmsnne CK u 2KK Ha aKTHBHOCTB M H30(hePMEHTHBIIA
COCTAB NMePOKCHIA3bI B JIMCThAX MIIEHUIIbI PU MH(UIHM-
poBaHum rpudoM S. nodorum. B iHOULIMPOBAHHBIX JI1-
CThSIX IMIIIEHULIBI ITO BAMSIHUEM BO30YIUTES CEITOPH -
03a Ha0II0IAJIOCh TTOBBIIIIEHE aKTUBHOCTHU TIEPOKCH-
nasel (puc. 2B, 2). [IpenoOpaboTka pacTeHUI MIIEHULIBI
CK, KK 1 nx cMechlo OKa3bIBajia CYIIECTBEHHOE BTV~
sSIHA€ Ha aKTUBHOCTb Y M30(PepPMEHTHBIN CIIEKTp IIe-
pOKcHIa3 KaK HeMH(ULIMPOBAHHbIX, TaK M MH(PUITIPO-
BaHHBIX pacTeHMit. Tak, ecom B mpegoopadoTtanHbx CK
3[I0POBBIX PACTEHMSIX AKTUBHOCTD (pepMeHTa ObLIa HA-
KE, Y4eM B KOHTpPOJIE HAa BCEM IIPOTSDKEHMHU OIIbITa
(puc. 2B, 3), TO B IIpe1o0padb0TaHHBIX M MTH(UIIMPOBAH-
HBIX OHA IUIABHO BO3pacTaja B XOlIe 3KCIIepHMeHTa
(puc. 2B, 4). Panee HaMu OBLIO TaKKe OOHAPYKEHO M0~
mobHoe paeiictBue CK Ha aKTMBHOCTH IT€POKCHIA3HI
py MHOULMPOBAHUN PACTeHUI MIIEHUIIEI BO30YIr-
TeJieM cenToprosa [8]. B mpemoopadoranHbix 2KK kak
300poBbIX (puc. 2B, 5), TaK U HMH(MULMPOBAHHBIX
(puc. 2B, 6) TUCTHSIX, MIIEHULIBI AKTUBHOCTh IMIEPOKCU~
JIa3bl MOAAePXKMBAIACh Ha BeChMa BHICOKOM ypoBHE. B
couetanuu ¢ CK nanynupyoiee neiicteue 2KK Ha ak-
TUBHOCTb TIEPOKCUIA3bI CHIKANIOCh (pUC. 2B, 7, §).

Anamm3 BiusgHusg CK, KK 1 nx cMecu BBISIBUIT
OIpele/IcHHbIe Pa3Inuusl B CHEKTpe uU3odopM Iie-
poxcuaa3bl MHGUIIUPOBAHHBIX pacTeHui (puc. 3, 4,
6, 8). BeposiTHO, TIOBBILLIEHUE aKTUBHOCTU (DepMEHTAa
B pacTeHUSIX IIpU MHOULIUPOBAHUY T10] BO3ICHACTBU -
€M CUTHAJIbHBIX MOJIEKY/ MPOUCXOIMUIIO KaK 3a CUET
aKTUBAIlMM aHWUOHHOM ITepokcuaassl ¢ pl ~ 3.5, tak n
KaTMOHHOM uszonepokcuaassl ¢ pl ~ 9.6 (puc. 3, 4, 6).
WnutepecHo, uto KK, B omtmune ot CK, unaymupo-
BaJjia MOSIBJIEHNE KATUOHHOM 130G opMbI (hepMeHTA C
pl ~ 9.8 (puc. 3, 6). IIpu coBMeCTHOM NPUMEHEHUU
CMECH CUTHAJIbHBIX MOJIEKYJT aKTUBUPOBAIUCH KakK
aHMOHHEBIEe M3orepokcuaassl (pl ~ 3.5), ygactByio-
nire B TUTHUUKAIMKY [22], TaK 1 KaTHOHHOMN M30-
dopmnei ¢ pl ~ 9.6 (puc. 3, 8).

OcobeHHOCThIO Tpuda \S. nodorum sIBJISIETCSI TEMU-
OuoTpodHbIi TUI Mapa3utudMa. CBoe pa3BUTUE BO3-
OyauTE b CENTOPHO3a HAUMHAET Ha XXMBBIX PACTUTE/Ib-
HbIX TKaHSX, HO Ha OIpeAe/IeHHOM 3Tare IaToreHe3a
MOXET KOJIOHU3UPOBAaTh MOTUOIINE TKAHU PACTCHUSI-
xo3simHa [23]. Ilpeanonaraercsi, YTo B 3aBUCMMOCTH OT
THUIA Mapa3uTU3Ma BO30yIUTe I 00JIE3HU pACTCHUS aK-
TUBUPYIOT Pa3INYHbIC CUTHAJIBLHBIC CUCTEMBI C LIEJIbIO
Ne 5
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obecIteunTh ONTUMAJIBHYIO 3aIIATy CBOMX TKaHeil. B
HaImmx ucciaenoBaHusx oopadorka CK maaymposaia
reHepaiio ADK Ha 6oree paHHEH cTanny ITaToreHe3a
o cpaBHeHm1o ¢ 2ZKK. BepostHo, ycuiteHre oopa3oBa-

Hust O 1 H,0, mop neiicTBreM CUTHATbHBIX MOJIEKYIT,
O0OHapyXrBaeMoe KaK Ha 3KTO(UTHOM, TaK U 3HIO-
bUTHOM cTanusIX pa3BUTUs S. nodorum, HeOJIArOIPUSIT-
HO OTPaXkaJIoCh Ha €r0 Pa3BUTHU.

B HacTostiee BpeMst He BBI3BIBAaCT COMHEHUS, YTO
ADK BaxXHBI B 3allIUTHBIX peaKIIUSIX pacTeHUI Ha
BO3JIEMCTBHE PA3IMYHBIX CTPECCOPOB, B TOM YUCIE U
naTtoreHoB. Tak, B KJIyOHsIX KapTodeass UMMYHHOTO
copTa TIpM WHGUIIMPOBAHUM BO3OymuTeneMm ¢u-
TodTOopo3a BhIsIBIACHA reHepauust H,O,, conpoBox-
Jarolascs peakiueid CBepX4yBCTBUTEIbHOCTHU [24],
npyu UHGUUIMPOBAHUN YCTOMUMBBIX PACTEHUI TIIIE-
HUIIBI BO30yaUTEIeM Oypoil p>kaBUMHBI YCTAHOBJICHA

WHTEeHCUBHasl TeHepanust O, B 3aMBIKAIOIINX KJIET-
Kax yCTbUII U B Me30¢hULIe TUCTa, TOAaBIeHUE KOTO-
poii crtocoOCTBOBAIO POCTY U PAa3BUTHIO TaTOreHa B
pACTUTENBHBIX TKAHX [16].

BaxwHas ponb B reHepauuu H,O, u dopmuposa-
HUM YCTOMYMBOCTHU PACTEHUI TIIIEHULIBI K TPUOHBIM
rnaToreHaM IIPUHAIJIEXUT PACTUTEIHOMY (hepMEHTY
okcajmatokcuaase [19], cekpenusi KOTOpOro B aro-
nact nox BmustaueM CK ycmmmBaercs [8]. B 1o ke
BpeMsI, €CJIU YIUTBIBATh, YTO BO3OYAUTENIN CENTOPU-
03a CHOCOOHBI K CUHTE3y M CEKpellUr B pACTUTEIb-
HbIe TKAHU 1IaBeJIeBOM KUCIOTHI, SIBJISIONIeACS (hak-
TOPOM ITaTOT€HHOCTH [25], TO MHIYKIINSI aKTUBHOCTH
JTaHHOTO (hepMEHTAa CIIOCOOCTBYET Pa3BUTHUIO YCTOM-
YUBOCTU PACTEHUIA.

Ocoboe MecTO B peryasluyd B3aUMOOTHOIIEHU
pacTeHUil M MaTOreHOB 3aHMMAIOT KaTajasbl. OHU
CMOCOOCTBYIOT YCUJICHUIO BUPYJIEHTHOCTH T'PUOHBIX
MaTOTEeHOB 3a CYeT CHUKEeHUST KoHlleHTpauu ADPK B
30H€ MH(MUIUPOBAHUS U IMOAABJICHUS OKUCIUTEb-
HOro B3pbIBa [26]. B Hammx mcciaemoBaHusaX obpa-
ootka CK n KK cHikana Karajga3Hylo aKTUBHOCTD B
JIACTBSX TIIEHULBI TIpU MHPULIMpPOBaHUM S. nodor-
Um, 4TO MOJOXKUTEIbHO OTPaXaJoCh Ha HAKOIUICHU N
H,0, v nonasneHuu creneHu pa3BUTUs NaToreHa.

ZKacMoHOBasI KMCJIOTa U €€ LIMKJINYECKUE TIpeie-
CTBEHHUKM COCTABJISIIOT CEMEMCTBO OMOAKTUBHBIX OK-
CWIWIUIOB, YYaCTBYIOIIUX B PETY/ISILIMM OTBETA pacTe-
HUI Ha pa3IMYHbIE CTPECChI, B TOM YMCJIE Ha TIopaxe-
Hue putodaraMmy 1 HEKOTOPLIMU MUKPOOPTraHU3MaMU
[27]. 3amuTHblil apdexT 2KK poTuB prutonaToreHoB
00yCJIOBJIEH €€ CHOCOOHOCTBIO PEryJMpoBaTh CHUHTE3
MaToreH-uHAYLUUpyeMbIx 0enKoB [9]. B Hamuix uccie-
noBaHusIx KK vMHayIMpoBaia MosiBJIieHe KaTUOHHOMN
n3o0¢opMbl riepokcuaassl ¢ pl ~ 9.8. Yuureisas moau-
(bYHKIIMOHAIBHOCTh TTEPOKCUIA3bl, a TaAKXKE CII0CO0-
HOCTb U30(opMbI pepmeHTa ¢ pl ~ 9.8 copbupoBaThcs
Ha MULIEJIUU ITAaTOT€HHBIX TPUOOB [22], MOXXHO CKa3aThb,
yto nox Bo3aeiicTBueM KK renepaums AOK u yrunm-
3alMsl UX U30bITKA MOXET MPOUCXOIUTh B IMpoliecce
JIMTHU(PYKALIMWA HETTOCPEICTBEHHO HAa MH(DEKIIMOHHBIX
CTPYKTypax raroreHa.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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pl M

Puc. 3. Bauguue canunuioBoit (CK) u kacMOHOBOIA
(PKK) xucmot Ha n30epMEeHTHBIN CITIEKTP TTepoKCcuaas B
JIMCTBSIX TMIIEHULBI: /| — KOHTPOJIb, 2 — MHGULUPOBaHUE
S. nodorum, 3 — oobpaborka CK; 4 — o6paborka CK + uH-
duruposanue S. nodorum; 5 — obpadorka KK; 6 — obpa-
6otka KK + undunuposanue S. nodorum, 7 — o6paboT-
ka cmechio CK + KK, & — oopabotka cMechio CK + KK +
+ uHduupoBaHue S. nodorum, 48 4 mocie MHOKYJISILIUU.
M — pacniojioxxeHue MapkepHbix 0e1koB B ITAATL pl —
M303JICKTPUUECKHE TOUKU.

B vHayKIMM 3aliUTHBIX MEXaHU3MOB OIPEAeIIsIIo-
III1M SIBJISIETCSI BOCIIPUSITHIEC CUTHAJIA U €T0 pacipocTpa-
HEHUE 110 TKaHSIM pacTeHUsI, KOTOPOE ITPOMCXOIUT IIPU
YYaCTUM CUTHAJIBHBIX MOJIeKyJI, Taknx, Kak CK 1 2KK
[1]. Ha pacrenmsx apabumoricrca 1mmokasaHo, yro CK
VHIYIAPYET YCTOMYMBOCTD IIPOTUB OOJIUTaTHBIX ITaTO-
reHoB, a KK — mmpotnB HEKpOoTpOo(HBIX, OTHAKO TIPH
COBMECTHOM NMPUMEHEHUN BMECTO 3alllUTHOIO OTBETA
MOXET OBITh MHAYLIMPOBAaHA BOCIIPUMMYMBOCTH, BbI-
3BaHHAas aHTarOHM3MOM CUTHAJIbHBIX cucTeM [2]. B Ha-
IIMX UCCIIEAOBAHMSIX 00€ CMTHaIbHBIE MOJIeKyIbl — CK
n KK oka3biBaay IpoJIOHTMPOBAHHOE 3alIMTHOE A~
CTBHE HA PacTeHMs MIIIEHUIb IPpYU MHPUIIMPOBAHUI
S. nodorum, MHOYIpPYd B HUX T€HEPAIIUIO CYIIEPOK-
cunHoro pamvkaia u H,O,. Tlpnuem CK oka3sbiBania
OoJsiee paHHee MHOYLIMpPYIOIIee AeHCTBME Ha YPOBEHb
ADK, yem XKK. 3ammrHoe neiictBue CUrHAIBHBIX MO-
JIEKyJI MPOTUB BO30OYOWUTENsI CENTOpro3a ObUIO O0y-
CJIOBJICHO aKTHUBALIME OKCAJIATOKCHUIA3bl, MHAYKIIMEH
AHMOHHBIX M KAaTUOHHBIX IIEPOKCHUIA3 U CHIDKECHHEM
aKTMBHOCTM KaTtaja3sbl B iepuos 24—48 4 mocyie nHu-
mupoBanmsi. OciabieHre 3amquTHOro 3gdekra 1o
BoznerictBueM cmecu CK n 2KK Ha pacreHus mieHu-
16l TpU MHMULIMPOBaHUM S. nodorum, BEPOSITHO, 00Y-
CJIOBJICHO KaK OMOJIOTMYECKMMM OCOOCHHOCTSIMU Te-
MUOMOTPO(GHOIO MaToreHa, Tak U BO3MOXHBIM IIepe-
KpbIBAaHUEM CUTHAJILHBIX ITYTCIA.

Pabora BBIMOIHEHA TIpU TTOIAEPIKKE ITPOTrpaMMBbI
ALBIT No 2.1.1/5676, TockoHTpakTa MuHKCTEPCTBA
ob6pazoBanust 1 Hayku Ne I1-339, DILIIT “HayuHsle u
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Salicylic and Jasmonic Acids in Regulation of the Proantioxidant
State in Wheat Leaves Infected by Seproria nodorum Berk.

L. G. Yarullina, N. B. Troshina, E. A. Cherepanova, E. A. Zaikina, and I. V. Maksimov

Ufa Scientific Center, Russian Academy of Sciences, Ufa, 450054 Russia
e-mail: yarullina@bk.ru

Received December 9, 2010

Abstract—Influence of mediators of the signal systems of salicylic (SA) and jasmonic (JA) acids and their

mixture on reactive oxygen species' (ROS) (superoxide radical O, and H,0,) generation and activity of oxi-
doreductases (oxalate oxidase, peroxidase and catalase) in leaves of wheat Triticum aestivum L. infected by
Septoria leaf blotch pathogen Sepforia nodorum Berk. has been studied. Presowing treatment of seeds by SA
and JA decreased the development rate of fungus on wheat leaves. SA provided earlier inductive effect on pro-

duction of O3 and H,0, compared with JA. The protective effect of the salicylic and jasmonic acids against
Septoria leaf blotch pathogen was caused by activation of oxalate oxidase, induction of anion and cation per-
oxidases, and decrease of catalase activity. Ability of compounds to stimulate ROS in the plant tissues can be
used as criteria for evaluation of immune-modulating activity of new substances for protection of the plants.

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA
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APPLICATION OF STANDARD ADDITION FOR THE DETERMINATION
OF CARBOXYPEPTIDASE ACTIVITY IN Actinomucor elegans BRAN KOJI
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Leucine carboxypeptidase (EC 3.4.16) activity in Actinomucor elegans bran koji was investigated via absor-
bance at 507 nm after stained by Cd-nihydrin solution, with calibration curve A, which was made by a set of
known concentration standard leucine, calibration B, which was made by three sets of known concentration
standard leucine solutions with the addition of three concentrations inactive crude enzyme extract, and cal-
ibration C, which was made by three sets of known concentration standard leucine solutions with the addition
of three concentrations crude enzyme extract. The results indicated that application of pure amino acid stan-
dard curve was not a suitable way to determine carboxypeptidase in complicate mixture, and it probably led
to overestimated carboxypeptidase activity. It was found that addition of crude exact into pure amino acid
standard curve had a significant difference from pure amino acid standard curve method (p < 0.05). There was
no significant enzyme activity difference (p > 0.05) between addition of active crude exact and addition of in-
active crude kind, when the proper dilute multiple was used. It was concluded that the addition of crude en-
zyme extract to the calibration was needed to eliminate the interference of free amino acids and related com-

pounds presented in crude enzyme extract.

The basic system for detecting carboxypeptidase
activity includes two steps: the first peptide bond from
the carbon termini was broken and resulted in the re-
lease of a free amino acid. The released free amino ac-
id was detected by colorimetric ninhydrin method, the
quantity of the released free amino acids per unit time
was then calculated and regarded as carboxypeptidase
activity, the more the free amino acids were released,
the higher the enzyme activities were obtained.

Most of the compounds with a-NH, acid could
easily react with ninhydrin. Classic colorimetric nin-
hydrin methods to detect amino acids and related
compounds were developed and Modified by Moore
and Stein [1, 2]. There were several modified methods
about detection of free amino acids formed during
certain reaction, but most of them need special preci-
sion instrument such as chromatography [3], electro-
chemiluminescence [4] or fluorophotometer [5] or
some special reagents or substrate [6, 7], couple en-
zyme [8] or unsafe reducing reagent [9], and some
modified method was only limited to assay certain
amino acid [10], so the above procedures were cost-
and time- consuming to some extent, especially with-
out broad application. On the base of conventional
methods, Dio et al. in 1981 reported that modified
colorimetric Cd-ninhydrin methods was suitable for
the determination of peptidase activities on peptides,
because Cd-ninhydrin was more sensitive to and selec-
tive for amino acids, comparing with peptides [11]. To

8 TIIPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA

date, several explorations have been performed to as-
say the formation of free amino acids and to assay the
carboxypeptidase activity during cheeses proteolysis
using modified Cd-ninhydrin method [12—14]. How-
ever, application of modified Cd-ninhydrin method
was still not capable to assure sensitive or objective for
the assay of certain carboxypeptidase in crude extract
without purification for there were large amount of
free ammonia, primary and secondary amines of pro-
tein, peptides and free amino acids presented in the
crude enzyme extract which came from the culture
media such as bran koji and cheese, and consequently
interfered with the detection of the free amino acid
generated by the action of carboxypeptidase on specif-
ic substrate peptide. Therefore, there was still no pre-
cise method for the determination of carboxypepti-
dase activity in crude microbial culture.

Carboxypeptidase (EC 3.4.16) is a useful tool to
eliminate the bitterness presented in protein hydroly-
sate or some fermented foods which were mainly de-
rived from soybean protein [15—17] and casein [18].
On our previous research, we found that the bitterness
of the soybean protein hydrolysate was significantly
decreased after treatment of Actinomucor elegans ex-
tract, which had the carboxypeptidase activity [19]. In
order to explore the role of the carboxypeptidase from
this mucor in the bitterness decreasing function and
the characteristic of the enzyme, it was of great impor-
tance that the carboxypeptidase activity assay method
Ne 5
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should be objective and accurate. However, compli-
cated compounds presented in crude enzyme extract
would give high color yield background according to
our preliminary experiment.

Standard addition was frequently used in atomic ab-
sorption spectroscopy [20] and gas chromatography
[21] and can be applied to most analytical techniques to
solve the matrix effect problem [22]. On present re-
search, several sets of leucine calibration curves with the
addition of crude enzyme solution were made to assay
carboxypeptidase activity in Actinomucor elegans crude
enzyme extract to meet the demand of analytic precise.

MATERIALS AND METHODS

Reagents. Z-Trp-Leu ( N-Carbobenzoxy-Trp-
Leu) was purchased from Bachem Inc., (USA); Z-Ala-
Leu (N-Carbobenzoxy-Ala-Leu), Z-Phe-Leu (N-Car-
bobenzoxy-Phe-Leu) and ninhydrin were obtained
from Sigma Chemical Co. (USA); L-leucine was pur-
chased from Beijing Dingguo Biotechnology Co.
(China).

Leucine (2.0 mM) in distilled water was served as
standard amino acid solution in this experiment. Sub-
strates of Z-Trp-Leu, Z-Ala-Leu and Z-Phe-Leu were
dissolved in pH 7.0, 0.1 M/1 potassium phosphate
buffer to a final concentration of 2.0 mM/I1. 0.8 g nin-
hydrin was dissolved in a mixture of 80 ml of 99.5%
ethanol and 10 ml of acetic acid, and 1.0 g CdCl, was
dissolved in 1 ml water, after both of the reagent were
fully dissolved, they were mixed and kept in brown re-
agent bottle at room temperature [9].

Sample. Culture and culture conditions. Actinomucor
elegans AS3.2778 was generously provided by Wang Zhi-
he Sufu Co. (Beijing, China). The inoculum culture was
prepared by inoculating the A. elegans spores with an in-
oculating needle from a slope culture into the tofu cake
medium in a 250 ml flask, which was previously sterilized
at 121°C for 15 min. The culture was incubated at 28°C
for 72 h. The spore suspension was prepared by suspend-
ing the contents of inoculum culture into 100 ml sterile
water. Wheat bran (10 g) with water (12 ml) in a 250 ml
flask was autoclaved for 45 min at 121 °C. After the spore
suspension (2 ml; containing about 3 x 10° viable
propagules/ml) was uniformly dispensed into the wheat
bran medium in the flasks, the flask containers were then
incubated at 28°C for 2 days.

Crude enzyme extract. After incubation, the solid
mould medium was mixed thoroughly with 100 ml sterile
distilled water and left to soak at 4°C overnight. The fer-
mented extract was then squeezed out through a cheese
cloth and centrifuged at 4020 g and 4°C ( Hitachi CR
22G, Japan) to remove the insoluble. The clear superna-
tant of the extract was the crude enzyme extract.

Dilute enzyme solutions with different concentrations
Jfor enzyme-substrate reaction. 8.0, 2.0 and 1.0 ml fresh
crude enzyme extract was diluted with pH 7.0, 0.1 M
potassium phosphate buffer to 10.0 ml in volumetric

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA
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flasks separately to prepare 1.25, 5 and 10 dilute folds
of crude enzyme extract, then half (5 ml) of the dilute
enzyme extracts were transferred to another 3 tubes
which were then put into boiling water and kept for 5
min to prepare 1.25, 5 and 10 folds inactive dilute
crude enzyme extract.

Dilute enzyme extract with different concentrations for
calibration curves making. 200.0, 50.0 and 25.0 ul fresh
crude enzyme extract was diluted with pH 7.0, 0.1 M
potassium phosphate buffer to 10 ml in volumetric
flasks separately to prepare 50, 200 and 400 folds dilute
crude enzyme extract (the dilute folds were calculated
according to the dilute folds for enzyme-substrate reac-
tion), then half (5 ml) of the dilute enzyme extracts were
transferred to another 3 tubes which were then put into
boiling water and kept for 5 min to prepare 50, 200 and
400 folds inactive dilute crude enzyme extract.

Procedure. Determination of carboxypeptidase activi-
ties. The reaction mixture, consisting of 1.8 ml substrate
solution (2.0 mM) and 0.2 ml diluted crude enzyme ex-
tracts which were provided by three dilute solutions: 1.25,
5.0 and 10.0 respectively, was incubated at 37°C for up to
6 h. Aliquots (50.0 pl) were taken and mixed with 950 ul
distilled water and 2.0 ml Cd-ninhydrin reagent, then in-
cubated at 84°C for 5 min, amino acids were assayed by
measuring the absorbance at 507 nm and calculated ac-
cording to the calibration curves. The blank consisted of
1 ml H,0 and 2 ml Cd-ninhydrin reagent and monitored
under the same incubation conditions. The carboxypep-
tidase activity was expressed as pmol of leucine h=' ml~!
crude enzyme extract.

Preparation of calibration curves. Calibration curve
A was made in the conventional standard curve way. 0,
12.5, 25, 37.5, 50, 62.5, 75 ul leucine solution
(2.0 mM) was transferred to a set of tubes separately,
and mixed with 1000, 987.5, 975, 962.5, 950, 937.5,
925 pl distilled water in turn. The final leucine con-
centration of the set was 0, 25, 50, 75, 100, 125 and
150 uM which was stained by 2.0 ml Cd-ninhydrin re-
agent respectively and the absorbance was read at
507 nm. The blank consisted of 1 ml H,O and 2 ml
Cd-ninhydrin reagent. The Calibration curve A was
made according to the leucine concentration and ab-
sorbance at 507 nm which was showed in Fig. 1.

Calibration curve B was made with the addition of in-
active dilute crude enzyme extract. 0, 12.5, 25, 37.5, 50,
62.5, 75 wl leucine solution (2.0 mM) was transferred to
a set of tubes separately, then 200 pl of diluted inactive
crude enzyme solution was added into each tube, and
mixed with 800, 787.5, 775, 762.5, 750, 737.5, 725 ul dis-
tilled water in turn. The final Leu concentration of the set
was 0, 25, 50, 75, 100, 125 and 150 umol/l which was
stained by 2.0 ml Cd-ninhydrin reagent respectively and
the absorbance was read at 507 nm. The blank 1consisted
of 1 ml H,O and 2 ml Cd-ninhydrin reagent. Calibration
a, b and ¢ were showed in Fig. 2.

Calibration curve C was made with the addition of
active dilute crude enzyme extract. 0, 12.5, 25, 37.5,
Ne 5
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Fig. 1. Calibration curve A: A5y7 vs. leucine (umol/1).
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2.0 mM leucine was diluted to a set of concentration in the range of 0—150.0 uM with distilled water, to 1.0 ml of final volume,
then 2.0 ml Cd-ninhydrin reagent was added to the leucine solutions respectively.
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Fig. 2. Calibration curves B: A5 vs. leucine (LM) with the addition of inactive crude enzyme.

2.0 mM leucine was diluted to 3 sets of concentration in the range of 0—150.0 uM with 200.0 pl three concentrations dilute in-
active crude enzyme extract (diluent fold was 50, 200, or 400 respectively) and distilled water, to 1.0 ml of final volume. Dilute
multiple of the inactive crude enzyme extract was 50 (a), 200 (b), 400 (c).

50, 62.5, 75 pl leucine solution (2.0 mmol/l) was
transferred to a set of tubes separately, then 200 pul of
diluted active crude enzyme solution was added into each
tube, and mixed with 800, 787.5, 775, 762.5, 750, 737.5,
725 pl distilled water in turn. The final Leu concentration
of the set was 0, 25, 50, 75, 100, 125 and 150 pmol/1
which was stained by 2.0 ml Cd-ninhydrin reagent re-
spectively and the absorbance was read at 507 nm. The
blank consisted of 1 ml H,O and 2 ml Cd-ninhydrin
reagent. (As on Figs. 1 and 2). Calibration C (a—c)
were showed in Fig. 3.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Statistical analysis. All the tests were done 3 times
and the data were averaged. Standard deviation was al-
so calculated. SAS V.9.0 was used to evaluate signifi-
cantly different (p < 0.05) means for each sample.

RESULTS AND DISCUSSION

Differences among Calibration curve A, calibration
curve B and calibration curve C. Figure 1 showed the cal-
ibration curve A which was the general linear relationship
between leucine concentration and absorbance, the
Ne 5 8
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Fig. 3. Calibration curves C: A5y7,,,,, vs. leucine (uM) with the addition of active crude enzyme.

2.0 mM leucine was diluted to 3 sets of concentration in the range of 0—150.0 M with 200.0 pl three concentrations dilute crude
enzyme extract (diluent fold was 50, 200, or 400 respectively) and distilled water, to 1.0 ml of final volume. Dilute multiple of the

active crude enzyme extract was 50 (a), 200 (b), 400 (c).

equation was y = 0.0054x — 0.0128 which meant that the
slope was 0.0054 and the intercept was —0.0128. Figure 2
showed that the linear relationships were obtained be-
tween increasing concentrations of leucine and their col-
or yields with the addition of three concentrations of in-
active crude enzyme extract, in which a was y =
0.0067x + 0.1609 when the enzyme was diluted by
50 times, b was y = 0.0065x + 0.0608 when the enzyme
was diluted by 200 times, ¢ was y = 0.0064x + 0.0267
when the enzyme was diluted by 400 times (the dilute
multiple of enzyme here was corresponding to the dilute
multiple of enzyme—substrate reaction), the results indi-
cated that the slopes of the three set of calibration curves
were nearly the same but the intercepts were different
which gradually became small when the dilute multiple
of enzyme was big. Figure 3 showed that the linear rela-
tionships were obtained between increasing concentra-
tions of leucine and their color yields with the addition of
three concentrations of active crude enzyme extract, in
which a was y = 0.0067x + 0.2635 when the enzyme was
diluted by 50 times, b was y = 0.0065x + 0.0565 when the
enzyme was diluted by 200 times, ¢ was y = 0.0065x +
0.0196 when the enzyme was diluted by 400 times, the re-
sults suggested that the slopes of the three sets of calibra-
tion curves were nearly the same but the intercepts were
different too. These results indicated that the addition of
crude enzyme extract did greatly affect the color yield no
matter whether the enzyme was active or inactive.

Absorbance after enzyme—substrate reaction and stain
reaction. Table 1 showed the absorbance at 507 nm after

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

enzyme—substrate reaction and followed stain reaction
with Cd-ninhydrin, the results indicated that the absor-
bance was different when different enzyme concentra-
tions were used, and it was also found that the color yield
was still high even though the inactive crude enzyme ex-
tract was used as blank under the same determination
condition suggesting that the crude enzyme extract itself
had great influence on the color yield.

Carboxypeptidase activities. Table 2 showed the
carboxypeptidase activities which were calculated ac-
cording to different calibration curves, the results indi-
cated that the calibration curves had great influence on
the carboxypeptidase activity. Calibration curve A was
responsible for the highest carboxypeptidase activities
for all substrates because it was a pure leucine standard
curve. Using such a curve, the yield color was consid-
ered to be from one source, that is, leucine was liber-
ated from the C-terminal of Z-Xaa-Leu substrate dur-
ing the enzyme-substrate reaction. However, certain
unknown components in crude enzyme extract had
chance to react with Cd-ninhydrin reagent and in-
crease color development, consequently, carboxypep-
tidase activities could be overestimated if calibration
curve A was utilized; It was a common method that an
inactive enzyme was utilized to replace the active en-
zyme as a blank to minimize the influence of sample
components which had possibility to increase the col-
or yield under the same enzyme—substrate reaction
condition and the determination condition, but the
data from Table 2 indicated that the enzyme activity
Ne 5
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Table 1. A5\, after enzyme-substrate reaction and followed stain reaction with Cd-ninhydrin

Substrate Diluent fold *A5070m **As507,m Of inactive enzyme **EAAs070m
0.858 0.294 0.564
1.25 0.836 0.279 0.557
0.851 0.309 0.542
0.473 0.070 0.402
Z-Phe-Leu 5 0.487 0.071 0.416
0.493 0.071 0.422
0.225 0.020 0.205
10 0.245 0.034 0.211
0.239 0.023 0.216
0.799 0.293 0.506
1.25 0.793 0.290 0.500
0.790 0.296 0.497
0.228 0.067 0.161
Z-Trp-Leu 5 0.220 0.065 0.155
0.222 0.069 0.153
0.096 0.030 0.063
10 0.093 0.036 0.060
0.100 0.033 0.067
0.451 0.263 0.188
1.25 0.448 0.266 0.182
0.445 0.260 0.185
0.109 0.063 0.046
Z-Ala-Leu 5 0.113 0.061 0.050
0.114 0.066 0.051
0.056 0.029 0.026
10 0.054 0.030 0.024
0.063 0.030 0.033

* As5p7nm: Absorbance at 507 nm from solution of active crude enzyme and substrate, colored by Cd-ninhydrin reagent.
** Asy7,m Of inactive enzyme: Absorbance at 507 nm from solution of inactive crude enzyme and substrate, colored by Cd-ninhydrin reagent.

y _1 >
** Aso70m = As5070m—"A5070m-

calculated with this method was still higher than the
enzyme activity calculated with calibration curve B
and calibration curve C suggesting that this method
could not eliminate the influence effectively; There
was no significant difference between the enzyme ac-
tivity calculated with calibration curve B and the en-
zyme activity calculated with calibration curve C when
proper dilute multiple of enzyme was applied, suggest-
ing that the standard addition method was needed to

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

eliminate the influence of background of crude en-
zyme extract on the activity determination.

Effect of enzyme dilute folds on absorbance and car-
boxypeptidase activity. The determination of enzyme
activity was usually affected by dilute folds, as dis-
played in Tables 1 and 2. As could be seen from the re-
sults of substrate Z-Phe-Leu, the absorbance value
was high when the enzyme was diluted 1.25 times,
while the enzyme activity was so low, but there was no
Ne 5
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Table 2. Carboxypeptidase activities* in Actinomucor elegance crude enzyme extract calculated by calibration curve A, cal-

ibration curve B and calibration curve C

Substrate Diluent fold | Calibration curve A **Calibration curve A Calibration curve B | Calibration curve C
(A5070m)

1.25 6.65+0.09 4.62+0.09 4.28 £0.07 3.61£0.05

Z-Phe-Leu 5 15.34+£0.32 13.18 £0.32 10.86 £ 0.26 10.97 £0.26
10 15.89+0.34 13.86 +0.34 11.35+0.29 10.54 £ 0.29

1.25 6.22+£0.04 4.201+0.03 3.94+0.03 3.30£0.03

Z-Trp-Leu 5 7.29+0.12 5.13£0.13 4.17£0.11 4.28+0.11
10 6.74+0.22 4.70 £0.22 4.17+0.18 3.93+0.18

1.25 3.56 £0.03 1.53£0.02 1.79 £0.02 1.15£0.02

Z-Ala-Leu 5 3.85%£0.08 1.91 £0.09 1.31 £0.06 1.42 +£0.06
10 4.35+0.29 2.50+0.29 2.19+£0.24 1.95+£0.25

* Caboxypeptidase activities expressed as pmol of leucine h™~! ml~! of the A. elegans extract.

** Carboxypeptidase activities calculated by calibration curve A and Ad5p7,m; AA5070m= 45070m after enzymatic reaction between active
crude enzyme and substrate — A5q7,, after enzymatic reaction between inactive crude enzyme and substrate.

significant difference between the enzyme activity
monitored using 5 times dilution enzyme solution and
the enzyme activity monitored using 10 times dilution
enzyme solution, because both of the dilute folds were
all suitable for the enzyme-substrate reaction of this
substrate. The carboxypeptidase activity for substrate
Z-Trp-Leu and Z-Ala-Leu further obtained from Ta-
ble 2 conformed that there were at least 2 times of di-
lute folds were suitable for the determination of en-
zyme activity which has already been applied on the
peptidase activity determination [11].

The results obtained from present study indicated that
the standard addition method was necessary for the de-
termination of carboxypeptidase in Actinomucor elegans
bran koji, and maybe suitable for the determination of
other enzyme activity in crude extract without purifica-
tion to meet the demand of precision and objectivity.
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IMO3APABJIIEM JIEHY UBAHOBHY BOPOBbiBY C IOBUJIEEM

1 mrons 2011 1. oTMeTHIIA CBOIA 100MJIei TOKTOP O1O-
JIOTMYECKHUX HaykK, Tpodeccop Kadeapbl MUKPOOUOJIO-
run buonorudeckoro ¢akynsrera MOCKOBCKOTO rocy-
JapCcTBeHHOro yHuBepcurera uMm. M.B. JloMoHOCOBa
Jlena UsanoBHa BopoOnEBa.

Jlena MBaHoBHa BopoObEBa — OAWMH U3 BeAyIIMX
YYEHBIX POCCUMACKOU HayKW B 00JIaCTU OOIIEH U Mpo-
MBIIIJIEHHOU MUKPOOUOJIOTHHU, (DU3MOJIOTUN U OUOXH-
mun Oakrepuii, CopocoBcKuii Ipodeccop, jaypeaT
KoHKypca “IpaHT MockBBI” B 00JIACTM €CTECTBEHHbIX
HayK, TTOYEeTHbII paOOTHUK BBICIIETO MPOpeCcCCUOHATb-
HOro o0pa3zoBaHUsl, WieH MexXIyHapoJHOro KOMUTETa
“Food Micro” 1 HalMOHAJILHbBII NIpeICTaBUTETb MexX-
JIyHApOJHOTO KOMHUTETA 1O MHUILIEBO MUKPOOUOIOTUY
W TUTHEHe, HarpaxkjaeHa MexXIyHapoaHOW MpeMucii
“3a Bxian B Hayky” (2002 ., [ropux).

Jlena MIBaHOBHA OKOHYMJIA OMOJIOTO-MTOYBEHHBI
dakynsrer MI'Y, Kadbeapy MUKpoOOMOJIOTUHU, 3aTEM
acnupaHTypy B MHcTutyre Mukpoouosoruun AH
CCCP, zamutuB B 1958 . KaHAUIATCKYIO AUCCEPTa-
uuio. C 1958 o 1963 rr. paGoTaia B TOM K€ MHCTUTY-
Te HaydYHBbIM COTpyIHUKOM. B 1963 1. Gbia mpuria-
IlIeHa Ha JOJKHOCTh J0olieHTa Kadeapbl MUKPOOMO-
noruu MTI'Y um. M.B. JlomoHOocOBa, roe padoTaceT B
TeueHue 48 JIeT 110 HacTosIIIee BpeMsI, YCIICIITHO COB-
Mellasi mperogaBaTe/IbcKylo paboTy ¢ HaydHoil. B
1973 1. 3ammTHIa JOKTOPCKYIO AUCCEPTALIUIO U TTOJTY -
yuia 3BaHue npodeccopa kadeapol. C 1983 1. B Teue-
Hue 25 ner Jlena MBaHoBHa ynTana Kypc “O01as
MUKPOOUOJIOTUS” IJISI CTYACHTOB OMOJIOTMYECKOTO
dakynpreTa u criekypchl “IIpoMblieHHass MUKPO-

ouoJioruss”, “MuKpoOUOIOTUYECKNIA CUHTE3 BUTa-
MUHOB,” “Apxeun” cTyaeHTaM Kadeapsl.

DT KypChl JIEKIUI ITPOYUTAHBI TaKXKe B [TepMcKoM
rocyaapcTBeHHOM yHuBepcurere B 1992 1., Ha KyOe ms
npenonasateneit [aBaHckoro yHuBepcutera B 1987—
1989 rt., B CiioBakuu — cryaeHTaM [lonurexamndaeckoro
Wucturyra bpatucnasel B 1987 u B 1989 rr., B UHmuu
Kypc JieKuuii “buotexHonorust” ObUT IIPOYUTaH CTY-
neHTaMm yHuBepcuTeTa I emv B 1990

JI.A. BopoObéBa — aBTOp 8 KHUT, BK/II04as 4 yueo-
HBIX Tocoous u 4 MmoHOoTpaduu, 1 235 HAyYHBIX CTa-
teii. MoHorpadus “Propionibacteria” (290 c.) Hanu-
caHa Ha aHIJIMCKOM sI3bIKe W M3gaHa B HumepnaH-
nax (Kluwer Academic Publishers) B 1999 1. B 2007 .
e ObLia omyOJMKOBaHa MepBasi KHUra ob apxesix
(“Apxen”, AkagemkHura, 450 c.).

IMon pykoBoacTtBoM 1podeccopa JI.M. Bopoone-
BOM co3laHa HaydHasl IIKOJIa MUKPOOMOIOroB-(pu-
3MO0JIOTOB. DTy KOy Npouuiu 6oJiee 70 TUIIJIOMHM-
KOB U 33 acniupaHTa, 3allMTUBLINE KaHIUAATCKUE
auccepraunu. [IBa corpyanuka BopoGrésoii JI.HM.
CTaJId JOKTOpaMHU HaykK, ee OBIBIINE YYCHUKHU pabdo-
TawT Kak B Poccun, Tak u B Kanane, Erunre, Mpane,
CIIA, Maonn, Bo BeeTHaMe.

bonee 40 ner HayyHO# nesITeIbHOCTH ITpodecco-
pa JI.1. BopoObEBOIi CBSI3aHO ¢ NU3YYEHUEM TIPOTTHNO-
HOBOKMCIIBIX OakTepuii. Kadenpa MuKkpobuoaorum,
Osaroapsi MpOBOJUMBIM T0Jl €€ PYKOBOJCTBOM MC-
cJIeIOBaHUSIM, CTajla U3BECTHBIM B MUPE LICHTPOM IO
U3YYEHUIO 3TOU YHUKAJIbHOUI (DOPMBI KU3HU.

JI.A. BopobObéBa — OnMH M3 HEMHOIMX B CTpaHe
CHEMATMCTOB B 00J1aCTM MUKPOOHOI0 CMHTE3a BU-
TamMuHOB. Ee uccienoBaHus B 00JacTU OMOCUHTE3a
BUTaMMHa B, U3BECTHBI KaK B Hallleil cTpaHe, TaK U
3a pyOexXoM M CyMMUpPOBaHbI B MoHorpaduu “IIpo-
IMMOHOBOKMCJIbIE OaKTEpUM U 00pa30BaHME BUTAMU-
Ha B,,”, a Takxxe u B yueOHOM nocobuu “Muxkpoouo-
JIOTUYECKHMI CUHTE3 BUTAMUHOB”.

OTKpbITHI HOBBIE (hyHKIIMU BUTaMuHa B,,. Ha ocHo-
BaHUM TIPOBEACHHBIX ncciienoBanuii JI.M. BopoobéBoit
co3aHa KOHLICTIIUSI, CYIITHOCTh KOTOpPOH COCTOWUT B
TOM, YTO METa00JIM3M IMPOIMOHOBBIX OAKTepUi1 HACTPO-
€H Ha BbICOKM I ypOBEHb BUTaMuHa B, B KJileTKaX, KOTO-
DBl CITYXKUT HE TOJIBbKO KO(PaKTOPOM B OPOXKEHUH, HO U,
YTO BIIEPBbIE ObUIO TMPOJAEMOHCTPUPOBAHO, YYaCTBYET
TaKXKe B BAXXHEUIIMX PEaKUMSIX KOHCTPYKTUBHOTO 00-
MeHa: B perukauuu JIHK, cuHTe3e prOOHYKIeOTU I~
penyKTasbl, 3alliTe THUOJOBBIX TpyIn (EepMEHTOB OT
OKMCJIEHUS 1 KIIeTOK oT YM-06myyeHusi. BMmecte ¢ TeM
YCTAaHOBJIEHO, YTO IMPOITMOHOBBIC OAKTEPUU MEIOT AJTb-
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TepHaTvBHbIE B,,-He3aBUCUMBbIE CUCTEMbBI CUHTE3a Me-
TuoHuHa, JIHK, ctabuimzaly THOJOBBIX TPYII, YTO
JIOITyCKAeT aJalTalldio K TAKMM YCJIOBUSIM, KOTIa CUH-
Te3 KOppUHOUIOB HeBo3MOXeH. Pa3Butue mncciemoBa-
HUI TIPUBEJIO aBTOpa K OTKPHITHIO HOBOTO SIBJICHUS B
MUKPOOMOJIOTUH, VIMEIOIIETO aHAJIOTHIO ¢ 3(P(PEKTOM
INacrepa, HO KacaroIIEerocsl He YHEPreTUYeCKNX, a KOH-
CTPYKTHBHBIX TTPOLIECCOB B KJIETKE.

TamMmmM—cyrniepnpoaylieHT BUTamMmuHa B, ObL ie-
pelaH B IIPOU3BOACTBO TSI TIPOMBIIILIEHHOTO TTOJTY-
yeHust BuTamuHa. CIIEIMaIbHO CEJICKTUPOBAaHHBIC
IITaMMBbI IIPOIMMMOHOBBIX O0AKTEPUM MCHOJIb3YIOTCS B
COCTaBe 3aKBaCOK B ITPOU3BOACTBE KPYITHBIX CHIPOB 1
B xjeboreyeHun. OOHapyXKeHbl TakKXe aKTUBHBIC
MPOAYLEHTH OMOTUHA 1 MPEIJIOXKEH OPUTMHAIIBLHBIN
MUKPOOMOJOTMYECKUIA MPOMBIIIIEHHBIN CITOCO0 ero
HOJYyYEHUS IJIs1 HYyKI )KUBOTHOBOJCTBA.

B nocneanue roael pogeccop JI.M. BopobOnéBa
PYKOBOIWUT pabOTaMU IO M3YYEHHIO aHTUMYTareH-
HBIX 1 pEaKTUBUPYIOIINX CBOMCTB OaKTepuii. AHTH-
MyTareHHbIe CBOMCTBAa OakTepHWii paHee HUKEM He
nsydaauch. B ee paborax ycTaHOBIIEHO, UTO AaHTUMY-
TareHes psiia 0aKTepUil IIPOSIBISIETCS MPOTUB MyTa-
reHes3a, MHAYLMPOBAHHOIO MyTareHaMHu C pasjiny-
HBIM MEXaHU3MOM JEWMCTBUS U CBSI3aH C ydacTUEM
BHEKJIETOYHOTO OeJika. BriepBbie moka3zaHo, 4To 0aK-
TEPUU M HUBLIME 3YKAPUOTHI MIPOSABISIOT HE TOJIBKO
MIPOTEKTOPHOE, HO TaKXe peakKTUBHUpPYIOIee Iepe-
KpECTHOE JEICTBHE B OTHOIIEHUM KJIETOK, MOABEP-

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

MMO3APABJISIEM JIEHY UBAHOBHY BOPOBbEBY C IOBUJIEEM

raeMbIX BO3IACUCTBUIO pa3JIMYHBIX CTPECCOPHBIX
(bakTOpPOB, YTO CBSI3aHO C YYaCTUEM BHEKJIECTOYHOTO
CHTHAJILHOTO TTOJIMTTCHTHAA.

IMonyyeHHBIE pe3yabTaThl U MPOBOJAUMBIE UCCIIC-
JIOBaHUSI MMEIT (yHIaMeHTaJlbHOe 3HauyeHue s
MOHUMAaHMS 3alIUTHBIX U alalTallMOHHbBIX peakiuit
Yy MUKPOOPTAaHU3MOB M BHOCSIT BKJIaJ B OMOTEXHOJIO-
THIO Y TPOUIAKTUKY 310POBbS JTIOJSH.

Cssiire 10 et JI.. BopoonéBa paboTaia B KauecTBe
npencenaTenss ceKuyn “OU3HMoI0rns MUKPOOPTaHU3-
MOB”  MmUKpPOOHMOJIOTMYECKOTO OOIIIEeCTBa, SBIISIIIACh
yneHoM HayuyHoro cosera BAK, ujieHOM ABYyX YueHBIX
CoBeTOB MO 3alluTe KaHAUAATCKUX U JOKTOPCKUX JIUC-
cepraiimii Ha buonornyeckom (akynsrere MIY
M. M.B. JIoMoHOCOBa 1 B TOCyIapCTBEHHOM arpapHOM
yHuBepcurere — MCXA um. K. A. Tumupsizena.

B Teuenue mHorux Jsier Jlena MBaHoBHa Obuia
AKTUBHBIM WICHOM PEIKOJUIeTUN XypHana “IIpukian-
Hast OMOXUMUSI 1 MUKPOOMOIOTHSL” .

ITpodeccop JI.M. BopodbbeBa — BBEICOKOKBAIM(U-
LMPOBAaHHBII TTeAAror 1 MCCeaoBaTeb, OpraHUu3aTop
M BOCIIUTATE b Moioaexxu. M ceromaHst oHa IoJjiHa TBOp-
YeCKOil BHEPrud M SKU3HEHHBIX CHUJI, MO-IIPEXHEMY
MOPOAOJIKAET UCCIIeIOBAHMS Ha COBPEMEHHOM HAyYHOM
YPOBHE, ToaBasi IMpUMEp MOJIOALIM CHELUATUCTAM
YECTHOI'O TBOPYCCKOT'O OTHOIUCHM A K ACITY.

Peokonneeus

tom 47  Ne 5 2011
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