- Ha3zsaHune craren CrpaHnys!

COlPS)KEHHBIE BUOJIOMTMYECKUE CUCTEMBI [10J1YHYEHNSA BOJOPOHA (Ob30P)
Texyyesa /.H., UpiraHkos A.A. 357 4

[~ BbIAEJIEHNE N ®YHKLUNOHAJIBHAA XAPAKTEPUCTUKA JINIIA3b N3
TEPMOAJIKAJIO®USIbHOU BAKTEPUN THERMOSYNTROPHA LIPOLYTICA 376 3
lymepos B.M., Mapaaros A.B., Kosocos [1.M., PasnH H.B.

[~ CUHTE3 1-bYTAHO/JIA K/IETKAMW ESCHERICHIA COLI 1P @ OPMUPOBAHUN
BbYTUPUJI-KOA TETEPOJIOMTMMYHBIMU @EPMEHTAMU K/IOCTPUAUN U

HATUBHbIMU QEPMEHTAMU !9 - OKUCJSIEHNA 2KUPHbBIX KUC/IOT 383 1
lynesny A.10., Ckopoxogosa A.f0., Mop>cakoBa A.A., AHToHOoBa C.B., CyxoxeHKko
A.B., lllakynos P.C., Je6abos B.I.

[~ PUTATIVE DOWN-STREAM SIGNALING MOLECULE OF GTPASE
INPORPHYROMONAS GINGIVALIS 389 o
Chun M.J., Park K.J., Ohk S.H.

[~ POJIb AJI/IEJIONATUYHECKUX COELIMHEHWU B PETYJISLNU U DOPMUPOBAHUN
bObOBO-PU30BUAJTIBHOMO CUMBHUO3A 394 &
Makaposa J1.E., CMupHos B.U., Ksbi6a /1.B., [leTposa U.I"., lyaapesa J1.B.

[~ BIOFILM, ICE RECRYSTALLIZATION INHIBITION AND FREEZE-THAW PROTECTION
IN AN EPIPHYTE COMMUNITY 403 0
Wu Z., Kan F.W.K., She Y.M., Walker V.K.

M MICROBIAL ACTIVITY IN THE LANDFILL SOIL
Swiontek Brzezinska M., Burkowska A., Walczak M. 411 0

[~  ObPA3OBAHUE BUOIA3A MUKPOBHbBIMU COOBLYECTBAMM [1PH PA3JIOXKEHUN
LEJIJIIO/103bl U MTULYEBBIX OTXO4O0B 417 6
llaBkenoBa E.A., Eroposa M.A., [leTposa E.B., Hetpycos A./.

[~ YAAJIEHUE U3 BO3AYXA JIETYYNX BELYECTB TABAYHbIX JINCTLEB METO4OM
bNoOoNTIbTPALIMN
3arycruHa H.A., Muwapunna T.A., Benpuykuii A.A., XKykoB B.I"., Pyxuykmii A.O.,
TepexHnra M.b., KpukyHosa H./., Kysinkosa A.K., lornos B.O.

[~ AErPALAUNA SATA UMMOBU/TIN3OBAHHBIMU HA BUODPUJIbTPE
KJIETKAMUCHELATIVORANS OLIGOTROPHICUS 437 1
KanapynanrHa E.H., floponnra H.B., Excos B.A., Tpoyerko 0.A.

[~  BHEKJIETOYHAA ?-D-I/IIOKO3MAA3A MOPCKOIO rPUBA PENICILLIUM
CANESCENS
Ay6posckas f0.B., Cosa B.B., CinHknHa H.H., AHactiok C. 4., [TuskuH M.B.,
3BaruHyesa T.H.

[ FUSANT TRICHODERMA HF9 WITH ENHANCED EXTRACELLULAR CHITINASE AND
PROTEIN CONTENT 450 0
Balasubramanian N., Thamil Priya V., Gomathinayagam S., Lalithakumari D.

M O4YUCTKA {(MMEPHO/' O BEJ/IKA AJTbBYPOHA16 U3 KY/1b TYPAJIbHOU CPE/IBI
LPOXOKEN PICHIA PASTORIS 457 2
Kapabenbckunid A.B., lMagknHa M.B.

[~ PELEH3NS HA MOHOMPA®UIO 10.A. TPOLIEHKO, M.J1. TOPFOHCKO/
"METU/IOTPODHbIE JPOXKIKN ", MOCKBA: "TP-TIPUHT", 2011. 313 C 463 0

425 4

442 0


http://elibrary.ru/item.asp?id=17745880
http://elibrary.ru/cit_items.asp?id=17745880
http://elibrary.ru/item.asp?id=17745881
http://elibrary.ru/item.asp?id=17745881
http://elibrary.ru/cit_items.asp?id=17745881
http://elibrary.ru/item.asp?id=17745882
http://elibrary.ru/item.asp?id=17745882
http://elibrary.ru/item.asp?id=17745882
http://elibrary.ru/cit_items.asp?id=17745882
http://elibrary.ru/item.asp?id=17745883
http://elibrary.ru/item.asp?id=17745883
http://elibrary.ru/item.asp?id=17745884
http://elibrary.ru/item.asp?id=17745884
http://elibrary.ru/cit_items.asp?id=17745884
http://elibrary.ru/item.asp?id=17745885
http://elibrary.ru/item.asp?id=17745885
http://elibrary.ru/item.asp?id=17745886
http://elibrary.ru/item.asp?id=17745887
http://elibrary.ru/item.asp?id=17745887
http://elibrary.ru/cit_items.asp?id=17745887
http://elibrary.ru/item.asp?id=17745888
http://elibrary.ru/item.asp?id=17745888
http://elibrary.ru/cit_items.asp?id=17745888
http://elibrary.ru/item.asp?id=17745889
http://elibrary.ru/item.asp?id=17745889
http://elibrary.ru/cit_items.asp?id=17745889
http://elibrary.ru/item.asp?id=17745890
http://elibrary.ru/item.asp?id=17745890
http://elibrary.ru/item.asp?id=17745891
http://elibrary.ru/item.asp?id=17745891
http://elibrary.ru/item.asp?id=17745892
http://elibrary.ru/item.asp?id=17745892
http://elibrary.ru/cit_items.asp?id=17745892
http://elibrary.ru/item.asp?id=17745893
http://elibrary.ru/item.asp?id=17745893
http://elibrary.ru/item.asp?id=17745882

[IPUKIIATHAA BHOXUMHUA H MUKPOBHOJIOTHUA, 2012, mom 48, Ne 4, c. 357—-375

VK 579.6

CONPSKEHHBIE BUOJIOTMYECKUE CUCTEMBI TTIOJIY4EHUS
BOJIOPOJIA (OB30P)

© 2012 r. JI. H. TekyueBa, A. A. IIpirankon
Hucmumym ¢ynoamenmanvuwix npobrem ouonroeuu PAH
e-mail: tekuchevadn@rambler.ru; ttt-00@mail.ru
TMocrynun B penaxkiumio 29.06.2011 &

OmcaHbl BO3MOXHEIS ITYTU COBMCHICHUA Pa3INYHbIX OMOJIOTUYECKUX ITPOILIECCOB ITOJYYCHUA OMOBOIO-
poJaa. HCKOTODBIC N3 HUX MHTCHCHUBHO MCCJICAYIOTCA B HACTOALIECC BPEMA, 1PYIUC — TCOPETUYCCKU BO3-
MOXHBI, HO ITOKa HC MU3Y4YCHBLI. Oco060e BHUMaHUE YACJICHO (I)aKTOpaM, BJIMAIOIINUM Ha 3(1)(1)CKTI/IBHOCTI;> CO-

IIPAKECHHBIX CUCTCM.

BNOJIOTUYECKHUE CITOCOBBI ITOJIYYEHWA
BOAOPOIA U ITYTHU UX MHTET'PALIMA

Cnoco6HOCTh MUKPOOPTaHU3MOB CUHTE3UPOBATh
BOJIOPOJ MHTEPECHA HE TOIbKO KaK METa0OINIECKUIA
¢eHOMEH, HO U TIOTOMY, YTO BOJIOPOJ SIBJISIETCS TIep-
CIIEKTUBHBIM 3HeproHocuTeaeM. OH XapaKTepu3yeT-
CSI BBICOKOM TEIJIOTO CropaHwuisi, a TpU CKUTaHUU
BOJIOpOJa o6pas3yeTcss B OCHOBHOM Boja. Kpome To-
ro, BOOOPOA MOXET HENOCPEACTBEHHO MCIIOIb30-
BaThbCSl B TOIUIMBHBIX 3j7eMeHTaX. [loaTomy paspa-
00TKa METOJIOB 9KOJOTMYECKM YMCTOTO CUHTE3a BO-
JIOpoJia MOXET 00eCIeUnTh YeJI0BEUYECTBO JCIIeBbIM
U 9KOJOTMYECKU 0€30TTaCHBIM SHEPTOHOCUTEJIEM.

MonekyJasapHbIiA BOOOPOI NPUCYTCTBYET B MeTa-
OOIMYECKUX TYTSIX MHOTMX MUKPOOpPraHm3mMoB. Ya-
CTO OJIMH MUKPOOPTaHU3M CIIOCOOEH BBIACIATH WUIU
noriomaTte H, ¢ yuacTueM HeCKOJIbKUX MeTaboJInue-
CKUX myTeit. JIist Kaxk1oro OMoJI0rn4ecKoro mpoiec-
ca BBIIEJIEHUS BOIOPOIa XapaKTEPHbI CBOU IEPBUY-
HbIe UICTOYHUKHU SHEPTUU U KITIOUeBbIe (DEPMEHTEHI.

TemHoBEIE TeTepoTpodHBIE TIPOLIECChl 00JIagaIoT
OospIIMMU CcKOpocTsIMU oOOpasoBanus H, [1], He
TpeOyIOT OOJIBIIWX TUIOIIAAEH JJIsI pa3MeIleHUsT pe-
aKTOpOB B CPaBHEHHM CO CBETO3aBUCUMBIMU IIPO-
neccaMu. B xome cBeTO3aBMCHMBIX MPOLIECCOB, B
CBOIO OYepelb, CyOCTpaThl Mpeodpas3yloTcss B BOIO-
pox ¢ 6ombIei 3PHEeKTUBHOCTHIO.

B mporieccax BbeiaeeHUs BOAOpoaa, He Tpedyro-
LIMX TIPUCYTCTBUS CBETa (TEMHOBBIE), UCITOJb3YeTCs
SHEPrusl opraHndeckmx cyocrparoB [2]. Hambomee
LIMPOKO U3Y4YaeTcsl TEMHOBOE OpOXKEHUE C BbleJie-
HHEM Bogopoaa 3a cueT pepMeHTa ruaporeHassl (1A,
T1a6m. 1). IIpn 3ToM HanGobIIass 0ObeMHAasi CKOPOCTh
BBIIIEJIEHMST BOJOpoAa ObLIa MoIydeHa C KMCITOJIb30Ba-
HUEM rpaHyJIMpOBaHHOM OMoMacchl U gocTurana 15 i/
peakTopa B 1 4 Iipu pocTe Ha rtoko3e [3]. DTo 3Haue-
HHUE yKe OJIM3KO K pacYeTHBIM MPaKTUYECKU 3HAYU-
MBIM BenduHaMm [4, 5]. DdpdeKTUBHOCTD Mpoliecca
HHU3Ka (TeopeTUYeCKU U3 1 MOJIsI FeKCO3bl MOXKHO I10-
nyuuts 12 moneit H,, Toraa kak npu OpoXeHuu Mak-

cUMaJibHOe TeopeThuYecKoe 3HauyeHue Bbixoma H, —
4 Mons).

CwMmeliaHHOe OpoXeHUe C BbIIECJIEHMEM BOIOpOaa
3a cuer (OPMUATTUAPOTCHINA3ZHON CUCTEMBI OCY-
IIECTBIISIOT OakTepun ceMelictBa Entherobacteriace-
ae (1b, Tabi. 1). Ot GakTepun — (paKyIBTaTUBHEIC
aHa’poObl, MO3TOMY MPU HAUTMYUU KUCTOPOAA KyJIb-
TYpPbl OCTAIOTCS XKU3HECTTOCOOHBIMU, UTO BaXXHO MpPU
MpakTUIEeCKOM IMpuMeHeHUr. OJHaKO MaKCUMaIbHO
BO3MOXHBII BBIXOJI BOJOPOAA COCTAaBJSIET BCEro
2 MoJIb/MOJIb TeKco3bl [23]. BaXHbIM mpeumyliie-
CTBOM TIOJIyUeHUsI BOAOPOJA ABYMS BBIILIEOINUCAH-
HbIMU METOJAMMU SIBJISIETCSI BO3MOXHOCTb UCIOJIb30-
BaHMS IMPOKOTO Kpyra OpraHnyecKrx OTXOI0B.

Hurporenaza — xmoueBoii (pepMeHT pUKcALTIN
a3oTa, MOOOYHOI peaKIIueil KOTOPOTO SBISIETCS BBI-
nejeHue Bogopoaa. BrioiHe BeposiTHO, UTO TIpeacTa-
Buteau pona Clostridia mpu HegOCTaTKe a30Ta B aHa3-
POOHBIX YCIIOBUSIX UMEINU Obl JOCTATOUHO BBICOKUE
CKOPOCTH BBIIEJICHUSI BOIOPOAA 3a CYET ACHCTBUS
HUTporeHasnl (2, Tadn. 1). OgHako 3TOT IIpoLEecC
OOBIYHO COITYTCTBYET OPOXEHUIO C BBHIIEICHUEM BO-
Aopoja, U X TPyAHO pa3iCIMTh.

HekoTopsie myprmypHbIe 0aKTepUU CIIOCOOHBI MC-
nojb3oBath CO B KauyecTBe €IMHCTBEHHOTO MCTOY-
HUKa yrjiepoaa IpU pocTe B TeMHOTe 0e3 AocTyma
kucaopona [24]. I[Ipu aToM oKuceHWe yrapHOTro rasa
UAET C OQHOBPEMEHHBLIM BOCCTAHOBJICHHEM IIPOTO-
HOB J0 BOAOpPOMA, KaTaJIM3UPYyeMbIM T'MIPOTeHA30M
(3, Tabn. 1) [7]. Takoii mpoiecc, BEpOSITHO, MMEET
npaKTHdecKoe IIpuMeHeHune st ouuctku ot CO ra-
3a, MOJIyYEHHOTO KOHBEPCHEU MPUPOIHOIO Tasa u
Ha3blBaeMoOTo cuHTe3razoM. O4YMIIEHHBI OT KaTta-
JIMTUYECKOTO sijia BOAOPOJ MOXET MOAaBaThCsl B TOM -
JIUBHBIE 3JeMeHThl. OOHAKO CYLIECTBYIOT TOJBKO
eAVMHUYHbIE ONyOJIMKOBAaHHBIE PAOOTHI HA 3TY TEMY.

BecbMa mpuBIIEKATENbHBIM SIBISETCSI HETABHO
MOKa3aHHBINA, HO B HACTOSIIMIA MOMEHT MaJlOU3y-
YEHHBIN, MPOLECC IMPeodpa3oBaHUSI OPraHUKH C
MPUIOXKEHNEM BHEIIHEr0 3JIEKTPUYECKOIO TOKAa B
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TEKYYEBA, IBITAHKOB

Taﬁmma 1. HpCI/IMy].L[CCTBa W HEAOCTATKM PA3JIMYHBIX METab0INMYECKUX r[yTCfI TIOJIy4€HMA BOOOPOaAa B CBA3U C UX IIPAKTHUYC-
CKHUM IIPUMCHCHUEM

MeTaboan4ecKuii myTh

. MukpoopraHu3Mbl
M KJTIOY4eBOIT (hepMeHT IIpenmymecTsa Henocratku KpccEmKa >
CHHTE3a Bogopoaa
TeMHOBBIE TIPOLIECCHI MOJTYYEeHNsI BOAOPOaa
1 | A. bpoxxenue; tunpore- | * LIupokuii cieKTp UCNoiib-| * OTHOCUTEIBHO HU3KMI Teope-| MHorure rerepoTpodHEIe

Hasa.

3yeMbIX CyOCTPaTOB.

* Bo3MoXXHOCTB TTpUMEHe-
HUST OPraHUYECKHUX OTXOOB.
* BO3MOXHOCTb MCIOJIb30Ba-
HUYSI MUKPOOHBIX COOOIIIECTB
BMECTO UMCTBIX KYJIBTYD.

* Bricokue cKopocTH BbIIe-
JIEHUSI BOIOPOA.

+ Xopolmast uU3y4eHHOCTb
npoliecca.

TUYECKU BO3MOXHbII BBIXO/I BO-
nopona (4 MoJib/MOJTb TEKCO3bI).
* [IpucyrcTBre opraHUYecKux

MPOAYKTOB OpOXEeHUsI (KUCIIO-
TbI, CITUPTHI) IEJ1a€T OYUCTKY OT-
XOJIOB HETIOJTHOM.

* Bricokoe napuuaabHOe J1aB-
JIeHW€ BOIOPOJa UHTUOUPYET
mpoliecc.

* HeobOxomumocTs peaoTBpa-
1LIEHUsI METaHOTeHe3a.

* Hanuuue Bogopoarorioian-
IIIMX OPTAaHU3MOB B COOOIIIECTBE
MPUBOIUT K CHIDKEHUIO 3(pek-
TUBHOCTH TIpoliecca.

aHa’pOOBI (POIBI KIIOCTPUIINH,
3HTEePOOAKTEPUM, TEPMO-
(unbHBIC apXen, HEKOTOPbIS
MyprypHble 6akTepun)[2].

b. bpoxeHue ¢ 0b6pazo-
BaHHUeM ¢hopMHUaTa v ero
NATBHEHIIIM pasJioxXe-
nuem: HCOOH —

—> HZ + C02 CDOpMI/I—
aTTUIPOreHIMAa3HbI
KOMILIEKC

 DakyIbTaTUBHBIE AaHA3PO-
OBblI.

* Huzkuii TeopeTMaecKuii u
MPAKTUYECKUIA BBIXOBI BOIOPO-
na (2 monb H,/Monb rekcossl).

Enterobacteriaceae [6]

bpoxxeHue nnu npixa-
HHE COBMECTHO ¢ (PUK-
calen a3ora; HUTpore-
Haza

* Bce opranuyeckue cyo-
CTpaThl MOTYT a3pO0HO MU
aHa3pOOHO pas3jaraThCs B
YCJIOBUSIX (PUKCALIMY a30Ta.

* Te ke, uTo B mpoliecce 1.

Bce xemotpodHbIe 6akTepUH,
CHOCOOHEBIE K a30T(UKCALIIH.

AHaspoOHOE OKUCIIe-
Hue CO KaK UICTOYHUKA
yriepona; CO-toe-
paHTHasI THIpOoreHasa
coBMecTHO ¢ CO-ne-
TUJIPOTreHAa30M.

» CyOcTpaToM SIBJISIETCS TOK-
CUYHBII ra3 — KOMIIOHEHT
CHUHTE3rasa.

* Bo3MoxkHast ouricTka BOio-
poxna ot CO nepen momaydeii B
TOTLTMUBHBIE BJIEMEHTBHI.

* Bricokast 4yBCTBUTEILHOCTh K
KUCJIOPO/TY.

* IIpucyrcTBHe OpraHUYeCKUX
CyOCTpaToB U BOAOPOAA MUHIMOM-
PYIOT IIpoliecc.

bakrepuu pa3HbIX cucTeMaTH-
YECKMX TPYIIT (HEKOTOPhIE
rpaMoTtpunaTenbHbie (Rho-
dospirillum rubrum, Rubrivax
gelatinosus) [ 7] v rpammnosio-
xutenbHble (Carboxydother-
mus hydrogenoformans) 6axKTte-
puu, apxeu (Methanosarcina
barkeri) [8].

MuKpOoOHbIE TOTLIMB-
HBbIE BJIEMEHTHI (CM.
OIKCaHue B TEKCTE,
puc. 3).

* EnnHcTBEeHHBI cnoco0
MHOJIy4eHHUS BOIOPpOAa U3 Op-
TaHUWYECKUX COCIMHEHUI C
OPUJIOXKEHUEM DJICKTPIIC-
CKOI HEPIUM.

* Bo3MoxHO nmpuMeHeHIE
JJISI OYMCTKM CTOYHBIX BOJI, C
HU3KUM COoaepKaHUEM Op-
TaHUWKMU.

* HeoOxoaumo 1cronb30BaTh
KaTaJim3aTop Ha aHOJIe JJIsT TI0-
Jnydenusa H.

+ Hanuuwme Bomopoamnorionamo-
11X OPTAaHU3MOB B aHOJTTHOM
MPOCTPAHCTBE TIPUBOIUT K CHH-
KeHMIO 3¢ (HEKTUBHOCTU MPO-
mecca.

IToxazaHo npu MCIOJIB30BA-
HUY aHa3POOHBIX TeTEPO-
TpoGHBIX COOO0I1IeCTB [9] 1
Geobacter sulfurreducens (9],
Shewanella oneidensis [10] xu-
Bymmx B MTO.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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MeTabommaecKuii myTh

- MuUKpoopraHu3MBbl,
M KJTIIOYeBOI (hepMeHT I1penmyiiecta Henocrarku COBUIKA
CHUHTE3a Bomopoaa
CBeT03aBHCUMBIC TIPOLIECCHI TTOJTyYeHUST BOIOpOIa
5 | AHOKcureHHbI (poTo- | * Bricokue ckopocTu Belneie- | * YyBCTBUTEIBHOCTD K IIPUCYT- | A30T(OUKCHUPYIOIIE

CUHTE3 B YCIIOBUSIX JIM-
MUTHUPOBAHUS a30TOM;
HUTpOTeHasa.

HUSI Bomoponaa (0COOeHHO y ITyp-
IYPHBIX HECEPHBIX OaKTepUit).

» B mporiecce MOXKET NCTIONB30-
BaThCsI CBET OJIVDKHE mH(ppa-
KpacHOIi 001acTu.

» Huzkas 9yBCTBUTEILHOCTD K
napuyalbHOMY IasjieHuto H.

* BbICOKMIT TEOPETUIECKI BO3-
MOXKHBIN BbIXOJ BOAOPOIA

(12 moms H, /MOITB TEKCO3HI).

CTBUIO CBSI3aHHOTO a30Ta (MHAK~
TUBALIMS U PETIPECCUsI CUHTE3a
HUTPOTEHA3bI).

* YyBCTBUTEIBHOCTH HUTPOTE-
Ha3bl K KUCJIOPOY.

* V3Kl CIIEKTP UCIIOJIb3YeMBIX
cy0cTparoB, (He CTOCOOHBI UC-
MOIb30BaTh OPraHWIECKHE IO~
MepBbI).

* Huzskas acppekTuBHOCTS (110~
TpeOHOCTb B jieKTpoHax U ATD).

aHOKCUTEHHBIE (POTOCUH-
Tetuku [11] (cepHble 1
HecepHbIe MypIypHbIE
OakTepuH, 3eJeHbIe OaK-
TEpUHn).

AHOKCUTEHHBIN (HOTO-
CUHTE3 B IepeBoccTa-
HOBJICHHBIX YCJIOBUSIX;
obparrMasi ruaporeHa-
3a.

* OTHOCHTEIIFHO BBICOKAsT 3(h-
(hexTHBHOCTB TIpOLIECcca (HET Mo-
TpebHOCTU B ATD).

+ TIporecc BOBMOXEH TOJIBKO
KpaTKOBPEMEHHO MPHU IepeBOC-
CTaHOBJICHHOCTH 3JIEKTPOH-
TPaAHCIIOPTHOM 1IeTH (Ha JaHHOM
YPOBHE MCJICTOBAHUIA).

* BrIcokoe mapiuaibHOe J1aBjie-
HUE BOIOPOIa MHTUOUPYET ITPo-
1ecc.

AHOKcUTEHHBIE (POTO-
cuHTeTuKM [12, 13] mim
nuaHobakTepuu [14] B
aHa’POOHBIX YCIOBUSIX,
o0JamaroIre oopaTUMOi
runporeHasoit (hox YH).

OKcureHbI GOTOCUH-
Te3; HUTpOTreHasa.

* [Ipeobpa3yeT s3HEepruro cBeTa B
BOJIOPO/I B CTEXMOMETPUU, OJIU3-
KOW K peaKkiMy pa3ioKeHUsT BO-
bl 2H20 <> 2H2 + 02.

» Huszkast 4yBCTBUTEILHOCTD K
napuvaibHOMy nasiieHuo H,.

» EcrecTBeHHOE BpeMEHHOE UJTN
MMPOCTPAHCTBEHHOE pa3001lieH1E
cunre3a O, u H,.

* Huskue ckopocTH BbIIeICHUS
BOAOpOJA.

* Huzkas apdekTuBHOCTE (TT0-

TpeOHOCTb B 3JIeKTpoHaX U ATD).

AzoTdhuKCcHpyIonye mm-
aHOOaKTepUU: CUHXPOH-
HBIE KYJIBTYPbI OTHOKJIE-
TOYHBIX IIMaHOOAKTEepUI
(BpeMeHHOe pa3zieJIeHUE)
[15, 16], reTepoLIICTHBIE
LIMaHOGAKTEPUU (TTPO-
CTPaHCTBEHHOE pazzesie-
Hue) [17].

OKcureHHbII (POTOCHH-
Te3; TUApOreHasa

* [IpeoOpazoBaHue SHEPTUU
CBeTa B BOJIOPOJ B CTEXMOMET-
pyn, 6JIM3KOM K peaKIMu pasyio-
xxeHus sonsl: 2H,0 — 2H, + O,.

* Bricokast 3¢ eKTUBHOCTD
npoiiecca.

* BbIcokue ckopocTH BhIere-
HUSI BOAOPOJA.

+ TIpotiecc BO3MOXEH TOJIBKO
KPaTKOBPEMEHHO B HaYaJle OCBe-
IIEHUS KYJIBTYPBI TTOCTIe aHad-
pobHoro pocta (MHKyOaluu) B
TEMHOTE.

MUKpPOBOIOPOCIIH, CO-
JiepsKale TMaporeHasy
[18].

BpemeHHoe pazneneHue
OKCUTE€HHOTr0 (hOTOCHH-
Te3a U CBETO3aBUCUMO-
TO BbIIIEJICHWS BOAOPOA
B YCJIOBUSIX HETIOCTaTKA
cepbl; TMApPOreHasa.

* IIpeoOpa3oBaHre SHEPTUN
CBeTa B BOAOPO/I.

o JImiTeIbHbBIN, CTAOMILHBII
npoiiecc.

* Bo3MOXHOCTb OITHY KYJIBTYPY
TTOBTOPHO BBOAUTD B IIUKJT “OK-
CUTeHHBII (POTOCUHTES C 3ara-
caHMeM KpaxMmajia — CBeTO3aBH-
CHUMOe BbljIeJIeHUE Bojopo/a”.

* Huskue ckopocTH BbIIEICHUS
BOJIOPOJIA.

* Boicokast 4yBCTBUTEITLHOCTD K
KWCJIOPOJTY.

* [IpucyTcTBUE OpraHUYECKUX
MPOIYKTOB peaKIIMu — OpraHu-
YecKHe KUCITOTHI (B OCHOBHOM
areTarT), 3TaHOI —>.

* Jlo cux mmop He sicHa 3 peK-
TUBHOCTb Ipoliecca.

MWUKpOBOIOPOCIIH, CO-
JIepsKallye TMaporeHasy
[19].

10

BpemeHHoe pazneneHue
OKCHUTE€HHOTO (DOTOCUH-
Te3a C HAKOIUICHVEM 3a-
MaCHBIX ToIMcaxapy-
JIOB U TIOCJIEAYIOLIEE UX
cOpaXkrBaHUeE C BbIOC/IC-
HueMm H,; runporenasa.

» [IpeoOpazoBaHue SHEPTUU
CBeTa B BOAOPO/I.

» Bo3M0OX0 MOBTOpEHUE 1IMKIIA
“OKCHUTeHHBI (DOTOCUHTE3 —
OpoxeHue”.

» JUTMTEbHBIN, CTAOVUTLHBINA
MpoIIeCC.

* Huskue ckopocTH BblIeIEHUS
BOJOpO/A.

* MHakTUBaLMs KUCIOPOAOM.

* IIpucyrcTBHE OpraHUYECKUX
MPOAYKTOB peaKlMi — OpraHu-
YeCKHe KUCIOTHI (B OCHOBHOM
alerar), 3TaHoJI.

LlnarnoGakTepuu ¢ obpa-
TUMOI TMAPOreHa301
(hoxYH) [20, 21] u Mmop-
CK1€ MUKPOBOIOPOCITU
[22].

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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BOIOPOJ B MUKPOOHBIX TOIUIMBHBIX 3JEMEHTaX
(MT3) [25] (4, tabn. 1). B xauecTBe MUKPOOHBIX
areHTOB IIPUMEHSIOTCSI KaK YMCThIe KYJBTYphI (Geo-
bacter, Shewanella), Tak 1 MUKpOOHbBIE COOOILIECTBA.
Hannuue BOIOPOAIOTIOIIAIOIINX MUKPOOPTaHU3-
MOB, B YaCTHOCTH METAHOOpAa3ylIIUX OaKTepuii, B
aHOAHOM IIPOCTPAHCTBE CHMXKAIO 3(h(HEKTUBHOCTD
cucTteMmsl [9].

Cpenu CcBETO3aBHCUMBIX ITPOLIECCOB MOTYYCHUS
BOJIOPOJia C HAaMOOJBIIMMU CKOPOCTSIMU TMPOTEKAET
doTodepMeHTaLIMSI, OCYIIECTBIISIEMasl ITyPITypHBIMU
HECEPHBIMU OaKTEPHSIMU IIOCPEICTBOM HUTPOTCHA-
3Bl B YCJIOBUSIX JIMMUTUPOBAHUS a30ToM (5, Tadi. 1).
Tepmun “dotodepmenTanuss” TpeOyeT HEKOTOPOTO
nosicHeHus1. B mocnenHue roapl B 3apy0eskKHOM JIUTe-
paTtype 3TOT TepMuH (photofermentation) nmosiBUiICs
IIpU OIMCAHUM CBETO3aBUCUMOTIO BbIIEJICHUS BOOO-
pola MOypHmypHbLIMU OaKTepUsIMM TIPU HEIOCTaTKe
a30Ta 3a CYeT ACMCTBUSI HUTporeHa3bl. HecmoTpst Ha
TO, YTO 3TOT MPOLIECC HE MMEET HUYEro OOIIEero C
OpoXXeHHEeM, BO3MOXKHOCTb MCIIOJIb30BaHUSI OOHOIO
TepMUHA KaxXeTcsl MpUBJIEKaTeIbHON, U MBI OyaeM
ero HWCIOJIb30BaTh IS O0OO3HAYEeHUS YKa3aHHOTO
npouecca. s mypIypHBIX U 3eJICHBIX CEPHBIX 0aK-
Tepuii XapaKTepHbI MeHEE BHICOKIE CKOPOCTH BBIAE-
neHus1 Bogmoponaa. HemoctaTrkom Takoro Metadomye-
CKOTI'O IIyTH SIBJISIETCSI MCIIOJIb30BaHUE Y3KOTO CIIeK-
Tpa OpraHUYECKUX JOHOPOB BJIEKTPOHOB [11].

BrineneHue Bomopoda B YCIOBHUSIX M30BITKA BOC-
CTaHOBUTEJISI HA CBETY 3a CUET JeiCTBUS OOpaTUMOIA
TUAPOreHa3bl — IMPOLIECC, OMMCAHHBIA HECKOJIBKO
JIET Has3am oJjisl limaHoOakTepuu Synechocystis sp. [14]
U MypIlypHOU cepHoil 6akTepumn Thiocapsa roseoper-
sicina BBS [12, 13] (6, Ta6a. 1). HecMoTps Ha TO, 4TO
CKOPOCTH BBIACJICHUS BOJOPOIA U Ipyrye MpaKkTude-
CKM 3HAYMMBIE ITapaMeTPhl 10 CUX MOP HE NU3YUYEHHI,
MyTh, B KOTOPOM CJIOXHBIN 1 ATM-3arpaTHbIil hep-
MEHT HUTpOTeHa3a 3aMEHEH THUAPOreHa3oil, MOXKeT
0Ka3aThCs B LIEHTPE UCCIIEA0BATEILCKOTO BHUMAHMSI.

LuaHoOakTepuu, oOpa3yiollide TIeTePOLIUCTHI,
CNOCOOHBI K BBIIEACHUIO BOAOPOJA MOCPEICTBOM
HUTPOTE€HA3bl MpPU OKCUIeHHOM (oTtocuHTede (7,
Ta61. 1). OmHOBpeMeHHOE MMPOBEASHUE CTPOTO aHa3-
pobHoro mpouecca ((PYHKIIMOHMPOBAHNE HUTPOTE-
Ha3bl) U (POTOCUHTE3a C BBIAEICHUEM KUCIOpoIa B
JIAaHHBIX 0aKTEPUSIX 0KA3aJI0Ch BO3MOXKHBIM OJiaroaa-
psl MX IPOCTPAHCTBEHHOMY pasziaejieHu10. OKCUreH-
HbIIl (DOTOCUHTE3 MPOXOAUT B BEreTaTUBHBIX KJIET-
KaxX, a HUTpPOIeHas3a JIOKAJIM30BaHa B reTepOLICTaX.
CrexnoMeTpuueckoe COoTHollIeHue obpazyeMbix H,
n O, B ompenesIeHHBIX YCIOBHX OJIM3KO K peakIlnu
ounodoronrsa Boabl [26].

OmHOKJIETOUHBIC IMAHOOAKTEPUH TaKXKe CIIOCO0-
HbI K a30TduKcaluu (1 cieaoBaTeIbHO, K €¢ M000Y-
HOM peakinm — oOpa30BaHUIO BOIOPOAA) 3a CUET
aspobHoro orocunTe3a (7, Tadn. 1). OgHako aHa3-
po6103, HEOOXOOUMBIH 1T HUTPOTeHA3bl, JOCTUTA-
eTCd 3a CYeT BpeMEHHOTO pa300111eHnsT POTOCMHTE3a
U a30TOUKCAITUY TTOCPEACTBOM IMKINIECKOTO OCBE-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

TEKYYEBA, IBITAHKOB

LIIEHUSI B CUHXPOHHBIX KyJbTypax [26]. MHorue ¢u-
3UOJIOTUYECKUE XapaKTepUCTUKU, CJIeIOBATEIbHO, U
TepPCIIeKTUBHI IPUMEHEHUSI JAHHOTO OUOJIOTUYECKO-
ro mpoliecca IokKa He SICHbl, HO CMHXPOHHbIE KYJIbTY-
pyI Synechococcus ipy ONpeAeIeHHBIX YCIIOBUSIX IO~
Ka3bIBaIOT BLICOKME CKOPOCTH BBIIECIEHUS BOIOPOIA
[15, 16].

MuxKpoBOAOPOCIM, afallTUPOBAHHBIE K TEMHOTE,
CHOCOOHHI BEIIEISITH BOMOPO/I B OTBET Ha OCBEIIEHUE
[27] (9, Ta6a. 1). Takoit 6M0(pOTOIM3 BOIBI BO3MOXEH
TOJIbKO KpaTKOBPEMEHHO, ITOKa HAaKaIIUBAIOLINIACS
KMCJIOpOA, He MHAKTUBUPYET TUAPOTEHA3Y, YTO MPU-
BOIUT K TIpeKpalleHUIO BbIASICHUST Bogopoaa. DTOT
Mpoliecc UMeeT BhICOKYI0 3(p(heKTUBHOCTH Ipeodpa-
30BaHMs COJTHEYHOM aHepruu [28].

YcroitunBoe BoiaeneHue Bogopoaa Chlamydomo-
nas reinhardtii GBIJIO 3apeTUCTPUPOBAHO B KYJIBTYpE,
HCTIONBL3YIONIEH alleTaT, IpU HeJgocTaTke cepbl. CHa-
Yajia 3TO sIBJieHWe OBLIO MOKa3aHo s (hoToreTepo-
TpoHBIX [29], mo3mHee M Wit (HOTOABTOTPO(DHBIX
KyaeTyp [30].

Ilnano6akTepri 1 MUKPOBOIOPOCIU CITOCOOHBI
cuHTe3upoBath AT® B xoae OpoXeHUsT M3 HAKOII-
JICHHBIX TIpU (OTOCHUHTE3e YIIeBOAOB. B mpoiiecce
OpOKEHMS IPU OIPeACICHHBIX YCIOBUSIX MUKPOBO-
JIOPOCJIH, HapsIAy C alleTaTOM U APYTMMH MUHOPHBI-
MU OpoayKTaMu, o6pa3yioT Bogopon [20—22]. Takum
00pa3oM, B OTHOM KJIETKE COBMEIAIOTCSI MPOLIECCHI
HAKOIJICHUS MOJIMCcaXapyuaoB 3a cUeT SHEPIrUM CBETa
U ux copaxxuBaHus ¢ BbiaeaeHuem H, (10, ta6. 1).

Kpatkuit 0630p N3BECTHBIX OMOJIOTHTYECKHX CITO-
CO0OB ITOTYYEHMST BOIOPO/Ia TIOKA3BIBAET, YTO B KaXK-
JIOM TIpoliecce Hapsimy C MPaKTUISCKA 3HAYMMBIMH
MPEeUMYIIIECTBAaMU €CTh M HemocTtatku. OMHaKo, UH-
Terpupysl ONMMCAHHBbIE MPOLIECCHl B OMHY CUCTEMY,
MOXHO TMPEOoaoJIeTh HEKOTOpble U3 HUX. B maHHOM
0030pe aeTcst pacCMOTpPeHME 1 OlleHKa CYIIEeCTBYIO-
IIUX CXeM HMHTErpalni OMOJOTUYECKUX ITPOIIECCOB
TOJTydeHWS BOIOPO/A TS X BO3MOXXHOTO ITPUMEHEe-
HUS B IpaKTHKE.

CoBMelleHMEe OBYX OWOJIOTMYECKUX IIPOILECCOB
noapasyMeBaeT, YTO IT0OOYHBIE MNPOAYKTHI OTHOM
cTaguy OynoyT cyOcTpaTaMu IJISI OpPTaHU3MOB, OCY-
IIECTBIISTIOIINX BTOPYIO, IPU 3TOM IOBBIIIAETCS 3¢h-
(eKTUBHOCTh MCITOJIb30BaHUSI MCTOYHUKA SHEPTUU
(oprann4eckue COeIMHEHUSI UJIU CBET).

Bo3MoxHbIEe ITyTM WHTETpalUM IS TOJIydYeHUs
Bomopoa (M 3JEKTPUIYECKOTro TOKA).

1. CoBMemnieHre MOJIydeHHMSI BOgOpoda 3a cYeT
OpoXXeHHsI ¢ 00pa30oBaHMEM OPraHMYECKUX KUCJIOT
(1, Tabi. 1) 1 ux ganpHeIIee IIpeodpa3oBaHue B BO-
JIOPOJ, aHOKCUTEHHBIMU (POTOCUHTETUKAMMU Ha CBETY
B YCJIOBUSIX HemocTaTka a3ora (5, tabi. 1) (puc. 1).

2. CybcTpatoM IS ABYXCTagUMAHON CHCTEMBI C
yJ4acTHEM aHa’pOOHBIX TeTEPOTPOMPHBIX GaKTepuit
(1, Taba. 1) 1 aHOKCUTeHHBIX (POTOCMHTETUKOB (5,
Taba. 1, puc. 2) MoXeT ObITh OMOMacca MUKPOBOIO-
pocieif BMECTO OpraHMYECKMX OTXO0HIOB. TakuM 006-
pa3oM, 100aBJIsIeTCS JOMOJHUTEIBHBIN 3TAIl B CXeMY
Ne 4
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AnHaspobOHoOe cOpaknBaHUE

DdepMeHTAllMOHHBINM CTOK

OaKkTepun)

DdorodepmeHTarysS
(IypIrypHble HECEpHBIE

> H, + CO,

| — p Oumuinennas soga

Puc. 1. Cxema nojyyeHusi BOIOPOJa B MHTETPUPOBAHHOM CUCTEME 3a CUEeT COpaKMBaHMSI OpraHUKKU U dortodepMeHTauuu

(cxema uHTerpauu Ne 1).

YrineBoabl, HAKOIJIEHHbIE
MHKPOBOIOPOCIISIMUA WJTA
LUAHOOAKTEPUSIMU

A

VY

>

DHeprus

AHaspobOHOe cOpakuBaHUE

Otaenenue CO,

<
L

CBETa

Q

DdepMeHTAIlMOHHBIN CTOK

5

H, + CO,

V

DdorodepmeHTaIUs

(TmypItypHbIe

OakTepun)

HeCcepHbIe —  OuuiieHHas Boaa

Puc. 2. Cxema coBMellleHUST HAKOTUIEHUST OMOMAaCChI MUKpOBOOOpPACIsAIMU U €€ I[ByXCTaI[HﬁHOFO Pa3JIOKEHUS T10 CXEME Ne 1

(cxema uHTerparu Ne 2).

COBMEIIEHUSI, NU300paKeHHYIO Ha pUC. 1, MpU 3TOM
CHCTeMa CTAHOBUTCST 3aMKHYTOI TTO YTJIEPOY.

3. CoBMelleHre CcOpakuMBaHUSI OPTaHUYECKUX
cyoctpartoB (1, Tabis. 1) ¢ moayyeHreM Boaopona U
alerata aHapoOOHBIMU reTepoOTPOGHBIMU OaAKTEPUSI-
Mu u MTD (4, Taba. 1), KOTOpble JalOT BO3MOXHOCTh

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MoJy4yaTh BOJOPOJ M3 IIPOCTOM OpraHuMKU (Takoi,
Kak aleTaT) ¢ IpUMEHEHHUEM 3JIEKTPUIYCCKOIO TOKA

(puc. 3).

4. O0beIMHEHNE BpeMEHHO Pa300IIeHHOTO OKCH -
TeHHOTro (POTOCHMHTE3a M TEeMHOBOI'O COpakMBaHUS
HAKOIUJIEHHOI'0 KpaxMasia C BBIJIEJIEHMEM BOIOPOIa B
Ne 4
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HNcTouHuk OHCPIUn

co,

A

/'
-
A 4

MOpaHa
s
+

4—
HNoHHooOOMeHHast M1

]

I'ereporpodHbIe
OaxkTepuu

CyocTpart

Puc. 3. MukpoOHBbIii TOTTUBHBIN 371eMeHT (MTD).

oaHoM opraHusme (10, Tabi. 1) u pororereporpod-
HOe BEIZIEJIEHNE BOIOpOIa M3 00pa30BaBIIMXCST Opra-
HUYEeCKMX KUCIOT (5, Tadi. 1). Takoiil mmyTh nHTErpa-
LIUY MOXXHO MOIUGUITMPOBATh, TPUMEHUB Ha TIePBOIA
CTaguM METON JMMUTUPOBAHUS MUKPOBOIOpOCIIEH
cepoii (9, Tab. 1).

5. CoBMellIeHUEe OKCUT€HHOTO (oTtocuHTe3a (7—
10, Ta6a. 1) u ¢potoreTepoTpOPHOro BhIACIECHUS BO-
Jopoja Mpu JIMMUTUPOBAHUMU 110 a30Ty (5, Tadi. 1). B
OCHOBE TaKO# CXeMBbI JIEKUT UCITOJb30BaHUE Pa3HO-
CTU B CIIEKTpax TOTJIOIIEHUSI MUKPOBOJIOPOC/E 1
MypIypHBIX OakTepuii. [Ipn coBMelIeHUN Ipoliec-
COB B OTHOM IIPOCTPAHCTBE MOBHITIAeTCs 3(PHeKTUB-
HOCTB TIOTJIOIIEHWS CBETAa U COKPAIIIAeTCS MECTO TS
pasMeIIeHusT peakKTOPOB.

COBMEIIEHMWE BPOXEHHWA
N ®OTOPEPMEHTALNN

WHurerpanust aByX IIPOLIECCOB C HAMOOJBIINMU
CKOPOCTSIMM BBIICJICHMS BOIOpPOIA MaeT BO3MOX-
HOCTb MPEOHO0JIeTh cpa3y ABa HeJOCTaTKa — yIaJuTh
MOOOYHBIE MPOAYKTHI TEMHOBOTO OpoXXeHUsl (opra-
HUYECKME KUCIOThI) M MCHOJIb30BaTh X KaK JTOHOP
9JICKTPOHOB ST (POTOTreTepOTPO(HOTO BBIACICHUS
Bomopoaa (TO €CTh PElIUTh BOIIPOC O JOHOPE 3JICK-
TPOHOB IIJIsI BTOpoii ctagnu ). OCHOBHBIM IPEUMYIIe-
CTBOM TaKOW CXEMBbI SIBJISIETCS TTIOBBIIIIEHUE TEOPETU -
YeCKU BO3MOXKHOIO BbIX0oJa Boaopoaa 10 12 Mojib Ha
1 MoJib IMI0KO3bI. bojiee TOoro, CTaHOBUTCSI BO3MOX-
HBIM HCIIOJIb30BaHUE OPraHMYECKUX CTOYHBIX BOI U
TBEPIbIX OTXOA0B B KayecTBe CyOcTpaToB. B HacTosI-
II1iT MOMEHT 3Ta cxeMa HauboJiee oueBUAHAS U 1IN -
poko u3ydaemas [31, 32].

JInst ycnmenmrHoro o0ObeIMHEHUsI 3TUX IIPOIECCOB
HeOoOXOOUMO PEIUTh P 3aJad: Hogo0paTh IMOIX0-
IISIIMe OTXOAbI (OpraHocoAepKaIlie CTOYHBIC BOIbI
WIA TBEPAbIe OTXOIbI), OPraHU3MBbI 11 00€UX CTa-
Ui, criocod 0ObeAMHEHMS CTaIWil U COOTHOIIEHHUE

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

00BEMOB TEMHOBOTO M CBETOBOIO PEaKTOPOB ISl
HaunoOoJiee 3(HEKTUBHOIO Hpeodpa3oBaHUS IOCTY-
MaIOIINX CyOCTPaTOB.

IIpenmnocbuiki, Ha OCHOBE KOTOPBIX MOXET ObITh
ciesiaH BBIOOp cyOcTpara IJIsl ABYXCTaAUHOM CUCTEMBI.

1. OpraHmdeckue cyoCcTpaThl, BXOISIINE B COCTAB
OTXOIIOB, IOJDKHBI TIepepabaThIBaThCd B TEMHOBOIT
cTagum ¢ 00pa3oBaHUEM IIPOAYKTOB, KOTOPHIE JIETKO
WCIIONB3YIOTCS ITyPITYPHBIMU OaKTEPUSIMH.

2. HutporeHa3zHasi aKkTUBHOCTb ITypIypHBIX OaK-
TEpUil He OO/DKHA CHUXKATHCS M3-32 M30BITOYHOM
KOHILIEHTPALIMX a30TUCTHIX COCAWHEHMWIA, comepKa-
IIMXCSI B CTOKE TEMHOBOTO OMOpeaKTopa IepBoii cTa-
TV,

3. Hanuuue u KOHLIEHTpalUsi MUHEPaJIbHbBIX KOM-
MOHEHTOB OTXOJIOB HE MOJXKHBI JUMUTUPOBATh WU
MHTUOMPOBATh COBMeEIaeMble MPOILECCHI.

IMon6upass 6akrepum 1 ABYXCTaZUWHOTO TPO-
1ecca, HeO0XOAUMO YUUTBHIBATh, UTO, TEOPETUUYECKHU,
4 pa3IUYHBIX KOMOMHAIIUY OaKTepuaJIbHbIX MeTabo-
JIMYECKUX ITyTEW MOTYT AaBaTh BbIXoA 12 MOJb BOJO-
poJa Mpu MCIojb30BaHUU 1 MOJIb ITIOKO3bI [31]:

(A) 1 rmoko3a — 2 naktaT + 0 Hy;
MOJIOYHO-KMCJIOE OpOXKEHUE,

2 naktaT — 12 H,; nypnypHble 6akTepuu.

(b) 1 rmoko3a — 4 H, + 2 auerar;
YKCYCHOKMCJIOE OpOXKeHUE,

2 anierat — 8 H,; nmyprnypHble 0aKkTepuu.

(B) 1 rmoko3za — 2 H, + 1 ataHon + 1 auerar;
cMelllaHHOe OposkeHIe,

1 atanon + 1 auerat — 10 H,; mypnypHble 6aKkTepum.

(D)1 rmroko3za — 2—4 H, + 0-1 6yTtupar + 0—2
alleTar; alleTooyTHIIOBOe OpoXKeHUe,

1 6ytupar — 8—10 H,; myprypHble OakTepuu.
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OpHaxko NMp1 UCIOJIL30BAHNM OaKTepHUaTbHBIX CO-
OOIIIECTB BO3HMKACT “KOHKYPEHIMS” MEXIy MeTa-
oonuueckumu nytsamu b, B u I. [TokazaHo, 4To 3Ha-
yeHus pH BIMSIOT Ha CIIEKTpP I1OJy4aeMbIX IIPOIYK-
TOB OpOXEHHSI U COCTaB MMKPOOHBIX COOOIIECTB.
Tak, nogmepxanue pH Hike 6.0 MPUBOAUT K TOMU-
HHUPOBAHMIO alleTaTa 1 OyTHupaTa, a HeMTpaJbHbIC 3HA-
YeHUsT — MPONMOHAaTa M OpraHNMJecKMX cnupToB [33].
bonee Toro, B peaJibHBIX Ipolieccax OTHOBPEMEHHO
peanu3yeTcst HECKOJIbKO TUIIOB (hepMeHTaLIH.

Takum o0Opa3oM, BBIXOJ BOOOPOIA BCE CMCTEMBI
U COCTaB MPOAYKTOB TEMHOBOM CTaJIuM 3aBUCSAT OT
criocoba nmpeodpa3zoBaHUsI OPTaHUKU B 3TOU CTaauU.
Bonee Toro, cooTHollleHME OOBEMOB pPEaKTOPOB
JIOJDKHO TOAOMPAThCS, MCXOIsl M3 CTEXMOMETpUYe-
CKUX COOTHOIICHWI B YPaBHEHMUSIX, ONMUCHIBAOIINX
COBMeIlaeMBbIe ITPOLECCHI.

CyoctpaTtel a1a mepBoil ctamuu. K MoaeabHbIM
cybcTpaTaM, MCITOJIb3yeMBIM B JIAOOPATOPHOM TIpaK-
THKE IJTT M3YIeHUST KOMOMHMUPOBAHHBIX CUCTEM, OT-
HOCSITCS TJII0OKO3a, caxapos3a, KpaxMmal, THAIpOIn3aT
1esT0103bl. [TpoBOASITCS TakKKe M UCCIeTOBaHUS C
peajbHbIMU OPTaHUYECKUMHU OTX0oaaMHu (Tabi. 2, 3).

Krnaccudukauumst pasInaHbIX BUIOB CEIBCKOXO-
39MCTBEHHBIX OTXOIOB M BBIXOABI BOAOPOMAA, ITOJIY-
YyeHHBbIE TIPU UX COpakMBaHUM, OMUCcaHbI paHee [33].
Tak, MakcuMaJbHbIE BbIXOJBI HAOIIOJAIMCH IIPU MC-
MOJIb30BAaHUU MOACHIPHOIM CHIBOPOTKU, CBUHOTO Ha-
BO3a, MUILEBBIX OTXOIOB, KYKYPY3HBIX CTe0JIeil B Ka-
yecTBe CyOCTpaTOB.

IIpakTryecku Bce cyoCTpaThl MOTYT TTIOTPEOSTH-
¢Sl MUKPOOPTaHU3MaMU C OTHOBPEMEHHBIM BblJIeJIe-
HUeM Boaopoaa Ha o0eux cramusx. OgHako, eciau
cpella CoOIePXKUT U30BITOUYHOE KOJIMUECTBO a30Ta, Bbl-
JieJIeHUe BOIOPOJia Ha BTOPOU CTaaiuu HE MPOUCXO-
muT [38, 64]. Ucnob3oBaHKe BBICOKMX KOHIIEHTpA-
LI OPraHUYECKOTO ChIpbsl B TMEPBOM CTaauu AaeT
WHTUOUpYIOIIMe 1151 MyPIMyPHBIX OaKTepUid KOHIIEH-
TpallMd OPraHUYECKUX KHUCJIOT BO BTOPOM CTaauu.
i petieHrst 3TUX MpobJieM MHOTUE UCCieloBaTen
WUCIIOJIB3YIOT pa3JIMuHble BOJHBIE Pa3BEIEeHUs CTOKA
TEMHOBOTO peakTopa [53].

B HekoTophIX ciaydasax, 3p¢heKTUBHOCTD (hoTore-
TepoTPOMHOIO BBIACICHUST BOAOPOAA Obljla HU3KOM
TIpU pa3BeJCHUM CTOKa IepBoil craguu. OOHapyxe-
HO, YTO BCJIEJCTBYE Pa3BeICHUS YMEHbBIIAIOTCS KOH-
LIEHTpallM1 He TOJbKO OPraHWYeCKUX KUCJIOT, HO U
IPYTUX DJIEMEHTOB cpeabl — CynbdaToB, Kelesa,
maruus [59]. Job6asneHue ¢docdaToB B cpemy, Mpen-
Ha3HA4YCHHYIO JIJISI BTOPOIi CTaauM, YBEIUUYNBAIO BbI-
xof Bonopoaa onarogaps crabunusanuu pH [59]. Ec-
JIV B KauecTBe cyOcTpaTa 1151 COpakMBaHUsI B TIEPBOi
CTaJIuU MCIIOJIb30BAIKCh YIJEBO/Ibl, BIIOJHE BEPOSIT-
HO, YTO B CJIMBE TEMHOBOTO peakTopa OyaeT HeaocTa-
TOYHO a30Ta IJjisI HOPMAaJIbHOIO POCTa IMyPIYPHBIX
b6akTepuii. Tak, moKa3aHO, YTO MPU UCTIOJIb30BAHUU
MIpoAyKTa (pepMeHTAllUM Ccaxapo3bl HOIOJHEHUE
cpenbl IIIOTAMAaTOM U JAPOXCKEBBIM 3KCTPAKTOM
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TPUBOIMIIO K ITOBBIIIIEHUIO BBIX0OJa Bogopozaa ¢ 3.07
110 5.13 MOJIb/MOJIb TNTIOKO3BI [47].

Db EPEKTUBHOCTD ITPEOOpa30BaHMS OPTaHUYECKUX
CcyOoCTpaTOB B BOAOPO/ B XOJ€ ABYXCTAAUIHOIO IIPO-
mecca, Mo pe3yjbTaTaM pPa3HBIX MCCIIETOBAaHUM, KO-
nebnercsa ot 3.1 mo 7.1 monp H,/Moap riaoKo3bl
(tabi. 2—3). OmHako M3-3a TOro, YTo Ha 3P heKTUB-
HOCTb BblIeJIEHUS] BOJIOPOIA BIUSIOT U Ipyrue napa-
METPbl MHTETPUPOBAHHBIX CUCTEM, CIIeIaTh BHIBOJ O
TOM, KaKOW cyOCTpaT SIBJISIETCS HauOoJiee MOXOIs-
MM, HE IIPEICTaBISICTCS BO3MOXHEIM.

MuKpoopranu3mbl, IpEMeHsieMble B TEMHOBOIi CTa-
auu. B nByXcTaguiiHBIX cCUCTEMax Ha IIEPBOM 3Talle
VICTIOJIB3YIOTCSI YMCThIE KYJBTYPbI, UX WCKYCCTBEH-
HbIe CMECU WU IIPpUpPOIHbIe coobiecTBa. Cpenun 4ym-
CTBIX KYJIBTYp HanboJiee IUPOKO MPUMEHSIIOTCST pa3-
JmuHbIe mTaMMbl cemeiicTB Clostridiaceae niu Enter-
obacteriaceae, MOJIOYHOKMCJIbIE OAKTepUH, OaKTepUU
pona Cellulomonas, Klebsiella v TepmodunpHBIe OaK-
tepuu Caldicellulosiruptor saccharolyticus u Thermoto-
ga neapolitana (Tad. 2). YucThle KyJBTypbl U UCKYC-
CTBEHHBbIE CPeIbl YIOOHBI AJIs1 JTa00PaTOPHBIX UCCIIe-
JOBaHW, HAIIpUMep ST OIpeAesieHUsl MPOIYKTOB
depMeHTaLIIM, pacuyeTa CKOPOCTel BBIASICHMS BO-
JIopona, ompeneiaeHUs 3PPEeKTUBHOCTU Ipeodpa3o-
BaHUA cyocTpaToB. 1T mpakTUUecKMX ILejiei Ju-
CTbi€ KYJBTYpPbl HEIEPCHEKTHMBHBI M3-3a OOJBIINX
9HEPreTUYECKUX 3aTpaT Ha CTEPUIM3ALIMIO MTo1aBae-
MBIX Cpe/l, a TAKXKE M3-3a TOT0, YTO COOOIIEeCTBa, B OT-
JIMYMe OT YUCTBIX KYJIBTYp, CIIOCOOHBI TepepadaThl-
BaTh OoJjiee IIMMPOKUI CIIEKTp OpPraHUYECKUX Be-
IECTB ¥ OTHOCUTEJIBHO YCTOMYUBEI [69]. OgHako B
€CTECTBEHHBIX OakTepHaJbHBIX COOOIIECTBAX IPH-
CYTCTBYIOT CyJIb(aTpeayLIupyollIe, TOMoalleTaTHbIe
1 METaHOIeHHbIE OaKTepuH, KOTOPBIC, MOTPEOJIsIs
H,, carxarort a3pdeKTUBHOCTB BCETO MpoLiecca.

J1s1 TomaBiIeHUsT HeXXelaTeIbHBIX MUKPOOKMOI0-
TMYECKMX MPOILECCOB €CTECTBEHHBIE COOOIIIECTBA 00-
pabaThIBAIOT PA3IMYHBIMU XUMUIESCKUMMU WU (hU3U-
YyeCKMMMU criocobaMu (TiporpeBaHue, a3palus, oopa-
00TKa XMMWYECKUMU MHTUOUTOpaMU MeTaHOTeHe3a)
(tabi. 3) [70, 71]. ITognepXaHUe HU3KUX 3HAYCHUIA
pH taxke adpdpexTUBHO IS TTOAABIICHUSI METaHOTe-
He3a [72]. [IpuMeHSIOT 1 co3maHne UCKYCCTBEHHBIX
KOMOMHAIIMKA 13 yXe€ CYIIECTBYIOIINX OaKTepuaib-
HBIX coobmiecTB [73, 74]. Iloka3aHo, 4TO TakKue MC-
KYCCTBEHHBIC OaKTepHalbHBbIE COOOILECTBA MpPUME-
HUMBI B Pa3JIMYHBIX OMOTEXHOJOTUUECKUX LIEsIX [75,
76]. TpyaHO TIpeacKa3aTh YCTOMYMBOCTD TAKMX CO00-
IIECTB, XOTSI IIPU MCIIOJIb30BaHUM UCKYCCTBEHHO CO-
30aHHOM CMECH TepPMOMIIBHBIX KYJIETYp OBLI ITOJIy-
4eH BBICOKMI BBIXOH Bomopona — 3.7 MOJIb/MOJIb
TJIIOKO3HI [74].

B Tabn. 2 m 3 mpuBeneHBI BBIXOABI BOIOpOAA
(MOJIb/MOJIb TJIIOKO3bl), MOJYYEHHbIE B TEMHOBBIX
CTaaMsIX WHTETPUPOBAHHBIX mpoleccoB. OHU co-
craBisi ot 1.3 mo 3.3 Moy Bogopoaa B pacdeTe Ha
1 MOJIb TEKCO3BI, TIPUYEM ITOCCAHSS BeIUMUYMHA ObLIa
MoJiydeHa TOJILKO B OJHOM ciydae [45]. B npyrux vc-
Ne 4
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OO6LIMIT BBIXOL
Ne Cy6erpar FCTgp0TpO(I)HaH IlypmypHast HecepHast HMmmobu-| Bomopoma Cebuika
AKTEepUSs OakTepus aumzauus | (MoJib/MOJIb
TEKCO3BbI)
1 | Lemmrono3a Cellulomonas sp. Rhodobacter capsulatus B100 — 4.3 [65]
2 | [moko3a Clostridium butyricum | Rhodobacter sphaeroides RV + 7.0 [34]
3 | Kpaxman C. butyricum Rhodobacter sp. - 6.4 [50]
4 | IIroko3a C. butyricum R. sphaeroides + - [66]
5 | [Iiroko3a Lactobacillus de- R. sphaeroides RV + 7.1 [37]
brueckii
6 | Otxonpl ot neperoHku | Citrobacter freundii 01 | Rhodopseudomonas palustris P2 — 2.8 [52]
cnupra u Enterobacter aero- | KynbTMBUpOBaHME TIPOBOIM-
genes E10 JIOCh B TeMHOTe!!!
7 | Ilmroko3a C. butyricum Rhodopseudomonas faecalis + 4.1 [40]
RLD-53
8 | [IpoBapeHHas nu3Meib- | CooOIIeCTBO Rhodobacter sp. — 1.2 [58]
YeHHas MIleHu1a
9 | [IpoBapeHHBI, OT- Coo0611ecTBo R. sphaeroides RV — 1.1 [62]
(bunbTpOBaHHBIN MIIIE-
HUYHBIM MOPOIIOK
10 | IIttoko3za Ethanoligenens R. faecalis RLD-53 + 3.1 [67]
harbinense B49
11 | IIpoBapennsrii mire- | CooOIIecTBO R. sphaeroides RS-NRRL — 0.4 [63]
HUYHBIM TOPOILIOK

CJIEAOBAHUAX ITOKa3aHbl 3BHAYUTCJIbHO MECHBIIIME 3HA-
YCHMUA.

MuKkpoopranusmbl, NpuMeHsieMblie B GOTOCUHTETH-
yeckoii ctamuu. [lypnypHble cepHble M HecepHbIe
0akTepuu U 3ejieHble CepHble 0aKTepU— TEOpPETUYE-
CKM BO3MOXHbIE KaHAWAATHI IS MPUMEHEHUS BO
BTOPOM CTagWM COBMEIIECHHBIX OnocucteM. Ilypryp-
Hble HeCepHble OaKTepUU UCIIOJIB3YIOT IIUPOKUIA
CIIEKTP OPraHUYECKUX CYOCTPATOB 1 CIIOCOOHBI OBICTPO
pacTu 3a cueT AbIXaHWS, a B aHA3POOHBIX YCIOBUSIX
MPOSIBJISIIOT OYEHb BBICOKYI0 HUTPOT€HA3HYIO aKTHUB-
HOCTb U, COOTBETCTBEHHO, CKOPOCTh BbIJIEIEHWS BOJIO-
pona [77]. HarmpotuB, mypIiypHbIE W 3€JICHBIC CEpHEBIC
OakTepuu 0oJiee YyBCTBUTEJIbHBI K KMCJIOPOY, 00J1ana-
IOT MEHBIIIEH CKOPOCTBIO POCTAa U HUTPOTeHA3HOM aK-
TUBHOCTBIO. [103TOMY OOJIBLLIMHCTBO MCCIea0BaTENICH
WUCTIONB3YIOT B COBMEIIEHHBIX CUCTeMaxX MypITypHbIe
HecepHble Oaktepun: Rhodobacter sphaeroides, Rhodo-
bacter capsulatus, Rhodopseudomonas palustris, Rho-
dospirillum rubrum, Rhodobium marinum 1 HEKOTO-
pble HOBBIE HEUIASHTUDUIIUPOBAHHBIC ILITAMMBI
(Ta6s1. 2—6). I1pogomkaroTcs paboThI IO BHIIEIEHUIO
LITAMMOB TIPUCTOCOOJEHHBIX [IJIsI UCITOJIb30BaHUS B
JIBYXCTaAUMHBIX cucTeMax [64, 78]. Wcnonb3oBaHue
CMeIIIaHHBIX KYJBTYp MyPIYPHbIX HECEPHBIX OaKTe-
pUii YBEIMUUBAJIO CKOPOCTh 00pa30BaHUsl BOAOPOA,
3(HEeKTUBHOCTh Mpeodpa3oBaHUsI CyOCTPaToOB U 00-
muid BbIXod Bomopona [79]. HecMoTpst Ha TO 4TO
YCTOMYMBOCTh YUCTBIX KYJIBTYP ITypPIypPHBIX OaKTepuii
U UX CMeceli B HeCTePWIbHBIX YCJIOBUSIX — TIpeAMET
OyaylIMX HCCelOoBaHUM, TOoKa3zaHa MPUHLUITUATIb-
Hasi BO3MOXHOCTb BBIJEJEHMSI BOJOpOIA B HeECTe-
PUIIBHBIX YCIOBUSIX (hOTOTeTEpOTPOMDHBIMU ITYypIyp-
HbIMU OakTepusimu [80].

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

OTaenbHbIM HallpaBeHUEM YIy4llIeHUST Bblaee-
HUsI BOIOPOJA ypIypHBIMU HECEPHBIMU OaKTepusi-
MU SIBJISIETCS MX TeHeTudeckas Momudukamnus. Tak,
HaIpuMep, TTPOBOAMIIOCH YMEHBIIIeHe KOPOBOM W
nepudepruueckoii aHTeHHBI IJ1sl CHUKeHUS 3 dekTa
caMo3aTeHEeHUsI KyJIbTYPHI 1 yBeJTndeHUs 2DDEeKTUB-
HOCTHY morjiolieHus ceeta [81], ymajeHue O0OnbIIOi
CyOBEeTMHUIIBI BOJIOPOIIOTIONIAONICH THIPOreHa3bl
(hupL ren) [82] unu obeux cyoreaunuil (hupSL) [83,
84], a Taxke ynaneHue hupSL OmMHOBPEMEHHO C re-
HOM cHHTe3a nojuruapokcuaakaHatoB (I1TA) [40] y
Rhodobacter sphaeroides, KnoHUpOBaHUE KIIOCTPUIU-
ajbHOU (hydA) WIu CBEpPX3KCIIPECCUs TUAPOTEHA3bI
(hydC), comepxXalleil TOIbKO KeIe30 B aKTUBHOM
neHtpe, B Rhodospirillum rubrum [85]. Bce nepeunc-
JIeHHblE TeHeTUYeCKUe MOoIMpUKaAIIMM OaKTepuii
TMPUBOIUIN K HEKOTOPOMY YBEJIMYCHUIO BBIICICHUS
BOIOpO/A.

CooTHoEeHnEe 00HeMOB TEMHOBOTO H CBETOBOTO pe-
akTopoB. ONTUMAJILHOE COOTHOILIIEHUE OOBEMOB pe-
aKTOpPOB 3aBUCUT OT KOHEUHOU 1ieau. Eciu KoHeu-
HOW 1IEJIbIO SIBJISIETCS MOJIHASI OUMCTKA OPTaHUYECKUX
OTXOJIOB, TO CKOPOCTH BbIIEJIEHUSI BOAOpOJaa OYIyT
MOHMXEeHbI. O0beMbl PEaKTOPOB JOJKHBI PACCUUTHI-
BaTbCsl HA OCHOBE MOJIHOTO MOTJIOIIEHUSI OpraHuye-
CKMX KUCJIOT, MOJIyYeHHBIX TPU MAaKCUMaJIbHOM pa3-
JIOXXEHWU OTXOHOB B TIEPBOM CTaANMN.

Eciu koHeyHas 1ieib — 3TO MoJIydeHUe BOIOpoaa
C MaKCUMaJIbHOIM CKOPOCTHIO, TO TIPU MOI00pe 00be-
MOB PEaKTOPOB HEOOXOIMMO YUYMTHIBATH OITHUMAJIb-
Hble KOHILICHTpallMM CYyOCTpaTOB IS ITOJIyYCHUS
MaKCHUMaJIbHbIX CKOPOCTEM.
Ne 4
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TEKYYEBA, IBITAHKOB

Taﬁmma 6. I[ByXCTa,E[I/If/JIHLIe CUCTEMDBI C aBTOMAaTU3UPOBaAHHBIM o0beIMHEHUEM PEaKTOPOB

[TypmypHast KoHcTpykTuBHBIE OCO- CyMMapHbIi
[ereporpodHast
CyocTpar GaKTepus HecepHas OEHHOCTHU COBMEIIIEH- BBIXOJl BOAOpoAa Ccpuika
OakTepus HOTO peakTopa (MOJIb/MOJTb TEKCO3bI)
AxtuBHblil un u3 | Clostridium beijer- | Rhodobacter OnHoBpeMeHHO pabo- | TemHosas — 0 H, + [51]
MYHULUNOAJIBHBIX | inckii sphaeroides RV Taome GoTo- u TeM- |+ 850 Mr/n opraHuye-
OYHMCTHBIX COOPY- HOBOW peaKTOPHI € TIPO-| CKUX KUCI0T, CBeTO-
KEHUI MEXYTOYHBIM MEM- Bast — 160.5 M H,/T
OpaHHBIM PEaKTOPOM | OpraHWYeCKUX KUCIOT

Paznuunble mpoliecchl Ha TepBoii craguun (A—T,
CM. BHIIIIE), JAIOT Pa3HYIO CTEXHUOMETPUIO 0Opa3oBa-
HMS BOAOpOAA U IpYrux npoaykros. Ilosromy s
KaxXIoTO M3 HUX TPeOYIOTCS CBOM pacyeThl OTHOCH-
TEeIBbHBIX 00BbeMOB peakTopoB. Kpome Toro, Heo0xo-
INMO YIWUTBIBaTh M OTHOCUTEIbHBIE CKOPOCTH TIPO-
IIECCOB B TECMHOBOM U CBETOBOM peaKTopax.

B nutepatype mnpuBOaSITCS MOMOOHBIC JaHHBIE.
Tak, TeMHOBOMY peakTopy 00beMoM 80 JI TOJKEH CO-
OTBETCTBOBaTh (PoTOpeakTop 00beMoM 7684 i1, TO
eCTh IOJDKHA cobmomaThes mpomopius 1 : 96 [31].
PacueTbl 00BEMOB pPeakTOPOB C y4ETOM ITPOAYKTOB
cOpaxkuBaHUsI KapTodeIbHOro ToMOreHaTa B UCKYC-
CTBEHHOM cpene naju oTHoueHue 1 : 10 m1st TeMHo-
BOM M CBETOBOM CTAIWA UHTETPUPOBAHHOIO MIPOLIEC-
ca[59]. CyuiecTBeHHbIE pa3uuus B ITOJyUYeHHBIX pe-
3yJibTaTax TOBOPSIT O HEOOXOAMMOCTH JabHEUIINX
HUCCIeIOBAaHUU 3TOro BOIpOCa.

Cnoco0bl 00beaHHeHNs ABYX cTamdii. McImoab3o-
BaHUe CIMBa TEMHOBOTO peaKTopa HEMOCPEACTBEHHO
B KauecTBe cyoOcTpara s porobnopeakropa 10 Ha-
CTOSIIIIETO BPEMEHU OCTaeTCs CIA0XKHOM 3anaveid. On-
HaKoO IMoKa3aHa MPUHILIMIHATbHasE BO3MOXHOCTb TO-
JIy4eHUs BOAOpoaa U3 HeoOpaboTaHHOIO CTOKA B Te-
puomndeckoit KymeType [64]. Takoit Tromxon
MpuBJeKaTesieH B TJlaHe MPaKTUYeCKOTro MpUMeHe-
HUS 1 TpeOyeT najibHelero nsyyeHus. BoaMmoxxHblie
MPUYUHBI MTOHUKEHHOTO BbIXOAa BOAOPO/A.

1. Paznuuue B ontumymax pH. B xone teMHOBOTO
cOpaxkMBaHUSI OpPraHUKMW C KOHTpoJaupyemMbiM pH
OBLIO MOKAa3aHO, YTO ONTUMAIbLHBIM 3HAYEHUEM SIB-
nsiercs pH 4.5—6.0 [86]. B T0 3ke BpeMs1 rpaHMIIbI OIT-
TUMyMa I IypIypPHBIX HECEPHBIX OakTepuii 6.5—
9.0 [87]. Rhodopseudomonas acidophila [88] umeer
MOHMKEeHHBIN ontuMmyM pH mig pocrta (Huxe 6.0),
HO CKOPOCTHU POCTa 1 BbIICJICHUS BOIOPOAA B TAKMX
YCIOBUSIX HE U3yYEHBI.

2. Paznuuue B TemriepaTypHbIX onTumymax. Or-
TUMYM JUJISI DHTepOOAKTEpUil 1 MHOTUX BUIOB pojia
Clostridia 35—40°C. IlypmypHble 6aKTeprUU — ME30-
GWIBI, NX TEMITepaTypHBIN ONITUMYM ITPUXOIUTCS Ha
28—30°C. B ciyyae ncrioyib30BaHUS TePMO(PUITBHBIX
KYJBTYp CTOK TEMHOBOTO Mpoliecca JOJDKEH OXJa-
KIAThCS.

3. 3areHeHue (GoToTpoHBIX KYJBTYP B3BEIISH-

HBIMM YacTHLaMM (KJIETKM OaKTepuil, UX CHOPHI U
HeTpo3padyHble YacTUIIBI TBEPABIX OTXOIOB). DTUM

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

o0ycoBJIeHa HEOOXOMUMOCTh LIEHTPUMYTUPOBaHUS
WK puIbTpaliy CTOKa TEMHOBOTO peakTopa. Bme-
CT€ C TeM IIPU MCIIOJb30BAHNU KaKUX-IU0O0 CIICLV-
(prYeCcKNX OTXOAOB, HE MMEIONINX B3BEIIEHHBIX Ya-
CTHII ¥ CBETOMNOIIOIIAIOIINX COSAUHEHUI, 3TO OTpa-
HUYEHUE CHUMAETCSI.

4. BeigeneHue TOKCMueckKux BemecTs. CyllecTBy-
IOT MPEANOJOXEHUSI O BIUSIHUU CyJb(]uaa Ha pOCT
MypPITYPHBIX HEeCEpHBIX GakTepuii [64]. OmHaKO IS
OOJIBITMHCTBA TEMHOBBIX OAKTEPUI U COOOIIIECTB HE
MU3YyYeHbI BellleCTBa, KOTOPble OHU MOTYT BbIIESATh B
cpeny, TIoJaBiIsisi MeTaboIM3M Iy pITypPHbBIX OaKTepUii.

5. M3BecTHO, 9TO HUTpOTreHa3HasI CHUCTeMa ITyp-
MypPHBIX OaKTepUl MHTUOUPYETCS M pelpeccupyeTcst
MOBBIIICHHBIM COACPKaHHUEM CBA3aHHBIX MCTOYHMU-
KOB a3zora B cpene [47]. HanporuB, mist 6onee 3d-
(beKTUBHOrO (PYHKIIMOHUPOBAHUS TEPBOI CTAAUMN B
cpeny HOOaBISIIOTCS a30TCOAEpXKAIME BellecTBa
(Tabi. 4, 5), 4YTO MOXET IIPUBECTU K TOHUKESHUIO BbI-
XoJ1a BOAOPOIa Ha BTOPOM CTaAuMN.

6. KoHlleHTpaly opraHnyeCcKuxX KMCJIOT B CJIMBE
TEMHOBOTO PEaKTOpa MOTYT U3MEHSThCS B IIIMPOKUX
npeaeiax B 3aBUCUMOCTHY OT U3MEHEHUI IT0JaBacMO-
ro cyocrpara. CymMmmapHble KOHLEHTpAllMM OpraHM-
YEeCKMX KHMCJIOT B IPOAYKTaX TEMHOBBIX IPOIECCOB
nocturanu o6ojee 50 [39, 44] u naxe 6onee 100 MM
[55, 56]. I1pu KOHLIEHTPALIMSAX OPraHUYECKUX KUCIIOT
Bbillle 50 MM HaOmomaeTcss CHUXKEHUE BbINEIEHUS
BOIOpOJa IypIypHbIMU 6akTepusMu [89, 90]. Takum
00pa3oM, HEOOXOAMMOCTb NOAACPKAHUS OTITUMAJIb-
HOI KOHIIEHTpAallMY OPraHU4YeCKMX KUCIOT WIS IIyp-
MyPHBIX 0AKTEPUI YaCTO BHIHYKIAET Pa3BOAUTH (hep-
MEHTAllMOHHBIEC XUIKOCTHU Iiepeld moaadyeit B oTo-
ouopeakTop (Tadi. 5).

MHTepecHOlT OCOOCHHOCTBIO SIBISICTCS TO, 4TO
MypIypHble OakTepuu W30UPATETBHO MOMIOIIAIOT
opraHm4yecKkue KUCIoTel u3 cMecu [44, 90, 91]. Kuc-
JIOTHI C OOJIBIIEH MIMHON yIJIEPOMHON HEenu ITOTJI0-
IIAIOTCS MO3%e. DTO CBOMCTBO MOXKHO MCIIOJIb30-
BaTh, CO3[aBasi HECKOJBbKO ITOCIEI0BaTeIbHBIX (DO-
TOOMOPEAKTOPOB MJIM MMMOOUIN30BaTh HECKOJIBKO
BUJIOB ITyPITYPHBIX OaKTEpUIA B OMHOM peakTope IMo-
CJIOTHO ISt OoJiee IIOJTHOTO MCIIOIb30BaHUS IIMH-
HOILIETIOYEYHBIX OpraHmYeckux KuciaoT. [IpuBeneH-
HBIe (baKTHI IIOATBEPXKAAIOT HEOOXOINMMOCTh ITOMCKA
ONTUMAJIBHOM TpeaBapUTEeNbHOI 00paboTKM dep-
MEHTalLlMOHHBIX CTOKOB (TabJ1. 5).
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Cosmecmnoe  kyavmusupoganue. COBMEIIICHUE
NIBYX CTaIMii TOJy4eHHUsI BOAOPOIAa B OIHOM IIpO-
CTPaHCTBE — METO/I, TIPUBJIEKAIOIIN BHUMaHUE CBO-
el MPOCTOTOI Y 9KOHOMUYHOCTHIO. B 1abopaTopHBIX
SKCITepUMEHTaX pa3IUdHbIe BUIBI T€TePOTPODHBIX
0aKTepHii WJIM COOOIIeCTBA COBMEIIAIOT C MypPITyp-
HBIMUA HECEPHBIMU OAKTEPUSIMH B OTHOI ITUTATEb-
Hoil cpene (tabiu. 4). I[Ipu aTOoM HE cOOJIIOIAIOTCS
YCJIOBUSI ONITUMYMOB POCTa M BBIACICHUST BOIOPOAA
CMellIMBaeMbIX KYJBTYp, pexae Bcero pH, uro cHu-
XaeT 3(ppeKTUBHOCTH Tpollecca WM CKOPOCTh BbI-
neneHust Bogopona. Tak, B cucreMe ¢ Clostridium bu-
tyricum 1 Rhodobacter sphaeroides ¢ ncnob30BaHIEM
TJIFOKO3BI B KaUeCTBE CyOCTpaTa BBIIEICHIE BOIOPO-
Jla TIpeKpaliajioch yxKe yepe3 3 CyT KyJbTUBUPOBAHUS
n3-3a cHrkeHus pH 1o 6.5, B To BpeMs Kak B cpelie
octaBanuch auetar (11.5 MM) u 6ytupar (13.5 MM)
[92]. Ucrnionb3oBaHE UMMOOWJIM30BAHHBIX KYJBTYP
JTaeT BO3MOXKHOCTH MOJIydaTh 6oJiee BBICOKME BBIXO-
IIbI Bomopona (taba. 4) [34, 37, 40, 66, 67]. DTo MOX-
HO OOBSICHUTH TEM, YTO MMMOOMIIN30BaHHBIC KYJIb-
TYpbl UMEIOT 000COOIEHHOE MHKPOOKPYXKEHHE, TO
€CTb OTACIbHBIE 00JIACTU MATPULILI MOTYT UMETH pa3-
Hble 3HaueHusi pH, KOTopble OKa3bIBalOTCS OMNTHU-
MaJbHBIMU JIJISI TOW WJIW UHOM KYJBTYpHI.

Ilocaedosamenvroe obsedunenue npoueccos. Pas-
JIEIbHOE OCYIIECTBJIEHME MHKPOOHBIX IIPOLIECCOB
CHMMAaeT BcCe OrpaHUYEHUsI, IIepeYUCIIeHHbIE B
npeabiayiieM pasaene. B Takoii cucremMe CTOK TeM-
HOBOTO peakTopa coOHupaeTcss U mocjiae oOpadOTKU
HMCIOJIB3YEeTCSI B KayecTBe cyOcTpaTa st poTrodep-
MeHTauuu. M3 taba. 5 BUAHO, YTO OCHOBHBIMM 3Ta-
naM#1 00padOTKM JaIlle BCETO SIBIISTIOTCS pa3BedcHME,
CcTepwiIn3alus, LEeHTpUdYrupoBaHUEe U JOBEICHUE
pH no onTuManbHBIX 3HaYSHU. B HEKOTOpBIX CiTy-
yasix MPUMEHSIOT duiasTpoBaHue (Tadn. S5) [38, 41,
57] minst ocBOOOXAEeHUST (PEPMEHTALIMOHHOIO CTOKA
OT HeIIpO3pavyHbIX YaCTHII, 3aTCHSIOINX (POTOTpOP-
HYIO KYJBTYPY, WIX IJISI OTACASHUS OMOIOTrMYeCKUX
KOMIIOHEHTOB (KJIETKH, CIIOPhI). BO3MOXXHO MCITOJIb-
30BaHUE al’palliu TPU MOBBIIIEHHOM COJIEepXKaHUU
amMMoHus (Tabu. 5) [61]. B 3aBUCMMOCTH OT KOHLIEH-
Tpalli OPTAaHWYECKUX KUCIOT B COPOKEHHOM CYyO-
CTpaTe MOXKET IOTpedoBaThes ero pa3BencHue. Eciau
pa3BelneHUE 3HAYMTEIbHOE, TO IIepe IT01a4Ycii B CBe-
TOBOI1 peakTop HEeOoOXOANMO OOMNOJIHSTH (hepMeHTa-
LUOHHBI CTOK MHHEPAJIbHBIMU KOMIIOHEHTAMU U
(unu) OydepHbIMU pacTBopamMu. B pesynbrate ach-
(GEKTUBHOCTh MHTEIPUPOBAHHOTO IIpoliecca BapbU-
pyiot ot 1.6 10 7.1 MoJb Bogopoaa Ha 1 MOJIb [IFOKO3bI
(taba. 5). Takoii MoaXom B COBMEIICHUM ITPOLIECCOB
ynoOeH, Koraa pa3indHbIe CTAINN OCYIIECTBISIIOTCS B
pa3HbBIX JabopaTOpUsIX, HO €ro 3KOHOMUYECcKas 1ie-
JIeCO00pPa3HOCTh TPeOYeT JAIbHEHIIIETO N3YYCeHMS.

Asmomamu3zuposanuoe coemeujeHue 08yx npoyec-
€08, NPOMEKaoUUX 00HOBPEMEHHO 8 PA3HbIX PeaKmo-
pax. OCHOBHBIMHU TPYIHOCTSIMH KaK COBMEIIEHHBIX,
TaK W pa3IeJIcHHBIX PEaKTOPOB SIBIISIETCSI HEOOXOIM -
MOCTb MOAEPKAHUS Pa3IUYHBIX (DUUKO-XUMUYIE-
CKMX YCJIOBUI OJIs1 ABYX CTaaMii, KaK yKa3bIBaJOCh
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BBIIIIE, @ TAaKXK€ HEOOXOMMMOCTDb OTIEJICHUST HEIIPO-
3pavyHbIX YacTUll (pepMEeHTALIMOHHON’ Cpeabl MpU €€
MEPEMEIIEHNUN B PEAKTOP IS MyPIIYPHBIX HECEPHBIX
O6axkrepuii. HemaBHO ObLIa mpemioxKeHa cucTeMa mna-
paieabHO padOoTaOIIMX OMOpeaKTOPOB (TEMHOBOM
1 (oTOOHOpPEaKTOP) AJIsI MOTYUEHHUSI BOOOPOIa U3 aK-
TUBHOIO WJIa MyHUIIMITAJIbHBIX OYUCTHBIX COOpPYXe-
Huit (Tabi. 6) [51]. B onmmcaHHoOl cucTeMe Ouopeak-
TOpPBI OTJAMYAIMCh MUKPOOPraHU3MaMM, HO XKUJIKast
¢aza O6bpL1a eMIMHOM. [IJ151 3TOr0 B CUCTEME PeaKTOPOB
CYILIECTBOBAJI JIOMOJHUTEIbHbIA O0bEM, OCHAILECH-
HbIA OMAIU3HOU MeMOpaHO M3 MOJIbIX BOJIOKOH-
MUKpOTpYyOOK (mmamerp mop 0.1 MKM), 4epe3 KOTo-
pyIO cpeda M3 TEMHOBOTO peakTopa moranajia B o-
ToOMopeakTop. Becg cucrema mommepXuBaiach Ipu
35°C. B xoae TeMHOBOTO COpaxkMBaHUs 00pa30BaHUs
BoJIopo/ia He HaOmonanock. OgHako olllee coaep-
JKaHUEe OPTaHUYECKUX KUCJIOT B UCITOJIb3YeMbIX OTXO-
Jax mocyie cOpaxkMBaHUS yBeJIMYUBanoch ¢ 250 mo
1100 mr/n. @otoreTepoTpodHOE 0Opa3oBaHUE BOIO-
poma 1uio co ckopoctbio 100 mi/i/cyr, obpasys
160 M1 H,/T opranndeckux Kucyort [51].

IMpennoXeHHbI TIOAXOM TIePCIIEKTUBESH BBUILY
palMOHAIBHOIO MCMOJb30BaHUSI IMPOCTPAHCTBA B
CUCTeMe, COKpallleHUsI 0011ero BpeMeH! (hepMeHTa-
LMY Y YIPOIIEHUSI KOHCTPYKLIUU.

UHTEI'PALIMA ®OTOABTOTPOD®HOI'O
HAKOIUIEHUA BUOMACCHI
N EE IBYXCTAANMNHOU AETPAJALINN

Ecau 3ameHUTh OpraHnyecKuii cyocTpat, MCIIOJIb-
3YIOIIMMACS OIS0 ABYXCTaAUWHOM CUCTEMBI, OTIMCAH-
HOM BBIIIE HA OMOMaccy MUKPOBOIOPOCEH, TO BO3-
MOXHO CO3IaHUE TPEeXCTAAUIHOM cucTeMbI (puc. 2).
doTtoTrpodHOE HAKOIUIEHNE MOJINCAXapUa0B MUKPO-
BOOOPOCIISIMU MACT 0e3 BBIOCIICHUSI BOOOPOIA, XOTS
€CTh M IIPEUMYIIECTBA: €INHCTBEHHBIM NCTOYHUKOM
SHEPruu IJisi TAKOW CUCTEMBI SIBJISIETCS COJTHEYHBIU
CBET; CUCTeMa 3aMKHYTa C TOUKHU 3peHHsI BbIOpOoca yr-
JIEKHUCJIOTO Ta3za, KOTOPBI MOXET HCITOJIb30BaThCs
MUKPOBOAOPOCISIMU; pa3paboTaHbl 3(PGheKTUBHbIE
METOIbI BhIpAIlIMBaHUsI OMOMACCBl MHUKPOBOIOPOC-
JIell KaK B 3aKPBIThIX peaKTopaxX, TaK M B OTKPHITHIX
cucteMax [93]; MUKPOBOIOPOCIN CIIOCOOHBI ITOTJIO-
1aTh U30BITOYHEII a30T U Ppocdop, KOTOPBIE TPUBO-
JISIT K 9BTpoduKanu BogoeMoB [19, 94]; MmoxHO uc-
MOJIb30BaTh MOPCKYIO BOIY, YTO YMEHBIIIAET OOIIYIO
CTOMMOCTb IIpolecca. MUKpOBOOOPOCIN XapaKTe-
PU3YIOTCS BHICOKUMM CKOPOCTSIMU pocTa 1 3 PeK-
TUBHBIM (POTOCHHTE30M, HO M3-3a CHIDKCHUS o0ec-
MEeYeHHOCTU KYJIBTYpPhl CBETOM IIpU OOJIBIION KOH-
LEeHTpalMM OMOMAacChl WJIN YBEIUYECHHON TOJIIIIMHE
CJIOSI CYCIIEH3MM POCT MOXKET CUJIBHO 3aMeISIThCS.

B03MOXHOCTH BBIIEJIEHUS] BOAOPOAA ITPU TeTePO-
TpoHOM CcOpakKMBaHUU OMOMACCHI MUKPOBOIOPOC-
Jieli MOATBEPXKICHA HECKOJbKMMU HCCJIEIOBaTE b~
ckumu rpynmnamu [95—98]. DbdexkTruBHOCTb TTpeod-
pa3oBaHus CyOCTpaTa B BOAOPOJ, BBIYMCICHHAS Ha
OCHOBE COJIep>KaHUsI Kpaxmaja B KJIeTKax MUKPOBO-
Ned 2012
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nopocineit, nocturaia 7.1—8.3 monb H, Ha MoJib I110-
Ko3ml [95, 97]. He uckiodyeHo, YTO TaKue 3HAYECHUS
NpPEeyBEJIMNYCHBI, TaK KaK KJIICTKM coAcpzKaT KpOME
KpaxMajia Ipyrue OpraHu4eCcKue COeIAMHEHMS, NPU-
TOAHBIE NI YTUIN3ALUM TeTepOTPOGHBIMU MUKPO-
OpraHu3MaMMu.

V3KHM MECTOM 3TOI CUCTEMBI SIBJISIETCS TIPOLIECC
TepeHoca BOAOPOCIEBO OMOMacchl B TeTepoTpod-
HBII peakTop. B ommcaHHBIX 3KCIIepUMEHTaX OHO-
Maccy Bogopocieit ponoB Dunaliella u Chlamydomo-
nas MoABEPTraJIi BpeMEHHOMY 3aMOpPaXkUBaHUIO, JUTS
paspylieHusl KJIETOUYHBIX CTPYKTYp, 4TO OOJerdaio
npoiecc copaxuBanus [97]. [IpenBaputenbHOE BbI-
cylIMBaHMe OMoMacChl CHUXKAJI0 BBIXOJ BOAOPOIA Ha
20% [98]. B mpyrux ciydasix oopaboTka 611oMacchl He
OIMMCHIBAJIACh, HO 3aKJIIOYalach B KOHIIEHTPUPOBA-
HUM KJIETOK WJIM BOCCTAHOBJICHNH OMOMACCHI M3 TI0-
pomika [95]. Bo3MOXHOCTh IPSIMOTO 3alOJIHEHUS
TEMHOBOTO PeaKkTopa XWBBIMU MUKPOBOIOPOCISIMU
TpeOyeT AOTMOJHUTEIbHBIX UCCCAOBAHUIA.

COBMEIIEHME MUKPOBHbIX
TOIVIMBHBIX BJIEMEHTOB (MTO)
C BPOXEHMUEM

I[IponykThl TEMHOBOTO OpPOXEHUSI — OpraHuYe-
CKHE BEIIEeCTBAa, KOTOPhIE MOTYT IepepadaThbIBaThCs
OakTepHUsSIMU B BOJIOPOJ, HO B aHA3POOHBIX YCIOBUSIX
IUTST BTOTO HeoOXOoAMMa JIOTOJTHUTENIbHAS SHEPIusl.
Tak, mpu BbIACICHUM BOJOPOJA B XOAe aHOKCUTEH-
Horo ¢orocuHTe3a (porodepMeHTaLIMsI) UCIIOIb3Y-
eTCsl DHEeprusi cBeTa. AJIBTEPHATUBOUM MCMOJIb30Ba-
HUSI aHOKCUTE€HHOTO (POTOCHHTE3a CIIYKUT ITOAXOM, B
KOTOPOM alleTaT IpeoOpasyeTcsl B BOAOPOJ B MUK-
pOOHOM TOILUIMBHOM 3JIEMEHTE C 3aTPaTOi BJIEKTPU-
yeckoro Toka [25]. MTD cocrout U3 KaToja, KaTaau-
3UPYIOIIETO BOCCTAHOBJIIEHWE KHUCIOpPOAa, W aHoja,
CHaAOXEHHOTO 3JIEKTPOreHHbIMU OaKTepUSIMU, KOTO-
pbie CIOCOOHBI OKUCISITh OPTaHUKY Ha MOBEPXHOCTH
aHoIa M T€HEepUpPOBaTh NEKTpUUEeCKMii TOK. Hemo-
CTaTKOM TaKOM CUCTEMBI SIBJISIETCS TO, YTO KHUCIOPO/,
nojJaBaeMbIi B KATOAHOE IIPOCTPAHCTBO, TNGPDYHIN-
PYET K aHOAy U UHTUOUpyeT OpoxxeHue. MTD moxeT
OBITh IIPeoOpa3zoBaH B MUKPOOHYIO 3JEKTPOJIM3HYIO
STYETKY, ECJTU B sSTYEHKE C KaTOJIOM CO31aTh aHA3pOOU-
03 U IIPUJIOXKUTD JEKTPUUECKUN TOK (IIPY MNOTCHIIM -
ane 6osnee —200 mB). B aToM cirydae a51eKTporeHHbIE
0akTepuM MCIOJB3YIOT 3JIEKTPOHBI OT 3JEKTPOona,
OCYIIECTBJISIS  “3MeKTPOTPOGHBIA” TUIT TTUTAHUSI.
le/l 9TOM KaTo/ BBITIOJIHEH U3 IJIaTUHBI, U B KaTOA -
HOM MpocTpaHcTBe obpasyercs H,.

Ilpn mcrnosb30BaHUM aleTaTa B KadecTBe CyO-
cTpaTta jis1 0akTepuii [25] olliee KOIU4YecTBO BOC-
CTaHOBJICHHBIX JO BOJOPOAA 3JIEKTPOHOB COCTaBJISI-
710 6071ee 90%, TO €CTh MPU MIPUTOKEHUN OIITUMATb-
HOTO HAMpPSDKEHUsI BBIXOO BOIOPOAA COCTABJISLI
2.9 monp Ha 1 MOJIb alieTaTra. YCOBEPIIEHCTBOBAHME
TEXHOJOTUN DKCIIEPUMEHTAa TOBBICHIO 3(hPEKTUB-
HOCTh MOJIYYEHUsT Bomopoaa A0 99% npu HampsokKe-
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Huu 0.8 B [99]. B 6o1ee mo3mHux paboTax moKa3aHO
BbIJIEJICHUE BoJopoaa ¢ obieil 3¢pHEeKTUBHOCTHIO
nporecca 10 92% B MTD 1ipu UCIIOJB30BaHUM TITIO-
KO3bl, MAaCJISIHOM, MOJIOYHO, IMTPONUOHOBOM 1 BaJie-
puaHOBOI KHUCJOT, a TakxKe liesuroao3nl [100]. He-
JIAaBHO ITOSIBUJIOCH COOOIIEHHE O pa3paboTKe 6e3MeM-
OpanHoit emmHoil gueiikm MTD [101], B xoTopoit
YMEHBIIIEHO BHYTPEHHEE COIIPOTUBJIEHHE 3a CUYET
OJIM3KOTI'0 PaCITOIOXKEHUS JIEKTpoaoB. CpenHsis a¢-
(eKTUBHOCTH CUCTEMBI B JAHHOM MCCJIEAOBAaHUM CO-
craBisuia 78%, a MakcuManbHast — 86%. CKOpOCThb
BblAeNeHUs Bogopoaa nocturana 3.12 1 H, Ha 1 autp
peakropa B 1 cyT.

TToka3zaHa BO3MOXHOCTb IIpuMeHeHnusT MTD mnipu
HCITOJIb30BaHUU CTOYHBIX BOJI CBUHOM (hbepMbl [102],
CTOKa peakTopa, IPOU3BOASIIETO BOJOPOI COBMECT-
HO ¢ 3TaHojioM [103], u B AByXCTagMITHOM CHUCTEMeE,
coyeTaloleii OpoxeHre U OUO3JIEKTpOreHepaluio
Bomopona [104]. Takum o6pa3zoM, COBMEIIEHNE MUK-
POOHBIX TOIUIMBHBIX 2JIEMEHTOB C TEMHOBOW dep-
MeHTalMell TTO3BOJIUT MPeoOpPa30BhIBATh MPAKTUYE-
CKM JIFOOble OpraHuYecKue cyocTpaThl B BOAOPOI C
BbICOKOU addekTuBHOCTHIO. K coxXanieHnto, yaeib-
HbI€ CKOPOCTH Mpoliecca MoKa JajieKu OT MpaKThuye-
CKM 3HAUYUMBbIX.

MHTEI'PALLUA ®OTOCUHTE3A
C TEMHOBBIM CBPAXKUBAHUWEM
B OAHOM OPTAHU3ME

B xone dpoTocuHTE3a MUKPOBOJIOPOCIU CUHTE3U-
pYIOT 3amacHBIE BEIIECTBA, KOTOPhIE B HaJbHEMIIIEM
MOTYT UCHOJIb30BaThCs KaK CyOCTpaThl AbIXaHUS VUITU
opoxenus. Ecam MuMKpoBOmOpoCIM HaXOIITCS B
TEMHOBBIX aHA®POOHBIX YCJIOBUSIX, MPOAYKTAMU MX
MeTaboIM3Ma CTAaHOBSATCS BOIOPOJ U OpraHUYeCKUe
KMCJIOTHI, KOTOPBIE, B CBOIO OYepeab, MOTYT UCITOJIb-
30BaThCs I GOTOPEepMEHTALIUM U, CIISI0BATEILHO,
BBIIEJIEHUS BOAOPOAA MypHYyPHBIMU OAKTEPUSIMU.

Panee Obu1 BeiaesieH mtamMm pona Chlamydomonas
C OTHOCUTEJIBbHO BBICOKOU 3((PEeKTUBHOCTbIO 00pa-
30BaHUs BoAopoaa npu 6poxeHuu [22], koTopast co-
crasJsiia 2 MmoJib H, Ha 1 MOJIb TJ1I0KO3bI (paccunMTaHo
o TOTpebaeHNIO KpaxMaia). Apyrumu naeHTUgM-
LIMPOBAHHBIMU MPOAYKTaAMU OPOXKEHUS ObLIU YKCYC-
Hasi KMCJIOoTa M 3TaHoJ. il TOro 4ToObl YBEIUUUTD
KOJIMYECTBO BOAOPOJIA, KYJIBTYPaJbHYIO XWUIKOCTb,
coJepKalllylo OpraHM4eCcKUe KUCJIOThI, HAIIpaBJIsLIv
B peakTop c MypIypHoii 6aktepueit Rhodovulum sul-
fidofilum W1S [105].

TTogoOHOEe 0OBEeAMHEHME IIPOILECCOB ITOBBICHUIIO
s dexkTuBHOCTH cucteMbl A0 10.5 monb H, Ha 1 mosb
r1oKko3bl. ClieayeT OTMETUTD, UTO BhIACICHNE BOIO-
poia mypIypHoOii 6akTepueil MpoaoKaaoch U Tocie
MOJTHOM yTWIM3allUM alleTaTta U 3TaHoJjia, YTo CBUJIE-
TEJILCTBYET O HAJIMUMM B CPelie U JAPYTrUX MPOAYKTOB
MeTaboar3Ma MUKpoBogopocieii. belr co3man 61o-
peaxTop, rie UCMHOJb30BAIMCH JaHHbIE LIITAMMBI, HO,
HECMOTpPS Ha TO YTO MPOLIECC BbIAEIEHUSI BOIOPOJa
Ne 4
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COITPAKEHHDBIE BUOJIOTUYECKHWE CUCTEMBI ITOJTYYEHUA BOAOPOJA (OB30OP)

oKaszajicsl CTaOMIILHBIM WM TIPOIOJKUTEIBHBIM, 3(h-
(EeKTUBHOCTb CUCTEMBI MMOHU3MIIACH 10 5.8 Mosab H,
Ha 1 Mosb rmoko3sl [106, 107].

B omnmcaHHOl WMHTErpUMpOBaHHOM CcHCTEME Ha
IepBOIl CTalMM MOTYT OBITh MCITIOJIb30BaHbl U 1M~
aHoOaKTepruu, MeTadOMM3M KOTOPBIX HU3ydascs B
YCIIOBUSIX LIMKJIA CBET — TeMHoTta (Mycricystis aero-
genosa [106] u Gloeocapsa alpicola [108]). OmHako
onyOJIMKOBAaHHBIX MAaHHBIX 00 OOBEOAMHEHWU IIU-
aHOOaKTepUii ¥ MypIyPHBIX HECEPHBIX 0aKTEepU MO~
Ka HET.

IIpenmyinecTBaM JAaHHOM CXEMBI WHTETpalliun
SIBJISIETCS TO, YTO €IMHCTBEHHBIM UCTOYHUKOM SHEP-
TUM JJ1s1 MUKPOBOJIOPOCEH (MU IMaHOOaKTepuil) 1
NypIIypHBIX OaKTepuil SIBISIETCS CBET, a TakKxKe, 4To
3TU OPraHM3MBI CHOCOOHBI BBIIEISATH BOIOPOH B
MOPCKOM BOZE.

NHTEI'PUPOBAHHBIE CUCTEMBbI
JJIA TTOBBILHEHHWA DOPEKTUBHOCTHU
VIIABJIMBAHUA SHEPI'U CBETA

YuuTbhiBass paziuuvsl B CIIEKTpaxX IOTJIOLIECHUS
MuKpoBoaopociei (400—750 HM) U IMypITypHbIX O6aK-
tepuii (400—1100 HM), TOrMYHO COBMECTUTD UX IJIS
boJiee TTOJTHOTO MCITOJIb30BAaHMS SHEPTUM cBeTa. bhI-
JIO TIOKa3aHO, YTO BO3MOXHO COBMECTHOE KYJIHTUBH -
poBanue Clamydomonas reinhardtii v Rhodospirillum
rubrum B ogHoii cpene [109], mpu 3ToM B 3aBUCUMO-
CTU OT MHTEHCUBHOCTU CBETa B KYJIBType MpeodJiaaa-
0T OTHY WJIV IpyTHe opraHu3Mbl. HemoctaTkoMm Ta-
KOU CHCTEMEI SIBJIIETCS TO, UTO TIPpH (POTOCUHTE3E 3€-
JICHbIE ~ MMKPOBOIOPOCIH  BBIICSIIOT  KUCIIOPOI,
onmoxkupyoomii HuTporeHasy 1 Fe-Fe rmnporenasy, uto
3aTpyaHSIET MmojaydyeHue Bogopoaa. Co3naHue peakropa
C ABYMSI pa3TIMYHbIMU OTCEKaMU IS KYJTBTHUBUPOBAHMS
GOTOTPODHBIX OPraHU3MOB CMOXKET PEIIUTb ITY MPO-
GyIeMy, HO 3KCIIepUMEHTATbHBIC TaHHBIE, OIMMCHIBAIO-
IIIe TaKO¥ ITOIXO0, TTOKa He OITyOTMKOBAHBI.

kskosk

TakmMm 006pa3oM, aHaIM3 JaHHBIX JIUTEPaTypPhl U
COOCTBEHHBIX PE3yJBTaTOB CBHIETEIBCTBYET O TOM,
YTO BCE MPEIIOXKEHHBIE MHTETPUPOBAHHBIE CUCTEMBI
YCTPaHSIOT HEJOCTaTKX OTACIbHBIX MpolieccoB. bo-
Jiee TOTo, 00beAMHEHME MTPOLIECCOB MPUBOAUT K yBe-
JIMYEHU10 cyMMapHoi 3¢ dekTuBHocTU. OgHAKO Ha
IyTH K CO3TaHUIO0 HOBBIX OMOTEXHOJIOTUI CYIIIECTBY-
€T ellle MHOXECTBO HepelIeHHbIX BOMPOCcoB. OMHUM
W3 HUX SBJISIETCSI BOIIPOC O CIIOCOOE COBMEIICHUS
OMOJIOTMYECKUX TIPOIIECCOB, T.K. OMMMCAHHBIE CXEMBI
1100 BBICOKO3aTpaTHBI (TpeOyloT 00paboTKu dep-
MEHTAllMOHHBIX CTOKOB Iepel HCMOJb30BAaHUEM BO
BTOpOW cTaauu), 1ubo Manod3ddeKTUBHBI. Ipyrum
C/1ab0M3yYeHHBIM BOIIPOCOM SIBIISIETCS CTaOWMITb-
HOCTb U 3 (PEKTUBHOCTh (poTodepMeHTALIMN TIPU
WCITOJIb30BAaHNM COPOKEHHBIX OTXOIIOB, COCTaB KO-
TOPBIX MOXET Pe3KO MEHSITHCS.
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TTpobiiema MHTErpallMy pas3ioXXEeHUS OpraHude-
CKUX OoTX0H0B 1 MTD B pexxmme nmoTpeOJIeHUs TOKa
TakXKe TepPCIeKTUBHA, XOTS TSI MPaKTUYECKOro UC-
MOJIb30BaHUSI UMEETCSI MHOXECTBO HEPEIIIEHHBIX BO-
npocoB. Cpeayn HUX CleayeT 0co0O BBIACIUTH CTa-
OMJIBHOCTb IIpoliecca Y MOBBILIEHME YACIbHOI CKO-
poctu. ¥Y3kmMm MectoM MTD gaBiusteTcst TakkKe
IIPOTOHOOOMEHHAasI MeMOpaHa 13-3a ee HeTOJTOBeY-
HOCTH, BBICOKOW CTOMMOCTU U MOBBIIIIEHHOIO CO-
npotusieHus [110]. HeoOxonum TiaTe bHbINA MO~
0op KaTajau3aropa JJ1s1 TaKO# CUCTEMbI, TaK Kak Tijia-
TUHA W JApyrue MeTaUIMYeCKHe KaTaau3aTopbl
9yBCTBUTEIBbHBI KO MHOTUM IIPOAYKTaM OpOXKEHUS,
Hanpumep H,S, CO u cepoconepxaliuM MenTuaaM.

C nosiBIeHUEM Pa3INYHbIX HWHTETPUPOBAHHBIX
CUCTEeM OMOJIOTUYECKOTO IIOJy4Y€HUA BOoJOpoda ITO-
ABUJIIMCb 1 HOBBLIC BOITPOCHI. Hapfmy C JaJIbHEUILIUM
HN3YYCHUEM OTACTBbHBIX ITPOLIECCOB, HEeOoO0XOAWMO UH-
TCHCHUBHO MCCJICOOBATb 1 MHTCIPUPOBAHHBIC CUCTC-
MBI, TIOCKOJIbKY UX ITEPCIICKTUBHOCTb OYC€BUIHA.

Pa6ota nomnepxaHa rnmpoektoM PODOU Nell-04-
01383.
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Abstract— Possible ways for combining various biological processes of biohydrogen production are described.
Some of these processes are being intensively studied now, whereas others are theoretically feasible, but as yet
have not been studied. A special focus is on the factors that influence the efficiency of coupled systems.
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B pesynbrare pacimmdpoBKY HYKIEOTUAHON TTOCIENOBATEIbHOCTU TeHOMAa TePMOATKAIOMUIBHON JTUTIO-
nutudeckoi 6akrepumn Thermosyntropha lipolytica ineHTUGUIIMPOBAH T'eH, KOAMPYIOILIMNIA JIUNa3y, CeKpe-
TUpyeMylo B cpeny. PekomOrmHaHTHEIN (hepMeHT 3KcIpeccupoBaH B Escherichia coli, TIpoBeIeHBI €T0 BbIIEIe-
HUYe U TipeaBapuTebHas (yHKIIMOHAIbHAS XapaKTepucTuKa. JIumasa nposisisijia THAPOIUTAYECKYIO aKTUB-
HOCTb B OTHOIIIEHUM TTapa-HUTPOGHEHWIOBBIX 3(PUPOB C pa3IMUHON JUTMHOM 1IETTH, a TAKKe TPUTITUIIEPUIOB, B
TOM 4YMCJIE pAaCTUTEIbHBIX Macesl. ONTuMaibHbIe YCJIOBUs peakumy socturaauch npu 70—80°C u pH 8.0. Mep-
MEHT coxpaHsi1 6oiee 80% akTMBHOCTH B TIpucyTcTBUM 10% MeTaHoa. BeineeHHass HOBast TepMOCTaOUITb-
Hasl JIMTIa3a MOXET ObITh MEPCHIEKTUBHBIM OMOKATaIN3aTOPOM IS OPraHUYECKOTO CUHTE3a, IPUMEHEHUS
B IMUIIIEBOM MPOMBIIILUICHHOCTH, TTPOU3BOICTBE MOIOIIUX CPEACTB U TIOJIyYSHUH OUOIU3EIS.

JInmmmazer (K@ 3.1.1.3) ocCyIIecTBISAIOT peaKIlnu
TUJIPOJIM3a U CUHTE3a MTJIMHHOLIEMIOYEUYHBIX 3(PUPOB
KUPHBIX KUCHOT [1, 2]. OHM IIUPOKO UCTIOJIB3YIOTCS
B KauecTBe OMOKaTalIu3aTOPOB B Pa3IMYHBIX OMOTEX-
HOJIOTUSIX, B TOM YHWCJI€ B MUIIEBOU, LETIOI03HO-
OyMaxkHOUW M TEKCTWJIbHOW MPOMBIIIJIEHHOCTH, MPU
MPOBEACHUM TOHKOIO OPraHMYeCcKOro CUHTe3a, Mpo-
M3BOACTBE ACTEPreHTOB, 1 1p. |3, 4]. IlepcrieKTUBHBEIM
HarpaBJICHUEM UCIIOJIb30BaHUSI JIMTIA3 SIBJISIETCS TPO-
M3BOJICTBO OMOIM3ENIsI M3 PacTUTEIBLHBIX Macen [5].
JI1st MHOTHX OMOTEXHOJIOTMYECKUX MIPOLIECCOB HEO0-
XOJIUMBI JIUTIa3bl, YCTOWUYUBBIE, B TIEPBYIO O4Yepeb, K
BBICOKMM TeMIIepaTypaM, a TaKKe IIEeJTOYHBIM U KUC-
JIBIM YCJIOBUSIM, OPTaHUYECKUM DPACTBOPUTENISIM U
JIPYTUM 3KCTpeMaabHBIM yCIIOBUSAM [6]. XOTSI HEKO-
TOpBbIE JIUTAa3bl, BbIAEIEHHBIE N3 ME30(UIIBHBIX OpTa-
HM3MOB, 00JaJal0T YMEPEHHOW TepMOCTAOMIBbHO-
CTbIO, €CTECTBEHHBIM UCTOYHUKOM TaKuX (hepMEHTOB
SIBJISIIOTCSI  OKCTpPeMOMUIbHbIE MUKPOOPTaHU3MBbI,
JKUBYIIUE MTPU COOTBETCTBYIOIIMX (DU3UKO-XUMUYE-
CKUX YCJIOBUSIX.

Thermosyntropha lipolytica — TtepModuIbHas
aHa»poOHas GaKTepwus, BBIICICHHAsT U3 IEJIOYHOTO
o3epa boropus B Kenuu [7]. DTOT oTHOCSIIMICS K
nopsanaky Clostridiales MUKpoopraHU3M pacTeT B M-
pOKOM nmariazoHe Temiiepatyp oT 52 go 70°C mpu
megouHblx 3HadeHusx pH (7.15-9.5). T. lipolytica
MCIOJIb3yeT OpraHnYecKue cyocTpaThl, B TOM YHCIE
JIMTIAOBI, TUAPOJIN3 KOTOPBIX OCYIIECTBIISIETCS CEK-
pETUPYEMBIMM B OKPYKAIOLLYIO CPENY JIMIIOIUTUYE-
ckumu depMmeHTtamu. OcobeHHocThio 1. lypolytica
SIBJISIETCS TO, UYTO 3Ta OaKTepusI CITOCOOHA pacIlell-
JISTh TPUTJHIEPUIBl (HAlpuMep, pacTUTEIbHBIC
Macja) U yTUIU3UpoBaTh XKUPHbIE KUCIOThl B CUM-
OMOTMYECKOM COOOIIECTBE C METAHOT€HHOI apxeei

poma Methanobacterium [7]. PaHee 13 omHOTO IITaM-
ma T. lipolytica 6b11u BbIIENEHBI U (PYHKIIMOHAIBHO
OXapaKTepU30BaHbI JBE JIUIMA3bl, IPOSIBISIBIINE MaK-
CHMYM aKTUBHOCTH TIpU TeMIlepatype okojo 96°C u
pH 9.5 [8, 9]. ®epMeHTHI ObUIU BbIIEIEHBI U3 CyIIep-
HaTaHTa KyJabTyphl 7. lipolytica v 04nIIEHBI 10 TOMO-
TEHHOTO COCTOSTHUSI, OTHAKO KOIUPYIOIIHE WX TeHBI
He ObIIN MIeHTUGUINPOBAHEI [8], YTO HE MTO3BOJISIET
noJjiydyaTrb (hepMEHTHI B MPAKTUYECKU 3HAUYUMBIX KO-
JINYECTBAX.

Ilenb paboThl — uACHTUUKALIMS TEHOB, KOIUPYIO-
IIUX CeKpeTUpyeMble JIUTIa3bl, B pe3ybraTe paciumd-
POBKH U aHAJIN3a HYKJIEOTUTHOM MOCIEA0BATEIbHOCTH
reHoma 7. lipolytica, sxcnpeccust B Escherichia coli,
OYNCTKA W XapaKTepUCTUKA PEKOMOWHAHTHOW JinIIa-
3p1 TSLipl.

METOANKA

IITaMMbl MUKPOOPTaHM3MOB M YCJIOBHSI KYJIETUBHPO-
Banus. [lltamm 7. lipolytica 6bin BeineneH B.A. Cet-
JIMYHBIM U3 mea04Horo o3epa boropus (Kenust) [7].
Kynprusuposanue mnposomnwian npu 60°C B 15 mi
npoOupKax XaHTeilTa Ha Cpelie CIeAYIOIIEro CoCTaBa
(r/n): K,HPO, — 0.3, KC1— 0.3, NaCl — 0.5, NH,Cl —
1.0, MgCl, - 6H,0 — 0.3, CaCl, - 2H,0 — 0.05,
NaHCO; — 3.0, Na,CO; — 3.0, Na,S - 9H,0 — 0.5,
NaHCO; — 3.0, uucreun — (.15, 1poxKeBoi dKC-
TpakT — 10, BUTaMUHBI — 2 MJI/J1, pACTBOP MUKPO3Jie-
MeHTOB [10] — 2.5 mu1/l1. AHa3pOOGHO MPUTOTOBJICH-
Hyto cpeay (pH 8.3, 25°C) pasznuBanu 110 TOKOM
OuuIlleHHO oT Kucyopoaa cMecu N,—CO, (80 : 20)
nopausiMu 110 500 M M aBTOKJIABUPOBAIU TIPU
121°C.
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IIramm E. coli Rosseta-gami (DE3) (Aara-
leu7697 AlacX74 AphoAPvull phoR araD139 ahpC
galE galKrpsL (DE3) F'[lac* (lacl?) pro] gor522::Tn10
trxB pLysSRARE (CamR, StrR, TetR)) ucnonbzobanu
JJISI DKCIIpecCuM peKoMOMHaHTHOM Juna3sl TSLipl.
BakTepuanbHbie KYJIBTYphl BEIPALLIMBAIN B YCIOBUSIX
aspannu ripu 37°C B cpene wiiv Ha yamikax ¢ LB ara-
poM. B ciyyae HEOOXOAUMOCTH B Cpeay M00aBIsId
ammuuwuinH (100 MKr/mMa) u  xjiopaMbeHUKOJ
(20 MKT/MIT).

Onpenenenne HYKJIeOTHIHOI MOCJIEI0BATENbHOCTH
reHoma 7. lipolytica v nnenTuduxkanusi reHoB, KOJUPY-
omux jgunasbl. [Ipenapart renomuoit IHK T. lipoly-
tica BBIICSIIN ClIeAyoIIUM MeToaoM. B 1.5 Mi Muk-
ponpobupKe cobupanu KieTku ud 50 MJI cBexei
KyasTypbl (~107 xi./mi). Ocamok pacTBOPSUIM B
500 mxn TE oydepa (10 MM Tpuc, pH 8.0, 50 MM
BATA). Knerku nu3upoBajiu gobdasjieHueM 10 MK
JOC-Na (20%-Hb1it BomHBIH pacTBop) M 10 MKJI ITpO-
terHassl K (20 mr/mi). ITonydeHHYI0 cCMeCh MHKYOM -
poBayiu B TedyeHue 15 muH npu 55°C. 3aTreM BHOCWINU
20 Mk 5M NaCl u nocneaoBaTeIbHO 3KCTparupoBa-
J1 paBHBEIM 00beMoM ¢eHouna (pH 8.0), peHon—xio-
podopma (1 : 1) 1 xstopopopma, TepeHOCST KaxKablii
pa3 HagocadoK B 4yMcThle Mukpomnpooupku. JHK
ocaxkaaIn N30IPOITAaHOIOM.

st cekBeHUpoBaHUs1 reHoMma 7. lipolytica KOH-
CTPYMpPOBAIM OUOIUOTEKY CIy4aHBIX (DparMeHTOB
renomHoi JIHK u mpoBomunm ee cekKBeHMpOBaHUE
Ha reHoMHoM aHanu3zaTtope GS FLX (“Roche”,
[Beitiapusi) ¢ cnogb30BaHUEM HaboOpa peaKTUBOB
GS XLR70 Sequencing Kit. “Coopky” mociemoBa-
TEJIbHOCTEN OT/IeJIbHBIX YTEHWI B 00bEANHSIOIINE UX
MPOTSKEHHbIE KOHTUTH OCYILECTBJISIIA C TIOMOIIIBIO
nporpamMmbl GS De Novo Assembler (“Roche”,
IBeiiapust). ITouck OTKPBHITHIX PaMOK CUMTHIBA-
HMSsI, CHOCOOHBIX KOAUPOBATh O€JIKM, OCYIIECTBISIIIN
¢ romo1bio nporpammbel Genemark [11]. st ripen-
cKa3aHMs (PYHKIINI OeTKOB COOTBETCTBYIOIINE aMU-
HOKHUCJIOTHBIE TTOCJIeIOBATEIbHOCTU CpPaBHUBAIU C
6a3oit manabix NCBI ¢ momomisio BLASTP [12]. Ha-
JIMYWE CUTHAJIbHBIX MENTUAO0B B aMUHOKHUCIOTHBIX
MoCJIeIOBaTEbHOCTSIX OEJIKOB MpeacKa3bIBalu C MO-
molbio mporpammbl SignalP v. 3.0 (http://www.cbs.
dtu.dk/services/SignalP/) nis rpaMmoaoXKuTeIbHbBIX
OakTepUii.

ITosyuyenne mramma E.coli — mpoaynenra pekom-
onnanTHoii 1Mnassl 7. lipolytica, BbiieieHHe M OYMCTKA
tdepmenta. g IMTIP-ammmbukauum reHa JIunasbl
TSLipl 6e3 mnociemoBaTeaIbHOCTUA, KOOUPYIOLICH
CUTHAJIbHBIA TICTITUJI, MCHOJb30BAJIN NpaliMephI:
LipF_BamHI (5'-ATGGGATCCCAAGAAATTTC-
GAGTAACAA-3") wu LipR Sall (5'-AAGGTC-
GACTTCTACTCTTCAGCAATAT-3"), B KauecTBe
MaTpulibl ucnoiab3oBaniu reHomuyto IAHK 7. lipolyti-
ca. Tlonyuyennsiit ITLIP-¢parmMeHT oOGpabaThiBaIU
pectpukrazamu BamHI 1 Sall u k toHMpOBaIn B 3KC-
npeccuoHHoMm BekTope pQESOL (Qiagen), mo3BoJisi-
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IOLIIEM DKCIPECCHUPOBATh 1I€JIEBOM OEIOK C IIPUCOEIM -
HEHHBIMM 6 aMUHOKUCIOTHBIMU OCTATKAMU TMCTUI-
Ha Ha N-KoHIIie. PEeKOMOMHAHTHBII 5KCIIPECCUOHHBIN
BekTop pQESO-Lip BBognmu B mramMm E. coli Rosseta-
gami (DE3). ITojsiydeHHBIN 1ITaMM BbIpalllMBaJu Ha
meiikepe nipu 37°C no noctikeHust Dy, ~ 0.6, 3aTem
VHAYIAPOBAId CHUHTE3 PEeKOMOMHAHTHOIO OeJka,
BHocs1 UIITT (u3onponuin-B-D-1-Truoranakronupa-
Ho3ua) A0 1 MM, 1 TpooJKaIU BhIPALIMBATh KYJIb-
Typy B TeueHue 20 4 npu 37°C. BrigeseHne u 09uCT-
Ky peKoMOmHaHTHOM JTuma3sl TSLipl ocymiecTBiasim
MeToaoM MeTaui-adpduHHON xpoMmaTtorpaduu ¢ mo-
mombio Haoopa Spin-NTA KIT (“Qiagen”, Iepma-
Hus). [Ipenapar nuajamn3oBain ¢ MOMOIIBIO KOJJOHOK
Illustra NAP-10 (“GE Healthcare”, CIIIA) u xpaHu-
s ipu —20°C B Oydepe, coaepxkaiiem 20 MM Tpuc-
HCI, pHS8.0, 100 MM NaCl, 5 MM 2-ME u 40% rnu-
LICPUH.

Onpenenenne aKTUBHOCTH Juna3bl. st ompene-
JIEHUSI aKTUBHOCTH JIMIIa3bl UCIOJIb30BAJIM ABa Me-
Tolla — CIEKTPO(POTOMETPUUYECKUI U TUTPOBAHUE
[13]. B mepBoM MeTOIE B Ka4eCcTBE CyOCTPaTOB MCITOJIb-
30Bai  4-autpopenun oyrupar (rm-HB, “Sigma”
N9876), 4-uutpodennn Bamepar (n-HB, “Sigma”
N4377), 4-aurpodpennn gekanoat (rm-HJI, “Sigma”
NO0252) u 4-auutpodenun manbmurtat (- HIT, “Sig-
ma” N2752). Bce cyoctpatsl, 3a uckodeHueM 1m-HIT,
pa3BOAMIM B YMCTOM alIETOHUTPUIEC OO KOHEYHOM
koHueHTpannu 100 mM. 11-HII pacTtBopstiii B cMecn
M30ITPONAaHOI-alleTOHUTPUII B COOTHOLIIEHUHU 1 : 1 1o
KoHueHTpauun 50 MM. PeakiimoHHast cMech conep-
xama 5 MkM CaCl,, 100 MM Xemnec (pH 7.5),
1.25 MmxM cyobctpara (n-Hb, n-HB, - H/I votm m-HIT)
u 0.02 MKT pepMeHTa B 00beMe 1 mit. Peakuiutio ocra-
HaBJIMBaIX 100OaBJICHUEM 3TaHOJIA B 00beME, COCTaB-
JISIIOIIIEM MOJIOBUHY OT 00beMa peaKIIMOHHOM CMECH.
KonnyecTBo 0CBOOOXIEHHOTO B pe3yJibTaTe TMapo-
JIn3a Iapa-HUTpodeHoIa OIpeNe/suid CHeKTPOodo-
TOMETPUICCKHU TIPU JUTMHE BOJTHEI 405 HM.

Meton TUTpOBaHMS MCITOJIB30BAIU IJISI OINpeEe-
JIEHUsSI aKTUBHOCTH (hepMEeHTa B OTHOIIEHUY TPUTJI -
LepuIoB (pacTuTeabHOE Maciyio). PeakliMOHHYIO
cMech, comepxkanryro 100 mxia macinan 100 mxn 0.1 M
docparnoro 6ydepa (pH 7.0), nporpeBanu npu TeM-
neparype IpoBeIeHUsI peakuuu B TeuyeHue 10 MuH,
3areM BHocwiau 10 MKT (pepMeHTa M1 MTHKYOUPOBaIU B
TedeHUe 2 4 MpU NepUOANIECKOM ITepeMelINBaHUMN.
I1o 3aBepireHUM TMAPOIN3A K ITpoOe mo0aBrsin 10 M
cMmecu anetroHa ¢ ataHojioM (50 : 50) misa pacTBope-
HMS Macja M OCTAHOBKM peaklMu. 3aTeM BHOCHIN
11 mxn nHaukaropa deHondranenna (1% B 95%-
HOM 3TaHOJIE) ¥ IPOBOAWIM TUTPOBAaHUE OOpPa30BaB-
muxcst ¢cBOOOMHBIX XupHBIXx Kucaor 0.1 M KOH.
Onpenenstan TIPOLICHT TUAPOJM3a MO 00pa3oBaB-
LIMCS B 00pa31ie CBOOOIHBIM XKUPHBIM KHICIOTAM OT
TEOPETUUECKU BO3MOXKHOIO MAaKCHUMAJIbHOIO KOJIM-
yecTBa, no ciaeaytonieit hopmyie [14]:

% runponuza = ((Vx M x MW)/(Wt x f)) x 100,
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GLYDIQEYLKAQGYEVYTVAVGPVSSNWDRACELYAQLVGGRVDYGAAHAAKYGHARYGR
TYEGLIPDLGKVDPQTGEVKKVHLIGHSMGGQTVRTLVQLLAEGDAEERSFPODNMSPLFE
AGGNNWVKSVTTISTPHDGTSLDNAINNGLPWLOSFVGFMSTLSTPNSLYDLKLDQWGLT
RCQGEKVADYLKRVFNSSFWKTSRDLSNWDLTVEGARELNGWVKAQPDVYYFSWATNATR
KSLFSNYQVPILSMNPFLYPFALHIGSYTRNIPGQIPIDSSWWPNDGLVSLISQNGPKIN
STDTIINFNGNPQPGVWNYMGVMDTFDHMDIIGIGTLWNPCPWYLETAKLLTSLPADYAV
VADGETENSCSASDIMNPDEAEITATEAADVSGENSTSAETIEENTISYPDITDIAEE

Puc. 1. AMUHOKHUCIIOTHAsI OCJIEIOBaTEIbHOCTh OeJIKOBOro nponykra reHa 7.SLip 1. TlocienoBareibHOCTh N-KOHIIEBOTO CUT-
HaJIbHOTO MeNTHIa MogYepKHyTa, KoHcepBaTUBHBINM MOTUB [ LIV]-X-[LIVFY]-[LIVMST]-G-[HYWV]-S-XG-|GSTAC], npu-

CyTCTBy}OU_H/Iﬁ B JIMIIa3ax 1 oCT€pasax, BbIACJICH CEPbIM.

rae V — oobeM, B3gToi Ha peakuio KOH, M — Mo-
nsspHocTts KOH (0.1 M), MW — cpenHsist MOJIEKYJISIp-
Hasl Macca XUPHBIX KUCIOT (I/MoJib), Wt — Bec peak-
LUOHHOI cMecH, f — moJIs1 Macia B HaYajle peakiinm.

PE3VIJIBTATBI 1 UX OBCYXIEHWNE

Naenrndukanusa reHoB, KOAMPYIONIMX JIMINA3bI, B
pe3yasraTe pacimmM(ppoBKH HYKJIEOTHIHOM MOCJea0Ba-
TeabHocTH reHoMma 7. lipolytica. TpanuliMOHHBIN MyTh
MOoKCKa HOBOTO (pepMeHTa M3 MUKPOOpPraHmu3mMa, oo-
JIafaolIero OIpeneJeHHOW TUAPOJIUTUYECKON aK-
TUBHOCTBIO (HaIlpuMep, JTUITOJIUTUYECKOI1), IPearo-
JlaraeT BBIIEJIEHME 1 OYMCTKY Oejlka, 00J1amaioiiero
COOTBETCTBYIOIIEl aKTUBHOCTbIO, M3 OHMOMAaCChI
MUKpoopraHusMa. B nocienyroiemM 1aHHbIe 00 aMU-
HOKMCJIOTHOI IIOCJIEIOBATEIbHOCT O€jKa, ITOJIy-
YeHHBbIE, HAIIpUMEpP, B pe3yJIbTaTe €ro CeKBEeHNPOBa-
HUs1 ¢ N-KOHIIa, MOTYT OBITb MCIIOJIb30BaHbI IJIsI
UACHTU(PUKAIIMY COOTBETCTBYIOIIETO TeHa ITyTEM
cKpuHMHTA 6nbmorekn reHomHo# JIHK mmkpoop-
ranusma uiu I P-ammindukamuu.

B nanHoi1 padoTe aj1si uaeHTUGUKALIMU TeHOB JIU-
a3 Mbl XCITOJIb30BaJIN APYTOil MOAXO0H, IIPEAIIOJIaram-
IIUI onpeaeeHUue HyKJI€OTUAHOM MOCIe10BaTEIbHO-
ctu reHoMma 7. lipolytica v TOUCK T€HOB, KOAUPYIOIIUX
mmnasbl, MeTomaMu OnonHpopMaTuk. CeKBEHUPO-
BaHME MPOBOAINA METOAOM MapaLIeIbHOTO MUPOCe-
KBeHUpoBaHus [15]. bblia co3gaHa U IMPOCEKBEHM-
poBaHa Ha GS FLX 6ubnuoteka ciyvyaiiHbIX ¢hpar-
meHToB reHoMHoI [IHK T. lipolytica. O6muii oo0beM
CEKBEHHPOBAHMS COCTAaBUJI OKOJIO 47.5 MJIH. HT., UTO
COOTBETCTBOBAJIO IIpUMEPHO 20-KpaTHOMY II€pEKPhI-
THo reHoMa. [loydeHHbIe TT0CIe10BaTeIbHOCTH OT-
JIEeJbHBIX YTEHU ObLIU COOpaHbI B 98 KOHTUTOB 00-
e JUIMHOM OKOJIO 2.2 MJIH. HT.

ITouck OTKPBITHIX pAMOK CUYUTBIBAHUSI, TIOTEHIIM-
aJIbHO KOJUPUPYIOLIMX O€JIKU, MPOBOAWIN C MTOMO-
mplo0 nporpamMmbl Genmark, a TpeackazaHUE MX
¢byHKIMI — B pe3yabraTe CpaBHEHUS ¢ 0a3aMu 1aH-
HbIX OEJIKOBBIX IOcJienoBaTe/bHOCTe. Beero uaeH-
TUGhULUPOBAHO 7 GEPMEHTOB, OTHOCSIIIUXCS K KJ1ac-
Cy JIMna3 U 3CTepa3, aMUMHOKHUCIOTHBIE MOCIEN0BA-
TEJIbHOCTU JIBYX O€JIKOB conepxaiu N-KOHILIeBble
CUTHaJIbHbIE MOCJeI0BaTEIbHOCTA, KOTOPhIE MOTYT

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

obecrieuynBaTh MX ceKpelmio U3 KieTku. OmHa U3
3TUX JTUTIa3, Ha3BaHHas HaMu TSLipl, Oblna Beigee-
Ha 1 (YHKIIMOHAJIBbHO OXapaKTepu30BaHa.

Ten 7TSLipl xomupyeT TOJUMOENTUA IJIUHOM
478 a.0., BKIOUaloii N-KOHLIEBYIO CUTHAJIbHYIO
MOCJIENOBAaTEIbHOCTh IINHOM 28 a.0. (puc. 1). AHa-
JIN3 aMMHOKUCJIOTHOM mocienoBaTeabHocTy TSLipl
BBISIBWJI HaJlMuKe KOHcepBaTUBHOro motuna [LIV]-
X-[LIVFY]-[LIVMST]-G-[HYWV]-S-XG-[GSTAC],
BXOJSIIETO B aKTUBHBIM LIEHTP 3CTEpa3 U a3 [16].
B C-koHueBoit o06nactu Oejka OTCYTCTBOBAJIMU
TpaHCMeMOpaHHbIE TOMEHBI, KOTOpble MOTYT obec-
neuynBaTh “3asgKopuBaHue” (pepMeHTa Ha TTIOBEPXHO-
CTH KJIETKU, YTO CBUAETEIBCTBYET O TOM, UTO JIUIIA3a,
BEPOSITHO, TPOCTO CEKPETUPYETCS B CPELY, a HE OCTa-
€TCsl CBSI3aHHOW C KJeTKkamu. B pesysnbraTe moucka
CXOAHBIX TociaeaoBaTesibHOcTeld B GenBank ObLIO
00OHapyXeHO, 4TOo OmmKanmmmy romojioramu TSLipl
SBJISTIOTCSL JUAIa3bl OakTepuii Tumna Firmicutes,
Clostridium tetani, Clostridium botulinum v Aneuriniba-
cillus thermoaerophilus (50—55% ViaeHTUYHOCTH).

Knonuposaunue rena 7SLip 1, skcripeccusi U 04MCT-
Ka peKkoMOmMHaHTHOro Oeika. [en 7SLipl 6e3 mocie-
JOBATEJIbHOCTU, KOOAUPYIOIIEN CUTHAJIbHBIA MENTUI,
KJIOHMPOBAJIM B 9KCIIpeccCMoHHOM BekTope pQESOL
(“Qiagen”, IepmaHus) TakuM o0pa3oM, 4YTO CUHTE-
3UpyeMblil peKoMOMHAaHTHBIA Oenok TSLipl comep-
KaJl Ha N-KOHILIe 6 aMUHOKHUCIOTHBIX OCTATKOB T'M-
ctuauHa. Okcrnpeccuto TSLipl mpoBoauau B mramMmme
E. coli Rosseta-gami (DE3). ITomyyenHas akcrpeccu-
OHHasi cucTeMa oOecrieuuMBajia KOHEUYHBI BBIXO/
TSLip1 Ha ypoBHe okosio 20% OT 06111eTO pacCTBOPU-
moro Oenka (puc. 2). PeKoMOMHAHTHBIA O€JIOK
TSLipl ouminany ¢ moMolblo MeTaul-adphUuHHON
xpomatorpacduu Ha Ni-NTA konoHkax. B pesyibra-
Te Obl1 IIOJlydeH TOMOTIEHHbIN IIpemnapar OeJika
TSLip1 (puc. 2).

TuppomnTuyeckas aktuBHocTh TSLipl B oTHOmIE-
HuM 4-HUTpO(eHWI0BbIX 3upoB. [ onpeneieHust
cyocrpatHoi cnemuduaHoctr TSLipl, a Takke 3a-
BHCUMOCTU aKTUBHOCTH (pEpMEHTA OT TEMIIEPATYPHI,
pH u ipucyTcTBUSI OpraHUYECKMX PacTBOPUTEIIEI, B
Ka4ecTBe CyOCTpPaTOB HKCIIOJIb30BaJd MPOWU3BOIHBIC
4-autpodeHnna ¢ pasIMIHONW IJIMHOW Henu — 4-
Hutpodenun oyrupat (C4), 4-HutpodeHu Bajiepar
Ne 4
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(C5), 4-autpodenun nexkanoar (C10) u 4-aurpode-
i rtagbmutat (C16). MI3BecTHO, 4TO JIUIA3kl Ipe-
UMYIIECTBEHHO TUIAPOJU3YIOT IJIUHHOLIETIOUEUHbIe
ALMJITIIMIIEpUABI, ¢ JJWHOMN 1ienn 6onee 10 atomoB
yriaepoaa, a 3CTepas3bl IPOSIBISIOT MaKCUMAaJIbHYIO
aKTUBHOCTb B OTHOILLIEHUU KOPOTKOLIEITOYEUHBIX MO-
nekyn (C2-C4), a ¢ yBeIMYCHUEM IJIMHBI LU aK-
TUBHOCTh cHuxaetrcsa [2, 17]. TSLipl mposiBisiia
MaKCUMaJIbHYIO aKTUBHOCTb B OTHOLLIEHUU 4-HUTPO-
¢denwm oyrupara (C4), mpu yBeIM4eHUHM IJIMHEL HETIN
aKTMBHOCTb CHayajla CHUXalach U COCTaBJisijla Me-
Hee 10% MaxkcuUMaJbHOM ST 4-HATPOMEHU AeKa-
HoaTa, a 3aTeM BHOBb BO3pacTajia [Jisi 4-HUTpOheHW
naapMuTarta (puc. 3a). Takum oopazom, TSLipl mpo-
SIBJISIET aKTUBHOCTD, XapaKTEePHYIO KaK IS 3CTPE3bl,
TaK U ISl JIMMa3bI.

OmpeneneHne 3aBUCUMOCTH akKTuBHOCTH TSLipl
ot Temrieparypbl 1 pH mpoBomunu, omnpenensisas a¢g-
(EeKTUBHOCTb I'MAPOJIM3a HAa ONTUMAaJIbHOM CyOCTpa-
Te, 4-HutpodeHwn oyrupare. OnruManbHast TeMIIepa-
Typa peakuuu coctapiisiia 70°C, He MeHee 80% aKkTUB-
HOCTU Jumnasa mnpossiasia npu 60 u 80°C (puc. 30).
IIpu OGonee BBICOKMX TeMIIEpaTypaxX aKTHUBHOCTh
depMeHTa pe3Ko CHMKajlach. 3aBUCUMOCTHb aKTHUB-
HocTu Junassl oT pH (puc. 38) onpenensyiiu B 0.1 M
aneratHoM (miast pH 3.0-5.0), 0.1 M dochaTtHOM
(pH 6.0) muim B 0.1M T1puc (pH 6.0—9.0) 6ydepax,
MIPOBOISI peakiInio ruapon3a 4-HuTpodeHU1 OyTr-
pata ripu 70°C. @epMeHT He TIPOSIBIISI aKTUBHOCTU
npu pH amxe 5.0, MakcuMaabHasl aKTUBHOCTDb Ha-
omonanacek ripu pH 8.0, mpu pH 9.0 akTuBHOCTH He-
3HAYUTEJILHO CHIXKanach. HecTaOuIbHOCTh CyOCTpa-
Ta B IIEJIOYHBIX YCJIOBUSIX HE ITO3BOJIMIA IIPOBECTU
M3MEpPEeHUsT aKTUBHOCTHU JINTIA3bl HA 4-HUTPOPEHUIT
OyTupaTe npu 0oJiee BEICOKMX 3HaueHUsIX pH.

st xapakTepucTUKU TepMocTadbmibHocTh TSLipl
npenapaT ¢hepMeHTa MHKYOUPOBAJIM B PEaKIIMOHHOM
oydepe npu 80°C pasnmnyHoe BpeMs, 3aTeM OXJIax/1a-
1 10 60°C, BHOCWIN 4-HATpOGEeHMIT OYTUPAT U ITPO-
Boauau peakuuio npu 60°C B cTaHIapTHOM peaKIy-
OHHOM Oydepe. BrpicTpoe CHMKEHNE aKTUBHOCTH
npruMepHO B 3 pa3a HaOJIOAAIOCh B TEUEHUE MEPBBIX
30 muH nHkyoaumu rnpu 80°C, B majbHERIIIeM aKTUB-
HOCTb CHIDKalach HaMHOro MemieHHee (Bpemst 50%-
HOU MHaKTUBaLWK (hepMeHTa — 0KoJ10 90 MuH, puc. 3r).
BricTpas mepBoHavYaabHasI MHAKTUBAIUS (pepMeHTa
npu 80°C MOKeT 00BSICHSITHh HaOMogaBIIIeecs pe3Koe
CHMXXEHHE aKTUBHOCTU TIpM TeMIlepaTypax BbIIIe
80°C, peasibHbIl TeMMepaTypHbIii ONTUMYM aKTUB-
HOCTH (pepMeHTa MO3KeT OBITE BhIte 70°C.

IMockonmbKy OMHUM M3 TePCTICKTUBHBIX HaIlpaB-
JICHUM TIPaKTUUECKOTO UCTIOIb30BaHUSI JIUTA3 SIBJISI-
eTcsl MoJTydyeHe OMOoaAN3esIsl U3 paCTUTEIbHBIX Mace,
T.e. KOHBEPCUSI TPUTJIMIICPUIOB PACTUTECIHHBIX Ma-
ceJl B 2(pUPHBI XKUPHBIX KUCJIOT B peaKliy TpaHCICTe-
puduUKaLMKM ¢ TOMOIIBIO CITUPTOB, OOBIYHO 3TAHOJIA
WIA MeTaHOJa, MBI TIPOTECTUPOBAIN YCTOMUYMBOCTD
depMeHTa K MIPUCYTCTBUIO 3TUX CIIUPTOB B peaKIIu-
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Puc. 2. Okcnpeccust TSLipl B E.coli. JJC-Na-TTAAT
aHain3 OeJIKOBBIX MpenapaToB. / — MapKep MOJIEKYJIsIp-
Hoi1 macchl (k[la), 2 — cymMmapHbIil OeJIKOBBII TTpenapar,
BbIIEJICHHBIN M3 KieToK InTamma E. coli Rosseta-gami
(DE3), conepxatero mnasmuny pQES0-TSLipl, no nn-
mykimu cuHte3a TSLipl, 3 — To e, 94To Ha JOPOXKe 2,
HO 4yepe3 3 4 mocjie MHAYKImK cuHTe3a TSLipl BHeceHU-
eMm B cpeny IMM UIITT, 4 — ¢ppakiust pacTBOPUMBIX O€JT-
KOB, uepes 3 U nocne nHIykuuu cuHteza TSLipl BHece-
HueM B cpeny 1MM MIITI, 5 — oumiueHHBIN npernapaT
pexoMOuHaHTHOI Jua3sel TSLipl.

OHHOI1 cMecu. JlJist aTOro peakiyio ruapoinsa 4-HuT-
podenunn 6yTupara NpoBOAWIN B MPUCYTCTBUU STa-
HoJa WIM MeTaHoja. [lojlyuyeHHble pe3yabTaThl
(puc. 3m) moka3anu, YTO METAaHOJ B KOHIICHTPALIUN
10 10% mpakTuyecKy He OKa3bIBaJl MHTMOUPYIOIIETO
BO3JIeICTBUS HA (DepMETAaTUBHYIO PeaKIIMIO, MOJTHOE
MHTUOMPOBaAHWE aKTUBHOCTHU JIMIa3bl HabJ101a710Ch
Juiib B ipucytctBun 30% MeTaHoja. DTaHOJ BbI3bI-
BaJ 0ojiee CUJIbHOE WHIMOUpPOBaHWE AaKTUBHOCTHU
TSLipl, HabmonmaBieecs yXe IIpM KOHLEHTpaUMU
5%, BHecenue araHosa 10 20% MpaKTUYECKU MOJTHO-
CThIO UHTUOMPOBAJIO PEAKIIUIO.

TuapoanTuyeckasa akruBHocTs TSLipl B oTHOIIE-
HAM TPHUIIMIEpHIoB. B Xome sKcnepuMEeHTOB IIO
KyJBTUBUpOBaHUIO mTaMMa-TipoayieHTa TSLipl Ha
qamkax [letpu ¢ moGasneHueM B arap 1% TpuGyTH-
pUHA B YCJIOBHUSX WHIYKIIMM SKCIIPECCUM JIUIIa3bI
OBUIO OOHaApY:KeHO 00pa30oBaHUE CBETIILIX YJYaCTKOB
BOKPYT KOJIOHMI1, YTO yKa3bIBaeT Ha ClieM(pUIeCcKuit
ruapoan3 cyocrpara. B kauecTBe mpupOIHBIX TPUT-
JIMLEPUAOB U1 (DYyHKIIMOHAIbHON XapaKTepUCTUKU
TSLipl ncnonb3oBajiu pacTUTEIbHbIE Macjia — OJIUB-
KOBOE€, paliCoBOE, COEBOE, KYKyPY3HOE U1 ITOJICOTHEY -
Hoe. Peakuuro runponusa nposoawiu B cmecu 0.1 M
docdatHbiit Oydep (pH 7.0) — macno (1 : 1), comep-
xameit 0.01% (Bec/06bem) aumnassl ipu 50°C B Teue-
HUE 2 4 IIPU MePUOINYESCKOM NepeMelInBaHun. AK-
TUBHOCTbD JIMMA3bl U3MEPSUIM METOJIOM TUTPOBAHUS,
KOJIMYECTBEHHO OMpeaesisi o0pa3oBaBIlecs B pe-
3yJIbTaTe TUAPOIM3a CyOcTpaTa CBOOOIHEIC XKUPHBIE
KucJIOThI. TlojlydeHHBIe pe3yibraThl (pUc. 4) Moka-
Ne 4
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Puc. 3. unponurryeckast akTuBHOCTh (%) TSLip1l. a — B oTHOIEHUU 4-HUTPOMEHUTOBBIX 3(DUPOB € Pa3TMYHOM JTUHOM LIETTH

(I —C4, 11 — C5, 111 — C10, IV — C16), 70°C, 3 MuH.

6 — 3aBucuMOCTb akTuBHOCTH TSLip1 ot Temmnieparypsl. CyocTpaT — 4-HuTpodeHu 6yrupar. Peakiinio mpoBoauiIv B TeYeHUE

2.5 muH, pH 7.0.

B — 3aBUCcUMOCTb akTuBHOCTU TSLipl ot pH 6ydepa. CyoeTpaT — 4-HuTpodeHmn oyTupar. Peakiinio IpoBOAWIN B TeYECHUE

3 muH, 60°C.

r — TepmocTtabusibHocTh TSLipl npu 80°C. depMeHT MHKYOHMpOBaiu B peakiinoHHOM Oydepe ¢ pH 7.0 npu 80°C B TeueHue
YKa3aHHOI'O BPEMEHM, 3aTeM IIPOBOAMIIM PEeaKIUIO THAPoIn3a ¢ 4-HurpodeHus oyruparoM rmpu 60°C B TeueHHne 3 MUH.

Il — 3aBUCUMOCTb akTUBHOCTH TSLip1 oT comepkaHust MeTaHOJIa K 3TaHoa (%) B peakuiMoHHOM cMecH. CyoeTpaT — 4-HUTPO-
¢enunn Oytupar. Peakiinio mpoBoauin B TeueHrE 3 MUH, peakiMoHHbI Oydep ¢ pH 7.0, 70°C.

3p1BaloT, YTo TSLipl ocymiecTBiaseT TMAPOIN3 BCEX
WCITOJIb30BAHHBIX PACTUTEIBHBIX Maces, MHpuueM
MaKcHUMaJibHasi aKkTUBHOCTh HabJirofanach B OTHO-

%
40

30

10 -

2 3 5

Puc. 4. Tunponus (%) nunazoii TSLipl pacturenbHoro
macna: coeBoe ( /), onmuBkoBoe (2), Kykypy3Hoe (3), mon-
cojiHeuHoe (4) u parncoBoe (5). Peakiuo nipoBoawin B
TeueHue 2 4, 50°C.

MMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

MIEHWH TTOACOTHETHOTO, PaliCOBOTO M KYKYPY3HOTO
Macel.

DOYHKIHOHAIbHBIE XAPAKTEPUCTUKH ¥ BO3MOKHbIE
00JacTH mNpaKTHYecKoro mucnojan3osanusa TSLipl.
T. lipolytica — nunonuTU4ecKasi 0aKTepusi, pacTyluas
B aCCOIIMAIIMY C METAHOTEHHBIMM apXessMU Ha Tpra-
HUWJINIMLEPUIaX, a TaKXKe TMHEeHHbBIX HACHIIIEHHbBIX U
HEHACBHIIIEHHBIX XUPHBIX Kuciaorax [7]. Cmoco6-
HOCTB K POCTY Ha JIUMIUIAX MPearoaracT HaTtmIme y
0akTepuu JuMa3s, CeKpeTUpPyeMbIX B OKPYXKaIoIIylo
cpeny. B pesymerare pacmmdppoBKH TeHOMa 3TOM
OakTepn MBI UACHTU(MUIIMPOBAIM T€HBI IBYX I1O-
TeHLUATbHBIX JIUTa3, aMUHOKWCIOTHBIE TTOCIeI0BA-
TEJILHOCTU KOTOPBIX cojaepxkaind N-KOHIIEBbIE CUT-
HaJbHBIE TOCJIETOBATEIBHOCTH, HAJIMYUE KOTOPBIX
CBUJIETEILCTBOBAJIO O BOBMOXHOCTU CEKPELIMU BTUX
0enkoB u3 kjeTku. OnuH u3 depmenTon, TSLipl,
OBLI BKcnpeccupoBaH B E. coli, ouniieH u oxapakTe-
PU30BaH Ha MOJIeJIbHBIX cyOcTpaTax (rapa-HuTpode-
HWJIOBbIE 3(UPHI) U PACTUTELHBIX MacaaxXx. OnTu-
MaJTbHBIE UTST aAKTUBHOCTH PEKOMOMHAHTHOM JINTTa3hl
temriepatypa 70°C u pH 8.0 npuMepHO COOTBETCTBO-
Ne 4
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BaJIM ONTUMAaJIbHBIM YCIOBUM 111 pocta 1. lipolytica
(mmnana3oH Temrepatyp ot 52 no 70°C ¢ onTUMyMOM
60—66°C, nuamazon pH ot 7.15 mo 9.5 ¢ onTumym
8.1-8.9). B vactHOCTH, BbIcOKMU onTumyM pH mist
akTuBHOCTU Juma3bl TSLipl moaTBepxaaeT peamno-
JIOXKEHUE O TOM, UTO 3TOT (PepMEHT CEKPETUPYETCS U3
kietok 7. lipolytica i TMAPOIN3YET TUIUALL B OKPY-
XKarollen cpene.

Panee u3 npyroro mramma 7. lipolytica 6b111 BbI-
JeJieHbl M (DYHKIIMOHAJIBbHO OXapaKTepU30BaHbI JBe
nunassl [8]. [TomuepkHeM, 4To 06a pepMeHTa OBLIU
BBIIEICHBI HEIOCPEACTBEHHO M3 KyIbTYphI 1. lipoly-
tica, OIHAKO KOAUPYIOIIYE UX TeHbI He ObLIN MIEHTU -
dbuLMpoBaHbl M MMeEIOLIAsiCsl O HUX WHbOpMalUs
orpaHnumrBanach N-KOHILEBBIMY aMUHOKHCIOTHBIMU
MOCeA0BaTeIbHOCTIMU OeJIKOB JIuHOoK 21—22 a.o.
[8]. CpaBHeHUe 3TUX TTOC/IeIOBaTEbHOCTEN C aMU-
HOKMCJIOTHBIMA IIOCJIEIOBATeIbHOCTSIMU WACHTH -
GUILIMPOBAHHBIX JUMOJIUTUUECKNX (PEPMEHTOB, MO-
Ka3aJlo, YTO HalaeHHbIe (hepMEHTHI OTJIUYAIOTCS OT
paHee OIMCaHHBIX, OoJjiee TOro, yKa3aHHBIe B padoTe
[8] aMMHOKMCIIOTHBIE MTOCJIENOBATSIIHHOCTHA HE BCTPE-
YyaroTcs B MpeIcCKa3aHHBIX 0ETKOBBIX MPOAYKTaX, KO-
JIMPYEeMbIX IIPOCEKBEHUPOBAHHBIM reHoMoM 1. [ipo-
Iytica. OxapakTepu3oBaHHbIe B pabote [8] Jumasbl
LipA u LipB otiuuatorcst ot TSLipl 1 o HekoTo-
pHIM QYHKIIMOHAJIBHBIM XapaKTepucTukam. Tak, atu
depMeHTHl obOnamann 0Oojiee BBICOKOM TepMOCTa-
OMJILHOCTBIO, COXpaHsIsl 6oJjiee TMOJIOBUHBI aKTUBHO-
ctu nocjie 2 4 uakyo6aru npu 100°C. OTMeTuMm, 4to
TSLipl meHee TepMocTaOMIbHA, IIPUYEM €€ TEPMOU -
HaKTUBaLlMsl ObLIa NBYXCTYIEHYATON, — OBICTpOE
CHIDKEHIME aKTUBHOCTHU Ha IIPOTSKEHUY MEPBBIX MU-
HYT C ocJieaylolieii 0oyee MeaIeHHO MHAKTUBALIM -
eil, YTO MOXeT OTpaxkaTh MPUCYTCTBHUE B BbIIEJICH-
HOM M3 KJIeToK E. coli ipenapaTe peKOMOMHAHTHOTO
depMeHTa OIBYX (ppaKiIvii, OTINIAIOIINXCS (POJIIMH-
roMm Oenaka M (UIM) MPUCYTCTBUEM CTaOMIU3UPYIO-
1IMX ero KogakropoB. B 11e10M, OT/IMYMS TepMOCTa-
omnbHocT TSLipl m aumas, BbIIEIECHHBIX HEIO-
cpeactBeHHo u3 7. lipolytica moryt orpaxarb Kak
pa3nauuusi GEJIKOB, BBIIEJEHHBIX U3 Pa3HbIX IITaM-
MOB, TaK M OBITh CBsI3aHHBIMU C TeM, 4yTo TSLipl
MpencTaBlIsieT CO00M PEeKOMOMHAHTHBIN (EPMEHT,
KCIpecCUpoBaHHbI B E. coli i conepxkaiimii N-KOH-
HeBylo ag@GUHHYIO II0C/IENOBAaTEIbHOCTb, KOTOpasi
MOXKET HapymaTth GoaguHT hepMeHTa. DKCIIPECCUST 1
xapakTepuctuka aurnasbl TSLipl, He conepxalieit no-
MOJIHUTEJbHO BKJIIOYEHHBIX aMUHOKHWCJIOTHBIX I10-
CJIEIOBATEIBHOCTE, IIO3BOJUT MPOSCHUTH 3TH BO-
MIPOCHI.

TTonygenne O0moam3enst U3 PaCTUTEIBHBIX Macell
SIBJISIETCSI OJHOM M3 MEePCHEKTUBHBIX OMOTEXHOJIO-
i, B KOTOPEIX MOTYT OBITH MCHOJb30BaHbI TEPMO-
CTaOWIbHBIEC JUITa3kl [5]. DTa peakums MOXKET OCy-
IIECTBJISITBCS JIMOO B OHY CTAAUIO, B peaKIU TpaHC-
acTepuUKaALUM TPUIIULEPUIOB B IIPUCYTCTBUU
CIIMPTOB, MO0 ABYCTAAMMHO, B PEaKIIMsIX THIPOIC-
tepudukanuu [18]. Ha niepBoii ctanuu ruapoacTe-
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puduKalMyd OPOBOAUTCS TUAPOIU3 TPUTIULIEPUIOB
JIO TJULIEpUHA U CBOOOMTHBIX KMPHBIX KUCJIOT C MO-
MOIIIbIO JIUTIa3bl, @ HA BTOPOI CTaAUU — dCTepudurKa-
1S KMPHBIX KKUCJIOT C 00pa3oBaHUEM OWOIU3EI.
YysctBUTeAbHOCTh TSLipl K BBICOKMM KOHILIEHTpa-
SIM METaHOJIa U 3TaHOJa, UCTIOJIb3YEMbIX B peak-
1IMU TpacHICcTepU(UKAILIMU, OTPAHUUUBAET €€ MprUMe-
HeHue B 3Tol peakuuu. Jiunasel LipA n LipB Takke
He TIPOSIBJISIFOT aKTUBHOCTU B peakiiMu acTepuduKa-
UM C METaHOJIOM WX 3TaHoJioM [6]. HampoTus,
TSLipl, obnamaroiiast 1OCTaTOYHO BEICOKMM TEMIIC-
paTypHbIM ONTUMYMOM U aKTMBHOCTBIO B OTHOIIIE-
HUM Pa3INYHbIX PACTUTEJbHBIX MaceJl, MOXET ObITh
WUCIMOJIb30BaHa MPU TOJy4eHUNU OUOIM3eNsl B peak-
AU TUAPOICTepUGUKALIUU HA CTAAUU TUAPOJIN3A.

Jlpyroii mpakKTUYeCKd 3HAYMMOM XapaKTepUCTU-
KOUW HOBOM JMIA3bl SIBJISIETCS YCTOMYMBOCTDb K IlIE-
JIOYHBIM YCJIOBMSIM, B KOTOPBIX OHa ITPOSBISIET MaK-
cuMmyM aktTuBHOCTU. ExxerogHo okoso 1000 T aumas
WCIIOJB3YIOTCS B KauyeCTBE KOMIIOHEHTOB MOIOIINX
CPEnCTB (IETEPIreHTOB), B OCHOBHOM, 3TO (DEPMEHTHBI
13 Me30(WIbHBIX Oprann3mMoB [6]. HoBast ankanoro-
JIepaHTHasl JIrIia3a MOXET HAaiTU CBOE IPUMEHEHUE B
3TOM 00JJaCTH OMOTEXHOJIOTUM, a TAKKe IIPH IIPOBE-
JICHUM OPraHUYECKOro CMHTE3a U B MUILIEBOU IIPO-
MBILIJIEHHOCTH.

ABTOpPBI BbIpaxaloT OjaromapHocTb B.A. CaerT-
JIMYHOMY 3a IpeIocTaBIeHHbIN mTamMm 1. lipolytica n
PEKOMEHIAIIMU MO YCIOBUSIM €r0 KyJIBTUBUPOBAHUSI.
Pabora BbIlToTHEHa Npu (DUHAHCOBOW TMOIIEPXKKE
MunwucrepctBa obpasoBaHus U Hayku PO (DILIII
“HayyHbple 1 Hay9HO-TIeJarorndeckre Kaapbl HHHO-
BallmoHHO# Poccun” Ha 2009—2013 roawl, rocynap-
CTBeHHbI1 KOHTpakKT [1479). Pabora B.M. [ymepoBa
nonaepxaHa TrpaHtoM DoHma COmEeUCTBUS OTede-
CTBEHHOM HayKe.
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Isolation and Functional Characterization of Lipase
from the Thermophilic Alkali-Tolerant Bacterium
Thermosyntropha lipolytica
V. M. Gumerov, A. V. Mardanov, P. M. Kolosov, and N. V. Ravin

Bioengineering Center, Russian Academy of Sciences, Moscow, 117312 Russia
e-mail: nravin@biengi.ac.ru
Received November 3, 2011

Abstract—As a result of sequencing the genome of the termophilic alkali-tolerant lipolytic bacterium Ther-
mosyntropha lipolytica, the gene encoding a lipase secreted into the medium was identified. The recombinant
enzyme was expressed in Escherichia coli. It was isolated, purified, and functionally characterized. The lipase
exhibited hydrolytic activity toward para-nitrophenyl esters of various chain lengths, as well as triglycerides,
including vegetable oils. The optimal reaction conditions were achieved at temperatures from 70 to 80°C and
pH 8.0. Enzyme saved more than 80% of its activity in the presence of 10% methanol. This new thermostable
lipase may be a promising biocatalyst for organic synthesis; it may find application in the food and detergent

industry and biodiesel production.
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CHMHTE3 1-BYTAHOJIA KIIETKAMM Escherichia coli TP ®OPMHUPOBAHNN
BYTUPWJI-KoA TETEPOJIOTMYHBIMU ®EPMEHTAMMU KJIOCTPUAUN
N HATUBHBIMU ®EPMEHTAMMU B-OKNCJIEHUA ZKUPHbBIX KNCJIOT

© 2012r. A. 1O. I'yaeBunu, A. 0. Ckopoxoaosa, A. A. Mopxkakosa, C. B. Auronosa,
A. B. Cyxoxenko, P. C. IIlakynos, B. I'. Jleoa0oB

Focyaapcmeeﬁﬂbtﬁ Hayuﬂo-ucmeaoeame/zbczcuﬁ UHCMUmMym 2eHemuKu u ceaekuyuu npomuliUNeHHbIX MUKPOOPSAHU3MO8,

Mockea, 117545
e-mail: gulevich@genetika.ru
[Moctymmra B pegakumio 08.12.2011 .

HccnenoBaH aHaspoOHBI OMOCHUHTE3 1-OyTaHOIa U3 IIIOKO3bl peKOMOMHAHTHBIMM IITaMMaMu Escheri-
chia coli, bopmupytomnmu 0yrupii-KoA nmoa neiicTBueM reTepoJIorudHoro ¢hpepMeHTaTUBHOIO KOMILIEK-
ca KJIIOCTPUANI WU B pe3yJIbTaTe 00palieHHOTO NeCTBISI HATUBHBIX (DEPMEHTOB MY TH [3-OKUCICHUS KUP-
HbIX KUCIO0T. OOHApYyXEeHO, UTO NMPU MHAKTUBALIMM OCHOBHBIX ITyTel 00pa30BaHUsl YKCYCHOW U MOJOYHOM
KMCJIOT, 3a CUET JieJIelluu TeHOB ackA, pta, poxB v ldhA, apdextnBHOCTS OMocUHTe3a OyTrpui-KoA u ero
BOCCTaHOBJIEHHOTO MTPOAYKTa 1-0yTaHosa IByMSsI TUTIAMU PEKOMOMHAHTHBIX IITAMMOB cpaBHUMAa. DakTo-
POM, JIMMUTUPYIOLIMM MPOAYKIMIO 1-OyTaHO1a TTOJTy4eHHBIMY IITAMMaMU, SIBJISIETCSI HU3Kasl CyOCcTpaTHast
CIIeU(PUIHOCTD IO OTHOIIEHUIO K OyTUpii- KoA ocHoBHOI KOA-3aBUCHMOM ajIKOT0/Ib/aabIeTua IeTUI-
poreHasbl E. coli AdhE. CaenaH BbIBOI, UTO JsI KOHCTPpYyMpOBaHUsI 3(pdeKTUBHOTO TpoaylieHTa 1-0yraHomna
Ha OCHOBE MOJIEJILHOTO IlITaMMa, CUHTe3upymoliero oyrupmi-KoA B pe3yisrare oOpalieHHOro IeiCTBUS
epMeHTOB [B-OKMCIIEHUST XXUPHBIX KUCJIOT, HEOOXOIUMO 00ECIIeYnTh B KJIETKaX ITaMMa WHTCHCUBHOE
dopmupoBaHue areTi- KoA 1 TOBBIIIIEHHYIO aKTUBHOCTD aJITEPHATUBHBIX JTKOTOJIb- U aTbAeTHUI-IeTUI-

porcHas.

byraHo, 61arogapsi CBOMM (PU3UKO-XUMUYSCKUM
CBOICTBaM, pacCMaTpUBAETCS KaK IIEPCIICKTUBHOE
OMOTOIUIMBO, KOTOPOE MOXKET OBITh OIYYEHO 13 BO3-
obHosisiemoro ceipbs [1]. ITpupomnHbIMM NTpOIYIIEH-
TamMu 1-OyTaHona SIBJISIIOTCS IIPEeACTaBUTENIM poAa
Clostridium. C. acetobutylicum, C. beijerinckii, C. sac-
charoperbutylacetonicum nu np. cnoCOOHBI COpaXKu-
BaTh caxapa ¢ 0Opa3oBaHMEM CMecCHU aleToHa, 1-0y-
TaHOJIa M 3TaHoJa (TaK Ha3biBaeMblii ABD-npouecc).
OpHako ucriofib3oBaHue AB3D-mnpouecca mist mpo-
OyKOouu 1-0yTaHoJa B HAcCTOsIIee BpeMsi SKOHOMU-
YEeCKU HE BBITOAHO. BbUIM MpeanpUHSITHI TTOIBITKU
KOHCTPYUPOBAHUS ITIPOAYLIEHTOB 1-OyTaHoJIa ITyTeM
KJIOHMPOBAHUS T€HOB, KOTUPYIOIIMX (hepMEHTBI O1O-
CHHTe3a OyTaHOJa KJIOCTpUAUii, B KieTkKax Esche-
richia coli [2—4], Bacillus subtilis [4], Pseudomonas
putida [4], Saccharomyces cerevisiae |5], Lactobacillus
brevis [6]. KiitoueBbIM MOMEHTOM BO Bcex paboTax
ObLI10 obOecreyeHrue BO3MOXHOCTU OMOCHUHTE3a 3THU-
MM MUKpoopTraHu3MamMu OyTupmii-KoA — merabomm-
Ta B HOpME UMM He oOpazyeMoro. HegaBHo ObLIO MO-
Ka3aHo, 4To B KjeTkax E. coli buocuHTe3 OyTUpUII-
KoA ¢ mocneayoimuM ob6pa3oBaHWEM MAaCISTHON
KucaoThl [7] unu 1-6yraHona [8—9] Bo3aMoxXeH B pe-
3yJbTaTe o0palleHnsI HAaTUBHOTO JJIsI KJIIETOK IyTU
[-oxucnenust xupHbix Kucyiot. Llukn B-oxkucieHust
KUPHBIX KUCJIOT SIBJISIETCSI OMHUM M3 OCHOBHBIX OMO-
XUMMWYECKUX ITyTel, BCTPEUYAIOIIMCSI BO MHOXECTBE
OpPraHuU3MOB, U 3TO 3HAYUTEJILHO PACIIUPSET CIIEKTP

MOTEeHIUATBHBIX MPOAYLIEHTOB 1-0yTaHoIa U APYrux
BBICITNX CcITMPTOB. PopMupyoIecss B pe3yibrare
obOpallieHust [-OKUCIEHUSI XUPHBIX KUCIOT allui-
KoA-npouszBoaHbie (B 4acTHOCTU, OyTupui-KoA)
MOTYT OBITh BOCCTAHOBJIEHbI B COOTBETCTBYIOIIE
CIUPTHI (B IIPOCTEMIIEM ciiydae 1-0yTaHOJI) SHAOTeH-
HbIMU KOA-3aBUCHMBIMM aJIKOTOJIb/aIbACTU AETU/I-
poreHaszamu, TakXe BeCbMa IIIMPOKO PACIPOCTPAHEH -
HbIMU (hepMEHTAMU.

Ilens paboThl — cpaBHEHME 3D (PEKTUBHOCTU O1O-
cuHTe3a 1-0yraHoma kietkaMu E. coli ipu ¢opmMupo-
BaHUU OyTupuiI-KoA reteposormdHbiM (epMeHTa-
TUBHBIM KOMILIEKCOM KJIOCTPUIMKA W HATUBHBIMU
bepMeHTaMM TIYyTU 3-OKUCICHUS XKUPHBIX KUCIIOT.

METOIUNKA

bakTepuajbHble MTAMMBI, IJIa3MHIbI M CpeJbl.
IramMm E. coli K-12 MG1655 (BKIIM B-6195) u pa-
Hee CKOHCTpyuUpoBaHHBIM mtaMMm E. coli BOX-3 [9],
CITOCOOHBIN CUHTE3UPOBATh 1-0yTaHOJI Mo o0palieH-
HOMY MyTH [3-OKUCICHUS XKUPHBIX KUCJIOT, ObUIA UC-
MOJb30BaHbI B KAUECTBE UCXOIHBIX IJIS1 KOHCTPYUPO-
BaHMsI BCeX ITOJy4YeHHBIX B pabote mrammoB. Mc-
MOJIb30BaHHbIE B pabOTe IITAMMBI U TUIa3MUIBI
npencTaBieHbl B Tad. 1. baktepuun KynbsTuBUpOBa-
ym B 6oraTteix cpemax LB, SOB, SOC u MmuHUManb-
Holi cpeae M9 [10], mpu HEOOXOAUMOCTH € T0OaBJIIE-
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I'YJIEBHUY u np.

Ta6imuoa 1. Vcronb3oBaHHBIE IITAMMBI U TIA3MUIBI

OOBbeKT TeHorun Ccblnka
Iramm
MG1655 IITamm E. coli mukoro tuna (BKITM B-6195) BKIIM
MG A2 E. coli MG 1655 AackA-pta, ApoxB Jannas pabora
MG A3 E. coli MG 1655 AackA-pta, ApoxB, AldhA »
MG A4 E. coli MG 1655 AackA-pta, ApoxB, AldhA, AadhE »

MG [pHYc-thl-bcs]
MG A2 [pHYc-thl-bcs]
MG A3 [pHYc-thl-bces]
MG A4 [pHYc-thl-bes]
BOX-3

MG 1655 + pHYc-thl-bes

MG A2 + pHYc-thl-bes

MG A3 + pHYc-thl-bes

MG A4 + pHYc-thl-bces

E. coli MG 1655 lacl?

Pireidea-a=SD10-adh E(Glu568Lys),

P idear-a=SDy10-a10B, Py igear.4~SDy10-/adB,
P e idear-a-SDg10-/adE

»
»
»

»

191

BOX-3 A2 BOX-3 AackA-pta, ApoxB Jannas pabora
BOX-3 A3 BOX-3 AackA-pta, ApoxB, AldhA »
BOX-3 A4 BOX-3 AackA-pta, ApoxB, AldhA, AadhE »
Ilnasmuna

pMWI118-(hattL-Cm-AattR) |pSCI101, bla, cat, hattL-cat-\attR cassete [12]
pKD46 pINT-ts, bla, P,,,z-Agam-bet-exo [11]
pMWits-Int/Xis pSC101-ts, bla, Pr-Axis-int, clts857 [13]
pHYc pHY300PLK, bla, cat, ori-pAMal, ori-177 [14]
pHYc-thl-bes pHYc ¢ knoHupoBaHHBIMY TeHaMU crt, bed, etfB, etfA, hbd n [6]

thiA w3 C. acetobutylicum

HueM amruuuaanHa (100 Mkr/mir) unm xjmopamape-
Hukoja (30 Mxr/mi).

PearenTnl. Mcronb3oBajin mpernapaTbl pecTpUK-
ta3z u T4 JIHK-nurazer (“Fermentas”, Jlursa), JIHK
nonuMepassl Taq (“Fermentas”, JIurBa) u Phusion
(“Finnzymes”, ®unnsaaaus). OJIUMTOHYKICOTUIBI
(tabu. 2) cunresupoBanu B 3A0 “Cunron” (Poccust).
Ionyuyennsie [T P-ipoayKThl OUHMIIAINA C TTOMOIIBIO
aJieKTpoope3a B arapo3HOM Tejie U BbLACJISUIN, UC-
nosb3yd QIAquick Gel Extraction Kit (“Qiagen”,
CIIIA). KoMImoHeHTH IMTATEAbHBIX CPEI, COJIHU U
JIpyrve peareHThl ObLIM Ipou3BoacTBa “‘Panreac”
(Mcnanwus) n “Sigma” (CLLHA).

KoncTpynpoBanne mrammoB u miasmua. Bee xpo-
MOCOMHbBIE MOIU(MPUKALIUN OCYIIECTBIISIIIA C VICTIOb-
30BaHUEM METOIMKM, pa3paboTaHHO# [lalleHKO U
Bannep [11]. JIuneitnsie pparmenTsl JHK mis nHak-
TUBaLMU TeHOB ackA-pta, poxB, IdhA u adhE, conep-
XKallle MapKep YCTOMYMBOCTH K XJIOpaM(peHUKOIY
(reH cat), nomxydyanu rmpu nomoiu TP ¢ ucrmonab3o-
BaHUeM map npaiimepos P1, P2; P5, P6; P9, P10;
P13, P14 n nnasmuasl pMW118-(AattL-Cm-AattR)
[12] B KauecTBE MaTPUIIBI.

IMonyyennsie ¢pparmentsl AHK Obu11 o oTmenb-
HOCTU MHTETPUPOBAaHbI B XpoMocoMy utamma E. coli
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MG1655, Hecyiero masMuay-noMmoiiHuka pKiD46.
[Mocnenyomee ynaieHue Mapkepa, hIaHKUPOBaH-
HOro att-caitamu (attachment) cara nsamOma, u3
XPOMOCOM 1IEJICBBIX ILITAMMOB, MPOBOIWIN C WC-
MnoJib30BaHUeM Iu1azmMuabl pMWts-Int/Xis, kak onu-
caHo paHee [13]. DakT cOOTBETCTBUS MpeaIoarae-
MbIX U MOJYYEHHBIX 3KCIIEPUMEHTAIBHO CTPYKTYP
XPOMOCOM OTOOPaHHBIX IITAMMOB, C UHAWBUIYaTb-
HO WHAKTUBUPOBAaHHBIMU TeHaMUu ackA-pta, poxB,
IdhA n adhE, nonreepxmanu I11IP-anamm3oM ¢ mo-
MOIIIbIO TIAp JIOKYC-CIeUM(pUUHBIX MpaiiMmepoB P3,
P4; P7, P8; P11, P12 u P15, P16 coorBeTcTBeHHO. [e-
Jienn TeHoB ackA-pta, poxB, IdhA w adhE Obplmu 00b-
eIUHEeHbI B XPOMOCOMaX ILIeJIEBbIX INTAMMOB Cepueii
nocienoBaTenbHbIX P1-3aBrcrUMbIX TpaHcaykmii [ 10].

Tpanchopmanuio mramMmmoB 1iasmMugamMu pHYc
[14] v pHYc-thl-bes [6] ocylecTBISIIIN IO CTaHAAPT-
HOI MEeTOOMKeE.

KynsruBupoBanue mraMmoB 1151 ouocunTe3a 1-0yra-
noua. Kietku mramma E. coli mukoro tuia MG1655, a
TaKKe KJIETKN BCeX peKOMOMHAHTHBIX IITAMMOB BbI-
paliuBajiyi B TedeHHEe HOUYM B cpene M9, conepxainei
2 1/7 tmokosbl, nipu 37°C. ITo 5 MJI moJy4yeHHBIX
HOYHBIX KyJBTYp pas0aBisiim B 50 pa3, moOaBisas
45 mu cpenbl M9, conepxkarieit 10 /i ritoko3sl. ITosy-
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Taoauna 2. Mcnonb30BaHHBIE B pabOTe OJUTOHYKJIEOTUIHBIE TIpaiiMephl

HasBanue IMocnenoBaTtebHOCTD
P1 5'-catgtcgagtaagttagtactggttctgaactgegg-cgctcaagttagtataaaaaagetgaac-3'
P2 5'-ttactgctgctgtgeagactgaatcgeagtcagege-tgaagectgcttttttatactaagttgg-3'
P3 5'-cagtgcatgatgttaatcataaatgt-3'
P4 5'-atgcagcgcagttaagcaag-3'
P5 5'-catgaaacaaacggttgcagcttatatcgccaaaac-cgctcaagttagtataaaaaagetgaac-3'
P6 5'-ttaccttagccagtttgttttcgccagttcgatcac-tgaagectgcttttttatactaagttgg-3'
P7 5'-gtcagatgaactaaacttgttaccg-3'
P8 5'-ggccatcatcgettcgag-3'
P9 5'-tatgaaactcgccgtttatagcacaaaacagtacga-cgctcaagttagtataaaaaagetgaac-3'
P10 5'-ttaaaccagttcgttcgggcaggtttcgectttttc-tgaagectgcttttttatactaagttgg-3'
P11 5'-gtggcatgtttaaccgttcag-3'
P12 5'-gccatcagcaggcettageg-3'
P13 5'-tatggctgttactaatgtcgetgaacttaacgeact-cgetcaagttagtataaaaaagetgaac-3'
P14 5'-ttaagcggattttttcgettttttctcagetttage-tgaagectgcttttttatactaagttgg-3'
P15 5'-cagtgagtgtgagcgegag-3'
P16 5'-gaagccgttatagtgcctcag-3'

YeHHbIE KYIBTYPhI PACTIJIN B KOI0ax o0bemMoM 750 M1
nipu 37°C Ha poTopHOI KavaJike rpu 250 06/MWH B Te-
yeHMe 6 4. B cirygae mrramma BOX-3 1 ero mpousBso-
HBIX CITYCTs 3 94 OT HavyaJla MHKYyOalu1 B Cpeabl KyJIb-
TUBUPOBAHUS JO0ABISUIM M3ompomnui-f-D-Tuora-
nakro3un (MIITI) mo KoHeyHOUl KOHLIEHTpaLuu
1 MM. IlonydeHHBIE KJI€TOYHbIE CYCIICH3UM LIECHTPU-
¢yrupoBanu B reueHue 15 mun npu 2000 g npu 4°C.
Ocangku pecycrieHaupoBaiau B 15 Mi1 cpenbl M9 i
LB, conepxamux 10 r/a rmoko3sl. MHKyOauio mo-
JIY4EHHBIX KJICTOUYHBIX KYJBTYp IPOBOAWINA B TeUe-
HUe 24 4 B TpobupKax o0beMoM 15 M1, 3aKpBITHIX 3a-
BUHYMBAIOIIMMHUCS KpHBIIKaMmu, 1pu 37°C Ha poTop-
HoM Kavajike rmpu 150 06/MuH B mpucyTcTBun 1 MM
UIITT pna mramma BOX-3 U ero mpou3BOIHBIX U
100 MKT/M1 aMIIMIWJUIMHA )11 IITAMMOB, COAEpKa-
IIYX TUIa3MUObL.

Anamurnyeckue Meroabl. KoHIeHTpammio opra-
HUYECKUX KHUCJIOT U OCTATOUHOM TJIIOKO3BI B KYJIBTY-
PaNbHBIX XXUIKOCTSIX onpenesum MeTogoM BOXKX ¢
ucnojb3oBanueMm cucreMbl HPLC “Waters” (CIIIA).
Jist u3aMepeHusl KOHIEHTPALMy OpraHN4YeCKUX KHC-
notr ucnonb3oBaim ReproSil-Pur CI18-AQ (“Dr.
Maisch”, IepmaHus) ¢ feTeKIue pu JIUHE BOJIHBI
210 aM. st u3MepeHUsT KOHLIEHTPALUU TIIOKO3bI
cucTeMa OblIa YKOMILIEKTOBaHa pe(PaKTUBHBIM JIe-
TekTopoM “Waters” 2414 u xomoHkoi Spherisorb-
NH2 (“Waters”, CIIIA). KoHueHTpanuu 1-0ytaHosa
¥ 3TAHOJIa B KYJIBTYPaIbHBIX JKMIKOCTSIX OIIPEACIISLIN
metomoMm I'X ¢ ItaMeHHO-MOHM3AaIMOHHBIM JeTeK-
TopoM Ha KojoHKe OmegaWax (30 M, 0.25 MM B.I.,
0.25 MxM TommmHa IuieHku) (“Supelco”, CIIA).
Wcnons3osanu xpomarorpad GC-17A (“Shimadzu”,
Anonwus), ocHaleHHBIN aBTocamIiepoM AOC-20i.

3 TMPUKIAOHAA BUOXUMUA U MUKPOBUOJIOTUA

PE3VYJIBTATBI 1 UX OBCYXIEHUWNE

buocunres Oytupmi-KoA B KieTkax mTamma
E. coli nmxoro tuna MG1655 1 B ero npou3BOAHBIX
ObUT oOecrieyeH 3a CYET JKCIIPECCHUU, B COCTaBe
MJ1a3MUOEL, TeHOB: thiA, Kogupylolero ameTmi- KoA
aneruaTpancdepasy (KD 2.3.1.8), hbd, xomupyro-
mero  3-rugpokcudoytupui-KoA  mermagporeHasy
(K® 1.1.1.157), crt, kogupytoliero 3-ruapokcuoy-
Tupuin-KoA nermaparasy (K® 4.2.1.55), bcd, xo-
JUPYIOIIEro oytupui-KoA NeTuaporeHasy
(K® 1.3.99.2) u etfA u etfB, KOOTUPYIOIIUX KOMIIO-
HEHTBI 2JEKTPOH-TPAHCHOPTHOro (haaBompoTernHa
u3 C. acetobutylicum. Y mtamma BOX-3 u ero npous-
BOJHBIX cUHTe3 OyTupuia-KoA ocyiiecTBisiiics dpep-
MEHTaMU TIYTU a’pOOHOTO [-OKUCIEHUS KUPHBIX
KHMCJIOT IPpU MHAYKIMU DKCIPECCUU XPOMOCOMAJIb-
HBIX KOIMUI COOTBETCTBYIOIINX I'€HOB, HAXOASIINXCS
non koHTpojiemM Lacl-3aBucumoro mpomoropa [9].
JIByxcTaguifHOe BOCCTaHOBJIEHUE C(POPMHUPOBAHHO-
ro oytupui-KoA B 1-OyraHoa B IITaMMaXxX KaTaJIM3U-
pOBaIoCh HATUBHOM aJIKOT0JIb/aIbAeTUI IeTUAPOre-
Hazou F. coli AdhE (K® 1.1.1.1/1.2.1.3).

Ilpu aHaspoOHONM YTHUIM3ALIMN TJIIOKO3bI IIITAMM
MG [pHYc-thl-bcs], conepKalimii reTepoJIOTMYHbIe
reHsl kjaoctpuauii, 1 mramm BOX-3, He comepxka-
I reTe pOJIOTMIHBIX TEHOB, CUHTE3MPOBAIN 3aMET-
Hble KoJimuyecTBa 1-OyraHona (tabjy. 3). Iltamm
MG1655 v ero mpou3BOAHbIE, COAEPKAIIME TTA3MUAY
pHYc, He cuHTEe3UpOBaIM AETEKTUPYEMbIX KOJTMIECTB
1-0yraHona. KonuyectBo 1-OyraHosa, poayuupye-
moe mrTammoM MG [pHYc-thl-bes], 3HaYMTEIILHO
npeBocxoauino, oopasyemoe mramMmmoMm BOX-3. [laH-
HbII BaKT, MO-BUAUMOMY, OOBSICHSIJICS pa3IMYHbBIM
Ne 4
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Taomuma 3. KoHneHTpanmu™* MeTaboJIUTOB, MPOAYLMPYEMbIX CKOHCTPYUPOBAaHHBIMY IITAMMAaMHM B YCJIOBUSIX aHa3pO0-
HOM YTUJIU3alLIM U TJIFOKO3BI

Kucnora, MM
Itamm [Nlotpebnennas DTaHou, 1-byrtaHoun,
rmokosa, MM | IPOBIHO= 1, 0oy YKCyCHasl | sHTapHasi MM MKM
rpagHasi

MG [pHYc-thl-bcs] 24.0 (0.5) 0.5(0.1) 6.1(0.2) | 10.0(0.5)| 1.6 (0.1) | 10.2(0.3) | 170.0(7.2)
BOX-3 22.8 (0.6) 0.2 (0.1) 6.1(0.2) | 11.5(0.6) | 1.5(0.1) 7.2(0.2) 12.1 (0.8)
MG A2 [pHYc-thl-bces) 27.2(0.9) 1.0 (0.2) | 11.8(0.3) — 4.8 (0.2) 6.7 (0.2) 70.2 (3.4)
BOX-3 A2 26.1 (0.7) 0.7 (0.1) | 12.9(0.4) — 4.1(0.2) 5.8(0.2) —
MG A3 [pHYc-thl-bces] 20.0 (0.5) 23.4 (0.5) 0.6 (0.1) | 0.7(0.1)| 4.1(0.2) 9.7 (0.3) | 153.8(6.8)
BOX-3 A3 21.6 (0.5) 25(0.4) 0.8(0.1)| 1.2(0.1)| 3.1(0.2) 7.4(0.2) | 137.0(6.3)
MG A4 [pHYc-thl-bcs) 3.3(0.2) 3.4(0.2) — — 0.5(0.1) 0.4 (0.1) —
BOX-3 A4 3.3(0.2) 3.7(0.2) — — 0.7 (0.1) 0.7 (0.1) —

* YKa3zaHHbIE 3HAYEHUSI SIBJISTIOTCSI CPCAHUMMU 1A TPEX HE3aBUCUMBbIX OKCIICPUMECHTOB. B ckobkax YKasaHbl CTaHAAPTHbLIC OTKJIOHCHM .

KOJIMYECTBOM B LITaMMaX KOIWIA T€HOB, KOAUPYIO-
IIMX KJTIOYEBbIe (PepMEeHThl OMOCHHTE3a OYTUPWII-
KoA. Y mramma MG [pHYc-thl-bes] cooTBeTCTBYI0-
1111 FreHbl 9KCIPECCUPOBAIMCH B COCTABE MJIa3MUJIbI,
Toraa Kak B mutamme BOX-3 kaxapblii TeH, KOTUpPYyIo-
NI (hepMEHT, y4acTBYIOLINIA B OMOCcHHTE3e 1-OyTa-
HoJsa, ObLT MPEACTaBlIeH €IMHCTBEHHOU XpOMOCOM-
Holt Kornuel. TeM He MeHee, KOJIMYeCTBO 1-OyTaHO-
Jla, MOpoayLupyeMoe OOOMMM IlTaMMaMu, ObLIO
HeBeMKo. B mepBylo ouepeb, 3TO CBSI3aHO C HeXBaT-
ko aretmi-KoA nnsg apdekTtuBHOro 6mocuHTe3a
aneroaneTwi-KoA n dopMupoBaHUus JabHERIINX
HEOOXOAUMBIX 151 00pa3oBaHUs 11€JIE€BOTO BellleCTBa
MpeaIIeCTBEeHHUKOB. JIeiCTBUTEBHO, MPAKTUYECKU
BCsl MOTpeOJIieHHAasl 1ITaMMaMU TJII0KO3a Obljla YTH-
JIM3MpOBaHa B MPOAYKThI OPOXKEHUS MO AEUCTBUEM
¢dbepMeHTOB, BOBJICUEHHBIX B OMOXUMUUYECKUE MYTH,
KOHKYpUpYIOIIIUE C OMOCUHTE30M |-OyTaHona 3a
BOCCTaHOBJIEHHbIE 9KBUMBAJIEHTHI U 3a TIPSIMble MeTa-
Oosmueckue mpenmniectBeHHUKU. [Ipyn aToM OocHOB-
HBIM MPOAYKTOM ObLiIa YKCyCHasl KUCJI0Ta, Mpu (hop-
MUPOBaHWUM KOTOPOM noj neiictueM docdoTpaHc-
anerwiassl Pta (K® 2.3.1.8) u aueratkuHasbl ACKA
(K® 2.7.2.1) pacxonyetcs anetwia-KoA, a nmon meii-
crBueM nupysaTokcumasbl PoxB (K® 1.2.5.1), ero
npsIMOi MEeTaOOMNYESCKUMN TIPSAIISCTBEHHUK — ITH-
pOBUHOTpagHas Kuciaora. Takum odpa3zoM, 1jist coe-
pexeHus aneTu- KoA v MoBBIIEHUS €T0 JOCTYITHO-
CTHU 111 OmocuHTe3a 1-0yTaHojIa MTHAKTUBHUPOBAJIN B
TamMMax TeHbl pta, ackA v poxB, xonupytoiue dep-
MEHTBI, KaTau3upylolire B KiaeTkax E. coli ocHOB-
Hbl€ peakiuu 00pa30BaHUsI YKCYCHOW KMCJIOTHI.

B pesynbrare MHAKTUBallUM COOTBETCTBYIOIIMX
reHoB mtaMmMbl MG A2 [pHYc-thl-bes] 1 BOX-3 A2
MpY aHa3pPOOHOM COpaKMBAHUU ITIOKO3bl HE CUHTE-
3UPOBAIM  ACTEKTUPYEMbIX KOJMUYECTB YKCYCHOM
KMCJIOTBI, OJIHAKO JIEMOHCTPUPOBAIU YBEJIUUYEHHOE
o0Opa3zoBaHUe IIPOAYKTOB — MPOU3BOAHBIX (hocho-
eHoJImupyBaTa (SIHTapHasi KMCJIOTa) U IMPOBUHO-
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rpagHoOM KUCJIOTHI (MoJjiouHast kucjora). I[lpu atom
HAOJIOJAIOCh CHIZKEHME MPOAYKUIMM IITaMMaMU
aTaHosa U 1-0ytaHousa. B caydae mramma BOX-3 A2
nponyKumu 1-0yraHoia He oTMedaToch. MOXHO OBI-
JIO TIPEAIIOJOXKUTh, 4TO IaacHue 3¢PEHEKTUBHOCTU
OMOCHHTE3a IITAMMaMU CITIUPTOB, (DOPMUPYIOIITUXCS
B pe3yabTaTe BocCTaHOBIeHUS aleTui- KoA nnu ero
npousBoaHOTro OyTupui-KoA, ObUIO 0OOYCIOBJIEHO
IByMsl B3aMMOCBSI3aHHBIMM TmpuuuHamu. IlepBas
NpUYMHA — CHIDKEHNE MHTEeHCUBHOCTH ITOTOKA YIJIe-
pona depe3 aleTusi-KoA B pe3ynbraTte MHAKTUBALIUU
ochorpaHcalieTunaspl Pta u anietaTkrHaszbl AckA,
a TakKe B pe3ysibTaTe BO3POCIIIEro pacxoja ero Mera-
OOJIMYECKNX TIPEAIIECTBEHHUKOB — (ochOeHOMTH-
pyBaTa ¥ IIMPOBUHOIPAIHOI KUCIOThI HA CUHTE3 CO-
OTBETCTBEHHO SIHTAPHOU U MOJIOUHOM KUCIOT. Bropas
IpUYrHA — CHIDKEHNE OTHOCHUTEIBHOM AJOCTYITHOCTU
HEOOXONUMBIX JIJIS OMOCUHTE3a CITUPTOB BOCCTAHOB-
neaHbpIXx HAJTH sxBuBaneHTOB. JIeiicTBUTEIIBHO, IS
¢dopMupoBaHMA OOHOM MOJEKYJbl 3TaHOJIA U3 alle-
T1-KoA HeoOoxomumo 2 mosiekyasl HAJIH, B TO Bpe-
MsI KakK Oj1s1 oOpa30oBaHUSI OJHOM MOJIEKYJIbI 1-OyTa-
HOJIa 13 ABYX MoOJIeKyJ aueTmi-KoA Heoboxommmo 4
BOCCTaHOBJICHHBIX dKBMBaJIeHTa. B oTcyTCcTBUE KMC-
Jiopoga (hbopMHpOBaHME M3 INIIOKO3bI IBYX MOJICI 1~
POBMHOTPATHON KUCIOTHI COIMPOBOXAACTCA TeHepa-
1el TOJIBbKO ABYX Mosieii mmKommTruaeckoro HA/TH.
Ilpu sTOoM (bopMUpOBaHHE MOJIOYHON KHUCJIOTHI U3
MUPOBUHOTPATHOM COIPOBOXIAETCS OKUCJICHUEM
sKkBUMOJIsIpHOTO KonmdectBa HAJIH, a obpa3zoBaHue
SIHTApHOW KUCJIOTHI U3 (ochoeHoaTIMpyBaTa B BOC-
CTAaHOBUTEJILHOM YaCTU IUKJIa TPUKAPOOHOBBIX KMC-
JIOT TpeOyeT IByKPaTHOTO MOJISIPHOTO M30BbITKA BOC-
CTaHOBJICHHbBIX 3KBUBaJeHTOB. [1o 3T0it puumnHe, a
TaK:Xe B CHUTY TOTO, UTO HeJaBHO ObLJIa IT0Ka3aHa 3Ha-
YUMOCTb IJIsI OMocuHTe3a 1-OyTaHosna “IBMXKYIIMX
cuir” auetn- KoA m HAJIH [15], mHakTUBUpOBaIN B
mTamMMax reH /dhA, Kogupyronuii JaKTaTaeruapore-
Hasy LdhA (K® 1.1.1.28), 11 noBbIlIEHNs OTHOCHU-
Ne 4
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TEJBbHOM JOCTYITHOCTHU JJII OMOocHHTe3a |-OyraHosa
BoccTaHoBJIIeHHbIX HAJ/IH sKBMBaJIEeHTOB.

ITonyuennsie mrtaMmmbl MG A3 [pHYc-thl-bes] n
BOX-3 A3 6071ee moa0BUHbBI YTUIIM3UPOBAHHO! TJII0-
KO3bl BKCKPETUPOBAJIM B Cpelly B BUIlE MUPOBUHO-
rpajHON KUCJOThI, TEM CaMbIM TIOBBIIIAS TOCTYII-
HOCTh TJIMKOJUTUYeCKU chopmupoBaHHbix HAIH
IUTst OMocuHTe3a 1-0yTaHoJa U3 “OCTaTOYHBIX” MeTa-
00JIMTOB MpeIIeCTBEHHUKOB. JIefiCTBUTEbHO, OO~
cuHTe3 1-0yranona mramMmamu MG A3 [pHYc-thil-
bes] 1 BOX-3 A3 BO3pOC OTHOCHUTEIBHO IIITAMMOB
MG A2 [pHYc-thil-bes] 1 BOX-3 A2. Tlpu 3TtOoM 11ipo-
aykuwys 1-oyranosa mrammamMu MG A3 [pHYc-#hl-bes]
n BOX-3 A3 nmpakTtudecku He oTandaiach. JaHHbII
pe3yJabTaT CBUAECTEIBCTBOBA O TOM, YTO (DOPMUPO-
BaHue OyTupuii-KoA B knetkax E. coli B pe3ynbrare
oOpailleHHOro AeicTBus (hepMEeHTOB HATUBHOTO ITy-
TU 3-OKUCIEHUS KUPHBIX KUCTIOT MOXET OBITh CpaB-
HUMO 110 3¢p(HEKTUBHOCTHU ¢ (pOPMHUPOBAHUEM BTOrO
MeTabosuTa NMoja JeMCTBUEeM TeTepoJIOTMYHOro hep-
MEHTaTUBHOTO KOMILUIeKca kinoctpuauil. HemaBHO
a¢dPeKTUBHOE 0Opa3oBaHue B KieTkax E. coli anmi-
KoA 1npoun3BogHBIX B pe3yabTaTe oO0palleHus [UKiIa
[B-oxucieHnsT XKUPHBIX KUCIOT OBLIO TTOKa3aHO MpU
CYIEepIKCIPECCUU KITIOUEBbIX TEHOB B COCTaBe IjIa3-
mup [8]. ITosyyeHHBICe HAMU PE3yABTaThl CBUICTETb-
CTBOBAJIM O JOCTaTOYHOCTU, MPHU CO3MaHUMU Oaro-
MPUSTHBIX YCIOBUI, ETMHUIHBIX XPOMOCOMHBIX KO-
MU TEHOB, KOAMPYIOIIUX (EPMEHTHI [3-OKUCTEHUS
JKUPHBIX KUCJIOT, WIs1 3PPEeKTUBHOro OMOCUHTE3a
oytupuii- KoA B kitetkax E.coli.

TeMm He MeHee KoM4yecTBa 1-OyTaHoia, CUHTE3U -
poBanHbie mmTamMmmamMu MG A3 [pHYc-thl-bes] n
BOX-3 A3 ocraBaich HU3KMMHU M HE CPABHUMBIMHU C
KOJIMYeCTBAMU TIPOAYLIUPYEMOTO IITaAMMaMU 3TaHO-
na. IIpuurHOMi 3TOMY CITY>KMJIO TO, 4YTO aleTui- KoA
SABJISIETCSL [IJISI AJIKOTOJIb/adbAeru AeTrUApOreHa3bl
AdhE ropa3no 0onee mpemImo9TUTEeILHBIM CyOCcTpa-
TOoM, Hexenu oytupuia-KoA [2]. OnHako ajakorojb-
WIN albAeTU/-I1eraIporeHa3Hy0 aKTUBHOCTb B KJIET-
Kax E. coli MOTYT TIPOSIBIISIT TaK:Ke U Apyrue hepMeH-
TBI, TaKue, Kak, HarmpuMep, AdhP (K®d 1.1.1.1), YqhD
(K®d1.1.1.-), MhpF (K® 1.2.1.10) u op. B HopMme ak-
TUBHOCTb JaHHBIX (PEepMEHTOB B KJIETKAX HE IIPOSIB-
JISIeTCsT, HO MOXET aKTUBUPOBAThCS B PEKOMOMHAHT-
HBIX ITaMMax. Tak, B YaCTHOCTH, OCTATOUYHBIN OMO-
cunte3 mraMmmMamMu MG A3 [pHYc-thl-bes] 1 BOX-3
A3 yKCYyCHOI 1 MOJIOUHO# KMCJIOT C Y4ETOM MHAKTH -
BallMM OCHOBHBIX IyTeld WX OMOCUHTE3a ObLI1 00Y-
CJOBJIEH, MO BCEW BUAMMOCTU, AKTUBALIMEU OEWi-
CTBUSI aJIbTEpHATUBHBIX (EPMEHTOB, TaKMX, KakK
anii-KoA tuoacrepaza YciA (K@ 3.1.2.20), aue-
tanpaeruagernaporeHaza MhpF (K® 1.2.1.10), anb-
nerupneruaporeHasa AldB (K® 1.2.1.4) u nakraiab-
nerun aeruaporeHaza AldA (K@ 1.2.1.22). Takum
o0pa3oM, ajakorojb/anbaerun geruaporeHasa AdhE
OblJIa MHAKTUBUPOBAHHA B KJIETKAX pPeKOMOMHAHT-
HBIX IITAMMOB.
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OnmHaKo B pe3yabTaTe TAKOM MOIM(PUKAIIMY aHad-
poOHast yTMIM3aLsl TJIIOKO3bI TTOJyYeHHBIMU IITaM-
mamu MG A4 [pHYc-thl-bes]) 1 BOX-3 A4 pe3ko cHU-
3umack. MOXXHO OBLIO TIPEAOIOXNTH, YTO (DOHOBOI
AKTMBHOCTU aJIbTEpPHATUBHBIX aJIKOTOJb- U ajible-
TUI-JeTUAPOreHa3 ObUIO HEIOCTATOYHO I 3 dek-
TUBHOIO OMOCHHTE3a CIIMPTOB, O YeM CBUIETEIb-
CTBOBAJIO OTCYTCTBUE B Cpelax KyJbTMBUPOBAHUS
ITaMMOB 1-OyTaHOJIa M IPUCYTCTBUE JIMIIb HEe3Ha-
YUTEIbHBIX KOJIUYECTB 3TaHoJa. B pe3yabrate cHu-
JK€HHasi UHTEHCUBHOCTbh PEOKUCICHUS TJIMKOJIUTHU-
gyeckoro HAJ/IH B kineTkax peKOMOMHAHTHBIX IITaM-
MOB OI'paHMYMBAJIa UX CIIOCOOHOCTh K aHA3POOHOMY
noTpeOJICHNIO TIIOKO3bl. OUeBUIHO, 4TO IUIST 0ob0ec-
nevyeHusl B KJIeTKaX MOAUMUIIMPOBAHHBIX IITAMMOB
MOBBIIIEHHON aKTUBHOCTU LEJIEBBIX aJIKOTOJIb- U
aJIbIerua-AeruiporeHa3 TpeOyeTcsl HampaBIeHHOE
U3MEHEHNE B XpPOMOCOME PEryJsSITOPHBIX oOJacTeit
KOJIMPYIOIINX UX T€HOB.

PesynbraThl IpoBeIeHHOIO HaMU MCCJIeTOBaAHUS
CBUJIETEJIbCTBYIOT O TOM, YTO (DOPMUPOBAHUE B KIIET-
Kax E. coli oytupun-KoA B pe3yJibraTe o0paiieHHOro
NEeCTBUSI COOCTBEHHBIX (DEPMEHTOB MYTH [3-OKUCIIe-
HUS XKUPHBIX KUCJIOT MOXET ObITh, KAK MUHUMYM, He
MeHee 3 OEKTUBHBIM, YEM KaTaIM3UPYEMOE TeTepo-
JIOTUYHBIM (PEPMEHTATUBHBIM KOMIIJIEKCOM KJIO-
crpunnii. I[Tpu aToM m1s1 3¢heKTUBHOTO OMOCHHTE3a
JIAaHHOTO MeTaboIMUTa He TPeOyeTCsT CYyNepaKCIIPECCUU
T€HOB, KOAWPYIOIIMX KItoueBble DepMEHTbI, B COCTA-
Be 1u1a3Mui. JlaHHbIe, MOJyYeHHbIE B XOJ€ XapaKTe-
PUCTUKNA PEKOMOMHAHTHBIX IITAMMOB, TO3BOJIUIU
3aKJII0YUTh, YTO JIJISI KOHCTPYUPOBAHUSI HA OCHOBE
mopenpHoro imramma BOX-3 A4 sddekTuBHOrO
npoayneHTa 1-0yraHojia HEOOXOOAUMO O0ECIICUUTh B
KJIeTKaX IITaMMa TOBBILIEHHYI UHTEHCUBHOCTD 00-
pazoBaHus aleTri- KoA 1 1ocTaToOuHYy0 aKTUBHOCTh
cnelu(UUYHBIX aJKOTOJib- U aJlbJAeru/-IeTUuapore-
Ha3, KaTaIM3UPYIOIIUX TEePMUHAIbHBIE CTaAUU BOC-
craHoByeHus OyTupuia-KoA B 1ieJieBoii MpOayKT.

ABTOpBI BBIPpAXAlOT OJIATOMapHOCTb COTPYIHHUIIE
TocHUMHNrenetnka bepesunoit O.B. 3a mpenocras-
JieHHbIe TipernapaTsl rmasmun pHYce u pHYc-thl-bcs.

PaGota BhITIOJIHEHA ¢ UCIOIB30BaHUEM 00OPYI0Ba-
aust LIKIT ®I'YIT “TocHUHWreHetrka” npu ¢rHAHCO-
Boui nogaepxke PODU (rpantsr NeNe 10-04-00766-a n
11-04-91184-T'PEH_a) u MuHucTepcTBa 00Opa3oBaHUs
n Hayku PO ('K Ne 16.552.11.7029).
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1-Butanol Synthesis by Escherichia coli Cells Through Butyryl-CoA
Formation by Heterologous Enzymes of Clostridia and Native
Enzymes of Fatty Acid B-Oxidation

A. Yu. Gulevich, A. Yu. Skorokhodova, A. A. Morzhakova, S. V. Antonova, A. V. Sukhozhenko,
R. S. Shakulov, and V. G. Debabov

All-Russia Research Institute of Genetics and Selection of Industrial Microorganisms,
Pervyi Dorozhnyi proezd 1, Moscow, 113545 Russia
e-mail: gulevich@genetika.ru
Received December 8, 2011

Abstract—Anaerobic biosynthesis of 1-butanol from glucose is investigated in recombinant Escherichia coli
strains which form butyryl-CoA using the heterologous enzyme complex of clostridia or as a result of a rever-
sal in the action of native enzymes of the fatty acid 3-oxidation pathway. It was revealed that when the basic
pathways of acetic and lactic acid formation are inactivated due to deletions in the ackA, pta, poxB, and ldhA
genes, the efficiency of butyryl-CoA biosynthesis and its reduced product, i.e., 1-butanol, by two types of
recombinant stains is comparable. The limiting factor for 1-butanol production by the obtained strains is the
low substrate specificity of the basic CoA-dependent alcohol/aldehyde AdhE dehydrogenase from E. coli to
butyryl-CoA. It was concluded that, in order to construct an efficient 1-butanol producer based on a model
strain synthesizing butyryl-CoA as a result of a reversal in fatty acid B-oxidation enzymes, it is necessary to
provide intensive formation of acetyl-CoA and enhanced activity of alternative alcohol and aldehyde dehy-

drogenases in the cells of a strain.
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PUTATIVE DOWN-STREAM SIGNALING MOLECULE OF GTPase
IN Porphyromonas gingivalis
© 2012 M.-J. Chun, K.-J. Park, S.-H. Ohk

Department of Oral Microbiology, 2nd Stage of Brain Korea 21 for School of Dentistry, Chonnam National University,

Gwangju, 500-757, Korea e-mail: shohk@chonnam.ac.kr
Received August 26, 2011

Porphyromonas gingivalis is a strict anaerobic bacterium mainly responsible for periodontal disease in oral
cavity. Putative GTPase gene (pgp) of this bacterium was cloned and its recombinant protein (rPGP) was pro-
duced in Escherichia coli. Based on the amino acid sequence of SGP that is a GTP-binding protein of Strep-
tococcus mutans, putative GTPase amino acid sequence was deduced in the data base of genome sequences of
Porphyromonas gingivalis. A 900-bp PCR fragment was amplified with P. gingivalis genomic DNA as a tem-
plate and cloned into E. coli IM109. Then pgp was transferred into pQE-30 expression vector to make pQE-
PGP for production of rPGR. This protein was produced and purified by Ni-NTA affinity column chroma-
tography. Anti- PGP antibody was also produced in Sprague Dawley rats. Using Westernblot analysis with this
antibody, it was confirmed that the rPGP produced in E. coli was identical to that of donor strain. Further-
more, by Southernblot analysis it was revealed that the pgp was originated from P. gingivalis. By immunopre-
cipitation with anti-PGP antibody and N-terminal amino acid sequence analysis it was found that PGP was
able to bind to acetate kinase, which was reported to be a secondary signaling-molecule in anaerobic micro-
organisms. Therefore, these results imply that P. gingivalis produces putative GTPase and this protein might

play a potential role in signaling pathway in oral biofilm formation.

Porphyromonas gingivalis is one of the most well-
known bacteria that cause periodontal disease. It is of-
ten found in odontogenic abscess of periodontitis pa-
tients [1]. Infection of this organism often induces the
activation of osteoclastic cells resulting bone resorp-
tion [2]. Controlling this organism in oral health is im-
portant because it is associated with not only in peri-
odontal disease but also cardiovascular disease [3].
Furthermore, the formation of oral plaque usually
does not arise with single organism. Oral plaque is a
microbial biofilm formed by organisms tightly bound
to each other and to the solid surface of teeth by means
of an exopolymer matrix into which they are embed-
ded [4]. Organisms in biofilm compose a unique eco-
system in human oral cavity where they can success-
fully coexist and thrive. Characteristics of this biofilm
suggest that oral bacteria may have developed some so-
phisticated interspecies communication mechanisms
[5]. Besides that, the most of bacterial species have de-
veloped their own signaling pathways to detect envi-
ronmental conditions.

GTP-binding proteins (G-proteins) are consid-
ered as ubiquitous in signaling events not only eukary-
otic but also prokaryotic cells [6]. Their genes are
known as essential genes for survival since several at-
tempts to mutate this gene have been unsuccessful [7].
Several types of G-proteins were also found in
prokaryotes such as Escherichia coli [8] and Strepfo-
coccus mutans [9]. Since G-protein from S. mutans
(SGP) showed significant sequence identity with the
E. coli Ras-like protein (Era) [8], we have searched a

putative GTPase gene in P gingivalis based on the ami-
no acid homology between Era and SGP. This putative
gene of P. gingivalis G-protein (PGP) was cloned and
characteristics of the purified recombinant PGP
(rPGP) were investigated in this report.

MATERIALS AND METHODS

Bacteria strains. Porphyromonas gingivalis 381 was
used as a donor strain (laboratory stock) for the clon-
ing of GTPase gene. BHI (Brain Heart Infusion) broth
(Becton Dickinson, USA) containing 0.1% vitamin
K, (Sigma, USA) and 1% Hemin (Sigma, USA) was
used for the cultivation of the bacterium. P. gingivalis
was grown at 37°C in anaerobic chamber (Forma Sci-
entific, USA) with 85% N,, 10% H,, and 5% CO,
mixed gas. E. coli IM109 (Promega Co., USA) was
used for the cloning of the PGP gene and E. coli M15
(QIAGEN, USA) was used for the expression of fusion
protein.

Cloning pgp and expression of PGP. Putative pgp
gene was amplified using PCR technique with P. gin-
givalis genomic DNA as a template. A SGP homolo-
gous sequence of P. gingivalis W83 was identified by
searching The Institute for Genomic Research data-
base (http://www.ncbi.nlm.nih.gov) with the amino
acid sequence of S. mutans. A pair of primers, PGP-F
(5'-AA GGATCCATG CAA GTA GAG GAG TCC-3)
and PGP-R (5'-GG AAG CTT CTA ATC CAA CTG
ATA GCC-3'), were designed based upon the se-
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quence of pgp gene of P. gingivalis and used for ampli-
fying and cloning.

About 0.9 kbp of PCR fragment was digested with
BamHI and Hindlll and ligated into the multi cloning
site of pQE-30 expression vector (QIAGEN, USA)
which was also digested with BamHI and HindlI1. The
resulting 4.3 kbp plasmid vector was designated as
PQE-PGP and transformed into E. coli M15 which
harboring pREP4 vector.

For expression of PGP protein, 5 ml of the over-
night culture of E. coli M 15 (pQE-PGP) was inoculat-
ed into 200 ml of LB broth containing 0.1 mg/ml of
ampicillin and 0.025 mg/ml of kanamycin. After 2 h of
the incubation at 37°C with vigorous agitation ODg
of the culture broth reached about 0.5. To induce the
expression of PGP, 2 ml of 100 mM of isopropyl B-D-
1-thiogalactopyranoside (IPTG) was added to make
1 mM of final concentration and incubated 4 h. The
culture broth was then harvested and applied to SDS-
PAGE analysis and further purification steps.

Purification of recombinant PGP. Purification of
rPGP was carried out by the method of manufactur-
er’s manual with slight modifications. Briefly, the bac-
terial cell pellet was suspended in 10 ml of lysis buffer
(50 mM NaH,PO,, 300 mM NacCl, 10 mM imidazole,
pH 8.0) and disrupted with sonication (Vibra cell
VCX-600, Sonics and Materials Inc., USA) for 5 min
with a pulse (on: 5 s, off: 5 s) followed by centrifuga-
tion at 10000 g for 30 min at 4°C. Supernatant was
saved for the following purification steps. It was loaded
on 10 ml of Ni-NTA agarose resin was packed in a
small column (14 x 50 mm) and the flow-through
fractions were collected from the column. The column
was washed with 40 ml of washing buffer (50 mM
NaH,PO,, 300 mM NacCl, 20 mM imidazole, pH 8.0)
3 times and the protein bound to the resin was eluted
with 10 ml of elution buffer (50 mM NaH,PO,,
300 mM NaCl, 250 mM imidazole, pH 8.0) 4 times.
All the purification steps were carried out at 4°C.

Preparation of anti-PGP polyclonal antibody. Eight
weeks-old female Sprague Dawley (SD) rats (180—
200 g) were used for the preparation of anti-PGP
polyclonal antibody. First, 0.3 mg of PGP mixed with
same volume of complete Freund’s adjuvant (Sigma,
USA) injected in the abdominal cavity of the rats with
18-gauge needles. The same boost injection was car-
ried out 2 weeks later. To confirm the formation of an-
ti-PGP antibody, serum was collected from the tail of
the rats and applied for the dot blot with nitrocellulose
membrane (Pierce, USA). Horseradish peroxidase-
conjugated goat anti-rat IgG (Pierce, USA) was used
to confirm the production of antibody. After 25 days of
the primary injection rats were sacrificed and serum
was collected.

Immunoprecipitation. To prepare cell extract of
P. gingivalis, bacterial culture was harvested by centrif-
ugation at 10000 g for 5 min in the middle of logarith-
mic phase and disrupted by sonication for 5 min with
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a pulse (on: 5 s, off: 5 s). After centrifugation at 10000 g
for 30 min at 4°C, the supernatant was collected. For
immunoprecipitation, 0.05 ml of anti-PGP antibody
and 0.1 ml of protein A-agarose beads (Sigma, USA)
were added to 0.15 ml of the cell extract. The protein
mixture was incubated at 4°C for 1 h with brief shak-
ing. After centrifugation of the mixture at 10000 g for
15 min, the pellet was collected and washed three times
with 10 mM PBS (pH 7.4) and kept at 4°C intil use.

Southernblot analysis. Partially digested chromo-
somal DNA with HindlIll was applied to agarose gel
electrophoresis and transferred to nitrocellulose
membrane (Pierce, USA) by capillary transfer method
[10]. About 0.9 kbp of pgp gene digested with BamHI
and Hindll1l from pQE-PGP was labeled with digoxi-
genin (Roche, Germany) to use as a probe. Probe was
denatured at 95°C for 5 min, cooled rapidly on ice and
hybridized to the membrane at 55°C for more than
20 h by method described above. After hybridization
the membrane was washed with 2 x SSC (150 mM
NaCl, 15 mM sodium citrate, pH 7.0) supplemented
with 0.1% SDS twice and 0.5 x SSC with 0.1% SDS
twice at 65°C (15 min for each wash). Anti-digoxige-
nin-AP conjugate (Roche, Germany) was diluted with
10 ml of blocking buffer (0.1 M maieic acid, 0.15 M
NaCl, pH 7.5 with 0.3% Tween 20 and 1% blocking re-
agent with 1.0 : 5,000 ratio and applied to the mem-
brane for 30 min at room temperature. Development
of the membrane was carried out with 200 ul of
NBT/BCIP (nitroblue tetrazolium/5-bromo-4-chol-
ro-3-indoyl phosphate) solution as a substrate.

Westernblot analysis. Bacterial cell extracts and
rPGP were applied to SDS-PAGE and transferred to
nitrocellulose membrane. Anti-PGP antibody was
used a primary antibody with 1 : 100 ratio in a blocking
buffer (0.2 M Tris-HCI pH 7.6 with 1.37 M NaCl,
0.1% Tween 20 and 2% non-fat dry milk). HRP
(horseradish peroxidase)-conjugated goat anti-rat
IgG (Pierce, USA) was used as a secondary antibody
with 1 : 2,000 ratio in the blocking buffer. Develop-
ment was carried out with 0.5 mg/ml of 4-chloro-1-
naphtol (Sigma, USA) and 0.05% H,0,.

RESULTS

Based on the amino acid sequence of a GTP-bind-
ing protein of S. mutans (SGP) [7, 9—12] the putative
GTPase amino acid sequence was deduced in the data
base of genome sequences of P. gingivalis. About 900-bp
PCR fragment was, first, amplified with the P. gingiva-
lis genomic DNA as a template and cloned into E. coli
JM109. The structural fragment of pgp was, then, cut
out and ligated into pQE-30 expression vector to make
pQE-PGP for production of rPGP. It was transformed
into E. coli M15 which harboring pREP4 vector. By
Southernblot analysis it was confirmed that the pgp
was originated from P. gingivalis (Fig. 1).
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Fig. 1. Southern hybridization analysis of the P. gingivalis
chromosomal DNA with recombinant plasmid pQE-PGP.
a — chromosomal DNA from P. gingivalis and pQE-PGP
fragments separated on 1.0% agarose gel; b — Southernblot
analysis. M — molecular weight markers; /, 4 — chromo-
somal DNA digested with EcoRI; 2, 5 — pQE-PGP plas-
mid digested with Hindlll and BamHI; 3, 6 — 0.9 kbp-
fragment of pgp. The position of the pgp is indicated by ar-
rowheads.

rPGP was produced and purified by Ni-NTA affin-
ity column chromatography. E. coli M 15 that harbor-
ing pQE-PGP was inoculated and cultured in LB
broth. After 1 h of cultivation, 1 mM IPTG was added
to induce the production of PGP (Fig. 2). Bacteria
were grown for 5 h after the induction. For the purifi-
cation of rPGP, the bacterial pellet was harvested with
centrifuge and disrupted with sonication. Disrupted
cell suspension was then applied to Ni-NTA agarose
resin. After elution with imidazole with the concentra-
tion from 10 to 500 mM, rPGP was eluted at a concen-
tration of 250 mM of imidazole. According to SDS-
PAGE molecular weight of TPGP was deduced as
about 33 kDa (Figs. 2 and 3).

The purified rPGP was used as an antigen to make
anti-PGP antibody. Anti-PGP antibody was also pro-
duced in SD-rats. Westernblot analysis with this anti-
body confirmed that the PGP produced in E. coli was
identical to that of donor strain (Fig. 3).

With the purified rPGP, immunoprecipitation was
carried out to find a molecule that might bind to PGP.
After incubation of rPGP with sonic extract of P. gin-
givalis, anti-PGP antibody and protein-A-modified
agarose beads, precipitate was formed. It was applied
to SDS-PAGE (Fig. 4). Then the proteins transferred
to PVDF membrane and one distinct protein band was
cut from the membrane for N-terminal amino acid se-
quencing. Amino terminal sequence of the protein
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Fig. 2. Expression of PGP in E. coli M15. SDS-PAGE with
10% of acrylamide gel was carryied out with cell extract of
E. coli M15 caring pQE-PGP plasmid and stained with
Coomassie brilliant blue R-250. M — molecular weight
markers; / — cell extract of E. coli M 15 carrying pQE-PGP
plasmid without induction; 2 — cell extract of E. coli M 15
carrying pQE-PGP plasmid induced with 1 mM IPTG.
rPGP expressed in E. coli was indicated by an arrowhead.

bound to the rPGP was turned out as acetate kinase
that has a sequence of Ser-Lys-Val-Asn-Glu [3].

DISCUSSION

Putative gene of the P. gingivalis G-protein (PGP)
was cloned into pQE-30 expression vector to make re-
combinant protein. Amino acid sequence of rPGP
showed 91.1% with SGP (data not shown). Era which
is known as an essential signal transducing molecule in
E. coli is a peripheral membrane protein which
binds to the cytoplasmic surface of the inner mem-
brane [13]. In previous report, we have reported that
there is an extensive homology between SGP and oth-
er G-proteins in the GTP-binding domain near N ter-
minus [11]. This was also valid for PGP and SGP.

Since Era was reported to form a dimer in crys-
talline form [14] and SGP has been reported to oli-
gomerize [9], it was suggested that oligomerization of
Ne 4
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Fig. 3. SDS-PAGE and immunoblot of the purified pgp
from E. coli M15 (pREP4, pQE-PGP). a — purified pro-
teins were run on SDS-PAGE with 10% of acrylamide gels
and stained with Coomassie brilliant blue R-250. b — West-
ernblot analysis. M — molecular weight markers; /, 4 — the
purified rPGP; 2, 5 — cell extract of E. coli M 15 carrying
pQE-PGP induced by IPTG; 3, 6 — P. gingivalis extract.

kDa

41 —

27 —

Fig. 4. Immunoprecipitation analysis of the PGP-binding
protein in P. gingivalis. Protein extract from P. gingivalis
was immunoprecipitated with the purified rPGP, anti-
PGP polyclonal antibody and protein-A-modified agar-
ose. M — molecular weight markers; I — P. gingivalis ex-
tract; 2 — cell extract of P. gingivalis immunoprecipitated
with anti-PGP; 3 — cell extract of P. gingivalis immuno-
precipitated with anti-PGP and rPGP; 4 — purified rPGP.
Co-precipitated protein with anti-PGP and rPGP was in-
dicated by an arrowhead.

G-proteins might be important for their activity. How-
ever, we could not able to find dimerized or oligomer-
ized form of PGP in the native form. It might be due
to inappropriate conditions of assay. Otherwise it
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might be inferred that oligomerized form of G-protein
is unstable so that easily cleaved to monomer.

By immunoprecipitation with anti-PGP antibody
and N-terminal amino acid sequence analysis, it was
found that acetate kinase was able to bind to PGP.
Acetate kinase catalyzes the reversible transfer of the
yv-phosphoryl group from ATP to the carboxylate
group in acetate to form acetyl phosphate. It was re-
ported to be a secondary signaling molecule in anaer-
obic microorganisms playing an essential role in carbon
and energy metabolism in bacteria [15, 16]. Recent re-
port revealed that it was essential for the growth of
anaerobic bacteria and anaerobic growth of E. coli [17].

Oral infectious diseases such as dental caries and
periodontitis are caused by a series of microbial bio-
films in oral cavity [18]. The formation of oral biofilm
makes microbial community to have resistance to an-
timicrobial agents, stress and the host defense system
than planktonic culture [19, 20]. Therefore, it is im-
portant to clarify the communication mechanism of
intra- or extra-communications within or between
species. As a candidate participating in intra-cellular
signaling pathway in P. gingivalis, PGP might play an
important role in stress-response to extracellular envi-
ronment. From the results described above, it might be
inferred that P. gingivalis produces putative GTPase
and this protein might play a potential role in signaling
pathway in oral biofilm formation. Further studies
about this protein may provide information about the
peculiar behavior mechanisms in formation of biofilm
and controlling periodontal diseases [21].
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IMoka3aHo, YTO COeMMHEHMSI apOMaTUUYECKOTO Psifia, U30JIMPOBAaHHBIE N3 KOPHEBBIX 9KCCYAATOB TPEX BUIOB
0060BbIX pacteHuit (Pisum sativum L., Vicia faba L. var. major Hartz , Glycine max L. MERR), uaeHTUGULIM -
poBaHHBIe KaK N-(heHuI-2-HapTuiaMyuH, TMOYyTUIOBBIM 1 AUOKTIIOBBIN 3(UPhI OpTO-PDTaIeBOM KHCIO-
Thl, U3BECTHBIE KaK HEraTUBHbIC ajUIeJIONAaTUYeCKNE BEeIIeCTBa, YYACTBYIOT B KOHTPOJUPOBAHUU (HhOPMU-
poBaHUs 6000BO-PU300MATBHOIO CUMO103a ITOCIe MHOKYJISIIMY KOPHEN pU3001sIMU U B HEOJIAarONPUSIT-

HBIX IJIsI CUMOMO3a YCIIOBUAX.

Baxxnyto posib B arpouTorieHO3ax OTBOASIT 0000~
BBIM PAaCTEHUSIM B CBSI3U C MX YHUKATbHBIM CBOCTBOM
dopMUpoBaTh Ha KOPHSIX KIIYOSHBKH, B KJIETKAX KOTO-
PBIX TOCEJISIIOTCST a30T(UKCHUpPYIOIIEe OaKTepUU Cce-
meiictBa Rhizobiaceae. Hapsiny ¢ accumwsiumeit N,
0000BbBIE€ PACTEHUS U UX MUKPOCUMOMOHTBI BHOCSIT B
9KOCUCTEMBI OOJIBIION BKJIaA B YIYUYILIECHUE U 03M10-
poBieHue 1ouBsl [1, 2]. [TocnenHee ompenensieTcs,
BO-TIEPBBIX, UX CIOCOOHOCTbIO aKKyMYyJIUPOBaTb U
KaraboJu3upoBaTb MHOTHME HaKarulMBawllecs B
IIOYBE MECTULIMALI U OPYTU€, BPEIHbBIE I JKUBBIX
OpraHM3MOB BellleCTBa U, BO-BTOPBIX, BO3IeHCTBUEM
Ha MOYBEHHYI0 MUKpOoMJIOpY aiesonaTuyecKuMu
COEIMHEHUSIMU, BBIACISIEMbIMU UX KOPHSIMU.

B xopHeBbIX 3KccymaTax 6000BBIX paCTEHUN Ha-
psay ¢ NpUBJEKAIOIMMHA MUKPOOPTaHU3MBbI YTJIEBO-
JlaMU, aMHUHOKMCJIOTaMHU U OKCUJIMKAPOOHOBBIMU
KkucaoTamu [3] BbIsIBIeHBI (DEHOJIbHBIE COSAMHEHUS
(®C) [4], cocTaB KOTOPBIX TOCTATOYHO pasHOOOpa-
3eH [4—6]. PaznooOpasHel u pyukimu OC, BeIAEA-
e€MbIX 3TUMU pacTeHUSIMUA BO BHEIIHIOW cpeny. Tak,
psin @C, U3 YKclia TPUCYTCTBYIOIINX B KOPHEBBIX
9KccyaTax, MOXeT MOABepraTbcsl KaraboynsmMy Mo
JeficTBUEM MUKPOOPTraHU3MOB M CIYXUT JISI HUX
Tpoduuyeckum Matepuanom |[7, 8]. DOC sgBasiorcs
pacTUTEbHBIMU CUTHAJIbHBIMU MOJIEKYJIaMU, UHIY-
LMPYIOIIUMU Y pru300uil ouocruHTe3 Nod-¢haKkTopoB,
WHULUUPYIOUIMX MPpOoLiecChl UHOULIMPOBAHUS U HO-
nynssiun [9]. B KkopHeBBIX 3KccymaTax 0000BBIX pac-
TeHUI BBISIBJICHBI (PUTOATECKCUHBI M30(hIaBOHOU/I -
HOTO MPOMCXOXAEHMS, MOAABJSIOIINE TTOYBEHHYIO
mukpodJopy [2, 10—12], 3a UcKIrOYeHNEM, I10-BU-
IuMoMy, 6akrepuii Rhizobium [13, 14].

3a skckpenuio P®C, BO3ASUCTBYIOIIUX Ha PU-
30011, OTBETCTBEHHBI OINpeaeICHHbIE 00JaCTU KOp-
H# [15, 16], TO-BUAMMOMY, BKITFOUYAOILINE 30HBI ITpe-
MMYILIECTBEHHOTO BbIACICHUS (PEHOIBHBIX MHAYKTO-

POB WU MHTUOUTOPOB IKCIPECCUU PU300UATIBHBIX
nod-renos [17].

Kak moka3zaHO psSIOM MCCIeNOBaHUA, KOJIWYeE-
CTBO CEKPETUPYEMBIX (PEHOJIBHBIX COETUHEHUN 3a-
BUCUT OT LIEJIOTO Psiga OOCTOSITENLCTB [5, 6, 18—21].
OHO 110 MEpPE POCTa W PAa3BUTHUS PACTEHUS MEHSIETCS
aJBTEpHUTUBHO. IIpOMCXOMUT YCHMIIEHUE BKCCyIa-
11U GHEeHOJBbHBIX COeANHEHNI B Hayajle B3auMOIEii-
CTBUSI C CUMOMOTUYECKMMHU MUKPOOPraHU3MaMUu W
ee CHIKEHUE MPU HeOIaronpusITHBIX YCIOBUSIX Cpe-
apl. ITo-BugnMoMy, Gnarogapsi KOJMYECTBEHHBIM U
KA4eCTBEHHBIM M3MEHEHUSIM B COCTaBE KOMIUIEKCOB
(beHOJIBHBIX COETMHEHUI KOPHEBBIX 3KCCYIATOB OCY-
HICCTBJIACTCA PEryjsauusgd 9TUMMU BCHICCTBAMM IIPO-
1ecca pa3sMHOXEHUSI pU300UIT M WHAYKINN Y ITHUX
6axkTepuii cuHte3a Nod-dakTopos [5, 6, 20, 21].

YV pacTeHmit ropoxa B HEOJIaroIPUSITHBIX YCIOBU -
SIX 3aMeIJICHUE HavyaJIbHbIX 3TaloB (hOpMUPOBAHUS
cuM0buo3a COMpsIKEHO HE TOJbKO C YMEHbIIEHUEeM
akccymannu KopHsaMu @C, HO U ¢ TIOHKEHHUEM PO-
CTOBOI1 aKTUBHOCTH 3TUX BEIIECTB B OTHOLLIEHUU PU-
300uit [5, 6]. Bce Bo3HMKaOIINE U3MEHEHUSI B KOM-
rekcax @C KOpHEBBIX 9KCCYIATOB, TTO-BUINMOMY,
MMEIOT OTHOIIIEHWE K MeXaHW3MaM aBTOPETYIISIIINH,
KOHTPOJUPYIOIIUM TePUOIUYHOCTh WHMPUIMPOBaA-
HUSI KOpHE M 0O0pa3oBaHMUsI HA HUX KJIyOEHbKOB B
XOJI€ Pa3BUTUSI KOPHEBOM CUCTEMBbI PACTEHUSI-XO35TH -
Ha U JIUMUTUPYIOLIMM YKUCIO KJIYOEHbKOB Ha €ro
KOPHSIX B HEOIAaroMPUSITHBIX YCIIOBUSIX.

OO0OHapy:XeHHbIE U3MEHEHUSI POCTOBOI aKTUBHO-
CTU U3YYEHHBIX 3KCTPAKTOB U3 KOPHEBBIX BKCCYyIa-
TOB, TI0 HaIlIEMY MPEATIOJ0KEHUIO, 00YCTOBIEHbI CO-
nepXaHUEeM B 9THX 9KCCydaTaxX psiaa apoMaTHIeCKUX
KOMIIOHEHTOB C HETaTMBHBIM aJuleIoNaTu4eCKUM
addexkroMm. B ux uncie naeHTUGULIMPOBAHHBINA Ha-
mu N-beHuwI-2-HahTUiIaMuH, 0003HAYEHHBII IpU
MepBOM €ro OOHApy>XeHUHU B 3KCCYyIaTax ropoxa Kak
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BeniecTBO “X” [5], m mMOYTHIIOBBIN U TUOKTUIOBBIN
3(Upbl OPTO-(TAICBOI KUCIOTHI, TIPEACTaBIsSIEMbIC B
yrcie (eHOIBHBIX KOMIIOHEHTOB KOPHEBEIX 9KCCyIa-
TOB 000OBBIX PACTeHMIA BIIEPBbIE B HACTOSIIIEH ITyOIr-
Kaluuu. Bce oHM OTHEeCEeHBI K UMCITy HeOJIaronmpUsITHBIX
JUJISI XKMBBIX OPTaHU3MOB aJUIeJIONaTUYECKUX BEILECTB
PACTUTENIBHOTO MTPOMCXOXKACHMS [22—26].

Lenp paboOThl — MOJIydeHUE TOKAa3aTeJIbCTB yya-
CTUS aJUIEIONATUYECKUX COCAMHEHMI, IIPUCYTCTBY-
IOIIMX B KOPHEBBIX 3KCCyIaTaX 6000BBIX pACTEHUIA, B
KOHTPOJMPOBAHUU YMCJIEHHOCTU PU300MiI B pU30-
chepe B HayaJIbHbIE TIEPUOALI IOCJIE MHOKYJISIIUU 1
B HeOJAronpusTHBIX IJis1 (DOPMUPOBaHUST GOOGOBO-
pU3001aJTbHOTO CUMOMO03a YCIIOBUSIX.

METOAUNKA

O0beKT uccienopanus. CxeMa npoBeneHns SKcne-
pumenta. McXOnHBIM pacTUTENbHBIM MaTepUaIoM
CIIY>KUJIU 2 CYT 3TUOJMPOBAaHHbIE TTIPOPOCTKHU ropoxa
(copt AManbckuii), 6060B (copT Pycckue yepHbie),
cou (coproobpasen; Ne 15, moiyauen B CUDUBP CO
PAH, NUpkyTtck), BeIpociine B TepMocTaTe mpu 22°C
0e3 ocBelleHUsI. DTU MPOPOCTKU MOMEIIAJIU B BOM-
HYIO Ccpelly, CoJepKalllylo HEOOXOAUMBIN JJI11 UX po-
CcTa MUHUMAJIBHBII HA00p MUKPOBJIEMEHTOB, BHOCH -
MBIX B BOIHYIO cpeny 1o [5], KoTopasl exKeTHEBHO 3a-
MeHsu1ack. JlanbHeliiee BbipalliiBaHe pacTeHUI Ha
BOIHOM cpele MpOBOAMJIM B TepMocTtaTe Ipu 22°C
0e3 oCBelleHUS UM B KaMepe GUTOTPOHA C TeMITepa-
Typoii 20—22°C, BIaXXHOCTBIO BO3ayxa 0oKojiao 60% u
ocBenieHueMm (2.1 kik) ¢ 13-yacoBeiM ¢oTOIIEpPUO-
nom. [Tpu 3ToM BIMSTHUE OCBELLICHUSI U UHOKYJISILIUU
Ha cocTaB (PEHONIbHBIX COeAUHEHUI I KOPHEBBIX KC-
CyIaTOB U3y4YaJIu TOJIBKO Ha PACTEHUSIX FOpoXa.

Nuokyasumsa. MTHOKyJAT, conepXkaiuii 6akTepun
Rhizobium leguminosarum bv. viceae, mtamma 1060
(2440) (addexTuBHbI, moaydeH u3 BHHMU c/x
Mukpoouosoruu, Iymkun, C.-IlerepOypr), BHOCH-
JIM B BOJHYIO Cpeldy, Ha KOTOpYIO MoMellaad Mpo-
POCTKM ropoxa, TOJAbKO B 1 CyT a3KCniepuMeHTa.

ITonxyyenue 3kcTpakToB @C U3 KOpPHEBBIX IKCCYIA-
ToB. ®C u3BIIeKaNM U3 BOTHOM Cpelabl B STUIALIETAT
nocJiie nogkuciieHus ee ¢ nomoinsio HCI oo pH 3.0—
4.0. Tlocne ynapuBaHUsI 3TUjalieTaTa B TOKE XOJIO/-
HOT'O BO3[yXa OCTATOK PACTBOPSIN HEOOJIBIIUM 00b-
eMoM 96%-Horo 3TaHoIAa.

N3omapoBanne  N-¢denmn-2-madpruiaMuna u
CJI02KHO3(HMPHBIX COeIuHEHU 0-¢TalleBOi KHUCIOThI
M3 3KCTPAKTOB. V3011110 TIPUCYTCTBYIOIINX B 9Ta-
HOJIBHBIX AKCTPaKTaxX (heHOIBHBIX COSTUHEHU TIPO-
W3BOAWJIM TIOCJIEI0BaTEIbHO, MPUMEHSISI XpOMaTo-
rpaguio Ha 6ymare, Ha KojloHke ¢ Sephadex LH-20
(“Pharmacia Fine Chemical AB Uppsala”, llIBewusi),
TCX (Silufol UV-254, “Kavalier”, YexocinoBakus).
C nomoripio 6yMaxkHOM Xpomarorpadum B 5%-Hoit
VKCYCHOM KWCJIOTE OTHEJISUTA HETIOABIDKHBIE B yKa-
3aHHOM PacTBOpPE KOMIOHEHTBI, KOTOPhIE BJIIOUPO-
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Baju B 96%-HbIil 3TaHOJ M 3aTeM HAHOCWJIM Ha KO-
JIoHKY ¢ Sephadex LH-20. ITpomyckaembiii 4epes Ko-
JIOHKY 96 % -Hblit aTaHoi, comepxamuii 0.002% HCI,
nenny Ha ppakumn oobeMoM 1.0 v 3.5 mor. Mccare-
JlyeMble BelleCTBa OTIAEC/SUIM OT COMYTCTBYIOIIUX UM
KOMITOHEHTOB B coiepXKallluX UX (ppakirsix METOI0M
TCX, mpuMmeHssT TIOCIENOBAaTEIbHO PSS CUCTEM
(06./00.): Tomyon—1,4-mMoKcaH—yKCycHasl KHUCJIOTa
(TOY, 90 : 25 : 4); xnopoopM—OeH30J—yKCyCHast
kucinota (XBY, 100 : 100 : 1); x10podopM—3TaHOI
(4 : 1); xnopodopM—yKcycHas kucaota (3 : 2); H-0y-
TaHOJI—yKCycHasi Kucjaota—Boaa (4 : 1 : 2); 6eH3on—
yKcycHas KucinoTa—Boga (125:72: 3w 6 : 7 : 3).

Unentnpukamus N-denun-2-HadpTuiaMaa u
CJI0:KHOI(UPHBIX CcOeHHEeHUH 0-(TajIeBOii KUCJIOTHI.
JlokazaTeabCcTBa XMMMYECKOUN CTPYKTYphl 3THUX Be-
IIECTB, N30JIMPOBAHHBIX M3 9KCTPAKTOB 10 OMUCAH-
HOM BBIIIIE CXeMe, TTOTyYMITU C IPUMEHEHNUEM METOIOB
YO-, UK-cnexkrpockormu, I'X-MC-anammza. s
TIOJTHOTHI TOATBEPXKACHUS MACHTUIHOCTH CTPYKTYPBI
N-dbennn-2-nadptunamuHa nmposenn JAMP-ananms.

Y®-criekTpbl MOJYyYeHbI Ha CIIEKTPOPOTOMETPE
Specord S100 (“Analytik Jena”, IepmaHus) u uccle-
JIOBaHBI C BHECEHUEM B PACTBOPHI IIEJIOUHBIX 1 KOM-
nIekcooopasyiommux peareHToB [27, 28]. MK-crek-
TPbI 3aIIMCAaHBI C MTOMOIIbIO OJHOJYYEBOTO CIIEKTPO-
doromeTtpa “Spectrum One” (CIIIA), ocHallleHHOTO
netekropoM “MIR TGS” u mporpammamu 6100~
tek criekTpoB Nicolet/Aldrich u Pelibs (“Perkin Elm-
er”, CIIIA), npegHa3zHaYeHHBIX IJI1 MACHTU(DUKALINNA
dyukumnoHanbHbIX Tpynn MK-criekrpos. st momy-
yenust MK-crnekTpoB KOHLIEHTPUPOBAHHBIE PACTBO-
pBI BEllleCTB B 3TUJIalleTaTe HAHOCUJIM Ha TIJIAaCTUHKU
“KRS-5” (“MaxkpoonTuka, OO0O”, Poccus).

Macc-cnexTpsl 31ekTpoHHoi (DU, 70 3B) 1 xumm-
YeCcKOW MOHM3AIMU TTOJIOXKUTEIbHBIX NOHOB (Ta3-pea-
TeHT — MeTaH) MoJjydeHbl Ha ripudope GCMS-5975C
inert XL EI/CI MSD o¢upmer “Agilent”, CIIA
(Macc-aHanM3aTop KBaAPYIOJIbHBIN, IUAITa30H Je-
TeKTUpyeMbIX Macc 34-9501a). XpoMaTorpadmuaeckoe
pazmeneHre TIPOBOMWIM Ha KalWJUIIPHON KOJIOHKE
(30 M x 250 mxm x 0.25 mxMm) ¢daza mapku HP-5ms,
raz-Hocutesib — reJuii. TemmepaTypa ucrapuTens: 1
ncroyHnka noHoB 250°C. Pexum IporpaMMmpoBa-
Hus — ot 40 1o 250°C co ckopoctbio 5°C Mmuna~'. s
WHTEPIIPETAIIN UCITOJIb30BaIach SJIEKTPOHHAs O1O-
smoteka — NIST/EPA/NIH Mass Spectral Library,
Ver. 2.0.2005.

Crnextpsl AMP 'H, 13C peructpuposain Ha MyJib-
tusinepHom  @ypre AMP cnektpomerpe Bruker
DPX-400 (“Bruker”, Iepmanust), pabodast 4acToTa
400.1 ("H) u 100.4 ('3C) MIi1 ¢ BHELIHUM CTaHAap-
TOM — TeKCaMEeTUIINCIIIAaKCAHOM.

Anam3 conepxkanus N-denun-2-magTmiaMuaa u
CJIOKHOI(DMPHBIX COeAHEHUN 0-(TajieBoOil KUCIOTHI
metoaom BD2KX. ConepkaHue M3ydyaeMbIX BEIIECTB
B 9TAHOJIbHBIX DKCTPAKTaX U3 9KCCYIATOB OCYILIECTB-
Jisiu Ha xpoMatorpade Shimadzu LC-10ATvp ¢ YO-
Ne 4
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240 280 320 360 HM

0 1 1 1 1

240 280 320 360 HM

Puc. 1. CniexTpsl NOMIOIIEHUSA B 96%-HOM 3TaHOJIE BbI-
NIEJIEHHBIX U3 KOPHEBBIX 3KCCYAAaTOB PACTEHUI ropoxa
N-denun-2-nadprunamuna (a) u Beuecrna “K” (0).

nerekropoM (“Shimadzu”, SAnonust). PaszneneHue co-
NepKaBIITUXCS B 9KCTpakTaxX (heHOJbHBIX KOMITOHEH-
TOB IpoBoAWIN Ha KonoHKe Separon SGX Cig, 5 MK
(150 x 3 MM) B BO3pacTalolieM IpaaieHTe KOHIICH-

% T
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3373.45 1728.77

T

2854.54

T

T

MAKAPOBA wu 1p.

tpaunu A:b ot 30 10 90% B TeueHue 60 MuH. A — atie-
touutpui, b — 0.1 M nepxiopar Li ¢ 0.1% tpudropyk-
cycHoit kucioTel, pH = 4.0. KonmndecTBeHHBIE pacue-
Thl HPOU3BOIWINCH TI0 aACOPOLMOHHBIM MTPOMUISIM
rpu 280 HM C MCITOJIb30BaHUEM KaJIMOPOBOYHOTO Ipa-
(bvka, TOCTPOEHHOTO /ISl Pa3HbIX KOHIIEHTPALIUiA U3Yy-
qaeMbIx BemiecTB. s N-dbenun-2-nadprunamuia n
CJIOXKHOR(UPHBIX COeAMHEHUI 0-(TajeBOi KHUCIOTHI
oKas3arejad BpeEMEHU YIEep:KUBAHUSI B aICOPOLIMOH-
HBIX OPOMUISIX UCCIEAYEMBIX 3KCTPAKTOB IOATBEP-
Kaamm YP-crieKTpaMM, MOJydeHHbIMU IIJIS 3TUX Be-
11IECTB B OCTAHOBJICHHOM MOTOKE 3JII0eHTAa.

N3y4yenue BIMSHUA U30JMPOBAHHBIX U3 IKCCYIATOB
BENIECTB HA pa3MHOXeHue Rhizobium. OnpeneneHue
pocToBoii akTuBHOCTU PC B pa3MHOXEHUU OaKTe-
puii Rhizobium ocymecTBASUIN B XKUIKONH MUHUMAb-
HOI cpele B COOTBETCTBUM C TPUHIMITAMU, W3JI0-
>KEHHBIMU B padorte [29].

Craructryeckas oopadorka. CpelHHWe 3HAYCHUS
Y X CTaHAApTHBIE OIIMOKHU (pUC. 6, 7) MOJydeHbI 110
TAHHBIM M3 TPEX He3aBUCHUMBIX 3KCIIEPMMEHTOB.

PE3VJIBTATBI 1 UX OBCYXIEHWNE

B TeyeHue 3 cyT B KOpHEBbIX 3KCCydaTax HEMHO-
KyJMPOBAaHHBIX ¥ WHOKYJIMPOBAHHBIX PAaCTCHHI TO-
poxa (Pisum sativum 1.), BbIpallliBaeMbIX Ha CBETY
WY B TEMHOTE (COOTBETCTBEHHO, TO3UTUBHBIN U HE-
TaTUBHBIM (DaKTOPHI), TTPOCIEKUBAIN U3MEHEHUS 1
pa3IMyus Mocje MHOKYJISIIIMA PU300USIMU B COEp-
KaHuu N-beHun-2-HadpTuiaMuHa u Beliectsa “K”
(cMecu CIOXHOR(UPHBIX COeNUHEHNI O-(TajeBoit
kuciyiotel). CliemyeT 3aME€TUTh, YTO IEPEUYMCIICHHbBIE
BBIIIIE BellIeCTBa HAMU ObLIM OOHAPY>KEHBI HE TOJIbKO B
KOPHEBBIX 9KCCYIaTax, HO ¥ B TKAHIX KOPHE Topoxa.

C uenplo BBISICHEHUSI YHUBEPCAILHOCTU 3Hade-
HUS B pETYIISIIIMA 6000BO-pHU300MATEHOTO CMMOM03a

744.51 500.23
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Puc. 2. UK-cnexTp N-denunia-2-HabTriaMuHa, BbIISIEHHOTO U3 KOPHEBBIX KCCYIaTOB ropoxa.
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Puc. 3. CniekTpbl, XapaKTepU3yIOIlI1e CTPYKTYPY BbIACIEHHOTO M3 KOPHEBBIX 9KCCYIaTOB pacTeHuii ropoxa N-deHun-2-Had-

THUJIaMHHa.

Macc-crekTpbl 00pa3siia, BEIISIeHHOIO U3 KOPHEBBIX 3KCCYIATOB pacTeHul ropoxa (a) n N-deHu-2-HadpTriraMmuHa u3 31eK-
TpoHHOI1 6ubauoreku (Mass Spectral Database) (0); AMP-cniektp 13Cjmod N-denun-2-nadtunaMuHa, BbIIEJICHHOIO U3
KOPHEBBIX 3KcCynaToB pacteHuit ropoxa, B CDClI5 (B). ITo ocu abcuyce — BeTMYMHA XMMUYECKOTo ¢ABMra (M.1.), IO OCHU Op-

JUHAT — OTHOCHUTCJ/IbHAsA NHTCHCUBHOCTD, %.

3aHUMAaJIUCh U3YYEHUEM IIPUCYTCTBUS ATUX BEILIECTB
B DKCCymaTax IBYX APYIUX MpencTaBUTelIeil 0000BBIX
pactenuii — Vicia faba L. var. major Hartz u Glycine
max L. MERR. Hannuue B 3KcTpaKTax U3 3KCCyIaTOB
MEepeYrCIICHHBIX JIBYX BHUIOB OOOOBBIX pacTCHUM
N-dennn-2-HapTriaMruHa U CIOXKHOI(PUPHBIX CO-
eIMHEHU O-(PTajJieBOM KMCIOTHI MOATBEPXKIAIN T10
psiy TECTOBBIX ITOKa3aTeJiell MOJABMXHOCTU Ha Xpo-
MaTorpamMMax M OKpacKM C peareHTaMu Ha (heHOJIbHbIE
coenuHeHus (4acTh MX MpeNcTaBieHbl B TaOIUIE) U
Y®-cnekTpam (puc. 1), ycTaHOBJIGHHBIMM HAMU paHee
[5]. N-denun-2-nabtuiaMuH, AIUOYTWIOBBIA U
ITVOKTHUJIOBBIA 3UPHI 0-PTajaeBOi KMCIOTHI BBISB-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JIECHBI HAMU B COCTaBE 3TUIALIETATHBIX 9KCTPAKTOB U3
MX KOPHEBBIX 9KCCYIATOB Y IPOPOCTKOB O0OOB U COU,
pOCIINX B TeUeHME 3 CYT Ha BOXHOM cpefie 06e3 cBeTa.

TToarBepxxaeHUSIMI XMMUYECKOI CTPYKTYphl N-e-
HWI-2-HadTUIIaMUHA, KaKOBBIMU SIBJISIOTCS HaH-
HbIC, IpeJicTaBlIeHHbIE HA puc. 1a, 2 u 3. B UK-criek-
Tpe (pUC. 2) T0Ka3aTeJIbCTBOM IIPUHAIJICKHOCTH TaH-
HOTO BeIIeCTBA K apOMaTUYECKUM COCIMHEHUSIM
SBJISTIOTCS TTOJIOCKHI B 00J1acTsax 3000—3100; 1575—1625;
1475—1530; 0660—0825 cm~'. TTosockl cpenHe UH-
teHcuBHOCTH TTpn 3008 1 1635 cm~! HambBoIee 3ameT-
Hbl cpenu Hux. Ilosockl B obGmactsax 3350—3500;
2850—2990; 1570—1620; 1418—1465; 0750—0950 cm~!
Ne 4
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Puc. 4. Xapakrepuctruka KOMITOHEHTOB, COCTaBJISIOIMINX BelecTBo “K”.

Ha I'’X-MC (a) nuk 1 COOTBETCTBYET IMOYTUIOBOMY, MUK 2 — IUOKTUIIOBOMY 3hupam opTo-(dTajaeBoii KMCIOThl. Macc-crek-
TPBI AUOYTHUIIOBOTO (0) M AMOKTUIIOBOTO (B) 3(pMpOB O-DTANIEBOI KUCIOTHI.

YKa3bIBalOT Ha TIPUCYTCTBUE aMUHOTpynIibl. Han6o-
Jiee BBIpaXXKeHbI M3 HUX IIUpOKas TIoJioca CpeaHei
MHTEHCUBHOCTU TIpu 3374 cm~! 1 MHTEeHCUBHAS TTO-
soca ipu 2926 cm~ . TTonoca nipu 3373 cm~! cBuze-
TEJIbCTBYET O HAJIMYUU B MCCJICIOBAHHON MOJIEKYJIe
accoumupoBaHHoii NH-rpymnmst [30].

Macc-crniexTpsl Ha puc. 3a 1 30 CBUIETEIILCTBYIOT
00 MIEHTUYHOCTU BBIACJICHHOTO HAMU COCIMHEHUS
u N-beHw1-2-HapTUiiaMrMHa U3 JIEKTPOHHOU OUO-
muotekun — NIST/EPA/NIH Mass Spectral Library,
Ver. 2.0.2005. B 060oux Macc-CIieKTpax OCHOBHBIM I10
WHTEHCUBHOCTHU SIBJISIETCS ITMK MOJIEKYJIIPHOTO MOHA
(M*219).

Ha puc. 38 npeacrasineH AMP-cnextp *CIMOD
(ciektp '*CJ-MOIYIMPOBAaHHOIO CIIMHOBOIO 3XO
JMOD) pactBopa B CDCl; BblI€JICHHOIO HAMU CO-
eIMHEHMsI, KOTOPBI MOKAa3BIBACT, YTO N3yIaeMOe CO-
eIMHEHNEe COMEPXKUT 16 YIiIepomHBIX aTOMOB M W3
Hux 10 CH=-yreponos u 3 C,, (4€TBEPTUYHBIX) B

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

apoMaTMIeCKOM 00j1acTi M 1 MEeTHJIEHOBOM TPYIIITHI
(CH, — HecBsi3aHHas C KUCJIOPOAOM), SIBJSIIOIIMECS
TMOATBEPKIEHUSIMUA CTPYKTYphl N-(eHmn-2-HapThi-
aMMHa.

Eile oIuH KOMIOHEHT 3KCCyIaToB, KOTOPOMY
YACHSIJIOCh BHUMaHME B HCCIAEAOBAHUSIX, OBLIO
YCJIOBHO 0003HaYeHO HaMU Kak BemlecTBo “K” (060-
3HAUYEHME CBS3aHO C KPACHO-KOPUYHEBATHIM IIBETOM
okpacku y BeliecTBa Ha TCX, mosBisttolieiics mociue
BozneiicTBust YMD-cBeTta). Bhllie yKkazaHHBIE CIIOX-
HO®(UPHEIE COeINHEHUS O-(TajaeBOil KMCIOTHI, CO-
CTaBIISIIONINE BellecTBO “K” | a110MpoBaCh C Xpo-
marorpamm (Ipu xpomarorpahuu Ha Oymare 1 MeTO-
nom TCX) B Buae cMecH, MOCKOJIbKY He MOJIyq9aaoch
pazaefieHre UX B MCMOJb30BaHHBIX HAMU CUCTEMax
pacTtBopuTeseii. ToJbKO pe3yIbTaThl XpOMaTO-MacC-
CIIEKTPOCKOITMHM IMOKAa3aau, 4YTo BemlecTBo “K” nmeer
2 nuka (puc. 4a), COOTBETCTBYIOLIME CIOXHOIDUP-
HbIM COEIMHEHUSIM, UMEIOIIIMM OJIMHAKOBOE apoMa-
Ne 4
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Puc. 5. BOXKX n3o1mMpoBaHHBIX U3 9KCTPAKTOB KOPHEBBIX 3KCCyaaToB ropoxa BemiectBa “K” (/) 1 N-denun-2-Hadrmiamuna (2).
ITo ocu abcumce — BpeMs yaep>KUBaHUs; TI0 OCH OpIMHAT —ITorionieHue npu 280 HM.

THYeckoe sapo: 1,2-6eH3eHanKapOoOHOBast (OpPTO-
¢raneBas) kuciaora (puc. 40, B). CortacHO TaHHBIM
3JIEKTpOHHOI O0mOanoTeku criekTpoB “CAS WILEY
229 Library”, HauboJiee BepOSITHO (KO3(h(hUILIMEHT
mmogo6ust 90%), 9To OMHO U3 HUX SIBIISIETCS OTUOYTH-
noBeiM (M*° 278 Jla), BTOpoe — IMOKTWUJIOBBIM
(M*° 390 [a) acpupom 1.2-6eH30a11KApOOHOBOM
Kuciaotel. OO0 apoMaTHMYEeCKOM TpHPOAES BeIlecTBa
“K” B ero UK-cnekTpe cBUIETEIbCTBOBAIN T10JI0CA B
obsactu 3061 cm~! u pag nosioc B obyactax 1565—
1625, 1475—1530, 660—825 cm~!, u Ha TIpUHAIIEXK-
HOCTb JAHHOTO COeIMHEHUS K apOMaTUYECKUM 3PU-
paM yKaspIBaJIM TIOJIOCHI B oOmacTsax 1294, 1456,
1499 cm~! (mmporpamma 6ubaMoTeK criekTpoB Nico-
let/Aldrich u Pelibs) [30; 31].

Ha puc. 5 npuBeneHsI aicopOILIMOHHBIE TTPOMUIIH,
MoJiydeHHbIe MpH pazaeneHun metogoM BOXKX cme-
cu BemiectBa “K” um N-denun-2-naprunamuHa,
M30JIMPOBAHHBIX U3 KOPHEBBIX 9KCCYIaTOB ropoxa.

KosinuectBeHHbIE MMOKA3aTeNU ISl 3TUX BEILIECTB
Ha puc. 6 B TeUEHUE TPEXCYTOYHOIO IIeP1OoIa HaIIUX
HaOJIIOJEHU CBUIETEIbCTBYIOT 00 M3MEHEHUU MX
coliepXXaHusl B 3KccyaaTax pacTeHU ropoxa Ioj
BJIVSTHUEM MWHOKYJISILMU M YCJIOBUM OCBELICHUS.
boabiie 3THX BellIeCTB B 3KCCydaTax pacTeHUM, poc-
LIMX B TEMHOTE.

Ilepexonst Kk aHanMMU3y OCOOCHHOCTEIH CEKpeLUur
KOPHSIMU Tropoxa KaXI0To M3 M3ydyaeMbIX COeIUHe-
HUiA, ceayeT OTMETUTh, YTO KOJINYeCTBO N-(heHUI-
2-HadTHIaMMHA B pacdyeTe Ha 1 pacTeHME 3aMETHO
BBIILIIE B UX BKCCYATaX B yCJIOBUSIX TEMHOTBI, HETaTHB-
HO BIIMsTIONIe Ha Homy isiiuio [35]. IIpuMedartenbHo,
YTO M3 BCEX BAPMAHTOB HAILIMX SKCIIEPUMEHTOB Hau-
OoJsiee HU3KHKE MOKa3aTe/u COAePXKaHUSI ATOTO Bellle-
CTBa MOXHO OTMETUTH B 1 CYT Y HEMHOKYJIMPOBAHHBIX
pacTeHMit, POCIINX IMPU OCBeleHn U (puc. 6).

IMocne wHOKysAUMU KoJudecTBO N-deHun-2-
HadTUIaMIHA, BBIIEIISIeMOe KOPHSIMH, BO3pacTayio B
1 cyT B 3KccymaTax pacTeHMM KaK IMPpU BbIpallliBaHUU

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

WX B TEMHOTE, TaK M Ha CBETY, XOTS M B pa3HOI Mepe.
AHanorndHeiii 3p¢peKT MHOKYISIIUN OOHAPYKEH U
Ha CEeKpelLrio KOpHSIMM ropoxa BemrectBa “K”. Xa-
paKTepHO, YTO BO BCE TMEPUOILI HAOIIOACHUS CyM-
MapHOe KOJIWYECTBO CIIOKHOI(MDUPHBIX COCTMHEHMI
o-draneBoil KUcaoThl (Beuiectsa “K”) B akccynarax
3aMETHO MEHBIIIEe IO CpaBHEHUIO ¢ N-(peHmiI-2-Had-
TUJIAaMUHOM (puc. 6).
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Puc. 6. Brusinue ycioBuii ocBelieHUST Ha KOJIMYIecTBO N-
denun-2-HadTunamuHa (a) u BeiectBa “K” (6), Bbiae-
JISIEeMBIX 3a 1 CyT KOpHSIMU HEWMHOKYJIUPOBAHHBIX (/) U
VHOKYJIUPOBaHHBIX (2) Rhizobium pacTeHUit ropoxa B Te-
yeHue 3 cyT HaOJII0IeHUIA.

I, II, III — cooTBeTCcTBEHHO, 1, 2, 3 cyT HabmoneHuii. T —
TeMHoTa; C — CBeT.
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PGBYJ'H)T&TI)I XpoMarorpamMmm (I)CHOJ'H)HI)IX COECAUHEHUU U OCHOBHBIE MTOKA3aTEJI LIBETHBIX peaKL[I/IfI, XapaKTepUu3yrommnx
BBIICJICHHBIC U3 KOPHEBBIX OKCCYIaTOB COCAMHCHU A

DnyopecueHLys Okpacka ¢ peareHTaMu R;
Obpasent V-cper | YO-cBeT+ (g ool AMMHA 4+ | ICK + | Banmmnosbiii|  TILY, XBY,
+ NH; i + Na,CO; | + Na,CO;4 peaktuB  |90:25:4(100:100:1

N-dbenmn- | fpkotem- | YemnuBaet- | Cimabo cepast, | Spko Spko OKpacku HeT 0.82 0.88
2-HapTH- HO-¢HoIe- |cs HasSIPKOM CBETY | CUpeHeBasI | BUILLIHEBAsI
JIAMWH TOBast 10 TEMHO-

KpacHOBATO-

CHUPEHEBOM
BemectBo | Tyckio ko- | be3 usmeHe-| Ceemio-kpac- | AudHO- PozoBo- Okpacku HeT 0.74 0.39
“K” pUYHEBATO- | HU Has XKeJrrast XenTast

¢uoneroBast

Ctunpben | Cunsis Temuo cu- | Tony6osaras, |2Kenarosa- | CBeTiio- CupeHeBaTo- 0.76 0.25
?) HSIST MeHSIoNIascsl | To-cepast | XkenTast CUHSIS

Ha cepoBaTo-

JKENTYIO

Oo111ee comepaHUe B KCCydaTax 00CYyKIaeMbIX
aJUIeIONaTUYEeCKUX COeAMHEHUI KaK Y HEMHOKYJTH-
pPOBaHHBIX, TaAK M Y WHOKYJIMPOBAHHBIX PACTCHUA
MaKCHUMaJbHO Ha 2 CyT OT Hayaja 3KCIIepuMeHTa
(puc. 6). Panee [35] B 3TOT Xe Immepuoid pa3BUTUS Y
pacTeHMit Topoxa HaMW OTMEUYajloch Hadyajao pocTa
JTaTepallbHBIX KOpHel, 0ojiee aKTUBHO pa3BHBAO-
IIUXCS Y MTHOKYJIMPOBAHHBIX PU300USIMU PACTCHMIA.
He uckimodeHo, 4ToO B yKa3aHHBIM TTIepHOI HabJoIe-
HUI 13-3a 3aTpaT SHEPTUH U TUIACTUYECKOTO MaTepr-
aja, CBSI3aHHBIX ¢ HadYaJoM O0O03HAYCHHOTO BBIIIIE
MOPGOJIOTHYECKOTO Mpollecca, YCHICHWE 3KCCyma-
I KOPHSIMH B pr3ocepy HeTaTUBHBIX aJljiejioIa-
TUYECKUE BEIIECTB MOXET ObITh HaIlpaBJieHO Ha
orpaHMYeHUE NX THOULIMPOBAHUS PU30OHUSIMU.

% K KOHTPOJIIO
100 ~
90 |
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60 |
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30
20
10
0 1 1 1 J
10 20 MKT/MI

Puc. 7. Bausinue pasHbix KoHueHTpauuit @C (MKr/mi
cpefibl), BbIACJIEHHBIX U3 KOPHEBBIX 9KCCYIAaTOB ropoxa,
Ha IpUPOCT 6akTepuit Rhizobium 3a 24 94 B XUIKON MUHU -
MaJibHO# cpene (% K KOHTPOJIO).

KonTtponb — cpena 6e3 ®C, conepxaiasi 6akrepun. [ —
ctibbeH; 2 — BemectBo “K”; 3 — N-dbeHmn-2-Hab -
aMUH.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Hannsie puc. 7 (1, 2) cBUACTEIBLCTBYIOT O TOM, YTO
N-cdbenmn-2-HapTiaMuH U CIOXHO3(MUPHBIE CO-
eInHeHUsT O-(PTareBoil KUCIOTbl MOTYT Y4acCTBOBATh
B MOJABJIEHUU Pa3MHOXEHUST puiobduit (Rhizobium
leguminosarum bv. viceae). IlpucyrcrBue 3Tux Be-
111eCTB B (p€HOILHOM KOMILJIEKCE KOPHEBBIX 9KCCy1a-
TOB B OIpeJe/ICHHOI Mepe JOKHO CKa3bIBaThCs Ha
YMCJIICHHOCTH pU300uii B puszocdepe 6000BOro pac-
TeHus1. BeposiTHO, CKOPOCTb pa3MHOXEHUST pU300Uii
BOJIM3U KOPHSI paCTeHUSI-X035IMHA 3aBUCUT OT JOJIU B
(beHOTbHOM KOMILIEKCe €r0 KOPHEBBIX IKCCYIaTOB
HEeraTUBHBIX ajljlejonaTuyecKux BellecTB. K Hum
MOXET ObITh MPUYMCIIEHO M OOHAPYKEeHHOE HaMU pa-
Hee B BKCCyJaraxX pacTeHUi ropoxa, POCIIMX B TEM-
HOTe CoeMHEeHUE, TIpeIBapUTeIbHO OTHECEHHOE Ha-
MU K CTWJIBOEHAM [5], KOTOpoe TakKe OKa3bIBaJIO UH-
ruoupymllee AecCTBUE HA Pa3MHOXEHUE PU300UN
(puc. 7, 1). B tabauie npuBeaeHbl HEKOTOPbIE TECTO-
BbIe MOKa3aTe/u, XapaKTepusylolnue JaHHOE COeaU-
HeHHUe, MPUCYTCTBUE KOTOPOTro B BKCCyaaTax ropoxa
B YCJIOBUSIX OCBEIIIEHUSI, @ TAKXKe B 9KCCyaaTax Cou 1
06000B HaMU TOKa HE YCTAHOBJIEHO.

HecMoTpst Ha oO111ee BBICOKOE CoJepXKaHUE B KO-
HeBbIX 3Kccynatax N-deHun-2-HadpTUiaMUHA U
CJIOXKHOR(UPHBIX COEIMHEHUN O-(TajieBOM KMCIIO-
Thl UX HETaTUBHBIN 3(PpheKT Ha pa3zMHOXEHUE pU-
300Mii, BOBMOXHO, OTYaCTM CHUMaeTCs OJjiaromaps
MPUCYTCTBUIO B BKCCyAaTaX KOMIIOHEHTOB, TTOJIOXM -
TeJIbHO BJIMSIIOIIMX Ha JaHHBIN Tpoliecc. TakoBBIMU
MOTYT ObITb U30(DIAaBOHBI [5] U Ipyrre COeANHEHUs
pacTUTENbHBIX 3KCCYIaTOB, METa0OIU3MpPYyeMble U
HCITOJIb3yeMble pU300USIMU B KaueCcTBE TPO(HUUIECKO-
ro Matepuana [7, 8]. TeHaeHIIMY U3MEHEHUSI KOJIn4e-
CTBa CEKPETUPYEMBIX pacTeHUsIMU Topoxa N-heHWI-
2-HaTUIaMUHA U CJIOXHOI(DUPHBIX COETMHEHUN
o-(praseBoil KUCIOTHI (pUC. 6) MOCIe MHOKYISILIUN
pu3obusIMHM, a TakXke IpU pOCTe B YCIOBUSIX
TEMHOTBI, BMECTE C [10Ka3aTeJIbCTBOM HETaTUBHOIO
Ne 4
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BJIMSTHUSI 3TUX BEIIECTB HAa pPa3MHOXEHHE pU300MiA
(puc. 7) oOBACHSIOT IIPUYMHBI 0OHAPYXKEHHBIX HAMU
paHee [5, 6] cHMXKEHUIT POCTOBOII aKTMBHOCTU e-
HOJIBHBIX KOMILIEKCOB, MOJIYYEHHBIX U3 3KCCYIaTOB
KOpHel Tex e pacteHMil. Bce 31O cormacyercs ¢
ITaHHBIMHM padoTt [23—27], CBUIETEILCTBYIOIINMMI O
TOM, 4YTO OOCYKIaeMbI€ BEIlleCTBa SIBJISTIOTCS Hera-
TUBHBIMU aJIJIeJIONaTUYECKUMU COeTUHEHUSIMU, M0~
IaBpiasSoIMA MUKpodopy. Ho mpm aTom B tutepa-
Type UMEETCs Majlo COOOIIeHUI O BbisiBieHUU N-be-
HII-2-apTUIaMUHA U CIIOXKHOI(DUPHBIX COeTUHESHUN
o-(TaneBoii KMCIOThI B PACTUTEIbHBIX OpraHHU3MaXx.
Tak N-dpeHmn-2-HadpTiaMruH HalgeH B opraHax
HAaA3€MHON 4YacTU IISITU BUIAOB BBICIIMX PAaCTEHUU
[32—34], B kyIeTKax Bogopoceit [24], B TKaHSIX BOI -
HOTI'0O pacTeHM U ero 3kccynaTax [26]. Eiie MeHb-
11e MH(MOpMaIMH O BBISIBIEHUHN Y PACTUTEIbHBIX Opra-
HU3MOB CJIOXKHO3(UPHBIX COeIMHEHUI O-(dTaaeBoi
kucaotel (1,2-0eH301MuKapOoHOBast KuciaoTa). B pa-
oore [22] mMeroTcsl CBeICHUST 00 AHTUMMKPOOHBIX
CBOMCTBaxX IMOYTHIOBOTO 3pupa o-(PTajeBoil KUCIO-
ThI, BBIACJIEHHOI'O M3 3€JICHBbIX Bogopocieit Enteromor-
pha linza. Hano 3aMeTuTh, 4TO BbICOKAsi TOKCUYHOCTD
ITUOYTHUIJIOBOTO M JTMOKTHJIIOBOTO 3(pHpoB opTOo-PpTa-
JIEBOI KMCJIOTHI JJIs1 >KUBBIX OPTaHU3MOB JOCTaTOYHO
n3BectHa [www.Chemblink.com].

OOHapyXeHHne HaMH OOCY:KIaeMBIX BEIIECTB B
(dEeHOJILHBIX KOMIUIEKCaX y TpeX BHUIOB OOOOBBIX
KYJBTYp, MO-BUIAMMOMY, SIBISIETCS TIPSIMbIM CBUIC-
TEBCTBOM PACIIPOCTPAHEHUST MX y OOOOBBIX pacTe-
Huii. [TprcyTcTBrEe N3ydeHHBIX COETMHEHM B KOpHE-
BBIX 3KCCyJaTax ITPOPOCTKOB ropoxa, cou M 0000B
MOATBEPKIaeT BO3MOXHOCTb MX YHUBEPCAIbHOU KOH-
Tpoaupymoliei GYHKINUA pu (popMUpoBaHUN 0000-
BO-PU300MATBHOTO0 CUMOMO3a HE3aBUCHMMO OT BUIA
pacTeHUsI-XO3sIMHa.

Wrak, U3 Bcero CKa3aHHOTO BbIIIE CJEAYET, YTO
pOJIb AJIENIONATUYECKMX BELIECTB B PETY/sILIUM WH-
dunmpoBaHus OOOOBBIX PACTEHUN PU300USIMU 3a-
KJTI0YaeTCsl B KOHTPOJIMPOBAHUM KOHLICHTPALIM 3TUX
OakTepuit B pusocdepe. B yacTHocTH, HEeoOXoau-
MOCTb B PEryJisiliuy YMCICHHOCTU 0aKTEepUil B pU30-
chepe KOpHEl pacTeHUSI-XO3SMHA TOJDKHA BO3HU-
KaThb B HeOJIATOMPUSITHBIX YCIOBUSX ST (hDOPMUPO-
BaHUS CUMOMO3a, a TaKXKe I10C/ie MHOKYJISILUUU B
CBSI3M C MTPOIIECCOM Pa3BUTHSI €70 KOPHEBOM CUCTEMBI.
O‘{CBI/UZ[HO, N3Yy4YCHHBIC HAMU COCOAUHCHMUSA, OTHECCH-
HbI€ K HEraTUBHBIM aJUICJIOIIaTUYECKUM BCELICCTBaAM,
MOCPEICTBOM UX BIUSTHUSI HA CKOPOCTb Pa3MHOXEHUS
Rhizobium nMeloT OTHOIIIEHWE K aBTOPETY/ISILAM WH-
duLMpoBaHUsS KOpHel 6000BOro pacTeHus! JaHHBI-
MU OaKTEePUSIMMU.

ABTOpBI TIPUHOCAT 0JIarOIAPHOCTh COTPYAHUKAM
nHctutyrta: H.B. lopodeeBy 3a mpegocraBieHue ce-
MsaH cou, H.Bb. MuranoBoit, T.E. IlyrunuHoi,
A.M. CobeHMHY 3a TEXHUYECKYIO TIOMOIIb ITPU MPO-
BEIEHUU IKCIIEPUMEHTOB.
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Role of Allelopathic Compositions in the Regulation and Development
of Legume—Rhizobial Symbiosis

L. E. Makarova“, V. I. Smirnov®, L. V. Klyba?, I. G. Petrova“, and L. V. Dudareva“
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Abstract—It was discovered that aromatic compounds isolated from root exudates of three legume species
(Pisumsativum L., Viciafaba L. var. major Hartz, and Glycine max L. MERR) and identified as N-phenyl-2-
naphthyl amine, dibutyl, and dioctyl esters of orthophthalic acid, which are known to work as negative allelo-
pathic substances, are involved in the regulation of legume—rhizobial symbiosis formation after the inocula-
tion of roots with rhizobia under unfavorable conditions for symbiosis.
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Microbial communities found on the surface of overwintering plants may be exposed to low temperatures as
well as multiple freeze-thaw events. To explore the adaptive mechanisms of these epiphytes, with the objective
of identifying products for freeze-protection, enrichment libraries were made from frost-exposed leaves. Of
15 identified bacteria from 60 individual clones, approximately half had ice-association activities, with the
great majority showing high freeze-thaw resistance. Isolates with ice nucleation activity and ice recrystalliza-
tion inhibition activity were recovered. Of the latter, two (Erwinia billingiae J10, and Sphingobacterium kita-
hiroshimense Y2) showed culture and electron microscopic evidence of motility and/or biofilm production.
Mass spectrometric characterization of the E. billingiae extracellular polymeric substance (EPS) identified
the major proteins as 35 kDa outer membrane protein A and F, supporting its biofilm character. The addition
of the EPS preparation increased the freeze-thaw survival of the more susceptible bacteria 1000—10000

times, and protection was at least partially dependent on the protein component.

Applied microbiologists have long appreciated the
biochemical adaptations of microorganisms living un-
der extreme conditions due to their specialized prod-
ucts that have found many applications [1]. However,
the acquisition of freeze-thaw survival strategies and
the utility of these associated products have received
less attention. Depending on the species, bacteria can
respond to low temperatures by altering their mem-
brane lipid constitution to maintain fluidity, and the
synthesis of cold-shock proteins, chaperones and
cold-acclimation proteins, including well-adapted
enzymes [2—5]. A few strains produce such highly spe-
cialized products as ice nucleation proteins that pre-
vent the supercooling of water, allowing freezing at
temperatures close to 0°C [6—7]. Other microbial spe-
cies inhibit ice recrystallization (IR), which can be as-
sociated with the synthesis of antifreeze proteins [§—12]
or the production of extracellular polymeric substance
(EPS) [13—15]. EPS production has been associated
with the enhanced survival of marine bacteria at low
temperatures [16]. Together, EPS and microorganisms
make up biofilms which are well known to confer re-
sistance to a variety of stressful challenges including
antibiotics, osmotic changes, nutrition limitations,
phagocytes and radiation exposure [17—19].

Although previous studies are not extensive, bacte-
ria exhibiting high freeze-thaw resistance and IR inhi-
bition appear to facilitate the survival of more suscep-
tible species, suggesting that the low temperature ad-
aptations may not only benefit the host bacterium, but
also could be useful for members of the consortium

[20]. In soil-derived communities, however, it is un-
known if these commensurate bacteria are actually as-
sociated since sample collections were composited.
The aim of the study is to assess the low temperature
adaptations and biochemical properties of a commu-
nity from frost-exposed perennial leaves, and to deter-
mine if their products could have utility for the low
temperature protection of beneficial species or pro-
cesses.

MATERIALS AND METHODS

Leaf samples and culture conditions. Leaves of
Chrysanthemum indicum (cultivar “Arizona Sun”)
were collected in Kingston Ontario, in mid January,
after 81 days of low temperatures (<0°C on a diurnal
basis; http://www.weatheroffice.gc.ca/canada_e.html).
After washing with sterilized water, the leaves were
ground with a mortar and pestle in 0.01 M phosphate-
buffered saline (PBS, pH 7.4) and serially-diluted ho-
mogenates were cultured in 50 ml of 10% tryptic soy
broth (TSB; Difco, USA) oron 10% TSB agar, at 22°C
overnight. Liquid cultures were used to construct mi-
crobial community libraries (see below) and, as well,
individual colonies were examined with those of dis-
tinct morphology streaked on 10% TSB agar to obtain
single isolates. Control strains, P. syringae B728a and
E. coli TG2, were provided by Dr. D. Guttman and
Dr. G. Yoordouw, respectively.

Clone library construction and analysis. DNA was
isolated from both community liquid cultures and
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from single isolates using a phenol-chloroform meth-
od [21]. The 16S rRNA gene sequence was amplified
by polymerase chain reaction (PCR) from the purified
genomic DNA with “universal” bacterial primers (8f:
5'-AGAGTTTGATCCTGGCTCAG and R1406: 5'-
ACGGGCGGTGTGTAC; [22]). Amplification was
performed at 94°C for 5 min, followed by 35 cycles of
94°C for 0.5 min, 55°C for 0.5 min and 72°C for
2 min, and finally 30 min at 72°C. After electrophoret-
ic separation of the amplified products on 1% agarose
gels, the sequences were purified using a nucleotide re-
moval kit (Qiagen, ON, Canada), cloned into
pPGEMT vector system and subsequently transformed
to generate the 16S rRNA gene libraries (Promega,
CA, USA). Randomly-selected individual plasmids
from the enrichment cultures (48 total) as well as those
derived from single colonies (12) were PCR-amplified
as above, sequenced and putatively identified by com-
parison to database sequences using BLAST (National
Center for Biotechnology Information web site and
the Genbank database; www.ncbi.nlm.nih.gov).

Ice-association and resistance assays. Ice nucle-
ation activity (INA) assays were performed as previ-
ously described [23], using Pseudomonas syringae
B728a as a positive control. Nucleation was assessed
by measurement of the heat of crystallization (1 ml
samples) and with crossed-polarized images (2 ul). IR
inhibition assays were performed as previously de-
scribed [20] by comparing ice crystal size immediately
after freezing (—50°C) and after annealing overnight
(—6°C) as indicated [24]. INA and IR inhibition as-
says were routinely repeated three or more times.

Stationary phase cultures (~10% cells/ml) were
treated with multiple freeze-thaw cycles using a cus-
tom cryocycler [20]. Bacterial viability was assessed af-
ter 12 and 24 freeze-thaw cycles, with each cycle con-
sisting of 1 h at —18°C and 1 h at 5°C. Numbers of vi-
able bacteria were determined as colony forming units
(CFU) on 10% TSB agar incubated at 22°C for 144 h
and normalized to an initial count of 1 x 108 cells/ml.
For testing the effect of EPS on isolate freeze-thaw via-
bility, the EPS preparations (see below) were UV-steril-
ized for 30 min prior to addition to cultures (0.8 ml).
Some EPS preparations (0.2 ml) were treated with pro-
teinase K (1 mg/ ml) or phospholipase C (40 U/ml) for
60 min at 37°C and subsequently heated (30 min at
65°C) to inactivate the added enzymes. Control ex-
periments included EPS preparations without enzyme
addition, medium alone, and E. coli TG2 cultures.
Freeze-thaw viability was routinely assayed in tripli-
cate, but experiments using purified preparations were
done in duplicate.

Adhesion, motility and electron microscopy. Select-
ed isolates and FE. coli TG2 controls were assessed for
their adhesion to polyvinyl chloride (PVC) as previ-
ously described [25, 26]. Stationary phase cultures
were diluted (1%) with 10% TSB and cultured at 22°C
for 48 h or 72 h. After adding crystal violet (0.5% final
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concentration) and incubating for 15 min, the medi-
um and any unattached bacteria were decanted and
the wells were rinsed 5 times with distilled water. Ad-
hering dye was then extracted from the wells in the
PVC microtitre plates with 95% ethanol (200 pl) and
the absorbance was determined spectrophotometri-
cally at 595 nm.

Motility was assessed on a modified semi-solid
Azotobacter medium (g/1): KH,PO, — 0.2; K,HPO, —
0.8; MgSO, — 0.2; CaSO, — 0.1; yeast extract — 0.5;
mannitol — 2, and a trace of Na,MnOQO, and FeCl; in
different agar or agarose concentrations, as indicated
previously [26]. Swimming, swarming and twitching
assays were conducted on 0.3% agarose, 0.5% and
1.5% agar, respectively. All motility assays were initiat-
ed by the transfer of colonies grown on 10% TSB agar
to the appropriate Azotobacter medium with sterilized
tooth picks and assessed as previously described [26].

Biofilms were examined by scanning electron mi-
croscopy (SEM). Selected isolates and control E. coli
TG?2 cultures were streaked on 10% TSB agar and in-
cubated at 22°C for 48 h, prior to transfer to 4°C for
120 h. They were fixed overnight with 5% glutaralde-
hyde in 0.1 M cacodylate buffer (pH 7.4), and washed
three times for 5 min each with 0.01 M PBS (pH 7.4).
Blocks (2 x 5 mm) were cut, post-fixed for 2 h at 22°C
in 1% osmium tetroxide and washed three times
(5 min each) with 0.01 M PBS. The samples were then
dehydrated with a graded series of ethanol and dried in
a critical-point drying apparatus, and subsequently
mounted on stubs, coated with a thin layer of gold and
then examined under a S-450 scanning electron mi-
croscope (Hitachi, Japan) operated at 20 kV. Images
were examined and recorded at magnifications of
5000x%, 10000x and 20000x.

Bacterial strains were examined under a transmission
electron microscope (TEM) after negative staining with
phosphotungstic acid (PTA). Briefly, overnight cultures
of bacterial cells in 10% TSB (~1 x 10% cells/ml) were
centrifuged at 10,000 g for 10 min. The pelleted cells
were washed three times in 1 ml of 0.01 M PBS, with
centrifugation as described above each time and then
washed twice in 50 mM MgSO, (pH 7.4; 50 pl). The
washed cells were negatively stained by mixing the cell
suspension (10 ul) with 2% PTA (pH 7.0; 2 ul) for
1 min. After transfer of a drop of cell suspension to
Formvar-coated nickel grids and absorbing excess liq-
uid with a small piece of Whatman filter paper, the
grids were air-dried at room temperature. The cells
were viewed on H-7000 electron microscope (Hitachi,
Japan) operated at 75 kV and representative photomi-
crographs captured (15,000x magnification).

EPS preparation and analysis. Single colonies of
E. billingiae J10 were used to inoculate Azofobacter
broth medium (10 ml) and after 24 h at 22°C, these
cultures were used to inoculate the same medium in
shake flasks (4 1). After 120 h at 22°C, the cultures were
transferred to 4°C for 1 week, then they were centri-
Ne 4
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fuged (8000 g for 60 min) and the resulting superna-
tants added to two volumes of 95% ethyl alcohol or, al-
ternatively, 60% saturated ammonium sulfate. After
precipitation overnight at 4°C and centrifugation
(8000 g for 90 min), the pellets were resuspended in
distilled water and dialyzed against 6 changes of dis-
tilled water over several days. The dialyzate was then
Iyophilized and resuspended in distilled water (2 ml).
Proteins were separated on 12.5% SDS-PAGE gels
and subsequently visualized by staining with Coo-
massie Blue G250 (Sigma, Canada). Protein concen-
tration was determined using a bicinchoninic acid assay
(BCA; Thermo Scientific, USA) with bovine serum al-
bumin as the standard. Polysaccharide concentration
was determined with the phenol-sulfuric acid assay us-
ing glucose as reference [14]. This preparation was
used to investigate its susceptibility to proteinase K
and phospholipase C as described in the ice-associa-
tion and resistance assays above.

Further characterization of the EPS preparation
was undertaken by excising and crushing the most
prominent band (~35 kDa) from the SDS-PAGE gels.
Gel pieces were destained (25 mM ammonium bicar-
bonate in 50% acetonitrile solution) and treated with
10 mM dithiothreitol in 100 mM ammonium bicar-
bonate at 56°C for 1 h. After subsequent incubation
with 55 mM iodoacetamide at 24°C for 45 min, the gel
particles were dried with a SpeedVac centrifuge and
subjected to protease digestion in 25 mM ammonium
bicarbonate containing 1 ng/pl sequencing grade
trypsin (Roche, Canada), for 18 h at 37°C. Peptide
fragments were sequentially extracted with 0.1% for-
mic acid, followed by 60% acetonitrile/0.1% formic
acid, and then pure (100%) acetonitrile, dried as de-
scribed above, and desalted using C18 Zip Tips (Milli-
pore, USA).

MALDI QqTOF mass spectrometry. Matrix-assist-
ed laser desorption ionization (MALDI) of the puri-
fied EPS protein samples was performed on an Ap-
plied Biosystems/MDS Sciex QStar XL Quadrupole
Time-of-Flight (QqTOF) mass spectrometer equipped
with a o0 MALDI II source and a nitrogen laser (337 nm).
The samples were prepared at a ratio of 1 : 1 (v/v) of
the peptide digest to matrix (i.e. 2,5-dihydroxybenzoic
acid), and then deposited on a stainless steel MALDI
plate. After MALDI MS mapping, peptide sequences
were analyzed by tandem mass spectrometry (MS/MS)
using argon as the collision gas. The resulting peptide
masses were searched against the National Center for
Biotechnology Information database using the MS-
Fit program with ProteinProspector at the UCSF web
site (http://prospector.ucsf.edu), and the sequences
were identified by the Mascot search engine (Matrix-
Science; http://www.matrixscience.com) based on the
MS/MS ions on each spectrum. Search parameters
were set to allow two missed trypsin cleavage sites, and
the possible modifications of methionine oxidation,
carbamidomethylation, deamidation of asparagine
and glutamine, and N-terminal pyroglutamation.
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Mass tolerance between calculated and observed
masses in database search was considered in the range
of 100 ppm for the MS peaks and 0.2 Da for the
MS/MS fragment ions.

RESULTS AND DISCUSSION

An overwintering epiphyte consortium could theo-
retically allow survival of different species by the shar-
ing of extracellular macromolecules, even though in-
dividual bacteria may not be adapted for survival. Fif-
teen different identified sequences (with 16S rRNA
sequence >97% identity to the strains in the data
bases) were obtained from 60 recovered individual li-
brary clones and isolates and approximately half of
them had ice-association activities (Table 1). The
P. syringae J6 isolate had INA comparable to the nu-
cleation activity (type I; mean freezing point <2°C)
observed in the P. syringae B728a controls. IR inhibi-
tion, as evidenced by the retention of small size ice
crystals after overnight annealing at —6°C, was ob-
served in 6 isolates including Rahnella sp.W11, Dug-
anella zoogloeoides Y11, Erwinia billingiae J10, Sphin-
gobacterium kitahiroshimense Y2, Chryseobacterium sp.
J3, and Flavobacterium/Chryseobacterium sp. Yin (Ta-
ble 1). Revised classification places Flavobacterium in
the genus Chryseobacterium and thus this isolate has
been renamed to reflect this. It should be noted that
ice-association phenotypes are relatively uncommon.
When a portion of the isolates with ice-associating ac-
tivities were investigated for freeze-thaw resistance, all
showed higher levels of freeze-thaw survival than the
E. coli controls, which lost 7 orders of viability after 12
freeze-thaw cycles, and with no living cells after 24 cy-
cles (Fig. 1; Table 1). In contrast, three of the isolates
with IR inhibition activity (S. kifahiroshimense Y2,
FE. billingiae 110 and Flavobacterium/Chryseobacteri-
um sp. Yin) showed little loss in viability after 36
freeze-thaw cycles (Fig. 1), and less than a ~3 order of
magnitude decline (CFU/mL) after 48 cycles (not
shown). These observations are consistent with a re-
port of a soil Chryseobacterium sp. C14 with IR inhibi-
tion that was remarkably freeze-thaw hardy [20]. Not-
withstanding, one of the tested epiphytes, P. syringae
J6, was more susceptible — it lost 7 orders of viability
by 24 freeze-thaw cycles and was not viable after 36 cy-
cles (Fig. 1).

We speculated that the P. syringae J6 isolate and
other frost-susceptible bacteria might depend on affil-
iation with the epiphyte community for freeze-thaw
survival. Three of the identified isolates (.S. kitahiroshi-
mense, E. billingiae, and Chryseobacterium sp.) grew
well in culture, with the prospect of practical utility,
and therefore these bacteria were selected for further
characterization. Resistance to environmental stress
can be associated with biofilms [19] and, therefore,
these isolates were tested for properties often allied
with biofilm production including adherence, motility
and matrix affiliation. Motility and biofilm formation
Ne 4
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Table 1. Fifteen isolates obtained from 60 sequences derived from enrichment cultures and single colonies from frost-ex-
posed perennials, their closest matches and their ice association activities

Isolate Closest BLAST Match Identity, % Ice-association activity* | Freeze-thaw activity**
Pseudomonas syringae J6 CP000075.1 99 INA +
Erwinia billingiae J10 Y13249.1 98 IRI +++
Flavobacterium/Chryseobac-| AM177621.1 99 IRI +++
terium sp. Yin
Sphingobacterium kitahi- AB361248.1 98 IRI +++
roshimense Y2
Chryseobacterium sp. J3 DQ530158.1 99 IRI +++
Rahnella sp. W11 AB476622.1 100 IRI nt
Duganella zoogloeoide Y11 NR_025833.1 99 IRI nt
Geobacterium sp. J6 AM712156.1 100 NA nt
Massilia aurea J9 AM231588.2 99 NA nt
Sphingomonas sp. J2 AY661593.1 100 NA nt
Janthinobacterium sp. L1 GQI179711.1 99 NA nt
Pseudomonas sp. L14 GQ179727.1 99 NA nt
P. fluorescens 1.37 AM933520.1 99 NA nt
P. trivialis 148 FJ179366.1 99 NA nt
P. veronii .32 AY179328.1 99 NA nt

* Jce-associating activity is classified as ice nucleating activity (INA), ice recrystallization inhibition (IRI), or not active in these assays

(NA).

** Freeze-thaw activity is classified as + for the presence of viable cells after 24 freeze-thaw cycles, ++ for the presence of viable cells after
48 cycles and +++ for cultures showing a decrease in one to three logs of viability after 48 cycles. Not tested cultures are indicated as nt.

are characteristically found together in certain bacte-
ria such as E. carotovora where it has been suggested
that flagella-derived motility is important for biofilm
establishment and morphology [27].

E. coli controls and Chryseobacterium sp. were the
least adhesive of the isolates with the epiphyte showing
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a 15% reduction in crystal violet staining (p < 0.05
compared to the controls) and with no evidence of
motility. In contrast, E. billingiae and S. kitahiroshi-
mense showed adherence (with means of >44% crystal
violet staining over controls; p < 0.05). However, only
the E. billingiae cells could be classified as highly mo-

234567

Freeze-thaw cycles

Fig. 1. Freeze-thaw resistance of chosen isolates derived from frost-exposed perennial leaves. Control E. coli TG2 (1), P. syringae
J6 (3), E. billingiae J10 (5), Chryseobacterium sp. Yin (6), and S. kitahiroshimense Y2 (7), were subjected to 12, 24 or 36 freeze-
thaw cycles with viability (CFU/ml) normalized to the concentration at the stationary stage (1 x 108). Standard errors of means
are shown only if the error bars are sufficiently large to be depicted. Viability of cultures with the addition of the E. billingiae J10
EPS preparation (20%) was shown as E. coli TG2 + EPS (2), and P. syringae J6 + EPS (4) for 12 and 24 freeze-thaw cycles, with
the bars placed to the right of those representing cultures with no added EPS (7 vs 2and 3 vs 4).
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Fig. 2. Representative transmission electron micrographs
of the E. billingiae J10 cultures stained with phosphotung-
stic acid. A monotrichous polar flagellum is marked with
an arrow (a), and a dividing cell is shown on (b). Other iso-
lates did not show flagella and thus are not shown.

tile on semi-solid medium, with characteristic swim-
ming behavior and distinct swarming rings on appro-
priate media. Motility assays were verified with TEM
observations of negatively stained preparations to con-
firm the presence or absence of flagella. No flagella
were associated with either Chryseobacterium sp. or
S. kitahiroshimense (not shown), but a flagellum was
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visualized on E. billingiae, with two flagella in dividing
cells (Fig. 2).

To determine if the adhesive qualities of E. billingi-
ae and S. kitahiroshimense were associated with bio-
film formation, the specimens were examined by
SEM. Control E. coli cells were similar to published
images of this species [28], and there were no obvious
extracellular structures associated with Chryseobacte-
rium sp. (Fig. 3). S. kitahiroshimense showed a limited
amount of filamentous material but more than the
small amount of matrix seen with E. coli, consistent
with a low level of biofilm formation. In contrast,
SEM examination of E. billingiae showed complex ex-
tracellular formation that appeared to be composed of
matrix material, void space and with ‘slimy’ structures
adhering to the bacteria cells (Fig. 3). Thus, E. billing-
iae showed motility, had a flagellum and macro-colo-
ny morphology, and was also affiliated with a complex
biofilm-like matrix. Together these adherence and
motile phenotypes were similar to those described for
other flagellated biofilm producers e.g. [29].

The observed evidence of biofilm formation in
E. billingiae was further confirmed by biochemical
characterization. Fractionation of the FE. billingiae
matrix (using either alcohol or salt precipitation as an
initial purification step) resulted in EPS preparations
that appeared to be typical of biofilm material, prima-
rily composed of polysaccharides (at a mean concen-

Fig. 3. Scanning electron micrographs of representative epiphytes including Chryseobacterium sp. Yin (a), E. billingiae J10 (c) and
S. kitahiroshimense Y2 (d) as well as control E. coli TG2 (b). Arrows indicate representative extracellular matrix structures sur-
rounding E. billingiae cells which are less obvious in S. kitahiroshimense and E. coli.
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Fig. 4. SDS-PAGE of the partially purified EPS prepara-
tion from E. billingiae J10 stained for protein with Coo-
masie Blue. The arrow indicates a major protein band at
35 kDa; a size marker protein mixture was loaded in the
lane marked M.

tration of 2.4 mg/ml) and proteins (at a mean concen-
tration of 1.5 mg/ml). Denaturing gel electrophoresis
resolved a major 35 kDa protein band and a less-con-
sistent 14 kDa band (Fig. 4). Tryptic digestion and
MALDI QgTOF mass spectrometric analysis of the
35 kDaband (Fig. 5) revealed 10 high abundance pep-
tides (Table 2) that showed sequence identity to two
E. billingiae protein species, corresponding to the out-
er membrane protein A (OmpA) and outer membrane
protein F (OprF), as revealed by the genomic se-
quence [30]. Both OmpA [31] and OmpF [29] are as-
sociated with biofilms. Indeed, strains with disrupted
OmpA genes have thinner biofilms and are more sensi-
tive to chemical stresses [32].

Having putatively identified the protein compo-
nents of Erwinia biofilms in an isolate that was also
characterized by high freeze-thaw survival and IR in-
hibition (Fig. 1 and Table 1), we investigated the pos-
sibility that it could increase the freeze-thaw survival
of the other community members. The addition of the
E. billingiae or S. kitahiroshimense cultures to isolates
that were relatively freeze-thaw susceptible increased
their recovery after 24 freeze-thaw cycles (not shown),
but the nature of the conferred protection was difficult
to attribute in these complex systems. Therefore, in
order to more rigorously investigate any cross-species
benefit, the E. billingiae EPS preparation was added to
two isolates with little evidence of biofilm under the
conditions studied, as well as a freeze-thaw susceptible
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Fig. 5. MALDI QqTOF mass spectrometric analysis of
trypsin-digested peptides from the E. billingiae J10 EPS
preparations. The peptides were derived from the 35 kDa
band (as in Fig. 4).

phenotype (Figs. 1 and 3). The viability of P. syringae
J6 was increased almost three orders of magnitude
(from ~10' to ~10* CFU/ml in 24 cycles) with the ad-
dition ofthe E. billingiae EPS preparation (Fig. 1). Like-
wise, the viability of E. coli was increased by the addition
of the EPS preparation an estimated four orders of mag-
nitude (from no viable cells to 3.1 x 10* CFU/ml). Tak-
en together, the viability of these two cultures in-
creased by 1000—10000 times after 24 freeze-thaw cy-
cles, suggesting that biofilm components could
contribute to the overall freeze-thaw resistance of the
epiphyte community. At least some of this protection
appeared to be associated with protein since limited
proteolysis of the EPS preparation resulted in a 10-
fold reduction (to 3.1 x 103 CFU/ml) in the recovery
of the freeze-thaw susceptible E. coli culture after
24 cycles, compared to experiments using the untreat-
ed E. billingiae EPS. In contrast, phospholipase diges-
tion only reduced the apparent protection about two-
fold (to 1.3 x 10* CFU/ml).

Certain epiphytes are associated with biofilm pro-
duction [33], and as mentioned earlier, biofilms and
EPS are often associated with stress resistance [19].
Nevertheless, the relationship between biofilm forma-
tion and freeze-thaw resistance is not as well known. It
is possible, though, that biofilms act as hydrocolloid-
like stabilizers to not only prevent the migration of
forming ice crystals but also to reduce water mobility
and thereby reduce the probability of IR [34]. Indeed,
we speculate that the biofilm of E. billingiae could act
similarly to the biofilm-associated xanthan gum of
Xanthamonas sp., which is used by the food industry as
a thickener and to inhibit IR [13]. Further support is
Ne 4
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Table 2. MALDI QqTOF MS/MS analyses of the tryptic digest of the 35 kDa protein band purified from the extracellular
polymeric substance of E. billingiae J10, showing correspondence (as indicated by the matches between the measured m/z
of the 35 kDa peptides and the calculated masses of the protonated peptides in the data base) to peptides from two genes in

the sequenced genome of E. billingiae, strain Eb 661 [30]

m/z* [MH]+** Delta, Da Position Peptide sequence
Outer membrane protein A (gi|299061956, E. billingiae, Eb661)
1055.47 1055.47 —0.00 25-33 DNTWYTGAK
1070.54 1070.55 —0.01 230—238 SDVLFTFNK
1208.62 1208.65 —0.03 289—-299 AQSVVDYLVSK
1364.73 1364.75 —0.02 288—-299 RAQSVVDYLVSK
1670.81 1670.82 —0.01 109—122 LSYPITDDLDVYTR
Outer membrane protein F (gi|300716100, E. billingiae, Eb661)
962.57 962.58 —0.01 101—-109 TRLGFAGLK
1501.68 1501.69 —0.01 322-333 YFEVGATYYFNK
1709.88 1709.91 —0.03 352-368 LGIGSGDTVALGLVYQF
1776.77 1776.81 —0.04 241-256 YDANNVYLAASYAEGR
2048.01 2048.04 —0.03 261-281 ISGNIIDVNGASNAVSGFANK

* The measured mass to charge ratio (m/z).
** The calculated average mass for the protonated species.

provided by previous studies that have shown an asso-
ciation of bacterial EPS and ice [14], with links estab-
lished between biofilms and resistance to cold and os-
motic stress [13, 14, 34].

By themselves, the individual epiphytes in culture
showed a range of freeze-thaw resistance (Fig. 1), but
as a community, they had survived freeze-thaw stress
conditions for months. Since biofilms can accommo-
date multiple bacteria on a substrate [33] and are asso-
ciated with environmental stress resistance, it appears
reasonable that at least some EPS-producing mem-
bers could facilitate the persistence of other epiphyte
community members. Our study highlights a number
of mechanisms involved in the overwintering of an ep-
iphyte community, even for that proportion of the
consortium that is culturable, but it also emphasizes
that the adaptive properties of a particular species may
also serve to support the overall freeze-thaw resistance
of microbes in the same niche. One of these, a compo-
nent of the Erwinia EPS, has been partially character-
ized and the way is now clear to test it for its utility for
the low temperature protection of beneficial species or
other applied processes. The dramatic increase in the
survival of P. syringae with EPS (Fig. 1) is of particular
note since this species is an efficacious biological con-
trol agent with activity against pest fungi, plants and in-
sects (35) but it is not intrinsically very freeze tolerant.

Despite the necessary limitations of the experi-
mentally-dictated survey, this report underscores the
wealth of low temperature adaptations including ice-
association, freeze-thaw resistance and biofilm forma-
tion that all contribute to the complexity found in a
single epiphyte community, as well as the potentially

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

useful products that can be identified from such con-
sortia.
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The research objective was to determine the activity of microorganisms in the soil exposed to direct influence
of a landfill, as well as in the soil beyond its influence. Fluorescein diacetate (FDA) hydrolytic activity and
respiration in the soil were determined. The highest number of cultivated bacteria was recorded at the site lo-
cated within the zone of direct influence exerted by the landfill, whereas the least amount was found at a dis-
tance of 1000 metres from the landfill. In contrast, the largest numbers of molds were observed in the soil at
a distance of 1000 m from the headquarters of the landfill. The highest FDA hydrolytic activity and biological
oxygen demand (BODs) were recorded in the soil by the headquarters of the landfill, and the least parameters
were revealed at a distance of 1000 m from the landfill. It was found a high correlation between the number
of bacteria and FDA hydrolytic activity of soil and BODjs in the north-eastern of the landfill. However, in the
same place, there is a low correlation between the number of molds, and FDA hydrolytic activity of soil and

BOD;

A landfill is a construction object located and ar-
ranged in accordance with the regulations, and allot-
ted for organized deposition of wastes with identified
properties. There are different types of landfills: land-
fills for hazardous, inert, as well as other than hazard-
ous and inert (municipal) wastes [1]. In Poland, mu-
nicipal wastes are deposited in unorganized, semi-or-
ganized and organized facilities. Unorganized landfills
are located in natural depressions and do not require
special arrangements. Consequently, among others,
uncontrolled emission of gases into the atmosphere
takes place in a landfill of this type, as well as contam-
ination of surface waters, surrounding areas with par-
ticulates (dust) and wastes of light ends through dis-
persion. Semi-organized landfills have a geomem-
brane, which isolates deposited wastes from a
substratum. In this case, also emission of liquid and
gaseous substances occurs. Organized landfills have a
special location in accordance with hydrogeological
and geotechnical criteria, as well as meets valid tech-
nical requirements. The advantage of landfilling as a
method of waste disposal is the simplicity of the pro-
cess, as well as high, short-term economic efficiency
with low unit costs [2]. Waste deposition on landfills
contributes to the development of substances, which
are troublesome, hazardous and constituting a threat
to the natural environment. The last might be mani-
fested through: air contamination (physical, chemical
and microbiological contamination, fetor, contami-
nation with biogas), soil contamination, noise pollu-
tion and inconvenience related to the presence of
birds, rodents, insects [3]. Soil contaminants are
among the most difficult to remove. The contamina-
tion ensues through penetration of harmful and haz-
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ardous substances into the soil. It leads to contraindi-
cations for cultivation of deciduous plants within con-
taminated roadside zones, such as lettuce, beetroots or
cabbage, due to accumulation of heavy metals in their
leaves. Soil microorganisms are important as they may
contribute to purification of the soil environment. The
biological stability of solid waste is one of the main is-
sues related to the evaluation of the long-term emis-
sion potential and the environmental impact of land-
fills [4]. The biological activity of soil in the landfill is
an important element of landfill waste. Soil microor-
ganisms play a fundamental role in eliminating pollu-
tion. Monitoring of their activity is the definition of
indicator of the pace of the process of biodegradation
of landfill pollution.

The aim of the study is to determine the activity of
microorganisms in the soil to reveal direct influence of
a landfill, as well as in the soil beyond its influence.

MATERIALS AND METHODS

Landfill sampling site. The research was carried out
within the area of the city landfill in Torun, central Po-
land. In geomorphological respect, it is a fragment of
a high terrace in the ice-marginal valley of the Vistula
River. The relief of the area is basically flat and slightly
inclined in the south-western direction. In the geolog-
ical structure, one can distinguish quaternary Ho-
locene and Pleistocene sediments. The Holocene is
represented by a thin layer of soil and deposited mate-
rials of 0.3—0.8 m in thickness. Depositions consist of
sands mixed with humus, debris, slag, garbage. Be-
neath the soil and depositions, there are sands of fluvi-
al and glacial accumulation. In the vicinity of the
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composting plant, they reach down to the depth of 9—
10 m. Below that, down to the depth of 13 m, fluvial-
glacial gravel is deposited, and beneath them — lacus-
trine and glacial clay. The landfill is classified as a dis-
posal ground for wastes other than hazardous and inert,
with a cell sectioned off for landfilling of hazardous
wastes.

Sampling. The surface soil (10—15 cm) was collect-
ed from the north-eastern and south-western parts of
the landfill site, at three locations (sites): 1 — within
the direct impact, 2 — 500 m from the landfill and 3 —
beyond the impact (1000 m from the headquarters of
the landfill). Soil samples were collected between May
and November 2008.

Soil microorganisms. The number of microorgan-
isms in the soil was determined with Koch’s plate
technique by the surface inoculation on appropriate
culture media [5]. The number of heterotrophic bac-
teria was defined using a plate count agar medium
(Merck, Germany). Nystatin (0.1 g I"") was added to
the medium in order to inhibit the growth of fungi.
The plates were incubated for 7 days at 22°C. Molds
were determined using the Rose Bengal medium
(Merck, Germany). The plates were incubated for
14 days at 25°C.

Soil hydrolytic activity. Soil hydrolytic activity ex-
pressed as fluorescien diacetate (FDA) hydrolysis was
determined following the method of Adam and Dun-
can [6]. It is known that FDA is a general substrate for
several hydrolytic enzymes including esterases, lipases
and certain proteases [7]. FDA hydrolytic activity was
detected with spectrofluorimeter HITACHI F-2500
(Japan) measuring the product of hydrolysis (fluores-
cein). 100 ul of FDA (1 mg/ml) was added to the assay
suspension of 1.0 g soil in 20 ml of phosphate buffer
(pH 6.0). The assay mixture was placed on a rotary
shaker at 100 rpm and incubated at temperature in situ
for 60 min. The assay was terminated by with adding
chloroform/methanol (2 : 1 v/v), followed by centrif-
ugation at 10000 x g for 10 min at 4°C. In supernatant
the released fluorescein was measured (excitation and
emission wavelength 480 nm and 505 nm, respective-
ly). All samples were analyzed in three replicates.

Soil respiration measurement. Biological oxygen
demand (BOD) is a measure of the amount of oxygen
used by microorganisms as they feed upon organic
matter. BOD of soil was measured using the OxiTop®
Control system [8]. It acts as a system of bottles her-
metically closed by a manometric head which allows
you to monitor the pressure inside the bottle. If micro-
organisms consume polymer, they use oxygen avail-
able in test bottles and release carbon dioxide, which is
immediately trapped by the sodium hydroxide solu-
tion. Consequently, we record a pressure decrease in a
test bottle. The BOD value was calculated automati-
cally by the OxiTop® instrument. BOD measure-
ments in the soil were carried out as described in the
WTW instructions [9] with modifications. A 100 g of
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the soil were weighed out and placed in a BOD OxiTop®
MG 1.0 bottle. The carriers with absorber CO, (0.4 g
NaOH) were placed in a bottle. The measured values
were recorded in the OC 110 control system, in “Pres-
sure p” mode. Samples were incubated for 5 days at
temperature in situ to get BODs — the amount of dis-
solved oxygen consumed in 5 days by microorganisms.
All samples were analyzed in three replicates.

Statistical analysis. Results were analyzed in STA-
TISTICA 6.0, StatSoft, USA. Analysis of variance
(ANOVA) facilitated comparison of site and part of
landfill on abundances microorganisms, FAD hydro-
lysis and BODjs. In addition, we determined correla-
tion between abundance of microorganisms and hy-
drolytic activity and BODs.

RESULTS AND DISCUSSION

Soil microorganisms. The number of microorgan-
isms in the soil of the landfill is presented in Table 1. It
is obvious that the number of cultivated bacteria de-
creased together with the increase of the distance from
the landfill. The highest number of these microorgan-
isms was recorded at the site situated within the zone
of direct influence of the landfill and the lowest num-
ber of bacteria was revealed at a distance of 1000 m
from the landfill. It was found that the number of bac-
teria was much higher in the south-western part. On
the other hand, the highest number of molds in the soil
was recorded at a distance of 1000 m from the head-
quarters of the landfill and they were revealed in the
south-western part, similarly to bacteria.

In the study of the influence of a municipal landfill
on the soil microflora Nowak et al. [10] found that
heterotrophic bacteria occurred in the largest num-
bers, actinomycetes were slightly less, and molds were
the least numerous. The analysis of variance per-
formed by the authors revealed that the number of
bacteria and actinomycetes significantly depended on
the sample collection site. The largest numbers of
these microorganisms were recorded by the authors in
the vicinity of the waste disposal ground. Their num-
ber decreased as the distance from the landfill in-
creased. In contrast, the number of molds was not influ-
enced by the soil sample collection site. The number
and the activity of microorganisms are conditioned by
different factors. The main factor is the amount of
available organic matter, which comes mainly from
plant residues, root secretions and partially from the
biomass of microflora and microfauna.

Microbial activity in the soil. Microbial activity in
the soil was expressed as fluorescein diacetate (FDA)
hydrolysis and BODs. Values of the FDA hydrolysis re-
vealed in the soil at landfill are presented in Fig. 1. The
highest FDA hydrolytic activity was recorded in the
soil at the headquarters of the landfill, and the least
one was found in the soil at a distance of 1000 m from
the landfill. In the north-eastern part of the landfill,
Ne 4
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Table 1. The number of microorganisms in the soil at the landfill. The results are presented in CFU 103/g of dry

weight (£ — standard deviation, n = 3)

Date'ofsampling Site* The north-eastern part The south-western part

in 2008 cultivated bacteria molds cultivated bacteria molds
15.05 1 4212 £ 1.1 12+ 1.1 8512+ 1.1 24 +£2.2
2 3523 +£1.2 35+£2.2 5401 £ 1.5 65+1.3

3 2011 £ 1.1 45+ 1.3 3200 £ 2.2 75+ 1.1
17.06 1 5017 £ 1.3 4+1.1 8121 £ 3.3 32+1.3
2 3211+ 1.1 60+ 1.2 6421 £ 1.5 70+ 1.5
3 2401 £1.2 35122 3511 £2.2 94+ 3.3
10.07 1 6267 £2.2 19+£2.2 9312+ 1.1 31+2.3
2 4121 £ 1.3 18+ 1.1 6602 £ 1.3 81+2.2
3 3445+ 1.2 19£1.3 4311 £ 3.3 86+ 1.1
27.08 1 6324 +1.2 9+1.1 9814 + 1.3 23+1.2
2 4621 £2.2 12£2.2 7802 +£2.2 33+ 1.5
3 3910+ 1.1 27+1.2 5232 +2.3 45+2.2
17.09 1 5422 + 1.3 14+£1.1 7511 £ 1.1 25+3.3
2 3021 £ 1.1 79+ 1.1 4201 £ 3.3 41+ 1.3

3 2214+ 1.2 12+£2.2 3325+2.2 65+ 1.1
16.10 1 3212 £2.2 5+£1.1 6311+ 1.3 42 +1.3
2 2714+ 1.1 14+1.3 3401 £ 1.5 35+33
3 1702 = 1.2 17+ 1.2 2547 + 3.3 45+ 1.5
27.11 1 2311 +£2.2 3+1.2 4311 £ 1.1 21£2.2
2 1201 £ 1.3 2+22 2878 £ 2.3 12+1.3

3 931 +1.2 4+1.1 1633 £ 2.2 31+1.1

* 1 — soil taken directly from at the headquarters of the landfill, 2 — soil taken 500 m from the landfill, 3 — soil taken 1000 m from the landfill.

FDA hydrolytic activity ranged from 29.24 pg of fluo-
rescein per g of dry weight on site 1 to 1.35 pg of fluo-
rescein per g of dry weight on site I1I. However, in the
south-western part of the landfill FDA hydrolytic ac-
tivity changed from 39.85 pg of fluorescein per g of dry

Hydrolytic
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5 |

(@)

H

weight on site 1 to 2.61 pg of fluorescein per g of dry
weight on site 3.

BOD; in the soil depends on the site of sampling
and analyzed part of the landfill (Fig. 2). In the north-
eastern part of the landfill BOD; ranged from 494 mg
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Fig. 1. FDA hydrolytic activity in the soil at a landfill in the north-eastern (a) and the south-western part (b).
I — soil taken directly at the headquarters of the landfill, 2 — soil taken 500 m from the landfill, 3 — soil taken 1000 m from the

landfill.
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Fig. 2. BODjs in the soil at a landfill in the north-eastern (a) and the south-western part (b).
1 — soil taken directly at the headquarters of the landfill, 2 — soil taken 500 m from the landfill, 3 — soil taken 1000 m from the

landfill.

of O, per kg of dry weight on site 1 to 102 mg of O, per
kg of dry weight on site 3. However, in the south-west-
ern part of the landfill BODs was higher, and changed
from 587 mg of O, per kg of dry weight on site 1 to
207 mg O, per kg of dry weight on site 3.

Analysis of variance (Table 2) revealed statistically
significant differences in the number of soil microor-
ganisms and biological activity of the soil depending
on the analyzed part of the landfill (p < 0.001). It was
found a high correlation between the number of bacte-
ria, FDA hydrolytic activity and BODs in the north-
eastern of the landfill (correlation coefficient of 0.87—
0.92). However, there is a low correlation between the
number of molds, FDA hydrolytic activity of soil and
BOD; (Table 3).

Microbiological activity is a good measure of or-
ganic matter management in natural habitats, because
90% of the energy flows through microbiological de-
composers [11]. Relevant techniques for measuring
the total microbiological activity must be uncompli-

Table 2. Two — way ANOVA test comparing the influence of
the site (distance from landfills — 1) and part of the landfill
site (north-eastern or south-western parts of the landfill — 2)
on the numbers of soil microorganisms, FDA hydrolytic ac-
tivity and BODj

Cultivated FDA, hydro-
Source| bacteria Molds lytic activity BOD;
F-ratio| P |F-ratio| P |F-ratio| P |F-ratio| P
Site I | 19.26 | **| 7.39 | * | 19.8 | ** | 79.5 | **
Part 2 | 19.57 | **| 22.57 | * | 17.3 | ** | 58.5 | **

* Statistical differences at P<0.01.
** Statistical differences at P < 0.001.
F-ratio: among-groups variance to the within — group variance;

site 1 — the statistical difference in the number of microorganisms
and activity between the site 1, 2 and 3 (Table 1);
part 2 — the statistical difference in the number of microorganisms

and activity between north-eastern and south-western parts of the
landfill.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

cated and sensitive, and the incubation period should
be as short as possible. Spectrophotometric determi-
nation of hydrolysis using FDA turned out to be a sim-
ple, sensitive and quick method for determination of
microbiological activity in the soil and garbage [12].
FDA is hydrolysed by many different enzymes, such
as: proteases, lipases, esterases [7, 13] and fluorescein
is the product of its decomposition, which is deter-
mined with the spectrofluorimetric method [12]. The
results of our research revealed that hydrolytic activity
in the soil was different at particular sites. Both in the
north-eastern and south-western parts, the activity of
hydrolases and the number of soil microorganisms,
were much bigger than at the main cell of the landfill.
Most probably, pollutants of the landfill significantly
influenced the increase of this activity. The research by
Schniirer and Roswall [12] indicates some differences
in the hydrolytic activity between soil layers, which
could reflect smaller amounts of soil organic matter in
deeper layers. In the investigation of the activity of ac-
id phosphatase and the content of available phospho-
rus, Garbolinska and Borkowski [14] observed a high-
er enzymatic activity in the surface soil than in a deep-
er layer, both in samples collected from a meadow and
in beech-fir forest. In the case of an ecotone, and,
thus, a transitional zone between different biocenoses,
they did not record any significant differences in the
enzymatic activity between soil layers. The authors
suggest that this fact is probably caused by a higher ac-
tivity of microorganisms in the surface soil layer and
increased number of small plant roots. They are re-
sponsible for the production of enzymes in the soil.
Enzyme activity is generally higher in rhizosphere
than in bulk soil as a result of greater microbial activity,
sustained by root exudates or due to the release of en-
zyme from roots [15—17]. Lalke-Porczyk et al. [ 18] re-
corded that the activity of hydrolytic enzymes in the
soil samples connected with willow roots was two
times higher as compared to the soil beyond the range
of roots' influence. The overall enzymatic activity of
soils consists of intra- and extracellular activity of mi-
croorganisms. It depends on several factors and ac-
cording to Pancholy and Rice [19] the type of added
Ne 4
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organic matter has the strongest influence. In the soil
fertilized by liquid manure Kucharski and W+tadowska
[20] found the highest activity of dehydrogenases in
places fertilized with a lower dose of liquid manure
rather than with a higher one, which is explained by the
decreased fertility of soil fertilized with too high doses.
The activity of hydrolytic enzymes is affected also by
changes in the humidity and oxygenation of the soil.

The biological activity of microorganisms, apart
from enzymatic activity, is a significant indicator that
defines the intensity of organic matter transformations
in water bodies. In our research, the OxiTop respiro-
metric measuring system was applied, which permits
to record the results at large time intervals. It is impor-
tant when using sparingly decomposable compounds,
which may occur in the landfill. A new generation of
the OxiTop device for determination of the BOD ena-
bles to remember the measuring values from successive
days, due to the electronic pressure-measuring system
and memory. Viahaoja et al. [21] were looking for a de-
tailed method for determining the biodegradation of
various oils in subterranean waters. The method ap-
plied by the authors to determine the oxygen con-
sumption with the use of OxiTop provided more accu-
rate and more precise results as compared to tradition-
al methods. Hufschmid et al. [22] had similar
observations when investigating the contamination in
liquid industrial wastes. The researches on the respira-
tory activity in the soil within the area of the landfill
indicated that the activity was the highest within the
zone of its direct influence. The BODj decreased to-
gether with the increased distance from the headquar-
ters of the landfill. Obviously, contaminants of the
landfill had the influence on the increase in the respi-
ratory activity of the soil. In the study of BODs in the
soil with the presence of shrimp wastes Swiontek
Brzezinska et al. [23] found that BOD depended on
temperature and incubation time, soil reaction, as well
as shrimp wastes. The authors recorded the highest
values of BODj in the summer, when the presence of
cephalic sections of shrimps was high and the main
constituent of them was protein. In contrast, shells of
shrimps were the least used by soil microorganisms,
probably because they contained considerable amounts
of a sparingly decomposable substance — chitin. When
studying the soil respiration after addition of the sew-
age sludge, Quemada and Menacho [24] stated that
the temperature and the water content influenced the
soil respiration. Whereas according to Nadelhoffer et
al. [25] soil respiration increased exponentially or lin-
early together with the temperature increase. Thus,
the aforementioned environmental factors influenced
the biological activity of the soil and diffusion of car-
bon dioxide [26]. The substances present in the soil are
chemically instable and can be quickly oxygenated by
soil microorganisms. Therefore, they affect the rate of
microbiological soil respiration [27]. Soil respiration
plays a critical role in determining a wide range of eco-
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Table 3. Correlation between the number of microorgan-
isms, FDA hydrolytic activity of soil and BODjs

The north-eastern | The south-western
part part
Factor Site
cultivated cultivated
. molds . molds
bacteria bacteria
BOD; 1 0.82 0.83 0.76 0.62
2 0.87 0.57 0.73 0.62
3 0.91 0.20 0.83 0.63
FDA 1 0.85 091 0.66 0.80
hydrolytic | 082 | 032 | 072 | 070
activity
3 0.92 0.12 0.61 0.84

logical phenomena, from the performance of individual
plant to global atmospheric CO, concentrations [28].
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OBPA3OBAHUE BUOTA3A MUKPOBHBIMN COOBINIECTBAMMU
ITPU PA3JIOZKEHUWU LE/UIIOJIO3bI N ITMIIEBBIX OTXO/10B
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W3 24 06pa3iioB, B3ATHIX U3 MIPUPOIHBIX U AaHTPOITOTEHHBIX MICTOYHUKOB, BBIJIEICHO HECKOIBKO aKTUBHBIX
aHa’POOHBIX MUKPOOHBIX COOOILIECTB, 0Opa3yIOLIMX OMoras Mpu pa3aoKeHUH LETI0JI03bI U MUILIEBBIX ObI-
ToBBIX 0TX010B (IIBO). I[1pu BEIpamIMBaHNM MUKPOOHBIX COOOIIECTB Ha HeJIII0a03¢e, OoUCHOI OyMare u
kaproHe nipu 37°C 6e3 npenobpaboTKu cydcTpaTta Bbixox mertaHa coctaBua 190—260 mn CH,4/r. B me3o-
(UIBHBIX YCTIOBUSIX OMOKOHBEPCHUS MCITOIB30BAaHHOTO OYMaXKHOTO CHIPBSI 3aBepliajach ob6pazoBaHUEM
onorasa ¢ cogepxkaHueMm MetaHa ot 47 10 63%, oqHaKo CKOpOCTh 00pa3oBaHus ouorasa owuia B 1.5—2.0 pa-
3a HIDKE, 4YeM B TepMOMDIUILHEIX YCI0BUSIX. [1pu KyasTuBrpoBaHNM MUKPOOHBIX coobIecTB Ha ITBO B Tep-
MO(DUIBHBIX YCIOBUSIX HarboJiee cTabuiIbHbIe U 3(hdekTuBHBIE N3 HUX 00pasoBeiBasid 230—353 M CH,/r
¢ conepxxaHueMm MetaHa 54—58%. [MosrydeHHBIE pe3yIbTaThl TOKA3aJIM 3HAYMMOCTh TTPOBEACHHBIX UCCIe-
JIOBaHU 1151 pa3pabOTKM TEXHOIOTUY OMoTpaHCchopMaliny 6yMaskHOTO ChIPbsl B OMOra3 1 HEOOXOIMMOCTb
CeJIeKIIM MUKPOOHBIX COOOIIIECTB MJIST TTOBBIIICHUS 3(h(HEeKTUBHOCTH TIpoliecca.

MeTaHOTeHe3 SIBJISIETC 3aKIIIOYUTETLHOM CTaau-
el TIpolrecca pasioKeHUST OPTaHNYECKOTO BelleCTBa
B aHA’POOHBIX YCIOBUSIX. Pa3aTuuHble IPYIMITbl MUK-
pOOPraHU3MOB CHOCOOHBI PACIIEIISITE OpTaHW4Ye-
CKME€ COENWHEHUSI IO CyOCTpPaTOB, YJAaCTBYIOIIUX B
MeTaHOTeHe3e: alieTara, YIJICKMCJIOTO ra3a 1 BOJIOPO-
Jla, U3 KOTOPBIX 3aT€M MOXET 00pa30BLIBATLCI Me-
TaH. B yriepomHoM 1mKIie 61arogapsi IesiTeIbHOCTU
MUKPOOPTraHU3MOB 0O0OpasyeTcsl OKojio 1 mipa. T
CH,/r [1]. MertaH, sBs1sICb MAPHUKOBBIM Ia30M, OT-
paxkaeT TeIUIOBbIC JIydM TIPUMEPHO B 25 pa3 MHTEH-
cuBHee, yeM CO, [2, 3]. buoras, B cocTaB KOTOPOTo
BXOOUT ME€TaH, ABJIACTCA OAHUM N3 OCHOBHBIX UCTOY-
HUKOB BO300OHOBJIsIeMOro TorinBa. MHTepec K mouc-
Ky aJIbTEpHAaTUBHBIX SHEPTETUUECKUX PECYPCOB 00b-
SICHSACTCAd HE€ TOJIBKO ITOCTOAHHBIM YBC/IMYECHUEM
crpoca Ha 9HEPrOHOCUTEJIU, HO M He0e30MaCHOCThIO
UX TIPUMEHEHMsI, HEYKJIOHHO yXYIIIAIoLIecs 2KO-
JIOTHUEM, COKpallleHUEM MUPOBBIX 3a1aCOB TPAIULIM -
OHHBIX BUIOB TOIU1MBA (He(hTh, IPUPOIHBIN ra3, Ka-
MEHHBIU yroyb, AipeBecruHa). [Tpu 3ToM BO30OHOBIISI-
eMasi DHeprusl Ha CEroAHSILIHMWIA JeHb COCTaBJISICT
okoJjio 14% motpebisieMoii TIepBUYHON SHEPTUU B
mupe [4].

Buoras coctout B ocCHOBHOM U3 MeTaHa (55—70%
CH,) u yrnekucioro raza (30—45% CO,), B HeM Tak-
JK€ MOTYT BCTpeuaThCsl CIASAOBbIe KOJUYECTBA BOIO-
pona, cepoBogOpoAa, aMMuaKa, a3oTa, apoMaThye-
CKMX U TaJOreHO-apOMaTUYECKUX YIJIEBOJOPOIAOB
[5]. buoras umeeT psia MIpeuMyIIECTB Mepel APYruMU
BUAaMMU aJbTCPHATHUBHOI'O TOIIMBa, B MCTaHC 3a-
KJIIOYEHO MPMUMEPHO B 3 pa3a 00Jibllie SHEPTUU, YeM,
Hampumep, B 6MoBomOpoIHOM Torumuse [6]. Kpome
TOro, AJIsl TIOJy4YeHUsI 0Morasa HeT HeOOXOTUMOCTH
BBIpAILIMBaTh CEIbCKOXO3SIMCTBEHHbBIE PACTEHUS, KaK

5 MNPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTI'UA

3TO JeaaeTcs IIpU IIPOU3BOACTBE OMOAM3EsI 1 OUO-
aTaHoja [4], Tak KaK B OCHOBHOM 0OH1OTa3 IOJIy4aloT
IpU Pa3IoKeHUM OTXOJOB XMBOTHOBOJICTBa (IIpe-
MMYIIECTBEHHO HABO3 KPYITHOI'O POraTOro CKoTa) U
OYMCTKE CTOYHBLIX BOJ, IIPU KOTOPOM Ha KOHEYHOM
3Tane MPOUCXOAUT oOpa3oBaHMe Ouorasa B MeTaH-
TeHkax. OmHaKo, HECMOTpPSI Ha TO, YTO aHa’poOHas
OYMCTKA MYHULIUIIAILHBIX 1 CEJIbCKOXO3SCTBEHHBIX
CTOYHBIX BOA M3JaBHA U IIMPOKO HCIIOIb3YeTCs,
NpUMEHCHNUE TEXHOJIOTMM IIOoJydyeHMsl Ouorasza u3
TBEPIbIX OBITOBBIX OTX0A0B MeHee ycrielnHo [3]. Cyo-
CTpaToM JIJIsI ITOJIy4eHMsI 0110ora3a MOXeT ObITh Jito0ast
oromMacca, a TakKe OpraHmdeckasli 4acThb OTXOMOB,
KOTOPYIO MOXHO ITOABEPTHYTh Ouonerpamauuu. I1o-
MUMO IIPOM3BOACTBA DHEPIrMM U YMCHBIICHUS 3a-
IpsI3HEHUST aTMOC(PEPhI ITAPHUKOBBIMM ra3aMu 1OCJIe
Ipoliecca aHa3pOOHOIro Pa3JI0oKEeHUS U 00pa30BaHUsI
Ouorasa ocTaBIIasICSI Macca MOXET OBITh MCIOJIb30-
BaHa KaK BBICOKOKayeCcTBEHHOE ynoopeHue. OmHaKko
JIJIST IOJIHOLIEHHOTO U IOBCEMECTHOI'O IPUMEHEHMS
TEXHOJIOTUI ITIOJIydeHUsI Ouora3za OCTaloTCs Hepe-
IHI€HHBIMM BOITPOCHI, KaCarolmnxcsa MOoJHOThI YTHUIIN -
3alliM CyOCTpaTOB, MOBBIIIEHUSI KauyecTBa U 00beMa
NpOAYKILIMMU Ororasa, rmogiaep>kaH1ue CTaOUIbHOCTU U
(bYHKIIMOHAIBHOM aKTUBHOCTHU COOOIIIECTBA MUKPO-
opraHu3MosB [3].

B oOpazoBaHuu 6uorasa y4yacTBYeT LI€JIblid KOM-
IJICKC MUKPOOPraHW3MOB, MpUHAIJIEKAIIUX He-
CKOJIBKMM pa3InyHbIM TpyniaM. OCHOBHbIE TTpOLIeC-
Chl, OCYIIECTBJISIEMbIE MUKPOOHBIM COOOIIIECTBOM, —
TUIPOSIN3 TIOIUMEPHBIX CyOCTpaTOB, COpakuBaHHE
caxapoB M aMUHOKMUCJIOT, aHa3pOOHOE OKUCJICHUE,
aleTOreHe3, a TakKe alleTOKJIaCTUYECKUI U THIpoTre-
HoTpodHEI MeTaHoreHe3 [7]. Ilpm 3ToM cocTaB
MUMKPOOHOTO COOOIIeCcTBa, a cjleaoBaTeIbHO U 3¢-
Ne 4
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($EKTUBHOCTDL BCETO Ipoliecca 0Opa3oBaHMs OMora-
3a, 3aBUCST OT COCTaBa IUTATECJIbHOM CPENIbI, YCIOBUMU
KyJBTUBUPOBAHUS, TeMIlepaTypbl, pH 1 psima npyrux
¢akTopos [8]. bosbIoe KoJm4ecTBO padOT HOCBSIIIIE-
HO M3YyYeHUI0 00pa3oBaHUs OMora3a M3 HaBO3a Cellb-
CKOXO3SMCTBEHHBIX JKMBOTHBIX, OCAmOYHOIO WJIa
CTOYHBIX BOI ¥ Pa3HOTO POMIa OPTAHUIECKUX OTXOIOB,
HO OYeHBb MaJIo MHMOpMAIIK 00 MCITOJIb30BAHUM Ta-
KOTo cybcTpaTa, Kak Ieuroino3a. [1pu aTom 1eo-
JIo3a ¥ TEeMUIICJUTION03a 3a4acTyio IpeobamamoT B
TBepAbiX ObITOBEIX oTXoAax (TBO) [9]. B mocnennee
BpeMs pacTeT MHTepeC K KOHBEPCUU OYMasKHOTO ChI-
pbs B 6uoras [10, 11]. Dto cBsA3aHO Kak C pa3aeIbHBIM
c60poM Mycopa, TaK 1 ¢ TeM, 9YTO Oymara 1 KapTOH SIB-
JISTIOTCS HanboJiee TMOMXOMIICH T Oroaerpagaiin
¢paxkumeit TBO [11, 12]. OnHaKO COBpEeMEHHBII IO -
XOII K pa3IeIbHOM TepepaboTKe OTXOMOB BCe ellle He
SIBJISICTCSA TUITMYHBIM IJISI OTE€UYeCTBEHHBIX TTPON3BO-
IUTeNIel 1 MyHUIIMITAJIBHBIX CIYK0, ITO3TOMY OCTa-
FOTCST MaJIOM3yYeHHBIMU MUKPOOMOIOTHIECKIE TTPO-
IIECCHI TIpeBpallleHrs] CyOCTpaToB M GMOTEXHOJIOTH-
YeCKHe BO3MOXHOCTH TaKMX ITPOM3BOICTB.

Panee [13] u3 24 pa3nuaHbIX 00pa31i0B, B3ITHIX 13
MIPUPOIHBIX U aHTPOITOTEHHBIX SKOHUIII, OBLUTO BBIIIE-
JIECHO HECKOJIbKO aKTUBHBIX MUKPOOHEIX COOOIIIECTB,
pasiaraiommx IeITIoI03y ¢ 00pa3oBaHUeM OMorasa
npu 55°C. BelmeneHHbIe MUKPOOHBIE COOOIIECTBA
MIPOSIBIISUTN CTAaOMJIBbHYI0 (DYHKIIMOHATBHYIO aKTHUB-
HOCTB Ha TIPOTSKEHHUH 5 TIepeceBOB B TeUeHHe O0Jjiee
6 Mec.

ILems paboThl — IONyYeHME aHA3POOHBIX MMK-
POOHBIX COOOIIECTB TIPM WX KYJBTUBHPOBAHWU Ha
LeJUTIoNI03¢e, ODUCHOIT OyMare M KapTOHE, a TaKKe Ha
MMUIIEBBIX OBITOBBIX OTXOHAaX M CpaBHEHHE WX CITO-
COOHOCTH K 00Opa3oBaHUIO OHora3a B aHa3pPOOHBIX
ycnoBusix ipu 37°C u 55°C.

METOJUKA

Hcrounnku 6momaccbl. OOpa3iibl IIOCEBHOIO MaTe-
puana oToMpain U3 pa3InYHbIX IKOJOTUUECKUX MPU-
POIHBIX U aHTPONOI€HHBIX HUII: o0pa3ubl Ne 1, 2 —
KoMnocTHasd Kyda (MockoBckasi 00J1.), 0Opa3iibl
Ne 3, 4 — xxoMm kpacHoro u 6e1oro BuHorpaaa (Jlare-
ctaH), oopasel; Ne 5 — nmomeT Kposanka (MockoBcKast
0071.), obpasen; Ne 6 — HaBO3 KPYITHOI'O pOTaToro CKo-
Ta (KPC) Ne 1 (MockoBckast 00J1.), oopazew; Ne 7 —
HaBo3 KPC Ne 2 (MockoBckast 00J1.), 06pa3ibl Ne 8—
13 — npo6kI U3 MPECHOBOIHBIX TEPMOMUIBHBIX BO-
noeMmoB Kamuyatku, oopasunl Ne 14—18 — mioBbie 1
JIOHHBIE OTJIOKEHUS NPynoB 1M BogoeMoB (TBepckas
0071.), o6pasibl Ne 19—23 — HaBO3 3e0pbI, TOHU, aH-
TWJIOIIBI THY, qepHoﬁ AHTUWJIOIIBI N CJIOHA, COOTBET-
ctBeHHO (3001apk, MockBa), obpasel] Ne 24 — Ko-
MPOJIMTHI TOXIEBBIX 4epBeil (boranwyeckuit can,
Mocksa).

KynsTuBupoBanue. BoipamiyBaHue W CENEKLUIO
aKTUBHBIX MUKPOOHBIX COOOIIECTB, O0pa3yIolIUX
Ouoras, MPOBOAWJIM Ha CPele CJEAYyIOIIEro cocTaBa
(r/n muctwuupoBaHHoit Bombl): K,HPO, — 1.0;

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

LIABKEJIOBA u np.

KH,PO, — 1.0; NH,CI — 2.5; MgSO, - 7TH,0 — 0.5;
CaCl, - 6H,O0 — 0.1; NaCl — 0.1; CaCO; — 1.0;
NaHCO; — 5.0; npoxkeBoii akcTpakT — 2.0; IenToH —
1.0; pacTBOp MUKPORJIEMEHTOB — 1 MJT; pe3a3ypuH —
0.5 mr/n; pH 7.0—7.5. PacTBOp MUKPO3JIEMEHTOB CO-
Jaepxan (Mr/a AIMCTWLIMpoBaHHOUM Boawl): ZnCl, —
70.0; MnCl, - 4H,0 — 100.0; CoCl, - 6H,O — 190.0;
H;BO; — 6.0; Na,MoOQ, - 2H,0 — 36.0; CuCl, - 2H,0 —
2.0; NiCl, - 6H,0 — 24.0; Na,WO, - 2H,0 — 15.0;
FeSO, - 7TH,0 — 1.0 r/n. Cynboar xene3a rnmpeapapu-
TebHO pacTtBopsin B 10 Mt 25%-Hoit HCI. B kaue-
CTBE LEJUTIOJIO30COAePKAIIX CYOCTPATOB UCITOJIb30-
BaJin: 06e33oneHHbIe GrisTpbl MPTY 6-06-2411-65,
oducHyI0 Oymary ¢ 4epHO-0e101i ITeyaTbio ¥ Toppu-
POBaHHBIN KapTOH B KoJIMuecTBe 15 /71 cpenbl, KOTO-
pble TIpeaBApUTENILHO Hape3aau Ha Kycouku 0.5 cm?,
Ilpu McrMosb30BaHUM TIMILEBBIX OBITOBBIX OTXOJIOB
(ITBO), cocTosuX U3 pa3IMYHBIX PACTUTEIbLHBIX U
JKMBOTHBIX KOMITOHEHTOB, WX IPEIBAPUTEIbHO BbI-
CyIIMBaJIU, pa3MellIBalu U pacTUpaJIU B CTYIKE 0
MOJTy4eHNS KycO4KoB He 6omee 0.5 cm?. g onpene-
JICHHWsSI MaCCHI CyXOTo BellleCTBAa HABECKM CyOCTpaTOB
(10 r) BeicymuBanu npu 105°C.

IMoceBHoit matepuan (30% ot o6Giuero oobeMa
cpenbl) BHOcWJIM B 30 MJI mMUTATEJbHOM Cpedbl BO
¢akonsl Ha 100 MJ1, KOTOpEIE TEpPMETUYHO 3aKphIBa-
JI1 PE3WHOBOI IIPOOKOI, 3aKaTbIBAIM aJTIOMHHME-
BbIM KOJITIAYKOM M 3aMellajii BO3AYIIHYIO a3y Ha
aprod. KynaeTypbel MHKYOMpOBaJM B TEMHOTE NpU
55°C B TepMOMDWIBHBIX YCIOBUSAX WM Ipu 37°C B
Me30(UIBHBIX YCIOBUSIX B Tepmoctare, pH cpensl
npu HeobxonmumocTu nopoauan g0 7.0 11. HCI. Xpa-
HEHUE KYJIBTYP OCYILIECTBIIIINA B 25%-HOM INIHULIEPU-
He B aHa3pOOHBIX ycs1oBUsX ITpU —20°C. AKTMBHOCTh
MUKPOOPTAHU3MOB OIIPEISIISIIIA IO IPUPOCTY KOJIH-
yecTBa MeTaHa B cocTaBe Ouoraza. CTaOuIbHOCTh
BBIOpAHHBIX COOOIIECTB TPOBEPSJIM HEOTHOKpAT-
HBIM IIEPEeCEeBOM Ha CBEXXYIO IIMTATEJIBHYIO Cpey M0~
cJie JOCTUKEHUST COOOILECTBOM MaKCUMAaIbHOM IIPO-
IYKIIM Ororasa.

Xpomatorpadusa. OrnpeneseHue KOHIEHTpallUM
CH,, CO, u H, ocyuiecTsisiii METOAOM Tra3oBOM
xpomartorpaduu Ha xpomartorpade Kpucramrn 2000 M
(“Xpomarak”, Poccust), ocHaIlleHHOM MUKpPOKAaITHJI-
JnsgpHoi kononkoi FFIP (15000 x 0.5 mMm), raz-Ho-
CUTeJIb — aproH, pacxona 15 mj/MuH, TeMmmeparypa
perektopa — 200°C, temmepaTypHbIii I'paaueHT B
TepmocTtaTte — oT 70 1o 160°C. Pe3ynbraThl aHAIU3U-
pOBaJIM C MOMOIIBIO TIPOTPAMMHOIO O0eCIeYeHUS
Chromatec Analytic 2.5 (“XpomaTtak”, Poccus).

AKTHUBHOCTb razoo0pa3oBaHUsI OLIEHUBaIU, W3-
MEpPAIA 1/136bITO‘{HO€ JaBJICHUEC B ICPMETUYHO 3aKpbI-
ThIX (bJIAKOHAX C KYJIBTUBUPYEMBIM COOOILECTBOM.
KoHueHTpalyu ra3oB B CMECH U COJIepKaHUEe MeTaHa
OIIPEEIISIJI TP HOPMAJIBHBIX YCIIOBUSX TEMIIEPATY-
pbl 1 gaBaeHus (1 atm). Bee akcriepruMeHThI TPOBO-
I B 3—5 moBTOpHOCTAX. JlaHHBIE 00pabaThIBAIN
NPUHSITBIMUA METOJIAMU CTAaTUCTUYECKOM 00OpPabOTKM.
U151 naHHBIX, IpeacTaBICHHbBIX HA PUCYHKAX U B Ta0-
Ne 4
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Puc. 1. lunamuka o6pazoBanust MeTaHa (%) coobiectBamu Ne 1—12 (a) u 13—24 (6), BeipanieHHbIMY 1ipu 37 °C (TIepBbIii maccax).

JIMLAX, OTKJIOHEHUE 3HAYEHUI OT CPeAHEl BeIndu-
HBI He mpeBbImaio 5—10%.

Mukpockonusa. /i HaOIIOOEHUSI 3a COCTaBOM
MUKPOOHBIX COOOIIIECTB 1 U3MEHEHUSIMHU, TTPONCXO-
JISIIMMU B TIpoliecce KyJIbTUBUPOBAHUS MUKPOOpra-
HU3MOB, MCIIOJIb30BAJIA ONTUYECKUI CBETOBO MUK-
pockon Nikon Eclipse E100 (SImonust). Ilpemapatsr
¢uKcHUpoBaand, OKpallWBadd BOMTHBIM pPacTBOPOM
¢dyKkcuHa B TeYeHUE 3 MUH 1 paCCMaTPUBAIIM IO MM-
MEPCHUOHHBIM MacJioM Ipu yBenmueHun x900.

PE3VJIBTATBI 1 UX OBCYXJIEHWNE

Oo0pa3oBanue 0MOraza MMKpPOOHBIMH COOOIECTBA-
MH U3 HEJUTI0J030coiepKamuX MaTepuanoB. C 1eJibio
o160pa 3(pPEKTUBHBIX MUKPOOHBIX COOOIIIECTB, CITO-
COOHBIX pa3jaraTh LICJIJTI0JI03Y B Me30(UJILHBIX YCI0-
BUsiX (37°C) KyJabTUBUPOBAHUS, ObUIN UCCIICTOBAHBI
24 poOkI U3 TeX 3Ke SKOHUIII, U3 KOTOPHIX paHee ObI-
JIY BblJIEIeHBI TepMOdUiIbHBIEe coodmecTna [13]. On-
HaKO OOJIBIIMHCTBO KYJBTYP JIMOO He 00pa30BhIBATIN
Ouoras B 3TUX yCI0BuUX (puc. 1), 1160 yMeHbIIaIu
NpOAYKIMIO MeTaHa Ipu mnepeceBax. CooOIlecTna,
BhIIEJIeHHbIe TTpU 55°C, Kak paHee ObLUIO TTOKa3aHo, (B
OCHOBHOM, 13 HaBO3a TPABOSIAHBIX JKUBOTHBIX) OTJIM-
JaJIMCh BBICOKON 3(h(PEKTUBHOCTHIO KOHBEPCHUU 1ICJI-

JOJI03bl B METaH: B cpenHeM okoso 15 mmons CH,/r
ucxoaHoro cyocrpara [13]. I1pu BeIpaliuBaHUM COO0-
LIECTB B Me30(UJIBHBIX YCIOBUSIX BBIXOJ MeTaHa ObLI
3HAYUTENIbHO MeHbLIe — OT 2—4 10 8—11 mmosns CH,/T
11eJUTI0JIO3BI. B Xo1e oT60pa TombKo coobirecTBa No 1
1 Ne 21, BolieJIeHHbIE M3 KOMITOCTHOM Ky4r 1 HaBO3a
AHTUJIONBI THY COOTBETCTBEHHO, COXPAaHUJIU CITIOCO0-
HOCTb K 00pa3oBaHUI0 O1MOra3a Ha IOCTaTOYHO BbICO-
KoM ypoBHe (T1abia. 1). Haubosee ycToiuMBBIM OKa-
3aJIoch coobirecTBo Ne 21, o6pa30BbIBaBIlee OKOJIO
11.5 mmons CH,/t (uu 250—260 mut CH,/1) nesutio-
Jio3bl. BeicokMe 3HaUeHUS BbIXOJa METaHa B TIEPBOM
naccaxe MOTJIU ObITh CBSI3aHbI C BBICOKUM COJIepKa-
HUEM MUTATEIIBHBIX U IPYTUX OMOJIOTMYECKU-aKTHUB-
HbIX BEIIECTB B MCXOAHOM MHOKYJISITE (HABO3 aHTU-
JIOTIBI THY).

Panee [13], npu KyasTuBUpOBaHUU MPoObl Ne 1 B
TepMOGUIbHBIX YCJIOBUSIX HE ObLIO BbIIEJIEHO aKTHB-
HOI0 MUKPOOHOTO CO00IIeCTBA (KYMYISITUBHBIN BbI-
X0 MeTaHa He TipeBbiai 38.8%, a ahHeKTUBHOCTD
TpaHchopMalU LIEJUTIONO03bl COCTaBUJIa BCETO JUIlb
4.9 mmonb CH,/T 11e/UT10/103b1), B TO BpeMsl KakK U3
11poObI Ne 21 ObLI0 OJYy4EeHO COOOIIECTBO MUKPOOP-
raHMW3MOB, pasjararouiee 1eJUI0J103y ¢ 00pa30BaHU-
eM 15.6 mmonb CH,/T LieJUTI0103b1 U comepXKaHUeM
MmetaHa 58%. W3 oTmelbHBIX 0Opa3loB U B ME30-

Taomna 1. HakoruieHne MeTaHa IIpy BeIpalliMBaHUU Ha Heinttono3e mpu 37°C coobmectBamu Ne 1 Neo 21

Ne mpoObI Iloxasatemm 1 maccax 2 maccax 3 maccax 4 mmaccax 5 maccax

BBIXOJAa METaHA

1 CHy, % 45.87 63.98 47.07 58.25 57.96

CH,y, M/t 36.49 347.15 202.22 250.20 266.73

CH,, MmoIB/T 1.63 15.49 9.03 11.17 11.91

21 CHy, % 61.40 50.48 63.33 60.78 62.46

CHy4, M/t 395.51 256.51 246.67 258.17 260.20

CH,, MMOJIb/T 17.67 11.45 11.02 11.53 11.62

IMPUKJIIAIHASA BUOXUMUA U MUKPOBUOJIOTHUA  Tom 48 Ne 4 2012 5%
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Taoamma 2. CkopocTh o6pazoBanus 6uorasa (COB) npu pasinoxkeHUU LeJI0I03bl, 0UCHOI GyMaru U KapToHa B Tep-

ModuibHbIX (T) 1 Me3odunbHbIX (M) ycioBuUsIX

Mﬂ]véagj}?gh&ggpihm Makcumym COB, ma CH,/cyt 1* Maxkcumym COB, cyT
No
Llemtonosa
I maccax V maccax I maccax V maccax I maccax V maccax
3T 1.30 0.76/0.54 86.7 50.7/36.0 5 7/21
4T 0.66 0.72 44.0 48.0 7 7
6T 0.45/1.30 0.71 30.0/86.7 47.3 5/12 5
7T 0.64/0.50 0.48/0.47 42.7/33.3 32.0/31.3 5/14 14/21
17T 0.64/0.52 0.72/0.45 42.7/34.7 48.0/30.0 5/14 7/26
18T 0.59 0.64/0.48 39.3 42.7/32.0 5 7/21
19T 0.91/0.96 0.80 60.6/64.0 53.4 3/14 5
20T 1.00 0.82 66.7 54.7 21 5
21T 0.93 0.54/0.50 62.0 36.0/33.3 7 5/33
22T 1.36 0.90 90.7 60.0 11 12
1M 0.40 0.46 26.7 30.7 7 8
21 M 0.40/0.35 0.43 26.7/23.3 28.7 8/24 8
O&)} I:A(;I;IZH KapTtoH Og; I;I(;I:H KapToH 06(1:/ I;[(;Iigﬂ Kapton
3T 0.60 0.66 40.0 44.0 6 7
6T 1.00 0.74 66.7 49.3 6 7
17T 0.68 0.76 45.3 50.7 3 7
18T 0.86 0.70 75.3 46.7 6 7
19T 1.00 0.80 66.7 53.3 6 7
20T 1.91 0.78 127.3 52.0 3 7
21T 0.86 0.82 75.3 54.7 6 7
22T 0.84 0.62 56.0 41.3 6 7
1M 0.60 0.60 40.0 40.0 7 13
21 M 0.49 0.46 32.7 30.7 7 13

GUWIBHBIX, M TEPMODUIBHBIX YCIOBUSIX KYJIBTUBUPO-
BaHMSI YIaBaJIOCh BBIIEIUTH aKTUBHBIC MHKPOOHBIC
coo011ecTBa, CrtocoOHbIe 3(P(PEKTUBHO UCITOIH30BaTh
LISJUTIONO3Y C BhlIeJeHreM 6uorasa. B To xke BpeMsi B
TepMODMITLHBIX YCIIOBUSIX OBIIO BBIIEIEHO 3HAYM-
TeJIbHO O0O0JbllIee KOJMYECTBO CTAOMJIBHBIX COOO-
1eCTB, obpasyromux 55—60% ouorasza. B atux ycio-
BUSIX OoOpaszoBaHMe Ouorasza IpoXomwmiio 3(hGheKTUB-
Hee: ~16 mmons CH,/T nemmomnossr (358.3 M CH,/T)
00pa3oBBIBAIOCH 32 15—25 CyT, B TO BpeMsI Kak B Me-
30(pUIIBHBIX YCI0BUsIX KyabrypaM Ne 1 u 21 noHamo-
ownoch Oosblie, yeM 1.5 Mec. aiag cuHTe3a 260—
267 mn CH,/t.

W3meHeHuss ckopocTd oOpa3oBaHMs Owuorasa
(COB) npu pa3noXeHUH LIEeJUTIOJI03bI B TEPMOMUIb-
HBIX M Me30(WIbHBIX YCIIOBUSIX NpPEICTaBJICHBI B
Taba. 2. 3a BpeMsI CeJIeKIIMM U3MEHEeHME 3TOil Belln-
YMHBI 3aBUCEJIO OT UCITOJIb3YEMOI'O COOOIIIECTBa, IS
HEKOTOPBIX OHA YBEJIMYMBAIACh, IJII APYTUX 3HAYM -
TEJIbHO He M3MeHuaach. [1pu 3ToM B TepMODUIBbHBIX
ycnoBusix CObB Obuta B 2 1 0oJjiee pa3 BhIlIE, YEM B

Me30puIbHBIX. 1T psiga KyabTyp ObLIO ITOKa3aHO
HaJu4ue ABYyX MUKOB 00pa3oBaHUs OMorasa, mpuiyeM
MEPBBIN MUK MPUXOAWICS Y OOJIBIIUHCTBA KYJIBTYP
Ha 5—7 cyT. U3BeCTHO, YTO TTpU BBICOKUX TEMIIEPATY-
pax v MPUCYTCTBUU UHUOUTOPOB, TAKUX, KaK aMMO-
HUN U JIeTy4re XUPHbIe KUCIOTbI, 00pa3oBaHUE Me-
TaHa MPOUCXOJUT B JiBa dTala — aieraTr cHayalia
OKUCJSIETCI CUHTPOMHBIMU alleTaT-OKUCISIOIIUMU
6akrepussmu 1o H, u CO,, a 3atem rugporeHoTpod-
HbIe METAHOTEHBI TTIEPEBOISIT 3TU COCIMHEHUS B METaH
[14]. ITpu 3TOM alleTOKJIACTUYECKHE METaHOTeHBI B
OoJIbIIIEl CTETIEHU YYBCTBUTEJIbHBI K U3MEHEHUIO (3a-
kucieHuto) pH, B To BpeMsi Kak ruaporeHoTpodbl
CIIOCOOHEI pacTy U Iipy HU3KUX pH [15].

bymara m KapToH, COCTaBJISIOLIME OOIBIIYIO
9acTh TOPOJICKMUX TBEPABIX OTXOHOB, SIBJISIIOTCSI XOPO-
M MaTepuajaoM st ouonerpagamuu [11, 12]. O6-
pa3oBaHUe OMoraza MUKPOOHBIMHM COOOIIECTBaAMMU,
BBIZIEJICHHBIMM Ha 1I€JUTIONO03€, UCCIIeI0BaIM, BhIpa-
mIrBasi KyJbTyphl Ha O(PUCHOI Oymare M yrmakoBOY-
HOM roppupoBaHHOM KapToHe. [1pu 3ToM HauboJee

MPUKIAOHAA BUOXVMUA 1 MUKPOBHUOJIOTUA Ttom 48 Ne 4 2012
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Puc. 2. [lunamuka o6pasoBaHust MeTaHa (%) Hanbosiee aKTUBHBIMU coobiectBaMu (Ne 3, 6, 17—22) Ha oducHOI Gymare ¢
JepHO-0eJol TevaTsio (a) U yrrakoBO9HOM KapToHe (0) mipu 55°C.

aKTUBHbIE COOOIIIeCTBa ObLIIM BbIJEIEHbI U3 pa3Iny-
HBIX CyOCTpaToOB: 3KOM KpacHoro BuHorpama (Ne 3),
HABO3 TPABOSIAHBIX KUBOTHBIX (Ne 6, 20—22) u 1oH-
Hble wioBble ocaaku (Ne 17, Ne 18). CoobiectBa
KYJETUBUPOBAIIA B TEPMOMIUTLHBIX M Me30(ITHHBIX
VCITOBUSIX, PE3YJIBTATHI TIPEACTaBIeHB Ha puc. 2 U B
Ta6a. 2, 3. OroOpaHHBIE Ha LEJUII0I03¢ COOOIIeCcCTBa
oKazamnuch 3(PPeKTUBHBIMU B OTHOIIEHWUM TpaHC-
dopMalimnm OyMaxkKHOTO CHIpbsI B Omora3. B tepmo-
GWIBHBIX YCIOBUSAX TIPU KYJIBTUBHPOBAHWM Ha
oducHoli 6ymare MUKpoOHbIe coobiiecTBa Ne 3, 17—
22 3(G@dEKTUBHO OCYIIESCTBIISUIA KOHBEPCHUIO CYyO-
cTpaTta ¢ HaKOIUIGHWEM MeTaHa B OHoraze OKOJIO
50%. Ilpu BeIpalIMBaHWM Ha YIIaKOBOYHOM TO(pH-
poBaHHOM KapToHe mpH 55°C TakKe TIPOUCXOIIIT aK-
TUBHBIN TUIPOIN3 CYyOCTpaTa ¢ ITOCIeAyIONMM 00pa-
30BaHMEM OMorasa, XoTs1 1 MeHee 3((eKTUBHO (puC. 2,
TabJ1. 3). U3 naHHBIX TUTEepaTypbl U3BECTHO, YTO MpPU
pa3NoXeHUN Ppa3IMYHOro TUMa OYMaXKHOTO ChIPbS
BBIXOl METaHa MOKET COCTABJIATh HAa O(HCHOM GyMa-
re — 217.3, a Ha rodpupoBaHHOM KapToHe oT 152.3 1o
183.0 M1 CH,/r cybcTpaTa cooTBeTCTBeHHO [11, 12].

Ilpu KynbTUBUPOBAHUNA MUKPOOHBIX COOOIIECTB
Ne 1 u Ne 21 B Me30(DUIBbHBIX YCIOBUSIX KYJBTYPbI
npoayuupoBanu 47.3 u 51.7% meraHa Ha opUCHOI
oymare 1 48.9 u 49.6% Ha KapTOHE COOTBETCTBEHHO.
Coo0iectBo No 21 00pa30BBIBajIO OOJIbIIIE METaHA U
OCYIIECTBJISITIO 3TOT Mpolecc 3ddekTruBHee (TadJ. 3).
B Me30(hMIbHBIX YCIOBUSIX OMOPa3I0KEeHE KapTOHa
IIPOXOJMJIO He MEHee aKTUBHO, YyeM 1pu 55°C, ogHa-
KO C MeHblIell ckopocThio. TeM He MeHee B Me30-
GUABHBIX U TePMOMUILHBIX YCIOBUSIX BbIOpAHHbIE
MHUKpPOOHBIE COOOIIECTBA COXPAHSIM CBOIO aKTUB-
HOCTb IIPU Pa3IOKCHUN OYMaKHOTO ChIPbsl U TpaHC-
dopmanuu ero B ouoras. Ilpuuem Ouomerpaganus
HMCCIIeIyeMbIX CYOCTpaTOB IIpoxoauia 0e3 rmpeaBapm-
TEJbHOU UX 00pabOTKHU, T.€. KUCJIOTHOTO WU LISTIOY-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

HOTO TUAPOJIN3a, TIPUMEHSIEMOTO IS pa3pyIIeHUS
JIMTHUHA, KOTOPBIN C TPYIOM ITOABEpraeTCs Aerpama-
I B aHA3POOHBIX YCIOBUIX M YMEHBIIAET JOCTYIT-
HOCTb LIeJUTIONO3EI 111 Tuapoan3sa [11]. Cogepxanue
JINTHWHA B TaKWX CyOcTparax Kojeoiercs oT 2% B
odurcHoit 6ymare mo 24% B raszeTHOIt [16].

CkopocTh 00pa3oBaHUsI OHMora3a COOOIIeCTBAMM
MUKPOOPTAaHU3MOB B TepMOMUIIbHBIX YCIOBUSX Ha
oducHoit oymare (~0.9—1.0 ma/cyT ma cpenbl) ObLia
BBIIIE, UeM Ha LIeJUTION03€ 32 MCKIIOUYEHUEM CO00-
mectB Ne 3 1 Ne 17. Hanbonbimii Beixoa 6uorasa (B
Kyasrype Ne 20) coctaBuit mouTtu 2.0 Mj1/CyT MJI cpe-
nbl. MakcumanbHass COb npu pasnoxeHuu oduc-
HOIi OyMaru 1 KapToHa ObLia OTMeUeHa B OOJIbIINH-
CTBe KyJIETYp Ha 6—7 CYT 3a UCKITIOYCHUEM KYJBTYD
Ne 17 u 21, KkOoTOpbIe OCYIIECTBISLIM OMOKOHBEPCHUIO
3a 3 cyt. Ilpu pasznoxenuu kaptoHa CObB ObL1a He-
CKOJIbKO HMXKe (Tab. 2). HecMoTpst Ha To, UTO B Me-
30(bDMJIBHBIX YCITOBUSIX OWOKOHBEPCUSI OYyMasKHOTO
CBIpbsSl TIpoTeKaja ¢ obOpa3zoBaHuem Ouoraza, COb
Oobu1a B 1.5—2 pasa HUXe, yeM B TepMOGUIbHBIX
YCJIOBUSIX.

MccnegoBaHue 1MHaAMUKU O00Opa30oBaHUs Ouorasa
oKa3ajo, 4TO IepBOHAYaIbHO BO3pacTaly KOHIICH-
Tpalys 1 JaBJI€eHUEe BOAOPOAA, KOTOPHEIE CHIKAJIMCH
110 Mepe pa3BUTUSI THAPOreHOTPOPOB. 3aTeM CHILKE -
Hue pH, BbI3BaHHOE 0O0pa3oBaHUEM OOJIBIIIOTO KOJIM-
yecTBa JieTydux KupHbIX kKuciaoT (JIZKK) B mpouecce
TMAPOJIN3a LIEJII0I03bl, MHIMOMPOBAJIO MeTaHOIe-
He3. YBeauueHue pH crmocoOGcTBOBaIo 00pa30BaHUIO
n3 YKCyCHOf[ KHCJIOTbI M€TaHa 1 YBCJIMYCHHIO €TO
KOHUCHTpallunu " JaBJICHUSI. CXO,[[H])IG MpoLECCHI,
IIpOTeKaloye Mpyu OMopa3IoXEeHUN LEJUIIOJI03bI U
oduCcHOI OyMaru B Me30(MJILHBIX YCJIOBUSIX, OITMCA-
HBI TakKe B padote [10]. Takum oOpa3oMm, Ipu Mpo-
BEJICHUU CEJIEKIIMY MUKPOOHBIX COOOIIECTB 1 afam-
TallUU UX K cyOCTpaTy yl1ajl0Ch 3HAYUTEbHO yBEIU-
Ne 4
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YUTh BBIXOA Me€TaHa B COCTaBe Ouorasa, Hpu4yeM
OJIMHAKOBO 3((PEKTUBHO KaK B TEPMOMUIbHBIX, TaK
¥ B Me30(MIbHBIX YCIOBUSIX KYJIBTUBUPOBAHMS.

Oo0pa3oBanue 0MOraza MMKpPOOHBIMHM COOOIECTBA-
MH, Pa3JiaraloiyMH MUIIEBbIEe ObITOBbIE 0TXObI. [1po-
BeJIeHO CpaBHEeHUE oOpa3oBaHUs OMorasa BbIICICH-
HBIMHM COOOIIECTBAMM MPU UCHOIb30BAHUU B Kade-
ctBe cyoctpara IIBO. MukpoGHblE COOOILLECTBA
BhIAesII TIpu 55°C, MOCKoIbLKY Hauboee 3 dex-
TUBHAsI OMOKOHBEpPCHUS OPraHMYECKOTO BelllecTBa
MPOUCXOJNIa UMEHHO B TePMOMUIbHBIX YCIOBUSIX
(TIepBBI Maccax), MPU 3TOM OOJBIIMHCTBO COO0-
mecTB 00pa3oBbIBaio 6osiee 50% MeraHa B cocTaBe
razoBoii cmecu (puc. 3). OTIMYUTEIBHOI YepTOi
MPOAYKILIMK OMOTa3a Ha 3TOM cyOcTpare ObLUIO TO, UTO
psn coobiects, Harpumep Ne 15, Ne 21, Ne 23, BhI-
JIeJISITT Ha TIEPBBIX 3Tanax KyJIbTMBUPOBAHUS 3HAYM-
TeJIbHOE KOJIMYeCTBO Bomopoaa — 5.95; 4.24; 4.72%
COOTBETCTBEHHO, KOTOPBII 3aTeM BOBJICKAJICS B Me-
TaHoreHe3. bbu10o 0TOOpaHO HECKOJIbKO aKTUBHBIX
MUKPOOHBIX COOOILECTB, KOTOpPbIe 3(PGHEKTUBHO Me-
pepabaThiBaii OpraHUYECKHE OTXOOBl B OMoras
(Tabjy. 4) 1 He cHUXaIU 3(PHEKTUBHOCTA OMOKOH-
BEPCHU B IIpoliecce mepeceBoB. MakcuMalbHast CKO-
pocTh obpa3oBaHMsl MeTaHa (7 CyT KyJbTMBHUPOBa-
HUs1) 11t coodmectB Ne 2, No 3, Ne 19 m Ne 23 cocra-
puima 0.60, 0.88, 0.43 u 0.44 mia/cyT Ma cpenbl
cooTrBeTcTBeHHO. Co000I1IIecTBa, BBIACICHHBIC U3
KoMITocTHO# Kyuu (Ne 2) 1 )koMa KpaCHOTO BUHOTpa-
nma (Ne 3), okazanuch Hanboyiee aKTUBHBIMUA B OTHO-
weHuu paznoxenust [1bO — 353 u 313 mn CH,/r co-
OTBETCTBEHHO, C COAepXaHUeM MeTaHa B Ouorase
58%. Ilo nanusiM P. [Ixxanra ¢ coasr. [17], ipu aHas-
pOOHOII MUKPOOHOI IecTpyKUuK (B TedyeHUe 28 cyT
npu 50°C) nuieBbIX OTXOA0B MPEANPUITUN OOIIIe-
CTBEHHOTO TIMTaHUsl (pecTopaHbl) BBIAEISIIOCH MO
440 mu1 MmeTaHa/T. JIpyrue aBTopsl [ 18], ucciaemys pas-
JIOXKEHUE Pa3IMYHBIX BUJIOB MUIIEBBIX OTXOI0B B Me-
30(pMIIBHBIX U TepMOGUILHBIX YCIOBHSIX 3a TO K€
BpeMsI ITOKa3aJIv, YTO BBIXOJA MeTaHa IPU 3TOM He 3a-
BHUCEJI OT YCIOBUI KYJIGTUBHPOBAHUS M BBEIOPAHHBIX
pPa3sHOBUAHOCTEM cyOcTpara. Tak, mpy KOHBEPCUU B
Ouoras OTX0J0B OT IPOU3BOJCTBA CYIOB, OTXOAO0B U3
KadeTepust 1 KyXHHM KOMMEPUYECKOTO 3aBEICHUS CO-
Jiep>KaHue MeTaHa B Me30(PUJIbHBIX YCIIOBUSIX COCTA-
BuJio oT 250 1o 450 MJ1/T, a B TepMOGUIbHBIX — 240—
470 mn/t. HanGonbliiee KoaudecTBO MeTaHa (OoJjiee
500 mn CH,/T) 06pa30BBIBaIOCH JIUIIb TPU Pa3IoXKe-
HUM OTXOJOB OT PBIOHBIX MPOU3BOACTB U KUPOB U3
MacJIOOTAEIUTEILHOTO COOpHUKA (3KUPOIOBKa). TeM
He MeHee, 13-3a HEOJHOPOTHOCTHU TaKUX CyOCTpaToOB
clieayeT YUUTHIBaTh, YTO ITOKA3aTeI BBIX0JAa METaHA
MOTYT U3MEHSIThCS B 3aBUCHMOCTH OT TUIIA OpraHu-
YeCcKOTo cyOcTpaTa M cOCTaBa MUKPOOHOIO COOOIIe-
ctBa. Bece BrigeeHHBIE HaMU cooO1IecTBa 3(pPHEKTUB-
HO 00pa30BBIBAJIM OMOTa3 U3 1IEJUTIOJIO3BI M OPTaHnde-
CKMX OTXOIOB, a CeJeKINSI MHUKPOOHBIX COOOIIECTB
MO3BOJIWJIA MONYYUTh Pe3yJibTaThl, CPABHUMbBIC WU
MpeBbIIIAOIINE TTOKAa3aTeIM BbIXOAAa MeTaHa Ha aHa-
JIOTMYHBIX cyocTpartax [11, 12, 17, 18].

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

LIABKEJIOBA u np.

Taoauma 3. HakormieHue mMeTraHa Mpu KyJBTUBUPOBAHUU
MUKPOOHBIX COOOIIECTB Ha OPUCHOI Oymare U KapTOHE B
TepMopmIbHEIX (T) 1 Me3oduabHBIX (M) yCI0BUSIX

Ne 11po6bt Ilokazarenu OducHas Kapron
BBIXOJ]a METaHa Oymara
3T CHy, % 51.25 50.13
CHy, mii/T 247.95 223.44
CH,4, MMoIIB/T 11.07 9.97
6T CH,, % 48.61 48.02
CHy, mi1/r 241.14 231.52
CH,, mmonb/T 10.76 10.33
17T CH,, % 48.61 51.02
CHy, mi/T 246.60 252.43
CH,y, mmob/T 11.00 11.27
18T CHy, % 49.78 49.33
CHy, mii/r 259.05 244.49
CH,4, MmMoub/T 11.57 10.92
9T CH,, % 49.09 47.91
CHy, Mi1/r 270.88 234.26
CH,, mmonb/T 12.09 10.43
20T CHy, % 50.33 48.70
CHy, mii/T 281.80 241.79
CH,, mmorb/T 12.58 10.79
21T CH,, % 48.77 50.12
CHy, Mi1/T 255.84 240.28
CH,, mmornb/T 11.42 10.72
22T CHy, % 50.41 50.04
CHy, mii/T 265.35 246.98
CH,, MMoITB/T 11.85 11.02
1M CH,, % 47.32 48.90
CHy, mii/r 211.38 193.65
CH,, MMoIb/T 9.43 8.64
21 M CHy, % 51.69 49.63
CHy, mii/T 245.50 240.88
CH,, MMoIb/T 10.96 10.75

HN3BecTHO, YTO METAaHOTEHHOE MUKPOOHOE CO00-
IIECTBO OOBENMHSIET pa3IMYHBIC BUALI OaKTepuil U
apxeu, TeCHble B3aMMOOTHOIIIEHUSI MEXIY KOTOPbI-
MM 0as3sMpyIOTCsI, TIPeXIe BCEro, Ha MUILIEBBIX TO-
TpedHocTsx [19, 20]. [Ipu aHanu3e Kak TepMOMUIb-
HBIX [13], TaKk 1 Me30(hUIBHBIX COOOIIIECTB, pa3jiara-
IOILIMX LEJUTI0I03y, HAaMU ObUIA OTMEUYEHBI Pa3IMJusI
B COCTaBe KYJIBTYp, B TOM YKMCJIe HA Ha4aJdbHbIX U KO-
HEUYHBIX 3Tamnax (Iraccaxu) nx cejaekunu. B coobie-
CTBaxX OOHApYyXEHBI KJIETKU Pa3IMYHBIX MOP(OTHU-
OB, a TAK3Ke OOJIBIIIOE KOIMYECTBO CIIOPOBBIX (hOpM,
YTO MOXKET yKa3bIBaTb Ha TPUCYTCTBUE KIOCTPUIUIA,
KOTOpbIe OOBIYHO IIMPOKO MpeACTaBJeHbl B aHa’-
POOHBIX COOOIIEeCTBaX, YYACTBYIOIIUX B THAPOIN3E
neyuttono3bl [21]. bomemee MukpobHoe pazHOOOpa-
3ue HaOJwganu B TepMOGUIBLHBIX COOOIIECTBAX,
Ne 4
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Puc. 3. lunamuka o6paszoBanust metaHa (%) Ha [1BO npu 55°C (riepBblii accax) n30paHHBIMU MUKPOOHBIMU COOOIIIECTBa-

vz Ne 1-4, 6,7, 13, 15 (a) 1 Ne 17—19, 21-24 (6).

paznararpomux [1BO, 4ro onpeneseTcs: IPUCYTCTBU-
€M Pa3JINYHOro THUMAa cyoCcTpaToB (OEJIKU, XKUPHI, YT-
JIEBOABI, LIEJUTIOJ030COAEPXKAIIME KOMIIOHEHTHI).
BblT1O0 OTMEYEHO, YTO MUKPOOHBIE KIIETKU aare3nupo-
BaJIMCh Ha YaCTULAaX CyOCTpaTa ¥ BOJIOKHAX LIEJUTIOJIO-
3bl. I3BeCTHO, YTO CIOCOOHOCTh K afAre3uu SIBJISIETCSI
BaXXKHOM OCOOEHHOCThIO aHAZPOOHBIX TMAPOJIUTUKOB
(B ToM umciie Heamoiio3onutukoB). K. O’CanuBaH ¢
coTp. [22] moka3zaj, 4YTO CIIOCOOHOCTh MUKPOOHOIO
Co00I1IeCTBa K TMAPOJIN3Y OPraHMYeCKOro BelllecTBa
B OOJIBbIILIEH CTETIEHU ONpEIeIsIeTCS HE TUAPOIUTHYE -
CKO1 CITOCOOHOCTBIO OTACIBHBIX, COCTABJISIIOLINX CO-
00IIIeCTBO MUKPOOPTraHU3MOB, a UMEHHO aKTUBHO-
CTBIO TUIPOJIUTHUKOB, CIIOCOOHBIX aAre3MPOBaThCs Ha
cybcTpare.

M3yyeHHble HAMU MUKPOOHBIE COOOIIECTBA CITO-
COOHBI 00eCeYrTh BBICOKMIA BBIXOA METaHa B COCTa-
Be O01orasa Kak B Me30(UIbHbIX, TaK U B TEPMODUIIb-
HBIX [13] ycinoBusix KynsruBupoBaHusi. HecMotpst Ha
TO, UTO TMHUILEBbIE OTXOMIbl OBICTpEE IOJABEPTraIUCH
OMOpa3oXKEeHUI0, LE/UTI0J03a U €€ MPOU3BOIHbIC

oKaszajiuch He MeHee 3(P(PEeKTUBHBIMUA UCTOUHUKAMU
nonydyeHust 6uorasza. KpoMme Toro, coobiiecTsa, Bbi-
JIleJICHHBIE Ha LIEJUTIONO03¢e, MPOSIBISLIN OOJIBIITYIO CTa-
OUIILHOCTb MpU IlepeceBax B TeUEHUE HECKOJIbKUX
Mec. Heob6xonmMMo oTMeTUTh, YTO cpeaa ISk KyJIBTH-
BUPOBaHUSI HE COAepxKala JOPOTOCTOSIIIIUX KOMITO-
HEHTOB, a CyOCTpaT He MOoABeprajcs npeaBapuTelib-
HOM 00paboOTKe, YTO pacIIUpsieT BO3MOXKHOCTU MC-
MOJIb30BaHMS 1IEJTI0I030COIepXKAIINX CyOCTPaTOB.
W3BecTHO, 4TO TepMOGUILHAS AaHAPOOHAST IeCTPYK-
ST OpraHWYeCKUX BEIIECTB MPOXOIUT OoJiee apdex-
TUBHO M TpeOyeT MeHbllne BpemeHU [23—25]. TepMo-
(bMITbHBIE YCTAHOBKM IMOKA3bLIBAIOT 00Jiee BEICOKUIA BhI-
X0l Ouorasa, OOJIBIIYI0O CKOPOCTb €ro 00pa3oBaHMS,
OonbIINiT KO3(p(PUITMEHT KOHBEPCUU 1 MOTYT OBITh 3a-
TPY>KeHbI OOJIBIIIMM KOJIMYEeCTBOM cyoOcTpara [24, 26].
Kpome Toro, npu BICOKMX TeMIIepaTypax IOAaBISIOT-
sl TIaTOTreHHbIE MUKPOOPraHU3Mbl (Harpumep, E. coli
u Salmonella spp.) 1 mmapasuThl (s1ii11a T€IBMUHTOB)
[27—29]. B 1O ke BpeMst Tipu Me30(UITBHOM PEeXUME
MOJy4eHUsT GMoTra3a MeHbIIIE SHEPro3aTpaThl, a Mpo-

Tabmuna 4. HakoruieHre MeTaHa Npy KYJIBTUBUPOBAHUM MUKPOOHBIX coobiecTB Ne 2, 3, 19, 23 Ha I1BO nipu 55°C

No nmpoObI Iloxasarenm 1 maccax 2 maccax 3 maccax 4 mmaccax 5 maccax
BbIXO/a METaHa
2 CHy, % 58.88 45.34 62.00 61.20 58.08
CHy, mii/T 350.17 188.08 303.86 261.85 352.91
CH,, mmob/T 15.63 8.40 13.57 11.70 15.76
3 CH,, % 60.88 52.18 62.96 63.56 57.73
CHy, mii/r 486.92 247.02 323.86 333.38 313.28
CH,, MMonb/T 21.74 11.03 14.46 14.88 14.00
19 CHy, % 54.50 47.47 60.88 56.55 54.60
CHy, mii/T 252.03 197.12 223.34 182.31 230.75
CH,, MMoub/T 11.25 8.80 9.97 8.14 10.30
23 CHy, % 52.71 47.22 62.92 56.64 54.5
CHy, M1/t 227.41 212.12 224.36 182.57 250.11
CH,, MMOTBb/T 10.15 9.47 10.02 8.15 11.16
IMPUKJIIAIHASA BUOXUMUA U MUKPOBUOJIOTHUA  Tom 48 Ne 4 2012
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ecc B MEHBIIIEN CTEeIIEHW MHTUOMPYETCS 00pa3oBa-
aueM ammuaka u JIZKK [24], mosToMy B 3aBUCHMO-
CTH OT TpeOOBaHMIT HEOOXOMMMO MOIOUPATH OITH-
MaJIbHOE MUKPOOHOE COOOIIECTBO, TTO3BOJISIONIEE C
MaKCUMaJIbHON 3(p(heKTUBHOCTHIO MepepadaThiBaTh
opraHnveckuii cyocrpar B 6uoras. [loimyyeHHbBIE Ha-
MU TaHHBIC HEOOXOMMMBI TS TIOHUMAaHUS M OTIEHKH!
Pa3IMYHBIX CTpaTeTHii, KOTOPBIE MOXKXHO TIPUMEHSITh
IUIST YTUIM3auuK 1 6ojee 3(OEKTUBHOIO UCIIOIb30-
BaHMST TBEPIbIX OPTaHUIECKUX OTXOMOB, B TOM YHC-
JIe, cofepKallnX [eJUTI0I03Y.

Pa6ora BeImonHeHa Tipu noaaepkke rpanta ML
“HayyHble 1 Hay4yHO-TIeIarornyeckye Kaapbl MHHO-
parmmoHHoi Poccum” wa 2009—-2013 rtomer; I'K
Ne T12470.
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Biogas Production by Microbial Communities via Decomposition
of Cellulose and Food Waste
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e-mail: tsavkelova@mail.r
Received May 24, 2011

Abstract—Several active microbial communities that form biogas via decomposition of cellulose and domes-
tic food waste were identified among 24 samples isolated from different natural and anthropogenic sources.
The methane yield was 90—260 ml CH,/g from microbial communities grown on cellulose substrates, office
paper, and cardboard at 37°C without preprocessing. Under mesophilic conditions, bioconversion of paper
waste yields biogas with a methane content from 47 to 63%; however, the rate of biogas production was 1.5—
2.0 times lower than under thermophilic conditions. When microbial communities were grown on DFW un-
der thermophilic conditions, the most stable and effective of them produced 230—353 ml CH,/g, and the
methane content in biogas was 54—58%. These results demonstrated the significance of our studies for the
development of a technology for the biotransformation of paper waste into biogas and for the need of selec-
tion of microbial communities to improve the efficiency of the process.
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HccnenoBaH cocTaB JETYyYMX BELIECTB Pa3IMYHBIX COPTOB (hepMEHTUPOBAHHBIX TAOAUYHBIX JIMCTHEB U UX
cMeceid — ChIPbST TS POU3BOCTBA TabauHbIX U3aeaunii. [Toka3aHbl pa3Invus B conep>kaHUU B HUX HUKO-
TMHA, COJIAHOHA, TeTpaMeTWITeKCcaaelleHoJIa, MEraCTUTMAaTPUEHOHOB U APYTUX BEILIECTB, OMPEAEIISIIOIINX
crnennduIecKrue apoMaTiIecKue CBoiicTBa Tabaka. B mabopaTopHOM peakTope, paboTaromeM 1Mo MPUHIII -
my 6MoGUIIBTPa C OPOIIIAeMbIM CJIOEM, B pe3yJIbTaTe JUIUTEJbHON ananTaluy Ha HocuTelle chopMUpOBaHO
COO0O0IIIECTBO MUKPOOPTAaHU3MOB, CTIOCOOHOE OCYIIECTBIISITh I€300PAIINI0 CMOAESTUPOBAHHON BO3IYIITHOM
CMEeCH M IeCTPYKLIMIO HUKOTUHA. Ha 6nodunbrpe mporcxoanio ynajieHue u3 Bo3ayxa, kak 90% ocHOBHO-
o TOKCUYHOTO BEIleCTBa HUKOTWUHA, TaK U BEIIECTB, ONPEACIISIOMMNX 3anax. D¢ heKTUBHOCTb OMOGUIb-
TpaluMy He U3MEeHSIach MPU UCTIOIb30BaHUM TabaKa, ¢ pa3TMIYHBIMU KOHLIEHTPAIIUSIMU JIETYYUX BEIIECTB,
a TaKKe B MPUCYTCTBUM ITOCTOPOHHUX MpuMeceii. OCHOBHBIE IITAMMBI, YYaCTBYIOIIME B 1eCTPYKLIMU HU-
KOTHHA, BBIIEJIEHHbIE U3 COOOIIECTBA MUKPOOPTAaHM3MOB Ha OMOKaTaIn3aTope, MpUHAIJIeXaIN K poIamM
Pseudomonas, Bacillus, Rhodococcus. ViccnenoBaHue opollaronieil XKMIKOCTU MoKa3alo MOJTHYIO J1eCTPYK-
1IN0 HUKOTUHA U JIETYYMX OPTraHUYECKUX BEIIECTB, OMPEeIIONIuX 3anax. [IprucyTcTByoIre B OpoIIao-
LIEH XUIKOCTH BElleCTBa He 00JIafaiy 3araxoM U He ObUTM TOKCUYHBI. [TonydeHHbIe pe3yIbTaThl O3B0~
JIVUTU OCYIIECTBUTh MacIITAOMpOBaHME Mpoliecca OModWIbTpalvy I yoaJeHUs 3araxa BEHTWISIIIMOH-

HBIX BBIOPOCOB TaOAYHOT'O MPOU3BOJICTBA.

TTpou3BoOACTBO TaOAYHBIX U3AETUN — OOUH U3 UC-
TOYHMKOB HEMPUSITHOrO 3amaxa B 4epTe ropoja,
OIIYIIIAaeMOT0 XKUTEISIMHU B IIPUJIETAIOIINX K IIpemd-
NpusITUIM pailoHax. s ¢popmupoBaHUst KoMpopT-
HOM U BKOJOTMYECKM YHUCTOU TOPOACKOM CPEIbI
KpalfiHe BaXXHO HCIIOJIb30BaHWE TOPOACKUMM IIpEd-
NPUSITUSIMU TTUILEBOM, papMalleBTUISCKON U HEKO-
TOPBIX IPYTUX BUAOB IMIPOMBIIIJICHHOCTH, B BEHTUJISI-
IUOHHBIX BBHIOPOCAX KOTOPBIX CONEPKATCS ITaxXHY-
mue BemiecTBa, 3P@MEKTUBHBIX M 3KOJOTUYSCKH
YUCTBIX CUCTEM (PMIBTpAlld BEHTWISILIMOHHBIX BHI-
OpocoB. MeTon OmMoMIbTpaliiy 3apeKOMEHIOBAI
cebs Kak CIoco0 ygaJIeHUs JIETYydUX OpraHuYecKuX
BEIECTB B IpeieaaX HU3KUX U CpeIHUX KOHLIEHTpa-
Ui, a TaKXKe Ae30H0pallid BEHTUJISILIUOHHBIX BBI-
OpOCOB Pa3IUYHOIO COCTaBa, CO CPaBHUTEIBHO HE-
BBICOKMMM KaIllMTaJAbHBIMU M 3KCILTyaTallMOHHBIMU
3arpaTtamMu [1—3]. DTOT MeTond TakXke CYIIeCTBEHHO
OTJIMYAETCS OT APYTUX CIOCOO0B (DUIBTPALIMU TEM,
YTO HE BBI3BIBACT BTOPUYHOTIO 3arpsi3HEHUST OKpYyXKa-
IOLLEN CPEIBI.

B mmponieccax rmepepadboTKM TaOATYHOTO CHIPhS: Ma-
poTepMUYECKO 00pabOTKU, pa3pbhIXJIEHUH, PE3KHU,
CYLIKM, U Ap. BUIOB 00pabOTKY B acCIIMpallMOHHbIE 1
IMTHEBMOTPAHCIIOPTHBIE CUCTEMBI TTONANAOT JIETydHre
OpraHuyecKkue BelllecTBa (epMEHTUPOBAHHBIX Ta-

OaYHBIX JIUCTHEB, B TOM YHCJIe ¥ HUKOTHH. HUKOTHH —
OCHOBHOM aJTKaJIONJ TaOAUHBIX JINCTHEB, ITOBUT, XO-
POLLIO BCAChIBAETCS B OPraHU3Me 4eJIoBeKa M MOXKET
BbI3BIBATh TsIKEJIbIE paccTpoiicTBa. Jle3omopaliys Ta-
KNX MHOTOKOMIIOHEHTHBIX BEHTWISLIMOHHBIX BbI-
OpOCOB MMeeT CBOU crHeluduIecKkrne oCoOOeHHOCTH,
YTO CBSI3aHO C MPUCYTCTBMEM B BHIOpOCAX IIMPOKOTO
CIHEKTpa COENMHEHUIN B HU3KUX KOHLEHTPALUSIX U
MOJIHOCTBIO 4YacTO He UaeHTUdULUpoBaHHBIX. He-
CMOTpSI Ha HU3KHWE KOHLEHTpALMU OPTraHUYECKUX
BEIIECTB B TAKMX BBIOPOCAX, OHU MOTYT JOCTATOYHO
CWJILHO BO3EHCTBOBATH Ha peLENTOPhl 4YeIOBeKa,
BBI3BIBasl KaK TICUXO3MOLIMOHAJIIBHBIC, TaK U aJIep-
TMYEeCKUE peaKinu.

KommuecrBeHHass oneHka 3(OEKTUBHOCTH OE3-
oJ0pali MOKET OBbITh ITPOU3BeIeHA IPU ITOJIHOM Xa-
PaKTEepUCTUKE COCTaBa, YTO HE MCKITIOYAET HUCITOJIb30-
BaHUsI CYOBEKTUBHOI OPraHOJIENITUYECKON OLIEHKU
3(HEKTUBHOCTH yIaJIeHHUS 3arraxa.

AHa/IM3 TMaTEeHTHOU W HAay4YHO-TEXHUYECKOW JIM-
TepaTypbl MOKa3aj, YTO NPaKTUYECKU OTCYTCTBYET
nHPOpMAIIMSI 00 MCITOJIB30BAaHUM aIlTapaTHBIX CH-
cTeM OuodwIbTpaluy IS Ae30A0pallMd BEHTUJISI-
IIMOHHBIX BBIOPOCOB TabauyHbIX mpeanpusatuii. Ha
caritax HeKoTopbIx ¢pupM Iepmanum u CILIA nmeet-
cs1 orpaHuMYeHHast MH(GoOpMaluus 00 MCIOJb30BaHUU
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CHICTeMBI OMOCKPYOEepOB 1 HACKIITHBIX (DMIIETPOB IJIsI
yaoajieHus TabauyHoro 3amnaxa [4]. B Poccuu Ob11a pas-
paboTaHa TEXHOJOTrUsI OMO(MILTpalluM C Opollac-
MBIM CJI0€M, 3alluIleHHas maTeHTaMu PP, oTanua-
Io1asicss oT U3BeCTHbhIX B Mupe [5—8]. Hacrosias
paborta siBasIeTCS AaTbHEUIIUM pa3BUTUEM TEXHOJIO-
ruy OMOUIBTPAINM C OpPOIIAeMBIM CJIOEM, KOTOpasi
pacimpsieT BO3MOXHOCTM UCITOJIb30BaHUSI TEXHOJIO-
TUU TSI €300 paliiii MHOTOKOMITOHEHTHBIX BEHTHJISI-
ILIMOHHBIX BEIOPOCOB OOJIBIIOr0 00beMa ¢ HU3KUM CO-
Jiep>KaHWEeM OpraHMYeCKUX BEIIECTB, XapaKTePHBIX IS
MPEANTPUSITUI TTUIIEBON MTPOMBIIIUIEHHOCTH.

Lenp paboThl — MCClIeHOBAHME COCTaBa JICTYUMX
BCIIECTB Pa3INYHbIX COPTOB TAOAYHBIX JINCTHEB, €TI0
BIIMSIHUS Ha CTEIeHb yAaJeHUs OpPraHUYeCcKUX Be-
LLIECTB 1 3allaxa U3 BO3AYIIHOI cMecH B J1abopaTop-
HBIX OMOpeakTopax, pabOoTaloIUX MO MPUHLIUITY
GUOMUITETPA C OPOIITAEMBIM CIIOEM.

METOIUNKA

Bbinenenue JieTyunx BemecTB U3 (pepMEHTHPOBAH-
HBbIX TA0AYHBIX JUCTHEB. JJIs1 0ObEKTUBHON XapaKTe-
PUCTUKU JIETy4YUe COeNUHEHNST (DEPMEHTUPOBAHHbBIX
TabayHBIX JIMCTHEB, OIPEAC/ISIONINX 3anax Tabaka u
HojiexXaliue OYUCTKE Ha OMOMUIBTPE, BBIACISIIN
METOJOM COAUCTWUISILUM C BOJOU U JAUSITUIOBBIM
acpupowm [9, 10]. nsa uccaemoBaHus Opaim Kak cMe-
CU pa3IMYHBIX COPTOB, HaMbOJIee YaCTO MUCIIOJIb3ye-
Mble TIpU MPOU3BOACTBE TaOAUHBIX U3AEIUM, TaK U
OTIeNIbHBIE copTa (hepMEeHTHpPOBaHHOro Tabaka. Mc-
CJIeOBaH COCTaB JIETYYMX BEIIECTB CJICAYIOIIUX 00-
pa3uoB Tabaka: Tabak TeruioBoli cymku (MHmoHeswms,
IDA/C9, 12507118); Ttabak opueHTalbHbIN (bosra-
pust, BGX/3K, 12506758); Bupmkunus (UITFCG,
12596506); Bupmxkunus, (TNV/L9, 2507202); Taii-
nmaug, bepueit, (THB/XS8, 12507163).

J11s1 BBIICICHUS JISTYYMX BEIIECTB U3MEIbUCHHbBIC
(depMeHTHPOBaHHbIE TaOauyHbIE JIUCThSI Pa3IMIHBIX
coptoB (1o 30 r) momelnaad B KOJOy, A0OaBJISLIU
300 MJT IMCTUIUIMPOBAHHOM BOABI, 50 MJI CBeXeTepe-
THAaHHOTO JUA3TUJIOBOIO 3(upa, TIIATEJILHO IepeMe-
IIMBAJIM, 3aKPbIBAJIM T€PMETUYHO MPOOKOI U OCTaB-
JISLTTA TTPU KOMHATHOM TeMIiepaTtype Ha 16 4 1151 oKe-
TpaKIUU JEeTy9UX BEIIeCTB. 3aTeM BOIHO-3(PUPHBINA
CJIOI IeKaHTUPOBaIN, OCTABIIYIOCS CMECh pa3iesi-
M HeHTpudyrupoBaHMeM, BOIHO-3(UpPHBIE 3KC-
TpaKThl 00beauHsIN. B akcTpakT mobassuiu 30 M
IU3TUIIOBOTO 3(pupa, 1 Mr H-mogeKaHa B KayecTBe
BHYTPEHHETO CTaHIapra, MepPEeMELINBAIIA BCTPSAXU-
BaHMEM B T€UCHUE 2 MUH U BBIACIISUIN JIeTy91E BEIle-
CTBa COOUCTUIUISILIMEN ¢ 9(UPOM M BOIOM, KaK OITH-
caHo B paborax [8§—10]. DduUpHEBII cI0N TUCTUILISATA
OTHEJISUIM, BEICYIIMBAIK C 1 T 6e3BOAHOIO cyjiab(aTra
HaTpus M KOHIEHTPUPOBAJIM [0 0O0beMa OKOJIO
200 Mk oTroHKo# 3¢pupa rpu 40°C.

HccaenoBanue cocTasa JieTydnx BemecTs (pepMeH-
THPOBAHHBIX Ta0a4YHbBIX JHUCTbeB. s ompeneneHus

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

3AT'YCTHUHA n np.

KOJIMYECTBEHHOIO CONEPXKaHUS JIETYYMX BELIECTB B
KayeCcTBEe BHYTPEHHETO CTaHAapTa 100aBIsUIU H-TPU-
nekaH. [azoByro xpomartorpaduio (I'X) n aHanusbel ['X
C Macc-CIIeKTPOMETPUUYECKON JeTeKIMEN MPOBOAM-
JIM Ha KaNWUISIPHOM KBaplieBO KOJTOHKE C HEMOJISIp-
HO NOJINMETWICHIMKOHOBOM CTallMOHAPHOM (ha30ii
B pexXMMe TMporpaMMUpOBaHUs TemIepaTypbl. Jis
omnpenesieHUsT KadecTBa 3araxa xpomMaTrorpacdpuye-
CKMX 30H 3JIl0aTa HCIIOJb30Bald METOIMKY CHUGD-
(bvHr-aHanM3a, Koraa uCcrnojab3yeTcs NeJIMTeIb IMOTO-
Ka, C TOMOIIbIO KOTOPOro TOJIOBMHY 3Jt0oara Ha-
MPaBJISLIA Ha IETEKTOP, a APYTYIO JJIsT OIIEHKU 3ariaxa
COOTBETCTBYIOIIMX KOMITOHEHTOB. OTucaHue 3arnaxa
30H MPOBOJWIM TPU TPEHUPOBAHHBIX Tpodeccuo-
HaJILHBIX JerycraTopa.

I'X-ananu3 mpoBOAWIM Ha KaMWUISPHOM ra3o-
BoM xpomatorpace HP 5730A (“Hewlett Packard”,
CIIIA) ¢ tTutTaMeHHO-MOHU3alIMOHHBIM J€TEKTOPOM U
KBaplieBoOil KanuuisipHoil KojioHkoil SPB-1 (50 M x
x 0.25 MM, cioit ¢dazsl 0.3 MKM) IIpU IIpOTPpaMMUPO-
BaHUM TeMIepaTypsl KoaoHku oT 60°C mo 250°C co
ckopocThio 8°C/muH. TemMneparypa MHXEKTOpa U
netekTopa coctapisiia 250°C. CKopocTh raza-HOCHU-
Tess Teausl 4epe3 KOJOHKY COCTaBisiia 1.5 Mii/MuH.
AHamM3upoBaId MO 2 MK 3(UPHBIX 3KCTPAKTOB.
XpoMarorpaMMbl PErMCTPUPOBAIUM C TMOMOIIBIO CH-
CTeMbl cOopa M 00OpadOTKM XpomaTorpadpmIecKux
naHHbIX DKoxpoM (Poccust). B anukBoTy KOHIIEHTpa-
TOBJIETYYMX BELLIECTB 100aBUJIM 1 MKJT CMeCU H-ajiKa-
HOB C YKCJIOM aTOMOB yTjlepona 6—22 1 aHaJIM3UPO-
BaJIU B TeX ke ycJioBusix. [1o BpeMeHaM ynep>kMBaHUS
KOMITOHEHTOB aHaJU3UPYEMbIX cMecelt 1 HOpMaJlb-
HbIX aJIKaHOB PacCUYMTHIBAIU BEJIWUYMHBI MHIEKCOB
yaepxuBaHus (UY). N3 rtomaneit nMKOB BEILIECTB U
TUTOIIAIU TIMKA BHYTPEHHET0 CTaHAapTa Ha XpoMaTo-
rpamMmax oopasloB METOJIOM IPOCTOl HOPMUPOBKU
paccUMTHIBAIA OTHOCUTEJIbHOE COAEPKAHUE KaXKI0-
ro KOMIMOHEHTa B U3YYEHHBIX 00pa3liax u BbIpaxkaau
B MKT Ha 100 T cyxux Ta0auyHBIX JINCTHEB.

YcaoBuss padoThl JadopaTopHoro peakropa. s
CO3IMaHUs TIpoliecca OMOJOTMYECKON me30M0paIiuu
WUCIOJIb30BAJIM CEPUIO U3TOTOBJIICHHBIX U3 CTEKJIA Jia-
0OpaTOpHBIX MUKpOpeaKTopoB pazmepoM 200—250 x
x 30 MmMm. CTEKIIITHHBINA peaKTop 3aIlOJHSIJIN HOCUTE-
JIeM U3 ToJMaMUAHOTO BojsioKHa. Ha monuamumHoe
BOJIOKHO HAHOCWJIA CYCIIEH3WIO KJIETOK ITpeaBapH-
TEJIbHO CEeJIEKIIMOHUPOBAaHHOTO COOOIIIECTBA MUKPO-
OpPraHM3MOB-IeCTPYKTOPOB. [Ipu MmocTossHHOM Opo-
IIEHWW HOCUTENIS MNUPKYIUPYIOIMIe CycrieH3uei
MIPOUCXOOMIA MMMOOMIN3AIINs KIETOK, 00pa3oBa-
HUe OMOIUICHKN Ha HocuTese U (POpMUpOBaHUE O1O-
KaTajm3aTopa — OCHOBHOTO 3JieMeHTa OuoduasTpa

(puc. 1).

bakrepun mig mMMooMnIM3anuyu cooupann ¢ 3P-
(GEeKTUBHBIX 0MOKATAJIM3aTOPOB, a TaKXKE BbIICIISIIIN
M3 HAKONUTEIBbHBIX KYJIBTYP, HOJYYEeHHBIX Ha cpelie
DBaHCca ¢ 3KCTPAKTUBHBIMU BEIIECTBAMU TaOAYHBIX
JIMCTheB. JJanbHENIIYIO CEJICKIIUIO COOOIIeCTBa MPO-
Ne 4
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Puc. 1. [IpuHumMnranbHas cxema JiabopaTopHOTO OMopeakTopa:

1 — IMMOOWIN30BaHHbIE KJIETKM COODIEeCTBa Ha HOCUTee (OMOKATaIM3aToOP) B CTEKJISTHHOM KOPITyce ¢ pyOallkoi 1uist Tep-
MOCTaTUPOBaHUST; 2 — U3MeJIbYEHHbIE TabauyHbIe JTUCThS; 3 — TepMocTaT Ha 60°C; 4 — MUKPOKOMIIPECCOpP; 5 — poTaMeTp; 6 —
TepMocCTaT; 7, § — MePUCTAIBTUIECKUI HAcOC; 9 — eMKOCTb C OPOILIAOIIeH XKUAKOCTbIO; 10 — Bbixoa (0TOOp Mpobsl); 1/ — BO3-
IyIIHBIN GueTp; 12 — BX0d (0TOOP TPOOBI); CTpEeTKaMu 0003HAYEHBI HATTPaBJIEHUS BO3MYIITHOTO MOTOKA M OPOIIIAIOIIEH K1/ -

KOCTH.

BOIWJIM B MUKpOpeakTopax. AKTUBHOE COOOILIECTBO
GaKTepuii co3gaBaii C UCITOJb30BaHUEM MUKPOOP-
TaHW3MOB, BBIIEJIEHHBIX U3 IIPO0, B3ATHIX Ha Tabau-
HOM TIPEAIPUITAN, a TaKKe OaKTepUii-IeCTPYKTO-
POB JIETYy4MX OPTraHUYECKUX COCAMHEHUI U3 KOJIEK-
o MacTnTyTa moxmumun PAH, nmpuHamiexxanmx
ponam Pseudomonas, Rhodococcus, Nocardia, Micro-
coccus. CycTieH31sl CMeCU KyJIBTYp TOTOBMJIACH HA OC-
HOBE MOAUMUIMPOBAHHOM MUHEPATLHON Cpelbl
DBaHaca, KoTopasi B JaJlbHelIlIeM HMCIIOJIb30Bajlach
TakKe B KadecTBe OpOIIAMIICH OMOoKaTalInm3aTop
Xnakoctu. MoauduimpoBaHHass MUHepaibHasl Cpe-
la OBaHca, WMeJla Clleaylolmii coctaB (r/n):
KH,PO, — 2.1; Na,HPO, — 3.4; (NH,),SO, — 1.0,
MgSO, — 0.04; muxpoanemeHTsl (Mr/1): Na,MoO, —
4.0; CuSO, — 0.15; H;BO; — 0.35; CaCl, — 0.026;
ZnSO, — 1.5; MnCl, — 1.0; FeSO,— 2.4. CkopocTb no-
JTa4y OpOIIAIOIIeit XXUIKOCTH cocTaBisuia 40 mi/4.

Yepes 1-3 Hen. mocie ¢gopmupoBaHus 3ddek-
THUBHOM OMOIUIEHKHN padoTa peakTopa XapaKTepu30-
BaJIach CIEIYIOIINMHY ONITUMAaIBLHBIMU TS TIpoIiecca
napamMeTpaMM: CKOPOCTb OPOIIIEHUST OMOKATaIM3aTo-
pa coctapisiia 40 MJ1/49; CKOPOCTb MOJa4Yu BO3IYIII-
HOI cMecH 36 J1/4, TeMIlepaTypa ITOCTYIIal0IIero Bo3-
nyxa 20—30°C; BpeMsI KOHTaKTa 2—8 C; BJIAaXKHOCTb
rnocryrmnaroiero Bozayxa 1o 100%, HampasieHue Mo-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

TOKa CBEepXy BHHU3; 00beM OHMOKaTaIM3aTopa OKOJIO
25 cM?; peXUM paboThbl YCTAHOBKU HENIPEPBIBHBIIA.

MopaemmpoBanue BO3AyHIHO#H cmecu. BosznyiiiHyto
CMECH JIJISI OUMCTKHU MOJIEJIMPOBAJIM, TIPOIYCKasi BO3-
JIyX yepe3 IMporpeThie TabauHbIe TUCThS. MI3MeIbueH-
Hble (PepMEHTUPOBAHHbIE JIUCThS Pa3TUUYHbBIX COPTOB
Tabaka, a Takxke cMecr Tabakos 110 200 T TToMenIamm
B K0J10y Ha 1.0 J1 ¥ TOCTOSIHHO TTOAAEPXKMBAJIM HA BO-
nIsTHO# 6aHe Tipu TeMmepaTtype 60°C, MeHsIs uX 4yepe3
KaxIble 3 CyT, a B HEKOTOPBIX ClIydasiX KaXIble CyT-
KU, TaK KaK MPU UCTIOIb30BAaHUN HEKOTOPBIX ITapTUiA
TabGayHbIX JUCTHEB KOHLICHTPALIUS JIETYyYUX BEllIeCTB
ObICTpO CHUXasach. Bo3ayx ¢ momolibio KoMIpecco-
pa rojiaBajiu B KOJIOY C IPOrpeEThIMU JIMCThSIMU, a 3a-
TeM B peakTop Ha OMoKaTajau3aTop.

AHau3 JieTyJYdx BellecTB B MOJAEIMpPyeMOil BO3-
nymHoi cMecd. Co3MaHHYIO UCKYCCTBEHHO BO3MYIII-
HYIO CMECh, COJIepKalllylo JeTyuyue BelllecTBa Tabay-
HBIX IUCTHEB 1 HUKOTWH, aHATM3NPOBAIN Ha XpoMa-
Torpade ¢ Macc CeJIEKTUBHBIM IeTeKTopoM Shimadzu
QP2010 (Amonwus). g aHaau3a UCTIOJb30BAIN Ka-
NWUISIPHYIO KBapieBylo KoloHKy MDN-1 mmuHo
30 M gnameTrpom 0.32 MM ¢ HEUTPaTbHBIM HOCUTEIIEM
MeTWICWIMKOHOM (upmbl “Supelco” (CIIA). Tem-
nepartypa trepmoctara ot 50 1o 250°C nporpaMMupo-
Bajlacb B cienytomiem pexume: 50°C — 0 MwuH,
2°C/muH g0 56°C; 4°C/muH no 60°C; 10°C/mMuH oo
Ne 4
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100°C; 15°C/mun mo 130°C; 20°C/MuH mo 190°C;
30°C/muH no 250°C; uzorepma — 250°C 2 muH. [e-
TEeKILWIO MPOU3BOAWIM B iuana3zoHe ot 41 no 250 m/Z,
TeMreparypa ucrodnnka noHo 200°C, remneparypa
nHtepdeiica 210°C. [az-HocUTeIb — el XpOMaTo-
rpadUIeCcKOi YUCTOTHI, CKOPOCTh ITPOTOKA 6 MJT/MUH
¢ geneHueM (koadounueHT 2). s nHaeHTUhMKAa-
LIMM BEIIECTB HCIOJIL30BAJIM OMOJIMOTEKY Macc-
CIEKTPOB.

CreneHb KOHBEPCUY OPraHUYECKUX BEIIECTB pac-
CUUTHIBIN IO COOTHOIIEHUIO TIOLIAAE MUKOB Be-
1LIECTB Ha XpoMaTorpaMMe Ha BXOJIe U BbIXOJIe U3 pe-
aktopa. B kauecTBe pernepHoOro BelllecTBa ISl OLIEH-
KA TOJHOTHI NECTPYKIMM OPraHUYECKUX BEILECTB
WCITOJIL30BAJIM coliepXKaHue Hanubojiee TOKCUYHOTO
KOMITOHEHTa — HUKOTHHA. KOHIIeHTpal1i0 HUKOTH-
Ha pacCUMTHIBAJIM IO TIPEABAPUTEIHHO ITOCTPOSHHOMN
KaTOpoBOUYHOU KpuBOMl. JIsT moCcTpoeHUsT Kaauo-
POBOUYHON KPUBOW UCMHOJIb30BAIM HUKOTUH (PUPMBbI
“Sigma-Aldrich” (CIIA).

J71sT OIIeHKM CTeTIeH! YIaJIeHUST TTaXHYIITX COSIH-
HEHWI aHAJTN3 OPTaHMYECKUX BEIIECTB, COMCPKaIITX-
Cs1 B BO3AYILIHOIM CMECU Ha BXOJIE U BBIXOJIE U3 PEaKTO-
pa, IPOBOAWIN TaK:Ke TOC/Ie KOHIICHTPUPOBAHMS Ha
xpoMatorpadudeckoM amcopdbente Chromosorb 106
(“Markes Ltd.”, BenukoOpuTaHus) B TE4EHUU 3 CYT
C Toclieaytolleid 3TouMeld aacopOUpPOBaHHBIX CO-
eIMHEHUU TUATIIOBBIM 2(UPOM KaK OTIMCaHO paHee
[7] u upenTndukanueir Ha '’ X-MC.

OnpenejieHne OPraHMYECKUX BelIECTB B OPOIIAIO-
mieii KuaKocTr. OpoIIaInii pacTBOp aHATM3UPOBa-
M depe3 5—6 MecsimeB paboTel GmopeakTopa. Kw-
kocTb (100 mur) mipomyckanm 9epe3 Chromosorb 106,
3aTeM BbICcylIMBanu Haa Na,SO,, MPOBOAUIU ITIO-
LU0 TUSTUIOBEIM 3(pUpOM. DiIt0aT aHAJIM3UPOBATIN
Ha ra30BOM XpomaTtorpadgde ¢ Macc-ceJleKTUBHBIM Jie-
tektropoMm Shimadzu QP2010 (SlmoHms) B Tex ke
YCIIOBUSIX, KaK OMMCAHO BHIIIIE.

PE3VJIBTATBI 1 UX OBCYXIEHHUE

Panee ObLT pa3paboTaH 1adb0paTOpHBIN OMOpeaK-
TOp, paboTAaIOIINI O MPUHLIMITY OMOGUIBTPa C OPO-
IIaeMBIM CJIOE€M, TSI yAAJICHUS JIETYyIUX BEeIIeCTB Ta-
OauyHBIX JTMCThEB [8]. brITO TMOKa3aHo, 4TO Jrabopa-
TOPHBIA OHMOPUIBTP C MMMOOMJIM30BAHHLIMM Ha
HOCHUTENe KJIeTKaMM MOHOOpaHHOIO COOOIIecTBa
MUKPOOPTraHU3MOB-JIE€CTPYKTOPOB CIIOCOOEH yla-
JISITh JIETy4Me BellleCTBa Ta0aYHbBIX JTUCTbEB U HUKO-
TUH W3 CMOJACIMPOBAHHOM BO3AyIIHOW cMecu. B
JaJbHEHUIIEM CepHrs TaKMX J1a00paTOPHBIX PEaKTOPOB
uccienoBajiach dosiee moayropa jeT. Cxema y1adbopa-
TOPHOIM YCTAaHOBKM, WCIOJb30BaHHAsI B paboTe,
npeacTaBaeHa Ha puc. 1. nurenbHoe moaaepxaHue
paboThl OMoOGUIBTpa IMO3BOJIWIO CHOPMUPOBATH
YCTOHYMBOE COOOIIECTBO MUKPOOPTaHU3MOB, 3(h-
(bEeKTUBHO yIaysIIoNiee U3 BO3MYITHOM CMECH HUKO-
THUH U JIETy4yMe BelllecTBa, oOianaroliye 3amnaxomM. B
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pe3yJibTare JIMTEJIbHOU ajganTaluu U odoraiieHust
coobiecTBa Ha HocuTese 3PheKTUBHBIMU MUKPO-
OpraHnu3MaMU-IeCTPYKTOPaMU yOaJIeHUE OpTaHUYe-
CKMX BEeIIIECTB B OMOpeaKkTope NMPaKTUUEeCKH HE 3aBU-
CeJIo OT KoJiebaHU WX COAep>KaHWSI B BO3MYIIHOM
CMECH TIpU WCHOJb30BAHUU PA3TUYHBIX MAPTUI Ta-
0aka ¢ pa3JIMYHbIM COJIEpP>XKaHUEM JIETYYMX BEILIECTB.

JJ1s u3ydeHUsT BO3MOXHOCTY MAacCIITaAOMpOBaHUSI
npoiiecca oOmodUaBTpalliid HEOOXOAUMO OBIJIO TTPH-
OM3UTh UCCIEeNyeMyl0 BO3AYILIHYIO CMeChb ISl
OUYMCTKU B J1abOpPaTOPHBIX OMOpeakTopax K MMEIo-
1Ieiicss Ha Mpou3BoacTBe. Bo3mylHas cMech Moje-
JIMpoBaJIach Ha OCHOBe (hepMEHTUPOBAHHLIX Tabay-
HBIX JINCThEB PA3JIMUYHBIX COPTOB U UX cMeceit. JIu-
CThSI U3MEITbYAIY, TIOMEIIAIN B KOJIOY, YKPEIUIEHHYIO
B TepMocTaTe Ha 60°C. Uepes usMebue HHBIE JTUCThS
MpOMNyCcKaJcs ¢ IIOMOIIBI0 KOMIIpeccopa BO3IyX, KO-
TOPBII 3aTeM MOCTYMNAJ B peaKTOp Ha OMOKaTain3a-
Top (puc. 1).

ITpn mpom3BoacTBe TabayHBIX M3ACINI Koyeha-
HUSI COCTaBa JIETYYUX COCAMHEHUN TOCTAaTOYHO Be-
JIMKM, IOTOMY CO3[IaBaeMbIii OMOMMIIBTP JOJKEH pa-
00TaTh B pexkKMMe MTOCTOSTHHO MEHSIIOIIMXCSI KOHIIEH-
TpalMii KOMIIOHEHTOB BO3AYIITHON CMECH, KOTOpbIE
TeM HE MeHee JOJKHBI ObITh YIAJIEHbI, IIPUYEeM 3TO, B
MEepBYyIO0 ouepenb, HUKOTUH M BelllecTBa, 00Jiamalo-
e 3armaxoM. CocTaB JIETYYUX BEIIECTB TabayHBIX
JINCTHEB Pa3IUYHBbIX COPTOB M MX CMECeil MCCaen0-
BajJicsI MeToAoM Ta3oBoii xpomarorpadpuu (I'X) c
Macc-criekrpomerpuueckoit (MC) netekuuei.

JleTyune BeliecTBa, CUHTE3MpPYeMble B TaOAYHBIX
JIMCTBSIX B TIpOLIECCE POCTa U Pa3BUTUSI pacTeHUs, a
TaK:XKe oOpa3syloluecs B Ipolecce X hepMeHTaluu,
M3y4deHBI U TOAPOOHO omnMcaHbl B KHUTe Poarmana A.
u ITepdertu T.A. [11]. OnHako napTuu Tabaka MOTYT
MMETh CYIIIECTBEHHBIE pa3IndMrs B COCTaBe U COMIEP-
>KaHWUU JIETYIUX OPraHUMYEeCKUX BEIIECTB, 3aBUCSIIIE
He TOJBKO OT COPTOBBIX OCOOEHHOCTEil, HO U OT
O4YeHb MHOTIUX (haKTOPOB: KIMMATHUISCKOM 30HBI
npom3pacTaHUsI pacTeHUI, BpeMeHM cOopa, TeMIIe-
paTypbl 00paboTKu TabakKa, yCJIOBUM XpaHEHUS U AP.
Hamu ObLI MccaenoBaH COCTaB HECKOJIBLKUX COPTOB,
HanboJiee 9acTO MCITONb3yeMBIX Ha TaOAYHBIX IIPEI-
TIPUSITUSIX B KAYECTBE ChIPhsI, a TAKXKe JIBE CMECU Ta-
OauHBIX IUCTheB. Pe3yibsraTel IpeacTaBieHbl B Ta0. 1
n 2. Kak BunmHO m3 Ta6. 1, pasamdHbie copTa Tabad-
HbBIX JIMCThEB OJIU3KU TI0 COCTaBY JIETYYMX BEILECTB,
HO CUJIBHO pa3IMYaloTCs MO UX COIEPKaHUIO, UTO U
onpenelsieT crienpuieckrue 0COOEHHOCTH apoMaTa
Tabaka pa3JIMYHBIX COPTOB. B pe3ynbsrarte mpoBeaeH-
HOro aHajM3a uaeHTuduurponano ooiee 200 coenm-
HEHMN, MpUHAIIEKAIINX K pa3IMYHbIM KjiaccaMm [8].
B Tta61. 2 mpencraBiieHO OMMMcaHUE 3araxa OCHOBHBIX
UACHTUGULIUPOBAHHBIX KOMIIOHEHTOB, 00Jaaalo-
IIMX 3araxoM, IPOBeAeHHOE METOOOM CHHUGQOUHT-
aHa/IM3a TPeMS aTTECTOBAHHBIMMU JIETYCTaTOPaMHU.

Cpenu IeTy4nx BelleCcTB TabaKa ObLIM OOHapyXe-
Hbl CJIEYIONIE KJIACChl COEAMHEHUIA: KUCIOTHI C
Ne 4
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Ta6imua 1. CocraB u comepxKaHue JIETYYMX BEIIECTB B JIUCThSIX 5 Pa3IMYHbIX COPTOB TabaKa v X CMecei
Ne* | 1Y CoeauHeHue Nel | Ne2 | Ne3 | Ned | No5 | Ne6 | Ne7
1 721 | Aueraib 192 118 141 368 106 137 108
2 757 | Ilentanon 38 47 15 42 34 45 45
3 776 | IexcaHab 19 809 142 597 361 452 602
4 — | Okran - — 6 4 34 7 11
5 804 | dypdypon 40 39 8 2 361 8 12
6 — | AMundopmuar - — — 18 6 —
7 | 825 | ®dypdypuiioBblii ciupT 69 49 24 6 21 6 —
7% 832 |2-TekceHasb 33 4 25 5 — — —
7’| 834 | N3oBajepnaHOBast K-Ta 33 2 — — — —
8 838 | HukmnomneHTa-2-eH-1,4-1110H 41 51 8 — 8 4 —
9 | 852 |2-MeTtuimMacisiHast KUCIOTa 22 16 9 - 19 2 -
10 854 |2,3-AnMeTWIIUPpUINH 12 1 2 4 2 2 —
11 859 | 4-MetuirekcaHOH-2 12 18 5 9 4 12 13
12 | 873 |Ilenrananb 19 14 4 16 8 15 17
14 925 | 5-Metundypdypon + 0eH3aIbaeT I, 91 9 20 — 120 — —
15 | 932 |2-TenreHanb 91 11 29 60 — 14 48
16 | 941 |3-MertuaneHTaHOBas K-Ta 172 3 31 16 — 9 11
17 | 949 |1-OkteH-3-o1 120 26 24 50 36 48 58
18 | 958 |2-Ilentwidypan 12 45 33 36 22 54 31
19 | 964 |OxraHanb 70 9 7 19 9 — 11
20 | 971 |IekcaHoBast KMCIOTA 79 2 106 - 30 + -
21 | 1011 | DPeHunareragbuerum 137 61 104 51 155 107 23
22 | 1019 |3-OkreH-2-0H 27 15 23 49 36 43 54
23 — | ToumeTuaCHIMIKaIpoar — — 31 12 9 12 —
24 | 1022 | 2-AUeTHImUppot 26 92 16 - 5 14 -
25 | 1047 | dypaneon 42 23 — — 9 16
26 | 1064 | N-M3onponwiaHInH 73 19 20 21 19 16 26
27 | 1071 |Ienranosas k-ta TMC 22 8 36 12
28 | 1080 | deHmasTaHOT 175 36 147 55 58 170 38
29 | 1118 |23-Auruapo-3,5-muruapokcu-6-metmi-4H-mu- 10 16 24 - 23 2 2
paH-4-oH
30 | 1127 |2-HoneHamp* 18 - 5 15 15 16 20
34 | 1211 | Kymapun 5 14 13 19 13 33 26
36 | 1236 |2-/leueHanb 35 109 25 21 43 41 55
37 | 1249 | UuponuimH (MUPPOKOJIVH) 14 14 51 14 12 11
39 | 1257 | Honanosas k-ta TMC 53 29 30 31 31 18 23
40 — | He uneHTndummpoBaHo - - 32 52 41 42 58
41 | 1262 |2,4-/lekamyeHalb 17 13 19 80 24 44 83
43 beHzoykcycHast K-Ta 15 23 15 - 9
44 | 1284 |4-BuHUITBasIKOI 23 45 6 — 16 — 67
45 — | 2,4-JlekanrieHalTb - - 45 191 94 86 185
46 | 1300 | TpunekaH 3300 | 3300 | 3300 | 3300 | 3300 | 3300 | 3300
47 | 1326 | Hukotun 25 9 563 14282 | 3492 | 6332 | 1096
48 | 1346 | ComaHoH 1506 380 | 1372 241 455 586 178
49 | 1357 |2-bytun2-20KTeHallb 19 123 126 188 183 185 261
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Ta6muoa 1. OkoHyaHue

3AT'YCTHUHA n np.

Ne* | 1Y CoenuHeHTE Nel | Ne2 | Ne3 | Ne4 | Ne5 | Ne6 | Ne7
50 | 1362 |0Gera-/amaciieHoH 35 6 45 34 37 46 30
51 | 1368 | U3otyiion 132 78 31 51 86 106 51
52 | 1374 | a-HoHon 16 5 13 - 16 30 -
54 | 1426 | Lluc-repaHuaaLeToH 31 21 21 19 17 16 19
56 | 1450 | 1,3,7,7-Terpametin-9-okco-2-okcabuumkiio| 4.4.0]- 67 52 14 39 18 19 35

Ien-5-eH
57 — 1,3,7,7-TerpameTiin-9-okco-2-okcaburmkio| 4.4.0]- — — 21 21 16 24 15
Ien-5-eH
58 | 1486 |5,6,7,7a-Terparuapo-4,4,7a-tpumeTti-2(4H)- 15 11 121 122 93 66 95
6eH30¢gypaHOH
59 | 1501 | MeracTurMaTpreHOH 61 6 85 38 69 66 47
60 | 1545 | 3-Tumpokcu-6eTa-TaMacKoH 21 4 18 18 26 18 20
61 | 1559 | MeracturMaTpreHOH 111 96 95 35 84 64 32
62 | 1620 |3-Okco-a-MOHOI 54 4 60 51 95 81 20
63 | 1664 | TpuMeTWICHIMIAOAEKAHOAT 22 5 32 21 20
64 — | 3-Okco-7,8-nuruapo-a-mnoHos — — 19 18 15 12
65 — | [ekcarugpodapHe3nIaleToH — — 39 23 18 18
66 | 1854 |3,7,11,15-Terpamerwi-2-reKcameneH- 1 -om *#* 950 680 800 222 844 | 370 184
67 | 1886 | TpumeTHaCUIMITPUAEKAHOAT 14 2 209 56 63 63 45
68 | 1890 |6-Metun-8-(2,6,6-TpuMeTiI- 1 -IMKIIOreceH-1- 17 5 28 - — — —
WI)-5-OKTeH-2-0H
69 | 1919 | ®apHe3nIaLeTOH 49 4 19 — — — —
70 | 1966 |IekcanekaHoBas K-Ta 491 385 21 531 576 221
71 | 2000 | TpumeTmncunuirekcagekaHoaT 12 7 | 1363 947 840 844 685
74 | 2164 | OxramekaHOBast KUCIOTA 162 586 458 | 2398 532 621 299
75 — | MoHOIULIEPHU]L TEKCATEKAaHOBOM KNUCIOThI — — 7818 | 7633 |11831 (11539 | 6574

* — He uneHTUGULIMPOBAHO WM HE HAIEHO;

Ne 1, 2 cMecu TabakoB, Ne 3 — tabak TerioBoii cymiku, MHmoHe3us; Ne 4 - Tabak opueHTanbHbIi, bonrapus; Ne 5 — Bupmkunus
(UITFCG); Ne 6 — Bupmxunust, (TNV/L9, 4); Ne 7 — Taitnana, bepneii.

YHMCJIOM YTJIEPOIHBIX aTOMOB OT 4 710 20, 00JIBIIIOE KO-
JIMYECTBO Pa3BETBJIICHHbBIX 1 HOPMAJIbHbBIX YIJICBOAO-
ponoB, anudaTudyeckrue U apoMaTudecKue ajibIeru-
IIbl 1 KETOHBI, CIIMPTHI. B HanOoJIblleii cTelleHr apo-
MaT Tabaka (opMHpPOBaJIM TaKMe COSOAMHEHUST KaK
COJIAaHOH, M30MEpHbIE MEracTUrMaTpueHOHbI (Taba-
HOHBI), MPUCYTCTBYIOILLIME B HAUOOJIbIIIEM KOJIWUYe-
cTBe. bonbiIoii BKi1am B apoMaT BHOCUIIM TaKKe apo-
MaTUYECKUE aJIbIeTUAbl M KETOHBI: TepaHWIAlIETOH,
TeTpaMeTUIreKcanaeleHoJ, ¢paHe3eH, JIEIoJ1, JamMac-
LIEHOH U MOHOH. B (hbopMurpoBaHUM apoMaTa y4acTBO-
BaJIU TaKKe COEAMHEHUsI, OTHOCSIIIUECS K 3aMellleH-
HBIM IIMKJIOIIEHTaHaM, IMKJIOTeKCaHaM UM ITMpaHaM,
COIIepKaIllUM CIIUPTOBBIE, KETO- WU aIbIACTUIHBIC
rpynmnbl. Bo Bcex oOpa3iiax TabauyHbIX IUCTHEB B HAM-
0oJIbIIIEM KOJUYECTBE, MPUCYTCTBOBAIN HUKOTHUH, a
U3 BEIECTB, 00JIaJAIOIINX XapaKTEPHbIM 3aIlaxoM,
3,7,11,15-TtetpameTii-2-rekcaueiieH- 1-oj1, cojlaHOH,
aneTajib, reKcaHajlb, MeracTUMaTpUeHOHBI, (DeHMUI-
aueranbaerua, peHmwisTanoa. ConepkaHue 3THUX JICTY-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

YMX BEIISCTB B Pa3JIMUHBLIX 00pa3iiax epMEeHTUPOBAH-
HBIX TabaYHBIX JTUCThEB pasanyaioch ot 2 1o 10 pas.
Bce aTu BelliecTBa npuHaaiexar K pa3JIMuYHbIM Kjac-
caM COeAMHEeHUN 1 MpU yAaJeHUU UX Ha OMoKaTaiu-
3aTOpe JOKHBI MOJIBEPraThCs JECTPYKIIMU OTOOpaH-
HBIM COOOIIIECTBOM MUKPOOpPraHu3MoB. MHorue u3
UACHTUGULUPOBAHHBIX JIETYUYMX BEIIECTB TaOauHbIX
JIMCTHEB MOTYT MCIMOJIb30BaThCs MUKPOOpPraHW3Ma-
mu. U3 nutepaTypHbIX UCTOUHUKOB M3BECTHO, UTO
aJIKaHbl C YMCJIOM aTOMOB yriaepoaa 5—9 TopMo3sT
POCT MHOTMX MUKPOOPTaHU3MOB, HO HEKOTOPBHIMU
U3 HUX MOTYT YTUJIM3UpoBaThbcs. Ankanbl C10—C22
OOBIYHO JIETKO METabOJU3UPYIOTCS, U30aTKaAHbI YTH-
JIMBUTYIOTCS TPYAHEE, B OCOOEHHOCTU MPU HATUUUU
HECKOJbKUX METUJIbHBIX TPYII. AJKEHBI SIBJISIIOTCS
HaUXyIIIMMU POCTOBBIMU CyOCTpaTamMu. Apomaru-
YecKHue yriieBOJOPOAbl PacIeIUISIFOTCS pa3sIuYHbIMU
MUKPOOpPTaHU3MaMHd B HEOOJIbIINX KOJUYECTBAX.
J1J1s1 HEKOTOPBIX CIOXKHBIX COENMHEHUM, BXOISIIINX B
COCTaB JIETYYMX BElIeCTB TAOAYHBIX JTUCTHEB, HEe Hali-
Ne 4
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Ta6mmua 2. MaeHTuduimpoBaHHbIE METOIOM CHU(DMHI-aHAIM3a BEleCTBa TA0AUYHBIX JINCTHEB, 00/1aJaI0IINe 3aITaX0M

N — OTHOCHTEJIBHOE CoenuHeHUsI, 3amax
copepkanue (MKr/100 r) I'X u I'X-MC unentudukanms
7 87 HNzomacnsHast K-Ta CepHUCTHBIHI
9 38 MacnsHas k-Ta CnabbIii TabauyHbIN
10 19 Tekcananb 3esieHU
11 40 Ddypdypon OcTpslit
14 69 DyphypunoBblii CIUPT BeH301bHBIN
17 41 LukmoneHra-2-eH-1,4-n1MoH HenpusiTHbIN cepHUCTHIN
22 31 2-AnetundypaH CBexXuii, TpaBbl
23 19 2-MeTuIuMKIONeHTa2-eH-2-0H TaGauHblit CUIIBHBII
24 32 2,6-JInMeTHIIITMpa3uH Cemeuek, MUILEeBOM
33 73 ®enon KucnoTHbrit
34 120 1-OxTeH-3-on ChIpBIX TPUOOB
36 70 6-MeTun-5-renTeH-2-0H 3eneHun
40 14 H-JlekaH TabauHbIi1
42 102 4-MeTnnbeH3aabIeT I [MupazrHOBBIN
43 137 DdennnaneraabIeru LIBeTOUYHBIIT
47 72 JInmMoHeH LIBeTOUYHBII1
49 23 MeTundeHunIKeToH ZKapeHblii, ropesblit
53 73 IBasikost TpyOouHbIii TaGak
55 22 TenrranoBast K-Ta CBexuii, TabauYHbIN
56 175 Ddenunsranon Topenbrit
58 15 OTuirekcaHoar XuMuyeckui
60 10 23-Turuapo-3,5-nuruapokcu-6-metnn-4H-rmmpan-4-on | CeMeuek
62 18 2-Honenann Ap0Oy3a
64 10 3-MetunaiieTopeHOH 3eneHn
65 10 Nuponm3uH (MuppOKOJINH) Orypua
66 9 Kpezon XuMuueckuit
67 4 OkTaHOBast KUCJIOTa [Tnoxoro Tabaka
68 15 Bepb6enon TaGaunoro nucra
69 7 H-JlonekaH 2KapeHBbli1 TOH, OpeXOBBIH
70 5 4,5,6,7-Terparuapo-3H-ukiaoneHranupaH-2-oH OpexoBblit
71 11 Nunon DpyKTOBBI MPUSTHBIA
82 23 4- BUHUITBasIKOJI Enxuii
87 1506 ConaHoH TaGauHO-MenOBbIT
91 35 oeta-JlamaciieHOH Cnankoro s16;10Ka
98 31 Luc-repanunianeToH Jpima, Tabaka
99 41 dapHesen Cyxo(dpyKTOB
110 61 MeracturmaTpueHOH Cyxux s1610K
122 117 MeracturmarpueHoH (TabaHOH) CyxohpyKTOB, TpyOOUHOI
CMOJIBI
129 22 IMenTanekananb Topsiueir mpeBeCcUHbBI
137 525 TeTpanekaHoBast KMcJIOTa banp3zamuueckoro namaHa
145 950 3,7,11,15-TerpameTmi-2-rekcagelieH- 1-o MenoBbIX COT, BOCKa
183 540 Jlenon Xopouiero Tabaka, Mmeaa
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JIeHo mH(opMa 00 UCITIOJIL30BAHNHT X MUKPOOP-
raHM3MaMHU B Ka4eCTBE UCTOYHUKOB yriepona. Hau-
06oJiee aKTUBHBIMU JIECTPYKTOPAMHU IT€PEUNCITICHHBIX
COCIMHEHUI, SBISIIOTCS MPEACTABUTENN POIOB
Pseudomonas, Nocardia, Arthrobacter, Mycobacteri-
um, Alcaligenes, Acinetobacter, Rhodococcus n Heko-
TOpbIE IPYyTHUE.

OCHOBHOM ajkajoua Tadaka — HUKOTUH Hanubo-
Jee oraceH s yenoBeka [12, 13]. Kpome Toro ero
colepxXaHue B TabauHOM JucTe (6% OT CyXOii MacChl
JINCTAa U BbIIlIE), HAMHOIO MPEBBIIIAET COACPKAHUE
JIPYTUX JIETYYUX BEILIECTB, OH HanboJjee TOKCUIEH U
MO3TOMY CJIYXKWJI B KQUeCTBE PEMEPHOT0 COSANHEHUS
Ui OLeHKU 3(h@GEKTUBHOCTUA TIpolecca OUYNCTKU
BO3IOYIIHOI cMecu B 6uopeaktope. EcTh cBeneHUs
TaKKe, YTO OT COAEPKAHMS HUKOTHMHA 3aBUCUT O0-
IIWiI XapaKTepHBIA IJIs TabauHBIX JIMCTHEB 3aIax
[14]. HukoTH nomagaeT B BEHTUIISIIIMOHHbBIC CUCTE-
MBI TIPEATNIPUITHUI, TIO3TOMY C(HOPMUPOBAHHOE MUK~
pOOHOE COOOIIECTBO MO/DKHO BK/IIOYATh IITAMMEI,
cnocoOHble 3(PHEeKTUBHO OCYIIECTBJISTh €ro Jie-
CTPYKIIUIO B IIpoliecce OMoUIbTpaliiu.

HccnenoBaHue NeCTPyKIIMM HUKOTUHA OaKTepusi-
MU POBOAMJIOCH TOBOJIbHO AaBHO [15—18]. B HacTos-
1ee BpeMsl M3BECTHBI HECKOJIBKO ITyTEil ero IpeBpa-
IIEHUsI, OMHAKO 0 CUX ITOp HEKOTOPHIE ITPOMEKYTOY -
HbIE TIPOAYKTHI Jerpagaliiy 3TOTo BellleCTBa SIBISTIOTCS
runotetndeckumu [ 18]. JlecTpyKimio HUKOTUHA MOTYT
OCYIIECTBJIATh pa3IddHble BUIbI MUKPOOPTaHU3MOB,
npuHajjexaiie K pogam Pseudomonas, Achromo-
bacter, Bacillus, Acinetobacter, Rhodococcus, Ochrobac-
trum, Sphingomonas, Agrobacterium sp. m gp. [18—20].
OxucIuTeNbHAs Aerpamalnst MOJEKYyJbl HUKOTHUHA
OakTepualibHbIMU (pbepMEHTAaMU  OCYILECTBJISIETCS
MOCJIeIOBATEIbHO, IIPUYEM Pa3JIMYaloOT IBa ITyTH Me-
TaOOJIMYECKON IEeCTPYKIIMU 3TOTo BellecTBa [21].
M3BecTHO, YTO rpaMIIOIOKUTEIbHbBIE OaKTePUU OCY-
IIECTBIISIOT JeCTPYKILMIO HUKOTUHA I10 IIMPPOJIMIN -
HoBOMY niyth. Hampumep Arthrobacter nicotinovorans,
TpaHchOPMUPYET HUKOTUH B 6-THIPOKCMHUKOTHH 10
PACKPBITUSI MUPPOIUANHOBOIO KOJIbIIA, a ITOCJIE ero
paspbiBa U yaaneHust GOKOBOM Liernu obpasyercs 2,6-
mouruapokeunupuand  [16].  IpamorpuuareabHbie
IITaMMBbI, OCYILIECTBIISIIONINE ISCTPYKIINIO HUKOTUHA
o TIMPUIMHOBOMY ITyTH, Harmpumep Pseudomonas
putida, N3 HUIKOTWHA 00pa3yioT 6,N-MeTUIMUOCMUH
JI0 pa3pbiBa MUPPOJIUAMHOBOTO Kojblia. Ilocie pa3-
phIBa KOJIbLIA U yAaJeHMUsI OOKOBOM 1IEIM Yepe3 Psid
MpeBpallleHU obpa3yeTcs 2,5 -TUTruapOKCUTTUPUINH
U cykiuuHar [20—22].

HccmemoBaHo MHOTO IITAMMOB, TIPUHAIJIEXKAIIIAX
K MEepPEeYMrCICHHBIM BBIIIE POaaM, CIOCOOHBIX K Jie-
CTPYKLIMY HUKOTUHA, TIePCIIEKTUBHBIX IJISI UCITOJIb-
30BaHUSI C LEJIbIO yIaJeHUsI HUKOTUHA U3 OTXOHOB
TabayHOI MPOMBIIIJICHHOCTH, B TOM YHCJIE MPU UX
KoMItocTupoBanum [20—23].

CreneHb yHajeHWsI HUKOTWHA W3 BO3IYIIHOM
cMecu Ha GMoKaTajau3aTope, BKIIIoYalolleM aaanTh-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

3AT'YCTHUHA n np.

pOBaHHBIEC B TeUCHUE IJIUTEILHOTO BPEMEHU KIIETKU
MUKPOOPTaHU3MOB (pHuc. 2) Obl1a 6;1u3Ka K 90% B Te-
YeHUe ToJa U MPaKTUUEeCKU He 3aBUCEsIa OT UBMCHE-
HMS €r0 KOHIIEHTPALIMKM Ha BXOAE B peakTop. Dddek-
TUBHOCTb PabOThl PeaKTOPOB OLICHUBAIU MHPU WC-
MOJb30BaHUM 5 pPa3IWYHBIX COPTOB Tabaka U UX
cMeceil, UMEIOIINX Pa3IMYHOE COAePKaHNEe HUKOTU-
Ha ¥ BELIeCTB, OIpele/siomux 3amax. M3MeHeHue
cojiep>KaHUs HUKOTUMHA U KOJeO0aHUsI KOHIICHTpaLUii
JIPYIUX BEIIECTB, BXOMSIIMX B COCTAB JIETYYMX COCIV-
HEHUI TabayHbBIX JIUCThEB, B BO3OYIIHOM CMECHU, ITO-
CTyIAlOIIei B GMOpeakTop, He OTPaXKaJIOCh HA CTETICH!
ero KoHBepcuM 1 Ae3ogopanuu. CTereHb Ie3010pa-
UMY BO3OYIIHON CMECH OLIEHUBAIU IEeTyCTALIMOH-
HbIM MeToa0oM. CTereHb yaajaeH!sI HUKOTUHA U3 BO3-
OYITHOW CMECH pacCUYMThIBAJIaCh Ha OCHOBaHWU
onpeaeiIeHUsI er0 COIepKaHMsI BO BXOMSIIEM U BbI-
XOJISIIIIEM BO3AYIITHOM MOTOKE M3 peakTopa I1o Mpej-
BapUTEILHO TMOCTPOSHHBIM KaJMOPOBOYHBLIM KpH-
BbIM. Ha puc. 2 npencrasieH rpaduk 3aBUCUMOCTU
CTeNeH!U yaaJaeHUsI HUKOTUHA OT KoJieOaHUsI ero co-
JIep>KaHUsI B BO3AYILIHOM CMECU Ha BXOJIE B PeaKTop.
ITokazaHo, 4TO B Mpeaenax MCILITAHHBIX KOHIIEH-
TpaluMii ero KOHBepCUsI Ha OMoKaTajiuzaTope He
orryckanach Hike 80 + 5%. MccienoBanre opoiraio-
1LLEM XXUAKOCTHU, KOTOpasl B TeUeHUE 6 MecC. MOIJIa He
3aMEHSIThCS TIPU UCMOJb30BAaHUU aJanTUPOBAHHOIO
B TeUeHHUE INTEJIBHOIO BpeMeHU COOOIIecTBa, Mo-
Ka3ajio OTCYTCTBHME B Hell KaKMX-JIMOO IIPOU3BOIHBIX
MUpUANHA WIA TIPOMEXYTOYHBIX IIPOJYKTOB Je-
CTPYKUIMU HUKOTWUHA. B cocTaBe opolaroleit sKuj-
KOCTH ObUIM WIEHTU(PUIIMPOBAHBI OpPraHNMYECKUE
KUCJIOTBI, YIJIEBOJOPOIbI, HEKOTOPHIE AaJIbICTUIbI,
5(UpHI, apoMaTUYeCKUe YIJIEBOAOPOAbI, YTUIN3a-
LUSI KOTOPBIX COOOIIECTBOM MUKPOOPTAHU3MOB Ha
OMokaTtanauzatrope, o-BUAMUMOMY, ObliIa 3aTpyJIHEHA,
MO0 OHU SBIISINCh KOHEYHBIMM MPOAYKTAMU
TpaHchopMalK 00Jiee CIOXHBIX COSIMHEHUI, UMe-
IOIIMXCS B COCTaBe JIETYYUX BEIISCTB TAOAYHBIX JIU-
ctbeB [8]. 'X-MC-ananmm3 coeTWHEHWN B KUIKOMN
LUPKYyJIUpyloeit ¢pa3ze, KoTopasi Ipy MacIITaOUpo-
BaHMU Mpoliecca OyneT mornaaaTh B CTOKU, TToKa3al
OTCYTCTBUE HUKOTHMHA, COJAHOHA, a TaKXKe KaKMX-
JIM0O TOKCUYHBIX COSOAMHEHUIA — IIPOMEXYTOUHBIX
IIPOAYKTOB JIECTPYKLIMM, IPUCYTCTBYIOIMX B Tabau-
HBIX JTUCTBSIX.

[ITaMMBI MUKPOOPraHM3MOB-IECTPYKTOPOB, BXO-
ISIIMe B COCTaB COOOIIECTBA Ha OMOKaTaIM3aTope
OBLJIM CITOCOOHBI MOJHOCTBHIO pa3pylliaTh HUKOTHUH.
st BeIIeNneHUS U MAEHTU(PUKAIUY IITAMMOB, CIIO-
COOHBIX pa3pyllaTh HUKOTUH OMoMaccy u3 Ormokara-
JIM3aTopa BbICEBaJIU Ha ITOBEPXHOCTh arapru30BaHHOM
cpenbl OBaHca, comepxaiieir 1.0 /i1 HukoruHa. B
pe3yabTare ObUIM BBHIAEICHBI TPU YHUCThIE KYJIBTYPHI,
KOTOpBbIE MO MpeABapUTEIbHBIM JaHHBIM Ha OCHOBA-
HUU oIpeaeaeHus nociegosareabHocty 16S PHK u
$pU310I0ro-0MOXUMHUYECKUX MPU3HAKOB OBUIA OT-
HeceHbl K pogaM Pseudomonas, Rhodococcus, Bacil-
Ne 4

TOM 48 2012



433

YIAJIEHUWE U3 BO3YXA JIETYUUX BEHIECTB TABAUHLIX JIMCTHLEB

*oTOXd BH Woh ‘QMIMII0Q dTOXIId BH BELOSIIAH MU ITEHIOL]] 4. "OTOXIId BH — OLEHOWRHE g ‘OT0Xd BH SITHHORALOII ‘OITHHEY — JIrALULOWE € AMULQRL { 4

g€ 6€°LT/Y0'E 16LL1TS/9SE€0VS €LY/ PYL Y] LLOLOM ERIOHMARILD 9/11
9'v6 06'%/TL°6 TS1H€6/981SLTLI 809°¥1/2€9'v1 BLOLOM BBIOHUIIO S/01
I9LOLOU HOd
001 90T 0,L9%8S 81 6ST¥1 -OHexAreaNal dude nagornuodundodrninyy 6
099 68°€l/LEY €LSOYIT/LLISILL TTLEL/8ELE] BLOLOM BESOHNLINALE] | v/8
I9.LOLOM
001 911 60v1S0T 119°€1 BogoHMIMWILrel dude NIIg0IMITOTeIHI] | L
8'C6 6€°L/86°01 9TE L0V 1/9€LETS 61 9I'E1/8ST°El 10~ [ ~HOTIAIBONAI-7 -IIMLON-RAIQ -G T T [°L ‘€ €/9
001 €0'1 LEESTY 128°¢l TMWEHENOTRINO-1TIAQ-N S
001 el 1265L00C 99v°Cl1 TTUNBHITISTIMIRINQ -6 4
14.LOIr OV NOGOHRLHALI du(de UI9dOLNLAQ
s/ — 6V 17/6€°1 6CTY60Y/V16LLYT SLTT1/¥8T 11 -0eM MHoduoennoNogded-¢ -t IWNdL- 7T (4
001 SLO 6.8STE1 wT ol I9LOLOI HodOHeNdreIN0 dude niadornod] | 4
T's6 €6'%7/86°SS LT88YLY/89T 110566 £90°8/€60°8 HULOMMH 1/1
94 “BALOJMIAE | QUOXIId BH/STOXH BH 9 Jrox1dd BH/aToXd BH orox19d BH/QTOXd BH orox19d BH/QTOXd BH

QUHOIIBIL

‘@MUl 9reimon| |

©MMIL 9RO |

‘BUHEBAKdOTA BWadg

BALOJIAL QUHRIERH

BMULL N

«(90dooowodx eH d1001mod nHedod
-MALHIITHOM JIrd0U UINrododIr enlreHe-)JA-X [) edI9IM(ONQ €M 9TroX19d U roxXd BH OWWedIOLEWOdX BH 9LOJITd XUhALILr dOMULL eULONdoredey °¢€ eNHIrQR],

2012

o 4

TOM 48

6 IIPUKIIAAHAA BUOXMUMHUA U MUKPOBUOJIOTUA



434

3AT'YCTHUHA n np.

MKT/M3 %
250 71 100
2

200 - 1 80

150 1 60
1

100 | - 40

50 120
0 | 1 1 | | | | | | 1 | | | |

1 2 3 4 5 6 7 8

9 10 11 12 13 14 15

HCI

Puc. 2. 3aBUCUMOCTb CTETNICHU YIAJICHUSI HUKOTHMHA OT €r0 KOHLIEHTPALIMY Ha BXoAe B OMobuabTp. / — conepxkaHue HUKOTUHA
Ha BXOJIe B peakTop, MKI/M”; 2 — ynajeHue HUKOTUHA U3 BO3AYIIHOM cMecH, %.

lMS, T.C. podaM, IPpEACTAaBUTCIIN KOTOPbIX CITIOCOOHBI
AKTUBHO OCYILICCTBJIATH JCCTPYKIINIO HUKOTHHA.

I'’X-MC-aHanu3 BO3OyILIHO CMeCH Ha BXOAE B
O0roGUIETP MOKa3aJl, YTO TaKasi MOJCIbHAS BO3MYIII-
Hasl CMeCh I10 COCTaBy MaJjio OTJIMYaIach OT pealbHbIX
BECHTWISILIMOHHBIX BBIOpOCOB. OCHOBHOE OTINYME
COCTOSIJIO B IIPUCYTCTBUU B BEHTWJISIIMOHHEBIX BbI-
Opocax BelllecTB, UCITOJb3yeMbIX JJIs apoMaTU3alluy
Tabaka, a TaKxXKe BEIeCTB, TTONagaIInX B BEHTUIS-
LIMOHHBIE CUCTEMBI B ITpoOlLiecce MOJATrOTOBKM TabaKa K
pe3ke, YMSITYSHUIO TabayHOro JIMCTa U Ap. oopabo-
TOK, @ UMEHHO IJIUlIepHMHa, 3TaHOJIa, JIETKO MeTabo-
JIM3UPYEMBIX MUKpoOopraHmusMamu. i maydeHus
BJIVSTHUSI 3TUX COSAUHEHUI BO3MYIIHYIO CMECh, I10-
JIy4eHHYIO KaK OIIMCaHO B METOIMKE, ITPOITyCKau
yepe3 JOIOJIHUTENbHYI0O €eMKOCTh, B KOTOPOII Haxo-
IWJINCh HCCIeayeMble COSIVUHEHMS WJINM WX CMECh.
BosznyiiHast cMech Ha BXOJZIe 1 BBIXOAE M3 peakTopa
aHanuszupoBaiach merogoM I'X-MC. Bbbuio nokasa-
HO, YTO IIPUCYTCTBHE IIOCTOPOHHUX BEIIECTB, MHOTIA
OOHAapY:KMBAaeMbIX B COCTaBE BECHTWJISILIMOHHBIX BbI-
OpOCOB Ha IPEeAIIPUSTUN, HE OKa3bIBAJIO BIIMSIHUS HA
KOHBEPCUIO HUKOTUHA U 3¢ PEKTUBHOCTD Ae3010pa-
MU BO3OYIIHOM cMecu Ha OMO(UIBTpE.

JIabopaTtopHbIe peakKTOpPhl C UMMOOMJIN30BaHHBI-
MU Ha HOCUTeJIe KJIeTKaMM paboTalu B TeUeHUE Toaa
IpU CTaOMIEHOM YPOBHE yIaJleHUsI HUKOTHUHA, OoJjiee
90% , ipu Temnepatype 20—30°C ¢ yaeabHOM Tpouns3-
poautesbHocThI0O 1000 u~! U BpeMeHeM ynepXuBa-
HUA B nipenenax 2—6 c. Bpems Bbixoga peaktopa Ha
PEXUM NPU UCITOIB30BAaHUHU CEJIEKIIMOHUPOBAHHOIO
CoO00IIIeCTBA MUKPOOPTaHU3MOB CYIIECTBEHHO CO-
KpatuJioch ¢ 1 mec. no 1 Hen.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MonenbHast BO3AyIIHAS CMeCh, CO37aBaeMasi B pe-
3yJIBTaTe MPOITyCKAHUSI BO3IdyXa 4Yepe3 pa3orpeThie
TabayHble JIUCThSI, XapaKTepu30BajlaCh JOCTAaTOYHO
HU3KHUM COJEpXaHUEM COCIMHEHUI, OIpeAeIsiio-
IIMX 3amax Tabaka, 4YTO He IO3BOJISIJIO OIPEeaesaTh
MUHOpHBIE KOMIIOHEHThI B IIp00ax, B3SIThIX HEIO-
CPEICTBEHHO U3 BO3AYIIHOM cMecu. st 6osee 1mos-
HOM OLIEHKY CTEIIeHU YAaJleHUsI MaXHYIIX COSAUHE -
HUI aHAJIN3 OpraHUYeCKUX BEIECTB MPOBOIWIN Ha
BXOZIe M BBIXOJIe M3 JJabOpaTOPHOIrO peakTopa Iociie
MX KOHLICHTPUPOBAHUS B TeYeHUE 3 CYT HA KOJIOHKE
¢ xpomarorpapudyeckum copoeHtoM Chromosorb
106. CopbupoBaHHbBIE U3 BO3AYIIHONM CMECHU Belle-
cTBa (Ha BXOJE UM BBIXOJE U3 peakTopa) STI0UPOBaIN
JUSTUIOBBIM 3(UPOM M aHAIM3UPOBAIM METOIOM
I'X-MC. AHanu3 nojiydeHHbIX 3(UPHBIX (PpaKImnit
nokasajl, 4To B OMO(MILTpe MPOUCXOAUT yaaJeHUE
HUKOTWHA Ha 95.2% BelllecTBa, ONpeAcsIONIETO 3a-
nax, 3,7,11,15-TeTpameTnii-2-rekcaaeneH- 1 -oma
Ha 92.8%, 3HAUUTEIbHOE yHOaJeHUE MTaJIbMUTUHOBOI
¥ OJIEMHOBOI KHUCJIOT Ha 66 11 94.6% COOTBETCTBEHHO.
Ha puc. 3 npencraBiieHbl XpoMaTOrpaMMbl OCHOB-
HBIX JIETYYHX BEILIECTB Ha BXOJE U BLIXOE U3 peaKTo-
pa, TIoJTlydeHHbIe Mocjie KOHLIEHTPUPOBAaHUS Ha COp-
OeHTe, BTa0J. 3 — pe3yabpTaThl UX 00pabOTKM Ha OJI -
HOII M3 mnapTuii TabadyHbIX JauctheB. CTelleHb
yOaJleHUsI OpPTaHMYECKHMX BEIIECTB WM HUKOTUHA
pacCYMTHIBAINU TI0 COOTHOIICHUIO TUIOIIAAC MH-
KOB BEIIIECTB Ha XpOMAaTorpaMMe Ha BXOJIEe 1 BBIXOJIE
13 peaktopa. HekoTopble coeanHeHUsI B TIpoliecce
OYMCTKM MCYE3aId COBCEM, OTHAKO ITOSIBIISUIACH He-
KOTOpbI€ HOBbIE COEIVUHEHUS — IMPOMYKTHI TpaHC-
dopmaliny, He SIBISIONINECS OIMACHBIMU BElEeCTBA-
MM U He MMEIoILIME 3araxa.
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Puc. 3. 'X-MC-aHanus jieTydux BelecTB TabauyHbIX JINCThEB Ha BXoJle (a) U BbIxoze (0) U3 peakTopa rnocjie KOHIEHTPUpOBa-

HUST Ha XpoMaTorpauyeckoM copOeHTe.

JIas1 co3maHus TIpolecca OMOJIOrMYeCKO OUrCT-
KM U Ie3010pallii BO3AyXa OT NaXHYIIMX OpraHu4de-
CKHUX IIPUMECEN MCIIOIb30BaIN JIAOOpAaTOPHBIE peak-
TOpBI, paboTallye Mo NPUHIUNY OUOPUIIBETPOB C
opotraeMbiM citoeM. PaboTa 1abopaTopHBIX peakTo-
pOB M3y4anach B TeUeHUE IUTEIbHOTO BpeMeHu. Pe-
3yJIbTaThl I10Ka3aJii, YTO COOOIIECTBO MMKpPOOpra-
HU3MOB, ajanNTUPOBAaHHOE B TeYeHUE IJIUTEIbHOIO
BpPEMEHHM K HCIIOJIb30BaHMIO JIETYUYMX BEIIeCTB (hep-
MEHTHUPOBAHHBIX TAOAYHBIX JINCTHEB, MOXKET OOecIIe-
YUTh CTAOMIIBHOE yIAJICHUE U3 BO3MYILIIHOU CMECU Be-
IIECTB, OIIpeIe/ISIOIIMX 3allaX Tabaka, a Takke 0osee,
yeM 90%-Hoe ymajeHre HUKOTHMHA. BoimeneHHble U3
COO0IIeCTBa Ha cpelie ¢ HUKOTUHOM OaKTepuu Mpu-
HaaJIeXanau K pogaMm Pseudomonas, Rhodococcus, Ba-
cillu, N3BeCTHBIM IECTPYKTOpPaM TOKCUKaHTA.

UccnengoBaH cocTaB JIETYYMX BEILIECTB JIMCTHEB
Tabaka. [Toka3zaHo, 4TO CyllleCTBEeHHbIC KOJIcOaHUS B
KOHIIEHTpAallM HUKOTWHA B BO3AYIIHOM CMECH, a
TakKe MMOCTOPOHHUX NpUMeceil He BIMSIM Ha 3¢-
(GEXTUBHOCTD YHaJICHUsI 3TUX BEILIECTB U Ae30J0pa-
LIMIO B JJaOOpaTOpHOM OMOMUIBTPE.

I'X-MC-aHaiu3 cOeAMHEHUN B COCTAaBE KUIKOM
OUPKYJIUpyIoleit ¢a3bl, KOTopas IIPHU MacIITabupo-
BaHUM Mpoliecca OyaeT monaaaTh B CTOKU, ITOKa3ajl
OTCYTCTBME HUKOTHUHA, a TAK3Ke KaKNX-I100 TOKCHY-
HBIX BEIIECTB — IIPOMEXYTOUYHBIX IIPOAYKTOB Je-
CTPYKLIUU, NPUCYTCTBYIOIIUX B TaOAUHBIX JIMCTHSIX
OpraHMYecKMX coenuHeHunii. PazpadaTeiBaemast Tex-
HOJIOTUSI BBITOOHO OTINYAETCS OT aJbTePHATUBHBIX
OTCYTCTBMEM BTOPHUYHOIO 3arpsi3HEHHUSI OKpPYXKaro-
IIEA CpENbI.

ITonydyeHHBIE pe3yabTaThl MOCIYKJIA OCHOBAHU -
€M JIJISI TIPOBEICHUS UCITBITAHUM pabOThI OMOpEeaKTo-
pa B MaclTadbax NMUJIOTHONW YCTAaHOBKHM B YCJIOBUSIX
IIPOM3BOJICTBA.

PaGoTa BbInosiHeHa npy (PMHAHCOBOM TOIIEPIKKE
TocymapctBeHHOTO KOHTpakTa Ne 16.512.11.2025 B
pamkax @LIT “UccnenoBanus 1 pa3pabOTKU IO MPU-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

OPUTETHBLIM HaIIPaBJICHUSIM Pa3BUTHS HAyIHO-TEXHU -
yeckoro komrviekca Poccuu Ha 2007—2013 ronber”.
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Elimination of Volatile Compounds of Leaf Tobacco from Air
Emissions Using Biofiltration
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Abstract—The composition of the volatile organic compounds (VOCs) of various leaf tobacco brands and
their blends has been studied. The differences in the content of nicotine, solanone, tetramethyl hexadecenol,
megastigmatrienones, and other compounds, determining the specific tobacco smell, have been revealed. A
microbial consortium, which is able to deodorize simulated tobacco emissions and decompose nicotine, has
been formed by long-term adaptation to the VOCs of tobacco leaves in a laboratory reactor, functioning as a
trickle-bed biofilter. Such a biofilter eliminates 90% of the basic toxic compound (nicotine) and odor-active
compounds; the filtration efficiency does not change for tobacco brands with different VOC concentrations
or in the presence of foreign substances. The main strains, isolated from the formed consortium and partici-
pating in the nicotine decomposition process, belong to the genera Pseudomonas, Bacillus, and Rhodococcus.
An examination of the biofilter trickling fluid has shown full decomposition of nicotine and odor-active
VOCs. The compounds, revealed in the trickling fluid, did not have any odor and were nontoxic. The obtained
results make it possible to conduct scaling of the biofiltration process to eliminate odor from air emissions in
the tobacco industry.
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JTETPAJAIINA DATA TMMOBWIN30OBAHHBIMUN HA BUO®PUJIBTPE
KIIETKAMM Chelativorans oligotrophicus

© 2012 r. E. H. Kanapyaiuna, H. B. Jloponuna, B. A. Exos, 10. A. Tponenko
Hnemumym 6uoxumuu u puzuonoecuu muxpoopearnusmog um. I'. K. Ckpsabuna PAH, Ilywuno, Mockosckas obaacme 142290;
e-mail: trotsenko @ibpm.pushchino.ru
IMoctynuna B pemakuuio 01.07.2011 .

IMonydyeH 6o UIBTP Ha OCHOBE KEpaM3UTa U KJIIETOK OOJIMTaTHOTO AECTPYKTOpA STWICHIMAMUHTeTpaare-
tata (DJATA) Chelativorans oligotrophicus LPM-4. Kynbsrypa cTabuibHO TOIIep>K1Baia BICOKYIO aKTUB-
HocTh DJITA-MOHOOKCUTEHA3BI B TeUeHUE Tpex MecseB Ha ypoBHe 180—200 Hmonab MuH/Mr Oenka. Ha
6rodusTpe 06beMOM 2 M IPU CKOPOCTH MPoToKa 20 MJI/4 JOCTUTHYTA nosiHasi KoHBepcust DA TA npu
ero koHneHTpauuu 0.5—0.7 /1 u 80%-Hast KOHBepCUsI IPU UCXOTHOM KOHIeHTpatuu 2.0 r/11.

B HacTosiiiee BpeMsi KOMILIEKCOOOpas3ytoliue
areHThl, TaKue, Kak aMUHOIOJIMKapOOHOBBIE KMCJIO-
Tbl (AIIK), K KoTOpbIM oTHOCUTCSI DI TA, HaxoasTCs
NOJ NpUCTaTbHBIM BHUMAaHUEM 3KO0JIOTOB [1]. BeIcO-
Kas riepcucteHTHOCTh DI TA mmpuBoAUT K HaKOTLIE-
HUIO €ro B OKpYyXalollleid cpeae U aKTUBU3UPYET
TPAHCIOPT TSEKEJIbIX U TOKCUYHBIX METAJIJIOB, BKJIIO-
qasg pagnoHyKiapl. DA TA mmpoko mpuMeHsieTcs B
LeJITI0JIO3HO-0YyMaKHOM, TMUILEBOM, KOCMETUYECKOM
U (papMalieBTUYECKOI MPOMBIIILIEHHOCTU, TPOMU3BO/I-
CTBE MOIOIIIMX CPEACTB, JISI MPOMBIBKU TEIJIODHEP-
reTUYEeCKOTo 000pyI0BaHMS 1 BO MHOTHX JPYTUX 00-
nactax [2, 3].

YpoBuu mpomaxk DJITA B EBpome mocturamor
200000 T exxeromHo [1]. ITostBIEHNMEe B BogoeMax Ta-
kux AITK, kak DTA n nurpunorpuauerar (HTA),
MPOMCXOAUT, TIPEXIe BCEero, BCJeACTBUE cOpachiBa-
HUS B BOJOEMbI CTOUHBIX BOJI C TIPEANPUSATUIA OyMaxK-
HOI MpOMBILIUIEHHOCTHU. YacTo huKcupyemMoe KO-
yecTBo DJITA 1 HTA B CTOYHBIX U TTOBEPXHOCTHBIX
Bomax HaxoguTcs B mpedenax 10—35 mr/n [1] u 10—
500 Mmxr/n [4]. [TocKoaBKY MPOU3BOJACTBO Oymaru,
MpY KOTOPOM HE UCIIOJIb3YIOTCSI COEAMHEHUST XJIopa,
pacTeT, TO €XEeroJHoe OXHUJaeMoe HCIIOJb30BaHUeE
BATA B OyMaxKHOM TIPOMBIIIJICHHOCTH COCTaBJIsSICT
65 TeIC. T [4].

CoryacHO TaHHBIM caiiTa www.chemeurope.com
koHueHTpannsg DJTA B pexkax EBporbl mocTturaer
100 mr/mn, B 03epax — 10 Mr/i1, TOraa Kak KOHIIEHTpa-
II1sI 3TOTO MOJUTIOTAaHTa B TPpyHTOBBIX Bomax CIIIA —
1-72 mr/n. Conepxanue DI TA B 06pa3iiax MOpCKO
BoJbI cocTaBisieT 0.3—3 Mkr/m [5].

3arpsi3HeHUEe MOYB MeTalJTaMM IIIUPOKO pacripo-
CTpPaHEHO TT0 BCEMY MUPY. TOKCUYHBIE METAJTBI MO-
TYT BKJIIOYATbCS B 9KOJOTMYECKUE LIMKIbI U BBI3bI-
BaThb XpOHUYECKME 3a00JIeBaHMs BCIEICTBUE OMOaK-
kymyssiiuu. CBoiictBo DJITA akTMBHO CBSI3bIBaTh
WOHbI METAJIOB B KOMIIJIEKCHI IIIUPOKO MPUMEHSIET-
ca B peMenuanuu nous. DJATA He ancopOupyeTcs Ha

MOYBEHHBIX YaCTHUIIaX M KOMIUIEKCHI C MeTaljlaMu
(cBUHeN, KaaMUii, IMHK) TEePeXoasT B pacTBop [6].
Pemeauanust mo4B ¢ KCITOJb30BaHMeM 10 60 MM xe-
JIATOB TIPUBOIUT K 00pa30BaHUIO OOJILIIOTO KOJINYE-
CTBa OTMBIBOYHBIX PACTBOPOB C BBICOKOI KOHIIEH-
TpallMel caMUX XeJaTOB, KOTOpble HYXXIaloTcs B 00-
Jiee THIaTeIbHON M 3((OEKTUBHON 00pabOTKe IIepe
cOpOCOM B OKpyXKalollyio cpeny [6].

AIIK ncnonb3ytoTcst 1ist 00padOoTKU sIIePHBIX pe-
aKTOPOB, MO3TOMY IPUCYTCTBYIOT B 3arpsiI3HEHHBIX
panuoHyKIuaaMu MecTtax. IlokaszaHo Takke, 4TO
OJITA yBeaMuMBaeT MUTpalldiO0 KoOajabTa, TOpUS,
IUTyTOHMS 1 ypaHa [7].

Komruiekcol BJITA ¢ MeTajsiaMu XapaKTepru3ytoT-
csl TOKCUYeCKUM 3((HEKTOM MO OTHOLIEHUIO K BOJI-
HeIM opranusmaMm |[8]. DJITA HapymiaeT aejieHUe
KJIETOK, CUHTE3 XJI0po(duLiIa ¥ HaKOTIJIeHHe Oruomac-
cbl Bogopocieii. MacimrabHoe npumeHenue DJITA
nau HTA (06a comepxkat a30T) MOXET YBEJIUIUTD IB-
TpoduKauo BogoeMos [9].

TTokazano neranpHOe Bo3aeiicTue D TA B HU3-
Kux KoHuUeHTpausix (<100 MKM) Ha KJIeTK1 Mmo4YeK
KpbIc [8], momaBsiicst cCMHTE3 Oesika u3-3a 00pa3oBa-
HUSI KOMIUIEKCOB IIMHKA U MapraHila B KJIeTKax reve-
Hu riocie BBeneHus Ca2+*DJITA. D/ TA oka3bIBal He-
OsaronpusiTHOE BO3MIEWCTBUE Ha pPa3MHOXEHUE U
pa3BUTUE MJIEKOTIUTAIOIINX, HO Oe30IaceH Mpu Ha-
PYXXHOM TIPUMEHEHU U, TIOITOMY aKTUBHO UCIOJIb3Y-
eTcsd B KocMeThdecKoi npomeinuieHHocTH [10]. TTo
naHHbiM BO3, exegHeBHoe moTpebieHue DTA B
KOHILIEHTpalMU 2.5 MI/KT He OKa3bIBaeT TOKCUYHOTO
JericTBUs Ha moneit. TeM He MeHee, B psizie 3arnaaHo-
€BPOMNEUCKUX CTpaH U B ABCTpaJIMU 3allpelleHO UC-
nojab3oBanue D/ TA B MOIOIIMX CPEACTBaX.

B 11eioM, HakomIeHUEe 3aMETHBIX KOJIM4YecTB D/ -
TA u apyrux KOMILJIEKCOHOB B OKpYyXarolleil cpene
CO3/1aeT Cepbhe3HbIE IKOJOTMUECcKre MpoodiIeMbl, TTO-
3TOMY aKTyaJeH IMOUCK 3(h(HEKTUBHBIX IITAMMOB —
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nectpykropoB D TA mis pa3pabOTKM COBpEeMEHHBIX
TEXHOJIOTUU 6wopemeunauwn 9KOCUCTEM U OYUCTKU
MIPOMBIIIUICHHBIX CTOKOB.

MukpoOHbIii criocob aectpykunu D TA saBisier-
cs1 HanboJIee NepCIIEKTUBHBIM, OTHAKO CIEKTp 0ak-
Tepuit, ucnob3yiommnx D TA B KauecTBe MICTOUHMKA
yrjiepoga U 3HEpPruu, BecbMma orpanudeH [11-—14].
OcoObIil MHTEpEC MpeICTaBiAsIeT OOJMTaTHBIA e-
crpykrop DI TA Chelativorans oligotrophicus LPM-4
[14, 15] nnsg co3maHus O6mModUIbTpa M JTOKATbHOU
OYMCTKHU CTOKOB OT 3TOT0 ITOJUTIOTaHTA.

Lens pa®oThl — co3IaHME U UCITBITAHNE TPOTOYHO-
ro 6Mo(UIETpa Ha OCHOBE MMMOOMIM30BAHHBIX KJIe-
ToK C. oligotrophicus LPM-4 nns nerpagaiimn D TA.

METOOANKA

OO0BeKTHI M YCJI0BHS KyJbTHBHpOBaHHA. B pabote
WCIOJB30BaM 4nucTyio Kynbrypy C. oligotrophicus
LPM-4 (=BKM B-2395) [14].

Jlng BeIpaliiBaHUS OaKTepUii M ITOCIIEeAyIONIeH
COpOLIMHU KJIETOK Ha OMOMUIETpE UCTIONb30BaIU Cpe-
ny craenytomiero coctaBa (r/n): Na,OATA — 1.0;
MgSO, - 7H,0 — 1.0; KH,PO, — 0.26; CaCl,- 2H,0 —
0.4; NaHPO,- 12H,0 — 0.84, pH 7.0, B koTOpY!IO J10-
GaBisIM 2 MJI pacTBopa MUKPO3JIEMEHTOB(MT/J):
FeCl,- 4 H,O0 — 1.5; H;BO; — 0.06; MnCl,- 4 H,O —
0.1; CaCl,- 6 H,0 —0.12; ZnCl, — 0.07; NiCl,- 6 H,O —
0.025; CuCl,- 2 H,O0 — 0.015; Na,MoCl, — 0.025 u
0.025 wmr/n 6uorvHa. BakTepuii KyJasTHUBUPOBAIU B
Kosibax DpaeHmeiiepa oobeMoM 750 M ¢ 200 M1 cpenbl
B TeueHUe 4 cyr Ha potopHoi Kadajke (120 06/MuH)
nipu 29°C.

Buodwisrp mia gectpykumu DATA oobemoMm 2 am?
MPEACTaBIIS COOOM CTEKJISTHHBIM cOCy/l, 3alOIHEeH-
HbIA TIPOMBITBIM UM BBICYIIEHHBIM KE€paM3UTOM
(1.7 Xr cyxoro Kkepam3uTa) C TIPOJOKEHHBIM CHU3Y U
CBEPXY CJIOEM CTEKJIOBOJOKHA IJjisi PaBHOMEPHOTO
pacripeesIieHUs XKUIKOCTHA MpH Togave. bruodmistp
crepwinzoBaiu nipu 1 at 1 4. TTomayy MuHepabHOM
Cpelibl OCYIIECTBJISIIA CHU3Y C TIOMOILbIO TEPUCTaIb-
tnuyecknx HacocoB LKB Bromma 1200 Varioperpex
(“LKB”, IlIBeuust) co ckopocTtbio 20—40 mi/4, BO3-
nayxa co ckopoctbio 100 Mi1/4 KoMIipeccopoM Micon
LP-1-1A Pump. ITogaBaeMBblit BO3IMyX MPOXOINIT Ye-
pe3 poTaMeTp U CTepUIU3YIONIMil GUIBTp U Jajee
noctynaji Ha 6uodunsTp. OTpaboTaHHbIE BO3AYX U
KUAKOCTh TOCJE IIPOXOKIEHUST 4yepe3 OMopuiIbTp
HaKaIIMBaJIUCh B COOPHUKE OTpaOOTAaHHOI Cpebl.

Krnerkn copbupoBaim Ha KepaM3uTe ITPU KOM-
HaTHOI Temmnepatype (21—23°C) npu HUPKYASILIUU
cycrieH3umn 6akrepuii co ckopocTthio 100 mi/4 ¢ uc-
XOIHOW KOHIIEHTpaluei, cooTBeTcTByIomein 1.0 T
BBICYLLICHHOI 6uomacchl/n. CopO1uIo IpOBOAUIN B
TeyeHUe 14 cyt, momuepkuBas KoHIeHTpauuo DA TA
1.0 r/m u pH, paBnbrit 7.0 (5.0%-uoit H,SO,), npu
CKOPOCTH TTpOoNycKaHust Bo3ayxa 3 Ji/MuH. Bennauny

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

KATTAPYJIUIMHA u np.

KJIETOYHOM HATrpy3KU HOCHUTEJIS U3MEPSUIN, CMbIBast
6roMaccy ¢ HOCUTEJISI U OTIPEAeisisl ee Maccy mocie
BBICYILIMBAHUSI.

ITpu UMPKYASLUUU CYCIIEH3UU KJIETOK B Cpejie ue-
pe3 6uohuabTp HAOMIOJAIN O0pacTaHUe YacTUIL Ke-
pam3ura Oakrepusmu. Yepes 14 cyt copOumsa Omo-
Macchl Ha KepaM3uTe CTabuIu3upoBaiach U JOCTU-
raga 19 r BHICYLLIEHHOI GMOMAacChl/IM> KepaM3uTa.
Harnee yepe3 OMOMMIBTP MPOIMTYCKAIN CBEXYIO CPELY,
MOCTENIEHHO u3MeHss1 KoHueHtpauuio DATA (0.5,
1.0, 1.5, 2.0 T/1) 1 cCKOPOCTb MOAAYU CPE/IbI.

KonuyectBeHHbI aHanu3 coaepxxaHus DJTA u
MPOMEXYTOUHBIX MPOAYKTOB €ro Ouojerpagaliv B
CTOKE ¢ OMO(UIBTpa MPOBOIMIIN C UCITOJIE30BAHIEM
kosioHku Separon Six C18 (“Tessek”, Uexust) u cu-
crembl BO2KX 2150 (“LKB”, IlBenus) mpu 195 HM.
st ananmu3a B KOJIOHKY BBomwiIn S0 MKJI oOpa3sla.
CkopocThb IIpOTOKA 3a10eHTa (BOJa) COCTaBiIsia
0.4 my1/MuH. B KayecTBe MeTUMKa AJISI TIOCTPOCHUS
KaJIMOPOBOUYHOM KPUBOM MCITOJb30BAIU ITUJICHIN-
aMHUHTETpayKcycHylo kwuciory (“Sigma”, CIIA).
Bpewmsg ynepxxannsa DA TA cocraBasino 2.3—2.4 MuH.

Db deKTUBHOCTh OMO(MIBTPa B OTHOIICHUN €~
rpagaiinn DATA Ha OCHOBe MMMOOMIN30BAaHHBIX
KJIETOK OMpeaesisuii Mo CTeNeHU NeCTPYKIIUU XeJia-
TOHA B XXUIKOCTH.

B xone skcnepuMeHTa [Jisl ONpeneeHusl aKTUB-
HOCcTH MOoHOooKcureHa3bl DI TA u3 ouodpuisrpa oT-
oupanu okoyio 300 mr kierok. KieTkm ocaxmanm
neHTpudyruposanuem mnpu 6000 g 15 MuH, OTMBIBA-
ym 0.05M tpuc-HCI 6ydpepom, pH 7.4, pecycrieHau-
poBaii B TOM Xe Oydepe u oOpadaTbiBaIu yabTpa-
3ByKOM Ha anmnapate Misonix S-4000 (CIIA) momi-
HocThio 150 BT mpu 20 xIix (6 x 30 c¢) nmpu 4°C. He
pa3pylieHHbIe KJIeTKU U UX (parMeHThl ocaxkaaau
nentpudyruposanuem (10000 g, 40 MmuH), cynepHa-
TaHT UCTIOJb30BAIM B KAUeCTBE OECKJIETOUHOTO DKC-
TpakTa IJIsl OIpelesieHUs] aKTUBHOCTU (hbepMEeHTa B
TepMocTaTupoBaHHOM KioBeTe (1 cm) mpu 30°C Ha
peructpupyolieM crnekrpogoromerpe Shimadzu
UV-1700 (“Shumadzu”, Anonusa). AKTUBHOCTb D/ -
TA-MOHOOKCUTEHA3bl B 9KCTPAKTaX KJIIETOK OIIpee-
msum o okuciaennto HAJIH, [16]. PeakimonnHas
cMmech (2 Mi) comepxana (MKmodb): Tpuc-HCI 6y-
dep, pH 8.0-50, pmaBunmononykineotun (PMH) —
0.5; MgZ*DTA — 40; HAIH, — 0.5; GeCKIeTOYHbIIA
skcTpakT 50 M. Peakiyio HaunMHaIM 100aBIeHUEM
Mg2*DITA. VuenbHyto aktuBHOCTb DI TA-MOHOOK-
CUTE€Ha3bl BbIpaXXajiu, KaK KOJIWYECTBO HaHOMOJIeH
okuciaeHHoro HAJIH, Ha 1 mr 6enka B MuH. Conep-
XKaHue 0eslka B OCCKJIETOUHBIX DKCTPAaKTaxX OIIpeie-
JISLTU MoauGUIIMpoBaHHBIM MeTonoM Jloypu [17]. B
paboTe MCMoab30BaIM peakTUuBBl (UpMbl “Sigma”
(CIIIA). B Tabmmunax IpeAcTaBlIeHbl CpemHHUE pe-
3yJITaThl TPEX HE3AaBUCUMbBIX aHAJIM30B, OIIMOKa He
npesbiiana 5%.
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4

OTpaboTaHHbBII
BO3IyX
8 7
6

Boznyx u3
KOoMIIpeccopa

Puc. 1. Cxema 6uodwisrpa mis nerpanaiuu S TA.

1 — 6uoduIkTp, 2 — CIION CTEKJI0BOJIOKHA, 3 — CJI0i KepaM3uTa, 4 — CTepUIN3YIOIIUI BO3AYIIHbINA (OWIBTP, 5 — poTaMeTp, 6 —
TMEePUCTAIBTUYECKUI HacoC, 7 — COOPHUK OYUIIIEHHOTO pacTBopa, & — cocyn st cpeast ¢ DJATA.

PE3VJIBTATBI 1 UX OBCYXJIEHWE

Aspo0OHBbIit oonuratHbiii gectpykrop DJTA C. oli-
gotrophicus 1LPM-4, oTBeuaeT TpeOOBaHUSIM, MpPeIb-
SIBJISIEMBIM K COBPEMEHHBIM TEXHOJIOTUSIM IIpoliecca
OouoduakETpaliui: KyJbTypa HelTaTOTeHHa, COXpaHsIeT
BBICOKYIO CTEIIEHb XM3HECHOCOOHOCTH IIOC/E JTUO-
dunuszanum, a Takxke B 25—45%-HoM TiMLepyuHe NPy
—70°C B TeyeHue nATU JieT. JIModMIM30BaHHYIO
kynsrypy C. oligotrophicus LPM-4 BbiceBanu Ha ara-
PU30BaHHYIO CpPemy, a 3aTeM NEePEHOCHIN B XUIKYIO
cpeny, coaepxaiyto 1.0 r/an DATA, u uHKyOUpoBaIu
B ONTUMAaJbHBIX YCIOBUSIX. KiIeTKU OTAesIIN OT cpe-
Ibl LIEHTPU(PYTUpPOBaHUEM, peCyCHeHAUPOBaId B
CBEXeEM cpene, U acerTUUYeCKM UMMOOMJIM30BaIu Ha
ouodpunsrpe (puc. 1).

B niepBoii cepum ombITOB nocie 14 ¢yt copOoumm
KJIETOK Ha KepaM3uTe YCTaHABIMBAI HETTPEePbIBHBIN
IpOTOK cpenbl, cogepxaiueit 0.7 /a1 DTA, co cko-
poctbio 10 Mi/4. Yepes 5 cyT CKOpOCTh MPOTOKA YBE-
JmauBainm 1o 20 mii/4, a yepe3 6 cyT — g0 40 mi/4.
Jdunamuka conepxkanus D/1TA B XKMIKOCTH Ha BXOAE
¥ BBIXOZIe M3 OMOoMMIBTpa mpencraBicHa B Tadi. 1.
IMoka3zaHo, yto npu KoHueHTpauuu BATA 0.7 r/n u
ckopocTsix mpoToka 10—20 MJi/4 Ha BbIXOJe U3 OUO-
dumsTpa DA TA B mpobax oTCyTCBOBAJI, T.€. OMOKOH-
Bepcus xeaaToHa cocrapisuia 100%. [pu yBenmueHn
cKopocTu nmpoToka a0 40 MJj1/4 Ha BeIxoie 6Momibrpa
ocraBainock 0.24 r/n BIATA, Te. yTUIM3npoBaIoOCh
TOJIEKO 65%.

Bo BTOpOIi cepru OIBITOB, TTOCJIE HapalTuBaHMS
KyJBTYpbl Ha OWOMWIBTpE cpeay IPOIyCKad CO
ckopocThio 20 Mi1/4, MeHsIs1 KoHLIeHTpanuio ¢ DJITA
ot 0.5 mo 2 r/n. Pe3ynbrarsl mpeacTaBiaeHBI B Ta0d. 2.
Yepes 4 cyt nocie niogauu 0.5 r/n DI TA Habmoganu

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

ero IoyiHoe IotpebiieHne. [1py yBenMyeHUM KOH-
ueHtpauuu DA TA B nogaBaeMoii cpene mo 1.0 r/mye-
pe3 TOT ke MMPOMEXKYTOK BpEeMEHHU B 3JTI0aTe OCTaBa-
sock 0.09 r/n DATA, uaro cootBeTcTBOBaAO 91% MO-
Tpebdnenus DATA. Ipu yBenndeHUM KOHILIEHTPpALIN
no 1.5 r/n BATA depes 3 cyT B ait0aTe ObLIIO OOHAPY-
xkeHo 0.24 v/n D/ITA, buokoHBepcust coctaBuna 84%.

Ha puc. 2 mpeacrasieHsl xpoMarorpaMmmbl (BO2KX)
MPOMEXYTOUHBIX TPOAYKTOB nerpamanuun DIATA —
stwieHauaMmuHauanerata (DAJIA) n1 umuHoaMAale-
tata (MA), a Takke 3/110aTOB C OMO(MIETpa mpu
notpedneHnn DA TA. OO0HapyKXeHO, UTO IIPU LIUPKY-
Jsinuu cpenbl ¢ KoHoeHTpauuein BJATA 1.0 r/n co
ckopocTthio 20 MJI/4 B IIpobax 3jir0aTa HaKOIUICHUS
MPOMEXYTOUHBIX MPOAYKTOB MeTabosnu3Ma He Mpo-
UCXOIWJIO, YTO CBMJAECTEIbCTBOBAIO O TMOJHOM €ro
pa3ioXeHUH KJIeTKaMU JeCTpyKTopa B OMohuiIbTpeE.

Panee Hamu ObUIO TIOKa3aHoO, yTo TaMM C. olig-
otrophicus LPM-4 oxucisier D TA ¢ nomo1bsio ¢ep-
MEHTa MOHOOKcUTreHa3bl, aktTuBHoOU ¢ HAIIH, u ctu-
mynaupyemoit ®MH u MJIA-oKcuaa3oii, yuacTBylo-
e B 3aKJIIOYUTENILHOM 3Talrie pasioxeHuu DJTA

Taommma 1. TMorpeGiaenue DJATA MMMOOMIN30BAaHHBIMU
xnetkamu C. oligotrophicus LPM-4 B 3aBUCUMOCTHU OT CKO-
POCTHM IIPOTOKA Cpelibl B 0MOoDIIIBTpe

KoHIeHTparms CKOpOCTh IPOTOKA, MJI/4
OATA, r/n 10 20 30 40
Ha Bxone 0.7 0.7 0.7 0.7
Ha Beixone 0 0 0.13 0.24
IMotpebaenue, % | 100 100 81 65
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Taoauma 2. IMotpeGnenue DJITA MMMOOUIN30BAHHBIMU
kierkamu C. oligotrophicus LPM-4 B 3aBUCUMOCTU OT €r0
KOHIIEHTPAIIMHU TTIPU CKOPOCTH TTPOTOKA CPENbl Yepe3 O1o-
unsrp 20 Mi/9

Konuentpauus DATA, r/n TMorpe6renne
MCXOIHAs KOHe4Hast OATA, %
0.5 0 100
1.0 0.09 91
1.5 0.24 84
2.0 0.38 81

[18—19]. B xone paboTbl u3 6ModuILTpa OTOUpPaAIU
MPOObI, IeJIaJI CMBIB KJIETOK C KEpaM3H1Ta U OIpe/ie-
st akTUBHOCTh DI TA-MOHOOKCHUTEHA3BI, KOTOpast
B cpeaHeM cocTabiisiiia 180—200 HMoIb/MUH MT GeJ-
Ka, KaK B HayaJjie, TakK U B KOHIIE AKCIIepUMeHTa. DTO
CBUETEJILCTBYET 00 aKTUBHOU pereHeparm KIeToK
Ha OuodUIETpe, YTO O00EeCHeYnBaeT UX JOCTATOYHO
BBICOKY1O METa0O0JIMYECKYIO aKTUBHOCTb.

2.57 268  2.33

KAITAPYJUINHA u np.

I1pu nepuonnyeckom KynsruBupoBanuu C. olig-
otrophicus LPM-4 Ha cpene ¢ 2.35 r/n DATA Jenio-
XrWHa ¢ coaBT. [20] HaOMOaaU IIUTEIbHYIO (5 CyT)
Jar-¢asy B OUHAMHUKE POCTa KYJBTYpbl. MeTomoM
OOpaTHBIX BEJIWYMUH ObLIa paccyMTaHa KOHCTaHTa
MHTUOMpPOBaHUs, KoTopasi coctaBuia 2.2 r/n SATA
(8.05MM) [20]. B Hamux 3KcIIepuMeHTaX IIpy IoAa-
ye Ha OMoUIBTP cpelbl ¢ KoHUeHTpauueir DATA
2.0 r/n nar-ga3za oTcyTCcTBOBaJa, HO Yepe3 1 cyT ypo-
BeHb octaTouyHoro DJITA cocraBun 0.21 r/m, Torma
Kak uepes 3 CyT ero KOHLEHTpAlUs B 3JII0aTe yBEIU-
yuBaiach 10 0.38 /71, a KoJIM4eCcTBO MOTPeOJIeHHOTO
O TA mocrturaio 81%.

Crnenyer oTMeTUTh, 4YTO ypoBeHb DJITA B cTou-
HbIX BOJaX W Ha OUYMCTHBIX COOPYKEHUSIX OOBIYHO
3HAYMTEJIbHO HUXKE MCCIIelyeMbIX HAMU MOJEIbHbBIX
KOHIICHTpauil (OT HECKOJbKUX AECITKOB MKT/JI 10
1 r/n) [2, 3]. B Xxone npoBeaeHHBIX UCITLITAHUI 01O~
¢uneTp niepepadaTeiBait 10 3.24 r DJITA 3a 4 cyT ripu
kKoHueHTpauu DJITA Ha Bxoae 2.0 T/1 U CKOpOCTH
npotoka 20 MJI/4, YTO COOTBETCTBYET IPOU3BOIU-

[ [ |
|

2.38 2.31
BpeMms ynepkanust, MUH

242

Puc. 2. BOXKXX anioara u3 6uoduiasrpa npu koHueHtpauuu DA TA Ha Bxone 1.0 r/n1 u ckopoct ripotoka 20 mii/4.
1—-920JA, 1.0 v/m; 2— WA, 1.0 r/a; 3 — DATA, 1.0 r/m; 4 — muHepanbHas cpena 6e3 DIATA, 5—7 — smoar Ha 4, 51 6 CyT.
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TeJIbHOCTU OroduiibTpa no npoaykry 1.26 r DATA/r
BBICYILICHHOI OMOMACCBI CYyT WJIM TI0 00beMy
0.24 m3/m3 cyt. BuodmibTp cTabUILHO (PYHKLIMOHMK-
poBan B TeueHue 3 MecsueB. [Ipu mepuoanyeckomM
KYJILTUBUPOBAHUM OINTHUMAJIbHONM KOHIIEHTpalUeii
st pocta Kyasrypbl C. oligotrophicus LPM-4 u no-
TpebJieHus1 cyocTpata Oblia KoHueHTpauust 1.0 r/n
BSATA, 1pu UMMOOMIN3ALNH KYyIETypa 3(PpheKTUBHO
pasjaraja 3HauMTeJIbHO 0oJiee BBICOKME KOHIIEHTpA-
LIMU XeJlaTOHa.

Takum 06pa3oM, CO3TaHHbIN JTAOOPaTOPHLII OHO-
¢bunerp ¢ MMMoOMIM3oBaHHBIMU KiieTKamu C. olig-
otrophicus LPM-4 MOXeT ObITh MCITOJIb30BaH 151 T10-
CJIeYIOIIETO MaCIITAOMPOBaHUS Mpoliecca OYMCTKU
CTOKOB, coaepxammnx DJITA.

Pa6ora BeimonHsuiach B pamkax 'K 02.740.11.0296.
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EDTA Degradation by Cells of Chelativorans oligotrophicus
Immobilized on a Biofilter
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Skryabin Institute of Biochemistry and Physiology of Microorganisms, Russian Academy of Sciences,
pr. Nauki 5, Pushchino, Moscow oblast, 142290 Russia

e-mail: trotsenko@ibpm.pushchino.ru
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Abstract—A biofilter based on light expanded clay aggregate (LECA) and cells of the obligate ethylenedi-
amine tetraacetate (EDTA) destructor Chelativorans oligotrophicus LPM-4 has been developed. The culture
steadily maintained a high level of EDTA monooxygenase activity of 180—200 nmol/min/mg of protein dur-
ing three months. EDTA was converted completely or by 80% at initial concentrations of 0.5—0.7 or 2.0 g/I,
respectively, in a 2-dm? biofilter at a flow rate of 20 ml/h.
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BHEKIIETOYHAA B-D-TJIIOKO3NIA3A MOPCKOT'O IT'PUBA
Penicillium canescens
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W3 mopckoro rpuda Penicillium canescens B TOMOTEHHOM COCTOSTHUY BBbIIeJIeHa BHeKJIeTouHas 3-D-riio-
ko3upaza. CormacHo maHHbIM JIJIC-Na-3nektpodopesa MojeKyaspHas Macca (epMeHTa cocTaBjsijia
64 xJla, MakcuMaJibHast aKTUBHOCTb Habmoganack npu pH 5.2 u 70°C. IImoko3uaasa Kataau3upoBaia TU-
ponu3 B-TIMKO3UIHBIX CBA3el KaK B ITIMKO3UaX, TaK U Jrcaxapuiax TII0KO3bl U o0Jiagana TPaHCIJIMKO-
3UJTAPYIONIE aKTUBHOCThIO. DepMEeHT MOXKET OBITh MCTIOJIB30BaH IS JETIMKO3WINPOBAHMST TIPUPOTHBIX
JIMKO3UJIOB 1 B (DepPMEHTATMBHOM CHMHTE3€ HOBBIX YIJIEBOJICOACPKAIIIMX COSTUHEHUIA.

®epmenTsl  B-D-rmoko3upaszsr (KO 3.2.1.21)
TUAPOHU3YIOT O-TIUKO3UIHBIE CBSI3U MEXIY OCTaT-
KOM TJTIOKO3bI ¥ apMJIbHBIM WIN aJIKFJIBHBIM arJINKO-
HOM, 160 3-D-rmokoonurocaxapuapl. Dta rpymra
¢depMeHTOB UTpaeT BaXXHYIO pOJib B YIJIEBOIHOM Me-
TaboIM3Me U SBJISIETCS KITIOYEBOM B OOpa3oBaHUU
TJTFOKO3BI ITPU MICITOJTb30BAHWH €€ Pa3IMIHBIMU Opra-
HU3MaMM KaK MCTOYHMKA dHEpruu u yriepoaa. [u-
KO3MAa3bl HAMICHBI B PACTCHUSIX, )KWBOTHBIX, TPUOax
u Gakrepusx [1].

Inuko3ugaspl MPUMEHSIIOTCS B pa3jIMYHBIX OMO-
TEXHOJIOTUYECKUX mpoieccax. Hampumep, ns dep-
MEHTAIIMK COeBOr0 MOJIOKA MCIIOIb3YIOT IITMKO31/1a-
3bl Oupunodakrepuii. U3BecTHO, UTO U30GIaBOHBI
COU TIpeayIpesKaaloT OHKOJIOTMUeCKe 3a001eBaHUS
M aTepoOCKIEPO3, CHUMAIOT CUMITOMbI MEHOIIAy3bl.
ATJIMKOHBI SBJISIIOTCS (hapMaKOJOTUYSCKA aKTUBHOU
YacThlo IMUKO3UI0B. ONUH U3 MyTell YBeJIMYEHUS KO-
ImyecTBa (PYHKIIMOHAJIBHBIX KOMIIOHEHTOB B CO€ —
3T0 (pepMEHTATUBHOE IIpeBpalieHne n30¢JIaBOHOB
U3 OMOHEINPUTOAHON B OMOMNPUTOAHYIO (HOpMY, T.C.
IJIMKO3UIOB B arJIMKOHBKI [2].

Hob6apnenue [-D-rmoko3umasbl K Iperaparam
LIEJUTIONA3bI JIsl TUAPOJINU3a LEJUTFOJI03HbIX WIN JIUT-
HOLIEJUTIOJIO3HBIX CYOCTpaTOB IPUBOIUT K YCKOpe-
HUIO TIpeBpaIleHUS 1IeI00M03HI B I'TI0K03Y. OOBIIHO
B KOMMepUYeCKHUX MperapaTax LeJUTioa3bl He XBaTaeT
3TOro (hepMeHTa, ¥ HAKOILJIECHUE B MPOAYKTAX KOH-
BEPCHUU 1IEJIJIOOMO3bI MPUBOAUT K MHIMOMPOBAHUIO
npoiecca [3].

[Muko3uaassl 061a8a10T BBICOKOM TPAHCTIIMKO3U-
JIMPYIOLLIel aKTUBHOCTBIO I IPUMEHSIIOTCS IJisl (bep-
MEHTaTUBHOIO cMHTe3a. Hanpumep, 1151 TIIMKO3UIN-
pOBaHUSI MEPBUYHBLIX U BTOPUYHBIX CIIMPTOB W p.
coenuHeHui [4].

[uko3uaassl 06aagaloT crielupUIHOCTHIO K TU-

Iy CBSI3M, CTPYKTYpE arTMKOHA M YIJIEBOTHOM KOM-
MOHEHTHI TJINKO3Ma0B. [TokazaHo, 4TO Jaxke TJIMKO-

3uIa3bl, HaliJEHHbIE B OMHOM HCTOYHUKE, MUMEIOT
3HAYUTEJIbHbIE OTJIMYUS B CyOCTpaTHOM crieuguy-
HocTH. B rpmbax HaiiieHbI TTUKO3UAA3bI C ITUPOKOMA
CcHeM(UIHOCTHIO, KOTOPBIE AECUCTBYIOT OAUHAKOBO
XOPOIIIO 1 Ha OJIUTOCaXapuabl, U Ha apUJbHbIC WU
aJIKWIbHbIE TIUKO3Uabl. [103TOMY TpuUGHbBIE TIMKO-
3uma3bl 0oJiee MPUTOMHBI IJIS MCIOJIb30BaHUST KaK
MHOTOIIeJIeBbIe KaTaJIM3aTOPhl, a UCCIeTOBAaHUS Ka-
TATUTUYECKUX CBOMCTB IPMOHBIX TJIMKO3K1/1a3 BeChbMa
aKTyaJibHBI [5]. PaboThl mociemHuX JeT moKazaju,
YTO TpUOBI U3 MOPCKHMX MECT OOMTaHUS SIBIISIIOTCS
MPOAYLIEHTAMM BBICOKO aKTMBHBIX, YCTOMYUBBIX K
pa3nmuuaHbIM (akTopaM (EPMEHTOB, CTOJIb HEO0XO-
JUMBIX COBPEMEHHOM MTPOMBIIILIEHHOCTH [6].

Ilenp paboThl — BBIACICHUE M XapaKTepHCTHUKA
WHAUBUIYaTbHOU [3-D-TmoK0o3umasbl, BXOISIIEH B
KOMILUIEKC BHEKJIETOUYHBIX O-IIMKO3WITUAPOIIA3
MopcKoro rpuba Penicillium canescens Sopp.

METOJIUKA

Muxkpoopranu3mbl. [1ItTamm Mopckoro rpuba Peni-
cillium canescens B35T 13 KOJUICKIIMM MOPCKUX MUK~
poopranu3mMoB THX0OKeaHCKOTO MHCTUTYTa OMOOp-
ranngeckoii xumuu JJBO PAH (KMM THUBOX) u
KyJABTUBUPOBAaH Ha MOIU(PUIIMPOBaHHOM cpene Tyoa-
KU, colepKaiieit (r/J1 MOPCKOM BOIbI): JaMUHApaH —
3.0, nenton — 1.0, KH,PO, — 1.0, apoxkeBoii 3Kc-
tpakT — 0.5, MgSO,- 7H,0—0.5, FeSO,—0.02, pH 7.0.

Pearentnl. JlTamuHapaH u3 0ypoii Bogopociu Sac-
charina cichorioides n dykonunan n3 Fucus evanescens
ObLIY BBIJIEJICHBI, COTJIACHO paHee OMUCAHHOMY Me-
tony [7]. IlycTymaH, aMWIONEKTUH, aJIbTAHAT Ha-
Tpusi, -HUTpodeHWI- - D-1aMuHapuTpruo3n, me-
TWI- - D-riaoKonupaHo3ua, MeTui-o-D-rioko- u
rajakTOMUPaHO3U/IbI, JIAMUHAPUOJUTOCAXapuabl —
M3 KOJUIEKLIMM JIJabopaTtopuu xuMuu ¢pepmeHToB T -
bOX. XanucraHos cyiabdaT U3 TPOIIMYECKOUN I'yOKU
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ceMm. Halihondriidae mo6Ge3HO  TIpemocTaBlicH
T.H. Makapseoii (TUBOX IBO PAH). Kommepue-
CKUe TIperaparbl: M-HUTPOdEeHWIbHBIE TTPOU3BOIHbBIC
caxapoB, TEHTHMOOMO3a, IIeIIO0MO03a, MeInono3a —
dupmbl “Serva” (IepmaHus), rpyrmnocrenuduyeckue
peareHTbl, HocuTteau it xpoMmarorpaduu, [TAB u op-
raHm4eckue pactBoputenu — ¢pupMsal “Sigma” (CLIA).

Anaymryeckue Metoabl. KoHIIeHTpanumo 0ejKa B
pacTtBopax ompeneasuii MerogoMm Jloypu [8], mpu
xpomartorpaduu — 1o roriomeHuo mpu 280 aM. Co-
Jiep>KaHWe BOCCTaHABJIMBAIOIIMX CaxapoB yCTaHaB-
nauBanu MetoaoM HenbcoHna [9].

JJC-Na-snektpodope3 mpopoauau B 9—20%-
HOM TOJIMaKpWIAMUIHOM rejie mo merony Jismmin
[10]. B xadyecTBe cTaHAAPTHBIX MAaPKEPOB MCITOJIb30-
BaJlM peKOMOWHaHTHbIe Oenku dupmbl “Fermentas
Ruler” (EBpomnetiickuii coro3). [enb ckaHupoBaau Ha
neHcutoMmerpe GS-800, “Bio-Rad” (CIIA).

AHaIM3 TIpoAyKTOB (hepMEHTATUBHOTO THAPOJI3a
(MOHO- 1 OJIMTOCaXapHua0B) MPOBOIIIIH C UCTIOJIB30-
BaHUeM KoJoHKU Zorbax-NH, (4.6 MM x 250 mm,
Iepmanus) Ha xpomartorpade Agilent 1100 Series
(CIIIA). DmonpoBaii CMeChIO allecTOHUTPWII — BoAa
60 : 20. JIeTeKTUPOBAHUE OCYILIECTBIISIIN C IIOMOIIBIO
pedpakTomeTpa.

IponykTel, codepxkaiiye MN-HUTPOGEHUIbHBIN
pamukan (H®), aHanmm3upoBaad Ha KOJIOHKe Zorbax
SB-C; (4.6 MM x 150 MM, [epMaHust) ¢ obGpallleHHOM
dazoii. DIronpoBaHUe BeJIM B TpageHTe alleTOHUT-
pwi — Boma ot 0 mo 80% areToHUTpUMIIA CO CKOPOCTBIO
1 mu/MuH. OOHapyXeHHe MPOAYKTOB IIPOBOIMIN C
noMmoltiplo Y®P-nerekropa pupmsel “Agilent Technol-
ogies” (CIIA) ipu mmae BoaHbL 302 HM.

Macc-crnekTpbl OPOAYKTOB peaklMU TPaHCIJIM-
KO3UJIUPOBAHUSI 3aITMCHIBAJIM HAa BPEMSIIPOJIETHOM
macc-cnekrpometrpe Ultraflex-111 (“Bruker”, Iepma-
HUSI) ¢ MATPUYHO-aKTUBUPOBAHHON J1a3epHOM e~
copouueii/monnzanuein (MAJIJIK). B kauecTBe
MAJIIN Mmatpuubl ucnoiab3oBagiu 1 M pacTBop
2,5-MUTnApPOKCUOEH30MHON KUCIOTBI B CHCTEME
auetoHutpmia-soaa (1 : 1). PacTBop uccienyeMbix
o6pa3sioB (~1 Mr/mi) B o0beMe 1 MKJI HAHOCUJIM Ha
MUIIIEeHb, IPEeIBAPUTEILHO ITOKPBITYIO MaTpUlIeid, 1
BBICYILIMBAJIM B ITOTOKE Bo3ayxa. CeKTphl ObLIM I10-
JIy4deHBI B pexxuMe pediekTopa.

Onpenenenne akTuBHoCcTH hepmeHTOB. 1151 OoTIpe-
JleJIeHUs] aKTUBHOCTU TJIMKaHa3 CTaHJIapTHasl peak-
LIMOHHAasl cMech coaepxkaia 50 Mk pacTBopa dep-
MeHTa 1 450 MKJT pacTBopa nojucaxapuaa (1 mr/mir)
B 0.05 M nHarpmii-aneratHoM oydepe, pH 5.2. Bpemsa
nHKyO6auu ot 15 go 60 muH ipu 37°C. AKTUBHOCTD
depmeHTa onpeaesIsiv MO BO3pacTaHUIO KOJIMYECTBa
BOCCTaHaBJIMBAIOIIMX caxapoB meTrogoM HenbcoHa
[9]. 3a equHMIy aKTUBHOCTU IIPUHUMAJIM KOJIMYe-
CTBO (hepMeHTa, KOTOpPOEe KaTaJIu3upyeT oOpa3oBa-
HUe 1 HMOoJIb MOHOCaxapuaa (TJIF0KO3a KaK CTaHAapT)
3a | MMH B YCJTOBUSIX OITpEeaeICHUS.
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AxTtuBHOCTh [3-D-rmoko3uaassl u N-auertun-3-
D-rinoko3aMuHKIA3bl ONPEAE/IsIM C HCITOJb30Ba-
HUEM B KayecTBe CyOCcTpaTOB I-HUTPOMEHUIbHBIX
MPOU3BOIHBIX COOTBETCTBYIOLIMX caxapoB [11]. Pe-
aKIIMOHHAs cMech coaepxkaia 50 MKJI pacTBopa dep-
meHTa u 100 Mk pactBopa cyboctpata (1 Mr/mi) B
0.05 M wHarpuii-aueratHoM Oydepe, pH 5.2. Bpems
nHKyOauuu ot 15 mo 60 muu npu 37°C, peakiiuio
octaHaBnuBaiu nodasieHuem 150 mxin 1 M Na,COs.
OnTuyeckyro MIOTHOCTh U3Mepsiau 1ipu 420 HM Ha
MUKpOTIJIaHIIIETHOM  criekTpodoTomeTrpe BioTek,
“Biotek Instruments, INC” (CIIA). 3a enuHuUILY aK-
TUBHOCTU MPUHUMAJIY KOJIMYECTBO (hepMeHTa, KOTO-
poe KaTajau3upyeT obpasoBaHue | HMOJb IT-HUTPO-
¢deHosa 32 1 MUH B YCIOBUSIX OIpeAe/ICHUS].

Brinenenne u ounctka -D-nmoko3uaassl U3 Kyjib-
TypajbHOil xuakocTa P. canescens. KynbsTypajlbHYIO
KUJIKOCTh MOPCKOTO MULIEIMAJILHOTO Tpuba P. cane-
scens OTHENSUIM OT MULIEJIUS LIEHTPpUGDYTUPOBAHUEM
npu 10.400 g B TeyeHue 10 muH. KyabsTypalbHBINA
(bunbTpaT KOHLIEHTPUPOBATIU METOAOM YJIBTpadUIb-
Tpauuu Ha MemOpaHe PM-10 ¢upmber “Amicon”
(Tonmanonst). DUIBTpaT HAHOCWIM HA KOJIOHKY C
Sephacryl S-300 (dupma “GE Health Care”, CIIIA),
ypaBHoBeleHHYI0 0.05 M HaTpuii-alieTaTHbBIM Oyde-
pom, pH 5.2 (pabGouuii 6ydep). DiroupoBaHue Mpo-
BOIMJIU TeM Xe 0ychepoM co ckopocThio 0.4 MJI/MUH.
O6beM dpakLmii coctasisii 3.5 mui. @pakiiyu, conep-
xarue [3-D-rmoko3umasy, oObeIUHUIA U KOHIIEH-
TPUPOBAIA METOOOM VJbrpaduasrpaunn. Ilpemnapar
HaHocwiu Ha Econo-Pac Q xaprpumk (ADAD-memn-
mono3a) dpupmsl “Bio-Rad” (CIIA), ypaBHOBeIIeH-
HBI padbouymnm OyhepoM, 1 MOAKITIOUEHHbIN K TprUOO-
py AKTA FPLC, “Amersham pharmacia biotech”
(IIBeuust). DnoupoBaHre NPOBOAWIN B JIMHEHHOM
rpaguenTe KoHueHTpanuu NaCl B paboyem Oydepe
(0—-0.4 M, obmuit oobem 180 M) CO CKOPOCTHIO
2 mui/mMuH. @pakunu (06beM 1 Mi1), TPOSIBUBIINE aK-
TUBHOCTb, OOBEAUHSIIN, KOHLIEHTPUPOBAJIU YJIbTpa-
(bunbrpanmeii, MajiM30Baii MPOTUB pabouero Oy-
depa 1 HaHOCUJIM Ha KOJIOHKY ¢ JIDAD-11e/I1I0J10301
Macro Prep Support (2.0 x 18.5 cMm), ypaBHOBeIlIeH-
HyI0 pabounM OydepoM. DIonpoBaHNE TTPOBOININ
B JIMHEWHOM TpanueHTe koHueHTpauuu NaCl B pa-
6ouem Oydepe (0—0.3 M, o6muit o6bem 400 M) co
ckopocTbio 0.25 mi/MuH. @pakiyu (06beM 2 M), B
KOTOPBIX OOHAPYKMJIACh aKTUBHOCTB [3- D-Ti1iok03m-
Ja3bl, OOBEAUHSIIU W KOHLIEHTPUPOBAIU YJIbTpa-
duIIbTpanmnei.

Hanee npenapaT xpoMaTorpadupoBaid ¢ TTOMO-
msto cucrembl FPLC Ha konoHke ¢ Superose 12HR
10/30 (1.0 em x 30 c™m) (pupma “GE Health Care”,
CIIIA), ypaBHOBelLIEHHOI padouuM Oydepom, co-
npepxamum 0.15 M NaCl. ®pakuun (o6beM 0.5 M),
B KOTOPBIX OOHApYXUJIaCh aKTUBHOCTH [3-D-ritoko-
3Ul1a3bl, OOBEAMHSIIA U KOHLIEHTPUPOBAIU 0 5 MJI
ynaeTpaduIbTpalei.
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Ontumym pH. PeakiimoHHYI0 CMeCh, COlIepXKalIyIO
25 Mkt pactBopa P-D-mmokosumaser (2 x 1072 en.),
50 Mmxn 0.1 M uurpar-docdatHoro oydepa ¢ pas-
JuyHbIMU 3HaYeHUusiMU pH (o1 3.4 10 7.2) 1 75 MK
pactBopa mn-HUTpOodeHWI-[3- D-rmoKonupaHo3uma
(1 Mr/™MI1 B Boze), UHKYOUpOBaIU B TeueHUe 15 MUH
npu 37°C u onpenessiiui akTUBHOCTb MO 00pa3oBa-
HUIO M-HUATpodeHOoIa, KaK OIMMCAHO BHIIIIE.

Craommpnocts pH. K 25 M1 pactBopa dhepMeHTa
(2 x 1072 en.) mobassum 50 mxi 0.1 M nurpar-doc-
¢daTtHOTO Oydepa ¢ paznmuHbIMU 3HaUYeHusIMu pH (ot
3.4 no 7.0). PacTBOphI BbIAEPXKUBAIU TPU KOMHAT-
Hoii Temniepatype 30 MUH U 100aBJsSIIU 75 MK pac-
TBOpa cyocrtparta (1 Mr/mi), pactBopeHHoro B 0.2 M
HaTpuii-aneTaTHOM Oydepe, pH 5.2, nuHKyOupoBanu
B TeueHue 10 muH npu 37°C u ompeneasuiv B IIpodax
OCTaTOYHYIO aKTUBHOCTb.

Temmeparypublii onTumMyM. PeakilMOHHYI0 cMech,
cozepxalinyo 25 MKJI pactBopa (pepmenTa (2 x 1072 en.)
u 125 Mk pactBopa cyocrpara (1 mr/mia) B 0.05 M
HaTpuli-auieTaTHoM Oydepe, pH 5.2, nHKyOoupoBaiu
B TeueHue 15 MUH Npu pa3anuHoi TeMIieparype (ot 5
no 70°C) u ompenessyii aKTUBHOCTh IO 00pa3oBa-
HUIO IT-HUTpodeHoa.

TepmocTabuabHocTh. [IpoObI, coaepkaiiue IO
25 MK pacTBopa pepmeHTa (2 x 1072 ex1.), BuIIEpXKU-
BaJIv B TeueHUe 15 MUH TpU pa3IMIHOMN TeMIiepaType
(ot 5 mo 70°C). B oxnaxkaeHHbIe TPOOKI 3aTeM J00aB-
msum 125 Mk pactBopa cyboctpara (1 mr/min) B
0.05 M Hatpumii-anieratHoM Oycdepe, pH 5.2, uHKy-
ouposayiu B TeueHue 15 muH npu 37°C u onipenensiiv
B Ipo0ax OCTaTOUYHYIO aKTUBHOCTb.

BimsHue pa3maHbIX XMMHYECKHX BemecTs. K 25 MKt
depmenTa (2 x 1072 exn.) nobasnsm 50 MKIJI pacTBopa
XUMUYECKUX BEIIEeCTB (COU, IPUPOTHBIE UHTMOUTO-
pbl, Tpynnocrnelnruyeckue peareHTbl, MOHOcaxa-
punbl) HeoOxoauMoit KoHLeHTpaunu. CMech BBIASP-
xwuBamu 10 MUH Ipy KOMHATHOM TeMmIieparype, IO-
bapisim 75 MKJI pacTBopa cyoctpara (1 Mr/mi) B
0.05 M narpumii-aneratHoM Oydepe, pH 5.2, uHKY-
ouposanm 15 muH ipm 37°C n onpenensisivi B IIpodax
OCTaTOYHYIO aKTUBHOCTb.

Onpenenenne KonctanTbl Muxasmmca. KoHcraHTa
Muxasnuca (Ky,) utst Tunponnsa n-HuTpodeHWI-3-
D-rinokonvpaHo3uaa Oblla paccuydTaHa MO METOMY
JlaitnyuBepa u bepka [12]. U3mepsiiin HadajabHBIC
CKOpOCTHM TUApoin3a cyocrtpara [3-D-rroko3uma-
3014, KaK OTTMCaHO BHIIIIE.

OnpeneieHne MOJEKYJISIPHOI MACChl METO/IOM TIeJjib-
dunsrpamm. Mosekynsipayio maccy (MM) dpepmeH-
TOB OMNpPeAesIN METOAOM TeJib-(DUIBTpalliu Ha KO-
nonke Superose 12HR 10/30 (1.0 cm x 30 cm) (bupma
“GE Health Care”, CIIIA). dist KanuOpoBKU ObLIU
MCIT0JIb30BaHbI CTaHAApTHBIC OeaKkM (KIa): BUTaMUH
B, — 1.35, muorno6uH — 17, SUYHBINA aTbOYyMUH —
44, BCA — 68, y-t100ynmH — 158, Tupporino0ymH —
670. BeIxox cTaHIApTHBIX OEJIKOB (DMKCHUPOBAJIN 110
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nornomenuio nipu 280 HM, B-D-rmoxko3umassl U3
P. canescens — 1o ¢pepMeHTaTUBHOMN aKTUBHOCTHU.

Tpancmkoswmposanue. K 50 Mk pacTBopa M-HUT-
podenmn- - D-rmokonupaHo3uaa Ui 1e1001M03bl
(1 mr/mun) no6asism 25 mxi pepmenTa (2 x 102 exn.)
1 25 MKJI TrLeprHa (KOHeYHast KOHLIeHTpauus 5% ).
HMukyoupoBaniu nipu 37°C. Yepes omnpeneaeHHbIE
npomexyTku Bpemenu (1, 3, 5, 10 MmuH) orOupanu mmo
25 MKJT ¥ aHJIM3UPOBAJIM TPOIyKThI MeTonoM MAJIJIN
Macc-CIeKTPOMETPUU.

PE3VIJIBTATBI 1 UX OBCYXKIEHUWNE

M3BecTHO, UTO YpOBEHb MPOAYyLIMPOBaHUs (ep-
MEHTOB MUKPOOPTaHU3MaMU B 3HAYUTETbHON CTeTle-
HU 3aBUCUT OT MCTOYHUKA YIJIEpOJa B MUTATEILHOMN
cpene [13, 14]. IIttoko3a 1 HEKOTOpPKIC JIETKO YCBOSsIE-
Mble MCTOUYHUKHU YIIepoAa MOTYT ObITb MPUUYUHON
TOPMOXEHMSI CMHTEe3a TMIpoJia3, a TPYAHO YCBOsIe-
Mbl€ UCTOYHUKHU MUTAHUS SIBJISIOTCS 3 (DEKTUBHBI-
MU UHAYKTOpaMU OMOCcHHTe3a. PaHee 11st KyJIbTUBU-
poBaHus § IITAMMOB MOPCKHMX I'PUOOB, B TOM YMCJIE U
P. canescens, B KaueCTBe UCTOYHMKA YIJIEpOIa HaMU
ObLIY KCITOJIb30BaHbI pa3IMUHbIC TTOJIMCAXapUibl BO-
Jopocieit: arap, dpykoumaH, mamuHapaH [15]. Heii-
TpaJbHBIA TJIIOKAaH JJaMMHapaH oOKa3aJcsl HaWIyd-
UM HMHIYKTOPOM OMOCHHTE3a BHEKJeTOUYHbIX O-
IIMKO3WITUAPOJIA3 IJIs1 BCeX mTaMMOB. [1pu Kynbru-
BUpoBaHUU P. canescens Ha mUTaTEIbHOU cpelie C Ja-
MUHapaHOM B KYJIBTYPaJIbHOM XXUIKOCTU ObLTN OOHA-
pyXeHbl crenyornie O-rmKo3wIrnapoiassr: 1,3-3-
D-rmokanasa (2.33 en./mn), amunaza (2.63 en./mi),
nmyctynaHasa (0.41 en./mi), anerudasa (1.86 em./mir),
dyxounan-ruaponasa (0.9 ex./mir), N-amerwr-f3-D-
nroKo3amuHMAasa (3.35 ex./mi), B-D-rroko3uaaza
(1.86 en./mi).

PazpaboTraHa cxeMa BblIeeHUSI UHANBULYTbHOMN
B-D-rmoko3unasbl U3 KyJIbTypaTbHOU KUIKOCTHU
MOpCKOro rpuda P. canescens, KoTopasi BKIoYaia
KOMOWHAIUIO METOAOB YAbTpaduJIbTpalluu, Telib-
(unsrpaliini 1 MOHOOOMEHHOU XpomaTorpaduu.
BricokoouuinieHHas [3-D-rioko3umasa Obuia moiy-
YeHa CO CTEMeHbI0 OYUCTKH B 121 pa3 u Beixonom 4%
(tabi. 1). CormacHo manubeiM I C-Na-anekrpodo-
pesa, MoJieKyJsipHasi Macca [3-D-rmoKo3umassl co-
oTBeTcTBOBaIA 64 kJla. Monekynsl 3-D-rmoko3uma-
3bl, BEPOSITHO, B PACTBOPE CKJIOHHBI K arperupona-
HUIO, TaK Kak 3Hau€HUEe MOJIEKYJISIPHOU Macchl,
MOJy4YeHHOE METOJIOM T'ejib-(DUIBTpallui, COCTaBIISI-
J10 okouo 178 x/la (puc. 1).

MaxkcumanpHasi akKTUBHOCTh [3-D-rimoko3uaassl
Habmoganack npu pH 5.2 u 70°C. Takoe Xe BbICOKOe
3HAaYeHME TeMITepPaTypPHOTO ONITUMYyMa ONpPeIaeJIEHO Y
B-rmroko3unassl u3 6azunvomuuera Fomitopsis palus-
tris [16]; B-D-nmoko3unasa us P. canescens Obuia cTa-
ousbHa B nHTepBaje pH ot 5.0 no 7.0 u 1o Temnepa-
Typhl 50°C (puc. 2). Ky sl TMAPOJIU3A M-HUTpode-
HWI- - D-rmokonupaHo3uaa Obljla paccyuTaHa o
Ne 4
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Ta6mmma 1. Ouuctka (- D-rmoko3unasst u3 P. canescens

445

Oo6mmee cogep- | ObIIEe KOTUIECTBO VienbHas aKTUB- CreneHb
Cranust O9MCTKU Beixon, %
>KaHue OesiKa, MT | e IUHULL aKTUBHOCTH HOCTb, €]I./MT OejiKa |OYUCTKU, pa3
KynbsrypanbHast XXKMAKOCTb 950 1055 100 1.1 1
Visrpadunasrpanus 60 400 38 6.7 6
Tenb-punsrpanus Ha Sephacryl 13.7 230 22 16.8 15
S-300
HonoobMeHHast xpoMaTorpa- 2.7 110 10 40.7 37
dus Ha [IDAD-neto03e
Econo-Pac Q xaptpumk
MoHooGMeHHast XpoMaTorpa- 0.8 60 6 75 68
bus Ha IDAD-1euon03e Mac-
ro Prep Support
Ienb-dunprpanms Ha Superose 0.3 40 4 133.3 121
12HR

metony JlaliHyuBepa u bepka u umena 3HayeHue
0.11 MM, d4rO sBISIeTCS XapaKTepPHOM BEIMYMHON
151 psina [3-D-rmoko3unas u3 pa3iuaHbIX UCTOUYHU -
koB. Iloka3zaHo, 4TO IIOKO3a, KOTOpas SIBSIETCS
MMPOAYKTOM peaKIIMW TUIPOJIM3a, MHTUOWpPYeT aK-
TUBHOCTH [3-D-rimoko3uaasbl (Ha 50% mnpu KOHLIEH-
TpalMy MoHocaxapuaa 5 MM).

HccnenoBaHus cyocTpaTHOM crieMUIHOCTH [3-
D-rmoko3nnasel u3 P. canescens merogoM BBOXKX
oKasali, 4To (epMEeHT KaTaIu3upyeT TMAPOJIU3

(@)

[B-TJIMKO3UIHBIX CBsA3eM KaK B TIMKO3UAax (T-HUTPO-
dbenun--D-rmokonupanosun, Metri-3- D-rmrokomnu-
paHO3MM), TaK M AHCaxXapuaax TIIOKO3Bl (TEHTHOOU-
03a, 1euIobuno3a); B-D-rioKko3nnasa He TUAPOII-
3o0Bajia m-HUTpodeHU -3 - D-rajakronupaHos3usm,
METWI-0- D-TIoKOoMMpaHo3ua,  MeTHiI-o.-D-ra-
JIAKTOMMAPAHO3UI M METUONO3y — Imucaxapui, cOo-
IepXalluii OCTAaTKU TIIOKO3bI M TajaKTO3bI, CBSI-
3aHHBIE O-1 — 6-cBsi3samu. CremoBarenbHo, B-D-
nIroKo3uaasa u3 P. canescens obiaamaeT abCOTIOTHOMN

©)

T PR Kﬂa

V, mn 170
18 ~ —130

—70
16 - —56
n —40

—35
12 1

—25
10
gl —15
6 1 | | | | 1 |

3.0 35 4.0 4.5 5.0

55  6.0lgM, I 2

Puc. 1. Onpenenennie MoJeKyIsIpHOI Macchl 3-D-rmoko3unassl u3 P. canescens reyib-buibTpalieil Ha KOJIOHKE ¢ Superose
12 HR (x[a): I — Butamux By, 1.35, Il — muorno6us 17, 111 — sauunslit ansOymun 44, IV — BCA 68, V — y-rno6ynun 158, VI — -
D-rmoko3unasa 178, VII — tupeornodynus 670 (a), u JAC-Na-snektpodopesom: 1 — 3-D-rmoko3unasa, 2 — mMapkepsl (0).

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

TOM 48

Ne 4 2012



446

AYBPOBCKA{ u np.

% %
100 - 100

90 |-

80 - 80

70

60 60

5 a

30 B 20

20

10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

30 35 40 45 50 55 6.0 65 7.0
pH

|
0 10 20 30 40 50 60 70 80 90 100
pH

Puc. 2. Bmusitnue pH (a) u temmniepatypsl (6) Ha akTUBHOCTD (%) -D-rmoko3unassl u3 P. canescens: 1 — ontumym, 2 — cTa-

OMJIbHOCTb.

CreuM(pUYHOCTBIO K MOHOCAaXapuIHOMY OCTaTKy
(r1r0Ko03a) U KOHMUTYpaluMU paclIenisieMOi CBSI3U
(B-xondwurypamus). IlogobHol crielMpUIHOCTHIO
obmanana (-D-raoko3umasza U3 MOPCKOW TepMo-
dunbHOI OakTepuu Thermotoga neapolitana [17].
Hccnenyemass Hamu [-D-miroko3ungaza mposiBisiia
XapakTepHoe TSI (pepMEeHTOB 3TOro KJjiacca mpeano-
YyTeHUue K 00jee KOPOTKUM cyOocTpaTam. JlaMmuHapu-
OJIMrocaxapuibl C BBICOKOI CTEIIEHBIO MMOoJIUMepHr3a-
uuu (Tabsa. 2) He SIBISUIMCh cyocTpatamu s B-D-
rJII0Ko3uaa3bl U3 P. canescens, Tuillb HEOOJbIINE KO-
JIMYecTBa M-HUTpodeHoa ObUIM OOHAPYKEHBI TIPU
JIeCTBUM (hepMEeHTa Ha M-HUTPO(hEHUIBHOE TTPOU3-
BOJHOE JIaMMHaputpucaxapuna. Mizydaemast [-D-
II0KO3KAa3a o0Jaaana MUpoKoi crneiM(pUIHOCTHIO

K CTPYKTYpE aryIMKOHa B IJIMKO3UAaX, YTO ITO3BOJIUIIO
YCHEUTHO UCTIONIb30BaTh €€ AJIS NETJTUKO3UINPOBa-
HUSI cyMMapHo# (pakiiuu n3odaaBoHOUI0B, MO-
JIYYEHHOU U3 KJIE€TOYHOM KYJIbTYPHI JIEKAPCTBEHHO-
ro pacteHust Maackia amurensis. bonblilylo 4acTb
9THUX M30(JIaBOHOUAOB COCTABJISLIM TJIIOKO3UIBI U
MaJIOHWITTIOKO3MIBI 130(J1aBoHOB [ 18].

BaxXHbIM CBOMCTBOM HEKOTOPBIX [3-D-Tioko3u-
J1a3 SIBJSIETCS CIIOCOOHOCTb KaTaau3upoBaThb peak-
LU0 TPAHCTIMKO3WIMPOBAHUS, KOTOpasi UCIIOJb3Y-
eTcs B GepMEHTATUBHOM CUHTE3€ JUJISI JIMKO3UIMPO-
BaHUS TIEPBUYHBIX U BTOPUYHBIX CITUPTOB U APYTUX
coemuHenuit. [lpu usyuyeHun crocobHocTn [3-D-
mIoKo3uaasbl U3 P. canescens K TpaHCTJIUKO3UIUPO-
BaHUIO MIPUMEHSIACH IBYXKOMIIOHEHTHAsI CMECh, CO-

Ta6muma 2. CriemduaHocTs B-D-Tmoko3unassl u3 P. canescens

CyocTpar

IIpomykThl peakiuu, uaeHTUdUIIMpoBaHHbIe BOXKX|

Cnioco6 o6HapyKeHus

M-HUTPODEeHW-3- D-TITIOKONTMPaHO3U I
n-HUTpodeHWI- - D-rajakronupaHo3us
Mertuin-f-D-riokonupaHo3ns
Metun-a-D-riaokonupaHo3u
Metun-a-D-rajakronupaHo3u

m-HuTpodeHUNI- - D-1aMuHapuTPUO3NI

M-HUTPODEHOJ

YO-pgerexTop, 302 HM

He oGHapykeHbI Y®-nerexTop, 302 HM
[moko3za PedpakTomeTp

He obGHapyzkeHbI »

He obOHapy:keHbI »

CrenoBble KOJIMYECTBA H—HHTpO(I)CHOHa

Y®-nerexTop, 302 HM

Llemrobuosa [moko3a Pedpakromerp
IenTuoduosa D1roko3za »
Memmbunosa He obHapy:keHbI »
JlamuHapuommrocaxapunbl (2 <n <4) » »
JlamuHapuonurocaxapuabl (5<n<10) |» »

MNPUKIAOHAA BUOXUMUA U MUKPOBUOJIOTHUA Tom 48 Ne 4 2012
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AOC. UIHTEHCUBHOCTbD

3000 I11
I S
_ |
2000 - o5
o
N
|
I1
1000 | -
o~
N
1
0]1 Lhid a.s hllllall..l

220 240 260 270 m/z
Puc. 3. MAJIAW Macc-crnieKTp MPOAYKTOB peaklMy TPaHCTIIMKO3WINpoBaHus - D-rmoko3unasoit us P. canescens.

Bpewmst peakiium 1 muH. I — rmoko3sa (m/z 203.1), 11 — 2,5-nuruapokcubeH3oiiHas Kuciota (Marpuua, m/z 273.0), 111 — npo-
JYKT peakluy TPAHCTJIMKO3WIUPOBAHUs — IMLEpUIATIoKo3un (m/z 277.1).

crosiiasi U3 M-HUTpodeHwI-3-D-raoKonupaHo3n-
Jla WM 11eJUI00MO03bl B KaUeCTBE IOHOPOB YIJIEBOJIOB
Y TNIMLIEPUHA KaK aKIlenTopa. AHAJIN3 TIPOAYKTOB pe-
akiuu TipoBogunan MertomoM MAJIJIM macc-criek-

TpoMeTpuun. @epMeHT 00J1a1al BEICOKOI TPaHCIJIM-
KO3WINpYIollell aKkTUBHOCTBIO. [1pu ncnonb3oBaHUN
B KauecTBe NOHOpa M-HUTpodeHu-3-D-rmokonu-
paHoO3uIa ¢ TIEPBBIX MUHYT IIPUCYTCTBOBAJ MTPOAYKT

TaﬁJmua 3. Biusanue prHHOCHCL[I/I(j)I/I‘{eCKI/IX PC€arcHTOB U MOHOB METAJIJIOB HAa aKTUBHOCTDb B—D—FIHOKOSI/U_'[EBLI u3 P. ca-
nescens

Pearent [pyrnna (ocraTok) Konuenrpanus, M OcTtaTtoyHast aKkTUBHOCTb, %
M-XJIOPMEPKYPUOEH30aT HATPUSI —SH 1072 104
N-aTunmaneumun —SH 1072 103
ALl THIIMMUIA30]T Tup, Tuc 1072 79
JusTunnupokapooHaT Tuc 1072 93
N-O6poMCYKIIMHUMMU L Tpu 1073 0
N-(3-guMmeTrraMuHOI PO )-N'-3THIT- —COOH 1072 65
KapOoauMu/IL,

N-(3-guMmeTrmraMuHOIpOiI)-N'-3THT- —COOH 1072 5
KapOooauumua U OyTriaMyuH

BbyrtrnamMuH (KOHTPOJILHBIN OIIBIT) 1072 78
DATA HoHbl MeTaIOB 1072 99
Azuna HaTpus HMonbl MeTa1oB 1072 100
CaCl, - 1073 98
MnCl, — 1073 93
MgCl, - 103 84
CuSO, — 1073 10
SnCl, — 103 6
AgNO, - 1073 0

MPUKITAAHAA BUOXUMUA U MUKPOBUOJIOTUA  Tom 48 Ne 4 2012
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peakiny TPaHCTIMKO3WINPOBaHUS — MIMLEPUIITIIIO-
ko3uz ¢ m/z 277.1 (puc. 3). C uemiodmo30ii mpoayk-
ThI TPAHCIIMKO3MIMPOBaHMSI OOHAPYXXEHBI HE ObLIN.
Panee Gb1J10 MOKa3aHO, YTO B peaKLUM aJIKWITJIMKO-
3UJHOTO CUHTE3a, KataJuzupyemoii 3-D-rimoko3u-
J1a30i U3 MaHUOKHU, B KQ4eCTBE JOHOPA MOXET ObITh
HCTIONTb30BaH TOJIBKO M-HUTpodeHWI- - D-TiroKorm-
paHo3ua. MoHoO- 1 Jucaxapyabl B pOJIv TOHOpA yIjie-
BOJIHOI COCTaBJISIIOIECH OKa3a/IMCh HEIIPUTOMHBEI [19].

Ponb oTaenbHbIX (YyHKIMOHAIBHBIX TPYIN s
KaTaJJUTUIECKON aKTUBHOCTU [3-D-TioKo3umasbl
Mbl OLIEHWIM METOAOM MHTMOMTOPHOIO aHajiu3a
(tabm. 3). [lokazaHo, 4YTO M30MpaTeabHBIE peareHThI
Ha CyIb(MOTUAPWIBHYIO TPYIITY (M-XJIOPMEPKYpUOEH-
30aT U N-3TUJIMaJeUMMI) HE OKa3bIBalU BIWUSIHUS
Ha aKTUBHOCTH [-D-rimoko3unassl. AlleTwiimMuaa-
30J1, B3aMMOAEHCTBYIOIIMI C OCTaATKAMU TUPO3UHA U
TUCTUAWHA, BBI3BIBAJ UHTMOUpOBaHUe (hepMeHTa Ha
21%. BeposiTHO, 3TO CBS3aHO ¢ MoauduKaluvei
ocTaTKa TUPO3WHa, TaK Kak 0osee crieinpuIHbBII pe-
areHT Ha TUCTUAWH — IU3TUINTUPOKApOOHAT MpaKTH-
YeCKH He BJIMSJ Ha aKTUBHOCTh (hepMeHTa. N-OpoM-
CYKLIMHUMUI, U30UPaTEIbHO OKUCISIONINN OCTaTK!
TpuntodaHa B cjaabo KUCIOU cpene, MOTHOCThIO
MHAKTUBUPOBal (epMEHT. DTOT (aKT II03BOJISIET
MPEAIONOXKUTh BAXKHYIO POJIb OCTAaTKOB TpUNTO(aHa
IUIST KaTaJIUTUYeCKOi akTUBHOCTH [3-D-rimoko3uaa-
3bl. [TokazaHo, 4YTO y HEKOTOPbIX O-IMKO3WITUAPO-
Jla3 ocTaTKu TpuIrtodaHa pacrojioXeHbl B LIEHTpe
cBsI3bIBaHMs cyocTpara [20]. KapOoKcuabHBIE TPYIT-
bl AUKApOOHOBBIX KHUCJOT, MO-BUIAUMOMY, TaK K€
CYIIIECTBEHHBI TSI aKTUBHOCTH [3- D-rimroKo3uaassl.
Kap6onuumun Ha 45% moHMXKall aKTUBHOCTh 3TOTO
depmeHTa, a ero AeilcTBUE B TIPUCYTCTBUU HYKJIEO-
¢unpHOTO areHTa (OyTWJIAMUH) IPUBOIMIIO IIPAKTH-
YeCKU K IMOJIHOM moTepe akTtuBHOCTU. Monbl Ca?t,
Mn?* He BAUSAIM HAa aKTUBHOCTH (hepMEHTA, UOHBI
Mg?* He3HauMTeJbHO ee MOHMXaau, a HoHbl Cu?*,

Sn?* u Ag* addeKTUBHO UHTUOUPOBAIU hEPMEHTA-
TUBHYIO aKTUBHOCTb. Ilo-BHOAMMOMY, MeTa/Ulbl He
BXOISIT B aKTUBHBIN IeHTp P-D-Tmoko3nnmasel u3
P. canescens, Tak kak D/ITA u a3um HaTpUsI, UHTUOM-
pylolye MeTaJlJIo3aBUCUMBIE (pepMEHTHI, HE U3MEHSI-
JI1 aKTUBHOCTH [3-D-Tmtoko3umasel. Takum obpazom,
MOXHO TPEAINOJI0XKUTh, 9YTO OCTAaTKMA TpunTodaHa 1
MIMKAapOOHOBBIX KUCJIOT BaXKHBI JUIsl aKTUBHOCTU [3-
D-rmoko3nmassl.

M3BecTHO, 9TO (hepMEHTHI MOPCKHMX TpUOOB 00J1a-
JA0T TOBBILIEHHOW YCTOMUYMBOCTBIO K pa3/IMuHbIM
BO3AcUCTBUSAM. [lo-BuauMoMy, 3TO CBSI3aHO C YCJIO-
BUSIMM OOMTaHUS MOPCKUX OPTaHM3MOB U BIMSIHUEM
Ha UX (pepMEeHTHbIE CUCTEMBI TAKMX CITELIM(PUUECKUX
(dakTOpOB, KaK BhICOKasi KOHLICHTpalWsl COJIeit, TUI-
pocratudeckoe paBiaeHue, pH cpenpl, kKojebaHUs
TeMIlepaTypbl, OTHOCUTEJbHAsI TUMIOKCUS U aAp. B
pactBopax NaCl B-D-rmoko3unasa us P. canescens
COXpaHsIa aKTUBHOCTbD JI0 KOHIIEHTpaLK coir 3 M.
He usMeHsiack akTUBHOCTE depMeHTa B 50%-HbIX

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

pactBopax ITAB (ITOJMATUIEHIJIMKOJIL MOHOJIAypaT
500 n nmoamsTwiIeHrIMKoIb 15 000). Tonsko Ha 50%
WHaKTUBUpoBasachk [3-D-rmoko3unaza B 40%-HoM
pacTBOpe 3TaHoJIa. bELI0 MpoBepeHO BIMSHME Ha aK-
TUBHOCTh P-D-rioko3uma3sl U3BECTHBIX TPUPOI-
HBIX MHTMOUTOPOB O-MIMKO3WITUAPOJIa3. XalucTa-
HOJI cyIb(aT — MOTUOKCUCTEPOH, U3 TPOIIMIECKOMN
ryoku cem. Halihondriidae, HeoOpaTuMBbIii MHTUOU -
Top 3HI0-1,3-B-D-rmokanas [21], B KOHIIEHTpaIuu
3 x 1072 M nmoHxaJ akTUBHOCTb [3-D-Iimoko3uaassl
n3 P. canescens na 25%. I1pakTH4eCcKM MOJTHOE MHTH-
OoupoBaHue uccieayemoil - D-rmoko3unassl (ocra-
TOYHAsT aKTUBHOCTD 4% TIpU KOHLIEHTPALIM MHTUOW -
topa 107! M) Habmopanoch JIMIIb NPU NEHCTBUU
MPUPOJHOTO ajKaaou1a KaCTaHOCIIEpMUHA, U3BECT-
HOT0, KaK BBICOKO CIEHU(MDUIHBIA MHTUOUTOP TJIM-
Ko3upgas [22].

Takum o6pa3zoM, U3 MopcKoro rpuda P. canescens
B TOMOTEHHOM COCTOSIHMU BBIJEJIeHA YCTOMYMBas K
neHatypauuu [3-D-rimoko3uaasa, KoTopasi KaTaiu-
3UpyeT TUIPOIU3 3-TJIMKO3UIHBIX CBSI3€il KaK B IJM-
KO3uJax, Tak M Aucaxapuaax ITIOKO3Bl U o0yagaeT
TPAHCTJIMKO3WINPYIOIE aKTUBHOCTbIO. DepMeHT
MOXET 6blTb HCITIOJIb30BaH I ACTJIMKO3WJINPOBa-
HUS TIPUPOIHBIX TJIMKO3UAOB U B (DEPMEHTATUBHOM
CHHTE3€ HOBBIX YIIIEBOACOACPKAIIINX COeTUHEHUIA.

Pa6oTa BbInoJIHEeHA IPU NOAAEPKKe rpaHTOB PD-
DU Nel1-04-98514, Ne 11-04-00772 u Ne (09-04-
00761, 1BO PAH, IIporpammer [Ipesnauyma PAH
“MorekynsapHast ¥ KJIETOUHasi Onojorus”.
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Extracellular -D-Glucosidase of the Penicillium canescens
Marine Fungus

Yu. V. Dubrovskaya, V. V. Sova, N. N. Slinkina, S. D. Anastyuk,
M. V. Pivkin, and T. N. Zvyagintseva

Pacific Institute of Bioorganic Chemistry, Russian Academy of Sciences, Far Eastern Branch,
Vladivostok, 690022 Russia
e-mail: sova@piboc.dvo.ru
Received October 25, 2011

Abstract— Extracellular B-D-glucosidase was isolated in a homogeneous state from the Penicillium canescens
marine fungus. According to SDS-electrophoresis, the molecular weight of the enzyme was 64 kDa and the
maximal activity was observed at pH 5.2 and 70°C. Glucosidase catalyzed the hydrolysis of B-glycosidic
bonds both in glycosides and in glucose disaccharides and had transglycosylation activity. The enzyme can be
used for the deglycosylation of natural glycosides and in enzymatic synthesis of new carbon-containing com-

pounds.
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FUSANT Trichoderma HF9 WITH ENHANCED EXTRACELLULAR CHITINASE
AND PROTEIN CONTENT
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Strain improvement was carried out to obtain higher chitinase and protein by inter-specific protoplast fusion
between Trichoderma harzianum and Trichoderma viride. Fusant HF9 and parental strains of Trichoderma
were compared for chitinase and protein production. 1% of glucose, sucrose and fungal cell wall (Rhizoctonia
solani), were used as carbon source for cultivation of Trichoderma and fungal cell wall was the best to induce
chitinase and protein. Usage of 0.5% colloidal chitin for the fungal growth under aerated conditions at pH 6.5
and 28°C led to higher chitinase and protein production. In these conditions fusant Trichoderma HF9 in
comparison with parent strains had 3-, 2.5- and 1.5-fold increase of total chitinase, specific chitinase and
protein, respectively. SDS-PAGE analysis revealed that it had 9 major protein bands with up-regulation com-
pared to parent strains. Amino acid analysis showed that protein of culture filtrate of 7. harzianum, T. viride
and fusant Trichoderma HF9 had 8, 6 and 10 amino acids, respectively. The results obtained suggested that
fusant HF9 could be an integration of 7. harzianum and T. viride through protoplast fusion.

Chitin, an insoluble linear [3-1,4-linked polymer
of N-acetyl glucosamine (GlcNAc), is one of the most
abundant polysaccharides found in nature and the
most important constituent of insects, exoskeletons,
shells of crustaceans and fungal cell walls. Chito-oli-
gomers produced by enzymatic hydrolysis of chitin
and chitosan have been of interest in the past few de-
cades due to their broad range of medical, agricultural
and industrial applications [1]. Chitinases have re-
ceived increasing attention from the last decade due to
the potential action in biological control program.
This can be achieved by either using the chitinase pro-
ducing microorganism or indirectly, using purified
protein or chitinase encoding genes [2]. In addition,
chitinase producing organisms along with 3-glucana-
ses or cellulases are effective biocontrol agents against
phytopathogenic and soil borne fungi [3]. Chitinases
from bacteria and fungi are extremely important for
maintaining a balance between the large amount of
carbon and nitrogen trapped in the biomass as insolu-
ble chitin in nature [4] and also they are needed for
fungi to disrupt existing cell walls when normal cells
divide [5].

Recent research has been focused on chitinases
owing to its multifarious usage in different fields,
where they degrade chitin into its monomer of
GIcNAc, used for preparation of protoplasts from fun-
gi and are indirectly involved through protoplast fusion
for improvement and development of new strains
which are economically viable [6, 7]. Furthermore,
chitinases and chitooligomers produced by enzymatic
hydrolysis of chitin can also be used as chitohexaose
and chitoheptaose for antitumor activity in human

health [8], to hydrolyze chitinous material in indus-
tries, in single cell protein production for yeast Pichia
kudriavzevii [9], in decomposing chitinous wastes
from shellfish [10] and in genomic and genetic studies
like chitinase gene transformation to plants [11].

Chitinase could also be involved in the penetration
of a host by mycoparasites or entomopathogenic fungi.
However, extracellular enzymes are important for both
pathogenic and saprophytic fungi to utilize organic
and inorganic materials to overcome resistance in the
environment. Trichoderma is one of the potential spe-
cies that excretes hydrolytic enzymes such as chitina-
ses, B-1,3-glucanases and cellulases into the medium
when supplemented with chitin, laminarin and cellu-
lose, respectively [12]. This filamentous fungus has long
been recognized as a source of industrial enzymes and
has the ability to produce several enzymes in culture.

Strain improvements are generally concentrated to
obtain higher yields of specific product of interest.
Increased antibiotic production in Penicillium sp. [13],
enhanced cellulase production than the parental strain
of Trichoderma sp. [14], interspecific hybrids with high
cellulolytic activity [15], increased citric acid [16] and
antagonistic potential with antibiotic production [17],
following protoplast fusion were reported. Protoplast
fusant of Aspergillus carbonarius and Aspergillus niger
was characterized by higher production of pectinase
with increased growth rates and efficient substrate
colonization [18]. The aim of study was to use parent
strains of 7. harzianum and T. viride and their fusant
strain HF9 for maximum chitinase and protein produc-
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tion under different conditions to drawing a protocol
for chitinase production by 7. harzianum and T. viride.

MATERIALS AND METHODS

Culture maintenance and inoculum preparation.
T. harzianum, T. viride and fusant Trichoderma HF9
were used from CAS102 Iab Collection Center, Chen-
nai, India. They were maintained on PDA medium
(g/1): potato — 200; dextrose — 20 and agar — 20, pH
6.5. The inoculum was prepared by adding 5 ml of
sterile distilled water to 5-days old scrapped slant cul-
ture. The suspension was transferred into 100 ml of
molten PDA, mixed thoroughly, poured into sterile
Petri plates and incubated at room temperature
(28°C). Mycelial discs of 9 mm were cut randomly from
5 days old cultures with sterile cork borer and used
throughout the investigation and were subcultured at
regular intervals to prepare conidial suspension.

Preparation of cell free culture filtrates. Basal me-
dium containing (g/1): (NH,),SO, — 2.8, urea — 0.6,
KH,PO, — 4.0, CaCl, - 2H,0 — 0.6, glucose — 40,
MgSO,— 0.2, FeSO,—0.01, ZnSO,— 0.028, MnSO, —
0.032, CoCl, -6H,0 — 0.04 g and colloidal chitin — 5

(pH 6.5) was used. Conidial suspension (10° conidia/ml)
served as inoculum. The fungus was grown at 200 rpm
and 28°C. The culture medium was collected by pas-
sing it through 0.22 um filter paper (Millipore, USA)
and its pH was monitored using pH meter (Orion Re-
search, USA) at 28°C. The culture filtrate was used as
an enzyme source.

Preparation of fungal cell wall. Rhizoctonia solani
cell wall was prepared according to the procedure of
Sivan and Chet [19]. R. solani culture was grown at
200 rpm and 28°C for 6 days in 200 m1 PDB (g/1): po-
tato — 200, and dextrose — 20, pH 6.5. The mycelia
were collected, thoroughly washed with sterile distilled
water and homogenized using a homogenizer (Braun,
Germany) for 5 min with maximum speed. Mycelial
suspension was centrifuged at 1600 g (Sigma, USA) for
20 min at 4°C. The pellet was resuspended in distilled
water and sonicated on ice (30 s x 3 cycles) using a
sonicator (Braun, Germany) at maximum amplitude.
The suspension was centrifuged again at 200 g (Sigma,
USA) for 10 min at 4°C to precipitate the coarse de-
bris. The pellet was frozen and lyophilized until pow-
der (Virtex Company Inc., USA) sealed and stored at
4°C until use.

Plate assay for lytic activity. Five days old cultures
of T. harzianum, T. viride and fusant HF9 on 1.0%
colloidal chitin media with 2% agar were flooded with
an aqueous solution of 1.0% Congo red in water fol-
lowed by 1 N NaCl with intermittent shaking at 50 rpm
for 15 min. The fungal growth was stopped by flooding
the chitin agar plates with 1 N HCI which changed the
dye colour (blue to violet) and the enzymatic activity
further was inhibited with 1 N NaOH which slightly
changed the dye colour (brown to red colour). Lytic
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activity was revealed by the size of clear zone near
mycelium on plate with colloidal chitin.

Effect of carbon source on chitinase and protein
production. The basal medium with different carbon
source of 1% glucose, sucrose, fungal cell wall, 0.5, 1.0
and 1.5% of colloidal chitin were used as a substrate for
the production of chitinase and protein under shaken
conditions at 200 rpm for 10 days.

Effect of pH, temperature and incubation period on
chitinase and protein production. Colloidal chitin me-
dium with Trichoderma strains at different pH of 5.5,
6.5, 7.5, 8.5 and temperature of 24, 28, 32, 36°C and
incubation at 200 rpm for 10 days was used to observe
the chitinase and protein production periodically.

Chitinase assay. Colorimetric assay of chitinase was
followed by Reissing et al. [20]. Briefly, the reaction mix-
ture contained 1 ml of 0.1% colloidal chitin in 0.05 M
sodium acetate buffer, pH 5.2, and 1 ml of culture fil-
trate (enzyme) incubated at 37°C for 2 h. Respective
substrate and enzyme blanks were included. Heat de-
naturated enzyme was also used as control. The reac-
tion was terminated by adding 0.1 ml of 0.08 M potas-
sium tetraborate, pH 9.2, to 0.5 ml of reaction mixture
and boiling in a water bath for 3 min. Obtained
GIlcNAc was determined spectrophotometrically at
585 nm. Specific activity of chitinase was expressed as
amount of GIcNAc per mg of protein per h (U).

Protein estimation. Protein concentration in the
culture filtrate was estimated by the dye binding meth-
od of Bradford [21] using bovine serum albumin as
standard protein. One ml of culture filtrate was used
with 5 ml of dye binding reagent (Thermo Scientific,
USA) and mixed well. The absorbance was read at 595 nm
after 30 min incubation.

SDS-PAGE. SDS—PAGE analysis was performed
with the Bio-Rad System (USA) using 12% slab gels
according to Laemmli [22]. Proteins of culture filtrate
were precipitated by 30% trichloroacetic acid in acetone
at —20°C for overnight and centrifuged at 13,000 g (Sig-
ma, USA) for 10 min. The pellet was washed twice
with ice-cold acetone, air dried until acetone evapo-
rated, and then resuspended in 20 pl of 50 mM Tris-
HCI buffer, pH 8.0. Equal volume of 2x sample buffer
(2% SDS, 10% glycerol, 5% 2-mercaptoethanol,
0.002% bromophenol blue in 125 mM Tris- HCI buft-
er, pH 6.8) was added and proteins were denatured for
3 min in boiling water bath. The gels were subjected to
electrophoresis at 120 V for 2 h and stained with
Coomassie blue (R250) to visualize protein bands. Me-
dium range protein markers were used (Bio-Rad, USA).

Amino acids analysis from extra cellular protein us-
ing HPLC. The total amino acid content of the protein
in cultivation filtrate was analyzed in parental strains
of Trichoderma as well as fusant HF9 strain. The par-
ent and fusant extracellular proteins (70 pug/ml) were
hydrolysed with the addition of 5 ml of 6 N HCI. After
hydrolysis HCI was removed in a rotary evaporator and
the residue dissolved in water. It was made up to a known
Ned 2012
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Fig. 1. Plate assay for lytic activity of chitin revealed by staining with Congo red for 7. harzianum (a), T. viride (b) and fusant HF9

(c) grown on 1% colloidal chitin medium.

volume and used for amino acid analysis. The HPLC
(Shimadzu, Japan) and column CI18 (4.6 x 250 mm)
with 5 pm packing size was used. Individual amino ac-
ids were separated by gradient 0.1 M acetate buffer,
pH 6.8 (mobile phase A) and 3% tetrahydrofuran in
methanol (mobile phase B) at a flow rate of 1.5 ml/min.
Resolution of amino acid derivatives were monitored
through fluorescence detector with excitation and
emission set at 330 and 450 nm, respectively.

Peak identification and quantification. Amino acids
were detected based on the retention time established
for the individual amino acid under defined experi-
mental conditions. Linearity of the peak areas for dif-
ferent concentrations from 20 to 200 pM, of individual
amino acids was determined. Calculation was based
on the area under peak established for a definite acid
of known concentration. NIST amino acid mixture
(USA) was used as a control.

RESULTS

Plate assay for lytic activity. Lysis of colloidal chitin
in the growth medium was revealed by staining with
Congo red and determined as the clear zone around
the mycelium. It differed distinctly between the parent
strains (7. harzianum and T. viride) and the fusant
HF9 and was prominent and larger in interfusant HF9
than the parent strains (Fig. 1). The fusant HF9 larger
clear zone indicated enhanced production of chitinase

and it could be directly related to strain improvement
in Trichoderma.

Effect of glucose, sucrose and fungal cell wall on
chitinase and protein production by parental strains of
Trichoderma. 1.0% glucose, sucrose and fungal cell
wall were added in growth medium of Trichoderma as
a carbon source. The results obtained revealed de-
crease of chitinase and protein production in the pres-
ence of glucose and sucrose in comparison with usage
of the R. solani cell wall. It could be explained by the
fact that the R. solani cell wall containing chitin and it
could induce secretion of more chitinase and protein
(Table 1).

Effect of chitin concentration on chitinase and pro-
tein production by parental strains of Trichoderma.
Significant chitinase activity was observed when the
fungus was grown in basal medium containing chitin.
T. harzianum and T. viride were tested in different
concentrations of colloidal chitin (0.5, 1.0 and 1.5%)
for their ability to produce chitinase and protein under
shaken conditions. Increased concentrations of sub-
strate more than 5 mg/ml, decreased the enzyme and
protein activity. Maximum total chitinase (Fig. 2a),
specific chitinase (Fig. 2b) and protein content (Fig. 2¢)
recorded on 0.5% colloidal chitin amended medium
under shaken conditions was obtained after 6 days of
fungal growth. Total chitinase activity was estimated as
the amount of enzyme required to produce 1 pmole of
GIlcNAc in 1 ml of reaction mixture under standard

Table 1. Effect of adding glucose, sucrose, and fungal cell wall in growth medium on chitinase and protein production by

parental strains of Trichoderma

Organism Carbon source Total chitinase, U/ml | Specific chitinase, U/mg Protein, pg/ml
T. harzianum Glucose 3.86 + 1.09* 1.02 £ 0.56%* 3.6 £ 1.07*
Sucrose 5.11 £ 1.95% 1.21 £ 0.93%* 5.8 + 1.86*
Fungal cell wall 7.25 £ 0.87%* 1.97 £ 0.17%* 7.8 £1.65*%
T. viride Glucose 3.21 £ 0.94%* 0.69 £ 0.64** 3.5+ 1.84%
Sucrose 490 + 1.28%* 0.82 £ 0.82%* 4.8 £ 1.95%
Fungal cell wall 6.86 = 1.95* 1.48 + 0.55%* 6.5£2.13*

* P<0.05 is significant; ** P < 0.01 is highly significant. Values are mean of triplicates with * standard error.
MMPUKIAOHAA BUOXUMUA U MUKPOBHUOJIOTUA Tom 48 Ne 4 2012
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assay conditions. Specific chitinase activity was esti-
mated as the units of enzyme/mg protein.

Effect of pH, temperature and incubation on chiti-
nase and protein production by parental strains of 7ri-
choderma. The optimum parameters for maximum
chitinase and protein production by 7. harzianum
and T. viride were revealed at pH 6.5 (Table 2), tem-
perature of 28°C (Table 3) and incubation for 6 days
(Fig. 2). The aerated conditions were optimum for
higher growth of fungi produced more enzyme and
protein.

Chitinase and protein production by fusant 7ri-
choderma HF9. After standardization of parent strains
we used fusant Trichoderma HF9 in growth medium
supplemented with 0.5% colloidal chitin, at pH 6.5
and temperature of 28°C under shaken conditions for
the chitinase and protein production. In these condi-
tions fusant Trichoderma HF9 in comparison with
parent strains had 3-, 2.5- and 1.5-fold increase of to-
tal chitinase, specific chitinase and protein, respec-
tively (Fig. 2).

SDS-PAGE. The denatured SDS-PAGE analysis
showed different protein patterns for culture filtrate of
T. harzianum and T. viride and their fusant HF9 (Fig. 3).
Among these three stains, the fusant HF9 clearly
showed additional protein bands appeared in compar-
ison with the both parent strains. Nine major protein
bands with up regulation were identified in the fusant
strain HF9, suggesting the recombination of two pa-
rental strains after protoplast fusion.

Amino acids analysis from extracellular protein.
The total amino acids of protein secreted by 7. har-
zianum and T. viride and their fusant HF9 were identi-
fied and quantified based on the standard amino acids
peak detection (mentioned in materials and methods).
Eight, six and ten amino acids were identified for
T. harzianum and T. viride and fusant HF9 respective-
ly (Table 4). Interestingly, we observed that 3 amino
acids were additionally appeared in fusant 7richoder-
ma HF9 protein in comparison with the parent strains.
These results indicated that genetic recombination
might have taken place during protoplast fusion of pa-
rental strains, which could give additional amino acids
found in fusant Trichoderma HF9.

DISCUSSION

Chitin degradation depends on many environ-
mental factors. pH, temperature, chitin concentration
in the medium and incubation time with fungus de-
grading chitin seem to be the most important of them.
In the present study, different carbon source like glu-
cose, sucrose, R. solani cell wall and colloidal chitin in
cultivation medium, were tested for chitinase and pro-
tein production by 7. harzianum and T. viride and
their fusant HF9. Colloidal chitin showed maximum
chitinase and protein production. High chitinase pro-
duction using colloidal chitin has been reported for
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Table 2. Effect of pH on extra cellular chitinase production
by T. harzianum and T. viride under shaken conditions

Organism| pH

Total chiti-
nase, U/ml

Specific chiti-
nase, U/mg

Protein,
peg/ml

T. har-
Zianum

5.5
6.5
7.5
8.5
5.5
6.5
7.5
8.5

T. viride

132 + 1.98%
195.4 £2.07*
187.5 £ 1.55%
163.2 = 1.75%

98.7+1.07*
162.7 £ 1.87*
146.2 + 1.56*
132.7 £ 1.93*

4.8 £ 0.53%*
7.5 £0.85%*
6.1 + 0.65%*
5.0 £ 0.23%*
3.6 £0.73%*
6.8 £ 0.82%%*
5.2+ 0.65%*
4.5+ 0.73%*

142+ 1.12%
24.5 + 1.26*
21.7 £ 1.74%*
17.4 £ 1.27%
11.2 + 1.86*
17.4 £ 1.92%
14.1 £ 1.55%
13.3 £ 1.42%

* P<0.05 is significant; ** P<0.01 is highly significant. Values are
mean of triplicates with * standard error.

Table 3. Effect of temperature on extra cellular chitinase
production by 7. harzianum and T. viride under shaken

conditions
O.rgan— Tempgra— Total chiti- Ciﬁ?ﬁ:j& Protein,
ism | ture, °C | nase, U/ml U/me ug/ml

T. har- 24 172.2 £ 1.08%(5.4 £ 0.76%*(21.4 £ 1.45%

zianum 28 194.2 + 1.36%|7.9 £ 0.56**(26.0 & 1.66*
32 174.5 £ 1.35%(6.0 £ 0.70%%|23.2 £+ 1.54*
36 162.5 £ 1.74*%(5.2 £ 0.65%*|21.1 £ 1.90*

T. viride 24 132.6 &+ 1.54%|3.7 £ 0.47%%(20.2 £ 1.72*
28 161.5 + 1.75%|5.8 £ 0.60**(23.5 £+ 1.55*
32 145.7 = 1.08*%|4.8 £ 0.72%%(19.4 £ 1.40%*
36 132.8 + 1.82%(4.0 £ 0.55%*(17.2 + 1.43*

Values are mean of triplicates with + standard error. * P < 0.05 is
significant; ** P < (0.01 is highly significant.

Fusarium solani [23] and Trichoderma pseudokoningii
[24]. It was shown that chitin or its oligomers induce
the secretion of chitinase by 7. harzianum [25].

Similarly, chitinase, 1,3-B-D-glucanase and extra-
cellular proteins were involved in the degradation of
R. solani cell walls thereby found to induce chitinase
production [26]. We found that optimal conditions for
the production of enzyme and protein by Trichoderma
parent strains were at 0.5% concentration of colloidal
chitin at 28°C, pH 6.5 and 6 days of incubation time.
This result is supported by Prabavathy et al. [27] who
described that 0.5% colloidal chitin with pH 6.5 at
28°C under aerated conditions were optimum for
chitinase production by 7. harzianum. On the other
hand, the chitinase could be excreted by 7. harzianum
at pH 5.0, however, the enzyme was stable at pH 7.0—
9.0 [6]. Chitinase excretion by 7. harzianum with
chitin occurred at 28°C in pH 5.0, but 45 and 65%
Ne 4
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T. viride. On the other hand, Katragadda and Murug-

esan [24] have described release of chitinase by 7. har-
mum production on the 8-th day and subsequent de-

cline thereafter. It is important to note that chitin is a
longer time to adapt with this substrate in comparison

findings were reported by Mathivanan et al. [29] for
zianum on the second day of incubation, with maxi-

respective-

b

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Fig. 2. Total (a) and specific chitinase (b) and protein content (c) of the cultivation filtrate for 7. harzianum (1), T. viride (11) and

their fusant (I1T) grown medium containing 0.5% colloidal chitin medium.

We observed that the production of chitinase and

protein by Trichoderma parent strains was started after
cubation in medium containing colloidal chitin and  hard-decomposable compound and organisms need a

24 h and reached the maximum on the 6-th day of in-
gradually declined with further incubation. Similar

chitinase activity was lost at 40 and 60°C

ly [28].



FUSANT Trichoderma HF9 WITH ENHANCED EXTRACELLULAR CHITINASE

with the other high-molecular compounds to start the
production of necessary enzymes [30].

T. harzianum produced more chitinase and protein
when compared to 7. viride, in the presence of glu-
cose, sucrose, fungal cell wall and colloidal chitin in
cultivation media. Furthermore, fusant Trichoderma
HF9 produced more chitinase and protein than
T. harzianum. However, self-fusant of 7. harzianum
had increased 2-fold chitinase activity with 0.5% chi-
tin in medium in comparison with parent strain of
T. harzianum [27]. Similarly, the fusant (R1) from
Geotrichum candidium and Phanerochaete chrysospori-
um increased protein from 48 to 67 g/kg in corn stover
[31]. Seven fusants exhibited higher extracellular glu-
cose oxidase activities than their parent strain of A. niger
[32]. Interestingly, 3 fusant strains AT 11-2-3, AT 11-2-
10, and AT 11-2-14 produce 19.2, 6.1, and 10.5 g/I cit-
ric acid, respectively, compared with non-fusant
strains A. niger and T. viride in semisolid culture con-
taining cellulose [33]. Furthermore, the fusant
MMFu3 showed increase in the production of pro-
tease (1.90 U/ml), peroxidase (1100 U/ml) and lac-
case (200 U/ml) when compared to the two mutant
strains Mucor mucedo [34]. The enhanced production
of extracellular chitinase and protein found in our
study could be directly related to improved strains of
Trichoderma.

It is interesting to note that the plate bioassay for
chitinase produced by parent strains of Trichoderma
and their fusant HF9 revealed that the fusant always
secreted more enzyme that was evident from lysis of
chitin around the colonies. These results clearly sug-
gested that the superior performance of the improved
strains by over production of both the parent strains.

We could observe protein variations among the par-
ent strains of Trichoderma and their fusant HF9 by
SDS-PAGE analysis. Fusant Trichoderma HF9 clear-
ly showed 9 major protein bands with up regulation
than both parent strains. Following protein analysis,
we used proteins of cultivation filtrate for amino acids
analysis. Fusant strain showed mix of amino acids ob-
served in either of parents. His, Cys and Tyr were
present in the protein produced by 7. harzianum and
fusant while Ser and Gly were found in the 7. viride
and fusant. Besides, Asp and Pro were common to
both parental strains and fusants. Phe, Glu and Asn
were additional amino acids recorded in fusant 7ri-
choderma HF9 and, thus, the above results further
confirmed that it was a hybrid of 7. harzianum and
T. viride. Interestingly, additional amino acids and
their increased quantity observed in fusant HF9 strain.
The alteration in extra cellular chitinase and protein
followed by additional amino acids with their in-
creased content in fusant Trichoderma HF9 added
weight to the more probability of enhanced chitinase
and protein production.

Enhanced antibiotic or enzyme production in hy-
brid strains of microorganisms by protoplast fusants

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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Fig. 3. Protein profile after SDS-PAGE of culture filtrate
for T. harzianum (1), T. viride (2) and their fusant HF9 (3).
M — protein markers.

alter the genetics of strains [35]. Increased chitinase,
protein and amino acid contents produced by fusant
Trichoderma HF9 demonstrated integration of both
parental strains. Eventually, this fungus could be used
for chitinase and protein production in large scale.

Table 4. Amino acid analysis of protein secreted by parental
strains of Trichoderma and their fusant

Organism Amino acid m?\:/lo/g((:)eﬂgg?gtgin

T. harzianum Asp 78.0
Glu 405
Thr 127
Pro 2952.5
Lys 1082.5
His 335.0
Cys 87.7
Tyr 14.1

T. viride Asp 43.4
Thr 1102.5
Pro 827.5
Gly 855.0
Ser 194.5
Ala 275.0

Interfusant HF9 Asp 35.2
Pro 1899.5
Gly 186.5
His 517.5
Ser 552.5
Cys 302.5
Tyr 132.5
Glu 26.2
Asn 183.5
Phe 42.5
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OYNCTKA XUMEPHOI'O BEJIKA A.JII)?YPOHAM N3 KYJIBTYPAJIBHOM
CPEJDbI NPOXXKEMWN Pichia pastoris
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PaszpaboTaHbl yca0BUsI BbIIEJICHHUSI XUMEpHOro 6enka AnboypoHal6 (anbOymMuH-uHTepdepoH-anbda 16
YyeJIOBeKa) U3 KyJIBTYpaJIbHOUM cpeibl npoxokeir Pichia pastoris, TIpU KOTOPBIX HE MPOUCXOAUT arperaiuu
6eKa 1 CoXpaHseTcs ero OMoIornueckast akTUBHOCTD. [1peutoskeHHast cxeMa MOXKeET ObITh MCITOJTb30BaHa
TSI BBIICJICHUSI M OYUCTKH XMMEPHOTO Oejika B JIJAbOpaTOPHBIX YCA0BUSIX. [TojlydeHHbIE pe3yabTaThl MOTYT
OBITH ITOJIE3HBI JIST YCOBEPIIEHCTBOBAHMS CITOCOO0B OUMCTKY PA3TMIHBIX PEKOMOMHAHTHBIX OCJIKOB, CUH-

TEe3UPYEMBIX U CEKPETUPYEMBIX IpoxcKaMu P. pastoris.

bricTpoe pa3zBuTHE OMOTEXHOJIOTUU CIIOCOOCTBO-
BaJIO0 CO3JaHUIO0 MHOXKECTBA CUCTEM IreTepOJOrMYHOM
9KCIIPECCUU, TO3BOJISIIONINX TOJIyYaTh pa3idyHbIe
9YKapMOTUUYEeCKUE OCJIKU C 3aJaHHBIMU CBOMCTBAMU
B KOJIMYECTBAX, MOCTATOYHBLIX IJISI MX YCIEIIHOTO
MPUMEHEHHUs KaK B HayyHOU paboTe, TaK U B MEIU-
nuHckoit mpaktuke [1, 2]. ITocKombKy OOJIBIIYIO
4acTh OMOTEXHOJOTUYECKUX JIEKAPCTBEHHBIX CPEICTB
MPEACTABISIOT OEJIKOBbIE MOJIEKYJIbI, TO HEOOXOIU-
MBIM YCJIOBUEM MX TIPUMEHEHMUS SIBJISIETCSI COXpaHe-
HUe OMOJOrMYecKOoll aKTUBHOCTM M MaKCUMAaJIbHO
BO3MOXHasi OUMCTKa Ipernapara OT MIpUMECHbIX 0eJl-
KOB, KOTOpbI€ MOTYT BbI3BaTh HEXeJaTeJIbHbIE IMO-
0ouHbIe 3 (DEKTHI.

Hcnonb3oBaHue MPOIYLIEHTOB, CEKPETUPYIOLINX
PEKOMOMHAHTHBIE OEJIKM, CYIIECTBEHHO YIIPOIIAET
nx o9nucTKy. PaHee B 1abopaTopun OMOXMMHIECKOMN
reHeTUKM Kadenpbl reHeTuku u cejekuuun CIIOIY
OBbLJ MOJIyYeH IITaMM ApoXkeil P. pastoris, cekpeTu-
PYIOLIMIA B KYJETYpaJIbHYIO Cpely OMOIOTUYECKH aK-
THUBHBIA TMOPUIHBIN PEKOMOMHAHTHBIN OSJIOK AJTb-
O6ypoH16 (86 kJla), COCTOSILIMI U3 aTbOYMUHA YENI0-
BeKa M JIeKoIuTapHoro natepdepora-a.16 [3].

Lens nccnemoBaHms — pa3paboTKa METOIOB, IT03-
BOJISIIOIIINX TTOJTY9aTh OMOJTOTMIECKI aKTUBHBIH TTpe-
napat Anb0ypoHal6 3 KyJabTypaibHOM CPeabl IPOXK-
XKel, Kak B JIJAOOpaTOPHbBIX, TAK U B TPOMBIIILIEHHBIX
MaciiTadax.

METOOANKA

Iramm nmpoxckeit Pichia pastoris GS115AbN16
[4] 6BLT co3maH Ha OCHOBE INTaMMa apoxckeit Pichia
pastoris GS115 (“Invitrogen”, CIHA). ®eHoTun
mramMma: HistMut®, His™, Hist — aykcorpodHocTb 1
NPOTOTPO(PHOCTH IT0 TUCTUANHY, Mut® — 3amMenieH-
Hasl CKOPOCTh pOCTa Ha cpejie C METaHOJIOM T10 CpaB-
HEHUIO CO IITaMMOM JIMKOTOo TuIia — Mut™.

'YcenoBus KyIBTUBUPOBAHMS INTAMMOB. {7151 BBIpalliy-
BaHus apoxckeit P. pastoris itamma GS115AbN16 uc-
noJab3oBanm xunkue cpeasl BMG u BMG2, conep-

Kamue (T/71 IMCTULIMPOBAHHOM BOMBI): TPOXKKEBOMA
akcrpakrt — 10.0; KH,PO,—3.75, K,HPO, - 3H,0 —
12.0, MgSO, - 7TH,0 — 0.5, CaSO, - 2H,0 — 04,
(NH,),SO, — 3.0; (mr/n): FeSO, - 7TH,0 — 16.25,
CuSO, - 5SH,0 — 1.5, ZnSO, - 7H,0 — 0.5, MnSO, -
H,0 — 0.75; 6uotuH — 50.0; rmuuepud — 10 mu; nern-
ToH — 20.0 r (ToBKO B cpene BMG).

15t MHAyKIMY 9KCIPECCUU TeHa, HaXOASIIEerocs
oJi KOHTpojieM npoMoTopa reHa AOX1, npoxKeBbIe
KJIETKM TlepeHocuJin B cpeary BMM uiu BMM2, ko-
Tophie, B oimune oT cpeaq BMG u BMG2 cooTBeTt-
CTBEHHO, Co/iepXXajil B KaueCTBe MCTOYHHMKA YIJIepO-
Ja MeTaHoJI B KoHIeHTpauu 0.5%.

KoHueHTpanuo 0Oeiaka ompeacasyii 110 METOmy
bpandopxn [5].

Anekrpodope3 oenkoB B [TAAI' B mpucyrcTBum
nopeumicynbdara Hatpus (Na-AJC) npoBoauin 1o
MeTomy Jlammiu [6]. 11t onipeneieHusT MOJIEKYIIsIp-
HOW Macchl UCClIeNyeMbIX OEJIKOB B OJIHY M3 JIYyHOK
rejisi HaHOCWIM MpoO0y C MapKepHbBIMM OelKaMu
(“Unstained molecular weight marker”, “Fermen-
tas”, JlutBa): B-ramakrozunaza — 116.0 k/[a; obrauii
CBIBOPOTOYHBII aJTblOYMHH — 66.2 kJla; 0BaTbOyMUH —
45.0 x/la; nakratoeruaporeHaza — 35.0 xJla; sHmO-
HyKJea3a pectpukimu Bsp981 — 25.0 x/la; B-makro-
rinooynuH — 18.4 x/1a; nu3ouum — 14.4 x/1a.

JJ1st TIOATBEPXKAEHUSI TOTO, UTO CEKPETUPYEeMBbIil
6es1oK pasMmepoM 86 k/la SBiIsIeTcs] XUMEPHBIM OeJT-
KOM ATb0ypoHOM 16, MpOBOIVIN UMMYHOOJIOTTUHT C
antutesiamu K MOH-o2 1 HSA o ctangapTHoii Me-
toauke. s aHanu3a aaeKTpodoperpaMM UCHOb-
30Bajii  KOMITBIOTEpHYIO ITporpammy “Imagel1.32”
(URL: http:rsb.info.nih.gov/ij/).
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Puc. 1. Dnexrpodoperpamma 6eJIKOB ITOCIIe XpoMaTorpa-
¢uu Ha rony6oii cecdapose. I — smorusg 1 M KSCN; 2 —
MapKepbl MOJIEKYJISIpHOM Macchl. CTPENTKOif OTMEUeH XH-
MEepHBbI 6eJT0K ATbOypoH16.

[enp-punbrpanuio Ha Sephacryl S-200 (“GE
Healthcare”, CIIIA) npoBoauian B 20 MM HaTpuii-
arietatHoM Oydepe, pH 5.5 u 50 MM HaTpuii-¢poc-
darHom Oydepe, pH 7.0. Ienb-buasrpanuio Ha Bio-
Rad P-300 (“BioRad”, CIIIA) npoBogwiu B 20 MM
HaTpuii-anieTaTHOM Oydepe, pH 5.5; B oTneabHBIX
9KCIepUMeHTax Oydep MOMOJHUTEIbHO COIAepXKal
0.05% tBUH-20 nmu 0.05% AAC. Ienb-punbrpaiinio
Ha cedanekce G-25 npooguau B 50 MM Oydepe
tpuc-HCI, pH 7.5; docdarHom Gydepe, pH 6.5, u
50 MM Hatpuii-anietaTHOM Oydepe, pH 5.5. Xpoma-
Torpaduio Ha roay6oii cedapose Cibacron F3GA
(“Polysciences”, Iepmanust) nmposoauau B 20 MM Ha-
Tpuii-aneraTHoM Oydepe, pH 5.5; 6enku amonpoBa-
m nocnegoBaTesrbHO 200 1 500 MM KSCN B crapro-
BoM Oydepe u 50 MM tpuc-HCI, pH 8.5.

HNonoooMeHHylo xpomatorpaduio (MOX) Ha
JADABII npoBoaunu B 50 MM HaTpuii-docharHoM
oydepe, pH 7.0; amomuio xuMmepHOTo Oelika ocy-
mectsiastan 0.35 M NaCl B crapToBoMm Oydepe. Xpo-
martorpacduio Ha ¢peHmi-cedaposze CL-4B nmpoBoau-
mu B 50 MM Hatpuii-pocharaom oydepe, pH 7.0, ¢
nobaBJIeHNEM CyJib(haTa aMMOHMS O KOHSYHOM KOH-
HeHTpauuu 1.5 M, riocjie yero mpoBOAUIN CTyIIeHYa-
Ty10 smonmio 6eakoB 1.0 3atrem 0.5 M cynbdaTom am-
MOHMUS B CTapTOBOM Oydepe, CTapTOBLIM OydepoMm n
30%-upiM m3onponmioBeiM crimptoMm (MIIC). Pac-
TBOP C XMMEPHBIM OCJIKOM ITOCJIC SIIOLUU C (peHUI-
cedapo3sl guaM3oBaau Npotus 20 MM HaTpuii-ale-

KAPABEJIbCKMH, TTIAIIKWUHA

TaTHOTO Oydepa, pH 5.5. Pazmermenue OenkoB Ha
Sephacryl S-200 u BioRad P-300 nmpoBoauiau Ha KO-
smoHKax Spectra/Chrom® (2.5 cM x 60 cm). O6beM
npoObI cocTtaBistt 1/40—1/50 o6beMa KOJIOHKH, CKO-
poctb motoka 20 cMm/4. Tenb-¢unsrpauuio Ha ceda-
nekce G-25 npoBoauiv Ha KojioHKe Spectra/Chrom®
(1.5 cm x 20 cMm), oObeM mpoOBI cocTaBista 1/5—
1/6 o6beMa KOJIOHKH, CKOPOCTh MoToKa — 30 cM/4.

Xpomatorpaduio Ha roayooii cechapo3e MpoOBOIU -
ym Ha KosoHKe Spectra/Chrom® (0.6 x 15 cM), cKo-
pocTb MOTOKA — 5 cM/4. XpoMaTtorpaduio Ha heHUI-
cepapoze CL-4B mpoBoaus Ha KOJOHKe Spectra/
Chrom® (0.6 x 15 cM), ckopocTb TToToka — 30 cMm/4.
MOX mnpoBoauiin Ha KoynoHke Spectra/Chrom (5 x
x 30 cM), ckopocTb moToka — 20 cm/4. buonoruyue-
CKYIO aKTUBHOCTh ATbOYpOHal6 onpeaessin o mo-
JIaBJIEHUIO IIMTONATUYECKOU aKTUBHOCTU BUpYCa Be-
3UKYJISIPHOTO CTOMAaTUTa B TIEpBUYHOM KyJbType L-41
KOXHO-MBIIIEYHOH TKaHU SMOPHMOHOB YeJIOBeKa, YyB-
crButebHOM K MH® o-tuna [7]. B kayecTBe craHap-
Ta UCIOJIb30BAJIN YEJIOBEYECKUN JIEUKOLIMTAPHBINA UH-
tepdepon OCO 42-28-90-87 (FTMCK um. JI.A. Tapa-
ceBuya, Mocksna).

PE3YJIBTATbBI 1 UX OBCYXIEHUWE

Hcxonst n3 mipeanonaraeMbiX CBOMCTB THOPUIHO-
ro 6eika, KOTopble, KaK Mbl MoJjlarajiv, OyayT TjiaB-
HBIM 00pa30oM OIpPeAeISIThCS CBOMCTBAMU aJIb,OYMM-
Ha, MBI pa3paboTany cxeMy OYUCTKU AIbOypoHal6
U3 KyJIbTypajibHOU cpeabl BMM, KoTopast mo3BoJin-
Jla HaMm TIOJyYUTh Tpernapar peKOMOMHAHTHOIO XU-
MepHOro 06einKa, CBOOOITHOTO OT OCHOBHOI MacChl
IpUMECHBIX OesKoB (puc. 1): yabrpaduisrpanins —»
— ocaxkaeHue — rejib-prisTpanus Ha Sephacryl S-
200 — xpomarorpacdus Ha Tonyboil cedaposze —>
— renb-punsrpanusg Ha cedanekce G-25.

Hecmotpst Ha 90% ouncTKy Oefika OT IpuMeceit
xXopotuii Beixon (~75%), ynenbHasi Ouojgorndeckas
aKTUBHOCTH AJIBOypoHal6 CHJIBHO YMEHBIIAIACH
(Tabi. 1). U3BecTHO, yTO peKoMOuHaHTHBIe UMD H-0
M CIINTHIE C aIbOYMUHOM O€JIKK 00pa3yIoT arperarThl,
B OCHOBHOM, 3a cYeT THIpodOOHBIX B3anMMoOeH-
cTBUiA. [1J1s1 TpeaoTBpallleHUsT arperaliui XMuMepHOTO
6enka AnpOyTponuHa (aabOyMUH-TOPMOH POCTa 4ye-
JIOBeKa) B TIpoliecce KyJIbTUBUPOBAHUS UCTIOIh30Ba-

Taomuma 1. Ouunctka AnpOypoHal6 U3 KyJaeTypanbHOM cpeasl BMM

P — OGBEM. M CyMMapHbIi buonoruyeckas VaenpHas Ouonoruyeckast
an i 0eJIoK, MT aktuBHOCTb, ME/Mn | akTuBHOCTH, ME/MT GeJika

KynsrypansHast cpena BMM 1000 90.0 2000 22200
Vnsrpadunasrpaliyst

u ocaxkneHue 75% cynbdara aMMOHUST 20 33.0 317000 576000
Ienb-uerpanms Ha Sephacryl S-200 80 9.8 15000 101000
XpoMmarorpacdus Ha Cibacron F3GA 10 3.5 7000 65000
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Puc. 2. IMpoduns amounu AnsdypoHal6 npu renb-dunsrpauru Ha BioRad P-300 ¢ no6aBneHuem u 6e3 1o6aBiIeHUs aeTep-

TCHTOB.

1 — 20 MM Harpuii-auerarHsliii 6ydep, pH 5.5; 2 — tBun-20 0.05%; 3 — 4JC 0.05%.

u TBUH-20 1 TBUH-80 [8—10]. MBI TIpEANOJIOXWUIN,
YTO arperauusi MOxeT ObITb OCHOBHOM MPUYMHON
CHUXEHUS OUOJIOTUYECKOUW aKTUBHOCTU XMMEPHOTO
Genka AnboypoHal6. i1 IIpoBEPKU 3TOrO MPEIIIo-
JIOXEHUsI MpoBeu (pakKIIMOHUPOBaHUE AJBOYpO-
Hal6 Ha 6uorene BioRad P-300 B mpucyrcTBUM pas-
JIMIHBIX IeTepreHToB. @paKIIMOHNPOBAHNE B TIPU-
cyrctBUU MOoHHOTO AetepreHTa (1/J1C) npuBoauino K
YMEHBIIIEHWIO MEPBOTo MMKa, COOTBETCTBYIOIIETO ar-
perMpoBaHHbIM MoOJIeKyJaM Oejika, 4TO CBUIETENb-
CTBOBAJIO O Pa300IlleHUN OEJKOBBIX arperatoB. o-
OaBJieHe HEMOHHOTO JieTepreHTa (TBMH-20) B cTapTo-
BbIl1 Oyhep crnocobCTBOBANIO ellle OOoJIbIlIeli arperaluu
0ejka, 0 UeM CBUJIETEJIbCTBOBAJIO YMEHbIIIEHHUE 00b-
eMa amonm ATboypoHal6 (puc. 2).

Pa3zHoe nmoBeneHMe XUMEPHOTO OejiKa ObLJIO 00Y-
CJIOBJIEHO CBOWMCTBaMM MCHOJb30BaHHBIX JETEPreH-
TOB. I3BECTHO, UTO HEMOHHBIE I€TEPreHThI, TAKUE KaK
TpuToH X-100 u TBUH-20, SABIASIOTCS AeTepreHTaMu
msirkoro tuma [11]. HampoTuB, MOHHBIE NETEPTEHTHI
00J1a1a10T CUJIBHOM pacTBOPSIOLIEI CIOCOOHOCTRIO. B
npucyrcteun JJIC Bo3pacrana Omosiorndyeckast akTUB-
HOCTb XMMepHoro Oejika. [Tpu 3ToM aKTUBHOCTb ObLIa
MakcuManbHo 1ipu pH 5.5 (Tab:n. 2), 4To cornacosa-
JIOCh ¢ JaHHBIMU O BIUSTHUM cocTaBa Oydepa Ha cTa-
OMJILHOCTb Y OMOJIOTMYECKYIO0 aKTUBHOCTh PEKOMOU -
HantHOTO MMDH-0116 [12]. [TomydyeHHBIE PE3yIBTATHI
MOATBEPANUIIN MPEATIOIOXEHUE O TOM, UTO arperaiusi
XUMEPHOTO Oeyika, 00ycJIoBJACHHAs TUAPOPDOOHBIMU
B3aMMOAEHCTBUSMHU, TPUBOJIUT K CHUXKEHUIO OMOJIO-
TMYeCKOi aKTUBHOCTH.

Bo3MOXHO, MCHOIb30BaHME BBICOKMX KOHILIEH-
Tpauuii cyibdara aMMOHUS IJisI BBICAIMBAHUS XM-
MepHOro Gejika AnbOypoHal6 MOIIO CITOCOOCTBO-
BaTh OOHAXCHUIO “OTHAJIEHHBIX  TUIPOMOOHBIX
y4acTKOB 0eJiKa, UX B3aMMOJEICTBUIO APYT C APYTOM
Y arperalyu, o3ToMy AJIs IIPeAOTBpalleHUs arpera-
UM peKOMOMHAHTHOI'O XMMEPHOIo OejiKa U coxpa-
HEHUSI €T0 aKTUBHOCTH MbI WCIIOJIb30BAJIM APYTOi
MeTon ocaxneHus. M3sectHo, uro MH®-o/f3 xopo-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

1o ocaxknarores I19T 3350. OcHOBHBIM 3(pdEKTOM,
MIPUBOASIIMM K OCaKIEHUIO O€JTKOB OpraHM4eCKUMU
PacTBOPUTENSIMU (3TUJIOBBIN CIIUPT, alIETOH) U Opra-
Huueckumu noaumepamu (I1BI), sBasieTcss yMeHb-
1IEeHUEe CITOCOOHOCTU BOIbI K COJIbBaTallMU THAPO-
(bMIbHBIX yUacTKOB Oejika, B pe3yJibTaTe yero 6eyiku
MOTYT B3aMMO/JIECTBOBATH APYT C IPYTOM CBOMMU 3a-
psikeHHbIMU TpynnamMu. HanpoTus, npu ocaxaeHuu
0eJIKOB HeUTpaIbHBIMU COJISIMU (CyIbchaTOM aMMO-
HUSI) TPOUCXOIUT COJbBaTAllMSI MOHOB COJIM U OCBO-
0oxaeHue ruapohoOHbIX YUaCTKOB O€JIKOBOM MoJie-
KYJIbl, KOTOpPbIE B3aMMOAECHCTBYIOT IPYr C JIPYyroM
[11]. ITockonpKy mHTEp(hEPOHEBI XOPOIIIO OCAXKIAIOT-
Csl OpraHMYeCKMMU MOJIMMEPAMU, Mbl KOHLIEHTPHU-
poBaiau Ans0ypoH16 ¢ momornpio [1DT 1 o6HapyXM-
JI1, yTo nocye ocaxaeHus I1DI° xumMepHBIii 0e0K He
arperupyer M jerko comoobusupyercs. [Ipu atoM ero
OuoJiornyeckasi akTMUBHOCTb OKa3ajiach B 2 pa3a Bbl-
1ie, 4yeM Iocjie OcCaxIeHUsl CyabhaToM aMMOHUS
(~200000 ME/mr Oenka mpu ocaxaeHuu IIOI
101000 ME/Mr 6enka mpu ocaxXIeHUU CYIbhaToMm
aMMOHMUS).

IIpennoxeHHass HAMU cxeMa ITOAXOAMIA ST BbI-
JIeJICHUSI M OYUCTKU XMMepHOro 0ejika B JabopaTop-
HBIX YCJIOBUSIX M U3YUEHUS €r0 CBOMCTB, a TakkKe ISl
aHaJIM3a ypOBHS CUHTe3a ATLOypoHal6, ero 6uonoru-
YeCKOI aKTUBHOCTH B 3aBUCUMOCTH OT YCIOBUIA BBHI-
pammBanus mtamMma Pichia pastoris GS115AbN16.

Tabmuna 2. 3aBUCHMMOCTb OMOJOTUYECKOW aKTUBHOCTH
xuMepHoro 6enka oT pH u coctaBa 6ydepa

buoJiornueckast
BydepHbie aKTUBHOCTH, ME /M1
pacTBOpPHI
6e3 IJC |[0.05% AaC
50 MM Ttpuc-HCI, pH 7.5 8000 40000
PBS, pH 6.5 29000 200000
50 MM Hatpuii-auetat, pH 5.5 320000 400000
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Puc. 3. DnexrpodoperpamMmma ¢pakiuii 6eIKOB mocie
pasneneHus Ha peHua-cedapose. I — MapKepbl MOJIEKY-
JISIPHO# Macchl; 2 — OeJIKM, He COpOMpPOBaHHEBIE HA KO-
soHkKe; 3 — amonust 1.0 M (NHy),SOy; 4 —smonust 0.5 M
(NH4),SO04; 5 — amouust 50 MM HaTpuit-pocdaTHbIM
oydepom, pH 7,0; 6 — smroumst 30%-HBIM U30TIPOITIIO-
BbIM criupToM. CTpesKoil OTMeYeH XMMEPHbBI OesloK
Ab0ypoH16.

Ha ocHoBe nostydeHHBIX JaHHBIX MBI pa3padoTain
CJIeYIOIIYI0O CXEMY OUYMCTKM XMMEpPHOro Oejika u3
KyJnbTypaibHOM cpenbl BMM2, kotopasi 1mo3BoJmiia
HaM II0JIYYUTh OUYMILEHHBIN Ha 85% mpemnapar Ajlb-
6ypoHal6 ¢ KoHeuyHBIM BhixogoM 80%.

Vasrpadpunsrpauus — oopadboTka TeTpadopaToM
Hatpust —> MOX na JIDADIL — ocaxnenue [19I° —
— renb-puiasTpanusa Ha Sephacryl S-200 — obpa-
HeHHO-(a3oBast xpoMmarorpadus Ha PeHuI-ceda-
pose.

Ha nepBoii cTanuu o4ncTKA 0eJIoOK KOHILIEHTPUPO-
BaJIN M3 KyIBTypajibHOU cpensl BMM?2 meTonoM yitb-
TpadWIbTpaluu, UCTIOIb3ys MemopaHy AP-0.3-50T1C,
KOTOpasI IT03BOJIsIIa OTCEKATh BEIIIeCTBA C MOJIEKYIISIP-
Ho Maccoif MmeHbIlre 50 k/1a. Ha sT0it ctagum ncxomn-
HYIO KYJIBTYPAJIbHYIO KUJIKOCTbh KOHIEHTPUPOBAIU B
10 pa3 1 ynansiim HU3KOMOJIEKY/IsIpHbIe Tipumecu. O-
HUM M3 CITOCOOOB “OCBeTJICHUST” KYJIBTYpaJIbHOM Cpe-
Il U €€ OYMCTKU OT YIJIEBOIHBIX KOMITIOHEHTOB (B TOM
YUCJIe U TJIMKOIIPOTEeMHOB) SIBJIsIETCSl 00paboTKa pac-
TBOpa TeTpabopaToM HaTpus. leTrpabopaT HaTpus
(Gypa) ucroJib3yeTcsl KaKk B OMOTEXHOJIOTMM B MPO-
11ecce OUMCTKU OEJIKOB, TaK U B MUILIEBOM MPOMBIIII-
JICHHOCTH TSI KOHIICHTPUPOBAHUS M KPUCTAJUTH3a-
WU pa3IMYHBIX yriieBodoB [13—15].

KynbTypanbHyo XUIKOCTh MOCIE KOHLIEHTPUPO-
BaHUs oOpabaTeiBasin 0.05 M TeTpabopatoM HaTpus
B TeYeHHe HOYM, LEeHTPUDYrupoBaid U HAHOCWUIU
CcymnepHaTaHT Ha KOJIOHKY ¢ JIDAD-11e110103010,
ypaBHoOBellleHHYI0 50 MM Hartpuii-ocharHbsiM Oy-
depom, pH 7.0. KonoHKy npombIBaiu 5 od0beMaMu
0.1 M NaCl n mpoBOIMIIN 3TIOLNI0 OCIIKOB JUHEH-
HbIM TpagueHToM 0.1—1.0 M NaCl B ctapToBOoM 0OY-
depe. MBI YCTaHOBUIIN, 4TO AIBOYPOH16 3T10MpO-
Bajicsa ¢ JIDADI npu nmpombiBaHuu KojioHKu 0.35 M
NaCl, noaTomMy B JaJIbHEUIIINX 3KCIEPUMEHTaX UC-
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KAPABEJIbCKMH, TTIAIIKWUHA

MOJb30BAJIM CTYIIEHYATYIO0 DBIIIOLIUI0 XUMEPHOTO
6eaka 0.35 M NaCl. AnpOypoH16, 3110MpOBaHHBIMI
0.35 M NaCl ¢ noHooOMeHHHKaA, ocaxnanu 25%
19" B TeyeHrMe HOYM M HAHOCHMJIM HA KOJIOHKY C
Sephacryl S-200.

Tenb-dunsrpanus Ha Sephacryl S-200 mo3Bosinia
HaM 1M30aBUTHCS OT 3HAUMTEbHOTO KOJIMYECTBA MPU-
MECHBIX OEJIKOB, B OCHOBHOM SIBJISIFOLLIMXCST TTPOAYK-
TaMU ITpoTeoin3a AnbpoypoHal6 [3].

MN3BecTHO, 4TO peKOMOMHAHTHEIN aJTbOYMUH 4Ye-
JioBeka 3¢h(HEKTUBHO OYMIIAIOT Ha KOJOHKax ¢ de-
HuI-cedaposoii [15]. denun-cedaposza CL-4B 06-
JIamaeT BEICOKOM €MKOCThIO, a METOJ, oOpalieHo-(a-
30BOIi XpomaTtorpauu OTJIMYAeTCS ITPOCTOTON B
HMCIOJIb30BaHNM, SKOHOMWYHOCTBIO U JISTKO ITOIa-
€TCsI MacIITabMpoBaHMUIO. B mpeaBapuTeIbHBIX 9KC-
nepuMeHTaX MbI TIOHO0paIN yYCJIOBUSI COPOLIMU—Oe-
copb6u AnbpdypoHal6 Ha peHMIT-cedapose, 1 ycTa-
HOBWIM, YTO CYyJIb(aT aMMOHMS HE CIIOCOOCTBYET
arperaliid XMMEpPHOTO Oejika MpM KOHILIEHTpaluu
MeHee 50% HachIIEHMS.

®Dpakun 6e1KOB TOCHE Telb-(GUILTPaluA Ha
Sephacryl S-200, B KOTOpBIX II0 pe3yJibTaTaM 3JeK-
Tpodopesa coaepxaicss AIbOypoH16, oObeIMHSIIN,
J00aBISIN CyJIb(aT aMMOHHUS 1O KOHEYHOII KOH-
neHTpauuu 1.5 M (~35% nHacsblllieHUsT), cOpOUpoBa-
JIM Ha KOJIOHKEe ¢ (heHUI-cedhapo3oid, IIPOMbIBAIU U
MPOBOAWIN CTYIIEHYATYIO JIIOLNI0 OeaKOB. Pe3yib-
TaThl 5KCIIEpUMEHTA MPEACTABIeHBI HA pUC. 3.

Kaxk BugHo u3 puc. 3, Aap0ypoH16 smoupyercs ¢
KOJIOHKU H3O0MPOIaHOJOM. AHalu3 3JeKTpodope-
rpaMM U JI€HCUTOrpaMM TIOJIyYeHHOIro Mperapara
MoKasaj, 4TO cojaepXaHue Mpumeceil (ITPOAYKTOB
MpoTeon3a) He mpeBbiman 15%. PactBop ¢ Ab0y-
poHOM 16 mocJie amounu ¢ heHMI-cedapo3bl TUaTH-
30Bajiu npotuB 20 MM Harpuii-aneraTHoro oydepa,
pH 5.5 n onipenenstiy OMOTOrNYECKYI0 aKTUBHOCTb.

B nipuBeneHHOIT BhIIIe CXeME OYMCTKHU AJIBOYpPO-
Hal6 MBI MCITOJB30BaJIM IIMPOKO PacHpOCTpaHEH-
HbIE€ METO/IbI BblIEJICHHUS 0€IKOB (B TOM UMCJIE aab0y-
MUHOB ¥ THTEP(EPOHOB) C ITOMOIIIbI0 MOHOOOMEHHOM
u oOpaieHHO-(a30Boil xpoMaTorpapuu, OYNCTKY
KyJIBTYPIbHON XXUIAKOCTU OT YIJIEBOAHBIX KOMITO-
HEHTOB 1 TJIMKOIPOTEMHOB C TIOMOIIbIO OYpPHI, a TaK-
Ke Oosiee MSITKHWE YCIOBUSI KOHILIEHTPUPOBaHUS U
ocaxaeHus1 6eakoB ¢ momolibio I1DI. IIpuMeHeHue
3TUX METOMIOB CITOCOOCTBOBAJIO YBEJIUUECHUIO YIEb-
HOM OMOJIOTMYECKON aKTMBHOCTA ALOypoHal6b B
npoliecce ounucTku (Taods. 3). CiaeayeT OTMETUTh, UYTO
B JaHHOM cJlyyae B XOJi¢ BbIpallliBaHUsl KJIETOK U
OUYMCTKH XMUMEPHOro Oejika He WCIOJIb3YIOTCS Tell-
ToH 1 KSCN, KOTOpbIe MOTYT CJIYXKUTh MPENSTCTBU-
eM JJIs1 JajibHelllero BHeApeHUs! pa3pabOoTaHHOM
Hamu cxeMbl. [1pu niepexosie Ha KpynmHoMaclITabHoe
MIPOU3BOJCTBO JaHHAasl CXeMa MOXET OBbITh JIETKO MO-
IUGUIMPOBaHA C TOMOIBIO IIIMPOKO pacIpocTpa-
HEHHOTO B TIOCJieIHEe BpeMsi MeToAa aJicoOpOIIMOH-
HOI xpoMaTorpaduu B paciimpeHHoM ciioe (APC).
Ne 4
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Taoauma 3. OuncTka AbOypoHal6 u3 KyabTypaibHOM cpeasl BMM2

c O6beM, | CymmapHsblii | AbOypoH16,| Buonorudeckast |YaeibHasi OMOIOrnyecKast
Taguu OYMCTKHA

MIT 0eJI0K, MI' MI aktuBHOCTb, ME/Mi1|  akTMBHOCTB, ME/MI
KynsrypanbHas cpeqa BMM2 1000 40.0 3.2 640 16000
Visrpaduasrpaiyst 1 XxpoMaTorpa- 20 9.0 3.0 52000 116000
¢bus Ha IDADL
Ocaxnaenue I[19T u reab-punsrpa- 30 6.6 2.7 35000 165000
umst Ha Sephacryl S-200
Xpomatorpadust Ha heHmI-cedapose 4 3.0 2.6 286000 375000

Hcnons3oBanue metona APC nmo3BossieT o0beau-
HUTH 3TAIbl OCBETICHMSI, KOHIIECHTPUPOBAHUS U TIeP-
BOHaAYaJIbHOI OYMCTKU B OJIMH OIepallMOHHBIN OJIOK.
biaromapss 3TOMy IIOBBIIIAETCS SKOHOMWUYHOCTh
mpolecca, COKpallaeTcss KOJIU4eCcTBa ATAIloB, YBEIU-
YMBAETCSI BBIXOJ MPOAYKTAa M YMEHBIIAETCS BPEMSs
npoiuecca. “Pharmacia Biotech AB” (IlIBewLus) mpo-
M3BOJST HOBBIC TUIIBI XpoMaTorpapuuecKux aacop-
oeHTtoB M KosoHOK a1 APC monm HasBaHUEM
STREAMLINE™, koTopble ITI03BOJISIIOT (hOPMUPO-
BaTh YCTOMYMBBIC PACIIMPEHHbBIE CJIOU IIPU BHICOKUX
CKOpPOCTSIX IT0TOKa oydepa [16, 17].

Meron APC (STREAMLINE™) aBasercss yHu-
BepCaJIbHbIM WHCTPYMEHTOM, KOTOPBIM MPpUMEHUM
JUISTI HAYaJIbHOM OYMCTKU HeJIEBOTO IIPOAYKTA U3 BCEX
OOBIYHO MCMOJIb3YEMbIX CHIPbEBBIX NCTOUHUKOB: TO-
MOT€HAaTOB, JIM3aTOB, KYJbTYPaJIbHBIX CPEll, MOJIOKA,
9KCTpakToB U T.1. [18]. Hampumep, mpu BeiAeIeHUN
PEKOMOMHAHTHOTO aJIbOYMWHA YeJIoBeKa U3 KYJIBTY-
paibHOM cpenbl Apoxckeil P. pasforis Ha KOJOHKAaX
STREAMLINE™ ynanoch yBeIMYUTh BBIXOH OeliKa
Ha 45% n yckoputh ctaauio ourctku [19]. APC npu
noMoILM aacopoeHTOB 1 KOJIOHOK STREAMLINE™ —
JIETKO MacCIITaOUPYEeMBI METOH, KOTOPBII MCITOIb-
3yeTcsl B IPOU3BOJICTBEHHbBIX 1iexax hapMalieBTHYEC-
CKUX 3aBOJIOB.

[IpuBeaeHHEBIN BbIlIEe METOJ KOHIEHTPUPOBAHUS
U OYMCTKU AJBOYpoHal6 U3 KyJbTypajabHOI Cpelbl
BMM2 npoxckeii P. pastoris, MOXET ObITh JIETKO Mac-
IITAOMPOBAH U YCOBEPILIEHCTBOBAH C MOMOIIbIO KO-
nonok STREAMLINE™ DEAE, 4To ynpocTut npo-
1IECC OYMCTKHU U OYAET CIOCOOCTBOBATh CKOpEMUIIeMy
BHEJIPEHMIO B TPOU3BOJICTBO TEXHOJIOTUY MOTYyYCHUS
HOBOTO JIEKAPCTBEHHOTO IIperapaTa Ha OCHOBE pe-
KOMOMHAHTHOI'O XMMEPHOTO 6ejika AJIbOypoHalo6.

JlaHHas1 paboTa BBITIOJIHEHA B paMKaxX MPOBEACHUS
¢dbyHIaMEHTaJIbHbIX WCCAENOBAHUN IO TIPUOPUTET-
HBIM HarpabJIeHUSIM TIporpammbl passutuss CIIoIY
(1.37.115.2011), TemaTnyeckoro riaHa yHIamMeH-
TanibHbiXx HUP (1.0.131.2010), DLIIT “Uccnenoa-
HUS ¥ pa3paboOTKU MO NPUOPUTETHBIM HaIlpaBiIeHU-
SIM Pa3BUTUSI HAYYHO-TEXHOJIOTUUYECKOI0 KOMILIeKca
Poccum 1a 2007—2012 romer” ('K Ne 16.512.11.2038
“2011-1.2-512-049-044”) u PLI1 “Hayunble 1 Ha-
YUYHO-TIeIarorn4yecKre Kaapbl ”THHOBaLIMOHHO# Poc-
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cun” Ha 2009—2013 roasl (Meponpustus 1.1, 1.5,
2.1, TK Ne 02.740.11.0768, “2010-1.1-202-059”).
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Purification of the Chimeric Protein Alburon16 from a Culture
Medium of the Yeast Pichia pastoris

A. V. Karabel’skii and M. V. Padkina
St. Petersburg State University, St. Petersburg, 199034 Russia

e-mail: karabelsky @gmail.com
Received October 10, 2011

Abstract—Conditions have been created for the isolation of the chimeric protein Alburonl6 (human albu-
min-interferon-a16) from a culture medium of the yeast Pichia pastoris, under which there is no aggregation
of the protein and its biological activity is maintained. The proposed scheme can be used for the isolation and
purification of a chimeric protein in laboratory conditions. The obtained results may be useful for improving
the purification methods of various recombinant proteins synthesized and secreted by the yeast P. pastoris.
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PEIIEH3M1S HA MOHOI'PA®UIO 10.A. TPOLIEHKO, M.JI. TOPTOHCKO¥1
“METUWIOTPO®HBIE APOZKZKN”, MOCKBA: “TP-IIPUHT”, 2011. 313 c.

Beiina B cBet kHura FO.A. Tpouenko u M.JI. Top-
roHCKO# “MeTtmiiorpodHbIe Apoxcku”. B mocnennue
JECATUICTUS 3TU “HEKOHBEHIIMOHHBIC” IPONKU
CTaJii BeCchbMa ITOIYJISIPHBIM M pacIpOCTpPaHEHHBIM
3YKAPUOTUYECKMM OOBEKTOM-XO3SIMHOM [IISI TTOJIY-
YeHMsI TIPaKTUYECKU BaXXHbIX OejkoB. ExeromHo
NyOJIUKYIOTCSI MHOTOUYMCJICHHBIE CTaTbU U MATEHTHI,
MOCBSIIIEHHbIE MCIIOJb30BAHUIO IPOXKEH-METUIO-
TpodOB IJIsT OMOCUHTE3a IIMPOKOTO CIIEKTpa liejie-
BBIX PEKOMOMHATHBIX O€JKOB Kak s (pyHIaMEH-
TaJIbHBIX MCCASOOBAaHUI, TaK U C 1LIEJIbIO ITOJIyYCHUS
KOMMEpUYECKMUX TIperapaTtoB OmModapMalieBTUKOB.
HenaBHue ycrmexu B CO30aHUM “TyMaHU3UPOBaH-
HEBIX” mTaMMoB Pichia pastoris n Hansenula polymor-
pha OTKpBUIN HOBBIE BO3MOXKHOCTH ITOJTYyYE€HMSI C T10-
MOIIBIO 3TUX IPOXKEU MHOIMX OEJIKOB YejgoBeKa C
“IpaBUJIBHBIMU~ IIOCT-TPAHC/ISIIMOHHBIMUA MOV~
dukanmsamu. COOTBETCTBEHHO, TaKWE IIITaAMMBI-CY-
TIEPIPOAYLIEHTEl MOTYT B 0003pMMOM OyayIlleM 3a-
MEHUTh JOPOrocTosiiune “6rnodadbpruku” Ha OCHOBE
KJIETOK MJIEKOIIMTAIOIINX. ABTOPBI CIIPABEIINBO OT-
MEYaloT TIOMCTHUHE PEBOJIIOLIMOHHBIN XapakTep 3TUX
pa3paboTok. B KHHUIe moapoOHO OCBElleHbI pa3ind-
HBIE€ aCIIEKThl CTPYKTYPHO-(YHKIIMOHAIBHON opra-
HU3ALMU U TIEPCIIEKTUBBI UCII0JIb30BaHUS B OMOTEX-
HOJIOTMU 3TOW YHUKAJIbHOU TPYIIbI APOXKKENU, UC-
HOJB3YIONIMX METAaHOI B KayecTBe WCTOYHMKA
yrjiepoaa u SHEprumu.

MeTunoTpodHBIE APOKKA CTATN N3BECTHBI CPaB-
HUTETHbHO HEJaBHO, TEM HEe MeHee, UCTOPUS X U3Y-
YeHUsI HACUMTHhIBACT yXe Mmoutu nosuseka. [Toatomy
BITOJIHE JIOTMYHO, YTO IIepBas Ij1aBa “DKo(pU3n0I0-
st 1 GUIIOTEHUS METHIIOTPOMHBIX APOXKKEI” HauM-
HaeTcsl UCTOPHUE OTKPBHITUSI METWJIOTPOMHBIX dyKa-
puort (pa3gen 1.1). Jlamee ciaemyioT pa3aeibl, OIMCHI-
BalOIIe OCOOCHHOCTU YIJIEPOTHOTO MeTaboIm3Ma
MeTaHOJIa, TIeKTMHA U METUJIMPOBAHHBIX AMUHOB Y
npoxckeit. [TpyHIMIIMaIbHO BaXkHO, YTO BTOpasl riia-
Ba TTOCBSAIIEHA TTOTUGYHKIIMOHAIBHBIM OpTraHesuIamM
METUIIOTPOMHBIX IPOKKEi: OMoreHe3sy, Ipoaundepa-
LIMU U IeTpajalii MepoOKCUCOM, a TaKXKe KIII0UeBOM
POJIM TIEPOKCUCOMHBIX OCJIKOB-IIEPOKCHOB U aHTH-
OKCHUJIQaHTHBIX cucTeM (paszaensl 2.1—2.3).

B rmaBe 3 00CTOSITEIPHO M3I0KEHBI MOJIEKYJISIP-
Hble ocHOBbI C,-MeTabo11M3mMa METUIOTPOMHBIX APOXK-
JKel. ABTOpPBI JIeJal0T OCOOBbIl aKIIeHT Ha CBOMCTBa
(GepMEHTOB, Y9aCTBYIOIINX B IEPBUYHOM OKUCICHUN
M aCCUMIWISILIMU yrieponaa MetaHoia. B riase 4 “Ie-
HeTuka u perynsiuus C,-merabosim3zma METUIOTPOd-

HBIX JPOXK3Keil” naHbl TIOAPOOHbIE CBEAEHNS, XapakK-
Tepusyoiue reHom H. polymorpha, B 4acTHOCTHU, B
CpaBHEHUM C TCHOMOM XOPOIIIO U3YYEHHBIX MeKap-
CKUX ApoxKeit Saccharomyces cerevisiae. OTMeUeHBI
pazmuwms B (I' + 1) cocraBe JIHK atux BunoB, a Tak-
Xe B pazMepe ux reHoMoB U yncie reHoB TPHK, ipu-
BOAUTCS (PyHKIIMOHAJIbHASL KJacCUPUKALUS TeHOB
H. polymorpha n XxpomocoMHasl JIOKaJn3ausi HeKO-
TOPBIX TeHOB. B 3T0i1 XKe ri1aBe moapoOHO oxapakTe-
puzoBaHa reHoMuKa P. pastoris, cripaBeIUBO Ha-
3BaHHOM aBTOpaMU “‘eIlle OHO ITOIIYISIPHOI CUCTE-
MOM TE€TEPOJIOTUYHOM DJSKCHPECCUU YTYXKEPOIHBIX
0enKoB”.

InaBa 5 “buotexHoOTMYEeCKU I MOTEHIIMAI METH-
JIOTPO(HBIX APOXKE” M300MIyeT IIpuMepaMu MC-
MOJIb3YeMbIX B OKCIIEPMMEHTAIbHOI paboTe reHeTH -
YeCKHUX KOHCTPYKIUN M TIoJlydaeMbIX Ha UX OCHOBE
MPOAYKTOB, UTO TIPEACTABIISIET CIECLUATbHBIA MHTE-
pec 111 OMOTEXHOJIOTOB.

B paznene 5.1 geranbHO MpoaHAIM3MPOBAHBI BO3-
MOXHOCTM W OTpaHWYEHUST 3KCIIPECCUOHHBIX TLIAT-
dopmM P. pastoris, H. polymorpha, P. metanolica u C. boi-
dinii. YoadHo pacriojoxeH pasnena 5.2 “IIpoayKTel u
MpPOLECCHl HA OCHOBE METHJIOTPOMHBIX APOKKEI”.
IpuBoasTca nmpuMepbl OMOKOHBEPCUM MeTaHOJIa B
KOPMOBOW M MUILIEBOM OEJIOK, 3TaHOJI, (OpMaJIbIL-
TW/, TUMOKCUALIETOH, IIULEPUH, OpraHnYecKre K1c-
JIOTHI (¢popMmaTt, JaKTaT, MUPYBaT U LIMTPAT) C KUC-
MOJIb30BAaHUEM MHTAKTHBIX U MEpMeadrIM30BaHHbIX
KJIETOK METHJIOTPOMHBIX APOXKKENH U APYTrUX OMoaK-
TUBHBIX coenmHeHuit (DAL, rmyratnoH, ATD, me-
HULWUIMH U 1p.), ¢$epMEeHTOB (aJIKOrojJbOKCHUIa3,
dopmanbaerun- u GopMuaTAEruaporeHa3) B TOM
Yuciie TEpMOCTaOWIbHBIX. PaccMOTpeHbl BO3MOXKHO-
CTU ONTHUMU3ALIMU CTpaTeruii pepMeHTalINM, a TAKXKe
COCOOBbI MOBBIEHUST 3(PPEKTUBHOCTU TTPOIYKIINUA
TreTepOoJIOTUYHbBIX OEJIKOB 3a CYET U3MEHEHUsI Ux (GoJ-
JIMHTA B 9KCITPECCUOHHBIX CUCTEMaX METUJIOTPO(HBIX
Ipoxckeil. B 3ToM KOHTEKCTe BechbMa IMOJIE3HBI T10-
JIPOOHBIE TAOIUIIBI, B KOTOPHIX CYMMUPOBAHBI TTPUME-
PbI TIPOAYKIIMA PEKOMOMHAHTHBIX OEJKOB MPOMBIIII-
JICHHOTO 3Ha4yeHUsI M OmodapMalleBTUKOB BKCIIpec-
CUOHHBIMM CUCTEMAMU METUIOTPOMHBIX IPOXKIKEN.

3aBeplIacT KHUTY pa3aei 5.3, B KOTOPOM ONKUCAHO
elle OIHO IEPCIEeKTUBHOE HampaBeHUE IIPUMEHE-
HUS KJIETOK U (PEPMEHTOB METHUJIOTPOMHBIX APOXK-
Xeil B OuoaHaiuTukKe. B 4YacTHOCTU, MNpuBeIcHBI
IpUMEPHl WX MCIIOJB30BaHUS B TEXHOJIOrMH ep-
MEHTHOTO aHaJin3a KOHILEHTpAluU CIUPTOB U (op-
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MaJIbIeTuaa, a TAKXKEe B TEXHOJIOTUSX OMOCEHCOPOB.
PaccMmoTpeHbl paboThl, B KOTOPBIX MPOAESMOHCTPHU-
pOBaHO, YTO METWJIOTPO(HBIE MPOXKM BaXXKHBI HE
TOJIKO IJIsI MOHUTOPMHIa M KOHTPOJISI YPOBHS 3a-
I'pSI3HEHMS (HaIlpuMep, METAaHOJIOM 1 (popMasibIeru-
JIOM) OKpyKalolleil cpeabl, HO 1 3(MOEKTUBHEI IJIsI
yaaJeHMUsI 3TUX TOKCUYHBIX KOMIIOHEHTOB 13 BOIHI,
TOYBHI U BO3/yXa, T.c. OMopeMeaualiuu.

B xHure npouutruposaHo 6osee 900 nurepaTyp-
HbIX MCTOYHUKOB, OXBaTbIBaIOIIMX OCHOBHOI Mac-
cuB MH(POPMALIIM, ITOJIyICHHON 32 BpeMs UCCIIENO-
BaHUSI METWJIOTPOGHBIX APOXKKEI, C aKIIEHTOM Ha
padoThl MOCIAEAHUX AeCATUIeTUI. TakuM oOpa3om,

KAJIEBUHA, DJIBJJAPOB

TMOCTaBJIECHHAsI aBTOpaMM OCHOBHas 3ajada — IIpO-
aHaJIU3UpPOBaTh U O0OOIINUTE COBPEMEHHOE COCTOSI-
HUWeE UCCIIeNOBAaHUI 110 OMOJIOTUHN U OMOTEXHOJOTHUU
METUJIOTPOMHBIX IPOXOKEH, YCIIEIIHO BBINOJIHEHA.
MoXHO ¢ yBepeHHOCTBIO YTBEPKIATh, YTO 3Ta MpPO-
deccroHaILHO HAIIMCAHHAS 1 XOPOII0 oopMICHHAsS
MoOHorpadus 3aiiMeT TOCTOHOE MECTO B OTEUECTBEH-
HOM CHEeLUMAIM3UPOBAHHOM JIMTEpaType B KayecCTBE
WCTOYHUKA aKTyaJIbHOl HaydHOl MH(MOpMALUU IS
IIMPOKOTO Kpyra MUKpPOOMOJIOTOB 1 OMOTEXHOJIOIOB.

T.C. Kanebuna, M.A. Davdapos

HauwmounanbHasg AkagemMuss MUKOJIOTUUA
OBILIEPOCCUNCKAS OBILLECTBEHHAS OPTAHU3ALIU S

TPETUU CHE31 MUKOJIOIOB POCCUUA
Mocksa, 10—12 okTs6ps 2012 &

DTO KpyMHOE MEXIYHApPOIHOE HayYHO-TIPAaKTUIECKOe MEepOIIpUsiTHe, co3biBaeMoe HartmonanbHOM

aKaJIeMreil MMKOJIOTUM OOUH pas3 B 5 ner.

OcHoBHbIe nporpaMMHbie Bonpochkl Che3na:
e CucreMaTHhKa 1 9BOJIIOLIMS TPUOOB
e Mopdoaorusi 1 oHTOreHe3 rpudoB
e dusnonorus u 6MOXUMUSI TPUOOB
e buonorus npoxkei
e DKoJiorus rpuboB
e [puOBI 5KCTpeMaTbHbIX MECTOOOUTAHU
e Komnekuunu u repdbapuu rpudboB
e dopa 1 oxpaHa rpudOB
e [puOBI 1 3KOJIOTUS YeIOBEKa
e CuM0103 TpUOOB C pacTeHUSIMU

o JInxeHU3WpOBaHHbIE U TNXeHO(MUIbHbBIE TPUOKI
e duTonaTroreHHbIE rPUOLI

e [prOHBIC OMOTEXHOJIOTUH

o KynsruBupoBaHMe MaKpPOMUIIETOB

e JIekapcTBa U3 rpuboB

® MUKOTOKCUKO3bI

o OyHrMLUIBLI 1 OMONECTULIMIBI

e BetepuHapHast MUKOJIOTHS

e [p1OKoBBIE MHGPEKIINH YeJIOBEKA

e [puObBI — areHThl OMOMOBPEXACHUM

B paMKax 3 Cne3ma SallJlaHMUPOBAaHbI INVICHAPHbLIC UM CCKIIMOHHLIC 3aCCAaHMA, CUMIIO3MYMBEI,

KpyIJible CTOJBI M MacTep-KJIacChl,
MPOOJIEMHBIX KOMUCCHIA,

HTKOJIbI

IJIST  MOJIOABIX CITeIIMAINCTOB,
MEMOpUAJIbHBIN  BaBUIIOBCKMIT  CUMITO3UYM,

3aceIaHus
Oymer paboraTh

cneuaau3vupoBaHHas BbIcTaBKa. [lmaHupyeTcs oOCyOuUTh BOMPOCHI Pa3BUTHS W ITOIACPKKU
OTeYEeCTBEHHbBIX HCCIEAOBAaHUI, MyOJIUKALIM U ITperogaBaHusl MuKoJjioruu Ha 2013—2016 rr.

Te3ncwl 1 3a9BKM Ha HOKJIaabpl mpuHUMAaIOTcs 1o 15 monsa 2012 r. Ha agpec 2012@mycology.ru.

SHGKTpOHHaH perucTpaliud Y4aCTHHMKOB OecritatHast Ha caite Cwesna

http://www.mycology.ru/congress).

o ampecy:

Oprkomurer Cbe3na: 123104 Mocksa, Manasa bponnas yai., a. 20, crp. 1
Tenedon: 8 499 685 1167 E-mail: 2012@mycology.ru MurepHert: http://www.mycology.ru/congress

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Tom 48  Ne 4 2012



	Содержание №4 Microsoft Word
	стр 357-375
	стр 376-382
	стр 383-388
	стр 389-393
	стр 394-402
	стр 403-410
	стр 411-416
	стр 417-424
	стр 425-436
	стр 437-441
	стр 442-449
	стр 450-456
	стр 457-462
	стр 463-464


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


