202091457 Al

(19) EBpa3unckoe @) 202091457 13 Al
naTeHTHOeE
Be4OMCTBO
(12) ONMMCAHME NU3OBPETEHMS K EBPABUMCKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. CI12P 7/18 (2006.01)
2020.09.10 CI2P 7/06 (2006.01)
CI2P 7/42 (2006.01)
(22) Rara nopaum sasekm CI2P 7/46 (2006.01)
2018.12.19 CI2N 9/02 (2006.01)
CI2N 9/06 (2006.01)
CI2N 9/10 (2006.01)
CI2N 9/88 (2006.01)
(54) MUKPOOPTAHM3MbI U CIIOCOBbI /11 BUOJIOTMYECKOT'O ITPOU3BOJACTBA
STUJIEHIIMKOJIS
(31) 62/607,446; 62/683,454 (72) Wsobperarens:
(32) 2017.12.19; 2018.06.11 Kénke Muxean, Encen Pacmyc (US)
(33) US ,
(86) PCT/US2018/066619 (74) ;‘;fg":‘;”;z“b' unarona FLI
(87) WO 2019/126400 2019.06.27 pa LB, o
(71) 3 _ HosocenoBa C.B., [1anteneen A.C.,
aABUTENb: Ocunoe K.B. (RU)
JAHUATEK, MHK. (US)
(57) Hannoe n300peTeHre MpeliaraeT reHeTHYeCKH CKOHCTPYHUPOBaHHbIE MHKpPOOPTaHH3MbI U CIIOCOOBI

OMOJIOrMYECKOr0 IMPOM3BOJACTBA JTWICHITIUKONS W IPEKypCOpPOB ATWICHIIHKONL. B dwacTHOCTH,
MHUKPOOPTaHU3M COIJIACHO JAaHHOMY H300pETEHHIO TPOXYLIUPYET STHIICHIIMKONb WM IIPEKypcop
STHJICHIJIMKOJISL Yepe3 OIHO WK OoJIbliiee KOMUECTBO U3 cienyrouiero: 5,10-merunenterparuapodonar,
OKCaJIOALETaT, IIUTPAT, MaaT ¥ NIUIKH. JJaHHOe H300peTeHNe JOIOIHUTENBHO MTPEAIaracT KOMITO3UIINH,
coziepKallne STHICHIINKOJIb WM HOIUMEPHI STHIICHIINKOIIS, TAaKHe KaK MOJIMITHICHTepedTanar.

CO/CO,H,

IV  LSY16070C



10

15

20

25

30

35

MUKPOOPIAHU3MbI 1 CNOCOBbLI ANA BUOJOIrM4YECKOIO NPON3BOACTBA

QTUNEHINMUKONA
YPOBEHb TEXHUKHA
O6nacme mexHuKku
1 [aHHoe nsobpeTeHune OTHOCUTCA K reHeTn4ecKn MOANDULNPOBAHHBbIM

MUKPOOpraHuamam u cnocobam nonyyYeHus 3TUMNEHINMKONSA UM NPEeKYPCOPOB ITUMEHrNMKONS
NOCPeACTBOM  MUKPOOUMOMNorMdeckor  epMeHTaumM, B YacTHOCTW,  MOCPEenCTBOM

MUKpoBuonornyeckon hepmeHTaumm razoobpasHoro cyberpara.
OnucaHue podcmeeHHOU obnacmu MexHUKU

2 OTVNEHMUKONb, TakKe W3BECTHbIA Kak MOHo3TuneHrnukons (M3l), nmeer Tekywmn
ob6bem pbiHka 6onee yem 33 munnunapaa gonnapos CLUA, n 9BnaeTcs BaXKHbIM KOMMNOHEHTOM
OFPOMHOr0  MHOXECTBa MPOMbBILMNEHHbIX, MEAULUHCKMX W NOTpebutenbckmx TOBapOB.
OTWNEHIMUKONb B HAacTosilee BpPEMsS MPOU3BOAMTCA C  UCMNOMb3OBAHWEM MPOLECCOB
XUMNYECKOrO KaTanuaa, KoTopble TpebyoT 60MbLIOro KonmMyecTsa 3HEpPrum U BoAbl, MPOU3BOAAT
PS4 HexXenaTernbHbIX NOBOYHbIX MPOAYKTOB, U 3aBUCAT OT HEPTEXUMNYECKOTO Cbipbs. Cnpoc Ha
3KOSOMMYECKN YUCTble MaTepuanbl NPUBEN K HEKOTOPOMY TEXHONOrM4eckomy nporpeccy,
Hanpumep KaTanuTUYeCKOMy MPOU3BOACTBY 3ITWUIMEHIMUKONSA W3 3TaHona, MNOSlyYeHHOro us

caxapHOro TPOCTHUKA.

3 Mpekypcopbl 3TUMEHIMNKONA TakkKe SABNAKTCA KOMMEPYECKM LeHHbIMU. Hanpumep,
FMWKONST UCNONb3YeTCs ANS YXOA4a 3a KOXEW, NMUYHOW FMrmeHbl, oKkpalumBaHusi, AybneHuns n s
KauyeCTBE YUCTALLEro CcCpeactBa. [nuokcunar SBNSEeTCH MPOMEXKYTOYHbIM MPOAYKTOM ANS
BaHWNMHa, CENbCKOXO3SINCTBEHHbIX  XUMWUKaTOB, aHTMONOTMKOB, annaHTouHa n

KOMMI1eKCO0DPasyoLLMX areHToB.

4 OfgHakO WM3BECTHO, YTO HM OAWMH MUKPOOPraHmam He crnocobeH Buonornyecku
NpPOAYLMpPOBaThb 3TUMNEHITIMKONb, N HET XOPOLLO HanaXeHHOro NOMHOCTbIO BUONOrNYecKoro nyTu
NPOM3BOACTBA 3TUNEHrNMkonsa. Hekotopble BMonornyeckme nyTu K STUMEHITIMKOMIO U3 caxapos
6binn onucanel B nutepatype. Hanpumep, Alkim et al., Microb Cell Fact, 14: 127, 2015
NPOAEMOHCTPUPOBanNn npoayuuposaHme atunedHrnukonsa us (D)-kevnosbl B E. coli, HO
OTMETUNN, YTO ANA AOCTUKEHWS BbICOKMX BbIXOLOB HEOOXOAMMbI a3pobHble yCroBus.
AHanormyHeim obpasom, Pereira et al., Metab Eng, 34: 80-87, 2016, pobunuck
NpPOAYUMPOBaHUS 3TUMEHIMNKONS U3 NEeHTO3 B E. coli. Heckonbko wmccnefoBaHni no
NPOV3BOACTBY 3TUNEHITINKOMNSA U3 NEHTO3 Takke Obinun BbINOMHEHbI C S. cerevisiae, HO Nokasanu
npoTmBopeumBble pesynbtartbl. CmoTpute, Hanpumep, Uranukul et al., Metab Eng, 51: 20-31,
2018.
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5 depmeHTauns rasa npeacTaBnseT nyTb ANS NpeobpasoBaHns LUMPOKOro CriekTpa nerko
AOCTYMHbIX AELUEBbIX CbipbeBbIX Martepuanos C1, TakMx Kak NMpOMbILLNEHHbIE OTXOAbl rasos,
CUHTE3-ra3, Unn pedopMUPOBaHHbIA METaH B XMMUYECKUE NPOAYKTbI UK TONNMBO. MockonbKy
mMeTabonuam epmeHTaumum rasa 3HauuTenbHO OTNMYaeTcs OT meTabonuama depmeHTauum
caxapoB, UCMOMb30BaHNE BbILLEYNOMSIHYTbIX MyTEN SIBNSETCH HelenecoobpasHbiM, Tak Kak 3Tu
NyTU NoTpebyroT MOMyYeHUss MPEKYpPCOpPOB CaxapoB M3 rasa MOCPEeACTBOM [TIOKOHEOreHesa,
3HepreTMYeckM oTpuuaTtenbHoro npouecca. Ha cerogHsAWHWMI LeHb He cyllecTByeT cnocoba

NPOU3BOACTBA ITUMEHITMNKONS U3 razoobpasHblX CyOCTpaToB.

6 B wuccneposarenbckom usbickaHun Islam et al., Metab Eng, 41. 173-181, 2017
npeackasan COTHM TMNOTETUYECKUX MYTEW MONYyYEeHUst ITUMEHINIMKONSA U3 CUMHTE3-rasos B M.
thermoacetia C WCNONb30OBaHNEM WHCTPYMEHTOB XeMouHdopmatuki. OpHako jaxke Ans
KBanMpuUMpoOBaHHOro cneynanucta B AaHHOW 0OnacTh TEXHUKM SBNSETCSH HEBO3MOXHbIM
BHEAPUTb 3TU NYTU B OPraHnam, (PepMeHTUPYIOLLNIA ras, Tak Kak MHOrMe 13 nyTen HEBO3MOXHbI
n3-3a TEPMOAUHAMMYECKMX WM APYruxX orpaHmdeHun. Hanpumep, noutn 2000 peakyum,
3aBMCALYMX OT KMCMNOpOoAa, MMM KUCIOPOAOCOAEPXKALMX pagukanos, Obinv npesycMOTPeEHb!
Islam et al., 4TO sBNANOCL Obl HEBO3MOXHbIM B CTPOro aHaspobHom cucteme. EQVMHCTBEHHDbIE,
BbIsIBIEHHbIE Islam ef al. rmnotetMyeckme nyTvu, C W3BECTHbIMM peakuusimu, TpebyroT
FMIOKOHEeOreHe3a UNu 3TaHona B KadecTBe MPOMEXYTOYHOro coefuHeHus. CnejosaTenbHo,
ocTaetca nOoTpebHOCTb B MPOBEPEHHbIX, 3HEPreTUYECKU BbIFOAHbIX PEKOMOUHAHTHbIX
NPOAYLMPYIOLLMX CUCTEMAX, KOTOPbIE MOTYT MPOAYLMPOBAaTL BbICOKME BbIXOAbl 3TUMEHINIUKONS

N NPEKYPCOPOB STUMEHIMNKONS U3 razoobpasHbix cybcTparos.

CYWHOCTb N3OBPETEHNA

7 B npoTuBOMOCTaBMNEHNE BbILLEN3NOXKEHHOMY OOOCHOBaHWI AaHHOE U3obpeTeHne
npegnaraeT onpejerneHHble NPeumMyLlecTBa U LOCTUXKEHUS MO CPaBHEHMIO C W3BECTHbIM

YPOBHEM TEXHUKM.

8 XoTs aaHHOe M300peTeHne, packpbiToe B AAHHOM AOKYMEHTE, He OrpaHu4MBaeTcs
KOHKPETHbIMW MpenMyLlecTBaMmn UnvM  PYHKLMOHANbHBIMU  BO3MOXHOCTAMU, U300peTeHune
npegnaraeT reHeTU4eckn MOAUULMPOBaHHBIA MUKPOOPraHu3mM, CnocobHbI NpoAyLMpoBaTh

STUMNEHIMMKOMb UM NPEKYPCOP 3TUNEHINNKONS U3 razoobpasHoro cybcrpara.

9 B HekOoTOpbIX acnektax MWUKPOOpraHmsMa, packpbiTOoro B AaHHOM AOKYMEHTE,
MWKPOOPraHn3M NpPOAYLMPYET STUNEHINMKOMb UMW NPEKYPCOP 3TUMEHITIMKONSA Yepes OA4HO Unn
fonbLUee KONMMYECTBO MPOMEXKYTOUHbBIX COSAVHEHUN, BbIOPaHHbIX U3 TPYMMbl, COCTOSILLEN U3

5,10-meTuneHTeTParugpodonara, okcanoayerara, uurpara, Mmanata v rnmyuHa.

10 B HekoTOpbIX acnekrax MUKPOOPraHuama, pacKpbITOro B AaAHHOM [OKYMEHTE,

MUKPOOPraHn3M COAEPXWUT OAUH MNu Gonbluee KONMMYECTBO FeTepOoriorMyHbiX (PEepMEHTOB,
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CNocobHbIX MpeBpalyaTb OoKcanoaueTaT B LUTpaT, reteponornyHbiXx pepMeHTOB, CMOCOBHbIX
npeBpawartb MMUUMH B MIMOKCUNAT, reTeponornyHbiXx (EepMEHTOB, CroCObOHbIX MpeBpallaTtbh
nsoyuTpaT B rMMUOKCUNaT, N reTeponorMyHbiXx PepMeHTOB, CNOCOBHbIX NpeBpaLyaTb rMUKONAT B

rmukoanbierng.

11 B HekoTOpbIX acnekrax MUKPOOPraHuama, packpbiToro B AaHHOM  [OKYMEHTE,
reTepornornyHbli pepmMeHT, cnocobHbIM NpeBpallarb okcanoauetar B uutpar, npeacrasnser
cobon yutpat [Si]-cuHTasy [2.3.3.1], ATP-yutpar-cunHtasy [2.3.3.8]; nnm umtpat (Re)-cuHtasy
[2.3.3.3]; reTeponornyHbin  hepmMeHT, cnocobHbIM npeBpawiatb rMUUWMH B FAMOKCUNarT,
npeactaenseT cobor  anaHuH-rmuokcunar-tpaHcamuHasy [2.6.1.44], cepuH-rnuokcunar-
TpaHcamuHasy [2.6.1.45], cepuH-nupysar-TpaHcammnHasy [2.6.1.51], rnuumH-okcanoaueTar-
TpaHcamuHasy [2.6.1.35], rmuumH-TpaHcamuHasy [2.6.1.4], rnuumH-gerugporerHasy [1.4.1.10],
anaHvH-geruaporeHasy [1.4.1.1] wnu rnuuuH-gerngporeHasy [1.4.2.1]; reTeponornyHbIN
hepMeHT, CNOCOBHbIN NpeBpaLlaTh M30UUTPAT B FMUOKCUNaT, npeacrasnset cobon nsoyntpar-
nnasy [4.1.3.1]; w/wvnn reTeponornyHbin hepmMeHT, CnoCOBHbIM npeBpallatbh TMUKOMST B
rnukoanbaerna, npeacrasndet cobon rmukonbanbAernia-aernaporeHasy [1.2.1.21],
nakranbgerng-gernaporeHasy [1.2.1.22], cykumHat-nonyanbaerna-gerngporeHasy [1.2.1.24],
2,5-gnokcoBanepar-gerngporeHasy [1.2.1.26], anbaerna-gerngporeHasy [1.2.1.3/4/5], 6etauvn-

anbgerna-agerngporeHasy [1.2.1.8] unn anbaerna-dheppenokcnH-okengopeaykrasy [1.2.7.5].

12 B HekoTOpbIX acnekrax MUKPOOPraHuama, pacKpbITOro B AaHHOM [OKYMEHTe,
reTepornoruyHble epmMeHTbl nony4valoT K3 poaa, BbIOPaAHHOrO U3 rpynnbl, COCTOSILLEN W3:
Bacillus, Clostridium, Escherichia, Gluconobacter, = Hyphomicrobium, Lysinibacillus,
Paenibacillus, Pseudomonas, Sedimenticola, Sporosarcina, Streptomyces, Thermithiobacillus,
Thermotoga, n Zea.

13 B HEKOTOpbIX acnekTax MUKPOOPraHnamMa, PackpbiTOro B 4aHHOM LOKYMEHTE, O4WUH UMK
fonblLUee KONMUYECTBO reTEePONOrnyHbIX (HEPMEHTOB SBMNSAIOTCH KOAOH-OMNTUMU3UPOBAHHbIMM

ANA 9KCNPECCUM B MUKPOOPraHn3me.

14 B HeKkoTOpbIX acnekrax MUKPOOPraHuMama, pacKkpbITOro B AaHHOM  [OKYMEHTE,
MUKPOOPraHnsm AOMNOMHUTENBHO COAEPXKUT OAWH uUnun Oonbluee KONMMYECTBO U3 PEePMEHTA,
cnocobHoro npespawartb auetun-KoA B nupyBaT, epmeHTa, cnocobHOro npespawlatb
nupyBeaTt B okcanoauerar; depMeHTa, cnocobHOro npespaiarb NMpysaT B Manar, epMeHTa,
cnocobHOro npespawaTe nupysaT B hocdeHonnupysar; dpepmeHTa, cnocobHOro npespawlatb
okcanoauetat B uutpun-KoA; depmeHTta, cnocobHoro npespawartb uutpun-KoA B uyutpar;
dhepmeHTa, cnocobHOro npespallartb UATPaAT B aKOHUTAT U akoHUTAaT B U3ouuTpaT; PepMeHTa,
cnocobHoro npespawartb ¢ochoeHoNNMpyBaT B okcanoauertar; QepmeHTa, CcnocobHOoro
npespawatb ¢occoeHonnmpysat B 2-cocdo-D-rnuuyepar; depmeHTa, CnocobHOoro
npespawatb 2-chocdo-D-rnmyepatr B 3-pocho-D-rnuyepar; depmeHTa, CnocobHOro

npespawatb 3-goco-D-rmmyepar B  3-hbocoHookcunmnpyear; epmeHTa, CrnocobHoro
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4

npespawatb  3-pochoHookcunupysatr B 3-pocdho-L-cepuH; dhepmeHTa, CnocoBHOro
npespawatb 3-ocho-L-cepuH B cepuH; bepmeHTa, cnocobHOro npespawlartb CEPUH B MMULWH;
hepmeHTa, cnocobHoro npespawjate 5,10-meTuneHtTeTparngpoconar B rmyuumH; hepMeHTa,
CnocoBHOro npespaLlarb CEPUH B rMApPOKCUNUpYBaT; depmeHTa, cnocobHoro npespawate D-
rmvuyepar B rMApoKCUNUpyBar, dpepmeHTa, CnocobHOro npespalyarb Manar B rMUOKCUNaT,
depmeHTa, CnocobHOro npespawatb rNUOKCUNAT B TNWKONAT, EepMeHTa, CnocoBHoro
npespaiatb rapoKCUNUpyBaT B rnukoanbaerng; Wunm epmeHTta, cnocobHoro npespawjaTb

rmukoanbgerng B 3TUNEHMUKOnb.

15 B HeKkoTOpbIX acnekrax MUKPOOPraHuMama, pacKkpbITOro B Aa@HHOM  [OKYMEHTE,
MUKPOOPraHnU3M CBEPXIKCMPECCUPYET reTeponiornyHbid hepmeHT, cnocobHbIN npeBpallaTtb
okcanoauetar B UUTpar, reteponorndHbin pepmeHT, crnocobHbin npeBpawjatb rMUUUH B
rAWMOKCUNAT, WWNU TreTeponorMyHbIn  PepmMeHT, CnocobHbIN npeBpawatb [MWMKONSAT B

rmuKkoanbierng.

16 B HeKkoTOpbIX acnekrax MUKPOOPraHuama, pacKpbITOro B AaHHOM  [OKYMEHTE,
MUKPOOPraHmsMm CBEpPX3KCMPEeCcCcupyeT epmMeHT, CnocobHbIM npespawarb nvpyeBaT B
okcanoauertar, EpMeHT, CrnocobHbIN npeBpawjatb UATPaT B akOHWTaAT W aKOHUTAaT B
nsoyuTpat, ¢epmeHT, ChocobHbIM npeBpawaTb GochoeHoNNMpyBaT B OkcanoaueTar,
hepMeHT, CrnocobHbIN npeBpawaTbCa CEPUH B MMULUUH, hepMeHT, cnocobHbin npeBpallaTtb
5,10-meTunenTeTparugpoconar B rmMuumH, dEPMeEHT, CNOoCOoBHbIN NpeBpalaTb FMUoKcunar B

FMVKONAT; W/nu doepMeHT, CrocobHbIV NpeBpaLyaTthb rmukoanbaerng B STUMNEHrUKONb.

17 B HekoTOpbIX acnekrax MUKPOOPraHu3ma, pacKpbITOro B [AaHHOM JOKYMEHTE,
MWKPOOPraHn3M COAEPXKWT HapyLLaoLWylo MyTauuilo B OAHOM unu Oonbluem KonmnyecTse
hepmMeHTOB, BbIOpaHHbIX M3 rPYMMbl, COCTOSLLEN W3. uU3ouuTpaT-gernaporeHasbl, rnvyepar-
AernaporeHasbl, MUKONAT-AErMaporeHasbl, anbaerng-eppesokCnH-oKCL0peaAYKTasbl, U

anbaerna-aernaporeHassbi.

18 B HEKOTOpLIX acnekTax MUKPOOPraHnama, PackpbITOro B 4aHHOM AOKYMEHTE, yKasaHHbIN
MUKPOOPraHuaM SIBMSIETCS NpeacTaBuUTENEeM poaa, BbIOpaHHOrO M3 rpynnbl, COCTOSALLEN WU3:
Acetobacterium, Alkalibaculum, Blautia, Butyribacterium, Clostridium, Eubacterium, Moorella,

Oxobacter, Sporomusa, n Thermoanaerobacter.

19 B HEKOTOpPbIX acnekTax MMUKPOOPraHu3mMa, PackpbITOro B AAHHOM AOKYMEHTE, yKa3aHHbIN
MWKPOOPraHm3M MOfy4alT U3  UCXOAHOrO MUKPOOPraHusma, BbIOpPaHHOrO U3  rpynnbl,
cocrosien ns: Acetobacterium woodii, Alkalibaculum bacchii, Blautia producta, Butyribacterium
methylotrophicum,  Clostridium aceticum, Clostridium autoethanogenum,  Clostridium
carboxidivorans, Clostridium coskatii, Clostridium drakei, Clostridium formicoaceticum,
Clostridium ljungdahlii, Clostridium magnum, Clostridium ragsdalei, Clostridium scatologenes,

Eubacterium limosum, Moorella thermautotrophica, Moorella thermoacetica, Oxobacter
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pfennigii, ~Sporomusa ovata, Sporomusa Silvacetica, Sporomusa sphaeroides, Wu

Thermoanaerobacter kiuvi.

20 B HEKOTOPbIX acnekTax MUKPOOPraHuamMa, PackpbIiTOro B AaHHOM AOKYMEHTE, yKa3aHHbIN
MUKPOOPraHuaM nony4varT M3 ucxogHon Gaktepumn, BbIOPaHHOW U3 rpynnbl, COCTOSLLEN WU3:

Clostridium autoethanogenum, Clostridium ljungdahlii, v Clostridium ragsdalei.

21 B HekoTOpbIX acnekrax MUKPOOPraHuama, pacKkpbiTOro B AaHHOM  [OKYMEHTE,

MUKPOOPraHn3M COAEPXKUT HaTUBHbIA UMW reTeponornyHbii NyTb Byaa-JibloHraana.

22 B HekoTOpbIX acnekrax MUKPOOPraHuMama, packpbITOro B Aa@HHOM [OKYMEHTE,
MUKPOOPraHusm NpoAyUMPYET rAvoKkcunaT WnNu - MUKONAT B KavyecTBe  Mpekypcopa

STUNEeHMnKOnN4.

23 N306peTeHre aononHUTenbHO npegnaraet crnoco® NonyyvyeHust 3TUNEHITUKONS WK
npekypcopa STUMEHINMKONS, BKMoYalowmuin B cebs  KynbTUBMPOBAHME MUKPOOPraHu3ma,
PacKpbITOro B AaHHOM AOKYMEHTE, B NuTaTenbHOW cpeae W B NPUCYTCTBUM cybceTparta, B
pesynbTarte 4Yero MUKPOOpraHuam  npoayuuvpyeT  3TUMEHINUKONb  MNU  MpeKkypcop

STUNEeHMunKon4.

24 B HekoTOpbIx acnektax cnocoba, packpbITOro B 4aHHOM AOKYMEHTE, CyOCTpaT CoaepKuT

oaWH unn 6onbluero konuyectso u3 CO, CO, n H..

25 B HekoTopbIx acnektax cnocoba, packpbITOro B 4aHHOM AOKYMEHTE, MO MEHbLUEN Mepe,
yactb cybctpata npeacrasnser cobon  rasoobpasHble  MPOMbILMNEHHBIE  OTXOAbI,

NPOMBbILUMNEHHbIN OTPabOoTaHHbIN ras, UM CUHTE3-ras.

26 B HekoTopbIx acnektax cnocoba, packpbiTOro B AaHHOM LOKYMEHTE, MUKPOOPraHWU3M

NPOAYLUMPYET MMUOKCUNAT MW IMUKONAT B KAYECTBE NPEKYPCOPOB 3TUMNEHTTINKONS.

27 B HekoTopbiX acnektax cnocoba, packpbITOro B AaHHOM JOKYMEHTe, Cnocob
AOMOMHUTENBHO BKNOYaeT B cebs oTaeneHne STUNEHrMMKONa UM Npekypcopa 3TUNEHrNnKons

OT NUTaTENbHON Cpeabl.

28 B HekoTOpbIx acnektax cnocoba, packpbiTOro B AaHHOM LOKYMEHTE, MUKPOOPraHu3Mm
AOMOMHUTENBHO NPOAYUMPYET O4HO unu 6onbliee KONMYECTBO n3: aTaHona, 2,3-6ytaHguona v

cyKUyMHaTa.

29 N300peTeHmne AONONMHUTENBHO NpeanaraeT KOMNO3NLUIo, CoaepKaLlyo STUNEHIMNKONb,
MOMyYEeHHbIN CnocobomM, OnMCaHHbiIM B JaHHOM [OKYMEHTEe. B HeKOTOpbIX acnekrax,
KOMMO3uUua npeacrasnser cobon aHTUPU3, KOHCEPBaHT, AErvapaTUpYoLWMA areHT unu

OypoBOWM pacTeop.

30 N300peTeHne AOMOMHUTENBHO npeanaraeT nonvMmep, COAEPXaWMn STUMEHIMUKOND,

MONYY€HHbIA CNOCOBOM, ONMUCAHHLIM B JAHHOM JOKYMEHTE. B HEeKOTOpbIX acrnekrax, nonvmMep
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npegcrasnsetT cobol romononumep unu cononumep. B HekoTopbix acnektax, nonvmep

npegcrasnseT cobon NONUITUNEHINNKONb UMK NONNITUNEHTepedTanar.

31 N300peTeHne [OMNOMHUTENBHO npeanaraeT KOMMO3ULUIO, COoAepXallyro nonumep,
OMUCaHHbIN B AAHHOM AOKyMEHTe. B HeKOTOpbIX acnekrax, KoMmnos3vyua npeacrasnseT coboun

BOJTOKHO, CMOnYy, NNeHKY Unn nnacTtuk.

32 3TV n gpyrue npusHaku 1 npenmyLiectsa gaHHoro nsobpetenns 6yayt 6onee noHSATHbI
M3  HKEU3MNOXKEHHOro noApPOOHOrO OMUCaHWUsl, pPacCMaTpyMBaeMoro B COBOKYMHOCTU C
npuvnaraemon opmyrnon wusobpeteHua. Cnegyet OTMETUTH, 4YTO o0b6bem OpMynbl
N300peTEHNs onpeaenseTca MNPUBEAEHHLIMU B HeW (OPMYNMPOBKAMU, @ HE KOHKPETHbIM

pPaccMOTPEeHNEM NPU3HAKOB U NPEMMYLLECTB, U3NOXEHHBIX B JAHHOM OMNUCaHUU.

KPATKOE ONMUCAHUE MTPPA®GUNYECKUX MATEPUATIOB

33 Cnepytouwlee nogpobHoe onucaHne BapuvaHTOB OCYLLECTBMEHUS AaHHOro nM3obpeTeHus
MOXET OblTb Nny4dlle MOHATO NPW MNPOYMTEHUN BMECTE CO CRNEAYIOWUMN  rpadryeckumm
marepuanamu, rae oauHakoBasi CTPyKTypa obo3HaveHa O4MHaKOBbIMU CCbINTOYHbIMM Ludbpamm

N B KOTOPbIX:

34 dur. 1 npeacraBnsaeT coboM CXemy, MOKa3bIBAOLLYIO MYTU MOMYYEHUST 3TUNEHITNKONS,

rnukonsTa u rmmokeunara us razoobpasHoro cybcerpara, cogepxawyero CO, CO, u/vnn H,.

35 dur. 2A-2E npeacrasnaioT cobon kapTbl Nnasmug, Ucnonb3oBaHHbIX B NMpumepax 1-4.
dur. 2A - kapTa YyenHo4yHoro sekropa akcnpeccum plPL12, kak onucaHo B MNpumepe 1. dur. 2B
npeacrasnaer cobon kapty nnasmuabl pMEGO042, koTopasa coaepxut uutpat-cuHtasy B.
subtilis, nsouyntpat-nuasy E.coli n rnukonbansgerng-gernaporeHasy G. oxydans, kak onvcaHo B
Mpumepe 1. dur. 2C npeacrasnseT cobon kapty nnasmuabl pPMEGO058, koTopas coaepxut
anaHuwH-rIMokcunaT amuHotpaHcdepasy S. thiotaurini w  anbaerva-gerngporeHasy P
fluorescens, kak onucaHo B [Mpumepe 2. dur. 2D npeacraBndetr cobon KapTy nnasmMuabl
PMEGO59, koTopas COAEPXUT anaHuH-rnuokcunar ammHoTpaHcdepady S. thiotaurini w
anbgerna-gerngporeHasy G. oxydans, kak onucaHo B [lMpumepe 3. dur. 2E npeacrasnser
cobon kapty nnasmuabl pMEGO61, koTtopas coaepxuT amuHoTpaHcdepasy knacca V C.

acidurici n anbaerng-gernaporeHasy P. fluorescens, kak onucaHo B Npumepe 4.

36 dur. 3A pgemoHCTpupyeT YpoBHM 6Ouomaccel (r cyxonm maccel knetok/n) C.
autoethanogenum, akcnpeccupyowen pMEGO042 (knoHbl 1-3) unu C. autoethanogenum,
cogepxawen nyctoM BekTop (oTpuuartenbHbll  KOHTpoOnb). dur. 3B geMOHCTpupyeT
3TUNEHIMUKONb, NPOAYUUPYEMbIN C TedeHnem BpemeHu B C. autoethanogenum, pacTywien
aBTOTPO(PHO M Hecywen BekTop akcnpeccun pMEGO042, no cpaeBHeHWMO C oTpuuyaTteribHbIM

KOHTponem (nycrton Bektop). dur. 3C 4EeMOHCTPUPYET FIIMKONAT, NPOAYLMPYEMbIN C TEYEHUEM
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BpemeHn B C. autoethanogenum, pacTywlen aBTOTPOPHO U HECyLUEW BEKTOP 3IKCNpeccuu

PMEGO042. CmoTpuTe MNpumep 1.

37 dur. 4A pgemoHCTpUpyeT YpoBHM Ouomaccel (r cyxom maccel knetok/n) C.
autoethanogenum, akcnpeccupyowen pMEGO58 (knoHbl 1-2) unu C. autoethanogenum,
cogepxawlenm nyctom BekTop (oTpuuaTtenbHbil  KOHTponb). dur. 4B gemoHcTpupyet
S3TUNEHIMUKONb, NPOAYUMPYEMbIN C TedeHnem BpemeHu B C. autoethanogenum, pacTywien
aBTOTPOPHO M Hecywen BekTop akcnpeccun pMEGO058, no cpaBHeHWMO C oTpuyaTtenbHbIM

KOHTponem (nycrton sektop). CmoTpute MNpumep 2.

38 dur. 5A pgemoHCTpupyeT YpoBHM 6Guomaccel (r cyxom maccel knetok/n) C.
autoethanogenum, akcnpeccupyowen pMEGO59 (knoHbl 1-3) unu C. autoethanogenum,
cogepxawen nyctoMm BekTop (oTpuuartenbHbll  KOHTpomnb). dur. 5B  gemoHCTpupyeT
STUNEHIMUKONb, NPOAYUUPYEMbIN C TedeHnem BpemeHu B C. autoethanogenum, pacTywiewn
aBTOTPOPHO M Hecywen BekTop 3kcnpeccun pMEGO059, no cpasBHeHWMO € oTpuyarernbHbIM

KOHTponem (nycrown sektop). CmoTpute MNpumep 3.

39 dur. 6A pgemoHCTpupyeT YpoBHM 6Ouomaccel (r cyxonm maccel knetok/n) C.
autoethanogenum, akcnpeccupyowen pMEGO61 (knoH 1) wnu C. autoethanogenum,
cogepxawen nyctoM BekTop (oTpuuartenbHbll  KOHTPOnb). dur. 6B  pemoHCTpupyeT
STUNEHIMUKONb, NPOAYUUPYEMbIN C TedeHnem BpemeHu B C. autoethanogenum, pacTywien
aBTOTPOPHO M Hecywien BekTop akcnpeccun pMEGO061, no cpaeBHeHWMO C oTpuuyaTteribHbIM

KOHTponem (nycron sektop). CmoTpute MNpumep 4.

noaPOBHOE OMUCAHUE CYLUHOCTU M3OBPETEHUA

40 [aHHoe un3obpeTeHne npepnaraeT  MUKPOOPraHmambl  Anst  OMONOrmyeckoro
NPOuU3BOACTBA 3TUNEHrNMKoNsA. «MUKpOOpraHnamy» npeacTaBnseT cobon MUKPOCKOMUYECKUIA
OpraHmn3Mm, B YacTHOCTW, BakTepuio, apxero, BUpYC nnm rpnbok. B npeanodtuTensHOM BapuaHTe
OCYLLECTBMNEHUS, MUKPOOPraHM3mM COrMacHO AaHHOMY MW30BpPETEHUIO npeacTaBnsaeT cobon

BakTepuio.

41 [MoppasymeBaeTcs, YTO TEPMUH «HE BCTPEYAOWMACA B NpUpoae» NpyU NPUMEHEHUN B
OTHOLLUEHUN MMKPOOPraHn3ma O3Ha4aeT, YTO YKa3aHHbI MUKPOOPraHM3M UMEET MO MeEHbLUEN
Mepe OAHY TFEHETUYECKYID MOAUMDUKALMIO, HE BCTPEeYaloylocs B MNPUPOAHOM  LUTaMMe
NEepPEYNCIIEHHbIX BMAOB, B TOM 4YWCMe B LUTAaMMax AWKOro Tuna nepedqncrieHHbiX Buaos. He
BCTpEYaoLmecs B NPUPOAE MUKPOOPraHM3Mbl, Kak npasvno, paspabarbiBaloT B naboparopum
WNn unccneposaTtenbCkoM LUeHTpe. MukpoopraHmam CornacHoO AaHHOMY W300PETEHUIO He

BCTPEYaeTCs B MPUPOLE.
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42 TepMuHbl «reHeTuveckas Moaudukaunsa», «reHeTUHEeCKOe U3MEHEHME» UMW «reHHas
WHXEHEpMa» B LUMPOKOM CMbICME OTHOCATCA K MaHWUMYNUPOBaAHUIO TEHOMOM  UMnu
HYKNENHOBBLIMW KUCNOTaMW MUKPOOPraHusma pykamu 4yenoseka. AHanornvHbiM obpasom,
TEPMUHbI «TEHETMYECKM MOANDULMPOBAHHBINY, «TE€HETUHMECKM W3MEHEHHbINY WINN «TEHHO-
WHXEHEPHbIN»  OTHOCATCA K  MUKPOOPraHumsmy, coepaljemy Takue reHeTudeckme
MoANUKALMN, TEHETUYECKME U3MEHEHUS UMNN FTE€HHO-UHXEHEPHbIE 3NEMEHTbI. 3TN TEPMUHbI
MOXHO MCMOnb3oBaTh ANSA AnddepeHymayum nony4eHHoro B naboparopum MMKpoopraHusma
OT MUKpOOpraHuama, BcTpevarowerocs B npupoge. Cnocobbl reHeTu4eckon mogudukayum
BKIHOYaloT B ce05, Hanpumep, 3KCNPEeCcCuIo reTeponorMyHoro reHa, BCTaBky Unn Aeneyumio reHa
WNU NPOMOTOPA, MYTaUMIO HYKNEWHOBOW KWUCIMOTbI, WU3MEHEHHYK 3KCNPEecCUd reHa wunu
NHaKTUBaUMIO, PEPMEHTHYIO WHXEHEPUIO, HanpasfieHHYK 3BOMOLUUIO, KOHCTPYMPOBaHME Ha
OCHOBE CYLLECTBYHOLUMX 3HAHUWA, CNOCOObI CAy4YaMHOro MyTareHesa, FeHHyK MNepeTacoBKy U
ONTUMM3aUMIO  KOAOHOB. MWUKPOOPraHmsmbl COrfacHO AaHHOMY W300PETEeHn0 SBNSKOTCS

reHeTn4eCkn CKOHCTPYNPOBaHHbIMU.

43 «PeKkOMBMHaHTHBINY O3HA4YaeT, YTO HyKNeunHoBas KMCNoTa, 6enok UnM MMKpOOpPraHmMam
ABNAESTCH NPOAYKTOM reHeTMYeCKon Mogndukaumm, nHXeHepumn nnn pekombunHaymn. B yenom,
TEPMUH «PEKOMOMHAHTHBIN» OTHOCUTCS K HYKNEMHOBOW KUCRoTe, 6enky nnm MmkpoopraHusmy,
KOTOPbIA COAEPXUT UMW KOAMPYETCA reHETUYECKUM MaTtepuanom, nomnyyYeHHbIM U3 MHOXeECTBa
WCTOYHUKOB, Hanpumep ABYX uUnu OonblUero Konuyectsa pasfuyHbIX LUTAaMMOB WNW BUAOB
MUKpOOpPraHnamoB. MukpoopraHusmbl COrnacHoO JaHHOMY W30OpPETeHU0 B LErioM SBMSIOTCS

PEKOMBUHAHTHBIMM.

44 «nkmn  TUN»  OTHOCUTCA K OObIMHOW (bOpMEe OpraHusma, LTamma, reHa Wunm

XapaKkTePUCTUKK, KaK OHW BCTPEYaloTCa B NPMpoAe, B OTNYME OT MYTAHTHbIX UM BAPUAHTHbIX
dopm.

45 «OHA,0reHHbIN» OTHOCUTCS K HYKNEMHOBOMW KUCMNOTE Unu 6enky, KOTOpbIA NPUCYTCTBYET
UM 3KCMPECCHpYeTCsl B MUKPOOPraHM3Me AWKOro Tuna UMM UCXOAHOM MUKPOOPraHusme, u3
KOTOPOro Nony4aroT MUKPOOPraHn3M COrnacHO AaHHOM M300peTeHunto. Hanpumep, 3H4OreHHbIN
reH npeacraBnsieT cobon reH, KOTOPbIN HATMBHO MPUCYTCTBYET B MUKPOOPraHM3Me AUKOro Tuna
WM UCXOAHOM MUKPOOPraHU3Me, U3 KOTOPOro MOfyyatoT MUKPOOPraHU3M COrfliacHO AaHHOMY
n3obpeTeHnto. B ogHOM BapuaHTE OCYLLECTBMNEHUS, IKCMPECCUIO 3HAOMEHHOTO reHa MOXHO
KOHTPONMMPOBaTb C MOMOLLbIO 3K30r€HHOro PEryrnsiTOpHOro 3MeMEHTa, HanpyuMep, 3K30reHHOro

npomoTopa.

46 «OK30Tr€HHbIN» OTHOCUTCS K HYKITEMHOBOW KNCIOTE Unu BenKy, KOTOPbIA MPOUCXOANT U3
BHE MWKPOOpPraHM3ma COrfacHo JaHHOMY M300peTeHuto. Hanpumep, 3K30reHHbI FreH wunm
depmeHT MoxeT ObiTb CO34aH WCKYCCTBEHHO WNW PEKOMOMHAHTHO, W BBEAEH B WK
3KCNPEeccupoBaH B MUKPOOPraHM3me COrfacHo JaHHOMY M300peTeHUo. OK30reHHbIW reH unu

cpepmeHT TaKke MOXET ObITb BblAENeH 13 reTeponorm4yHoro MmkpoopraHmama, 1 BBe€eH B U
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3KCMPECCUMpPOBaH B  MUKPOOPraHuM3Me COrMacHO [AaHHOMY M300peTeHuo. OK30reHHble
HYKMEWHOBbLIE KMUCMOTbI MOTYT GbiTb a4anTUpPOBaHbl 4NA UHTErpauum B reHOM MUKPOOPraHuama
COrNacHo AaHHOMY M300PETEHWUIO, UMK AN COXPaHEeHWS B BHEXPOMOCOMHOM COCTOSHUM B

MUKPOOPraHn3me COornacHo JaHHOMY U306peTeHuto, Hanpumep, B NnasMmuae.

47 «eTeponornyHbIn» OTHOCUTCA K HYKIEMHOBOM KUCROTe wunu  6enky, KOTOpbln
OTCYTCTBYET B MWKPOOPraHu3Me AUKOro TUna Mnum UCXOAHOM MUKPOOPraHmsme, 13 KOTOoporo
Nony4arT MUKPOOPraHn3M COrmacHo JaHHOMY n3obpeTeHnto. Hanpumep, reTeponornyHbIn rexH
nUnn PePMEHT MOXET ObITb MOMYYEH U3 OTNUYAIOLLErOCs LUTamMMa UM BUAOB, U BBEAEH B UM
3KCMPECCUpPOBaH B MMKPOOPraHM3Me COrnacHo AaHHOMY M300peTeHuto. [eTeponornyHbIn reH
unn PepmMeHT MOXeT ObiTb BBEAEH WM 3IKCMPECCMPOBaH B MWUKPOOPraHW3Me COrnacHo
AaHHOMY Mn3obpeTeHnto B TOM popme, B KOTOPOW OH BCTPEYaAETCHA B PasHbIX LUTaMMax Win
BMaax. B anbTepHaTMBHOM BapuaHTe, reTeponornyHbIn reH unu EPMEHT MOXET ObiTb
MOANDULMPBOAH KakMM-nNnbGo obpasom, Hampumep, MyTeM ONTMMM3auMM €ro KOAOHOB ANis
3KCMpeccMn B  MWUKPOOPraHmsMe COrMacHO JAaHHOMY M300pEeTeHMIO WM NyTeM  €ro
KOHCTPYMPOBaHUS ANs M3MEHEHUs YHKUMW, Hanpumep Ansi M3MEHEHUs HanpaBneHus

aKTUBHOCTW hepMeHTa U U3MEHEHUS CyBCTpaTHOW CneLnduyHOCTU.

48 B yacTHOCTM, reTeponormyHas HyknemHoBasi KucrnoTta unu 6enok, 3kCnpeccupyembiin B
MUKPOOPraHu3mMe, OMUCaHHOM B AaHHOM JOKyMeHTe, MoxeT ObiTb nonyydeH us Bacillus,
Clostridium, Escherichia, Gluconobacter, Hyphomicrobium, Lysinibacillus, Paenibacillus,
Pseudomonas, Sedimenticola, Sporosarcina, Streptomyces, Thermithiobacillus, Thermotoga,
Zea, Klebsiella, Mycobacterium, Salmonella, Mycobacteroides, Staphylococcus, Burkholderia,
Listeria, Acinetobacter, Shigella, Neisseria, Bordetella, Streptococcus, Enterobacter, Vibrio,
Legionella, Xanthomonas, Serratia, Cronobacter, Cupriavidus, Helicobacter, Yersinia,
Cutibacterium, Francisella, Pectobacterium, Arcobacter, Lactobacillus, Shewanella, Erwinia,
Sulfurospirillum, Peptococcaceae, Thermococcus, Saccharomyces, Pyrococcus, Glycine,
Homo, Ralstonia, Brevibacterium, Methylobacterium, Geobacillus, bos, gallus, Anaerococcus,
Xenopus, Amblyrhynchus, rattus, mus, sus, Rhodococcus, Rhizobium, Megasphaera,
Mesorhizobium, Peptococcus, Agrobacterium, Campylobacter, Acetobacterium, Alkalibaculum,
Blautia, Butyribacterium, Eubacterium, Moorella, Oxobacter, Sporomusa, Thermoanaerobacter,
Schizosaccharomyces, Paenibacillus, Fictibacillus, Lysinibacillus, Ormithinibacillus, Halobacillus,
Kurthia, Lentibacillus, Anoxybacillus, Solibacillus, Virgibacillus, Alicyclobacillus, Sporosarcina,
Salimicrobium, Sporosarcina, Planococcus, Corynebacterium, Thermaerobacter, Sulfobacillus,

nnn Symbiobacterium.

49 TepMUHbl  «MOMUHYKNEOTUA», «HYKNEOTUA», «HYKNEOTUAHas NOCHen0oBaTenbHOCTLY,
HYKMNEMHOBAs KUCMOTa» W  «OSNIMFOHYKNEOTMA» MWCMOMb3yloTCa B3anmMo3ameHsemo. OHu
OTHOCSITCS K NMONUMEPHOM POpPME HYKNEeoTUA0B MoBON ANVHBI, Kak 4e30KCUPNOOHYKNEOTUA OB,

Tak u puboHYyKNeoTMaoB, NGO Wx aHanoroB. [lonMHyKNeoTUAbl MOryT WMETb nNobyio
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TPEXMEPHYIO CTPYKTYPY, WU MOTYT BbINOSMHATb NMOOYI0 OYHKLUIO, U3BECTHYIO UMN HEU3BECTHY!IO.
Hwke npvBeaeHbl HeorpaHvdMBaloLMe MPUMEPbI MOSMMHYKNEOTUAO0B. KOAUPYIOLME UK
Hekoaupylowmne obnactnm reHa unu parmeHTa reHa, fnokKycbl (NOKYC), OnpeAeneHHble npu
aHanuse cuenrieHnd, 3K30Hbl, WHTPOHbI, maTtpuyHas PHK (MPHK), TtpaHcnoptHaa PHK,
pubocomansHaa PHK, kopoTkasa uHtepdepupytowjas PHK (knPHK), kopoTtkas wnuneyHas PHK
(kwPHK), mukpo-PHK (MuPHK), pubosmmbl, kOHK, pekomOUHaHTHblE MNOMUHYKNEOTUAbI,
pasBeTBMEHHbIE MNOMUHYKNEOTUAbI, NNasMuabl, BEKTOpbl, BbigeneHHas [OHK c¢ niobon
nocnefoBaTenbHOCTLIO, BbigeneHHas PHK ¢ niobon nocnepoBaTenbHOCTbIO, HYKNEOTUAHbIE
30HAbI M npaumepbl. [MONUHYKNEOTMA MOXET cogep)aTb OAMH unn Gonbllee KONM4YecTBo
MOANPULNPOBAHHBIX HYKNEOTUAOB, HaNpPUMepP, METUNMUPOBAHHbLIX HYKNEOTUAOB UMW aHanoros
HykneoTuaos. Mogudunkaumm HykneoTUAHOM CTPYKTYPbI (MPY UX HANUYMN) MOXXHO BHELPUTL 4O
unn nocrie cbopkn nonumepa. HykneoTuaHylo NOCNEeAOBaTENbHOCTE MOXHO NpepbiBaTh
HEHYKNEOTUAHBbIMU KOMNOHEHTaMU. [MONUHYKNEOTMS MOXHO LOMOMHUTENBHO MOAUDULMPOBATH

nocrne nonvMepusaumu, Hanpumep, NyTem KOHbIOMMPOBaHWS C METSLLMM KOMIMOHEHTOM.

50 Kak npumeHsaeTcss B AaHHOM JOKYMEHTE, «3IKCMpPeccusi» OTHOCUTCH K npoueccy,
NOCPEACTBOM KOTOPOro MNONMUHYKNEOTUA TpaHckpubupyetca ¢ OHK-matpuybl (Hanpumep, B
MPHK wvnn  gpyron PHK-TpaHckpunT) w/vnn  npoueccy, nOCPeACTBOM  KOTOPOro
TpaHckpubuposaHHas MPHK BnocneactBum TpaHCcnupyeTca B NenTUAbl, NONUMNenTuabl, Unm
6enkun. TpaHCKpUNTbl U 3aKOAMPOBaHHbIE NonuNenTuabl MOryT ObiTb COBOKYNMHOCTU Ha3blBaHbI

«T€HHbIMM NPOAYKTaMMY.

51 TepMuHbl «nonunenTua», «NentTug» 1M «6enok» UCnomnb3yTCa B 4AHHOM AOKYMEHTE
B3aMMO3aMeHSAEMO Ansi 0003HAYEHUA aMUHOKUCNOTHBLIX MONMMEPOB Mobon ANUHbL. Monumep
MOXET ObITb NMHEWHbIM UMW Pa3BETBIIEHHbIM, OH MOXET COAepXaTb MOAUMDULNPOBAHHbLIE
aMUHOKUCNOTbI, W OH  MOXET TMPEepbIBaTbCA  COEAUHEHUSMKW, He  ABNALUMUCS
aMUHOKMUCNOTaMU. 3TN TEPMMHbI TaKXKEe OXBaTbIBAIOT aMUHOKUCIIOTHBIW NONMMEP KOTOPbIA Obls
MoamncnymnpoBaH; Hanpumep, obpasoBaHnem AUCynbOUAHON CBSA3K, MUKO3UNTMPOBAHNEM,
nMnnaupoBaHMeM,  auetTunupoBaHumem,  docdopunuposaHnem  unu - nobon  apyrom
MaHuUnNynsayuen, Hanpumep, KOHLIMMPOBaHNEM C METSLLMM KOMMOHEHTOM. Kak npuMeHsieTca B
LAHHOM [OKYMEHTE, TEePMUH «aMWHOKUCMOTa» BKMO4YaeT B cebs npupoaHbie Wunm He
BCTPEYaoLMECs B NPUPOLE UM CUHTETUYECKNE aMUHOKUCIIOTLI, B TOM YnCne rmuuuH 1 D- nnu

L-onTnyeckne N30OMEPDbI, a TaKkXKe aHanorn aMmmMHOKMUCNOT U NenTUAOMUMETUKI.

52 «dPepmMeHTaTMBHad aKkTUBHOCTb» WNU MPOCTO «aKTUBHOCTb» B LUMPOKOM CMbICNE
OTHOCUTCA K (PEPMEHTATMBHOW aKTUBHOCTW, BKMKOYaA aKTUBHOCTb (PepMeHTa, KONMM4YecTBo
depmeHTa uUnn JOCTYNHOCTb (PepMeHTa, HeobxOoAMMOro Ans Katanusa peakumm, HO He
OorpaHM4mMBasCb Nuwb 3TUMU. COOTBETCTBEHHO, KyBENUYEHUEe» hepMEeHTaTMBHOW aKTMBHOCTU
BKIIOYaeT B ceb5a yBennyeHne akTUBHOCTU DepMeEHTa, YBENMYEHE KoNu4ecTaa pepmeHTa unu

NOBbILLUEHNE JOCTYMHOCTM hepMeHTa, HeOOXOAUMOro Ansi Katanmsa peakuyumu. AHanorvyHbIM
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o6pasoM, «yMEHbLUEHNE» (PEPMEHTATUBHOW aKTMBHOCTM BKIIOYaeT B Ce0sl yMEHbLUEHME
AKTUBHOCTN (PEPMEHTA, YMEHbLUEHNE KOoNMyecTBa (PepmMeHTa UM yMEHbLUEHNE AOCTYMHOCTU

hepmeHTa, HE0BXOAMMOro ANS KaTanusa peakyum.

53 «MyTUpOBaHHbIA» OTHOCUTCS K HYKITEMHOBOW KUCNOTE Unn Benky, MoanunumnpoBaHHbIM
B MMWKPOOPraHuame COrmacHo AaHHOMY W300pPETEeHU0 MO CPaBHEHUD C MUKPOOPraHU3mMoM
AWKOrO TUNA WM UCXOAHBIM MUKPOOPTraHU3MOM, OT KOTOPOro MPOUCXOAUT MUKPOOPraHu3m
COrnacHo JaHHoMy un300peTeHntio. B ogHOM BapuaHTe OCYLEeCTBNEHUs, MyTauusi MOXET
npeacTaenaTb COOOMN Aeneuunto, MHCEPLUIO UNN 3aMeHy B reHe, kogupyowem depmeHT. B ewe
OLHOM BapuaHTe OCYLLECTBNEHUs, MyTaums MOXET npeacTaBnaTb cobon geneymio, MHcepLuto

UK 3aMeHy OAHOM 1Ny BoMbLUEro KONMYECTBa aMUHOKUCTIOT B (hePMEHTE.

54 «McxogHBIN MMKPOOPraHu3aM» npeacTaBnsieT cobOM MUKPOOPraHM3M, WUCMOMb3YEMbIN
ANS  MOMyYEHUS  MUMKPOOPraHuama  COrnacHO  AaHHOMY  M300peTeHuto.  McxogHbIn
MWKPOOPraHn3M MOXET SIBNSTbCA MPUPOAHLIM MUKPOOPraHM3Mom (T. €. MUKPOOPraHU3MOM
AVIKOrO TMNA) UMK NpeaBapUTENbHO MOANULMPOBAHHBIM MUKPOOPTraHU3MOM (T. €. MyTaHTHbIM
NN PEKOMOVHAHTHBIM MUKPOOPraHM3MomM). MUKpOOpraHnsam CornacHo faHHOMY U300pEeTeHuio
MOXET OblTb MOAMPUUMPOBAH C LEMbK 3KCMPECCUMU MMM CBEPXIKCMPECCUMM OAHOIO UNn
Bonbliero konuMyectBa (PEPMEHTOB, HE 3IKCMPECCUPYEMbBIX WM CBEPXIKCMPECCUPYEMbIX B
NUCXO4HOM MuKpoopraHuame. [logobHbim 0Opasom MUKPOOPraHusM COrfacHo un3obpeTeHuto
MOXeT ObITb MOoaudMUMpOBaH, 4YTOObI cCoaepXaTb OAWMH MM Bonbllee KONMMYECTBO TEHOB,
KOTOpblE HE COAEepXanuCb B MCXOAHOM MUKpOOpraHusme. MukpoopraHuam COrfiacHO AaHHOMY
n300peTeHnIo Takke MOXET ObiTb MoauduuuposaH, 4TOObl HE 3KCMpeccupoBaTb WUNU
3KCMpeccnpoBaTb MEHbLUME KONMUYeCcTBa OAHOrO unu Bonbluero konuyectsa MEPMEHTOB,

KOTOpbIe ObINM 3KCNPECCUPOBaHbI B UCXOAHOM MUKPOOPraHMU3Me.

55 MuKkpoopraHmam CornacHo gaHHOMY U300pEeTeHuto MoXeT OblTb NOMy4YeH Mo CyLlecTBY
13 nboro NCXo0AHOro MUKpoopraHusma. B ogHOM BapuaHTe OCYLLECTBNEHUS!, MUKPOOPraHN3m
COrnacHoO AaHHOMY W300pEeTEHU0 MOXET ObiTb MOMyYeH M3 MCXOAHOr0 MUKPOOPraHmsma,
BbibpaHHOro m3 rpynnbl, coctodwen us Clostridium acetobutylicum, Clostridium beijerinckii,
Escherichia coli, w Saccharomyces cerevisiae. B ppyrnx BapuaHTax OCYLIECTBEHUS,
MUKPOOPraHnsm Mofy4arT W3 MWCXOAHOrO0  MWUKPOOPraHuama, BbIOpaHHOro wu3  rpynmel,
cocrosiwen ns: Acetobacterium woodii, Alkalibaculum bacchii, Blautia product, Butyribacterium
methylotrophicum,  Clostridium  aceticum, Clostridium autoethanogenum, Clostridium
carboxidivorans, Clostridium coskatii, Clostridium drakei, Clostridium formicoaceticum,
Clostridium ljungdahlii, Clostridium magnum, Clostridium ragsdalei, Clostridium scatologenes,
Eubacterium limosum, Moorella thermautotrophica, Moorella thermoacetica, Oxobacter
pfennigii, ~Sporomusa ovata, Sporomusa silvacetica, Sporomusa sphaeroides, W«
Thermoanaerobacter kiuvi. B npeanodytutensHOM BapuaHTE OCYLUECTBMEHUS!, WUCXOAHbIN

MUKpoopraHusm npegcrasnsaet cobon Clostridium autoethanogenum, Clostridium ljungdahlii,
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unn Clostridium ragsdalei. B npeanoyTUTENbHOM BapuvaHTe OCYLECTBMNEHUSA, WUCXOAHbIN
MUKpoopraHusm npeacrasnaet cobon Clostridium autoethanogenum LZ1561, BHeCEHHbIN 7
mioHa 2010 roga B HEMELKYIO KOMMEKLUMIO MUKPOOPraHM3MOB M KNEeTOYHbIX KynbTyp (Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ)), pacnonoxeHHyo no agpecy
Inhoffenstra 7B, D-38124 BpayHwsewnr, epmanus, 7 uoHa 2010 roga B COOTBETCTBMM C
ByaanewwTckum 4OroBOpoM O MEXAYHapOAHOM NPU3HAHWMM LENOHUPOBAHUSA MUKPOOPTraHU3MOB
ANSA Uenen nateHTHOW npoueaypbl nog Homepom goctyna DSM23693. 3ToT wramm onvcaH B
mMexayHapoaHon 3asBke Ha nateHT Ne PCT/NZ2011/000144, ony6bnukoBanHon kak WO

2012/015317.

56 TepMMH «NPOUCXOAUT OT» O3HA4YaeT, uYTO HyKNeuHoBast Kucnota, O6enok wunu
MUKPOOPraHnsm MOoaMPULMPOBaHbI UNN aaanTUpOBaHbl U3 APYron (Hanpumep, MCXOAHOW unu
AVKOro TMNa) HYKNENHOBOW KUCNOTbI, 6enka unn MnkpoopraHmama, ¢ Lenbko norny4YeHns HOBOW
HYKNEMHOBOW KUCNOTbI, Benka nnn MukpoopraHuama. Takue moguduvkaumm unu agantaymu
06bI4yHO BKMOYaOT B cebs BCTaBKy, Aeneymto, MyTaumio Unn 3aMmeHy HyKNEeMHOBbIX KUCIOT nnu
reHoB. Kak npaBuno, MUKPOOPraHmsMm COrMacHO AaHHOMY W300PETEeHMI0 MPOUCXOAUT OT
NCXOAHOr0 MUKpOOpraHusma. B ogHOM BapuaHTe OCYLLECTBMEHUSA, MUKPOOPraHW3M COrnacHo
AaHHOMY m3obpeTteHuto npoucxoaut ot Clostridium autoethanogenum, Clostridium ljungdahlii
unun Clostridium ragsdalei. B npeanoyTUTENbHOM BapuaHTe OCYLLECTBIEHUS, MUKPOOPraHU3m
cornacHo paHHomy usobpeteHuo npoucxoaut ot Clostridium autoethanogenum LZ1561,
AaenoHuposaHHoro B DSMZ noa Homepom aoctyna DSM23693.

57 MukpoopraHuam  COrmacHO  AaHHOMY  U30OPETEHMIO  MOXHO  AOMOMHUTENbHO
KknaccuduumpoBaTtb Ha OCHOBE PYHKLMOHAMbHbLIX XapakTepuCcTUK. Hanpumep, MUKpPOOpraHuam

COrnacHoO AaHHOMY M300pEeTEeHN0 MOXET MPeACTaBnAaTb co60oM N MOXET ObiTb NONy4YeH n3

C1-doukcmpytojero Mukpooprannsma, aHaspoba, auetoreHa, sTaHonoreHa, kapbokcmnaoTtpoda
wwvnun metaHoTpoda.

58 B Tabnvue 1 npuBeaeH TUNWYHBLIA MNEepevYeHb MUKPOOPraHM3MOB W yKasaHbl WX

PYHKLMOHANbHbIE XapaKkTEPUCTUKN.

Tabnuua 1 = 8
= = o
© T ™ o
= s s =
: 33 5 %
Q 2 c | 5 8| s
n >0 O ) O o 5
= S o (@] = = o =
1 S 0 o o o = (e}
(0] [S e m = I (o] O
= 1 X X © (V) © = o
> — S = T T | E m ©
1] OB ([ | < | ® < | %
Acetobacterium woodii + + + [+ [+-17 [+ |-
Alkalibaculum bacchii + + + + + + |+
Blautia producta + + + |+ |- + |+
Butyribacterium methylotrophicum + + + |+ |+ + |+
Clostridium aceticum + + + |+ - + |+
Clostridium autoethanogenum + + + |+ |+ + |+




10

15

20

13

Clostridium carboxidivorans + + + [+ |+ + |+
Clostridium coskatii + + + [+ [+ + |+
Clostridium drakei + + + |+ |- + |+
Clostridium formicoaceticum + + + + - + |+
Clostridium ljungdahlii + + + |+ |+ + |+
Clostridium magnum + + + |+ |- + | +/-7
Clostridium ragsdalei + + + |+ |+ + |+
Clostridium scatologenes + + + |+ |- + |+
Eubacterium limosum + + + + R + |+
Moorella thermautotrophica + + + + + + |+
Moorella  thermoacetica  (paHee | + + + [+ [-° + |+
Clostridium thermoaceticum)

Oxobacter pfennigii + + + [+ |- F |+
Sporomusa ovata + + + |+ |- + |+
Sporomusa silvacetica + + + |+ |- + | +/-7
Sporomusa sphaeroides + + + [+ |- + | +/-°
Thermoanaerobacter kiuvi + + + + - + |-

Acetobacterium woodi MOXeT NpoayuMpoBaTh 3TaHON U3 OPYKTO3bI, HO HE U3 rasa.

He 6b1no ncecnegosaHo, MOXHO nu BelpawmeaTe Clostridium magnum na CO.
Coobuwanock, 4Yto oauH wTamm us Moorella thermoacetica, Moorella sp. HUC22-1,
NPOAYLUMPYET 3TAHON U3 rasa.

He 6b1no ncenegosaHo, MOXHO Nu BblpawmeaTe Sporomusa ovata Ha CO.

He 6b1no ncenegosaHo, MOXHO nu BblpawueaTtb Sporomusa silvacetica na CO.

He 6b1no ncecnegosaHo, MOXHO nu BblpawuesaTtb Sporomusa sphaeroides Ha CO.

59 «Bypa-JlbloHrgana» oTHocutcsa K Nyt dukcayum yrnepoga Byaa-JlbioHrgans,
onucaHHom, Hanpumep, B Ragsdale, Biochim Biophys Acta, 1784. 1873-1898, 2008.
«MukpoopraHuambl  Byaa-JlbloHrgana», oXxujaemo, OTHOCATCA K  MUKPOOpraHuamam,
cogepxawmm nyTe Bypaa-JlbtoHrgana. Kak npasuno, MUKPOOPraHuam COrfacHo AaHHOMY
N300pETEHNIO COAEPXKUT HaTUBHbLIN NyTb Byaa-JibtoHrgansa. B gaHHomM gokymeHTe, nyTb Bypa-
JIbtoHraana mMoxeTt ObiTb HaTMBHbIM, HEMOAMMULMPOBAHHbIM nyTem Byaa-JlbloHrgana, unm
MOXeT ObiTb nyTem Bypa-JlbtoHrgana ¢ HEKOTOPOW CTEMNEHbID FEHETMYECKOM MOoAMdUKaLmMm
(Hanpumep, CBEPX3KCMPECCHMEN, TETEPONOrMYHON 3KCNPECCUMen, HOKayToM U T. 4.), noka OH
ucnonb3syetcs ana npeobpasosaHua CO, CO, w/munun H, B ayetmn-KoA.

60 «C1» OoTHOCUTCA K MONeKyne, coaepallen oguH atom yrnepoga, Hanpumep, CO, CO,,
CH4 nnu CH30H. «C1-okcureHaT» OTHOCUTCA K O4HOYIMEPOAHOW MOINEKyNe, KOTopas Takke
COLEPXKUT, MO MEHbLUEN Mepe, OoAuH atom kucrnopoga, Hanpumep, CO, CO, uwnm CH;OH.
«MctouHnk C1-yrmepoga» OTHOCUTCA K OAHOYIMEPOAHOW MOMeEKyne, KOTopasi CRyXuT
YaCTUYHBIM UMM €AUHCTBEHHbIM WCTOYHUKOM Yrrnepoga Ans MUKPOOpraHmsma cornacHo
AaHHOMY un3obpeTeHuo. Hanpumep, uctouHuk C1-yrmepoaa MOXET coaepaTb OAHO Unu
6onbwee konmuyecteo m3: CO, CO, CH4 CHiOH wnn CH,0,. WUctounmk CA1-yrnepopa
NPeanoYTUTENBHO COAEPXKUT OaHO unn Oonbwee konmdectso u3: CO un CO, «C1-
DOUKCUPYIOLLMA  MUKPOOPraHmamM»  npeactaBnsetr cobon  MUKPOOPraHuam,  CnocOOHbLIN

npoayuMpoBaTh OAMH UNn Gonbluee KONMMYECTBO MPOAYKTOB U3 uctovHuka C1-yrnepoga. Kak
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npaBuno, MUKPOOPraHu3m CcornacHo paHHomy wusobpeTeHuio npeacrtasngetr cobon C1-
dukcnpyrowyto  Bakrepuio.  CornmacHo  npeanoyvTUTENbHOMY BapuaHTy  OCYLLECTBIEHUS,
MUKPOOPraHnusm COrnacHo JaHHomy wusobpeteHuio nonyyaotr u3  C1-cukcupyrowlero

MUKpOOpraHusma, npusegeHHoro B Tabnuye 1.

61 «AHaspob» npeacTaBnseT coboM MUKPOOPraHuam, He Tpebywmn kucnopoga Ans
pocta. AHa3pob MOXET pearMpoBarb HEraTMBHO UMK Aae YMEPETb MPU Hanmymm KMCcnopoaa
BblLLE OMPEAENEHHOro nopora. TeM He MeHee, HEKOTOpble aHaspobbl CNOCOOHbI NEPEHOCUTD
HU3KMe ypoBHM kucrnopoga (Hanpumep, 0,000001-5% kucnopoga), WHOrga HasbiBAEMblE
KMUKPOOKCUAHBIMK YCMOBUSIMMY. YacTo MMKPOOPraHuam COrfnacHo AaHHOMY W300peTeHumio
npeacraensiet cobon aHaspob. B npeanoytuTenbHOM  BapuMaHTe  OCYLLECTBIEHMS,
MUWKPOOPraHnsm COrfacHoO AaHHOMY U30OpPETeHUo nonyyaroT u3 aHaspoba, NpuBEAEHHOro B

Tabnuue 1.

62 «AUEeTOreHbl» NpeacTaensoT cobon obnuratHo-aHaspobHble BakTepumn, NCNONb3yoLne
nyTe Bypa-JlbloHrgans B kayecTtBe UX OCHOBHOMO MexaHu3Ma [ANA COXPaHEHUS 3HEPrun U
cuHTesa auetmn-KoA u npoaykToB, MOMNyYeHHbIX M3 auetun-KoA, Hanpumep, auetata
(Ragsdale, Biochim Biophys Acta, 1784. 1873-1898, 2008). B w4yacTHOCTM, aueToreHbl
ucnone3yloT nyTe Byaa-flbloHrgana kak (1) mexaHusm And BOCCTAHOBUTEMNBHOrO CUHTE3a
auyetnn-KoA wn3 CO,, (2) TepMmuHanbHbI 3NEKTPOHOAKLENTOPHbIW, 3Heprocbeperatowmm
npouecc, (3) mexaHuam ana dukcayumn (accumunayumn) CO, Npu CUHTE3e KNEeTOYHOro yrnepoaa
(Drake, Acetogenic Prokaryotes, In: The Prokaryotes, 3" edition, p. 354, New York, NY, 2006).
Bce BcTpevatowmeca B npupoge auetoreHbl asnsoTca C1-ukcupyrowummy, aHaspobHbiMK,
aBTOTPOMPHLIMU N HEMETAHOTPOMHLIMKU OpraHnsmamn. Kak npasuno, MUKPOOPraHuam CornacHo
JaHHOMY M300peTeHuto npeacraBnseT cobon aueToreH. B npeanovtutensHOM BapuaHTe
OCYLLECTBNEHNS, MUKPOOPraHU3mM COrnacHoO AaHHOMY M300pETEHMIO NOony4varT U3 aueToreHa,

npuBegeHHoro B Tabnuue 1.

63 «JTaHonoreH» npeacTaBnseTr CcobOoM MUKPOOPraHMaM, KOTOPbIA MNpoAyUMPYET uUnu
cnocobeH npoayuupoBatb 3TaHon. Kak npaBumno, MUKPOOPraHUM3M COrMacHo AaHHOMY
nsobpeteHntio npeacrtaBnsieT cobon  3TaHonoreH. B npeanoyTUTENbHOM  BapuaHTte
OCYLLIECTBINEHMS, MMKPOOPraHn3M COrMacHO JaHHOMY U300PETEHUIO MNONy4aloT U3 3TAHOMOTEHa,

npusegeHHoro B Tabnuue 1.

64 «ABTOTPOM» npeacTaBnseT cobOon MUKPOOPraHmsm, CNocOoOHbLIA pacTu B OTCYTCTBUE
opraHu4yeckoro yrnepoga. Bmecto atoro aBToTpodbl MCNOMNb3YIOT HEOPraHNYECKNE UCTOYHUKM
yrnepoaa, Takme kak CO wwunu CO,. Kak npasBuno, MWKPOOPraHuMam COrfnacHo JaHHOMY
nsobpeteHnto  npeacrasnger cobon  asToTpodh. B npegnodTuTEnbHOM  BapuaHTe
OCYLLIECTBINEHMS, MUKPOOPraHn3M COrfacHo AaHHOMY M30OpETEHMIO Nony4altT U3 aBToTpoda,

npusegeHHoro B Tabnuue 1.
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65 «Kapbokengotpod» npeacrasnger coboM MUKPOOPraHmsm, CnocobHbIA MCMONb30BaTb
CO B KkayecTBe €4MHCTBEHHOrO UCTOYHMKA Yrnepoaa n aHepruun. Kak npasmno, MUKPOOPraHn3m
cornacHo  JaHHoMy  un300peTeHuMio  npeacraenset  cobon  kapbokcmaoTpod. B
NPeANOYTUTENBHOM  BapuaHTe  OCYLECTBMNEHWUS, MWKPOOPraHusM COrfacHoO  AaHHOMY

n3obpeTeHunto nonyyarT u3 kapbokcnaotpoda, npuseseHHoro B Tabnvye 1.

66 «MeTaHoTpOd» npeacTaBnseT CcOBON MUKPOOPraHmam, CrnocobHbIA MCMNONb3oBaTh
METaH B KayecTBe €4MHCTBEHHOro UCTOYHMKA yrrnepoga u aHeprn. CornacHo onpeaeneHHbIM
BapuaHTam OCYLLECTBMNEHUS, MUKPOOPraHNU3M COrfacHoO JaHHOMY M30OpETEHNIO NpeacTaBnseT
cobon meTaHOoTpod, wunmu nonyyeH wu3 MmetaHoTpodpa. CormacHo ApyrMm BapuaHTam
OCYLLECTBMNEHMS, MUKPOOPraHM3M COrnacHO  JaHHOMY U300peTeHuo He  sBnseTcs

METaHOTPOOM UMM HE NOSTYYEH N3 MeTaHoTpoda.

67 CornacHo NpeanoYTUTENbHOMY BapWaHTy OCYLLECTBMNEHUS, MUKPOOPraHW3M COrnacHo
AaHHOMY un3obpeteHnio nonyyawT wu3 knactepa Clostridia, skntovaowero B ceba Buabl
Clostridium autoethanogenum, Clostridium ljungdahlii w Clostridium ragsdalei. Takne BuAabl
ObInn BNEepBble ONUcaHbl U nccneaoBarbl B pabotax Abrini, Arch Microbiol, 161: 345-351, 1994
(Clostridium autoethanogenum), Tanner, Int J System Bacteriol, 43: 232-236, 1993 (Clostridium
ljungdahlii)y n Huhnke, WO 2008/028055 (Clostridium ragsdalei).

68 lMNepeuyncneHHble TpK BUaa UMEKOT MHOMO NMOXOXMX CBOMCTB. B YacTHOCTKM, BCE 3TW BUAbI
anaotcs  Cl-pukcnpyrowumy,  aHaspoObHbIMKW,  auUETOreHHbIMW,  3TAHOMOrEHHbIMKU U
kapbokcuaoTpoHbIMKU NpeacTasutTenamn poga Clostridium. Takne Buabl UMEKT aHanornyHble
reHOTUNbl N PEHOTUMbI, U CNOCOObl COXPAHEHUA 3HEPTUN U PEPMEHTATMBHOrO MetTabonuama.
Kpome Toro, a3t Buabl o6beAuHEHbl B KNACTEp rOMOMOrMYHOW rpynnbl | KnocTpuanansHom
pPHK, npnyem nx JHK 16S pPHK ngeHtuuHa 6onblue yem Ha 99%, cogepxarHne G + C B HK
coctaBnsetr okono 22-30% monb%, OHWU TPaMMNONOXUTENbHbLI, XaPAKTEPUIYIOTCH CXOXEN
MOpONOrMen 1 pasmepom (pasmep norapupmMumyeckn pacTymMx KNeToK HaxoauTcs B
nHtepsane mexay 0,5-0,7 x 3-5 mkm), aBRaTCa Me30UnbHbIMKA (ONTUMAanbHbLIM POCT MpU
Temneparype 30-37 °C), xapakTepusyloTCa CXOXuUMK auanasoHamum pH okono 4-7,5 (npwu
OnTMManbHOM 3HadeHun pH okono 5,5-6), He coaepXaT LUUTOXPOMOB U COXPAHSIOT 3HEPrut
nocpeacTsom komnnekca Rnf. Kpome Toro, kak 6bino nokasaHo, y 3TUX BMAOB MPOUCXOAUT
BOCCTaHOBIEHNE KapOOHOBbLIX KMCMOT C o6pa3oBaHMeM MX COOTBETCTBYOLMX cnmpToB (Perez,
Biotechnol Bioeng, 110:1066-1077, 2012). BawHO OTMETWUTb, 4YTO BCE 3TU BUAbl TaKke
AEMOHCTPUPYIOT CUMbHbIA a@BTOTPOPHbIM pocT Ha CO-copepxalmx rasax, npoayuupyroT
3TaHon 1 ayetar (UNKU YKCYCHYIO KMCIOTY) B KaYeCTBE OCHOBHbIX MPOAYKTOB (PepMeHTauumn u
npu onpeaeneHHbIX ycnosusix o6pasyoT Hebonbwmne konmyectea 2,3-6ytaHanona n MOorno4YHON

KNCNOTbl.

69 OfHako 3T Tpu BMAa TakKe UMEIOT Lenbln pag pasnuyni. 3Tu Buabl Obinn BblgENEHbI

13 pasHblx uctovHukos: Clostridium autoethanogenum - w3 kuweyHuka kponuka, Clostridium
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ljungdahlii - n3 orxopos KypsaTHUKOB n Clostridium ragsdalei - n3 NPeCHOBOAHbLIX OCaf0YHbIX
OTNOXEHUA. DTN BUAbI OTANYAIOTCA NO YTUNM3aLUN pasnnyHbIX caxapos (Hanpumep, pamHo3bl,
apabunHo3bl), KACNOT (Hanpumep, rhwkoHaTa, yutpara), aMUHOKUCNOT (Hanpumep, apruHuHa,
rmcTuamHa) n gpyrux cybcerparos (Hanpumep, 6etamHa, GytaHona). Kpome TOro, 3tm Buabl
OTNIMYAIOTCH NO ayKCOTPOUU K onpeaeneHHbIM BUTaMmnHam (Hanpumep, TMamuHy, BUoTuRY).
3TV BUAbI MMEIOT pasnuums B MOCMNEA0BaTENbHOCTAX HYKMEWUHOBbLIX KUCMOT U aMUHOKMCHOT
reHoB n 6enkoB nytn Bypa-JlbloHrgans, xots, kak 6bino obHapyxeHo, objas opraHmsauus u
KONMYEeCTBO 3TUX reHoB K 6enkoB oguHakosbl Yy Bcex BnaoB (Képke, Curr Opin Biotechnol, 22:
320-325, 2011).

70 Takum obpasom, B 3akMO4YeHUW, MHorme K3  xapakrepuctuk  Clostridium
autoethanogenum, Clostridium ljungdahli wnn Clostridium ragsdalei He sBnawTCA
cneuncnyeckuMmn  Anst  3TOr0  BUAAa, HO MPEACcTaBnsloT cobon  JOCTaTodMHO — obuume
Xapaktepuctmkm Aans  atoro knactepa C1-ukcnpyowmx, aHaspoObHbIX, aueTOreHHbIX,
3TaHOMOreHHbIX N KapbokcmaoTpodHbix uYneHoB poaa Clostridium. OpaHako, NOCKONbKY B
AEUCTBUTENbHOCTM  3TWU  BMAbI  OTMAMYAOTCHA,  FEHeTuyeckas  mMogudukauyms  unm
MaHUMYNMPOBaHNE OAHUM U3 3TUX BUJO0B MOXET HE UMETb MAEHTUYHOro adpdekTa B 4PYrom 13
3TMX BMAOB. Hanpumep, moryT HabnioaaTbCa pasnuyuna B pocTe, NPOU3BOAUTENBHOCTU MU

NpoAYLMPOBaHUN NPOAYKTA.

7 MwukpoopraHmam COrnacHoO AaHHOMY W300peTeHuIo TakKe MOXET ObiTb MOMnyyYeH us
nsonata unu mytanTa Clostridium autoethanogenum, Clostridium ljungdahlii vnn Clostridium
ragsdalei. Wsonatel u mytaHTel Clostridium autoethanogenum sknoyawT B ceba JA1-1
(DSM10061) (Abrini, Arch Microbiol, 161. 345-351, 1994), LBS1560 (DSM19630)
(WO 2009/064200) n LzZ1561 (DSM23693) (WO 2012/015317). W3onaTtel M MyTaHThbI
Clostridium ljungdahlii BkntoyatoT B ceba ATCC 49587 (Tanner, Int J Syst Bacteriol, 43: 232-
236, 1993), PETCT (DSM13528, ATCC 55383), ERI-2 (ATCC 55380) (US 5593886), C-01
(ATCC 55988) (US 6368819), O-52 (ATCC 55989) (US 6368819) n OTA-1 (Tirado-Acevedo,
Production of bioethanol from synthesis gas using Clostridium ljungdahlii, PhD thesis, North
Carolina State University, 2010). U3onatbl n mytanTtel Clostridium ragsdalei skniovaroT B cebs
Pl 1 (ATCC BAA-622, ATCC PTA-7826) (WO 2008/028055).

72 OpHako, B OAHOM BapuwaHTe OCYLLECTBNEHWUS, MUKPOOPraHM3M COrnacHoO AaHHOMY
n3obpeTeHnio MOXeT Tawke ObITb nonmy4YeH M3 no  cywectsy nwoboro UCXO4HOro
MUKPOOPraHn3mMa, Takoro Kak UCXOAHbIN MUKPOOPraHnamM, BbiOpaHHbIM U3 TPynnbl, COCTOSILLEN
n3: Clostridium acetobutylicum, Clostridium beijerinckii, Escherichia coli, u Saccharomyces

cerevisiae.

73 N306peTeHmne npeanaraet MUKPOOPraHU3Mbl, CnocobHble npoAyyumpoBarb
STUNEHIMUKOMb, FMIMOKCUNAT W [MUKOMAT, a Takke Crnocobbl MONYYEHUA ISTUIMEHTIMKONS,

rmmokcunarta v rmukonara, Bknovarwme B cebs KynbTuUBUpOBaHMe MUKPOOpraHmama cornacHo
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AaHHOMY WM300peTeHuo B NPUCYTCTBMM cybcTparta, MOCPEACTBOM YEro MUKPOOPraHU3m

NPOAYLMPYET STUMNEHITIMKONMb.

74 MwukpoopraHmam COrnacHO JAaHHOMY WU300PETEHMNIO MOXET COoAepXKaTb (OEPMEHT,
KoTopbi npeBapwyaet auetun-KoA, Hanpumep audetun-KoA, npoayuupyemoe B nytu Byaa-
JlloHrgana, B nupysat (peakyum 1 dur. 1). OTOT PEepPMEHT MOXKET npeacTaBnATb Cobou
nupysatcuHtasy (PFOR) [1.2.7.1] wnu AT®:nupysat, opTodocdaT-ochoTpaHchepasy
[1.2.7.1]. B HEKOTOPbIX BapuaHTax OCYLLECTBNEHMs, DEPMEHT, KOTOPLIN NpeBpaLlaeT aueTun-

KoA B nnpyBarT, SBNSIETCA 3HAOrE€HHbIM (DEPMEHTOM.

75 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUI0 MOXET CcoaepXaTb (EepPMEHT,
KOTOPbIA NpeBpaLlyaeT nmpysaT B okcanoauetarta (peakuusa 2 dur. 1). STOT HPEepMEHT MOXET
npeactaensate cobon nupysaT.guokcng-nurasy [AOdP-obpasyiowjas] [6.4.1.1]. B HeKOTOpbIX
BapuaHTax OCYyLECTBMEHNS, (PEepMEHT, KOTOPbIN NpeBpaljaeT nupysat B oOkcanoauyerar,
ABNAETCA  3HAOMEHHbIM  (PepMeHTOM. B HekoTopbIX  BapuaHTax  OCYLECTBEHUS,

CBEPXIKCMPECCUPYIOT (DEPMEHT, KOTOPLIN NPeBpaLLaeT NMpyBaT B oKcanoauerar.

76 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PEpPMEHT,
KOTOpbI NpeBpaLyaeT okcanoauertart B uutpun-KoA (peakuus 3 dur. 1). STOT PepMeHT MOXeT
npeactaenstb cobon umtpmn-KoA-nnasy [4.1.3.34]. B HEKOTOPbIX BapuaHTax OCYLLECTBMNEHUS,
hepMeHT, KOTOpPbIN npeBpallaeT okcanoauetatr B UuTpun-KoA, sBRsieTcs SHAOMEHHbIM

depmMeHTOM.

77 MukpoopraHmam COrnacHO AaHHOMY WU300pPETEHUIO MOXET coaepaTb (OEPMEHT,
KoTopbI npespawjaer umtpun-KoA B uutpat (peakyma 4 dur. 1). 3TOT DEPMEHT MOXET
npeacraenate cobon uyutpat-KoA-TpaHcdepasy [2.8.3.10]. B HekoTOpbiX BapuaHTax
OCYyLLECTBNEeHus, epMeHT, KOTOpbIM npeBpawaetr uutpun-KoA B uyuTpar, SBNseTcs

3HAOreHHbIM hEPMEHTOM.

78 MukpoopraHmam COrnacHO JAaHHOMY U300PETEHUID MOXET coaepatb (OEepPMEHT,
KOTOpbIA MpeBpawjaeT okcanoauetaT B uutpar (peakyms 5 dur. 1). 3T0T PEepmMeHT MOXET
npeacraenaTte cobon yutpart [Si]-cuHtasy [2.3.3.1], AT®-yutpart-cuHTasy [2.3.3.8], unu yutpar
(Re)-cuHTasy [2.3.3.3]. B HeKoTOpbIX BapuaHTax OCYLUECTBNEHUS, (EPMEHT, KOTOPbLIN
npespaljaeT okcanoauetar B UUTpaT, SABNSETCA 3HAOreHHbIM depmeHToMm. B gpyrux
BapuaHTax OCYyLEeCTBMNEHMS, (PEPMEHT, KOTOpbIA npeBpawjaeT okcanoauerar B uutpar,
npeacraensiet cobor reTeponornyHbin bepmeHT. Hanpumep, B HEKOTOPLIX BapuaHTax
OCYLLIECTBNEHNS, MUKPOOPraHN3m COrnacHoO JaHHOMY M30OPETEHMIO COAEPXKUT LUTPaT-CUHTa3y
1 [EC 2.3.3.16] w3 B. subtilis, Tak 4YTO MMWKPOOPraHW3M COLEPXUT HYKNEOTULHYIO
nocnegosarenbHOCTb, NpeacrtasneHHyo B SEQ ID NO: 1, koTopas kognpyeT aMUHOKUCITOTHYHO
nocnefosarenbHoCcTb, npeactasneHHyto B SEQ ID NO: 2. B HekoTOpbIX BapuaHTax

OCYLLECTBNEHUS, MUKPOOPraHU3M COrnacHoO gaHHOMY U30DPETEHUIO CoaepXUT UmTpaTHyo (Re)-
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cvHTazy w3 C.  kluyveri, Tak 4YTO  MMWKPOOPraHU3M  COAEPXKUT  HYKNEOTUAHYIO
nocnegosarensHoCTb, npeacrtasneHHyo B SEQ ID NO: 3, koTopasa kogupyeT aMUHOKUCITOTHYIO
nocnefoBartenbHoCTb, npeactasneHHyto B SEQ ID NO: 4. B HekoTOpbiX BapuaHTax
OCYLLIECTBMNEHNS, MUKPOOPraHU3M COrnacHo AaHHOMY K3obpeTeHuto cogepxut uutpar (Si)-
cvHTasy u3 Clostridium Sp., Tak 4YTO MUKPOOPraHuU3M COAEPXUT  HYKNEOTUAHYIO
nocneaoBaTtenbHOCTb, NnpeactasneHHyo B SEQ ID NO: 5, koTopas KogmpyeT aMUHOKUCIOTHYIO
nocnefoBaTenbHOCTb, npeactasneHHyto B SEQ ID NO: 6. B HekOTOpbiX BapuaHTax
OCYLLECTBNEHNS!, MUKPOOPraHM3m COrnacHoO AaHHOMY M30OPETEHMIO COAEPXKUT LUTpaT-CUHTa3y
2 3 B. subtilis, Tak 4YTO MUKPOOPraHM3amMm COLEPMKUT HYKNEOTUAHYK MOCNeA0oBaTeNbHOCTb,
npeacrasnenHyto B SEQ ID NO: 7, koTopas kogupyeT aMUHOKMUCIOTHYIO NOCNeA0BaTENbHOCTD,
npeacrtaeneHHyto B SEQ ID NO: 8 B HekoTOopbix BapuaHTax OCYyLLECTBMEHMWS,

CBEPXIKCMPECCUPYIOT (DEPMEHT, KOTOPLIN NPeBpaLLaeT okcanoayerar B UMTpar.

79 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUI0 MOXET coaepXaTb (PEepPMEHT,
KOTOPbIA NpeBpaLaeT UUTpaTt B akOHUTaT M akoHWUTaT B m3ouutpar (peakyum 6 dur. 1). 3toT
hEePMEHT MOXET NpPeacTaBnaTb cobon akoHUTaT-rngparasy [4.2.1.3]. B HEKOTOpPLIX BapuaHTax
OCYLLECTBNEHNS, (PEPMEHT, KOTOPbIN NPEeBpaLLaeT UUTpar B aKOHUTAT U akoHWUTaT B M3ouutpar
SABNAETCH  3HAOMEHHbIM  (PepMeHTOM. B HekoTopbIX  BapuaHTax  OCYLECTBIEHUS,
CBEPX3KCNPECCUPYIOT (PEepMEHT, KOTOPbIN NpeBpaljaeT uuTpar B aKOHUTAT M akoHuTaT B

nsoyuTpar.

80 MwukpoopraHmam COrnacHO JAaHHOMY WU300PETEHUID MOXET COoAepXKaTb (PEPMEHT,
KOTOpbIA MpeBpalyaeT usouutpaT B rnuokcunat (peakuymsa 7 dur. 1). 3TOT PEPMEHT MOXET
npeacraenaTte cobon msoyutparnuasy [4.1.3.1]. B HEKOTOpbIX BapuaHTax OCYLLECTBMEHMS,
MWKPOOPraHmn3M COrnacHo AaHHOMY U300pEeTEHMIO COAEPXKUT nsouynTpaTnmasy ns Z. mays, Tak
YTO MMKPOOPraHU3M COAEPXKUT HYKNEOTUAHYIO NMOCNefoBaTenbHOCTb, NPeACTaBneHHyo B SEQ
ID NO: 9, koTOopas kKogMpPyeT aMUHOKUCIIOTHYIO NOCNeA0BaTeNbHOCTb, NPeACTaBneHHyo B SEQ
ID NO: 10. B HekoTOpbIX BapuaHTax OCYLLUECTBIIEHUS, MUKPOOPraHu3M COrnacHoO AaHHOMY
N30BPETEHNIO COAEPXUT umsouuTpatTnuasy ms E.coli, Tak 4YTO MUKPOOPraHM3M COAEPXKUT
HYKNEOTUAHYIO NocnefoBaTenbHOCTh, npeactasneHHyo B SEQ ID NO: 11, kotopas kogmpyet

aMMHOKUCNOTHYIO MNOCNEeA0BaTENbHOCTL, NpeacTtaBneHHyo B SEQ ID NO: 12.

81 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PEepPMEHT,
KOTOpbIM npeobpasyeT rnmokcunar B rmukonat (peakuyna 8 dur. 1). 3TOT PepMEHT MOXET
npeactaenstb cobon rmuuepar-germagporeHasy [1.1.1.29], rnmokemnart-peaykrasy [1.1.1.26/79]
unn rmukonaT-gerngporeHasy [1.1.99.14]. B HeKOTOpPbIX BapmaHTax OCyLIeCTBNEHNS, DEPMEHT,
KOTOpPbIA MNpeBpallaeT rnvMoKkcunaTr B [NIUKONAT, SABMSETCA 3HAOrEHHbIM depmeHToM. B
HEKOTOPbIX BapUaHTax OCYLLECTBMNEHMNS, CBEPXIKCNPECCUPYIOT (PEPMEHT, KOTOPbIW NpeBpaLlaeT

rMnoKkcunart B MUKONAT.
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82 MwukpoopraHmam COrnmacHO AaHHOMY MU300PETEHMI0 MOXET CcoaepXatb (OEPMEHT,
KOTOpbIV NpeobpasyeT rMuKonaT B rnukoanbierng (peakyms 9 dur. 1). 3TOT PEepMEHT MOXET
npeacTaBnaTb cobon rmukonbanbaerni-aerngporeHasy [1.2.1.21], naktanbaerna-
germgporeHasy  [1.2.1.22], cyKumHar-nonyanbaerua-aernaporeHasy [1.2.1.24], 2,5-
AnokcosanepaTt-gerngporenasy [1.2.1.26], anbaerna-germgporeHasy [1.2.1.3/4/5], Getaun-
anbaerna-aernaporeHasy [1.2.1.8] nnn anbaerng-eppenokcun-okengopeaykrasy [1.2.7.5]. B
HEKOTOPbIX BapuaHTax OCYLLECTBMNEHMS, (PEPMEHT, KOTOPbIA NpeBpallaeT rMUKONSAT B MMNKO—
anbaerni, SBNSETCA 3HAOTEHHbIM epMeHTOM. B apyrux BapuaHTax OCYLUECTBMNEHMS,
hbEpPMEHT, KOTOpPLIN MNpeBpallaeT FMUKONAT B FNUKOANbAErng, SBNSETCA reTepPONornyHbIM
dhepmeHTOM. Hanpumep, B HEKOTOPbIX BapuaHTax OCYLLECTBIEHUS, MUKPOOPraHU3M COrmnacHo
AaHHOMY N300pPETEHNIO COAEPXKUT ramma-aMmmHoOOyTupanbaerna-aerngporeHasy ns E. coli, Tak
YTO MUKPOOPTraHN3M COAEPXKUT HYKNEOTMAHYIO NOCNEeA0BaTENbHOCTb, NPeaCcTaBneHHyo B SEQ
ID NO: 49, koTopas KOAMPYET aMUHOKMCMOTHYK MNOCNeAOBaTENbHOCTb, NPEACTaBMEHHYIO B
SEQ ID NO: 50. B HekOTOpbIX BapuaHTax OCyLLECTBNEHUS, MUKPOOPraHn3M COrfacHoO AaHHOMY
N30OPETEHUIO COAEPXUT anbAervua-4erngporeHasy ms E. Coli, Tak 4TO MUKPOOPraHWU3Mm
COLEPXKUT HYKIEOTUAHYIO MOCNenoBaTenbHOCTL, npeactaeneHHyo B SEQ ID NO: 51, kotopas
KOAUPYET aMMHOKUCIIOTHYIO MOCHenoBaTensHOCTb, npeactasnenHHyio B SEQ ID NO: 52. B
HEKOTOPbIX BapuaHTax OCYLUECTBIEHUS, MWKPOOPraHW3M COrMacHO AaHHOMY W300peTeHuto
cogepxunt HALD-zaBucumyo CcykumHaT-nonyaneaerng-gerngporeHasy | ms E. coli, Tak 4to
MWKPOOPraHn3M COAEPXKUT HYKINEOTUAHYIO MOCnenoBaTenbHOCTb, npeacTasnenHyo B SEQ ID
NO: 53, koTopasa KogupyeT aMUHOKUCIOTHYIO MOCNefoBaTeNbHOCTb, NpeacTaBneHHyo B SEQ
ID NO: 54. B HekoTOpbIX BapuaHTax OCYLUECTBMEHUS, MUKPOOPraHu3M COrnacHo JaHHOMY
N306PETEHNIO COAEPXKUT NakTanbierva-gernaporeHasy/rnvkonbansaerng-gernaporeHasy us G.
oxydans, TaKk 4YTO MUKPOOPraHU3M COAEPKWT  HYKNEOTUAHYI MOCneaoBaTenbHOCTb,
npeacrtaenenHHyto B SEQ ID  NO: 55, kotopada koguMpyeT  aMMHOKUCIIOTHYHO
nocnefoBaTtenbHOCTb, npeactaeneHHyio B SEQ ID NO: 56. B HekoTopbix BapuaHTax
OCYLLIECTBMNEHMS, MWUKPOOPraHu3M COrnacHoO AaHHOMY W300pPETEHMIO COAEPXKUT anbAerng-
aerngporeHasy A u3 P. fluorescens, Tak 4YTO MUKPOOPraHU3M COAEPMKUT HYKIEOTUAHYIO
nocnepoBaTenbHOCTh, npeactaesneHHyo B SEQ ID NO: 57 unm SEQ ID NO: 59, kotopas
KOAMPYET aMUHOKUCITOTHYK MOCNEeAOBaTENbHOCTb, npeactasneHHyto B SEQ ID NO: 58 wnn
SEQ ID NO: 60, cooTBeTCTBEHHO. [OMOMHUTENbHbIE HE OrpaHudMBalome npUMEpHI
hepMEHTOB, KOTOpbIE NpPEeBpaLLaloT FMUKONSAT K FnukoanbAerng MoryT ObiTb HanaeHbl B
Homepax poctyna GenBank: WP_003202098, WP_003182567, ACT39044, ACT39074,
WP_041112005 n ACT40170. B HekoTOpbIX BapnaHTax OCYLLECTBMNEHWS, CBEPX3KCMPECCUPYIOT

bepMEHT, KOTOpPbIV NpeBpaLLaeT rMUKONAT B rMUKoanbLerng.

83 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PEepMeHT,
KOTOPbIA NpeBpaLyaeT rnukoanbaerus B atuneHrnukons (peakuyuns 10 dur. 1). 310T hepmeHT

MOXET npeactaensaTb cobon naktanbaerung-peaykrasy [1.1.1.77], ankoronb-gerngporeHasy
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[1.1.1.1], ankoronb-gerngporeHasy (HAO®+) [1.1.1.2], rnuyepon-gerngporenasy [1.1.1.72],
rnvgepon-3-gocaraerngporeHasy [1.1.1.8] unm anbaerngpeaykrasy [1.1.1.21]. B HeKkoTOpbIX
BapuaHTax OCYLUEeCTBNEeHUa, epMeHT, KOTOpbIM npeBpawjaeT rnukoanbjerns B
3TUNEHINNKOMb, ABMNSETCA IHAOrEHHbIM DEPMEHTOM. B HEKOTOPLIX BapmaHTax oCyLLeCTBNEHNs,
CBEPX3KCNPECCUPYIOT 3HAOrEeHHbIM  (PEepPMEHT, KOTOpPbIN NpeBpawjaeT rnukoanbaerns B
aTuneHrnukonb. B apyrMx BapuaHTax OCyW|eCTBNEeHWs, (PEepMEeHT, KOTOpbIN npespalyaeTt
rMukoanberng B 3TUMNEHINMKONb, SBMSETCA reTeponornyHbiM epmeHToM. B HekoTopbIx
BapuaHTax OCYLUECTBMNEHUSA, MWUKPOOPraHW3M COrnacHO AaHHOMY W30OPETEHUIO COLEPXKUT
naktanbaerna-pegykrasy us C. saccharoperbutylacetonicum, Tak 4YTO MUKPOOPraHMsm
COAEPXKUT HYKNEOTUAHYIO NOCneaoBaTenbHOCTL, npeacraeneHHyo B SEQ ID NO: 61, kotopas
KOAUPYET aMMHOKUCIIOTHYK MOCNeLoBaTenbHOCTL, npeacTtasneHHyio B SEQ ID NO: 62. B
HEKOTOPbIX BapuaHTax OCYLUECTBIEHUSA, MWUKPOOPraHM3M COrnacHo AaHHOMY W300peTeHuto
COAEPXUT naktanbaerna-peaykrasy ms C. ljungdahlii, Tak 4TO MWUKPOOPraHW3M COAEPXUT
HYKNEOTUAHYIO NOCnefoBaTenbHOCTh, NpeactasneHHyo B SEQ ID NO: 63, kotopas kogmpyeT
aMMHOKUCINOTHYIO MOCNEeA0BaTENbHOCTL, NpeacTaBneHHyio B SEQ ID NO: 64. B HekoTOpbIX
BapuaHTax OCYLUECTBMNEHUSA, MWUKPOOPraHW3M COrfacHO AaHHOMY W300PETEHUI0 COAEPXUT
nakranbaerva-pefykrasy M3 E. coli, Tak 4YTO MMUKPOOPraHu3m COAEPXKUT HYKNEOTUAHYIO
nocnefoBartenbHoCTb, npeactasneHHylo B SEQ ID  NO: 65, «kotopas kogupyet
aMMHOKUCINOTHYIO MOCNeA0oBaTENbHOCTL, NpeacTtaBnenHyio B SEQ ID NO: 66. B HekoTopbIx
BapuaHTax OCYLUECTBMEHUSA, MWUKPOOPraHW3M COrfacHoO AaHHOMY W300PETEHUI0 COAEPXUT
nakranbaerua-penykrasy us C. beijerinckii, Tak 4TO MUKPOOPraHn3M COAEPXUT HYKNEOTUAHYIO
nocnegosarenbHocTb, npegacrasneHHylo B SEQ ID  NO: 67, «kotopas kogupyet
aMWHOKMCMNOTHYIO MnocrnefoBaTenbHOCTb, npeactasnerHHyto B SEQ ID NO: 68. B HekoTopbIxX
BapuaHTax OCYLEeCTBNEHUsI, CBEPXIKCMPECCUPYIOT TeTEpPOnorMyHbini  PEPMEHT, KOTOPbIN

npespawjaeT rnmkoanbgerng B 3TUNEHrmMnKonb.

84 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHNIO MOXET coaepXaTb (epMeHT,
KOTOpbIA npeBpawaetr nupysatr B manar (peakums 11 dur. 1). ITOT (PepmMeHT MOXeT
npeactaensaTb cobon manart-gerngporeHasy [1.1.1.37], manart-gerngporeHasy (okcanoauerar-
aekapbokcunupytowyto) [1.1.1.38], manaTt-germgporeHasy (gekapbokcunupytowyro) [1.1.1.39],
Manart-germgporeHasy (okcanoauetar-gekapbokcunupytowyto) (HAOD+) [1.1.1.40], manar-
germgporeHasy (HAO®+) [1.1.1.82], D-manat-gerngporeHasy (aekapboKCUNMpyoLLyIo)
[1.1.1.83], aumeTtun-manar-gerugporeHasy [1.1.1.84], 3-usonponun-manar-gerngporeHasy
[1.1.1.85], manaT-germgporenasy [HAL(P)+] [1.1.1.299] vnu manaT-gerngporeHasy (XWHOH)
[1.1.5.4]. B HEKOTOPLIX BapuaHTax OCyLECTBMNEHNS, DEPMEHT, KOTOPLIW NPeBpaLLacT NMpyBarT B
mManar, SiBNseTCcs 3HAOreHHbIM PepMeHTOoM. B Apyrx BapuaHTax OoCyL|ecTBRNeHUsi, (PEPMEHT,
KOTOpPbIA MpeBpaLYacT NupysaT B Manar, SBMseTCA reTeponornyHbiM oepmeHToM. Hanpumep, B
HEKOTOPbIX BapuaHTax OCYLUECTBIEHUS, MWKPOOPraHW3M COrMacHO AaHHOMY W300peTeHuto

coaepxuT manar-gerngporeHasy m3 C. autoethanogenum, Tak YTO MUKPOOPraHU3M COLEPXUT



10

15

20

25

30

35

21

HYKNEOTUAHYIO NocnefoBaTenbHOCTh, npeactasneHHyo B SEQ ID NO: 23, kotopas kogmpyet
aMMHOKUCINOTHYIO MOCNeAoBaTENbHOCTL, NpeacTtaBnenHyio B SEQ ID NO: 24. B HekoTOpbIX
BapuaHTax OCyLLECTBMNEHNS, MUKPOOPraHn3m COrfacHoO gaHHOMY n3obpeTteHuio cogepxxmnt HAL-
3aBMCUMbI ManaTHbIn oepmMeHT u3 C. autoethanogenum, Tak YTO MUKPOOPraHM3M COAEPXKUT
HYKNEOTUAHYIO nocnegoBaTenebHOCTb, npeacraesneHHyto B SEQ ID NO: 25, kotopas kogupyet

aMMHOKMCNOTHYIO NOCneaoBaTenbHOCTb, NpeactasnenHyo B SEQ ID NO: 26.

85 MukpoopraHmam COrmacHoO AaHHOMY W300PETEHNIO MOXET CcoaepXaTb (epPMEHT,
KOTOpbIn npeobpadyeT manart k rnuokcunar (peakums 12 dur. 1). STOT PEPMEHT MOXKET
npeactaensaTb cobor manat-cuHTasy [2.3.3.9] wnm msouutpatnnasy [4.1.3.1]. B HekoTopbIX
BapuaHTax oCyLleCTBNEHUs, (PEPMEHT, KOTOPbIM NpeBpaljaeT manart B rmMokcunar, SBnsaeTcs
reTeponornyHbiM  PEepMEeHTOM. Hanpumep, B HEKOTOPbIX BapuaHTax OCYyLECTBMEHWS,
MWKPOOPraHn3m COrnacHo faHHOMy M3obpeTeHuto coaepxut manart-cuHtasy G ns Sporosarcina
Sp., TaK YTO MUKPOOPraHn3m COAEPXKUT HYKNEOTUAHYIO NOCNEA0BaTENbHOCTb, NPEACTABMNEHHYIO
B SEQ ID NO: 27 wnu SEQ ID NO: 33, koTopas KoAUPYET aMUMHOKUCITOTHYIO
nocnepoBaTenbHOCT, npeactaeneHHyld B SEQ ID NO: 28 wnm SEQ ID NO: 34,
COOTBETCTBEHHO. B HEKOTOpbIX BapuaHTax OCYLWECTBNEHUS, MWKPOOPraHM3m COrnacHo
AaHHOMY n306peTeHuio cogepXxut manat-cuHtasy G mus Bacillus sp., Tak YTO MUKPOOPraHusm
COAEPKUT HYKNEOTUAHYK NOCNeaoBaTeENbHOCTb, NpeactasneHHyo B SEQ ID NO: 29 unn SEQ
ID NO: 35, koTtopas KOAMPYET aMUHOKMCMOTHYIO MOCNeAoBaTenbHOCTb, MPEACTaBNEHHYO B
SEQ ID NO: 30 wmnm SEQ ID NO: 36, cooTBeTCTBEHHO. B HekoTOpbIX BapuaHTax
OCYLLECTBNEHNS, MUKPOOPraHU3M COrNacHO AaHHOMY U30OPETEHUI0 COAEPXUT ManaT-CUHTasy
n3 S. coelicolor, Tak YTO MWKPOOPraHM3M COAEPXKUT HYKNEOTUAHYIO MOCNeaoBaTenbHOCTb,
npeactaenenHHyto B SEQ ID  NO: 31, «kotopas KogMpyeT  aMWHOKUCMOTHYIO
nocnefoBaTenbHOCTb, npeactaeneHHyio B SEQ ID NO: 32. B HekoTopbiX BapuaHtax
OCYLLIECTBNEHNS,, MUKPOOPraHn3M COrNacHO AaHHOMY U30OPETEHUID COAEPXKUT ManaT-CUHTasy
G us B. infantis, Tak 4TO MWKPOOPraHM3M COLEPXUT HYKNEOTUAHYIO MOCNEeA0BaTENbHOCTD,
npeacrtaenenHHyto B SEQ ID  NO: 37, «kotopad KOAMPYET  @MUMHOKUCITOTHYHO
nocnefoBartenbHOCTb, npeactaeneHHylo B SEQ ID NO: 38. B HekoTopbix BapuaHtax
OCYLLECTBNEHNS, MUKPOOPraHU3M COrNacHO AaHHOMY U30OPETEHUNI0 COAEPXKUT ManaT-CUHTasy
n3 C. cochlearium, Tak 4TO MUKPOOPraHW3M COLEPXKUT HYKNEOTUAHYIO MOCNefoBaTeNbHOCTb,
npeacrtaesnenHHyto B SEQ ID  NO: 39, «kotopad KOAMPYET  @MUHOKUCITOTHYHO
nocnegosartenbHoOCTb, npeacraeneHHyio B SEQ ID NO: 40. B HekoTopbix BapuaHtax
OCYLL|ECTBNEHNS, MUKPOOPraHU3M COrNacHO AaHHOMY U3OOPETEHUIO COAEPXKUT ManaT-CUHTasy
G w3 B. megaterium, Tak 4TO MUKPOOPraHU3M COAEPXKUT HYKNEOTUAHYIO NOCNeA0BaTENbHOCTD,
npeacrtasneHHyto B SEQ ID  NO: 41, «kotopad KOAMPYET  @MUMHOKUCITOTHYHO
nocnefoBartenbHOCTb, npeacrasneHHylo B SEQ ID NO: 42. B HekoTOpbiX BapuaHTax
OCYLLIECTBMNEHNS, MUKPOOPraHU3M COrfliacHO AaHHOMY U300PETEHUIO COAEPXKUT ManaTtCuHTasy

n3 Paenibacillus sp., Tak YTO MUKPOOPraHNU3M COAEPXKUT HYKIEOTUAHYIO NOocneaoBaTenbHOCTb,
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npeacrtasneHHyto B SEQ ID  NO: 43, «kotopad KOAMPYET  @MUMHOKUCITOTHYIO
nocnegoBsartenbHoCTb, npeacrasrneHHyio B SEQ ID NO: 44. B HekoTOopbiX BapuaHTax
OCYLLIECTBMNEHNS, MUKPOOPraHU3M COrfiacHO AaHHOMY W300PETEHUIO COAEPXUT ManaTtCuHTasy
n3 Lysinibacillus sp., Tak YTO MUKPOOPraHNU3mM COAEPXKUT HYKIEOTUAHYIO NOCneaoBaTenbHOCTb,
npeacrasnenHHyto B SEQ ID  NO: 45, kotopasa kogupyeT  aMUHOKUCIIOTHYHO
nocneaoBaTenbHOCTb, npegctasneHHyto B SEQ ID NO: 46. B HekoTOpbIX BapuaHTax
OCYLLIECTBNEHNS,, MUKPOOPraHn3M COrNacHO AaHHOMY U30OPETEHUID COAEPXKUT ManaT-CUHTasy
u3 B. cereus, Tak 4YTO MWUKPOOPraHW3M COAEPXKWT HYKNEOTUAHYIO MNOCNeA0oBaTENbHOCTD,
npeacrtaenenHHyto B SEQ ID  NO: 47, «kotopad  KOAMPYET  @MMHOKUCITOTHYHO

nocneaoBaTenbHOCTb, NpeactaeneHHyo B SEQ ID NO: 48.

86 MukpoopraHmam COrmacHO AaHHOMY WU300pPEeTEHNI0 MOXET coaepXaTb (EepPMEHT,
KOTOpbIA npesBpawjaet nupysat B docdoeHonnmpysaTt (peakyum 13 dur. 1). 310T hepmeHT
MOXET npeacTaBnsTb cobon nupysaTkmHasy [2.7.1.40], nupysBaTt docdaTtamkuHasy [2.7.9.1],
Unn nupyBsaT BOAHYIO AUKMHA3y [2.7.9.2]. B HEKOTOPLIX BapuaHTax OCYLLUECTBMEHUSA, DEPMEHT,

KOTOPbLIN NpeBpaLyaeT nupysaT B pocoeHonnMpyBaT, SBNSAETCA 3HA0reHHbIM (PepMEHTOM.

87 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PEepPMEHT,
KOTOpbI NpespaLyaeT docdoeHonnmpysat B 2-pocdo-D-rnuyepar (peakymna 14 dur. 1). 3toT
hepMeHT MOXET npeacTaeBnsaTe cobon docdonupysaT-rmgpartasy [4.2.1.11]. B HekoTOpbIX
BapuaHTax OCyLLEeCTBMEHNs, (DEPMEHT, KOTOPLIN npesBpaLlaeT pocgoeHonnmnpysar B 2-cdocdo-

D-rnuuyepart, aBnaeTcs 3HAOreHHbIM (OEPMEHTOM.

88 MukpoopraHmam COrnacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PepMeHT,
KOTOpbI npesBpawjaet 2-gocdo-D-rnmuyepat B 3-hocdo-D-rnuyepat (peakums 15 dur. 1).
OTOT pepMeHT MOXET npeacTaBnsatb cobon ocornmyepat-mytasy [5.4.2.11/12]. B
HEeKOTOpPbIX BapuaHTax OCyLUecTBNeHUs, (EePMEHT, KOTOpbIM npeBpawaeTr 2-gpocto-D-

rnvdepart B 3-pocco-D-rnmuyepar, SBnseTca 3HA0rEHHbIM (DEPMEHTOM.

89 MukpoopraHmam COrnmacHO JAaHHOMY MU300PETEHUID MOXET CoaepXaTb (OEPMEHT,
koTopbiM npeBpawaeT 3-cocdo-D-rnnyepart B 3-choccoHookemnupysaT (peakuus 16 dur. 1).
3TOT (hbepmeHT MOXET npeactaBnaAtb cobon docdornuuepar-gerngporeHasy [1.1.1.95]. B
HEeKOTOPLIX BapuaHTax OCyLUecTBNEHUs, EPMEHT, KOTOpbiM npespawaer 3-gocto-D-

rnvgepar B 3-pOCHOOHOOKCUNMPYBAT, ABMSETCA 3HAOrEHHbIM (DEPMEHTOM.

90 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PEPMEHT,
KOTOpbIV NpeBpalyaeT 3-pochoHookemnmpysat B 3-gpoco-L-cepuH (peakyms 17 dur. 1). 3ToT
hEePMEHT MOXET NpeacTaBnATe cobon docthocepun-TpaHcammHasy [2.6.1.52]. B HeKoTOpbIX
BapuMaHTax OCYLLECTBMEHUsI, DEPMEHT, KOTOpbIN npesBpawaet 3-docoHookemnmpysaTr B 3-

docho-L-cepuH, 9BnsaeTCa 3HAOreHHbIM (PEPMEHTOM.
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91 MwukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PepMeHT,
KOTOpbI npespawyaeTt 3-pocdo-L-cepuH B cepuH (peakumsa 18 dur. 1). STOT PepMeHT MOXET
npeacraensatb cobon  ococepun-pocarasy [3.1.3.3]. B HekOTOpbIX BapuaHtax
OCYLLECTBNEHUS, (PepMeHT, KOTOpbiM npespawjaet 3-hocdo-L-cepyH B cepuH, siBnsieTcs

3HAOreHHbIM PEPMEHTOM.

92 MuKkpoopraHmam COrnacHoO AaHHOMY W300PETEHN0 MOXET CogepXaTb (EPMEHT,
KOTOpPbIA npeBpaljaeT cepvH B mMUUUH (peakuyma 19 dur. 1). 3T0T PEepMEeHT MOXET
npeacTaBnsaTb COOOM rMUUMH-TUAPOKCUMETUN-TpaHcdepasy [2.1.2.1]. B HEKOTOPbIX BapuaHTax
OCYLLECTBNEHNS,, (PEPMEHT, KOTOPbIA MpeBpaljaeT CepuvH B MULUWMH, SBMASIETCA SHAOMEHHbIM
depmeHTOM. B HEKOTOpbIX BapuaHTax OCYLLECTBMNEHMUS, CBEPXIKCNPECCUPYIOT (OEPMEHT,

KOTOPbIN NpeBpaLlaeT CEPUH B MMALMH.

93 MukpoopraHmam COrmacHO JAaHHOMY WU300PETEHUID MOXET COoAepKaTb (OEPMEHT,
KOTOpbIA NpeBpawjaeT rmuuuH K rmuokcnnat (peakuyms 20 dur. 1). 3TOT PEPMEHT MOXKET
npeactaenste CcoOOM  anaHWH-rIMOKCUNaT amMuHoTpaHcdepasy/TpaHcamuHasy [2.6.1.44],
CepUH-rnnokecunar amMUHoTpaHcdepasy/TpaHcaMnHasy [2.6.1.45], CepuH-nupysar
aMUHoTpaHcdepasy/TpaHcammnHasy [2.6.1.51], rMUYKUH-oKcanoaveTar
aMmuHoTpaHcepasy/TpaHcammHasy [2.6.1.35], rmuyuH-TpaHcammHasy [2.6.1.4], rmuunH-
aerngporeHasy [1.4.1.10], anaHunH-gernaporeHasy [1.4.1.1] wnn rAvyuH-gerngporeHasy
[1.4.2.1]. B HEKOTOpPBLIX BapuaHTax OCYLECTBNEHUS, (PEePMEHT, KOTOPLIN NpeBpaLaeT rMUUnH B
rMUOKCUNAT, SABNAETCH 3HAOrEHHbIM epMmeHToM. B apyrux BapmaHTax oOCyLeCTBMeHus,
depmeHT, KOTOpbIA nMpeBpawjaeT rMUUUH B FMIMOKCUNAT, HABMSETCA reTeponornyHbIM
depmeHTOM. Hanpumep, B HEKOTOPbLIX BapuaHTax OCYLLECTBMNEHUS, MUKPOOPraHM3mM COrnacHo
JaHHOMY U30OPETEHUIO COLEPKUT CEPUH-TIIMOKCUNAT aMUHOTpaHcdepasy ns H. methylovorum,
Tak YTO MWKPOOPraHM3M COAEPXKMT HYKNEOTMAHYK NOCneaoBaTeNbHOCTb, NPEACTaBNEHHYO B
SEQ ID NO: 13, koTopas KOAMPYET aMUHOKMCNOTHYO NOCNEeA0BaTENbHOCTb, NPEACTaBMNEHHYIO
B SEQ ID NO: 14. B HekoTOpbIX BapuaHTax OCYLIECTBNEHWUS, MMUKPOOPraHu3m COrnacHo
AAHHOMY U30OPETEHUIO COAEPXKUT anaHuH-riImokcunaT ammHoTpaHcdepasy mns S. thiotaurini,
TaKk YTO MWKPOOPraHW3M COAEPXKUT HYKNEOTMAHYIO MOCNEeAOBaTENbHOCTb, NPEACTABMEHHYIO B
SEQ ID NO: 15, koTopas KOagUPYET aMUHOKUCNOTHYIO NOCNEA0BaTENbHOCTb, NPEACTaBMNEHHYIO
B SEQ ID NO: 16. B HekoTOpbIX BapuaHTax OCYLIECTBNEHWUS, MMUKPOOPraHu3m COrfacHo
AaHHOMY M300PETEHUIO COAEPXKUT anaHWH-rNUoKcMnaT amumHoTpaHcdepasy us T. tepidarius,
Tak YTO MWKPOOPraHU3M COAEPXKUT HYKNEOTUAHYI NOCNeAoBaTeNbHOCTb, NPEACTaBMNEHHYIO B
SEQ ID NO: 17, koTopas KOAUPYET aMUHOKUCNOTHYIO NOCNeA0BaTENbHOCTb, NPEACTaBMNEHHYIO
B SEQ ID NO: 18. B HekoTOpbIX BapuaHTax OCYLIECTBNEHWUS, MWUKPOOPraHu3Mm COrfacHo
AaHHOMY M300peTEeHUIo coaepXuT amumHoTpaHcdepasy knacca V u3 C. acidurici, Tak 4To
MUKPOOPraHn3am COAEPXKMT HYKNEOTUAHYIO MOCneaoBarenbHOCTb, npeactasnenHyo B SEQ ID

NO: 19, koTopasa KogMpyeT aMUHOKUCIOTHYIO MOCNefoBaTeNbHOCTb, NpeacTaBneHHyo B SEQ
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ID NO: 20. B HeKoTOpbIX BapuaHTax OCYLUECTBIEHUSA, MUKPOOPraHM3M COrfacHo AaHHOMY
N300PETEHNIO COAEPXKUT CEPUH-NUPYBAT amMuHoTpaHcdepasy u3 T. maritima, Tak 4TO
MUKPOOPraHn3Mm COAEPXMT HYKNEOTUAHYIO MOCneaoBarenbHOCTb, npeactasnenHyo B SEQ ID
NO: 21, koTopasa KoAMPYET aMUHOKUCITOTHYIO MOCNeoBaTeNnbHOCTb, NpeacTaBneHHyo B SEQ
ID NO: 22. B HEKOTOPbIX BapuaHTax OCyLLECTBMNEHMNS, CBEPXIKCNPECCUPYIOT PEPMEHT, KOTOPbIN

npespaLyaeT rMULWH B IMXOKCUnar.

94 MukpoopraHmam COrmacHoO AaHHOMY W300PETEHNIO MOXET CcoaepXaTb (epPMEHT,
KOTOPbIA NpeBpaljaeT cepuH B ruapokcunmpysat (peakuusa 21 dur. 1). STOT PepmMeHT MOXeT
npeacraensate  cobon  cepuH-nupyBaTt-TpaHcamuHaszy  [2.6.1.51], CEepPUH-rnrokcunar-
TpaHcamuHasy [2.6.1.45], anaHuH-gerngporenasy [1.4.1.1], L-aMMHOKMCNOTHYO AerngporeHasy
[1.4.1.5], cepuH-2-germgporeHasy [1.4.1.7], anaHuHy-TpaHcamuHasy [2.6.1.2], rnyTamuH-
nupysar-tTpaHcammnHasy [2.6.1.15], D-aMMHOKUCNOTHYK TpaHcamuHasy [2.6.1.21], anaHuH-
rmmokcunar-TpaHcamuHasy [2.6.1.44], wnu cepuH-nupyBaT-TpaHcammnHasy [2.6.1.51]. B
HEKOTOPbIX BapuaHTax OCYLUECTBNEHUsi, EPMEHT, KOTOpbIA NpeBpallaeT CepuH B
TMAPOKCUNMPYBAT, SBNSIETCA 3HAOTEHHBbIM bepMeHTOM. B Apyrnx BapmaHTax OCyL|eCTBMNEHMS,
hbepMeHT, KOTOpbIM NpeBpaLlaeT CepuH B TMAPOKCUNUPYBAT, SBMASIETCH TeTEPONOrNYHbIM
hepmeHTOM. HeorpaHuumarowme npumepbl PEPMEHTOB, CMOCODHbIX npeBpallatb CEPUH B
rmapokcunupysar, MoryT BbITe HangeHbl nog Homepamu goctyna GenBank: WP_009989311 u
NP_511062.1. B HeKOTOpbIX BapuaHTax OCYLLUECTBMNEHUS, CBEPXIKCNPECCUPYIOT (EepMEHT,

KOTOPbIN NpeBpaLlaeT CepUH B M pOKCMNMpYBaT.

95 MwukpoopraHmam COrnacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PepMeHT,
KOTOpPbIA NpeBpaLlaeT rmapokcunmpysaT B rnnkoansaerng (peakuyus 22 dur. 1). 3ToT hPepmeHT
MOXET nNpeacTaBnAaATb cobon rugpokcunupysart-gekapbokcunasy [4.1.1.40] wnm nupysar-
aekapbokcunasy [4.1.1.1]. 3TOT PepMeHT Tarke MOXET npeacTaBnsaTb cobor nobyo Apyryto
aekapbokcunasy [4.1.1.-] B HEKOTOPbIX BapuaHTax OCYLUECTBNEHMS, (DEePMEHT, KOTOPbIN
npespaljaeT rMapPOKCUNUPYBaT B TNUKOanbAerng, SIBNSETCA reTepornormyHbiM OEPMEHTOM.
HeorpaHunumnsatowme npumepbl HEPMEHTOB, CNOCOOHbIX NpeBpalyatb rMApPOKCUNMpyBaT B
rmukoansgerng moryt ObiTb HanWgeHol nog Homepamu goctyna GenBank: CCG28866,
SVF98953, PA0096, CAA54522, KRU13460 n KLA26356.

96 MukpoopraHmam COrmacHO AaHHOMY WU300pPETEHUIO MOXET coaepXaTb (PEepPMEHT,
koTopbI npespawaet D-rnuyepat k rugpokcvnupyeat (peakymsa 23 dur. 1). 3TOT hepmeHT
MOXET npeacTasnatb cobon rnvokcunart-peaykrasy [EC 1.1.1.26], rnuuyepar-gerngporeHasy
[EC 1.1.1.29], vnn ruapokcunupysat-peayktady [EC 1.1.1.81]. B HekoTopbix BapuaHTax
OCYLLIECTBNEHMS, (PEPMEHT, KOTOPbIA NpeBpawlaeT D-rnuuepar B rmapokcunupyBsarT, SBMsieTCs
reTeponiormyHbiM  pepmMeHToM. HeorpaHuumsawwme npumepbl HEPMEHTOB, CMOCODHbIX
npespawarte D-rmvuyepar B rugpokcunmpysar MoryT ObiTb HaWAeHbl Nog HoOMepamu AocTyna
GenBank: SUK16841, RPK22618, KPA02240, AGW90762, CAC11987, Q9CA90 n Q9UBQY.
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97 MukpoopraHmam COrnmacHO JaHHOMY WU300pPETEHNID MOXET COAepXKaTb KOMMMEKC
hepmMeHTOB, KOTOpbIN npeBpawjaeTt 5,10-meTvneHteTparngpodonar B rmuumH (peakuyms 24
dur. 1). 5,10-meTunenteTparngpodonar aBnseTcsa kKooakTopoM B BOCCTAaHOBUTENbHOW BETBMU
nyTn Byaa-JlbloHraansa v BbICTyNaeT B kKa4eCcTBE kapkaca npv npoussogcree auyetun-KoA. Otot
KOMMMEKC MOXET NpeACcTaBnATb cOOON CUCTEMy pacLUenneHnsa rMmuumHa, BKNoYawLwyo B cebs
rmuyuHaerngporeHasy [1.4.4.2], aurngpo-nunoun-gernaporeHasy [1.8.1.4] v amuHomeTun-
TpaHcepasy (rnuyuHcuHTasy) [2.1.2.10]. B HekoTopbIX BapuvaHtax OCyLUECTBNEHUS,
hepMeHTbl KOMMMEKca, KOTOpbIM npeBpawjaet 5,10-metuneHTeTparngpodonar B rMULMH,
ABNAOTCA  3HAOrEHHbIMM  bepmeHTamu. B HEKOTOpbIX BapuaHTax OCyLECTBNEHUS,

CBEPXIKCMPECCUPYIOT (hEPMEHTLI CUCTEMbI pacLLenneHns rMULUHOM.

98 MukpoopraHmam COrnacHO JAaHHOMY U300PETEHUID MOXET coaepatb (OEepMEHT,
KOTOpbIA MpeBpaljaeT dgocdoeHonnmpysat B okcanoauetar (peakyms 25 dur. 1). 3toT
hepMeHT MOXET npeacTasnsaTb cobon docdoeHon-nmpysaT-kapbokcuknHasy (ATD) [4.1.1.49]
i (I'TO) [4.1.1.32]. B HeKOTOpbIX BapuaHTax OCYLUECTBNEHUS, (EPMEHT, KOTOPLIN
npespawjaet dochoeHonnNMpysaT B okcanoauertar, ABNAeTCA 3HAOreHHbliM epmeHToM. B
APYrMX BapuaHTax OCYLLUECTBNEHUs, PepMEHT, KOTOPbIN npeBpallaeT docgoeHonnmnpysaTt B
okcanoaueTtar, SBMSETCA reTeponornyHbiM  depmeHToM. B HekoTopbiX  BapuaHTax
OCYLLECTBNEHUS, CBEPXIKCMPECCUPYIOT PEPMEHT, KOTOPbIN NpeBpawjacT hochoeHoNNMpyBaT B

OKCanoaueTtar.

99 B HekoTOpbIX BapuaHTax OCYLUECTBNEHUS, MUKPOOPraHu3M, COAepKalmin OEePMEHT,
KoTopbin npespawjaet auyetun-KoA B nupysat (peakyus 1 dur. 1), PepmeHT, KOTOpPbIN
npespallaeT nupysaTt B okcanoauetaT (peakuyms 2 dur. 1), pepmeHT, KOTOpbIN NpeBpaLlaeT
okcanoauetar B uyutpart (peakuyua 5 dur. 1), depmeHT, KOTOpbIN npeBpaljaeT uyutpaT B
akoHUTaT W akoHuTaT B umsouutpat (peakumsa 6 dur. 1), HdEepMeHT, KOTOpbIM NpeBpaliaeT
nsouuTpaTt B rnuokcunar (peakuyus 7 dur. 1), bepmeHT, KOTOPbIN NpeBpaLlaeT rmmuokcunar B
rnvkonaT (peakuyusa 8 dur. 1), hepmMeHT, KOTOPLIM NpeBpawaeT FMMUKONAT B FMUKoanbierng
(peakums 9 dur. 1), N HEepMeHT, KOTOPbIA MNpeBpaljaeT rmukoanbaerng B 3TUNEHIIMKOMb
(peakuyuss 10 dur. 1), npoayuupyet 3ITUNEHINMKONb. B HeorpaHuuMsawowem npumepe,
hepMEHT, KOTOPbLIN NpeBpaLlacT okcanoaueraTt B UuTpaT, MOXeT NpeacTaBnsTb cO60M UuTpar-
cvHTasy mn3 B. subtilis (SEQ ID NO: 1-2). B HeorpaHuumsaroLlem npumepe, epmeHT, KOTOPbIN
npespaLlaeT N3ouUTpaT B rMMOKCUNaT, MOXET NpeacTaBnaTe cobon nsoyntparnmasy ns E. coli
(SEQ ID NO: 11-12). B HeorpaHumumsalollemMm npumepe, MEepMEHT, KOTOPbIN npeBpaliacT
FMUKONST B rMMKoanbAerna, MOXeT NpeacTaBnaTe cobon rMmkonb-anbAerna-AernaporeHasy ma
G. oxydans (SEQ ID NO: 55-56) nnn anbaerva-gernaporeHasy uns P. fluorescens (SEQ ID NO:
57-58). MoryT ObITb CBEPX3KCMPECCUPOBaHbI OaMH uUnu GonbLiee KONMM4YecTBo (OEPMEHTOB,
kaTanuaupyowmx peakuyum 2, 5, 6, 8, 9 n 10, kak nokaszaHo Ha dur. 1. CmoTpuUTe, Hanpumep,

Mpumep 1 n dur. 3B.
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100 B HEKOTOpbIX BapuaHTax OCYLUECTBIEHMS,, MUKPOOPraHusMm, cogepxawum (OepMeHT,
KoTOopbiM npeBpawjaet auetun-KoA B nupysat (peakyust 1 dur. 1), pepmeHT, KOTOpPbIN
npespawjaetr nupyesar B octoeHonnupysaTr (peakymsa 13 dur. 1), HDEpPMEHT, KOTOPbLIN
npespawjaet gochoeHonnmpysat B 2-pocpo-D -rnuyepat (peakuyma 14 dur. 1), depmeHT,
KoTopbin npespawaeT 2-pocdo-D-rnuyepart B 3-hoctho-D-rnuyepat (peakuyuna 15 dur. 1),
hepmeHT, KoTopbIn nNpespalyaeT 3-pocto-D-rnudepar B 3-pochoHookcmnupysaT (peakuusa 16
dur. 1), depmeHT, koTOpbIM npeBpallaeT 3-pocdoHookcunupysatr B 3-dpocdo-L-cepuH
(peakums 17 dur. 1), pepmeHT, koTOopLIN NpespawaeT 3-chocdo-L-cepuH B cepuH (peakumsa 18
dur. 1), depmeHT, KOTOpbIN npeBpawaeT cepuH B rnvduH (peakumsa 19 dur. 1), depmeHT,
KOTOpbIA npeBpawjaetT rmuuuH B rnuokcunar (peakyua 20 dur. 1), HOEPMEHT, KOTOPLIN
npesBpallaeT rnuokcunar B rivkonart (peakumss 8 dur. 1), dpepMeHT, KOTOpbIM NpeBpallaeT
rmuKonaT B rAukoanbaerng (peakums 9 dur. 1), n depmeHT, KOTOpbIM npeBpallaet
rmukoanberng B 3TUNeHrnukons (peakuma 10 dwur. 1), npoayumpyeTt STUNEHrnukonb. B
HeorpaHuymsaroLem npumepe, PEPMEHT, KOTOPbIA NPEBPALLAET MMUUUH B FMUOKCUNAT, MOXET
npeacTaensTe CoO60OM anaHuH-rnMokcmnaT-ammHoTpaHcdhepasy us S. thiotaurini (SEQ ID NO:
15-16) wunu ammHoTpaHctepasy knacca V u3 C. acidurici (SEQ ID NO: 19-20). B
HeorpaHuymBsaroLemMm npumepe, PepmMeHT, KOTOpPbIN npeBpalaeT rMUKONAT B rMuKoanbAerua,
MOXET NpeACTaBnaTb cCobon rmMukonbanbaerng-gerngporeHasy n3 G. oxydans (SEQ ID NO: 55-
56) wnn anbaerna-gernaporeHasy us P. fluorescens (SEQ ID NO: 57-58). Moryt 6bITb
CBEpPX3KCnpeccmpoBaHbl OAWH unu Oornbluee KONUYeCcTBO (PEpPMEHTOB, KaTanmsnpyroLmx
peakyumn 19, 20, 8, 9 n 10, kak nokasaHo Ha dur. 1. CmoTpuTe, Hanpumep, MNMpumepsl 2-4 1 dur.
4B, 5B n 6B.

101 B HEeKOTOpbIX BapuaHTax OCYLLECTBNEHWUS, MUKPOOPraHwmsm, coaepawmi pepmeHT,
KoTOopbiM npeBpawjaet auetun-KoA B nupysat (peakuyus 1 dur. 1), dbepmeHT, KOTOpbIN
npespallaeT nupysaTt B okcanoauetart (peakuusa 2 dur. 1), bepmeHT, KOTopbIn npeBpallaeT
okcanoaudetar B uutpun-KoA (peakuusa 3 dur. 1), depMeHT, KOTOpbIN npespaLlaeTt yutpun-KoA
B yntpart (peakuyust 4 dur. 1), hepmMeHT, KOTOPbIN NPEBpAaLLaeT UATPaT B aKOHUTAT N aKkOHUTAT B
nsoyuTpat (peakuymst 6 dur. 1), dpepmeHT, KOTOpbIA NpeBpalaeT nsouuTpaT B rNMokcunaT
(peakums 7 dur. 1) depmMeHT, KOTOPLIN NpeBpaLyaeT rmuokcunaT B rnmkonaT (peakumns 8 dwur.
1), epmeHT, KOTOpbIA MpeBpawjaeT MMUKONAT B rnukoanbaerng (peakuyms 9 dur. 1), un
hepMEHT, KOTOPbIN MNpeBpallaeT rnukoanbierng B 3TUNeHrnukonb (peakymst 10 dwur. 1),
NPOAYUMPYET 3TUMEHrMMKONb. B HeorpaHuMumBarowem npumepe, (EpPMEHT, KOTOpPbIN
npespaLlacT N3ouUTpaT B rMMOKCUNaT, MOXET NpeacTaBnaTe cobon nsoyntparnmasy ns E. coli
(SEQ ID NO: 11-12). B HeorpaHunumsarolem npumepe, PEepMEHT, KOTOPbIN npespaljaeT
nsouuTpaT B rMMOKCUNAT, MOXET nNpeacTasnaTb cobon nsoyntpatnuasy ns E. coli (SEQ ID NO:
11-12). B HeorpaHuumsaroem npumepe, (EPMEHT, KOTOPbIN MpeBpaljacT [MUKoONaT B
rmukoanbAerna, MOXeT NPeACTaBnsaTb COO0N rmukonbanbaerng-gerngporeHasy us G. oxydans
(SEQ ID NO: 55-56) unu anbgerng-aerngporeHasy uns P. fluorescens (SEQ ID NO: 57-58).
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MoryT ©ObITb CBeEpX3KCnpeccupoBaHbl OAWH WnKM  Gonbllee KONMMYecTBO (HepMeEHTOB,

Katanusnpyrowmx peakymm 2, 6, 8, 9 n 10, kak nokasaHo Ha dur. 1.

102 B HEKOTOpbIX BapuaHTax OCYLUECTBIEHUS, MUKPOOPraHu3sMm, coaepKalimm (OepmeHT,
KoTopbiM npespawjaet auyetun-KoA B nupysat (peakyus 1 dur. 1), PepmeHT, KOTOpPbIN
npespaiyaeT nupysat B manart (peakums 11 dur. 1), hepmeHT, KOTOPbIN NpeBpaLlaeT manaT B
rnuokcunat (peakums 12 dur. 1), PepmeHT, KOTOPbIN NpeBpawjaeT rnuokcunaTt B rMMKONST
(peakums 8 dur. 1), hepmMeHT, KOTOPLIM NpeBpaLlaeT rMUKONAT B rmukoanbaerng (peakyms 9
®dur. 1), n epMeHT, KOTOPbIW NpeBpaLlaeT rnukoanbaerng B aTuneHrnukons (peakyms 10 dur.
1) npousBOAUT 3TUNEHINMKONb. B HeorpaHuumBawowem npumepe, QEPMEHT, KOTOPbIN
npesBpawjaeT rMUKONSAT B TNUKoanbAerng, MOXET NPeACTaBnsTb COOOM TMUKONbanbierna-
aerngporeHasy m3 G. oxydans (SEQ ID NO: 55-56) wnu anbperua-gerngporeHasy ms P.
fluorescens (SEQ ID NO: 57-58). MoryT ObITb CBEPX3KCMPECCUPOBaHbl OAUH unn BGonbluee

KONMMYeCTBO PEPMEHTOB, KaTtanmsnpyrowmx peakumm 8, 9 n 10, kak nokasaHo Ha dur. 1.

103 B HEKOTOpbIX BapuaHTax OCYLLUECTBMNEHUS, MUKPOOPraHW3M, COAEPXKalUMA KOMIMMEKC
hepMeHTOB, KOTOpbIN npeBpawjaeTt 5,10-meTvneHTeTparngpodonar B rmyuumH (peakuyus 24
@ur. 1), bepmeHT, KOTOPbIA NpeBpawasT rmuynH B rmmokemnar (peakumsi 20 dur. 1), depmeHT,
KOTOpbIM MpeBpallaeT rnvokemnar B rivkonar (peakymsa 8 dwur. 1), pepMeHT, KOTOpPLIN
npespaLlacT rmukonaT B rnukoanbaerng (peakyms 9 dur. 1), n hepMeHT, KOTOPbIN NpeBpaLaeT
rmukoanbgerns B aTUNeHrnukons (peakuyma 10 dwur. 1), npogyumpyeTt ISTUNEHrnukonb. B
HeorpaHuymsaroLem npumepe, PepMeHT, KOTOPbIM NPeBpaLlaeT rMUUUH B FMIUOKCUNAT, MOXET
npeactaensaTb cobon anaHuH-rnmokemnart-ammHoTpaHcdepasy us S. thiotaurini (SEQ ID NO:
15-16) unun amuHoTpaHcdepady knacca V wus C. acidurici (SEQ ID NO: 19-20). B
HeorpaHuyMBaroLeM npumepe, PepmMeHT, KOTOPbIN NpeBpallaeT FMUKONST B rMukoanbaerng,
MOXET NPeACTaBnNATb cobon rMukonbanbaerng-gernaporeHasy n3 G. oxydans (SEQ ID NO: 55-
56) wnn anbaerna-gernaporeHasy us P. fluorescens (SEQ ID NO: 57-58). Moryt ObITb
CBEPX3KCNPeccMpoBaHbl OAWH unu Bornbluee KONMMYECTBO (PEPMEHTOB, KaTanmanpyroLmx
peakymm 8, 9, 10, 20 n 24.

104 B HEKOTOpbIX BapuaHTax OCYLLUECTBIEHUS, MUKPOOPraHusm, cogepxawum OepMeHT,
KOTOpbIM npeBpawjaet auetun-KoA B nupysat (peakuyus 1 dur. 1), pepmeHT, KOTOPbIN
npespawjaetr nupyesatr B pocchoeHonnupyeaTr (peakums 13 dur. 1), hepMeHT, KOTOPbLIN
npespawjaeT gocgoeHonnmpysaTr B okcanoauetar (peakyma 25 dur. 1), pepmeHT, KOTOPLIN
npespawjaetr okcanoaudetat B uutpun-KoA (peakyma 3 owur. 1), EpPMEHT, KOTOPLIN
npespawjaet untpun-KoA B uutpat (peakuma 4 dur. 1), depmeHT, KOTOpbLIM npeBpallaeT
uuTpaTt B akoHUTAT U akoHuTaT B wusouyutpat (peakumm 6 dur. 1), pepmeHT, KOTOPLIN
npespawjaeT msoyuTtpaT B rnuokcunart (peakymsa 7 dur. 1), hepMeHT, KOTOpbIN npeBpallaeT
rmuokcmnar B rnukonat (peakuyms 8 dur. 1), bepmeHT, KOTOpbIA NpeBpawlaeT rnuKonaT B

rnukoanbgerng (peakuus 9 dur. 1), n epmMeHT, KOTOpbIM MNpeBpawjaeT rnukoanbierng B
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atuneHrnukone (peakuyms 10 dur. 1), npoayumpyeTr 3TUNEHrNuKonb. B HeorpaHunyusaroLlem
npumepe, PepMeHT, KOTOpbI MpeBpawaeT M3ouuTpaTt B FMMOKCUNAT, MOXET NpeacTaBnsATb
cobon usoyutpatnuasy m3 E. coli (SEQ ID NO: 11-12). B HeorpaHnuuBaroLiem npumepe,
depMeHT, KOTOpLIN MpeBpalaeT FMUKONAT B FMMKOANbAErng, MOXET MNpeacTaBnaTb cobown
rmukonbanbgerna-gerngporeHasy m3s G. oxydans (SEQ ID NO: 55-56) wunu anbaerna-
aernaporeHasy us P. fluorescens (SEQ ID NO: 57-58). MoryT ObITb CBEPX3KCNPECCUPOBaHBDI
OAWH uUnu 6onbLuee KONMYecTBo PEPMEHTOB, KaTannsmpyrowmx peakymm 2, 6, 8, 9, 10 u 25, kak

nokasaHo Ha dur. 1.

105 B HeKOTOpbIX BapuaHTax OCYLLUECTBIEHUS, MUKPOOPraHusm, cogepxawum epmeHT,
KoTopbiM npeBpawjaet auetun-KoA B nupyeat (peakuua 1 dur. 1), pepmeHT, KOTOPbIN
npespawjaetr nupyesar B doctoeHonnupysaTr (peakuyna 13 dur. 1), DEepMEHT, KOTOPbLIN
npespawjaet docgoeHonnmpysaTr B okcanoadetar (peakyma 25 dur. 1), pepmeHT, KOTOPLIN
npespawjaeT okcanoauertar B uyutpar (peakymst 5 dur. 1), depmeHT, KOTOpLIA NpeBpaLlaeT
uuTpaT B akoOHUTaT M akoHuTat B wusouyutpat (peakuymm 6 dur. 1), pepmeHT, KOTOPbIN
npespallaeT msoyuTtpaT B rnuokcunat (peakymsa 7 dur. 1), hepMeHT, KOTOpbIA NpeBpawlaeT
rmuokcmnat B rnukonsat (peakuyms 8 our. 1), bepmeHT, KOTOpbIA NpeBpawaeT rnMKonaT B
rnvkoanbgerns (peakuyust 9 dur. 1), n hepmeHT, KOTOPLIM NpeBpawaeT rnukoanbaerng B
atuneHrnukone (peakuyms 10 dur. 1), npoayumpyeTr 3TUNEHrNUKoNb. B HeorpaHunyusaroLlem
npumepe, MEPMEHT, KOTOPbIA MpeBpaljaeT okcanoauetar B LMTpaT, MOXET NPeacTaBnsTb
cobon uyutpart-cuHTtasy ms B. subtilis (SEQ ID NO: 1-2). B HeorpaHnuusaroLem npumepe,
hEepPMEHT, KOTOpbIA MNpeBpallacT usouuTpaTr B IMMOKCUNAT, MOXET MpeacTaBnsaTb cobou
nsouyutpatnmasy mn3 E. coli (SEQ ID NO: 11-12). B HeorpaHnumnsaoLlem npumepe, hepMeHT,
KOTOpbIA  NpeBpawjaeT rMUMKONAT B [NMKoanbAerna, MOXeT NpeacTaenatb  Ccobou
rmukonbanbgerna-gernaporeHasy us G. oxydans (SEQ ID NO: 55-56) wunu anbaerna-
aerngporenasy uns P. fluorescens (SEQ ID NO: 57-58). MoryT GbITb CBEPX3KCNPECCMPOBaHbI
OAVH nnun 6onbLlee KONUYEeCTBO (OEPMEHTOB, KaTanusnpyowmux peakymm 5, 6, 8, 9, 10 n 25, kak

nokasaHo Ha dur. 1.

106 B HEKOTOpbIX BapuaHTax OCYLLUECTBIMEHUS, MUKPOOPraHusMm, cogepxawum OepMeHT,
KOoTOpbIM npeBpawjaet auetun-KoA B nupysat (peakuyus 1 dur. 1), pepmeHT, KOTOpPbIN
npespawjaetr nupyesar B octhoeHonnumpysaTr (peakyma 13 dur. 1), HEPMEHT, KOTOPLIN
npespawjaet docgoeHonnupyesatr B 2-choco-D-rnnyepat (peakuma 14 dur. 1), depmeHT,
koTopbiM npespawaeT 2-docdo-D-rnuyepat B 3-hoctho-D-rnuuepar (peakuyus 15 dur. 1),
hepMeHT KoTopbI NpespawaeT 3-docto-D-rnndepar B 3-chocdhoHookcunupysart (peakyus 16
dur. 1), depmeHT, KkOTOpbLIM NpeBpawaeT 3-pocdoHookcunupysatr B 3-hocdo-L-cepuH
(peakums 17 dur. 1), pepmeHT, kKOTOPLIN NpeBpawaeTt 3-chocto-L-cepuH B cepuH (peakumnsa 18
dur. 1), copeput PepmMeHT, KOTOPbIA NpeBpawlaeT cepuH B rugpokcunupysat (peakuymsa 21

dur. 1), bepmeHT, KOTOPbIM NpeBpaLLacT rmapoKCMNNPyBarT B rnukoansaerns (peakuymnsa 22 our.
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1), n PEPMEHT, KOTOPLIN NPeBpaLlaeT rmukoanbiers B 3TUneHrnukons (peakums 10 dwur. 1),
NPOAYLUMPYET 3TUNEHrNMKONb. MOXET BbITb CBEPXIKCNPECCMPOBAH (PEPMEHT, KaTanusnpyoLwmm

npespawleHne rmukoanbaernga B 3TUNEeHrMnKonb.

107 B HEKOTOpbIX BapuaHTax OCYLLUECTBIEHUS,, MUKPOOPraHusm, cogepxawun OepmeHT,
koTopbIi npeBpawaet D-rnuuyepatr B rmugpokcunupysat (peakumss 23 dur. 1), pepmeHT,
KOTOPbIA NpeBpaLlaeT rmapokcunupyear B rnukoanbgerng (peakuyusa 22 dur. 1), u pepmeHT,
KOTOpPbIM MpeBpallaeT rnukoanbaerns B aTuneHrnukonb (peakyus 10 dur. 1), npousBoaunt
aTuneHrnukone. MoxeT ObiTb  CBEpxaKkcnpeccupoBaH  (PEPMEHT,  KaTanmn3npyroLmmn

npespawleHne rmmkoanbgernga B 3TUNEHrMnKonb.

108 ®depmeHTblI cornacHo faHHOMY U30BpPEeTEeHU0 MOryT ObiTb KOAOH-ONTUMMU3MPOBAHHLIMU
ANSA  3KCMPeccum B MUKPOOPraHM3Me COrnacHo JaHHomy wusobpetenuto. «Ontummsayms
KOAOHOB» OTHOCUTCS K MyTauum HYKNEMHOBOW KUCMOTbI, HanpuMmep, reHa, C uenbio
ONTUMU3VPOBAHHON WNU  YIYYLIEHHON TPaHCNSAUMM HYKNEWHOBOW KUCMOTbl B KOHKPETHOM
WwTaMme unuM  Buaax MUKpoOopraHmsmos. OnNTuUMusaumss KOLOHOB MOXET MpPUBECTU K
YBEIMMYEHHbIM CKOPOCTAM TpaHCnauyum wunu 6Gonee BbICOKOW TOYHOCTU TpaHcnsayun. B
NPeAnOYTUTENBHOM BapuaHTe OCYLECTBNEHUSA, [EHbl COrNacHoO JaHHOMY Un306peTeHunio
ABNATCH KOAOH-ONTUMU3NPOBAHHBIMW ANA 3KCNPECCUM B MUKPOOPraHM3Me COrnacHo AaHHOMY
n3obpeTeHnto. XoTsa OnNTMMU3aumMsi KOAOHOB OTHOCUTCH K Nnexawen B OCHOBE FEeHETMYECKOW
nocnejoBaTenbHOCTW, ONTUMMU3ALUMS KOLOHOB 4acTO MPUBOAMUT K YNYYLLIEHWIO TPaHCNSAUMK U,
Taknm obpasom, K ynyyLeHuto akenpeccun doepmeHTa. CooTBETCTBEHHO, (PEPMEHTbI COrnacHo

AaHHOMY V|306peTeHVIPO TakKXe MoryTt ObITb ONMUCaHbI kak ONTUMU3NPOBaHHBbIE MO KOAOHaM.

109 MoryT 6bITb CBEPX3KCNPECCUPOBaHbI OAWH UNM GonblUee KONMUYECTBO (HEPMEHTOB
COrnacHo JaHHOMYy un3obpeTeHnto. «CBEPX3KCNPECCUPYEMbIN» OTHOCUTCA K YBEMNUYEHUIO
3KCNPECCUM HYKNEUHOBOW KWCNOTbl unu Genka B MUKPOOPraHM3mMe COrnacHo AaHHOMY
M300PETEHNIO MO CPaBHEHMIO C  MUKPOOPraHM3MOM AMKOTO  TWNa WM UCXOAHbIM
MUKPOOPraHM3mMomMm, OT  KOTOPOro  MPOMCXOAUT  MMUKPOOPraHu3m  COrnacHo  AaHHOMY
n3obpeteHnto. CBEPX3KCNPECCUN MOXKHO AOCTUYL NIOObIMU cnocobamm, M3BECTHLIMU B JaHHOW
o6nacTn TEXHUKN, BKITHOYAS N3MEHEHME KONMUYECTBA KOMWUN reHa, CKOPOCTU TPAHCKPUMNLUK reHa,
CKOPOCTW TPaHCNSALMM FreHa Unmn CKOpoCcTU paspylueHns depmenTa. Kak onucaHo Bbille, OuH
unu GonbLuee KONMYECTBO MEPMEHTOB, KatanusnpyloLwmx peakyum 2, 5, 6, 8, 9, 10, 19, 20, 24

unu 25 Ha dur. 1, moryT ObITb CBEPXIKCNPECCUPOBAHDI.

110  PepmeHTLI COrnacHO AaHHOMY U30BPETEHUIO MOMYT COAEPKATb HapyLUaLWme MyTagun.
B uvactHoCTM, «Hapywawwaa mytayms» OTHOCUTBCH K MyTauun, KOTOpas YMEHbLUAET unu
nogaengetr (T. €., «HapyLlaeT») 9KCNPECCU WM aKTUBHOCTb reHa wunn depmenTa.
Hapywarowaa mytaums MOXeT YacTUYHO JeakTUBMPOBATb, MOMHOCTLIO A€aKTUBUPOBAaTb, UMK
yAanuTb reH unn depmeHT. Hapywatowaa mytayms MoxeT npeacTaBnaTb cobon HOKayTHYHO

(KO) myTayuio. Hapywarowias mytaumsa MOXeT npeactaBnatb coboun nobyo mytauyumio, koTopas
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YMEHbLUAET, npeaoTBpawjaeT wunm OnoknpyeT OWOCMHTE3 nNpoaykTa, NpoAYyLMPYEMOro
depmeHTOM. Hapywawowan mytayms MOXeT BkModatb B cebs, Hanpumep, MyTauuilo B reHe,
KOAVPYOLLEM (PEPMEHT, MyTAUMIO B FEHETUYECKOM PEryNATOPHOM 3Ne€MEHTE, BOBNEYEHHOM B
3KCMPECCUIO TEHa, KOAUPYIOLEro (EPMEHT, BBEAEHWE HYKINEMHOBOW KUCMOTbI, KOTopas
npoayumpyet ©6enok, KOTOPbIA YMEHbLIAET WM WHIMOUPYET akTUBHOCTb (PepMeHTa, unu
BBEJEHNE HYKNEMHOBOW KUCNoTbl (Hanpumep, aHtucmbicnoson PHK, MuPHK, CRISPR) unu
Benka, KOTOpbI MHIMBUPYET aKkcnpeccuto epmeHTa. Hapywawwas mytaymss MOXeT ObiTb

BHECeHa C Ucnonb3oBaHnem ndoro cnocoba, M3BECTHOro B AaHHOW 00NacTy TEXHUKN.

111 B HeKkoTOpbIX BapuaHTax OCYLIECTBNIEHUSA, MMWKPOOPraHM3M COrnacHo AaHHOMY
N300PETEHNIO COAEPXKUT HapyLawowylo MyTauuio B usouutpart-gerngporeHase [1.1.1.41].
NsouyuTpar-gerngporeHasa npespaillaet nsoyutpar B 2-okcornyrtapar. HapyweHne nsoyutpar-
AErMaporeHasbl, Hanpumep, nNyTeM YAaneHus wusouuTpaT-gerngporeHasbl, npuBOAUT K

NOBbILLEHUIO YPOBHEN UsoyuTpara.

112 B HeKkoTOpbIX BapuaHTax OCYLEeCTBNIEHUA, MWUKPOOPraHM3M COrflacHO AaHHOMY
N300PETEHNIO COAEPXKUT HapyLwawwyl MyTauyuio B rnuyepart-gerngporeHase [1.1.1.29].
MuyepaT-gernaporeHasa npespawjaeT rnvokcunar B MMukonar. Hapywenune rnugepar-
AerngporeHasel, Hanpumep, MyTem YyaaneHua u3ouuTpar-AernaporeHasbl, MPUBOAUT K

NOBbILLEHWUIO YPOBHEW rmuokcunara.

113 B HekoTOpbIX BapuaHTax OCYLECTBMIEHNA, MUKPOOPraHM3M COrflacHo AaHHOMY
N300PETEHNIO COAEPXKMT HapyLlalLwylo MyTaymoo B rnukonsaT-gerngporeHase [1.1.99.14].
MukonaT-gernaporeHasa npespaljaeT rnuokcunar B MUKONAT. HapyleHue rnuvKonsT-
JerngporeHasbl, Hanpumep, nyTeM YyAaneHus [MUKONAT-AernjporeHasbl, nNpUBOAUT K

NOBbILLEHUIO YPOBHA rMUOKCcUnarTa.

114 B HeKkoTOpbIX BapuaHTax OCYLIECTBNEHUSA, MUKPOOPraHM3M COrfacHo AaHHOMY
N300PETEHNIO COAEPXKUT HaPYLLAIOLLYIO MyTauuio B anbaerng-peppesokCuH-OKCuaopeayKkTase
[1.2.7.5]. Anbaerna-eppesoKCUH-OKCUA0peayKTasa npespawlaeT rMUKonNSaT B rnukoanbierng.
HapyweHvne anbaerna-peppenokCuH-oKCMaopeayKTasbl, Hanpumep, nyTem  yjaneHus

anbaerni-heppesokCUH-OKCUA0PEAYKTasbl, MPUBOAUT K MOBbILLUEHUIO YPOBHS MMMKONSATA.

115 B HeKkoTOpbIX BapuaHTax OCYLUECTBMEHUA, MWUKPOOPraHM3M COrfliacHO AaHHOMY
n3o06peTeHNto COAEPXKNT HapyLlatoLLyto MyTauuto B anbaerna-aerngporeHase
[1.2.1.3/1.2.3.4/1.2.3.5]. Anbaerna-gerngporeHasa npespawiaeTt rMUKONAT B rAnkKoanbaerng.
HapyweHne  anbaerng-aermgporeHasbl,  Hanpumep, NyTeMm  yjaneHus  anbierva-

AerngporeHasbl, NpuBOAUT K NOBbILLEHUKO YPOBHA MUKONATA.

116 BHeceHvMe Hapywawwen myTtauunm [aeT B pesynbTarte MUKPOOPraHu3M COrnacHo
AaHHOMY W300pETEeHNo, KOTOPbIA MPOAYLUMPYET HELENEBON MNPOAYKT, WNW MO CyLEeCcTBY

HeLeneBon NPOAYKT, WNN YMEHbLUEHHOE KONMWYECTBO LIENEeBOro MPOAYKTa, MO CPaBHEHWIO C
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NCXO4HBIM MWKPOOPraHW3MOM, M3 KOTOPOro MNOMy4alT MUKPOOPraHU3M COrfacHo AaHHOMY
n3obpeTeHnto. Hanpumep, MUKPOOPraHmsM COrnacHO AaHHOMY U300PETEHUD  MOXET
npoAyuMpoBaTb HeLeneBon NPOAYKT WUnK, NO MeHbLien mepe, okono Ha 1%, 3%, 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% wunn 95% meHblLue LeneBoro npoaykra, 4Yem
NCXOAHBIN MUKPOOPraHnsMm. Hanpvmep, MUKPOOPraHuam COrnacHo JAaHHOMY W300peTeHuto
MOXET npoayumposaTtb MeHbLUe Yem okono 0,001, 0,01, 0,10, 0,30, 0,50 nnn 1,0 r/n yenesoro

npogykTa.

117 XoTa B AaHHOM JOKYMEHTE npuBeAeHbl WNNIOCTPaTUBHbIE MOCNELOBaTENBHOCTU W
UCTOYHUKN AN (PEPMEHTOB, M30OpeTeHMe HUKOUM OOpa3oM He OrpaHuYMBaeTcs 3TUMM
nocnejoBaTenbHOCTAMM U UCTOMHMKaMM - OHO Takke OXBaTblBaeT BapuwaHTbl.TepMuH
«BapuaHTbl» BKMOYaeT B ceBA HYKNEeMHOBbIE KUCMOTbI M Benkn, Ybs NocnefoBaTernbHOCTb
PasHUTLCA C NOCNEAOBATENbHOCTBIO MCXOLHOW HYKNEWHOBOW KMCNOTbl M Oenka, Hanpumep,
NoCneaoBaTENbHOCTLI  UCXOLHOW  HYKNEMHOBOW  KMCNOTbI WM Oenka, packpbiTon B
NPeALUECTBYIOWEM YPOBHE TEXHWKW, WNU MPUBEAEHHOW B KayectBe npvMmepa B AaHHOM
AokymeHTe. [laHHoe nsobpeTteHne MoxeT ObiTb OCYLLECTBIIEHO Ha NPAKTUKE C UCNONb3OBaAHNEM
BapUaHTOB HYKNEWHOBbLIX KWCNOT WM OenkoB, KOTOPbIE BbINOSMHAKT MO CYLECTBY Ty e
PYHKUMIO, UTO U UCXOAHaa HykneuHosas kucnota wnu Genok. Hanpumep, sapuaHT 6enka
MOXET BbIMOSMHATb MO CYLLUECTBY TY K& (PYHKLUMIO UMW KaTanmsmpoBaTtb MO CYLLUECTBY Ty e
peakumio, YTo N UCXOA4HbIN 6enok. BapuaHT reHa MOXeT KogupoBaTb TOT e UNU Mo CyLeCcTBY
TOT e 6enok, YTO N NCXOA4HbIN reH. BapmaHT npomoTopa moxeT obnagartb no CyLecTBY Takon
Xe CnoCOBHOCTLIO CTUMYNUPOBAaTb 3KCMPECCUIO OA4HOro uUnu 6onbLUEro KONUYECTBa reHoB, YTO

N UCXOAHbIN MPOMOTOP.

118 Takme HYKNeuHOBblE KWUCMNOTbl Unn 6enku B JaHHOM AOKYMEHTE MOryT HasblBaTbCH
«PYHKLMOHANBHO 3KBMBANEHTHbIMMN BapuaHTammy. Hanpumep, PYHKLMOHAmNbHO
3KBMBAmNEHTHbIE BapWaHTbl HYKMNEMHOBOM KWCMOTbl MOryT BKnodatb B cebs annenbHble
BapuaHTbl, PparMeHTbl reHa, MyTUPOBaHHbIE€ TeHbl, NONUMOPMPU3MbI N T. M. FOMOMNOrnYHbIE
reHbl U3 APYrMX MUKPOOPraHM3MOB Takke HABMSIOTCA npumepamu  (PyHKLMOHANbHO
3KBMBAnNEHTHbIX BapuaHToB. K HUM OTHOCATCA TOMOSOrMYHbIE TEHbl Y TakMX BMAOB, Kak
Clostridium acetobutylicum, Clostridium beijerinckii wnw Clostridium [jungdahlii, nogpobHas
nHdopmayma o KOTopbIX obuwieaocTynHa Ha Takmx Beb-cawTtax, kak Genbank wnu NCBI.
DYHKUNOHANBbHO 3KBUBArNEHTHbIE BapuMaHTbl TakkKe BKMOYaloT B ceba HYKNEUHOBbIE KUCMOTI,
nocnejoBaTenbHOCTb KOTOPbIX WU3MEHAKTbLCA B pesynbTate OnTuMmusaymm KOAOHOB ANS
KOHKPETHOro MMUKpoopraHuama. PyHKLUMOHANbHO 3KBUBANEHTHbIA BapUaHT HYKIEUHOBOW
KMCINOTbI NPeAnoYTUTENBHO OyAeT MMETb MO MeHbLen mepe npumepHo 70%, npumepHo 80%,
npumMepHo 85%, npumepHo 90%, npumepHo 95%, npumepHo 98% unu 6onblue NAEHTUYHOCTU
nocnefoBaTenbHOCTU HYKNENHOBOW KMCNOTbI (MPOLEHT roMONorMn) ¢ MCXOAHOW HYKIENHOBOW

KNCroTon. OYHKUNOHANbHO 3KBMBANEHTHbIV BapuaHT 6enka npeanovtutensHo yaeT nmets no
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MEHbLUEN Mepe npumepHo 70%, npumepHo 80%, npumepHo 85%, npumepHo 90%, NpUMEpPHO
95%, npumepHo 98% wnn Gonblle NAEHTUYHOCTU aMUHOKUCIIOTHOW MOCNeAoBaTeNbHOCTU
(npoueHT romonorun) € 3TanoHHbIM GenkomM. PyHKUUOHaNbHasa 3IKBMBANEHTHOCTb BapuaHTa
HYKITEMHOBOW KUCINOTbI Unun 6enka mMoxeT ObiTb OLEHeHa ¢ ucnonb3osaHnem noboro cnocoba,

M3BECTHOrO B Aa@HHOWN 00nacTu TEXHUKN.

119  HyknenHoBbl€ KMCNOTbl MOryT ObiTb 40CTaBMEHbI B MUKPOOPraHM3M COrnacHoO gaHHOMY
N306peTeHnto ¢ ucnonb3oBaHnem ndoro cnocoba, U3BECTHOrO B AAHHOW OONacTy TEXHUKMN.
Hanpumep, HyKNeMHOBbIE KUCNOTbl MOryT ObiTb AOCTaBME€Hbl B BUAE YUCTbIX HYKNEWHOBbIX
KACNOT, UNN MOryT ObITb NPUrOTOBMEHbI C OAHUM WMAM GOMNbLUMM KONMUYECTBOM areHTOB,
Hanpumep, nunocoMmamu. HyknemHoBble KACNOTbl MoryT npeactasnate cobon OAHK, PHK, kQHK
U nx kKOMOMHaLMK, No HeOBXoAMMOCTU. B onpegeneHHbiX BapuaHTax OCYLECTBEHUSA, MOTyT
BbITb NCNOMNBb30BaHbl MHMMOUTOPLI OrpaHnYeHuns. [JononHUTENbHbIE BEKTOPbI MOTYT BKMOYaTL B
cebs nnasmuabl, BUpycbl, BakTtepuodarn, KOCMWAbl W WCKYCCTBEHHbIE XPOMOCOMbI. B
NPeAnOYTUTENBHOM BapuaHTE OCYLLECTBIEHUS, HYKNEWHOBbIE KWCMNOTbl JOCTABMSIOT B
MUWKPOOPraHnsam COrnacHo AaHHOMY M306peTEeHuIo C MCnonb3oBaHMEM nnasmuabl. Hanpumep,
npeobpasoBaHne (BKMNOYas TPAHCAYKUMIO WNKU  TpaHCEKUuno) MOXeT ObiTb AOCTUTHYTO
NMoCPeACTBOM  3neKkTponopauvu, ynbTpassyka, ONoOCPeAOBaHHOW  MOMUITUNEHINMKONEM
TpaHchopMaumm,  XMMUYECKOW  MNKU (PUBNYECKOW  KOMMETEHUUKW,  TpaHcdhopmaymm
npoTonnacTos, npodaroBoON WHAYKUMM WNN  KOHbOraymm. B HekoTopbIX BapuaHtax
OCYLLIECTBMNEHNS C aKTUBHbIMU CUCTEMaMN PECTPUKLMOHHBIX (PEPMEHTOB, 3TO MOXET ObiTb
HeobXoAnMO ANs METUNUPOBAHWA HYKNEWHOBOW KUCNOTbl Nepej BBEAEHWEM HYKNEWHOBOW

KMCNOTbl B MUKPOOPraHnam.

120 Kpome TOro, HyKnemHOBbl€ KMCMOTbl MOrYT OblTb CKOHCTPYMPOBaHbI Takum oOpasom,
4yTOObI OHW CoAEepPXKann PErynaTopHbIA 3NEMEHT, HAaNPUMeEpP, NPOMOTOP, YTOObI YBENWUYUTL UMK
WHbIM 0BpPasoM KOHTPONMPOBATb IKCMPECCUIO KOHKPETHOM HYKNEUHOBOW KUCMOTbI. [pomMoTop
MOXET OblTb KOHCTUTYTMBHbBIM NMPOMOTOPOM WM UHAYLMPYEMbIM NPOMOTOPOM. B mnaeansHom
BapuaHTe, NpPoMOTOp npeactasndetT cobon npomoTop nytv Bypa-JlbtoHrgans, npomoTop
deppenoKkcnHa, NPOMOTOP NUpyBaT-eppesoKkCUH-OKCUA0PEeaYKTa3bl, NPOMOTOP onepoHa Rnf-
KoMMnekca, NPOMOTOP onepoHa AT®-cnHTasbl, unm NpPOMOTOpP onepoHa

dochoTpaHcaleTnasbl/aleTaTkmHasbl.

121  «CybBecTpar» OTHOCUMTCA K MCTOYHWUKY Yrmepoga Wunn 3Heprum Ans MUKPOOpraHmsma
cornacHo paHHomy u3obpeTteHuto. Kak npasuno, cybctpar sBnsetcs rasoobpasHbiM U
cogepxut uctoyHuk C1-yrnepopa, Hanpumep, CO, CO, wwunm CH, [NpeanoyTutensHo,
cyberpar copgepxut mnctouHuk C1-yrnepoga B suge CO wnm CO + CO,. Cybecrpat moxer
AOMOMHUTENBHO coaepXaTb ApYyrne HeyrnepoaHble KOMMOHEHTbl, Hanpumep, H,, N, wunwu
anekTpoHbl. OgHaKoO B ApPYyrvx BapuaHTax OCYLIECTBEHUA cybCcTpar MOXET NpeacTaBnaTb

cobon yrneBoh, TakOW Kak caxap, Kpaxman, Knetdatka, JIIMrHWH, Uennionosa  wunu
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remvuennionosa, unm mx komOuHaumoo. Hanpumep, yrnesog MOXET MpeacTaBnaTb Cobou
PpyKTO3y, ranaktosy, rfKo3y, NakTo3y, ManbTo3y, caxapo3y, KCUMNOo3y WM HEKOTOpble WX
KomBuHaumMn. B HEKOTOpbIX BapuaHTax OCyLlecTBneHud, cybctpat He copaepxut (D)-kcnnoasy
(Alkim, Microb Cell Fact, 14. 127, 2015). B HeKkOTOpbIX BapnaHTax ocylLlecTBneHus, cybcrpar
He COAEepPXUT NEHTO3Y, Takyto kak kcunosa (Pereira, Metab Eng, 34: 80-87, 2016). B HEKOTOPbIX
BapmaHTax oCyLUeCTBMNeHus, cybcTpaT MOXET CoaepXaTb kak razoobpasHble, Tak U YyrneBOgHbIe

cybcTpatbl (MUKCoTpohHasa hbepmeHTayus).

122 B uyenowm, razoobpasHblin cybcTpaT COAEPXKUT MO MEHbLUEN MEPEe HEKOTOPOE KONMYECTBO
CO, Hanpumep, okono 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 unu 100 mon.% CO.
MasoobpasHbin cybeTpat moxeT cogepxate CO B gmnanasoHe, Hanpumep, okono 20-80, 30-70
unn 40-60 mon.% CO. lMpegnoututenbHo, rasoobpasHein cybertpar cogepxut okono 40-70
mon.% CO (Hanpumep, ras crtanenuTenHblX 3aBO40B UNU JOMEHHbIN ras), okono 20-30 mon.%
CO (Hanpumep, ras KoHBEpPTEPHOM Neun) nnm okono 15-45 mon.% CO (Hanpumep, CUHTE3-ras).
B HeKOTOpbIX BapuaHTax OCyLecTBneHus, rasoobpasHbii cybCcTpar MOXET COoaepXaTb
OTHOCUTENBbHO HU3koe komudecteo CO, Hanpumep, okono 1-10 wnm 1-20 mon.% CO.
MwukpoopraHmam CornacHo gaHHOMy M300peTeHMo, Kak npasuno, npeobpasyeT Nno MeEHbLUEN
mepe dacte CO B rasoobpasHom cybctpate B npoaykt. B HekoTopbix BapuaHTax
OCYLLECTBNEHUS1, rasoobpasHbii CyOCTpaT He COAEPXUT UMW NO CYLECTBY HE cogepxuT (<1
mon.%) CO.

123 TasoobpasHbin cybcTpar MOXET coaeparb HekoTopoe konunyectso H,. Hanpuwmep,
rasoobpasHbein cybeTpat MOXeT cogepxatb okono 1, 2, 5, 10, 15, 20 unn 30 mon.% H,. B
HEKOTOPbIX BapuWaHTax OCYLWECTBMEHMs, rasoobpasHbii cybcTpar MOXET cofepXxaTtb
OTHOCUTENBbHO BbICOKOE KonuyectBo H,, Hanpumep, okono 60, 70, 80 nnm 90 mon.% H,. B
AOMNONHUTENbHbIX BapuaHTax OCYLLECTBMEHUS, rasoobpasHbii cybCcTpaT He COAEPXKUT UMK Mo

cywlectBy He coaepxuT (<1 mon.%) Ho.

124 T[asoobpasHbii cybeTpar MOXET coaepxaTb HekoTtopoe konudectso CO,. Hanpumep,
rasoobpasHbin cybecTpatr moxeT cogepxate okono 1-80 mnm 1-30 mon.% CO,. B HekoTopbixX
BapuMaHTax OCYLLECTBMEHUs, rasoobpasHbi cybcTpaT MOXKET CoaepXKaTb MEHbLUE YeM OKOMo
20, 15, 10 unn 5 mon.% CO,. B gpyrom BapuaHTe OCyLeCTBNEHMS, razoobpasHbi cybcTpar He

COAEPXKMT UMK NO CyLEeCTBY HE coaepxuT (<1 mon.%) CO..

125 TasoobpasHbin cybCcTpaT Takke MOXET ObITb NPEACTaBNEH B anbTEPHATUBHbLIX (hOpMaXx.
Hanpumep, raszoobpasHbin cybcTpar MOXKET ObiTb pacTBOPEH B XUAKOCTU MNKn agcopbuposaH

Ha TBepAOM HOCUTENE.

126 [asoobpasHbii cybecTpar wunu uctodnnk C1-yrmepoga MOXET NpeacTaBnaTb cobou
OoTpaboTaHHbIN ras, Nony4eHHbIN B BUAE NOBOYHOrO NPoAyKTa NPOMBILLNIEHHOrO npouecca nnu

M3 Kakoro-nvbo Apyroro UCTOMHMKA, HanpuUMep, M3 BbIXNOMHbIX ra3oB aBToMobunen wunu ot
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rasucukaymm OGuomacchbl. B onpepeneHHbiXx BapuaHTax OCYLECTBNEHUS, MPOMbILLMEHHbIV
npouecc BbiIOpaH M3 rpynmnbl, COCTOSILLEA W3. NPOM3BOACTBA MPOAYKLUMW YEPHbIX METanmnos,
Hanpumep, CTanenuTenHoro NPou3BOACTBA, NPOU3BOACTBA NPOAYKUUN M3 LIBETHLIX METasnsos,
nepepaboTkn HedTH, rasudukaumu yrns, nNpPOU3BOACTBA 3MEKTPOIHEPrUn, NPOM3BOACTBA
YMCTOro yrnepoga, NpousBOACTBa aMmMMaka, Npou3BOACTBa METaHOMa M NPOM3BOACTBA KOKCA.
B aTux BapuaHTax ocyuwjectBneHus, rasoobpasHein cybcTpat n/vmnm uctouHuk C1-yrnepoaa
MOXeET ObITb U3BNEYEH M3 NPOMbLILLIEHHOrO npouecca nepes ero BbIOpocoM B atmocdepy ¢

npumMmeHeHnem nbdoro yaobHoro cnocoba.

127 TasoobpasHbii cybcTpat wunm uctodnmk C1-yrmepoga MOXET NpeacTaBnsaTb CoOOM
CMHTE3-ra3, Hanpumep, CUHTEe3-ras, MOMyYEeHHbIW NpU rasudukauum yrns WNM OCTaTKOB
HedbTenepepadbarbiBatoLlen NPOMbILLNEHHOCTH, rasudpmkayum Bromacchl unu
NWrHOLENMIONO3HOMO Marepuana unm npun pugopmMmHre NpUpPoAHoro rasa. B apyrom BapuaHTte
OCYLLIECTBNEHMS, CUHTE3-ra3 MoXeT OblTb MNONMyYeH B pesynbTate rasvdukauyum TBEPAbIX

ObITOBbIX OTXO40B MUNKA TBEPAbIX NMPOMbILLUNEHHbIX OTXO40B.

128 Komnosmuyma rasoobpasHoro cybcTpata MOXKET OKasblBaTb 3HAYUTENBHOE BIUSIHUME Ha
3 PEKTMBHOCTb /NN CTOUMOCTb peakumn. Hanpumep, npucytcteue kucnopoaa (O,) moxer
NOHM3NTE 3PMEKTUBHOCTL Mpouecca aHaspobHou epmeHTaymn. B 3aBucmmoctn ot
komnosnuyum  cybctpata moxeT ObiTb  kenatenbHbiM  oBpaboTtarb, OYUCTUTD UMK
oTpunbTpoBaTh cybcTpar Ana yganeHus niobbiX HexenarenbHbIX NpUMECen, Hanpumep,
TOKCUHOB, HeXenaTernbHbIX KOMMOHEHTOB WNW 4actuy nbinn, Wunu AN yBENUYeHus

KOHUEeHTpauun xenaemMbiX KOMMNOHEHTOB.

129 B HeKOoTOpbIX BapuaHTax OCYLLUECTBEHUS, hbepMeHTauuo npoBoaaT 6e3 yrneBOAHbIX

cyOCTpaToB, TakMX Kak caxap, Kpaxmar, NUrHKH, Lennonosa unm reMmyenntonosa.

130 B HekOoTOpbIX BapuaHTax ocyuwlectenenus, obwaa aHepretuka CO u H, ans
atuneHrnukonsa (M3l npegnoyvtTuTEenbHES, YeM OT FOKO3bl A0 3TUNEHITIMKONS, Kak MoKasaHo
HWKe, rae 6onee oTpuyarenbHble 3Ha4eHus csobogHon aHeprim Tmboca, ArG'm, gna CO u H,
yKasblBalOT Ha OONbLUYO ABWKYLLYIO CUMY B HanpasneHWM 3TUReHrnvkonsi. PacyeTbl obuien
aenbta G peakyumn gna cpasHeHus rmiokosbl ¢ CO B kavecTtBe cybecTparta 6binuv BbINOMHEHbI C
ucnonb3oBaHnem akeununbpartopa (http://equilibrator.weizmann.ac.il/), koTopbin aBRSeTCH
CTaHAapTHLIM CNOCOOOM OLIEHKMN OBLLEN OCYLLECTBMMOCTI NYTU UM OTAENbHbIX 3TanoB B MyTAX
B Buonorudecknx cucremax (Flamholz, E. Noor, A. Bar-Even, R. Milo (2012) eQuilibrator - the
biochemical thermodynamics calculator Nucleic Acids Res 40:D770-5; Noor, A. Bar-Even, A.
Flamholz, Y. Lubling, D. Davidi, R. Milo (2012) An integrated open framework for
thermodynamics of reactions that combines accuracy and coverageBioinformatics 28:2037-
2044; Noor, H.S. Haraldsdéttir, R. Milo, R.M.T. Fleming (2013) Consistent Estimation of Gibbs
Energy Using Component Contributions PLoS Comput Biol 9(7): e1003098; Noor, A. Bar-Even,
A. Flamholz, E. Reznik, W. Liebermeister, R. Milo (2014) Pathway Thermodynamics Highlights
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Kinetic Obstacles in Central Metabolism PLoS Comput Biol 10(2):e1003483). PacuyeThl

BbIMOJHSAOT CrieayowmmMm obpasom:

131 nioko3a (BogH.) + 3 NADH (BogH.) = 3 M3l (BoaH.) + 3 NAD" (BogH.) ArG'm -104
kx/monb

132 6 CO (BoaH.) + 3H; (BogH.) + 6 NADH (BogH.) = 3 MOI (BoaH.) + 6 NAD" (BogH.) ArG'm
-192 k[x/monb

133  Qusuonoeuveckue ycrosus.

134 nioko3a (BoaH.) + 3 NADH (BogH.) = 3 MOl (BogH.) + 3 NAD" (BogH.) ArG'm -70
k>x/monb

135 6 CO (BoaH.) + 3 H, (BoaH.) + 6 NADH (BogH.) = 3 MEG (BoaH.) + 6 NAD" (BogH.)
ArG'm -295 k[>x/monb

136 B pononHeHWe K 3TUMEHINIMKOMID, FMMOKCUNaTy Wunu riamkonaty MUKPOOPraHusm
COrnacHoO M300PETEHNIO MOXET KyNbTUBMPOBATLCA ANSA MOMyYEeHUs OAHOro unu Gonbluero
KonuMyecTea COMYTCTBYIOLUMX MPOAYKTOB. Tak, Hanpumep, MUKPOOPraHM3M COrfnacHoO AaHHOMY
N300pETEHNIO MOXET NPOoAYLMPOBaTb UM MOXET ObITb FEHETUYECKN CKOHCTPYMPOBAH ANS
npoaykuymm 3tanHona (WO 2007/117157), auyetatra (WO 2007/117157), 6yraHona (WO
2008/115080 wn WO 2012/053905), 6ytupara (WO 2008/115080), 2,3-6ytanguona
(WO 2009/151342 un WO 2016/094334), nakrata (WO 2011/112103), 6yteHa (WO
2012/024522), ©yragueHa (WO 2012/024522), wmeTtunatunkeToHa (2-6ytaHona) (WO
2012/024522 v WO 2013/185123), atunena (WO 2012/026833), auetoHa (WO 2012/115527),
nsonponardona (WO 2012/115527), nunngos (WO 2013/036147), 3-ruapokcunponunonara (3-
HP) (WO 2013/180581), nsonpexa (WO 2013/180584), »upHbix kucnot (WO 2013/191567), 2-
B6ytaHona (WO 2013/185123), 1,2-nponanauona (WO 2014/036152), 1-nponaHona
(WO 2014/0369152), npoaykToB, nNONy4YeHHbIXx u3 xopusmara (WO 2016/191625), 3-
rugpokcnbytmpara (WO 2017/066498) n 1,3-6ytaHguona (WO 2017/0066498). B HekoTOpbIX
BapuaHTax OCYLECTBMNEHNS, B [AOMOSHEHME K 3TUMNEHrNMKONIO MUKPOOPraHu3m COrnacHo
JaHHOMY un3obpeTeHno Takke npoayumpyet atadHon, 2,3-6ytaHamon wwunu cykumHat. B
HEKOTOPbIX BapuaHTax OCYLLeCTBMNEHUs, camy MUKPOOHYyto Buomaccy MOXHO paccmartpuBaTthb

Kak NMpPOAYKT.

137 «HatmBHbIM MPOAYKT» npeacTaBnsaeT CobON MNPOAYKT, NMPOAYUUPYEMBIA TEHETUYECKN
HEMOANMPUUMPOBAHHBIM  MUKPOOPraHMaMomMm. Hanpumep, aTaHon, auetat un 2,3-6ytaHguon
ABNAOTCHA HaTMBHbIMU npoaykTamu Clostridium autoethanogenum, Clostridium ljungdahlii, n
Clostridium ragsdalei. «HeHaTnBHbIN NPOAYKT» NpeacTaBnseT cobon NPOAYKT, NPOAYLUMPYEMbIN
FreHeTUYECKM MOAUMPULNPOBAHHBIM MUKPOOPraHM3MOM, OAHaKo, OH He npoayuupyeTcs
reHeTUYECKN HEMOANPULNPOBAHHBIM MUKPOOPraHNU3MOM, U3 KOTOPOro NOMy4arT FreHEeTU4eCcKu

MOANMPVLMPOBaHHBIA  MUKPOOPraHMaMm. HeusBeCTHbIM SBRSIETCA TO, 4YTO 3TUNEHIMUKOMb
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NpoAyLMpYETCS KakMM-nMbo NpUpoAHbIM MUKPOOPraHU3MOM, Tak YTO OH SIBMSIETCS HEPOAHbIM

NPOAYKTOM BCEX MUKPOOPraHWU3MOB.

138 «CenekTMBHOCTb» OTHOCUTCA K OTHOLUEHUIO MONMYyYEeHMs1 LEneBoro npoaykrta kK
MOMyYEeHUIO  BCEX  MNPOAYKTOB  (pbepmeHTauun, npoayuMpyeMbIX  MUKPOOPraHMU3MOM.
MuVKpOOpraHmam CornacHo JAaHHOMY W300peTeHuio MOXeT ObiTb CKOHCTPYMpOBaH Ans
NPOAYLMPOBAHMS MPOAYKTOB C OMNpPeAEeneHHON CEenekTUBHOCTBIO WM C  MWHMMarbHOW
CENeKTUBHOCTbI. B 0a4HOM BapmaHTe OCyLLECTBIEHUS, LeNeBON MPOAYKT, TaKOW Kak 3TWIEH
rMWKONb, COCTAaBMSET NO MeHbLUern mepe okono 5%, 10%, 15%, 20%, 30%, 50% wnu 75% ot
BCEX MPOAYKTOB bepMeHTauun, npOAYUNPYEMbBIX MUKPOOPraHM3MOM COrMacHoO AaHHOMY
nsobpeteHnto. B ogHOM BapraHTe OCYLLECTBMNEHMUS, STUMEH MMNKOMb COCTaBMSET MO MEHbLUEN
mepe 10% OT BCex NpoAyKToB hepMeHTauuu, npoayumpyemMbiX MUKPOOPraHU3MOM COrfacHo
AaHHOMY M300pEeTEHNIO, Takmm o0pasom, MUKPOOPraHm3M COrnacHO AaHHOMY M300peTeHuto
obnagaet CEeneKkTUBHOCTbIO MO OTHOLLUEHWUIO K 3TUMEH FMUKOM, COCTAaBMALWEN NO MEHbLUEN
mepe 10%. B gpyrom BapuaHTe OCYLLECTBNEHWUS, 3TUMEH MMMKOMb COCTaBMSET MO MEHbLUEN
mepe 30% OT Bcex NpoAyKToB dhepMeHTauuu, npoayunMpyemMbIX MUKPOOPraHU3MOM COrfiacHo
AaHHOMY M300pEeTEHMIO, Takmm oBpasom, MUKPOOPraHm3aM COrnacHO AaHHOMY M300peTEHUID
obnagaer CEeneKkTUBHOCTbIO MO OTHOLLUEHWUIO K 3TWUMEH FIMKOMK, COCTAaBMAIOWEN MO MEHbLUEN

mepe 30%.

139 Kak npasuno, KynbTMBUpOBaHWE NpoBOAAT B Ouopeaktope. TepmuH «BuopeakTop»
BKItO4aeT B cebsa yCTPOUCTBO ANA KYNbTUBUPOBAHUS/(EepMEHTaLMKN, COCTOSALLEE N3 OAHOMO UMK
fornbLUero KonmMyecTsa COCYAOB, KOMOHH UMW pasBOAOK TPyOonpoBOAOB, HaNpUMeEp, peakTop
HENPEpPbIBHOrO AENCTBUS C MexaHuyecknum nepemewmsaHnem (CSTR), peaktop Ha OCHoBe
nmmobunmaosaHHbix kneTtok (ICR), peaktop ¢ opowaembim cnoem (TBR), 6apboTaxHyro
KOMOHKY, rasnnTHbIN PEPMEHTEP, CTaTMYECKNA CMECUTENb, UM APYron COCya wnu apyroe
YCTPOWCTBO, MOAXOAsILEe ANs MPUBEAEHMS B KOHTaKT rasa C XXMAKOCTbI. B HekoTopbix
BapuaHTax ocylecTBneHnsi, OnopeakTop MOXET coaepxaTb MNEepBbll peakTop Ans
BblpalyMBaHNs M BTOPOW peakTop AN KynbTuBmpoBaHus/pepmeHtayumn. OauH nnm oba u3
Takux peakTopoB MOryT ObiTb obecneyeHbl cybcTpatoM. Kak npuMeEHsieTcs B aHHOM
LOKYMEHTE, TEPMUHbI KKYNbTUBUPOBAHNE» U «EepPMEHTaLUS» UCMONb3YIOT B3aMMO3aMEHSIEMO.
Yka3aHHble TEPMMHbI OXBaTbiBAOT Kak hady pocta, Tak n gasy OumocumHTesa npojykta B

npouecce KynbTUBUpPOBaHMS/pepmMmeHTaluu.

140 KynbTmBupoBaHME OObIMHO MNOALEPXKUBAKOT B BOAHOW KynbTypanbHOW cpege,
cojepXalen nuTaTtenbHble BeLEeCTBa, BUTaAMWMHbI W/WNW MUHEpanbl, AOCTaTOYHble Ans
obecneyeHnss pocta MuKkpoopraHusma. BopgHasi kynbTypanbHas cpeja npeanoyTUTENbHO
npeacraensietT cobon cpengy Ans aHa3poBbHOro MMKPOBOHOro pocTa, Takyl Kak MUHUManbHas
cpega anga aHaspobHoro mmkpobHoro pocta. lloaxoasawme cpenbl XOpoLO N3BECTHbI B AaHHOW

obnacTn TEXHUKMN.



10

15

20

25

30

35

37

141 [Ona nonyyeHna 3TUNEH [NIMKONA KyNbTUBUPOBaHWE/hepMeHTaunio XKenartenbHo
NpOBOAUTL B COOTBETCTBYIOLIMX YycnoBuax. Kak npasuno, KynbTUBMpOBaHWE/epMeHTaumio
BbIMOMHAOT B aHa3pOOHbIX YCrOBUSIX. YCMNOBUA peakuun, KOTOpble CreayeT YYuUTbIBaTb,
BKIto4aoT B ceba gasneHue (unu napuvanbHoe AaBrieHune), TemnepaTypy, CKOPOCTb MOTOKa
rasa, CKOpoOCTb MOTOKA >XUAKOCTU, pH cpelbl, OKUCNUTENBHO-BOCCTAHOBUTENbBHbBIA NOTEHLMan
cpeabl, CKOPOCTb MepemMeLLnBaHnsa (NP1 NPUMEHEHUM peakTopa HEenpepbiBHOrO LEWCTBUS C
nepemMeLLnBaHnemM), YpOBEHb MHOKYNATA, MakCUManbHble KOHLEHTpauuMm rasoBoro cybcrpara
4yTOObl YAOCTOBEPUTLCH, UYTO ras B XMAKOW (pase He CTaHeT orpaHuMYmMBaloLM (PakTopom, u
MakCuUmanbHble KOHLEHTpauum npoaykta ans wusbexaHus uHrmbuposaHusa npoaykta. B
4YaCTHOCTW, MOXHO PErynmpoBaTtb CKOPOCTb BBeAEHUs cybcTpara, Ytobbl y40CTOBEPUTBLCSH, UTO

KOHLEHTpauns rasa B XMUAKOM dase He cTana orpaHMynBaroLlen.

142  Okcnnyatayvs 6Guopeaktopa npu MOBbIWEHHbLIX AABNEHUAX MNO3BONSET MOBbICUTH
CKOPOCTb MaccornepeHoca rasa us rasosou asbl B Xuakyto dasy. COOTBETCTBEHHO, B obLiem
crnyyae npeanoyTUTENBbHO OCYLLECTBIAThL KyNbTMBUPOBaHUE/EPMEHTAUMIO MPU AaBMNEHMUSX
BblLLE aTMOCGEpPHOro gasneHusi. Kpome TOro, NockomnbKy 3ajaHHasi CKOPOCTb MpeBpalleHus
rasa 4YacTU4YHO 3aBMCUT OT BPEMEHU yAEPKUBaHUS cybcTparta, npyu 3TOM BPeEMS YAEPXKMBAHUS
AVKTYeT Heobxogmmbii oObem BuopeakTopa, NPUMEHEHME CUCTEM MNOL4 AaBMEHUEM MOXET
3Ha4YUTENBHO YMEHbLUMTL Tpebyembin obvem Bunopeaktopa M, cnegoBaTenbHO, KanutarnbHble
3atpatbl Ha obopyaoBaHue AnS KynbTUBUPOBaHUSA/epMeHTaunsa. 3TO, B CBOKO O4vepeab,
O3Ha4aeT, YTO Mpu nogaepxaHnun GUopeakTopOoB MPW MOBLILIEHHOM AaBMEHMM, @ HE Mpu
aTMoOCEPHOM LaBNEHNN, MOXKHO YMEHbLUNTL BPEMS YAEPXKMBAHUS, onpejensieMoe kak obbem
Xnakoctu B BuopeakTope, AEeneHHbIN Ha CKOPOCTb MOTOKa HarHeTaemoro rasa. OnTumanbsHble
yCrnoBus peakymm 6yayT YacTUYHO 3aBUCETb OT KOHKPETHOMO MCMONb3YyEeMOro MUKPOOPraHn3ma.
OpHako, B obwem crnyvae npeanovyTUTenbHO NPOBOAUTL (PEPMEHTaUUIO NPU 4aBMEHUN Bbille
aTMocepHOro aaBneHus. Takke, NOCKONbKY AaHHas CKOPOCTb NpeobpasoBaHus rasa oT4acTu
3aBUCUT OT BpPEMEHU yaepxuBaHus cybcTpata, a p[ocTkeHne Tpebyemoro BpeMEHU
yAEPXMBaHUS, B CBOK ovepesb, onpeaenseT Tpebyembin o6bem bnopeaktopa, TO NPMMEHEHNE
CUCTEM MOJ, AABNEHNEM MOXET 3HAYUTENbHO YMEHbLUNTL Tpebyembin ob6bem Grnopeaktopa u,

crefoBaTenbHO, KanuTanbHble 3aTpaTbl Ha obopyaoBaHMe 4na hepmeHTayum.

143 B HekoTOpbIX BapuaHTax OCyL|eCTBNEHUsS, (PepMeHTauuno BbINOMNHAKT B OTCYTCTBUE
cBetTa wnNM B NPUCYTCTBUM HEKOTOPOrO KOMMYEeCTBa CBETA, HEeJOCTaTOYHOro Ans
YAOBMNETBOPEHNS 3HEPreTUYECKUX noTpebHoCcTen (POTOCUHTETUYECKMX MUKPOOpraHnsmos. B
HEKOTOPbIX BapuaHTax OCYLLUECTBIEHUA, MWUKPOOPraHW3M COrnacHoO AaHHOMY W300peTeHuto

npeacrtaensieT cobon HePOTOCUHTEINPYIOLNIA MUKPOOPTraHN3M.

144 Cnoco® cornacHo AaHHOMY W30OpPETEHUIO MOXET AOMOSHUTENbHO BKMOYaTb B cebs
OoTAENeHne 3TUMEHrNUKONS OT PepMeHTaUMoHHOro OyrnboHa. STUMEHIMMKONb MOXET ObiThb

OTAENEH MUNN OYULLEH OT hepMeHTalnoHHOro BynboHa niobbiM cnocobom nnu kombuHaumen
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crnocoboB, M3BECTHbIX B JaHHOW 0Onactv TEexXHWKW, BKIKYas, Hanpumep, AUCTUNNAUUIO,
NpoLecChl C NCEBAOABWMKYLLMMCSA CNOEM, MEMOPaHHYIO OYNCTKY, UCNAPEHNE, UCMapeHne vyepes
nonynpoHMUaemyto MembpaHy, OTrOHKy rasom, pasgeneHue @as, WOHHbIA OOMEH, wunu
3KCTPaKTMBHYIO (PepMeHTauuto, BKNIOYasa, Hanpumep, XULKOCTb-XUAKOCTHYIO 3KCTpakuyuio. B
OfHOM BapuaHTe OCYLUECTBMNEHUS, 3TUMEHIMUKONb MOXET OblTb CKOHUEHTPUPOBaH U3
depmeHTaymoHHoro 6ynboHa ¢ UCNonb3oBaHNeM 0BpaTHOro ocMoca W/Mnn UCNApPEHUs Yepes
nonynpoHuyaemyto membpany (CLUA 5552023). Boga MOXeT ObiTb yaaneHa guctunnaymnen, a
ocTaTkm (coaepkalyme BbICOKYKD AOM0 3TUNEHrNMKkonsl) Moryt ObiTb 3aTeM W3BMEYEHbl C
NCNONb30BaHMEM AUCTUNNAUMN WNN  BaKyyMHOW AUCTUNMAUUM ANS NONyYeHus dopakymm
STUNEHINWKONS  BbLICOKOW  4UCTOTbl. B anbTepHaTtuBHOM BapuaHte, ¢ wunu 6Ges
KOHLEHTPUPOBAHNS MyTeM OOpaTHOro ocmoca W/unu ncnapeHusa 4epes nonynpoHULaemyro
MemOpaHy, 3TUMEHMNMKONb MOXET OblTb AOMOMHUTENbHO OYULLEH NYTEM pPEeaKUNOHHOW
aunctunaumm ¢ ansgerngom (Atul, Chem Eng Sci, 59: 2881-2890, 2004) nnn aseoTpPONHON
aunctTunsaumMm ¢ ucnonb3oBaHnem yrnesogopoga (US 2,218,234). B pgpyrom noaxoge,
STUNEHITNNKOMNb MOXET BbITb 3axBa4YeH Ha aKkTUBMPOBAHHOM Yyrne nnm nonumepHom abcopberTte
nm3 BogHoro pacteopa (c wunu 6e3 obpaTtHoro ocmoca W/WnM UCNapeHnem 4vepes
nonynpoHMLyaemMyo memopaHy) 1 U3BNeYEH C UCMNONb30BaHNEM HU3KOKUMSALLEro OpraHn4eckoro
pacteoputena (Chinn, Recovery of Glycols, Sugars, and Related Multiple -OH Compounds
from Dilute-Aqueous Solution by Regenerable Adsorption onto Activated Carbons, University of
California Berkeley, 1999). StuneHrnukone 3atem MOXeT ObiTb M3BMEYEH M3 OPraHMyecKoro
pactesoputena Auctunnauuen. B HeKoTOopbIX BapuaHTax OCYLECTBNEHWUSs, 3TUMEHINUKONb
n3BnekawT U3 epMeHTaumoHHoro OyrnboHa HenpepbiBHbIM yaarneHnem 4vactn OynboHa u3
BuopeakTopa, OTAENEHNEM MUKPOOHbIX KNeToKk OT OynbOoHa (0ObIMHO (PUNbTPOBaHUEM), WU
BblA€NEHNEM 3TUNEHrnuKonsa u3 OynboHa. [MOOOYHbIE NPOAYKTbI, TakMe Kak CnupTbl MK
KACNOTbI, Takke MOryT ObiTb OTAENEeHbl UNu ouulleHbl oT BynboHa. CnMpTbl W/WnNKM aueToH
MOXHO BbILENATb, Hanpumep, auctmnnaymen. Kucnotbl moryT ObiTb BblgeneHbl, Hanpumep,
agcopbumen Ha akTMBMPOBAHHOM apeBecHoM yrne. OTaeneHHble MUKPOOHbIE KNEeTKU MOryT
ObITb BO3BpaLLeHbl B OMOpeakTop B HEKOTOPbIX BapuaHTax ocyuwectsneHus. dunbtpar, He
COAEPXaLMA  KMETOK, OCTalWMUCa nocne yaaneHus UeneBblX MNPOAYKTOB, Takxke
NpeAnoYTUTENBHO BO3BpaLalT B OMOpeakTop, UENMKOM unu 4vactuyHo. B dunbTpart, He
COAEPXKaLLUA KNETOK, MOXHO J06aBNAaTb AOMOMNHUTENbHbBIE NUTaTENbHbIE BELECTBA (Takue Kak

BUTaMUHbI B) fns nononHeHust cpeabl nepes ee Bo3BpaTom B GropeakTop.

145 Vi3Bne4yeHue AMOMNOB M3 BOAHbLIX Cpeh Oblo NPOAEMOHCTPUPOBAHO PSAOM CHOCOOOB.
TexHonorna ncespoaswkywleroca cnos (SMB) 6bina ucnonb3oBaHa Ans m3sneveHusa 2,3-
OyTaHaunona u3 BOAHOW CMECK 3TaHomNa 1 CBsA3aHHbix okcureHaTos (nateHT CLUA Ne 8,658,845).
Tawke ObINO NPOAEMOHCTPUPOBAHO  peakUMOHHOE pasgeneHue ansa 3P eKTUBHOroO
nssneyeHns auona. B HEKOTOpbIX BapuaHTax OCYLIECTBMEHMWS, U3BIEYEHUE ITUNEHTNIUKONS

NpoBOAAT B3aMMOJENCTBUEM avoncoaepaiien dpakymm c anbaernaamu,
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hpakyMOHNPOBAHNEM N BOCCTAHOBMNEHNEM AMOMA, OKOHYATENbHbIM (PpakynoHMpoBaHNEM ANS
BOCCTAHOBINEHUS Ppakuymmn KOHUEHTpupoBaHHoro auona. Cmotpute, Hanpumep, nateHt CLUA
Ne 7,951,980.

146  V3obpeTeHne npegnaraet KOMNO3ULUK cogepkalne 3TUNEHIMUKONb, NPOAYLMPYEMBIN
MUKPOOPraHnuamamu, u cornacHo cnocoboB, OMUCaHHbIX B AaHHOM AOKyMeHTe. Hanpumep,
KOMNO3MLUUSA, coaepxaljas 3TUMEHIMMKONb MOXET npeacTtaBnsatb cobon  aHTudpus,

KOHCEPBaHT, AernapaTtupyrowuni areHT, unm 6ypoBon pacTBop.

147 W3obpeTeHne Tawke npeanaraet MNONUMEPLI, coaepXxawue  3TUNEHTTIMKONMb,
NPOAYLMPYEMBIN MUKPOOPraHn3mMamm, U CornacHo cnocoboB, ONMCaHHbIX B JAHHOM AOKYMEHTE.
Takummn nonumepammn MoryT ObiTb, HaNPUMEP, rOMOMNONMMEPLI, TakKNe Kak NoONMITUNEHTTINKONb,
WUNN CONONMUMEPbI, Takue Kak nonuatuneHTepedTanar. Cnocobbl CUHTE3a TakMX MNONMMEpPOB
XOPOLLO U3BECTHbI B JaHHOW obnactn TexHukn. CmoTpute, Hanpumep, Herzberger et al., Chem
Rev., 116(4): 2170-2243 (2016) and Xiao et al., Ind Eng Chem Res. 54(22): 5862-5869 (2015).

148 [aHHOe u300peTeHMe [AOMNOMHUTENbHO nMpeanaraeT KOMMO3uyuKn, cogepxawue
NonMMepsbl, cogepXxalyme 3TUNEHrMNNKOMb, NPOAYLUPYEMbIA MUKPOOPraHu3amMamu, 1 cornacHo
cnocoboB, OMUCaHHbIX B AAHHOM AOKYMEHTe. Hanpumep, KOMMNO3VUUA MOXET NPeACTaBnaTb

cobown BOMOKHO, CMOIyY, MAEHKY, UNn nNnacTuka.

NPUMEPBHI

149 Cnegyowmne npumepbl LOMOMHUTENbHO WAMOCTPUPYIOT AaHHOEe usobpeTeHne, Ho,
pasymeeTcs, He [OIMKHbl pacCMaTpuBaTbCsl Kak OrpaHuvdMBaroime ero obbem Kakum-nmbo
obpasom.

150 [Ipumep 1. KoHCMpyuposaHue eemeponoaudHO20 8EKMopa 3KCrpeccuu, codepxauiezo
yumpam-curma3sy B. subtilis, uzouyumpam-nuasy E. coli u enukonbanbdezud-OeaudpozeHasy
G. oxydans 05 nonyderust amunernanuxons u3 CO u/unu CO, u H, e C. autoethanogenum.

151 TeHbl, koaupywowme uuTtpatcuHTasy w3 B. subtilis (citZ, SEQ ID NO: 1-2),
nsoyutpatnunasy us E. coli (icl, SEQ ID NO: 11-12) n rnukonbanbaermna-gerngporeHasy m3 G.
oxydans (aldA71; SEQ ID NO: 55-56) 6binn KogoOH-aganTUpPOBaHbl U CUHTE3UPOBaHbI ANS
akcnpeccumn B C. autoethanogenum. AfanTUPOBaHHbIE reHbl KNOHUPOBanM B YEMHOYHbIN BEKTOP
akcnpeccumn, plPL12, ¢ ncnonb3oBaHnem crtangapTHoro Habopa «Golden Gate Cloning Bsal»
(New England Biolabs, Mnceuy, Maccadycetc). plPL12 cogepXUT TOUKY Havana pennmkayuu
kak ana E. coli, Tak nu gna C. autoethanogenum, 4TO NO3BONSET €My PENnMUMPOBaTbCA U
nopaepxmeatbcs B o6enx suaax; plPL12 Tarke pabortaet B 6onbwmHctee Clostridia. plPL12
gononHutensHo cogepxut 23S pPHK (apeHuH(2058)-N(6))-meTtuntpaHcdepasy Erm (B),
obecneynBaroLLylo YCTOMYMBOCTL K 3PUTPOMULMHY/KNAPUTPOMULMHY AN MONOXUTENBbHOrO
otbopa, TralJ ANA KOHBIOraTMBHOrO nepeHoca K3 E. coli, 1 NpoMoTOp ANA 3KCrnpeccun

reTeponoruyHbix reHos. CmoTpute dur. 2A. BekTtop 3KCcnpeccun, COo3faHHbIN NyTeMm
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knoHuposanus citZ, icl n aldA1 B plPL12, ynomuHaeTca B gaHHOM JokymeHTe kak pMEG042
(Pwur. 2B).
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152 Tabnvuya 2: OnuroHykneotTuabl, WCMOMb30BaHHbIA ANA KOHCTPYMPOBaHUS BeKTopa

akcnpeccun pMEGO042.

SEQ ID NO HasBaHue MNMocnepoBaTenbHOCTb

69 pIPL12-bb-F CACACCAGGTCTCAAACCATGGAGATCTCGAGGCC
TG

70 plPL12-bb-R CACACCAGGTCTCACATATGATAAGAAGACTCTTGG
C

71 citZ_Bs1-F CACACCAGGTCTCACATATGACAGCAACAAGGGGC
C

72 citZ Bs1-R CACACCAGGTCTCAATTGTAACACCTCCTTAATTAGT
TATGCTCTTTCTTCTATAGGTACAAATTTTTG

73 Icl_Ec-F CACACCAGGTCTCACAATGAAAACAAGAACTCAACA
AATAG

74 lcl_Ec-R CACACCAGGTCTCAGTGTTCCTCCTATGTGTTCTTA
AAATTGAGATTCTTCAGTTGAACCTG

75 aldA1_Go-F CACACCAGGTCTCAACACATATGACTGAAAAAAATA
ATTTATTCATAAATGGATC

76 aldA1_Go-R CACACCAGGTCTCAGGTTATGCATTTAGATATATTGT
TTTTGTCTGTACG

153  KoHctpykuyua pMEGO042 6Gbina TpaHccopmupoBaHa B C. autoethanogenum nyTem
KOHblOoraumm. Bektop akcnpeccum 6bin BNepBble BBEAEH B KOHBIOTATMBHBIA 4OHOPHbIA LUTAMM
E.coli HB101+R702 (CA434) (Williams et al. 1990) (4OHOpP) C MCNONb3OBaHWEM CTaHAaPTHOWU
TpaHcdopmayumn TENMNOBbIM LLOKOM. [JOHOPHbIE KNeTkn BoccTaHasnmeanu B cpege SOC npu 37
°C B TeyeHme 1 vaca, nocrne 4yero nomeljany Ha 4vawkum co cpeaon LB, cogepxawen 100
MKr/MA CnekTUHOMULMHA 1 500 MKr/mMn 3aputpoMuuuHa, u nikybuposanu npu 37 °C B TedeHue
Houn. Ha cneaytowmn geHb 5 mn anunksoT LB, cogepxxawmx 100 mkr/mn cnektnHomuymHa n 500
MKI/M 3pUTPOMULMHA, MHOKYIMPOBAanu HECKONMbKUMW LOHOPHBLIMU KOMOHUSIMU U MHKYOupoBanm
npn 37 °C, BCTpsIXMBasi B TEYEHME MPUMEPHO 4 Y UNKn A0 TEX NOP, NoKa KynbTypa He CTaHeT
3aMeTHO KOHLEHTPUPOBAHHEW, HO MPU 3TOM elle He Boluna B CTauuoHapHyio dasy. 1,5 mn
AOHOPHOWN KynbTypbl cobupanu yeHTpudyrnposadnem npun 4000 o6/mmH n 20-25 °C B TeueHme
2 MVHYT 1 yganann cynepHartaHT. [JJOHOPHbIe KINETKM OCTOPOXHO pecycrneHauposanu B 500 Mkn
crepunbHoro B6ycdepa PCB n uyeHtpudyrnposanu npu 4000 o6/MWUH B TEYEHME 2 MUHYT, U
cynepHataHt ®BC yaananu.

154 Ocapok BHOCUNKU B aHa3pobHYy0 kaMmepy 1 OCTOPOXKHO pecycneHaunposany B 200 Mk BO
BPEMSI MO34HEN 3KCroHeHymanbHoW asbl kKynbTypbl C. autoethanogenum (peuunuenTt). C.
autoethanogenum DSM10061 n DSM23693 (npoussogHoe DSM10061) nonyyanu u3s DSMZ
(Hemeukasa konnekumss MMKPOOPraHMsMOB U KIETOYHbIX KynbTyp, |Inhoffenstrale 7B, 38124,
BpayHwsewr, l'epmanug). Ltammel Beipawmsanu npu 37 °C B cpeae PETC (cmoTpuTte narteHT
CLUA Ne 9738875) npu pH 5,6 ¢ mcnonb3oBaHMEM CTaHAAPTHbIX aHa3POOHbIX METOAO0B
(Hungate 1969; Wolfe 1971).
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155 Cwmecb Ana KoHbloraymm (CMeCb AOHOPHBIX U PELUMUEHTHbIX KMETOK) HaHOCUMM Ha
vyawkn ¢ PETC-MES + dpykTo3HbI arap u octasnanu cywmtbesa. Korga natHa 6onblie He
ObiNnn BU3yanbHO BNAXHBIMW, YalUKM NOMEWann B Kamepy noj JAasreHuMeM, MnoBbIanu
aasneHue cuHtes-rasom (50% CO, 10% N,, 30% CO, 10% H,) po 25-30 ¢yHTOB Ha
KBagpaTHbIM AWM, U UHKYOuposanun npu 37 °C B TeuyeHue npumepHo 24 yacos. 3aTem
KOHBIOTALUMOHHYIO CMEChb YAansanu C Yawek MnyTemM OCTOPOXHOro cockabnueaHus C
ncnonbsosaHmem 10 MKN MHOKYNSALUMOHHOW NETNK. YaaneHHy cMmechb cycneHgmuposanu B 200-
300 mkn cpegbl PETC. AnuksoTbl no 100 MKN KOHbBIOraunmoHHOM CMECK BbICEBaNM Ha Yallku C
arapusmposaHHon cpegon PETC c¢ pgobasneHvem 5 mkr/mn knaputpomuymHa gnsa otbopa
TPaHCOPMAHTOB, HECYLLMX NasMngy.

156 Tpwu otaenbHble konowun C. autoethanogenum, Hecywme nnasmuagy pMEGO042,
nHokynmposann B 2 mn cpeabl PETC-MES ¢ 5 mkr/mn knaputpoMyyvHa, v Bbipaljmsanu
asToTpodpHo npu 37 °C ¢ 50% CO, 10% N,, 30% CO,, 10% H, n 100 o6/MmnH opbuTtanbHOM
BCTPSIXMBaHUN B TedeHne Tpex gHen. KynbTypbl pasbasnann o ODgy 0,05 B 10 mn cpegpbl
PETC-MES ¢ 5 wmkr/mn knaputpoMuuuHa BO prakoHax C CbIBOPOTKOM W Bblpalymsanu
asToTpodpHo npu 37 °C ¢ 50% CO, 10% N,, 30% CO,, 10% H, n 100 o6/MnH opbuTtansHOM
BCTPSIXMBAHUN B TedeHne 20 gHen, exxenHeBHO oTOupasn npobbl 4ns namepeHnst Guomacchbl v
meTabonutos (Pur. 3A n 3B). MNpoaykuMilo STUNEHINNKONS WU3MEPSNN C MOMOLLBIO ra30BOW
xpomarorpadpum macc-cnektpometpum (MX-MC), a apyrue metabonutbl U3MEPANU C NOMOLLbIO
BbICOKOI(PEKTUBHOM XKNAKOCTHOM XpomaTorpadum (BOXKX), kak onmcaHo Huxe.

157  KoHUeHTpaumm sTUneHrnmkons namepsanu ¢ nomowbio Thermo Scientific ISQ LT GCMS,
obopynosaHHoro konoHkon Agilent VF-WAXms (15 m x 0,25 mMkm x 0,25 MKMm) wu
asTocamnnepom RSH. O6pasybl rotosunu pasbasnenvem 200 mkn OynboHa 200 mkn
meTaHona. Obpasupbl BCTpsIXMBaNu, 3atem LeHTpudyrnposanu B TedeHne 3 mmHyT npu 14000
o6/mMuH; 200 MKN cynepHaTaHTa NepeHoCUnn B CTEKNSIHHbIN donakoH co BcTaskon. O6pasubl
nepeHocMnM B aBTocaMnnep ANS aHanu3a, MCcnonb3yd MHbekuyuio 1,0 MKN, COOTHOLUEHME
pasgenennsa 5 k 1, u Temnepatypy Ha Bxoge 240 °C. Xpomarorpaduio BbINONHSANN C
nporpammon Harpesa: 80 °C c Bbigepxkon B Tedenme 0,5 muH 5o nogHatusa 10 °C/mmH go 150
°C, po nogHstusa 25 °C/MmH go 220 °C, € KOHEYHbIM BblLEPXKUBAHNEM B TEYEHME 3 MUHYT.
CkopocTb NoToka B KONoHke cocTtasnsana 4,0 Mn/MuH ¢ Bbigepkkon 0,5 MUH, 3aTeM CHmKanach
4o 1,5 mn/mMunH co ckopoctetd 100 MA/MUH/MUH C UCMONb30OBaHUEM renna B Ka4yecTBe rasa-
Hocutensa. Wctounmk wumoHoB MC noaaepxumBann npu 260 °C, a nepexoaHyr nuHUIO
yctaHasnueann Ha 240 °C. KonnyectBeHHOe onpejaernieHne npoBOAUMN C UCMONb3OBaHUEM
NMHENHON KannBpOBKM BHELUHUM CTaHgapToMm, wucnonb3yss 33,0 m/z B kayectse nuka
KonunyecTtBeHHoro onpeaeneHna n 31,0 + 62,0 m/z B kKa4eCTBe NOATBEPXKAAIOLLMNX MNKOB.

1568 OraHon, ayerar, 2,3-6yTaHgunon, rmMUMOKCUNAT, U KOHLUEHTPpauun rmukonaTa usMmepsnm ¢
nomouybto BOXKX Ha Agilent 1260 Infinity LC ¢ onpeaeneHnem nokasatena npenomnenusa (RI)

npu 35 °C. OB6pa3suypl rotoBUNN NyTem HarpesaHus B TeveHue 5 muH npu 80 °C, 3a KOTOpbIM
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cnegosano 3 MuH ueHTpudyrmposaHue npu 14000 o6/MuH; cynepHaTaHT MNEPEeHOCUnu B
CTEKNSIHHBIN ONakoH Ans aHanuaa. PasgeneHue nposogunm ¢ nomowblo 10 MK MHBEKUUKN B
konoHky Phenomenex Rezex™ ROA-OpraHuyeckas kucnota H+ (8%) (300 mm x 7,8 mm x 8
MkM) npy 0,7 mn/MuH n 35 °C B M30KpaTMYECKMX YCNOBUSX, C UCMOMNb3OBAHMEM MOABUXHOW
asbl B Buae 5 MM cepHON KMCMOThI.

159  Yepes npmmepHO 3 AHA aBTOTPOCHOro pocta obHapyXmMBanu rUKONSATHBIA NPEKypcop

aTMneHrnukons, n vyepes 10 gHen oBHapyxmBanu NPoAYyKUMIo aTunenrnukons (dur. 3B).

160 [Ipumep 2. KoHCMpyuposaHue eemeporioaudHO020 8eKMopa IKCrpeccuu, codepxaweao
anaHuH-anuoKkcunam-amuHompaxcegpepasdy S. thiotaurini u anbdeaud-OeesudpozeHasy P.
fluorescens éns nonydeHust amunenanukons us CO u/unu CO, u H, 8 C. autoethanogenum.

161 [eHbl, KOAUPYIOLUME anaHWH-rIMokcunaT-ammHoTpaHcdepasy us S. thiotaurini (pucG;
SEQ ID NO: 15-16) n anbaerva-aermaporeHasy us P. fluorescens Q8r1-96 (aldA7; SEQ ID NO:
57-58) 6bInn KOLOH-aaanNTUPOBaHbl N CUHTE3NPOBaHbI AN akcnpeccuun B C. autoethanogenum.
KoaoH-aganTupoBaHHble reHbl knoHuposanun B pIPL12 (dur. 2A), M NOMy4YEHHbLIN BEKTOP
akcnpeccun, pMEGO058, BBogunu B C. autoethanogenum, kak onucaHo B Npumepe 1. CmoTpute
dur. 2C.

162 Tabnmuya 3: OnUroHykneoTuabl, WCMONb30BaHHbIE ANA KOHCTPYMPOBAHWUS BeEKTOopa

akcnpeccumn pMEGO058.

SEQ ID NO HasBaHue MNMocnepoBaTenbHOCTb

69 plPL12-bb-F CACACCAGGTCTCAAACCATGGAGATCTCGAGGCC
TG

70 plPL12-bb-R CACACCAGGTCTCACATATGATAAGAAGACTCTTGG
C

77 PucG_Sthi1-F CACACCAGGTCTCACATATGCAATTTAGGCCTTTTAA
TCCACCA

78 PucG_Sthi1-R CACACCAGGTCTCAGTGTTCCTCCTATGTGTTCTTAT
GCTTGCGCAAGTGCCT

79 aldA1_Pfg8-F CACACCAGGTCTCAACACATATGTCTTCAGTGCCTG
TATTCCAG

80 aldA1_Pfg8-R CACACCAGGTCTCAGGTTAAGACTGGAGATATACTG
CATGAG

163 [lBe otaenbHble konoHun C. autoethanogenum, Hecywme nnasmuagy pMEGO058,
nHokynuposann B 2 mn cpeabl PETC-MES ¢ 5 mkr/mn knaputpomuyuHa v Bbipaljmsanu
aBTOTpPOpHO, kak onmcaHo B [lpumepe 1. Cmotpute dur. 4A. Yepes npumepHo 3 AHS
aBTOTPOPHOro pocrta obHapyXuBanu rMUKONAT, a 4yepe3 8 aHen obHapyxuBanu NPOAYKUNIO

atunedrnukons (dur. 4B).
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164  [Ipumep 3: KoHCMpyuposaHue eemeporioaudHO020 8EKMopa IKCrpeccuu, codepxawieao
arnaHuH-enuoKcunam-amuHompaxcegepasy S. thiotaurini u enukonbanbdeeud-0eeudpozeHasy
G. oxydans 0ns1 nony4deHusi amunerenukons u3 CO u/unu CO, u H, e C. autoethanogenum.

165 [eHbl, kKogMpylOLMe anaHuH-rnuokcunart-amuHoTpaHcgepasy us S. thiotaurini (pucG;
SEQ ID NO: 15-16) n rnukonbansgerng-aernaporeHasy ns G. oxydans (aldA1, SEQ ID NO: 55-
56) Gbinn KOLOH-afanTUPOBaHbl U CUHTE3MpPOBaHbl Ans akcnpeccun B C. autoethanogenum.
KogoH-aganTupoBaHHble reHbl krnoHuposanu B pIPL12 (dur. 2A), U NOMNyYEHHbIN BEKTOP
akcnpeccun, pMEGO059, Beogunu B C. autoethanogenum, kak onucaHo B MNpumepe 1. CmoTpute
dur. 2D.

166 Tabnumuya 4: OnUroHykneoTuabl, MWCMOMb3OBaHHbIE AN KOHCTPYMPOBaHUS BeKTOpa

akcnpeccun pMEGO059.

SEQ ID NO HasBaHue MNocnepoBaTenbHOCTb

69 plPL12-bb-F CACACCAGGTCTCAAACCATGGAGATCTCGAGGCC
TG

70 plPL12-bb-R CACACCAGGTCTCACATATGATAAGAAGACTCTTGG
C

77 PucG_Sthi1-F CACACCAGGTCTCACATATGCAATTTAGGCCTTTTAA
TCCACCA

78 PucG_Sthi1-R CACACCAGGTCTCAGTGTTCCTCCTATGTGTTCTTAT
GCTTGCGCAAGTGCCT

75 aldA1_Go-F CACACCAGGTCTCAACACATATGACTGAAAAAAATA
ATTTATTCATAAATGGATC

76 aldA1_Go-R CACACCAGGTCTCAGGTTATGCATTTAGATATATTGT
TTTTGTCTGTACG

167 [Be otaenbHble konoHun C. autoethanogenum, Hecywme nnasmuagy pMEGO059,
nHokynmposann B 2 mn cpeabl PETC-MES ¢ 5 mkr/mn knaputpomuyuHa v Bbipawjmsanu
aBTOTPOPHO, kak onmcaHo B [lpumepe 1. CmoTtpute Pur. 5A. Yepes npumepHo 3 AHS
aBTOTPOPHOro pocta obHapyxmBanu rinkonaT, a vyepes 10 gHen obHapyXuBanu NpPoAyKUUIO

atunedrnukons (dur. 5B).

168 [Ipumep 4. KoHCMpyuposaHue eemeporioaudHO020 8EKMopa IKCrpeccuu, codepxauieao
anaHuH-anuoKcunam-aMmuHomparcgepasy u anbleaud-OeaudpoeeHasy Ons  NOnyYeHUst
amuneHanukons u3 CO u/unu CO, u H, e C. autoethanogenum.

169 [eHbl, kogupyowme amnHoTpaHcdepasy knacca V uns C. acidurici (SgA; SEQ ID NO: 19,
20) n anbgerng-pernaporeHasy uns P. fluorescens Q8r1-96 (aldA7; SEQ ID NO: 57-58) 6binu
KOAOH-afanTMpoOBaHbl N CUHTE3WpoBaHbl Ans akcnpeccun B C. autoethanogenum. Kopor-
aganTupoBaHHble reHbl krnoHmposanu B plPL12 (dur. 2A), n nonydeHHbI BEKTOP 3KCrpeccuum,

pPMEGO061, seogunu B C. autoethanogenum, kak onucaHo B MNpumepe 1. CmoTpute dur. 2E.
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170 Tabnuya 5: OnuroHykneoTuabl, MCMNONb3OBaHHbIE AN KOHCTPYMPOBaHUS BeEKTOpa

akcnpeccmn pMEGO061.

SEQ ID NO Ha3BaHue NMocnepoBaTenbHOCTb

69 pIPL12-bb-F CACACCAGGTCTCAAACCATGGAGATCTCGAGGCCT
G

70 pIPL12-bb-R CACACCAGGTCTCACATATGATAAGAAGACTCTTGGC

81 SgaA_Cacil-F CACACCAGGTCTCACATATGAGAACTCCATTTATTAT
GAC

82 SgaA_Caci1-R CACACCAGGTCTCAGTGTTCCTCCTATGTGTTCCTAA
TCTACAAAGTGCTTG

79 aldA1_Pfg8-F CACACCAGGTCTCAACACATATGTCTTCAGTGCCTGT
ATTCCAG

80 aldA1_Pfg8-R CACACCAGGTCTCAGGTTAAGACTGGAGATATACTGC
ATGAG

171  Tpwn otaenbHble konowun C. autoethanogenum, Hecywme nnasmuagy pMEGO061,
nHokynuposann B 2 mn cpeabl PETC-MES ¢ 5 mkr/mn knaputpomuyuHa v Bblpalymsanu
aBTOTpPOpHO, kak onmcaHo B [lpumepe 1. Cmotpute dur. 6A. Yepes npumepHo 3 AHS
aBTOTPOPHOro pocta obHapyxmBanu rmuKONaT, a vyepes 16 gHen obHapyxuBanu NpoayKUuo

atunedrnukons (dur. 6B).

172  [Ipumep 5: ModenuposaHue MakCuMarbHbiX 8bix0008 pas3nu4vHbiXx nymel 0ns
3MurneHannuKkons

173 [ns npeackasaHus MakCUManbHbIX BbIXOAOB PasnUYHbIX NyTen ANS STUMNEHrNUKONS
ucnonb3oBann mogenb metabonuama Clostridium autoethanogenum B reHOMHOM macluTabe,
nogobHy mogenu, onucaHHon B Marcellin, Green Chem, 18: 3020-3028, 2016. nsa 3TOro k
cTpyktype mogenun Clostridium autoethanogenum paukoro tuna Job6asBunuv reTeponornyHble
meTabonuueckue peakuun, nNpeacTaBnsaloLne BKMIOYEHUE NYTM MNPOAYKLMM HEHATUBHOrO
coeauHeHns. XOTa MOAENb, UCMOMb30BaHHAA ANA 3KCNepUMeEHTanbHoW paboTbl, ONMCaHHOWN B
JaHHOW J[OKymMeHTe, ocHoBaHa Ha Clostridium autoethanogenum, MOXHO OXWAATb, YTO
NonyyYeHHble pesynbTartbl OyayT NPUMEHMMbI U K PYrMM MUKpoopraHmamam Bypa-JlbioHrgans,
yunTbiBaA CXOACTBO NX MeTabonusma.

174 TlpoayumpoBaHWe 3TUMEHINUKONA MOAENUPOBanNM C  UCMONb30BaHMEM METOALO0B
BbIMUCINUTENBHOrO MOLENUPOBAHNSA Ha OCHOBE OrpaHudeHnn aHanmsa 6anaHca notokos (FBA)
N NUHENHON MUHMMM3aLUMKM meTabonuyeckon koppektuposkn (LMOMA) (Maia, Proceedings of

the Genetic and Evolutionary Computation Conference Companion on — GECCO ’17, New
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York, New York, ACM Press, 1661-1668, 2017) ¢ ncnonb3osaHuem cobrapy sepcun 0.8.2
(Ebrahim., COBRApy: COnstraints-Based Reconstruction and Analysis for Python, BMC Syst
Biol, 7: 74, 2013), optlang Bepcun 1.2.3 (Jensen, Optlang: An Algebraic Modeling Language for
Mathematical Optimization,” The Journal of Open Source Software, 2, doi:10.21105/joss.00139,
2017) B kavecTBe uHTEpdenca nomcka pewieHun n Gurobi Optimizer sepcun 7.0.2 B kayecTse
cpeacTBa Nnovcka peLueHni onTuMm3agymm.

175 MogenupoBaHue nokasano nporHo3Mpyembin Bbixog 0,37 MONb 3TUNEHrNMKONsS/MOonb
CO no nytam, onucaHHbIM B JaHHOM AokymeHTe B [lpumepax 1-4. 3to Gonee yem BABOE
NpeBbILLaeT MPOrHO3NPYEMbIN BbIXO4 OT FMMNOTETMYECKMX MNyTeRW, OonucaHHbiX B Islam et al.
Metab Eng, 41: 173-181, 2017, koTopbie TPeOYIOT rMIOKOHeoreHes3a; Obino YCTAHOBMEHO, YTO
camble BbICOKME NpeAcKkasaHHble BbIXoAbl cocTaBnsaoT npumepHo 0,44 r atunenrnukons/r CO,

4yTO cooTBeTCTBYET npumepHo 0,18 monb atuneHrnmkons/monbs CO.

176  Bce ccbinkn, B TOM yucne nybnmkaumm, NnateHTHbIE 3asiBKM WU NaTEHTbI, NMPUBELEHHbIE B
AAHHOM JOKYMEHTE, BKIHOYEHbl B JaHHbIN AJOKYMEHT MOCPEACTBOM CChINIKM B TOW XKE CTEMNEHW,
kak ecnn Obl kaxkgas ccbinka Oblna OTAENbHO WM KOHKPETHO YKasaHa ANA BKMAYEHUS
NMOCPEACTBOM CCbINIKM M U3NOXEHA B AaHHOM [AOKYMEHTe B nonHom obbeme. B agaHHOM
onncaHunM ccbinka Ha noboN M3BECTHLIN YPOBEHb TEXHWKM HE SABMSETCA U He AO0rKHa
paccMmaTpuBaTbCa Kak MPU3HaHWE TOro, YTO TaKOW W3BECTHbIA YPOBEHb TEXHUKU SBMNSAETCS
YacTbio 06LEeAOCTYMHbIX N3BECTHbLIX 3HAHUN B 06nacTu 4eaTenbHOCTM B NoOon CTpaHe.

177 CnepyeT cuuTtaTb, YTO NPUMEHEHNE TEPMUHOB B €4UHCTBEHHOM YMCME U aHamnornyHbIx
CCbINIOK B KOHTEKCTE OMNMCaHUs AaHHOro nsobpeTteHuss (0COBEHHO B KOHTEKCTE MpuBELEHHOW
HXe PopMyrbl M30OPETEHUS) OXBaTbIBAET Kak €AUHCTBEHHOE, TaK U MHOXECTBEHHOE YMUCIO,
€Cnn TONMbKO B A@HHOM [OKYMEHTE He yKasaHO WHOE MMM UHOE SIBHO HEe MpPOTMBOPEYUT
KOHTEKCTY. TEepPMUHbl «COAEPXKaLUA», «UMEIOLMNA», «BKMOYAOLWMIA» N  «OXBaTbIBAOLLMAY
crneayeT paccMmaTpuBaTb Kak HEOrpaHUYMBaloLme TEPMUHbI (T. €. O3HAYalLWme «BKMNYas, HO
HEe OrpaHN4YMBasiCb NULb 3TUMMKY»), €CNN HE yKa3aHO MHOE. TEPMMH «NO CyLECTBY COCTOSILLMN
n3» orpaHmumsaeT obbEM KOMMNO3MUMM, npouecca unu crnocoba ykasaHHbIMU Marepuanamm
WUNn CTagusiMmn, UM TEM, YTO HE OKa3blBaET CYLLECTBEHHOrO BIIMSIHUS Ha OCHOBHbIE U HOBbIE
XapakTepUCTMKN  KOMMO3uuuK, npouecca wnm crnocoba. lMcnonb3oBaHMe anbTepHaTUBbI
(hanpumep, «unu») cnegyeT MNOHUMMAaTb Kak oO3Havawwee opHy, obe, unu nwobyro u3
BblLLEYKa3aHHbIX KOMOMHaLUUO anbTepHatye. Kak npuMeHseTcs B 4aHHOM AOKYMEHTE, TEPMUH
«OKOro» o3Ha4vaet = 20% ykasaHHOro gmManasoHa, 3Ha4YeHUs UM CTPYKTYPbI, €CMN HE yKasaHo
nHoe.

178 TllepeuyncneHne B JaHHOM AOKYMEHTE AMAaNa3OHOB 3HAYEHMW MPOCTO NMpeaHasHayYeHo
ANa TOro, 4tobbl CRYXWUTb COKPALLEHHbIM CnocoBOM CCbINIKM MO OTAENbHOCTU Ha Kaxgoe
OTAEenbHOE 3HAayeHue, nonajarwollee B yKasaHHbl AManasoH, €Crnv B AaHHOM AOKYMEHTE He

yKa3aHO MHOe, MPU 3TOM KaXXaoe OTAeNlbHO€ 3Ha4dYeHue BKMYeHO B AaHHOE€ OnucaHue, Kak
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ecnn 6bl OHO ObINO OTAENBHO NPUMBEAEHO B AaHHOM AOKyMeHTe. Hanpumep, niobon gnanasoH
KOHUEHTpauun, AuanasoH MPOLEHTOB, AWanasoH COOTHOLUEHMW, AManasoH LUenbiX u4ucen,
AnanasoH pasmMepoB UNU gManasoH TOMWMHbI CneayeT NOHMMAaTh Kak BKMOYalLWmMiA 3Ha4YeHne
noboro LUenoro ynucna B ykasaHHOM AuanasoHe W, eCcnv 3TO YMECTHO, ero gonen (Hanpumep,
OAHOW J,ECATON N OAHOW COTOM LIEMNOro YNCna), €Criv He ykasaHo MHoe.

179 Bce cnocobbl, OnNucaHHble B AaHHOM [OKYMEHTE, MOryT ObiTb BbINOMHEHbI B NOOGOM
NoAXOASLLUEM MNOpPsiAKE, €CNU B AaHHOM AOKYMEHTE HEe YyKasaHO WHOEe WM MHOE SIBHO He
NPOTUBOPEUUT KOHTEKCTY. Mcnonb3oBaHme nobbiX U BCEX MPUMEPOB, WM BBOAHbLIX CIOB
(Hanpumep, «Takon Kak»), NMPUBEAEHHbLIX B AAHHOM AOKYMEHTE, MpeAHasHa4yeHO NpOCTO AN
NyJLLIEero OCBELUEHNS [aHHOro U300peTeHns U He HanaraeT orpaHuyeHust Ha obbem
n3obpeTteHns, ecnn He 3asaBneHO MHoe. Hum oaHO BhbipaXKeHune, NPUBELEHHOE B LaHHOM
ONUCaHWN, HE CneayeT MOHMMATb KaK yKasaHue Ha Kakomu-nnbo He3asiBMEHHbIW 3MEMEHT Kak
HeobX0AMMbIN ANS NPAKTUYECKOrO OCYLLECTBIEHUSA 4AHHOIO N300pEeTEeHS.

180 B gaHHOM LOKYMEHTE OnucaHbl NPeANOYTUTESNbHbIE BapMaHThbl OCYLLECTBNEHUSA 4aHHOro
nsobpeteHns. Bapuaumm 3TUX NPeanodTUTENbHBIX BapWUaHTOB OCYLLUECTBNEHUS CTaHyT
O4YEBMAHBIMU AN CNEUManNCTOB B AaHHOW 06nacTu nNpu NPOYTEHUM NPEACTABNEHHOMO BbILE
onucaHusi. ABTOPbl U3OBPETEHUS OXMAAIOT, YTO KBanMPUUMPOBAaHHbIE Creumanuctbl ByayT
NCnonb3oBaTh TakMe Bapmvaumm npu HeobXoaMMOCTU, N aBTOPbl N30OPETEHNS npeanonaraT,
4YTO AaHHOe n3obpeTeHue ByaeT OCYLECTBNATLCA HA NPaKTUKE NHA4Ye, YeEM KOHKPETHO OnmncaHo
B AaHHOM paokymeHTe. COOTBETCTBEHHO, AaHHOe u3o0peTeHmMe Bknoyaer B ceba Bce
Moaudmkaumm n akeuBaneHTbl o6bekTa n3obpeTeHns, NpMBeAEHHbIE B Npunaraemon opmyne
n30bpeTeHns, Kak 3TO YCTAaHOBMNEHO 4EUCTBYIOLUMM 3akoHogaTenbcTBoM. Kpome Toro, niobas
KOMOMHaUMs OMMCaHHbIX BbIlLE 3M1IEMEHTOB BO BCEX BO3MOXHbLIX MX Bapuauusix oxsaTbiBaeTcs
[JaHHbIM N300peTEHNEM A0 TEX NOP, NOKa B AAHHOM AOKYMEHTE HE yKasaHO MHOE, UNu NHoe

SIBHO HE NPOTUBOPEYUT KOHTEKCTY.
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®OPMYIIA N3OBPETEHUA

[EHETMYECKM CKOHCTPYUPOBAHHbLIA  MUKPOOPraHu3Mm, ChoCOBHbIM  MPOAyuMpoBaTh
STUNEHITIMKONb MW NPEKYPCOP 3TUNEHINMKONS U3 razoobpasHoro cyberpara.

MukpoopraHuam no n. 1, OTNMYaOWMNCA TeM, YTO YKasaHHbIA MUKPOOPraHU3m
NPOAYUMPYET STUMEHITINKOMb MM NPEKYPCOP STUNEHITIMKONS Yepes 04HO unu Gonbluee
KOMNMYECTBO NPOMEXYTOUHbIX COEAUHEHUI, BbIGPAHHbIX U3 FPynnbl, cocTosAwen us: 5,10-
MeTUneHTeTparnapodgonara, okcanoawyerara, yarpara, Manara, v rmmyuHa.

MukpoopraHuam no n. 1, OTAMYaOWUACA TeM, YTO YKasaHHbIi MUKPOOPraHn3m

COAEPXUT OAUNH UnNn fonbLuee KONMYeCcTBO U3:

a. reTeponorMyHoro epmeHTa, cnocoGHOro Npeepallartb okcanoawuerar B LUTpar,

b. reTeponorMyHoro oepmeHTa, CnocoGHOro npespallatb rMULMH B FMOKCUNAT,

C. reTeponorMyHoro oepmeHTa, CnocobHOro npespallartb M3ouUTpaT B rMUOKCUNAT;
n

d. reTeponorMyHoro  gepmMeHTa, CcrnocobGHOro  npespawarb  rMUKONAT B
rnvkoanbaerua.

MwukpoopraHmam no n. 3, OTANYaLWMIACH TEM, YTO:

a. reTeponornyHbin hepmeHT, cnocobHbIM nNpespallaTb okcanoaueTar B UMTpar,
npeacrasnser cobou uyurpatr [Sil-cuHtasy [2.3.3.1], ATO-yurtpaTt-cuHTasy

[2.3.3.8]; unu yutpat (Re)-cuHTasy [2.3.3.3];

b. reTeponornyHbii  hepmMeHT, CnocobHbIM npeBpawjarb FMUUMH B rnuokcunar
npeacraenser cobor anaHuvH-rmuokcunar-TpaHcamuHasy [2.6.1.44], cepwuH-
rnvokcmnar-TpaHcammHasy [2.6.1.45], cepuH-nupyeart-TpaHcamuHasy [2.6.1.51],
rMUUnH-oKkcanoavueTar-TpaHcamuHasy [2.6.1.35], rmmyuH-TpaHcammHasy [2.6.1.4],
rmyuuH-gerngporenasy [1.4.1.10], anaHuH-gerngporeHasy [1.4.1.1] vnu rnnuymH-

aerngporenasy [1.4.2.1];

C. reTeponornyHbin hepMeHT, cnocobHbIA nNpeBpallate M3ouuTpaT B FMUOKCUNAT,

npeacraenseT cobon nsoyutpart-nunasy [4.1.3.1]; n/mnu

d. reTeponornyHbii - PepmeHT, CnocoBHbIM  npeBpawartb  [MUKOMSAT B
rmukoanbgerna,  NpeacraBnseT  coboM  rnukonbanbAerva-4ernaporeHasy
[1.2.1.21], naktanbaerng-gernaporeHasy [1.2.1.22], cykyuHar-nonyanbierna-
aermgporeHasy [1.2.1.24], 2,5-gnokcosanepar-gerngporeHasy [1.2.1.26],
anbjerna-gernaporeHasy [1.2.1.3/4/5], beTanH-anbaerna-aerngporeHasy

[1.2.1.8] nnu anbaerua-deppesokCuH-okcuaopeaykrasy [1.2.7.5].

MukpoopraHusm no n. 3, oTnMYaloMnCcs Tem, YTO OAMH unn Bonbluee KONMMYecTBO

reTeponorMyHbix EPMEHTOB MONyYatoT U3 poga, BbIOPaHHOrO U3 rpynmnbl, COCTOSILLEN
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8.

u3: Bacillus, Clostridium, Escherichia, Gluconobacter, Hyphomicrobium, Lysinibacillus,
Paenibacillus, Pseudomonas, Sedimenticola, Sporosarcina, Streptomyces,

Thermithiobacillus, Thermotoga, n Zea.

MukpoopraHuam no n. 3, OTNMYaloWMNCs TeM, YTO OAUH unu Gonbliee KONMYecTBO
reTeponorMyHbiX PEPMEHTOB ABMNAOTCA KOAOH-ONTUMU3NPOBAHHBIMM A5 3KCNPECCUn B

MUKPOOPraHu3me.

MukpoopraHuam no n. 3, OTNMYaWUNCA TEM, YTO YKasaHHbI MWUKPOOPraHmsm
AOMOMHUTENBHO COAEPXKUT OAUH MK BonbLuee KONUYECTBO 3. PepMeHTa, CNOCOBHOro
npespawjatb auetun-KoA B nupysar; dbepmeHTa, cnocobHOro npespaliatb NMpysBar B
okcanoauetar; depmeHTa, crnocobHOro npespawate nupyeat B Manar, pepmeHTa,
cnocobHoro npespawartb nupyesat B docdeHonnmpysaTt; epmeHTa, CnocoBHOro
npesBpawjatb okcanoauetar B UuTpun-KoA; depmeHTa, CnocobHOro npespallarb
untpun-KoA B uutpat; depmeHTa, cnocobHOro npeBpaljartb UUTpaT B akoHUTaT MU
akoHuTaT B u3oyutpar; depmeHTa, cnocobHoro npespaiwlate GochoeHonnMpyBaT B
okcanoaudeTar; pepmMeHTa, cnocobHOro npespawaTtb ocdoeHonnupysaT B 2-docdo-
D-rnuuepar; epmeHTa, cnocobHoro npespawatb 2-goctho-D-rnmyepar B 3-ocdo-D-
rmuyepat; depmenTa, cnocobHoro npespawate  3-ocho-D-rnmyepatr B 3-
thocdhoHoOKCMNUPYBaT, hepMeHTa, CnocobHoro npespaiwatb 3-hoCcHOHOOKCHMNUpPYBaT
B 3-cbocho-L-cepuH; depmeHTa, cnocobHoro npespawjatb 3-pocdo-L-CeprH B CEPUH;
depmeHTa, cnocobHoro npespawjarb CEpPUH B [MUUMH, depmeHTa, cnocobHoro
npespawatb 5,10-metuneHTeTparngpodonar B rMUUWH; epmeHTa, CnocobHOro
npespawjarte CEpPUH B TMAPOKCUMNUPYBAT, epMeHTa, cnocobHoro npespawjatb D-
rmvyepat B rugpokcunupyeaT; depmMmeHTa, CcnocobHOro npespawarb Manat B
rmuokcmnar; epmMeHTa, CnocobHOro npespawartb rMMoKkcMnaT B MMUKONAT, PepMEHTa,
cnocoBHOro npespalyaTb rmapoKCUNUPyBaT B rmMukoanbaerua; n depmeHTta, cnocobHoro

npespawaTtb rmukoanbaerna B 3TUNEeHrnMKonb.

Mukpoopraiuam no n. 3, OTAMYaOWUACA TeM, YTO YKasaHHbIi MUKPOOPraHn3m

CBEPXIKCTMPECCUPYET:

9.

a. reTeponornyHbIn hepmMeHT, CNOCOBHbIN NpeBpaLwaTb okcanoayeTar B UUTparT;

b. reTeponorMyHbin  PepMeHT, ChoCOBHbIM npeBpawatb MMUUMH B FNIMOKCUNAT;
nvnm

C. reTeponornyHbii - PepmeHT, CnocoBbHbIM ~ npeBpawartb  [MUMKONST B
rnuKoanbgerva.

MukpoopraHuam no n. 7, OTMAMYaOWUACA TeM, YTO YKasaHHbIi MUKPOOPraHn3m

CBEPXIKCMPECCUPYET:
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11.

12.

13.

14.

15.

16.

a. thepmeHT, cnocobHbIN NpeBpaLwaTb NMpyBaT B OKCanoaueTar;

b. depmeHT, cnocobHbI NpeBpaLyaTh UMTpaT B aKOHUTaT WU akOHUTAT B U3oUUTpaT;
C. thepmeHT, cnocobHbIN NpeBpaLaTb hocoeHonnMpysaT B okcanoaueTar;

d. hepmMeHT, cnocobHbIN NpeBpaLaTb CEPUH B MULMH;

e. dhepmeHT, cnocobHbIN NpeBpawatb 5,10-meTuneHTeTparngpodonat B rMULUH;
f. hepmeHT, cnocobHbIN NpeBpaLlaTb FMMUOKCUNAT B MMUKONAT, W/unu

g. dhepmeHT, cnocobHbIN NpeBpaLwyaTb rmukoanbaerng B STUNEHMMUKOMb.

Mukpoopraiuam no n. 1, OTAMYaOWUACA TeM, YTO YKasaHHbIi MUKPOOPraHn3m
COLEPXKUT HapyLLAKOLLYIO MyTauuio B O4HOM MNK GonblUeM KONMYecTBe U3: nsouutpar-
AernporeHasbl, rnuuepar-gernaporeHasbl, MUKONAT-4ernaporeHasbl, anbierng-

heppesOKCUH-OKCUAOPEAYKTasbl U anbaerna-aerMaporeHassi.

MwukpoopraHmam no n. 1, OTNUYAKLWMIACSA TEM, YTO YKa3aHHbIA MUKPOOPraHM3M SIBNSIETCS
npeacTtaBuTenem poga, BblIOpaHHOro M3 rpynnbl, cocroswen u3: Acetobacterium,
Alkalibaculum, Blautia, Butyribacterium, Clostridium, Eubacterium, Moorella, Oxobacter,

Sporomusa n Thermoanaerobacter.

MuvkpoopraHuam no n. 1, OTNMYaWMNACA TEM, 4YTO YKa3aHHbI MUKPOOPraHU3m
NOny4arT U3 UCXOZHOTO MUKPOOPraHusma, BbIOpPaHHOIO W3 rpynnbl, COCTOSLIEN W3
Acetobacterium woodii, Alkalibaculum bacchii, Blautia producta, Butyribacterium
methylotrophicum, Clostridium aceticum, Clostridium autoethanogenum, Clostridium
carboxidivorans, Clostridium coskatii, Clostridium drakei, Clostridium formicoaceticum,
Clostridium ljungdahlii, Clostridium magnum, Clostridium ragsdalei, Clostridium
scatologenes, Eubacterium limosum, Moorella thermautotrophica, @ Moorella
thermoacetica, Oxobacter pfennigii, Sporomusa ovata, Sporomusa silvacetica,

Sporomusa sphaeroides n Thermoanaerobacter kiuvi.

MukpoopraHmam no n. 12, OTAMHAOWUNCS TEM, YTO YKa3aHHbl MUKPOOPraHM3Mm
nony4aroT U3 ncxogHon BGakrepuu, BbibpaHHOW U3 rpynnbl, coctodawen mns: Clostridium

autoethanogenum, Clostridium ljungdahlii, n Clostridium ragsdalei.

MukpoopraHuam no n. 1, OTAMYAOWUACA TeM, YTO YKasaHHbIA MUKPOOPraHn3m

COLEPXKUT HATUBHBIN U reTEPONOruYHbIA NyTh Byaa-JibloHrgans.

MukpoopraHuam no n. 1, OTNUYaOWMACA TeM, 4YTO NPEeKypcop 3TUINEHITINKONS

npeacraensieT cobon rmMMokcunaT Unn rMUKONAT.

Cnoco6 nony4yeHus 3aTUMEHINUKONS UM NpeKkypcopa 3TUMEHINMKONS, BKIOYaloWwmin B

cebs KynbTUBUPOBaHWE MUKPOOpPraHnuama no n. 1 B nuTaTenbHon cpeae, B NpUCyTCTBUM
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17.

18.

19.

20.

razoobpasHoro cybctpara, B pesynbTarte uYero MUKPOOPraHuam npogyuupyer

STUNEHIMUKOINb UNN NPEeKypPCop 3TUNEHIMNKONA.

Cnoco6 no n. 16, oTnMyaloWmMnUcs Tem, YTO rasoobpasHbin cybCcTpaT COAEPXUT OAWUH

unun 6onbiee konuyectso n3: CO, CO, n H..

Cnoco6 no n. 16, oTnUYalLWMNCA TEM, YTO MPEKYPCOpP ITUMEHITNINKONSA NPeaCcTaBnseT

cobon rmmokcunaTt Unu rmuKonar.

Cnoco6 no n. 16, AONONHMUTENBHO BKMIOYAOWMA B cebs oTaeneHne 3TUNEHrNNKONs Unm

npekypcopa 3TUMEHINUKONS OT NUTATENbHOW CPeabI.

Cnocob no n. 16, OTNUYaLWMUACA TEM, YTO YKa3aHHbIN MUKPOOPraHU3mM A0NONTHUTENBHO
npoayumpyetT ogHo unu 6Gonbllee KONMMYeCcTBO W3: 3TaHona, 2,3-OytaHguona wu

CyKUyMHaTa.
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