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Abstract. Polyhydroxyalkanoates have attracted much attention as biodegradable alternative to
petroleum-based synthetic plastics. Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV))]
copolymer is one of the best characterized PHA copolymers because of its high commercial potential.
However, commercial use of PHAs has been limited by their high price. One approach to reducing the
cost of PHA production is to use inexpensive carbon sources (fatty acids, plant oils, etc.). The aim of
this work was to study synthesis of P(3HB-co-3HV) by the Cupriavidus necator B-10646 bacterium
grown on oleic acid and different biochemical precursors of 3HV. Bacterial cells were grown for 72 h at
30°C and 200 rpm on an incubator shaker. Salts of propionic or valeric acids were used as precursors of
3HV. The content and the composition of the polymer were determined by gas chromatography of fatty
acid methyl esters. Lipids and polymer were extracted from biomass using the method of Folch. The
addition of potassium propionate and valerate did not inhibit bacterial growth and polymer synthesis,
the cell concentration and polymer content reaching 9.3-9.5 g/L and 80-83%, respectively. The addition
of potassium valerate or propionate led to the synthesis of (P(3HB-co-3HV)) copolymer containing
21.2 and 14.3 mol% of 3HYV, respectively. The number average molecular weight (M,) of the polymer
synthesized by the bacterium on oleic acid alone was 220 kDa; the polydispersity of the polymer was
3.5. The polymer synthesized in the presence of potassium valerate and propionate was characterized
by a lower M, (156-178 kDa) and a higher polydispersity of the polymer (4.4-4.9). The main fatty acids
(FA) of intracellular lipids were oleic (33.26% of the total FA) and palmitic acid (27.48% of the total
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FA). The addition of potassium propionate or valerate did not cause any significant changes in the
composition of the FA of intracellular lipids of the strain studied. This study demonstrates the ability
of C. necator B-10646 to synthesize P(3HB-co-3HV) from mixtures of oleic acid and 3HV precursors.
The data obtained can be used to develop and implement an economically feasible process of the
P(3HB-co0-3HV) production.
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Annoranus. [lomuruapokcunankanoatsl (IITA) mpuBiekaroT  OonbmioOe  BHUMAaHHE B
KadecTBe OMoOpasiaraeMod allbTepHATUBbI CHHTETHYeCKMM Iutactukam. Comonumep mnoiu(3-
rugpokculytupar-co-3-runpokcuBaiepar) [II(30'b-co-3I'B)] saBnsercs omHuM u3 Hamboiee
OXapaKTEepU30BaHHBIX comoiauMepoB I[II'’A m3-3a ero BBICOKOTO KOMMEPUECKOIro IMOTEHI[MAa.
Opnnaxo npumenenue [1I'A, u B wactaocTr [1(3'b-co-3'B), orpanndeHo ux BEICOKOH IIeHOH. OgHUM
U3 TOAXOJOB K CHM)KEHHMIO CTOMMOCTH Mpou3BoAcTBa [II'A sABisieTca MCIIONB30BAaHUE HEAOPOTUX
HMCTOYHHUKOB yrieposna (KMPHBIX KHUCIIOT, PACTUTEIbHBIX Maced u 1p). Llenbio 3Toit paboTs! ObLIO
uccinenoBanue cuuresa conoiaumepa [1(3T'b-co-3I'B) 6akrepusimu Cupriavidus necator B-10646,
KYJIbTHUBHPYEMBIMH Ha OJICMHOBOW KHCJIOTE C PAa3sHBIMH OMOXMMHYECKMMH IPEIIeCTBEHHUKaMHU
3I'B. bakrepun BbIpamiuBaiud B TeUeHHE 72 4 B TEPMOCTATHPYEMOM IIeiikepe-uHKyOaTtope mnpu
30 °C n 200 06/mMuH. B xauecTBe npeamecTseHHUKOB 3I'B Hcmonb30Bain cojiv MPOMUOHOBOH HIIH
BaliepuaHoBoil kucioTel. CofepikaHue U COCTAB MOJIMMEPA OIPEeIIsIh ra30Bol XpoMarorpadueii
METHUIIOBBIX d3(UPOB )KUPHBIX KUCIOT. JINTIH 1Bl ¥ TOJTUMED SKCTPATHPOBAIIH U3 OMOMACCHI IT0 METOLY
®omnua. JlobaBneHure nponuoHaTa U Bajiepara Kajus He HHTHMOMPOBAJIO POCT OAKTEpUH M CHHTE3

rojauMepa. Ypoxkaid GnomMacchl U coep’KaHue MMOJIMMepa COCTABIISIIO COOTBETCTBEHHO 9,3-9,5 r/n
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u 80-83 % oT Beca cyxoi 6uomacchl. Mcrnonb3oBanue Bajepata Uiy IPOMUOHATA KaJIMs TIPUBEIIO
K cuHTe3y OakTepusimu comnonumepa [1(3I'b-co-3I'B) ¢ Bkimrouenuem 3I'B coorBeTcTBeHHO 21,2 1
14,3 mou1. %. CpenueuuciioBas MOJeKysipHas Macca (M,) mojuMepa, CHHTE3UPYEeMOTo OaKTepusiMu
IIpH POCTE MCKIIOYMTEIBHO Ha OJIEMHOBOM KHcioTe, coctaBisia 220 k/la, moamaucrnepcHOCTh
nonumepa — 3,5. Ilonumep, cHHTE3UpPyeMBblii B IPHUCYTCTBUU NMPONMOHATA WM Bajepara Kaius,
xapakTepusoBaics 0onee Hu3Kkon M, (156-178 x/la) u 6oree BBICOKOM MOTUIUIIEPCHOCTHIO (4,4-4,9).
OcuoBHbIMH KU pHBIME KUcToTamMu (JKK) BHY TPUKIIE TOUHBIX JIMITHI0B OaKTepHil, KYJIbTHBHUPYEMbIX
TOJIBKO Ha OJICMHOBOW KucioTe, Obin onenHoBas (33,26 % ot cymmbl JKK) u manbMuTHHOBas
kuciaotsl (27,48 % ot cymmel XKK). JIobaBneHnue nmponuoHaTa Uian Bajepara Kalus HEe MPUBEIO K
3HAYUTENIBHBIM U3MEHEHHSIM B cocTaBe JKK BHYTPHUKICTOUHBIX JIMITHIOB UCCIIEAYEMOT0O MITaMMa.
Takum oOpazom, nokazana criocodHocts C. necator B-10646 cunresupoBars [1(31'6-co-3I'B) npu
pocTe Ha CMECH M3 OJICMHOBOW KUCIIOTH M mpemmecTBeHHNKoB 31'B. [lonmyuennble JaHHBIE MOTYT
OBITh MCIIOJIb30BAHBI JIJ151 pPa3pabOTKH M OCYIECTBJICHUSI SKOHOMHYECKH 000CHOBAHHOI'O IIpolecca

nponsBozactBa [1(3['b-co-3I'B).

KuaroueBsle cioBa: Cupriavidus necator, 3-TuIpOKCHBaJIEpaT, OJCUHOBAS KHCIIOTA, MOJICKYJISIpHAs

Macca, )XKUPHbIC KUCJIOTHI.

Iutuposanue: JKnia, H.O. Buocunres nomu(3-runpokcndyTupara-co-3-ruipokcuBanepara) Oakrepusmu Cupriavidus
necator B-10646, KynbTHBHPYEMBIMH Ha CMECH M3 OJEHMHOBOH KHCIOTHI M NPEIIIECTBEHHUKOB 3-TMIpOKCcHBasiepara /
H.O. XKuua, I'C. Kanauesa, B.B. ®oxr, C.C. Byonosa, T.I. Bonosa // Xypu. Cuo. dpeznep. yu-ta. buonorus, 2020. 13(3). C. 331-
341. DOI: 10.17516/1997-1389-0320

Beenenne (ICT) B 1981 r. (Holmes, 1985). B pesymnpraTe

[onurunapokcuankanoats! (I1I'A) sBIsAIOT-
Csl 3aITacCHBIMU TTOJIMMEpPaMU, HaKaIlInBaeMbIMU
B [IUTOIJIa3ME MHOTUX MUKPOOpraHu3moB. buo-
TexHosiornueckas npoaykuus I1I'A BcecTopoH-
HE MCCJIENYeTCsl M3-32 UX TEePMOIJIACTHYECKHX
CBOMCTB M Omopaspymaemoctu (Steinbiichel,
2001). IMonu(3-ruapokcudytupar) (I1(3I'G)) — ca-
MBI pacnpocTpaHeHHbId npencraButens [1TA.
OnHaKo B CBSI3M C BHICOKOW KPUCTAJIIIMYHOCTBIO
u ciaboit smactugHocThio [1(3'B) Hanbompmunit
MHTEPEC BBI3BIBAIOT COIOJIUMEPHI 3-T'HIPOKCH-
OyTupaTta ¢ IpyrMMH MOHOMEpaMH, HalpuMmep
¢ 3-runpoxcuBanepatom (3I'B), xapakrepusy-
IOIIMECs JIYYIIUMU (U3UYECKUMHU CBOHCTBAMHM
(Chen et al., 2006). [IepBast HONBITKA BBITYCKAThH
comonumep I1(3I'B-co-3I'B) mox Toprosoii map-
koii BUOIIOJI (BIOPOL™) Obuia npennpunsra

¢dupmoii «MIMmepckast XuMudeckast HHIyCTPHD

MEPUOIUYECKOTO KYJIBTUBUPOBAHUS OaKTepHil
HAa TJIFOKO3€ ¥ MIPOITMOHOBON KUCIIOTE TOTyYalin
cononumep I1(3I'b-co-3I'B) ¢ Bkatouenuem 3I'B
20 momn. % (Choi, Lee, 1999). B nacrosimee Bpe-
M TTIOKa3aHa BO3MOYKHOCTh TOJTYYEHHS COMOJIHU-
MepoB ¢ Ooiee BeICOKHM BKitoueHHeM 3B (1o
50-70 moma. %) (Shantini et al., 2013; Berezina,
Yada, 2016). OgHako cieayeT OTMETHUTBh, YTO
MIPEKPACHOI MPOYHOCTHIO U AIACTHYHOCTBIO 00-
JIAJJAl0T YK€ COMOJIMMEPBI ¢ coaepkanuem 3I'B
Ha ypoBHe 20-25 moi. % (Luzier, 1992), uto ne-
JIAeT BO3MOXKHBIM HX HCIIOJIb30BAHHE M U3TO-
TOBJICHUSI HAHOKOMITIO3UTOB M MEIMITUHCKHUX H3-
nenwii (Yu, Qin, 2014).

Ha cerogusiuiHuil neHb nojiHas CTOUMOCTD
nponykuuu I1I'A HaMHOTO BbILIE IO CPABHEHUIO
C MJIACTUKAMH, TIOTyYaeMbIMU XUMHYECKUM ITy-

TEM. O,I[HI/IM U3 OCHOBHBIX Q)aKTOpOB BBICOKOU
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croumoctu II['A sBngercs meHa cyOCcTpaToB
JUTsL pocTa OaKTepHaIbHBIX ITAMMOB U CHHTE3a
nonuMepa. B cBsI3U € 3TUM NOMCK JEHIEBBIX UC-
TOYHUKOB yriepona ¢ uenbto nonyuenus [1TA,
a taxke [IT'A comomumepoB mo Oosiee mpuBlie-
KaTeJIbHOW IIeHe — BAXKHAS HMCCIICIOBATEIbCKAS
3ajaqa. B KkadecTBe YTIEPOAHBIX CyOCTpaTroB
st cuHTe3a [IA MoryT OBITH UCIIOJIB30BaHBI
pa3iUYHbIE OTXOJbl CEIbCKOXO3SHCTBEHHBIX
MIPOU3BOICTB, HAIpUMeEp chiBopoTKa (Ahn et al.,
2001), menacca (Solaiman et al., 2006; Oliveira et
al., 2007), »xuBotusle xxupsl (Riedel et al., 2015),
pactutenbhbie Macia (Fukui, Doi, 1998; Lee et
al., 2008; Sudesh et al., 2011; Lopez-Cuellar et al.,
2011). Kpome Toro, psaom uccienoBaTeneil mo-
Ka3zaHa BO3MOXHOCTh cuHTe3a [1['A Ha )KUpPHBIX
KHUCJIOTaX: OJIEMHOBOM, MUPUCTUHOBOM, CTE€apu-
HOBOM, MaJIbBMUTHHOBOH, JaypuHoBOil (Chee et
al., 2010; Ramachandran et al., 2011), oqHako HH-
(dopmManuu o MPON3BOIUTENIE U CTENICHH YHCTO-
ThI )KUPHBIX KHCJIOT B 3THX paboTax He UMEeTcsl.

HaunOonee noxxomsmmmu sIBISIOTCS JIHU-
MUI0MOI00HBIE CyOCTpaThl, a MMEHHO pPacTH-
TEJIbHBIE Macila ¥ )XUPHBIE KUCIOTHI, TAK KaK UX
UCTIONIB30BAHNE MPHUBENET K MOJyYCHHIO Oojee
BEICOKHX ypoxaeB [IT'A u, ciemoBatenbHO, Oy-
JIET CONPOBOXKJATHCS CHH)KEHHEM CTOMMOCTH
nponykuuu [IT'A (Akiyama et al., 2003; Loo,
Sudesh, 2007). Iloka3aHo, 4TO pacTUTENbHbIC
Macjia MOT'YT 3HAYUTEIbHO YJIy4YIIUTh OMOCHH-
te3 III'A mo cpaBHEHHIO C caxapaMu, KOTOpBIE
OOBIYHO HCIIONB3YIOT JUISL KYJbTHBHPOBAHUS
Oaxtepuii, HakarumBatomux [I1T'A (Kahar et al.,
2004). Kpome Toro, Takme cCyOCTpaThl cComep-
Kar OoJIblIe YIiieposia 10 OTHOIIEHHIO K Macce
10 CPAaBHEHHWIO C YIJIEBOJAMH. YCTaHOBIICHO,
YTO NPU UCIIOJIB30BAHUN PACTUTEIILHOIO Macia
SKOHOMHYECKHH Ko3(dduumeHT mo cyOcTpary
coctaBnseT 0,8, Toraa Kak MpH UCIIOJIb30BAHUH
TJIIOKO3BI B KAY€CTBE €AMHCTBEHHOTO HCTOYHHUKA
yriaepoaa on cumxkaetcs 1o 0,3 (Akiyama et al.,
2003).

Lenpto 3T0# pabOTHI OBLIO HCCICIOBAHHE
BosMoxkHOCTH  Cupriavidus necator B-10646
cunTesnposars cononumep [1(3I'b-co-3I'B) npu
BBIPAIIMBAHNN OAKTEPHUil HA OJICMHOBON KHCIIOTE
C pa3HbIMH OMOXMMHUYECKHUMH TPEAIIECTBEHHH-

kamu MoHomepa 3I'B.

MaTepnam)l U METOAbI

baktepun C. necator B-10646 BwIpammuBa-
JIU B TIEPUOJUICCKOM JIBYXCTAJIHITHOM pPEKUME,
paspaboranHoMm panee mist cunteza IITA. Jlns
BEIpAIMBaHU OAKTEpHU 3a OCHOBY ObLia TpH-
HATa MUHepanbHas cpena lllmerens cremyro-
mero cocraBa: Na,HPO,-H,0-9,1; KH,PO,-1,5;
MgS0,-H,0-0,2; Fe;CsH;0,-H,0-0,025;
NH,CI-1,0 (r/m) m pacTBOp MHUKPOIIEMEH-
TOB (H;B0Os-0,288; CoCl, 6H,0-0,030;
CuS0,:5H,0-0,008; MnCl,-4H,0-0,008;
ZnS0,7H,0-0,176; NaMo00,-0,050; NiCl,-0,008
(t/m)).

bakTepun BhIpamMBajgd B CTEKJISHHBIX
Kombax 00BeMOM | I, 3alONHEHHBIX KYIBTY-
poii Ha 40 % oT oObema, Ha TEPMOCTATHPYEMOM
melikepe-uHKyoaTope Innova® cepum 44 (New
Brunswick Scientific, CIIIA) npu 30 °C. B ka-
4eCTBE YTICPOIHOTO CyOCTpara HCIOIB30Bald
osnenHoByt0 KHucIoTy (AO «9KOC-1», Poccus;
cTeneHb YHCTOTH 98-99 %) B KOHIIGHTpAIUu
10 r/n (koHTpOIBHAS KYJIBTYPa). [1o Mepe ucuep-
MaHus cyOCTpara B TCUCHUE KYJIBTUBHPOBAHUS
Jienany 100aBKHM OJEMHOBON KHCIOTHI B KOHIICH-
Tpaluy, aHAJIOTMYHON HCXOAHOM. JlJisi cuHTe3a
cononumMepoB ¢ 3I'B B KynbTypy, pacTyliyio Ha
OJIEMHOBOH KucioTe, Ha 48 4 KyJIbTUBUPOBAHUS
no0aBisiInM BajiepaT WM IMPOMUOHAT Kalus B
KoHIeHTpanuu | v/71. JITATensHOCTh KYJIBTHBH-
poBaHHS cocTaBisAna 72 4. Bce skcnepuMeHTHI
MIPOBEJICHBI B TPEX MOBTOPHOCTSIX.

Ypoxkaii 6HoMacchl KJIETOK B XOJI€ Pa3BUTHUS
KYJIBTYpPBI OaKTEepUil PEerucTpUpPOBAIH IO BECY
CYyXOro BeIIeCTBa U ONTHYECKHUM IOKa3aTelsM

KynbTypbl. ConepikaHHE OJICMHOBOH KHCIIOTHI
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B CpeZie HaXOAUJIH TOCIIe SKCTPAKIINK ee rekca-
HOM Ha XpoMaTo-Macc-crekrpoMerpe Agilent
Technologies 7890A/5975C (CILA). Conepixa-
HUE M COCTaB NOJMMEpPA ONpPEesiii XpoMaTo-
rpadueil METHIJIOBBIX 3(HPOB JKUPHBIX KHCIOT
C NIPUMEHEHHEM XPOMAaTO-MacC-CIIEKTPOMETpPa
AgilentTechnologies 7890A/5975C (CHIA). Mo-
JEKYJSIPHYIO Maccy M MOJICKYJISPHO-MacCOBOE
pacrupeneneHie MojJuMepa HCCIEIOoBalu C HC-
MOJIB30BAHNEM TeJBIIPOHUKAIOIIEH Xpomaro-
rpadpuu (xpomarorpad Agilent Technologies
1260 Infinity (CILIA)) OTHOCHTENBHO MOJIH-
cruposioBeix crangapros (Fluka, HIseituapus,
I'epmanus). Haxogmmu cpenreBecoByio (M,) u
cpeaHeducioByio (M,) MOJEKYISIPHYIO Maccy,
a taxke nonuauctepcHocTs (I = M,/M,).
Jlunuapl ¥ MoJMMEp SKCTPAarupoBaHd U3
Oomomaccel cMmecblo xiopodopm-meranon (2:1)
no meroxny doiua, mpeaBapUTENbHO OTMbBIBAs
O6romMaccy OT OJIEMHOBOW KHCJIOTBI KpaTKOBpe-
MEHHOH 00pa0OTKOW rekcaHoM. B KOHEYHOM
9KCTPAKTE TIOJIMMEpP OTHCISAIN OT JIUITHJIOB
OCaXJCHUEM IpHU J00AaBICHUU IBOWHOTO O0B-
ema rekcana. Jlajee nmpoBOIMIM METAHOJIN3 IS
HOJIYYCHHU I METUIIOBBIX 3()UPOB KUPHBIX KUCIIOT
(MBDXK) myrem nobaBieHHsI CMECH METaHOJA
u cepHOit KucnoTH (50:1 mo o6BvemMy) B TeueHue
2 4 mpu 90 °C. Ananuz MOXK ocymecTBis-
M Ha XpomaTo-macc-cnektpomerpe GC-MS
7890/5975C (Agilent Technologies, CILIA). Yc-
JIOBUSI aHAJIM3a: Ta3-HOCUTEIb — FeJIM, CKOPOCTh
1 ma/mun; konouka HP-FFAP — 30 m, 0,25 MM,
TeMmrneparypa BBoaa mpoosl 220 °C; HauanbHast
Temneparypa xpomarorpaduposanus 120 °C;
noabeM TemmepaTypsl 10 230 °C co ckopocThiO
5 °C/muH, M30TE€pMAIBHBIN PEXUM 5 MHUH H T10-
cienyomui mogbeM temnepatypsi 10 310 °C co
ckopocThio 10 °C/MUH, H30TePMAIBHBINH PEKUM
3 muH; Temmneparypa aetekrtopa 230 °C; Tem-
neparypa UcTo4HHKa HOHOB 150 °C; ayekTpoH-
HbI# yaap npu 70 eV; onpenesienue GpparMeHToOB

¢ atoMHbIMU MaccaMu OT 30 mo 550 amu npu

0,5 c/cxan. Unentudukannto KK npoBoauiu o
MacC-CIIEKTpaM U CPaBHEHHEM MX BPEMEH yiep-
KUBaHUA C TAKOBBIMU UMCIOMIUXCA CTaHIAApPTOB

(Serva, I'epmanust; Sigma, CIIIA).

Pe3ysabTaThl U 06cy KACHHE

JloGaBiieHHe COJiCH OPraHUYECKUX KHUCIIOT
B HCCIIEAYeMOH KOHIEHTpAllWH, BajiepaTa WM
nponuonara kanusi (1 1/1), He HMHrUOMpOBa-
1o poct Oakrepuii C. necator B-10646 n cun-
T€3 IOoJMMepa M0 CPaBHEHHIO C KOHTPOJIbHBIM
BapHaHTOM 0e3 H00aBJICHUS OHMOXHMHYCCKHX
MpenmecTBeHHUKOB. Yepe3 72 4 KyJIbTHBHUPO-
BaHUs ypokail Omomaccel OGakTepuii COCTaBIISII
9,3-9,5 r/n, conepxanue nonumepa — 80-83 % ot
Beca cyxoi Omomaccsl (Tabi. 1), 9To comocraBu-
MO C JAaHHBIMH, [TOJyYEHHBIMH TIPU KYJIBTHBHPO-
BaHHH UCCIIENYSMOro mTaMMa Ha caxapax (Zhila
etal., 2015). Marangoni et al. (2000) ycranoBuJIH,
YTO HCIIOJIb30BaHHIE OJICMHOBOM KHCIIOTHI B Kaye-
CTBE JOIMOJHUTEIBHOTO CyOcTpara (OCHOBHOM
cyOcTpaT — III0K03a) MPUBOANIIO K YBEINUYCHUIO
npoxaykuuu [IT'A. Ilpeanonaraercs, 94To NpUCyT-
CTBHE OJICMHOBOH KHCIJIOTHI YCHJIMBAET PaboTy
(depmenTHOI cuctembl cunte3a [1T'A u3-3a Ha-
nuaus nBoitHo# cBs3u mpu C9 (Ramachandran et
al., 2011). B pe3ysbrare f-OKUCICHUS OJICHHOBOI
KHCJIOTHl YBEJIMYMBACTCSI BHYTPHUKIIETOUHBIH
myn aneTun-CoA M 4acTh 3TOrO IyJa HCIOJb-
3yeTcs B KauecTBe cyOcTpara it OMOCHHTE3a
III'A. Kpome Toro, u3-3a oxwucienus Qopmu-
pyercs nmomomauTensHBIM myn HAJI®H (Lee,
1996). YBennuenune npoaykiuu I1I'A mokxaszano
y Aeromonas hydrophilia, Cupriavidus necator
U pekoMOMHaHTHOrO Mmtamma Escherichia coli
XY1-BluepSYI105, BbIpammBaeMbIx Ha OJICHHO-
Boii kuciore (Loo et al., 2005).

B cocraBe monmmmepa, CHHTE3MPYEMO-
ro C. necator B-10646 mpu pocte Ha OJIEHHO-
BOM KHCIOTE, MOMHMO 3-THAPOKCHOyTHpAaTa,
SIBIISIOLIETOCSl  JIOMMHUPYIOUIMM — MOHOMEPOM

(97,5 momn. %), naeHTUPUIUPOBAHBI B HEOOIb-
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Ta6nuna 1. [Tokaszarenu KynbTypbl 6aktepuit Cupriavidus eutrophus B-10646, Ky1bTHBHPYEMbIX Ha OJICMHOBOM
KHCJIOTE B IPUCYTCTBUU NPEALIECTBEHHUKOB cuHTe3a 3['B

Table 1. Culture parameters of the Cupriavidus necator B-10646 bacterium grown on oleic acid and 3HV

precursors
VYpoxaii Iomumep, % CocTas nonaumepa, MoiL. %
2 M“l’ MB’
Cybctpar OuoMacchl,  OT Beca CyXoii I
/n GuomMacchl 3I'b 3I'B 3T K/la K/la
Oneinosaz 9,4+0,4 835 97,5¢0.4  2,0£0,1° 0,50 220+12* 77521 3,50,1°
KHCJIOTa
OnenHoBast
KHCIIOTa + 9,3+0,5 80+5 78,3+0,4 21,2+0,2° 0,5+0,1 178+11° 790+31 4,4+0,2°
BaJiepar Kajus
OsenHoBas
+
KHCI0Ta 9,5+0,2 80+6 85,2+0,3 14,3+0,2* 0,5+0,1 156+10° 758+19 4,9+0,2°
[IPOMTUOHAT
Kalus
JlocToBepHOCTH
s¢dexra, F=0,1 F=0,16 F=3662 F=11,2 F=059 F=263
a=0,05

HpMMeanHe: a-B — 6yKBaMI/I TIOKa3aHbI pa3JIu4vust MEXIAY CPEIHUMU.

LIMX KOJIMYECTBAX U IPYTHE MOHOMEPHI, a HMEH-
HO 3-runpoxcusanepar (2,0 Mo %) 1 3-TUAPOK-
curekcanoar (0,5 mon. %) (tabm. 1). Crnenyer
OTMETHUTh, YTO MPU POCTE HA caxapax BKIIIOYE-
HUE 3THX MOHOMEPOB B IOJIMMEp IPOHUCXOIUT
TOJIBKO MpPHU HAJIMYUU COOTBETCTBYIOIIUX IIpe-
kypcopos (Volova et al., 2014; 2016). ITosiBinenue
3-ruzpokcuBanepara M 3-THJIPOKCHIeKcaHoaTa
TaK’ke HaOJIIOAAN B COCTABE MOJIMMEpa, CHHTE-
supyemoro Alcaligenes sp. NCIMNo 5085, Bbi-
pallleHHOT0 Ha OJIEMHOBOH Kuciore (Srivastava,
Tripathi, 2013). Kpome Toro, nHTEpecHO OTMe-
THUTB, YTO TPH POCTE HA OJEHHOBOH KHCIOTE —
cyOcTpare, COAEpXKAILIEM YETHOE KOIUYECTBO
aTOMOB YTJIEpPO/ia, B COCTaBe IOJIMMEpPa UACHTH-
(bUIIPOBaH MOHOMEP C HEYETHBIM KOJUYECTBOM
atomoB yriiepoxna (3I'B). [losiBneHre MOHOMEpPOB
C HEYETHBIM KOJHMYECTBOM aTOMOB YTJepoja
(3-ruppokcurentaHoara) MOKa3aHO TAKXKE IS
Pseudomonas putida Bet001, BbIpameHHOTO Ha
onenHoBoi kuciore (Gumel et al., 2012).
JloGaBnenue Bajepara Kajus B KYJbTY-

py Oaxtepuit C. necator B-10646 mnpuseno x

yBesnuueHuto coaepxanus 3I'B B monumepe 1o
21,2 mon. %. Jlob6aBneHue mpomuoHaTa KaJlus
TaK>Ke TPUBEJIO K BKJIIOYEHUIO MOHOMEPOB 3-TH-
JpOKCHBAaJiepaTa B IOJHMEP, OJHAKO COAEpIKa-
nue 3I'B Obino Heckosbko HIKe (14,3 mon. %)
(tabm. 1). AHAJIOTHYHYIO CUTYAI[MI0 HAOJIFOaTH
Bhubalan et al. (2008), B paboTe KOTOPHIX TIOKa-
3aHo Oosiee 3 (heKTUBHOE MPEBpAICHUE Bajiepa-
Ta Hatpus B 3I'B 1o cpaBHEHUIO C MPONMOHATOM
natpusi. Kpome toro, B padore Doi et al. (1990)
MI0Ka3aHo, YTO IIPH HCIIOIb30BAHWU Baliepua-
HOBOW KHCJIOTBI B Ka4€CTBE €JMHCTBEHHOI'O HC-
TOYHHMKA yTiiepoja coaepxanue MoHomepoB 3I'B
ObLII0 B 2 pa3a BbILIE, YeM IIPU KYJIBTUBHPOBAHUN
Ha MTPOITMOHOBON KUCIIOTE.

M., u M, noniumepa, CHHTE3UpyeMOTO OaK-
TEPHUSIMH IIPH POCTE HA OJICMHOBOH KHCIIOTE,
cocrTaBlisiiin cooTBeTcTBeHHO 220 u 775 x/a,
MOJUIUCIIEPCHOCTH moaumepa — 3,5 (tadm. 1).
[Ipu noGaBienuu MHAyKTOpOB cuHTe3a 3I'B
MPOU30NLIO JIOCTOBEPHOE CHM)KEeHHE M, 1o
156-178 x/la, 4TO CONMPOBOXIAJNOCh YBEIHU-

YECHUCM MOJUAUCICPCHOCTU HOJHUMEpPa 10

— 336 —



Natalia O. Zhila, Galina S. Kalacheva... Biosynthesis of Poly(3-Hydroxybutyrate-co-3-Hydroxyvalerate) by Cupriavidus...

4,4-4,9. Cumxenue M, conmonumepor ¢ 3I'B
takke Habmomanu Chanprateep, Kulpreecha
(2000).

ComepxaHue U MPOIEHTHBIN COCTaB JKHP-
Hbix kuciotr (OKK), Bxomsimux B cocTaB IH-
TOIJIa3MaTHYECKON

MeMOpaHBl  OaKTepwid,

BBIPAILICHHBIX HAa OJICMHOBOI KucioTe 0e3 Jo-
0aByIeHNs MHIYKTOPOB, a TAaK)Ke C 100aBICHU-
€M Bajiepara M MpONHOHATa KaJusl, IPUBEICHBI
B Tabis. 2. CocraB KK BHYTpUKIIETOUHBIX JH-
nu0B ObLI MCClieioBaH y OakTepuil B KOHIIE

KYJIbTUBHUPOBAHUA, B YCIOBUAX MaKCHMaJIbHOI

Tabnuua 2. CopepxaHue )XUPHBIX KUCIOT BHY TPUKIICTOUHBIX TUNUA0B 6aktepuii Cupriavidus necator B-10646
IIPU POCTE HA OJICUHOBOM KUCIIOTE B IPUCYTCTBUH COJICH BaJlepUaHOBOI U MPOMMOHOBOM KUCIOT ( % OT CyMMBI

KK, cpenuue + cTanapTHbIE OLIMOKH)

Table 2. The fatty acid content of intracellular lipids of bacterium Cupriavidus necator B-10646 grown on oleic
acid in the presence of salts of valeric and propionic acids ( % of the total FA, average values + standard errors)

OnenHOBas KHCJIOTA + OnenHOBas KMCJIOTA +

KK Onennona kuciora BaJiepaT Kajus MPOITUOHAT KaJIHsI
12:0 0,04+0,04 0,03+0,02 0,02+0,01
i-14:0 0,10+0,06 0,12+0,01 0,11£0,01
14:0 3,50+0,01 3,66+0,02 3,43+0,06
14:1 0,16£0,06 0,14+0,14 0,20+0,04
i-15:0 0,31+0,03 0,37+0,02 0,34+0,02
ai-15:0 0,60+0,04 0,61£0,02 0,60+0,02
15:0 0,610,003 0,45+0,01 0,29+0,04
15:1 0,05+0,01 0,03+0,02 0,04+0,04
i-16:0 0,24-+0,00 0,24+0,02 0,24-+0,03
16:109 0,99+0,05 0,86+0,03 0,7240,01
16:107 8,05+0,39 7,90+0,05 7,82+0,02
16:105 0,08+0,04 0,13£0,13 0,13£0,06
16:0 27,48+1,11 28,04+1,05 28,92+1,06
17:0 0,42+0,82 0,39+0,02 0,48+0,01
i-17:0 0,16+0,05 0,15+0,07 0,16+0,01
ai-17:0 0,76+0,06 0,76+0,02 0,76+0,05
17:1 0,86+0,01 0,99+0,01 0,89+0,01
C-17:0* 6,06+0,09 5,89+0,06 5,90+0,01
18:109 33,26+2,57 31,24+4,02 33,96+3,06
18:107 10,68+0,33 10,85+0,82 10,01+0,84
18:0 3,80+0,57 5,11+£0,04 2,71£0,01
18:1 0,05+0,01 0,31+0,02 0,41+0,04
C-19:0° 1,48+0,01 1,49+0,03 1,4540,01
19:1 0,18+0,06 0,15+0,02 0,33+0,04
20:0 0,08+0,04 0,09+0,04 0,08+0,04
> IUKJIOMPOIIaHOBBIX 7,54+0,11 7,38+0,08 7,35+0,023
> Hachinl.’/y HeHACHIIT.? 0,84+0,03 0,90+0,01 0,83+0,034

Hpume'{aﬁue: t— IUKJIOMPOIIaHOBas KUCJIOTA, GI-Iél(:LIH_I. — HACBIIICHHBIC )XUPHBIC KUCIIOThI, BKIIFOYAIOIIUE [IUKJIONPOITIaHOBY IO
KHCIIOTY U OH—KI/ICJ’[OTLI; "HEHACBILL. — HEHACHIII[EHHbIE JKUPHBIC KUCIIOTHI.
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akkyMmyasanuu nonumepa. B cocrase KK BHy-
TPUKJICTOYHBIX JIMITHI0B OAKTEpUi, BHIpAICH-
HBIX Ha OJICMHOBOH KHCIIOTE, HICHTHU(PHUIIMPOBa-
Hbl HachlllleHHble 1 MOHOEeHOBbIE KK ¢ nnuHoit
nenu ot 12 1o 20 aromoB yraepona. OCHOBHBI-
mu KK 6putn onennosast (33,26 % oT cyMMBI
KK) n mansmutnHOBas KUCIOTH (27,48 % ot
cymmal JXKK). XK, comgepxaHue KOTOpBIX TIpe-
BeImasio 1 % OT CyMMBI, IPEACTAaBICHBI Kak
HAaCHINICHHBIME (MUpHUCTHHOBas, 14:0; cTeapu-
HoBas, 18:0), TaK U MOHOEHOBBIMU (MATBMHUTO-
nmenHoBasA, 16:107 u nmc-BakmeHoBas, 18:1w7)
kucnotamu. ConepikaHue LIHKJIONPONAaHOBBIX
kucaor C-17:0 u C-19:0 cocraBnsio 7,54 % ot
cymmbl KK, 4TO B HECKOIbKO pa3 HUXKE, YeM
MpH KYJIBTUBUPOBAHWH HCCIEAYEMOI0 IITaM-
Ma Ha caxapax (Zhila et al., 2015). Kpome Toro,
Kak ObLIO ITOKa3aHO HaMU paHee, ypOBEHb I[H-
KJIOIIPOMIAHOBBIX KHUCIOT B JUMHKAaX OaKTepHil,
BBIPANIMBAEMBIX Ha OJIEMHOBOH KHCIIOTE, MTpaK-
THYECKH HE MEHSUICS B XOJ€ KyJIbTHBHPOBAHUSA
OGaxTepuii, TOr/a KaK P KyJIbTUBUPOBAaHUH HA
caxapax OTMEUYEHBI 3HAUMTENbHbIE U3MEHEHMUS
YPOBHS IUKJIOIPONMAHOBBIX KUCIOT (Zhila et al.,
2015). JlobaBneHnue mponuoHaTa MU Bajepara
KaJMsl B KyJbTYypPaJbHYIO Cpely HE IPHBEIIO
K 3HAYMUTEIbHBIM HM3MEHEHHSIM B cocTaBe KK

BHYTPHUKJICTOYHBIX JUITHUIOB. Kak n IIpH BbIpa-

Baarogapaoctn / Acknowledgements

muBanuu C. necator B-10646 Tonpko Ha one-
MHOBOW KucioTe, ocHOBHbIMU KK BHYyTpuKIe-
TOYHBIX JIMIUJOB OaKTepUil ObLIM OJIEMHOBAs
(31,24-33,96 mon. %) u maneMuTHHOBasA (28,04-

28,92 mo11. %) KHCIIOTHI.

3akJjouenne

UccnenoBan poct C. necator B-10646 u
CHHTE3 TOJUMepa MpHU BBIPALIUBAHUU OakTe-
puii Ha cpene, CoaepKameii OJCHHOBYO KHACIIO-
Ty ¥ cyOCTpaThl — NPE/IIECTBEHHUKH CHHTE3a
3I'B (mpommonat u Bajepar kanus). bakTepun
cuntesupoBanu comnonumep I[1(3I'b-co-3I'B) ¢
pkiarodenueMm 3I'B B momax 21,2 u 14,3 moi. %
IIPU UCIOJIB30BAHUU COOTBETCTBEHHO Bajepa-
Ta W mponuoHaTa Kamus. [lomumep, CHHTE3H-
pyeMbIii B TPUCYTCTBUM TPEAIIECTBEHHUKOB
cunte3a 3I'B, xapakTepu3oBaics 601ee HUZKOU
M, 1 BBICOKOH NOJIMIUCIIEPCHOCTHIO IO CpaBHE-
HHUIO C TIOJTUMEPOM, TTONYUYSHHBIM B OTCYTCTBHUE
npekypcopoB. Hanwume npenmecTBeHHUKOB
cuntesa 3I'B He nosnusiiio Ha coctaB KK skc-
TparupyeMmbIX JIMIHAOB OakTepuii. B pe3yib-
TaTe BHITIOJHEHHBIX HCCICIOBAHHUHA OJICMHOBAS
KHCJIOTa MOXXET PacCMaTpPUBAThCS B KaduecTBE
MIEPCIEKTHBHOT'0 OCHOBHOTO Cy0OcTpara 1ist po-
cta 6axtepuii C. necator B-10646 u cunresa co-

nonumepos ¢ 3I'B.
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