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Tes.: +38 (044) 406 78 87, e-mail: lorarem@gmail.com

BI1JINB OKUCHO-BIAHOBHOI'O NMOTEHLLIAJIY
HA ®I1310JIONYHHUHU CTAH MIKPOOPI'AHI3MIB PO/LY
CLOSTRIDIUM

Hocridmcerno 8nius oxkucHo-sioHosHoeo nomenyiary (OBII) cepedo-
suwa Ha npodykyiro Giomacu i npodykmis memaborismy araepob-
Humu mepmogpisvrumu (60 “C) mikpoopeanismamu pody Clostridium:
yearonrodonrimuuroeo — Clostridium thermocellum 5CT ma caxaporimuurnozo
— C. thermosaccharolyticum 1S 8 anaepobrux ymosax. [lokasaro, w0
picm wmamis 8idbysacmocs y pizHux mexcax i onmumymax OBII. Picm
C. thermocellum 5CT cnocmepicaemocs 8 mexcax OBII —200..—380 B,
3 onmumymom —260 mB, C. thermosaccharolyticum 1S 8 mexmcax OBII
+100...—200 mB, 3 onmumymom —135..—140 uB (pH 7,0—7,3). 3a onmu-
marvrux 3navers OB y o6ox wmamie npupicm 6iomacu, ymeopesus ema-
HOAY ma ayemamy Ha cepedosuyi 3 8i0H08HUKOM (cyrvghidom nampiro) y
1,6—2 pasu suwiuil, Hixe Ha cepedosuii 6e3 8ioHosHuKa. /losedero, uo OBII
€ 0OHUM 3 OCHOBHUX (haKMOpi8, Uul0 BUHAUAE (Pi3I0N02I4HULL CMAH KAIMUH
ma iHmeHcuBHiCMb npouyecie biocurmesy.

Krwuosi carosa: OKucHo-8i0Ho8HUL nomenuiar, pH, Giomaca,
Clostridium thermocellum, C. thermosaccharolyticum, npodykuyis, emanoa,
ayemam, H,.

Anaepo6Hi 6axrepii pony Clostridium € onHier0 3 HAHBAXKJIUBIINX TPy
MiKpOOPraHi3MiB, 110 OepyThb y4acTb y TpaHC(OpMaLlii OpraHiyHOl peyOBHHH,
i TUM caMHUM 3[iHCHIOIOTH Kpyroo0Oir ByrJewto B H6iocdepi. Lls rpyna mikpo-
OpraHi3MiB XxapakTepHU3yeTbCs Pi3HOMAHITHICTIO Ta CKJAAHICTIO MPOLECIB X
0OMiHy PeYOBHH, Ta BKPAaH LIMUPOKHUM CIIEKTPOM MPOAYKTIB MeTaboJi3My 110
yTBOpIOIOTHCA [2, 8, 10].

OpnHuM i3 K/II040BUX NapaMeTpiB aHaepoOHOro npouecy npu TpaHcdopma-
uii cknanHux GionoJimepis nopsa 3 pH i Temnepatypoto € OKUCHO-BiTIHOBHUI
NoTeHLiaN cepeoBULIa, IKUH MOKe BIJIMBATH HA Xil MeTabOMiYHUX Mpolle-
ciB mikpoopranismis [1, 4, 9, 11—15]. OkucHo-BinHoBHHUE noTeHLian (OBII,
peNoKCc-TIoTeHLlian) 103BoJsie HAUOIIbI TOYHO BU3HAUATH CTYMiHb aHaepoo-
HUX yMOB moxkuBHoro cepenosuia. OBII e o6’ekToM nocC/aimKeHb y rafnysi
nepepoOKH BiAXOMiB 3 OTPUMAHHSIM €HeProHOCiiB (MeTaHy, BOAHIO, €TaHOJY),
OpraHiuHUX KUCJAOT (aleTary, npomioHaty, 6ytuparty), pepMeHTiB (Lentonas,

© J1.C. Sctpemcbka, 2011
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reMilesiioJa3, MeKTHHa3 TOIO) Y cyuacHux GiotexnoJorisax [1, 4, 8—10, 12,
13]. [Ipore, nymKu nocaigHuKiB, 1o gocaimkyoTb OBII, cynepeunusi. Heski
— BBaxkamwTh, 110 OBII 6e3nocepentbo nie Ha metaboJiuni npouecu [1, 4, 9,
11, 13], iHwi — B3araji sanepeuyoTb Oydb-9KUH BIJUB peLOKC-NOTEHLiaNy
cepenoBullia Ha picT i MeTabosism Mikpoopranismis [12]. [Towyk siTepaTypHux
JKepeJ BUSIBUB HE3HAYHY KiJIbKiCTb HAYKOBHX POOIT 3a HaHO0 MpobsieMoio
[1, 4, 11-15].

MeToro nocaimkeHb Oy/0 BU3HAYEHHS! BIJIMBY pelOKC-TIOTeHLialy ce-
penoBullla Ha (i3io/noOriYHUN CTaH TepMODiNbHUX 00JIiraTHUX aHaepoOHHUX
mikpoopraniamiB — Clostridium thermocellum 5CT ta C. thermosaccha-
rolyticum 18S.

Martepiajau i METOAU NOCJiIXKEHHS

O6’exToM nocaifKeHHs OyJH ITaMKi TepMO(DiIbHIX aHaepoOHUX OaKTepil,
30Kpema, teJtononituunuil Clostridium thermocellum 5CT, caxapo/iTHuHU#
C. thermosaccharolyticum 1S, i30MbOBaHi 3 aKTUBHOrO MyJ/y MeTaHTeHKa
cTaHLii 6iosoridyHOro ounlleHHs cTiyHuX BoA (M. KuiB, bopTHuui). Buninenus
i inentudikauis onucani B po6oTi [6].

JLs KyNbTHBYBaHHS LUTAMiB BUKOPUCTOBYBaJ/M MiHEpaJ/ibHe CepeloBHILE
«P», Takoro cknaany (r/n): KH,PO4 — 0,4; K,HPO, - 3H,0 — 0,4; NH,Cl —
1,0; MgCl, - 6H,0-0,1; CaCl,-2H,0-0,02; NaHCO,—1,0; posuun mikpoe-
JeMeHTiB — 1 mua/u; pO34MH BiTaMmiHiB — 1 M1/ PO34UH 0,2% iHaMKaTopa
pesasypiny — 1 mu1; Bona nuctunboBana — 1 i1; pH cepenosuma 7,0—7,5. I'a-
soBa (asa apron 100%. ApToknaBysanu npu 1,5 atm. SIk Byr/ieuesuii cy6-
cTpaT 3acTocoByBasu Lenobiosy (0,5 06 %).

Posuunu BiTaMiHiB, ByryieBOAIB CTepUi3yBa/iu (PibTPyBaHHAM uepe3 (ijb-
Tpu «Cunnop» Ne 8, 9, 36epiraau okpeMo B aHaepoOHUX YMOBAX i BHOCUJ/IH B
cepelOBHUIIIEe LIMPHLIEM CTEPUIBbHO Oe3rnocepenHbo nepe nocisom [6]. Oxpemo
rOTYBaJ/M | BHOCU/JIM PO3UMHHU BiITHOBHHUKIB JJIsi CTBOPEHHS BiHOBJIOBaJbHUX
yMOB y cepenosuli: cyabdin Harpito (10% Na,S-9H,0 — 20 MJI/JT), LUTpaT
tutany (III) — 25 ma/n [15].

PosnuB cepenoBuina B KyJabTuBaTop [3] 06’emom 500 mu, 3milicHIOBaMH
B notoui ineptHoro rasy aprony (ACTY 10157—79), mo mictuth O, y KOH-
uentpauii He Bume 0,0007 %, 3a MomM(hiKOBAHOIO METOAMKOK XaHreHTa A/
KyJbTHBYBaHHs aHaepoOiB [7]. O6’em cepenoBuiia — 250 M1, razoBoi asu
— 250 w1, mociBHOrO Matepianay — 20 M.

B wryuepa Ky/JabTHBaTOpa BCTAaBJ/S/INM BUMipIOBA/bHI €J€KTPOAU MJIS
noreHuioMmeTpuuHoro BusHaueHHs: 3HaueHb OBII i pH cepenoBuiua Ha yHi-
BepcasnbHOMy ioHoMepi EB-74 [3]. ILns Busnauenuss OBII BukopuctoByBanu
niatruHoBui esnekTpon EBII-1 i xsmopcpi6uuil enektpon nopiBHsiHHA EBJI-
IM3. 3nauennss pH BcTaHOB/IOBAIM 32 OOTIOMOTOI0 €JEKTPOIHOI MapH, II0
CKJIaJaeThcsl 3 BUMiptoBasbHOro enektpony ECJI-63-07 i momomixkHoro —
EBJI-IM3 [3].
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Buxinne snauenns OBII moxkuBHOTO cepenoBHila 3 0,5% wes106i03u micas
nerasyBaHHsl B 1oTolli aprony cranosusno +100 mB, pH 7,0—7,3.

PicT KysnbTyp OLiHIOBa/X 33 BEJUUUHOIO OMTHUHOI I'YCTHHU KJIITHHHOI CyC-
neHsii, siky BU3Hauya/u Ha (oToenekTpokasopumerpi PIK-56I1, npu A=540 um
Y KIOBETi 3 JHOBXHHOIO CBiT/J0BOro misxy 0,5 c¢M, a TakoX 3a BHIiJ€HHSIM
rasis — H,, CO,. Cxnan rasie ananisysanu Ha rasosoMy xpomatorpadi JIXM-
8M]I, Bu3HaueHHs KUCJOT i cupTiB — Ha xpomartorpadi «Chrom-5». O6‘em
npo6 — 5—10 mKJI.

MopdooJorito KaiTHH BHBYaAM Yy (PAa30BOMY KOHTPAcCTi Ha MiKpPOCKOII
MDBI-6 (36inbiienns x 1570).

[HKyOyBaHHS NOCHIIKYBaHUX aHaepPOOHUX KYJbTyp 3AiHCHIOBAIU B Tep-
moctati pu 60 °C.

CraTucTuuHe ONpaLoBaHHS JAaHUX TPOBOJAUJIN 32 3arajbHONPUHHATUMH
MeTOAMKaMM 3 ypaxyBaHHsM Kputepito CTbioneHTa [6].

Pe3ysabTaTu Ta iX 0OroBOpeHHs

Hemonozonitruunuit wram C. thermocellum 5CT rigposisye nogicaxapunn
(LeJr0s103y, reMillesio03y), ucaxapuau (1enobiody, caxaposdy), MOHOCAXapH-
¥ (TJI0KO03Y, TalaKkTo3y, KCHI03Y) 3 MPOAYKYBAHHSAM BOIHIO, BYTJIEKUCIOTH,
eTaHoJy, auertarty, Jakraty. Caxapoaituunuii wram C. thermosaccharolyti-
cum 1S 3paTHU#l (pepMeHTYBaTH MoJicaxapuad (KpoxmaJsb, EKTHHH, ajle He
LeJ/r003y), Aucaxapund (uesnobiody, caxaposdy, JakKTo3y), MOHOCAXapHUIH
(TTeHTO3H, reKCo31) 3 YTBOPEHHSIM BOJIHIO, BYTJIEKUCJOTH, €TaHOJy, alleTarTy,
Jakrary, oytupaty [6 |.

JlocaigKyBaHi WTaMu € oOJiiraTHUMU aHaepoOamu. [I1s1 iX pPO3BUTKY
noTpiOHI HU3bKiI 3HAYEHHSI OKHCHO-BiIHOBHOTO MOTEHLiasy cepemnoBHlllA
—100...—330 mB [2]. CrBopeHHS1 BiIHOB/IIOBa/JbHUX YMOB CepeIOBHIA €
MOXKJIUBUM 33 PAXyHOK CIOJYK, SIKi MalOTh eJeKTPOHIOHOPHI BJACTHBOCTI
(BiIHOBHHMKIB): TiOIVIiKOJIATy HATPilO, LUCTEIHY, Cy/Ib(iny HATpi0, CipPKOBOIHIO
iin. [1,4].

B po6oti nocaimxkysanucs 3minu OBII, pH, nponykriB metabosiamy B
NpoLleci pocTy LWITAaMiB 3a/1€KHO BiJl HAABHOCTI ab0 BiICYyTHOCTi B cepeloBHUILL
BiJHOBHHUKIB NpU 30pOIKyBaHHI 11€100i03U B CTPOro aHaepoOHUX YMOBax B
KYJIbTUBATOPI.

Picm C. thermocellum 5CT 6e3 sionosruka [5]. BcTanoBsieHo, 1110 mic/s
{HOKy/II0OBaHHSI cepenoBHILA |2-TH TOAMHHOIO KynabTypolo, 3HaueHHss OBII
3a 10 ronun sumxysagnocs Bix +100 mB no —100 MB, tpumanocst 4 ronunn
Ha TOMY K piBHi i 10 24-i ronuHM nocsirajo MakCHUMaJsbHUX 3HaueHb —380
MB (nmaninas na 480 mMB). Buninenuss mera6osiTiB (BOQHIO, BYTJIEKHUCJIOrO
rasy, eTaHoJy, alerary) nouuHasnocs depe3 10—12 ronuH micas iHOKyJsLii
cepenoBulua. Onruuna ryctusa (OI') KysnbTypaabHOI pilMHK f0csTaNa 3HAUeHb
0,2 opuuuue ekctunuii (puc. 1A). MakcumasibHa MUTOMA MIBUAKICTH POCTY,
ska nopiBHioBana 0,1 rox!, Bim3Hauanacs Ha 24 TOOUHY KYJbTHBYBAHHS

(tab.a. 1).
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Tabaunuga 1
YTBopeHHs mMeTaboJitie npu KyabtuByBaHHi C. thermocellum 5CT
Ha cepeoOBHULIi Y BiICYTHOCTI BiJlHOBHUKA

Table 1
Formation of metabolites during cultivation C. thermocellum 5CT on
medium in the absence of a reducer

ac MpoaykTu MeTaGoi3mMy, MMOJIb/J1 Mutoma WBHAKICTH
eTanos auerar JakTat pocty i, roa-1
12 0,05 0,01 0,07+ 0,01 0 0,015==0,001
24 8,40+ 0,02 26,7+ 0,01 0,15+ 0,01 0,100,001
48 8,09+ 0,01 26,8+ 0,03 0,16 0,01 0,005=-0,001
72 8,07+ 0,02 25,0+ 0,01 0,14+ 0,01 0,005=-0,001
96 8,10+ 0,01 25,0+ 0,01 0,15+ 0,01 0,017=+0,001

Y MOMeHT MakcumajbHoro BuaiseHHs BoxHio OBII crabinidyBaBcsi Ha
piBHi —380 MB i Tinbku yepe3 72 ronuHu KyJbTUBYBAHHS MiABUIIYBaBCS 10
—300 mMB. 3a 3nauenp OBIT —300 MB HaxkonuueHHs1 6GiomMacu 3MeHLIYETbCS
BaBiui, pH sunmxkyetbcs 3 7,0 no 6,0, 3miHI0€Tbcs MOP(ONOTIYHUEN CTAH Kli-
tuH. [licas 10—12 roauH Ky/JbTHUBYBaHHS MOMITHOTO PO3BUTKY KYJbTypHU
He BinOyBasocs, i Jauile micas toro, sk 3HadeHHss OBII nocsarao —380 mB,
BU3HAYAJUCS CKYMTUEHHS] BEreTATUBHUX KJiTHH, ricast 50-1 ronuHYI BUSBJSINUCS
— CIOPOBi KJITHHH (pHUC. 2).

100

200
100
LY 0 c
0 2 r
m [a1]
s -100 g = s
cC s = -100 b=
e 71} o
8 200 % S :|:'
n T
-300 Iz 200 =
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Puc.1. Junamika pocry C. thermocellum 5CT Ha cepenoBuILi:
A) 6es BimnoBHuka; b) 3 BinHoBHEHKOM (Na,S < 9H O);
—i— OBII & pH -"—onTiuna ryctuna (OI') —e—H2

Fig. 1. The growth of C. thermocellum 5CT on medium:
A) without the reducing agent; B) with the reducing agent (Na,S-9H,0) ;
|+1'ed0x potential - pH —7— optical density —e— H2 |
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Puc. 2. Knitunu C. thermocellum 5CT (36iabwenHs x1570, ¢pa3oBuii KOHTpacT)

A) BereratuBHi KiaiTunu, 24—36 roguH pocTy;

B) kaituHM Ha erani criopoyTBopeHHs, 50—72 roguHu

A) vegetative cells 24—36 hours of growth;
B) cells on the sporulation stage, 50—72 hours

Fig. 2. Cells C.thermocellum 5CT (increase x 1570, phase contrast)

Picm C. thermocellum 5CT na cepedosuiyi 3 8i0HO8HUKOM — CYabghidom
nampiro (Na,S+9H,0). ITpu BHeceHH] B 1erasoBane MOXKHUBHE CEPeIOBHILE
BigHoBHuKA 3HaueHHs OBII BcTanos/oBanoca Ha Bigmitui —100 MB. Ilicas
iHoKy.1oBaHHS 12-TH roguHHOW0 KyJabTypoto OBIT mBuako sHuKyBaBes i 3a
30 xB nocsras 3HayeHb —160 mMB. 3a 10 rox Ky/nbTHBYBaHHSI 3HAYeHHS I10-
TeHUiany 3HUKYBajocs 1o —260 mB, crabinisyBasnocs Ha uboMy piBHI mpo-
tsirom 60 ron i Jiuiie micss LBOro MOBiMbHO MimBHiLyBasocs o —160 MB.
Y nepion eKCIIOHEHUIHHOro PoCTy KyJbTYPH KiJbKiCTb MeTaboJiTiB: BOAHIO,
BYTJIEKUCJIOTO a3y, eTaHoJay, alleTaTy — A0CSArago MakKCHMa/bHUX 3HAueHb.
MakcumanbHa MUTOMa IIBUAKICTH pocTy, sika nopiBHioBasna 0,09 rox!, Bin-
3HauaJsacs Ha 24-iii roguHi pocty (Tabd.. 2, puc. 1b).

Tabauuga 2

YrTBopeHHs MeTaboJiTiB npu KydabTuByBaHHi C. thermocellum 5CT Ha cepenoBuuli 3

BigHoBHukom (Na,S +«9H,0)

Table 2

Formation of metabolites during cultivation C. thermocellum 5CT

on medium with the reducing agent (Na,S < 9H,0)

Mikpo6ioaoeis i 6iomexronozis Mo 1/2011

Yac MpoaykTn MetaGoniamy, MMOJb/ [MuTomMa WBHUAKICTD
eTaHoJ auerart JAaKTat pocty j, roa-1
12 8,75+ 0,01 25,5+ 0,01 0,15+ 0,03 0,057+0,002
24 16,9+ 0,01 35,6+ 0,01 2,0+ 0,01 0,090,003
48 17,0+ 0,01 35,6+ 0,01 2,0+ 0,01 0,003=:0,001
72 17,0+ 0,01 35,6+ 0,01 2,0+ 0,01 0,003=-0,001
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B o6ox Bunangkax (3 BinHoBHHKOM Na,S+9H,O ta 6e3 HbOro) KiJIbKiCTb
BOJIHIO, 1110 YTBOPUBCS, CTAHOBUIA GJU3bKO 6 MMOJIb//1. OaHaK, npupicT Gio-
MacH, YTBOPEHHsI eTaHoJy, auertaty y l,5—2 pas3u Bullle Ha CepenoBHILi 3
BIIHOBHUKOM, Hi>K 0€3 HbOTO.

Pict kyabTypu y mMexax sHaueHnp OBIT —200...—380 mB, 3 ontumymom
—260 mMB, a He —100 MB (3HauenHsi OBII cTepusibHOro cepenoBuila 3 Bia-
HOBHMKOM CYJIb(DiOM HATPil0) MOKHA {HTEPIPETYBATHU SIK Pe3y/IbTaT B3aEMOIl
JAaHOTO BiJIHOBHHKA 3 PELOKC-CHCTEMAaMH KYJbTypPaJbHOI PiIUHH.

Picm C. thermosaccharolyticum 1S 6e3 sionosHuxa. [licns iHokymswii
KyabTypoto 3HaueHHsi OBII cepenoBuia 3a 7—8 romuH 3HUXKYBaJOCH Bin
+100 MB no —200 mB, (ycboro Ha 300 MB), Tpumasocs 5 ronuH Ha TOMY XK
piBHi Ta 10 24-0i ronMHM Ky/JbTUBYBAHHS MiABHUILLYBaJI0Cs Ta cTabinizyBasocs
Ha 3HaueHHi —100 MB. 3a makcumasnbHoro Buninenus BonHio OBII crabini-
syBaBcs Ha piBHI —200 MB i TinbKu uepe3 18 roauH Ky/nbTHBYBaHHS MiBH-
myBaBes 1o —100 mB. Ontuuna ryctuna mocsirana 3nauenb 0,24 oguHULB
ekctunuii, pH suususcs 3 7,0 no 5,0 (puc. 3A).

Buninenuss meTaboJiTiB MOYMHAIOCS BIPOMOBXK 5—6 TOAMH Mic/as iHO-
KYyJ/IOBaHHS CepelloBUIIIA Ta J0CATaI0 MaKCUMa/IbHUX 3HaYeHb 32 24 TOIUHU.
MakcumanbHa MUTOMa WBUIKICTb POCTY, sika nopiBHioBasa 0,1 rox!, BinsHa-
yanacst Ha 6—12-Ti#t roguni pocty (Taba. 3).

or
Or.-s 200 T8
100
C
46 % 0 - +6 3
5 a 3
2 = 100 4 g
T3 5 200 T8 =
0,3 E_ o g—%— & —8—8n3 E
0242 % 300 + 0242 I
0,1 -400 4 0,14
s04—F + ++ ++ 1o 500 A $p——p—p—tp—ap—+t 0
0 6 12 24 48 72 96 120 0 6 10 12 24 48 72 120
FogwvHW FogrHKn
A) b)

Puc. 3. dunamika pocry C. thermosaccarolyticum 1S Ha cepenoBuiLi:
A) 6es Binnosuuka; B) 3 BinHoBHukOM (Na,S - 9H,0);
|+OBH —& pH —"—ontinuna ryctuna (OI') —e—H2 |

Fig. 3. The growth of C. thermosaccarolyticum 1S on medium:
A) without the reducing agent; B) with the reducing agent (Na,S+9H,0) ;
——redox potential - pH -7— optical density —— H2 |
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Tabauus 3
YTBopeHHs mMeTaboJiTiB npu KyabTuByBaHHi C. thermosaccharolyticum 1S
Ha cepeoOBHULIi Y BiICYTHOCTI BiJlHOBHUKA

Table 3
Formation of metabolites during cultivation of C. thermosaccharolyticum 1S
in medium in the absence of the reducer

ac MpoaykTn MeTaGo.1i3my, MMOJIb/ MuromMa WBMAKICTH
eTaHos auerat AaKTaT pocty p, roa-1

6 0,50+ 0,01 0,07+ 0,01 0 0,10+0,0001

12 5,40+ 0,01 1,20+ 0,02 0,30+ 0,01 0,10+0,0001

24 5,60+ 0,02 1,45+ 0,01 0,31+ 0,02 0,005£0,001

48 5,69+ 0,01 1,50+ 0,01 0,38+ 0,02 0,005+0,001

72 5,69+ 0,01 1,50+ 0,01 0,38+ 0,02 0,017+0,001

Picm C. thermosaccharolyticum 1S Ha cepedosuii 3 8i0HOBHUKOM —
cyarvgidom nampiro (Na,S+9H,0). Ilpu BHeceHHi B lerasoBaHe cepe0BHUIIe
BinHoBHMKA 3HaueHHs1 OBII mBuako 3HMKyBasnocs ta yepe3 30 XB nocsirasno
snauedb —100 mB. Ilicasa iHokynioBaHHSI 7-Mu ronuHHOIO KynbTyporo OBII
3HHKYBABCS 3a O rol KyJabTuByBaHHS 10 —135...—140 MB, BcTaHoB/MIOBaBCS
Ha UboMy piBHi Ta 10 12-0i rognuu ninBuutyBaBcs 1o —100 MB i Ginblue He
3miHtoBaBcsi; pH sHusuBcst 3 7,5 no 5,0—4,8 (puc. 3b).

Y nepion €KCIMOHEHLIHHOro poCTy KyJbTypPH KiJbKiCTb OiomMacu Ta Mpo-
OYKTiB MeTabo0J1i3My: BOIHIO, BYTJIEKUCJIOTO Ta3y, eTaHoJy, aleTatTy, JakTaTy
J0CSATano MakCUMa/bHUX 3HaueHb. MakcuMasbHa MUTOMA LIBUAKICTb POCTY,
ska popisHioBasa 0,1 rom!, TakoX Bin3Hauasacst Ha 6—12-i romuHi pocTy
(Taba. 4).

Tabauus 4
YTBOpeHHs MeTaboJiTiB npu KyabTuByBaHHi C. thermosaccharolyticum 1S Ha
cepenosuili 3 BigHoBHukom (Na,S - 9H,0)

Table 4
Formation of metabolites during cultivation of C. thermosaccharolyticum 1S
on medium with the reducing agent (Na,S-9N,0)

. Mpoayktu meTaGoaiamy, MMOJb/ a1 MuToMa WBHAKICTS
* eranon auerar | maxrar, Gymapar | POCTY I ron-l
6 0,50=0,01 0,07+ 0,01 0 0,10+ 0,001
12 6,40=+0,01 2,60= 0,01 0,50+ 0,01 0,10+ 0,001
24 6,60-£0,02 2,85+ 0,01 0,51+ 0,01 0,005+0,001
48 7,00+£0,01 2,85+ 0,01 0,58+ 0,02 0,005+0,001
72 7,00+0,01 2,85+ 0,01 0,58+ 0,02 0,017+0,001
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OTxe, nokaszaHo, 110 MpHu Ky/abTuBYBaHHi wrtamy C. thermosaccharolyticum
1S na cepenosuwi 3 BigHoBHUKOM (Na,S -9H,O) npupict Giomacu ta yTBO-
peHHs1 MeTaboJIiTIB (BOAHIO, €TaHOJY, alleTaTy, Jakrary, Oytupary) y 1,5—2
pasu BUILHKH, Hi>K Ha cepefloBULLi Oe3 BiiHOBHUKA. PO3BUTOK Ky bTypH BinbOy-
BaeTbcsi y Mexax sHaueHb OBIT +100...—200MB, 3 ontumymom —135..—140
mB (pH 7,0—7,3).

Picm xyaromyp na cepedosuuwji 3 8i0HOBHUKOM UUMPAMOM MUMQA-
ny (I11). lns BUBUEHHS BIJIMBY [y»Ke HHU3bKUX (OJM3bKUX N0 3HAYEHHS
noteHiiany BonHeBoro ejektpony —420 mB, npu pH 7,0) 3nauenn OBII
BUKOPHUCTOBYBAJM LIMTPAT TPUBAJIEHTHOIO TUTaHy. 3a HOro IOMOMOTH Yy Cce-
penoBHULL MOXYTb OyTH OTPUMaHi 3HAaU€HHSI HABiTb HUXKYi, Hi>K Yy BOIHEBOIO
esekTpony, npuuomy uutpar tutany (III) HeTokcnunus ans 6inbocTi Mikpo-
opraniamis [15].

Buxinne snauennst OBII cepenosuiia nicss neraszauii cranosuso +100 mB
(pH 7,0—7,3). Ilicas BHecennsa uutpary tutany (III) OBII wBnako 3HmxKy-
BaBcs. Crauionapre 3HaueHHsi OBII BcranoBsoBasocs micas 3 ToaWH Ha
piBai —420 mB, npu pH 7,0. Ilicast uporo B cepenoBullle BHOCUJIHU MOCIiBHUN
matepian wrtamy C. thermocellum 5CT. BHeceHHs1 iHOKYJ/ISITY He BHUKJIMKAJO
ninsuiienHss OBII. BrnponoBx 24 roguH Ky/JbTHBYBaHHS, TPU HE3MiHHOMY
OBIT (—420 mB), pH 3uu3uBcs 3 7,0 no 6,5, onTuuHa ryCTHHA KYJbTypPaJbHO
pinunu 36imbmnaacs oo 0,15 on. eketuHuii (puc. 4).
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pH, H2 MMmone/n

500 o~

0 6 24 48 72 96 120

FopgvHn

Puc. 4. lunamika pocry C. thermocellum 5CT Ha cepenoBuili 3 BiJHOBHUKOM
uutpatom turany (I11):

—— OBII & pH -"—ontiuna ryctuaa (OI') —e—H2

Fig. 4.The growth of C. thermocellum 5ST on medium with reducing
titanium citrate (111):

——redox potential - pH -7— optical density ——H2 |
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[IpoTe, npu BUpOILLyBaHHI Ky/JIbTYpPH 3a NpUcyTHOCTI uutpaty tutany (III)
KiJIbKiCTb BOJHIO, 1110 YTBOPUBCS, y 6 pasiB MeHbIIa y NMOPiBHSAHHI 3 POCTOM
KyJIbTypH Ha cepeloBHILI 3a BifcyTHoCTi BinnoBHUKa Na,S - 9H,O (puc. 1A).
Anagoriuni pedysbratd Oy/au OTpUMaHi i PU MOCJIIKEHHI POCTY caxapodi-
tuuHoro wramy C. thermosaccharolyticum 18S.

Junamiky 3minu sHauenb OBII B mpoieci pocTy mirtamiB 3amekHO Bin
HasiBHOCTi a00 BiACYTHOCTi B CepelOBHI BiHOBHHUKIB NpHU 30pOIKYyBaHHI
OpTraHiyHUX PEYOBHH Yy CTPOr0 aHAaepOOHHUX yMOBAaX MOXKHA MOSICHUTH THM,
mo npeactaBHuku pony Clostridium yTBOPIOIOTH MOJEKYJASPHUH BOIEHBb
32 OKMCHEHHS MipyBaTy 3a ydyacTio NipyBaT:(epesoKCHUH-OKCHI0PeNyKTa3H.
depenokcuH Mae nyxe HHU3bKUU penokc-noTeHuias: npu pH 7,0 BiH mopis-
Hioe crangaptHomy OBII BomneBoro esnexktpony [1]. ImoBipHo, 110 crocTe-
pexxyBaHi Hamu 3MmiHu 3HaueHb OBII, gaxi 6ausbki 1o —380 mB, nos‘sizani
3 (pyHKLIOHYBaHHSIM TaKHUX NEPEHOCHHUKIB eJeKTPOHiB K (epenokcuH. I[lo-
crynose mninsuiierHss OBIT no —300 mMB C. thermocellum 5CT, i —100 mB
C. thermosaccharolyticum 1S (puc.lA, 2A), MOXKJIUBO TPaKTyBaTH SIK pe-
3yJbTaT 3MiHM MeTaboJ/IiuHUX MPOLECiB NaHUX MikpoopraHismie. Llutpar tu-
tany (III) mpurniuye akTuBHiCTh NipyBaT:(hepenOKCHH-OKCUIOPEAYKTA3H, 1110
6epe y4acTb B YTBOPEHHi BOJHIO.

B niTepatypi 3a3HaueHo, 1110 e(eKT iHriOyBaHHS BOAHIO LUTPATOM TUTAHY
(IIT), TakoK MOKJ/JIMBe 3a PaxyHOK OKHCHEHHS KJouoBoro ¢epmenty. Tak
y ¢akyabraTuBHUX aHaepoOiB E. coli K-12 (yTBopioe BomeHb 3a paxyHOK
OKHCHeHHS popmiaTy 3a yyacTio ¢epMeHTy (opMiaT-TiaporeHsaiasu) LUUTpaT
tutany (III) npurniuye aktuBHicTh popmiaT-rinporenniasu [1]. OTxke, BB
uutpaty tutany (III) Ha mikpoopraniamu, 1110 MalOTh pi3Hi pepMeHTHi cucTemy,
SIKi 3IIHCHIOIOTD BilHOBJIEHHS poToHa a0 H, o6ymosneno sumxkennsam OBII
cepenoBHULIA A0 PiBHIB, L0 pobOJaSATH TEPMOAMHAMIYHO HEBHUTIIHOIO peakllito
OKHCHeHHs1 (popmiaTy abo mipyBary.

B po6ori [4] Bin3HauaeThes, o ontuMasnbHe 3HaueHHss OBII po3Butky
METAHOTe€HHOI0 YrpYNOBaHHS OOYMOBJIOETBHCH KUTTEMISJNBHICTIO MiKpO-
opraHiamiB. 3HMXKEHHSI MeTAaHOTeHe3y 3a BBeJeHHS Pi3HUX aKLEeNTOpiB
eJIEeKTPOHIB ((epillianiny Kajito, HiTpaTy HaTpilo, MOJEKYJISPHOTO KHUCHIO)
3B‘s3aHo 3 miaBuuleHHsaM OBII kysabTypanbHoro cepenosuiua. Pesy/bratu
Haioi po6oTH miATBepmKYyIOTh AyMKY, 1o OBII BniuBae Ha ¢isionoriunuii
CTaH KJiTHH Ta IHTEHCUBHICTb NpolieciB OiOCHHTe3Y.

Takum unMHOM, MOKa3aHo, 110 PO3BUTOK OOJIraTHUX aHaepoOiB pomay
Clostridium Bin6yBaeTbcst 3a pisHux Mex 3HaueHb OBII 3 piznumu
onTUMyMaMu. PicT TepModisbHOrO aHaepoOHOTO LEeI0030/iTUHUHOTO LITAMY
C. thermocellum 5CT cnocrepiraetbesi B Mexxax OBIT —200...—380 mB, 3
ontumymoMm —260 mMB, caxapoaituunoro C. thermosaccharolyticum 1S — B
mexxax OBIT +100...—200 mB, 3 ontumymom —135..—140 MB (pH 7,0—7,3).
[Ipu onrtumanbuux 3naueHHsix OBII y o6ox mramiB npupict Giomacw,
YTBOpPEHHSI €TaHOJy Ta aleTaTy Ha CepeloBHUIi 3 BiTHOBHUKOM (Cysabdimzom
HaTpito) y 1,5—2 pasu BUIIMH Hi>K HA cepefoBHIL Oe3 BifHOBHUKA. ONTUMA/bHI
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sHavyeHHs1 OBII o60x 1TaMiB MOXKHa iHTEpPIpeTyBaTH K Pe3yabTaT B3aEMOil
JIAHOTO BiJTHOBHHUKA 3 PELOKC-CUCTEMaMU KYJ/bTypPaJbHOI PiIHUHHU.

[IpoBeneHi noc/iKeHHs BIJIMBY OKMCHO-BiIHOBHOIO MOTeHLlialy cepen-
OBHILA Ha MeTab0J1i3M TepMO]iIbHUX aHaepOOHUX MiKpOOpraHiaMiB MiATBeEp-
OKYIOTh TyMKy [1, 4, 14], 110 penoKc moTeHLiaJ € OAHUM 3 OCHOBHHUX (pak-
TOPiB, 1110 BU3HAYae (hi3ioJOTiUHUN CTAH KJITHH, i BiANOBiIHO, iIHTEHCUBHICTb
npoueciB 6iocuHTedy. OBII Mozke 1minpile 3acTOCOBYBATUCS MPH AOCJiI2KEH-
HSIX pi3HUX (pi3i0JOTIUHUX TPyN MIKpPOOPraHi3MiB HapsiAy 3 TAKUMH [1OKa3HHU-
KaMM KyJbTypaJibHOrO cepenoBuila ik pH Ta temneparypa.
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BJIMSAHUE OKHUCJIUTEJIbHO-BOCCTAHOBHUTEJIbHOI'O
MNOTEHUHAJIA HA ®U3HUOJOIM'MYECKOE COCTOSAHUE
MHUKPOOPI'AHU3MOB POJA CLOSTRIDIUM

Pedepar

HccnenoBaHo B/MSIHME OKUCJIUTENbHO-BOCCTAHOBUTEIBHOIO MOTEHLMA-
na (OBII) cpenpl Ha obOpazoBaHue OHoOMacchl ¥ MPOAYKTOB MeTabo/u3Ma
aHa’poOHbIMU TepModuabHbIMU (60 °C) Muxkpoopranusmamu pona Clostridium:
uesttono3onutu-ueckoro — C. thermocellum 5CT u caxaposuTH4ecKoro —
C. thermosaccharolyticum 1S B anaspobubIx ycaoBusx. [lokasano, uto pas-
BUTHE LITAMMOB MPOMCXOAUT B pasHbIX rpanuuax u ontumymax OBII. Poct
C. thermocellum 5CT nabmonaetrcs B npeneaax OBIT -200 ...- 380 mB, ¢
ontumymoM -260 MB, C. thermosaccharolytucum 1S B npenenax OBIT4-100..-
200 mB, c ontumymowm -135 ...-140 MB (pH 7,0—7,3). [Ipu onTumManbHbIX 3Ha-
yeHusix OBII y oboux mramMMmoB npupocT 6Guomacchl, 06pa3zoBaHue 3TaHo/a
M aleTaTta Ha cpele ¢ BOCCTaHOBHTeseM (Cyabpuaom HaTpus) B 1,5—2 pasa
BblllEe, ueM 6e3 BoccTaHoBuTe 5. Onpenenero, yro OBII siBnsieTcs ogHum 13
OCHOBHBIX (PAKTOPOB, OINpeAessolHX (PU3UO0JOTHUeCKOe COCTOSIHHE KJEeTOK
1 HHTEHCUBHOCTb MPOLIeCCOB OMOCHHTE3A.
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LyKUHMsi, 3TaHos, auerar, H,.
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EFFECT OF REDOX POTENTIALS ON PHYSIOLOGICAL
STATE OF MICROORGANISMS OF GENUS CLOSTRIDIUM

Summary

The effect of redox potential (ORP) of the medium on formation
of biomass and metabolic products by anaerobic thermophilic (60 °C)
microorganisms of genus Clostridium: cellulolytic — C. thermocellum
5ST and saccharolytic C. thermo-saccharolyticum 1S under anaerobic
conditions. There were shown, that strains development takes place in the
various limits and within the optimum ORP. Growth of C. thermocellum
5CT is observed within ORP -200 ...- 380 mV, with an optimum -260 mV,
C. thermosaccharolyticum 1S in the range redox potential 4100 ..- 200
mV, with an optimum -135 ...- 140 mV (pH 7,0—7,3). For optimum values
of redox potential in both strains, biomass growth, ethanol and acetate in
formation medium with a reducing agent (sodium sulfide) in 1.5—2 times
higher than that without a reducing agent. There were determined that
the redox potential is one of the main factors determining the physiological
state of the cells and biosynthesis intensity.

Key words: redox potential, cellulolytic thermophilic strain Clostridium
thermocellum, saccharolytic strain of C. thermosaccharolyticum, H,.
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[lpu HanucaHHi cTaTTi HEOOXiAHO NOTPUMYBATUCS TAKOIO MJaHY:

- inpexkc YK y niBoMy BepXHbOMY KYTKY MepLIOTO apKylla;

- TpisBHILA Ta iHilianud aBTOopa (aBTOPiB) MOBOIO OpHUriHasy, Miclle po-
60TH KOKHOTO aBTOpPA; [IOBHA MOLUTOBA a/ipeca yCTAHOBHU (32 Mi>KHapOJIHUMH
CTaHzapTaMu); TesedoH, eleKTpoHHa aapeca (e-mail). [TpisBuia aBTopis Ta
Ha3BU YCTAHOB, [€ BOHU IPALIOI0Th, MO3HAYAIOTh OJHUM i THUM CaMHUM LHU}-
POBHUM iHIEKCOM (Bropi);

- HasBa CTaTTi BEJIMKUMHU JiTepaMH,

- aHOTaLifl i3 3a3HaUeHHSIM HOBU3HU pe3y/bTaTiB gocaigkenHs (1o 200
cJ1iB);

- KJIIOYOBi cJjioBa (He Gisblie M'ATH);

TekcT cTaTTi Ma€ BKJOUATH TakKi CKJAAA0BI: BCTYI; MaTepiaau i MeToxH;
pe3yJbTaTH Ta X 0OrOBOpPEHHS; BUCHOBKH; JiTepaTypa.

Jlo KOKHOro MpUMipHUKA CTATTi LOAAETHCS aHOTALLis MOBOIO OpHTiHATY
Ta pedepaTu yKpaiHCbKOKW / pocilicbKolo (B 3a/1€XKHOCTI BiZl MOBH OPHTiHAJTY
CTaTTi), Ta aHIVIIHCbKOIO MOBaMH (KOXKeH pedepaT Ha OKpeMOMY apKylli).
[lepen cioBoM «pedepaT» HeoOXiIHO HAMUCATH MPi3BHILA Ta iHiLiaJd aBTO-
piB, Ha3BM YCTaHOB, aApecH, MOBHY Ha3By CTATTi BiAnoBinHoo MoBoto. [lic-
JI TEKCTY pedepaty 3 ad3aly po3Milllyl0TbCS KJIOYOBi CJIOBA.

Y KiHUi TeKCTy CTaTTi yKasaTu Mpi3BHlla, iMeHa Ta Mo OaTbKOBi ycix
aBTOPIB, MOWITOBY anpecy, TejaedoH, dake, e-mail (115 KopecmoHIeHLIT).

CrarTsi Mae 6yTH mianucaHa aBTOpPOM (yciMa aBTOpaMH) 3 3a3HAUEHHSM
JlaTW Ha OCTAHHiM CTOPiHLI.

ABTOpH HecyTb MOBHY BilMOBifa/MbHICTh 32 Oe30raHHe MOBHE O(OPMJIEH-
H§l TEKCTY, 0COOJIMBO 32 MPaBUJbHY HAyKOBY TepMiHoJiorito (ii cain 3Bipsitu
32 (haxOBUMHU TEPMiHOJOT{YHUMHU CJAOBHUKAMMU).

JlaTuHcebKi HiosoriuHi Ha3BU BUMIB, POMiB MOAAIOTHCS KYPCHBOM JIATHHU-
LIEIO.

$IK1110 YacTO NOBTOPIOBAHI y TEKCTi CJAOBOCIOJIYYEHHS aBTOP BBaXKae 3a
noTpiOHe CKOPOTUTH, TO abpeBiaTypH 3a MepLIOro BXKUBaHHS 00YMOBJIIOIOTH
y nyxkax. Hanpuknan: nonimepasHna Jnanutorona peakuiss (I1IJIP).

[Tocunanus Ha niTepaTypy NOAAIOTHCS Y TEKCTi CTATTi, LUppaMu y KBa-
JNpPaTHUX NY?KKaxX, 3TiHO 3 MOPSAKOBUM HOMEPOM Y CIIUCKY JiTepaTypH.

Tabauui maioTh OyTH KOMINAKTHUMH, MaTH MOPSIAKOBHH HOMep; rpadu,
KOJIOHKH MaloTb OyTH TOYHO BU3HAYEHUMHU JIOTiUHO i rpadiuno. Marepiaa ta-
6/MLb (K i pUCYHKIB) Mae OYTH 3p0O3yMisiuM i He AyOJIOBATH TEKCT CTATTI.
upposuil MaTepian TabJMULb CJIiL ONPALOBATH CTATUCTUYHO.

PHUCYHKH BHKOHYIOTbCSl y BHUIVISIAI UITKHX KpecJeHb (3a IOMOMOTrOI0
KoM toTepHoro rpadiunoro penakropa y ¢opmati TIF, JPG). Oci koopauHat
Ha rpadikax MarTb OyTH NTO3HaYeHi. PUCYHKH PO3MIlLLyIOTbCS Y TEKCTi CTATTi
Ta ny6./1010ThCs OKpeMuM (aitiom Ha CD.

[linnucu, a TakoXK MOSICHEHHS, NPUMITKH 10 PUCYHKIB MOJAI0ThCS MOBOIO
OpUTiHaJy Ta aHIJIIUCBKOIO.

Posnin «Pesynapratu Ta ix o6roBopeHHsI» Mae OYTH HaMUCaHUH KO-
POTKO: HEOOXiAHO 4iTKO BHKJ/IACTH BUSBJEHI e(eKTH, MOKA3aTH IPHUYUHHO-
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pe3y/JbTaTHBHI 3B’SI3KH MiK HUMH, MOPiBHATH OTPUMaHy iH(OpMaLlilo 3 AaHHU-
MU JiTepaTypH, AATH BiANOBiAb HA MUTAHHS, IIOCTABJEHI Yy BCTYII.

Crmcoxk JiTepaTypH CKaanaeThes 32 an(aBiTHO-XPOHOJOTYHUM TTOPSIIKOM
(crouaTKy KUPHUJMLS, MOTIM JATHHULS) | PO3MIilLLyEThCS B KiHLi CTATTi. K110
NeplIri aBTOP y AEKIJIbKOX MpausX OAWH 1 TOH CaMUH, TO Mpaui pO3Millly-
I0TbCS y XpOHOJIOTiuHOMY NopsinKy. CHHCOK MOoCHIaHb Tpeba MpoHyMepyBa-
TH, @ Y TEKCTi MOCHUJATUCS HAa BiAMOBIHWU HOMep mKepeJsa JiTepatypu (y
KBaJIPATHUX yXKKaX).

Y nocuiaHHI HaBOASATH Mpi3BHILA yCiX aBTOpPiB. B ekcrnepumeHTanbHUX
npaisx Mae 6yTH He Oisblie 15 mocusanb JgiTepaTypHUX mxkepes. [lateHTHi
JOKYMEHTH PO3MILLYIOTBhCH Y KiHLi CIIUCKY MOCHJIaHb.
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JlaToro HanXOMKEeHHSI CTATTi BBAXKAlOTh 1€Hb, KOJU 10 PeNKOJerii Hamil-
LI0OB OCTATOYHHUU BapiaHT TEKCTYy CTATTi MiCJas PeLEeH3yBaHHS.

[licns onep»KaHHSl KOPeKTypH CTaTTi aBTOP MOBUHEH BUIIPABUTH JHLIE
MOMMJIKH (4iTKO, CHMHBOIO a0 YOPHOIO PYYKOIO HeNpaBUJIbHE 3aKPECAUTH, a
Mopsii 3 LIMM Ha MOJi HalKMcaTH NMPaBUJIbHUN BapiaHT) i TepMiHOBO Bimicjatu
CTaTTIO Ha afpecy peakoJierii abo MOBiAOMUTHU PO CBOI MPABKHU M0 TejedoHy
ab0 eJeKTPOHHOIO MOLLTOIO.

Y pasi 3aTpUMKHM pelakllisi, 1OoAep:KYyluuch rpadika, 3anuiiae 3a co-
6010 MpaBo 31aTH KOPEKTYPY A0 APYKapHi (y BUPOOHHULTBO) 6€3 aBTOPChKHUX
NIPaBOK.

[linnuc aBTOpa y KiHLi CTAaTTi 03HAYae, LU0 aBTOP Mepelae Nnpasa Ha BHU-
NaHHS cBOEI cTaTTi penakuii. ABTOp rapaHTye, L0 CTATTs OPUTiHA/NbHA, Hi
CTaTTsl, Hi PUCYHKH 10 Hel He Oy/u onyOJIiKOBaHi B iHIIMX BUAAHHSX.

Binxuneni cTaTTi He OBEPTAIOTHCS.

Pepakuisi mpuiiMae [0 OpyKy Ha CTOpPiHKax i oOKJaAMHKaX »KypHaay
NJIATHI peKJIaMHi OTOJIOLIEeHHSI Oi0TeXHOJIOTIYHOr0 Ta MEeOUYHOrO HampsIMiB;
BUPOOHUKIB J1abopaTOpPHOro 0OJadHAHHS, AiarHOCTUKYMiB, PEaKTHUBIB /s
HayKOBHUX AOCJiIKeHb TOLIO.
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