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KB OBEYT g4 xERY KA
(1. TER RS PR TR 2R LA IREEYHARELATLRE 1L L8 214122)
(2. TLHAKAEEREAR PR FEATRT 0 Y098 J7M 215009)

B O (¥R RAETCHRAR LA OB A RRE R CO, o MR A & @i 54 &
LB, CEEEFRMTMOREER, ok iz, HELEE ARMEHE. EAMRTRAAE T L
B AR N BAFH, SR EZZABOA R AR ALTEEREXETE. (B8] #F
K—HFB A = LB E Clostridium sp. BXX 9 REZF LM AL ARG FHREKFHE. [FE] &
E BXX BHRIZFRIBE 10-55°C. #145 pH 6.0-9.0. NaCl iKE 0-2.0%. ~F KR, M HIKm
fo e Fa 4 & IR, AR RAARRIER L. AR BXX B R 9104 Hy/CO,. & A CO.
BEAE. 12-"A 8. TN, CoBEFVE. Hib. RERBRAILER A KD ERM G, F0
AR AhmiesEh pH F, WAL AR iE Kb, [4R] BXX AR REZFE
JEH 30°C, A4 pH A 7.0, NaCl RE A 1.0%, FIRABAH. BXX HARGEA Hy/CO, AR
A A 12-AZEE. TR, LB TEMEHARDAER, T CO. AIRABRKXILE
HkmAEK. (2481 BXX AR AREK” LR, XRAAEKT LB, BXX AHRAZ TR
KRB EAN TR, AT T LG REHS.

X58iR: Clostridium, F\E = CBRE, A4, Fi, CB

Autotrophic and heterotrophic characteristics of a novel acetogenic
Clostridium sp.
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Abstract: [Background] Acetogens are a group of anaerobic bacteria that use Wood-Ljungdahl
pathway for the assimilation of CO; into cell carbon and production of acetate or ethanol. They are
widely distributed in nature and highly phylogenetically and metabolically diverse. The investigation
on the metabolic capabilities of acetogenic bacteria is important to understand their physiological and
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biochemical characteristics as well as environment roles. [Objective] This study aims to optimize the
culture conditions and understand the autotrophic and heterotrophic characteristics of a strain of
novel acetogenic bacterium Clostridium sp. [Methods] The incubation was performed at temperature
of 10—55 °C, initial pH of 6.0—9.0, NaCl concentration of 0—2.0% or with different nitrogen source
to optimize the culture condition of stain BXX by determining the cell and product concentration.
The autotrophic or heterotrophic growth characteristics of strain BXX were studied by measuring
substrate consumption, product generation, bacterial concentration and pH with CO, syngas, H,/CO,,
glucose and other organic matters as substrates. [Results] The optimum temperature, initial pH, NaCl
concentration and nitrogen source of strain BXX was 30 °C, 7.0, 1.0% and yeast extract, respectively.
Strain BXX grew on H,/CO,, syngas, glucose, 1,2-propanediol, sodium formate, 2-methoxyethanol
and glycerol, and did not grow on CO, pyruvate or lactate. [Conclusion] Strain BXX grew
autotrophically to produce acetate and grew heterotrophically to produce ethanol. Strain BXX was
an excellent strain resource for acetate fermentation and had good potential of industrial
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application.
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He5 A5 RFMMCEEE 2 L HyCO, Jyk
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AT R IEVER, ML TSR M AR K, £
FeAb A BUR AR g ) AT fig e HAE D A B
Sz AR FE RN

H s e by [RB™ SRR /3 Al T 22 A F
J&, TEEMATAEARE A AAEE VIR 2E S, IRYE
Pl B AR RE 22 s KT kR Clostridium
difficile FIFIFHEFAE W . 22 2P0 B8 5L
Eubacterium aggregans WILLFLHR . HEE . EHESHN
BBV Acetobacterium woodii 1 Clostridium
liungdahlii 7] & 5055 4 Hy/CO,, i Clostridium
formicoaceticum F Clostridium magnum B LR
Mgt ORI, SRAIFSE R R 2 BR A R Y
FRIRE ST SRR, XTRZ LRI AR BRAE AR
HORBE 2 oCE S [FEE, VRN —Ri L R s
T T A, R AR B R AT A Tolk AR

77 o R AR I AR

ARSI E Ay AL T R B ORI, Zead
JEAMEL . 168 rRNA KL RS & T /b fisEBAE
AL SIS 5 R Clostridium J& ) — AR . AHEFE 43
SIS A ME—ci, Pifbiiad B K40,
T E AP A . RIS FER A, BRI
PRI A FR SRR KRR E, DU R R 2 BR AR
MR R IE S HBAE I Tk 4R (2%
1RSI
1.1 E#KR

R A 95 T A S 6 3 4 8 A 118 — kT 8 [
HF= BRI Clostridium sp. BXX, LR5T o [E -1
A Y B E B PO (S5 CGMCC 1.5228)
HH A AP PO (58 JCM 32382), 16S
rRNA J:HF 52 142 GenBank (B3R5 H
KY130462).
1.2 EERFIFLEE

AN R [ = b sl ST BT, b
MGG RAEAT PR A ] AL, Sl
PRAEAERG, Electrotek A TAER .
1.3 BEHRERBR

Rigekk. NH4C10.50 g, MgS0,4-7H,0 0.50 g,
CaCl,*2H,0 0.25 g, NaCl 10 g, FeSO47H,0 2.00 mg,
A OCE 1.00 mL, AR FRELVA W 1.00 mL, B
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B1Ky 4.00 g, TIRFH(0.1% FiaAFE) 0.50 mL,
K,HPO, 0.35 g, KH,PO, 0.23 g, NaHCO;4.00 g,
A=K 10.00 mL, L->F 22 0.30 g, Na,S-9H,0
030 g, WINZEIEKE 1L, % pH K 7.0,

MEITTRFEWR: M =2] 150 ¢,
MgSO4+7 H,0 3.00 g, MnSO,-H,0 0.50 g,NaCl 1.00 g,
FeSO47H,0 0.10 g, CoSO47H,O 0.18 g,
CaCL,-2H,0 0.10 g, ZnSO47H,0 0.18 g,
CuSO,5H,0 0.01 g, KAI(SO4), 12H,0 0.02 g,
H;BO; 0.01 g, Na;Mo0,-2H,0 0.01 g, NiCl,-6H,0
0.03 g, NaySeO;-5H,0 0.30 mg, Na,WO,2H,0
0.40 mg, WMZEI/KZ 1L, 184 pH 4 7.0,

Wil R HS R #h % W : NaOH 0.50 g,
Na,Se0;5H,0 3.00 mg, Na,WO,4-2H,0 4.00 mg, ¥
JNZEMEKZE 1 L, % pH £ 7.0,

HeE R (mg/L): YR 2.00, MR 2.00,
Hir:EK B 10.00, k4% B, 5.00, 4% B, 5.00,
MR 5.00, D yZBRES 5.00, 4irEK By 0.10, X4
FLIEHR 5.00, HFERR 5.00, FINZEMKE 1L,
1.4 ERHEBEESERNE

RIS EIEEEH7E 500700 nm K78 Bl F14
1 0 i MR MAT I XTI () SR 600 nm, W T BRI 4
BIFFE 2. 5. 10, 20, 30 F1 50 £, K 600 nm
T LAZEIR K 2 B LB . W R R R
TSR, R BRI B AR i, 4
il 3 R S T AR AR & AR E T £ . IR AF
IR ) O C AR, bRt 2t 5 iR
L
1.5 BXX BHkmEEFEH
151 HiEREMREVIE pH

40 mL JRAEE PR 15 mL KERFREE, A
WIURHEE A 23 mmol/L 4 A , LA K W) 4k B 1A 20
JifiL 2 R 6.30x10°-7.90%10° 4~/mL 1 BXX T #E
Tfizsil A Hy/CO, (Hy:CO,=4:1, RFHH)SIKZEIE
J174 0.16 MPa, 5 REFEHENIG pH A 8.5 FET
10, 15, 20, 25, 30, 35, 40, 45, 50 F1 55 °C
KRR TR RGOS, WA SRS pH A

6.0, 6.5, 7.0, 7.5, 8.0, 8.5#19.0 HF 25 °C ¥
T UM G VIR pHe B SEIR A E 3 41
11, J53% 14 d, B REURE— 8 B A4 2 it Fn
FEA
1.52 &i& NaCliREMRERIR

P B R L NaClLRJE 73518 0.0.2%.0.5%
1.0%. 1.5%%1 2.0%H PI935 fcid NaCl kB, 4
SIS 4 g/L @AER . IRER . BEbkRy . R
1 2 R A R T s od AR, e R
FR RS . 40 mL JREE A 15 mL KER;
FRIE, IMARILEHE N 23 mmol/L HI A4, LUK
WA TE A A F o 1.80x10°-1.87x10° A~/mL Y
BXX bk, 185250046 pH o8 7.0, TZSHE A
H,/CO, (Hy:COp=4:1 KT )Y SUK E JE 77 0.16 MPa,
BT 30 °C 3%, BAERAHRE 3 HVAT,
Bi g% 8 d, B R IBURE— Y 2 DA A 4 L 55 4 0 = 1)
A
1.6 BXX HHHIBEFEKIE

40 mL JREAE P A 15 mL KRG, k%
pH & 7.0, BXX Wtk ) Ih 0 1K 40 M & it
1.97x10°-2.14x10°4~/mL, THZS i A Hy/CO, (Hp:CO,=
4:1, HRFEL). 4 CO s A M <(CO:CO:H=4:3:3,
RBE)ZEE S 0.16 MPa 3B F 30 °C §53% . B34~
SCHG YR 3 AT, B5SF 104 h, 4 8 h BURE
— Y S A 240 L RN A
1.7 BXX BEHkFFEKLE

40 mL A P2 A 15 mL KRG, ik
pH 4 7.0, S35 AHIZRE . 1,2-9 0 . AN
CFEREE . Hh . INERRRAIFLER 2 23, 10, 10,
20, 20, 20 A1 20 mmol/L, BXX HEFI RN 5 &t
M 1.47x10°-2.24x10°A>/mL, THZS 1A &4l N, 2%
71 0.16 MPa & T 30 °C B55% . BALIRA IR
3AVAT, 5557 160 h, HF 8 h HURE— VR & P A4
it e A= A A
1.8 BHERMSARNER E

KA (A3 (GC-2010) 76 I 72 4% & 1 A 15 2
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(VFAS)FIIIZS AR, FAARDNE 77k 00225 Sk 14-15]
2 HRE5HHh

2.1 BXX EHRHIRIEIEFEN
2.1.1 BXX HHRIHIERE

MEEFEHE NaCLIRIE N 0.2%, BERERY IME—R
U8, WG pH A 8.5, A Hy/CO, MY, BXX
BRI IR B AR AN & iR 6.37%10° A~/mL, Bk T
10-55°C T} 13d J5, HAERRLWE 1 s,
AT 15 °C fIEF 50 °C B, WA E S
WIS O A8 ik WA 15, 20, 25, 30, 35,
40, 45 F1 50 °C Bf, P40 M2 5 0ol
8.56x10°, 1.50x107, 5.45x10". 5.60x107 . 4.65x10 .
4.11x107, 2.97x10" F19.23x10° 4A~/mL, F5EUHEK
HRAM R 2.60x10%.1.56%10°.8.40x10°.9.61x10°
7.52x10°.6.58x10°.3.77x10° 1 4.92x10° ~/(mL-h).
AR S i RO KRG, &
PREAR BXX B4 KIREEVERhY 15-45 °C, el
KRR 30 °C,
2.1.2 BXX Ek&IEVIE pH

MEEFEIE NaCLIRIE N 0.2%, BERER IME—R
I8, WREE 25 °C, #AGHEA Hy/CO, MY, BXX I
MRV EE A &R 7.95%10° A~/mL, BT pH
6.0-9.0 THiFF 14 d J5, HARKKRMWME 2A. B
Ml C iR, WA pH M 6.0, 6.5, 7.0, 7.5, 8.0,
8.5 F1 9.0 i, B MAANMIZ & i 51k 5.49x107

7107 — 10 °C—@-15 °C—A—20 °C-y-25 °C—4-30 °C
435 °C—P40 °C-@-45 °C—+50 °C-@-55 °C
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Figure 1 Growth of strain BXX under different
temperatures
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6.35x107, 6.47x107, 6.37x10", 4.68x10",
3.62x10" 1 3.26x10" ~/mL, F5EOH A K 3455
H 8.25x10°, 1.16x10°, 1.21x10%, 1.17x10°,
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AW 0, ZOREEZMN 1091, 16.47. 19.14,
18.01, 9.74. 9.17 11 8.22 mmol/L, 435 B B
1.63x107" . 25x107" . 2.9x107" | 27x107" |
1.5x1072, 1.34x1072F11.2x10> mmol, &% 2
PR R 3.39%107 . 521107, 6.04x107°
5.63x10°, 3.13x107*, 2.79x10 " F12.50x10~* mmol/h.,
AWM SR WA KR LA
WEE . R FRBON O RE R E L, R
FHRATTERI MG pH 6.0-9.0 FAK, s KWilh
pH{EN 7.0,
2.1.3 BXX E#kERi&E NaCl iKE

MREIRILILG pH N 7.0, BERERS ME— U,
TR 30 °C, #AEFHA Hy/COy MY, BXX BIFEA
TR 1.80%10° A~/mL, FAT NaCl ¥kJE
0-2.0%357% 7 dJi, ARKARBLUE 3A F1 B fin.
NaCl #FEETE 0. 0.2%. 0.5%. 1.0%. 1.5%F1 2.0%
T, FEARIA SRS 1.13x107, 1.50x107,
2.63x107, 4.50x107, 3.37x10" #l 2.74x10" 4>/mL,
5 B0 AR KR AN S 1.89%10° . 2.39%10°
4.21x10°,5.92x10°,5.79x10° Fl 4.63x10° ~/(mL-h);
LRIRIRE R 0, LERLIRE AR 6.47. 7.22.
10.01., 14.20, 13.11 1 10.78 mmol/L, 435l RFZ
B2 9.71x1072, 1.08x107", 1.50x107", 2.13x107",
1.97x107" F1 1.62x10"" mmol, H§E0H 2 By~ 24351
N2.02x107°, 2.25x107°, 3.12x107°, 2.95x107°,
4.10x107° 1 3.37x107° mmol/h, %4 H 1K 40 iy
K, HMEONAERKMEE, CEARE . L
PR TRBUH R R EE N, R B bR R AR
NaCl ¥ 0-2.0% FAEK, fiddK NaCl WE
H1.0%.
2.1.4 BXX E#RiERIE

M FRIEYIHE pH M 7.0, NaCl ¥JE R 1.0%,
JELEE N 30 °C, HIZFN Hy/CO, NIEY), BXX Hitk
WITEHE Jy 1.87x10° A~/mL, BT AR R IERT 5%
HREEFR T dJE, HARRGAE 3C i D Frors.

VIPRE . S s iR o e — U, T R4t i
SO AR DABERRRY | SR R SR A 1
ME— IR AT A K, AR SR 4.70x107
2.29x107 il 2.44x10" A~/mL, F5BHAE K# K51
H96.22x10°, 2.89x10° 1 3.07x10° A~/(mL-h), Z.F%
VIR 0, ZBRZREE0 15.18. 7.20 F
9.36 mmol/L, 7332 2.28x107", 1.08x10™"
M 1.40x107" mmol , 8 ¥ 2 B 7 5 51 Ky
3.17x107, 1.5x107° 1 1.94x10° mmol/h. 54 Hifk
MLt FREONAE KR CRLRE . LRE
Fri . TREON CRE RSN, R I RRE LA B
¥y R AR AR AR, I HRIER
2.2 BXX H#RHI B FRE KT

1 BXX Witk L Hy/CO, Sy ME—RiEAE BT, T
PRANME i Hy FFFN R A S an &l 4 FioR . T4
AR ZE4T 24 h WS B HEATSEON , TR 20
A 1.84x10° A /mL HEANF] 3.77x10°4~/mL. H53%
56 hJa, WARERKIEAFEII(E 4A), Tz Sk
) H, 4 36.86 mmol/L R3] 31.75 mmol/L.
Tiizs Hy ¥eBE FF% T 5.11 mmol/L, 27 1.56 mmol/L
IR 4B). RuEiaghdnt, s SkHm Hy &
it 36.86 mmol/L FR#% 29.23 mmol/L, FLyH#ETH
25 H, 5K 7.63 mmol/L, K2R 1.98 mmol/L
(K 4B).

M BXX W LAA B ME— IR A K,
PRGNS N Z R A AN R SA FI B s . AL
Lt 3 T R AR B S R R B e 1,
ARZI I 5 DA 2.14x10°/mL 40 4.00%10°4/mL,
FF12.00 mmol/L LR, FauE AL it s < f
f) CO % & 24.68 mmol/L F[%%] 20.27 mmol/L,
FEAE Hy SR 2.02 mmol/L, Ak A FE M FE Hy A&
8.12 mmol/L., 4 BXX WtkLL4 CO Ayl —BkilizE
FINF, BRI AL 5 R 2 Bk B A & A= AR Ak (1B
5C f1 D).
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M YE: BB Lv: &4bE; N: JRE; Y: BEAMK; LA: BEAK; X HERE.

Note: YE: Yeast extract; LV: Ammonium chloride; N: Carbamide; Y: Tryptone; LA: Casein peptone; X: Potassium nitrate.
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23 BXX EMHIREFEK 2.00x10°A~/mL 4 /n3) 1.08x10" 4~/mL. ¥535% 40 h 5,
M BXX WRLAEIE A ME— AT, R R RIS . HIHFERAGHE 10.22 mmol/L,

A AR A Z AR R 6 Bn. BfR RFCEE 16.90 mmol/L (B 6B). Faue A5, Hi

A K285 16 h MG EASS SO, A SN FERHAIRE 1.53%107 mmol, R EE 2.52x10”" mmol,
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BXX RIFRAELL 1,2-0 . HRRMY . £ — e
PR H- I D E— BRI AR IS, B AR I 5 R A L
WREINPE 7 F0 8 F7s, TERAE R TH R 15

B R R R E B 7). 24 BXX WKLY R sl
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Figure 7 Heterotrophic growth of strain BXX with 1,2-propanediol (A), sodium formate (B), 2-methoxyethanol (C),
glycerol (D), pyruvate (E) and lactate (F) as substrate
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AT CIRTE LA Hy/CO, AN, 43 5ilie i Y
LSRR AEREE SCBR IS E P 0§ COp B — 201 L8t
Wil A, CTHREHRG A FACh CBERER T R 2L
LI, Pt W Bk T, S R,
4H,+2C0O,—CH3;COOH+2H,0,

Rl B R LA CO AT, —Jri, CO
A TE— SRR M SRR T AL CO,, P
FEFNBR L S K B B O B A IFB P EN S
M2; J3—7Jimh, CO nJ5HIEL 4l A 7E—% bk
WS RHE T A OB A, RS HAE
IR AR CO [l R [RI ™ 2 MR A A
AT HATIRRI . A HRIE TR F AL SRR T
4N Clostridium aceticum F1 Moorella thermoacetica
SFIRELL CO MR ME— RIS AR,

BXX WPELL Ho/CO, MEYIET, THFETZ Hy
A 7.63 mmol/L, HHEA LR 1.90 mmol/L, i
SLPRIAT 2R 1.98 mmol/L. i #k BXX F ] Hy/CO,
HIREIR L RIFEAL AR 104.00%. LAZE CO X
RPNy, BXX WAAAREE R, HLLE BANIE
YT AT A FRA K, THAE CO Ak 4.41 mmol/L,
FEIHFE Hy A 8.12 mmol/L.

[ Y™ 2, R T AR 0 A G, 1 mol 4828
Y W I i SR A A i 2 mol IR I E— 2 4 Ak
A% 2 mol ZIkAHEE A, FHHALNCIR., BT
ARSI 2 mol 1 CO, Fl 8 mol Y [HIiE ik . Mot 4t iy
A BRI Ty 1 mol ZBRPY. HE I HEWT, 24
PR R CRRAT, [FIRLE Z BR B BRFEFRI 1 mol %
BEILA % 3 mol 2R, i R oy,

WA AADP+HPI—2 Z,3+2C0,+H4ATP+2H,0+8[H];
2C0O,+8[H]— Z[#+2H,0,

FFH CO, AR AEE IR, S
TR AE SR, #FE R, HAEPrA R
CTREE T LR RS W Clostridium
autoethanogenum ¥4k, CO H= L LEE, Clostridium
ljungdahlii VA& SR ME—RIR S A B S BRI 2,
BRP, ML . P SRR, U
Ji% 2 mol ZLE . 3XS2: K k7K ff: 1 mol 45 i AE A 2 mol
ZEERTRI B P 4311 CO,, HAZBRTF4EALIR )5
A7, 2 mol CO, ToikAkE: 5 [H] Ui A AR —43F11
CFE, P, BEARERBREEARI B, 7T TS i A
Hy 3 IA 57, I A S 5 Ao 200,

2 Hi A l+6H,—3 ZE+3H,0.

BXX WL AN R (A TEA Hy) 5+
FAERKE FE Y CBE. ik, 1 mol HZGHHY
AR 2 mol YW, BIHFERTAIHE 1.53x107" mmol
PRI 7 A 2 3.06x107 mmol, ZEESZhR RN
2.52x10°" mmol, [ AT HE A I 4 k2B B 2, B
AL RN 82.6%.

B 3% A K A8 B0 D9 gi i g KO R AT Gk
6.03x10* ~/(mL-h), SFFRA KAEHOY P40 B Kk
JEHN 3.67x10° A /(mL-h), HiY, 5HFERME,
BXX HATH R A KB

[F A= LR AR IR Z AL, SRR RRA G
RE 7 119 25 57 B[R] 9 PR BT S 140 0 25 A8 7= W 1)
AP HERARE LR A, H Rk BXX
WSS AE K S B AR EIL, Ho/CO, A FRAE
KB R RAE TR (R 1) MeAh, BRRRAE iR Fn
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*1 REFZEEAREEE Hy/CO,. BEREELER
Table 1 Transformation of H,/CO, and glucose by different strains of acetogens
[l 127 EE) IR A
Strains Substrate Main product Carbon recovery (%)

Clostridium sp. BXX H,/CO, Acetate 104.00
Acetobacteriurn malicurn H,/CO, Acetate 95.00
Acetonema longum H,/CO, Acetate 102.20
Acetoanaerobium noterae H,/CO, Acetate 117.00
Clostridium mayombei H,/CO, Acetate 91.65
Clostridium sp. BXX Glucose Ethanol 82.60
Acetobacterium woodii Glucose Acetate 92.00-95.00
Clostridium magnum Glucose Acetate 106.80
Acetonema longum Glucose Acetate 99.30
Clostridium mayombei Glucose Acetate 85.50

P pH B FRAMF T AK RAE, Ry iz, s
MiiE . i, 5S28CHER " CREHL, &
Pk BXX &L AREMIL R AR, fFELVAEY R
S (EE RSN COy Fl Hy) . TBRENE R (FE
N CONFIEB(EE SN CO. Hy Ml COy)E
RS TT T HAT Tl i s 1Pl

4 i

(1) Clostridium sp. ik BXX J&—FRH i .
pH. MfhERE T A KRB LR . R PRRELL
Hy/CO,. B H%abE . 1,2-N . RN
L FE A A ME—BRIR A T A G, ANRELAZE
CO. WHEIRRAF IR A ME—BR I TR

(2) BXX itk AFRA K EZ AR O, 55
A I A IR . TSRS A A R e R A
WAL AR , BXX WA R 555 4E
KAk

(3) BXX I #kIe LR KR RIEF BT, A7
B T IV T
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