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BRSRE B A= ZERE KRB I IE
Screening of a Microbial Strain Capable of Producing
Ethanol from Syngas Fermentation

A EREGEWE.SFAEFLEFED W, ZE K
GUO Ling, HUANG Yan-yan, PAN Li-xia, LI Jian-xiu, SUN Fei-fei, SUN Liang,
HUANG Ri-bo

7 PURR 2 BE AR A W) I Tl A 1 58 o S 30, B AR MR AR W B R R T RE B RS bt , P 2R
Py A TAERE ) P AR W MR SRS = L PR T 530007)

(Guangxi Academy of Sciences, State Key Laboratory of Non-Food Biomass and Enzyme Tech-
nology,National Engineering Research Center for Non-food Biorefinery, Guangxi Biomass In-
dustrialization Engineering Institute, Guangxi Key Laboratory of Biorefinery, Nanning, Guan-

gxi,530007,China)

FEE LH Y Sh Y 2 EE 5 b4 B RE AT & iU A ™ SR R TR BR , I X AT 0 Ko 45 kI 52 36, o Tl )
A BA AT B PSSR, [ X YR A & SR DAL 55 32 BAR L DL & BN ME— B TR, 4 28 0 2k & SR A
T B S WSS AR A AL T2 e 16S rRNA JF 5 434 %6 W Bk JE R R MR E AT 00 20 R S 30, (& RY &
B 1R LR BES R AT BTN, 2 FREE SRR LR RN Clostridium ljungdahlii . A=A A5
B2t S B A% TR " DR SR TR 22 (G B PR TR AR, A 3 e, AR A0 UL, A A 201 DR 9 T B R 4 A
F B ; I IR R, Bl A KRB 35~37°C L il pH {H R 6.0~7.0, AMAKMEI®mEE R R 37C,
DS 1k & WE 30d, S Wi r= tm ik B 2. 58/ L, A I BESA AERI ] | T HAR I UKL AT L 2 B 7™ ik 43 3132
49%6.70% (4. 304 I KPR F] 4. 31g/ L., VRIS 73 B BN 1 8k Clostridium ljungdahlii % fiE
i P B B AR 7 CBE, S aE— 25 W G RV R B A 0 b R 0 T R R R

KER. AR REAKRFE BRWFHRATE o

HEZES Q939 MEARIRES A MEHS:1005-9164(2014)02-0124-05
Abstract : [Objective] To isolate and identify a microbial strain capable of producing ethanol from
syngas fermentation from animal waste. [Methods)] The enrichment culture using syngas as the
sole carbon source was utilized to isolate the strain, which was identified according to the ob-
servation of morphology. physiological and biochemical tests,and analysis of 16S rRNA gene
sequences. The isolated strain was utilized for preliminary fermentation. [Results] A strain ca-
pable of fermenting syngas into ethanol was isolated successfully. The strain was identified as
Clostridium ljungdahlii » which is a strict
anaerobe and gram-positive. The cells are rod-

7S B 8. 2013-11-29 shaped and show motility; spores are formed in-
EE B .2014-01-24 frequently; the strain requires a minimum level
fEEMA S RO9830. 5. 8L kBB acEs am s T of yeast extract (0. 100) and B- vitamins for
B growth; substrate optimum is fructose; temper-

o T ORL % BE Gt A B BE L % % M H (11YJ2uswiz, Ature optimum range is 35~37°C; pH optimum
11YJ24SWO1) . 1§ 1 44 2 3 4 31 H (2013GXNSFBAO190ge)  1ange 1s 6.0 ~7. 0; batch fermentation reveals
B,

* o B AE A B H P (1958-), 5, SR A RO, AR
ST TR, Email: rbhuang@gxas. ac. en

that under anaerobic conditions the highest yield
of ethanol in serum bottles at 37°C was 2. 58g/L
after 30d; by addition of BESA, monensin and
butyl rubber particles yields of ethanol can in-
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crease 49%,70% and 4. 3% ,respectively, with the highest yield of ethanol at 4. 31g/L. [Con-
clusion) Clostridium ljungdahlii was capable of producing ethanol from syngas fermentation.

Key words: syngas,anaerobic fermentation, Clostridium ljungdahlii , ethanol

(TR B X YEE LA RER B 45 Al , 54408 19 nl
A RACREIRORE o Al e RIS, SRR
— RO BT AR AR, B JB 1Y £ 58 A BRGE N AT
R 2y 30K my#EE 2 B A 1k BR800 1k £ BE IR
B, HHT R QB AR 77 07 vk B AT 5
5 R B A A s R O
IKE T TR W) R vk 32 A LUK BT OB FIIE B 5 Ji
HEA IS B4 R T R DA 2T A 28 RURE K M & TE T R
Ao FIA: Y A 5 AR 7 OB A A W oA
JEORE AR 7= R B TS Rk A T e Rk R
L COLCO:  He (N, 55 28 32 5003 B9 2R 9 43 <
P — SERR R 00 T A B 8 S UG A O %8
TR SRR, RO IR iz, R R 1 &
W HEC T R R R . (BT A S
R 120 4l 80 AEANLIR , [ AMIFFE N 5% HH 46 1605 26 |
SIS SE B W) FAE LN LA M) T A R B T 2
AR A B T SRR T AR RS A
WA LR JL M. Clostridium  ljungdahlii ™,
Clostri -dium autoethanogenum ,Moorella thermo -
philic sp. HUC22-1", Clostridium scatologenes -
strain SL1Y, Clostridium carboxidivorans P7, iX
L T e T ™ A IR AT, T DT R S R T
ARIFE R, [RBERVINSYE AT, E R A L
A AN G A e A 7 T T R AR G AR E . [
FRRBIRBEBIN VLMK G IR 8%
bR AR B B R A8 S5 S W FEAE P i RS 1 R RE A2 T
BB B R PR 0 R AT AR B AR AR A3 BT B )
A S I, PR AR Y A R R SR A S Tl Kk
WG AU 7 Sl AR AR B AR A

1 MH5RFIE

1.1 ##

b . Clostridium ljungdahlii W 24 WF 5% 0 1k
A,

B R AHIE ST I 8 3R 5 5 2% Sk [5~12] , 1%
HIEM.

AR AT EEREARAR, & 3%
CO,10%CO,,15% H, ., 2% CH, . 8# 80% H,,20%
CO,,

1.2 HMMEE£ESHE

TEIR S TR 1. 0g B i sh ¥y 36, 05 T
10mL B AR IR 37°C IRA #1155 5% 24 ~48h, 4%
JEMFE 2014548 F21EF 28

SIJEHC ImL By R R B & A 4omL i HE 5 55 S 1
I3 DA B R ME — B L 37 °C IR Ui AR B 55
30d A AEK BB B SR R 1< 10° 4% 5 4 A
S ff 1 0k B R b A R 30d.HE L B
BR3 W a, WU S R 1 <107 4% J5 W A T R
CLM ¥532 3k I, DURBE Jy i — i U, 37 °C IR S 1k 3%
7% 3d Ja L BRHUCER SO RE T A CLM B 5= 5L, DLAL
I — B VR, 37°C IR S H 1R B 3% 24 ~ 360, T H il A~
FER TR,
1.3 BEHRBHETE

PEHUE PR L H 20 DNALPCR $74 16S rRNA (5]
Y 271: AGAGTTTGATCCTGGCTCAG Hl 1492r;
TACGGCTACCTTGTTACGACTT), #% I i 4 T
DS /NI R D5
1.4 EHREBRELDH

R R A2 B A A A B I B 7 122 DL SCiEk (13 ],
1.5 BEHREKHMEHUE

S BB Clostridium Ljungdahlii W9 3% T
RCM }iF# B CLM Kk, 37°C R4 i 1k 85 57
24h, R HHZ 1YW i 2R T 10mL RCM 15 37 56
I CLM 15 55 b, DU BE by o — B I, 37°C IR AL
1322 ODyoe &~ 0. 2 B, 3% 2% 19 422 Fh 12 4 7 3]
S50mL (A N B 55 3 rp, 37°C IR & 1k 15 3% 50h. 4
2~4h BFERI OD 400 1.,
1.6 BEHVSEZBEIRK

BB Clostridium ljungdahlii .1 3% T CLM
Br R S, DLSROBE O ME — B R L 37°C IR U IR B SR
240 F 1 YR R AP T lomL CLM KR 3,
DL BE A o — L 37°C IRAFH IEH 32 2 OD o =~
0. 6 BF 4 5% M4 b i e P B & W5 S B b Ll ik s
LA G R B B ME S . 37°C IR A # 1k B 5%
30d, B 3~7d #MF 1 IR,
1.7 ZENE

FHE ST S 2. 5mL & B . 120001/ min 50
10min, B B, BL 0. 1% 9 B B Wb, SOAH A DU 24
M i AR AR SRR S E W AR LR S

PR (g/ L) = (LS VTR R/ 2 W T AR X
1.020, 31 1. 020 Ry 48 58 %5, AR i ] — 2% 4 R I
CTEFN NG bR il 42 1T )3 07 R A5

M %E 215 & B % Agilent technologies 6890N
GC system S ARG L, #6025 % ] FID, A5, Agi-
lent ZB - WAXPLUS Zebron 30. Om X 250um X
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0. 3pm, HAN A, B A 20mL/ min, F
40mL/min. 439 b 1 2 50, (35 HERE RN A B LB
A351R 250°C A1 100°C

2 ERS5HMW

2.1 EHREEER

& WU Bk 3 41 DNA J5, PCR #7 8 16S
rRNA M P45 R %4 Genebank X, HEXTZE R (2 D
BoRY Clostridium ljungdahlii [EVEYE R 99% , 7
VIR € R B MR Clostridium ljungdahlii
F 1 T 16S rRNA FEFIILEIT &R
Table 1

Comparison of 16S rRNA sequence of strain by se-

quencing and Blast analysis

w5 HEHEERS AL T R AR AL
No.  Genbank Accession Most similar strain Maximum
No. identity (%)
Clostridium
1 NR_074161. 1 ljungdahlii sp. 99
13528
Clostridium
2 GU139552.1 liungdahlii sp. 99
55383
Clostridium
3 Y18178.1 autoethanogenum 99
sp. 10061

2.2 HREEENSH
2.2.1 HERAE

V&N AR L, 30 SR FAR vl
EAGEE, BME T 2ERSCETR, Az,
FOAR D UL, 7™ A% DR AR L A =2 IR UL 8 )5 b 5565 (181 1
2) R 2 B, 5 SCik 5 T ny il — 2,

1 A T s AR
Fig. 1 Electron microscopy of the strain

2.2.2 WHEKLAET

(D) BER:

MWFR 2 VT LIE W . Clostridium ljun gdahlii Btk
B LR R B BB SRR & AR T 0. 06 Yo I, 7
ARV ST TR R A K (2 B R R S
KTEET 0. 2% 5, BIMEA 53 S0 78 n e 58 AL R 1% 55 A=
K, B LA RE B (6 i 2 0 7 0. 1%,
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S,
& 2 2 /. ¥ <\v&:’
7 e Syt K INNRS g 1 S @
e, D ASY > 2 1S ]
RN IR ot '\¥\¢/‘“r‘\'\ Wreao [T
i}‘\l‘ufﬁqc ),/rg\,g .\.E%'l\:\‘fﬁy ?ﬂ—\’é.l l§ 'y
i ',\"V;/_ RIS EALL LBy g\\/ W

B2 2Ry )5 B R 45 R
Fig. 2 Electron microscopy of the strain after gram staining
x2 TREBRGHEENERERKNZIE
Table 2 Effect of different yeast powder on strain growth

B %R} K}y Yeast extract( %)

Carbon source

0 0.02 0.04 0.06 0.08 0.1 0.2 0.5

SnE -

Fructose N * N N

ENAVIES - - - - - - +
w

Without fructose

+oE Ky — N AR we 085 4 K, . Positive growth; —: No
growth; w: Weak growth.

(DO UEER B K AR

MW 3 TLIE N, Clostridium Ljungdahlii #
TEUSINAEA: 3R B JE 89 210 T AR K R 70 35 2 ik
M2 4 25 F T AR ARG, R mT AR B H e AR R B
WdE Clostridium ljungdahlii =K B EF, & 3
FRAS Clostridium Ljungdahlii f 4 KA & 2 e i 1k
AIE .
R3 HEZBHREREEBRNEREKNF N

Table 3 Effect of B-Vitamins and amino acid on strain growth

PAYIIRE R A B % AR
Adding condition B-vitamin solution Amino acid solution
W in Adding + w

AR Without adding — —

oKy — AR we 059 4E K.+ Positive growth; —: No

growth; w: Weak growth.

(3) ] Ak

M 4 7T ULE W, Clostridium ljungdahlii TF
CLM 8537 tha] LR G B0 AORE RO BT h A1 8% |
VR PR & S & B S i L A 4 A, SR R A b,
7 460 250 % Ry i — B R A R 2 g
2.2.3 HAHRERELEKEH

B3 AR 4 KB, B bR Y il 2B KR BE Dy 35~
37°C , feil pH H M 6.0~7.0,
2.2.4 WA CE I

WRRTT A L R, YE R & a K 0. 1% 5
0. 2%, AR AT DAUAE K a5 S B2 0. 500 I, 1
BRGS0, 75 % 8 1. 0% B, B Bk
AEK, ZRVYSZERACT 0. 2% 0, TR AE
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M,

AR Y R E R 0. 75 Y AR AE K 2 B
il AN REIEH ARG,

£ 4 Clostridium ljungdahlii 75 8 —WiE TR EKRKRR
Table 4 Growth of Clostridium ljungdahlii on substrates as

the sole carbon

T IR AERRAL || B ORI
Carbon Growth | Carbon Growth
source situation || source situation
4 WA Syngas + CO2/H; +
AHBE Xylose + M Fructose +
B[R 1AM Arabinose + i Glucose w

JEME Sucrose H il Glycerol

L-FLER % L-lactate — N B R £k Pyruvate. +
R Citrate — 7 i Maltose —
H P Methanol — £, Ethanol

I+

JEH Starch —
FLBE Lactose —
+o A Ky — R AE K w i85 4 K, + . Positive growth; —: No

growth; w: Weak growth.

11 B4 B Sorbitol

0.0

(0,73
Q’30.60-
<

.45

0,301

0157

L § 9

3 8 7

pHIEpH value
3 Clostridium ljungdahlii Hi& pH {H

Fig. 3 Optimum pH of Clostridium ljungdahlii
.9

73 33 36 39 42 45
i g Temperature; ©2)

[ 4 Clostridium ljungdahlii %@ A K IR ¥
Fig.4 Optimum temperature of Clostridium Ljungdahlii

2.3 Clostridium ljungdahlii % 1 # £

el 1.7 IR E Clostridium ljungdahlii 1
AN [R) B SRk v i AR 2L 45281 (I 5) R W] fE RCM
Fige derh BBk LT B0A ZEHFH L 2h J5 PR OD 0 35
2 0. 2, 8K 5 R HEAXTEN L 280 J5 AR R 46
ik ATaE W, ODgo i KAEIEF 1. 93 A4 000
Clostridium ljungdahlii £ CLM ¥ 33, A 2 ~
8h Wk JLFAA K, 20h 2247, ODyop 1551 0. 2,24~
38h PN B AR AR I X O, 40h SR R AR K B TR
5E, ODgy e KAHIEH] 0. 89, MR AT LIE H,
Clostridium Ljungdahlii T W Fp AN [6) 55 37 36 vp g9 4=
FEAE 201454 A $21 K% 2M

KORDUA BR 2% 5 . 76 RCM i 37 JE ki, B
A B L A8 LM 3% 2 i B RO 2218, HLTAT
P AR, LR i T RCM. 35 55 2R 2 58 42 5 5F
B CERF R G A WA E R,

3.0

0 816 24 2 dp ds se
I i Timed iy
5  Clostridium Ljungdahlii "= M2k
Fig.5 Growth curve of Clostridium ljungdahlii
e:RCM,:CLM.
2.4 ERSREBZENNSIE
SRS EE R (E 6) R, BRI A L
R, SRR 0. 68~2. 58g/L Z ], Horh 20mL
MR R LA B A B, 250mL I 37 O 34 3k
AR DU AV AR AR TR A NI A A2,

LB R

2.5
R
E]
“El.s—
=101
N EZ
N 5+ /

0.0 . /ﬁ

pli] 50 100 250

I35 3R R Volume of serum bottle {ml.)
Bl 6 Bt
Fig. 6 Yield analysis of ethanol

2.5 ZEFEMRAIR

M5 AT LLE I, IR BESA S RER B & T 3%
BIRL S SBT3 7= BB A T4 L o R e T
49%.70% 4. 3% , Herh B RE TR R 48 i A £ , BESA I
2T B e WURE fe 1K L X R B T B RE T R il BESA
AR T LA ] R e A 2 L AR E 2 BN 2 TR 1 AR R T
T AR R UL 1) 32 AR FH R W BRI L i AR A B
FRHE P R N4 = LR L AR TR
PR ol PR A 1 L T AR R AIURL K 22 U B IS L 5 3L
W o A A o 9 2 L %o e e 4R v T RS AR A R

3 it

AW FE ) 3 DA Bl Wy 24 v i e 2 1 Rk T LUk

P AR 7 T ) TR R & 28 TR R 2R AR AL A3 BT D)

16S rRNA %6 %E N Clostridium Ljungdahlii ,FA1H]

A Clostridium lLjungdahlii #4177 & WA K EE L
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x5 HRMBESAEBtEEMTERRKRBPHNZE~EN
W (g/L)
Table 5  Effect of adding BESA, monensin and butyl rubber

particles on yield of ethanol(g/L)

IR BESA TREH R T AR i Uk
Adding condition Monensin Butyl rubber
particles
A Adding 3.79 4,31 2.65
AU Without adding 2. 54 2.54 2. 54

FA) A0 S 3, 5 0 2 SR W s i T R RR S TE LUG IR
W — B Y B 7 Ak P AR KO 7 AR B L 28 30d LTS R
KWE, L BETE ik B 2. 58g/L, ¥R il BESA |, 5L RE I
BT AR UKL T LA 23 )l & 7 4R 4900 .
T0% 4. 3% e IR E] 4. 31g/ L.

TESE S0 i R vh R 9T e BAS W) 2 43 B ' 0 5 LS
SR COE R RESY A BT BR T COo,
CO. JH, 35 FZ A4, i 5 A B AL &L 4530 NO 25
ANTTFI B A R A F R 2 e A B R v 52 0 T
PREAGA AT, 53 5h, K 7 W e I 25 2% B L T
BRI G R EE YR CRM OB, 2 pH {H
N A~5 W R YR OB 2 pH fE 6~7 B,
KW E YR LR, SR Clostridium ljungdahlii
Fl pH H S 6~ 7, pH H 3 12 52 W B ik 19 A= I
SCE A R MR WITE pH A 4~5 JEH A, B AL A
WL CBE  E  H o T R AR AR K 2 B
SRR REAR, I, S R AT R
J5 SERIE T A o v A R R Y ), 1 A, B
ATJ7 2 ] 29 S R — D SRR R AR
R TR B AN, TC 1 PR ME AR 18 A Hs R AR ik
SO TR B B AL ROR B S R R A — A
R, Vel Berzin % R & SLE AL, &
Pt 7= gt f e IR B 27, 2/ L X WO FRATTIY IS 2 1 52
Lok 72 TP N

ARG RFEH R Clostridium ljungdahlii
RBEE AT CBER T 2R AT H T2 3 R
MRAER & G R 4 D Bk B i 45 45 S 1 IR
i, BT S B ARG, R TR TAED o
B 1T ok R W A LD R 4 T B T R
P 5 T, LASSI AR AT — ol o 2% DRt B R 1 B W) R
B .20
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