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Abstract: A hydrogen-producing acetogen strain ZR-1 was isolated from organic wastewater sludge by
applying modified Hungate anaerobic method. According to morphological observation, physiological-
biochemical characteristics and homology analysis of 16S rRNA gene sequence, the strain was identi-
fied as a genus of Clostridium glycolicum. The effects of temperature, pH, optimum substrate and metal
ions on its productivity of acetic acid in anaerobic conditions were investigated and then optimized by
uniform tests. The results indicated that the optimun temperature and initial pH of culture media for
strain ZR-1 were 37 °C, 8.5, and it’s optimum substrate was butyrate. Supply of Mn®" in culture me-

dium can promote acetic acid production of ZR-1. At optimum cultivation conditions, the conversion
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rate of butyrate reached 12.7% and the content of H, was up to 28.73%.

Keywords: Anaerobic digestion, Hydrogen-producing acetogen, Identify, Acetic acid production char-

acteristics
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RN ATEE BRI BT A N5 Y . A &S PR
AAEVR AR L B oh o B, A ML At
T v 1 < B R

H Bryant 25 AfE 1967 4E & HIForesalifb it 1
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1 MRS &%
1.1 #&m
K B ACA AN A X ) KI5 e . THIlRSE . i
|l 3, A5 a3 S il
1.2 EFEELXES
EAERTFREL: NI 10 g, THREN 10 g, A%k
10 g, MgCl, 0.1 g, NaCl 3.0 g, NH,CI 1.0 g, K,HPO,
0.4 g LA 0.5 g, 4i/EFEW 10 mL, HHEICE
10 mL, 0.2%7] K7 0.2 mL, Z£{#7K 1 000 mL,
pH 7.0,
i JCE W : MnSO,-7H,0 0.01 g, ZnSO,-7H,0
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0.05 g, H3BO; 0.01 g, N(CH,COOH); 1.00 g, CaCl,
0.01 g, NaMoO, 0.01 g, CoCl,y6H,O 0.20 g,
AIK(SO,4), 0.01 g, ZZ1#7K 1 000 mL,

Yk EW: AR E 0.010 g PUIRMAR 0.025 g,
M2 0.025 g, #ER 0.020 g, MEZEE 0.050 g, It
2 0.010 g, XF&ILFEFFER 0.010 g, AR 0.025 g, %
7K 1000 mL,
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1.3.1 BEEF: KRR TE T LR IR
16 °C $53%, 1 JAAA BRI WIRIR, BURESEAT B A0
g, MM AR RO, B3R 10 d S, Sl S
A DU S SR Ay, SRR A SRR A AE ) 8
Sk ST L AW D Y (v
FE 5, WO R R R AT N — B R
Y B

132 fS@Eddith: RAZERRES, FEEREE
JERR BRI BUR TR T 2L . BAR T 5 LSOk
[8—9]o &Il PR A B A 2 23 o o 2% QYL vk et
SERNVRAE T VR B A 1% o

1.4 HEMEE

1.41 SBAERYEE: AL ERBSH (F
LA R 2 Ge s T ) U0

1.42 16S rRNA 5|5 #7: 2 Hd TX5 84 K
) ZR-1 WOV AR S 24, FH R AR w1 AR 7™ 1 20 T 5 A
2 DNA $ B £ (204 A B IO L [ 41 DNA,

B2 5 DNA O, BT PCR ¥~
W, 51— Xt MR E S Y, Em5lY Pf
5-AGAGTTTGACCTGGCTCAG-3', JZ ] 5|4 Pr:
5'-ACGGCTACCTTGTTACGACT-3', PCR JJii 51}
95 °C 4 min; 95 °C 1 min, 52 °C 1 min, 72 °C 3 min,
30 MEER; 72 °C 10 min,

PCR F=§ 00 5 e b 3 AR w58 o Kl
53|19 ZR-1 ¥ 16S rRNA J¥ 51 $£ 3 GenBank ¥z /22,
H i Tt i NCBI (1) BLASTn 341 e X HE4T
AR HT, K0 MEGA 4.0 SR G R T .
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FENIR pH . AFEBEIRY R4 )8 & T ERER
YT ZR-1 RREZTRIZW . BT IRk 3
AR F B3 IR AT HEAT, Rl 45 R EBOE- 1
1.6 FEQWMBRAE
1.6.1 REXRBEYRSHERBZZY H, BN :
FERVENRWIBR (VFAs) . W, VUM RISy CO,
FH, ByAa I, ok AL Bt 7 9790 11 9 <AH (3%
o NEWETH, HK 2 m, #Hik GDX-401
(60-80 H); WAHZR ] FID K:U#%, 734L=E 200 °C, #*
IR 220 °C, Kl E R 250 °C, EAJ % B 1 mL
W57, 12 000 r/min B5.0 15 min, B EWE . H 50%#;
FRIR 1L & pH<2, HX 2 pL #EkE,

SAHCRH TCD R, AN AR, Wl
70 mL/min, #FFEE 30 pL. A5 K 40 °C,
HERESRIREE 120 °C, TCD % 150 °C,
1.6.2 HERAMZEHNE: RA 752 8556

BT, VAR F A B FR M s X R, Tk
510 nm AL 5E OD 1A,

2 BR50W

21 EESNE

K i R IR AR 8 43 B A L e ) T 8 Ak,
WA R S MR EE O E R, o=
B3 — k=R W ZR-1, H 4= ik f)
1 125.6 mg/L, Hy & i ik 5] 28.37%, K% HRAE A
RWEMEEATIEGY . BRI ER 1.
2.2 FEISYFE

SYEEME ZR-1 R G R, K 2 pm—
2.5 um, P& 0.2 um—0.5 um, AR5 H HES) B E
RLEE, 2 d ZEA PRI CEARE 1. 2) ARG s
P T R DB I IS, YRR K 3% S 8 T TGS B
DA 2R ST DR A B 95 LG o FERMAR R 3R 38 AR K
BRSO, BE, K0, Mk, B 1.5 mm-
2.0 mm, ML, RNEW, 2AaERFLAA,

F= 1 VN5HE R IE

Table 1 ~ Characteristics of the screening strains

TEsz’k U ¥ WEIES _ L@ H, (%)
Strains Sources Substrates Cell morphology Acetic acid (mg/L)

7ZQ-1 B IR FFEE, X 502.2 5.97
CD-2 RN R ER FREE, XA, 77 2Fe 850.8 12.67
SY-2 25 5k Gkl FREE, XA slHES ) stk 380.4 7.62
CD-1 R IR Eh+T B Eh BRI, A BB 770.4 9.09
ZR-1 ARG IK NIREL+T IR : TP, MOKERIR, 2R 1125.6 28.37

E1 B ZR-1 XF R F(x1000)
Fig. 1 Phase-contrast micrograph of strain ZR-1 (x1 000)
Note: A: Single cell morphology; B: Spore morphology.
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Table 2 The physiological and biochemical characteristics

of ZR-1
5iH LE | 51 g

Item Result | Item Result
Unaerobic + iGlucose fermentation i
V-P test - iAcid: D-glucose +
Final pH of the V-P culture 6.5 iFructose 4+
M.R + EMaltose 4+
1.0kV 7.1 mmx7.00 k S(M) I5I.00 pm Gelation hydrolysis = ;Carbon source: Citrate 4
Starch hydrolysis — Propionate 4
2 EHZR-1ERREAHRA (x7000) Nitrate reduction test - ! +

EButyrate
Fig. 2 SEM photographs of strain ZR-1 (x7 000) !
Indole test -

e BN - B R R

Note: +: Positive reaction; —: Negative reaction.

EHZS production -

23 EMHEEL

2301 EIEAREE: AERARK SR EE )&
Wl, Wtk ZR-1 R R4 TR, & e 20 8 1R ™
A, BATTZ BRI G R, AT )R] TR A
2.3.2  16S rRNA [F5 4 #: X 16S rRNA

2 1 M bp

Fe, HOAEECH 1389 bp (& 3), Kl 545 R 52 3 el
GenBank, Accession No. & EF687741, Al BLAST it 1000
— 750

ATHRRUME Y R L XTI 2 R e .

IIATEE R R ZR-1 SRR ZE AT 1 s £ 1%
W W (Clostridium glycolicum) J¥ 5| 4 %5 =5 14 AL P
(99%), TERGZEEBEW A T2 Z(E 4, 45
WARAE S A BRA A RAE, IAOh ZR-1 )8 THRARZF

3 ZR-1 Y 16S rRNA PCR Iz A ¥ 5 A% i ik (]
Fig. 3 Result of ZR-1 16S rRNA PCR in agarose electro-

phoresis
Note: M: DL2000; 1: Negative control; 2: ZR-1 16S rRNA.

AT B R Y & —BE R T

100 ZR-1

— Clostridium glycolicum strain DSM 1288T (X76750.1)

Clostridium bartlettii strain WAL 16138 (AY438672)

Clostridium lituseburense strain ATCC 25759 (M59107)
Clostridium irregulare strain DSM 2635 (X73447)
100 Clostridium difficile strain ATCC 9689 (AB075770)
Clostridium bifermentans strain ATCC 638 (AB075769)
99 Clostridium ghonii strain NCIMB 10636 (X73451)

95 = Clostridium sordellii strain ATCC 9714 (AB075771)

Clostridium thermoalcaliphilum strain JW/YL23-2(L11304)
Clostridium purinolyticum strain WA-1 (M60491)

15
50

38

0.01

4 ET 16S rRNA FIIEIRMEMRF LGN
Fig. 4 Phylogenetic tree of the strain ZR-1 based on the 16S rRNA sequence
Note: Numbers at nodes present bootstrap percentages (based on 100 samplings). GenBank accession numbers are shown in the parentheses.
Bar: 0.01 sequence divergence.
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24 HKEFERIFMHE
241 RIEBEKEBEHNE: RAXFHN 25 mL 1Y
IRAEVGEAE N RN A%, HEBERIEY), V835 %14 pH (E
7.0, /3BT 4°C, 16°C, 22°C, 30°C, 37 °C,
45 °C, JRERGF 12, 24 A1 48 h B AE MR,
EREFRWIT) ODsyo0

H i B2 (] S)RT I, WbR ZR-1 BYTREE A S
NFETE, TE 4 °C—50 °C X [i], YA —E M EKE,
M 16 °C FFlf, BEE R TEE, ZR-1 (3 58 Nk
Ri3% 12 h, 1£ 37 °C i} OD 58 KMH 1.206; B3
24 h, 7£ 30 °C i} OD ik # i K{H 1.235; 557 48 h,
16 22 °C I OD ik He K AE 1.183 4R EE ik F] 45 °C
BF, L 3 5 37 3 B 2 0, SRR AR AT oD
UM 0.007, AT UL, 7E 22 °C-37 °C HiRiEREIN, &
AT 7= TR R E Y B

14 & 12h
12 -0-24h
! —A-48h
2 08 f
Q
S 06 | / / / \‘\\\
04 r
02 r
0

22 30 37 45
Temperature (°C)

5 AREIEFFEENEKRE RN
Fig. 5 Effect of temperature on ZR-1 growth

24.2 s pH ENFERENMEI: 7FEME
P s AR S 0 Al b, B2 S SR A 1 mol/L NaOH FiI
1 mol/L HC1 % W I8 B 15 F2 5L (W1 1R pH {EH 4.5,
5.0.5.5.6.0.65,7.0,7.5,8.0,85.9.0. 9.5,
37 °C [HIEIRAR:F% 24 h )5, M5E L& .

i pH 255 (8 6) AT F1, TEAK ZR-1 7EWI 4G pH 8.5
WAPET, AR M O™ iRk, 3R
WA, AMRFEEiAF] 10.76 mmol/L, FEE IR
i pH MIREAS, ZR-1 Y34 58 i FN £ TR = it 34 B 22 0
/Mo 24 pH FEARE] 5.0 if, ZR-1 B4 fn 16 32 ) i 2%
A, K5 3% 45 SRR R LW S A 40 3 A R 2 R
Ao AL, SAEIRSE AV R G h S B H 2™

AU CTRERE, B RN RGEH pH MK T 5.5,
FHARLRY pH D00 1 7 2 s B 14 ]

243 ZR-1 EHRAREYFE LRI : 7EEMRE
FrHEIEA BT 0 SEAH L, A RE R (19%0) 1 4 311 3L
HF, P4 R 050 0.3% I ATRIREN . T FREM .
T . A2 2E0E . ROME . FLBE, W46 pH (A 8.5, RN
& 10%, 37 °C 537 72 h, ME LR F= a5 A5 R 3.

15 r 1 14

2 //a\w/\ 112
e {110
E 10 A
= / //B_A-—.K \& 108 2
=t Q
: 106 3
2 \ 0.4
3
< 102

0 1 1 1 1 0

4.5 5.0 55 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
pH

6 AREEIEFENLE pH EX BRI CEREE IR
Fig. 6 Growth and acetic acid yield of ZR-1 under differ-
ent pH

B ZR-1 RBERE R R~ E 51T

The analysis of acetic acid yield with different
substrates by fermentation of ZR-1

Y AR BB RBETTR Fed
Sul;s e Dosage Acid theory The actual acid Conversion
(g/L) (mmol/L) (mmol/L) rate (%)

Fﬁﬁ&. L. 2.31 62.43 6.17 9.9
Propionic acid
TR L 2.40 54.55 6.74 12.4
Butyric acid
L 3.00 50.00 5.51 11.0
Glucose
I 3.00 52.63 476 9.0
Maltose
HEHE 3.00 52.63 5.42 10.3
Sucrose
ok 3.00 52.63 417 7.9
Lactose

TIRZE R R, ZR-1 X . TR . FiZh
ZEOENE . M. FLAE SRR IR B A SRR
fRREST, (H7=9) 5 B £ PR 5 A 3R ) e 3Rt 3% 22
5, X T RRER M AR R, RE T 12.4%. RN
HEWE, ARl 11.0%.

244 EREBTX ZR-1 FERHIEIE: 755 5E 5T
Ay B Al E B A 8 mmol/L ) Cu®". Zn®*,

© FERFERMEMARTATIKSHIEST http://journals. im. ac. en

http://journals.im.ac.cn/wswxtbcn



186 s ER

2011, Vol.38, No.2

Fe*'. Mg’ AI’", K', Ca*", Mn*P), 2 (g %}hgrp
AINAAEA] 48 B F . PI4h pH {H 8.5, 37 °C #55%
72h )5, WE O™ &, 48R MK 7 s,

14 r
13

12 |
11

10
9 |
g8 |
7

Acetic acid (mmol/L)

Metal ions

7 BB TFMER ZR-1 TR NS

Fig. 7 Effect on acetic acid yield of ZR-1 under different
Metal ions

Note: 1: Blank; 2: Cu®"; 3: Zn*"; 4: Fe®*; 5: Mg®" ; 6: AP"; 7: K'; 8:
Ca’"; 9: Mn*".

ZERFRFRIELPMA 8 mmol/L 1) Mn”" RE
AL EARA R, RPN T 24%, Ca®’
BESREAEA, T Cu® . Zn® X R R A B Y
IHIVE R, HAbXS H = RR B8 ) 3 IC KK

3 4

AR, [N AT X T DR AT AR K i 2 Ak By
B o Mok i 22 o Horh K 22 2 A1 TV K AL 1 1)
WL P 7K i S I 7= HE 5 VR R D7 R (VFAS),
FI A Ay 2 W Tl SR A 7 sy B n A7 1 & 1 7
a VR A T ORGSO B ™ il o b R 5 HoA
AVLRM L, AR MY, BE-ES T
SREEFEE I NIR . TR . 7P AANTR THEIR
AR B AR, s T X EURHE AR 7 R B B
fFgEt,

ARSI R o 5 R IR AE AR A B R KI5 e
B38|/ Clostridium glycolicum ZR-1, NMYBES
fE R Z/IRY ™ R, IF BA —Em - 267,
AERBESM T H O™ HAE] 1 125.6 mg/L, H,
TR E] 28.37%. AN, HAMRTER R SR P A
Kt g R KIS, MTEMN A LR, 7
JE KA B R rhR] DUR X A 1822 BERRE D D S
ar B T AR AN LR, JF AR VR N, A P OT
VE, WX IRBE MG Y KB R R B T T
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