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Isolation and Characterization of a New High Efficient
H,-producing Bacterium Enterococcus sp. LG1

LI Yu-Liang LI Xiao-Ming~ GUO Liang ZHOUYi ZENG Guang-Ming
YANG Qi LIAO De-Xiang

(College of Environmental Science and Engineering, Hunan University, Changsha 410082)

Abstract: 12 strains of H,-producing bacteria were isolated and purified from anaerobic sludge, aerobic
sludge and river bottom sludge by Hungate method. A new species of high efficient hydrogen production
bacterium Enterococcus sp. LG1 (registration number: EU258743 ) was studied deeply. It was showed that
the Enterococcus sp. LG1 was an anaerobic and Gram-negative bacterium. Sequence analysis of this type of
clones showed that it was affiliated with the genus Enterococcus and it was not reported yet in other paper at
present. Meanwhile, batch tests of anaerobic fermentative hydrogen production by Enterococcus sp. LG1
were investigated by using sterilization pretreated sludge as substrate. The changes of soluble COD, protein,
carbohydrate and pH value during hydrogen fermentation were monitored. It was found that only hydrogen
and carbon dioxide were produced by this strain and no methane was detected during fermentation. The
maximal hydrogen yield was 36.48 mL/g TCOD and the hydrogen concentration in the gas phase was 73.5%.
The Enterococcus sp. LG1 was a butyrate fermentation bacteria analyzed by metabolites.
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6890N , TCD ) 10 mL
VFA( 6890N , FID );
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(TCOD)
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*1 GEkMER
Table1  Characters of raw sludge
pH 7.0~7.4
TCOD(mg/L) 8284~12182
SCOD(mg/L) 42~336
TS(g/L) 12.0~14.7
VS(g/L) 7.2~9.2
(mg/L) 0~60
(mg/L) 0~13.9
1.3 REHZE
1.3.1 FREHMSBERRA:
> 12
Enterococcus sp. LG1
80 2 h,
CH4 ;
; Hungate i
ImL 10° :
3 3 ,
132 FEEHMEE:
DNA ; DNA; 16S rDNA
PCR ;
16StDNA PCR BSF8/20:

5'-AGAGTTTGATCCTGGCTCAG-3’,
PLA: 5'-GGTACTTAGATGTTTCAGTTC-3',

E. coli 16S rRNA 827 23S rRNA
209~189
PCR PTC-100 ( M)
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100 pL: 10xbuffer(10 pL); BSF8/20
3 pL (0.6 pmol); PLA 3 pL(0.6 pmol); dANTP
8 uL (200 umol); Taq 0.5 pL(5 U/uL);

1 pL(0.05 pg/uL)~1.0 pg/uL); 74.5 pL
94 4 min; 94 1.5 min, 55 1 min;
72 1.5 min, 30 ;72 10min
, PCR
[5]
Enterococcus sp. LG1, 16S rDNA
GenBank EU258743
133 FEEREEAE: 11 )
100 mL, 1x10°Pa 30 min
1 , 10
10 mL , N,
5 min, S 35 X1
120 t/min~140 r/min
( 1) :
10 , ,
3 h~4 h 1, ,
(SCOoD
pH )

2 HRE5G

21 EMMELEERHEMER
2.1.1 EMHBIEE:

100

DNA ; DNA; 16S rDNA PCR

LG1(Enterococcus sp. LG1),
EU258743 2 LG1

B1 E£YFERNEEE

Fig.1 Overall schematic of the hydrogen production reactor
1: ;28 ;3 4

1: Sludge sampling orifice; 2: Gassampling orifice; 3: Gas collec-
tion device; 4: Fermentation device

2.1.2 EMBIRSYFE: Enterococcus sp. LG1

>

> > > >

) TEOL
TSM-6360LV , 3
2.2 EMBESEFY
Enterococcus sp. LG1 4

Enterococcus sp. LGI ,

62 Enterococcus faecium 1 (AY172570)
_WEEnmocmm lactis strain CK1114(AY902459)
100 Enterococcus durans (DQ199665)

100

Enterococcus hirae (AY172570)

Enterococcus sp. LG1 (EU258743)

42

Enterococcus mundtii LMG 10748 (AJ301836)
Swine manure bacterium (AY167960)

100 \—: Enterococcus mundtii (AF061013)
100 Rumen bacterium R4-25 (DQ393034)
53 Ruminococcus sp. 14565 (AJ315980)
J‘E/I chromobacter agile (x98011)
Enterococcus pseudoavium (AJ301837)
100 4]()()|:Pseudomonas sp. GZ1 (EF551040)
Pseudomonas pseudoalcaligenes (AB276371)

{ Clostridium cellulose (LO9177)
97 Eubacterium moniliforme (1L34622)

2 ET 16S rDNA FFIBIRHTK Enterococcus sp. LG1 BHERI R 5 & &
Fig. 2 Phylogenetic tree of strain Enterococcus sp. LG1 based on 16S rDNA sequence
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3 Enterococcus sp. LG1 A BEER K
Fig. 3 Scanning electron microscopy (SME) of Enterococcus sp. LG1

50 7 , Guo ™ Pseudomonas sp.
45 —
g 40 - GZ1 (EF551040), >
= 35 15.02 Ml H,/g TCOD Wang CCM
§ 2(5): C. bifermentans,
§ 20 13.4 mL H,/g TCOD,
—%‘) 15 — Enterococcus sp. LGI1,
:% 10 7 36.48 mL H,/g TCOD,
5 —]
0 -
4 8 12 16 20 24 28 32 36 40 2.3 E"ﬂ]ﬁ(]jiﬁ%;@ﬂ
t (h)
B4 SEREABESTELTN 3
Fig. 4 Change of hydrogen yield in the anaerobic fermen- [5]
tations of sludge
s COZ; H2
35 =+1 120 r/min~140 r/min s
35.5mL, H, CO, )
73.5%, CH, [10]
, 36.48 mL H,/g TCOD H, CO,

, , , 5CgH,,04 + 12H,0 + 2NAD" + 16ADP + 16Pi —

) > 4CH;CH,CH,COO™ + 2CH5;COO™ +10HCO;™ +
2NADH + 8H' +10H, +16ATP

s s 2 ’
’ ’ (VFA)
, 24 h 35mL 3 ; VFA
. pH , , 24 SRFEIEPEDTLER
, , 241 SRAIARELFFAESECOD)ENL:
(SCOD)
, 5, SCOD 312 mg/L,
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Table 2

SRR ETEIRPIEL MER(VFA)S £ (ng/L)

The concentration of the volatility fat acid
(VFA )in the sludge(ng/L)

VFA(ug/L)

Formyl acid 0
Acetic acid 8372.698
Propionic acid 0
Butyric acid 3129.317
Valeric acid 0

4000 —
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2
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O
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Fig. 5 Change of SCOD concentration in anaerobic

fermentations of sludge

, SCOD 2912 mg/L
, SCOD ,
3536 mg/L,
21.4
, SCOD

Bryant(1967)P! |
4 (hydrolysis);
(acidogenic fermentation) R
(H,-producing acetogenesis)
(methanogenesis)

E
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[11,12]
B
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>

SCOD

3536 mg/L

>
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& 7
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Fig. 6 Change of soluble protein concentration in anaero-
bic fermentations of sludge
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Fig. 7 Change of carbohydrate concentration in anaerobic

41.79 mg/L,
25.81 mg/L ,
319.23 mg/L
236.88 mg/L ,
, 16 h

[13]

1511.87 mg/L

>

1311.58 mg/L

>
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Fig. 8 Change of pH value in anaerobic fermentations of
sludge
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