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1541R  5'-AAGGAGGTGATC2

Beckman

ATGGCTCAG-3’
CAGCC-3’
Escherichia coli  16S tDNA 8
~27 1525 ~ 1541 PCR
25 pL. 10 x PCR MgCl, 20mmol/L
2.5pl. 2. 5mmol/L ANTP 2.5pL. 10pmol/L
2.5pL Tag DNA 0.2pL. DNA 1pL

13.8uL.  PCR 94°C 5min 94°C
0.5min 55°C 1min 72°C 1.5min 30 72°C
10min PCR 1%

DNA
PCR pUCm-T

Escherichia coli DHS5a 16S rDNA
1.8
T42 16S rDNA GenBank
CLUSTAL X BIOEDIT MEGA
Neighbor-Joining
Bootstrap
2.1
2.1.1 T42
0.7pm~ 0.9pym x 3.2pm ~ 7um
KOH
2.1.2 T42
32°C ~ 69C
1 T42
Table 1 Differential characteristics between T42 and related species
Thermobrachium Caloramator
Characteristic Strain T42 celere indicus
DSM 8682"*  ACM 3982""
Cell width pm 0.7~0.9 0.5~0.8 0.6~0.8
Cell length pm 3.2~7.0 1.5~13.0 10 ~ 100
Gram reaction + + +
Spore - - -
G+ C mol% 31.2 31.0 25.6+0.3
H, produced 4 4 4
Motility - + -
. 5.0~8.8 5.4~9.5/ 6.2~9.2/
Growth pH/opt 11.0~7.5 8.2 7.5~8.1
32 ~ 69/ 48 ~ 75/ 37 ~ 75/
Growth temp/opt  “C 60 ~ 62 66 60 ~ 65
Products from Glucose AE AF e AEL bibviv
Utilization of substrates
Maltose + + NR
Sucrose + NR +
Dextrin + NR +
Ribose + - NR
Raffinose +w - NR
Mannose - -
Galactose +w + -
Xylan - - NR
Casamino acids - - NR
Salicin + - NR
Glycerol - — NR
+ . Positive — . Negative + w. Weakly positive NR. not reported

Numbers hydrogen represent abundant 4 . A. Acetate E or e. Ethanol
F. Formate L. Lactate ib. isobutyrate b. n-butyrate iv. Isovalerate v.
n-valerate. Upper-case and lower-case letters indicate major and minor
fermentation products respectively. *. Data from Engle et al. 1996 "

b Data from Chrisostomos ef al. 1996 3 =
© RERZLRMEMARAMATKSHEE nttp://journals. im. ac. cn



282

NIU Li-li et al./Acta Microbiologica Sinica 2006 46 2

60°C ~ 62°C pH”* 5.0~8.8
pH®"  7.0~7.5 NH, ,S0,
NH,Cl  NaNO,
H, CO, 30min T42
1
2.1.3 G+ C mol% T42
16S tDNA 1516bp GenBank
DQ207958 16S tDNA  1407bp
T42 10
1
G+C mol% 31.2 mol% T42
GC 1

Caloramator indicus
T42  16S rDNA
100%
99.7% T42

T. celere

Thermobrachium celere

T. celere DSM 8682"
ACM 3982"

C . indicus

T42 Thermobrachium

AS1.5039
DNA-DNA

Thermobrachium sp.T42 (DQ 207958)

Thermobrachium celere NZ 351( X 99238)

Caloramator indicus ACM 39827 (X 75788)
Caloramaior proteoclasticus DSM 101247 (X 90488)
Caloramator coolhaasii DSM 12679" (AF 104215)
Caloramator fervidus ATCC 43204" (L 09187)

Caloramator viterbiensis DSM 137237 (AF 181848)

Oxobacte pfennigii DSM 33327 (X 77838)

Clostridium butyricum ATCC 19398" (M 59085)

Moorella thermoautotrophica ATCC 33924" (X77849)

1 T42 16S rDNA
Fig.1 16S rDNA Phylogenetic tree of strain T42 and related bacteria.
The dendrogram was reconstructed by using the neighbor-joining method
and the bootstrap values calculated from 1000 trees. The numbers at each
clustering node indicate the percentage of bootstrap supporting and in the
brackets after each bacterial name are 16S rDNA accession numbers in

GenBank. Bar 2% sequence divergence .
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Fig.2  The growth curve of strain T42 and hydrogen production.
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Fig.3 Effect of nitrogen sources on hydrogen production by strain T42.
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1d 3 114mmol H, 2.8
T42
0.25% ~ 1.00%
0.5% ~1.0% 2% 1:1 1.7:1
2.2.4
M . thermautotrophicus 7245
T42 4
Lin  Lay" T42 48h T42
4-A
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1%
MgCL- 6H,0 FeSO,- 7H,0 NiCl,- T42
7H,0 3 T42
Mgt Fe'* T42
Mg *  Fe” 20mmol/L.  2mmol/L
20% 23.3% Ni**
T42
2.2.5
4
Fig.4  Effect of co-cultivation with M . thermautotrophicus 7245 on cell
morphology and quantity of strain T42. A co-cultivation of strain T42 and
15 7245 for 48h B cell autolysis of cultivation of strain T42 after 48h pure
culture™strain M. thermautotrophicus 7245 ©>strain T42.
0 T4
M . thermautotrophicus 7245 60°C H, 62°C pH7.2 1.06mol H,/mol
o, 10™"atm 24.0mmol H,/gDW/h  Niel
T42 7 C . saccharolyticus
T42 M. thermautotrophicus 7245 T. elfii 11.7mmol H,/gDW/h
H,/CO, 4d M. 5.1mmol H,/gDW/h 5.9mol
thermautotrophicus 7245 1% H, /mol 3.3mol H,/mol T. elfui
1d T4z 3041 4mol H,/mol 83%
1% N, 100%
60c  2d H, T4
80mmol CH,
H, H, T42
1mol CH, 4mol H,
T42 M. thermautotrophicus 7245
320mmol H, T42
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A new hydrogen-producing strain and its characterization of hydrogen production

NIU Li-li LIU Xiao-li CHEN Shuang-ya DONG Xiu-zhu*

State Key Laboratory of Microbial Resources  Institute of Microbiology Chinese Academy of Sciences Beijing 100080 China

Abstract An anaerobic  thermophilic hydrogen-producing strain T42 was obtained from a hot spring of South Mountain District
Tibet. Cells are Gram-positive mobile rod-shaped. Spores were not observed. Temperature range for growth is 32°C to 69°C
optimum temperature 60°C ~ 62°C  and pH range for growth is 5.0 to 8.8 optimum pH 7.0 ~7.5 . The generation time is
around 30 min. Organic nitrogen source is required for growth. Strain T42 utilizes a wide range of carbohydrates including starch
dextrin sucrose cellobiose fructose maltose ribose glycogen and galactose. Acetate ethanol H, and CO, are the end
products of glucose fermentation. The G+ C content of strain T42 is 31.2mol% . Phylogenetic analysis based on the 16S rDNA
sequence similarity indicates that strain T42 is the closest relative to Thermobrachium celere and Caloramator indicus. Biological
characteristics and phylogenetic analysis of the 16S rDNA gene indicate the new strain belongs to the genus Thermobrachium. Strain
T42 produces H, from glucose at maximal level when growing at 62°C and initial pH 7.2 the hydrogen yields and maximal hydrogen
production rate are 1.06mol H,/mol glucose and 24.0mmol H,/gDW/h respectively. Strain T42 also produced H, by fermentating
from a variety of carbohydrates. 20mmol/L Magnesium and 2mmol/L iron increase the hydrogen production content by 20% and
23.3% respectively but nickel has no effect on the hydrogen production. In the co-culture of strain T42 and methane-producing
strain M. thermautotrophicus 7245 hydrogen pressure is dramatically decreased meanwhile deduced H, production and the
consumption of glucose are increased markedly by 2.8 fold and 1 fold and the ratio of acetate /ethanol is enhanced froml to 1.7.
Keywords Thermophilic hydrogen-producing bacterium Identification Hydrogen-producing characteristics
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