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L15 0.5pm ~ 0.7pm x 2.5pm ~ 5.0pm
15C ~45°C 30C ~37C pH 5.0~8.4 pH 6.3 ~
6.8
H, CO, G+C 29.8mol%  16S rDNA
I Clostridium paraputrificum 97.1% 16S rDNA
L15 1 Clostridium defluvii L15
AS1.3489 L15 34C pH 7.0 0.4%
1.41mol H,/mol 1% 1.00mol H,/mol
2.17mol H,/mol 1.69mol H,/mol 4.70mol H,/mol 5.49mmol H,/g 7.34mmol H,/g
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Q939 A 0001-6209 2004 04-0411-06
1
1.1
L15
TPYG ° 100%N, 37°C
Hungate
7
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HCl TPYG pH 1.7
37C 3d pH L15 TPYG
PY TPYG
1~14d 0Dy, TPYG 37C 72h GC-
NaCl 37C¢ 3d NaCl 148 Shimadzu
1% TPYG N, FID
37C 1h 3mL 220°C 250C
0D, 20h 280°C 150°C
6 180C 200°C TCD
1.4  G+C mol% 30°C 50°C
Marmur ® DNA 100°C TCD  100°C 70mA
0.1x SSC DU8O00 spectrophotometer Beckman 1.8
DNA T, !
G+C mol% ’ 2
1.5 16SrDNA PCR
DNA PCR 16S rDNA
27F 5'-AGAGTTTGATCC/ LIS
ATGGCTCAG-3’ 1541R  5'-AAGGAGGTGATC- I
CAGCC-3'
o . 2.1 L15
Escherichia coli  16S rDNA
8§~27  1525~1541 PCR Ther: o 20! H
] TPYG 0.5pm ~
molyne Amplitron |  Bamnstead Thermolyne Corpora-
) 0.7pm x 2.5um ~ 5.0pm 1
tion PCR 25pL 10 x PCR 170 14 37
MgCl, 20mmol/L. 2.5 2.5mmol/L. dNTP 2d TPYG
Mixture 2.5pL 10pmol/L 2.5pL Tag DNA 0. 5mm ~ 1.0mm
0.2uL. DNA 1L 13.8u.  PCR
94°C S5min 94°C 0.5min 55°C 1min 72°C
1.5min 30 72°C 10min PCR
0.7% UNIQ-10
PCR Product Purification Kit Sangon and NSBC
PCR pUCm-T
E . coli DH5a
16S 1DNA
LI5S 165 tDNA GenBank r
AY337519
1.6 '
1 L15 10000 x
LI5 168 DNA GenBank Fig.1 Transmission electron micrograph of strain 115 10000 x
17
1 4 165 NA 212 LIS
DNAMAN V4.0 165 tDNA 15C ~45%C 30°C ~
Il Clostridium pfenningii 37°C pH >.0~8.4 pH 6.3~6.8
Bool- NaCl Omol/L ~ 2.5mol/L
strap NH, ,S0,
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NH,Cl  NaNO, 37°C TPYG
H, CO,
1.04h
NO;
L15 1
1 L15
Table 1  Differential characteristics between Clostridium defluvii 115 and related Clostridium species in the cluster |

1 2% 3b 4 5% 6* 7 8

Product from PYG BAF BAL sf ABF BA Fpls LBA BALS s BAF L ABL fse
G+ C mol% 29.8 26 ~27 33 26~28 27 28 28 24 ~26

Gelatin hydrolysis - - NR - + - - -
Starch hydrolysis + + - d + - + NR
Acid produced from
Galactose - + + + +w d + +
Lactose - + + + + d + +
Mannose - + + + +w + + +
Inulin + - NR d - - - -
Melezitose + - NR d - - d d
Trehalose + d NR d - - + d
Xylose - - + + - - d d
Milk - C NR C C - - C
Opticum T °C 30~ 37 30 ~ 37 12 37 37 37 37 37

1. Strain LIS 2. C. paraputrificum DSM 2630" 3. C. vincentii DSM 10228" 4. C. beijerinckii DSM 791" 5. C. awrantibutyricum NCIMB 10659" 6. C.

carnis ATCC 25777"

7. C. sartagoforme DSM 1292 8. C. tertium DSM 2485. + . Positive — . Negative

+ w. Weakly positive d. Variable C milk .

Curd NR. Not reported. A. Acetate B. Butyrate F or f. Formate E or e. Ethanol L orl. Lactate p. Propionate s. Succinate. Upper-case and lower-

case letters indicate major and minor fermentation products respectively. *. Data from Cato et al. '

2.1.3 G+C mol%
L15  16S tDNA 1512 bp  GenBank
AY337519 16S rDNA
L15 23
2
G+ C mol% 29.8mol % L15
GC 1
16S rDNA C. paraputrificum
97.1% I
90.6% ~96.5%
Collins " 16S tRNA

1438bp

" Data from Mountfort et al. ' .

19 I~ XK
1
90 % 99 %
16S tDNA
L15 1 C. paraputrificum
97.1% L15
H, CO,

C. paraputrificum

L15  C. paraputrificum

1
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99 C.estertheticum NCIMB 12511" (X68181)
_:‘emnomorphum NCIMB 11547 (X68184)
C.algidicarnis NCFB 29317 (X77676)
C.beijerinckii DSM 7917 (X68179)
C.corinoforum DSM 5906 (X76742)
98 1001 ¢ puniceum DSM 2619" (X71857)
ﬁ':C‘ aurantibutyricum NCIB 10659 (X68183)
C. chartatabidum DSM 54827 (X71850)
C vincentii DSM 102287 (X97432)
EC. paraputrificum DSM 26307 (X73445)
L —— C.defluvii L15 (AY337519)
C.carnis AICC 25777 (M59091)
C.chauvoei ATCC 100927 (U51843)
10 sepricum ATCC 124647 (U59278)
C. sartagoforme DSM 12927 (Y18175)
C. tertium DSM 24857 (Y18174)
C.gasigenes 1YSM 12272 T (AF092548)
C. disporicum DSM 5521" (Y18176)
C. quinii DSM 6736 (X76745)

7 C baratii ATCC 27638 T (X68174)
_|——C.perfringens ATCC 131247 (M59103)
C.cellulovorans DSM 3052" (X73438)

C. pfenningii DSM 32227 (X77838)

100

2 16S rDNA
Fig.2  Phylogenetic tree based on 1438 bp-fragment of 16S rDNA sequences
The tree rooted with C. pfenningii was constructed by the neighbor-joining method with boot-
strap 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 num-

bers in GenBank. Bar 5% sequence divergence

2.2.2
TPYG 37°C 1d
16S 1DNA GC L15
L15 2
Clostridium defluwit 0.6% 100%
AS1.3489 0.91mol H,/mol 0.8% ~
2.2 L15 2.0%
2.2.1 pH  TPYG L15 0.4%
1% 37°C 1d 1.41mol H,/mol 0.6 %
pH 7.0 128.96mmol H,/g
pH7.0  TPYG 1% L15
1d L15 1% 1.00mol H,/mol
34°C L15 2.17mol H,/mol 1.69mol H,/mol
pH 7.0 34°C 4.70mol H,/mol 5.49mmol H,/g
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7.34mmol H,/g

2 L15
Table 2 Effects of initial glucose concentration on

hydrogen production by strain L15

Initial glucose concentration ~Glucose consumption ~ Hydrogen yields rate

/ g/L / g/L / mol Hy/mol
20 6.9 0.26
15 6.9 0.35
12 7.1 0.43
10 6.9 0.55
8 7.3 0.65
6 6.0 0.91
4 4.0 1.41

1976 Karube ™

C. butyricum TFO 3847 24h 0.63mol H,/mol

Brosseau  Zajic 14L
C. pasteurianum
1.5mol H,/mol Taguchi '°
C. bejjerincki AM21B
16.4mmol H,/g 12.2mmol H,/g
61.7mmol H,
L15 1%

C. pasteurianum  C. beijerincki AM21B
C. beierincki
AM21B pH5.0

pH pH

L15
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Characterization of A New Clostridium Species and Its Hydrogen Production

CHEN Shuang-Ya DONG Xiu-Zhu"

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

Abstract An obligately anaerobic mesophilic hydrogen-producing Clostridium strain 115 was isolated from an upflow
anaerobic sludge blanket UASB reactor treating manicipal sewage. The cells were Gram-positive = spore-forming  rod-
shaped. Growth was observed in the temperature range of 15°C ~45°C  optimum 30°C ~ 37°C and pH range of 5.0 ~
8. 4 optimum pH 6.3 ~6.8 . The strain fermented D-fructose glycogen D-glucose inulin maltose melizitose D-
raffinose starch sucrose D-trehalose but did not ferment lactose galactose and mannose. The end products formed
from glucose were acetate butyrate carbon dioxide and hydrogen. Strain 115 hydrolyzed starch but not gelatin nor escu-
lin. The G + C content of the strain was 29.8 mol% . Phylogenetic analysis based on the 16S TDNA sequence similarity
indicated that the novel strain belonged to cluster I of the genus Clostridium  most close to Clostridium paraputrificum

with 97.1% similarity. Therefore a new Clostridium species Clostridium defluvii was designated. Strain L15 produced
H, from glucose at maximal level when growing at 34°C and initial pH in 7.0. When the glucose concentration reduced to
0.4% the hydrogen yields was increased to 1.41 mol H,/mol glucose. Strain L15 also produced hydrogen from following
carbohydrates  fructose ~ 1.00mol H,/mol maltose  2.17mol H,/mol sucrose  1.69mol H,/mol inulin

4.70mol H,/mol  glycogen 5.49mmol H,/g and starch 7.34mmol H,/g .

Key words New Hydrogen producing bacterium -~ Clostridium defluvii  Identification Hydrogen producing characteristics
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