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721 B COGEE T T B = A AR T UM
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B3 (g/ L) . KH,PO, 1. 0,K,HPO, 0.5, NaCl
1.0, MgSO, 0.5, NaNO, 0.5, NH,Cl 1.0, CaCl, -
2H,0 0.05,Cys-HCl . H,0 0.5 g, %%t 2.0, ¥
By 0.5 g, BEIEH - 1417 1 mL, BERET
A R BT IC ) O 20 e T R AR B I Y R Y
(PR R FRIERRIE N 0. 5 % 2S5 2. 0% 1y
BHR) o WIRAER 10% (V/V) R KT 60°C F & 4
B 2t Z00RE R R ARl .
1.3 EEUE

SR JHRH 22 Sl 33088 R0 491 41 P - S i WL T ATE
A HUBE R RO HIE S SR
1.4 AEANSHERE

K PRI AT (0. 2% ) M B, Forh pH 5296 43
SR A 1 mol/L HCI,1 mol/L NaOH ¥4 &= pH4
=103 %F F Az K& NaCl ¥ B2 5 [, K I /i 4 % NaCl
WRER 0% —5.0% . $5cdih A K S5 A T B 1 A5 18
P ) 00 7 R M 00 T S 98 2, IR 0 A K T A
FEAEARZLAE 1T, 1 5545 30 4% 5 i ), IR ) S8 5 R
FH & i B Bl B 15 77 3, FH & b A [m] Btk 54
BB (LR 2 g/L) Mo HEFRIE K B A
ARPTAER (ZWE N 100 mg/L) , & B 4% 5 LA
i 7 TR AR AN Rl B0 A 3R e
L5 i 7= 46 i R 4K 35 7= 9 X9 & 4K 4 4K B9 2
LS. 1 /Ny HLTR RS /Y A . 7 bk HL-3 DL
2 B0 O — B IR, 8 5% (pH6.5,60C) 72 h J5 ., X
CO, LW . NI T B T R b AT s A,

1.5.2  N[R) M B Tt v ik A K 1 52 < 43 ) TR,
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SE ODgg, , AT RE AN [F] 46 19 £ B %0 B8 bk HL-3 A2 K
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1.6 FRACHR B AR A0 IF 7R B8 AR X+ HL-3 & K KRy
7

T LA 25 W5 S Wi — Bk 5 A4 855 5% Bk v, 23 S 9
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JER BB AR & B BRR OB RS T A I D S
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B TA Y TAREROR IR 55 A7 BRI
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rRNA J# 5] 7 EMBL 504 4 i g 47 Lu X, e S 2
ARARAE f e 1) B DR AT T R i 18 A A K b iy
16S rRNA J¥ 4], #t 47 Clustalx X%, MEGA3. 1 43 ¥,
X FHl Neighbor-Joining ¥ & & 4t &% B #, Bootstrap
1000 Y347 R s PE SR IE "
1.8 (G+C)mol%&EMNE

AR B E PR BE ok (T, (k) 0 A R 4
(G+C)mol% . M Tk DNA % $4AZ P i B2 (T,
), MBI E. coli K12 f5 T, {H., MRHEARK"
(G+C)mol% =51.2 +2.08 x [ Tm(X)-Tm (K12) ]
A H (G +C) mol% ,
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1 HL-3 AfEREERF (10000 x )
Fig.1  Electron micrograph of strain HL-3 (10000 x ).
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Fig.2  The effect of temperate and pH on the growth of
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Fig.3 The effect of salinities on the growth of strain HL-3.
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Fig.4  Effect of antibiotics on the grow of strain HL-3.
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Fig.5 Gas chromatograms of end products from glucose.
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&£ 1 BE# HL-3 Rt~
Table 1  The production of HL-3 growing on D-glucose

Metabolites of

glucose H,/(mol/L) €O,/ (mol/L) ethanol/(g/L)  acetic (g/L) propionic/(g/L)  butanol/(g/L)  butyrate/(g/L)
Content 0 0. 0061 0.261 0.242 0. 003 0. 003 0

UL 2 05 S i AR 0y B2 X G (H,0) g— X i AR B 2 AR AY it A2 ¥k 2 B BR 4 0.8 mol/L,

1.38C0, +0.92CH,COOH + 1. 38CH,CH,0H 0.5 mol/Lyf & N /A S WK 7 Bk o B Ak X I

2.3.2 (R (28 M BBRA A R R A 6 B AR A T 2 A E F R 100 mmol/L, T bk Xt I
AU, BB B HL3 (02 K AT A A AR AR PG AR B AR W S 5 T, wsonensis strain
o MWEERT 1S @i BRI IR K IW/IWO010  F1 7. sulfurigignens  DSM  17917"
0.40 - (AF234164) LB S LR 2,

0.351
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Fig.6 The effect of ethanol on the growth of strain HL-3. B 7 0.5 mol/L RETHRER ﬁﬁ@ﬂ%ﬂi HL-3 #
2.4 TARTBRMEHBR HL3 &K R 510 RS (OLYMPUS BH2 100 x)
=] Fig.7 Phase-contrast micrograph of cells of strain HL-3 grown

in the presence of 0.5mol/L thiosulfate ( OLYMPUS BH-2
HL-3 A8 A1) H a7 AR R AR 7™ A i P9 B 5T S JB0RLL 100 x ).
F2 H#k HL3 5SXZEXRZTTNARETEE RO LR
Table 2 Comparison between strain P4-1 and other most closely strains of Thermoanaerobacter
. T L T

Characteristic HL3 Z'El;:;);légz; )DSM 18761 Z’AFzgu‘tl/Tg‘:g;zgnens DSM 17917
Source Oil reservoir water Hot spring "’ Acidic volcanic steam
Temperature range (optimum ) /C 45 -73(58 -63) 32.5-69(61)"" 34 -72(63 -67)""
pH range (optimum) 5.0-8.0(6.3-6.5) 4.2-8.9(7.1)"" 4.0-8.0(5.0-6.5)
Doubling time under optimal condition/h 0.5 1.25"7 2.4
DNA G + C content/(mol% ) 33.9 33.6"" 34.5"
Products from S, 0} reduction S st st7
Toleration of 1M thiosulfate and reduction to S Only up to 0. 8 mol/L Only up to 0. 2mol/L"" +7
Toleration of 0. 09 mol/L sulfite + ;up to 0. lmol/L Only up to 0. 05mol/L"" + 7
Toleration of NaCl/( % ;w/v) up 10 3.2 ND up to 1.0
the major end products from glucose ethanol ,acetic acid ,CO, ethanol ,acetic acid‘COgﬂ ethanol | lactate ,acetic acid ,CO, \Hzm
2.5 16SrRNA FIHMNERRZESZEZ B HHE sulfurigignens DSM 17917" ( AF234164 ) (19 #4518 P 4%

HL-3 ) 16S rRNA ¥ 4> ¢ 3 &K 1576 bp, £& 512k 98. 8% F198. 1% , WAk HL-3 5K AN HE
GenBank #%ig % F 5K GU561619, R ¥ & £k HL- ( Thermoanaerobacter ) FoA T #R ) R G kB 0 ¥ 45 5=
316S tRNA | 7 45 5 9E 47 BLASTn 4347, I £k HL-3 LK 8,

5 T. uzonensis DSM 18761" ( EF530067 ) 1 T.
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Fig. 8 Phylogenetic tree based on 16S rRNA sequences. The tree rooted was constructed by the neighbor-joining method with bootstrap values

calculated from 1000 resampling. The numbers at each node indicate the percentage of bootstrap supporting. The numbers in the brackets

after each bacterial name are 16S rRNA gene sequence accession numbers in GenBank. (Bar, 2% sequence divergence; T, type strain).
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(G +C)mol% 7 & 1 & 45 2R Wow , itk HL-3
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J& Y — A~ B0 Bl R BE HL-3 9 16S tRNA 5 T.
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T. sulfurigignens DSM 17917" ( AF234164 ) 1 48 ] B
RZH I8 1% o #FAUNFRGE K F ¢ Lok HL-
3 e, AR HL-3 J& T T. uzonensis, {H &4
A AL R 56 2 B HL-3 5 T. uzonensis strain JW/
IWO10 5 7EA%3 i ] | e id pH LA K X S B 2 AR
TR ACH R AR (Y i 52 P b BA R AR, HL-3 5
T. sulfurigignens DSM 17917" ( AF234164 ) 1£ X} . %
i MR A B R AR A T 32 1 1 AR, (R 3

FEACHE R AR (AR A o 0) b A B R
[, Dok, HL-3 (940 2 M 1 A 7 F F DNA 25528 1
7 B O — A g S 5

(2) B AR TR AR 2 b 3R U B2 TR B PR 88 AR
R R 5 A v 1) AR, B T DA A e T
SR ST LA N A TR TG R
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T LT R T B R TR AE R R 1 — A T R

(3) 4045 B bk HL-3 78 N 19 2 M\ 5 15 i g 43
8 FI) 1) S 1 ) 40 T AT R R T T BROBE (AR ) 45 &
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TG e ] 5 4 A 2 I ok e o R U i
RS TR R R R AR Y 2 BT A
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Isolation and identification of a thermophilic anaerobic
bacterium

Haichang Liu', Guihong Lan’, Quanquan Liu', Yi Cao’, Yu Deng'?, Hui Zhang'?**
('Biogas Institute of Ministry of Agricultural, *Key Laboratory of Energy Microbiology and Application, Chengdu 610041,
China)

(’College of Life Sciences, Sichuan University, Chengdu 610041, China)

Abstract: [ Objective ] To find new microbial resources from a high-temperature oil reservoir. [ Methods] Strain HL-3 was
isolated by Hungate Anaerobic Technique from oil reservoir water sampled from Dagang oilfield, China. Through
physiological, biochemical and phylogenetic analysis, the strain HL-3 was classified. [ Results ] Cells were Gram-
positive. The temperature range for growth was 40°C — 75°C ( optimum at 60°C ) and the pH range was 5.0 - 8.0
(optimum at 6.5). The isolate could grow in the presence of 0% -3.2% NaCl (optimum at 0.25% ). Glucose, ribose,
mannose, xylose and cellobiose could be metabolized. Metabolites of glucose were ethanol, acetate, CO, and trace amount
of propionate and butanol. The G + C content of DNA was 33. 9mol% . Based on 16S rRNA studies, strain HL-3 was most
close to T. uzonensis DSM 18761" ( EF530067) with 98. 8% similarity and to T. sulfurigignens DSM 17917" ( AF234164)
with the 98. 1% similarity. Strain HL-3 tolerated to high sulfite (0. 1mol/L) ions and extremely high concentration of
thiosulfate (0.8 mol/L). When the concentration of thiosulfate was higher than 0. 075 mol/L, the cell would generate S
element granular. The presence of H,S gas was detected inside of space at the top of serum bottle. Strain HL-3 together
with T. uzonensis DSM 18761" differed greatly in toleration of thiosulfate and sulfite. The toleration of strain HL-3 to
thiosulfate and sulfite was most close to T. sulfurigignens DSM 17917" ( AF234164 ). In addition, strain HL-3 to
metabolite thiosulfate and sulfite was also similar with T. sulfurigignens DSM 17917" ( AF234164 ). However, it differs
largely from both of them to metabolize glucose. [ Conclusion ] Therefore, strain HL-3 may be a new spieces of the
Thermoanaerobacter, and the definitive classification positioning is still awaiting for further verified with the method of
determination of whole-genome DNA-DNA similarity' .

Keywords: thermophilic anaerobic bacterium; identification; thiosulfate; sulfite
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