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B OE: [86] 25, Ry hREAREN TR, BHE 2GR E. [Fi%] A
/A Hungte R AN BHAMNK A BB IEE—Rib ERB R T H»E L RAF R BFL, @24
P2 A ALAFAE AT, 16S IRNA 3B 5 7] bt 5 e b 547, #02 BF1 9 5 EK Mz AL S 7T
RS R ARG A, [HR] B BF1 A SRR EE LR HATE, Wk~ F
Jo. RiEF, FHARKADHA 042 pmx(1.6-5.4) um, F4 . BRI XK EAK., HZBEA KT
B 4 45 °C-75 °C (KIZR L 60 °C); pH A& K& B £ 4.5-8.5 (i pH 6.5) X 19], b4 Kik
FE(uy) 0.99 h™', 423G 0T84 42 min. #EAF F Hpe. AA =N, ABFHE. HEE. Uk,
o — A, RAB. BABFHAKEY, FIRFHBELHEGTHLLE. TR, CO,AVE
49 H,. B #k BFI 638 R AR 3 5 A RARBR 2h 7 4 H,S, E &t L4 %)% 50 mmol/L
F2 75 mmol/L; &R BHARFEL44(50 mmol/L) /& HEAAE L 2 099 Q/em’ BIKE 776 Q/cm?,
J&E AR A H 9.936e-006 A R FH E 3.25¢-005 A, ZnfRIERE BB £ B & KAn e S L 4
R, EERFETOATAKRE 70.6%. H 4k BF1 ) DNA (G+C)mol% & & # 34.0%, H
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Abstract: [Objective] To isolate, protect thermophilic microbial resources from petroleum
reservoirs and analyze these main metabolic characterization. [Methods] The strain BF1 was
isolated by Hungte anaerobic technique from Chenghai 1 Unit of Dagang oil field in China. Its
taxonomic status determined by physiological, biochemical and 16S rRNA gene sequence
analysis. Its effect of sulfur metabolism on the corrosion current was measured by electro-
chemical analysis. [Results] The strain BF1 was Gram-negative, strictly thermophilic anaero-
bic, top-sporulating, non-motile, rods, 0.42 umx(1.6—5.4) um, grew solitary, in pairs or in
chains. Growth occurred at 45 °C—75 °C (optimum 60 °C), at pH 4.5—8.5 (optimum 6.5). Spe-
cific growth rate (um) was 0.99 h™' and doubling time was 42 min. Substrates included glu-
cose, melizitose, raffinose, mannose, lactose, fructose and ribose. The main products of glu-
cose fermentation were CO,, H,, acetate and ethanol. The strain could reduce thiosulfate and
sulfite to sulfide, and its tolerance limits were 75 mmol/L and 50 mmol/L, respectively. The
electrochemical impedance reduced from 2 099 Q/cm? to 776 Q/cm? and the corrosion current
increased from 9.936¢-006 A to 3.25¢-005 A after thiosulfate (50 mmol/L) was reduced. The
fatty acids were mainly composed of saturated long chain fatty acids, with C15:0 the most,
accounting for 70.6%. The G+C content of DNA was 34.0 mol%. The 16S rRNA gene se-
quence analysis indicated that the closest phylogenetic relatives were Thermoanaerobacter
pseudethanolicus DSM2355" and T. brockii subsp. brockii DSM1457", 98.3% and 98.0%, re-
spectively. However, the strain BF1 was different with 7. pseudethanolicus DSM2355" and T.
brockii subsp. brockii DSM1457" in doubling time, optimum temperature and substrates util-
ized, and different with T. pseudethanolicus DSM 2355" in fatty acid profile. [Conclusion]
The strain BF1 may be a new species of Thermoanaerobacter genus, the exact taxonomic
status of it requires DNA hybridization further. The corrosion current density improved by its
metabolic element sulfur may cause corrosion of oil pipelines and equipments.

Keywords: Thermophilic anaerobic bacteria, Identification, Metabolic characterization, Sulfur
metabolism, Corrosion

TN — D RRIR Y H PR, BA il R TR AR S RGN, BRI R
R SRR S AR S B L, BUEE AR W LA ST AL B e L 3 B AN R AR,

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



18 g ER

2012, Vol.39, No.1
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(Thermoanaerobacter) J& i J H 5z B2 22 1) fL
BRAED T, I 00 e A R 4T TR i A S 2
YRS RERE HEMER, AR L B
W . S A BT S Wi A P s I,
TRRACHRRIE BB, Al v AR ST TR B T
FACH G | S okl A B et ¥ BT
BT i R B R A P P A A, [RIsdh BT T
FH A8 T8 55 25 A0 i B i — 7 i B St
AR5 AT ¥ P v QI VR R 19 3 11
—PRIEIR A BFL, B S M. A rAfk
55 16S rRNA FER FHIIE | FEK4] G+C(%)
S . AR . AR D R A AR K
HAbZ= S, A PLEEPE BF1 5H 16S rRNA 2
AR R & B T pseudethanolicus DSM
2355571 (98.3%) M1 T. brockii subsp. brockii DSM
1457771 (98.0%) 78 J LA™ T B () A B A AL B AE
HA ], BERk BE1 76 4H 0 8 5 R il 21
W5 T, pseudethanolicus DSM 2355 2% 7 i,
Pk BF1 A RE/E B HRIR AT e 1 — S8 fh, Hoar
KN IEA R T iE—2 1) DNA 312258 7%
E; [FIHA S A i IR R R R IR AL L RHL, 3
TG TR 3
1 HEEhEk
1.1 SEIe#rR
111 #EGR: FRSLIECE T ORWE I R — X
ERMWE, IR 1927 m=2 007 m, HiZiRE
75 °C, JKEF LT 4 780 mg/L, pH £ 8.38-9.40
Z 8], KA E RN, FE I T IO R % B
WA 48 h N T L0 % B 5
1.1.2 FZBRAFS5MNEE: BEHIET 0OXOID
5wl, AR PMD-19T T TaKaRa 3 Fl, 16S rRNA
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SR F SN E F IR A A SEM .. SAHGE
GC-7AG T H 4 Shimadzu 2\ &, DU800 436
FE 11 F Beckman 23 ) o

1.1.3 S EEFE(g/L): KH,PO, 1.00, K,HPO,
0.50, NaCl 1.00, MgSO, 0.50, NaNO; 0.50, NH,CI
1.00, CaCl,2H,0 0.05, Cys-HCI-H,0 0.50, 754

5.00, fTE 1 mL" JIKH 1mL,
1.2 BEENE

SR P 22 [ o W TR R o =2 TG i, R
T AW TR AT S,
1.3 E#k BF1 BB WHEHEEE

K 0 2 0 (0.5%) VE M B, 53 00 45 Jn e B
¥ . BBL RE AR, AP, B E A PREAH
PRI /L), 3030 T A 3 JR S iy LX) i
AR, UARE pH (4.2-9.0), $hikE
(0.25%—5.2%) . IRFEE@45 °C—78 °C), M5E FA )
il A R S ARl AR A T 3 A AR
P14 %% B0 2 TRT AR BF 1 AR RG T IB) o ISR
AN RIBRIEAR B A (AR B YR 5 g/, bk
FIRE LUINAARFAHTA R (100 mg/L), W B
PR FE B TR XL AE R IBTE . USRI FE Y
i A R A R ST A T 0 4 R A RIS 35 i R R
il Cys-HCI-H,O 3555 5 il g kv B A Ui i 3k
HWamRER P,
1.4 16S rRNA EREFFIH &, NFERGRH
b RSO RAFES
1.4.1 16S rRNA ERFFFIEENF: HdXK
M 240 ] o PRI 2 2 BB ) S $2 AT A% BF1 1) DNA,
FIH51#) 27f (5'-AGAGTTTGATCCTGGCTCAG
-3)5 1492r (5-GGTTACCTTGTTACGACTT-3")
#E47 PCR ¥H4, ¥ HGIKR S MOCHR[13], [mlik
PCR /¥, BT PMD-19T )5, #1LZE E.
coli IM109 "k SH A s Ry .
142 RELXBERBIMWE: FECHE BFL 1Y 16S
rRNA JE[H 751 8 NCBUEE EHEA T U X, 1S
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25,

2 GREHMH
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iR, Nizdl), HAZ 042 um, K 1.6 pm—5.4 um,
sk o e R AR, T 2R 1),
2.2 HIBALEFE
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Fig.1 Electron micrograph of BF1
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60 °C (K 3); EK pHEFI N 4.5-8.5, Hxidi pH M
6.5 (Kl 4) . WFk BF1 4K NaCl ¥REEHN
0-5.0% (&l 5), HiGWEH 0.5%. fE3GEHTE A
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Fig. 4 Effect of pH on cell growth
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5(98.3%), HRJE T0 brockii subsp. brockii DSM
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33897(97.9%), HBIMER T 97%MWIEH T. wiegelii
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Fig.5 Effect of NaCl on cell growth
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78 Thermoanaerobacter sulfurophilus DSM 11584" (Y1694)
Thermoanaerobacter wiegelii DSM 101319™ (DQ681066)
Thermoanaerobacter siderophilus DSM 12299" (AF120479)
97 Thermoanaerobacter acetoethylicus ATCC 33265 (L09163)
65 86 Thermoanaerobacter ethanolicus DSM 2246 (L09162)
Thermoanaerobacter thermohydrosulfuricus DSM 567" (L09161)
BF1 (HM228407)
Thermoanaerobacter brockii subsp. brockii DSM 1457" (L09165)
Thermoanaerobacter brockii subsp. finii DSM 3389" (L09166)

Thermoanaerobacter pseudethanolicus DSM 2355" (L09164)
Thermoanaerobacter brockii subsp. lactiethylicus DSM 98017 (U14330)

Thermoanaerobacter thermocopriae IAM 135777 (L09167)
100 Thermoanaerobacter italicus DSM 92527 (AJ250846)
56 i Thermoanaerobacter mathranii subsp. mathranii DSM 11426 (Y11279)
100 Thermoanaerobacter mathranii subsp. alimentarius CIP 108280" (AY701758)
Thermoanaerobacter kivui DSM 2030 (L09160)
Thermoanaerobacter sulfurigignens DSM 17917" (AF234164)

50! Thermoanaerobacter uzonensis strain JW/IW010 DSM 18761" (EF530067)
Thermoanaerobacter yonseii DSM 13777 (AF212925)

71

0.01

6 ET 16S rRNA EFFIIEIEMENRRELEM
Fig. 6 Phylogenetic tree of BF1 and its related bacteria constructed using 16S rRNA sequences

N TIERRIE 70.6%, HUCH+73BefR 9.2% K+

LR 8.7%, 1 AL B R Ay AR AR, < Ciy
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27 WRTMBREBGFENERMEBLFHTL
i A TR I & B, 785 A o Ui R

WA AT BRER G IR 400 P AL R,

(B 8) 431K 776 Qlem® 15 2 099 Q/em?, HgEh .. \ Ny e

B (] 9)7 514 3.25e-005A 5 9.936e-006A, it l l y Ciso

WGtk BF1 757 A i f UBIR £k R 7R 562 K5 Pk

WA 7L o HE T B P R R R S B 7 it BF1 MRS RS L

EiRREL "4 HaS FrEL, Fig. 7 Fatty acid chromatogram of strain BF1
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Table 1 The main composition of membrane fatty acids of stain BF1
B ERZH 1K,
Fatty acid composition
5= BR B[]
Remain time (min)
Hord=
Percentage (%)
Gt

Amount (%)

C14:0 C15:0 Cl6:1 C16:0 Cl17:0 C18:1 C18:0

5.76 6.6 8.25 8.58 9.55 11.35 11.79

3.1 70.6 0.7 9.2 8.7 2.5 52

100
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brockii subsp. brockii DSM 1457 VW43 85 3¢
FEL 2 2o el A PR R o TR BF 1 2028 T e il
i, H 16S rRNA RHFI 5 T pseudethanolicus
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KO RIS 2); [RIE Rk B 4 R AR A 77 1
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Table 2 Characteristics of strain BF1 compared with two of its closest relatives

FHIE Strain BF1 T. pseudethanolicus T. brockii subsp. brockii
Characteristic DSM2355" 2177181 DSM1457™"1
JAGED
IR Oil reservoir Hot spring Hot spring
Source
< E R
AR . 4575 (60) 40-78 (65) 35-85 (65-70)
Temperature range (optimum) (°C)
FEK pH . 4.5-8.5 (6.5) 5.0-9.0 (6.5-7.3) 5.5-9.5 (6.5)
pH range (optimum)
i [
Doubling time under optimal 42 75 About lhour
Condition (min)
A~ EL
DNA (G+O# R 34.0 34.0-34.7 30.0-31.4
DNA (G+C) content (mol%)
4 SR ZH
'Eﬂﬂwaﬂm"ﬂ’# . C15:0, C16:0, C17:0 C15:0, C17:0, C30:0 NR
Cell main fatty acid composition
JEBIAMH
Substrate
HRpE = A A
Sucrose
AHE = 4 <
Xylose
vek = 4 <
Starch
R AE £ =) Ethanol, acetic acid, Ethanol, acetic acid, Ethanol, lactic acid, acetic acid,
The major end products from glucose H; and CO; H; and CO; H, and CO,
TE: NR: B HHRIE; — e+ A K.

Note: NR: Not reported; —: Negative; +: Positive.
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