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Isolation and identification of microorganisms from high
temperature seaweed beds and study on the characteristics
of thermo and salt tolerances

HE Pei-Qing" XU Shou-Ying'? HUANG Xiao-Hang""
DEWI Seswita-Zilda® ZHANG Qiang’

(1. Key Laboratory of Marine Bioactive Substance, The First Institute of Oceanography (SOA), Qingdao,
Shandong 266061, China)
(2. Shandong Provincial Key Laboratory of Microbial Engineering, School of Food and Bioengineering,
Shandong Institute of Light Industry, Jinan, Shandong 250353, China)
(3. Research Center for Marine and Fisheries Product Processing and Biotechnology, Agency for Marine and
Fisheries Research and Development, Ministry of Marine and Fisheries Affairs, Jakarta 40115, Indonesia)

Abstract: [Objective] Microorganisms from high temperature seaweed beds on Kalianda Is-
land of Indian Ocean were isolated, cultivated, and identified based on 16S rDNA sequences.
Study on characteristics of thermo and salt tolerances of selected isolates were also carried on.
[Methods] Samples of alga Sargasso sp., sediment and water from seaweed beds were col-
lected. Using MGYTC medium, microorganisms from the samples were cultivated and puri-
fied at 55 °C and 30 °C, respectively. Species identification was determined based on 16S
rDNA sequences and phylogenetic tree was built afterwards. Effects of culture temperature
and salinity on bacterial growth were determined. [Results] A total of 12 strains belonged to
four classes and nine genuses were obtained, and the maximum similarities were higher than
98% with known species. Two strains belonged to different genus of Thermoactinomyceta-
ceae, and two Bacillus strains obtained at 55 °C were thermophile. Laceyella sacchari and
Bacillus thermoamylovorans can survive at the range of 0-90 salinity. Shewanella upenei,
Shewanella algidipiscicola and Shewanella haliotis belonged to y-Proteobacteria could grow at
the temperature of 30 °C-55 °C. [Conclusion] The strains obtained had features of thermo and
salt tolerances, or adaptability to wide temperature range, which were expected to be new
resources in biotechnology field. The isolates of Tepidibacter formicigenes, Exiguobacterium
profundum and Vibrio diabolicus had been originally reported from the deep-sea hydrothermal
area, suggesting the internal relations of marine hot spring system and deep-sea hydrothermal
environment.

Keywords: High temperature seaweed beds, Thermo-tolerant, Salt-tolerant, Bacteria

WEIHE Y —BAEAE 50 °C DL RRENSAER  BRBEP B EAGRAR M  B T E  EE R AR,
f e, HRTC R EREY AT R, R AR R Y 3 BRI, kR A 1 R
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R WA AT LU B A OB, SR A
Jou Bt Ak A R SR 2 o 1 e 5 A AR AR R
I AT W7 AR ) b BRI S )RR B B 45
i, WEAH R Pus RS mHE, B
A, BERAE AR Tl . R ARG T E ™
A TR AT FIfE 25as . AR 438
PAFH, BEAFREEEIRGEY), —H 2
AN RIS UEOC T A FA R

B[ RETE R R4k BB AR 17 0 AT o — 2R
SR(5°44'46"N; 105°35'12"E), FEHURBERE NS
MK AST AL 3 A 3G — A R AN R, P
E2# (Sargassum sp.). 7LE (Gracilaria sp.)fIHF&
(Enteromorpha sp.)% . 7EI i R H AEAF O RUE D),
RE AT RETR T vE RO, o AT RE IR T ) Bl A v et v
IKREEZ A 30 °C), JFB 5N T ik . mEhER
Bio I, BRG] BREECE B . B2k
F- 5 A AR WA, RO AR o
BB . AU iR R R T SRR . UL
TR A KRS, PR P AR DT T 8557
FsrEgaiifk, R 16S rDNA i AR %2 F g 5144
AR, JFRIFSE T EE IR IR EE RN ER BE X LA R
A SEE, SR AR A WA St v 1) 1 295
FHeAilh

1 RS

11 REMSRERTE

MRS, AL T ERREEEDEE Je R )2 ik
(Kalianda) & 7= 1 /5, SRR DL BB A T
FHEEHOR A Lo mies, ORI K,
AT, PR K B ER ok, IR 45 28
R 7K JEL7E 58.5 °C—68.5 °C ], R Tr=Eh
FETH(WYY-T1, BUHR) A3 BEZ4 R 4, pH K
6.0-6.5. LR . DI AKEEN, SR H
PR 5K ASICAL YR s R, SRAR I A I
fr, MEKIEEEL 55 °C L L, hEFZAH 30, FES

SRAERTIRIY 2011 4F 7 H, ¥R T 4 °C iz st
1.2 BHEE

KHIMGYTC Hi57%(g/L), 55 (1) b
1, AR 1, BERRR 1, #Eh(Sigma, 3£E) 30,
NH,CI 1, KH,PO, 0.35, 2-N-Mk 2 ki iz (MES)
1.95, Na;SO, 1, FLMREN 1; (1) Fe(NH4)2(SO4) 2
6H,0 0.5; NaHCO; 1; % iR 0.02; (II1) %A
bk 1, Ehm bkt 1, MEITR SL-10 Hil
1mL, R L mL, AR E AR 1 mL,
(1) B4y 1x10° Pa K 15 min, B33t
F 45 °C W, Zras i (100 (TI) Hh s e A
IR TR P 45 43 (10) T g 45 20 0 T B O i, R
FHAEUEBR T, (ITT) rh 56 1R 2 e 2 R Wk 4 W R
1x10° Pa K 15 min; 44 ZIAW . IR
SL-10 ¥R AR A= PR -V W e il 28 RS B 1%
Z WOk [4], AL &2 % Sokolova 45197
B BRI pH 2009 6.0, MGYTC [E 1AL
RN ARG 15 g Bl
1.3 EFFHE
131 FEMEVEFSBESENE: K194
e 1x10° Pa K B FUBRIE K ik 3 YR, BYHE,
HIZE T MGYTC [ FREE L5557, 1 g DI
P L mL KRR EERR BRI, 5 45 °C IMEMA LS 57
FIRG . BERER TR, BRI /00 55 °C
30 °C. H53% 12-72 h 5, MEIFPEEi@ ., &
AW E TR, 82 LT 5 82k
k. 3 I R (10%100 %) WS ML 255k 5
UEEERE
132 REMEYEEEFMOBEL: Klg
LA 1 g Uil in A% 100 mL Hun-
gate-type JREJH (& 25 mL MGYTC }:38K), K
UM 3T 200 kPa 11 N2, 43351 - 55 °C 130 °C $55+
7.d. BTSRRI 10 fERR RS, L1 mL
55 45 °C Wy EIARE; 37525 mL)IR A, HRTEE
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AT B GESR . BAE R BRI AR SR A,
KRR R | B53% 48-168 h )5, fERGFRALFm
UG FRE NP . TR RIR T, HE1T
WIRAARIE TR, T FHUCR VR B LT 43 2 A at
fbo Wi B (10x100 £%) WAL HRIE Sk 5
RS
1.4 E[F%H DNA $Z2EUFA 16S rDNA PCR 1 1%

BRI BRRG FR 0 (20 10° A H i), T 4 °C.
10 000 r/min &> 10 min, RFHAE LK 2H DNA
PR B OO, Jba0)42H DNA, A i
(20 g/L) 37 °C K237 30 min. FFEH I S M-
M BT, WA S, SR T AR ) 3 D 4
DNA FERGAFH & (R, Jba)HEH DNA,

% H] Tag PCR MasterMix il & (AR, JbaT)
#4T PCR ¥4, 50 uL PCR RN IK R &4 :
250 pmol/L dNTP, 0.40 umol/L 5|4, 1.5 mmol/L

MgCl,, 50 mmol/L KCI, 20 mmol/L Tris-HCI
(pH 8.3), 0.5 U Tag DNA Al 100 ng JEK 41

FEAR . P51 YN0 EE 16S rDNA (27f F1 1492r),
SN 2R 95 °C 1.5 min; 95 °C 1 min, 55 °C
1 min, 72 °C 2 min, 3t 30 ME#E; 72 °C 10 min,
PCR 1% 1%AYBEAEME VKA S, R B
BEEISOER & CORR, dbat)zlifl, #4% pBS-T 2k
PR(FAR, b)) 403 E. coli DHS50 J8sz 2541
(AR, dta0)Ja, W _EESIe A\l 58 BOS T o
1.5 ARGk oth

PFERRRY 16S rDNA J:HFF51(%) 1 500 bp)
22 3| GenBank Fl1 EzTaxon server 2.1 %4 %
HEAT LE T R A AT, BRAS 35 2% OC R il 1 7 4,
¥ 5 AH AL B = 98%, BN & [E —Fh . SR A
Bioedit F1 MEGA # {4 (1) 4H <] % 42:7% (Neighbor-
Joining algorithm)F4 £ R4 & B .
1.6 EFREMNEKEKNZMN

it 16S rDNA EPHFHISER B, Pk
AV TR 7 S 51 = N 7 N I B S 4
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Shewanella upenei N9.2 F1 Shewanella algidipis-
cicola KM30-9-2, M@ fR-AFRE 7R3 rh 2 31 5
5 mL MGYTC AR F =LA (15 mmx100 mm)
W1, T30 °C, 150 r/min JR¥% . iGfLE;FRE 12 h, 1%
FEIITEELL 5% (VIVFEERD T8 o (5 5 mL 1553
W), 739F 30 °C. 40 °C, 45 °C HI 55 °C T
150 r/min #R¥7355%, RERR— BRI U, SR W
s BB (10%100 £%), 5 HA K&
1.7 EFEIEFEKERGI

BEPE G E B 27T B (Bacillus thermoamy-
lovorans LZS-4B.1) FIl /& ik ik 26 H 3¢ B A
(Laceyella sacchari 8.1)JE470#r. BEIRRIEAL 5 s
Z M8 1.6, IHILIREE N 55 °C. TEALINE KL 5%
(V)R TR TP (15 mmx100 mm, % 5 mL 5%
FE), 4rHITEREE R 0, 10, 30, 50, 70. 90 f
B AP RG G R, BIR— BRI, SR
e AR I A K
1.8 EMAIXERFFIS

W R B9 16S rDNA 3 A 7 %1 B2 $2 52 3
GenBank %42, M54 JQ670735-JQ670746,

2 #HR

2.1 16S rDNA fEEER RGEHIL S
FH MGYTC 577 B 545 78 bRk, TIFF
JERRIE A LTS R, 515 3 140, 8 M Eiy
12 M 20T, 5 MR AR LR & T 98% (% 1),
ZEHIFT IR AN AE 3 N8 5 R, 0t R Rk
T (Thermoactinomyces vulgaris 11.5) 1= i i<k
WS TR (Laceyella sacchari 8.1), ZFA4FT 1 & Y
Hii A 2 4t 1 (Bacillus licheniformis LZS-4B.2)F1
R BE 5 2F 94T i (Bacillus thermoamylovorans
LZS-4B.1), i G/ INAT I 10 % 1 B0/ T TR
(Exiguobacterium profundum KW30-5-2), #2544
1/, & Tepidibacter formicigenes L2S1057-4,
YR R AL A Ay BLICIE Y 3 N, A FLIRTA
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(Shewanella haliotis H4-4) . Shewanella upenei
N9.2 #1 Shewanella algidipiscicola KM30-9-2; 3
HWEM 2 NFh, %9 (Vibrio alginolyticus
KM30-12-3) il & % 9K B (Vibrio diabolicus
KM30-12-2); Cobetia J& 1 A~#p, MR} DL 475
(Cobetia marina KW30-8-3),

Hor, 3% 3 v U 2R T (Thermoactinomyces
vulgaris 11.5) . i ¥l 750 £ W 3% 307 T4 (Laceyella
sacchari 8.1) FIFIWEE ) 2 F T 14 (Bacillus ther-
moamylovorans LZS-4B.1) 4 1 ¥k M i T I TR 3
Ay B A . RIS/ IMT T (Exiguobacterium
profundum KW30-5-2). Tepidibacter formicigenes
L2S1057-4 F1 JE % 9K B (Vibrio diabolicus
KM30-12-2)f5c A B AR P T BRI X

B BIARASHY 12 BRAHTE 16S rDNA 731 541
MR 22 DNEIURR G AL, JERg

RGEREW, WE 1 P, FTLUEH, JFISHHE
PN 3 D FEI L, EAG AN . BREN
- IE RN
2.2 BRREVEARERYE

SLIG 2R 4T & BR, Tepidibacter formicigenes
L2S1057-4 JPRASEFRIN AT, NIKE A . A
FLIGER 3 AFh, BEZEDRSASEFRIT IR, AER
AIEFREI AR, MR E AN . 2R R
R E WA R EEAE 55 °C B2k, gt
PP, v-B I R AN T £ 2 7E 30 °C 55T 3k1% .
T 1 BH 4% % 1 B X AR A A U W R A R R
M) o y-7EFE TR 49 A L I I Js 45 7 55 °C 11 30 °C
FE SR AT LAARAS, U B TR B A A2
IR, SRR AR, #EREEAF, 3R
AR A 225, U S PSR 4 TE
P A A 520 .

F1 BREERPAE 16S DNA MO TEE

Table 1 Molecular identification of bacteria from high-temperature seaweed beds based on 16S rDNA sequences

CU e ! TR S K
Strain Accession No. Closest match "TE(')/S” y Group

115 JQ670736  Thermoactinomyces vulgaris KCTC 9076 (AF138739) 99.73 Firmicutes. Bacilli
8.1 JQ670735  Laceyella sacchari KCTC 9790 (AF138737) 99.65  hermoactinomycetaceae
LZS-4B.2 JQ670745  Bacillus licheniformis ATCC 14580 (AE017333) 99.60
Firmicutes, Bacilli, Bacillaceae
LZS-4B.1 JQ670744  Bacillus thermoamylovorans CNCM 1-1378 (L27478) 98.50
. . Firmicutes, Bacilli,
KW30-5-2 JQ670741  Exiguobacterium profundum 10C (AY818050) 99.66 Bacillales Family XII
L2S1057-4  JQ670743  Tepidibacter formicigenes DV1184 (AY245527) 99,00  micutes, Clostridia,
Clostridiales
N9.2 JQ670746  Shewanella upenei 20-23R (GQ260190) 99.93 )
Proteobacteria,
KM30-9-2 JQ670738  Shewanella algidipiscicola S13 (AB205570) 99.86 Gammaproteobacteria,
o Alteromonadales
H4-4 JQ670737  Shewanella haliotis DW01 (EF178282) 98.79
Proteobacteria,
KW30-8-3 JQ670742  Cobetia marina DSM 4741 (AJ306890) 99.60 Gammaproteobacteria,
Oceanospirillales
KM30-12-3  JQ670740  Vibrio diabolicus HE800 (X99762) 98.87  Proteobacteria,
Gammaproteobacteria,
KM30-12-2  JQ670739  Vibrio rotiferianus LMG 21460 (AJ316187) 99.32 Vibrionales
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1001 Bacillus thermoamylovorans CNCM 1-1378T (L27478)
100 LZS-4B.1 (JQ670744)
96 Bacillus thermolactis R-6488T (AY397764)
Bacillus licheniformis ATCC 14580T (AE017333)
97 100 [ Bacillus aerius 24KT (AJ831843)
84-1L.7S-4B.2 (JQ670745)

Exiguobacterium aestuarii TF-16T (AY594264)
99 100" KW30-5-2 (JQ670741)
61" Exiguobacterium profundum 10CT (AY818050)

43|Laceyella sacchari KCTC 9790T (AF138737)

Bacilli

8.1 JQ670735)
Laceyella tengchongensis YIM 10002T (FJ426598)
100 Thermoactinomyces intermedius KCTC 9646T (AF138734)
100
99

Thermoactinomyces vulgaris KCTC 9076T (AF138739)
11.5 JQ670736)

Sporacetigenium mesophilum ZLI115T (AY682207)
100 Tepidibacter thalassicus SC 562T (AY158079)
38 [ L2S1057-4 (JQ670743)
100

Tepidibacter formicigenes DV1184T (AY245527)

96 - KW30-8-3 (JQ670742)
100 ﬂ[[ Cobetia marina DSM 4741T (AJ306890)
Cobetia crustatorum JO1T (EU909460)
Halomonas denitrificans M29T (AM229317)
g3 1 KM30-12-3 (JQ670740)
69 |- KM30-12-2 (JQ670739)
100 Vibrio rotiferianus LMG 21460T (AJ316187)
Vibrio campbellii ATCC 25920T (X74692)
Vibrio diabolicus HE800T (X99762)
98 | Shewanella algidipiscicola S13T (AB205570)
99 10071 K M30-9-2 (JQ670738)
Shewanella colwelliana ATCC 39565T (AY653177)
Shewanella indica KIW27T (HM016084)
0, Shewanella haliotis DWO1T (EF178282)
100|| ' H4-4 (JQ670737)
74 \— Shewanella algae ATCC 51192T (AF005249)
84 |N9.2 (JQ670746)
100'Shewanella upenei 20-23RT (GQ260190)

Clostridia

Gammaproteobacteria

100

1 PEEESIRERERTHE 16S rDNA FIIR R T L EH
Fig. 1 Neighbor-Joining phylogenetic tree of the bacteria from high-temperature seaweed
beds based on 16S rDNA gene sequences
T ZRAEATIEYY . RN y-BIE RN, 755 N AP, RRIER 0.02 SELEERT AL, A R EARTEAE > SCAL.

Note: Bacilli, Clostridia, y-Proteobacteria. GenBank accession numbers are indicated in parentheses. The scale bar indicates the 0.02
evolutionary distance unit. Bootstrap values are shown at branch nodes.

23 EFRENEKRERIFIE

Shewanella upenei N9.2 FI Shewanella al-
gidipiscicola KM30-9-2 7] L1 7£ 30 °C-45 °C izl
WAERK R4 Walmsz 55 °C 537 .
Shewanella upenei N9.2 %) fi A= KL A 40 °C;
Shewanella algidipiscicola KM30-9-2 7£ 30 °C Hf
A K = T 40 °C 1H(A 2),
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2.4 EFHEIEMNEREKNEZMW

R JE K 25 18 FT 7 (Bacillus  thermoamylo-
vorans LZS-4B.1)F 7 i 8 b 5 i (Laceyella
sacchari 8.1)F] LA7E 0-90 £hJF FAE K FodEh i
Y5k 30, Hykhy 10 F1 0, 4ERFER T 50 B, K
EEREERE, AR R, SRS N T4 T
ST 30 AR, i R B SR AE K (K 3),



BT 55 TR P U W ) 0 1 S S TR AR | T AR T 5T 1775
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£ 0 2 40 T
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~ (e}
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X e
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1 (h) 1 (h)
2 EFIRENEREKBZN
Fig. 2 Effect of culture temperature on bacterial growth
Note: A: Shewanella upenei N9.2; B: Shewanella algidipiscicola KM30-9-2.
—e— ()
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3 50 B 5 50 r—=—10
£ E —A— 30
& Z 40
El E
2 30 s 30
Z Z
2 20 2 20
: .
& 10 & 10
0 0 ;
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t (h) t (h)
3 ERERENEREKEZI

Fig. 3 Effect of culture salinity on bacterial growth
Note: A: Bacillus thermoamylovorans LZS-4B; B: Laceyella sacchari 8.1.

3 i

PR R R T IR IR R G, FEOLRE Y
A KHE IR A E AR )y, BEIX
ST R BRI PR AR, S R AROR A AR AR
AT, BFE (¥ P FA LR T ENBE R
LIR IR, L2 BRI TR Y DX
Z—o PRI IR N 4, TR
PRI F= ZORIF N Bl M Y RSO P TR AT 12
TR, U AR A 1] Eas g i

s, HORIAOMA . BT LIERT, $UR
BB A 0 2 R T i b ) AR, A& TR K
AT AT AT E ) o TAE RS AR S 3
YRR PR T, SR AR SR TE RN TTU AR 2 — AT
FaaE PREE, FF LA ARt S0 A 4, VT RE TR
TR, AT GRUE T & B A il i K I F 8 2
SE AR L= I =N N N I T L
MGYTC 55 dE, A8 T ARFRARKFEER 44149
8 My 12 P, S IXLEAHTR T 16S rDNA
FF 30 5 C R e U = T 98%, {HZ B fh
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XY FNER B 7 A T i v, DT AT REELAT B
HEHREE

FAMFEN D WS E R L R
(Thermoactinomyces vulgaris 11.5) . /= il 2 b 3k
7 7 (Laceyella sacchari 8.1) . Hb A< 2 8 4T 14
(Bacillus licheniformis LZS-4B.2) B TE R 254
FT1# (Bacillus thermoamylovorans LZS-4B.1){V7E
55 °C iRl 73 B RAS, NIRRT, X5 HiE
(g SCk — BT R R GE, X R R R
(Thermoactinomyces vulgaris) Fl & i i £ 4 35 37
i (Laceyella sacchari) i) 7= A= g i A ALl . g #A:
DNA Z4 B A i 5, 76 Tl i5 e HENE
FIAE W AR S AU B A o S i A 0O 2R
M) P2 A s o, T T Tk R
My FIFR PR AFE AU, b, PRV R 2T T
(Bacillus thermoamylovorans) i] f= A& Sk il . 214k
RS, & n] LIS T MR M2 i (Clostridium  bu-
tyricum) 255 3% [ i 4 e A R Y, AR 2
fFT5 (Bacillus licheniformis) i F=4: Z #4E 4
g, AT A, AT E RN
e L A 7 L S =1 o L S
(Thermoactinomyces vulgaris 11.5) . /& i i ZbE i
Hr 1 (Laceyella sacchari 8.1) L) S #RE e 4y 2E F0 4T
T# (Bacillus thermoamylovorans LZS-4B.1), Xt
RRER T HEA, B RTEEREE R 30 IR B & 5
Keit, HZM5Z 90 ELEE, P Eia BaM &
AR IE SR Ty T B DL

Y2508 TR AN A TL IR B A= 0 T 43 A Tk
M IR TRIEEIGIR B R PRI X AT T BR R
A BU IR P G0 B ] DL R A [R) ) o - A2 AR
TR, WOAHRRER . L=l . Cr (VI).
U (VI). As \FIV (V)% HitrEdywes . A
TSR . )i AE Dy MR AL G I AN A ) e 25
S &% ¥ A/E A . Shewanella upenei, Shewanella

algidipiscicola 1 ] % . [X & (Shewanella
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haliotis) &= 22 M\ fa Ji & H 4 & 3K 15, H
Shewanella upenei fi:idi K IRE R 30 °C, She-
wanella algidipiscicola >4 25 °C ! AHF5E Bk
MR PR A B ARAS T IR SR AT, BT
SETRPRAE 30 °C BEFRAT LRI, H fid i
9 30 °C—40 °C, [HIHHEMT I K JRT H il I 2R
Bio WA IR SETR AR Y 1 30 °C—55 °C 1Y
TR FEARAk,  dpeidh 2B R AR AR KR B 3 2
B R i, PRI S BT M Eh R )z
U R N P A PU IR TR AR, HORHE AR B AR
e U e BRI AR MBS S5 T AR
ARWEFEAE 30 °C IR BRAT DRI T/ T T
(Exiguobacterium profundum KW30-5-2), 5Kk
f¥/INFF I (Exiguobacterium profundum 10CT) A4
KA A 99.66% . 4% 4 18 TR 1 /N T A
(Exiguobacterium profundum 10CT) XM 2 600 m
TR R AR s TR AED, g, 24 [T
PRVE PR, itk o HAE B 12 °C-49 °C
(At 45 °C); WL 0-11% (Feft:, 0-2%).
KB YR L-3LR, M miR .. SR,
PRSIl RRER I8 )5 RS R £ o 7F 30 °C
B 3% W3k 4K 45 B L 9K B (Vibrio  diabolicus
KM30-12-3), 5 Y2 JI (Vibrio diabolicus) i #x
FEAEE A 98.87% ., JiE IR (Vibrio diabolicus)
TR IR R 1 B TR T O 7 1 2 B3 19 3
By D1 i H (Alvinella pompejana) fR 854545,
T, PR, IR AT LA™ A — B e & i
W F BRI B AL A ) 2 DT, R BFSEAE 55 °C
IR & 55 3% W 3Kk #5  Tepidibacter formicigenes
L2S1057-4, 5 Tepidibacter formicigenes DV1184"
B9 A L BE S 99% ., Tepidibacter formicigenes
DV1184" 1 R MK P I R FAR IS 11 43 B3R A,
DA QPP R4 R LATE 35 °C-55 °C
K (R, 45 °C), R 20-60 (fiwid, 30), A
PR BN HR . R EE, XA T



8 A IR R R A B0 20 B e SO A TR AR PRI 5

1777

A

(14 L 38 T R A 2R 0 S RE A AR B R T

THF BATEAE RN N . BEAh, X LERARBRAE
PRI IARASE AR A g L R T A AT, AR TR
PRI A, XX THE /R BRI R GLAITR
TR ARG NTEIR R, FTRERASHMNE, B

{15

=

=

\

(1

(2]

(3]

(4]
(5]

(6]

[7]

(8]

[9]

iﬁ—ﬂ}ﬁﬂ:%o

% 3 Bk

Beeby M, O’Connor BD, Ryttersgaard C, et al. The
genomics of disulfide bonding and protein
stabilization in thermophiles[J]. PLoS Biology,
2005, 3(9): 1549-1558.

Vieille C, Zeikus GJ. Hyperthermophilic enzymes:
sources, uses, and molecular mechanisms for
thermostability[J]. Microbiology and Molecular
Biology Reviews, 2001, 65(1): 1-43.

Wiegel J, Ljungdahl LG. The importance of
thermophilic bacteria in biotechnology[J]. Critical
Reviews in Biotechnology, 1985, 3(1): 39-108.
http://www.dsmz.de/microorganisms/medium/pdf/D
SMZ_Medium829.pdf

Sokolova, TG, Gonzales JM, Kostrikina NA, et al.
Thermosinus carboxydivorans gen. nov., sp. nov., a
new anaerobic, thermophilic, carbon-monoxide-
oxidizing, hydrogenogenic bacterium from a hot
pool of Yellowstone National Park[J]. International
Journal of  Systematic and  Evolutionary
Microbiology, 2004, 54(6): 2353—2359.

XA, Bl O T A T AL IR IS FA G B0
HWF T E[J]. HhBRFE2EHE R, 2006(9): 918-924.
ZEOCHy, BB, FERUAK. il LR T R o 2R
SRR WAk, 2002, 42(6): 759-763.
Yakimov MM, Timmis KN, Wray V, et al.
Characterization of a new lipopeptide surfactant
produced by thermotolerant and halotolerant
subsurface  Bacillus licheniformis  BAS50[J].
Applied and Environmental Microbiology, 1995,
61(5): 1706—1713.

Combet-Blanc Y, Ollivier B, Streicher C, et al.
Bacillus thermoamylovorans sp. nov., a moderately
thermophilic ~ and  amylolytic ~ bacterium[J].
International Journal of Systematic Bacteriology,
1995, 45(1): 9-16.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

it R, RSOV, BRSAR, AL — PR R R
Ko HAE 15 405 e HE AR L R b i 0 FH [3]. ARk 3R 5%
Bl2z244, 2008, 27(1): 368—371

Chou CH, Han CL, Chang JJ, et al. Co-culture of
Clostridium beijerinckii L9, Clostridium butyricum
M1 and Bacillus thermoamylovorans B5 for
converting yeast waste into  hydrogen[J].
International Journal of Hydrogen Energy, 2011,
36(21): 13972-13983.

Kalia VC, Jain SR, Kumar A, et al. Frementation of
biowaste to H, by Bacillus licheniformis[J]. World
Journal of Microbiology and Biotechnology, 1994,
10(2): 224-2217.

Kim KK, Kim YO, Park S, et al. Shewanella upenei
sp. nov., a lipolytic bacterium isolated from bensasi
goatfish Upeneus bensasi[J]. The Journal of
Microbiology, 2011, 49(3): 381—-386.

Satomi M, Voge BF, Venkateswaran K, et al.
Description of Shewanella glacialipiscicola sp. nov.
and Shewanella algidipiscicola sp. nov., isolated
from marine fish of the Danish Baltic Sea, and
proposal that Shewanella affinis is a later
heterotypic synonym of Shewanella colwelliana[J].
International ~ Journal of  Systematic and
Evolutionary Microbiology, 2007, 57(2): 347—352.
Kim D, Baik KS, Kim MS, et al. Shewanella
haliotis sp. nov., isolated from the gut microflora of
abalone, Haliotis discus hannai[J]. International
Journal  of  Systematic and  Evolutionary
Microbiology, 2007, 57(12): 2926—2931.

Crapart S, Fardeau ML, Cayol JL, et al.
Exiguobacterium profundum sp. nov., a moderately
thermophilic, lactic acid-producing bacterium
isolated from a deep-sea hydrothermal vent[J].
International  Journal of  Systematic and
Evolutionary Microbiology, 2007, 57(2): 287—292.
Raguenes G, Christen R, Guezennec J, et al. Vibrio
diabolicus sp. nov., a new polysaccharide-secreting
organism isolated from a deep-sea hydrothermal
vent polychaete annelid, Alvinella pompejanalJ].
International  Journal of  Systematic and
Evolutionary Microbiology, 1997, 47(4): 989—995.
Urios L, Cueff V, Pignet P, et al. Tepidibacter
formicigenes sp. nov., a novel spore-forming
bacterium isolated from a Mid-Atlantic Ridge
hydrothermal vent[J]. International Journal of
Systematic and Evolutionary Microbiology, 2004,
54(2): 439-443.

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



