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M BELITRLEREBREMEBYARLEL T, LW H 4 S191 ¢4 16S 1DNA £ B 551 5 Halanarobium B & # &
REHFIRMEY 98.5% , FLREEZ MM AHHK.0.3~0.6 yumX1.8~3.0 ym . R . K * 4 F7, 4 K NaCl
RERAEH 5%~25%, % NaCl RERREA 7.5%~10%, 4% pH146.0~8.9, %6 pHEH 7.8~8.0,4 %
BAE15~42 C, ZEBEH32~37T C,.EAFHTHRNY 3.2 h, ¥ %% H Halanarobium B R& —A#H R R .
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Abstract: Moderately halophilic, strictly anaerobic eubacteria S191 was isolated and purified from the sediment in
Northeast Pacific deep-sea nodule province by using Hungate roll-tube technique, the 16S rDNA encoding gene of
S191 was proliferated by PCR, the sequence was determined, and homology analysis was completed by “Clustalx”
and “Mega” software, a phylogenetic tree of Halanaerobium was constructed, S191 is considered to be a new
member of Halanaerobium. It is a Gram-negative, rod-shaped, non-motile, non-spore-forming obligate anaerobe
that owns a cell size of 0.30.6 ymX 1, 8—3.0 um. Growth was observed in the presence of 5% —25% NaCl, the
optimum salt concentration for growth is 7. 5% —10%. It grows at pH 6. 0—8. 9 and the optimum pH for growth is
7.8—8.0. It grows well at temperature 15— 42 °C, and the optimum temperature for growth is 32— 37 °C. The

doubling time is about 3. 2 h when grown at optimal condition.
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Halonatronum ™ ¥ Selenihalanaerobacter™®. &4,
ERENSL¥ EXEEEHREARBARCEE T
T1HZ2R 11 &, 324 MFPELR 2 TR

KT REHRRERBEAENZHE, A RBER
LR KP4 X BB LR Y B, FI TR B X
Hikfr T g R EUK BT I 4 Bl , AR BT
BYdorsBs ke " mREAAHNERY
S191,%F H 34T 16S rRNA R MR HEHEMA KK
Bt e R ARG KT AL, FHITHB SI9L K
B4 A B AR AL TR R A AT

1 #EMTTE

L1 & &

Btk S191 A B R K P HESE R EEIH
b, 2 L E ¥ Halanaerobium congolense Wy T 1%
AR 77 0 DSMZ 11287, 3 M 2 R
A KB E. coli DH5q, L1 EAF77.

1.2 BRES5HSBEFRZ

RHE RS 5B &R ABUUE ) DSMZ 933
SHRE . MECERARM HEET 2.5¢ L
B 1 3R 7 (OXOID) , B K85 35 2 v b 2 % BBk
.U ERFEE (g L) K. NaCl 100. 0, KCl
1. 00,KH, PO, 0. 35, MgS0, » 7H,0 0. 50, L-2% it
HARO.05, BEHEY 2. 0. BEAK 2.0, BT
E 7 W (M144) 10. 00 mL, Na,S » 9H,0(2%)
20. 00 mL, &8 (1 mol « L™Y) 20.00 mL,ZEMK
950. 00 ml.,Final pH 8. 0.

M =20 CRETHIRDHERA 1.0 g7
B 25.0 mL HERFEREN 60 mL REHW+T.RE
BWHFEEALENSAE RS . REYWOEE
S CTRESHE SEER—R. BRBELTH
ERBERAERE P EE MR R, bR E 5
HA 3R HEEENEER.

1.3 &k DNA fihiR 5 16S rDNA f 18

DNA $h148 J7 ik WL 3CER (9], 971 16S rDNA #
SV FS e E A Y.

b :5"-AGAGTTTGATCCTGGCTCAG-3’

T i#%:5’-ACGGHTACCTTGTTACGACTT -3’

PCR #1844 % 94 CHAH 5 min. 94 C7AF
# 45 5,55 CiBk 45 5,72 CEM 75 s, BB H
72 “CHEM#H 10 min,50 ul Itk R#4T 33 MGIF.
L4 yE~YNad . TERNF

PCR 7% I 17 35t B 8 o J6C B3 3K B A » 30 [l
i, UNIQ-10 # PCR F=¥p4ifb iR F & (W T %

AT pefT AL, Ak E R T/A kg
% B =Y W S pMDIO-T Bk b, EEFHL R
E.coli DH5« Btk & IF M RZSHHEF . EE A
FEEEN ILBEFREER FIRER, EARR
¥, PCR MBEYI B A BE DL Pk E 2 D EARALE E
Jb R LR TR N A B 55 b0 B L 3R 51 4 A E A
# M13F 1 M13R.
1.5 REREHPHE

BB #k S191 19 16S rDNA 51 A} GenBank 3t
& 1 Blastn f Lo 30, HF AR BUE B R B g R
RELZBAHEES LMK 16S rDNA F51, I %
% Clustal X 1. 8 #47 £ 5 ILECHES R K
# Mega 4 MEZREXR BN, B FFIREITHE
MEBE B, Fil Neighborjoining J5 ¥, #£47 R A #E 1k
PG E, BEEHCH 1 000,18 &S XHEERE.
1.6 BAEESHEMEREFRE
1.6.1 AhR#EE

B BEEFRE D TERERERR 3 4
EXRPEE, RS S E ¥ B ME (Olympus
BX40) T W22 40 78 & T R L 5] s 0 8 SR K. 7R
Bk EEFERREERENRERY, AES
fLF B % 8 (JEM-1200EX, #7 VT K 2% 43 47 Wl 3 o
DO MBEHBE R/ HLHE. LB FR LI, WL
B #k S191 Wiz 3.
1.6.2 BHHi

HRBERBE RHEEMTEREES.35CE
FBEE B 3 A, W HIERRE.
1.6.3 RERHF

F 3 R AT IRE, REHF LM Hun-
gate RAR AR FEREFEERBRTFAAE R I,
O 83 o7 R PR o 2 o R I 3de TR 50 B R S 35 3
.35 CHEFI0J HREELK.
1.6.4 AREHRE

ERFHRB AL EERE, KA TU-1800 A
36t BT TE 660 nm 4b ¥l B &S R E . il
PH REREFHNERKERL. M3 KEZLE.
1.6.5 £ RKKAprmE

DS ESEFERR, ARERFAETH TU-
1800 %443 ¥¢ 3¢ B i+ 7E 660 nm b8 A 5] Bt fa] B 44
W HIRERLE.

2 & R

2.1 HHMSEAEY
W EEREFEEHBEMAER, =4E KBS,
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BREED, A5 H8 B H % S191.
2.2 Bi#k 16S rDNA My ML RFEF)

XEHK SOl B XA BB -BKEAN
1.5 kb WEH . Bk B R 5 & L HE Haloanaerobi-
um congolense B 16S rDNA F3 5 /N & B
Zid RN EREE S191 & 1473 MHEM, X

%I B 2% 72| GenBank, 555 % FJ858788.
2.3 BHE.CREEAENRGEES

i@ 1d Blastn fil Fasta [ X¥, 38 BRAH L )8 F Fh
HEE KA BFH, L A ER, 213 MEGA 4
SEEVNEZRER, T EN Halanaerobium
RERER A 1.

Halanaerobium saccharolyticum subsp.saccharolyticum DSM 6643 ; X89069

94 1L Halanaerobium saccharobticum subsp.senegalense DSM 7379"; X89070

60
67

4501 22 Serain S191

71

0.02

Halanaerobium kushneri ATCC 700103",U86446
Halanaerobivum praevalens DSM 22287 ; AB022034
Halanaerobium alcaliphilum DSM 8275" ; X81850

Halanaerobium congolense DSM 112877,U76632
Halanaerobium acetethylicum DSM 3532"; X89071
Halanaerobium fermentans JCM 10494"; AB023308
Haloanaerobium lacurosei DSM 101651; L.39787
Halanaerobium salsuginis ATCC 51327"; L22890
Halothermothrix orenii OMC 544'; 122016

B 1 ET 16S rDNA FFI R 8807 B 0 B Bk S191 BRI RE R T

Fig. 1

Phylogenentic tree based on the 16S rDNA sequences from type strains of Halanaerobium species and strain S191,

The tree was constructed using the Neighbor-Joining Method with bootstrap values calculated from 1000 resamplings

2.4 FBBIE

—RIVAE AT, Bk S191 H#E = K%
Wk s, BEAFR, WA KD H 0.3~0.6 pmX
1.8~3.0 pm, LB R A 2.

B2 gk S19l BT BEESR
Fig.2 Transmission electronic photograph of strain S191

ERBE 0L . BEERE LTRANEEE
BRZmm I HEHEREEA. AEF,EEW, X@
B, YR, %R 4 RNE 3.

2.5 RERRE

Btk SI91 MEAMBRES, RESHREAEFE
EER MEGFERFEMMTFEEFRELERKSE
B R K EMAEY.

2.6 EKEHEESEKRRR

£5 v BE XP B MR AR K BB A - BE AR S191 AR KR

EHRSY%~25% .75 3% M 0N MAL K, BtELE

B3 Btk S191 MEBEESHE
Fig. 3 Colony photograph of strain S191

KEERT.5%~10%, BT PEELE BEXMNHE
BRI B S191 A KIRETE 15~42 C, &
A K FE 32~37 °C. pH {E XS B MR A & 10 Wi B B
S191 # pH {H7E 6.0~8. 9, & pH {H7E 7. 8~8.0.

DAk 3 R T 0 B kA S W i 45 R4 B
4—6 FiR.

Ptk S191 AR ERBUHAE AR G=(, —
£,)/3.322(1g OD, —1g OD, ) , Bt = Xf 76 % 84 &
HIE, BB IMACEHE G=3. 2 h.

3 i g

1937 4F ,Baumgartner N\ BB RE &
FE RS S — Bk E L T R EHE “Bacteroides
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Fig. 4 Growth effect of strain S191 on

NaCl concentration gradient
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Fig.5 Growth effect of strain S191 on

Temperature gradient
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Fig. 6 Growth effect of strain S191 on pH gradient
halosmophilus” "7, ZHE BB A BH AN BE R
e BLJE 0 7R Eh AR 3 B0 T4 IR LR R 40 B A0 R 4 B
RER, WE 1R, 48 Hungate REF AR, MK IL
KFHSREXEGTRY 458 B @ bk S191, 8 2 K
Rea B2, HFPIR,0.3~0.6 pmX 1. 8~3.0 pm. %
BE) AR, K NaCl RBWRE N 5% ~
25% ,83& NaCl 2 7.5%~10% , 4K pH fH 6. 0~
8.9, 8iE pH AN 7.8~8.0, K EFF 15~42 °C,
RERER 32~37 C . BBEHKME T3 2 h, @
if 16S rDAN FI LM M AZE LR T4, KA TR
TR EE B Halanaerobium, 3 Jg K& BB b
S191 J¥ 31 & Halanaerobium saccharolyticum subsp.
Saccharolyticum B & .k 98. 5%, M@ IH
BHEKAETW AN, HEk S191 #15 Halanaerobium

congolense B J 4B, EFFI Rtk 97.5%. & 1
AR PRI B S pH HARAE 7.5 LT Ak
S191 M EGE pH EH 7. 8~8. 0, X R EH RN R BT
Byhomangih SHRE.KBANE,RTE
B—-WEHR FEHE L LRITHRE.
BEREFRENFR.EMTFTHRARAER
g AR R E A YRR, B ATOUE T3 R
BYP.SEMUERRITFRERER, LN EHREE
BEKF LAk B K KB s IR h 2R AU
25 F O 5T SR S A A 4 9 VR A A AR L], i B AT
AT EH A A RN  EaKis ks
2T T R R, i Halanaerobiaceae bacterium
SLAS-1 #y% B8 F BF 55 B (9 3t 3R 4k 2 98 BR000, i
Kapdan %3 f§ Halanaerobium lacusrosei 85T

FBRE K COD %.
£ % 3Lk (References) :

(1] BAX. REMEWEHROFHERI] REYFE
|, 1995, 22(4):245—252.

LING Dai-wen. Recent advances of anaerobic microbiology
research[J]. Microbiology, 1995,22(4) 245252,

[2] KOBAYASHI T. KIMURA B, FUJII T. Strictly
anaerobic halophiles isolated from canned Swedish fer-
mented herrings (Surstromming) [ J]. Int J Food Mi-
crobiol, 2000,54:481—489.

[3] OREN A. Diversity of halophilic microorganisms; En-
vironments, phylogeny, physiology, and applications[J]. J
Ind Microbiol Biot, 2002,28.56—63.

[4] ZEIKUS] G, HEGGE P W, THOMPSON T E, et al.
Isolation and description of Haloanaerobium praevalens
gen. nov. and sp. nov. ., an obligately anaerobic halophile
common to great salt lake sediments[}J]. Curr Microbiol,
1983,9:225—234.

[5] OREN A, PASTER B ], WOESE C R. Haloanaero
biaceae : A new family of moderately halophilic, obligatory
anaerobic bacterial J]. Syst Appl Microbiol, 1984,5(1);
71—80,

[6] RAINEY F A, ZHILINA T N, BOULYGINA E S, et
al. The taxonomic status of the fermentative halophilic
anaerobic bacteria; description of Haloanaerobiales ord.
nov. , Halobacteroidaceae fam. nov., orenia gen. nov.
and further taxonomic rearrangements at the genus and
species level[J]. Anaerobe, 1995,1(4).:185—199,

[7] ZHILINA T N, GARNOVA E S, TOUROVA T P,
et al. Halona tronum saccharophilum gen. nov. sp.
nov. : A new haloalkaliphilic bacterium of the order

Haloanaerobiales from lake Magadi [J]. Microbiology,



F36%

HOIL K ¥ ¥ RGEER

718

dled
1SEaY1ION]
<aoutaoxd

vsn ‘10

aJnpou Num.&mv_u pIn[J 11oAaIasax

vsn
‘ymin e
1[G 1B21D)

[edauag ur

e BqIY

vsn
BwoyEp()
—d.—quu ur

I0la19sal [i()

ysy
13fynd paifeg

PIRY

1o uroupy

vsn
‘qein e
«_Nm 18310

0OIX3IA] JO
JIng spu o

pue sed s1oys

[e8auag
Bq19Y o¥e]

BOWILIY)

yseaIg oxe g

ojduwes Jj0
UBWIpag wnajonag D WIPag uawWIpag auuq 10 sauea() peay [[34 [10) wuawIpag [euatew 131§ JUSWIPIG yuawipag 2a1nog srduteg
¢ 0°6 [V ve YN aN $'g €' S 44 6°¢ Y /sawm Burqno(y
0°'8~8"L 1°9 ¥L~0"L 0°L §°L~9'9 L 0°L 0°L~L"9 PL~€79 L 'L (unwndo)
6'8~0"9 0°8~9"¢ 0°6~0"9 anN 0'8~0"9 0°6~0"9 §'8~¢€°9 0°0T~8°G 0°8~¥"S L'8~¢€"9 0°8~0"9 aduer gd
LE~TE or LE oy 0y ~SG¢ s€ 47 0r~L¢ 123 or ov~L¢€ D,/ (wrwndo)
er~SlI 16~22 06~¢ 0§~02 S¥~02 Sy~SlI Sy~G2 05~S2 S¥~SI Lv~02 Lv~SG1 Q./98uer dud
0I~S'L 6 €1 02~8I gl ot ol 01 01 0t 0t 9%/ (unwido)
GZ~§ ¥e~9 0€~2 PE~S 'L 81~6 Sg~1 ¥e~v §2~S°¢ ¢e~S §¢~S 0E~¢ % /28ues [DEN
— — — _ _ _ _ — - — — sa1odg
— — — snoyotnirad snoyainuad snoyouaad — snoyduiaad snoyouad snoydnd snoyouaad e[p3elg
- - - + + + - + + + + Auuopy
spodt spour spol spol spol spo1 Spol u0ys Spol spol1 spodl spo1 A3ojoydiop
aanedau 3anedsu sanedau aanedau aaledau aanedau aanedau 3anedsu aanedau Janedsu aanedau urels Wein

0°€~8"1 0'v~9°¢ 9°2~0"2 £€~2¢ €E€~L"0 £¢~1"2 y~2 0'6~¢'¢ SI~0"1 §0~02 SI~0"1
X90~¢€"0 X¥'0~¢£°0 X1'1~6°0 X90~%0 X80~S"0 XZ'T~1 X1~570 K80 X9'0~¥"0 X9'0~¥"0 XL'0~5"0 w o215 1125
T asuaj ::ZNB,N:\A.NQK
nFauag dsqns  wyong “dsqns
L31) ,aw:.?%\;\dw ] .».:tNBP\VZhQ Ly 13so45na0] L9ty auysny 1) ,:::Z\:t\\y\. L tv.ZtNQ;%:C.N Let) :«:\:\a\wwch\ﬁ :K.:Rsx.ucaixlfw,:n ~2=,v.:>.N:k3~\.u.v3z Ntl.nw&a\tktﬁ.w.:ﬁ.
~®ﬁm E.:ukum wnqoLavunivry :«34:\2.5»323\3*& wnwgosanun}oy WNGoLDUDIO LY WNIGoLaDUD]IO L] zxxma\ak«vttwvwzm uniqoLovuUDIvH WRIGOLIDUDIDE]  WNRIQOLIDUD]IDLT UNIGOLIDUDIOLT mwmuwﬁm

WNIQOLIPUDIDEY Ul sUIRI)S Jo momthwuuﬁhmﬁ—o Jluouoxe 7

THEFC LR HE TV T EEYTE

1¥

[ 21981



Eef

B, & - BERRREAN S AR S RERE T

719

(8]

(9]

[10]

(11]

[12]

[13]

[14]

(15]

2001,70(1):64—72.
BLUM J S, STOLZ J F. OREN A. Selenihalanaero
bacter shriftiigen. nov. , sp. nov. , a halophilic anaer-
obe from Dead Sea sediments that respires selenate[J].
Arch Microbiol, 2001,175.208~219,
KEF BRAIBXBES(ML AN - AEFEHFTHR
4L, 2006.20—21.
ZHU Xu-fen. Experiment Guide of Genetic Engineering
[M]. Beijing: Higher Education Press, 2006.20—21.
BAUMGARTNER J G. The salt limits and thermal
stability of a new species of anaerobic halophile[]J].
Food Res, 1937,2:321—329.
CAYOL J L, OLLIVIER B, ANANISOH A L, et al.
Halovincola saccharolytica subsp. senegalensis subsp.
nov. , isolated from the sediments of a hypersaline
lake, and emended description of Haloincola saccha-
rolytica[J]. Int J Syst Evol Bacteriol, 1994,44(4):
805—811.
RENGIPAT S, LANGWORTHY T A, ZEIKUS ]
G. Halobacteroides acetoethylicus sp. Nov., a new
obligately anaerobic halophile isolated from deep sub-
surface hypersaline environments[J]. Syst Appl Mi-
crobiol, 1988,11.28—35.
TSAI C R, GARCIA J L, PATEL B K C, et al
Haloanaerobium alcaliphilum sp. nov., an anaero-
bic moderate halophile from the sediments of great
salt lake, utah[J7]. Int J Syst Evol Micr, 1995,45(2);
301—307.
RAVOT G, MAGOT M, OLLIVIER B,

Haloanaerobium congolense sp. nov., an anaerobic,

et al.

moderately halophilic, thiosulfate and sulfurreducing
bacterium from an african oil field[J]. Microbiol Lett,
1997,147.81—88.

KOBAYASHI T, KIMURA B, FUJII T. Haloanae

robium fermentans sp. nov., a strictly anaerobic,

(16]

(17]

[18]

(19]

[20]

[21]

[22]

fermentative halophile isolated from fermented puffer
fish ovaries{ J]. Int J Syst Evol Micr, 2000,50:1621—
1627.

BHUPATHIRAJU V K,
WOESE C R, et al
nov. , an obligately halophilic, anaerobic bacterium
from an oil brine[J]. Int J Syst Bacteriol, 1999,49,
953—960.

CAYOL J L, OLLIVIER B, PATEL B K C, et al.

Haloanaerobium lacusroseus sp. nov., an extremely

MCLNERNEY M ],

Haloanaerobium kushneri sp.

halophilic fermentative bacterium from the sediments
of a hypersaline lake{J]. Int J Syst Bacteriol, 1995,45
(4).:790—797.

BHUPATHIRAJU VK, OREN A, SHARMA P K,
et al. Haloanaerobium salsugo sp. nov., a moderately
halophilic, anaerobic bacterium from a subterranean
brine[J]. Int J Syst Bacteriol, 1994,44(3) .565—7572,
OREN A, GUREVICH P. The fatty acid synthetase
complex of Haloanaerobium praevalens is not inhibi-
ted by salt[J]. Microbiol Lett, 1993,108.287— 290.
OREMLAND R S, KULP TR, BLUMJ S, etal. A
microbial arsenic cycle in a saltsaturated extreme envi-
ronment[]]. Science, 2005,308(27);1305—1308.
KAPDAN I K, ERTEN B. Anaerobic treatment of
saline wastewater by Halanaerobium lacusrosei [ ]].
Process Biochem, 2007,42.449—453.

BERS, RELIFFHE S BT E AR RLRER
RIS T K2 F R BF R, 2008,35
(1):80—86.

SHI Han, WU Min,

analysis of partial sequences of the gene for halorho-

XU Xue-wei, et al, Genetic
dopsin in halophilic archaea[ J]. J of Zhejiang Univer-
sity: Science Edition,2008,35(1):80—86.

(HERE #

4r)



