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Identification of a Moderately Halophilic Bacterium whb45
and Screening of Its Antimicrobial and Antitumor Activity
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Abstract: The aim of this study was to isolate and identify moderately halophilic bacteria from solar saltern
and to investigate their potential antimicrobial and antitumor activities. Halophilic bacteria were isolated
from Ludaokou Solar Saltern in Weihai of Shandong Province. The identification of the strain whb45 was
determined by their morphological characteristics, physiological and biochemical tests and phylogenetic
analysis based on 16S rRNA sequence comparison. The antimicrobial activity and cytotoxic activity were
screened. Our results showed that the strain whb45 was belonged to moderately halophilic bacterium. Phy-

logenetic analysis showed the strain whb45 had a 99% homology with Halobacillus trueperi. The crude ex-
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tract from whb45 showed stronger antimicrobial activities which could inhibit the growth of several bacteria

and fungi. MTT analysis revealed that the strain possessed potent anticancer activity with the stronger in-

hibitory effect on several human cancer cells. Our results suggested that the moderately halophilic bacterium

whb45 may be developed as a potential new source for the discovery of novel bioactive substances.

Keywords: Moderately halophilic bacteria, Identification, Halobacillus, Antimicrobial activity, Antitumor
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= AT E R (Halobacillus) J&—35 77 28 4 |
B ICPHME(GY) . HEEREER AT, AE 1996 4F
Spring % N\ X )&, [RIIHbIE X BT Halobacillus
litoralis M Halobacillus trueperi Wi t-HFP, 2 J5 X
%24 Halobacillus dabanensis F Halobacillus yeom-
Jeoni %5 Halobacillus J&HY 11 D EiAp g k!>, g
520 B EL A R AR A AR FRRAE, R UL HLA RES
PRI T T o PR AR
(3R BEIE WV RE 1, A SN Y T AR Hi
5, MAEC LM Halobacillus J& W40 H WP 4 85153
T Z A MY, MR rgEhmg . $1% MR M
251 75 i (Compatible solute)ZE 1% {H 2ol X A JE
A0 T T 25 i i DE TSR AR D . ARBIFSY E R
X iR ER b Ay B 4L B Halobacillus & B TE
B whb4s BEAT 2R 80E, DR A=, FIHHt
TR W) BT b TR A A T I P T, A B i A )
T PEY) BT K5
1 BARHRIDS
11 EHRB D B SYE

FE I A 1L AR 8 R T R T 101 3 37 104 6 3l 1) i
YERIHEAK o WE R 2 B 1 23 B A ZE AL ] Gibbons 2
REEFR U0 F A ER S [l i) o 08 B R B 1 28
ERRE R 10%.15% .20% (W/V), 28°C fH R} 2-3 d.,
WSS P& FRIE, ARk whbas £ > QLA )5
MGG IR, 3% S vl A8 L8 R AT 25
KB, BIRET 4°C UKA 2~70°C 19 30% H-ih AP RAT
1.2 ERBEBREENE

PR AR IR0 T, MEVEEh 4 whb4s 7EA
[ ERRE . pH FNRE A T AR K e i s S B2, 1
R T B ARG . RN 0. 3.0%.
5.0%. 7.5%. 10.0%. 15.0%. 20.0%Fl 25.0% (W/V),
pH BN 5. 6. 7. 8, 9. 10 1 11, WREEHESE
A 4°C, 10°C, 22°C, 28°C, 34°C, 40°C. 50°C,
60°C,
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WA R LA R T ) VA (AR R
AT TR 9 W) ) IR TR AR LS
1.4 EHREI16S rRNA BIFFIINE R RFERE 2

RMSAL T (I JH A TR A ML, T 10000 r/min 25
L 20 min. 8 FH A0 B 5L R 4148 B0 & (Axyprep
Baterial Genomic DNA Miniprep Kit, Axygen, 32[%)
PEHUEN 4] DNA, NHEHSZY) 16F27 (5'-AGAG
TTTGATCCTGGCTCAG-3")H1 16R1492 (5-GGTTA
CCTTGTTACGACTT-3") (#4ft E. coli 16S rRNA i
TR 495 )# 4T PCR i 44 16S rRNA F:[H . PCR
P4 = Wy e e 110K F) &5 (TaKaRa, Agarose
Gel DNA Purification Kit Ver 2.0)#E47 [, [ H
BH 30 pL TWAZEKEERG S pMD 18-T #ik
(TaKaRa)#F1T##, SRJ5H AL CaCLAHM E. coli
DH5a B2 S0, i AL £ 7 Atk A7 BH 4 52
et 1 7 16 12 BB IF 2 o R B % 1) B2 DN 261 7,
DU R4 T 58 1

¥ J5 19 16S rRNA J¥51 5 GenBank (4 1 it
T BLAST X} SEHRIIEPE LS (> 97%) ) 16S
RNA JFHMERS IS, W RS HR . (FH
Clustal X1.83 3MFHEATZ)FH LA, SRJG R AR AL
FH45 ¥ (Neighbour-joining) F| Fl MEGA4.0 21 & 5;
HEER . Hikk whb4s Y 16S rRNA JF51E 25 F)
NCBI /) GenBank ¥4 %, J¥41%5 k FI444991,

1.5 HAEAEFYEERIH &

MIEER AT whb4s #HE b H— RN ] 20 mL
Gibbons R i FR I (Eh & 7.5%) 1, 28°C #& IR
(180 r/min)}%55% 12 h, SA/E4 20 mL Fh W4 Fh 2
180 mL AH Ry 3E IR B vh, 28°C#E IR 57 3 d; KK
£ 10000 r/min B5.0> 20 min, & B 1% H 2R 2 g
PEHL 3 WK, WEE TR CTRAH, TR 25 &) 45°C W%
7T, JH 1% 37 1 (Dimethyl sulfoxide, DMSO)
VS IRRLEE Y, 4°C 1RAF, FHF i e A4 i 28 16 M A
Do AR A2 A 55 35 5 FHURH (] %) 2 B BBURITIE A L
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W EE BB ER 20 TR whb45 (HLZ, 100 pg/mL Y 5-
PR W WEAE Ry B X B, RN R 3 A EAL,
AkZHiFE 48 ho SRIEEALIIA 20 uL MTT, 37°C 1
4 hJE, A 150 uL DMSO, & F k%
10 min, FABEFRYAE 490 nm K T E WG oD
B MY OD (HITHAIMEI R, HARAR Y25
AR, AR RN IR E 1Cs, K ES 3 X,
BARRIR A x £ 5,
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70 e e TG AR ik 3653 5 4 A
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(0.4-0.5) pm x (1.4-1.6) pm, FAAELH FTHES
(E 1),

1 EEEYAE whbds BIESTEERF (x 20K)
Fig. 1 Transmission electron micrograph of halophilic
bacterial strain whb45 (x 20K)

2.2 E#k whbd45 B4 IR4SME

IR A5 R (K] 2)& W, Wk whb4s 78 0-25%
ZEFA AR, AR EIEEREEFE R 5%-10%,
BOEERE N 7.5%, FEMEER(< 3%)8 & Eh (> 20%) 1) 4%
PR AERARRN LG22, TR A K AL R A B dRd
HREH 50%LLTR, Rtk whbds J& T EErgER T .
whbda5 A= K IR L R 4°C—40°C, Fod A K
4 34°C, 7E pH 6-10 ByReE K, &H&idEK pH 7-9,

Y
0 3 5 75 10 15 20 25

EJ¥ Salt concentrations (%)

2 EEXEILAE whbds KB
Fig. 2 Growth of halophilic bacterial strain whb45 under
different salt concentrations
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23 Btk whbds BIE L EEER
PR whb4as (ARG Z5 R 0L 1.

=1 FEERAE whbas BELIRIEER

Table 1 Biochemical tests of halophilic
bacterial strain whb45

Y ERFE  Characteristics
fiSFRER AR Nitrate reduction _
H,SA: i H,S production 4
fiE i Enzyme activities :

/il Catalase +

S(fLAE  Oxidase

KN A RN ZE Phenylalanine deaminase

%HE  Urease _

JKf#  Hydrolysis of :

JEK  Starch _

i Casein _

Tween 80 _

Wil Gelatin .

iR Tyrosine _

72FR  Acid production from :

D-##i%j# D-Glucose +

MEWE  Sucrose +

D-JHf  D-Fructose 4
4
"

D-Z.H D-Galactose

FZEHE  Maltose

D-AKK D-Xylose -
D-H#%E D-Mannitol —

2.4 MEEYAE whbds ARG R B AR

16S rRNA J7 5153 H7 tik 7 (] 3), whba5 8 SR AE
Halobacillus X A2 W MRS AR Hal LLIE 3
whb45 5 Halobacillus  trueperi DSM10404"
(AI310149) 8 53 7E—1> 433, BEAiTHY 16S rRNA 7
SR IR 5] 99%, K LFIKr whb45 5 Halobacillus
trueperi T %3 .
2.5 MEIEMIFIES

PR 25 S R WA G ER 4N whb4s (LR %
i e 2 60T TR R 22 b L TR R EL A AR 5 B 4 1 4
(2 2)o whb4s X 5 % FG B ARG 5 2R F00 AT B 04 9 )
e T ARGE, R IE A B A2 17.33 mm, whb45 X4
2 PGB A M PR B A — R R % o
2= PR B R A FF B 200 A P . % 45 Tl 7 EL TR
AR RE 71 KN R Bt > BilhE > 7
o> MEWRIERE > SIERIIRE > &
FR e, Horh whbas 3 th 55 0 BE ) B0,

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

INTEE Y E AR R 17.49 mm, X HA 5 BRE 0 H
fe R, MEE N ERZA 12 mm DL,
2.6 IUPRIEIE I LS
I MTT 4500 v Eh 4178 whb45 HLEE Yy 1) 41 i

BEIGPELE SRR W] (3R 3), FHOHLERYIT ZHh AN/ U
JIek 982 4411 L 0 I 40 P 4 g LA S R M A A 4

X 3 Fof AR 0 L - 40 M Bel 7402 45 Wi
4l fig RKO FI'Ey #3981 Bz 40 i HeLa) A A= < HAT B
FIAMHIVE A, L ICso¥/NTF 100 pg/mL; X AN e ot
T 20 TI905 N JF it bk T4 K 4l il HUVEC #l/ BUIR
JIG LT e A0 M NTH3T3 A9 36 5 th 43 3 — 2 i Il
TR o T BH A R OGT 2% ol 2400 i 35 R s S 400
#HIEH .

*2 MEEYAE whbds B EFE RIS R

Table 2 Antimicrobial activity of crude extract from
halophilic bacterial strain whb45

R E (mm)

Inhibition zone

Ei-aNE|
Indicator strains

Escherichia coli =

Pseudomonas fluorescens 11.42 £ 0.47
Bacillus subtilis 17.33 £0.23
Candida albicans -
Penicillium ochrochloron 13.68 + 0.44
Trichoderma viride -
Aspergillus niger 14.97 £ 0.56
Aspergillus flavus 17.49 £ 0.78
Verticillium dahliae 12.60 + 0.38
Fusariz]ﬁs;}:ﬁz;z:nm f. sp. 12.21 + 0.45
Colletotrichum gloeo- _
sporioides
Alternaria solani 11.97 £ 0.67

T KA HARN 6 mm; — BEA I

Notes: The diameter of paper is 6 mm. — : No inhibition.

=3 MTT & gy R& £h 40 % whbds FHIEYIHY
‘AR E MRk R

Table 3 Cytotoxic activity of crude extract from
halophilic bacterial strain whb45 by MTT assay

20 Jifa bk ICso
Cell lines (ng/mL)
Bel 7402 15.66 + 0.23

RKO 78.23 +0.53
HeLa 54.26 £0.48

TJ905 178.88 £ 0.56
HUVEC 229.22 £ 0.47
NIH3T3 355.22 £0.82
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W& M whbd5s R EHABXEFA 16S rRNA FHIHMERMRZ R EW

Fig. 3 Phylogenetic tree derived from an analysis of the 16S rRNA sequences of
bacterial strain whb45 and their relative species

3 W

W ER TR AR R AR KA S R A, AR
XA R OR . AR AT ER B R AN [R], B E:
WALk 3 M R R I AT LITE 1%-3%
(0.2-0.5 mol/L)Ay L FE N PR A4 P EE Mgk R i
HERKEREE R 3%—15% (0.5-2.5 mol/L); Wiifimgih i,
— B JE Tl R, AT RATE 15%-30% (2.5-5 mol/L)E:
BETN PR A K . BB R4 whbd5 7E 0-25%2 (Rl ¥ AT
DK, AR EGESREE 5%-10%, HitET
G E A .

FEER A whbd5 28 16S rRNA 751 [Rl R L ¢
AlKs H K438 Halobacillus J& . 7F NCBI [ GenBank
B PErh 647 BLAST Hexf, whb45 i 16S rRNA JF
515 Halobacillus trueperi DSM 104047 it
whb45 11 TR AR TR 7% T2 248 53X A bR dE R R AR ), PR
H R o A B AR AR IR AR ] R AR K i
IR . FhAEVE R R I 250 7= R . Tween 80

TR A A5 7 T A AE — S A 0 22 51 . XUk | TR
[F] A= 58 B Bl A ) Ry 3 I HE A A7 PR A — SRR Y
A R A TR S T A B Y A B AR
U, AR AT ) 16S-23S rRNA X [H] 751 43
Br. GC &1k, DNA 0 FARAET ikt — 2/
SrHrAgE e,

W ER T AR W W LAAE S A 3 R W 5 R R
RSO B 2 DA — S A i R AW s e R i 2 4 o o B
— S0 BLAT P DA ST MR T R R 0, AN R TR R
B M\ — LA o 8 o T R I — Rl R L 2 AR
PO SR, HpRE e ER B T I R O 1 A 5
fie 1 & AR A, a0 AT TR W b o B R
Halobacillus litoralis YS3106 /438 2| LA B A $T
EEEHFRRLEY, Sadfi-Zouaoui 25 MAS [a] 1 X 114
ik 3B B Bacillus cereus . B. lentimorbus
F1 B. licheniformis HA7 REWSFE 1A PN R S0 il 4 4
i I LB Botrytis cinerea M Fusarium roseum var.
sambucinum WHE J1P; Imamura %5 M G 1Y FE £h 3 57
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