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UESE B1 B2 PAARHERELA AP 128 A1k 8 i 32 1k 0 B M it 32k, P %o 38005 1k K W 38R 5 T Escherichia coli 43 35 {5,
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Isolation, identification and characterization of
two strains of Bacillus subtilis
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Abstract ; [ Objective] To explore potential probiotics in order to develop microecological agents for aqui-
culture. [ Method ] Bacillus stains were isolated from the pond sediment and healthy carp ( Carassius aura-
fus) intestine. The strains were identified by the morphological , physiological and biochemical character-
istics and 16S rRNA sequence analysis. The safety, high temperature tolerance, pH tolerance, antago-
nistic effects and enzyme production of the strains were studied. [ Result] Two Bacillus strains were isola-
ted and named Bl and B2. They were identified as B. subtilis by morphology, physiological and bio-
chemical characteristics and 16S rRNA sequence analysis. The Bl and B2 strains had good safety, high
temperature tolerance and strong tolerance of acid. They had good antibacterial activity against pathogenic
Escherichia coli, Staphylococcus aureus, Aeromonas hydrophila and A. sobria in vitro, and had the ability
to produce lipase, amylase, protease and cellulase. [ Conclusion]Two B. subtilis strains were isolated,

and both can be used as candidates for developing microecological agents for aquiculture.
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AL B ZEHUAF B Bacillus subtilis & — 254 E 77 4F
HLRTH 2 FFEFEAR 40, o/ (0.7 ~ 0.8) pm
(2 ~3)pm, TR, AHEE, fieiss), ZHFAETL
e WA EE R Sh A P R SR, OO . TR R
B AEY] YK T AU A, TEE R
(AT Rl 2T A kAR G R s B AR
P2 MR FRK R AR IS A S
AIRESIPERUE LV, TR S AR TR i 1) 2% 1
LA A S AR H i AR SR A IR T o
TG LA B E A A A B P 8 AR ] R DL S
AT PR ZE AR AR O R R AIE 1A HON A R T AE
RGN A= I TERE P AE  EM SR
B, JF HIH A BAR, it 17 138, S A, Rt 2
A — i AR F e A 25 o R B R, AT A AR D B
Rt RTEFRE LB R, 3 E R # 2003
12 J 9 HAES 318 S A% A4 1 15 Fha] LIAE
SRy A AR A i 7R ) A G v e A A R 2 A
FFPA o AR T30 6] DA S iy 8 1 7 5 b JiC 6 v 40 25 3]
(1) 2 RRZFFEAT B AT B VR B S SR A2 AR AL R AIE
168 rRNA [P 9143 Bk 255 5, JF X Hide etk
i 52 1 RSB R BEE SLEAT T 20, DURAS 3 &
A E VR B A TR TR AR, D E— 20 I AR K P 2 AR
MR R0 45 4 R
R
1.1 i EREIR AR

F8/RH : BEK S B Aeromonas hydrophila R,
TS BN A, sobria 45 325K Staphylococcus
aureus MR35 75 7 Escherichia coli Y5 75 MRl K
KPR R AT

RIGBh Y - B i 4 4R Carassius auratus 200
Fe , VR BT & (55.42 £0.58) g, Wl 3 75 AR B L
WK PE

F2 B < 7 YA T 128 B R B L AR 1 O e B
e H LT 2 22 Tl 075 06 15 97 S4B AR 4 ) O ek el
72 i RS 6 % 7 B4 AR B A D O gk i, s e
R & B A R YRR R ) 40 e A
PRI DNA $2BURF &  Tag 5504 H TaKaRa 24+,

F 4 . Phoenix ™ 100 4 [ 33 4k 9143
X (ZEE BD A7), YXQ-LS-50A 37 2 J1 28 V5 K
By (BRI A IRA R BEIFI &) H B 57
(G In i RS AL AR ), SW-CI-2FD %4 1.
fEE (R IR A RA R BT &) ), TG-
16WS & BLOML (KPR B0 A IR A

F]) , LifePro #65 PCR AL (B H BH A RA ) |
BERC R R G (AR A ) -
1.2 EHHSE

TCTR AT 4 90 B 4 b )Y O 6l £ iz 1, o
AT A BRER K I AT 3 5 50 KR B 22 5 6
PR U 3 A B 1 B ) R 200 L B Al
FHMFT R G I 4L | ,37 ClIER B A P B 57
24 h, FKBUES SRR R TG A TE
TEASHER ), YRR TRV, AR TR 7300k 80% 1Y
I AT B T B DR, A5 o
1.3 EHRINEE
1.3.1 BEFAAEALET WHEEEEKL
L Ye R I Phoenix ' 100 B4 [ s A9
ST, Z 25 Ui A5 5 o R i A T AR AR A
1.3.2 16S rRNA 53] 5 #7% %2 16S rRNA JF51§"
WS BT EY B ST Y BB Y
Primer A 5'-AGAGTTTGATCCTGGCTCAG-3", & [1] 8]
¥ Primer B:5'-AAGGAGGTGATCCAGCCGCA-3', H
A T AEY) TRA R A A G . T4 4
DNA $2BGAF & L R 41 DNA, DL W AR 217
PCR #"3%, PCR JZ W& % (50 pL) :TaKaRa LA-Taq
0.5 pL, DNA #i#z 2 wL,10 x PCR Buffer 5 pL,dNTP
Mixture 8 wL, I FUHF5IH45 2 pl, BZ&7K 30.5 pl,
PCR #2/%:94 °C #iA 4 5 min,94 °C 30 s,54 °C 30 s,
72 °C 1 min,30 PMEFF;72 CHEM 7 min, PCR 724
alifbfasc i bR TAEY) TREA RS 707
DUy 238 538 iof NCBI £ #6177 Blast et 434, i
it MEGAS. 0 iy RG LB -
1.4 REMNRE

IR 25 1 FYNL )G , RIS N IR BE (A H fi
TR 200 B, FEAL 4 41,1 410X IR, Hig 3
ZH MR I 2H (RE6 100 A1 IIT 4H) |, B4 50 B, SR T
JE R 5 s, o B2 A R AR 4T 0. 1 mlL TG R VR A
LB, 3 NI 43033 53 0. 1 mL 53 2R F0AT 1 7
W1x10° 1 x10° F1 1 x 107 cfu - mL™" Y914 LB,
23 C KBS TR T d, WEEHAT FIET B, f
J HAE S TR AL o
1.5 BEMZHLE

ZRSCHRLS T 5 15 B B AR VR A LB 35 57 35
B3 48 h 5, 3500 r - min ' Z.0 30 min, B 1§
W, TR Rl AR — e AR s 2 88
BERAY 83 4, 0 B F 80,90 il 100 C /K4 b
30 min, KA E, LR AR 20K B BB IR E
SR R R AR T EGE TR K Ja PIAETE R, P51
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VKT XL EE A Sz v, B MR IR A 3 IR
1.6 EEMEmZ LS

ZHSCHR[6 ], B 28 FFT A1 TR1 85 W 43 1) 42l 3]
pH 7 3.0.4.0.5.0 (1A LB 35353k v, ff 25 Ao fF
BWIAMRBEZ M 1 x10° efu » mL™",37 C 544 F 120
re min T FERPEIFE, L h JFHC200 wL AT E A
Regedk b AT OB T BT R ARG
23,
1.7 {KSMIERIE

e P A HEAR I E A A AR B M s 3
PFG 7R T RN ZEFURT T, VR RS B M 10%efu - mL™"
IR 7R TR 200 L FH R A R 35 50 Uk A F 18 {4 LB S
LT W RA SR E L i = W [ = - U 1 < S
FEAEEA AN 0.2 mL ZEHIAT BB . B AR
T30 CHBAEEFE 24 h J5 A0 B A2, T E A
S AR . S EE 3 K,
1.8 F=EERIE
1.8.1 P kI EEEWA G PRIk & S Fh
T 4 IR VR R 7RI | E M B L R R A
i 19 15 5 BE R G I g 07 2o B 9 3, 37 C 4k T B 5%
48 h JE AL, WA 175 B P ) 3 s A0 1 il . UL ER

73 T 0 45 77 L 55 U 06 BF LR . TR K A P
5V AR LA , R/ N IR w7 s M o
1.8.2 R Bk EMsrdsErn g BRSNS 1
Wt ZE R 4 B SNEEEA A 5 R R TR TS N T
PEIAE . TR MR P — S e @k I, £F
AE K EFIG R R L2 4k K AR ( CMC-Na) [5G
P A2 75 1 A, K 1A S R AR A i
o MRS PR L e s
1.9 HIERIE

H Excel St M , 056 25 5 Y50 + b5
HEZERIR

2 HBRESH

2.1 EESFEREBEULETEER

ARG R e RN £ g T H A4 B 1 RRZE TR
FFE , 239l 4% 4 BL A B2, 2 RREA K B V5 T S P &
F TR, AN i B, im0 B A 65, i E #E
PN GEAEE ST § L Yeta 25 5L 0 FHAE 76 B e T 0
LR SEATR, 7 v i [, 760 2 TG B SR R T, TCf
A, A Phoenix™ 100 %4> [ A ¥4 M ASO0t 58T
FEBIFIB2 AT 455 , 45 R LR, S MR AR

®1 EHRENETEER
Tab.1 Biochemical identification results of stains
A AL AE bk BL BRIk B2 || AfRARAE bk Bl RRbk B2
KRR - FFAR - AMC - - AMU - BD — # it 1 _ _
L - K2R - - AMU - iR ER + +
L - 25 R® - AMC - - L - B % - PNA + +
L - B E IR - AMC - - PNP - @z Eh - +
3-HIE R + + D — REME + +
D ~ i + v | Fm - -
o = % R + + EN - -
R I L + v | - prEm - -
4MU — BD — FLHF - ~ | L seremEm - avc - -
AMU -N - 28 - BD - ®IEMREH - — | £ e - amc - -
PR - PIARR - PNA . - | e : :
4AMU - AD - B + + D - Jpk + +
L + v | wEE R . .
D — it + - ZHIFR B - -
N - 2Bt - & I p - - 4AMU - BD - &] 4 Wiy + +
HZA®R - iR - AMC - - 4MU - BD - i1 + +
L-HER - AMC - - AMU - BEERER + +
L-FKNZAM - AMC - - AR + -
L - 5[ — AMC - - B - TN - -
R - - D - BEAs b - -
D - H iR + + X - -
3-HERD R + + L + +
4AMU - AD — it - +
D)+ "RFAMF AR - 7R R AR B,
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Y8 T BALER AT 25 e, 0120 B 8 31X 2 BRI B
MR ZEARAT I .
2.2 HTFEYFELETER

DI BL fil B2 [ 3 R 41 DNA iy 484 0k 17
PCR ¥ 34, 45 54 W4 2R 4 19 16S rRNA J BeR/h
1500 bp (1) o K 2 BREAAIN P45 R AE NCBI H
#AT Blast [boXf, 45 R LW Wk Bl 5 E K
Bacillus subtilis BS3902 ( & 3% 5. EU047884. 1) i) /%
B IPE R 99% 5 Hi Bk B2 5 B. subtilis AER314-2
(535 :KRI67391. 1) ()7 S AR I 99% . i
MEGAS. 0 3 {444 8t R Ge kAL B, 25 3 B 7R T ik B
B2 ER G AR ZF AT R R R R Al , RE N — K
(E2),

4500 bp
3000 bp
2250 bp
1500 bp
1 000 bp s

750 bp

500 bp =
250 bp

M:250 bp DNA marker DIA500;1 : B#kk B1;2: Fikk B2 .
B 1 &%k 16S rRNA PCR #1845 R
Fig.1 PCR amplification of 16S rRNA gene in two strains

76 | Bacillus cereus(HM771661.1)

80

Bacillus cereus(JQ739718.1)
™ Bacillus mycoides(KR233766.1)

Bacillus circulans(JN644554.1)

Bacillus licheniformis(KC441782.1)
4o Bacillus licheniformis(KP979476.1)

[~ Bacillus amyloliquefaciens(KJ123715.1)

Bacillus sphaericus(AM292655.1)

Bacillus aryabhattai(JF899293.1)
95 Bacillus megaterium(KR232360.1)

B1
82 o5 Bacillus subtilis(EU047884.1)
o Bacillus subtilis(KU764381.1)
Bacillus sp.(AB500942.1)
N 30 100 | Bacillus subtilis(KR967391.1)
0.002 B2
2 itk 16S rRNA RSEXR B A

Fig.2 16S rRNA phylogenetic analysis of strains

2.3 ZeMiBER

WS 0.1 mL YREEA 510 1 x10° 1 x 10°F1 1 x
107 cfu « mL ™" RS B 2E AR TR T R 5 , 5 0 B4
AHLE , S A0 R S IRBE T, A 70 & B R 2 Al 2 Y
WER I TCAE 5 o VAW 2 Bt 5L 2 F AT TR 0 A AR 4
7 oo
2.4 SEMIZTHRLER

e i Sz MR A5 R WA 2, R 2 W2 B
il B ZEHUAT TR O A [ 3 BE A Ti 52 P AN [R], 7 A ] B
[ (30 min) N, HRTE 80 C Z5F T IUAF TG 22 0] i iy
T 100 CEM T BAENG 2, I b 4 1 B2 1 b A3
RAW R, 2R 2 B Bon, R B2 X =il A i 22
A JIBg R T B,

R2 AEKBRETHEFATHNEEER
Tab.2 The livability of Bacillus subtilis strain under differ-

ent temperatures %
R 80 C 90 C 100 C
Bl 83.90 £0.26  62.20+1.32  3.27 +0.21
B2 84.33 £0.55 63.37 £0.65 3.80 +£0.20

2.5 BMMZHREER

FH % 3 AT, 2 MR ZFAOAT R 430 7E pH 3.0.4.0,
5.0 50 FACFE 1 h 5 BIAETE RARTE 97% LA L, 1t
2 DA B B IR M T 2 RE f1. #E pH3.0.4.0
5.0 00, WAk Bl FIAFTE R 008 97. 16% |
98.43% F1 99.27% , W £k B2 W 17 1% K 40 W K
97.37% 98.83% F199. 43% .
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*3 AR pH METHEFHAHENFEER
Tab.3 The livability of Bacillus subtilis strain under differ-

ent pH %
TR pH 3.0 pH 4.0 pH 5.0
Bl 97.16 +0.67  98.43 £0.50  99.27 +0.15
B2 97.37+0.45 98.83+0.25 99.43 +0.15

2.6 FMIEIRIEER

AR W3 A T 4 B0 €0 9 265 BR TR W /K S BR H TA
AN B A AR S B, AT TR o A, 7
BEARK/INAT S BRIX 2 Bl B 2 fAT 56T B0 7 1441
TITHIBE ST i 5m s , 4 R DL 4, AR B2 B4 A7 BBl 1]
PEl B4R LB L3R TR bk B, AR Ak B2 L Bl
XFIX 4 Fids R A AT BEAT B A I VE

F4 HEFAFEXNETEHNERER

Tab.4 The antagonistic properties of Bacillus subtilis strains against pathogens

-, TE R AR TR AR

Kl Ai B O AR KT AL R
Bl 2.26 +0. 16 1.89 +0.10 0.94 +0.25 1.34£0.21
B2 2.52+0.11 2.40 £0.20 1.20 +0.11 1.52£0.18

2.7 FERIER

2.7.1 FREMIEEEM G LR RS AL
F PR BT B2 ER AT UE H i R T 2R
LR AE R B, AR AR BEF AR S AR, X F 2
PR R ZE AT AT, S WL 7 B 49y Tl R T 1 % £ B

x5

e/ wig HAR(H/C) )= ARERE S I H/C X{H b
Y9982 > BL; L MU= R 4E R BRE 110 H/ C Ko™ i
JiBERE ST H/C B{E B30 Bl > B2 S & #k B2
BOBL 7 FER AN R T /K RTRER i , 77 47 4
2K AIR T G RE 7 T RERH 55 o

TEIEHRIESNEEE A IH 5 R

Tab.5 Initial screening results of extracellular enzyme activity of different strains

Yo 8 AR/ T AR

7S

TEH A F HEEN e i ity
Bl 2.32+0.03 2.55+0.03 4.41£0.09 1.39 0. 06
B2 2.54 £0.04 2.72+0.14 3.26 £0.06 1.38+0.21

2.7.2 KEERERIEEEREMNEERE HERE
Mk H/ C ANRETE AR B AR P BERE 1, T LAXT 7= i
PR AT A IR0 B o/ N 7 T 3% P 00 S T o b L

o IR 6 ATLLFR 7= 8 G 27 28 2% AN 0
VR T RIRR D B2, 7 YRy i ) B B AR
BL, 500 45 R AT BT AT o

R 6 TREIEMA BRI MRSNEEE T
Tab.6 Extracellular enzyme activities of fermented liquids of different strains U-mL™
IRk TEN i i 1 iy HE = JIi 01 T
Bl 39.15 +0.05 21.20 £0.15 17.68 £0.04 14.68 £0.04
B2 29.19 +0.03 32.14 +0.21 19.83 £0.01 15.67 +0.24

3 WS

UTAESR , ZF AT BR 2 Bl A= 25 1 590 i3z B T
TR FRAE LA AU A 5T AR R A, BRI ok
MfaE A 2 AT TR 2R 2. Al
2RI DR R 2 35 7R e BRI, i) L 2 A
JIPA A At T o 3 i LT 0 1, O ELFC I in I T
ek TS 15 PR, A MR, o mT L A IR Nt A
FRHALIE  JF HAT 518 F R s S AR
TR H TR, DEAT A2 4, o mT LU= A 2 A0
P Joc, 10 g BT ) A I, R R ) AR 2 i 5 R
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ORI ER AT G IR T R PR R A A1) 7
ROCR Xt R g P A BT B A 0K Bl 7 R 46
SR BL A B2 T bR AR BE S 20 WA T B 6 L 2K 1
EFHEZR B RNG G , A BT R A5 B BRDRH S T
fre 0 MR A R i DR P 256 5 T, ] M) A
25 AT B 0 Ak IR BEL KA P o R T R A L)
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