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B OE: OARBEFTRY B HAET LK R T RERKALCA LT F0ATH GL, L83 RE
KAFIHE S1 = A 6947 B A2 % 18.50 mm, i# 1T APISOCH 0 # % & % oA % 16S rRNA 53 4
ik, Bk Gl AT A M4 5 647 & (Bacillus amyloliquefaciens), GenBank % 3 % HM245965.1,
# 16S rRNA /5| 5 K B & ¥ 5F 5047 i & 1 #R 49 16S IRNA A 71 A 99%—100%4 ) B4, W B 5 /%
ST 3 F04T H Ba-74501 (GenBank & 3 5: DQ422953.1)4) F 4 * A &k, HAk Gl 4% iE A Kk pH
A7, mEAKIEE A 30°C, £4£30°C. 200 r/min &M Fe9A K W& AH: 0-6h H 4 KER L,
6-54 h A a4 4 K, 54-90 h AAEF B, 90 h vA B A R 8. sbsl, BHAk GL aF b 2530k A 49 9%
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Identification and biological characteristics of a Bacillus
strain antagonistic against pathogenic Aeromonas
hydrophila of sturgeons
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Abstract: A good Bacillus strain G1 antagonistic against pathogenic Aeromonas hydrophila of stur-
geons was isolated and screened from the sediment of aquaculture ponds, which produced the inhibition
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zone of 18.50 mm in diameter against A. hydrophila strain S1. Strain G1 (GenBank accession number:
HM245965.1) was identified as Bacillus amyloliquefaciens through APICH50 bacterial identification
system and 16S rRNA sequence analysis. Its 16S rRNA sequence had homology of 99%-100% with
those of Bacillus sp. strains submitted to GenBank, and showed the most close relative to Bacillus
amyloliquefaciens strain Ba-74501 (GenBank accession number: DQ422953.1). The best growth pH
and temperature of strain G1 were 7 and 30 °C, its growth curve in the condition of 30 °C and 200 r/min
was as follows: the lag phase was 0—6 h, the log phase was 6-54 h, the stationary phase was 54—-90 h,
the decline phase was after 90 h. In addition, strain G1 also exhibited good antagonistic activity against
other tested A. hydrophila strains. The experimental results were conductive to fill in the data gaps
about the taxonomic position of antagonists against A. hydrophila, and provide scientific data to the
biocontrol on sturgeon aeromonasis.
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B35, BHRFER, RARENSTEME. LTk, &
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TolG g . AP R MR, BB R
REBHE B 50 20 AR, (6 T B g K <AL
PG D0 2R FLAT 5RO AIF o8 B A 8 . SRk, AR
DL 1 BREG R J P v 7K A0 M TR R A T 3 4 s T
MAFRE 5 e Ay B IR E T 1 BRI K SRR A T
ZEAAT B, XA T AE AL E R 16S rRNA
RYRE 0, JE X A R M 00T Al s i P
W 7K BRI B RS BTG AT TR R SE, LA
FE WK R AR UM AE R, N
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1 MBEHRA

1.1 Rl

FEIH MG R, SR T LI I B R X
e L PE g K K M S1 (Aeromonas hydrophila
strain S1), 4325 T 20 TR WU IS %) P 47 1) SIE
FERY KA DHSa K HAt i S g /K <8P T
BRI R 24 P B K A sl D A
1.2 FREKSEREERRNE &

W 52 56 3% FH 0% 45 W8 K BRI T TR R 4 b 2
100 mL JCH#E SR WA, 1E 200 r/min, 30 °C &1
THEIRIRF R SR 18-24 h, X5 T 3 600 r/min & .0
20 min, FHJCH A= BRER K PR 3 W dil B, I
PEHT H R B R 1.0x10° CFU/ML, T 4 °C UK46 155
#H.

1.3 BKSEREENFANENS B5iFE
131 FHFEMSE: 28 Cho &My ikttt
ZEAUFTF R 02, RN 2R AT B o B bk o i e b &
THEEIRNZIG, 18 30 °C. 200 r/min 14 F #2 KR
Vb % 18-24 h Ji5 il L&k 2 1.0x10° CFU/mL 1)
BiIRW, T 4 °C vk R 45 .

132 BAKSBEHEFRFATEMLRBKRNG
B MR Lategan ZFCUXtHbH A 1 B B bR O 0 2 Oy
W, SR AR R OO0 2 AT B 40 S k0 AT B B I
M2 o BN ICHREARAEE 2.5 ul 2F AT B 20 25 bR A0 TR =
WTEAZK 6 mm BWILEIELH L, FRIE40 R s
TURAT 200 pl FE/K TR S P B Y 50 5 7R
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BUIESEHR |, SR T 30 °C HiR ;3% 48 h J5 Mg
FE R =L, IR MR B (>12 mm)ic K 2R
FETR 43 B ARAE I R B RE, LRI FT B4R S 5 e F]
P R

14 BBAKSBERERMFETRREREKRGEE
141 FEKSBERMEERFRFELREKRNERE
FILEE: BRI, H APISOCH 41
DRSS 0 22 0% W 7K PR B DA S 0 2R AT P O 1R TR AR
PEAT A F A A 5

142 BAKSEMERERFATELARERNRS
RE S LIRS B S P02 AT R A R TR
(3L 2H DNA i, XfH: 16S rRNA 47 PCR ™
W HrhIEm 314k 27F: 5-AGAGTTTGATCCTGG
CTCAG-3', I 5%~ 1492R: 5-GGTTACCTT
GTTACGACTT-3', PCR Hy¥ # 251} >4: 95 °C 5 min;
94°C305s,52°C30s, 72 °C 60 s, 30 MEH; 72 °C
10 min, PCR =¥y 2lifk 5% th LA TAY) T
FEABRA R SE L. K575 75 H DNAMAN #4F
ni e, 7E 3% E E LAY E ARG B b (NCBI
I BLASTn /45 GenBank H:[H & & MHY
16S rRNA J7 5 JEA T [R5 s, 18 B ) U5 44 v 11
75 3 F) &4 BioEdit 7.0 Il MEGA 4.0 #1742 &
AR B SRR R RELETW .

15 BKSERERNFENERRE/RIEK
SRS

151 pH XEKSBEREFRFBAITERLREK
KRR LR N 1.0x10° CFU/ML [ FE K<,
PR TSP F AT AL R R R TR DL 1% $E A
HAEF TR pH 4050k 5. 6. 7. 8. 9 MLHE
FWwH, T 30°C. 200 r/min £ FHR% 3% 12 h
JeE BRI ZE A pH T W 7K M TR A B 2R R TR
R PRRT SR ODeeo 1B, LATCHE IR W AES H
XPHE ., LARIaG pH AR BR, ODeggo fH WAL bR
il £&

152 REMEKSBEREERFEAFRERLREK
ERRIEME: HAHKIE N 1.0x10° CFU/ML {Rg K
SRS BTSRRI R TR DL 1% 4
PR TR 8R pH MR EE R A7, 255
F20°C, 25°C, 30°C, 35°C. 40 °C %&M4TF, U

200 r/min $i& % 55 9% 12 h J5 BORE I 2 4% 35 75 T g
KPR PR RS O 2R TR TR A R B R B R ODggo
B, IR EFRRGIEZ AXIR, IR IR IR
He R, ODego TH A AR BRZ il i 421,
153 BASEMEERFATEMARBEHKREK
B 2% RO E B HE Sl 1.0x10° CFU/mL (g Kk
SR PR RS O 2R AT ROR R AR IS TR LA 1% H2
Pl A T ReEwI s pH WX HE SRR G, KRG
FTRAERFIRE ST, UL 200 r/imin #73% 8 3%,
SRR R IR)G 1 0, 6, 12, 18, 24, 30, 36.
42, 48, 54, 60, 66, 72, 78, 84, 90. 96. 102,
108, 114, 120 h HCREI 5 W 7K SCE M R 45 0 27 14T
PP R AR IR Y ODeso H, LATCH & 3% R A1E
25 AR IR, AR IR ] Ry i A AR, ODeeo fH WAL B
2l 2R,
16 MBBKSHEEFBMFEAENLRERHM
&R RS S B RREEIRIE S

SR FEVAR 325 POV 532 g 7 A B0 J BT 435 7L 2 R AT BT
DI B TR X i A g 7K =B Y 7T T K (AT C.C 7966
X1, ZN1, T3, R402L. RK1119. 706C)Hy ¥
T, 20 0 SR I 10 SR o B 1 = A L, AR K
ERMET S1 AE s SR g K B R A A X R AR R
2517 38

2 RS540
21 BBAKSEREENFEAEAREKRNS S
5%%F

G TS YR S T 28 MR AE AT, @ ad ik
— 5 H A T R K RIS ST IS BT
T, BT 1 BRI K SRR S1 2 R AT
FEBUIE T ZE AT R bR, Bk GL, HmAEm
IMEEIE E 420 18.50 mm. APIS0CH 415 % & R 48 %t
Rk GL MEMAfLYE e R (R 1), Witk GL
R VE Ry 2 AT B (Bacillus amyloliquefaciens), %
TELERMI NS R 94.0%, HAb, it HEkk G1 Y
16S rDNA 17 PCR #"#, k4% 7 1 500 bp K/
B, HAE GenBank b fJ%5R5 8 HM245965.1,
#at NCBI Mt Ay BLASTn B/ HEkk G1 1Y
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F 1 APISOCH MEEERFLEERNEH GL FAEIRAE (LIFIE

Table 1 Physiological and biological characteristics of strain G1 by API5S0CH bacterial identification system

KETH EEE YEWH £ 5 KEWH £
Identification item Result Identification item Result Identification item Result

i3 Ak Ay Catalase + l H il Glycerol + l JRGEHEEE Erythritol -

D-Bal (1 ## D-Arabinose = L-BiTHi{A 4% L-Arabinose + D-#%## D-Ribose +

D-A K D-Xylose + . L-AH# L-Xylose = ! D-Ji Fif D-Pentitol =

F 5t D- I i AHE
Methyl beta D-pyranoid -
wood indican

D-3-8# D-Fructose +
L-FlZ=6E L-Rhamnose -

D-H & ## D-Mannose

L2 B Galactitol
D-H &% D-Mannitol + D-1LI %L D-Sorbitol

P S5 - D - TH 5 7 265 M 7 N-Z. it & 5L A 4 1

:\ﬁz:?i)t/llalaillgraapeDs-pyranmd ¥ N-Acetyl glucosamine
RERF Arbutin + i LA Esculin
D-4£F 4 — % D-Cellobiose + | D-% 4% D-Maltose
D-%# —}% D-Melibiose + I D-Jif 4 D-Sucrose
A58 Inulin - i D-#A =} D-Melicitose
SE VBRI Adanon + . AT B4 Glycogen

Je I~ Gentiobiose + D-#4 —## D-Turanose

D-¥#% ## D-Tagatose -
D-BT LA #E D-Arabite =
2- i 5L A R R

2-Keto gluconate

D-7# 38 D-Fucose

- L A B R

' 5-Keto gluconate

D->£F| B D-Galactose

L-FI i fF1 i L-Arabite

+ | D-#j# 8 D-Glucose +
B ! L-1BL8E L-Sorbose =
= © JJLEE Inositol +
b - oDt I H BT
T i Methyl alpha D-pyranoid -
1 nectar indican
- DA Amarogentin +
+ 1 k1 Salicin +
+ | D-FLH% D-Lactose +
+ | D-¥ M D-Trehalose +
+ i D-Hii7# D-Melitose +
+ | ABERE Xylitol -

= | D78 D-Lyxose =
- i L5 e L-Fucose -
- | HAERRER Gluconate —

o+ B, - B
Note: +: Positivity, —: Negativity.
16S rRNA J751] 5HEH P E M E KA 16S rRNA
FE oA T RIRE A, SRR VIR GL MY
16S rRNA 551155 GenBank i 1 28 f AT 4 &
FRAY 16S rRNA J¥5IA 99%—100%M [ JF i (% 2),
T ARV B L TR BE G1 16S rRNA JF 5114
R kBEWERE DL DA, WkGLE
fRVE Ry AT 7 Ba-74501(% 75 DQ422953.1)
M FEGRRERIE. SaEamAd e &
16S rRNA [FHI RGEK B /- a5 R HFE, Wtk G1 A
i E M) 25 F AT 1 (Bacillus amyloliquefaciens).,
22 pH WEKSERERFRNFETENRREK
& KA
SEGEEREWI(A 2), Fk GL Mfid A KV
pH N 7. TEE:3RIEWI LG pH JEEIN 5-7 B, itk Gl
R FEWAY ODggo ELFE R pH AY FH = i3 i, 2405 97 3%

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

Witk pH Ky 7 B, BBk G1 5532 UE ) ODego 1H A 2
RAE 1.248; YEEFREEWIIR pH KT 7 0, Fbk GL B
TR 1) ODggo [HIZHTFEAR, YIGFREEAI G pH R 9 BT,
Ak G1 iR ODggo (HAX I HI UG pH S 7 BFHY
66.03%,
2.3 IREMNMEKSBERERMFETERREK
& KHIS2 N

SLE AR KW (K 3), Wk GL 7Rk B VE
20 °C-40 °C WIREEK, HrhRitk GL kA K
5Lk 30 °C, 7E 20 °C—30 °C yulH N, BE& R F iR
FERTHE, AR GL 5537 ODeso (HZ WK, £
30 °C Wik F R KME; Y¥EFRIREE R T 30 °C 0, W
Pk G1 555 W 1) ODeeo {ELIZ M AR, Y15 210 B
40 °C i, kR G1 KEFR WY ODego HH AKX, LN
30 °C A1 68.35%,
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&2 TE¥ G1 A 16S rRNA F35 GenBank £ [F [/ B 140 H & ¥k 16S rRNA [F 51 E iR 14 #9 bb ik

Table 2 Homology comparison of 16S rRNA sequence of strain G1 with those of other strains in GenBank

W44 RS b1 e SHE [l 5P

Species Strain number Accession number Score Homology (%)
fRVEN ZE /AT Bacillus amyloliquefaciens 19E2 FJ705346.1 2 660 99
ZEfAFFE Bacillus sp. TC16 HQ698267 2 654 99
fRIER ZE AT Bacillus amyloliquefaciens Ba-74501 DQ422953.1 2 652 99
fRIERY ZEFAT B Bacillus amyloliquefaciens SD1b HMO055610.1 2 649 99
LEAFFIE Bacillus sp. DYJL-H HQ317199.1 2 651 99
fEVER ZE AT Bacillus amyloliquefaciens 14 HM107807.1 2 645 99
fRVEN ZE /AT Bacillus amyloliquefaciens GBSW11 GU568203.1 2 645 99
fRIER ZEFAT 7 Bacillus amyloliquefaciens HS10 GU323370.1 2 643 99
fRIER ZE AT Bacillus amyloliquefaciens IMAUS80229 GU125644.1 2 643 99
fRIERY ZEFAT B Bacillus amyloliquefaciens WSM-KSU301 HM753630.1 2641 99
fRVER ZE AT Bacillus amyloliquefaciens BFE5322 GU250445.1 2 639 99
fATER 2EfFF B Bacillus amyloliquefaciens BCRC14193 EF433408.1 2 639 99
fRVEN ZE /AT Bacillus amyloliquefaciens AG1 HM989844.1 2638 99
fRIER ZE AT Bacillus amyloliquefaciens JS HMO055608.1 2 638 99
M ZEHIAFE  Bacillus subtilis MH25 EF488103.1 2 641 99
P AT E Bacillus vallismortis ST47 FJ386541.1 2638 99
ZEAFFIE Bacillus sp. HNRO3 EU373340.1 2 638 99

Bacillus velezensis strain An4-2 (AB244441)
94 |Bacillus licheniformis strain H3 (F1713021)
Bacillus amyloliquefaciens strain TCS (AB300808)
Bacillus amyloliquefaciens strain TC3 (AB300806)
Bacillus amyloliquefaciens strain GBSW11 (GU568203)
- Bacillus vallismortis strain JY3A (GU205781)
25 Bacillus subtilis strain NEW2 (EU771079)
Bacillus subtilis strain QD517 (EF472261)
Bacillus amyloliquefaciens strain Ba-32732C (EUS531505)
36 Bacillus subtilis strain TC-1 (EU489517)
30 _| Bacillus sp. strain AmS2 (EU864532)
Bacillus subtilis strain 261 (EF445123)
75|' Bacillus amyloliquefaciens strain Ba-74501 (DQ422953)
Strain G1

Bacillus subtilis strain Pab02 (EU346662)
30| 36 Bacillus velezensis strain BM-Y3 (FJ426275)

60| Bacillus amyloliquefaciens strain 19E2 (FJ705346)
Bacillus vallismortis strain ST47 (FJ386541)

94
68

58

—
0.000 5

1 BESEEHENETER GL16S IDNA FIINRKLZE W
Fig. 1 Phylogenic tree based on 16S rDNA sequences of strain G1, constructed by Neighbor-joining method
T 55 TS URE R GenBank #5543 3 BB FARITH 1 000 RSB — - ML, 5 RZIEEER 0.05%0 )5 51 25 5.
Note: The sequence number in the bracket means the GenBank accession number of the strain; the number at the node means the percentage
of occurrence in 1 000 boot-straped trees; the scale bar means 0.05% sequence difference.
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Fig. 2 Effect of pH on the growth of strain G1
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Fig. 3 Effect of temperature on the growth of strain G1

24 MEKSBREEERFAETERMLREAKRNEK
2%

TIRLE SRR (E 4), Witk GL MR Mg h:
0-6 h A KFER M, 6-54 h X%k K, 54-90 h
ke, 90 h LUJE T,

25 MEKSBEREERFETEMLR BT
R R K S BRI IE N

IR EEREKYI(# 5), Wtk GL XfLg kIR 8
PR [ 1 R K S M T A RGP s o ok, =™
A B B AR A 1E 11.0 mm—18.5 mm 8], SR,
DARE GL XA [F] g 7K A B B TR AR A 45 B0 T A T
ANTA], FEXTRE K AT X1, P /KR HLM TR R402L
S PLIE M5 X K T ST IS HUis PEAE 2,
T 0 W 7K A A ATCCT7966 . ME /K< B 1 ZN1 .,
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Fig. 4 The growth curve of strain G1
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Fig. 5 The antagonistic activity of g strain G1 against
Aeromonas hydrophila strains

WER AT T3, MEK TR RK1119 HIRE K<
PTE 706C AR PLIE M W T T g K S
PR S1 S PLIE 1 o
3 i

I FHSGUIA: DA K R o JE TR 1 AR, 8
o JAL TR 1 AR T L B0 R B, R EA T B B TR
ARFBL, B AN B PSR =25 4 A
B ftn, TARAEE ) S 2 A0 2t K i
IR FE PR HEAT T BESE, I I AR AT
# (Flavobacterium odoratum) 2% 7 Bl fi% 2 Jfd
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(Pseudomonas pseudoalcaligens) . % K {i i if 7
(Pseudomonas putida) . i & 2 4 T B (Bacillus
licheniformis) %5 — S5 5 I M 9 R B A B 445 PG
PERYBERE, (5 H FEE Py 7K R v K S
PSP RS D, (URPIE N | Zepk A 212
XoF I 7KL R R T TR 1 O o B LS e i . AR
S tEG A DG RIFFE, I L35 R X I K S PR TR S B
WA R e . S, ARSI, 1 BREFIRIE K S
PAH RV S T s TR, DA SR T e v A3 S R
T 1 BRVE KB TR S P ST P A R R AR ——FR
VEM ZERAT IR GL, Jfak— % AR A AR A
KR LA K R S8R B S5 T /5, AU R T 4
] N g K M B B B R Sy S AT . AR e
SETTE AN, T HL AR R 3 6 £ R 5 i AR g K
L TR Y A P B P B R AR BERL

A0 R R AT SR 5P RE M ik 2
— I3 A T S B T e 0 A T ) B
FEAE AT DX, T L n] DO B BAT A KA He A
S PIE A . BRI, AR SEa0ak FH ARG 3 0kt T
W 7K B R TR 5 B 2F TR AT TR O R DA R —— A VE B 2
AT Gl ARZWEFRW, i VE K 2 FAT 1A B 2
PAERMEER . IR ER . SFFRT RS
PU BRI, Az i B 5 ae ) . 2
ZEAUE S X R B OR T . R IAAT A L A R R
MOE . BARE . AOSKE . Sl ES M
AW EA BENYUERN, BEATFEE IINMA
Yy D4 S e g 4 RN AE — E FEJE E A
T VE R ZE AT R ] B K SRR TR A L, Al
FEUESE T A UE M 25 AT TR AR S 8 /K AR M TR S B 7
I FH 5 f g R SR W T AT . BRI, Ve R 2F A
FFE G1 RBHE ™ AR Ay B 4 on, JHoam o k) IR
Je TE SR DY SRR T o X T8 B RE R AR
DL R SR TR 5 R R an ], A 1 Tk — IR
N L

H RTTEA B 40 25 %8 Ik |, 16S rRNA J7 5143
BTk APL 20 TR S8 08 2R 4032 40 T 43 R 48 1
MS ARG, T ENIMIAEY ¥R FDA.
NASA . TIGR. NIAID % Z A E FRAUS AL A AT, 5

XA A EAS e o TRIL, 40T o0 282 58 20
¥ 16S rRNA FE51 50 H Al API 41 15 %6 52 R G Wifh 7
ARG G, MBS ik Rl e, S S5 Al A |
HERT, ARSI AE X AR GL AT 4rF % R
EE T APLANTH % E RGN R GL A LA (L%
FELE DL M H PR GLAY 16S rRNA JEH 43 Hral 8,
ZHffE R GL N TE M 2R IRAT IR . SR, BEBE G1
5 R B RV AT I Q-12 E HH i
D-BaT R AFBE . D-A2M A5 Jr 1 i AR B A fb AR A TR
A7 T H 5 GenBank Hh [a) PR 455 e A7 E B 2670
FF VA TR R =2 ] A7 7 — 8 (R B) 25 5, 3 AT e 5
TE A ZE AT BB bk 22 ) K ) B 2 5 D) R A KBRS
B AR A 0,

— R, 2 TR AR O R B SR R B A
VIR e B S AR K AR AR B DA G, T pH B 15 5R
W IR e AED0 Rk, ASIIRRTST T R GL
MR AREE . BTG T VE R 2 FLFT TR 1 A KRR
AN AR T HISEHT IS, B, AR g
X EL KA B 28 HLUTE A 14 R VE B 2T B IK—JS3 1Y
B R N SEJR R B, 4B F I R AA MR I 7 UE B 2
FFF B IK-IS3 [ fad 35 3R IR 37 °C, Il Wilh
pH 4 7, Bl B FRIHE] A 10 d; ZEmems 0% 1 bk
fif VE 0 ZEAUAT DR R SR Rl AT AR AL JS R BH, R T H
ZEHUAT I SAB-1 Wi A KR E N 31 °C, widA
KA pH R 6, fid HEFEu R 26 h, M4 SC5G
4y B ASE R UE A ZF AT I GL M adE A KIRE A
30 °C, fif KIS pH R 7, Sl B IR E N 54 h,
SR TER S TOAT I JK—IS3 7E R AR KR B AN 3R
I E AT TSR], 5 MR 0E 8 2 FFTF B SAB—1 75 it 4]
U pH RN IR R FrAS ], X AT RE 5 R Ak 22 5
RS m w SR SRR 26 Ak, AR SEEik &
B, TR GL X AN [F] g 7K PR A BT AR 8 5 0T P
R, X5 RIS G 45 B ), Al g 51k
AL BT B R A S TR SR T AT O

2 % XM
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