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1. PUmg R iR be, B 4007155 2. PERG R ol W IR EE AR 5T Hhoey, TR 400715;
3. WMKBARWIHEAMER YA IESILEKE, HEIK 400715

HE: NESRMEBEGRBERARER PR ANTERLLERAARRERAG AR, WEHRERALR, AKX
AT PERLLERAG AN SR EART R, AEKRALLRAALTH, KA ERTERERA D
B, RAFEREHATLR; BT WHEABANE, A2 ALHFMRKE, 16SDNA L RAFFf ZAEREF 24,
HMARBTSEEL. A3 IR E R LA AA LI HERNGER AR WM-1, I B EEE 2].8 mm, 2%
A PR E A F A A (Bacillus methylotrophicus). %8 i & /F ) R E WM-1, SR L LM E w5 R 2
F, A —F AR L AR T A AR,

X B O BRRE; EKALRE; TATAASRAHR

FESES: S941 XEktRER: A XEHS: 1673 -9868(2017)12 - 0018 — 06

W 7K R PR (Aeromonas hydrophila) J& TiIRE B AW E B, 2K 7= sh ¥ 0 H @255 UL A0 280%
W RBUKT SRR . NIRRT DL SR I i A A, IR RSB TS, KT IR A i A
FPEE AT, CRIRAMTE Tz R ES .

HAlT, XK R 5 R F B Tk EEAPUERE . PRI B DL A T B A
B R DI AE R R L R R A L B 24 SO BT 25 M R R R T e AR IR Sfe B TR AR
BAET R AP0 R B ] R B R, R, AR B A 0 R B R RSP RR SRS B A e L 4
L AT TR B A I AZ B [ N S T A R R 2 1 DG T AR W R R AE K T SR B
A6 T 1986 45, i TH R RN ET S, CBUAS TR, VP2 L R (. ZRAEF R . AT
J& . KT . FURR T . FLEKTA . ANERTED R 2 QIR TR (. R m . AT TR . IR R L R B
J& AR e T ) #RAE A 4 A2 T T Tk 7 SR B s R AR K 7 3 W i A K B A BRKSF- b 2 ALAT
JED A5 3 I (| 0 o 0 A S W12 1 R 1 N R S S B ) 7B (=N R Tl 2 S UF  HS PO e R N )
P PRSI . KA I L 3R 92 % 1A [C T T Rk W8 2F 4 14 A1 AT AR S 9 5 BUAE FHE 5 1 A 28 16 4T 74 g
A R v AR 8B B B0 M K A R AED

i 2 WIF 5T il A ) g K B TR B AT 5 A A TR AR T2 A LR T . I IR L B M R LA B
TRFF R JE AT R Z RS BRI B IR0 N OF AR B RE 1 55 . REuag R Ab . RCR AR E
()R, M, A i DA £ 55 M I v B L 2 Y X T e K AR TR A R R A A P I T AR A T
FEXS AT RRR S, DU Ry /K 7 37 G ol 2 v g K =5 TR 1) 2E ) 7 ¥ 4 B A B DA

O WHHEWH. 2017-01-05
HEEWH . £FERFH LA AE SCER TR S (201473) 5 Je m A B AR 55 9% & W% 4 51 H (XDJK2015A001, SWU114011, XD-
JK2015C012, XDJK2017D036).
PEFZ WA SRBCBE1993 —), Lo, HR BRI, -850 A, M F K= A v F .
WGES . RIFH, #HH7.
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1 #MRERFE
.1 & #
1.1.1 #&FH

W& 7K S B 1 (Aeromonas hydrophila) 1 VG FE K 2FSh W) Bl 2 B R oR 16 & IH $2 {3t
1.1.2 # &

KA 0 b 35 JEC VR B A R R T o e K 7 SR A A PR ] R TR
1.1.3 #=# A

LB iR (g/ L) AR 10 g, BERHRIY 5 g, EALEI 5 g, pHEN 7.0~7. 2.

1.2 BAKSERMEERENSBS5HE
1.2.1 HR#HEHE

KA RWAMT KR AE IR EACK K AT RS R B, B 107°, 1077, 10 W B B /K B 43 331
A 20 mL K EBEAE N, A7 F 4 CukAETRH.

JEP: THEAMET . BRI 1 g IR, HKE A B KAR, BUGBH RN 10 7,10 °,10 " RIEW. &
BN 20 mL B KBE AN, AT 4 CUKFREHAL
1.2.2 FERAN ik

190 075 R FH A W9 . B 1 X 10° ofu/mL AUFE /R BBV 100 pL., WA T LB R 32 . BT 37 CHi 3%
2 hy SRJEH 1. 2.1 v 0 I G R A B AR s IR A AR R W Y LB AR b, BIE T 37 CHEIRE S 24 h,
L5 A5 0% TR Vi J] PRl 2 A5 77 A 400 TR B o) ] L A R B R TR R i — L s alidl, RE TRk, B ZR KR4l
FhRE =Y, /21 4 CokFH.

SR AR EEAN L . OB UK S AR R B TR A 8 s W W LB Al b, B, AR IR B
THEFE L BADFEEMA 100 pL YIS Y IO R LB, & T 37 CHEEIEFR 24 h, LA HR,
DU 300 B P A CRL AR AR AR LA . IR 3 IR, 5 R = SD VR,

1.3 EMENERE
1.3.1 AEBEILE

FHBS B2 i R vk 0 0 A5 B A0 TR RRIEAT IR M40 B, T 37 “CRE3% 24 h MR IS IE A, KN, B, s,
NG, R B HEAT 8 22 QY B 2R G 5, I B EE (X 100) R TE .

1.3.2 Am@AKT

2 BCIAZS B A B 25 52 T ) R R AR Bl 28 0 2 S 00 B AR O™ %o T R d A7 24 P A b S5 7
1.3.3 Akwgnz

B Fh TR F] 100 mL LB B3R 5Erp, &R BE N 1X107 cfu/mL. EMBUEED E OD s » MBS
B, A5 2 PURE A K .

1.3.4 16S rDNA ¥ 3 & 5 7| n] &

K H CTAB-SDS W8 HU v B T bR SE N 41, FIH R AZ B9 16S rDNA @ H 51 9 47 H 1 L I 3 3.
16S rDNA JEH Y@ A5 9. 27F B 514 : 5'-GAGAGTTTGATCCTGGCTCAG-3", 1392R J% [ 5]
Y. 5 -ACGGGCGGTGTGTRC-3". #£ 25 pL R MK R &4 . W &M K 17. 25 pL, 10 X PCR &
W 2.5 pl, 4XANTPIREW 2.0 pL, 51¥4 1.0 pL, 0.5 U/pL ) Tag DNA B4 8 0. 25 L, #x
DNA 1.0 pL. PCR R 45 95 CHAZ M 5 min; 94 CA2E 30 s5 55 CHE M 30 s; 72 ‘CLEH 1 min;
30 MEM; 72 CHLE 4 min. T8 W 120 0 B0 058 i LIk EAT AN, i B 2R T AR TR IG5
BB A SE M 16S rDNA P T 511 5E .

1.3.5 #M#Z 16SrDNA X H 59 24K AW

XFAr B AR 16S rDNA A 5515 i3 NCBI 19 Blast #6& 2 48 947 5 50 [ A 20 B 36 BB I) 908 2 A
Y FESITE ClusterX #E58 RUFE N LL XS, di ] MEGA4. 0 #44, R KR Ak R g gk b, If 8 i
Bootstrap ¥4, 1 000 (R EE.

1.4 HELE
i Excel " Ge A X 50 Bt AT A B, iR PE G T HE A H S8 + SD 7R R . n=3.
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2.1 BASEREREIENIBEERE
A 38 IS 8 B KR 43 15 0 2 A5 3] 8 R B /K LB TR FE P A (R D). dl ek i — 200, b A O g K AR
MO B R FEBUTE M, B2k 1 RR X R OK R R B R RS PUIE TR R bR . dr 44 WM-1, LB AR i 5%
24 h )5, HANGEE G453 21.840. 763 mm (& 1).
*1 FREEMOEREYE

Wbk 5 PP FEl / mm TR Bk oF TR TH R 4 5 I B/ mm TR ke Sk U
WM-1 21.840. 763 iU SM-1 11.14+0.577 IKHBE
WM-2 11.34+0.577 % e SM-2 11.80. 288 IKBE
WM-3 19. 540. 500 iR SM-3 15.040. 500 IR A
WM-4 19.14+0. 763 JiE e SM-4 12.040. 500 IKHBE

T KPR E AR EZE , n=3.

(a) FT (b) WM-15 7%
B1 RRENGE
2.2 HEMEE
2.2.1 WEFHIE
37T CHiFR 24 h 5 WiEE, HIWEZFE ., AR 6, REAHICRIGE, DEELR, NEV], Kilt, R
FLAb: H59E A8 h )5, WK RIS T8, SRR EM AR SR b, & B3R 25 5 T8 LA Rl B e, 5
QYL P, AR, A A BREEITE S WA 2.

W T i
e = >y
.~ . e

J \ -
~ .

> .~ &

(b) WM-1E{AZF R E(B, X 100)

(a) LBEEFRE FRIWM-1BERS
B2 WM-1ESEME
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2.2.2 LT ALAAE

P PR AR BEAE AL I 25 S (36 2) R, WM-1 TR AR Aol 1 . 480 280 00 7 IR L M TR R 38 R b 5 BHAME 5 AP A TR
i, RIS . HLS A B BAME . ABETE 7% NaCl 5384k B K.
z2 WM-1 HHREIEIE & IFME

W 5 35 GE5 W 72 37 g
1% fi + G +
V-P il 5 + HEBE +
s + % +
3% 3 e + 7L +
T + B +
s 2 K A + R —
WA e K fit + D— T %4 +
M K + % +
0| + R -
H, S 7 - pH ) 4 —
i ke 3 )5 + R % -
Ve CHUFORMYE; < — R
2.2.3 ARWE 5] 1%
P AR AR IR an &l 3. 0~8 h MIRZE M, 201 130
8~25 h M4 KX HU . 25~90 h ALK L} 1> g
M. 2RO MR R S 1] - 13
WeRE AT IR F] 3.5 X 10° cfu/mL, H AE B [H] osh s | 1'0 &
(RF RS, 40 A T ELAT B 09 2 K B 0o 100 °
FyRIE (R FFRE TS AT BB BTG 52, op gt
2.2.4 168 rDNA % E A5l 5 & %% 7 # 0" 10 20 30 40 50 60 70 80 90 100
O3 R WM-1 Br 7 34 /%) 16S rDNA F1&)/h
P FEFNK BN 1350 bp, BEFEHIAH XS B 3 BB WM-1ZELBRAE FEKHE

555 GenBank, 375 % 5% KY235674,

F A NCBI I+ Blast 277 BEAT RIRMERE K. A B> B AR 16S rDNA J¥ 51 5 B 28 I7 B 2F JAT 11 2R 5 0%

Fir, RIIEPERIL 99%, HAGLTWILE 4. &5,

2
G

B 5 A AR EE . DL S 16S tDNA J¥ 31 43

Mrag i, BERM WM-1 B B8 352 R 2R f AT & (Bacillus methylotrophicus).

KY 235674 Strain WM-1
Bacillus sp. strain P25(K'Y084466.1)
8 Bacillus subtilis strain ZJ2(KY121111.1)

Bacillus methylogrophicus strain S542Ba-104(HQ238607.1)

Bacillus siamensis strain B268(KY129717.1)
Bacillus lichenifomis strain B63a(KJ531953.1)
Bacillus sonorensis strain B63(KJ20292.1)

94 70

Bacillus cereus strain PDKV II(FJ877141.1)

9(l|__ Bacillus psychrosaccharolyticus (AF478069.1)
100 | & Bacillus maroccanus clone marl F(AF478066.1)

Escherichia coli (AB269763.1)

ﬁEBacillus coagulans clone Bcoa2(AF478062.1)
Bacillus mojavensis clone MOJ1F(AF478089.1)

4 HE#k WM-1 EF 16S rDNA F 5t & % 4 L0
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TEHU A ZEE T 40 T2 o TR -4 1 25 301300 8 00 [ 1) A 7 35 05 7 0 A 00, Al o 5 B
N P 3 IR BT R N U ) AT S DA A B S B B v O T ) 1 % O I K S R I A R AT
FEHUIE P L R AT . B SCHR IR S A, L BN TR E BA . H AT A
G TG 2 T Y 8 S TR SR TR R M b /K 77 26 26 B O RGE . AR 30 9 B T I g

P 2 O 9 R B 0 P P i 2 — o (R A AT e Sl R U RE v e ) AT
BaiAl, WA IR Smith 25022 [y SRR R VRS . SR AUETE . RIS 7 TRE T 5 4 B 0 A T 1
AR b, I AN AT L 43 ORI B 7 A 90 B P e P 1 S A M L T D O
RO SRS G AR A 5 24 0 358 FF . LA I 7k 5 45 U R B 38 R BE 0 40 T 7 P A I 2
T, LA LS LA 2 R AT S B T

AR I X 43 B 15 ) B H BT MR AT T AR AR AL R K 16S rDNA FEFU AT 5 20 0 5 oy FT L 7% 9 700 2
FURT T, HCH B P AR 200 8 mm, O T SR ) DA AT Sk 0 M T O 1 1 R B 2R FLRT I O
BBl 13 mm) o 00 T 594 U 4620 DGR B T 7 56 P D 25 2R T VBB 15 mm) o DR 4 T N B
i 385 43 Bt 3 Ml I K A LY T A IS BRI T A SR TR T IR 14 ) PRI 5 LA A (1
KT A AR L, R AR B,

b T 7] — P A R () 0 2 4G A% P T MR £RE L JELIE L B 7 S A R0 258 7 1 1 0 M ) R S ) R
[ 22 454 T 22 B2 AR IR 58 4 AR SE I 8 4 U F AT, DRIV B A 1 Bk B0 L A D0 7 9 00 28 4
PEF . B BT HE M, IOFE R BT F . B TR WK S W 1 2 R A TR RE (S5 0 . A 1%
HE— B B R IT R SE . 55 40 o 01 7 92 0 T vh 32 AR 22 D9 2 B 00 {91 B0 76 i 3 A B S TR X T
B 4 5 BIL A LA B0 T ML 2 ) R A I O 0 ) (1 R B SR AT I L B BT R U
Ge 4oV, IR XS RN T 5 R AR AT VP AS 8 LR BLIE S 0 25 AR T . BT SR B A e S e

S X

(1] RhARSF. B0 i v K B TR S H i Bt 265k [T, K™ 244z, 1992, 16(3): 282—288.

[2] JANDA J M, ABBOTT S L. The Genus Aeromonas: Taxonomy. Pathogenicity, and Infection [ J]. Clinical Microbiology
Reviews, 2010, 23(1): 35—73.

[3] SAHUL HAMEED A S, BALASUBRAMANIAN G. Antibiotic Resistance in Bacteria Isolated from Artemia nauplii
and Efficacy of Formaldehyde to Control Bacterial Load [J]. Aquaculture, 2000, 183(3): 195—205.

[4] CANTAS L, MIDTLYNG P J, S RUM H. Impact of Antibiotic Treatments on the Expression of the R Plasmid Tra
Genes and on the Host Innate Immune Activity During pRASI1 Bearing Aeromonas hydrophila Infection in Zebrafish
(Danio Rerio) [J]. Bmc Microbiology, 2012, 12(1): 37.

(5] W A, fafmucE, BEMENE, 45 W5 g K S T KT T Y 5% 1 AU fa Ah A i e e sR AR A2 AL [, VU RS R (A A
B2 RD 5 2014, 36(5) ; 28— 35.

[6] GRIM C]J, KOZLOVA E V, SHA J, et al. Characterization of Aeromonas hydrophila Wound Pathotypes by Compara-
tive Genomic and Functional Analyses of Virulence Genes [J]. MBIO, 2013, 4(2): e00064.

(7] 8 5, F#kA. BRI E BRI [T, AR EFRE:, 2012, 35(2): 126—133.

[8] DEL CASTILLO C S, HIKIMA J I, JANG H B, et al. Comparative Sequence Analysis of A Multidrug-Resistant Plas-
mid from Aeromonas hydrophila [J]. Antimicrobial Agents and Chemotherapy, 2013, 57(1): 120—129.

[9] HANSEN G H, STROM E, OLAFSEN J A. Effect of Different Holding Regimens on the Intestinal Microflora of Her-
ring (Clupea harengus) Larvae [J]. Appl Environ Microbiol, 1992, 58(2): 461—470.

[10] GHOSH S, SINHA A, SAHU C. Bicaugmentation in the Growth and Water Quality of Livebearing Ornamental Fishes
[J]. Aquaculture International, 2008, 16(5): 393—403.

[11] HAI N V. The Use of Probiotics in Aquaculture [J]. ] Appl Microbiol, 2015, 119(4): 917—935.

[12] H #&. Bk B, awe, S —BRE/DZFRAFH BL AL % 0w X HSTE S HEor s (1] K™ R4, 2015, 34(3):
161—168.

[13] JEl 4, RGBT, W4 I%, 55, B FUM 5 0 0 R A vk 20 JFF B no 0 s SRR A ot L) KA A 2=k, 2012(D) .



6 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 39 %

78—84.

(147 Mz, 2= X, b W, 5. BSR4 FAAF W e [T, R 2009(22) : 11—14.

L1570 XS0 A 1T 3k 67 Y5 g 7K < B0 181 45 B0 1 1) 5 30 S A b e PEARF S (D, i &t M st k%, 2013.

[16] ZRF5 8k, #Wb0e. W WLANTAH R G40 TF (M. dbat . Bhof s, 2001 419.

[17] REI5F. AR A P2 LB BOR [M. UM WA Ak, 2011 302,

[18] KESARCODI-WATSON A, KASPAR H, LATEGAN M ], et al. Probiotics in Aquaculture: The Need, Principles and
Mechanisms of Action and Screening Processes [J]. Aquaculture, 2008, 274(1): 1—14.

(190 #2530, oA, A 382, S5, 8 IR JH 0 15 B0 AR 81 1) 0 B 4 iRl 2R [T 0. b B AE W B v % 4k, 2016, 32(2):
215—220.

(200 RREXSWE. WZLLD, BTHRIN ., S5 70 %9 76 2 i 26 B o Y B8 95 AU 2R JAT I T3 i %8 S B Gk [T, s EAEY B iR 2
. 2016, 32(6): 775—782.

(210 HE &, LM, B EE 35 AL 28 A0 1R 0 500 B 16 7K f 40 1 v 4 B F E) 25 200030 [T ], SRR BB . 2017(5) ¢ 105.

[22] SMITH P R, DAVEY S. Evidence for the Competitive Exclusion of Aeromonas salmonicida from Fish with Stress-In-
ducible Furunculosis by A Fluorescent Pseudomonad [J]. Journal of Fish Diseases, 1993, 16(5);: 521 —524.

(23] XA, SJRSC, BFIE, S 1 BREKSHNE B 350 %8 SRR [T, KA %20, 2014, 35(3): 82—87.

[24] HERAC, WERLIE, 83 ., S5, SR IE Py 0 ) w8 K SR TR 00 T T i AR TR O 3 A HORR R IE ST [T WOK Gk, 2012,
42(2) . 22—26, 39.

[25] PADILLA C, BREVIS P, SAID A, et al. Inhibition of the Growth of Enteropathogenic Bacilli by Bacteriocins Produced
by Micro-Organisms from the Sediment of Wells [J]. ] Appl Bacteriol, 1990, 68(3): 289—295.

[26] F G5, B, 250, 4. 3k A K& fi (Pseudosciaena crocea) i W9 T F5 BT A O TR i 5 %5 € [J]. @S5 HE .
2010, 41(5): 707—713.

Screening and Identification of a New Antagonistic
Bacteria Against Aeromonas hydrophila

ZHANG Jiao-jiao"?, MA Fu-ping'?, XIONG Bo'*?,
SU Sheng-gi"*?*, WU Zheng-1i"**, YAO Wei-zhi**

1. School of Animal Science and Technology s Southwest University s Chongqing 400715, China ;
2. Research Center of Fishery Resources and Environment , Southwest University , Chongqing 400715, China ;

3. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, Chongging 400715, China

Abstract: The objective of this study was to screen and characterize an antagonistic strain against Aero-
monas hydrophila from the water and sediment samples of a grass carp culture pond. In the present study,
we use A. hydrophila as the index bacteria, use the point spraying method and the Oxford cup method for
the antagonistic bacteria primary screening and second screening, respectively. The isolated antagonistic
bacteria were identified by morphological characteristics, physiological and biochemical characteristics,
16S rDNA sequence and phylogenetic analysis. From the water and sediment samples of the grass carp cul-
ture pond, an antagonistic strain WM-1 against A. hydrophila was selected, whose antibacterial circle di-
ameter to the pathogens was 21. 8 mm. Strain WM-1 was identified as Bacillus methylotrophicus. A strain
(WM-1) with high antagonistic activity against A. hydrophila has been selected. This research provides a
new microorganism resource to further study the antibacterial mechanism against A. hydrophila.

Key words: antagonistic bacterial strain; Aeromonas hydrophila; Bacillus methylotrophicus
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