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I A

g 1.2
KECH -,

WME: JRAERLEMEERE —FEERAFAFEWM- I LB A, REN
W W R ERFER TR AN, ALRUBKRERE I ETE, UREL
R IEEE AR, RAEERMER LRI, X ERWM-18 2 8 & i
fifhte. ERER, WHRWM-1RE K BEHRENTEERRLO%. FAFL%. WB
%0.07%. BB A Z470.05%; R KENWHEPH 7.5, HHRIEHL30°C. XRE
20%. IR #210 /min. HEF A48 h, EREREFEMRELBELAET, HHRWM-I
BT B AR 35 (22.5+0.50) mm,  #H vE M AR AL AT SR B T 40.6%. ARFEKE A KR
BREEH IR R T HAAME AFEERBFRATEN A THE AL W E N5

RTINS

KR FREFRBFRNE; BARERE; BRE; KBLH;

FESES:S917.1

W& 7K S 50 T (deromonas hydrophila)/y4i T
F AR G0 25 Rk A, 2K 7= 3 i 0 H A 2 L
MR, SO SRR . WIS E D&
HASEE W GE R AIEY T — B R ARz
WAT, T ALY, B R,
JE AR AR T H R B KR R 5 | R
B B E AR PR R L i, R
SRAE J W oA Ak B — 2 B B IR ROR , (HBEE b
Y RBTAE R RS, 5 1 B A 5% 245 1) 5%
e D DA T 24 P 2 R DL R B o A A I R
3B 2 B R R . Bk, oKk —Fb
A PRI R Y BT R O 2 2 K SR A
W M5z R A, @A WEAH L
RIEH A IIRE . SR IR BT . e MUK
AT L B SR B N g T AR TR
FI R g A8 T RS KR T R R A, By
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SEAR SR A
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PUE K AR TR Y AR, 0TI 7K B T A A o
AANHRIVERT s BRIREBEET TR B A AR FIIK 7= 3l
7 31 — MR ZE A BR B (Enterococcus faecalis),
H e e b 3 W RE AR A3 1 e K AR TR Y AR
Das % U A5 B TR A RO T 128k iE K <R
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L R 3E 11 W8 KB M B A B A FLR
¥ # J& (Lactobacillus) . 125N 1# J& (Bdellovibrio)
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I 5 Ut B K RE KR U b J B 0 3 3 — bk B A
AR PE B AR WM-1, 250 o L
TR RUZEAURT I o W S5 IR W (Methylotrophs) LA
i HRER T, AR5 A HO I PR LAY 4 R
6,48 2 BR & (Staphylococcus aureus). KRG HT & (Es-
cherichia coli). TRMEEBR T (Streptococcus pyo-
genes). ZEMAT 1 (Pseudomonas aeruginosa) . i 52
e 75 A [C R (Klebsiella pneumoniae) 35 #5 A 1 il 1
RN, AT AEGURE AR . R H I R AF 2 Fh
PRSI, B R SR R SR AT P
¢ EAE TR E DG T, SR TR HAE
WO Ak R R A ISR Y R L NUUE (810

it T il W SR AL HLAT R WM- 1R
TR Y % I A B R TR D B Y AR L AR v TR R A
BTGP, A SCE e AT AT ST TAEBEAR b, XS
PR & I 35 5% 3 o3 Bk W R A AT LA, DA
3 Fe il S BE AR, R R BIR B 4 i AR 0 RS
PR, SR 5 AR 7 O R v e K R 1 AR )
B 6 P BE AR 4R

1 MRS
1.1 #H
AKX 1 A 3567 75 0 2R A AT B WM- 1R

A S0 2 i W FE 4 (Cenopharyngodon idella)37
Bt 3R (R DR e K ™ 3R BE A RS W) ) o3 s i i 7
B, KM YRR YR B
e R AR TR AL 43 B T AR I A A RE £ AT
WY, BILEFMN6S rDNAG T- X 58, LIFHR
90 % B TR R B AT SR I O

BARA LBEiRAETHREANRI0g, BEEE
FEEUHS g, NaCl5g, 7K1000 mL, pH 7.0~7.2;
FEAl & R SR R HNH,NO; 1 g, MgSO,+7H,00.2 g,
K,HPO, 0.5 g, KH,PO, 1.5¢g, NaCl0.5¢g, /K
1000 mL, pH 7.0,

1.2 kEAEEBERHSIE

B ER FRIR R A B TR D WM- 130 46
BERh T ERLBE-Me, 37 °CHi3%24 h, BIF53)1%
L5 TR

TR E S PRIBUE LS By SR I
THEA 50 mLIK AR LB 77 1 19 = £ i P (250 mL),
37°C, 180 r/minZ& {4 FH5#£20 h, EAF T,

RA LR E WO T IR 1% 2
BEAT 20% K BERG FEIEAY = A (250 mL, 1 000 mL)

i, 37°C . 180 t/minskff FH; 3748 h, HUK BRI
5mL, 8000 r/ming.[>10 min, FF13 3] LB I
T 0.22 um JC B 8 PR L R PR B, RIS O &
B2 o

1.3 HIEEMHNE

PR R WM - 130 B 36 P 0 2 BR 2R TR iR 1)
41 mLk BE A 1x10° CFU/mLAY 8 7K A B 3 T8 B
53 mLig #1550 °CZE A7 1Y R LBR: 37 3L 1 51 1R
&, BATREEE LB b, HSUE .

B 5 FH G B B8 1 B EL K TR AR AR B TR 4
N RUZ M L, BRI, 4R EEAR B R 3R
FFm . B4 EAMAL100 LG & B, T
4°CHtE2 05, B T37°CH;3R24h, Ltk
B, 0 A A P LA (LG A AR B

1.4 WM-1E#R &L B ISR B ML

BORREY  ERERNEE SR B, SRR IN1.0%
M FLBE . TV MEYE R . M. AR Hul .
AR TR, 37 °C. 180 r/mink 55 3748 h,
T 5 TR0 1 0 R 5

R IRIE S L.0% M BERERY . 4
B.OEAK. R, MR . MREENRE
PEARR S mh By 3R S rh i SUUR R AT R BERE 3R

TE KRR TR 1 M
A RS ERAEMR AR LR L,

ASIMO0.02% M B AR Bl . BRAREE . A ALES . BRIRL
B AL, BEERE M eRh CHLER , AT R R
B ge, M0 T R 0 B A

ERRE MRIEAT IR AE AR, AT
AR AERR IR . AR L A BRI R, Dk
V2 T 04T B O O 5 AR B, AR TE S IR
TE, W0 7 JE 20 R Ak A I A O P Y
LA

1.5 WM-1E#k & B & a1t

TE Bl B R L SR b, X BRI 7% 1Y B
(B JRLEE . BRIRFG . W AT AL .
RENAL BRI A, &L A I A TG B & TR
)41 RT3 1 o

¥ A A6 pHAL *t & B & 37 B & M ) #oh
TEF A IR R A BIE BT, 400l i 8 By AR A
WItHpHIE 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 37°C,
180 r/min & KT 3748 h, A e PRV () 00 AT 35 12k o

BB A A BRI E RO R 1
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HAM R R KRBT, ®PE25. 30, 35 .
37, 40 °C, FEHE SRR B RT  EA BR 0 E 1Y
AN

PR AT R BRI E E R F R 1
AR 55 5 AN G LR, I B R R % 43 5
120, 150, 180, 2101240 r/min, % fERs 57
T R TR VR A0 TR T 1

FOREA K BRI E E WG Fh 1 H:
b K5 55 5 NS OLT, BB W SN
8%. 12%. 16%. 20%. 24%. 28%. 32%F = ff
(250 mL., 1000 mL)#EF785 5%, H 2 H X & B
EUIERER AT

3 IR 1) 2 K B R AT B E A Fom 1E
HAbRE AR T, a5 ZER 12,
24, 36, 48, 60172 h, 5E K P I 1R 15 1k
B[] AR AR 17 B o
1.6 HIELIE

S0 KA 8 8 SPSS 22,045 iR E HE AT 43 AT
A3, R HOF Y £ 65 fE 25 (mean+SD) 3R IR ;
P<0.054 25 5 B % .

2 4

2.1 WM-1E#HAEBEFERLER

T 2R R 3 B AR WM-1 & B R 47 ] 7% M 69 %5
wh RIS RIBR IR 2 T b5 7%, 2 T T4V T i
B AR . 25580, 24 LLn] i M By 1 Ry ik
JEINE, 10 B B AR5 (16.3+0.57) mm, & BRI
WG PE s, W T HMS AR, ko
FUBE ;R RE BRSO R, B0 TS AR AR, K
9 FH 1.0% 1) AT UE R A A B AR U (151 1)

TR SR X AR WM-1 L B R A7 B & M8 %
o ARSI, LA REAE R AR,
R WA B P ELAR B R, 1531 (18.3+0.58) mm,
IR I M e LA R A SR TR T B O T
55, WA RE B AEE IR (K2),

RE) A B AR WM- 1K B2 7 37 8 78t 44
#rn TR YA K R T A ) —
REFRWR, MULERERKEM/ALT SR T
., MR b 288 R B, 7855 35 3 p 20 S s
INEEERAE . BRPREE . SALES . BRIk . BEMR
TR SRR IR, X A TR ) IR T Y R
HEVEFH 5 JHHp 8 0 i 1R B RN Wl TR Al Bk IR W
PGS PRI W , SAEAh ISR E A B E =
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HH

inhibition zone
HH

V7 | A% /mm

12 3 4 5 6
AN AR

different carbon sources

1 REERR & B R INE A AR
LFLHE, 2T RVERY, 3R HE, 4ENE, SHUh, 6 HIA B .
FRERFAR & U 2 W] 2 57 23 (P<0.05); TR
Fig. 1 Effect of different carbon sources on the
antibacterial activity

1. lactose, 2. soluble starch, 3.maltose, 4. glycerol, 5. glucose. Groups
with the different letters showed significant difference(P<0.05); the same

below

20

HH o

H o

Hi o
HHo

16

HH e

Ho

12

I Bl B 45/mm
inhibition zone

1 2 3 4 5 6
ENGIEY
different nitrogen sources
2 FRERIRIRX & B RN EE M AR
LEEREYY, 2B AN, 3FRE, AR, SHmM, 6.mmek
Fig.2 Effect of different nitrogen sources on the
antibacterial activity

1. yeast extract, 2. tryptone, 3. beef extract, 4. ammonium sulfate, 5. po-

tassium nitrate, 6. ammonium nitrate

S, B B AR 4 A #(20.5+0.50) mm Al
(20.0£0.57) mm; A AR, K BRI 09T
B PE AR (B13) . UL, MR AE 3% 3% 5 b [ i
VS N R B R B IR — S S 2R TR B F .
BREAFEERAsHALER R 4
BT SEg 2 2, SERRARE . WTIRMEN . R
TR B MR A —# M H AN ER, LR B &
WG E R EHE AR, L3RI MUK & =K 1F
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)
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Hg
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H o

cd

HH®

Ho

I E Bl B 45/mm
inhibition zone
® o o
T T T

a~
T

S

1 2 3 4 5 6 7
AFTEHL
different inorganic salts
El3 FREHNBENEHRWM-1% B R
ME B RS20
LA IR, 28R e, 3404045, 4mME, SHREAZM, 6.5
8, 78R Bk
Fig. 3 Effect of different inorganic salts on the
antibacterial activity

1. Control group, 2. magnesium sulfate, 3. calcium chloride, 4. man-
ganese sulfate, 5. potassium dihydrogen phosphate, 6. sodium chloride,

7. ferrous sulfate

LI TR, BRI IR R A A A M R R WM-1 &
BV A TR VG P . IESS IR ZE R L, A
A TR R e T DE Ay R A PR T K IR VRO TR
SO, T B R S R — Y N R T AR
ANEINE

W 22 50 A 45 R R, 52 T & R A A T
M FERR R Ay A P> A U T > R B > Wk
MR A 8, K4 E HABCD,, BTk
TEH(1.0%) . W (1.5%). FEREE0.07%). B
iz = —#11(0.05%).
2.2 HEHRWM-1%XEEEZEHMH®T

¥ F A pHAA AT A MMWM-1LZ B iR 37 i) 7%
ER O R pH B2 A o 3% % s R ol 1 — >
HEEARbR, BWE KR RpHIE AW, &
PEBAM A PR 5 BT, MpHI 7.5, ST
Pl B34 (22.040.50) mm, 1GR9 1 B 0 (51 4-a) o
L, i Ky 5 2 ol pHIE R 7.5

TR 3% iR at AR WM- 1R B R 37 1 7%
aarh IREERARE SRR, R
M) & e T30 R AR 1 2R, DA R R B P S R
PRI o SR A IS TR A 30 °CY Ak
WA GG PE AR, TR P B4R 5K (22.540.50) mm;
ZJG, BEERFIREAW T &, K EER I

x1 BREEXHBLER
Tab.1 Resultin the orthogonal test of

the fermentation medium optimization

Br9e8/%  medium

RS 17 8 /mm
test number A B C D zone of inhibition

1 0.5 0.5 0.03 0.05 18.83+0.76
2 0.5 1.0 0.05 0.07 20.83+0.76
3 0.5 1.5 0.07 0.09 21.67+0.58
4 1.0 0.5 0.05 0.09 20.33+0.29
5 1.0 1.0 0.07 0.05 22.67+0.58
6 1.0 1.5 0.03 0.07 21.50+0.50
7 1.5 0.5 0.07 0.07 19.17+0.29
8 1.5 1.0 0.03 0.09 19.83+0.76
9 1.5 1.5 0.05 0.05 20.83+0.29
K, 20.44 19.44 20.05 20.77
K, 21.50 21.11 20.66 20.50
K; 19.94 21.33 21.17 20.61
R 1.557 1.890 1.117 0.277

e AL TTEMENER, B AR, COWRERE: D. BERE A K.
AREEZDBIR S KF TR RIGTEAR IR N RARE B ZoH R
FEBR I RE IR £ IR

Notes: A. soluble starch; B. beef extract; C. magnesium sulfate; D.
dipotassium phosphate; K, _; the influence of each factor on the test
index at various levels; R. the influence of each factor on the test index is
reflected

PEE AR T HE((E4-b), L, #%$£E30 °CHE
Sk AR S i K IR

T FOR X B AR WM- 1L B R 37 1) 7 M 49
A P HP 2 T R A R T R KR
Wi 5 2% 0 i A 1 0 B AR WML LI B 305 2 A 7 3
i, MO L 20%K, R B AR A 3)(22.0+
1.0) mm, JIPRR TG PR RO o 2425 W i AT 20% 0
RN TG PEFF R T (Bl 4-0). R, £4820%
F14) 2 YA Ry e A R VR A

AR R A5 R 3T A R WM- LR B R A7 1 75 M6 %
v BEEREIR ARG N, R R B
BT R, MEHIAF 210 v/minf, FHE EAS
K (22.6+0.28) mm, GG VE AR kSR
BRSO EVRCPD TR TG MR B R R, BT LA BE £
210 r/min Ay fe A 5% 3 (K1 4-d)

3T AR BF R 2 A AR WM- 1L B R A7 E e %
o) B % B () 6T 2 T VAT DA O Tk B A S
M. A48 hDAP, Bl A WERS [ B, K T 41D
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WG 558 . A48 hih, SRR EAE KRB, MRETEMEITR T RE(E4-0)0 I, 48h
B (22.0£0.50) mm, HWEETEER S BEEAkSE RHERBERTE] .

24 -~ a 24 a
b b
20 F ¢ ¢ ¢ 2
@ s @3
mE mE it
H 5 =5
EE st S
Eand Eand
4 | 4 |
0 1 1 1 1 1 1 0 Il Il Il Il
55 6.0 65 70 75 8.0 25 30 35 40
pH IR/ C
(a) temperature
(b)
24 -~ a 24 - a
b
20 - de b 20 - 3 . :
g f g
Eglz- Eng—
E E
® = i K 2 L
SE° 5% °
4 | 4 |
O 1 1 1 1 1 1 1 O 1 1 1 1 1
8 12 16 20 24 28 32 120 150 180 210 240
B % #E T /(r/min)
bottle filling quantity rotation speed
© (d)
24
20

16

7 Bl B4/ mm
inhibition zone

12 +
8
4
0 1 1 1 1 1 1
12 24 36 48 60 72
IF[A) /R
time
(©

4 FEEEFE G ERWM-1% BRI EE RS0
(@)~(e) 7 W R RV MR pHAE « L . VR el LA K % T IR ) 0 400 0 1 A 5
Fig. 4 Effects of different conditions on the antibacterial activity

(a)-(e) mean pH, temperature, bottle filling quantity, rotation speed and incubation time effects on the antibacterial activity
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23 MURIEAEGINEEHETK

R B E K I S A AR S TR AR WM- LI D
PG OL, R AL S 0 BE 7 B Be 7 B Bs 5%
A, MTEHWM- 1T R B %, WOEE R BER
JEME M SN, EEIR., ML BILE %
T Y 1) 400 1 BB (22.5+0.50) mm B 3R T Ak w4
B8 (16.2+0.96) mm, & B A1k 45 145 F1) T 42
o AR R O P (BDS) o

5 REBFHRAUITEERWM-UIERELL
() PRALHT S IR P, (b) DAL G 0T
Fig. 5 The zone of inhibition of WM-1 before and after

fermentation optimization.

(a) before fermentation optimization, (b) after fermentation optimization.
N y /\
3 iR

UTAFK, BB A A AU IR AR SO B A R
Bl 2 Wy A 500 2 2% 3 18 R P SR 5 BT Y
PO B IR R TR W A R e A T A
Bl , AN [ B0 R 2 B RN K W SR A, AR R
KEMERE NI ARKES . AOF0dd B R
B A IE ST IR A A5 5 B D7, X R AR WM- 1Y
LIPS G T R W AR VIR B 1 90 o e =
R X R TR R TR A Y 5 I L R 3
BN R B W R BT TR W T 22 O vh
Jot R 22 R AR i, AR R A R R 4 i
AR BAe Y Hoh A MU IR B AR e
X HREFZEFEPRAIEME, SR REZU
R, BIRYIRAE, A YRR AR
Y& M AR . OHLER LA A B, 1
B 7 B RS M @ R I R I A R T e
PR, AMRATTERY, Mg BA fie ik
Ir B2 AT B A A R AR TS, R RE T
Mg J2 A= A i A v e AN AT b B — 384
AE % PR UIE T M R4 AR, e 2 4 B 4 A B

B, DA AR o o R T o T PR

B AR AL SE R B, R WM- 177 3 5
YR H A SEpHIG tEYE I, HpHR 7.5, WA
30 CCH P TR 16 PR dicift, I 4% 45 S s 5 SR 4
JKAKpH (7.5~8.5) K ik BE 35 il (20~35 °C)FAAT , [H]
FEAIE BH 1R bk WM- 14 SR 7K ™ 25 A5 18 N F 3R 38 AR
PR TIAT M . RS REESR AR D, R
it R DR e TN & TR A TR AR I R R Y
BEWR O 20%, %% 180 r/minf A VR 1 B 4
o, SRS R S, AT MR,
Tt B TR R WM 17 410 B8 i 1 90 Joi 27 3 /< o 119 5% T
MR, WA RBGS /AN, AR T &
WD TG M, X5 P AR A B o R — 3

5 P0BR B B0 B I P — R AR AR I
B UL E 7 1 AT AR EANE Y D 4 kD
PRI AN R A0 R 7 0 A [ — T R Y
TR ISR A o AR AF ST R U2 M 25 G 4
PR, 3 I R P AR U R K T D
PR M. 2Kk B, PR S TR bR WM- 1R I
Xof W 7K S B L T A o 3 1 R L B
f£15(22.5+0.50) mm, KT 8 IS SR E 1Y AR
TERY ZE AT I G A P 18.5 mm), R T &) 4 gl 452
07 355 114 il B 2 6T B (47 77 1T 14 mm) L K %) IF Al
SRR I SR o0 ) W 3 O 22 ) — R i U R 2E A AT TR
M IE 13 mm), 5 DLA: R 10 g K S I B
PUARAH G, FARWM- IR PIROR s, 76 R fa g
IR AT PR U IMRE B 3 Hh B 2 R AT T
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Fermentation optimization of a strain Bacillus methylotrophilus WM-1
against Aeromonas hydrophila

ZHANG Jiaojiao *,  MA Fuping ', LI Yanhong '?, WU Zhengli ">, YAO Weizhi >’

(1. College of Animal Science and Technology, Southwest University, Chongging 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, Southwest University, Chongging 400715, China)

Abstract: To investigate and obtain the best medium formula and fermentation conditions of an antagonistic strain
WM-1 against Aeromonas hydrophila, we used A. hydrophila as the index bacteria of the antibacterial. The activ-
ity of strain WM-1 was measured by Oxford cup test. Single factor experiments and orthogonal experiments were
employed to optimize the liquid medium compositions and fermentation conditions of WM-1. The data showed
that the optimum medium included 1.0% soluble starch, 1.5% beef extract, 0.05% K,HPO,4*3H,0 and 0.07%
MgS0O,*7H,0; and the optimal fermentation conditions were initial pH 7.5, culture temperature 30 °C, fermenta-
tion time 48 h, medium volumes 20%, rotating speed 210 r/min. Under the optimum conditions, the inhibition zone
of WM-1 reached (22.5+0.50) mm, which was 40.6% higher than that under non-optimized conditions. These res-
ults provide a theoretical basis for the biocontrol of A. hydrophila.

Key words: Bacillus methylotrophilus; Aeromonas hydrophila; antagonistic bacteria; fermentation condition;
optimization
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