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Purification of Vibrio anguillarum Growth Inhibition Factor Produced by Bacillus amyloliquefaciens H41,
Hyun-Chul Shin, Kyung—Tae Chung Kwang~Hyun Kim, Byung-Woo Kim, Hyun-Ju Kwon, Eun-Woo
Lee, Jong-Hwa Yum', Eun-Ju Rhu’, Yu-Jeong ]eong and Young-Hee Kim*. Department of Life Science
and Biotechnology, Dong—«euz University, Busan Korea, 'Department of Clinical Laboratory Science, Dong-eui
Unwerszty, Busan Kores, Deparhnent of Cosmetology, Hans University, Seo-San City ChungNam Korea,
*Graduate School of Fwha Womans University, Seoul Korea - To study the possible use of probiotics in
fish farming, we evaluated antagonism of antibacterial strain Bacillus amyloliquefaciens H41 against the
fish pathogenic bacterium Vibrio anguillarum NCMB1. The purification of growth inhibition factor pro-
duced by B. amyloliquefaciens H41 was achieved by obtaining supernatant of this bacterium. The
growth inhibition factor was purified to homogeneity by 70% ammonium sulfate precipitation,
DEAE-sephadex A-50 ion exchange chromatography, sephadex G-200 gel filtration column chromatog-
raphy, and sephadex G-50 gel filtration column chromatography with 40.8 fold of purification and
2.9% yield. The molecular weight of the purified growth inhibition factor was 48 kDa as determined
by sodium dodecyl sulfate polyacrylamide gel electrophoresis. The optimum pH and temperature for
the growth inhibition factor were pH 7.5 and 30°C, respectlvely The activity of growth inhibition fac-

tor was enhanced shghtly by some metal ions, such as Mg”,

of Co”, Hg", Zn" and Ag >

Mn'", but was inhibited by the addition

NaCl stability of the growth inhibition factor was observed with 50%

residual activity at 3% NaCl concentration. Toxicity test showed that the purified B. amyloliquefaciens
H41 growth inhibition factor did not affect the live of Japanese flounder (Paralichthys olivaceus) and
the effectiveness was 78% of residual lethality compared to commercial antibacterial agents.
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Al 25 % e
2 A7olN AL4E FFE 408 BN V. anguilla-
rum NCMB19] A&o AAH-8 Yeld= <1 Bacillus amy-
loliquefaciens H412 #2|[7]3A S o]& AME3sIHT V.
anguillarum NCMB13 9] v ol = peptone 3Hd 8] Z] o] 3%
o] NaCl€& #H7}ste 37°Co| A 24A17F vl eks}H 11 Bacillus
amyloliquefaciens HA1aH-&- G4 A o A[7] 3] A A 3] &4
Adel HA Z7<Q] peptone 1%, yeast extract 1.5%, NaCl
1%, sucrose 1%, MgSOs7H;0O 0.05% & Al-&-3tg o, vk
H7 L5 35°C, pH 75, Wk A7HS 20417ko]n] g wo}
A s I $ A4S el B¢ 3598 35
(3,000x g, 10%, 4°C)3t] HA <] HA Aol AE-3% T

7 MSTo MiHSd Ha 2 #M =3

E B el AA kel F ASEE 660 nmoj A &
334 % 7)(Shimadzu UV-160A, Japan)& F3 52 233819
I AT 402 CFU (colony forming unit)/ml & A&

{

SR AAgo el Asede FFe £F F=AE
AHg-ste] 280 nmolM FBEE SA st WHH Lowry™y
(9]¢l ¢}stod Folin-phenolr] ofol] g KA ¢H-719 EF
FAE AT UE AR FFEE 500 nmol| N EFH4
of efAste Gl Fa st Asf=EY 4L V.
anguillarum NCMB1 & 24A]71 4 OOFJ % B. amyloligue-
faciens H41 vt79] 24 AR £3ES Fosty w5
A7l & CFU/mlg YehfSit 1 umt«] A4 CFU 50%
2 AR

2 849 A5 3 gueon 8

AsiZd At H4 wjA|oN thF v F o] ufj gy
= 944 -E.—ﬂo}oq Fedtte We Ha £ A2908 g+
o) A7 HHol ALHAYT. WF AT FUPRES
70%% E3AA 4'ColA 37 F¢ whEA7 T 20831
Ae dd Eelste AT st of ded JAE
S 10 mM Tris-HCl (pH 75)2.2 Fo]a 4°CollA E4

(Spectrum, molecularporous membrane tubing)A] 7] t}.

DEAE-sephadex A-50 ion exchange column chro-
matography

DEAE-sephadex A-50 & 10 mM Tris-HCl (pH 7.5)% &
23 938 A7 & £4T ANB AL column (2 by 20
cm)o] EFA17]1 005 M NaCl = 1o) 2 E25 As) e
4§20 & HPoINE §34 36 ml/hrg] SEw

K|

Qi

ANdE 34 my 2353,

Sephadex G-200 gel filtration column chromatog-
raphy

02 M NaClo] &-%% 10 mM Tris-HCl (pH 7.5)2 %3]
%3} 7] 12 DEAE sephadex A-503 A o| A L} /4] H-9]
2H-S- sephadex G-200 column (1.6 by 89 cm)o]] H7}3te] gel
A#E Pt A7 AoewE 02 M NaClo] &/-H
Tris-HCI (pH 7.5)¢4% 9 & Algstgon §&A] &5+ 6
ml/he2 @ AR G2 mA 2Es

Sephadex G-50 gel filtration column chromatog-
raphy

0.2 M NaClo] 3% 10 mM phosphate $+% 9(pH 7.5)
o7 ZFH3 H¥3l AlF| 1 Sephadex G200 7 o A &4
B8 9k-S Sephadex G-50 column (1.6 by 89 cm)o] 3 7}s}o
gel A#Z gt A7 o2+ 02 M NaClo| gf-4
Tris-HCl (pH 75)¢45 A& A1 L3401 &&A £ 6
ml/hr2 3 Ald# 3 2 mA 2834

SDS-Polyacrylamide gel electrophoresis

A 7195 Leammli [8]% 2] v wak z+7] 0.1% SDS
7} 39 12% polyacrylamide (Sigma Co.) &%= 9 separat-
ing gel# 5% polyacrylamide ¥ % 9] stacking gel-&- A}-8-3}
of 3Pt} A 7|95 F 1% coomassie brilliant blue gel
aae] 37C 0¢ A% QAT A B 402 gel
g AR o] BPE Fokol U bande EAFL
logarithmic grapho] 9§ Rfgto g Axsled =90}
ol markerZ+ mid-range perfect protein marker (150
kDa, 100 kDa, 75 kDa, 50 kDa, 35 kDa, 25 kDa, 15 kDa:

Novagenjit) S A48ttt

AN o 55, 25 9 pH
47 o =9 G HPIE AR fskd B B
05% W9l ol A 1087 wHe m e zr SES TR

pHﬂH

guzllarum NCMBl Hjj ok ¢

7‘00}9&5} ol A e 20A AAER
4 2 A Whg pHe = A &4 AL 20 mM sodium
citrate buffer (pH 3.0, 4.0), 20 mM sodium acetate buffer
(pH 5.0), 20 mM potassium phosphate buffer (pH 6.0), 20
mM sodium phosphate buffer (pH 7.0), 20 mM Tris-HCl
buffer (pH 8.0), 20 mM sodium carbonate buffer (pH 9.0)-&
o] &3skef 30°Cel A 1A1ZF WAA T & 22 A B



AHR.

k-3 pHE o

N

5 32012 ¥ EDTAY 3

o2 F40]& MgSO, MnSO, CaCl, CoCly FeSO,,
HgCly, ZnSOs, CuSOs;, AgNOs 7} EDTAE 5 mMo| 7] %
Aol AP ASE A7 Sek 588 5 30°Col| A 1057
Hhe-AIZ] & ZE S 2HE A

oist 2| Mot etAetel EA Bl

@A) AN A e 88 H2A9 Oxolinic
acid (Sigma), Flumequine (Sigma)& 10 uMe] FE & 244]
28 w3t V. anguillarum NCMB19)) 30°Col) A 1A]7F ub
sAA FE AFEE FHEAT. FAAT  penicillin
(Serva Co)#} tetracycline (Sigma Co.)& 100 ppm ¥E 2
Aelste] 30°Col M 1A1 BHEAIA JAE SRS £33
o AAE AHSAL 9 BEAY FF LD F 30°C
AA 1A BSNA AE ASES R

M M= =4 ZM

BAZA] ool Mixle AL HAste] ¢ 10 em

2719 || Ao 10me]o] ZAE A EdS 47 02 ml¥
7 FAFekaL, 2L 0.65% A2l d4 -3—% Fsted &
21t AT AP F223°C 300 Do} ASFR)E A3
TE AZHA a3 °‘9&°U1 M F “6‘} A SR

Z I

Nal=&2| HH

HA W FzAM gd Ed S 44 Bt WA
BA #74 & Table 1] .efstgnt. WA 5 3|48t n
ol @4, FAstY ¥ x 449 Fig 1914 B nkgt
o] DEAE-sephadex A-50 ion exchange chromatography

Table 1. Purification of B. amylolliquefaciens H41 growth in-
hibition factor

Total Total Specific
activity protein  activity
(IUs) (mg) (Us/mg)

Purification
step

Purification Yield
(fold) (%)

Culture broth 3,237 1,637 1.98 1 100

80% ammonium

SR U B | 6.63 335 473
slfate precipitate
gi‘gﬁ'sephadex 771 57 1265 638 222

Sephadex G-200
gel filtration

Sephadex G-50
gel filtration

335 8 41.87 2114 103

97 1.2 80.83 40.82 29
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Fig. 1. Elution profile of DEAE-Sephadex A-50 column chro-
matography of B. amylolique-faciens H41 growth in-
hibition factor. @: Inhibition activity, O: Absorbance
at 280 nm

& 3ot SRS Ko}, Fig. 2014 B vt 2] se-
phadex G-200 gel filtration column chromatography & 3 s}
3 oA BARE £017] 98te Fig. 36lM Be nie} 2]
sephadex G-50 gel filtration column chromatography%E A
A HETHOoR 29% &S 4E 7 Ao 40899 4
AY 548 & o A ol ¥ Pz & A543
240l 34YE ¢ 4 AU

dH=E9 ENE

BA&Q& SDSPAGEE o834 #17] 9534 Fig. 4
A BREnte) o] ¢ bandE 89134 2.1, mid-range
markers} A EA ) gel 4] o|FAYE o] &3t RENE
3% A3 BAFL oF 48 kDao.2 5 Ack(Fig. 5).

HH2Ee| HNMEE, pHe} OHH A
AAE AHEA HH & Fig 694 BE upe 7ol
50°Coll A 18% ] ZAEEA-S Yehdlo] F33) A" Hol 7}

= AL A 4 o} 30°C o)t A= A 7ol Avx &

=
A

0.3 _~

W}

- =
g —
= )
& £
& 0.2¢ =
- g
= =
=) £
£

£

]

=

Yo

0 20 40 B0 B0 100 120 140 160
Fraction Number

Fig. 2. Elution profile of Sephadex G-200 column chromatog-
raphy of B. amyloliquefaciens H41 growth inhibition
factor. @: Inhibition activity, O: Absorbance at 280 nm
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Fig. 3. Elution profile of Sephadex G-50 column chromatog-
raphy of B. amyloliquefaciens H41 growth inhibition
factor. @: Inhibition activity, O: Absorbance at 280 nm

M A B

Fig. 4. Molecular weight of purified B. amyloliguefaciens H41l
growth inhibition factor on SDS-PAGE. M: Mid range
Molecular weight marker, A: Culture broth, B: Purified
inhibition factor
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Fig. 5. Estimation of molecular size of the purified B. amyloli-
quefaciens H41 growth inhibition factor on the gel filtra-
tion chromatography. @: Purified growth inhibition
factor, O: Molecular weight marker
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Fig. 6. Optimal temperature of the oxidation and reduction of
the purified growth inhibition factor. @: 30°C, O: 40°C,
V: 50°C, v: 60°C

Hol HAFE AL ¢ 5 AT A wgol 9T H &
£ 30°CE Yeo v H3 2& 8 30°CE AA ST
B. amyloliquefaciens H41 57} A3k @21]%7\14 pHoﬂ
g eHg e AES AT Fig 7oA Re nie} #Zo] pH
6.0-8.07hA1 9] W 9ol A HlnA tgsin EA o] A = AA
7k pH 59}, pH 9 ool A& &40 543 L4dHINoH
HA ug pHE 8002t

245 350/2 L EDTA AN H =

& 712 2£0]23 EDTAY} AAERA uXv I
o} £ 23 Fig 894 Leld nle} o] g2 7
£0] BAEA AHstE 7t LAY HH g axn
L}EML Aoz YeRT. F&029 aAddd JoMe
CoCl,, HgCl, ZnSOs, AgNOsol e AdE = 4Ae e

120

100

B0

B0 A

40

Relative activity (%)

20

o

Flg 7. Optimal pH of the oxidation and reduction of the puri-
fied growth inhibition factor. 1, 2: 20 mM sodium cit-
rate buffer (pH 3.0, 4.0), 3: 20 mM sodium acetate buf-
fer (pH 5.0), 4: 20 mM potassium phosphate buffer (pH
6.0), 5: 20 mM sodium phosphate buffer (pH 7.0), 6: 20
mM Tris-HCl buffer (pH 8.0), 7: 20 mM sodium carbo-
nate buffer (pH 9.0)
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Fig. 8. Effect of metal ions and EDTA on the purified growth
inhibition factor. @: Control, O: MgSO; W: MnSO, V:
CaCl, Wl CoCly, [I: FeSO4, 4: HgCl, : ZnSO4 A:
CuS0O4, A AgNOs;, @ EDTA
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Fig. 9. Effect of NaCl concentration on the purified growth in-
hibition factor. 1: 0%, 2: 0.5%, 3: 1%, 4: 1.5%, 5: 2%, &:
2.5%, 7. 3%, 8: 3.5%, 9: 4%, 10: 45%, 11: 5%
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a & 4]
o [aw]
1 L

Inhibition activity (%)
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20 +

Fig. 10. Comparison of B. amyloliquefaciens H41 growth in-
hibition factor and anti-bacterial agents on V. anguil-
larum NCMBL. 1: Oxolinic acid, 2: Flumequine, 3: B.
amyloliquefaciens H41 growth inhibition factor, 4:
Penicillin, 5: Tetracycline
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