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Potential use of Bacillus amyloliquefaciens as a
probiotic bacterium in abalone culture

Jin Yeong Park, Wi-Sik Kim, Heung Yun Kim and Eunheui Kim'

Department of Aqualife Medicine, Chonnam National University, Yeosu 59629, Korea

In comparison to the numbers of such studies of fish, few studies have been carried out on the
immunity, physiology and ecology of abalone, while studies on abalone disease are also extremely
rare. Moreover, mass mortality of cultured abalone due to pathogenic bacteria has not been reported
in the southern coast of Korea. However, Vibrio-like bacteria have been isolated from dead abalone,
which indicates that a review is required in order to determine the cause of abalone mortality. Use
of an antimicrobial agent to minimize the damage caused by disease in abalone farms is common,
but the therapeutic effects are insignificant. Demand for probiotics has increased, but research on
the development of probiotics for use in abalone culture is very rare. Therefore, the present study
isolated KC16-2 from fermented kimchi soup and investigated the characteristics of the isolate as
a candidate probiotic bacterium in abalone. KC16-2 was identified as Bacillus amyloliquefaciens (B.
amyloliquefaciens KC16-2) based on its biochemical properties and 16S rRNA gene sequence. B.
amyloliquefaciens KC16-2 showed inhibitory effects against the growth of various vibrios in vitro,
and kept the numbers constant until four days after inoculation in marine water at a temperature
of 15~25°C, indicating the possible use of KC16-2 as a probiotic, except in the winter. The growth
of KC16-2 was inhibited by bile salt, but the numbers increased over time suggesting the bacteria
were still alive in the abalone's digestive tract. Abalone fed with a diet including KC16-2 for 12
weeks showed good growth, but showed no significant differences from the control group. However,
the mortality of the abalone supplied the probiotic diet was reduced to half that of the control group
in a challenge test with Vibrio tubiashii. Therefore, we suggest that B. amyloliquefaciens KC16-2
could be used as a probiotic bacterium for control of the mortality of abalone caused by opportunistic
pathogenic vibrios.
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Ut A EWAE Haliotis discus hannai<
A8l A e i FFoEA A
2 Asle 349 27ban
A sokAlar AAIRE
(KNSO, 2013; B =, 2013), A+S5&874 9 o3l &
o] M stA A8t Folrtel AAF &4 ol
EobA st (FHFAIEY, 2000). &Ll
g OS2 probioticsol] gt 8771 S713F3A
1] Tk, A E-& probiotics 7ol &3 A= Wl
=0 A EH A= B2l 2050 A&s)
al °‘Z]“P 715178 WA e A= g Ao
2 a18E F Ak A5 Aol A vibriosE 1S}k
B2 HAPE doju AAA S48 4ozl AtdErt
Q)= A Baig uk 9ot (Liu er al., 2000; Tomoo
et al., 2007), T Ul A= VibrioZ AT FHAF LA
I 250 Sl T 290 A AN
S8 Vibrio’d AltEo]l 2 WIEE ZelEHA
o], ol & Vibrio% Al¥3} & #HAeLe] HHEA °ﬂ
i3k A&7 ast
Probiotic Al ¥+ v A& Kty
ofu e}, ¥he| gl @4, #7145k, HAtstr s, @ A
-4k, siderophores 52 HHISIY &3 A&l 9]
2 IS F= Ao dHA o} (Balcazar et
al., 2006). Probiotics2 | ©| &%= Bacillus 4
T2 S A= vl e 7lse UE
e AeZ »uFo 9t} (Kennedy et al., 1998;
Hovda et al., 2007). Bacillus subtilis®} B. lichen-
iformis == B. pumiluss T S0l TSRS
o A AW S Fv A7 ddTE
B37} 912 ™ (Raida et al., 2003; Bagheri et al.,
2008), Bacillus2] B2 F-2 A2 AHUA A
of thste] &2 A A E Holar o] FAA
HAAZE A <tE vl Tk (Banerjee et al., 2007).
AES OS2 probioticd] AME 7Ms S HE
3t gl 2=, Macey and Coyne (2004, 2006)7} &
] oA EElt Vibrio midae SY9S} EE Cryp-
tococcus sp. SS1 2 Debaryomyces hansenii AY1<
AE AL Hrtetod AEH} AFEo] F7HEUY
ool gk Barh Qo &5 oA Ee 3 Pseu-
doalteromonas sp. & At H7}8tH 43513 Yo
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2 ARZEo| FU8HE AU YERTE B3t
T} (ten Doeschate and Coyne, 2008).
wt A B Aol A= &ibrio A5 2= o

FE probiotic Al F 2 0|83} Fibrio 73l o
g AEo] Wo] anE dolR A ST

ERETETE

Probiotic #F2| 22| & =H

Probiotic 52 WA oA Ao 9a)st%
¥ TS Es] Astd A9 AAAE AL
SHATH AX A HFH 2% NaCl A0 = 5] 4
3+, 1% NaCle] H 718 tryptic soy agar (TSA BD)
of HZE3tAth 25Tl A 48AI%F vl 3k & YERS
A+ JEE B3t KCE HAsa FH g
E4 3 catalase 2 oxidase A H Aol <A
of Zto] FASAT Sibrio EFHE B3l FELS
16S rRNA universal primers (fD1, AGAGTTTGAT
CCTGGCTCAG; P2, ACGGCTACCTTGTTACGA
CTT) (Weisburg et al., 1991)E ©]&3}4] pre-dena-
turation (95°C, 5min) 1 cycle; denaturation (95°C, 30
sec), annealing (55°C, 1 min), extension (72°C, 1 min)
30 cycles; final extension (72°C, 5 min) 1 cycles®]
712 2 polymerase chain reaction (PCR)= 4 A3k
%t} PCR 2FE2 puriﬁcation kit (AccuPrep, Bion-
eer)E o] &3te] AAT F sequencingS 2] H I
TH(Solgent Corp.). do1Z 7] A <EL NCBI (Na-
tional Center for Biotechnology Information, USA)<]
BLAST searchE ©] &3t 7]&9] Bid AldF
7 Hlw sk

c #FS29| g HHZ|2 #Y
Keas o) Pl BHS Fohns] st
@% 2N AT AFol A3} vibrios
Hol= moﬂ A 27 19 g0l
& TSAWI A 2 v F3}3

Tp

F3t =, MAHHX] o 100 A =233, KCH 5
15 3535 24X st &, AAGA e =2
718 743t vlastH .
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Bacillus amyloliquefaciens KC16—-2 EA BAM

1) WA BB oo gt g+

gt #FEol st dulBEle a3E
Q1 B. amyloliquefaciens KC16-2= Adrsle] Ll
HlEgled tg 8-S ez &
S Y. ARE-3 M YA vibriosE KCTC (Korean
Collection for Type Culture)ol| A &£ B2 A4 H
AR A E o 2 HE eEldte] ] i3k HAdA
o] Eel® FFEo|tH(Table 2).

2) A& g YA

AlE & tryptic soy broth (TSB, Difco, BD)Z
25Coll A 24712 X" a) g £ 12,000 pm o=
4T A 1023 DAlEe st w3 &2 Al A
a1, 2% NaCl 8402 23] A -3 £ 7 ¢ AFZF 2
o 1.5 x 10° CFU/m 9] ¥57} H 52 P39t
Az AES 104 83 T 2531 ¥
AHE ZAFSEA T

3) 35 Lo WE HEE v

Marine brotholl A 24A13F #]¥g #S 12,000
pm & 4CollA 1023 A4 st vjA] A&
= AASIL 2% NaCl &4 0 2 23] A &3}
Pore size 0.45 tm Bt 1}7] (Adventec)E o ¥
3= 20 mloll 1.2x10° CFU/MmI o] H =2 #& 7}
3 & 252 10C, 15C, 20C, 25C =2 A A3+
797t wlgstEA 1Y 13 AEE AF3E TSA
Hj 2 o] HFg & 25C ol A 24A1%F v Fate] e}
w #o] Hgs A

4) S5 WA

Walker and Gilliland (1993)2] Wl wel #+&
600 nmol| A4 optical density (OD)@k©] 0.8 4] 1.00]
HEE 8] Fe F 03%2 oxgall (Neogen)= 7
3k TSB vl Aol HF3te] 25T A 100 ipm &
A FStH A 12413 B9t 34 ZHH 02 ODE =
At AT

5) &aA 24
oA e g3 Fhez E1EH
t}. 25Coll A TSBRZ 24A|3F vl k3 #-& 1% NaCl

J
ot

€ 32 §3}+= Mueller Hinton (MH, Difco, BD)H|| <]
o 100 pl¥ =23k & 3tA] discs: SHF L,
25C ol A 24413 i Fato] yehd Ao Al 2
A715 AR AL Al dise= amox-
yeillin, ciprofloxacin, compound sulphonamides, dox-
yeycline, enrofloxacin, erythromycin, florfenicol, flu-
mequine, nalidixic acid, neomycin, oxolinic acid,
oxytetracycline, tetracycline, trimethoprim (Oxoid)©]

o},

AR M=

A FdA FEHIL Ae AEAR (o)l
probiotic®. 2 A8E KCl16-27S #H7Iste] A1g
ALE S Az Th TSBOl 24A17F v ke <
A4 Bt wjA] RS AAS F 2% NaCl &
Aoz 23] AHFIATE 2% NaClE&H o= oF 1.5
x 10° CFU/Mml 9] ¥ =7} =8 HAH3 FH 10 ml
9} 10 g AIRE 3= HIEE 419 40T oA
Az & Y BastHA A&l FEstia,

13] Aj&o] Alzx3}th

Probiotic Af22| S} XA}

1) 4%E v

Aol AHES BB Ht 7
(£1.47), H AF 3.76 g (:0.48) S
FA FAE A4 AR S A
TG} 500 ¢ 9 £ A AL
22 + 1C2 2533 XA A =4 7
AIEE AYE BE HEo] FE3] H
Fostgom 7] ALR Fof Al
A ARE BT AASAT X9
0 =8 o] Fxol 2zt somkeEd 2
T8t 2 FE AEE FESATh
T220~22Ce] HYHRO™ 3.6 ¢/minZE =2
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Table 1. Screening of probiotic bacteria based on the anti-Vibrio effects

KC Antibacterial effect
Vibrio like organism 16-1 16-2 16-3 16-4 16-9 16-10
VG4-2 - + + - +/= -
VG5 + + + + ++ -
VG7 - ++ + - + +
VGT7-1 - ++ ++ +- +/- ++
VGl11 +- ++ - ++ ++ ++
VGI2 ++ ++ +4 +4+ +++ +
VG32 +- ++ + ++ ++ +
VG46 + ++ + + ++ +
VG51 ++ + + +/— ++ +
VY2 + + + ++ ++ +/=
VY3-2 ++ + + +/- ++ +
VY15 - + + +/- +/— +/-
VY16 - + + +/- /- -
VY23 ++ ++ + +/- ++ +
VY24 +/- ++ ++ +/— +— +
VY30 ++ + + - +++ +
VY31 +/- + + + + -
VY35 +- ++ ++ - +/— +
VY49 +/- ++ + +/- +/— +
+++, > 5 mm; ++, 2~5 mm; +, £, lmn
B3t V. whiashii® RAE ASEZA 17 XA, HARS] AR1E ERlsy] {8 WY AP
AE] x5 HITot] HAdAE &g A gAY Rz E RES Aste] EH=ZE
olth AFZAH =3 T AIARE Hel 1FY TCBSol Wi Fste V. tubiashii®] EAE &35S
UNARE M IFO ARANE 4N Y Tk
Azl &, 10 0= 31}—321 1071%1]&1 831

biashiis AE /MAY 10’ CFU7} S 52 HHFFAL
712 01 nl¥ YZF W2 FABIY I Izt
T AEXAFE FARIA 23 T4 HARES

Table 2. Inhibitory activities of Bacillus amyloliquefa-
ciens KC16-2 against various pathogenic Vibrio

Pathogen Inhibition

zone
1. Listonella anguillarum (KCTC 2711) ++
2. Vibrio harveyi (KCTC 12724) ++
3. V. parahaemolyticus (KCTC 2729) ++
4. V. tubiashii (KCTC 12729) ++
5. V. harveyi (isolated) ++
6. V. tubiashii (isolated) ++

Clear zone: +++, > 5 mm; ++, 2~5 mm; +, £ 1mn

o
mold 43

A5 A37%4e vlashy] flste] SpSS T4 =21
© & ANOVAE A A3F3l Duncan’s multiple
range testE 53l p<0.05¢ W ol Ao = HU}

s9th,

7:Iﬂ|. ol

2

al

Probiotic-?-"QI e g =55
A" XA Vibrio spp.ol @8-S Hols
s T, Aol Zd® ABo A B3 vibriosE
A== 19Fl thste] 7Ha FE 9
YElY= #FE KC16-2 ©] At} (Table 1). KC16-2
= WA ZAE FAste= oz 540 gl

™, catalase®} oxidase®ll Aol A4S RYUOEH
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A0 F Bacillus sp.2= FZH AT =3 16S
rRNA gene sequence® 413+ A3 KC16-2v 2
Bacillus amyloliquefaciens®] 16S rRNA gene se-
quence®} 99% ©]/49 AEFAHAS HPomz H
probiotic == B. amyloliquefaciens KC16-2Z
BEAT KCI162= 4" AAdo= BH 2
FHAA T, A (2013)2 B. amyloliquefaciens< 75
o] Aol A Bgste] R sttt Wt olyz} s oF
AE ] AU A WA= Bacillusd S-S ThFg
e Bl = de 245 NS e
AoZ ByHE #vt JtH(Verschuere et al, 2000;
Ghosh et al, 2002; Ziaei-Nejad et al, 2006). L& =
2 B. amyloliquefaciens KC16-2= 7 &-2] probiotic
T2 AHgo] &old Ao =E AAZITH

B. amyloliquefaciens KC16—22| EM

1) A& g a4

KC16-2& 1.5 x 10° CFU/ml &) F oA 253Uzt
Ao WS fdslA skon A& &9, 4
o] 54, HAE A= AHol7t flITh AR AT}
A= AHE-E probiotics T 7ol g kx A3 o]
Rojof T2 EE FAESEI MED #5790 &7
St X171 Weet b Aol SHE 455 /\P
Saorgtth= 7o) Ak (FP%46L71%
2006). £ E72 A R
o BEFEA %’4217} Wesitta &

2
—LJ
(o] 4_,

2) HYA vibrioso] g A A &y}
KC16—27: V. harveyi, L. anguillarum (lehata et al.,
2009), V. parahaemolyticus (Liu et al., 2006)9} 2]
AE HAAZ FE £2S V. whiashii, V. harveyi
o thated FH T S-S e ATH(Table 2).

3) I BEE

KC162+= 3l 2= me} S zol& B
A=, 15Ce 20CANA HE 19 T2E 647HA
2] %ol 10° CFU/mlold FAHASY #5E
AA gaste AFS YT 284 10T,
25CoAAE 39 & #F9 47} 10° CFU/ml ©]|3l =
Aty o E3] 10CoAA o5 4 Asko]

234 YeEbthFig 1) A8 AZE Zhol He

Days after inoculation

Fig. 1. Survival of Bacillus amyloliquefaciens KC16-2
in filtered marine water according to temperature.
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o, #& s Foll === A
Ewsle] whet %Zf%l =
A g Uk dEL HolgFo| 7 IR H
AZF o BE 7C o]stoll A= AL Hol& HA
Zom, = S T ot I3 e
T2 109CY o AF2] 7.5%, 165CH o 14.7%,
203CY W 17.6%F AdolstEE A Eg2 A A
A AL 20C AZE B FaYrh3Eh, 1998).
OHER $2 20T AEe XHolgo] &
3t l—t% AEES A 7] wZel AR
%

ZAA s Foll Fosto = i A

2
1 o

of

¢

o = M

hu M A
o
£
E‘_,

1=k

o
o

4) FF WA

0.3%2] oxgalle] H7}& TSB v} x| oA KC16-2
+ &7 Hugs o 3AZE Fol o] F2o]
oha A4S, T 6A17F Foll= oxgallo] A7t
HA] 2 TSBol A 9] 43 vlasil S w E&
oANAM 47.7%= FHashs Aol YElt o™, 947t
o] AA3HE WE 37.7%= LI oY tix
=3 FAE F2] 9 EH S B Y (Fig. 2). Probiotic
ol Aol Fal 43t WE o7t HEA
s W) AsliMe EEH 45 L5ta49] 2
Lol WS Ut okttt B52 X5 pH7.8~8.6
o= oyt Yol o3 F3l7} o] FolA
A "ok B Eed FFol o8] Aol oA H
71 B, AIRE Aol e S B v BHot
v S7khe s Bolal glof @Fel 3l

AE AR 9 AE Jhssita weE,
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Fig. 2. Optical density of Bacillus amyloliquefaciens
KC16-2 incubated without (control) or with 0.3% oxgall

at 600nm.

5 A %

e

N
olo|,

Probioticet ] &+A| A A A PTO‘
biotice A3t 42 A= AT FAE A
g o) FuAsE o] &= F kel 7, 2014).
KC16-2+< trimethoprim®l] th3le] A& o), A
B WA V. whiashii= neomycin® th3}e] A &4
< YeRJI St} 3 oxolinic acid, oxytetracycline,
tetracycline®ll ™3l KCl6-2& Aol VAT,
V. tubiashii= 7573 ©] A THTable 3). KC16-2%F
©] tetracycline Al € 2] AR tetracycilineZ} oxy-

Table 3. Sensitivities of Bacillus amyloliquefaciens KC16-
2 and Vibrio tubiashii to the antimicrobial agent

B. amyloliquefaciens V. tubiashii

Amoxycillin +++ ++
Ciprofloxacin +++ ++
Doxycycline +++ ++
Enrofloxacin +++ ++
Erythromycin +++ ++
Florfenicol +++ +++
Flumequine +++ ++
Nalidixic acid ++ ++
Neomycin ++ -
Oxolinic acid + ++
Oxytetracycline + +++
Sulfonamides, +++ ++
Compound

Tetracycline + ++
Trimethoprim - ++
Clear zone : +++, >20mm; ++, 10~20mm; +, £ 10

[e] o5
v:%!tlﬂ

tetracycline| A= %2 A4S YeEld L
A5 A= KC16-29F B8 7HsE A
fezh=3

o

B. amyloliquefaciens KC16—2 &7} AI&7F ©
Ho| Mxtof| O|X|= HEt

- oo

Ald AA2E FF8 A EF probioticAtRE F

=5 A& 43 Z‘i%%k% vl g A7 (Fig. 3),
z} gk FRoA = 34.09 +

e ARk AIRE FF

2.67 mm, probiotic ALEE %'—T_ﬂLf?l' FZo| A= 33.74

£226 mmZ FA0 Zol= fUATH (p > 0.05).
o

a8y o] F AFS AMS 2719 A7) (32.76 +
1.46 mm)°ll HlstH Fo3 A4S AT (p =

0014). B9 AFF= A2 A}

az
=
4] 3.89 + 0.88 g, probioticAtEE FF 3 FZ A

38 4
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Fig. 3. Growth of abalone fed a commercial (control)
or probiotic-supplemented diet for 12 weeks. Values
with different superscript are significantly different at
p<0.05 as determined by SPSS program.
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393 +£085¢g 22 § 9]?‘& iM% ARnom o
r3 ALS Ao

ztol & EOIX] %kﬁ}(p 0.2 ) A 713 F
AEE TET A5 FT 88%7F AE 5t
probiotic AFEE FF AEL H 85%7F A=
stATHE O H WA, A3 g 2 rA g
Aol Al AFEE HRl 1F vl§)] KC16-279]

714 probiotic AFEE HA IF oA tha 4
UEPGARE BAAH SR {938 Aol fldlen
2 KCl162w AE-29] Ao FA A0 d3Fo| gl

Aoz ARG

19| Ziof cist M=ol X&M
A3 AFR 2} KC1625 715 AR E 47 By
3t A Eof sty v ubmshii—‘é— QA9 7

35%¢<] l HPE'%(BDC in
Fig. 4), V. tubiashiis 3G A1Z DB A= 70%<
=2 #HAREo] YEFSTHBDYV in Fig. 4). -4, pro-
biotics AFEE H I F9] ¥AE AFAA =
AREo] 10%= YEFSLAITHPDC in Fig. 4), V. tubia-
shiirs 2N AE-LE 35%2 T HAHEo] Y
W(PDV in Fig. 4) ABAIRE Ho| HAd +F

100 + === BDC

40

Accumulated mortality (35)

1‘2‘3‘4‘5IEI7IB‘9‘10‘11‘12‘13‘1‘1I

Days after injection
Fig. 4. Accumulated mortalities of abalone cultured us-
ing commercial feed with or without supplementation
of the probiotic bacterium, Bacillus amyloliquefaciens
KC16-2 followed by challenge with Vibrio tubiashii.
BDC, basal diet control group; BDV, basal diet group
challenged with V. tubiashii; PDC, probiotic diet control
group; PDV, probiotic diet group challenged with V.
tubiashii.

il

7 ARl aFol vlE ARt FHAAES
LER AT

OHERE KC16-2< in vitro AZ A viobriosol|
st FHEAS A 9A EFE BHoH, A=
o} st AE Foss w HAdEE 7
V. tubiashiioll t)ste] HALS S DA A7 = AHE
BHAdoz2H, 71379 A vibriosE AT
AFE AN 7IE TAALA 27 & Aol A

BHE A

x

2 o

AEel vl Ae] 9 Ao B )2 ATE
o9 BEain] A% Aol Bk AT EF ol Fo]
Hlste] 3] FoFa Abejolth 9% A A

X F | A vibriosZ A+ T3] A 7} Bol B
of Aot fEuatelA e Aldd Ao R Q13
AE d At A% Rurl =ET J8Y HAAE
FE vibrios7} &2 HIEZ EEFH Qo o]
Vibrio% Alxt3 A& #HAkelo] #adol gk A
E7F dosdith @A AE g2 Aol Ao
2 Q% v & H4sletr] flel & ﬁxﬂe A-8-5}
I YA A7 G H|E| FFo|)h oo T
gk o3 © 2 probioticsell T & 51%7} =73t2 )
o] B Ao <Al fJalEkA] & F2 &

P

Nlﬂ

3} A B probioticsZ A 2] 7T 7]’%@% Lol B
Utk & S4E A YA BElE FE F TS

3k vibriosoll thsle] e S UrE]-W KC16-2&
candidate probiotic ¥ 2.2 A3 A T KCl16-2E
A s}etd EX4 3 16S rRNA gene sequence®l] 7]
3+ Bacillus amyloliquefaciens= 573 = A (B.
amyloliquefaciens KC16-2). B. amyloliquefaciens
KC16-2+ in vitro A @A WA vl o of
ste] LT A A E-‘*]'E Haow, &5
15 ~ 25C9] aloll A 497HA] YA TF FASHA
QE—E'-— A& o]9] 9] 73t Aol ZhestthaL
GE ek =3 Tl ol Aol AAEHIJ L
‘/} AR Ao et A Tl sERT SUkeE
ol BEE HEo] Je HAARE AE 7+
ok BE ok Al /\}Eoﬂ KC162E =33}
o 12573 A& Tl uf ol vl



A Yoy BATgHoR fost

El: WA S 7H Vibrio
tubiashii®] A FH A FANA probioticAtEE F
F3 FFANA HAES o 50% FAaAT= A
£ YetdozZH 7184 vibriosZ ¢1g o] ¥
AFE Z0]7] 93le] KC16-29] AMgo] FAZ O
HEE F & AAEAT
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