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Inhibitory Effects of Candidate Probiotic Bacteria on the Growth
of Fish Pathogenic Bacteria, Streptococcus sp.
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Department of Aqualife Medicine, Chonnam National University, Yeosu 550-749, Korea

For the treatments and protection of bacterial fish disease, many requirements are needed for aquatic
probiotics so that they are effective in aquaculture animals but are also harmless to humans. In the
present study, among 17 candidate probiotic bacteria (CPB) obtained from the edible part of the
shellfish, Bacillus sp. CPB-St (CPB-St) were selected and in vitro evaluated for the possibility as
a probiotic strain for the control of fish streptococcosis which frequently occurs in the olive flounder
farms. CPB-St showed inhibitory effects on the growth of various fish pathogenic bacteria, Streptococcus
sp., S. parauberis, S. iniae, Lactococcus garvieae and L. piscium by the double layer test ranging
about 18 ~26 mm of clear zone. Inhibitory activity of CPB-St to Streptococcus sp. was observed
6 hours after and the growth of Strepfococcus sp. was decreased to 8 ~55 folds in the co-culture
of CPB-St with Streptococcus sp.. The safety of CPB-St to fish and survival of CPB-St in the intestine
were assessed in the olive flounder, Paralichthys olivaceus. Fish mortality was not observed in artificial
infection with CPB-St for 2 weeks. CPB-St was entirely excreted from the stomach and intestine
24 hours after oral injection. This results indicate that CPB-St has potential applications as a probiotic
for the control of fish streptococcosis in aquaculture.

Key words: Candidate probiotic bacteria (CPB), Bacillus sp., Oyster, Streptococcus spp., Antibacterial
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S Zu}o] Q Bl X (Probiotics)oll #&F A7} oA
ol A o]F o]z At} (Irianto and Austin, 2002;
Nwachi, 2013: Tuan et al., 2013). Probiotics= A}
oy FEAA dx AME Y HLS{-”? A YJEE
Fofste] s3] FHATTS Hst F2 3
s T oY & 5 335]1«] A, sEE
AR HZFAIEA O AEAY 54 28 ar Aol
= nAE AR #HA 5oz AHogolAtt
(Gatesoupe, 1999; Irianto and Austin, 2002). 2] ©]
Foll doXT AW A1 e] Fof HAS oA 3t
I oA Y ARFE FAAF)17] $13}F probiotics 7]
o #4lo] @?5101 B AfEe] M= gtk
(Irianto and Austin, 2002; Kesarcodi-Watson et al.,
2008; Nwachi, 2013: Tuan et al., 2013). 2] o] F-2]
Al AW F F2 35270 2 ojollA] Aojd
o|27174A] Fo] WAsl] F I E o= A
AFTFdS e A2 Streptococeus iniae, S. par-
It} (Austin and
g317] 9

auberis, Lactococcus garvieae 5o0] %
Austin, 2012). °]#3F A LTSS X

stod g mE o] o] FolA AL Qo HE &
o] AXZ kol gt LBAEY AFTEr} Eo}
A opa RO 7] ALS BPRE ARt T
Fabelel A4 AAZE 7R ek 9
13 Azl SloME FA AE A4 A
9 A7} o noke 2u 419 Q)
Ba Am W o Aol dadoz Bas
2 A7olie A AAReR & Aoz ol
2RE I e =23 e s{FEY 7H FHER
H ¥ e AdES 019“0}04 thFgk ol W
A AlTtel thele] 54 9AH S Ho|= candidate
probiotic bacteria (CPB)E 12}2 —rﬂ 3ta, B3 A
AT EFS o= 459 AT target bac-
teria® sto] B2 F24 A THE Hol= Al
TS Adsle] (0]3} CPB-St) in vitroS} in vivo %
oA g ZIE LolR gkt

o K m>l rok

7

ERTRT

CPBol |=|E_| I:LI EI-I
CPB= 371 98ted AME-F sFE oAl
7herat, 3/__04—? Uzx, daflF 2t s

7o)

2 7o A 233 = (Oyster, Crassostrea gigas), Bt
A8} (Short-necked clam, Ruditapes philippinarum),
I Z (Ark shell, Scapharca broughtonii), M7}
(Egg cockle, Fulvia mutica)3 . ©1€ IF& 247
10~20 A% 7] 291 F wo} REHOR T2
st & "R Mste] deksdulA
(TSA)Ol| v ettt 2+2he]l 54421 colonys F
3} target bacteria®} double streaking ©. = Hf| &3}
of A% A7 05 mm o] % FHHAS o 13}
202 CPB #F+= 933t} CPBY target bac-
teria= 4] o] fF o] ol A
phila, Edwardsiella tarda, Listonella anguillarum,
Streptococcus sp.8}, 5+ AEIZHE B S
iniae (ATCC 3657), S. parauberis (ATCC 3651), L.
garviae (ATCC 3772), L. piscium (ATCC 3639),
Vibrio harveyi (KCTC 2717), Pseudomanas fluo-
rescens (IMSNU 10205), P. putida (KCTC 1644),
Staphylococcus epidermidis (KCTC 1917)& AF&-3}
Aot GFS AT FHH S Holn 53
Streptococcus spp.©ll 733+ IS Ad CPB-StE
Awelglon], Aue #rol del 2 s
S0 A o] FAEU

2]t deromonas hydro-

CPB-St2o| atxHe| el

CPB-St9] target bacteria®ll T3t A7 A &€
L double layer test (Sugita ef al., 1998)Z &13}A
t}. CPB-StZ TSBolA] 25T, 24A1 7t v %&3l] &
T2 243 % (1.5x10°CFU/ml) 1% NaClo] H7}
H TSA v 2] Tl 5 WA ko] 25TCellA 39
7¢ wj ksl Tk, Chloroform© 2 30%7F A 2] 3]
CPB-St= AFF3MA1Z] 3 107 CFU/ml9] target bac-
teriaE 73+ 0.7% soft agar (Bacto Agar, Difco)
£ CPB-St plateol] TZAIA 30T A 244 7F wlj &
&t A L}eEFUE inhibition zoned] H7]E B wE}
Atk

CPB-Sto| awAl 4 A"

CPB-StE McFarland 0.5 (1. 5><108CFU/ml)i =
A8k 0.7% soft agar} 41014 TSA Hj Aol

A A 1652] &t A disc (ampicillin, BBL, chlor-

amphenicol, clindamycin, doxycycline, erythromycin,



Candidate Probiotic Bacteria®] o=t

gentamicin, kanamycin, nalidixic acid, norfloxacin,
ofloxacin, oxolinic acid, oxytetracycline, rifampin,
streptomycin, sulfamethoxazole trimethoprim, tetra-
cycline)Z 2] 25Co| A 18417t Hj ek & A =3k
o ARe SAs GA WA e Belsidr

CPB-St&} Streptococcus sp.2| ZgHHL0lA
LIEtLH= & x| 53t

CPB-St9} Streptococcus spp.= Z+ZF 30 Coll A 24
A1ZF W ksl #4E 107 CFU/mMIE 243}kl 50
ml2] BHI 4] vjR]o] &= = EFCZ 0~604]
W7 A vl oFsl A A 9=2] W3S plate count'H
©° 2 ZA3FA T Oxolinic acid (OA, Sigma)oll T
3} Streptococcus sp.&F CPB-St7} 22 WA=} 7+
F45 el = 545 o] 83t 40 pgml] OA
7} 235 BHIAS THE0] CPB-St9} Streptococcus
sp7b S widE 209 AFFHlA F 9
T4 WslE ZAFsEATH

CPB-Sto| ofFofl cist 219l &

Bt 27 18 em, AF 42 go 9A 47 107}
ol 10° CFU/ml¢] CPB-StZ 0.1 ml 7 FA} L&
A BT Fo adon, iz 2= EE NaCl
‘S FF Fo sth 19 13 w2 =S5 AA
gt & 9 A g E BFE FHEA 273
Absetaion, A3 71 F HAbo] % fﬂ]"} 27
olfe af Rt AlwS e A, TEAH
AHAEE af 531 ‘E‘% 1‘3] skt

02

(o3

11

ZHollM AlZE Zotof [mE CPB-Ste|

Suction catheter 12FR-S ©]-&31 4 10° CFU/ml<]
CPB-St& X9 ¢ o2 Fsk &, AIZF A7}
AR 9ok FoMe] AEES YolR LT 0, 0.5,
1,2, 4,12, 2423 o] F& FUT A& 37
SR AT A T HA7MAE 9 (stomach) F
Q=2 slal, f-EFolA FAAZAE A (intestine)F
A= Atk 24 F9E FHHo=E A3t 9 ml
i A2 999} 419 homogenizerZ vHY 3 &
34 3te] TSA iAo =date] #4& &< 313
t}. Control> 22 719 94 & CPB- St& HF

YA Streptococcus sp. Aol st A &} 109

o BEHA A2 T
Ao D A5 AR A
st o
, 1 & ©]°39] target bacteria®ll fHEH A7 A A
= 0.5 mm o] A TFE= 307F (&
15%)$.2.1, double layer testoll A A A &3
£ Uehd #F= 1735 AT (Table 1). i/ S/
HE CPBE ZolA 118TFF & 1175, HEA| o
A 41T T 30T, HERAAA BEF F 1d T
aga AEAANA 2695 F 29 FE e TH
A JA EHE R 173 FE BF 28 AT
9oH, ) WA EAL FASE T 12
TFE FEs AAs A 2 5, ZoA e
= o] Streptococcus spp.oll thated 733 AR A
B35 HQl CPB-72 FH|sHE 2 A3}sts 54
S ZAYSE A3} Bacillus sp.2 573 E AT (Bacillus
sp. CPB-St) (Fig. 1 and Table 1).

N

CPB-St2o| et He

o} FH A Aol ok CPB-Ste] It W=
Fig. 29} 2o}, 15 /95 %) 4. hydrophila, P. fluo-
rescens, P. putida, E. tarda, L. anguillarum “1]1L

1:1[0 = [IE

Fig. 1. Growth inhibition zone (about 29 mm) of Strep-
tococcus sp. by the Bacillus sp. CPB-St after incubation
for 5 days in TSA at 20C.
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Table 1. Morphological and biochemical characteristics of the 17 candidate probiotic bacteria (CPB) obtained from
the edible part of the shellfish

CPB No. Origin Gram stain Shape Motility ~ Endospore  Catalase ~ Oxidase
+ illi + + + -
! Short necked Bac¥ll%
2 clam + Bacilli + + + -
3 + Bacilli + + + -
4 Oyster + Long-bacilli - - + -
5 Ark shell + Bacilli + + + -
6 + Bacilli + + + -
7 + Bacilli + + + -
8 + Bacilli + + + -
9 + Bacilli + + + -
10 Ovster + Bacilli + + + -
11 Y + Long-bacilli - - + -
12 + Long-bacilli - - + -
13 + Bacilli + + + -
14 + Bacilli + + + -
15 + Long-bacilli - - + -
16 + Bacilli + + + -
17 Egg cockle + Bacilli - - + -
Table 2. Biochemical characteristics of the strain, Bacil- Aeromonas hydrophila F
lus sp. CPB-St showed inhibitory effects on the growth Pseudomonos fluorescens B
. . . P. putida
of various fish pathogenic bacteria . TRl M =
_ = Listonella anguillarum
Character CPB-St E e !
Gram stain G+ En Lactococcus garvieoe
Motilit + B Staphylococcus epidermidis
Y = Streptococcus inioe
Shape Rod i piecinm
Catalase + Streptococcus sp. : ‘
Cytochrome oxidase - 5. parauberis “
Oxidative(O) - fermentative(F) non O/F 0 s 1 15 o a5 30
metabolism of .glucose Inhibition Zone (mm)
Ac1fn§;ioudmuctlon in TSI AR Fig. 2. Growth inhibition zone (mm) of various fish
H,S production ) pathogens by Bacillus sp. CPB-St incubated for 3 days.
Citrate utilization + The clear zones were measured in double layered plates.
Growth in thioglycollate Facultative anaerobes
medium ~26 mmE 53] A e
Endospores produced +
Aol tHEt CPB-Sto| Zt4=A
V. harveyiol tigk A% AAH ] Z27]= 10 mm 16}—«1 Al gk 7"“*&% ZAe A3
olgtR oy, aFFAdT L garviaeSt S. epi- clindamycinol| ¥+ WA S e 132, oxolinic acid,
dermidis®] A= 18~19 mm=Z YElGT 1 & doxycycline 12| 3L ofloxacin®l WA= 733+ 7+
a5 A S iniae, L. piscium, Streptococcus 4, streptomycin®} chloramphenicol®l] T &} 4=

sp., L83 8. parauberis®] Wt 521 A U= 25 F5E AL EHYY (Table 3).
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CPB-St2} Streptococcus sp.2| SA|HH0)|A
LIEtLI= A& 2 st

o x| vl ]| A CPB-St} Streptococcus sp.& T
= E= &g Hﬂok %}%ié o, @< wj gl A
Streptococcus sp.= HI%F ¥ 12A]7F, CPB-St= Bl %

T A A Fo T2 HuAE e E%
Hohﬂf\i/] A ERE & AR EE 8askAd

S ] Streptococcus sp.o|l A= 6A|ZHA ol A7 oA
ol BAHHOR 1270 AFE 5550 B
o] A #A7F YEl ¥HE, CPB-St= Al o
F7t F7hste @44 BT (Fig 3).

CPB-Ste| o{Fof CHSt HHEM
CPB-StE& |Ald A9 #9AIZ 27 (Fig. 4),

27 FAF APTFAAE 109 o] F 3ukele] HA}
7} Eha, BEFAAE 79 ol F sutel7) HA)
STk 87120 SRR E 2F Vibiod] 54
A Aol AZHA T A AT F
AN 270 B AL 9 4Bl F
Fol RE HF7 olgle YN S shwah

g9 | =
o #& B39} CPB-StE A5 A &ttt

—

o

o

AlZt Zatol| w2 CPB-Ste| 017 {2t EoiAe

MEE
CPB-St= |A|ol A 47 FA% 5, 9fo} &
30 -
—&— Streptococcus sp.

—i— Streptococeus sp.(in co-cultures)
—&— CPB-5t
—¥— CPB-5t(in co-culture)

Viable cells{x107 CFU/ml)
o " n
[=] wm [=]

wn

o 6 12 24 38 48 60

Time at 30°C (hrs)
Fig. 3. Viable cell counts of Streptococcus sp. and Bacil-
lus sp. CPB-St showed in alone or co-culture for 60
hours. Inhibitory activity of Bacillus sp. CPB-St to
Streptococcus sp. was observed 6 hours after in the
co-culture of Bacillus sp. CPB-St with Streptococcus sp.

YA Streptococcus sp. Aol st A

aat 111

—
=]

—+—Intraperitoneal injection (IP)
—&-IP-control
== Oral administration (OA)

—#—OA-control

Accumulated dead fish {No.)

L= T N Y N L - TR - R}

1 2 3 4 5 6 7 8 9 10 1 1 13 14
Elapsed time (days)

Fig. 4. Accumulated dead fish of olive flounder (Paral-

ichthys olivaceus) infected artificially with intraperitoneal

injection or oral administration of the Bacillus sp. CPB-

St.
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Fig. 5. Viable cells detected in the stomach and intestine
of olive flounder (Paralichthys olivaceus) after oral in-
jection of Bacillus sp. CPB-St.

oA HERS ol A} Sl AE 44177
Gk aste FuE Bgot AEel el Hgl
I, Aol HE 12407744 Aol Felsgont 24
AZA A A A LT (Fig 5)
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o] 83t= AFEC] WA UT (Gomez-Gil et
al., 2000; Ferndndez et al., 2003; Cha et al., 2012).
E-3] Yang et al. (2003)2 <Slxo] )3t SkAAG S
st E AFOZRE 359 o AT
J thale FHHE e FAMFS 283 pro-
biotic ¥FE 2] AFE 7154 A 71819t} Probi-
otics= Y HH& S F siderophores, antibiotics, bacter-
iocins, lysozymes 58 5 v EFHoZ A4t
AU f714tel o pH WstE WAde] S
AAGFAY, e dH FF BA, L8 sL F
W, 5 A % R 27 52 Batel 1w
of thet 52 =
Wslsls Aoz d#HA At (Balcazar et al.,
2006: Crab et al., 2012; Tuan et al., 2013). A5 A&
o] Aot & Ak SIS 3} probicticsE
ol atiAt she Hal o), olF %4 Aol
ME G2 o7 Zolu dlr=E FE FE&ATS
22 3te] AE probioticsE NEstHE A7)
3 5o gk} (Ringe and Gatesoupe, 1998; Ver-
schuere et al., 2000; Irianto and Austin, 2002). £
AFolM e FAMEH 48] FA QD AN A F
|5k R] ¢S probiotics LS BEE QIZto] &
Ao Z JAste 21719 HREZHE F8&ATS
skt sk

2o E F 759 oF 9%l s Fs= Aol (17
) 15 o139 ol FR AT tste] A% o
A BAE BYPo, &3] Streptococcus spp.oll T
st Zsk AR A a5 Bl {5 (CPB-St)9ll
i3t probiotic® 2 A1) 7 e A S FrobH gk
t}. CPB-St$} Streptococcus sp.2] &% Hl ol A 6
A2k o] % Streptococcus sp.2] A7 A7 YERG
Ao 2 Ho} (Fig. 3) 72 & WollA CPB-Std
9] 3} Streptococcus spp.] control®] 7}sE Ao E
A A 2 U Streptococcus sp.= S FHHI %
6A1 A F-E] CPB-Stoll 9]ste] A7o] A =11 st
Ao vopsttut 24877 A] F7HE B =T
ol CPB-S7b 9A &% oo Hojopnk
Streptococcus sp.2] A4S &3] AT = US>

S AAMSY. 22 B2 CPB-StE dFol &3l
Ast= Altel HAA S SA G AR aAE
®7] S E A Fo Fxo tigk A7t e

X

Table 3. Antibiotic susceptibility of the Bacillus sp. CPB-

St
Antibiotics Disc - Diameter(mm) Condition
Potency of clear zone
Ampicillin 10 pg 29 Sensitive(S)
Chloramphenicol 30 ng 23 S
Clindamycin 2 pg 14 Resistance
Doxycycline 30 pg 30 S
Erythromycin 15 pg 25 S
Gentamicin 10 pg 21 S
Kanamycin 30 ng 22 S
Nalidixic Acid 30 pg 20 S
Norfloxacin 10 pg 20 S
Ofloxacin 5 ug 24 S
Oxolinic Acid 2 ug 23 S
Oxytetracycline 30 ug 25 S
Rifampin 5 ug 24 S
Streptomycin 25 pg 15 S
Sulfamethoxazole 23.75 pg 35 S
Trimethoprim 1.25 pg
Tetracycline 30 ng 25 S
s

Probiotic A7t 9] & A A A= A
7F AREE A Qe g AAEEC A8 probiotic
L

T AeE o 28 7F €}, webA] CPB-St
o] Al TS dotE A} (Table 3), thi
o] Ao diste] Ak A4S eSO ZHN

FAgsitka B 4 9l
CPB-StE F3t &5
ol Al A gx| ] HA
P_EE (Fig. 4) CPB-St&= %3¢l
AHEEER S ) QbR Aol AThal Ty
At CPB-StE HZFAH O &Fol7 AHE-317] 9
A HolE 53 AT} o] FojH o} otE
2 CPBStE A A+ FoIste] 919k FolA HE
S A= A, el A 47 AFol] Fo= o
SHAY GFE el o) AlEE FoZ HS
i, Fe e 12A1274A] AE AR, 24417

o]Z o EF HH%Q% Ao g Yglytornzg
CPB-Sto] o] 71748 19 1~23]7F A& Ao
2 F4 %} Cha et al. (2012) probiotic =
A7 AFRE FHEIAS W gA

o FA ALGE ¥
)

Bacillus sp.=
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o) o] Aol FFE AL A AFo] F7HE
ATt Bustgok 2Hqu g & Ao E2E
Bacillus sp. CPB-St &= probiotic bacteria® ©]-8-3} 7]
A e FF o7 Ul B2 7Hsd, Atset &
Al 7ol o a¥ AFo] dKsiH ol nEo R
A FFd Sl FE YA A7l os 9
3 ZAstA o] &= F US o FE HeETh

[®)] OF

L —_

At oFAHe A7 2 oS 95k oF
Aol ok 3 —}Fﬁ% probiotic9] o] @
I AE % % (Crassostrea glgas), HPX]%* (Ruditapes
philippinarum), 3 Z7\ (Scapharca broughtonii), M
ZN (Fulvia mutica)®] 7} ‘j%il?*a 179859
candidate probiotic bacteria (CPB)E 3 Y
ob7} vheFst A g (Lactococcus garvieae, L.
piscium, Streptococcus sp., S. iniae, and S. para-
uberis)°ll Wt g A AAH S Hol= #F
(CPB-SHE AWete] olFfe] Af7d5 B
$]3t probiotic T2 9] N M5 S GolR
Skt}. CPB-St T =314 o}
&t A GFAE WS A A B E Lo
Hatow, &3 mig
g A A 8 s
gk bHAg H AW AE
CPB-St= Hol Axi
mm®] A7 °—M]EHE 2743
Al T8-S Btk CPB-Stoho] E3F wj el A
Streptococcus sp.= 6A A FE A A HAo]
BHE 7] A ZsF 124)7F HAE2 8~55H] AE 9
= Jehhelth CPB-ste] olfel e w94
ol Ayl 2549 F3F CPB-StZ 1%
HAbs BFE A eEstoh CPB-StY] 13] 74
Fol & 91} oA CPB-Ste] &S &9l
I} Fo 2447k Fofl= CPB-St7F BT wiEH
© 2 Yelytt}. CPB-StE probiotic bacteria 2
F5to) SIS olfe] AW B E Ah5 A o
L Egle] A5G 3] 25 ol Fol o}

£ double layer testE

ol 2] Streptococcus sp.°ll
=] }aiL CPB-Sto] ©] ol

& Brhetaoh
Tl thske] 18~26
Jgo=n 2 4% o

B o

[

i
¢

O

N 4'” Ju

1 o = orlr % ool @ FoodY
T
i

P
21 Of
T

YA Streptococcus sp. Aol st A &} 113
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