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Biological Characters of Bacillus pumilus CPB-St Inhibiting the
Growth of Fish Pathogenic Streptococci
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The biological characteristics of Bacillus sp.CPB-St as a probiotic strain to control fish streptococcosis
was determined. Based on 16S rRNA sequencing, Bacillus sp.CPB-St was identified as Bacillus
pumilus and named B. pumilus CPB-St (Abbreviated as CPB-St). Growth inhibitory activity of CPB-St
against Streptococcus spp. was examined at three different incubation temperatures (20C, 25°C, and
307C) and three culture media (NA, TSA, and BHIA) based on the diameter of inhibition zone. Its
activity (inhibition zone of 11~29 mm) at 20C was higher than that (12~21 mm) at 30C. Its
activity (29 mm) in NA media was the same as that (29 mm) in TSA media. However, it was higher
than that (22 mm) in BHIA media. The inhibitory activity of CPB-St against Streptococcus spp.
was high at pH7. However, its activity was the same at salinity of 0.5% to 3%. CPB-St showed
maximum growth after incubation at 25°C for 48 h. To use CPB-St as probiotics, settlement studies
in fish intestine and its efficacy through feeding are needed. CPB-St was highly resistant to gastric
juice at pH4 and flounder’s bile salt as well as deoxycholic acid at 300 pg/ml. CPB-St showed optimal
viability in 1% NaCl. It showed similar growth in 0% to 7% NaCl. CPB-St could tolerate -20C
and -70C for 45 min. There was no difference in the growth of the strain between room temperature
and 4°C. Fish diet supplemented with CPB-St could be stored at low temperature without cell loss.
Therefore, CPB-St might be used as probiotics to control streptococcosis of fish.
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Y =lo] YT} (Verschuere et al., 2000; Irianto and
Austin, 2002a,b; Kesarcodi-Watson et al., 2008;
Nwachi, 2013: Tuan et al., 2013). AF&olU 7}= 2
2ZHH 28 #FE ofFol ol &3 d=H Azt
oA #&% AFAE EIde AR L
Lactobacillus rhamnosuss ©]-§3t FX] 7] %0] 9
A AAJAFR] deromonas salmonicida 2] Y E
A L FANEGA A FAF Gl A AT
(Nikoskelainen et al., 2001, 2003)} L. rhamnosus
JCM 11369] #F5 FARE o HIo=H A
A WY 24 9 A AGAHEY HEE got
B AT (Panigrahi ef al,, 2004) S°] Ut} A A4k
AEZRY Egld FFE probiotics®E ©]-&3 A
T2+ Atlantic salmon®] F O ZHE EHH Car-
nobacterium sp.”} atlantic salmon3} rainbow trout2]

WA Altol] thate] {83 28-S ok B
7} AT} (Robertson et al., 2000). =+ A - H-35}4
S 2 RE B2 E Vibrio alginolyticus7t M5 &2
o & &£AS F= V. harveyioll T3] inhibition ef-
fectE 7H¥ o= E17F 912 (Ruangpan et al.,
1998). 18] Atlantic cod®] FOoEFE &
Carnobacterium divergenss A5.9} 4o] HJo =
A AR AEE0] FUtetd e Bt AT
(Gildberg et al., 1997).

ol AFoNA AT o] EojFo R =2

AA5EE BRI Bacillus sp.CPB-StE 13}
probiotic bacteriaZ A 2] ALg 7HsA S HES vt

[o

AT} (Lee and Kim, 2014). E #& ofF F4S
2] 3} probiotic bacteriaZ 7] tsl7] Y= oA F
o AU &AM AE Thsslor S 1 EE
B AFo| A= Bacillus sp.CPB-Sto] pH ¥ ©&

AL x3H3 thokst A &S EA S YolH

il

5.:

Bacillus sp. CPB-St2| £

FAL BRAE Bl o FHAY A
Faol taled ARIALAT Y Ao B

# (Lee and Kim, 2014) Bacillus sp.CPB-St& 16S
RNA f+7d2ke] 71 ol A ske] skt

e

Universal primer (fD1, AGAGTTTGATCCTGGC-
TCAG: rP2, ACGGCTACCTTGTTACGACTT) &
0] &3} polymerase chain reaction (PCR: Pre-dena-
turation, 95°C, 5 min, 1 cycle; Denaturation, 95C,
30 sec ; Annealing, 55C, 30 sec; Extension, 72°C,
90 sec, 30 cycles; Final extension, 72°C, 5 min, 1
cycle)S A AISFA T PCR 4HES purification kit
(AccuPrep, Bioneer)E ©| 83t HAF F se-
quencing 9]F3te I H7] AqEE& NCBI
(National Center for Biotechnology Information,
USA)9] Blast SearchE ©]-83l] 7|&29] BHaH A
+E5 vl

Y =Zofl w2 cPB-Ste| S Hat

ohaFgt 2ol A vl gk CPB-St7} Streptococcus
sp.oll thate] o= A A THS dEh =
A &olr 7] 913t double layer test (Sugita et al.,
1996)2 A A& TE CPB-StE WA F%ol 5 ul
A Ested 25C oA 393t &3 F chloroform S
2 30%7F A gste] CPB-StE Aberst AlZ T 10
CFU/ml9] Streptococcus sp.& T3 0.7% soft
agar (Bacto Agar, Difco)E CPB-St plateol] 35 Al
A 30TCollAl 2443 v Fste] A A A=E
A8k

i 2| o] T/} Y 25 P HjgF Agto] Y
o] HX & FFE Lolrr] YA NA, TSA 1]
a1 BHIA HiA| ol A 20C, 25C 2 30C = ufj F3}A
om, HjF AIZHE 0~ 12041 7HA] 24413 HA ©
2 ZA3R T ( Sugita et al., 1998; Avonts et al.,
2004).

3t pHE TSA HIAE pH 4.0~9.09] 6 TAZ
ZA o] ALt o, 9% F5+ TSA HiA 4
NaCle] £=2 0.5~10%2 12 A= 2439

CPB-Ste| MEstx E4 =Al

) B34

2 NHoA L o] g 9 &
Z&3at7] AsiAe Al SAFHE Lot
Zo] " asic} CPB-Sto] AAIHS dotry] 9
st FF=E ZA3HAh 200 mle] TSBel| 10°
CFU/m12] CPB-StZ HZ3t3 30Tl A 90 rppm S



2 48A17F Bk v ksl H A 2417 A o
mmol A FHFEE s AT

AT,

= AP%oP@l pH 4.0 Ei x4 TSB HHX] ol 1%
pepsin (Sigma)S F7Fste] JAFHANOE AL§-5}
ATt (Park et al., 1998). CPB-St= TSB Hj | ol] 244
ZF vjekdl 3 AR (8000 rpm, 15°C, 10 min)3}t
o celle 3 53tal B A2 95 (0.65% NaCl)
223 AHT & *Fv“‘ 10° CFU/ml #&2°.2
AFAHe HEF3S & 25C=E v FstAA 5AZ
T YA A O TSA wiA| ol =dete] At
A 3+H ). Control pH 7.0 &2 ZAH3t
pepsin F7FSHA] et

=
=

_IN
o

3) BF EH%J WA

CPB-Sto] &l thet v
< A -%]5]'05] A&-3h=
cholic acid (Sigma)E %
i efsl= WS o] &3t (Lee et al., 1991).

2% 25 eme] WA ZHE Lo Rolx FFH
o A= EF S 85t A7 0.20 um membrane
filtler2 o Z3FATE 25C ol A 24A17F 52 vl &F3}
o] 10" CFUmI?] ¥ =& %243 CPB-St 10 ploll
PBS (0, 10, 30, 60 ul)$t Bile (90, 80, 60, 30 pl)<
7yz} Ao} HEFS 100 W2 =AY, 25Tl
A 1AIZE v eFsk 3 TSAC] ZHzh =uksle] 25T 9
A 2473 vl FRE & AAE ST 7 de-
oxycholic acid (FF4HE 0~500 pg/ml T =EZ 3
7}ate xﬂ 215k TSA wij A o] CPB-StE 10° CFU/ml
”L‘S‘P@l 25C ol 4] 48| 3F vl st

de G ERH &
WH 3t HH A of deoxy—

4) @E (NaCl) 5% YA
NaCl& 0.5~20% &-83F TSA ® A9 10° CFU/ml
© 2 A3 CPB-StE =T3}e] 25C o A 48417t
Wl ¥st ¥ colony 9} 27] 1E]3 FAFEES &

SET

= Bacillus pumilus CPB-Sto] AJ&E3sH2 EA] 65

5) A2 WA
CPB-StZ 10° CFU/mIS. 2 ZAH3 F 423 tube
of 1 m¥ &F3t] A& (25C), W4 4C), d%

(20C), 2A2YF (-70C) Aol 47 ¥ %
15, 30, 45, 60, 90, 120, 180% 733} S o) TSA Hj A

of =2ste] 25C o Mige F 250 whE ARt
Aol & wlwskith
2 1

Bacillus sp. CPB-Ste| SH
Bacillus sp.CPB-St2] 16S rRNA 3 A}+2] 7] A4
S NCBI9] Blast SearchS ©] 83} 7|&9] B
H NS v 23 Bacillus pumilusSt 99%
oo dEHs BHIeEE B AFE

CPB-St(°]3} CPB-St)= W39t}

B. pumilus

HHQF =Z40i| 2 CPB-Ste| &Aa tH35}

1) =R, vjF2Eel AJ7to] w2 W3t

NAS}H TSA Wi Ao viatAs o Yetl= &
2l AR e FASIAA T, BHIA v K| ol A= 2~7
mmA = T WA YEFGTE (Table 1), =3 20T
9} 25C ol A v F3tA & W7} 30TColA B AZE
i A5 ol A e

2) vjA] 9] pHO| wE M3}

pH 4.0~9.09] W ¢jollA] uj &g CPB-St7} EFA
= AAAAHe A7) 5 v 2443 Fof] vl
23} (Fig. 1), pH 7.0914 18 mmZ 7} =4 ek

Table 1. Inhibition zone of Bacillus pumilus CPB-St
against Streptococcus sp. according to culture medium,
temperature and incubation time

edium  NA TSA BHIA
T
Hour 20 25 30 20 25 30 20 25 30
24 13* 16 16 13 15 16 11 13 12
48 20 21 20 21 22 20 18 17 15
72 24 24 20 24 25 20 20 18 15
96 25 25 21 26 25 21 21 18 15

120 29 26 18 29 26 17 22 19 16

a Inhibition zone (mm)
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Fig. 1. Inhibition zone of Bacillus pumilus CPB-St against
Streptococcus sp. in TSA medium adjusted to various
pH. The growth of Streptococcus sp. was not detected
at pH 4.

Yo, A BoheE 9719 2404 i B I3
23 BT pH 40914 & CPB-Ste] 24|28 o] &
A H ATt Streptococcus sp.2] F2) o] A = o] &
4E8E AT & gl

3) HjX| o] & F=o wWE A3
A o] dEFE7 0.5~10% ¢ o ek
U 3 HHE uleF 24 A7 o] ERIgE A7)
3% FE7HA FAHE 97 18 mmE FY3HA Y
W%, FE7F FoldTE FaHAT EAEN
o1 8% NaCl ©]’¢2] &= A = CPB-Sto] 52
2 BFEH AR, Streptococcus sp.2] S o]
A ot FES FAT F AT (Fig. 2).

Bacillus pumilus CPB—Sto| MEsIH EM

1) B4

CPB-St&] AAFAE& dotr~
S i HA SR EE AL

]- A
7t AEE BPom, 48417 ol HI1e] TS B
o} (Fig. 3).
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2) AFAH g HA

242 A2 A2 30 em G219 Y& EEsto
pHE =43 A3} 3.0~4.0& YERAATH =3 oF
21 |32 9] pHE ZAE 3l pH 4002 A3
AFA Y42 CPB-Sto] WAE-S ARG A
(Fig. 4), 5217t0] A3k A - 744 CPB-StE =

18
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Fig. 2. Inhibition zone of Bacillus pumilus CPB-St

against Streptococcus sp. in TSA medium adjusted to
various concentrations of NaCl. The growth of Strepto-
coccus sp. was not detected from 8% to 10% of NaCl
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Fig. 3. Growth curve of Bacillus pumilus CPB-St cul-
tured in TSB medium at 30°C for 48 hours.
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Fig. 4. Viable cell numbers of Bacillus pumilus CPB-St
in TSB medium adjusted to pH 4.0 or pH 7.0.
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Table 2. Resistance of Bacillus pumilus CPB-St to bile
acid for 48 hours

Deoxycholic acid (pg/ml) Growth of CPB-St

0 +
100 +
200 +
300 +
400 -
500 -

3) @&l g A

QoA BEd 958 =9 Z CPB-St&} 4]
o)A wjeke A3 Fxo BARe] CPB-St= 5
ShAl A3t gk TSA 8l Al deoxycholic
acidE % 7}ste] CPB-StE wiF3h A3 48417
71222 300 ug/mle) =714 CPB-St&] =42]0]
1= AT} (Table 2).

4) NaCl =% WA

NaClo] 7% TSA Hj Ao A CPB-Ste] A48
st A3, 1% =0l HA A4S 1Y
o 7%9 FETA = 80% ©lXde] F4S Bk
(Fig. 5).

5 A& WA

Aol M o] HEHE opd Az 20T} 70
Coll M= 45A13F A3t AHHE thzaol vis) 4
& a7 et 28y 3 2540)¢dA =
AL MGE zo]lE HolA &skth (Fig. 6).

a

Viable cell (%)
&

20

05 1 15 2 3 4 5 6 7 B % 10 15 20
NaCl (%)

Fig. 5. Viable cell of Bacillus pumilus CPB-St in TSA
medium prepared with various concentrations of NaCl.
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Fig. 6. Viable cell of Bacillus pumilus CPB-St after in-
cubation at various temperatures.

7} A ) (Gomez-Gil et al., 2000; Fernd
ndez et al., 2003; Macey and Coyne, 2004). ] <
TFoll A o] Foll AH-83}= probiotics] A A o gk
AR S -T’-E:]s}oq /‘}ELO] g Aow HFHse )
B2RE & /"ﬂ‘& 0}@] ©] 9] probiotics =
9] o] 87t s 3k v} 9t} (Lee and Kim,
2014). & A& 9] /‘ﬂ < fre&AFoE st
7] 913t 83 V|22 AEA AT BEEH
EAES ¢ol Byt
CPB-St9] HH & =7l we} WA Swreptococ-
cus sp.oll tigk FHS vws) B 23 1L B
A2 (2000)011/“1, I FA Boke dRkeiA|
(NA and TSA)°l A M StAS o) =2 FoHES
H‘}?‘E} o] Streptococcus sp.7F A7 Z-2o0] B}
11 BHIA®F #2 S4FdEo] 8 A oA
7J— ;(]_a].‘_—_ E_}S] :q]T,E'__L ‘]_E E.O]E]‘ pH 70,]
217 0.5-3% A= oA FHFH7) =
A YESS pH 4.0% GEFE 8% o]l
CPB-StY] 212 BHA T, Streptococcus sp.7} &
23HA] k7)o S HEY F A FHA
T gl Hojxl REY ARE ZAHE CPB-St7}
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pH 407} FEF= 8% o= &8-S e
RO EOIE}

Aoz AAIY. FT= FAF
= Aofof & # ofye}, o
A 712 el ME7] A E7llA 24l E
= 9% (pH 7.8~8.6)3 Z+F Astia 40| E3) 2
gl A& ol 9l°1°lt ffhﬂr TRt 9199 pHE
20 AF=A 2o PAEES o704 AFE
sHAl Fot. HAIRE, Hol& 3 RS A5 g
2802 Q3| pHE =oFAA HAIL in vitroS} in
vivooll A1 o] A@AINE= A IAIT+= Bavt
AT (Park ef al., 1996). CPB-Sto] ¢1F 2J<) & of
F 2ol dd WS AR A3 pH 4.000 A4
Ao ZFAd= AL B o) problotl cE A+

probiotics—

EOﬂ Aol ATE Foxe THE 1HAS o

FA-go] YU ER A Al A&
ﬂxl RS Ao AANY, ofFolA Fol F Ak
57} &3 85 AH HAE St Aol 24
I AFFEHe|ER Ao BoFE 5A%F A3
AL AHof g YA 7tsA S Fo8) Fe=
2o 2 Ho] Zt} CPB-St7} 4 l% %%H A3h

nllo
_I_4
zﬂ
o]
o
ol
fr

W2 Sof7hiA 9& 33t &
FgellA DA 713E el uiaﬂ Htﬂw% =
oA FHlE= FE A4S nstgio] FEo A

G o et %%4 th 78~86°§ &e] Aol

g Hj x| o] 4 CPB-St& 300 pg/ml7kA] A Eo] 7}

L= HECE

& = BFFAY sl deoxychohc acid& f,ﬂ'
_(I_DI_

5 ikt 74

49 FEWA ol 250~
500 pg/ml= Bl H Ao ZAYES o g5l o
g Aol A= AR AT (Lee er al, 1991).
=3 A ZSTE AF %%—‘l st FEHEE =
AFRE A3 CPB-Ste] 4] A7} vEhA] eEgke
o2 gl s 4A O}E}FL Xt} CPB-Ste
HEEE 0.5~10% Aol Ad%o] 7Hedt F<
A AFOZN AFSF dE 250 J3Fe kx|
Ug Aoz BTk WE HEg AAES A
BE 494 Moist Pellet (MP)AIRE == 34

l

e

X

of CPB-St& 718 ¢ A9 Aol a7
==l CPB-Sto] 4% AFE71E SHste At
A obde Aow Kol Xt}

182 E CPB-St= ARl 4o BoEyg S v
Ao o3k #F £Ao] glom ofFe] AuEid el
A= kg Ao E FokE o] £4+E probioticE
M 7hssitta dgEn.

o OF
Rl —

Zt= Ao 2 B H Bacillus sp. CPB-StE
k-8 probioticsZ /N'&317] g 712 ZALEA v
AE] AETHR 5EA-& Lot kT Bacillus sp.
CPB-Sti= 16S rRNA 32 7] Qoll 23t
Bacillus pumilus=2 7% 1 2™ B. pumilis CPB-St
(13t CPB-SHE H ™ H AT} CPB-StE WY &=
2 vl =) o] FF/oll wel Streptococcus sp.ol Ik A3
AAATE S Hrigk da, 200G A 11~29
mm)ol A ¥iFEE S w7} 30C (12~21 mm)ol A]
v F3-S wjr ok A A EH7F =43, NA (29
mm)2} TSA (29 mm)ol A= FAFSER 1 BHIA
(22 mm)ell Al &= A YERRTE TS A A T e
F7]= pH 7.0°141 18 mm=Z 7} =A YErSEAL
AEEFE 0.5-3%NA = TLstAth & CPB-St
Ag _11—2-1 EA—]& o]—o]_i g_ﬂ. 30C o]]/(-] %]-Erl—@-
TS BRom ujeF F 484t Ha S
e ST pH 4.02 24§ A-F Aol A= 54
A oFzre] vt YER ATh Xl oA A H
oA CPB-St= s&xol #AGle] L3 A
S B °H deoxycholic acid7} 718 TSAH]A|
A1 300 pg/mle] FE7A F24 7St =3
1%9] @50l HA o s BAo™ 1%
o] TR F2lol & AtolE HolA & Wi
A2 WA A 20T -70Coll M= 4584
ANAHFE iz vls] A3 a7 e oy
4CoA M= AL aol & HolA gkt uhehA
CPB-St= o] /9] 48t# YolA e A&7 0]
o1 AR HUlste] Ao R@sto e ¢
7t BAEA g Aoz AokEH

A&

3

2 ol Y
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