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The strains were added to the feed in the concentration of 10°

feed twice a day (8 AM and S PM) for 12 weeks. In result

, 10°, and 10’ CFU/kg and 2% of fishes were given the
of the nonspecific immune response study to examine

Respiratory burst activity, Lysozyme activity and Phagocytosis activity every two weeks until the end of the study,
all test samples showed greater activities than control samples and improved immune activity with Bacillus sp. IS-2.
The mortality test performed by artificial infection using Streptococcus iniae, a pathogenic bacterium, after the
completion of this study also showed over 55% greater survival rate in all test samples. In result of performing PCR

using the universal primer to verify that the probiotic stays

in the intestines of the fishes, all test samples showed

PCR product of 1,465 bp. Based on the above findings, it was concluded that Bacillus sp. IS-2 in the feed improved
farmed flatfish's immune system and resistance against diseases as the probiotics. Also, the physiological indicators
discovered by this study would be useful for identifying the mechanisms of probiotics.
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34 AN = AT = Jlojof gt B3t oY X BE Tt
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(GOT), Total protein, Lactate Dehydrogenase (LDH), Glucose
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Plus, DacKwang Meditech, Korea) & ©]-83}o] SA35}%tt

0iF AMZO| EAMA 5T

07 AAM|3E 228 AdolH 7] $J5}o] Respiratory burst activity
£ BA3}9th(Anderson and Siwicki, 1994). A3 o]9] u]kloj
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1.119 (11191-100 ml, Sigma, USA)2} 5.2]% A MZ S ;]2
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=5 uAEZ b3S 0]-83}] Mononuclear cell (MNC)2] Al
X5 EE)3}o] 1xHBSS (Hank’s Balanced Salt Solution, MNC
9] 38R 33] A &, cell countingS F3l A4 3§ o2,
Congo red GAoFo 2 HMH yeast cellZ 20:12] H|EZ A2
oA 1A]7F ¥H-8-& 3}o] phagocytosisE F=3Hch 1 F 1 ml
ice-cold HBSS®} 1 ml histopaque-1.077 (Sigma-Aldrich)& 2}
Zre] Al&of| HslE tha 850%g, 5 min F¢F YAHEEE AlA
gh3-o] F-=H yeast cellsE £2J5l0] FH 22 510 nm2| &
B 3= 53l PhagocytosisE X 3kste] UERH YITH(Using
trypsin~EDTA as a blank).
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Table 1. Serum analysis of Olive flounder that was fed with Bacillus sp. 1S-2 mixed and non-mixed control diet for 12 weeks

Week Group GOT (U/L) GPT (U/L) TP (g/dL) GLU (mg/dl) TC (mg/dl)

Con. 21.542.5 24.30.5 42402 21.9+2.0 20.142.0

o 10° 16.8+1.5 22.140.9 3.2+0.1 27.241.9 23.241.9
10° 21.542.2 19.442.1 2.9+0.2 33.0+4.3 22.0+4.3

107 22.6+1.7 17.5:3.6 4.140.4 32.120.6 19.1+0.6

Con. 19.5£1.5 34.5+0.1 2303 982445 26.244.5

b 10° 16.242.3 61£0.9 3.8+0.3 101.122.4 27.142.4
10° 14.0£1.9 55429 41404 88.2+1.4 250414

107 21.643.6 58+3.4 3.9+0.1 71.643.6 29.643.6

Glutamic oxalacetic transaminase (GOT), Glutamic pyruvic transaminase (GPT), Total protein (TP), Glucose (GLU), Total cholesterol (TC)

7V =8 3k A AM|otQl Streptococcus iniaeE ©]-835te] &
AAS-S ARSI} Streptococcus iniae (KCTC 3657)+= AJ
YA E](Korean Collectionfor Type Culture, KCTC)of|A] &
9F "dto} Brain Heart Infusion Agar (BHIA, Difco Co., USA)E
ARgsle] 3UkE AEste] 37°C vjsly.on, 3x10° CFU/ml2)
57l RS 085% W AelAsol W2 g %, 37 A
202 gk FAUTL ARE] F 127 Foll AXJ5}
Qo 25 vEste] AP FolA F2 = 30mk2)4 A3
sto] 1 ml FA)E o83t 7} mpE|ed 200 pl¥ E7FEAL
209 5434 AL 2Lk

2l 230l Ju &)

Alg H7IAZ AREF Bacillus sp. 1S-29] & U A& 3l
s17] Q3 Ado] & | T, 2] Ad 7o AFololA A&
]38} MRS agar (Man Rogosa and Sharpe agar, Difco Co.)
Xl 16A]17F F<F vljSF &, 7,000xg 15 min, 4 CL ZXAHOSZ
dHETsI FAE A £-E" #AE Genomic
DNA Extraction kit (Bioneer, Korea)S AR&-3}o] Chromosomal
DNAE E&3t &, Universal primerE: 0|-&5}o] PCRS 435}
ot 3= oligonucleotides?] ZFzZ+o] primer= 7F (5-AGA
GTT TGA TCA TGG CTC AG-3), 1492R (5'-GGA TAC CTT
GTT ACG ACT T-3)Z ARSIt ZZ3 PCR product=
Ethidium bromide (Sigma-Aldrich)7} E7}5 Atejo| A A7
53} 1% agarose (Promega Co., USA) gelo| 4] &els} 4t}

SAIxz]

S FATFA0NA AT F219] 4 9 24 Ao FAA
2] SPSS (SPSS INC., Version 12.0) program& o]4-3}e] =
A AL AAFA ttest (P<0.05)2 Fg7+e] §-24S A3t
Fet. A g2 Fo gt EE WA mean+SD) = ERA L ¥
& 2 arscine HPFLO 2 Aol A8 AT

Bacillus sp. IS-2 7} A}& Eoj7} Yx] 9] AR n]x]: o

TS A Y8f 1253 59t 2] uE 529 Bacillus sp.
1S-2E5 A7)sF A3 319} Bacillus sp. 1S-2E H7181A] &2tz
Fo) b olRe) AZHste] e Ane vehelckFig. 1)
ATE B Bacillus sp. 1S-25 A7I5E AR S Folgt gA]<t
Bacillus sp. 1S-25 H7l5HA] &2 dul At2& FoJ3t X+
A4S 85 Bk w0 = ARSI Se nlAle 127 A
A AF T HF o4 o B FAS 243 A7} 10° CFU/kg 3
MRS Folat AEFoIN thxol Hl3) o 13% B Fe
A e oleh 22 23R Bacillus sp.2) A7 2
2tu]olAly et al., 2008), Joj(Mohanty et al., 1996), 34t
(Zhang et al., 2010)& thAFO 2 3 Ao A= 2 A}t FA}
g AIE BEo ol AR Y AHAIE H7HE 5= 3l
of 23188 ST AR 184S FAAIE A0 B
= A= AX|5FE HBougon et al., 1988; Rychen and Nunues,
1995). E3F probioticsE £3t ol & 40 AL AL
20 Ao Y] ok B8 2N BaE Rk o
25t A= el ith(Zhang et al., 2010).

2 A7e) g7} thx7e) Bolshd BAHIE Table |
of Yet it 7+ 543 Uetll= A& GPT % GOT, ¢
A, FTALEE FFS ATV R ol vyt
WA gsro, ol= AU Aol v AAlel oF 54
oIt ol U} BAVE YRR e Ao AR Ty
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Fig. 1.Weight (g) of Olive flounder that was fed with probiotics and
non-mixed control diet for 12 weeks and weighted every 2 weeks.
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Fig. 2. NBT reduction of Olive flounder that was fed with Bacillus sp. IS-2 and non-mix control diet for 12 weeks.

glucose?] ¢ AYo] FEE A|FA F7HE= HIE &
3 4= Ql%=T ole = EE 9 =2-9] Wk} T2 dAF
AEF A GhE wfFolat Az o A o] 2|3t glucose ] 571

Seust A8 ko] B 5gickWardle, 1972).

olF AlM|Zo| EHMAIA =X
Az ] FAAkA S HEA Y Foll A3 A=E

Al AA| 2] B/ 4kax(02)9F 22 AtaEtEl 2 (ROS)S %72,3}

L Agoez & &R NBT oz AN Z 4L =45}
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o} Ax|stgch(Wardle, 1972; Anderson et al., 1979; Griffin,
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Sjolaxele ulSold olslAs Fol EA Hoz 2
AAlo) YA B3ESH= G4FA, o] E4%F peptidoglycan©] 2k
= AlEe] AlEE JRS Bafals 28-S 7T glon, o]
A By, Pulol A, FoI2E Fol Bl i Aom
A B %31 9lt}Jolles and Jolles, 1984) B A3 A3} Bacillus
sp. 152 AFAE Bl AR g Fojg A7} chapo]
6 e elol4n1g) @40 At A0 ehtehFig 3. 4
ol =AML 10°CFU/kge] AR TFA 718 2 &
AL JUehfie ol e Adt:= Bacillus subtilis@} S.
cerevisiae’s FA WA ALROl| H7F - Folgte] Bolaxtel &
A ghol 71tk 23}t FAFSH (Taoka et al., 2006), S.

103 = 10° m 107

Time elapsed (weeks)

Fig. 3. Lysozyme activity in serum of Olive flounder that was fed with Bacillus sp. IS-2 and non-mix control diet for 12 weeks.
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Fig. 4. Phagocytosis activity in serum of Olive flounder that was fed with Bacillus sp. IS-2 and non-mix control diet for 12 weeks.
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AJo] 10° CFU/kg A@ Tl A 7P &2 aho| 4a¢] S4d3H2 8
Q151G TH B T10h% Q)X FHH(Chiu ef al., 2010).
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S. iniaeE BE AHo| FEEH A7|o HEstA 209 Bt +4
HARES F2l st SEARE ZE AP} oA

of 3t
24
3
1

BN ofd

sl

—o— Con.
00% -

(%)

80% -

ty

60% -

FA7E XZE o] 10° CFUKg A@TFolMs 73%2] HARS
10° CFU/kg AFFAE 53%9] dags vepgon, 107
CFU/kg AP Tl AL 45% 9] FARS-S Hof thz o] u|a) @A)
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T SREAES B0l B Aa JFAS Aok e gz
FET}H G051 £ AZLS B9l ATE Yehfo](Liu ef al,
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Fig. 5. Cumulative mortality (%) after intraperitoneal injection of S. iniae in Olive flounder.
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Fig. 6. Detection of Bacillus sp. 1S-2 in the intestines of Bacillus sp.
IS-2 fed the control deit and Bacillus sp. IS-2 containing diets at 107,
10°, and 10’ colony-forming units (CFU/kg diet) by gel electrophoresis
of polymerase chain reaction products amplified using the specific
primer pair, forward primer 27F (5'-AGAGTTTGATCCTGGCTCAG-3")
reverse primer 1492R (5'-GGTTACCTTGTTACGACTT-3'), of a specific
open reading frame from the Bacillus sp. genome.

Saccharomyses cerevisiae P13 Grouper®] £o] & 2 g9}
Z2 o A B2 435 g8 2 dat 2 Ardne
H|gt A3 <l & 4= 31912 H(Chiu er al., 2010), ©]= Ak

£ Fol 4A8 A9 257} 919 2 2o BE Bote] 7
AFs] Aol =EetEa= &}l & o= Sl= At} Alm T

2 AP A5 53l Bacillus sp. 1S-22] At7 W H7t= &
Agz)9] g 9 B 5ol HAWRE-Z F7HAA S. iniaeol T
S APAGE FAA AARFZIAZ Aol 7HsEhe o
FAch B3 2] T2 BES Salo] APS AAF A 10°
CFUJKg o142] S22 H7oke] 338 29 FAdA W]
BT AP AR 7 & a0E e 5 IS g4l
S5tk $HO.2 probiotics S Bt P01 Fo) AEF} W]
52 B olAUZe] de 28 A7 Wad Ao ARy
H o]F B8 L&A WiEAE AL E FAAHY ol 2A
7loigt Ao Az

V]

I

E A= A FX|(Paralichthysolivaceus) A= U oA
H77L WA A, Welihe 9 WAl nlAls d3e B
Aotk ABARE WAS PAREINY 527, ZA%
1%, 248 3%, 2315 14%, 91 2.7%, 24 1.5%, Suhyup Co.,
Korea)ol| Bacillus sp. IS-25 A7}t 10°, 10°, 10’ CFU/kg2)
AYARE AT 257b0) LS F, B 210413
291 AHOIE 1,000 L PBszo] AAT o 70uke)4) B1pe)z
wxjsto] ARARE 19 28 ol B2 294 125 B BF
stk AT 24} A3 RE APTolAE YIRS F

3 z7o] v]8) & AFES YR 9lon 10° CFU/Kg A8
FolME dizol v oF 13% A= & AFES YER
o} @HEA Aiof|= glucoseE A 2J3t GOT, GPT, T4, 5

Aol chet ZR2elo] 2 8o BT 177

EY2HE SOl AAFZE A Aol & YEhA] a4
dAZ QAFE Aol oA Wi EAIZE YA 2 o=
AtEET Glucose®] 739 A F& A|FAA S7H5= ¥gke
8H91 B 4 SRt ol 42, S0 o8 YAIH el Axolet
A= E T} Respiratory burst activity (NBT assay)o] QlojA=
MRS 3FT A7 2T vle 22 TS AT
< 9lem £3] 10° CFU/kg A9} 10’ CFU/kg A7 Tol|A]
oo s w2 ghs FlstAnh 39 golaaty 3 Wid
T A QoAM= HFARE FoAg AP FolA iz H]
3 =& S stk 3AAE AL, S. iniaes FHFTA
SYARE FHAL AIRE O TR ARAtRE FoIgt tz9
AHE 100% RS 1<l HH, 10° CFU/kg A@ oA E 73%
o] HAHEE 107 CFU/kg ATl A E 53% 9] Ak ek
o5, 10" CFU/kg ARFTONNE 45%2] HAES o] 27
of la WAL 55% olA] B AEEE e e AR U]
A7¥8t Bacillus sp. 1S-29] A AE 1S 3 Aol 5
H 5 mE ATt 2T AP0 S BElste] vigE
A¢] DNAE &7 ¥ %] A2 Universal primerE ©]-8-3t
PCR 27} YRR E T3 275 AlLJ3 2E AP FolA
1,465 bp2] PCR productE &2l g 4= Qi ch

A7) A3E EY 2 FAFEX] AL= W Bacillus sp. 1S-29] A
7= FAEA Y A R HASA, S, iniaed] TR HAG/ o
F2 235 Yt of AARH7HAIZA 9] o]§ 7hsAd o] F Ao]
2 AteETh

M e

H A= A JX| Paralichthys olivaceus A& U] A
A7 W) g, delks @ ARl A 9 ¥
Astch. APARE YIS WHEAREDND 520, 24
11%, 245 3%, 3% 14%, 2 2.7%, Z% 1.5%, Suhyup
Co., Korea)©]| Bacillus sp. 1S-2& H7}5t 10%, 10°, 10’ CFU/kg
o) AuARE ARSI} 2778e] o HIALS: , HREA 210413
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