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Abstract

The purpose of this experiment was to select useful probiotic strains
with antibacterial activity and acid resistance against a broad range of
bacteria causing fish diseases to prevent bacterial diseases of fishes or
improve their immune system for the efficiency of farming industry.

Five kinds of strains extracted from Kimchi, salted farmed flatfish, and
salted fishes were used to study their antibacterial activity, bile resistance,
and acid resistance, and Bacillus sp. IS-2 was finally selected to examine
their cultural, morphological, genetic, and physiological characteristics. In
result of identification, Bacillus sp. 1S-2 was identified as Bacillus subtillis,
Bacillus velzensis, and Bacillus amyloliquefaciens and named Bacillus sp.
IS-2. In result of reviewing the optimal culturing conditions for maximum
production of antibacterial materials, the source of carbon was 1% soluble
starch; the source of nitrogen was 0.5% malt extracts and 0.5% NaNOs; the
inorganic salt was 0.1% NaCl; the culturing temperature was 35C; the initial
pH of culture medium was 8; and the culturing time was 120 hours.

The strains were added to the feed in the concentration of 10°, 10°, and
10" CFU/kg and 2% of fishes were given the feed twice a day (8 AM and 5
PM) for 12 weeks. In result of the nonspecific immune response study to
examine Lysozyme activity, Phagocytosis activity, and respiratory burst
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 S.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

_Vi_
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of the fishes, all test samples showed PCR product of 1465 bp. Based on
the above findings, it was concluded that Bacillus sp. 1S-2 in the feed
improved farmed flatfish's immune system and resistance against diseases as
the probiotic. Also, the physiological indicators discovered by this study

would be useful for identifying the mechanisms of probiotics.

- Vi -
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22 139E) 0.2 sjvith Srbetal flom, AW #HARES 2007~2008% 15.7%
ol A 200999 14.5%= ol tirt Adsls 20.2%=2 A mobAth #HALR
Q13 Iz o2 2007 32091€, 20089 2949¢, 2009 376, 20104 513

oldor zAEAY. FlFofFEA et fFrtdad, 2011
Gl ot oo Ay H ARE AR 7Y dubEd Wil A

Hap WA e o] 9w (Newman, 1993; Eldar, 1995), &
ol A gl wWE WA &d(Smith 5, 1994)3 Az
(Karunasagar %, 1994; Witte 5, 1999) 5 4133, Az oz Aztg A=

ekl glol 1 AREel qrAlE AL Q= Aot Aok &, 1990). WAL W<l 7

1 =]
87 wEel WAR} vl WARL Be Aelo] Bad Agoldh Ea AlwA
4ol BEAQ 7ol eyt AT 9

21874 22l Probiotic &%l Wgr #A3 At FHZ
Wolx 11 tHSalminen %, 1999)
Probiotics® “F=E9 F#Z(intestinal microbes)S /NAA DO ZH L3

A Folgk dFS F= HAE H7HAE EEcHFuller, 1989). Probioticse]

Fo fold S FolsAY Flol AH AR 9 AP ATl Pl AF
S ZAE Ae AAAA D KR g Buss oy oAEAn &

A5 o3 wFEEY A3E THAIA T

Probiotics2A4] o] o]&Fo] & wAEZE  Lactobacillus sp.(Ashenafi,
1991;Chateau &, 1993; Gildberg &, 1997), Bacillus sp(Sugita, 1998), Vibrio
alginolyticus(Austin s, 1995; Gatesoupe, 1989), Carnobacterium sp.(Joborn,
1997; Stoffels, 1992), @ Pseudomonas flourescense(Gram &, 1999) 5| Sl
°ow, 1 F 7P Wol AFHIL o Hoje WAEL fibt(actic acid
bacteria, LAB)°]tH(Ringo &, 1998; Conway, 1996).
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2-1. Probiotic #F9 &#d 2 AR

2-1-1. VA& +

BA FRAEFE Sestr] Aste] sl deda 435 2 AEdsdd 44, A

25H MA=S L8t A e
A 31 A&k AFgSl o, 0~10%¢ 219do] H7FE Mann, Rogosa and Sharpe
# =] (MRS, Difco)ell 31445 100 pb Fel =2eo=m =wska 25 30, 35T
A A8AIZE wieFete] M ES EEskith HE g Alds SR AFAR st
Aste] e B JAeEFA WA AL BAA A=l tgk A A S

474 2 pH WA =2AL co= e ivk(Fig. D).
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Sampling
(Fermented food, Intestine etc)

Single colony isolation
(Serial dilution spreading methods)

P S— Artificial gastric Heat and pH
el?ctivitg juice, pH 2.5 and stability test
y bile salt during (10~70°C, pH 2~12)

Fig. 1. Scheme of isolation probiotics.
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2-1-2. 2HFY I+48H S5A

Ao AREE #F= oF AW HAEER A9l KCTC (Korean
Collection for Type Culture) E+= KCCM (Korean Culture Center of
Microorganisms)ol A < Wol(Table 1) -70C Deep freezerold H# (50%
glycerol B 10% DMSO)ste] Addol AREatirh. AvAl Fu 52 2ld v
4 2 e =SS A7 gk wjA oA B#stgial(Table 2) e o5
7F AAreke wi Y] WA Aol dig oA m2aE A 9% gy A
McFarland No. 0.5% 3]A¥ 7}7}o] Ao S e HES AFEste] £H
=S

Zo]Z Muller Hitone Agar(MHA) plateo] =115

i

paper disc (7 8mm, Advantec, Japan)ol| 2% 59 wjdd 5010

of Z} wjFo Ut 24A17F Bl Ste] clear zoned caliper® A sFT)

o

)
of\
=)

caliper® 4% clear zone paper disc® A A% ¥} 3}t

Table 1. List of strains used of antibacterial experiment

Bacteia name Strain NO.
Edwardsiella tarda KCTC 12267
Streptococcus iniae KCTC 3657
Vibrio alginolyticus KCCM 40513
Vibrio anguillarium KCTC 2711
Vibrio campbellii KCCM 40864
Vibrio harvey KCCM 40866
Vibrio furnisii KCCM 41679
Vibrio salmonicida KCCM 41663
Streptococcus parauberis KCTC 3651
-6 -
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Table 2. Compositions of bacterial media

Media Comporiton (Per liter) Remarks

Peptone 10g
Bacto beef extract 10g

MRS Broth Yeast extract 10g Difco, USA
Dtrose
Tween 80 lg

] Beef Extract 3g .

NB (Nutrient Broth) Difco, USA
Peptone 5g
Peptone 5g
Yeast Extract 1g
Ferric Citrate 0.1g
Sodium Chloride 19.45¢g
Magnesium Chloride 5.9g
Magnesium Sulfate 3.24¢
Calcium Chloride 1.8g

MB(Marine Broth) Potassium Chloride 0-50¢ Difco, USA
Sodium Bicarbonate 0.16¢g
Potassium Bromide 0.08¢g
Strontium Chloride 34mg
Boric Acid 22mg
Sodium Silicate 4mg
Sodium Fluoride 2.4mg
Ammonium Nitrate 1.6mg
Disodium Phosphate 8mg
Pancragic Digest of Casein 15g

TSB (Tryptic Soy Broth) Papaic Digest of Soybean 5g Difco, USA
Sodium Chloride 15¢g
Calf Brains, Infusion from 200g 7.7g
Beef Heart, Infusion from 250g 9.8g

. . Proteose Peptone 10.0g .

BHIB (Brain Heart Infusion) Difco, USA
Dextrose 2.0g
Sodium Chloride 5.0g
Disodium Phosphate 2.0g
Beef Extract 5g
Pancreatic Digest of Casein 2.5g
Peptic Digest of Animal Tissue 2.5g
Lactose 10g
Bile Salts Mixture 8.5g

SS (Salmonella Shigella) Sodium Citrate 8.5g Difco, USA
Sodium Thiosulfate 8.5¢g
Ferric Citrate 1g
Neutral Red 0.025¢g
Agar 13.5¢
Briliant Green 0.330mg
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2-1-3. 45 94 2 4T FFAl g WA, i, Had, &84

g fodel wigk WA A EeE 242e nAdES ]88k 0.005M sodium
phosphate bufferE HCIZ HA3slo] W= pH 2.0~7.0¢] NB #ix|o ZF #5
(10°cfu/mDE 108} 3|A1ate] AEsle] 30T 308 #Ag I NAo| E=uste]

8 45 AER] 109 o4 HolHA = AL FHow WA,

oly wFAbel i3k WA 2AE BEald 4z nAgES o] &3le] 1~3% bilt
(10°cfu/mDE 108) 31X &te] HFske] 30Tl

._|Z__
30 WA § NAe| Z=dsto] w5 FAsto] AEEo] 108 o stolx#] ¢

Aol st A= #e8ld ZH7te] vAES o83t 0~50 ppt (part per
thousand)©] NaCle] XZ3® NB #]xo] zF #3F (10°%fu/mDE 108 A5t A
Z3lo] 30T 307 WHx of 55 SH3te] AEE0] 108 o]

|
g kol A = Ae FYOR

f82A 2 (Hemolysin) &4 ZA= WY Hd4E 5% #H71gE H 3o (Hanil
Komed, korea) & =43 3 30TCoA 48A17F vjekstal s u UehteE 833
of frF=2 &]lstitt.
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2-1-4. IAFFY AA

ol 7V Hold Bacillus

il

sp. IS-2 &5 & AT
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2-2. Bacillus sp. 1S-29] &3

2-2-1. gHg3 EA

SEM (Scanning Electron Microphotography, JSM-6700JEOL Ltd.)S &3l 7|
e st 54S A#egity. A A o] Membrain filter(Adventech)& &
H 1 flol WgolE o]l fste] o =EST o A S wEk Heto]l v
ElL}r] o]del HAEE @ttt WA filterg 0.5X 0.5cm HE%F dg 3 H,
2.5% glutaraldehyde &9o]] wto] 1A1xF A A ZItk, 71 t}& 1 M phosphate
buffer2 23] Al#3tt}, o] & 40, 50, 60, 70, 80, 90, 100%9¢] ethylalcoho= 7}
7y 1A gAY @Al filterE isoamylacetate®t 100% EtOH7F 1:1
2 E3E gdo 1417 & ¥, 100% isoamyl acetate &l 1A]7F 8Fx] 3o}
Ao 2 COp gasE o838 HEA7|aL Wag Aeste] dadv|dow wzkst
A TH.

2-9-9. xga]a;]-;q EA

FATE TS Yl AN, catalase test, AT, &4, AW A

T~

r

2 % ety 54e B S99 waSy 2o ASNE 44 APl

50CHB(Biomerieux, France)<

ftllo
o
oo
ol
o
£
M
1%
)
=
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2-2-3. 16S rRNA E7|ME 4

16S ribosomeal RNA 41 Gnomic DNA Extraction kit(Bioneer, korea)&
Abg3ste]  Chromosomal DNAE 2% -, Bacterial 16S rDNA universal
primerE ©]&3}4 16S rDNAE SEA|IZY. @49 oligonucleotides®] Z+2}+2]
primer<= forwardprimer(27F): 5'-AGAGTTTGATCCTGGCTCAG-3'
reverseprimer(1492R):  5'-GGTTACCTTGTTACGACTT-3'9] f7IA<E= G4
HFom Z+ZFel 0.5 uM primer, 200 uM deoxynucleoside triphosphate, Taq
DNA polymerase(Bioneer,Korea) 3uE AFE3Fe] PCRS 4335}3it). PCR Hk&
Z71L&  947TCoA 5% predenaturation, 30cycle &< 94To|A 45%
denaturation, 50Coll 4] 45% annealing, 72Col| 4] 45%%} extention 3+ o™, t}
Al 72Co) A 583F extention 33T 5% HPCR producti= ethdium bromide”}
A7 E Aol A HA7)|9E8e] 1% agarose(promegaCO., USA) gelol| A <18+
T} o]% AccuprepTM PCR purification kit(Bioneer,Korea)S ©]&3Fo] PCR
productel] Fo}%l+= primers, nucleotides, polymerase, salts& #|Aste] A A3}
3L 30peel elutionbuffer(10mM Tris—Cl,pH 8.5)% DNAZE elutions}$it}. o=
ABI prismTM BigdyeTM terminator cycle sequencing Ready reaction kit
V.3.1 (Fluorescent dye terminators method)®} ABI 3730XL capillary DNA
sequencerE AFg3lo] PCR product® @714 €S 2451t DNA @74 <9
homology #2412 BLAST online program (http://www.ncbi.nlm.nih.gov/blast)E
o] g&3slltt. It ClustalW softwareEs AFg3te] @7iAdS wjds &

MEGAS3 program (Ver 3.0)& ©]-&3}9 phylogenetic trees 233 TH

_11_
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2-3. Z7A9 WE Bacillus sp. 1S-29 A3 JH4S&A HAE

v AEol  HZA wixAES HEYE glucose 0.5%, yeast extract 0.1%,

MgS04-7H:0 0.02% ®iAE FHr
A

F GY(glucose 0.5%, yeast extract 0.1%)8]A]

.

E ARgsT. I Ao 542 paper disc AW, agar spotted
method % liquid culture methodZ W aalo] A&} t}.

Liquid culture method™ I3 v

filo

10 m¢ MHB(Difco, USA)l 2% 3 ¥
sta, FATET wgAS 3500 rpmollAl 1583F $F F, 045 mm pore size
filter(Adventec, USA)Z A3 3Ath. o] v FeAES thA] 2% H7kste] 25T 6
AZE et w7 A EE 660 nmol A SAEFY] oy ge WhHow A
a &5 ZArkstalth
Inhibition rate(%) = (C, - C) / C, x 100
(Cot x=7- OD. ; C: =4 Ay F w3 0.D.)

2-3-1. &4 99 A=A

wjx]o] ErAaYgoz GYHiR|o| glucose, sorbitol, mannitol, soluble starch,
xylose, maltose, lactose, fructose, arbinose, raffinose, sucrose, rhamnose,
mannose % galactose & ZH7 1% F7Fste]l 30T, 150rpme= 24A17F vl <
s & gl s 660 nmolA F7431 2™ Liquid culture methodE A] 8§
tol &=l Aaks dolR ottt tlx7= glucose?t H7HE A &2 WA S A}

sheint.

o

ofo

_12_

Collection @ jeju



2-3-2. 2499 X ZEA

A2 NH4CI, (NH.)2S04, NH4NO3, NaNOs, (NH4).C204, malt extract, yeast
extract, asparagine % peptone &= 0.5% H7}ste] 30T, 150rpmo.= 24A]7F
ik 3k & wjgadlel B nE 660 nmolA FA3E9 2™ Liquid culture methodZ
A ste] daEAol kS dolr ottt iR GYHIA|Ol A yeast extract”}

H7ME A ¢k wiA S AMEEFSIT)
2-3-3. #7189 wR=A

F719LS CuSos-5H20, KHzPO4, CaCle-2H20, MgCle-6H.0, FeSO4-7H20

MgS0,-7H,0, NaCl, CoCly'6H.0 = 0.1%3%7Fsle] 30T, 150rpme. = 24A]3F
st & wjefle] Bl E 660 nmollA A3 2™ Liquid culture method%
Algate] aEAe]l LS dotrgkth tixT= GYuiA oA MgSO4-7TH207F #
7HE A g2 WA E ARSI

2-3-4. 4 pH, 2=d @& AFF FaEFD QYA

AT HH wFRAS 250 me AbEEkaAe] 150 mee] NAMAE YA

0.1 N HCI & 0.1 N NaOH &0z wjxe] 27] pHE 4~99 W= x2 5]

121C, 162 & ity Al AAA e 2T AAwT] dujdd= 1%

HAE3ska 30T, 150 rpmol A 24A)17F ikl & 660 nmoll A vjHe B =

AESGT A wg2E= 20~50T 9] #Hel
%

o
=
21 89 900, pH FFL AH wjFew Wz FAs AESA,

|\

X
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2-3-5. Bl YA w2 s EZA L KAt

Hj QA gbo] Bt = o] Aol mA &= G FAFFO AujkdE H A ujA] e
HA 2o 2447 W FH, 6A1ZF HA o ®E ARE A F S| 4000 rpmel A €
Al Bglste] A5 S 0.45 mm pore size filter(Adventec, USA)E o }3&}o] a4
g4 SAHAAEE ALY SAHAHES agar spotted methodE o] 83T}
MHADifco)ell Z} dbgoaltodafng 50 WA HEsta FdA o= wjx]o F+HLS U
o] g4 SAHAANEE 100 w ¥ "Fojme] 30T 24413 v gsto] Fste] 27

2-3-6. FHFEZAY Hrto| w2 AALA (S. iniae)d] AXFE #ZF

1

MHA (Difco, USA)Oll S .injiae w5 HF3 § dd=do] A= wHH= S
ARE o] sl AP E WstE SEMe R skl
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2-4. Bacillus sp. 1S-29] H7}o| w2 g2 gxe HAu-S-7 ¥ A 3+A

2-4-1. Ago] ALSHE

LEA A~ (dissolved oxygen, DO), pH, A E2S nfj = 8)g o,
YSI(YSI-556MPS)E AF&3lqith. 23 7] 5 A 255 11.8-21TC, 92
33.64-35.01%, pH= 7.97-8.45, DO= 6.78-9.26 ©|9th AlaE= 19 23] (

L2
84, ©F 5A) oAl Fo 294 FF sgom, W AKE F 127 T 59

btk

Oft

2-4-2. AFAE A|F ¥ FEu

AtE AFE flske] AlREa e |AE wiFAbEe (2 52%, =AY
11%, &2 3%, %35 14%, 2 2.7%, Z+% 1.5%, Suhyup Co, KOREA) W&
vk ® Re]9F2Q Bacilus sp. 1S-2(1x107 CFU/m0)S 22+ #H7beke] 10°, 107
10" CFU/kg 28 2185 A stk gz Tols fF8mAES Hrbsh e o
W AFRE Fo] 31gom Age] Al ® FEH AR FoE 1Y 23] (24 84,

©F 54) o AF 2004 FF sglom, AW A F 1257 FU 5 Ak

p
o

_15_
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2-4-3. A= A R EASH £

S
< \@Ae Ado] TR 125474 SAHSNY. A= A § AR
TS flste] A4S Adstr] A7bA oF 24X3F sF AN A FAe] Addket
of wjFAgmo|x RS AHHste], s A EA] A (Ch 100 plus, Daewang
metitecq. Korea)& ©]&3sle] N FAS AAs

A
A s FaAzE AYEA @2 g del ¥a A2 3023 WA

Attt AL s AR TVIE AFEste] FHA (total protein), @
(glucose), <1 (phosphorus), Z&Fd 2~H|E (Total -cholesterol), <A
(triglyeride; TG), HDL-C (high density cholesterol), LDL-C (low density
cholesterol), @ Z7F%]4=¢l AST (aspeartate aminotransferase), ALT (alanine

aminotransferase)& 4] 3Fth g A F42 SAH 24A13F Hof A2

S
Al71 & 2-phenoxyethanol (Sigma. USA)ZE vlHA|A SA3 . AFE ZAMH
HE 2z} A oA T2 10vke] & Akl Agdole] dA, FAIE 545

Hrs W
2-4-4. Respiratory burst activity

olF AAME LS dolr 7] 93}9] respiratory burst activityE Anderson®}
Siwicki (1996) A&wWol wet ZA8idvr. Adole] wolA AT Hd=
1.5ml whe]a&=FHoe] Y3 0.2% NBT (Nitroblue tetrazolium, Sigma)E #1383}
1= s A8t 3023t &2olA §FgAIZ] %, 1ml dimethyl foramide® FiL ®F
o AAAY. 27 v 2000 rpmollA 5&3F AAEE & F Fsde g5
o 540nmol A micro-reader (Packard Spectrocount')®& ZF#% kS A3}

Blanks= dimethyl foramode® 3}3l, Control& NBTA| ¢k A}-&3}%iT}.
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2-4-5. 849 lysozyme &4

AN W WG] FostE AARE o] xS AlH el N-acetylmuramic
acid®} N-acetylglyglucosamineAlo] o] HlE}-14243S B3] A2 AEHA]7]
= aaE agddddd i A 2 BA dAS S AAFL, AAMEe A%
£S5 7MY Y 9 kumari®t Sahoo (2005) Wil wel Micrococcus
lysodeikticus (Sigma)E 0.02 M sodium citrate buffer (pH 5.5)9] 0.2 mg/ml7}
A M. lysodeikticus solutions =T A|E HAAS AFH S o] Alg9] 5
ol =& PBSell ¥a 7@} drhs 12,000 x goll Al 2087 4TolA fAalite] %

AEdS S A5 E ARSI Y. AN serum= ZHZ) 15402 96 well plateol

o

ol
12

o =Al M. lysodeikticus solutions 1500 ¥

o =
bl BYE ghol gasts] A7)

g
X
rob

gt F 24ToA 5% HHoE FFEE 54
S lysate timelo @ Aslo] FPE S do], Lysozymed A ©YES By
=

0.0001¢] &3 A2E Hehlle a4 do= Hosgith

Ot

JI

rl

2-4-6. Phagocytosis activity

oo A AFHS GAdA 2% leucocyted ©]-83te] Seeley et al. ®Hol
whe} A Al sF9ch.  hitopaque 1.119 (Sigma)9t E&¥ g MZS 1112 49
400g 30min 15Ce] o2 4R diE s w2 S5 F2FHE pipets ©]
23te] MNC 9] cells #37 3glth. 1xXHBSS (MNC9 3v))= 33] washing &,
cell countingS %3] A4 3 the, Cong red FAekoz AME yeast cellS
20:19] H]& = room temperatureo]A 1A]7F ¥F-&S 3}e] PhagocytosisE %
gt} 71 % 1 ml ice—cold HBSS®} 1 ml histopaque (1.077)S Z}7}9] sample
of Halli the 850g 5% ¢ dAZEE AlA Wheol F% yeast cellss &
g3l HEAH o2 510nme 3% S ©]83le PhagocytosisE X3 3}¢]
e AT} (Using trypsin-EDTA as a blank.)
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2-4-7. oJH A 23 FALF

Hxo] e nX= GEFs dolrr] fste] @A Aol ] wIHETE 7
=0 gk AMlitel Streptococcus iniae (KCTC 3657) o]g3ste] A48 S

AAEGIEE e 10°CFU/mIe] w7k Hms dat Aeadsel dg 3 F,

Zh wp g 200 HF FAE & 209 F<F A HARES ARSI
2-4-8. A} 5 A7 W AHSE A 259 Al &

At H7HA = AMEE Bacillus sp. 1S-29] & Wl AES gQletr] fal ddol
T5 5, 77 AT AFo] s i sted MRS wiA o] 16A1%F &<k
¢ ¥, 7,000 Xg 15 min. 4T Aoz A4 ¢ st #AE FHSAT
H¥  #AE  GnomicDNA  Extraction kit (Bioneer,Korea)E  A}-&-3}¢]
Chromosomal DNAE #23 ¥, Universal primerg ©]&3t4 PCRE $335}%]
o} &% oligonucleotides®] Z}Z+e] primere= 7F 5'- AGA GTT TGA TCA
TGG CTC AG -3' 1492R 5'-GGA TAC CTT GTT ACG ACT T -3'& Ap&3}
AT

2-4-9. EA1A4

A SFATFAaoNA ARFE {H o A 2 B Aol FAAZE SPSS (SPSS
INC., Version 12.0) program= ©|&3dle] =9 AAES AA5t] t-test (P<0.05)
2 PGke] FoAds AASY. A9 32 A A=} (meantS.D)E U}

EFIlar M-S 3hS arscine W8 gto= AlLkste] FAEA ST

<
=
H-
=2
N

e
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m 23 % 312

3-1. Probiotic #F9 £d 2 AR

3-1-1. H|AE9 #¥

2% 2R AFE D IR FIM RAF FRE F 5E2 14 B ad
(Table 3). RH NN 2%0] Fesgon, AgaA 212t 15, YA ofel FolA

2Zo] By ¥drt. BydFE 25 ~35TC9 ik %oA MRS agarell AS&E7}
155

Table 3. Isolated strains and isolation condition.

. ) Isolate .
Strain Name Isolation source Isolate medium
temperature

IS-1 Kimchi 25T MRS (0%(v/v)NaCl)
IS-2 Jeotgal (Squid) 30T MRS (0%(v/v)NaCl)
IS-3 Kimchi 30C MRS (0%(v/v)NaCl)
1S-4 Flounder intestine 25T MRS (0%(v/v)NaCl)
IS-5 Flounder intestine 25T MRS (0%(v/v)NaCl)
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3-1-2. 2HFY 484 S5A

LT FollA skim milk HAu|AA HEsta 33 Fyge] A EIY 5
Aol AHEE7E W #5522 Zefsklti(Table 4). 1S-2, 1S-3, 1S-4+= &
o HlE skim milk #iA]olA W& FHEy wE ASES BSlow, Sinde,
E.tarda, V.anguillarium 5 752 o5& AHW F2 Aol tiste] s EA]o] o
U SRR AT, V.alginolyticus 9 V.salmonicida®= -

A g S HolA] Zgor, [S-29F [S-3& 7F9 Wdtel] tigh Ftgidol
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Table 4 . Antimicrobial activity of isolates

Inhibitory zome (mm)
Growth  Protease

e rate”  activity”

p1¥ P2 P3 P4 P5 P6 P7 P8 P9
IS-1 + + - 38 - - 31 45 - - 45
[S-2 ++ +++ 55 102 - 104 67 46 22 - 89
IS-3 ++ ++ 49 81 - 64 71 41 26 - 65
[S-4 ++ ++ 63 96 - 55 45 42 - - 55
IS-5 + + 37 61 - 51 62 42 - - 47

1)Growth rate: + slow, ++ medium, +++ fast. 2)Protease activity was expressed
as the diameter of inhibition zone on skim milk agar : +8~10 mm, ++ 10~12 mm,
+++ 10~12 mm 3)Tested strains = P1: Edwardsiella tarda KCTC 12267 P2: S.iniae
KCTC 3657 P3: V.alginolyticus KCCM 40513 P4: V.anguillarium KCTC 2711 P5:
V.campbellii KCCM 40864 P6: V.harvey KCCM 40866 P7: V.furnisii KCCM 41679
PR: V.salmonicida KCCM 41663 P9: S.parauberis KCTC 3651
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3-1-3. 45 94 R I FFAl g g, wdAd, Had, &84

A7 3 FAATFE IHAM, Catalase, BEAEZ JEiA e 60T EHBA,
hemolysin A4 o}, AT W BN WY, NIYL 2ASHATH Table 5).
Al 3%e] #FE gANA P4, catalase AN FH BeS ww
AL ohd AZAE AENE 60TAAN 3087 AR W AT T
Fol Log 1082 Zas4 b A4S nolth £3 1% JAFAN% 3% o
Aol g e mYlth FAolRe Abgel E AyS Helsks) §iskel

hemolysin ABAFE S ZAEI =H &

o\

Mh
lo
o
FE
olo
o
f
2
r o
o
o
fllo
rl
o|N
ol
ol
38
N
&)
0Q

2). el T2 A&, Protease & % Atm HIF eSS @9l & B2 Ay

£ Eie FAEF [5-28 X A7 gdor AF WA

Table 5. Biochemical properties of isolates

Characteristics [S-2 [S-3 [S-4
Source Jeotgal (Squid) Kimchi Flounder intestine
Gram staining + + +
Catalase activity + + +
Heat stability(60C) + + 4

Hemolysin activity - - _

Bile tolerance(3%) + + +

Artificial gastric juice

+ + +

tolerance(1%)

Salinity(50ppt) + + 4
— 22 —
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3-1-4 AT A4

Aol 7V Holt Bacillus sp. 1S-2 ¢
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3-2. Bacillus sp. IS-29] &3

3-2-1. WS4, Fesy 54

AT 1S-29] aAA 9] colony A4 Fig.2el Wetid. (A), B+ 1.5%
NaCl& #7FgF MRS iAol A A& ARIQIH, Hehe] B2 F 3 (inregular)
°of & Hon, gl F(margin)> FH(lobate) FEHIE HATH TS
of PR 7E EarFEsta BE fob e, WaolE FHIe wW A
(viscosity)S H& 5A4E Rt (O« skim milk #A|d] FAFTE 8t AL
Helw, (D)E 1S-28 WA o] m2st 1doz vEdAHES e

SAHFTY FHstd 542 30TCAA MRS wix]ol A vt & SEMS Fs &
Zoplth(Fig.d). FHl= d@ikate] gEE wglow, ol 1.5~35 m FH

0.6~0.9 m= Yebsith L3 w5 A2y o JHdEdo] AdH= 54 =
T Ui
— 24 —
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Fig. 2. Cultural characterization of Strain IS-2. Cells were grown at 30T for 24

hours (A),(B) MRS agar (C) Skim milk agar (D) Blood plate agar

Fig. 3. Scanning electron micrograph of Strain IS-2. Cells were grown at 30T for

24 hours.
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3-2-2. sy 54

FARF] QA 54

S HE?Z A= Table 63 £t AF2Eo HY=

20 ~ 45CelaL, A pH W= 6 ~ 1001%oH, dF% 7974 5] 7ts

ol
38

]_

>
s}
rob
o

I AyE 3

o}, =3 v AE FAEQ kitel API 50CHB(Biomerieux, France)S ©]-83}o]

sheie.
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Table 6. Physiological characteristic of Strain IS-2.

No. Test Composants actifs result (+/-)
0 Control -
1 GLY Glycerol -
2 ERY Erythritol -
3 DARA D-Arabinose -
4 LARA L-Arabinose +
5 RIB Ribose +
6 DXYL D-Xylose -
7 LXYL L-Xylose -
8 ADO Adonitol -
9 MDX B Methyl-D-xyloside -
10 GAL Galactose +
11 GLU Glucose +
12 FRU Fructose +
13 MNE Manose +
14 SBE Sorbose -
15 RHA Rhamnose +
16 DUL Dulcitol -
17 INO Inositol -
18 MAN Mannitol +
19 SOR Sorbitol +
20 MDM a Methyl-D-mannoside -
21 MDG a Methyl-D-glucoside +
22 NAG N Acetyl glucosamine +
23 AMY Amygdalin +
24 ARB ArbutiN +
25 ESC Esculin -
26 SAL Salicin +
27 CEL Cellobiose +
28 MAL Maltose +
29 LAC Lactose +
30 MEL Melibiose +
31 SAC Sucrose +
32 TRE Trehalose -
33 INU Inulin -
34 MLZ Melezitose -
35 RAF Raffinose -
36 AMD Starch -
37 GLYG Glycogen -
38 XLT Xylitol +
39 GEN Gentiobiose -
40 TUR D-Turanose -
41 LYX D-Lyxose -
42 TAG D-Tagatose +
43 DFUC D-Fucose -
44 LFUC L-Fucose -
45 DARL D-Arabitol -
—_ 27 —_
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3-2-3. 16S rRNA E7|ME 4

FATF 1S-29] 16S ribosomal RNA PCR FZ& %3] 4& 1399bp 9714 <
S NCBI (National Center Biotechnology Information)®] Basic Local
Alignment Search Tool (BLAST)E o]&3te] A3t A3} Bacillus subtillis,
Bacillus velzensis, Bacillus amyloliquefaciens®t 100% 544& HAT}
Bacillus &olA 8 +(1S-2)3 71 SdFo =2 veld type strain(Bacillus
subtillis, Bacillus velzensis, Bacillus amyloliquefaciens) 16S rRNA 7|4 <43}
Bacillus%:9] type strain 16S rRNA @7|4<9S ztu AESFE A5 cHFig.
4), AxpH o w7 EE ¥ Bacillus sp. [1S-25 9 #F¢ HdFo=z #u 8 4 9
ot ey Ae-AsterA A AdE T Bks o 7S] A=AelA EedE
(B.H Bang et al.,, 2011) B. subtillis ¢+ Ag]-A3}s+4 ZAy=E Fu1 B3-S o
e SA4S Uedel ¢ #5g FE27d oywel s AR AlsdH.
Bacillus &% SA3t=d 0o 16S rRNA 7| dxtoz I A7 A7lel Al
5

i g3t o 54

ke
>
)
=
>
M
2
d
ol

1 DNA-DNA hybridization®] F7}2 &S

=
s @ Bast Yoba Ardd,
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Bacillus subtilis PHC-1 (HQ641287.1)

100 | Bacillus velzensis NSB-1(GQ174489.1)

Bacillus amyloliquefaciens s WAG 11 (JF496499.1)
Strain 1S-2

Bacillus cellulosilyticus DMS2522 (CP002394.1)

] 100 Bacillus selenitireducens MLS 10(NC_014219.1)

Bacillus mycoides ATCCB462( EF210295)
100
43 —— Bacillus sim simplex NH.259(EU627171 1)

82 L——— Bacillus halmapalus DSM8723 (NR_ 026144)

Staphylococcus aureus ECT R 2 (FR714927 1)

Lactobacillus plantarum|p 15 (FJ763580.1)
Streptococcus iniae 45-2 (AB593340 1)

—
0.01

Fig. 4. Neighbour—joining phylogenetic tree based on 16S rRNA gene sequences
showing the position of strain IS-2 within the radiation of the genus Bacillus.
Bootstrep percentage (from 1000 replications)>50% are shown at branch points.

Bar, 0.01 substitutions per nucleotide position.
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3-3. Z749 WE Bacillus sp. 1S-29 &3 IJH4S&A AE

Bacillus sp. 1S-27} HA o2 #4|8 ¢ e Id=4d S fsted 845+
FUdS @ad, dad, FUI9eE UrolA o A5 FaEds SH6h
T HA g E 259 pHE tE2A 8t o AS5Y FHEHS AESTH
AE HEE glucose 0.5%, yeast extract 0.1%, MgSO;H.0 0.02% =

TR GYIAZ g

B
X

jus)
e
)

[1{

3-3-1. &Y I

Zkg WA S S Fad ow g V] wEe @AY F
F7F M Ee] Aol wAle S AR Figbddl WElil e tix+= GY
Hi A o] S A LA ¥ A S ARE-SFA T

Bacillus sp. 1S-2¥= ©4 ¢ oA Soluble starch, Raffinose, Lactose ¢ #H
7} £02 #F o]& 3% 2 Fructose, Arbinose 59 A2 Ao 9J3FS 1%
A ge RAeg2 YEwY. agal Siniae o Wd dA4EAHS FAEE A
Soluble starch, Mannose % Raffinose 5= X7}t AlgdFolA =4 e
uebs 9ol A= Bacillus sp. 1S-29] &AL w9 AHy dA7F 42 A
o2 dAdHdoern, HFHoz HA w©ALYLS Soluble starchz  AA 3T
Bacillus sp. 1S-2¢] A4S 2 g4 714 &34 Soluble starchd] HA #H
7V w2E AES A3 (Fig. 6) 1% H7P7F  B5o] %o 2~4%+= 1%
Hlg) w2 A Eetglom 5% HA7F AA] 1% Hl&) 2 g= Wehi A Xskalth
uw}2} A Soluble starch®] HZA HA7PsEE 192 AASA T

7]Eo] Haro] 9osH (Jho et al, 1991) ©4x¥Co @ glucose’} H7F=EAS
streptococcin A-FF22 AJ4to] Foj¥ &= WHH, streptococcin B-746282] 7d-5-ol

E gasts AR nop FHEAL MAPEe FRel ueh A il FF %
& gFs o Aud,
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Cabon sources

Fig 5. Effect of various carbon sources on cell growth and antibacterial activity of
culture broth of the isolated B. subtillis sp. IS-2.

A: Control, B: Lactose, C: Soluble starch, D: Sorbitol, E: Glucose, F: Mannose G:
Maltose, H: Raffinose, I: Xylose, J: Fructose, K:!: Arbinose, L! Sucrose, M:

Rhamnose, N: Galactose

[
Ln
|

Cell growth (660nm)
=
|
1]
[w]
Antibacterial activity (%)

- 20
B - 10
0 . ; o

con. 1 2 3 4 5
Concentration of soluble starch (%)

Fig 6. Effect of concentrations of soluble starch on cell growth and antibacterial

activity of culture broth of the isolated B. subtillis 1S-2.
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3-3-2. AAYe] I

Bacillus sp. 1S-2 @59 A& nxE= AALQ9 9SS AESY Fig. 79
EFth dlEZF+= GYWiAY 1% soluble starch® H7lsta 29SS A9 3 wj

X
il
>
>
o
o
2
id
=
4
o
oZ
4
|
Z.
[eb)
Z.
v 3
=
=5
(@)
"
=
[eb)
a
3
L
e
o
o
oX,
o
i)
i
rlo

= AL dxzT wiAeA AFEY $e ASFS Hola glo] A It
Bacillus sp. 1S-29] A& T3 93-S strfa AZHn}, A+ FolA H|us
NS 7 peptone ¥ malt extract?} £ F7]|ZLYAA A HOZ w2 A5
= EQOM, malt extracts 45% 77k @S BT L3 FUEALAAS
NaNOs7} 7Hd & AS3 dd24s vHetiddoh ok /718492 malt
extracte} F7]FAAYQ] NaNOs& Aoz XA spgon, AAYE malt
extract : NaNOz (L:DH] &= H7lste] HHs=E ZASItHFig. 8). 2 A¥}
malt extract ¥ NaNO; & @502 H7bek AR} 1% (0.5%+0.5%)= <3¢
A7FgE wiA oA O 2 Ftdds deEhdde o A 3 ded Joew X
AP ATE ol el AIE Bacillus sp. 1S-2 #F5 WY o] AAYOZE malt
extract®} NaNOsE 7} 7} 0.5%% &3t H7bskadoh.

Chuns(2000)¢] B.alkalophilshaggy JY-827++Z5¥ Bacteriocin BAZAS

N

AES o] KNOsE 23 F7|dAUE BT} yeastextractE V23 712449 =
o] @IAHolgtar HusR oW,  Shomura 5(1983)2 Micrommonospora
sp.SF-19279l 9Jst XA EAE& A4 u yeastextract’} 7HE &34 o]}
3 HIEgYk. Park 5(2007)3 Ryu 5(2007)¢] xet &=idlT  Bacillus
subtilis®] AiY GEHIIRG F FFY TFHIE dA8FI FudAol o &
STotths A3 o] FojAd AT Aad R B ' ol
2| gk},

EERD

|
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&
Antibacterial activity (3:)

Cell growth (660 nm)

G

Fig. 7. Effect of various nitrogen sources on cellgrowth and antibacterial activity of

III
C D E

Mitrogen sources

culture broth of isolated Bacillus sp. 1S-2
A: Control, B: Malt extract, C: Yeast extract, D: (NH4),SO4, E: NH,CI F: NH4;NO3 G:

Peptone, H: NaNOs.

26 - - 60

24

22 A

7 4
=18 -
£
§1.6-
- 1d 4
-

12 A
= 17

30_3_

Abtibacterial activity (3:)

0.6
0.4 -
0.2 A

o

Con. 05 T 15 2 25 3
Concentration nitrogen source (%)

Fig. 8. Effect of concentration of yeast extract plus NaNOs (1:1) on cell growth and

antibacterial activity of culture broth of the isolated B. subtillis I1S-2.
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3-3-3. %7]d¢ A3k

F71999] 92 soluble starch 1% , malt extract 0.5% % NaNOz 0.5%% 7}
7y H7beE & AEFUIAe wEE 0.1% 52 HUMst HESIATHFIg. 9).
A5 NaCl, KHo.PO, T2 H7Ie A3 £o=2 459 5o =%on
CUSO4-5H,07 ZnCly, ¥ CoCly'6H.0 59 =5 =1
Al A =k E=g Frdd 2 NaCle] 7MY & €45 el e, NaCls
Aol BE ATl A= Controlel whsio] vhe @& Yepideh. web o5
AL Aol 45 3Y NaCle Bacillus sp. 1S-29] F7]do w2 AMAF o
H, NaCle] 2t7] & M&S 37bste]l HAs=E AESUH(Fig. 10). 2 23
NaClE #7b A9+ & 0.1% H7Fe wjAlolo 7HE w2 2439 A5 v
EfUiich. ol 4ol AR Bacillus sp. 1S-2#F5 W4T o] F7]¥ 2= NaClE
0.1%# H7}st3Att.

Chun s(2000)°] B. alkalophilshaggy JY-827 w5 =%¥ Bacteriocin BAHS ¢
st Ao F71ARE FARSE A3, KHPOE A0S o 58 45g Bl
HbH - BaCly'Ho05 Al9]8E ZnSO4-7H20, CuSO04-4H20, MnCle-4H0, FeCls-6H20
2 CoCly'6H:0 5o w&5%A A& Al Adbso] AsteAtts Balst ARSI
Yoo's(1994)9] Aol KCl& #7F sigle o, 7HE d=dt die Heloy =

&9 F7bllA= 2 Arbse] A48 gaskglvtal Bals

ﬂd
32
o
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Fig. 9. Effect of various inorganic salts on cellgrowth and antibacterial activity of
the isolated Bacillus sp. 1S-2.

A: Control, B: MgS04-7H20, C: FeS04-7H20, D: KyHPOs E: CuSO4-5H20, F: Z,Cls
G: KH2PO4, H: NaCl, It CoClz:6H20
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Fig. 10. Effect of concentrations of NaCl on cell growth and antibacterial activity of
culture broth of the isolated Bacillus sp. 1S-2.
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2 e A nA = 4

3-3-4. 4 2%, pHY W& A{H FHEA Y4t
15 ~ 40TC9e HY= HIA7]

=

W U257} Bacillus sp. 1S-29] A5
skl Fig. 110 Yetiit. mjd2es
&3 Ak 30 ~ 40T AfelollA AFo] Adsilem, 15, 20T A52 vH|
sk}, Streptococcus iniaed W FHEAdL 25 ~ 30CHAANA =4 HE
o, ZLo] W] AHo] FUT 40T A FolM s FdEdol w43 DolA
= A3E BY9Y. wgbA Bacillus sp. 1S-27F AL3t=d HHEE 35C=
9l Shin 5(2000)& Bacillus sp. 79 43 3AAAE
Aol A AE® Bacillus sp

o

X

U= E

H37t

35Tl A7k HAo=
[S-2¢F &2 A5 e
Bacillus sp. 1S-27} A53sl=d pHell tjgt 3¢S FASHe] Fig. 129 yeERY
Atk wiA o] pHE 4 ~ 1002 ZdEasla 35Tl 24A1F w3t A3} p
S Gl Ao AT, Siniae © gk LA
7o S H

7~99] WA F S
pH 894 =4 Yelstt). o] A2¥E EUZ Bacillus sp. 1S-2
Faed AE 9% wiAle] pHE pH 8= A7 &3t
S (2002)3 Jung S(2003)2 ZI7Z} Bacillus ehimensis®t Bacillus
kel Hoj7b fvka Harsioe] 2

Joo 5
megaterium®] %7] pH 84 uw] 3AEHo
[e3)]

A Avpel A8k 4EFS JERdT
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Fig. 11. Effect of temperature on cell growth and antibacterial activity of Bacillus
sp. IS-2
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Fig. 12. Effect of pH on cell growth and antibacterial activity of Bacillus sp. 1S-2.
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3-3-5. Bl YAt w2 A EZA S AAH

Bacillus sp. 1S-25 #|4& wf wjFAgte] whe #8553 a2 ikl
nA= YFS HdESH Fig. 130 Yehlddt. #4852 120 AZ7HA] &tks
A S7kstdrt o A5l o ol FrtekA &= AAVIE B, S iniae 9
G 244130 At FHH UEhY] Al#ete] A As] F7ksidr 12041 1F
= A o i ) T

YA T

o

Hth ol e AxE ngor Sy e
Aol 71 & 120A3FS Bacillus sp. 1S-29] wjdA|7to 2 AA 35S}
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Fig. 13. Effect of culture time on cell growth and antibacterial activity of B.
subtillis sp. 1S-2.

Table 7. Optimum medium compositions and culture conditions for antibiotic production
by Bacillus sp. IS-2.

Ingredient Concentration (w/v, %)
Soluble starch 1
malt extract 0.5
NaNOs 0.5
NaCl 0.1

Temperature : 35C, pH : 8.0, Culture time : 120 hours
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3-3-6. IFEAY HArld wE I

oY

T (S. iniae)9) AEZFEH _F

SEM A& E3te] AT ddEAo] S iniaedl et A3 714S &
ol A3} vt Mxdo] FHE= Aol & HIA. (Fig. 14) ol
o]sl Bacteriocino] &5 YEtl7] A= AlEH ke whgo] Fa s,

of 7)ol Fodsh= AHo] MAEFEH £A)38F+= proteinous receptorgtil Hil 3}

(3

(A

t}. (Montville and Bruno,1994;Van belkum etal.,1991) < receptore} ZA3gs}
o F4EAQl bacteriocin®] A|XEHo] FHE FASt] MEW AxAHe] &=
= = g Advk sARE o] TFEY] FHE F U B2 AU &M,
TEM(Transmission electron microscope)E& ©]83Fe] A|EY 3o 2]k A

23 §% 9 A¥A BA0A 5o 28 sotslelop @ivlae] ALY 7

Fig. 14. Scanning electron micrographs of S. iniae treated with strain IS-2
solvent extracts. A,B: Untreated, C,D: Treated
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3-4. Bacillus sp. I1S-2¢] H7}d w2 FAdx|e HAuL3} WA A

3-4-1. A= 2A}

A3E HW, Probioitice #7Fs ALEE Fo|3F WX 9} Probioitce H7FsHA]

E
o Fgow A% A T/} AYE AL AT 5 9

—<Con. ——10"cfu/kg-1 10" cfuskg-1  —e=—107cfu/kg-1

600 -

550 |

500 -

450 -

Body weight (g)
B
o
o

350

300

250

200

Time(weeks)

Fig. 15. Weight (g) of Olive flounder that was fed with probiotic and non-mixed

control diet for 12 weeks and weithed every 2 weeks.
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Table 08. Serum analysis of Olive flounder that was fed with Bacillus sp.

[S-2-mixed and non-mixed control diet for 12 weeks

ikl ou GOT GPT TP GLU TP GLU
(u/L) (u/L) (g/dL) (mg/dL) (g/dL)  (mg/dL)

Con. 21.5+25 243405 4.240.2 21.942.0 4.240.2 20.1£2.0

107 16.841.5 22.1£0.9 3.240.1 27.241.9 3.240.1 23.2+1.9

’ 10° 215422 194421 29402 33.044.3 29+0.2 22.0%4.3
107 22617 17.5%3.6 4.140.4 32.1+£0.6 4.1+£0.4 19.1£0.6

Con. 195415 34.5+0.1 2.3+0.3 98.244.5 2.3+0.3 26.244.5

10> 16.2423 61409 3.840.3 101.1+2.4 3.840.3 27.1+2.4

- 10°  14.041.9 55429 4.140.4 882+1.4 4.1+0.4 252+1.4
10" 21.6+£3.6 58+3.4 3.940.1 71.6+3.6 3.9+0.1 29.6+3.6
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3-4-3. Respiratory burst activity

L

ofFtel Qo] HISeld WAurge] Avht Ful HAEAS g P NG

2%
Aol HegA AMEEA (phagocyte activity) SA4o] o] AFE

[
e
BN

¥9,

ok

. Professional phagocytes (granulocytes, monocytes, macrophage)?] <5
=2 09 #HAE onudtt. d43 phagosomal membraneso] U=

NADPH oxidase®] 23] Oy7} -Oy & ®W3It}, o] Fo] superoxider A4

O

-1-4

Ql @4 % hydrogen peroxide (H:202), hypochlorous acid (HOCL), hydroxyl
radical (‘OH), singlet oxygen (‘0% tt& £/ ROSE H3HAT}. TH%s
o= &FHoo] 919 respiratory burst® T3 H2 NADPH oxidase?
Aol o8 wHSolES e AMEE NADPH ARt &47F gl7] gl

respiratory burstE ¥doZ 4 gl Aoz dEA gl

d

|

4

ol F A AEZE respiratory burst ¥Hg& & 5 9= NADPH 4tstaso] &+
A3t ErsEd A YERS e, respiratory burst o} AAGHE
&<l & 4 U= bioindicator T dtuolth. A AAFe] FAS AT
el ARE o W2 A tEe] Wst, spety Wst 9l 5 FEe] Wt 5ol
T} Respiratory burst@ 2AE7F A28 s2F 52 08 250 9siA =
SHRekE W AbA &M o] F7FEE sAlol O., OH, HpOz9F #2 Abaetvz
(reactive oxygen intermediates, ROIs)S tHo = WE3e NS ZdhH,
olgJgk ROIsw= HWHAE Fol=d wg T83 &S v (Siwicki, 1994).
o]#3t THEZ LS A3t WHOE NBTHol @ol] ALgEojx gtom, FH*
chemiluminescence (CL)Ho] dF AR&E 1L 3l

B AgoAE NBTHE AL8sigom, 9ol Ase Fre 2E 43

il

T-ol A
© HETEY =2 #e UEdeH, 4571 AWy AR & FE
10°cfu/kg ™ Aget 107cfu/kg 'olM FoF o= 2& & el tHFig.
16). olggt Ad= disk, TS, HiE 2 FE WA A Bacullus
spp. ¥ Saccharomyces cerevisiaes 3wol%S W NBT &4 #= S7HA1Z
= Bt dx8bY (Deng-Yu Tseng et al., 2009; Anderson et al., 1979;
Griffin, 1983; Olesen, 1991; Ring® et al., 1996; Austin, 1998; O'Sullivan,

o

- 44 -
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1999; Chang and Liu, 2002; Jeong et al., 2006; Taoka et al., 2006) o] A&
oAA WelA AAZE oo WAAAE AHAo®E 3 VA, ol& &3
i dygzds FIATIE Aow AAAY, olm 8 AAFEe TH5EIA T
A3k= ROIs (reactive oxygen intermediates)?] A% FFS w3 o=

REE IS

mCon = 100 ®m 105 m 107

—
[¥a]

1 {

|
‘|

Time elapsed (weeks)

Reduction of NBT (OD 540nm)

Fig. 16. NBT reduction of Olive flounder that was fed with Bacillus sp. IS-2 and

non-mix control diet for 12 weeks
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3-4-4. A9 lysozyme &4

AN Al 74A Wo] 712k 7Y Al AR MR 4ES ASHHoR
WA mAZe] Bde AAZH. 24, vd=o] BAHAS Al A2 wA}sto]
A A vxTte® d i) Fel gl g gwi o= FmAE 44
= AYe wYgd AN adle]l ghrEHel  UAnk od Ao o=
lysozyme,complement, lectins, proteolytic enzyme ¢ o™ FHLo= of
7 Aol ofe ZRA F7EAQD Wol Z]zte]l G AaL Utk ofrtwle] ot
NO A 35 dude] JulPE Jeto|=rF 1 o o]t} gpo] Axp9lL At
W o] N-acetylmuramic acid®} N-acetylglucosamine AFo]9] B-1,4 ZA3S-
ekl AMts AVEAIZIE Jholv. dlolAxtele d AT AlEH =
Z-gstal, S tel disid e A BAY AESs FTHAT T
=87 & SeAT. & A¥ A3 Bacillus sp. 1S-2 AdAE H7F
APRE Aold AEFrt gE2FRET ¥ $2 lysozyme E40] & Ao
Uebgth  (Fig. 17). Ago] Fa5 A E 10° cfwkg ' 1§92 2@
A M w2 248e YEhddlY olek 2 A= Bacillus subtliis €+ S.
cerevisiaes ¥ WA Atmol H7F § Foto] lysozyme 27 #hol T7HA
o= 239} #5A18FH,(Ramasamy harikrishnan et al., 2011) S.cerevisiae
pl3E 129 Az U Z7] b8 FEE T89S A 10° cfukg ' AT
oA 7HE Ee lysozyme 4 S FAsAve Haust: dA g

(Chiu-hsial chiu et al., 2010)
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Fig. 17. Lysozyme activity in serum of Olive flounder that was fed with Bacillus sp.

1S-2 and non-mix control diet for 12 weeks.
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3-4-5. Phagocytosis activity
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Fig. 18. Phagocytosis activity in serum of Olive flounder that was fed with

Bacillus sp. 1S-2 and non-mix control diet for 12 weeks.
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3-4-6. oA 2% FALY

il

A AE A7 AL E T A9 79 oAl g $443
o] A= Fig. 19.91 Yt 10°CFU/mIe] 5= =AY S injae BE
Aol FmE A7l FEste] 209 FeF FA HARES F9l sgled 5Y A
e RE APt gzpolA HArE AlFEe] 10°cfuke ATl E
73%2] HAAES 10°cfu/kg ! APTFolME 53%¢ HAMES Ueon,
107cfu/kg ™ AdTFoAME 45%9 HAMES ®o] Controlol W& BAE 55%
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Fig. 19. Cumulative mortality (%) after intraperitoneal injection of Streptococcus

iniae in Olive flounder.
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Control 1x103 cfu /kg 1x105 cfu /kg 1x107 cfu /kg

A A A
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Fig. 20. Detection of Bacillus sp. IS-2 in the intestines of Bacillus sp. 1IS-2 fed the
control deit and Bacillus sp. [IS-2 containing diets at 10°, 10°, and 107
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'reverseprimer(1492R):
5'-GGTTACCTTGTTACGACTT-3', of a specific open reading frame frome the

Bacillus sp. genome.
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Bacillus sp. 1S-2& Awtsto] wjefstd 54, JHg 4 54, FAstd 54, A

gty EAS 3l FATS Bacillus sp. IS-25 §Asle] ¥ Ay}
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