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Characteristics of Streptococcus parauberis isolated from infected

olive flounder, Paralichthys olivaceus

Seong Don Hwang

Department of fish pathology, Graduate School,

Pukyong National University

Abstract

Streptococcal diseases are serious problems in fresh water and marine fish
culture industry worldwide. In recent years, the importance of infection caused
by Streptococcus parauberis has increased since severe outbreaks in cultured olive
flounder (Paralichthys olivaceus) were recorded in Korea. The aims of the present
study were to investigate phenotypic characteristics of S. parauberis, and
pathogenic and immunological characteristics between S. parauberis and S. iniae.
In this study, S. parauberis isolated from infected olive flounder was identified
by biochemical and genotypic characteristics and was investigated the
characteristics of morphological, physiological, protein profile and enzyme
activity of ECP. Immune responses of the fish to the pathogen was characterized
by bactericidal activity in the serum, phagocytic activity and reactive oxygen

intermediaters (ROIs) production of olive flounder. S. parauberis strains used in



this study were overall very similar on the basis of biochemical characteristics.
S. parauberis appeared a or y hemolytic activity whereas S. inize showed [
hemolytic activity. A multiplex PCR-based method using 4 different primer sets
was performed for rapid detection of various Gram-positive cocci fish
pathogens, i.e. Lactococcus garviae, S. iniae and S. parauberis. The protein profiles
of formalin killed cells of S. parauberis presented two major bands around 47
KDa, and overall the profiles were very similar to the reference strain. The
optimum temperature and salinity for the growth of strains were 27 C and 0 %
NaCl, and they did not grow at 45 C and 10 % NaCl, respectively. The capsule
of both S. parauberis and S. iniae seems to be associated with the ability to resist
killing by normal sera. Also, capsulated strains could survive in phagocytes and

induce low ROIs production.
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489 %E A= T2 ojFoltt (S YA, 2005). Z# Y %] 4k
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J8ta Agdol Ao frArete] FEE7] o] HAWE, 16s ribosomal RNA 7]
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A Y FadezA Fo3 9SSttt (Curras et al., 2002).

8 Yt Al #8 == Streptococci & Lactococcus garvieae$t S. inines B
il

T7F Hol JJom ol dFEL capsule 5 ¥ YA wE H

rj\g

d =Zfol7b Utk L. garviene= capsule ol wel o] tE2m Y
capsule2 7} #TF9} capsuled 7MAA] &= dFod= 3k WAool A
Ao capsules 7HAA] &e TFE capsules 713 dFoe nARHS
o] doju}x] Z=0 (Andrew et al, 2002). Kitao (1982)= KG 7409 59
g Aol 3] S 3t= KG+ (capsule-)d} KG-(capsulet)e] F 714 44
typeS = T3l KG- (capsulet) w7} & BAd S UedHS Hisid

th °]& capsules 7k #F7F SWES F capsuleo] 2J3 key antigen]

of

AAZ o™ (Barnes et al, 2002) KG-2] capsule®] KG+ &3 Ao
g binding siteE coverdtil U= AlAFSEAL Tk (Ooyama, 1999). HgF
KG- phenotype cells= 2,3,5-triphenyltetrazolium chloride (TTC) 7} KF
Streptococcus agar®l 4= b Al wjFstH  KG+  phenotype cells®
antigenic conversion®©] ¥oldt} (Kitao, 1983; Alim et al., 1996).

S. iniae®] 739 arginine dihydrolase °©]&%5°l we AD+, AD-Z F&&



T oW (Zlotkin et al., 1998), S. inige 7 WolX = RAPDE ©]-&3sl F3
Hol5S QT + AeH Arginine o]&5o wt FAdHS 2L + A

th. AD+E serotype I (capsule-), AD-E serotype II (capsulet)o]2}3}t™
serotype Il thd FIHL serotype M9} mawkgo] dojuhx] Fx|w
serotype IIo th3t 3832 serotype ¥ L xHEE-o] Loyttt o]& o]~z
Fo A #Ae] ARG O R serotype 18] oWo] 7hsstR oy AEE typed
o<l serotype II7} Zd3tA =AY (Bachrach et al, 2001). 13 S
inige GA| capsule F5-o wEl BHAF o]z} ATt o] AL Strptococcal
polysaccharide capsules©] 214 @33 M I osf killingst= A4
58S A gon A%ge 33sly] wEolth. dIEPL opsonin, 2
28 S%3 polymorphonuclear phagocytesE &3k killing© = A 2}-8-3ghr}
(Kasper et al., 1990). Opsonophagocytosis®l 3 A a/Jo| A capsules A
d #F7F & 4L VA= A complement-mediated serum killing©l
AGAde 7HAM o] A7t EA)817] W]t (Yoshida et al., 1997).

H w8 v A 9AY A Al ABS fEets S, parauberiss
T AR T M AR L] d e AN AW tiE dAT=
ob# w|F 3ttt

B AdFedM s 2 deke] iR e A didEe dAeds 8 s
parauberis®] ECPE |5ty 48 9 AEXSAS dolryth. 28 o]
E w8 #F7Y gA B HoAM AES 2 macrophageo] 2128l ot

AGyS Hrrstel 4 AW Ao B V1% ARE AnA s
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Williams et al. (1990)¢] KCTC 3651, Streptococcus parauberis, Pier et al.

1976)2] KCTC 3657 2 Streptococcus inige o= A3 T (Table 1).
p

2. Alite] FEEE HA
BHIA v X|ol|A] 27 C, 24~48 A|ZF vjFste] = E 3t Ao o5t

colony®] 54, A& ¥H|, =7], Gram 94 % 54 5= #HFsAh



Table 1. Present isolated strain and reference strain used in this study

Strains Orgin of tested bacteria
A12001 Spleen, Olive flounder 2002. July Je ju
A12003 Kidney, Olive flounder 2002. July Je ju
A12007 Kidney, Olive flounder 2002. July Yeong deok
A12008 Kidney, Olive flounder  2002. July Ul san
A12017  Kidney, Olive flounder  2004. June Je ju
A12020  Kidney, Olive flounder  2004. June Je ju
A12021 Kidney, Olive flounder 2004. June Je ju
A12022 Kidney, Olive flounder 2004. July Ul jin
A12023 Kidney, Olive flounder 2004. July Ul jin
A12025 Kidney, Olive flounder = 2004. Aug. Hae nam
Isolated A12027 Spleen, Olive flounder 2004. Aug. Hae nam
S. parauberis ?:j;; A12029  Liver, Olive flounder 2004. Aug. Je ju
A12036 Liver, Olive flounder 2004. Sept. Je ju
2-15 Kidney, Olive flounder 2005. June Je ju
2-49 Kidney, Olive flounder 2005. June Je ju
2-50 Spleen, Olive flounder 2005. June Je ju
4-26 Kidney, Olive flounder  2005. July Hae nam
4-27 Spleen, Olive flounder 2005. July Hae nam
6-5 Heart, Olive flounder 2005. Aug. Wan do
6-13 Spleen, Olive flounder 2005. Aug. Wan do
6-17 Heart, Olive flounder 2005. Aug. Wan do
6-22 Kidney, Olive flounder  2005. Aug. Wan do
6-40 Heart, Olive flounder 2005. Aug. Wan do
Isolated BS 9 Olive flounder 1998 Tong young
S. iniae Strains
(n=2) BS 10 Olive flounder 1998 Je ju
S. parauberis Reference KCTC 3651 Mastis sample milk 1990 Wﬂl;rlriisand
— strains A Brain of Amazon fresh 1972 —_—

(n=2)

water Dolphin




3. Asista 54 HA

BHIA wjAol N % 2] s 72 o]&ste] MacFaddin (2000)9]
of wel A AFAFS HAARIAT. & HSAEAIFE L triple sugar iron
agar (TSIA)E AH&31%3l, Indole /32 Ehrlich’s WH<S wW3iTh Methyl
red test= Clark - Lub’s medium< AF&3t3 3L, Voges-Proskaller testv=
Barritt's el 95t A|FEATE  Oxidation-fermentation (O-F) testw=
Hugh and Leifson®] %O =2, Catalase teste= 3 % H.O,5 AF&3F slide
methodZ A A8t} Citrate test= Simmon’s citrate agarg AF&-3}o] 30
Tol A 2~4 L3t wiFsle] #FsFATE Oxidase teste cytochrome oxidase
AR E AFE31 2™, Nitrate reduction Al &-& Nitrate BrothS AF&3F T}
L3 E Bl AP S Phenol red 71% A S AFE3}4] arabinose, adonitol,
dulcitol, cellibose, fructose, galactose, glucose, inositol, lactose, maltose,
mannitol, mannose, meliboise, rafinose, thamnose, salicin, sorbitol, sucrose,
trehalose, xyloses Z}7}e] wjA|d] 1 %, salicine 0.5 %73t Al@st L,
lysine, ornithine®l Hlg+ decarboxylase 4|3 ¥ arginine ¢ gt dehydrolase
AFE AASAT 1213l Sheep blood agarg ©]&3te] &8ss ZAMHA

o},



4. TEMS ©]83F capsuled] % ¥z
Capsule?] #FE #2317 98l TEMS 33t} 2-50, 6-40 18]a FH=x
C

3651S AFE-3FATh Al FH| 32 Banes et al. (2003)2]

7t FF5 BHIBOl 53 5 27 ColA 24 A2 W F 3,000xg, 1083

24 #23d ths phosphate-buffered saline (PBS, 0.2M NaH>POs - 2H,0,

o

2M NaHPO4) 2.2 A H3}al Macfarland 2 standard®] ©=7} HE=5 &g
HES AR o] AYAE ZF dFo] W ELI dF FEHH 28=
3ol HEF H7Ig & 4 TolA overnight ¥H&-A|Z1 o5 3,000xg, 103t
A4 BYste] FJEg F PBSE 7 WM AHIATH pellet> 25 %
glutaraldehyde (pH 7.2, 4 C)ell 24A|1%F Mg sta 3 A # 3 of5 PBSY
A @Erste] polycationic ferritin (Sigma)S HF F=7} 1 mg ml'o] ==
A7Eek & 20 ColAM 308z #EgAI7]a 29 AlHSET 1 % osmium
tetroxide (pH 7.2)Z 4 TolA 2A1F &F 3143 T3 Alcohol &5 HH
S AA propylene oxideZ X|&3}il Epon SFEZ T AT T
ultrathin section (60~90 nm)3} AT o]& s HAS AX A2 vjA FAES
gridoll F-ZA]A uranyl acetate®} lead citrateZ ©]F @X3te TEM (JEM

1200-11, JEOL)o.2 #2355t



5. Multiplex PCRE S 53+ A7 54

5-1. DNA £

Tablelo] Yebd 27)9] = FF9} 23709 ¥ #F5 Z+ZF BHIB 5 mloll
HAF3skaL 25 TolA 200 rpmo.2 & vHjFst & 6,000 rpmel Al 5 &3F ¢
Al B2l & lysozyme sol. (10 mg ml")S A Fstar 37 C, 1 Al &<+ vl
stttk olF 94l EEste AANES AATF ©E  Genomic DNA
St

Extraction Kit (Bioneer)

Ll
>
Rl
ofo
ofr
ol
£
QaQ
)
o]
)
3
@)
-
Z
>

5-2. Primers®] <&H]
2 AT AHE-E 5o primer= Mata et al. (2004)°] A|FS primerZ A S.

parauberis, S. iniae, L. garvieae, S. difficillis®] 5©| primers FE3}

£

(Bioneer) AM&-3tH o™ 7] wlEF ofF SF AHE A7]E Table 29 2

o},

5-3. PCR

PCR PCR PreMix (Bioneer)E A}-8-3%1al Thermal cyler (Perkin-Elmer)
= Jsigler 2AL Table 39 HE it 532 PCRA=LS 0.01% EtBr
o] H7FE 1% agarose gelol 7|9 &s F UV transiluminator “goll A &<l

Biitss



Table 2. Primer sequences used for PCR amplication and the expected amplicon

size

primer PCR
) Sequences(5” to 3') Target gene ) Pathogen
pair amplicon(bp)
sdi 61 AGGAAACCTGCCATTTGCG 165235 RNA
intergenic 192 S. difficillis
sdi 252 CAATCTATTTCTAGATCGTGG  gpacer
Spa 2152 TTTCGTCTGAGGCAATGTTG
235 rRNA 718 S. parauberis
spa 2870 GCTTCATATATCGCTATACT
Lox-1 AAGGGGAAATCGCAAGTGCC
lacO 870 S. iniae
Lox-2 ATATCTGATTGGGCCGTCTAA
pLG-1 CATAACAATGAGAATCGC
16S rRNA 1,100 L. garvieae
pLg-2 GCACCCTCGCGGGTITG
Table 3. Condition of reaction step and PCR cycle
Temperature(C) Reaction Time Cycle(s)
Pre-denaturation 94 2 min 1
Denaturation 92 60 sec
Annealing 55 60 sec 25
Extension 72 90 sec
Post-extention 72 5 min 1




6. SDS PAGE
6-1. FKC A%+

3'3‘_
pmol A 3083 94 Eelel AEd g qE A NG5 3 5 A%
313 sodium azide® A7he F WALl HusH "o A AU

6-2. A1 @9 protein 4

=

>
o
=X
o

BN

9 SDS-PAGE]| ¢+ protein #4]2> Andrews
(1996)8] ol Fdle AASEAT. FKCE  sonicationdtil sample lysis
buffer (0.125M  Tris-HCl, 4 % SDS, 20 % glycerol, 5 mM
2-mercaptoethanol)ol] @Este] 100 C, 7 &1t 7FEste] WAAIF S 2H2}e
sample 1.5 mm 7% 10 % SDS-polyacrylamide gel®ll loadingstil 25 mA
2 2 N3 Fet A7) dEEie. A7 5 ® gelS Coomassie brilliant

blue R-2502.2 G231 =235t bandS &2Ist T}

_10_



peptone®] & alkali-pepton water 7]% HJ Ao NaCl= 0, 1, 6, 6.5, 10 %

MeF eEl mE W 54S 2ARY) sl FUT PHOE 247 A

8. S. parauberis extracellular products (ECPs)¥ 57

8-1. ECPs] & % ©uld A=F

Al@die] ECPs %2 Zhang and Austin (2000)°] ¢]3F cellophane
overlay & AM&stAt. vlg] A&E BHIA H3# HjA ¢ 121 C, 15

7t B3 ¥ cellophane membranes 72131, BHIBO| 24 A|ZF &<t Zuj

02
it}

e

Ml

N 200 pwE B AT FElEoZE nE2A =AY Aldde] A

ofN
i,

Wl A& 27 C, 48 A7 w3t &, cellophane membranes A2 petridish
o] &7]3l 0.IM phosphate buffer solution (PBS, pH 7.2) 2 mlZ A& 3}

Zt) o] degdS 4 T, 20,000 X g, 30 B 94 Esle] FAAS

A

g3t o™, o] 022 um pore size] syringe filter (Corning Inc.)2 o}t

AE ECPs Yo7 AL83tH

_11_



FZ9 ECPse] @& F%+= Bovine serum albumin (BSA, Sigma)< X

3te] Bradford¥ (1976).2 =4&ta -20 Collx BAsH AP A&

8-2. APl zym kit A &4 24
w8 T ECPsY &4 €442 API zym kit (BioMerieux, Spain)& A&

3le] ECPsE 0.1 M PBS (pH 7.2)2 3|43 o} 20 w/ml2 3 &

Z.
=L

1

il
il

7}7} 9] capsule®l 65 w® EF3Fal 27 CollAl overnightdt T3 A}

g8k

8-3. Proteolytic activity
ECPs®] proteolytic activity= azocasein (Sigma)< 7|22 AF&-H Austin et
al. (1998)9] W&ol wskth 0.1M PBS (pH 7.2)°l %<2 1 % azocasein &9

450 et ECPs 50 wE &35t 27 C, 30 #3F wiF 3, 10 %

o

trichloroacetic acid (TCA, Sigma) 0.5 ml= FHg o5 1 M sodium
hydroxide 0.5 ml#} &33t &, ODypp o2 FA AT casein 1 unite §3%

T ZFo] 0.001 =713 Ao 7 AolsA).

8-4. Gelatinase activity
Gelatinase activity~ Zhang and Austin (2000)2] caseinase activity®-& ¥

Y3l A3 =, 01 M PBS (pH 7.2)° 0.8% (w/v) gelatine (Oxoid)

LR

o
2
»
rob
o
(0)¢]
[N
=
5
o
oo
12
I
Q1
o
=
fas)
o
tof
@
3
»
a1
(@]
=
tas)
il
i
(ot
ol
ol
ol
2
N
|
a

_12_



307 RESAI AT W8 & 30% (w/v) TCA 1.5 ml& F7}sto]

r]I
olo
o
o

AA A L™, 1 unite= ODxol A 0.001 =7}l A Z 3T

8-5. Phospholipase and lipase activity
Phospholipase ¢} lipase activitys= Liu et al. (1996)°] @&t 1 % (w/v)
agarose®) egg yolk == 1 % (v/v) Tween 80= F7}et] A7 4 mm well

S WE ¥ ECPsZ 20 A slal GaaAtol A 27 T, 48 A7 ¥rgA1 7]

A
4N

o2 well F919] clear zoneS =743t

8-6. ECPs9] in vitro cytotoxicity

Al TFe ECPse| ME=ZAQL ofF el F3HAE EPC(Epithelioma
papillosum cyprini)S AF&3} . Eagle’s minimum essential medium
(EMEM, Sigma)°l 10 % Fetal bovine serum (FBS, GibcoBRL)¥} 1 %
antibiotic-antimycotic agent (GibcoBRL)7} ¥ =% F7}stal 24 well plate®]
ZF wellell FFstd 18 TollA 24 A2k &5 BTt v F 2 well W
o] WA E AAsI, ZF AlE F59 ECPsE 10 % FBS7} H71El EMEMS
a5

ot ZF 9] ECPs7t A& E 24 well platex= 18 T, 48 Azt &<t s}

Oll

2 dild Fe7h 200 pg ml'7F HEE st 7 wellol thA] FY

cell-lined] AXIFEES A&ttt 1831 PBSE #H7F3E welld cell-lineS

NzTE 3t AZHEAdans lsA.
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9. AN TF dA A I AYA A9
9-1. €39 &4l
Ao A8 BHS AP olE ofr| QA et old 50 ppmSE 3~5

AN F 1 8E FAIE ARt vy Pl APl 2esd

o g de Aol 1 AZF WAL, 4 CAAM 3 A AT F,
8000 rpmellA 5 &3t ¥4 Este] S EHedn olFA Eg €

S Alg AR 20 Col RAE L

Aldde] x| H st A3 AP Barnes et al. (2003)2] WHOo=Z
y3tATh eF&3hd, BHIBAl 27 C, overnight ¥l sk S 1,500xg, 20 &3t

YA Bysle] st oS A PBSE 33 A F 3] ODsy Fkol 0.6°] 5

, AT+ complement sourceZ X

_‘?:
A AL 147 HE2 Hrpsta 2 FolE PBSE H7lete] A4 1
#

10 0¥ 3 W& dropping ¥ 27ColA 28A|bE<t st dtt. Al Ao wh
5 Z3+= Miles & Misra (1938)l] wz} Hj <

% AA4E colonys 5 At
AL BEELS T AEEFH Bluste] YAt
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9-3. A& A 3t Adde] W AE F g WHE A

NI S, parauberis 52 BHA A9 AET AlFAAM= AFaH F

ot
st

NS 0,13 6 9 12 At B writt @A 3438te] Miles & Misra

(1938)°ll whet vjF & WA H colonye] +E ALt

2759 AFoE= Jdx9 whole bloodE A3ty om Wxe uly Aol
© ZHE heparin (Sigma) Az® FAZE ojAF 05 ml¥ ALstAt. A
Hg FgAe AE A3t tubeo] 2, 100 mI'E ZHIE 2+ #A 30 WE

A7FstAT 20 T2 /FA ¥ shaking incubatordll A 3 AJZF &<F ¥H-&-A171 &

11. 94 %2 macrophagesl ¢ Al@ #5¥ ROIs A% =73
11-1.' 9% F4l macrophage®] &2

YX] T4 macrophage= Secombes (1990)2] ol we} 2] stA Tt dA

W}

&
&

o v Auen AHste] P WAL A5 ¥ BT AAD F, ¥

EY

o2 IRt T2 HFIAT. °lE 2 % FBS, 1 % penicillin/

streptomycin 2 0.2 % heparin®] ¥ L-15 mediun (Sigma)S £
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disposable petridisholl &3t % 40 um9 nylon membraneS FZA|AH Al
X Y-S FHETh o] Al AgdS e Aed tubedd v EF
E 34 %9 51 % percoll&9 ol ZAHAAHA FHAZ & 500 x g,
30 w1t A4 wEstel MAFE LA 2 WATE 01 % L15
medium®. 2 2 3] AH3g thF 0.1 % tryphan blueZ viabilitys #+z3t &,

1x10° cell mI'2 ZA3sIA T}

11-2. Algee £8 2 A g 73

Al e FH|= BHIB 5 mlol] 25 C, 24 A|7F w3t #S A EEsto
PBSOl 3 3] AlAF o AT AFFoz ALESAT. A Ee A
NBFe) $5%F 001 gol YA &7 500 w< A7bske] 25 C, 30 B3+ A

Hj ek Fo] A4 B3 oS PBSE 1 3] AlHste] 73 A AldHos A

bl

11-3. Chemiluminescence (CL) response

1x10° cell mI"Z ZA ¥ macrophageE 96 well plated] 100 ) FF3
S APl AE3H O™, luminol> Scott and Klesius (1981)2] o whe}
THISFA T 100 pee] MEH] 100 b luminol working solutions 32
% 10 #3F ¥3AZ v FHIgE A Addd 32 AlddS 242 50wl

"l_

8

x

L
N
N
o
32
H
)
BN
of

Tol= HBSS 50 uwlE H7FSF ¥ lumicount® =4

o 2% AZhe 50 B7tolQlom 7t AlRo] UF peak @S THAT
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11-4. Nitroblue tetrazolium (NBT) response
2x10° cell mI"2& %3 ¥ macrophageE 96 well platec] 100 ul¥ FF3

F 20 C, 2 AZF BAA T AN AAT F, 3 8 AHse AW

N

AAES FREAY. A AT 32 AFdS NBT &9 A=A

A Z7F B2 welloll 100 w04 FH7Fskal 20 ColA 30 +3F §¥-&A1%1

.{

< 100 % methanol® A|XE T AHAIZT ZF wello] 2 M KOH &< 120
1L} dimethyl sulphoxide (DMSO) 140 & #H7}st & ODgooll A 35

=490,

12. B A9

Rel $7st 1 ARES 2AEAA A% 3 3o AA oAET A7 Z7te

7zt

of{
)
=2
>
>
o
rol
=t
12
flo
N
Z
o))
@)
b
N
N
o
o
>
)
N
=
>
N,
=
O
r#
w

FFE B A A d5o) dested 34 ODswol A F3E=7} 08 (10° CFU
ZA3 &, @A 3Aste] 10° CFU mI'e.2 dx 3 vy &
0.1 ml® 57 FASAT AlFE 10 vy AREstgom =2 20 T

A2 F Fe w4 HARE S ARG EzTe 2 A Hds5E 01
B
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1. As}stz 54

A Tt Fx a5 et SAS Blug 3= Table 40 YERY
ATk, S. parauberis®] A@ T} FE TFF YIS inike FE dFE &
573, indole A7, oxidase, catalase, Voges-Proskauer, Simmon’s citrate
2 nitrate reduction AlFAA EF A4 w-EES YEMISI  lysine,
ornithine decarboxylase A|@A FFHoZ 54 ¥ o2 Yeyt 53],
S. parauberis®] A@ T} FE AF= ©@FSE T A FlA galactose,
glucose, maltose, mannose, salicin, sucrose 2 trehaloseo]| FFZHo = A
S Uet A 28y Al et FE g F3tel 53 e EA
arginine dehydrolase %4/ ®F3 @5 lactose ¥4 WHSS YEIoH,

arginine dehydrolase &4 ®F§ TF < lactose &4 W= UERAAS.

23l blood agarg ©|-&3l% hemolysing A8 23 S. parauberis®] 7
TFe o Bv vy 8%, F2dTe v §8% 2L S inined] FE dF=
B &¥8%5<S YEAT
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Table 4. Biochemical characteristics of tested strains

S. parauberis S. inige
TEST Tested KCTC KCTC
strains 3651 3657
Motility - - -
Arginine +(43%) + +
Lysine - - -
Ornithine - - _
Catalase - - -
Oxidase - - -
TSIA A/A A/A A/A
Nitrate - - -
OF F F F
Indole - - -
Methyl red L = _
Voges-Proskauer - . -
Simmon’s citrate utilzation - 2 -
Acid from
Arabinose 5 . +
Adonitol = 1 -
Dulcitol 5 R -
Cellobiose + ] -
Fructose +(82%) + +
Galactose + + +
Glucose + + +
Inositol E _ -
Lactose -(61%) - _
Maltose + + -
Mannitol +(60%) - +
Mannose + + +
Melibiose = + =
Rafinose - - _
Rhamnose - - -
Salicin + + -
Sorbitol +(52%) + -
Sucrose + + -
Trehalose + + -
Xylose - + +
Hydrolysis of
Starch - - -
Gelatin - - -
ONPG +(56%) - +
Urea - - -
Hemolysin a or ¥ ¥ B
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2. TEME ©] &3}t capsuled] 5% #Z
Alit EH] FFEo] 9= capsules TEMO 2 ##3I9ow AZ+= Fig.
1ol YebAS. A ol 4

1 2219 S. parauberis®] T F 2-50, 6-409] ATt
FH= FYoleH,

Al

X

|+ EH 82 Zo= polycational ferritin®] 2

H

T F3Z capsule T FAD F AT FxE dFRA S, parauberis
KCTC 36519 Z-¢ol% capsule &5 &20T 4 UAJS Y capsule T2 23

3. Multiplex PCR

8 YA F=2 EEsHe a5 5] primers AME-3to PCRe 2
Fig. 29 Yedth. PCR A3 7} w5+ ZF primero] tisle] So]lH o
2 FEst dPHe AANA & AN MEES et UATE S, parauberis &

7 #xet FE FFE BE 718 bpold B&F bandS FANACH S,

Ll

inige % 75 KCTC 3657 870 bp, L. garvieae Fx 5 ATCC 49156
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Fig. 1. Electronic micrographs of (A) ferritin-labelled Streptococcus

parauberis Strain 2-50 and (B) S. parauberis KCTC 3651.
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1,000 - o
- e - -
00—

1 23 4567 89 101112131415 1617 18 19 20 21 22 23 24 25 26 27

Fig. 2. Amplification products obtained using the multiplex PCR assay.
lane 1, marker; lane2, A12001; lane 3, A12003; lane 4, A12007; lane 5,
A12008; lane 6, A12017; lane 7, A12020; lane 8, A12021; lane 9,
A12022; lane 10, A12023; lane 11, A12025; lane 12, S. parauberis KCTC
3651; lane 13, S. iniage KCTC 3657, lane 14, Lactococcus — garvieae ~ ATCC
49156; lane 15, A12027; lane 16, A12029; lane 17, A12036; lane 18,
2-15; lane 19, 2-49; lane 20, 2-50; lane 21, 4-26; lane 22, 4-27; lane 23, 6

-50; lane 24, 6-13; lane 25, 6-17; lane 26, 6-22; lane 27, 6-40.
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4. SDS PAGE

S. parauberis A@ TF2 FKC whole cell& SDS-PAGESH Z#} 47 KDa
FZoll A 2709 major bandZt FHAHACH A FFHe] @ F band
pattern®] zto]7} YERUFA] sk FE <l KCTC 36513 fARSE ohafd

band patterng WEMATE 2831 KCTC 365738+ @& band pattern®]

Zpol7t AYem 2 A Fig 3o Ve
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E=13

26

1o

-
1 ' r
i & i

|

M1 2 3 45 6 7 8 91011 12 M 14 1516 171819 20 21 22 23 24 25 26

— .
Fig. 3. Electrophoretic pro% patterns ogjmmuvberis FKC. lane M, Marker;

¥ T \
lanel, A12001; lane 2, 912003; lane 3, A12007; lane 4, A12008; lane 5,

A12017; lane 6, A12020; lane ,Al la! A12022; lane 9, A12023;

N
lane 10, A12025; lane 11, Aﬁ927; 1 2, A12029; lane 13, A12036; lane

e

14, 2-15; lane 15, 2-49; lane 16, 2-50; 1
. '
19, 6-5; lane 20, 6-13; lane 21, 6-17; e 22, 6-22; lane 23, 6-40; lane 24,

fZ)‘ylane 18, 4-27; lane

KCTC 3651; lane 25, KCTC 3657 and ; Lane 26, ATCC 49156 (L. garvieae).
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Table 5. The effects of NaCl concentration, temperature and pH in the

alkali-peptone water on the growth of Streptococcus parauberis

Reference strains

Tested Isolated strains
condition (n=23) KCTC KCTC ATCC
3651 3657 49156
0 % ++ ++ ++ ++
1 % ++ ++ ++ ++
6 % 4= + + +
6.5 % + + + +
10 % : B ' +
4 T + + + +
10 C + + + +
27 C +++ +++ ot +H+
37 C -+ + ++ ++
45 C \ - _ 4
pH 9.6 + + + +
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6. ECPs &4 &4

7+ N FF9 FE FF9 ECPsE APlzym kit24 proteolytic activity,
gelatinase, phospholipase 78] 3L lipasedl] Wl $+ A} A3}E Table 69 e
AT S. parauberis AP T ET esterase, leucine arylamidase, 71¥] il
naphthol -AS -BI - phosphohydrolaseol| A %8S Y AL, o] £ 54 &4
MM BF 45 Yepd ok 3= 75 KCTC 36512 alkaline phosphatase,
leucine arylamidase 3 acid phosphatase 4 ¥H§-°] UEFH O™ valine
arylamidase2 gt YA vkg-o] #FAE | A1 FFoF Fx g5 1l A BA
g4 zolE YeAY. S. inige A1 TFe 7 F esterase lipase, leucine

arylamidase, acid phosphatase 3 naphthol-AS-BI-phosphohydrolase®l| A %73

18-S YE Sl o BS 9 @5k alkaline phosphatasedl| 4] ¢Fst ¢4 wES:
o] #AEFoH Fx #F2 KCTC 36572 BS 9 59 fAISIY esterase
lipasedl M= =42 UEIHATY. 28a B Ald 59 F=x #FE2

proteolytic 2745 YEF ATt

6-1. A & ECPs2] A =4 A3
A3 BE #F9 ECPE 200 ug ml-12.2 ZA3le] 283k EPC cell-linel| A

AL 54 B34S BFY F UU00 PBSE AAG HETIME AL 54 &
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Table 6. Enzymatic activities of Streptococci ECP

Characteristics

S. parauberis

S. iniae

KCTC
3651

Alkaline
phosphatase

Esterase
Esterase Lipase
Lipase

Leucine
arylamidase

Valine
arylamidase
Cystine
arylamindase
Trypsin
a-chymotrypsin
Acid phosphatase

Naphthol-AS-BI
-phosphohydrolase

a-galactosidase
[B-galactosidase
B-glucuronidase
a-glucosidase
B-glucosidase
N-acetyl-3
-glucosaminidase
a-mannosidase
a-fructosidase
Proteolytic
Gelatine
Phospholipase
Lipase

+
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= s

Fig. 4. Effects of cytotoxicity on fish cell line, EPC with ECPs of tested strains,
for 48 hour incubation. Cytotoxicity activity was determined with microscopic
examination, A: Control, B: 2-50, C: 6-40, D: BS 9, E: BS 10, F: KCTC 3651 and

G: KCTC 3657.
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7. 92 @A tg APTF AP AlE

7-1. Mo BES A

Hx e o AR w#5E A3 AP E S, iniae] capsule©] $1=
BS 10 #, KCTC 3657 @& A& e A dF7F G @39 &+
ol tsl AdHES JeElRd. = PBSE H7IEE tHET9 capsuleS 7HA

Al I F7F S7hste] 25 |2 €49 ddsl de AdAde 7HA
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2-50 6-40 BS 9 BS 10 KCTC KCTC  Control
3651 3657

Bacterial strains

Fig. 5. Bactericidal activity in normal serum of olive flounder, Paralichthys

*

olivaceus. *, significant difference between references and other strains;

P<0.05.
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1.0E+08 |

1.0E407

1.0E+06
3
% —0— 640
§ 1.0E+04 —A—BS 9
e —=—BS 10
©
5 1.0E403 - —— KCTC3651
g —e— KCTC3657
m
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1.0E+01 |

1.0E+00
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Times(hr)

Fig. 6. Survival of various bacterial strains in the normal serum of
olive flounder, Paralichthys olivaceus.

*, significant difference between references and other strains; ’<0.05.
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&
HA gl Mz AP FFol td Ads&S A A= Fig. 7ol W
el leh. A Ee] Al tigh AiEE&S S parauberis N TF 2-507%
6-40 B S. iniee AP TF BS 97t ©hE HFol HIE @A dEon S
iniae BS 10, S. parauberis KCTC 3651 % S. inine KCTC 36572 23t & ]
A BFEHJY. 28 AdEo] W& S parauberis®] 2-503 6-40 R S
iniae BS 9 #F9} &) ¥L S inige BS 10, S. parauberis KCTC 3651 %
S. iniae KCTC 3657 & Ztoll= 9 A<Q o]z AUTE S capsules 71A]

= WF7t capsules 7FAA] &= ol HISEY macrophageo] &3 24 H

rr

Tt B Ao s Yeygt.

_35_



D
(@]
1

* %

(o)
o
T

*

N
o
T
*

w
o
T
HA
HH

N
(@]
T
HH
HH

Phagocytic rate(%)

S
(@)
T

o

2-50 6-40 BS 9 BS 10 KCTC KCTC
3651 3657

Bacterial strain

Fig. 7. The Phagocytic rate of leucocyte in peripheral blood of olive
flounder, Paralichthys  olivaceus, to bacterial strains for 3 hr

*

incubation. *, significant difference between other strains; P<0.05.

**, significant difference between references and other strains; P<0.01.
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8-2. WX @ ANEY HiF A%

HA g AAEo Ao AP FEFel I HHEAFE A AI= Fig

8o et AFX4E A S, inige KCTC 3657 TF7F 7H3 =4 v

B}t o™ S. parauberis 2-50, 6-40 2 S. inige BS 995+ S. iniae BS 10, S.

parauberis KCTC 3651, S. inige KCTC 3657 #FXHT+ WA YEST 244

F7F @& 250, 6-40 B BS 9 #F¢F AwAF7E 2 BS 10, KCTIC

2 KCTC 3657 w5+ ol Fo&Ql ztol7t loem A& Ao}

rok
o,

FE Ut F capsules 7HA= T F7F capsules 7HAA|

T3l H3ted macrophagedl o3 © {7 AFHE AoZ Yehgth

6 "

o | =
5 N
e}
£ 4 r *
i) T
>
S 3 |
g A T
&, pt ; T A

q gt P
1 L
0
250 6-40 BSO  BS10 KCTC 3651 KCTC 3657

Bacterial strain

3651

FA

-

o)
5

rr

Fig. 8. The Phagocytic index of leucocyte in peripheral blood of olive

flounder, Paralichthys olivaceus, to bacterial strains for 3hr incubation.

*, significant difference between references and other strains; P<0.05.
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9. §* F4l macrophageollA¢] Ald T5E ROIs A5 53

9-1. Chemiluminescence (CL) response

Alg g5 d$ gA F4l macrophage®] CL ¥H&-¢ A8 Z#E Fig. 99
et th A A8 T2 zymosans H7FgE tiE&Fol] Hlgte] fFoHoR
ggo] we Aew yetgon A AlY dF Alele] F4AQ Aol= §l

Atk 2eu A4 gHow AR AW BRE AR Y BRRT B4

o

| EolB oY capsules 7FA= S. parauberis 2-50, 6-40 2 S. iniae BS 9
o} S. parauberis KCTC 3651, capsules 7}A|A] 2+ S. inine KCTC 3657

=
=
FENE FeHel Aol7k A F BZL A

f
™

% capsules 7}A]
= @5 macrophageol] 93 2Z-go] WA Yebe Zo] #EH YT

40000 r

L —=E !
35000 ONon opsonized strain W Opsonized strain
30000

b b

25000 -
20000 - a a a
15000
10000
5000

Chemiluminescence(CPM)

2-50 6-40 BS 9 KCTC 3651 KCTC 3657 Contron
Bacterial strains

Fig. 9. Peak chemiluminescence of head kidney macrophages olive
flounder, Paralichthys olivaceus, to opsonized or nonopsonized bacterial

strains for 30 min incubation. a and b; significant different (I’<0.05).

_38_



9-2. Nitroblue tetrazolium (NBT) response

st macrophage”t A/d3st= ROIs® 4= 53% ZAE Fig. 109 e
At AT AlFdTES PBSE ARERE dixTok FARRE #E YER

capsule®] EA|3}A &+ S. inise BS 10, KCTC 3657 18]al S. parauberis
KCTC 36511 5+ capsule®] &A= S. parauberis 2-50, 6-40 LS. iniae BS
9TFok 72 Aok Ao A Aldde Ao AFdRY ROIs A

Aol o EA denta dzTe vlaste) foHoz o)zt AT

0.09 r
. 0.08 - T :
0.07 * . i
006 r - -
0.05 -
0.04 -
0.03 -
0.02
0.01 F

0

NBT reduction(O.D. 630nm

2-50 6-40 BS 9 BS 10 KCTC KCTC  Control
3651 3657

Bacterial stains
O Non opsonized strain O Opsonized strain

Fig. 10. ROIs production of olive flounder, Paralichthys olivaceus head
kidney macrophages after being infected with various opsonized
or nonopsonized bacterial strains for 30 min incubation.

*, significant difference between control and other strains; P<0.05.
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10. BA4 A1

Fig. 11°1= 4 7H9] A1 a5 2 A9 Fx dF=2 93
AdE A3E Yelidoh g g3 34 gde HE FTEE 4x10°
CFU fish'Z Jelyta S, parauberis 2-50, 6-40 LS. inige BS 9 T FolA =
FAF & 9dY ol EF HASIR O™ S, inige BS 10 ¥ 30 %, ¥ OF
25 10 % #HAFES UEWAT #H ol et AE/RAIY FF5 A0 B
S 2ME ede] Uegoen tdHo g ko wEo] Uitk tiExT
AXE HALeL oW A= YA Fdth AlF #F5 AHEE AET

rr
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= —&— control

< 80 ——2-50

g —A—6-40

o 60 —*%—BS 9

= —%—BS 10

Y

S 40 —e— KCTC 3651
% —+— KCTC 3657
© 20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Days after post—ingection(days)

Fig. 11. Cumulative mortality of olive flounder, Paralichthys olivaceus, after
intraperitoneal injection with the tested strains, Streptococcus parauberis,
KCTC 3651 and S. iniae reference strains, KCTC 3657. The tested groups
were challenged with 4 x 10° CFU/fish and control group was injected

0.1ml saline fish™.
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[e]
o
3 8 vet 8 At olF:Q gdAdA F2E S parauberis V& 0|
=

AFNA= X BololA £2lE S. parauberis®]

S. parauberis®] A5} AR A HX| HWojoA EEE dF FAME
arginine, fructose, lactose, mannitol % sorbitol #3ll'50] Tha =o]7F AR
AWy S. parauberis 4% 5 KCTC 365137 += AR AL S. inige X TF
Ql KCTC 3657 & E3E A9 sFA & 2™ arabinose, maltose, salicin,
sucrose, trehalose &35l X S. parauberis®t THa zkol7F UATE 1Al S.

parauberis & #FE o BE y §FTOE UEWRI Fx dF= vy &E

olr

o7 YEYOY S inike FE #FE B §FToE AAHIU

o7 /A AR} S parauberis®] AP dF B Fx FFNA capsules &
AT F JRoy Fx #F KCTC 36512 A1F #Fol HIE] capsule?
FAZF SEskth. 1719 streptococcal pathogens< polysaccharide capsules

ZEA AL Qe Aol Z LA o o]#H3 AT cell wall 2] capsule
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< YRkHo 2  polysaccharideZ FAHo] JQom Z=E7 amino acid
polymers= /4= o] e Zo] Utk ¥ AFdA YERE capsule anionic
site®} ferritin-labelled antisera’} J 7|42 ZE3tal extracellular fibrous
layer7} Z3tAl G2 =] M2k @v) 7 oA capsules THEE 4 A #
ZHE capsule 4 #W7 Y FANA w9 FQ3H (Wai et al., 1998; Johnson
et al., 1992).

AREAQl PCRECLEZE ofF HWAAE HEsta L + AUAR single
primer sets®E T+9] samplec] ©o]-&3thd A3t H|-§o] Fo] L~ HT
T8 AN )9 tubed| Al TFYF S primerE AH&StY] PCRE FFHdte WH
%l multiplex PCRE AR&3te] o2l AW S FAld ASFo =N A&sin
AA Aoty 1 d 2 multiplex PCRE AF83t™  Aeromonas salmonicida,
Yersinia rukeri®} Flavobacterium psychrophilums SAldl AET 4 AoH
(Del Cerro et. al.,, 2002) $-8] Y&tollA & 5= Streptococci 5 T2 &

%= S. parauberis, S. iniae, L. garvieaeol] et ZF 50| primerE AF&3te] S.

)
(o]
ol

parauberis 718 bp, S. iniae 870 bp X L. garvieae 1,100 bpolx 5 ©]
M bandE HEFOEZN HAAE ASsHA A= + Jeor {FHA35H4
5ol 7ttt

S. parauberis® 3EF wF KCTC 36513 2] &7 7HA= oA dHdE
polyacrylamide gel el A7) F&ste] &A1 23 vF 59 £9 oF
o] protein profile®] ztol= YEIA] tom BEE AY dF= 47 K

A 5 709 major bandE A T 59| protein pattern©] FAFSHA LUEL

ok AE AT S, parauberis 72| protein profile> S. inize KCTC 3657 %



L. garvieae ATCC 49156 59| protein profile?} tha~ x}o]7} YElyTh

S. parauberis®] Wi&F X WE LFAAEHE <It7] 1 % akali-peptone
wateroll ¥l 2%, @& % 2 pHel tist A3E AU} S. parauberis Al
A dFe} Fx dF BT 27 CTollA 7 & Age Aew FelHneH
4~37 CT7HA %ol 7Festdon 45 CollM= 4ol HA fskd. a8x
e = 0-65 %olAM AdFo] 7HestHaL 10 %ollH= o] HA %o
w0 1% A HF BAo] 7tsstd 25 B dE s B3 A H
=

Aol A= Domenech et al. (1996) o] o] A7} UX|SATE S. parauberis

rr

pH7L E& FelolHe 432 344 QETE B/t dgou B a7
e pH7F =2 JEH A pH 9.6 = tha wlekstA A% 753t T
23l S. parauberis7t T2 £ He AQRA AFok dEANN A7 3 F

Fg Adstel off FAAZA H4o

N
a8
ol

ta =4 W7l Eo] & 4
S. iniae®} Va3t HAS FASAT S. inidew capsule =R frF-ol wet

=2 wm EL%Aé 72].0]7]-

e = [¢}

+ AL Z HIH capsule®] EA)3}= S. inige BS

s

9%} capsule©] EASIA| &= S. inige BS 105 ©]-&3A T (5, 2002).

ofF WU ATFY AEZAPAPE (ECPs) H29 s 45 Fista
Nl 22 &S IS Al hydrophilax cytotoxin®} proteaseE i 3tal
ANAAA HFSHEES FE3F= motile aeromonas septicemias WERUH, L.
anguillarum~= A.  salmonicida®] S8  glycerophospholipid cholesterol
acyltransferases &-fr3tal 1o ™ Atypical A. salmonicida®] ECPo| %=
o] Sl protease®} membrane-damaging toxins (cyolysins, hemolysins and

phospholipase) 52 WA 7% Fa3 9&S b (Rockey et al., 1998;
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3] S. pyogenes ECPs®] streptolysin S,
streptolysin O, hyaluronidase= ®-<2 77} =HoJUth Streptolysin S&
oxygen-stable leukocidin®] il streptolysin O+= oxygen-labile leukocidin®]™
NADase 3t leukotoxico]th. Hyaluronidasex= Z ¢ =% hyaluronic acid&

=<&3kA gtk Streptokinases=  fibrin &3] #oJstH  Streptodornases

>

-D=  deoxyribonuclease  activityE®  7}XIth.  Protease  activity->
Staphylococcus aureus®t FAFSIH IR FAS FAF EE toxic shock
syndromeS 7FATH £tk & AFoNA S, parauberis®} S. iniae®] 7+ FE o
T AlY T ECPsol W3k enzymatic activityE FAS Ay, S
parauberis®} S. iniee A@ TF= leucine arylamidase, naphthol-AS-BI-

phosphohydrolase 9} proteolytic 245 WEIW AT S. parauberis ¥ 5

ir

esterase YA HE-S-o] YEISL O™, S inige w2 T+ esterase lipase ¥ acid
phosphatase®ll Al &/ Hk-g-o] UENY S. parauberis} S. inige -2 75 F &
g4 2ol 7k Ao 53] S, parauberisol| A estraseS A4S LENR O] o] A7) S,
parauberis®] WY BHo] & Ao E FS5HT.

5

p s

X g3 e At 2o st S. parauberis oFE A TS Al

U!
it

3} capsuled 7FA 3L W YAo] e Aow yEld 2-50, 6-40, S. inige BS 9
2 S. parauberis KCTC 3651 dX @3 oA AET 4 o E3 5

A g e AeE yetbt. 28y capsuleo] ZHHO i WA
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ket o & UEhd S inige BS 107 KCTC 3657 X FA A Alzto]
Aol wel @ 7 #aEE AeE Yyt 83 oM AES 5+ 9
= g2 ¥ Ay vEdAR Alds FEE F A= F83 indicator

7} =™, Leung et al. (1994)°] sty HIW LAY Aeromonas hydrophila7}
tillapia®] Aol 78l FFHo g aste Wl WA A hydrophila

=
oz YEHE AoE dshgth WX FHE AT ALY

)4

)

rr

T4 4&<] peptidoglycans #3& 5 3= lysozyme F LPSol| 93] &7
3t5 = complement7t EAdt Y AdS EdAZE F ATk 2HH W

g AT ASE olE@ ofF 439 WY wge IWHAY AAY 5

(o

= o8 7R 71AS 7FRL dY dlE 59, Photobacterium damsela

%0

subsp. piscicida, L. garvieae, S. pyogenes, S. pneumoniae -5+ polysaccharide
capsules 7}AI™, Aeromonas salmonicidavw A-layerg 7}A|3l QlojA] o7 &
A oA AET = U (Daly et al., 1996; Magarinos et al., 1996; Barnes
et al., 2002; Bisno et al., 2003). ¥ AT A= S. parauberis7} polysaccharide

capsules 7FA|aL o] HX dH o AdA&S Jystal EH oA AE

Fomn HUy ZRAN Fog Ve s Aoz A
A7 5B &5 ol #EHY 27 @S @Eahs macrophaget

accessory cellZ ZH-&3OZH o Fe] HEolZ WY wkFoAN Fag AT
& B33 Ut (Secombes, 1990). o] 3 A2 i AFHS 7HA=
capsule> F 7}A| W7l F o] ot AR Z = capsule©] Aol ME] A

v A9 22 opsonic factor?] bindinge Wdl3t™  (Horwitz and
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Silverstein, 1980) &# Z+ capsule %% o}2joll opsonic factorol] HFT 4
2%0] capsule phagocytic cell®] receptors®} opsonin ligand Alo]ell A U oj
U= AE5S 3A E3tAl 3t barrier’t £A)35td physical barrier2 ZF-8-gk
o (King and Wilkinson, 1981). AIt}7}, capsule masking surface
antigens, complement consumption &, Al@ EHe] binding & F U=

HA = A4

b

F9 receptor®] AFS Walsto] AAEOTREH M-S

fo

o 4 ok webA] Al capsuled antiphagocytic 98 w0l =4
22A aHEHY oY AL Ad HE FFS v & U (Verbrugh
et al., 1979; Densen and Mandell et al,, 1980). €5 ], P. damsela subsp.
piscida®] 739 anti-phagocytic surface components+= polysaccharide capsule
of o9&l AMx ZAgte] 283 ligandsdl FHZsl7] o] HAL serum opsonic#
o] A S A AL AP YERATE (Czuprynski, 1988). L]
I M) ARG oA B == reactive oxygen intermediaters (ROIs)+=

Oxygeno| 3H¢l¥ superoxide radical (O:), hydrogen peroxide (HxOz)%}

hydroxyl radical (OH) ¢ FHZE Hol 54 &ZA&ES Ueo rAES 4
3t} (Fridovich, 1995; keyer et al, 1995). Z1&iu} WYA Awe A$e

SOD$} catalase”} Slo] 2AMES] respiratory burst 482 =5 5 Ut
oAl & =9, A. salmonicida, Staph. aureus®] 73-F-, 2M|3ES] respiratoy burst
g4S F3le AAHE reactive oxygen speciesE F53AZ F U= SODe}
catalase &2 AAE 7FAA 9lo] oxygen radical®] HisS FAAAIFIO=R
A macrophage®| 4218 AF S Y=t T3 FES ste A=

UESTh (Barens et al., 1999; Barens et al., 1996: Mandell, 1975). & A9
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|a g AAE Ais, AT AF B g@A F4 macrophageol 4 ¢

ROIsZA 23 capsules 7} S. parauberis &2 9} S. inige BS 9 T

il

capsuleo] EAf3stA] ¥+ BS 10 w9 HIwfEH A AL o5 A

&, AT A G 7} capsuleo] EA|SIE TF7} capsuleo] EAISHA &v T
g @& RS & & AUt o8 dae A dHdoz AAAZ FF

£ AF&3lHZHE macrophageol Al ROIs Aol A yYeu= e & +
ARew o= W2 AFEI A Agel o& A= Aoz AAHEn.
olggt AL WHAZL AU EoA%sS W AEH upgFo| EAste

capsule°] 21285 3dsty WAAFS e

=
rr
N
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fru
>
fit
i,
)

2 AT A, S. parauberisv o e y £85S 7HAL QoY S inige 3

BN

F= B 88522 YEYH. multiplex PCRS 0] 8-31o] oA oA &2

i

+ S. parauberisE A& FZFOZHN ABo| UiAHst= o F&sitta T
ATh 2P 3L capsule EA 5o mEt WL Aol7E YElY= S, inige

YA WololA 28 S. parauberiss THHFAHOE v A}, capsule

o B 4

EA8t= S, parauberis®} S. inige= @A GAONA Al Aol A
AYm 2285 FAste 78S AU den dX A 2 HAdAd
= Uele o2 Al dth

o
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Streptococcus parauberis7}
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2
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=X
olN
re ol

profile, ECPs &4 &4 9 EPC cell lined] ot MEZ 54 SHE XA
Atk L GA dAoMY AET B GA dHAMY AFEH HTATF
g ZAE {@A 4] macrophage®] ROIs BA5S 43T

2 AT A, gX| Wojol| Al B2 S. parauberisE $-2] Ugtol A T2 £ ==
A Ftell ti gk Z47He] Eo] primers FA| ol ¥ A] 53 & multiplex PCRO.2
AL FatH o2 FA8AY. S. parauberis®] £¥] F= a E= ¥ §EF
< UEH AARE S. inige®] 3% B 8 &S Uet o] F &5 Alol ol 3 x}o]
7} Q3L ferritin-labelled antiseras ©|-&3}S S. parauberis A E¥ v}Z2Z%: <]
capsules TEMOS =2 HZSIGT. S. parauberis Formalin Killed whole cell
protein profiles 47 KDa F%}°l F719 major band7} &&= gom S
parauberis A @ T L S. parauberis T3 59| protein pattern©| -5~ -FAFSFA
ot o HH 4G AL 9 48 F5E 27 Cand 0 % NaClo] 9129 45 C and
10 % NaClo|A = Aol &&= A &Skt S. parauberis A 8H 54L& ol F

BAAEA & L S inige TF T YAl £ capsuleo] EA 3=
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BS 9 #39 WYX 2o capsuled] EAFRA| LE S. inige BS 10 T3
Al 3} At). capsuleo] EAEE S. parauberis®t S. inines B 4 #F
a5 AGAHS YehEs uhaE, capsuleo] EAEA e S, inie= WX

Aol Alzke] Agel w2t s AT B3 capsuleo] EAEE EFE

2 et R 4y oFQd GAM Mgl A3 #F=E AREn.
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