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Morphological characteristics and pathogenicity of Streptococcus iniae

Hyun-feong Kim

Department of Fish Pathology, Graduate School

Pukyong National University

Abstract

Streptococcus inige is one of the major bacterial pathogens of cultured olive
flounder, Paralichthys olivaceus in Korea. Pathogenesis of S. inize will be
related with many potential virulent factors. One of the most important
factors is suggested the polysaccharide capsule possessing the anti-phagocyte
and resistant to serum bactericidal activity, This study was carried out to
investigate the interaction between polysaccharide capsule and immune
responses such as phagocytosis and scrum killing activity., The seven strains
of S. inige (K51-KS7) and KCTC 3657 were used in this study. They were
differentiacted phenotypically into two groups, the viscous colonies (KS1, KS2
and KS3) and non-viscous colonies (K54, KS5, KS6, KS7), but the strains in
both groups were similar in physiolosical and biochemical characteristics.
Electron microscopic examination of the viscous form revealed thick,
electron-dense  cxopolysaccharide  materials  surrounding  polycationic

ferritin-pretreatmented cells, while the exopolysaccharide material was absent



around the non-viscous form.

To assess the virulence of these 5. inige strains, severed factors were
analyzed, such as pathogenicity for olive flounder, the activity of enzyme,
ECPs cytotoxicity to CHSE-214, the effect of macrophages chemiluminescence
(CL) response by ECPs were analyzed. The viscous type strains were more
virulent than non-viscous type strains for olive flounder. In the enzymatic
activites of bacteria, the virulent strains have the stronger leucine
arylamidase activity than non-virulent strain. All of the tested S. inige strains
ECPs were cytotoxic for CHSE-214 cells and effected CL response of head
kidney macrophages. The viscous S. inige strains were resistant to normal
serum killing activity, while non-viscous strains were susceptible to normal
serum of bactericidal activity in olive flounder. The viscous strains were
more resistant te opsonophagocytosis and decreased the CL response of head
kidney macrophages of olive flounder. All of the tested 5. inige strains were
efficiently destroyed by the macrophages after phagocytosis. Both virulent
and non-virulent strains invaded and replicated in cultured fish cell line

(CHSE-214). This cellular invasion may coniribute to the pathogenesis of

invasive S. inige infection.
From the results, the virulent strains of S. inige have polysaccharide capsule
and they could resist fo phagocytic clearance and serum killing activity.

Also, invasion capability and direct cyiotoxicity may be a mechamism to

delay or avoid phagocytosis and host immune response.



Tl kel off kAl Ao RS AAse dA e 1989 o F
FH O FR A ok abgde]l 48tHTAM e AR W iR FY
z Aol |Hs 2717 Ategn. gt e] A Arel o
2920029 %0 S dA FHe] F AANFE B3MBE] olazr] AHHem
Adwet Hebd e g vlEste] WA gatge] 50% o]3E AAEe A E A

9& Tty et AdelM A Aok 28y, Qg FAFL o

oAFel Awe FuAlE Q4T AEel 2 ASE B Uk d
o P ABE w53, A Aol Ay AHow AW AAbgol 5%
e e mee A An, AFH AW F JH el olF WY Wy

7b oF 174%5 7I5stn vk @A g A4 FEde ddAE ZEEe

5 F Streptococcus iniae’} RS v Fo] HzRE FUEk sjew, AYHL
2E GA7F Fo FH oF] Mg AGeM e E H2He 94 4o

o
1o
e
=
)
o

HE B o] Strep. inige?] Ao 7 Blm ub ) (-, 2002).

Strep. inige= ¥} Uete ¥ v|F, olaetgd, eiEH UYL dE A

e

| Hae BRoeligs okAd widist Aald S-S Ysle A e sl
o} (Berridge et al, 1998). Strep. inige= Amazon River dolphins, [nia
geoffrensisell A #Hz=FE R1E o]F (Pier and Madin, 1976), }<lda}sol,
Oreochromis  nilotica, 0], Plecoglossus  altivelis, T-AA40, Oncorhynchus
mykiss, WA, Anguilla japonica, ‘X, Paralichthys olivaceus, o], Seriola
quingueradiata, FT1 0}, Sciaenops ocellatus, gilthcad sea bream, Sparus aurata,
European sea bass, Dicentrarchus fabrax, barramundi, Lates calcarifer 5 chefsh

o]Zoflad Harslo] 2tk (Kitao et al, 1981; Ohnish and Jo, 1981; Ugajin, 1981;



Kawahara and Kusuda, 1987; Sakai et al, 1989; Zlotkin et al., 1998a;
Bromage et al, 1999; Eldar and Ghittino, 1999; Eldar et al, 1999). &3}, o]
HAe Adel dal Algdoixe B dud wp gk (Weinstein et al,
1997). #H 2ol o]l xetd o] St. Peter's fish, Tilapia spp.9} FA7RE0], O. mykiss
o AFA Hegd Wi Rel FAW Streptococcus shiloizh Eldar et al,
(1995)¢)) o8] EHEY, E44F, +338 (DNA-DNA hybridization)® 22 Strep.
iniae9} FAsithE Aol YA

ARk o 2 Strep. inigec]] o|F AW L upr)o vro] A, 8 vt
o] B AR FRo] 18T ojFeg Foatc 6ol o3l 17 A%
He Fevt gon iy gAdMos 50% olite] E AXE doTAY
SR AArg dodle Aol FE GebdT (f, 2002 o], 2001; A, 2000).
Strep. inigec) 7FEE ojfHo o FHAoRE AN F3, FFold ¢4, ¢t
o] HZ&a ziupe] wiel A7) W Eo WAY Y 2 19 o AHAHW K
F7) s1old gk A9 Aol Ty ) (Kusuda and Salati, 1999).

A7 A EfRAA AW-E Yo7 streptococcal pathogene] WA 8.2l
of Wik APE wew, 7 3 21 Aoz eiA At WAAY goup A
streptococcus (GAS)= gk W93 alE& 7HAlar Sled, ¥4 iWe M
protein®} hyaluronic acid capsule To} EAsled 2 &L HEAdS LlERRI,
&3] A ARl 4 FAstd AE W2 Y} ESE Ft) (Bisno et al,
2003). o]9lelw  Streptolysin Or}  Streptolysin  S¢} 32 cell associated
hemolysing: 7FA131 9lo] in vitro®} in vivo AfollA] Abge] thebst Mxet =
Zlo] HA 283 & (Carr et al, 2001 Sierig ct al, 2003), hyaluronidase,
streptokinase$} streptococcal pyrogenic exotoxin B (Spe B¢} #2 d4% =
Ao s s TS S w7 24 R WdAe] gato] wEA Ao

e g}l (Kuo et al, 1998; Bisno et al., 2003).



sh2lw, @A Strep. iniee®] Aol MY &< Foll h§ A7E A
o Sl Agolth Heol olazidle] BAMEC) WAFoIM Strep. iniae WA
& AUT F 53 E FF A% Halk Wy, T 2FE mue &
A3 arginine dihydrolase?] A2 rapid amplified polymorphic DNA
(RAPD) 7oz pHlo] Hgon (Zlotkin et al, 1998), A 3ta BMdMT
F7)ol ALESH FF (AD+ve)o} o]0 Rel® #F (AD-ve) Alolo] - 3F A
o|2 yelllo] & Serotype 13} Serotype [IZ EFEH T} Serotype I 9f
th3l 88 A S Serotype Mot 3ol Uojr}z] ekA|wh, Serotype Mol i3k &
Ao Serotype 3 e A wrgo]l dojus AL FHAT 4 AT

(Bachrach et al, 2001). 1efu}, o]jal B {71 28l BE Strep. iniaecl) &

A olie gaska) ron, dRy B o FdlA Ayt ol Fol A Qo
ol A BE = Strep. inigee] 54T B add dizk A7t 285391
.

Strep. inige$} AW 2] A}

o

8
ali

A 2 wElet s FAel fAkg Ao R dE
Lactococcus garvieae2] 735 (Eldar and Ghittino, 1999), ¥ ¢l4l g91eg 344
o} zpoletw o] 9= capsuled YFAl= ALz FHQE AT} (Yoshida et al,
1996; Ooyama et al, 1999). <] 3§t capsules® capsules 7}Aja A 42
KG+ phenotype @8 3xte] 3335 AA3tx, weolel A4 phagocytesr}
opsonophagocytosisah=dl el A A a4E 7HA|A st RAxt dde] AS A

og #=51 9t} (Yoshida et al, 1996, 1997). X3, a3} 37 wg ARS

of

&} KG- phenotype?} capsuleo] KG+ 2% o] tigl binding siteE cover

ol

Fiz 2lom, KG- phenotype cells2 o] EAZ A A& :=d glo]A capsule?]
Hal & e Aoz ofAxa Uk (Alim et al, 1996, Ooyama, 1999).
Cwuprynski et al. (1988)3= capsulated bacteriaw capsule® <13} serum

opsonin#te] Zgt#o] sy AHAE Agte] B8 ligande] H28lr) of



7] W&ol A& HFgAE Jebdtka gk A& g AP o] £
% capsulated  bacteriat=  specific  antibody7}  FAFelE  EEaT
complement-mediated serum killing activityell #843-& v}ebdlle} (Barnes et
al, 2002). AT x9W AR o]do]%x  cell-associated hemolysins®} 72
extracellular products (ECPs) So] o] HFol WAL Jehfl& streptococciol A
HaAdy Bado] 9L Aoz FAFT v} (Kawahara et al, 1989 Sakai et
al., 1991; Yoshida et al,, 1996).

AAQ7A f2] veh A dx e HAzgE A HHE fds Strep. iniae
= 1oAYl i R} AoM e} Hafrke AT A g AF= of
2 W &g HAdoln, ofelgt Awd sl owe RHog kHdy FAHAHQ
Wale) At Bgol ddsith deju olaghd Fo] ool Fge AelAe
A A oz SolHRl Strep. iniee WS AHa}dtgl ot T3 W
A4E M FEF] 2 3ol 2 Hsl) Alel] (Bachrach, 2001)0]] H]po] &
HAHQl vaccine S AT FFte SAY WA o A+ 2ed 4
golrt.

aelEg ¥ deAs 8] v iR s Fo Sl 9A 2 =
s ol X FelH Strep. inige®] #F2 Fe|stA 54| wpE HAADL 2polg}
E Aldels dutzos 4 o A WeAd alE @A HrtEle
Strep. inige WY A2 DA 7|24 A5E #FHIuA 3y F, 75 3
o WA agloz HE&H = Ade A AE 9ute] capsuled] EA ARE
g9lat o) W capsuledt WU FAwAS ARG T #F
o] & extracellular products (ECPs)e] &4 &3 Al¥ %4 &3 2 ECPs
/1 " & macrophagesd 2 2}8-o] w2z G H el olF o] Step. inined)
WA g9loeF 283 ¢ QeAE "Hristenh iy al Strep. inige d57F Al

¥ stw 5S40l ohel 79 AlAy ol Add AL UBEAS 3}



g7] $El gA AY "33 g8 eSS Hrtekdoh E3hL 9A
macrophage®] 21 Z-g-o] dtis] o|F 3)Hsh=AlF Q) Yot AFEIH A
T A& H718b9 2 macrophaged] CL responseE E3) <5 who] zhgo] tf

A&Xg "Holstdok. elan, Mol AAE " o]F macrophage ol A 9

ro

MFE o] 2E bactericidal activity® £3] %1319 21, macrophagest WAl
AF T8 ME UZ invasion® A=A ARE Gt Step. inine2] M

g3k ol wolgE 2918 HARAA FAh



n. Ag 2 49y

1. Ao &9

B oAqo AlEH FFEL 40~800g9] x|, Paralichthys olivaceusst 200g #

o)

Fo] zujie}, Sebastes schlegelio| X} Aol F4te] FPHow wase=
bt 9] wokd, B4, o, 70, v, Al 9 AN =4 E FaE o
2 A&3la 1.5% NaCl #7F BHIA v xjof] =3k 3 28T oA 2448417 wj
Fotel Ee2lgt F2 A¥el AgEHY. vuE Sl AMEE HE: dFEE Y
Z} Williams et al. (1990)2] KCTC 3651, Streptococcus parauberis, Pier et al,
(1976)2] KCTC 3657 Streptococeus inige H Kusuda et al. (1976)9] ATCC

49156, Lactococcus garvieaes A&t

Table 1. Streptococcus iniae strains used in this study

Strain Origin

KCTC 3651 |mastis sample milk Williams & Collins, 1990

Reference
KCTC 3657 |Amazon freshwater USA, 1972
strains{n=3)

dolphin
ATCC 49156 |Yellowtail ~ Japan, 1974 -

KS 1 Olive flounder Tongyoung, 1998

; KS 2 Olive flounder Tongyoung, 1998
Present KS 3 j‘Blacl( rockfish Jeju, 1999
isolated K5 4 Olive flounder Jeju, 1998
strains(n=7) KS5  Olive flounder Jeju, 1999
KS 6 Olive flounder Jeju, 1999
KS 7 AOIive flounder Jeju, 1999




2. Aol Hejetd A9
1.5% NaCl 37} BHIA ®jA]e| A 287, 24 —48A17F wjjcksle] 44 Halek ¢
3

A< colony 443} we] el =7), Gram F44 # $F3AHL FFsAT-

3. Azhery A4 A9

MacConkey agar®} SS agaro| A2 w8 AelE ZAME5, 10%, 40% bileo]
#7149 bile esculin medium (BEM)3} 0.01% TTC 7} BHIAo| X2} ujaF A1)
E Fo1dlg] o, BHI brothS o] &% 4%, 5%, 6%, 6.5% NaCld] 3t =2
fr5-9F 10T, 25T, 377, 45T, pH 9.6 §9 23 &l wid SAHS =AM E
b gt A ARe AE @33 1.5% NaCl #7} BHIA sjz]ellA] 25T,

48217k v <kl t}-8- MacFaddin (2000)2] WHol we} =38 3} it

4. TEME o] &3 capsuled] {5 #3

Capsule®] {55 #<lselz] s TEME stqict. dA PHsd 577
colony deje] zle] P ariginine dihydrolase o] &% zle]& Ed|& KS1, KS2,
KS3 28jar K54, KS5, KS6 2 KS7-§8 A€ oF= HAAHINAL 2 FF2
KCTC 36573} negative control2A] Lact. garvieae ATCC 491568 A&3}c)
A Z o) Fv] A2 Barnes et al. (2003)9] uFH 2 W@l s

7} @#%2 BHIBe| HZd & 2504 2447t ujokgh & 3,000g, 1083 4
A Ba13 o}2 phosphate-buffered saline (PBS, 0.2M NaH:PO; - 2H,O, 0.2M

Na,HPOy)© 2 A #33 °f Macfarland 2 standard®] &x 7} ¥ 28 g39ich

detle 7} 3o dig FEHES 100 g He] HEE Hutg F 4ToA
overnight ¥H2-2171 & 3,000g, 108 994 E2elsled FPird 3 phosphate

bufferg % W A 23}t pellet: 2.5% glutaraldehyde (pH 7.2, 47)ol 244]

I AnAs T 39 A &g th2 phosphate buffero]] 4 @ €l&le] polycationic



ferritin (Sigma)& #F $%7F 1 mg ml'e] HEF Hrbe & 20T A 3027

HES- A2 th 1% osmium tetroxide (pH 7.2)% 4TolA 24)17F FoF S 14351

ot

Alcohol & 78 AHAH propylene oxidez &3 & Epon &£3E2 5
8] & }-& ultrathin section (60~90m)st e}, ol d A8 7 x 4%
ol A HHES erido] FEAIFA uranyl acetate?} lead citrateZ o]|F ¢ A so]

TEM (JEM 1200-T1, JEOL)o. & w 2&}ict.

5 A8 #F 9] extracellular products (ECPs)dll gt &4 &4 AP
5-1. AlFe} ECPs &

zF A el ECPs %2 Zhang & Austin (2000)e] 3¢ cellophane overlay
Yo g Ao FwEy, 29® dE9AE 15% NaClel #H7ig BHIA
gl 2] 9lel 23 1.5% NaClel Hrzl® BHIB2] overnight A« ujeked 0.2ml-g
wapa slo) etk 28TAA 7247 voker & A2wA 9o vjorE A
T8 27hE 0IM PBS (pH 7.2) Tmlel]l EFA)HCh o5 4T, 14,000rpm, 158
T4 A4 BElg & BECPsg A H A4 NS 045me 0.2ime] syringe filtero]
A7l o5 70T AFEE wWi7bA] B astlrh ECPso) vild F= 32
Bio-Rad kitE o] &3} 2w standard® bovine serum albumin (BSA; Sigma)$&

Abgslod AAlsRdoh

5-2. ECPs9) 4 #4 %4
APl ZYM kit® A}§3}e] @7}813ch. &9 ECPsZ 0.M PBS (pH 7.2)2
108 M3 % APl ZYM kite] #7te] cupuleo] 6544 ¥FEe] 28T,

overnight #|%F ¥ Az= AR A}



5-3. ECPse] Al 54 &3} A9

AxE =4 &AF B2 Y3ld ofF F3 M¥E Chinook salmon embryo
(CHSE-214)8 AM&315At}. 48 well plate (Paicon)o] CHSE-214E 10% FBSs}
1% antibiotic-antimycotic (GibcoBRL)e] ¥7}® Eagle’s Minimum Essential
Medium (EMEM, pH 4, Sigma)Z A}-83}e] 20T, 242417 w5 w %&te] AlE
=4 AP ANEdd #ulE 2 g5 ECPs R 99, 108 2 100w
sl ol S Alg3te] zH welle] 1% antibiotic-antimycoticyt #7189 EMEMS
09ml H7}st F 2z ®x2] ECPsE 01ml¥ #r7stgdh. 1832 negative
control® ECPs F&Ajo] A}-239HE 0IM PBSE AL&3lgion, 200, 2447

W gatel NE 54 ads FAskd-

5-4. ECPs7} chemiluminescence responsed] ©]x = <&k

2x10° cell mI'2 %A ¥ macrophages 96 well plateo] 50u% P38 F
Aol A}L-314.00, luminol (Sigma) Scott and Klesius (1981)¢] W o}
2} Fulatgleh. 50l M Edo) 1mg ml'e] ECPE zhzt 2u, 8uj, 32u), 128
nj, 51248 &) A& 508 H7FEE F 10042 luminol working solutiong %
oA 107k WA o EHgE Z4A zymosang Z47b 504 H7beH R
) =l Hank’s balanced salt solution (HBSS)Z 50u¢ #7}8t lumicount
(Packard) = FAstct. 54 A2 50&3edem 2 Alge digh peak gk

& F3Ad

A el 9A Aol e A4 Y
6. B o] )
Aol g e HHe A4 25~300m, WF 140150890 HAE ofvle ok

2k ol" S0ppmo 2 3-5E7F ufA A7) F 13) 8 FAly)E ALEEe) oy A



Mol A @3] FstAh APE AL Ao 1413 HA8kaL, 4Tl A
3A1ZE A A% & 8,000rpmel A SR ¥4 BEeldte & 2t o)F

A Zeld 35 AHE 4714 -200) Kt

6-2. = A aldt AHTY A Al

Aldytel {da 4ol st A Al FH-ES Barnes et al. (2003)2] ®Wyog
bt 7HErs] 4w, 1.5% NaCl 37} BHIBo] 28T, overnight v 3
FS 1,500g 208 A4 Eeided Td g HE PBSE 33 A3}
ODsw 060] HEE FEF 2AH3U0h 34 540nmelir] FF = Fho] 0.6 o
o} 1x107 cfu ml'o] HEg o]y Fuld AATAS 2@ Y A
112 E318te] AoA] 12417 F<F whg A1 Zth o] %, g o= complement

source2 A 2l EHE 147 HEE H7bstal dE:Fole PBSE 37bele 4

ol

2ol 1470 3027 W3R FHAL PBSE @A) HNshel 15% A7}
BHIA ¥ wfz]off 1044 spotting3t §- 28 ol A 48A17F F<9b vjokstalc}. A
Hit o] ukg HAbe Miles & Misra (1938)e] wle} vk & A A H colony®] 5=

g ASYT 4EES HET 4T vluste) deh AT

6-3. g2l HAol digh AP g AT o 4 HE Alg

A8 Strep. inige TS VAAAM Y HEF AP AME KCTC 3657, K51,
KS2, KS3, K&4, KS5 #F2 o] gsldon, Addfa) 834 &30S 0, 1, 3, 6,
1243 Aws wjolgk @A 3 415te] Miles and Misra (1938)0] u}e} s &

WA= colonye] 48 A4

709 @) AR eI Ai A5 33

A5 A= W2al whole bloodg A &3lgen dae ny oo

_10_



4 heparin (Sigma)o] #HAH FAZ|Z ofAF 0.5mlY AHEsigch AHg
b2 siliconized tubecl ¥ i1, 100mg m'2 Ful" 7 7o e HA7 sl
th 20T 5 # A% shaking incubatoroll A 3A13F F¢F wh-2A17l & A8 & 3
&l slide glassol =& b2 May-Grunwald Giemsa g4 og HMs 71
A3t AME R Ag & AFAFE ofy A& ol &t 2yt
&) = [ A &S & AT 4/ BT 24T 5] x 100

AFA5 = 47 AMEY F AF5 / AT 48 B AHxe £

8. gz T4 macrophagesoll A 2] A|g #59 ROIs BA% =4

-1. @&l 541 macrophages?] &)

=19 541 macrophages= Secombes (1990)2] HhHof we}l Ralstdth. d
Aeop nl Gulea HEste] =8 HAE e 3 BF AAS &, FoEHe
2 853t 748 HIH3}A ol F 2% FBS, 1% penicillin/streptomycin 2
0.2% heparino] &% L-15 medium (Sigma)S- 2ml# 43 disposable petri
dishell 253 ¥ 40/m2] nylon membraneS E#A1A AX PF=AS FuHstY

=
th o] Ax HENE siliconized tubedl] vlg] BF & 34% 9 51% percoll &

_]%
e
2
BN
o>,
>
o
il
‘)iN

FAIZL ob 500g, 30E-1F ¢4 Bt WERE B
ok BEald ™ E 01% L-15 mediomo.® 23] MFHgF e 01%

tryphan blueZ viability 3 #& 3§ £, 1x10° cell mI's =4 st}

8-2. Ao &ul gl AlglEel 4
AlFEe FHlE 1.5% NaCl %7} BHIB 5mlo] 25C, 2441 kg 48 €

A Felste] PBSell 33 MlAg o Ad AFTo2 AREEAT. Al

S AT AlE Y S 001gel WA A 5002 sl 25T, 3087 3
2 oilef Tl 24 Feld o PBSZ 13 A Aol 114 AR APFOR A}

...11....



&8t

8-3. Chemiluminescence (CL) response
1x10° cell mI"2 %A% macrophageZ 96 well plates] 1004 2Z&
e ALE5E o0, luminol& Scott and Klesius (1981)2] wheiol] uwiz} F8]

gtk 100u69] M EHo] 10049 luminol working solutiond W& 3 108

=)
I

e

it

5t ohg EEIgE A Alddd 723 A A EFS 44 50w "ot
slg 1, tfZFolE HBSSE 504 #H7}3lel lumicount® ZAstgch &4 A|7b

2 50 elden 2 Algd ofg peak g PEAL

9. A 541 macrophages®] bactericidal activitye] i3l AHatA A

e

96 well platee]] 52 ¥ macrophage monolayero] 483 Al@H< 1x10° cell
well' & H2d oS plate® 150g, 58370 94 2elste] 25ColA 0 5

A7he wpopsiaTh Mok § 2AA S AARL, A7k 02% tween 208 T

& BF FFT 50uF #H7lsld macrophageE w3 AlZ{ vk of7]e] BHIB 100

-

MTT @49} 105 H7lstel 7oAl E50)
readerE A}g-3tod 595nmo A FHTE =3

SAZFS HrolA MEgR wASAT

10. Macrophage 3! )& 73} M2l digh 2 459 invasion activity A} 3
7o) wF7F oAf 3 Aol HYst 5 deA 55 sy ga A

-2 Tang et al. (1993)2] 43 whsiek 48 well plated] CHSE-214% 10%

FBS¢} 1% antibiotic-antimycotico] H7Fe EMEME Apg8la] 207, 24A)7F o

% WEdsv. Macrophages 0.1% FBS9} 1% antibiotic-antimycoticel % 7}9

,...12.._



L-15 wj =2 Abgstel 22170 B9k R AN 7 g AMAL EF Raga e
MEE AAsEATE AE AlAelz] 241z Aol wjAE A AT § FAA Aot
2] e M2 w2 wAsgnh 2t #3E 15% NaClo] #7}® BHIBs)
Al 25T, 24417 a3l & PBSE 33 M #3 12 EMEM slA ¢k L-15 ujA] o
2hzh getstel B Sa0nmelA FBE ol 060 HEZF FEs =S
7 e @ wFE AEe 1mi¥ H7R F 25T, 1470 wjd @ ohe u)A
2 AANGD. AT wpge EAetE ATS N7 $18k] 100gg ml’
gentamicing H7}3ted 1A3F Hob whgAZl & 23] MFS D 0, 1, 3A7tE R
WES-A1ZL of 2 1% Triton X100 d71sle] 587 AXE gfAzich AR
@A 8 Mg th5 BHIA iAo dropdle] A colony 45 Abale] ofzfjef

2o Aoz JERQL A1 AE HolMel A uhg 2 E4 whem xA}

Invasion (%) = {{Bacteria surviving gentamicin treatment) / (Bacteria added

to cell monolayer)} = 100

11y Ad

HAAN APl HE A 11 ~ 125 om, AF 9 ~ g AF 5 ~ 7
cm, HF 3 ~ 5g2 agk gAl, P oolivaceusys X3 Q1] A Ao Bk
drol A M) 300 L AMS ¢4 1047 A A7 F Ago) Agaqch
colony®] e} capsule 755 7|2 oo 709 A #F9 INY #Fx
ol WE wWelgel f3sh 7 JEE 2ASHY] Aste] A% 38e) AH of
A B 7r7he] dEE5E AMRSEIY Aol WE 27 Ad¥E Fslynh
TAe] AAE5 FHe 1.5% NaCl 27} BHIAG| 241171 wjekslt & zpz e 73
& 2 A Ao dEsted 933 Sdmmol M FHEVF 06 Y w9 5t

oF 1 x 107 CFU ml'9l AL 7+etsla] 1 x 10° CFU ml'e] €22 zXs &

he

- 11 -



WA g oheld 0lmlY 27 FAREMET £ 22105TE FAAZed 2

setel 74 HAE S v)12aoh 4o #REE 100y ARsig o
T HAMEEN HA4E WY dE2Te A= FY AUl diF
M) 4945 0.1ml¥ 27} Fatst o).

HY 71 F Heole FEstAl ekvern 3duig 50% HEo AASFE g4
AMZG AL o f e W A7lA el BEE Asdgded mge o
of Walre FPAE o83 setole 3 w3y PCRYE £l AAHdS
#AsAd . £F, Aok HAtold WM 9% 2 R F42 BFEA
o}

12, FA 84 &4

7 AET Alele] FAIEE 48 Student's t-testz Blwaly P &

31, P<0.019 P<0.05 4-3olAM FolA4s Hrsidn.

-14 -



1 Ao Festy =4
=

Hojol A FH EE #F= 1.5% NaCle] #H7t® TSA, BHIA v x]Akell A

o

colony®] ZA7}& 1~3 mme| 3, Gram g Ae= FAo0F chaing +4
A o] #EHUAC colonye] &l Fig. 13 7te] non-viscous format}
viscous formo 8 FEHGT, B¥Y HxE= KS1, KS2 2 KS3 #3=7} viscous
formojgl o, KS4, KS5, KS6 2 KS7 @37} non-viscous form ¢l 7o g %
215Utk o] 52 colony typeol we} Gram @A Ao A chain® cello] 2o

Aol mgen, 1 A=y Table 20 el gich

Table 2. Morphological characteristics of colony

Strains Morpholog; of colony U Cells! per chain ]
ATCC 49156 N.v? : 2.63
CKCTC 351 | Nw o 2@
KCTc3es7 | NV | asm
- w1 T
ks2 | v 3.98
. KS3 v 4.06 N
K4 A T
| Ks5 NV e
KS6 NV 268
B K57 e N.V o 249 o

!, The mean number of bacterial cells which composed each bacterial chain
was determined by microscopic observation of smear preparation from the

. . - 2 . 3 .
bacterial suspension on the slide glasses; . Non-viscous °, Viscous.

- 15 -



Fig. 1. Fhotograph of the non-viscous form and the viscous form. a)

non-viscous; b} viscous.



2. Alate] st 54

A et Fa g e Wik 2308 38 A g Agztety 548 )
W Ay, 8 FEY 28 AP A viscous form¢) K51, KS2, K832 429
5%} 6% NaCl H7} sjAolAM Z48 g, non-viscous form¢! KS4, KS5,
KS6, KS79] 7% 5% NaCl #7p wjzjo)d Z4jo] & €2 9gkit 6% NaCl 3
b AN FAlo] ehus] ARSI 2 e AEE AL Al
%o}, arginine dihydrolase (AD) o]4-5 3} starch hydrolysisel 4] z}o]& U}E}
Wik &, KCTC 3657, KS1, KS2, KS3, KS4 #F+ AD o|-2%3 starch
hydrolysis?l positiveo] 9l 1} KS5, KS6, KS7 #3% AD o]&%3 starch

hydrolysis7} negative?] 7o 2 Z<ly g}

3. TEME o] &3} capsule?] #% #&

TEMeZ A3 759 capsule +F5 #23 d3= Fig 26 Jehf o
A Axel dele FEoz FAHUAG. Fddydesm  AHFHAIn
polycationic ferritin® §F-3A17]1 Mg Mx o] vl AW AAZ 43 Y &
F & viscous form?) K51, KS2 2 KS3o|x T HFel Hwo] ==gls)
capsulezo] &= ¢let 221 non-viscous form$l KS4, KS5, KS6, KS79 -
Z #5Q0 KCTC 3657 % ncgative control2 4] A}83F ATCC 49156, Lact.

garvieae®] Al AlE FHollE WHUbE RREo] {EE R gt}

- 17 -



Fig. 2. Transmission electron micrograph of a) ferritin-labelled Streptococcus
mige. Strain - KS1 b) KS2 ¢ KS5 and of d) Lactococcus garvieae

{capsule-negative control). Magnification =50,000.
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4. A 89 extracellular products (ECPs)e] &4 &4 AlE

APl ZYM kite 2 &2 BA4S A8% 272 Table 49 YR RE A
% Strep. inine #F9 ECPse] &4 4 AlgdMe BE dF9 ECPs7)
alkaline phosphatase$} Naphthol-AS-Bl-phosphohydrolasedl] 24 w88 g
Welon, KS1, KS2 2 KS3+ leucin arylamidased] th&] 74§k oA whg-S
ol

21w KS4, KS5, KS6, KS7& oFgh 94 WS HolAy 4 WS Ueh)
At

5. A1 @+ ECPse] o] f F3 AXo i A 54 A3
AT ECPsol off F3 Ml gt A¥x =4 A8 d#e Fig 3o e
Wleh MEe RS Strep. inige T} FE dFe] ECPse] o 3l 104 3

M H& CHSE-214e] gt AE 54 &35 el i

..19_



Table 4. Enzymatic activities of ECP

| Strepococcus imiae
Characteristics KCTC T : TET | ECY
2657 KS1 | KS2 | KS3 | KS4 | KS5 | KS6 |
alkaline phosphatase + + + + + + + |+ |+
| esterase - - - . - - 7_7 - v
7 eéterase ]ipe;s; - - R - | - .
lipase - - - - - - - - - -
leucine arylérﬁiﬁl-.;se PN PR S S S+ |+
valine arylamida;; - - - S - - - - -
oyctine arylamidase | - - | - | - | - o | - |- o
- try4psirr; - - - - - - - - -
(ij;..l:n;/-motrypsin - - S ] - - S tf -
o .ﬁcili—phosphaiase . - - - - - - 7+ +7
naphthol AS-BI ) N +7 . 7+ . .\ e
phosphohydrolase o
a-galactosidase - - - - - - - - -
f-galactosidase - - - - - - - S
W B-glucuronidase - S - - - o
a:élucosidase - - S| . - N
 pglucosidase e i
N-acetyl-p ) ) ] ) ] ] ) ol
glucosaminidase L
a-mannosidasc - - - - - - - - -
B G_fuCOSid@E - - - -] - ‘ . o ____T

* Edwardsiella tarda, FSW 910410; °, Escherichia coli, ATCC 25922.

- N -



Fig. 3. Cytotoxic activity of a) Streptococcus tnize KS1 b) Streptococcus iniae

KS6 , ¢) Lactococeus garviene ATCC 49156 and d) control with 0.1M PBS on

CHSE-214.
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6. Chemiluminescense (CL) responseo]| tféF ECPse] & gk
YA F42) macrophage?] CL responseo] th3h ECPs®] 32 YolH 7] 93}
of 7} 8 ECPsE sEWE 73kl #9F AAE Fig 4o yehhdo.

F3 B& dFolM ECPse) %7 242 macrophage® CL responsec

[‘

Qg wol wton, 195 ml'Y FrAME Fio Auglol A FHS

wE zon SHn. 4 #3e ECP ¥E0) B2 #9420 Hol: vhg

| —— K51

Chemiluminescence (peak), cpm

Concentration of ECPs {zg/nt)

Fig. 4. Effect of ECPs concentration on chemiluminescence response of head

kidney macrophage of olive flounder, Paralichthys olivaceus.
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7. NEEe] gA BA W AgA
7-1 "M HES MY

W2 @Al g Strep. iniges) @FE AR A1HY dAute Fig 59 e
Wtk |x 288 39 wgazl & complement source® W2 A 33
= A7bee 7t dae HESE 4% 23 KSL KS2 ¥ KS3 @59 A
A ®H A PBSE MU thEzTeh folAR) AelE dEhiA &kth
KS1, KS2 w KS32 @4 oa) 4aHa ¥u edle Frishe e #0%

F 2elwd whE, KCTC 3657, KS4, KS5, KS6 2 KS7 #3= o279 vl w3ty

ok

8o foHoR we AL FAT + Ak

8 &8 8 B

Percentage of survival

B

K2 K3 KA

Sreptoroca s ivae drers

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

olivacens. a and b; significantly different (P<(.01).
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72 " Y i AlETEe vk Az o 4 o9
1308 i 4 W3tE Fig. 69 eI

-~

8 ol Strep. inige T2
Strep. inine 52 dA] dAolAe] AHH 7 4 #HEE =A% Ao KS1,
KS2 3l KS3& dal A "ol 347 ol %8 F7438 @ F7 Zrtetdrh
a9 Blabte) KCTC 365733 KS4, KS5, KS6 2 KS7 #3E g3 A4 o)A
IAZE Wbl MEE 47} hastz] Al#ste] 1241308714 AlgH o g ga
atqich KS1, KS2 2 KS3 @3 Alolg] §ol3el zlo]le glglon KCTC3657,
KS4, KS5, KS6 2 KS7 3 7o) §9#9 zlo|lx 18 5 gdoy, # 4

Bk 18N grste 2F Al 4949 Aozl gt
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1e+12
1e+11
1e+10
te+9
—~ le+8
o
o
5 1e+7
&
s }
8 1e+6
[«
©
& 1e+s
[S)
O
i}
1e+4
Te+3d —e— KCTC3657
—O0— KS1
18+2 A e KS2
—0— KS3
—a— KS4
1e+1 - —o— KS5
—— KS6
—o— KS7
1e+0 B T T ¥ = T L]
0 1 3 6 12

Time(hours)

Fig. 6. Survival of various Streptococcus iniae strains in the serum of olive
flounder, Paralichthys olivaceus.

*significant difference between reference and other strains; P<0.01.
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8. Whloe bloodolj A& #3549 Au&3 4

~

=N

Ago) Z7
8-1. Whloe blood®| A&} #FH 2|F&

W2 whole bloodol| M &) Strep. inige @ 5H 28§ ZASH A3 Fig 790
vrehdi 9l KCTC 3657, KS4, KS5, KSe 2 KS7 #3+ KS1, KS2 2 KS3 75

o wls) Foj8eg & HF&L JYehlidoh 2 KS1, KS2 2 KS3

ey KCTC 3657, KS4, KS5, KS6 2 KS7 #31t Ad&oe fFAF Ao

g 29% 4 Yok

Phagocytic rate(%)

BB & 8 8 3 8

e
o

o

KOTC¥e? K1 K2 K53 KA KS5 KS6 KG7
Strepfoconas iiae srars

Fig. 7. The phagocytic rate of leukocyte in peripheral blood of olive
flounder, Paralichthys ofivaceus, to Streptococcus iniae strains for 3hr incubation.

a and b; significantly different (P<0.01).
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8-2. Whice bloodel] M o] w38 23 2|4
1A whloe bloodel| A12] Strep. inige 758 2 X485 A A= Fig

8o JEMN ST KS1, KS2 2 KS3 #34 AL o}

7 feldo uH ueibth olejdt dife Ao daee YA sin, o

=

T THFS2 W4 macrophageset A vhEélA] o= Ao g ekt

Phagocytic index
G =y

N

KCICXG! Ko K& KS3 K34 K55 K5 KS7

Stra¥ooooaus irvae grains

Fig. 8 The phagocytic index of leukocyte in peripheral blood of olive
flounder, Paralichthys olivaceus, to Streptococcus iniae strains for 3hr incubation.

a and b; significantly different (P<0.05).
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9. Y12 41 macrophages2] % CL response

2+ ol ehgh W& 541 macrophage®] CL responses] W3lE Fig. 9o
Ef it AA g@deos ZdAEA YU AFole zymosang AHEE AT
of Hlal FE gFoA Feoldoew Aol v Aow uewARt, F51te
FoHd AAole vk D Aoz PG G capsuled 7HAE
KS1, KS2 2 KS3¢9] #41= capsuled 7}A 7 & KCTC 3657, KS4, KS5, KS6

C
S7 itFol HlsjA macrophage @Ade] W Aoz AAHUY. uwpehA,

#e
~

capsule® 7}x)= KS1, KS2 © KS3¢9 wiE #EA %9 ZodA

macropahges] 44§57 & 702 Uehwith

14100
O uorsorized B crsorized
10000 l
b

Eam b b
& h
P b
8 g1
@
Q
o)
D
=
E qm
=2 a
£ a a
QD
£
Q

) [EI EI EI

0 | — ] H H

Zymean  KOTCH?  KSI Ks2 K3 K4 KB K36 KS7

Srafoooon s riae drars

Fig. 9. Peak chemiluminescence of head kidney macrophages of olive
flounder, Paralichthys olivaceus, to opsonized or nonopsonized Streptococcus
inige strains for 30 min incubation.

a and b; significantly different (P<0.01).
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10. 92 4] macrophagesol Mo @59 HES F3
Strep. inwe 757} 93 541 macrophagesol A A§&g A=A o

:“:
gtaz dpgen, 0 dae Fig 100] Yehsdy 2E dFelA 5417 &<

=
=

_}&?_“,

H

rO

A A1ZL Fol ot 27F 0Azbe] wWiste] folF o2 fhasfo] macrophageel 2]

3 da® AL FAE 5 AUk 74 #F PelE KS1, KS2 ¢ KS3 o] A

<]
T

B

Survival rate (%,

KS1 K2 KS3 KA KE K6 KS7

Sreptoroaas inae stars

Fig. 10. Survival rate of various Streptococcus inige strains incubated with
head kidney macrophages for Shr incubation of olive flounder, Paralichthys
olivaceus.

a and b; significantly different {P<0.01),
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11. Macrophage 3 o5 53} Ao dldt z} #F 2] invasion activity A} 3
11-1. Macrophaged] gt Z+ 9] invasion activity

Macrophageoll W38t Strep. inige 52| invasion activitys ZA3F Ai o
macrophage] ol M A 7hel| w2 7+ 4~9] W3S zZHzF Fig. 119} Fig. 120] el
wWlth Strep. inige KS1, KS2 B KS3 -+ KCTC 3657, KS4, KS5, KSe 2
KS7 1e]i E. tards, FSW 910410 9 Staph. aureus subsp. aureus, KCTC 1621
ol B8} macrophage W# invasion2 A9 &% & Aoz Jeldd. o)L
AAg daelr A3} e macrophage?] 2%82 FWdl= Aog oA
macrophage W2 invasiondt F9o] #& F tards, FSW 9104102 A 2sla:=
macrophage WollAd o 47} AL oz 7hiddnt Fz: 739 E larda:s

macrophage 29| invasion&©] %21 macrophage WolA Z43= 42 &

A
AT & Ak

=2

Percentage of invasion

KE1 K32 133 K34 K55 K6 KS7 FRABINN0  KCTCWE2

Sreptocoons ivae strans

Fig. 11. The invasion rate of Streptococcus intge strains to head kidney
macrophages of olive flounder, Paralichilys olivacens for lhr incubation in

vitro. &, b and ¢; significantly different (P<0.01).
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Bactenial poputation(X fosfusm/,

0 1 3
Timethours)

Fig. 12. Survival rate of various Streptococcus inige strains in head kidney
macrophage of olive flounder, Paralichthys olivaceus, for 3hr incubation in

vitro.

*significant difference between Edwardsiellar tarda and other strains; P<0.01.
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11-2. CHSE-214 cell lineo] thg+ 2} 7+3 2} invasion activity

CHSE-214 cell line®}) thdt Strep. inige 7 3F2] invasion activityS =33 2
ek CHSE-214 cell line WeollA o] A|Zhell wh2 # 422 W3E z+7} Fig. 133}
Fig. 14o] el Ak 2E 7571 CHSE-214 cell line W& o= AL invasion
@ 4 d%ion), 7 #3709 #97 Holi= YTk RE FFE CHSE2M4

cell line Wio A 3A AR E A&HA o8 FHsT7} o]F2E 1] o] F20

o] F-01217] ghstey.

Percentage of invasior

KOG K K2 Ks3 KA KS5 Kb KSr o FoWaIoHo  KCTCIe

Streptococeus iae strans

Fig. 13. The invasion rate of CHSE-214 ccll line incubated with Streptococcus

inige strains for 1hr.
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*
—8— KCTC3657 *
—0=- K51
3600 —8—KS2 .
+K‘33 o
—a—KS4 0
£}
z 3000 KSs j
35 —+—K36 "
G 2 - TO—KSY .
) —I3 FSWOI0410 * 1
x —*— KCTC1621
5 20w
3
g .
S 150
®
B
§ 100 /“
m :
27
/
o
0 1 3 6

Timelhours)

Fig. 14. Survival rate of various Streptococcus iniae strains in CHSE-214 cell

line.

*significant difference between viscous and non-viscous strains ; P<0.01.
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12. %4 A1g

Fig. 150 Strep. inine2] ¥-2] 59 = #5F 2L Lact. garviene@} Strep.
parauberis®] FZ FF2 YA i BHYUAAS A 2AE Jehidd. @
7 gole] HiE BEE 1 x 10° CFU fish'o]1a, colony2] &Eef7} viscous
formol i Mz #v| el A capsuleo] ZEAE KS1, KS2, KS3¢] #39] 7
F FAE 5 29K 5E HAbely) AlAbeke], 109 Ao 2 HAS AT 1o )
&) colony2] #HE|7} non-viscous formo] i capsuleo] Q1= A ¢F& KS4, KS5,
KSe 2 KS7x} 3709] #&x FFE 10~40%8 Juzen e #A14S vehy
Atk #HAoiel HE A FFH) WHoE A= e MEy) 7Hedo]
Bt g og R85 auie] Fato] mych ey dE2FeAs HAE o
o772 wekom o' WAl FALE vehdA] otk Mg dFE ALET A
Aot Fx dF AP dato] W AL AA RFoA Hdde] Eeisd
.

- A =



= =
8 3

Cumulative motalitv(%
B8s883d88

ey
o O

Days diter post-rjection

Fig. 15. Cumulative mortality of olive flounder, Paralichthys olivaceus, after

intraperitoneal injection with the tested strains, Streptococcus inine, and
reference strains, Strepfococcus inige, Streptococcus  parauberis and  Lactococcus
garvieae. The tested groups were challenged with 0.1 ml of bacteria

suspension for 1x10° CFU mi' and the control group was injected 0.1 ml

. . |
saline fish .
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e ueke) REAHD 5 dal o] YA 4ag deE dle

A el Ay tiREo] Streptococcus iniae?l Aoz Folw Ak (%,
2002). S. inige Y&, ©lF, o|xetd FAe] @& yeteld Hart RuE:
ot e B o HdAsy g8 g4 SA40y Had BE al
ol 3t A7 A gle Aotk Ao o]lxzldel A SN B
# S inige®) ¥A3HY 5A-& arginine dihydrolase (AD) o] &350 uje} i
o] AD %49 Serotype [ 3 AD 249 Serotypel 2 %8391, RAPD
analysisS S % 71 patternst o] zhe]zt #1413 PR At (Bachrach et
al, 2001; Barnes et al, 2003ab), ¥ oAM= YRl A 228 Strep. iniae?)

olgeol wE A FRIY WY FolE AT F AUt olARL
£ A3 ool wal dHHol deld 5 S AAEln Yok mhEaAl,

oA 7kA] WA Q1S IA HILse Strep. inine HAANTY BAHEE V)23
J AEE Fystua o
B AFdA BelF Strep. iniae 755 F YA S GERE colony typed] i

TF7b B EHAT o)ge Rl Hu® ANpdd colony HE|9 B 3o

e

e, ol HFEL chain 9 cell®] 47} non-viscous formel #3553} 1)
wated ¥ Be Ao ® vehddh e, o]dd FFES ferriting} v A7

2,
™
>
e
o
%)

13ez #dads o, Al AE F92 FAL 59 capsuleo] FA

[0

a)
fr
>
te

Selg gl FAMElAA Eel® 449 viscous form
o|il capsule§ PR Ql3= B-hemolytic  Streptococeus spp. (Yoshida et al.,

1996b)ot FAbatEvE ke deol slubwl F AN EololM iuj® FFE 53 ¢

- M -



el Adl widE Tl colonys] Feizt gAel gle Al 8 colony2 ¥ gs}
Hou, B Aol Fed d5E 103 o) Al wikolx FUF viscous
forme 2 FAEUT. ol AHET viA|] Hris= NaCly #de] A&

2 Holw B Aol e #F9 ARelx 15%2) NaCle] H7ig wi=d|
A AS AN ks e e W 2 §4e] wigeha] ekekAlgh NaClol #7}H 2
2 A wjAel A 3] Al g F FS colony] FEj7E HAde) gle

A 8 colony®Z WEsle RS #AE 4 Qe nz ¥ xR wE u

N

542 Aog AlrEih

TEME %5314 cell wall 3£79] capsule #+%E @38 43 viscous formd
M capsuleo] EFHIEFE Aot #FFE FF9) non-viscous formol A= capsuled
g8 4 ok o Aol cell wall EWe] capsuled YuiH o F
polysaccharide & -4 5o] 127 =4 amino acid polymers® 74 o] 3l
£ AX Ut} Barhrach et al. (2001)% Strep. inigec]A] F23k carbohydrate
antigen extractsE A7 vt AIZS w) W A7 WkEo] pattern HIE

gelsle] polysaccharide capsuleo] ZAE 7154l 9182 Budgoh 3

i

polycationic ferritinol] 23} extracellular fibrous layerst 7&}A S48 AL
%3] acidic polysaccharide7} ZA5th= 2.8 #old 4+ 9dgon, o|AL A
E 99 anionic site2} ferriting] A A 7| &< Ao 218 Aot} (Wai et al,
1998; Johnson et al, 1992; Danon et al., 1972).

APl ZYM testZ Al g3lo] &4 EAE& AP =E Strep. iniae d5 9] ECPs
+ Naphthol-AS-Bl-phosphohydrolase &4 #&45 el len, KSI, KS2 ¥
K53+ leucine arylamidaseoll thalod Z¢gt <k 9HgS K<L wbwl KS4, KS5,

KS6, KS7.& obsl oAl upg-<

AA

b o
=
i
=
)
i
o
ox
=
ole
o
=
hus
=
32
v
o
}

o) 34 Aol7k Wi1ga Aol A AL oAtk EF, ECPsF o] §5}e]

ol F38 Axg CHSE2140) g cytotoxicityS A3 AT BE Strep.
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iniae®] ECPs= CHSE-2149 A} cytotoxic effect® EMAQR, &4 B4-L A4
A71E FBSE H/betds A9 ME7E ECPsoll gkg wa) ¢fo} ECPs A&
2J3ff cytotoxic effectZ} VlEb2S &eld 4 gl 1) ECPs7} B Eo|H
He whge] Fa AEQ] macrophage?] @Alo] AL pxEza oRE o
g A3t 750 Adglel macrophage?] CL responsedl] tha] 1.95u¢ mi'e)] =
EdME gl HAHU, ECPse] F=/} %ol A% macrophage?] 4ol
& A=At 55 MXEe] &48 943 AL pathogenesise] %7] @A Z
o A X @& streptococcal pathogensel A 1= ¢itd (Charland et al., 2000;
Gibson et al, 1999; Nizet et al, 1997). HA2 IEHHF2 streptococcal
pathogen® & & &3l Streptococcus pyogenes?] ECPsoll+= streptolysin S,
streptolysin O, hyaluronidase, streplokinase 3 protease 50| L 5o glor
o5& invasion factors®}  protein  toxins©. & 23] of gL,
polymorphonuclear leukocytes 2 tissue-culture cells S 7+& &= M| Lo}
TAS EAANA HALE do7)a systemic toxicityE 7FA P toxic shock
syndroms-& #%3l+= 7102 <e/4 v} (Bisno et al, 2003; Carr et al,
2000; Basma et al., 1999). ®3h, F# {3 M Fol £48& A3A 94 A7

of AFF T olEsted WA DAL HUAY Afsael kom, AT Shep

i

irtige = A 3 9] = A 3 blood-brain barrier 2] o 21 %}
meningoencephalitis S @8l WAANE Leix] ot (Fuller et al, 2001). &
A7) 23 AH 7 FRERE $oY ECPss 2ad g Role glou,
2% olF F8 MEo cytotoxicity® L}elf %13 macrophagee] CL response
5 A TS SR Step. iniged] HPAT Belo] S Aoz AlmH
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dR 9% Wl A 480l 0D Shep. inice W ADHS AQS A}
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vhooldeEt 23y S48 F v AR JEidoh 184y, capsuled 7}AF]
e AFER GA HCAAM AREe] Al mep F Gt Arde Hew @
At o] Aol Ald AT 74 ¥ peptidoglycang 3| d
7 ¥ lysozyme 9 lipopolysaccharide (LPS)oll ]3] #4435+ complement
7b At B4 Alte 9 & Aok =3 Ao AR Bad Mo
FE 2HY 5 Ue transferrino] EAEe] UG AT HFE AT
UL, Ao} protease AL AA|sl= o2 7}A| anti-proteases?} &) gk}
(Ellis, 2001). 22iu} A4 At} A$= o83 o|F 579 we w3e 3
st A% 5+ de 98 A A%E AR Ao GE 5o,
Photobacterium  damsela subsp. piscicida, Lact. garviese, Strep. pyogenes, Strep.
preumoniae  F-& polysaccharide capsules 7}A™, Aeromonas salmonicida's=
A-layerg 7FAaL QoA ol f{ HF oM 4FF 4 Aok (Daly et al, 199;
Magarinos et al, 1996; Barnes et al., 2002; Bisno et al, 2003). ¥ QT oA =
capsuleS 7}X|= Strep. iniae w37} capsule 7}x}2] ot #3Fof v)s} serum
killings] *¢4d-% veldles AE 39T + AL ol Z 53 capsuleo] Strep.
inige w7l WAAG F2F 4FS dve AL FIY + AUk
Macrophages= Fi 1o} HYGE vlEo|dez A& A 4 9,
HA yh32] 7|9 accessory cellZ24] Z 8o 21 o]Fe HEo|xy Wy w
A FaF oS w@gstar drh (Secombes, 1990). B A A Fel AL
°l&] ¥ macrophage?] A2&& AANAY HA(Y F e A9 7HA 71HS
7EA DL v A& E9, Aero. salmonicida, Staph. aureus 2 Photo. damsela
subsp. piscicida®] 739, 21X 2] respiratory burst A Eale] AW
reactive oxygen speciess F-538}A17Z 4 2l superoxide dismutase?} catalase
eF +e a4d vFA3 9ol oxygen radicalse] A Ao FA

macropahgee] 22 gl A4S Yelhhivl $28 488 &= Ao e
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wtl (Barnes et al, 1999; Bares ct al, 1996; Mandell, 1975). 3%, Photo.
damselge subsp. piscicda®] polysaccharide capsule®} Aero. salmonicida2} A-layer
5+ macrophage®] 228& 3d3ted AE3e Aoz FAHAU} (Daly et
al., 1996; Magarinos et al,, 1996). ©]2}3l anti-phagocytic surface components
= MHlE Ao Had ligandso] 4237 oJHP 2 serum opsonins# o] AF
HE FarA Azge] A4S velhlA st Ao2 HaRAT (Czuprynski,

1988). & A-FollA] Strep. inige ToF F capsuled 7IAE #FF9 AS A4 H
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Ho.2 7hAs 9ol % macrophageo] 23 21288 usie Aow FQ
211, macrophage £ Ajifo] internalization® = H| &% capsuleg 7}x| x| ¢
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0E o 5 U Ay AE-8F Strep. inige w3 7 e HzpHozm 7}
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AL JePRA AL cell barriersE SAMAIA Al 7HEE RolaHAl Fioh
Gram-negative bacteria F |4 Photo. damselae subsp. piscicida®] 735 EPC
(epithelioma papilosum carpio) cell linesof *2p3lar AYS I3 F+ YReH,
H 6~9A| 77 A A E o] A& Qe Ao F F9xAar (Lopez-Doriga et
al., 2000), non-phagocytic cellsujol A} A}&3&H A macrophage respiratory
burst®] ©]3l oxidative attack®} & %3 9] o] 7)F oL} FFAA 9 FIAL
A& 4 gle Ao g BAFT} (Magarinos et al, 1996a; Yoshida et al., 1997b;
Barnes et al., 1999). £ 7ol X, Strep. inizee] AlQY TF FEF CHSE-214 cell
line 2 invasiond 4 glglom HFE JoA o= Ax =28 4 9l Ao
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