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Pathogenicity and classification of streptococci isolated from
cultured marine fishes

Sung Ho Woo, Hyun Jeong Kim®, Joo Seok Lee ™, Jin Woo Kim ***and Soo Il Park ****'
Institute of Fisheries Science, Pukyong National University, Busan, 608-737, Korea

*Laboratory of Genome Science, Graduate School of Marine Science and Technology, Tokyo University of

Marine Science and Technology, Tokyo, Japan.
**Inland Aquaculture Research Institute, NFRDI, 645-806, Korea
**Pathology Team, NFRDI, 619-900, Korea

***Department of Aquatic Life Medicine, College of Fisheries Science, Pukyong National University, Busan

608-737, Korea

Thirty-five streptococcci were isolated from the diseased streptoccoccicosis in oliver flounder (Par-

alichthys olivaceus), black rockfish (Sebastes schlegeli) and yellowtail (Seriola quinqueradiata).

The isolates were identified into 3 kinds of streptococccal species, Streptococcus parauberis, Lactococ-

cus garvieae and Streptococcus iniae by PCR assay with specific primers, pSP-1, pSP-2, pLG-1, pLG-

2,

pSI-1, pSI-2. Several characteristics were investigated on the morphological, biochemical, physiological
and serological tests. The isolates were constituted as 5 strains of S. parauberis, 11 strains of L. garvieae
and 19 strains of S. iniae, L. garvieae and S. parauberis strains appeared non-hemolytic whereas S. iniae

showed B-hemolysis .

In the serological investigation, S. parauberis antigen of formalin killed cells (FKCs) exhibited specificity
against all the tested antisera. The antisera of L. garvieae (KG- phenotype) and the S. iniae showed cross-
reaction against to the FKCs of L. garvieae (KG+ phenotype). Five out of 11 strains of L. garvieae were
identified as KG- phenotype with serological test and by TEM observation, although S. iniae could not be

observed the capsule structure.

In the pathogenicity test with L. garvieae and S. iniae to the oliver flounder and the black rockfish, S.
iniae induced acute or chronic mortality in both fishes, whereas L. garvieae caused hemorrhage at the base

of fins of tested fishes without any mortality.

Key words : streptococci, pathogenicity, identification Streptococcus parauberis, Lactococcus garvieae,

Streptococcus iniae

kAl o] Foll Mo A TS 1957 YR 1979), Wi 7o, Anguilla japonica (Kusuda et al.,
Shizuoka 3] —‘?—X] 71, Oncorhynchus mykiss — 1978), WA €el3|ok, Oreochromis nilotica, -1,

2] Ao /\1 HE 2 WA S (Hoshinaeral.,  Plecoglossus altivelis (Kitao et al., 1981) 2!
1958), 71 & A3 ?—&tg% Z-0o] (Boomker et al., W] 7, Ictalurus punctatus (Chang et al., 1996)

tCorresponding Author : Soo Il Park, Tel : 051-620-6141,
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fol

Hgroje} "o, Seriola quinqueradiata (Kusuda et
al., 1976; Minami et al., 1979), g X, Paralichthys
olivaceus (Nagatsugawa, 1983), turbot, Scophthal-
mus maximus (Domenech et al., 1996), gilthead sea
bream, Sparus aurata 2} European sea bass, Dicen-
trarchus labrax (Zlotkin et al., 1998a) 52| 3|~
offoll dojurk 53] ddo] I o, {XA,
ZME, Pagrus major | Streptococcus sp. 7t 734 =
o Alzhgk A2 &4 7B it (Kusuda et
al., 1976; Kitao et al., 1979).

AT T A1 S R PRl A2
o] AAsk= Al o2 A4 (Kitao, 1979), Y| <k
& MERE ol8se s Aol Sardinops
melanosticta®}t 7P 2], Ammodytes personatus 5
o] YiF M E EH =AY WEs BAE]
AEE offFollA & AR1to] 6714 ol AESH
= 7oz yelwtt (Minami, 1979). 12|32 3)
&z golge] AWE AU A= U
2489 W P ool AAE Bel A
A AARE FA A9 2o B FalA
7+ = 37 (Rasheed and Plumb, 1984; Minami,
1979; Nagatsugawa, 1983), S. iniae 219 734 2l
Foll A a0l A A7 A Algel AoiAl
o 73g-ell Fdol dofdt (Nguyen, 2001).
Plumb (1994) 2 of-2] Wol&He AsAl7]= =
Ef X 291 S ViR AR S AT G
FEN 7L A o] o] FR%k YIS w
A= Ze R Haskal Yk

w2 et ATl 1
b4

_

54 £& A BRoln 1 BEE ¥le)
A Sk EE BAE A7) T W 4
R DL I I
2L, wlmale] A% 7
dow felge] EHA
Ape HEa] 9

oisk el A1ES stk

. 7&%;@ - o]

ANEE FAtz

=
(o
=
n
e
ol
2
tn
N

olglol Weol Wl FHsatAsty e
AT M AP Bl Aol ALg-3
Atk HMIE I8l xS FFE Streptococcus
parauberis (KCTC3651), Lactococcus garvieae
(ATCC49156) 2 Streptococcus iniae (KCTC3657)
5= ARESIAT

2. M| 22| YEHSHA HA}

1.5% NaCl37} BHIA HjX| |4 28°C, 18 ~48
A7 o % RelE el thsted
colony s} W12 &ej, 27, Gram @A) % &
e dEeEiH

3.PCREE Stt Mz S8

3-1. Chromosomal DNA ] 2 3ol

NE @#FE AMA DNAS &
Ausubel (1987)2] whHol| wslth DNAES %1
AZAZ]3 100 w0e] TE bufferol] )& gat
25 Assonsom O DNA -8 54 31 Th

o ofd rfr

3-2. Primers 2] 4]

2 Aol ARE-E 5o] primers= =kt
skl HeldrEe FAEAR A A <L slqte]
A T5 WA 7l JLe] A Aol B
¥ primers 241 GenBank Al 5550 U=
A AF+#2] 16S-23S rRNA internal spacer

region (ISR) F-&-lA universal primer & #|2}5}



o] cloning, sequencing to] Tl Al E .
parauberis, L. garvieae, S. iniae 2] 5-°] primers &
5 A2} (Bioneer, Korea)dle] ARE-313 0™,
A719] wid % o S5 AHES] A= ok g
Table 13} 73tk

3-3.PCR o] 2] 165235 rRNA ISRe] &4
A 5%

PCR HF2-E-2 PCR premix tube (Bioneer,
Korea) & A}-8-3}%1 37, Thermal cycler (Perkin-
Elmer) 2 PCR< 35t o™, 1%°] agarose
gel oA 100V SlA] 3087 M7 958 & UV
transilluminator 2 215151tk

4 Y ZHE U AIE

MacConkey agar, SS agar 2! Streptococcus fae-
calis brothol| 419 W8 AE|E FARSI O,
10%, 40% bile©] A 7}= bile esculin medium
(BEM), 0.01% TTC #~} BHIA, BHI brothE ©]
235} 4%, 5%, 6%, 6.5% NaCl, 10°C, 20°C, 37°C,
45°C,pH 9.6 5] Z71slell A vk Jel & o
stk

Table 1. Primers used in this study for PCR

A gFe] F5} 921 19

1.5% NaCl %7} BHIA wjx]ol|A == wjkd
o= ©]-8-35l>] MacFaddin (2000)<] ¥ ol w2}
xgg}zﬂxq A AALE S TE 2 HS A S A

2 TSIA E A18-3}9] 7, Indole 2§43 -2 Ehrlich's
o% o] Wtk MR testi= Clark-Lub's medium -2
AME-31 3, VP test= Wi ofsted A
3319tk OF test+= Hugh and Leifson 2] wWg o
=2, Catalase test== 3% H.O. 2, Citrate test=
mon's citrate agars ARE-3lo] 30°Cell A 2 ~4¢
vl k51 33ek Oxidase test= Cytochrome oxidase
A PR E A}L-3) 01, Nitrate reduction A &L
Nitrate broth & AM-3IATE € slE 23l AlY
2. Phenol red 71x viX|d] S 1%, salicinS
0.5% Z7Fsle] A1@ st a,
decarboxylase A1¥ 3! arginine ©] dehydrolase A
Ae ArSEATE 83870 A% <> 5% sheep blood
agaroll 30°C, 24 ~48 A7k wliok #ASIH o, 7}

I 3 a4 Al starch hydrolysis agar,

Barritt's

Sim-

lysine ¥} ornithine 2]

esculin-> bile esculin medium2 AH8-3}%3 2, hip-

S wWskOm urease pro-

P kel
Al A

purate = Facklam’s "3
duction2- Christensen § urea agar ol|4]

A&,

) ) Product size PCR
Primer sets Oligo sequence
(bp) program

Streptococcus pSP-1 5-TCCAGTCTTTCGACCTTCTT-3'
parauberis specific 220 I

primers pSP-2 5-CAAAGAGATGTTCGGCTTG-3'

Lactococcus pLG-1 5AAGCAGTCTTTTGATGCAAG-3'
garvieae 307 1’
specific primers pLG-2 5-ACTGTGCGCCCTTATTAACT-3'
Streptococcus iniae pSI-1 5'-AAGAGACGCAGTGTCAAAAG-3' .
107 2
specific primers pSI-2 5-CGTTTCTTATCTTGTTACTC-3'

a, (94°C 30s,58°C 30s, 72°C 30s) x 30cycles.
b, (94°C 30s, 55°C 30s,72°C 30s) x 30 cycles.
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6-1. 7t 7o st 5ol Wik E7] 37 o A%}

PCRHol <3l S. parauberis 2 549 J14
5 S iniae 2 G ¥ BS10 o= ¥ L. garvieae
BFE #4521 ATCCA9156 2 &7] 3 A A=t
Stk Z12ke] ==& BHI brothel] 30°C, 24 A]
ZF wjekdl & formalin2 0.5% FH7}sle] A2
A 24 A17F A AIA =3t Sivk formalin 2%
3} ¥ (formalin killed cells, FKC)-2 4°Col| A
10,000 g2 307F 4] st HAs &
PBS 2 33] AlH 3 & 55 F2¢/0 PBS?| 5=
2 Hehsle] W Basiith FHE FKC A5
o} 31+ Freund's complete adjuvant (FCA)S 5%
98 A9 1 mE 1.0kg 4 E719] A4
Wk hE - gl AZbEe] Fstel] 3d7E A 5
ARBFISL 25 & UA] 1 mE 3 AL FALe)
Atk HF FATLERE 10 5 Aol A A
dslo] He A SRS OE A A o
T2 SRRlska AlgelA i datdvk A E
g2l A 1TAIZE WA 81az 10,000 gellA]

A FEsk] EHS EElskick £
> 56°Cell A 30E%F Ae]sle] vlEsiA
0.1% sodium azide S 7}38}32 -70°Coll Y
Basiich

T3k KG + phenotype cells2 &2 ATCC
49156 EF 59 E7] A3} PCRY| 2]
3l L. garvieae 2 - E 59 3 WS Al
71 A3} KG - phenotype &2 <19 J55 45

]

r 1%

A
=N rlo

.1

i

3

=
o3
T

e ]

£ Mg S] A PHOR B FEHL A
)9k

623842 o8 ¥ % WA $H B
a9

Z¥zve] 5= S. parauberis (J14), L. garvieae 3%
T+ <%0 ATCC49156 (KG+ phenotype), S.
iniae (BS10), S. parauberis &5 T¢I
KCTC3651 ¥ L. garvieae (J55; KG - phenotype)
o] &7 33dA-S PBS (0.08% NaCl, 0.002%

KCl, 0.029% NaHPO; -2H.0, 0.002% KH.PO.) =
150 52 2u) B SRATE o] FEA 15 woet v
2] 1.5% NaCl 37} BHIA s =] ol] wj sl =2 A
¥ FFE WFolR Fsle] Ferd 2 15wl
slide glassoll Z3}5le] &35l & 224 5
P 3 TR Zizte] FEER AY EA
PSR R w9 o Wi
microtiter method 2 2% 3slA| 7} 2 Wi}

A7k stk
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7. Capsule?| S5 Ztat
Ik Aol Heldel 93-s mA
©°2 B (Williams, 1988) Fo] U= Aot

(o=
T T

#Zs7] QA L. garvieae 9 %FE o S.
iniae ®] A% #52}F 3 750l thste] Cowan
and Steel (1993)2] WHOZ capsule FA 3k &
S M7 (magnification X 1000) &2 =+
sk Th

EEQE Capsule©] #4575 A& W slr] 2
a4 TEM2 sisiich wA Iy sk 543
capsule stain®] Alg AFZRE FZ2FH 0|7t
AEe= 3709 L garvieae T, 155, ST28 2
3 7521 ATCC49156 & A3 =2 XA s}
a7, &3k colony FEj 2] xlo]= EOE 3719
S. iniae 7, BS5,BS9 2 J35& AlE g=E 4l
AstFck Al5e] 4] A2 Yoshida et al.
(1997) 2] wiHol wgkom, L. garvieae+= 155
o] A HE, S iniae = BS10 #52] JIH=

7z} 1:8, 1:512 9] titer = QP Slof] ALE-3}A Tk

Lo
My <

ZE21 capsule (fimbrae-like material) 2]

o
0
Y
0x

AlE

HAA Algol= Ha A% 105 ~11.5 cm, Al
%= 9~10 g JA, P olivaceus <t A% 10 ~11
cm, A5 16~18 g I E=, S. schlegeli 1

i
i >

| A2l & Aol ARE-3FA T colony
712E sl AR 14709 Al
¥E ol tiek Helde] ek

g e
. M=
N
:\é‘::‘l
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*Zi o] A}%} &oﬁn—g— 1.5% NaCl 37} BHIA

off 24 X7k vkt 5 ztzte] 955 E A
2l ol dEFsled 3 540 nmollA] S22 =7
0.8°] HEx2 A3 & Jxo X3 Bt 3+
vk 0.1 meH B2 FASIATE AIE
22 £ 05CE Ao, Al E 10714
AREEl] 25 Fke] FF dHANES 7SS
ok 2ol = B ZASRIA Ea A A
= 0.1 me¥ 57k FALeId vk =gk vl 5=
218k cell 4+ BHIA plate dilution method 2
CFU & 3t 3kt Sefolt Seflol] &=Esh +F
< Gram @413k & 100 chaing Arsle] A
gk 2hs woke WS ol8-sled etk

A gl Fi ek HaA 21
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< Cell injected per fish = CFU X average of cells
/ 100chain >

||

O

09 717k F wel: gEEA askom 39
vl 50% el AMEE AT AL
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Table 2. Isolated strains and reference strains used in this study

Strains Origin
L. garvieae ATCC49156 kidney of yellowtail, Seriola quinqueradiata; Kochi,
reference Japanin 1974
strains (n=3) |  S. parauberis KCTC3651 mastis sample milk; Williams and Collins, in 1990
S. iniae KCTC3657 brain of Amazon freshwater dolphin, Inia geoffrensis
J14 olive flounder, Paralichthys olivaceus; Jeju in 1999
J15 olive flounder, Paralichthys olivaceus; Jeju in 1999
S. parauberis (n=5) J43 olive flounder, Paralichthys olivaceus; Jeju in 1999

J66 olive flounder, Paralichthys olivaceus; Pohang in 1999

BS18 olive flounder, Paralichthys olivaceus; Pohang in 1998
121 yellowtail, Seriola quinqueradiata; Tongyoung in 1999
J55 olive flounder, Paralichthys olivaceus; Busan in 1999
I56 yellowtail, Seriola quinqueradiata; Guje in 1999

BS17 olive flounder, Paralichthys olivaceus; 1998

BS20 olive flounder, Paralichthys olivaceus; Kyungnam in 1998

L. garvieae (n=11) ST2 olive flounder, Paralichthys olivaceus; Pohang in 1994

ST28 olive flounder, Paralichthys olivaceus; Tongyoung in 1994

ST34 olive flounder, Paralichthys olivaceus; Jeju in 1994

ST72 black rockfish, Sebastes schlegeli : Jeju in 1988

ST80 yellowtail, Seriola quinqueradiata; Tongyoung in 1988
L16 yellowtail, Seriola quinqueradiata; Guje in 1998
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Table 2. Isolated strains used in this study
Strains Origin
BSS olive flounder, Paralichthys olivaceus; Tongyoung in 1998
BS9 olive flounder, Paralichthys olivaceus; Tongyoung in 1998
BS8 olive flounder, Paralichthys olivaceus; Jeju in 1998
BS6 olive flounder, Paralichthys olivaceus; Jeju in 1998
BS10 olive flounder, Paralichthys olivaceus; Jeju in 1998
BS12 olive flounder, Paralichthys olivaceus; Jeju in 1998
BS13 olive flounder, Paralichthys olivaceus; Jeju in 1998
BS14 olive flounder, Paralichthys olivaceus; Jeju in 1998
BS15 olive flounder, Paralichthys olivaceus; Jeju in 1998
S. iniae (n=19) J24 olive flounder, Paralichthys olivaceus; Jeju in 1999
J28 olive flounder, Paralichthys olivaceus; Jeju in 1999
J33 olive flounder, Paralichthys olivaceus; Jeju in 1999
J34 olive flounder, Paralichthys olivaceus; Jeju in 1999
J35 olive flounder, Paralichthys olivaceus; Jeju in 1999
J37 olive flounder, Paralichthys olivaceus; Jeju in 1999
J39 olive flounder, Paralichthys olivaceus; Jeju in 1999
J40 olive flounder, Paralichthys olivaceus; Jeju in 1999
Ja4 black rockfish, Sebastes schilegeli; Jeju in 1999
Jo4 black rockfish, Sebastes schlegeli; Jeju in 1999

ATF B, AA, B4k A 59 slla o5 9k polymorphism, mucoid-like colony 2] 37X 2 -
oA B2l MlorE Ao A Qb W obh BT, BE Awi Table3 sk o] Yehuth
v 70 FW 5 AT BE % 5 2

A A 5] S vEhie AabEE Mol 3 PCRE0 2|8t 16S - 23S rRNA ISR2| 7 MA}

SEERS
2841, WOl =HE 45 18

wEEATE AFEEE HAZRTH
Iy EEeR

A4

@Ol AR 35 AE B 3 3 S

_

39 sl £ A= 89
B 124 Aelo|A Tk

2. A& OF0 HENSHA

= O T == AO-IAOI-
Holell A Fe]E Al 5+ 1.5% NaCl 37}
TSA ¥ BHIA x| A colony =717} 1 ~3 mm
ol 13 WQl B PRow BAEATE

3l colony 2] &ell+= Fig. 1 3} ZFo] homogeneity,

primers S ©]-8-3} 16S - 23S rRNA ISR 2] 54 =}
=Z ANg A3}t S. parauberis 7t 549, L
garvieae 7} 11355, S. iniae 7} 19 452 Vel
HE FFE 7o) Fom SIHT

98113} 99\ AF=<} E3) X< o] {R|eA] -
¥ Sa5=7} S. parauberis 16S - 23S rRNA ISR
o] A SF AFE eI EFE A
% S. parauberis 2 321 =2 T} (Fig. 2).

94 ~99d AT F, 23 Ak AAd X9 9]
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Fig. 1. Photograph of colony type from tested strains in this study.
A, homogeneity; B, polymorphism; C, mucoid-like colony.

Table 3. Diversity of colony forms in tested strains

S. parauberis (6 strains)

L. garvieae (12 strains)

S. iniae (20 strains)

H P M H
4 2 - 3

M H P M
- 9 8 3

H, Homogeneity; P, Polymorphism; M, Mucoid-like colony.

a— 20bp

Fig. 2. PCR products with the specific primers (pSP-1,
pSP-2) from Streptococcus parauberis. lane 1, marker; lane
2, KCTC3651; lane 3, J14; lane 4, J15; lane 5, J43; lane 6,
J66; lane 7, BS18. Arrow indicates the amplified products.

WA, Wol, B EHE 1145 += L
garvieae 16S - 23S rRNA ISR 9] §-H 2} =Z
HAE el e EFE #5% L garvieae =
g1 =]t (Fig. 3).

94~99d A, 59 A9 WA, 2v]EEel
A B2 19757} S. iniae 16S - 23S rRNA ISR

s I Tbp

123456789 10111213

Fig. 3. PCR products with the specific primers (pLG-1,
pPLG-2) from Lactococcus garvieae. lane 1, marker; lane 2,
ATCC49156; lane 3, J21; lane 4, J55; lane 5, J56; lane 6,
BS17; lane 7, BS20; lane 8, ST2; lane 9, ST28; lane 10,
ST34; lane 11, ST72; lane 12, ST80; lane 13, L16. Arrow
indicates the amplified products.

o] AP S A3E YRl o wF
T 8. iniae 2 21 =) v} (Fig. 4).

M

4 Y THE w@x EM

NG e} wE gl i wjek 2Aw
kg 213 AsE Table 4l UrehiITE 2508
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- 107bp

1234567 2910111213 1415161718 19 2021 22

Fig. 4. PCR products using the specific primers (pSI-1, pSI-2) from Streptococcus iniae. lane 1, marker; lane 2, KCTC3657;
lane 3, BS5; lane 4, BS6; lane 5, BSS; lane 6, BS9; lane 7, BS10; lane 8, BS12; lane 9, BS13; lane 10, BS14; lane 11, BS15;
lane 12, marker; lane 13, J24; lane 14, J28; lane 15, J33; lane 16, J34; lane, 17 J35; lane 18, J37; lane 19, J39; lane 20, J40;
lane 21, J44; lane 22, ST64. Arrow indicates the amplified products.

Table 4. Physiological characteristics of tested strains

Tested strains
Characteristics KCTC Streptococcus ATCC Lactococcus KCTC Streptococcus
3651 parauberis (n=5) 49156 garvieae (n=11) 3657 iniae (n=19)
Growth at:
10C - - + -(91%) - A%
20C + + + + + +
37C + + + + + +
45°C - -(80%) + +(82%) - -(95%)
49 NaCl + + + + + +
5% NaCl + + + + - +(68%)
6% NaCl - - + + - -(84%)
6.5% NaCl - - + +(82%) - -
pH9.6 - - + +(82%) - -(63%)
0.01% TTC + + + + + +(79%)
10% bile + +(80%) + + - -(58%)
40% bile + +(60%) + +(91%) - -
Growth on:
St. faecalis’ broth - - - +(36%) - -
MacConkey agar - - - - - -
SS agar - - - - - -
', Variable reaction.

2, Streptococcus faecalis.
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Table 5. Biochemical characteristics of tested strains

Streptococcus Lactococcus Streptococcus
Test parauberis garvieae iniae
KCTC Tested ATCC Tested KCTC Tested
3651 strains 49156 strains 3657 strains
Motility - - - - - -
Oxidase - - - - - -
Catalase - - - - - -
Oxidation-Fermentation test F F F F F F
H:S production - - - - - -
Indole production - - - - - -
Methyl red - +(60%) + + - -(95%)
Voges-Proskauer - - - - - -
Simmon's citrate utilization - - - - - -
Nitrate reduction - - - - - -
Acid from
arabinose - - - - + -
lactose - +(80%) - - - -
maltose + +(60%) + +(91%) - -
mannose + + + + - (74%)
raffinose - - - - - -
salicin + +(60%) + + - -
sorbitol + - - -91%) - -
sucrose + + - -(82%) - -(84%)
tagatose - - - - - -
trehalose + + + + - -(79%)
xylose + - - - + -
Arginine dihydrolase + + + + - +(81%)
Decarboxylase of:
lysine - - - - - -
ornithine - - - - - -
Hydrolysis of:
esculin - -(80%) - -(18%) + +(37%)
starch - -(60%) + +(36%) + +(84%)
hippurate + + - - - -
Urease - +(80%) - -(55%) - -(95%)
Hemolysis v 7 v 7 B B
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Table 6. Agglutination titers among the tested strains in this study

Rabbit antisera

. Streptococcus
Strain of Ag .
parauberis

J14

Lactococcus
garvieae

ATCC49156 J55

(KG+ phenotype)

Lactococcus
} Streptococcus
garvieae .
iniae
BS10
(KG- phenotype)

Streptococcus
parauberis 1024

J14

Lactococcus
garvieae -
ATCC49156

2048 512 64

Lactococcus
garvieae -
J55

Streptococcus
iniae -
BS10

- 512

!, Titers lower than 2.

WS Al A 45°Coll M= S. parauberis <} S.
iniae7t Z¥7F 170e] Al 45 AQlslale S
A51A] &Rk TE Wbl L garvieae ©] w5+ 17}

o] A dFE ALkl B A ske AdE
et 2 s TS Al L

garvieae= 6% X EL% TF7Y Z=2A5E4 A
6.5% ANM = 2708] AR 5 A]E 1075
X Z4& UErhUTh H9uA el Mac-
Conkey agar 2} SS agar oM &= A& F5-9f 3T
o BF7E AA e AR UEEO U S
faecalis brotholl A= 36%2] L. garvieae o7}
A= 2o = AEEATE

5. 435l5t £
A g9 3 g2 Askeky 5448 M)
W3+ A= Table 59 JERITE3 o8 &
FH o5 54 24, indole A 5
,H.S A A1, VP A1E

mon's citrate A]& 2 nitrate reduction A ol 4]

, oxidase
AlE, catalase A1 , Sim-

0 W3, lysine, ornithine decarboxylase A]3] <]

A FEHoR 5/ WSS vEIL AL g3t
E 3 Al A3 raffinose €} tagatose 14 &= K.
_1[:__

o WSO Uk,

(=)

g
03t
Jou

>
0X
0z

&3lo] ARtet E7] dEH
% o] 8-3t &jol= 23 WkS-3} microtiteration
7+ Table 6 YePAUTE 2t 31
ol gk E7] gAH o7 35 A 7IE ZAMS
Az}t S. parauberis J14)7} 1024, L. garvieae
(ATCC49156)7} 2048 2! S. iniae (BS10) 7} 512 2]
3 A VS JeERHRL Y L garvieae (J55)°)
A 8 olet= WA vEksiTh ey thE Al
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Fig. 5. Observation of the stained capsule of tested isolates by the phase-contrast microscope.
A, Lactococcus garvieae J55; B, ATCC 49156; C, Lactococcus garvieae ST28; D, KCTC3657; E, Streptococcus iniae
BS10. Arrows indicates capsular structure.

Fig. 6. Transmission electron micrograph of Lacto-
coccus garvieae (KG- and KG+ phenotype) and
Streptococcus iniae.

A, Cell incubated with antiserum (KG- phenotype)
and stained with ruthenium red demonstrating and
electron faint layer adjacent to the cell wall (A; arrow
head).

B, Cell incubated with antiserum (KG- phenotype)
and stained with ruthenium red demonstrating and
fimbriae-like appendages adjacent to the cell wall (B;
arrow head).

C, KG+ phenotype cell showing no layer on the cell
(C; arrow head).

D, Streptococcus iniae cell (BS5, BS9, J35) showing
no layer on the cell (D; arrow head). Bar indicates
100 nm.
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Ak |xlol et S. iniaeo] A o] H
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Cumulative mortality(%)

Fig. 7 Cumulative mortality of olive flounder, Paralichthys
olivaceus, after intraperitoneal injection with the tested
strains, Streptococcus iniae, and reference strain, Strepto-
coccus iniae. The tested groups were challenged with 0.1
ml of bacteria suspension for 0.8 optical density at 540 nm
and the control group was injected 0.1 ml saline fish™.

fish, H+F cell &) 7= 4.71 x 107 cell/fish2 e}
o, Zyl Bt thal S. iniae 2] ¥4 T 2]
| %’-E,—E— 1.38 x 107 CFU/fish, B Al Al

¥ = 4.12 X 107 cell/fish® Vel L
garvzeae-J FAF e HF === 21 X 10

CFUffish, H+ A+ AEZe = 500 x 10
cell/fish 2 Je}RiTh

Fig. 7 o= S. iniae A& 52 gdxlo sk
HdS Al A4E veRITE colony o]
el 7} Homogeneity F 531 J39 £} J40 9114
FAF 5 69A) Oﬂ W HAFSE o, 255 7EA]
o] & HAFES BS10 #22] 710% & A|2] 3k
B AE ﬁﬁ—oﬂ’ﬂt colony 2] e A ]
o] 10 ~40% & ZJti 2o &2 v HAAES e
WAtk HAlojel AE 7HA1 o] 3520 HHe
FEAE= okt wiEery) 71 23 o] YElYtE 18
U EF o AT diE ol A AR o]
W o E VR RA] 9kt ZF AR o] AL
5L ABE JRA ol dlte] AR 2= ATk

L. garvieae ©] A¥ 5 9 FF dTE {A
of WS Al A7 #XF JiAl= /IS
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Fig. 8. Cumulative mortality of Korean rockfish, Sebastes
schlegeli, after intraperitoneal injection with the tested
strains, Streptococcus iniae and Lactococcus garvieae, and
reference strains, Lactococcus garvieae (ATCC49156).
The tested groups were challenged 0.1 ml of bacteria sus-
pension for 0.8 optical density at 540 nm and the control
group was injected 0.1 ml saline fish™.
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Table 7. Characteristics of the tested strains and reference strains used in the pathogenicity test

) Injection dose
Bacterial Morphology
Strains ) Fish Cells’ per Cells’ per
species of colony CFU' per fish
chain fish
KCTC3657 F H° 35x10 248 8.68 x 10/
BS8 F P’ 1.8 x10° 2.72 490 x 10’
BS9 F M 1.2 x10 341 4.10 x 107
BS10 F P 8.6 x10° 292 251 x10°
BS12 Streptococcus | F P 74 x10' 238 1.67 x10°
BS14 iniae F P 35%x10 2.39 8.37 x 10
139 F H 9.2 x10° 341 3.14 x10°
J40 F H 3.4 x10 2.37 8.06 x 10’
J44 F P 1.5 x 10 3.68 5.52 x10°
STo4 F M 1.3x10 4.09 532 x10°
ATCC49156 F P 2010 2.64 528 x 10’
J55 F H 22x10 2.14 471 x 10’
BS20 Lactococcus F P 1.0x 10 238 238 x 107
ST28 garvieae F P 2.1 x10 2.24 4.70 x 107
ST34 F P 3.0x10 2.69 8.07 x 10/
ST80 F P 1.0x 10 3.14 3.14 x10’
BS9 R’ M 1.0x 10 3.32 33210
BS10 R P 1.9 x 10’ 2.99 5.68 x 107
Streptococcus
139 o R H 5.0x10° 3.20 1.60 x 10’
iniae

J40 R H 22 %10 2.26 497 x10
ST64 R M 1.3x10’ 4.09 532 x10°
ATCC49156 Lactococcus R P 20x10 2.64 528 x 10’
J55 garvieae R H 22 x10 2.14 471 x 10’

!, Each fish received 0.1ml of diluted bacterial suspension by intraperitoneal injection; CFU was determined by BHI agar
plate dilution method.

2, The mean number of cells which composed one bacterial chain was determined by microscopic observation of smear
preparation of the bacterial suspension on slide glasses.

3, Calculated from CFU fish" x cells chain'; *, Oliver flounder; °, Korean rockfish; ¢, Homogeneity; ’, Polymorphism; ®,
Mucoid-like colony.

Fig. 82 gX]oll thsl] WS veld 5708 iniae 452 343 ATl A= 6 4ol B
S. iniae A et WAl HAAS VERAA] FARXFE VERASITE 18y L garvieae A3
S L. garvieae 155 ¢+ 5 @5 ATCC491560.  F9t 3 dFollA = #HAZF dojulA] skt
2 ZvEge sl 34 Age dxzZA S dAtolel e Al el WS o] g@ie] i
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