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Pheno- and genotyping of Streptococcus iniae isolated from cultured
rockfish, Sebastes schlegelii at Korean coastal sites

Tae-Ho Kim, Hyun-Ja Han, Myoung Sug Kim, Miyoung Cho and Soo-Jin Kim'

Pathology Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

Korean rockfish, Sebastes schlegelii, is a representative bony fish that belongs to the family
Scorpaenidae and the order Scorpaeniformes. It has high ecological and economic value and is widely
cultivated in many East Asian countries, including South Korea, Japan and China. One of streptococci,
Streptococcus iniae, is Gram-positive cocci with a negative reaction for catalase and oxidase. The
Korean rockfish shows clinical signs when infected with S. iniae, such as body darkening, bleeding,
enlarged kidneys, blurred eyes, abdominal distension, etc., ultimately leading to death. The Korean
rockfish causes significant economic losses every year in South Korea due to streptococcosis. In this
study, we identified bacteria from the fish using polymerase chain reaction and conducted analyses
of hemolytic activity and biochemical tests using API 20 STREP and API ZYM systems. Results
of confirming the hemolytic activity (n=4) observed in alpha-type hemolysis (25%), beta-type hemol-
ysis (50%), and gamma-type hemolysis (25%) of isolates. The biochemical test results exhibited sig-
nificant variation among S. iniae. Additionally, we performed intraperitoneal injection with S. iniae
in the fish and analyzed the phylogenetic tree using housekeeping genes of S. iniae, including cpsD,
arcC, glnA, groEL, gyrB, mutS, pheT, prkC, rpoB, and tkt, via multilocus sequence typing (MLST).
The lethal dose (LDsp) showed strong pathogenicity, such as 3.34 x 10 colony-forming unit (CFU)/ml
for 23FBStr0601 strain and 7.16 x 10 CFU/ml for 23FBStr0602 strain. 23FBStr0603 strain showed
relatively low pathogenicity at 1.73 x 10° CFU/ml. The strains 23FBStr0601 and 23FBStr0602, which
showed strong pathogenicity, clustered into one monophyletic group. The 23FBStr0603 strain showed
weak pathogenicity and formed a monophyletic group with KCTC 3657.
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Z 3] B-Z(Sebastes sclegelii)y %1 ©] 5(Scorpa-
eniformes), ¥&% I (Scorpaenidae)®l| &3, =
ARE Stz A Ho AAgT 2y ESS EFH
B AEOFE AEAE AW 9 Aeo e
AgAdo) ZFstar wo] Hdolrt &dksim, Agado]
gt 3=, B, T3 5 FobAol FTtllA FE
oF2] @ tH(Jang et al., 2019). 1990 A th o] & =) 3

T 2 T)eo] e whet Askeko] A
Al F7FstR L, Al 5 78 42 olF F st
U7} = A th(Lee 2001; Han et al. 2020). =1 =3
g} A AN G5 ou A HAol
AEZ o] FR L O Aeromonas salmonicida,
Vibrio spp., Streptococcus spp.2] Al Aol 2
g 249 HAA AP R tH(Han et al. 2011;
Jung et al. 2012).

U F8 4 FFA G X (Paralichthys oliva-
ceus)®t 23 Egho| Al AT+ (streptococcosis)
of W& AAZA £4do] A& o g B FTH(Han
et al. 2020; Eldar et al. 1994). ©]21g+ A4+ S
Ao 7= Mt F 3l Streptococeus iniae= 1
A TH R 2o ES FEHA FE A
53t =8, AAHIY, Qb E, BRI 5o &
ol e, A%k A5 #HAbel] o]2A Ho
(Kim and Heo 2018). S. inige= 1976'3 o}u}E7}&
2 (Inia geoffiensis) H3tE£2 0] FFANA 22
EYUHANL, FAAFANA S iniae FFOE AT
o] WAt ZdE MA F oF 30~50%7F |
AFgth . B 1 H TH(Weinstein et al. 1997). 197613
o] %= 27F 9] ofFollA o] HixEw, ¥
of Z+dH HF(carrier fish)E AdolstAY o H-
ZARE T 44, B4 W FA T e
AP EE Fal A}, gkt E3 of Fol| w

ket HAdAds Rolm, FX 7% (Onco-
thynchus mykiss), =45 (Lates calcarifer), B
2} oY (Oreochromis mossambicus)o A 3 x 10* col-
ony forming unit (CFU)/fish— 10° CFU/fish A}©]2]
HF4= X A5 = (lethal dose, LDso)”}F R 2 ¥ T} (Eldar
and Ghittino 1999, Agnew and Barnes 2007).

AdYEe] ERAH chepy e EHskEd 9

i

Todd

4

o] 3% £ W (genotypic methods)S w-$-
83 7leolth o] H % &4 W2 1998 micro-
bial typing methodZ 3}-9-227]% F% Z(house-
keeping genes)E Ar&3te] 2t A o] W
O|(variation)& A3t W<l Multilocus  se-
quence typing(MLST)®] A &7% %L1, 2005
ol MLSTE 7[Wte= 2 7hx] @id =758
A9kl v 42+ A ¥ S(internal fragments)<=
22 Zi(genus) W F(species) It TS AF
“*(phylogenetic tree)Z 243}l= Multilocus se-
quence analysis(MLSA)7} 7N &= Aot &2 Ao A
AHE-3F MLST &4 WH-& sh-¢-2718 F3 249
DNA €7] AE& Hugo=x 22 T Y AlF
9] B3ls dolruA B &S 839
(Glaeser and Kampfer, 2015).

2 AT 54 g 2aE Ao A4
T AEERE 23 s A F
€ F A ST E A A S (polymerase chain
reaction, PCR)©.Z 16S rRNA sequencing 48 5
3 FA3H 2, £ & (phynotype) B 72 & (MLST)
54 24, 3943 ANF(LDs) o2 Z3] &2t A
WA= S iniaed] AW EAE AFsted 7=
Al A8 E Rtz AT

Al

2 AFoll AFS-gF M2 1.5% sodium chloride
9 1.5% agar’} Z3E brain heart infusion(BHI)
(Difco Laboratories, USA) 3 Tl R o] A 25°C =7
© 2 36AIZF vkt th BHAM A A A &= 1
H € 1.5% sodium chlorideE X3¢} BHI 9%
WXl A EF3F% 3L, shaking incubatorol] A 25°C,
160 rpm =71l A 36A1ZF v &3t T vl Fo] &
S 4,000 pmoll Al 3083 AR A S
A& A A3t HY S phosphate buffer saline (PBS)
2 A A S 2 HHESE & A8 T )
&3t S. iniae= AP A7FA -80°Co| B A3} T

Mzl S8

St A A EA2 Y28 (Korean Culture Col-
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Table 1. Information on Streptococcus iniae isolates
used in this study

Isolates ID Strain Year Source
23FBStr0601  Streptococcus iniae 2017 E
23FBStr0602  Streptococcus iniae 2021 7|7
23FBStr0603  Streptococcus iniae 2021 o
KCTC 3657  Streptococcus iniae 1972  H|=;

lection of Aquatic Microorganisms, KoCAM)el| =34
Zold 371 &5 (23FBStr0601, 23FBStr0602, 23FBStr
0603)2} EFTFF KCTC 36575 A3t 16S
tRNA sequencing &2 543} tH(Table 1). ¥ A
TolA AR 3 FEE AFE AF27] ?1‘141
295 FaRe AT Aol WA lA
EeetAtt. A3 47 #5= high pure PCR tem-
plate preparation kit (Roche Diagnostics, Germany)E
AHg-31o] 3l 4k(genomic DNA)E FE3F5 3, 1 uL
9]  genomic DNA (50 ng/uL)®} 25 uL9
EmeraldAmp PCR mixture (Takara, Japan), 1 pL<]
forward primer (0.2 pM/uL), 1 uL2] reverse primer
(0.2 uM/uL)E eppendorf tubel] EF3F &, 53]
33t FFE A A0S (polymerase chain re-
action, PCR)2. &2 = FZ& 4 A5t PCR
Z712 95°C for 5 min, 35 cycles of 95°C for 30 s,
48°C for 30 s, 72°C for 1 min, final extension at 72°C
for 5 min, A&} FFol| AME-F ZEo]m &= 27F
(5-AGAGTTTGATCCTGGCTCAG-3")} 1492R (5°-
GGTTACC TTGTTACGACTT-3")E AF&3}Th

Ao

E AT A A dole 3AEE =k
Aol FRAAAANA HF AR 7.43 cm, H A
12.04 go] Z3] 8- (Sebastes schlegelii)y S F-4
At oA FYFAR Yo R olF £ 28Y
AatAt. B Aol AR Aol Al A
Za ARE g5k H8l, FAR 2 29 E= 10
gl & AASE T AAS za) et AlAT) B
HA ARz 2FF oz #HEsla] 1.5% sodium chlor-
ide 2 1.5% agar 3£ 3-% BHI ¥ 1] X] ol streaking
i o2 Tty 2ol ¢ HAmAE

25°Col A 484 3EE <t vl S AAISEA o H, wlA]

e
& Ay N o) b

2(Sebastes sclegelii) %2170l A £

3t Streptococcus iniae2] Y L FHE 54 279

off Mwte AehA & 3
Yot ZHE A7 260mkE] o] 23]
S 13709 7 #2300 Lyell 7 20mel 4 &
AL, 20°C°1W A 3 3 AAEE 9
A STe uﬂ Q] 1°CcH] 3Y 7 73t B 2340°C 2]
23004 A& Ak AA713E 534 oA
2] 2.0%°] /\]-E—L—E—

[SLASS L 3lo)3) &

= 8284 ¥

o}ﬂ =]
20X

o .5% sodium chloride

HI \é] H;(]oﬂ 7]—7]— l:]:ﬂ-
[e)

o]
2 1.5% agar/} &=
}93\_1_ 25°Cof A
nAdE a484S 243 24848 £42
API®20 STREP kit(BioMerieux, France)®} API®
ZYM kit(BioMerieux, France)E& AF&-3F3 AL A A}
o MirdE AP WPttt AN@HT &
52 Hu]A(Blood Agar Base) (KisanBio,
Republic of Korea)oﬂ S5 o, 25°Co Al 244

3
e
>,
ot
Bl

= N oo
rulm Il

b s & 88 H-9 (hemolysis zone)E &3}
Rt
AMEZFO olRAF|H REX} 24
ZaEgoA 23 A@HEFY FHAF B4

Streptococcus iniae] F-$-227138 -7 A(house-
keeping genes)E I Q3= F9E multilocus se-
quence typing (MLST)Z FZ A 7|4 F2] WHol
& FABAT. S. iniae?] 22718 FHAL
Capsular polysaccharide D (¢psD), DNA mismatch
repair protein (mutS), RNA polymerase B (rpoB),
Glutamine synthetase (gln4), Gyrase B (gyrB), Serine/
threonine-protein kinase (prkC), Transketolase (tk?),
Phenylalanine-tRNA ligase subunit beta (pheT), Car-
bamate kinase (arcC), Chaperonin (groEL)E 173}
of i FAAol] Eo]Hl ZefolE A 2e3]
o, 7t szejo|mof g A H= Table 200 WER]
A TH(Kim et al. 2014; Heckman et al. 2020). &
AN FF= LA AdF3s HH=E 22 BHI 94
vz o] ul ¢ 'B‘H A genomic DNAZ FZ3I391
PCR*H O 2 FE3)| A BionicsAtoll 32+ &7 A
d BE4E ,]ﬂ ST AR 48 BioEdit X
Z 33 MEGA X v10.2.2 Z2 33 AL835}14
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Table 2. Primers for multilocus sequence typing (MLST) analysis that were used in this study

Target genes Primers

Sequences (5'-3")

Size

PCR conditions
(bp)

Capsular polysaccharide D
(cpsD)

cpsD-F
cpsD-R

5’-ATGTCACAATTAAATTTAGTAAGTAC-3’
5’-TCACTTTCTGGAATGTTTTTTAC-3’

720 94°C for 5 min, 30

mutS-F
mutS-R

DNA mismatch repair
protein (mutS)

5’-WAAAAATTCTGARCGYTATGG-3'
5’-AAGGTTGATTGCCCAGAAAT-3’

cycles of 94°C for 30 s,
440 48°C for 30 s, 72°C for
Imin, final extension

RNA polymerase B rpoB-F

5’-TGTTGGTACTGGTATGGA-3’

692 at 72°C for 10 min

(rpoB) rpoB-R  5-AAACGTTGTCCACCAAAT-3’
Glutamine synthetase glnA-F 5>-MAAATGGGYTTTGAAGTDGAAGC-3’ 712
(glnA) glnA-R  5’-RTCAATTTCCCATTGWGAMAY-3’ 94°C for 5 min, 30
gyrB-F  5>-GGWGARGATGTTCGTGAAGG-3' cycles of 94°C for 30 s
B B 2 >
Gyrase B (gyrB) gyrB-R  5-TCCATTGTTGTTTCCCAAAG-3’ 73 52°C for 30 s,
Serine/threonine-protein ~ prkC-F  5’-TATTTGCTGGTCGTTATCGS-3’ 498 72°C for 1 min, final
kinase (prkC) prkC-R  5’-YCCCATSGCATAAATATCAC-3’ extension at 72°C for
Transketolase (tk) k-F  5-CAGAAGATGTKAAAGGACGTT-3' - 10 min
ransketotase tkt-R  5’-GCCATKGCAAATTCACGWAC-3’
Phenylalanine-tRNA ligase pheT-F 5’-GGTCAACCWATGCATGCTTT-3’ 716 94°C for 5 min, 30
subunit beta (pheT) pheT-R  5’-WCATYGGCCACATVAGTTC-3’ cycles of 94°C for 30 s,
Carbamate kinase (arcC) arcC-F 5>-GCWAAAGCACAACAAGAAGC-3’ 340 54°C for 30 s,
arcC-R  5>-CGCCADCCACGRCCWGCATC-3' 72°C for 1min, final
EL-F 5-TAAATTTTCAGCAGAT Y-3’ extension at 72°C for
Chaperonin (groEL) gro > CAGCAGATGCSCGY-3 459 10 min

groEL-R 5’-ACTTCAAGYTCTGTYTCCATACC-3’

clustal W WH o2 A H8}9 31, Maximum Likeli-
hood W3} Bootstrap ¥, Tamura- Nei model<
Fas| A A lEef—r(Phylogenetic tree) & A 23 A AlE
DA StA o 2 vl 9 £4S %1938 T (Tamura
1994).

HHEH A

B Ao B0/ A S, iniae 37V TF+23FBStr
0601, 23FBStr0602, 23FBStr0603)2] M Y4-& &<l
3l7] Y&, 20 L AH 2 @n=12)0 %3] 22+S 5}
g4 FA 2 wjAstATh 4 #5E HE FEE

HED &< PBSol el A 10° ~ 10° CFU/mls
T2 Azt olF 2 &) 74 100 nl
A FABFE AL 23°Coll Al 79 T HANE B
e dul A& A A8 th(Data not shown). o
HAY ARS vigto g B AFe 219 74 AF
TEE AATA T

ol mE A F== 10-fold THAI 34

Z43F9aL, 100 ule] PBSO Al HFE
b7y deste] 3 Eete] E7)o| F-Al(Intraper-
itoneal injection) (23FBStr0601 10~ 10> CFU/ml;
23FBStr0602 10 ~ 10* colony-forming unit (CFU)/ml;
23FBStr0603_10* ~ 10° CFU/ml) &1t} ©] ¢} Bl al
st7] 9% 54 dx7ve #FEE shu dAst
R, FLI P o R xuEo| B Eit
PBSE FAMSIA T A @olQl =yEehe Q93

Z 23+2°Co A 149 5 HALE BEEAL
AR NPl AHEE AA HET 7o v g2l
-r] &), A (colony-forming unit, CFU)< plate
dilution HH o2 =3} A Th(lett et al., 1997). &
% APTm=13)= N2 Fx 200ty &

A B HANES BEsk e, AF 71
ﬂl*}f& Agole] 2% 9 v 245
BHI agar Hj A o] =3t & 25°Co|l A 2 &<t Hll
Fate] ALTH WE HA AFE Fls T

2y S inige ¥FY WA AFEE(LDs))= SPSS

ﬂll

e
off
3
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23.0 softwareS AH-&-3ll 4] probit analysis= 4]}

AT

Znt W o
Ao SH A 89d
201733 202110 &2 = EolA 2T
o (23FBStr0601, 23FBStr0602, 23FBStr0603)<}t
BEFF KCTC 3657 Streptococcus iniae= 57
= A TH(Table 1). PCRg o] §3tA ¥ AT+
E(genus)?] FES TET F v WHES UEF
o2 ¥Asta U Aslslz tﬂ-]ﬁ L34 5o =
o] &HA Qtt. o] FAA AT &€
A A | A A o] At doT|=
|4 o] wet Al VA FEoE Us U
H, A O 2 S iniaes G713 ZNA b st
H Y 88& doitta & th(Barnes et
al., 2003, Goh et al., 1998). a% &2 A2
A colonyRt &HA|A =49 colony BE = A
g, B 8§82 Ao HIFE s &
HAIA colony ¥l FHZT vy 882 A
A Fo] HEFE &l A71A E ST (Lancefield
1933). & AFoNA S inige 3/ 452 £EFTE
gelgk @4 23FBStr06022 03 &84 o= &<l
a1, 23FBStr06013+ 23FBStr0603S pE &4,
KCTC 36572 v8 £8A4US &2t gxlo
A BE 65719 8. iniae TF7FBE EEES Yo
ZthE= Nho et al. (2009)8] H a9t th=A 270
F (50%) T Y 28 YOS T} Chou et al
(2014)= A Y = ofFof Wt S inige TF7F THSF
3 8¥S Yoty Rud AXNY AR b2

Ir rle 01

A Qo] zuge FA A EEgt S iniae?t T
&3k FEO £8S o= FoE ARHY,
Malsty EN
API 20 STREP system= &-83 v & 548
A B ﬂﬂr ]fﬂoﬂ AHEE BE FF Aol A
207 FE F 137] o] B o] 850 YA|EA
a, 77H f%}%«l o ol%~ N A zFol 5 13

o 84 o]&5o] dAIF Al &5 Foll A esculin
(ESC), pyrrolidonyl arylamidase (PYRA), alkaline

2(Sebastes sclegelii) %2170l A £
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phosphatase (PAL), leucine aminopeptidase (LAP)T
G WSS dOoTIHA Y ELES 0l 8T F
3L, Voges-Proskauer (VP), hipuric acid (HIP),
a-galactosidase (0GAL), [-galactosidase (BGAL),
arabinose (ARA), sorbitol (SOR), lactose (LAC), in-
ulin (INU), raffinose (RAF)I A= 54 &S
015} BH(Table 3). E4& o] &5l o]ZS HQl Al
32 B-glucuronidase (BGUR), arginine dihydrolase
(ADH), ribose (RIB), mannitol (MAN), trehalose
(TRE), amidon (AMD), glycogen (GLYG)®ll A4 o]
£ BAth GAA Ze3 S inige 772 2313}
2 54 B4 A3 Hlasied, ESC PYRA,
PAL, LAP A9 &&ollA =7 kg W& vehd
= Shin et al. (2006)9] ¥ 119} I X3 T =3
Nho et al. (2009)8] 979} HlZ Al PYRA, PAL,
LAP A& 3-&o] Yx)5lH o1}, ESC EholA &
=4 Rbso] #Ed A= AolE UERI

T =
o} B AFo A AFSE S inige 37 T T2

Table 3. Comparison of the biochemical characteristics
of the isolates based on API 20 STREP system

23FBS 23FBS 23FBS KCTC

Enzymes 0601 tr0602 tr0603 3657

Voges-Proskauer - - - -

hipuric acid - - -

esculin + + + +

pyrrolidonyl + + +
arylamidase

+

o-galactosidase

4+
'

+
+

B-glucuronidase
B-galactosidase
alkaline phosphatase
leucine aminopeptidase
arginine dihydrolase

o+ o+
+ o+ o+ o+
+ o+

ribose
arabinose - - - -
mannitol - -
sorbitol - - - -
lactose - - - -
trehalose

+

inulin - - - -
rafinose - - - -
amidon + - - -
glycogen + - - -
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—Z.—i AF&-3F KCTC 3657 Aol & &4 o] &%
zo] 7} 1= A Th KCTC 3657 59 o &
B dFte] AolE Hlws|BH, 23FBStr0601
3= 5719 &4 (ADH, RIB, TRE, AMD, GLYG),
23FBStr0602 T#F = BGUR &4, 23FBStr0603 T
FE 4719 &4 (ADH, RIB, MAN, TRE)ol A %A
Hk-g-o] YRR Tl KCTC 3657 FFoll A7 24
W3S SRl #FEE i}Ol% Ho| A7k 23
EZoA BYH S iniae?} EF 752 KCTC
365791 WISl T e e Eﬁ:% 01%?% T AdE
Ao 7 gel=t} API 20 STREP systeme 831
Aslekx EX B4 A3 23FBStr0602 9 %

FF KCTC 36577F 7H8 +AFSHATHBGUR A
2]). API®R ZYM system©. & R E &4 A S
A A, BE AR |4 thERTA ¥kl
dojuba] easkar, 54 tE=TE AL 14719 Al
d o]l AR A Y F&Eo] dAF a4

L o

Z 371¢] & A (alkaline phosphatase, leucine arylami-
dase, acid phosphatase)= ¥4 ¥H§& Ho|HA Al
F7t ld BAES o] &F F AL
o] & F gle AR FAHIT
B ATl A AFS S iniae 37 52 KCTC
36579 E4 &4 4 A3} valine arylamidase2}
naphtol-AS-BI-phosphohydrolase= EFT5< KCTC
36570 %A ¥H-5S YEM ST, B-glucuronidase2}
a-glucosidase:= 23FBStr0601 #F5 T4 5 o] &
T A a-chymotrypsine 23FBStr0602 =
gk o] 88  flUth EF, 23FBS0603 # 5 va-
line arylamidase2} naphtol-AS-BI-phosphohydrolase
axo dsixe 54 WS EolHA KCTC
3657 w52 z}°17} A A THTable 4).
o:]:rr.oﬂ,(-] H/HU]— S. inigev j_al—ol:H:rL;,Lo

3 nE #F

117 24

6’]—

2 guky oz A ST catalase S, LAP ¥
4 RE&-& HolH, vancomycinol] thgt A g/ o] oF

Stk B 7 E THGoh 1988). API 20 STREP system
3} API ZYM system= &-8-3F B4 A3} zy&Eg
oAl Bt 47l #FE LAPOIA ¥R WHg-S Kol
AA EH R AT 5SS EATHTable
3, 4). S. iniaex= PYRA, ESC, argining 7}4E 3}
A g 0‘01*1 F Whg& YERAH, VP, urease,
HIPO A& 4 ¥H8S BlYa StH(Goh et al.,

Az - 2

]

3
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Table 4. Comparison of the biochemical characteristics
of the isolates based on API ZYM system

23FBS 23FBS 23FBS KCTC

Enzymes tr0601  tr0602 tr0603 3657

control - - - -
alkaline phosphatase +
esterase (C4) - - -
esterase lipase (C8) - - - -
lipase (C14) - - -
leucine arylamidase
valine arylamidase - - -
crystine arylamidase - - - -
trypsin
o-chymotrypsin
acid phospatase
naphtol-AS-BI- - - -
phosphohydrolase
o-galactosidase
B-galactosidase
B-glucuronidase
a-glucosidase
B-glucosidase - - - -
N-acetyl-f3- - - - -
glucosaminidase
a-mannosidase - - - -

1 + +
' '
' + 4+ + + o4 o

+ o+
1
1

o-fucosidase - - - -

+, positive; -, negative
1988; Lau et al., 2003). ¥ $37-0)| A
47) #5% PYRAS} ESCollA 443
a1, VPe} HIPAM & o4 ¥ HolH S iniged]
EZQ 548 HYTKTable 3). 3}k, 23FBStr
0601 T2} 23FBStr0603 %+ ADHE Ol%éﬂ*ﬂ
Zhie Al A7) woll, 7]1Ee] Rad
S. iniae® SR 3 2ol7b YAT EZ LEF A
oA S inige= YHFH S Z glucose, salicin, su-
crose, starchs ©]-§ & F QlojA] &FA W& e
Y™, ARA, INU, LAC, mellblose, RAF, SORO A=
S/ ¥hgo] Yehdtiar H I ETHGoh et al,, 1988).
NA A3 4 FFE LE G4 ol 8%
Ao Al ARA, INU, LAC, RAF, SOR
g FEAA 54 &S YEA L, o= S
iniae®] X & A THTable 3). =
3}k, mannitolS ©] 83t WE o] &FL S inigedl A

Aoz B &
variable¥t Z23& HAta R %™ (Goh et al,

bl
1=}
Rus

‘Ji—ur

i}
Of

Kis
=
=

[e5



U] Z3] B-2(Sebastes sclegelii) 2134 2] Streptococcus iniaed] THY L FHF 54 283

1988), & AT AF A% 37] FF(23FBStr0601,
23FBStr0602, KCTC 3657)+= %A ¥k, 23FBStr
0603 #TE 54 &S Holm 5 1tel &4
o] &5l zto]E Btk Aty 54 1A A
370 A& F(23FBStr0601, 23FBStr0602, 23FBStr
0603)°] 885 9 &4 o] &5 Alole AAGES
2Hg gl =3 Nho et al. (2009)2} shin et
al. (2006)2] B8 zy|Betox B3 S in-
iae 7T (n=4)°] &4 o] &5 % B AolE K
Atk ol I EF A Y3 Al £8Y &
dol L3 F WolA = oh& A (polymorphic)<
Hols AL dld Ao &4 a9l (%, 98
of & 9L W= Ao AFHTINho et al.
2009; Jang et al. 2020).

HAEAY A™

=« °ﬂ/“] AAEE S, iniae 37 FF2 HY
< AEsh7] A8 BEAFAHC R 974
Akt A3 713 < 7 +E A4
(n=20) A HAZ} AZER] Fgkom, H ARG
g Eete] v 9 AR A A = 2EE FH
o] AT FAATE HAA Y A E L
A A4S g Ay, RES] 29 &t A
A T 7HEArE] F ol e, megl A =gn] 29
o =8 9 B 5o SAo] e, Wi
718 BT A7 B0l 7 T4 YERY
A 4t} (Fig. 1). Kim and Heo (2018)2] X .119]|
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SOl 22 70%, 100% F 95%2] T2 H AT HAY
3+l (Fig. 2A), 23FBStr0602-2- 1.17 x 10 CFU/ml,
1.17 x 10> CFU/ml, 1.17 x 10* CFU/ml, 1.17 x 10*
CFU/ml =004 Z+7F 10%, 60%, 100%, 100%2]
FAEHAS QoA (Fig. 2B). 23FBStr0603 o5
£ 5.04 x 10* CFU/ml, 5.04 x 10* CFU/ml, 5.04 x 10°
CFU/ml 5=0llA 2+t 65%, 65%, 40%2] HARE-0]
A2 ATHFig. 20). AlTL o FolA 794 2
tﬂiﬂr HAME do7& 3‘{ Al F shtolth.
TR Fokoll A Al MAAe W3 59 HY
liE“JJr AA 2o *PEX—}% S0 4dAd 4
H o] ] q]é‘]- x«l_O_ ;@]E]: :¢:]-7:]x«l _g_q_] %% z:i:]_xH Jg
23] YRR & UTh(Sudheesh et al., 2012). 3}FA]
AT EE s HAdA = AR S
3l BUGlol A= Folghe AL B3tk
derETh 2 A9 23FBStr0601 7 2.83
0° CFU/ml %0l A 2.83 x 10> CFU/ml 2.t} &
FHAES H9 o™, 23FBStr0603 FFE 5.04
x 10° CFU/ml &=°ll A 5.04 x 10° CFU/ml¥} 5.04
x 10* CFU/ml # =R} vk HARES B3l AL,
A MAZE ZFo] Z2 E MAZF A A 2H 9
Ztg o7 AEZ Ao AgHT B Ao x1
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Fig. 1. Fish shown in the picture challenged with Streptococcus iniae 23FBStr0601. Arrows indicate symptomatic
areas following S. iniae infection. Black bars indicates 1 cm.
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Table 5. Determination of lethal lethal dose (LDso) for
each Streptococcus iniae strain

LDs

3.34x10 CFU/ml
7.16x10 CFU/ml
1.73x10°CFU/ml

Isolates ID Strain

23FBStr0601  Streptococcus iniae
23FBStr0602  Streptococcus iniae
23FBStr0603  Streptococcus iniae

= Qs
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Fig. 2. Cumulative mortality of Korean rockfish was
monitored for 14 days after being challenged with Strep-
tococcus iniae. (A) 23FBStr0601, (B) 23FBStr0602, (C)
23FBStr0603.
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Fig. 3. Phylogenetic relationships of housekeeping genes
between three strains (23FBStr0601, 23FBStr0602,
23FBStr0603) isolated from Korean rockfish and stand-
ard strain (KCTC 3657).
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