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Abstract

The genus Streptococcus comprises about 48 recognized gram-—positive
species which are widely distributed in estuarine and marine environments.
As some Streptococcus species have long been known as bacterial pathogens
to marine organisms and human beings, many researchers have attempted to
develop the method for rapid and accurate identification.

Traditionally, they have been identified based on morphological, serological
and biochemical methods. In recent years, rDNA sequences have been adopted
for bacterial taxonomy including Streptococcus to overcome the shortage of
traditional methods. However, there are still some problems in identification of
closely related bacterial species due to the conservation of rDNA sequences.
Thus, we tried to develop the more rapid and accurate identification method
than before by using the DNA sequences of aroA gene and multiplex PCR.
The aroA gene encodes b-enolphyluvyshikimate-3-phospate synthase which
1S a key enzyme in the aromatic amino acid biosynthetic pathway in
microorganism. Streptococcus species were isolated from the diseased olive
flounders (Paralichthys olivaceus) sampled at the hatcheries in Jeju and
standard strains of Streptococcus were purchased from KCCM and KCTC.
aroA genes of Streptococcus were then cloned and sequenced for detection
primer design and phylogenetic analysis.

By wusing detection primers designed based on multiple alignment and
phylogenetic analysis, multiplex PCRs have been performed for the
simultaneous detection of major Streptococcus spp. isolated from the farmed
olive flounder in Jeju. As a result, two major Streptococcus species among
total number of isolated strains were Streptococcus parauberis (81.2%),
Streptococcus iniae (11.1%), Listeria sp. (7.4%), Enterococcus sp. (0.3%).

In addition, antimicrobial susceptibility, resistant pattern and combined action



to the 18 antibiotics were tested with the identified Streptococcus species in
order to treat the streptococcosis effectively and rapidly. The results showed
that both Streptococcus parauberis and Streptococcus iniae had high degree
of antimicrobial resistance to clindamycin, and some degree of resistance to
flumequine and oxolinic acid as well, whereas these two species were highly
sensitive to chloramphenicol, ciprofloxacin, doxycycline and florfenicol. By the
way, the degree of antimicrobial susceptibility was various even between

strains of the same Streptococcus species.
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o. Az % ¥y

1. AdsEs

11. ETF

N

o] Ao AlgF HEPole HFEVFE AgAHFSATY FHASFY
Korean Collection for Type Cultures (KCTC)oll A 9%, dt=u| B EHE=ME 3

o Z 7 ¥ 3] Korean Culture Center of Microorganisms (KCCM)ol A 2F 02 &

o] A dlFojd AHS dovu g aFIAFT F
Lactococcus  garvieae, Enterococcus faecalis, Listeria monocytogenes,
Staphylococcus aureus®} A A5 YAt o gz A4HA Streptococcus
parauberis, Streptococcus iniaeS X$tsle] 1 2|, Streptococcus pyogenes,
Streptococcus agalactiae, Streptococcus mutans, Streptococcus pneumoniae it
THFE ol &t (Table 1).

a8 EF 7Y aroA 5342 cloningS 3%+ primer A Ze| o] &%
Streptococcus%2] aroA A A+  National Center for Biotechnology
Information  (NCBID)®]  GenBankel  &5%  Streptococcus — agalactiae,
Streptococcus pyogenes, Streptococcus mutans, Streptococcus pneumoniae,
Streptococcus thermophilus®] aroA %A+ dataE o] &3ttt =T =39

GenBank®] Strain @ E.¥ Table 10 e L th,



1.2. AFE=U F4Z0A E4d dd+F

2005 11956 20079 10€7hA AF=d dx F2FolA A== dA F
A =3} b B2F 92 FY, b g opypn] WA A= §2 13
4 BgF 5 AFAA AT FAES dEh= GAE o A AME s
o5 ofAE Agste zh A, W, ®Y, A=gn] FolA A st
Ak EAD A Alwtd Aol A S-S Fig. 1614 YEA
T TEE AT TTHARE A5 AFH A4S Table 29 Table 3, Fig.
o R SITH

42 BEd ddFde & Ay EdE 20061 89o] 57 AR JHE Wol &
e 2006 293 490 7+ 4 #AE b HA By #2006 3Y
e B EHA &t AGgERE Ak 299 FAFoZRE 1087 A7t £
Fdom, 1 8te 73 &4, &, Ui, oY, 2, &,

o Fa Aol Z+7t 36, 1, 2, 42, 20, 14, 13, 50, 24, 60T A& A FHo] &
2 tH(Table 2 and Table 3).
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(A) (B)

(©) (D)

(E) (F)

Fig. 1. External and internal streptococcosis symptoms of diseased flounders.
Darkness of body color and skin ulcer (A); exophthalmia and haemorrhaging in the
eye (B); darkened pigment, rubefaction of below jaw (C); gill cover decay (D);
protruded anus (E); haemorrhaging in the liver and hypertrophy of the liver,
protruded anus (F).



Table 1. List of strains used in this study

Species name Strain No. Culture medium Culture temperature
Streptococcus parauberis KCTC3651 Tryptic soy agar 37C
Streptococcus iniae KCTC3657 Brain Heart Infusion agar with 0.5% Glucose 37C
Streptococcus pyogenes KCTC3984 Tryptic soy agar 37C
Streptococcus agalactiae KCCM40417 Tryptic soy agar 37C
Streptococcus mutans KCTC3065 Brain Heart Infusion agar 37T
Streptococcus pneumoniae KCTC5412 Tryptic soy agar 37C
Lactococcus garvieae KCTC3772 MRS 30T
Staphylococcus aureus KCTC1927 Micrococcus, Tryptic soy agar 37C
Staphylococcus epidermidis KCTC3958 CA°, Tryptic soy agar 37C
Enterococcus faecalis KCCM11792 [FO804" 37T
Listeria monocytogenes KCTC3710 Brain Heart Infusion agar 37T

CA°: Corynebacterium Agar, IFO804": Medium No.329 indicated KCCM
KCTC: Korean Collection for Type Cultures, KCCM: Korean Culture Center of Microorganisms

Species name Gene position Geninfo identifier No.

Streptococcus thermophilus aroA gene 2155736088
Streptococcus mutans aroA gene 2115458855
Streptococcus agalactiae aroA gene gi76561771
Streptococcus pyogenes aroA gene 2115674250
Streptococcus pneumoniae aroA gene 2124378526
Lactococcus lactis aroA gene 112724755
Staphylococcus aureus aroA gene 2149482253
Staphylococcus epidermidis aroA gene 2157636010
Enterococcus faecalis aroA gene 2129350190
Listeria monocytogenes aroA gene 2185700163




Table 2. The number of Streptococcus strains monthly sampled from fish farms located in Jeju in 2005~2006

Locality Nov. Dec. Jan. Feb. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
Gu-jwa 2 2 3 3 4 2 3 19
Seong—san 3 2 24 13 12 15 3 1 73
Han-gyeong 1 1
Dae-jeong i 2 1 2 3 3 4 7 2 3 3 31
Ae-wol 3 2 1 2 3 8 4 1 19
Jo—cheon 4 5 3 12
Hal-lim 1 1 2 5 9
Pyo-seon 2 5 10 11 2 30
Nam-won 4 4 2 10
Seogwipo 1 11 20 1 1 3 37
Oe-do 2 2
Total 6 5 6 3 3 5 33 35 57 36 22 14 18 243

(Seogwipo contained Wimi, Hahyo, Daepo area)



_OL_

Table 3. The number of Streptococcus strains monthly sampled from fish farms located in Jeju in 2007

Locality Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Total
Gu-jwa 3 6 5] 14
Seong-san 4 6 5 3 7 5 4 3 34
Han-gyeong

Dae-jeong 2 1 6 3 12
Ae-wol 1 1
Jo—cheon

Hal-lim 1 1 4 6
Pyo-seon 10 5) 4 2 3 2 4 30
Nam-won 3 1 3 3 4 14
Seogwipo 3 2 2 4 4 1 2 4 32
Total 16 11 17 15 7 16 12 11 7 22 134

(Seogwipo contained Wimi, Hahyo, Daepo area)
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Fig. 2. A map showing the sampling sites of Streptococcus spp. from fish farms
located in Jeju. ( ): number of aqua farms.
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2. NEEFY W&

21 BT NF

FH Mgz 4 e T AgNe wRo 4% B4 g AFF B wA
of Ewalgch BuE FREe AH JFLEelA 24475k W s tH Table
1.

B v oA wigE TFE ©Gd colonyE AEEte] 15% NaCle] 7
Brain Heart Infusion (BHI, BBL, USA) broth &< Tryptic Soy (TS, Difco,
USA) broth 4 meoll HZFstAth. 2 5+ A A 2=olA 24X 5 &
Hl] F3} A tH(Table 1).

2.2. AFE FAFAA Z2d AT T Mg R o] F

AFEo A FAE PX=ZHEYH EId 5= 1~-15% NaCle] #H7lE Brain
Heart Infusion Agar (BHIA, BBL, USA) #H3 #jx]|oA] 28°C, 24~48A]7F%5¢t
HjFste] agSFdoR FAREE TY colonys AESIY] &7

gruUel e, 27 % AL stn wrel dejer LEAL BRes] e

AC
ro

5 oy

1~15% NaCle] #7}t¥ BHI broth wj#]eol| 28°C, 18~48A1 &<t vjFsiey, 13

AT Ao A FEE gl 03% KOH HAEE T o4 v
S5 B TS Ay At 88 E B fsiA= 5% sheep blood

agar (HANIL Komed Co., Korea)E ©]-&3sto] 28~307TC, 24~48A17F vjfF3k =
&Sk
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3. arcA FAA NdE FH

3.1. Total DNA F&

oA WA oA vdE ¥ T 1 ml= eppendorf. tubecl ¥ i 13,000 rpmel A 1
B oZok 94 ®Bad & AccuPrep” Genomic DNA Extraction Kit (Bioneer
Co., Korea), QIAamp DNA Mini kit (QIAGEN Inc. Germany)E A}-83}¢] total
DNAE #3833t

3.2. PCR 5%

aroA TR STEHE 213 primers Al &St EA EEr2 primere] XA
9= z7] 93] NCBI GenBankell S =% o] Qli= Streptococcus pyogenes,
Streptococcus agalactiae, Streptococcus thermophilus, Streptococcus mutans ,
Streptococcus pneumoniae® aroA FAAES Fasle] 7 BREAO 2o 4P
S 71%=E forward primer®} reverse primerS U A}l 319 TH Table 4).

PCR wr¢& ok 02~05 pg® genomic DNA 1 w0, Zz¢ 10 uM primer
(forward primer, reverse primer) 2.5 uf, 10x reaction buffer (Takara Bio Inc.,
Japan) 5 g, 25 mM dNTP (Takara Bio Inc., Japan) 5 @<} 1 unite] Ex Tag
polymerase (Takara Bio Inc., Japan)E o|&3l3om 3% FHFE o]&319
total volume®] 50 pl7} ¥ =% stith PCR WHe Al Whg=9] 3 2] 93
1~2 "% mineral oilE H7}st3 2™ Programmable Thermal Controller
(PTC-100, MJ Research Inc., USA)ol| A HF-3-A] 7t}

of Wl WhE L 94Tl 333 WAAZ § o]o] WHEFI|E 94T, 45%,
primer annealing< 93] 50C, 1%, primer &34< & 72T, 189 F7]1& 30
3] WhES = FHF 72T A 78T A A

PCR <34t=2 1x TAE buffer (45 nM Tris-borate, 45 nM boric acid, 1
mM EDTA, pH 80)° 0.5 pg/ml ethidium bromide® @A AIZ] 1.2% agarose

geloll A H7] g&3ste] 992 bp A =2 aroA F+34 SF =S sk

_13_



Table 4. PCR primers used for aroA gene amplification and sequencing

. Gene
Primer name . Sequence
position
aroA
Strep_py_mu_F gene 5'-CCM GGM GAY AAG TCY ATY AGT CA-3’
aroA ,
Strep_py_mu_R gene 5 -ACT ACY TGA ATA CGA TCT GTY TC-3'
aroA
Strep_pn_th_F gene 5'-CCA GGT GAC AAG TCT ATC AGC CA-3’
aroA _
Strep_pn_th_R gene 5'-ACA ACC TGA ATA CGG TCT GTT TC-3'
aroA 9§ A AT
Strep_aga_F e 5'-CCT GGC GAT AAA TCA ATA AGT CA-3
aroA — . .
Strep_aga_R b 5'-ACG ACC TGA ATC CGA TCT GTC TC-3'
T3 5'-AAT TTA CCC TCA CTA AAG GGA A-3’
T7 5'-GTA ATA CGA CTC ACT ATA GGG G-3'

* primers designed for the pBluescript phagemid vector

3.3. PCR =9 cloning

PCR 2F=& 0.8% agaroae geldl #A7]|9&3te] UV-lamp JolA Zetd +
Power Gel Extraction Kit (Bioneer Co., Korea, Korea)& ©]&3lo] =% % DN
E Td3d T PCR A& <] bluntings 93l 2] DNA 30 wloll 1 ple] 10x
T4 polymerase buffer2} 0.1% BSA, 1 w2 25 mM dNTP (Takara Bio Inc.,

=

Japan)E Y¥o] 70CoNA 5% <k ¥k3 # 1 unit®] T4 polymerase (Takara Bio

_14_



Inc., Japan)E F7}ste] 37ColA 58 &<k whg A7l v A3t vortexEs S 3l
g4 S IAsH Y. 2 & PCR Purification Kit (Dyne Bio Inc., Korea)E
o]&3}o] insert DNAS # A3} th.

PCR 4H=9] cloningS 3t 5+ &2l XL1-blue straing AF&3 1
E]:= pBluescript II SK(-) (Stratagene Co., Korea)E AF&3dtt. 25 g9

=

pBluescript II SK(-) ®E = 37T A 2417 &<t Algt& A Hincll (Takara Bio
Inc., Japan)& ©|&3to] dteldt. ddd ¥WH = PCR Purification Kit (Dyne
Bio Inc., Korea)& ©|&3to] A sttt

AA Y WE = agarose gel FolA I FEE A5 oM, ligationS Hincll
(Takara Bio Inc., Japan)® AwE 1 we] pBluescript II SK(-) ¥H, 3 ul2]
insert DNA, 1 09 10x ligation buffer®} 1 unit®] T4 DNA ligase (Takara
Bio Inc., Japan)E& %3 3% /T2 #HE volume 15 w7} H=F 3 Fo 1
6T A 18475t Wh-g-Al Z T}

Ligation® AF&=S XL1-blue MRF' 3} SH7 A2 15 ml eppendorf tubeol] %
A 42TelA] 1 30x &< g F 2o 37T, 30 & w3t
ot A1 @ cell> 50 mg/m¢ ampicillin, 2% X-gal? 1M IPTG7F ¥%¥ LB
(Luria-Bertani) plated] Z=43}le] 37CoA 16A17F w3ttt mi Aol A vl te
cell 7}d white colony® A &3&}lo] ampicillin®] ¥3t¥ LB broth XA 3
7C, Fuwr|E ol g3ste] 16A17F ®{%e F AccuPrep” Plasmid Mini
Extraction Kit (Bioneer Co., Korea)E ©]%3}] plasmid DNAES #2 s}%t}.
Plasmid DNAE 1.2% agarose gel®l loadingd}¢] cloning@ &2 3to] X34
o7 o|FoHE=AE Fedtd o Ag &4 Pstl (Takara Bio Inc., Japan)¥}
Xhol (Takara Bio Inc., Japan)< AF&3te] dwdk $ 1.2% agarose gelol 100
bp Plus DNA ladder (Bioneer Co., Korea)E 37 loadingste] <4 =719

insert 5% &<2ls3}.

_15_



34, 47199 2% 2 A7 BA

Clonings &3 92 AxF plasmid DNAE (F)uka2slo] o] 3}o]
sequencingS st o A7 E AAA pBluescript II SK(-) vector?] multiple
cloning site®] 5 ¥ 3 @wte] T3¢ T7 primerE A-&3FAtH(Table 4). oS %
3 d-& x23E= DNAssist (version 2.2, Patterton and Graves, 2000) T2 139S
ol &3le] tE A vk AEH A 2= MEGA 3.0 (Kumar et al, 2004) =

2a9E o] &3t distantol +7tS ¥ neighbor-joining WH o2 AFF 24

A F FAHLS $3 detection primers A ZFsl7] 9ske] AT F2] g X
A e AT FF T FAYNAeZ HdEEte] aroA FHAAE cloning 3
t}. Clonings &3lo] &

oA 2eld AM T arcA FHA F7IAE S ol &t ATTE AAEA

o AlSS A slg ofFol HAHWS dozivtn B ¥ Streptococcus

oW FFWFE arod FAA WML} AFE Y

parauberis, Streptococcus niae, Streptococcus agalactiae, Streptococcus
mutans, Streptococcus pneumoniae, Streptococcus pyogenes 6&S AE3lo]
primerZ ©] %42 aroAd FAAe H|HEZX ol FEo|ZH MES ta AHEY
T &4 primers A zZeAvh 3 1 9], 2 E(Genus)SZ  Streptococcus,
Lactococcus, Enterococcus, Listeria, Staphylococcus 57VA ZL3FFA 1to] o gk
genus detection primerE A Z3A T o] 7t aroA A Do) wj$- thekst
7] wjiel 16S rRNAE ©]&3% 3 NCBIo| 5% dolHE ©]83tY primers
A 2+ L4 tH(Table 5).

_16_



Table 5. Strains information used in this study for phylogenetic analysis based on

16S rRNA and design genus detection primers

Species name Gene position Geninfo identifier No.
Streptococcus parauberis KCTC3651 16S rRNA 2146409867
Streptococcus parauberis” 16S rRNA 2161104972
Streptococcus iniae KCTC3657 16S rRNA 2112642830
Streptococcus niae 16S rRNA 2159861312
Streptococcus pyogenes (1) 16S rRNA gi21905618
Streptococcus pyogenes (2) 16S rRNA 2119749053
Streptococcus thermophilus 16S rRNA 2155820103
Streptococcus agalactiae 16S rRNA 2122536185
Streptococcus mutans 16S rRNA 0124378532
Streptococcus pneumoniae 16S rRNA 2115902044
Enterococcus faecalis” 16S rRNA 2178499506
Enterococcus faecalis” 16S rRNA 2184874536
Listeria monocytogenes” 16S rRNA 2185700163
Listeria monocytogenes’ 16S rRNA 2116411809
Staphylococcus aureus” 16S rRNA 211199939
Staphylococcus aureus 16S rRNA 2188193823
Staphylococcus epidermidis 16S rRNA 211199945
Staphylococcus epidermidis 16S rRNA 2182617058
Lactococcus garvieae” 16S rRNA 2161658335
Lactococcus garvieae 16S rRNA 2151512138
Lactococcus lactis” 16S rRNA gi15671982

* Strains used in design genus detection primers

_17_



5. AFE F4 YA 28 AT 53

Bk vl A wjkE 2 A S BHI brotholl #HE3 & wjdste] 1 wo
ok ol-& 9o A} A 23t detection primerE ©]&3Fe] PCR wH&& st}

Detection multiplex PCR ®F-§-2 o] HZF ¥ broth 1 0, 10 pM detection
primer 1.0 w0, 10x reaction buffer (Takara Bio Inc., Japan) 2.5 ul, 25 mM
dNTP (Takara Bio Inc., Japan) 2 <} 1 unit®] Ex Tag polymerase (Takara
Bio Inc., Japan)E 3% /5 ©]&3sto] #HF volume®] 25 w7t HEF g
T= gl 2 w9 mix® detection primer 2 ul, Premixs (Solgent Co., Korea)
10 pbE FFF9 7 HAF volume®] 20 pto] ¥ =% g Fo PCR 8Hg A]
SEo FUS 9] s 1~2 W9 mineral oilS #7}38t9], Programmable

Thermal Controller (PTC-100, M]J Research Inc., USA)ol| A HF-3-A]Z T},

—

o] W genus detectione 13 PCR WFg AL 94ToA 387 HAAZ T
94C, 45%, primer annealing= ]3] 45C, 1%, primer &3S $8) 72TC, 1%,
CThAl WEEF7]R 94T, 40%, 55T, 1%, 72T, 1#9 F7]& 343 w5& & 3
= 72CoA 387 A AT, 18]aL Streptococcus sp.2] F AL genus

detection PCR ZA¥} =& @3t & Streptococcus® s54¥ AHS  detection

multiplex PCR &t} olu] A 19 aroA FHAAE SZ37] 93 bkg x4

L 94T A 357 HAAZl & 94T, 45%, primer annealing2 93] 50C, 18,
primer 84S 93 72T, 189 F7]2 308 W& & HF 72TCAA 7#3 &
FA A

T EES 1.2% agarose gelol Z17] 953} genus detection multiplex PCR

1o
N

I =2 Staphylococcus 111 bp, Streptococcus 360 bp, Listeria 520 bp,
Lactococcus 650 bp, Enterococcus 750 bpE &<elst 4= o™ Streptococcus
o] FEAHS 93 multiplex PCRe 7-$ Streptococcus agalactiae 200 bp,
Streptococcus iniae 300 bp, Streptococcus mutans 400 bp, Streptococcus

parauberis 500 bp, Streptococcus pneumoniae 600 bp, Streptococcus pyogenes

700 bpe] DNA FFAiHeS glskaith
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6. FAA A+ A3

20051 11€ 5B 2007 10€ Afolol Eel® A4S o AvolA Al=d

detection primerE ©|&3te] A AT ]

il
ol
ol
offt
o,
)
re
£
-
4
4
N
N
Mo

d A #ad Al ol8d A e dF= 4 A

%)

T treptococcus
parauberis®t Streptococcus iniae® detection @ wTE € ¥ FAYH o= A
geto] AAeAtt. FAA 44 A ¥ 2 Bauer-Kirby Disc gH1R (1966)°l ¢
sko] 35kl
Hojol A #Fe g & 1~15% NaCls F7Fgt BHI borthell A wj&Fste] 1~

ro

15% NaCl& #7}3F Muller Hinton Agar (BBL, USA)e| #d3tA =23 3
disc FAHH o= A Estaint. Al

Algo] ALg% °oFA|+= amoxycillin (10 gg), ampicillin (10 pgg), cephalexin (30
ug), chloramphenicol (30 pg), ciprofloxacin (5 pg), clindamycin (2 pug),
doxycycline (30 pg), enrofloxacin (5 pg), erythromycin (15 ug), florfenicol (30
1g), flumequine (30 pug), nalidixic acid (30 xg), neomycin (10 ug), norfloxacin
(10 pg), ofloxacin (5 pg), oxolinic acid (2 pg), oxytetracycline (30 pg) =
pefloxacin (5 pg) 22 18 disc (Oxoid, England)E A}&stich 384 744
Aol AbgE A discoll tigh Aol A dd]ES Table 50 Al

A8t Si Tt
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Table 6. Criteria for determination of antibiotics sensitivity by inhibition zone based
on paper disc method

Diameter of inhibition zone (mm)

Antibiotics Concentrations
(ug) Resistant S\éf’les?gg]e Sensitive

&rl\n/[i?ycﬂlin 10 < 13 14~17 > 18
&rl\nmgi)cﬂlin 10 < 13 14~16 > 17
(CcenghaleXin 30 < 14 15~17 > 18
(Ccl)ﬂoramphenicol 30 < 12 13~17 > 18
(CCiII;})Dlgoﬂoxacin 5 <15 16~20 > 21
(CDliAr;damycin 2 < 14 15~20 > 21
g%fycycline 30 < 12 65 > 16
gﬁ%ﬂoxacin 5 < 16 17~19 > 20
Ear)ythromycin 15 < 13 14~22 > 23
(I;lggenicol 30 < 13 14~19 > 20
Eﬁgnequine 30 < 20 21~24 > 25
g]\la}%li)dixic acid 30 i) 14~18 > 19
g]\le)omycin 10 < 12 13~16 > 17
g\%’él)oxacin 10 < 12 13~16 > 17
%fggacin 5 < 12 13~15 > 16
(Oo)zi(;hnic acid 9 < 10 - > 11
E())}%ztetracycline 30 < 14 15~18 > 19
E}egéc))xacin 5 < 15 16~21 > 22




1. aroA §Z A cloning

NCBIo S &% Streptococcuss2 aroA A= dlo]EHE o] &3t primers
A2et & PCRe T3ttt aroA FAAE &H3L7] 93] cloningel AM&-¥
% Streptococcus parauberis (KCTC 3651), Streptococcus iniae (KCTC
3657), Streptococcus pyogenes (KCTC 3984), Lactococcus garvieae (KCTC
3772) T 879 A wFolth(Table 7). 2y tjf-o] A2 992
bpel aroA FA A7} sequencing H AL 4719 Streptococcus parauberis$t 47N
9] Streptococcus iniae aroA 74 A7} sequencing ¥ AT}

Ado)| ALg% Streptococcus%e ¢ H7|ZAL T (Thymine) 27.4%, C
(Cytosine) 185%, A (Adenine) 30.8%, G (Guanine) 23.3%,= C<2| 3l&Fo] tf&
7] ko] nvlef W& S B r}. Streptococuss & ThE kA AR v
XA Lactococcus4:el 97 d=EFHS T (27.0%), C (17.9%), A (31.1%), G
(24.0%) 7hdl Co FFe]l & A7l el wla) w2 gS BAY. =T
Staphylococcus<y, ListeriaZy, Enterococcus<:2] Q7|32 HrH o2 TrF Z+
29.3%, 26.1%, 28.2%°]i C& 7 17.6%, 17.6%, 18.0%, A+ 7} 34.9%, 31.9%,
20.7%°1™, G 28.2%, 24.4%, 24.0%% CH7]9 o] o H7]e Hls &
FS BHAY, OHFAHTOFE genus detection primer A 2] AREH
Lactococcus<: 2] Lactococcus garvieae= X (KCTC3772)% Z% cloning
3+ 3L Lactococcus lactics®y  Staphylococcus<:2|  Staphylococcus —aureus,
Staphylococcus epidermidis, Listeria%;: 9/ Listeria monocytogenes,
Enterococcus<s 2] Enterococcus faecalis®] aroA -+ A= NCBIo 5E3% ¢ 9]

B & o] &3l tH(Table 1).
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2. Streptococcus% AT 54

aroA FARE o] &3 Streptococcusss T2 7Al%E 5 (phylogenetic tree)= A

off

2] (distance)oll A ®H o2 A ETE Fig. 32 Streptococcus 15&3 -

-

ZHF 7 (Outgroup) &= Lactococcus 2&, Staphylococcus 2%, Enterococcus 1
% Listeria 155 X330 ztzte] vlegol2RE AojA grod A
datags ©]-&stuth T3 #2384 AEH#AE vty 918kl 16S rRNAE ©
&% Asrs AdeAtk(Fig. 4. AT 2E2S MEGA 30 (Kumar et al,
2004) Z & 13 9] neighbor-joining el &) 3% <)
AZsd A4S E3 p-distanceE #<l3t A3} StreptococcusdH ] 7F Aol
0.00~0.416%2] =Fo]l = YEFASRIT}. Streptococcus parauberis T2 3
AF 49 A W p-distance= 0.000~0.011%¢] 31 Streptococcus iniae %<7t

Fo SHTTFT 4579 p-distancer 0.000~0.004%°]t}. TE3SF Streptococcuss

N
Y

9 aroA A& A7) <L p-distanceE H| L 3+ A} Streptococcus iniae
¢} Streptococcus thermophilus A}ol7F 0415% =2 714 ©e ZolE HJYL
Streptococcus mutans®¢ Streptococcus thermophlius AFo]7F 0.262% = 7173 &
& Aol & H. A tH(Table 8).

aroA FAAE ol &3l HAHE AT p-distancedl EASEY] Streptococcus
%o Z3x #AE M BA ASXSHSR  Streptococcus iniae,
Streptococcus  parauberis, Streptococcus pyogenes’} VA /AR
Streptococcus thermophlius, Streptococcus mutans, Streptococcus pneumoniae,
Streptococcus agalactiae7t  7FAA FAT HEREFTOZE Lactococeus
garvieae®} Lactococcus lactis?7} 3 1592 /R 3l Staphylococcus aureus$t
Staphylococcus epidermidis7t e 1w o2 9. Listeria monocytogenes<}t
Enterococcus faecalis %3+ % &5 H Ao ey AHFdFe ddw T o)
U2 242 Lactococcus T1E©) StreptococcusE 0.2 FoQlo] o]o] gk A
7F A% 288 Aoz HAM(Fig. 3). WFA 16S rRNAE o]l &3t Al54E Y
Streptococcus agalactiae’} A&X 34 02 Streptococcus pyogenes®l 7}
7ol aroA FAAE vtEg o2 AAdE AF 2bol & Holal Jth(Fig. 4).
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S. parauberis St-1
S. parauberis St-2

S. parauberis St-4
100

S. parauberis St 3

59 - 8. parauberis KCTC3651

S. iniae KCTC3657

60 | - S. iniae St-6

S. iniae St-5

S. iniae St-7
88 S. pyogenes KCTC3984

Lactococcus lactis gil2724755

Lactococcus garvieae KCTC3772

S. agalactiae gi76561771

60 S. pneumoniae gi15458855

99 S. thermophilus gi55736088

S. mutans gi24378526

Enterococcus faecalis gi29350190

63 Listeria monocytogenes gi85700163
Staphylococcus aureus gi49482253
100 Staphylococcus epidermidis gi57636010
0.05

Fig. 3. Neighbor—joining phylogenetic tree based on aroA gene (992bp) of
Streptococcus isolated from diseased flounder and some gram-positive strains listed
in Table 1 and 5.
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100 [S- iniae KCTC3657 gi12642830

" S. iniae gi59861312

S. parauberis gi61104972
100 \s. parauberis KCTC3651 gi46409867

99

99

S. agalactiae gi22536185
70 S. pyogenes (1) gi21905618
100 4‘
10015, pyogenes (2) gi19749053

S. pneumoniae gi15902044

100 75| ————S. thermophilus 155820103

71

S. mutans gi24378532

L. lactis gi15671982

100 |-L. garvieae gi61658335

1001y, garvieae gi51512138
100 rE faecalis gi84874536
E. faecalis gi78499506
100 IListeria monocytogenes gi85700163

l

Listeria monocytogenes gi16411809

o 92[ Staph. aureus gi88193823

Staph. aureus gi1199939

100 _lStaph. epidermidis gi1199945
1

. 0L Staph. epidermidis gi82617058

Fig. 4. Neighbor—joining phylogenetic tree based on 16S rRNA gene (1335 bp) of

Streptococcus and some other gram-positive strains sources from GenBank (Table 5).
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3. Detection primer® A%

[e]
o
of t}= AA3 & MEGA 3.0 T&E 19| neighbor-joining

2 g4stel AFE WX FAgeIA F2 wyEE AgTEe A

i)
ftlo
offt
__<I>L_44

AFe 2R A %= Streptococcuss oW A7 2] species detection
primer AZS Qe AMFHETY T8 WU Streptococcus  iniae<k
Streptococcus parauberis, 12|l Ol A|7}A] FAo]FolA AHE HUTF U
Streptococcus agualactiae, Streptococcus mutans, Streptococcus pneumoniae,
Streptococcus pyogenes=S ¥3%rsto] 652 tA oz tjzxkel ¢t Cloningel
ALEE A Fe] HHE Table 69 YERU ST

Streptococcus 2] aroA FAAE o] &3slo] AW AT A F7] A

12
o

o

2Fo) 5 &elsk A3 (Fig. 3, Table 8) species detection primer #|2bol £o]3gh

o

Agstel FHFAM Helg FE 97 NG9S FPH T ME FREA e

p 4

~

lE_To]/\

-

& A ste] primers A4kl

StreptococcusS X3$Fsk 57| &9 skt 1Fe] 9 7] Ao|= Streptococcus
9} Lactococcus?tol 372-37970, Streptococcus®t staphylococcus AFololl 432-441
N, Streptococcus®t Listeria AFelol 42070, Streptococcus®} Enterococcus A}©]
of 40571¢] ¥7] #tolE H G TH(Table 10). ¥+ 16S rRNA 7|4 <4 & H] 3|
B 102700l A 21271 ) 2ol & Bl groA Rtk oF Wk A% A& AolE el
tH(Table 11). ©15 aroA 32 992 bp A71AE 7Fdl S 408.1719 4 71=}
o] & Ho|i Qo] variationo] =7] wjiol 579 aFYAHTES UGz ALt
genus detection primeri= 16S rRNAE ©o]&3ste] tz138tth. Primer A 2ol
AFE-E 16S rRNAQ dlo]E A X = Table 59 AP ow 7 A7IMEE A

ot M2 TEHA F= SolMds At primerg Al%38 ST
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Table 7. Information of Streptococcus strains isolated from fish farms located in Jeju

used in design of species detection primers

Strain name Location Organ Length(cm) Sampling date
S-1 Gu-jwa Spleen 40.0 26 Apr. 2004
S-2 Hal-lim Spleen 40.0 14 Oct. 2004
S-3 Pyo—-seon Spleen 30.0 12 Oct. 2004
S—4 Gu-jwa Kidney 37.0 31 Jen. 2005
S-5 Jo—cheon Eye 36.0 12 Oct. 2004
S-6 Seong-san Kidney 42.0 16 Nov. 2005
S-7 Ae-wol Eye 25.0 20 Nov. 2005
S-8 Nam-won Kidney 30.0 3 Sep. 2005
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Table 8. p—distance estimated based on aroA DNA sequences obtained from standard

strains and isolated strains of Streptococcus spp.

[1]

[S-1]1 0.006

[S-2] 0.006 0.000

[S-3] 0.011 0.005 0.005

[S-4] 0.006 0.000 0.000 0.005

[2] 0.3650.361 0.361 0.362 0.361

[S-5] 0.367 0.363 0.363 0.364 0.363 0.003

[S-6] 0.368 0.364 0.364 0.365 0.364 0.004 0.004

[S-7] 0.367 0.363 0.363 0.364 0.363 0.003 0.000 0.004

[S-8] 0.366 0.362 0.362 0.363 0.362 0.001 0.002 0.003 0.002

[ 3] 0.3840.384 0.384 0.387 0.384 0.376 0.377 0.378 0.377 0.375

[ 4] 0.3880.387 0.387 0.387 0.387 0.415 0.415 0.416 0.415 0.414 0.390

[5] 0.3810.379 0.379 0.379 0.379 0.410 0.411 0.412 0.411 0.409 0.376 0.299

[ 61 0.38 0.378 0.378 0.382 0.378 0.387 0.386 0.388 0.386 0.386 0.367 0.262 0.303
[ 71 0.3550.356 0.356 0.360 0.356 0.388 0.389 0.390 0.389 0.388 0.377 0.336 0.341 0.335

[1]: Standard strain of Streptococcus paraubris (KCTC3651), [S-1]1~[S-4]: Streptococcus
parauberis isolated from fish farms and strains information is shown at Table 7. [2]: Standard
strain of Streptococcus iniae (KCTC3657), [S-5]~[S-8]: Streptococcus iniae isolated from fish
farms and strains information is shown at Table 7. [3]: Standard strain of Streptococcus
pyogenes (KCTC3984), [4]: Streptococcus thermophilus, [5]: Streptococcus pneumoniae, [6]:

Streptococcus mutans, [7]: Streptococcus agalactiae. [3]~[7] is shown at Table 1.
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Table 9. p-distance estimated based on 16S rRNA sequences obtained from standard

strains and isolated strains of Streptococcus spp.

[1]

[2]1 0.000

[3]1 0.017 0.017

[4] 0018 0.018 0.001

[5]1 0.034 0034 003 0.037

[6] 0034 0034 0037 0.037 0.001

[7]1 0054 0.054 0058 0.058 0.048 0.049

[8]1 003 0035 0028 0.028 0.029 0.030 0.062

[9]1 0053 0.053 0047 0.047 0.052 0.053 0.049  0.050

[10]1 0.074 0074 0.068 0.068 0.067 0.066 0.055 0.067  0.062

[1]: Standard strain of Streptococcus paraubris (KCTC3651), [2]: Streptococcus parauberis, [3]:
standard strain of Streptococcus iniae (KCTC3651), [4]: Streptococcus iniae. [5]: Streptococcus
pyogenes (1), [6]: Streptococcus pyogenes (2), [7]: Streptococcus thermophilus, [8]:
Streptococcus agalactiae, [9]: Streptococcus mutans, [10]: Streptococcus pneumoniae. Strains

information is shown at Table 5.
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Table 10. Number of nucleotide differences estimated based on aroA DNA sequences

Strepto Lacto-1 Lacto-2 Staph-1 Staph-2 Entero Listeria
Strepto
Lacto-1 372
Lacto-2 379 354
Staph-1 432 455 459
Staph-2 441 446 468 271
Entero 405 361 390 433 438
Listeria 420 376 383 415 420 344

Strepto:  Streptococcus parauberis, Lacto-1: Lactococcus garvieae, Lacto—2:
Lactococcus lactis, Staph-1, Staphylococcus aureus, Staph—-2: Staphylococcus

epidermidis, Entero: Enterococcus faecalis, Listeria: Listeria monocytogenes.
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Table 11. Number of nucleotide differences estimated based on 16S rRNA sequences

Strepto Strepto Lacto Lacto Staph Staph Entero Entero Liste Liste
-1 -1 -1 -2 -1 -2 -1 -1 -1 -2

Strepto-1
Strepto—2 0

Lacto-1 129 129

Lacto-2 119 119 33

Staph-1 138 138 171 160

Staph-2 133 133 166 155 5
Entero-1 169 169 186 181 106 102
Entero-2 169 169 186 181 106 102 1
Liste-1 179 179 208 201 127 122 119 118

Liste-2 182 182 212 205 132 127 121 120 15

Strepto-1, 2: Streptococcus parauberis, Streptococcus parauberis KCTC3651,
Lacto—1: Lactococcus garvieae, Lacto—2: Lactococcus lactis, Staph—1, Staphylococcus
aureus, Staph-2: Staphylococcus epidermidis, Entero-1, 2! Enterococcus faecalis,

Liste-1, 2: Listeria monocytogenes.
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4, AlF= FAF B #F9 detection

2005 11€5-E 2007 10€7bA] AT g2 A A Eed Af7S F
348+ A| 2 Streptococcus parauberis, Streptococcus iniaeS genus detection
primer®} species detection primerS ©]-83F multiplex PCRS 53 54 3t

Genus detection multiplex PCR A3} Staphylococcus+= 111 bp, Streptococcus
= 360 bp, Listeria= 520 bp, Lactococcus= 650 bp, Enterococcus= 750 bp2]
PCR AFES AQdvk(Fig. 5). T3k species detection multiplex PCR 23}
Streptococcus  agalactiae’} 200  bp, Streptococcus iniae’} 300  bp,
Streptococcus mutans?7t 400 bp, Streptococcus parauberis’} 500  bp,
Streptococcus pneumoniae?} 600 bp, Streptococcus pyogenes’t 700 bp= 247+
9] PCR =5 Sl th(Fig. 6). 49 #59 &84S B7] 9314 sheep
blood agar ¥R Z==slo] st A Streptococcus parauberis= a
~hemolysisE E. %3 Streptococcus iniae= [-hemolysisE YEFHA T

ATFE F2 Gl TEE TS Ude=z ~aed A, Streptococcus
parauberis7} 377 A] % 3067 A 2 AA Q) 812% = 7MY w2 H &S AA|SA
a1 Streptococcus iniage= 427 AE 11.1%2 HE= H]ES Yyt UYWA=
Listeria sp.7} 287 A|(7.4%), Enterococcus sp.7} 17 #(0.3%) #AZE Aot
Streptococcust Q% AEZH AL 53] AF27| ofEH| 53] Bo|] E 3L
A=s AT 20068 3dol= FA HAMA AMFHES EelskA KA
20063 8¥o] 57w AR 7} wol £ = AtH(Table 12).

o] Ao A A A3 5F 2] genus detection primerE ©]&3Fo] AlTA A H o

AdE 2 Ao BEEH dFE5 543 Ay StreptococcusE 2l FH

1
.

Tk species detectiong AASFAT. 1 A3} Listeria’t 29 A, Enterococcus”}
174 AEHR o UYWA= 5 Streptococcus®* genus detection primer<}f
species detection primert multiplex PCRS E3] AlF% %2 dxlo)A e @

A Fol e AL =S EHES BYtHTable 12).
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(A)

Fig. 5. Multiplex PCR products of gram-positive pathogens by using genus detection
primers. (A) Genus detection multiplex PCR products of five gram-positive pathogens
about standard strains. M: 100 bp ladder as size marker, 1: Staphylococcus aureus, 2:
Streptococcus parauberis, 3. Listeria monocytogenes, 4. Lactococcus garvieae, 5:
Enterococcus faecalis, 6: detection of Streptococcus sp. between five gram-—positive
strains. (B) Genus detection multiplex PCR products of environment strains isolated
from fish farms located in Jeju. M: 100 bp ladder as size marker, 1~12, 14, 15:

Streptococcus sp., 13: Listeria sp..
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(A)

Fig. 6. Multiplex PCR products of major streptococcosis pathogens by using
species detection primers. (A) Species detection multiplex PCR products of six
Streptococcus pathogens about standard strains. M: 100 bp ladder as size
marker, 1: Streptococcus agalactiae, 2: Streptococcus iniae, 3. Streptococcus
mutans, 4. Streptococcus parauberis, 5. Streptococcus pneumoniae,. 6.
Streptococcus pyogenes. (B) Species detection multiplex PCR products of
environment strains isolated from fish farms located in Jeju. M: 100 bp ladder
as size marker, 1~5: Streptococcus parauberis, 6~9: Streptococcus iniae.



Table 12. Monthly occurrence of Streptococcus spp. and Listeria sp., Enterococcus

sp. isolated from fish farms located in Jeju

Sampling date S. parauberis S. iniae Listeria  Enterococcus Total
Nov., 2005 4 1 1 6
Dec., 2005 4 1 5
Jan., 2006 5 1 6
Feb., 2006 3 3
Mar., 2006 0
Apr ., 2006 3 3
May, 2006 1 5
Jun., 2006 29 1 33
Jul., 2006 30 % 35
Aug., 2006 40 13 4 57
Sep., 2006 35 1 36
Oct., 2006 9 11 2 22
Nov., 2006 2 14
Dec., 2006 12 2 18
Jan., 2007 15 1 16
Feb., 2007 2 11
Mar., 2007 16 1 17
Apr., 2007 14 1 15
May, 2007 2 5 7
Jun., 2007 16 16
Jul., 2007 12 12
Aug., 2007 10 1 11
Sep., 2007 5 2 7
Oct., 2007 21 1 22

Total (Sf.OZb%) <11L.lf%) (7?%) <o.§%) ST

( ): percentage occurrence of Streptococcus isolated from the diseased flounders.
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5. B8 #FE IA AT AD 23

aroA FAAE o] &3t A FE detection primerE ©] €3+ multiplex PCRE
3 AE AT 7r2d ¥ JdX A= Streptococcus parauberis?} 306
A B2 ¥ A5l Streptococcus iniae®: 427 A7} AEEH O F
TS e E A HAF et Algd 2221 18709 A A (Table 6)o w&
T FAA A AFE Table 137 Table 14, Fig. 791 AlAI kSl

FAA A Algel AFEE T F 99NAIR Streptococcus parauberis®
BHH dF F UTAE AFSAL. o] ZAF}, nalidixic acid, flumequine,
oxolinic acidel w3l ZZF 64.8%, 63.5%, 58.1%<¢ WA S, neomycin®] U3l
33.7%2] WAS YyERWTE Amoxycilling ampicillin®] W3l A = 79.8%, 75.8%<]
S Bl cephalexine] ™all 85.2%¢], chloramphenicol, ciprofloxacin®]
el 2 91.9%, 93.3%<°] e WERETh E3E clindamycindl M= 74.4%9]
XS B3 doxyeycline?}t enrofloxacin, florfenicol 2 ofloxacin®] ol 34
= 247} 94.7%, 96.7%, 94.6%, 89.2%°] A& H At} Oxytetracyclineol| o3|
e T711%Y #FAdS B3 vupx]ero 2 pefloxacindl W3] 52.3%<] <Fsk 7+
T4E HWErlHh

Streptococcus iniae® w3 ¥ A FF T 26779 A AE A
cephalexin, florfenicolel ©al 100%<¢ A4S HJAS™  amoxycillin,
ampicillin, clindamycin, chloramphenicol®l ™3} Z+ 92.0%, 92.0%, 96.0%, 94.0%
o] Z¢AS yERHTE Doxyeycline?} ofloxacin, oxytetracyclineol] thajd = z¢
96.0%, 96.0% 96.0%%] A4S H I enrofloxacin, erythromycin, neomycin,
norfloxacin®] tal A= ZF 88.0%, 64.0%, 72.0%, 68.0% % W% & ZHpEAlS
B39t} Flumequine, oxolinic acidell &= 2+ 76.0%, 63.0%2] WA S H At
FAA A ARE F5e B, Streptococcus parauberis®t Streptococcus

iniaex= AtHA 27 flumequine, oxolinic acidel] twal & WAHS HJa,

e

chloramphenicol, ciprofloxacin, doxycycline, florfenicolell W&l =& A
AT A5 Ald 23 Foll uwel 18719 Al dis] WAdAHEe AolEs
Hom, 7o FihAE thael WA zpolE E Atk
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Table 13. Antibiotics sensitivity of Streptococcus spp. based on paper disc method

Antibiotics

Streptococcus parauberis (74)

Streptococcus iniae (25)

Resistant szlesai}c{ilg e Sensitive Resistant S‘é‘;ﬁ,ﬁl\y e Sensitive
Amoxycillin (AML) 14 1 59 2 - 23
Ampicillin (AMP) 15 3 56 2 - 23
Cephalexin (CL) 8 3 63 - - 25
Chloramphenicol (C) 2 4 68 b 1 24
Ciprofloxacin (CIP) - 5] 68 il 3 21
Clindamycin (DA) 12 7 5% 11 1 13
Doxycycline (DO) 1 3 70 - 1 24
Enrofloxacin (ENR) 1 2 71 2 1 22
Erythromycin (E) 10 14 50 9 - 16
Florfenicol (FFC) 3 2 5 - - 25
Flumequine (UB) 48 6 20 19 1 5
Nalidixic acid (NA) 47 9 18 11 2 12
Neomycin (N) 25 14 35 10 6 9
Norfloxacin (NOR) - 4 70 4 4 17
Ofloxacin (OFX) 8 = 64 1 - 24
Oxolinic acid (0A) 43 - 31 17 - 8
Oxytetracycline (OT) 8 9 9 1 - 24
Pefloxacin (PEF) 39 29 3 8 9




_V(a_

Table 14. The percentage rate of antibiotics resistance and sensitivity of 2 Streptococcus strains based on paper disc method

Percent of antibiotics resistant and sensitive

Antibiotics Streptococcus parauberis Streptococcus iniae
R W S R W S
Amoxycillin (AML) 18.9 1o 79.8 8.0 - 92.0
Ampicillin (AMP) 20.2 4.0 75.8 8.0 - 92.0
Cephalexin (CL) 10.8 4.0 85.2 ~ - 100
Chloramphenicol (C) 2.7 54 91.9 = 4.0 96.0
Ciprofloxacin (CIP) - 6.4 93.3 4.0 12.0 94.0
Clindamycin (DA) 16.2 9.4 74.4 44.0 4.0 52.0
Doxycycline (DO) 1.3 4.0 94.7 - 4.0 96.0
Enrofloxacin (ENR) 1.3 2.7 96.7 8.0 4.0 83.0
Erythromycin (E) 135 10.9 75.6 36.0 - 64.0
Florfenicol (FFC) o 2.7 973 = - 100
Flumequine (UB) 64.8 8.1 27.1 76.0 4.0 20.0
Nalidixic acid (NA) 63.5 12.1 24.4 44.0 8.0 48.0
Neomycin (N) 33.7 10.9 55.4 4.0 24.0 72.0
Norfloxacin (NOR) - 54 94.6 16.0 16.0 68.0
Ofloxacin (OFX) 10.8 - 89.2 4.0 - 96.0
Oxolinic acid (0A) 58.1 = 41.9 68.0 - 32.0
Oxytetracycline (OT) 10.8 12.1 771 4.0 - 96.0
Pefloxacin (PEF) 8.1 52.7 39.2 32.0 32.0 36.0

R: resistant, W: weakly sensitive, S: sensitive
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R: Resistance, W: weakly sensitive, S: sensitive

Fig. 7. Antibiotic resistant and sensitive pattern of 2 Streptococcus strains isolated
from fish farms located in Jeju by paper disc method. Streptococcus iniae (A);
Streptococcus parauberis (B). AML: amoxycillin, AMP: ampicillin, CL: cephalexin, C:
chloramphenicol, CIP: ciprofloxacin, DA: clindamycin, DO: doxycycline, ENR:
enrofloxacin, E: erythromycin, FFC: florfenicol, UB: flumequine, NA: nalidixic acid, N:
Neomycin, NOR: norfloxacin, OFX: ofloxacin, OA: oxolinic acid, OT: oxytetracycline,

PEF: pefloxacin.
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(L

o
of
o\

AFE offF &2 i F5U "X (Paralichthys olivaceus)~ 1984
AA71eS MEs olF wid Aol FF3Ar AFE 1A At Fad
2l E AT AR ZF Aol o9& HAE ES A e A
Atk F2 dx AHe Y= 2EE ARSou MP AR ] 4§, FAA
Fol 93 HAE dAuA AwAd AW, VASAE A, voly A Ao
ofgk Aol Faldlelth ol AW F A HA Fo MTA AW AT
qEY=ZF, HHEZF Fo] ¥4HA JAHOh et al, 1998). ©]

A9l QAT AF FART DFLG 8 AKBHA 2EUAE o)

e
2
-1
1o
=

EH Adojo == Wo] Ha 9)

Streptococci®] heterogeneous group = <17kl
Tt A AAA SR 48F0] B HY AEHHOoR R, TAH| o|FoA 1
Rom oy 7Hx] 2l A3 {FHTAH EHE BT "HE & 52 gE Fo
2 A 4 H3 e AAolth(Facklam et al, 2002; Ruoff et al., 1998). °] &

ogl: WYL A AA 5% FA olFolA ¥

o2
i
2
=i
=2
rO
:‘?ﬂ
-
4
o|\
o
me

g FHAow, RO Z= Streptococcus agalactae, Streptococcus difficilis,
Streptococcus iniae, Streptococcus  paraubeirs, Streptococcus equi,
Streptococcus equisimilis, Streptococcus faecium, Streptococcus pyogenes,
Enterococcus faecalis, Enterococcus faecuime, Lactococcus garvieae 5 ©] o]
3t Zlo®  BaEATHAusting 1999). EE 4(1994)  FA HAZEE
Staphylococcus epidermidisE Q7w A &2 kA T}

A ool A o] Aol o3 HPFE 19579 dE A/ =Qtd ] FAEo
(Oncorhynchus mykiss)oll Xl H&o2 2A %A (Hoshina et al, 1958). 1 %
Robinson and Meyer (1966)= ©o]FolX Streptococcus spp.S& He&} L

Boomker et al. (1979)= &o1¢] #HAbelA 22l skalow v=, dolze]ztel 4
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7hx 2o gaofFfdaoqE o] AW ot H iyt th(Kitao et al, 1981).
3 FHA HrbAu] o A Ay Feto]l Ha] ¥ AaL(Moreno et al, 1996), -1}
a

Fol AAE A e &2

WA &2 el YeElU= A5 T2 [UJw Streptococcus iniae
(syn. Streptococcus shiloi), Streptococcus parauberis, Lactococcus garvieae
(syn. Enterococcus seriolicida)® X.11% 9 2™ Streptococcus iniae® 7% <t
T oEE MU, HWES F FRo I, olzntde 4§ iold d
I ok Oreochromis sp.)¢t FA7NE oA AHAFHFe T8 WA
_El__

2] Ha olxgtde] {74 sea bass<t

ki

ke
rob

A Ho = yellowtailZ | =] ol A
red drum (Sciaenops ocellatus), S 22E# A& o2l barramundi (Latex
calcarifer)o < ¥ 1% A (Perera et al., 1994; Eldar et al., 1995, 1999b; Eldar
and Ghittino, 1999; Nguyen and Kanai, 1999; Bromage et al, 1999). 18] 3L 9]
2gtd ek Eilatwhe] AALE o Fol M= o] o] FHEHATL HIuEAT
(Colorni et al., 2002).
Lactococcus garvieae®] 745 @Sl o3 4 A &S Holw aiho]
el dE9 yellowtail?} olgglol, 2HQl, g Jo W orEF Loty F
AMEoe e FFojd #dS dozlth(Kusuda et al, 1991; Eldar et dl.,
1996, 1999a; Bercovier et al., 1997; Eldar and Ghittino, 1999; Bark and
McGregor, 2001; Romalde and Toranzo, 2002). 3t X+ Hio] w=w
Lactococcus garvieae = 2382l AA4F wrasse (Coris aygula)d A= 7
A Colorni et al., 2003).
Streptococcus parauberis 735 Streptococcus uberis®t EXo] N353}
D= ERsdod Asiers 44, 344749
o]g Ay 16S rRNA 971 E B4& E& 1990\ Streptococcus parauberis®

AsA HArh o] 2 #HIS Galicia Aol A4 (HZF2 15~19T) ©f

Streptococcus uberis type

2 B ¥ (Scophthalmus maximus)oll A% LHely &8 2 F4S Fuksk o
T B5E, S5 B9 ¥ &8 T #HyEgd 54 So] R AtHToranzo

et al., 1994, 1995; Domenech et al., 1996).



o2 Az ¥ tH(Domenech et al, 1996; Bercovier et al., 1997; Eldar et al,
1999).

of Al AWl el Tl E A57F JAHASH, Lee et al. (2001)+=
Lactococcus garvieae?} =Ul 2] o] Fol| @HE= AFFdTo YA JhE
g dFd Aolgta FAsA o, o] Lo Enterococcus sp., Streptococcus
sp.& H I3 Song et al. (2003) Streptococcus pyogenes, Enterococcus
faecalisE A 3te] B sEA . B3k Streptococcus iniae= GX7F L %
AFd AF Aol EeEHe Adyds dAdy TR F4 H
(Kim et al., 2004). stAwE Hto] A~ Aol m=w A5 4 gAoA 14
oA 649 Atoldl ek AT 7kl 4370A T 337WA7F Streptococcus

parauberis® 574 HA31 YUMA =  Streptococcus iniae®  EFSE O™

32
a0 1>

Lactococcus garvieae= w8 = A 2 AtH(Jung, 2004). stAIRF A A4 4
Fgrto s FA olFe] AT BHAT Aol BF T4 #© AoE HY

o1 53] ATl of do] Aol whgk FAAQ Fo] o] Fo

N

| &

1>
(o,

FuiAL DA Wi wFstel AAPA L §IHS wAsHT AP35}
e kitg AHgtel AEF AR 54 B £ ok SAw oled PEe

=

treptococcus iniaes ZYZ} Lactococcus
] (Weinstein et al., 1997;

(<3}
PN
Ravelo et al, 2001), B& o1& Foll QoM A5 &4 =Holjd & glvh. =39

Z3 542 Lactococcus garvieaeSt

lo

S
lactis®} Streptococcus uberis® Z% w4 =

1996), &0l A= KG(-)2 ux 3 whs Alg A3 34219 binding siteE
MEol ML o] AXE oEARZ Qdel=d Walst= HAoZ e

(Alim et al., 1996; Ooyama et al., 1999).
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o

o= T4 HA

(I and 1)

9

% b4 A7

af

2 HuE ¢l ok (Bachrach et al., 2001), <+ $-gueteA] Hiig vpo] mp=w

)

wol wel ¥ 7hA

7

Streptococcus iniae® 735 &l ol 9
iniae

Lactococcus garvieae$t o]

Streptococcus

ojy T Q T = - :
PER LB RO GETEEEE STl YT T
% oR T S " T O O T B 8 oF = o o3
Y — S 2 S ' Nom B0 BoRe X
mor o W o S W R X 8 S W L M oA oo ok = M o
FPEzey SFrafETisEEgry oL
_O ) f [— )
s rmEeE 5w Te il sw N e g E -
e Y o wE B §F _ T SC W i
ool W ey ¥ o E o+ 8 2T CT g P R T AT
- L B o B S o o5 W ; T X
o o b _‘ma . oA e £ 5 T o N og oW F =%
) R 13 - i
oL T O W mr now=§ -9 E — 7 *° W N T o Mo
70 Mo B T T o) = < > X va R el 3 © o
o A W — = o e my = m% < 2 o o ny
T = W Mo B mo Y S LT g R il R mo oy Ar = 3 A
~ o =% N o 7 M_W_ F o m o oo 1,Ur| NX o Zo =
T o+ oy on o e W NB e B oxow Ny B o
= my L 'y s o\ & Eid R X AF o
j= ol [ S —~ © © DY TH 0 Ry T
E P m Eog T woe TS T ook = o
2o o " or B - my (R
G VA A I G A g B
m g W oo W A s A A R < R R % g W N7
) B WO A il X o A %/ ™ o ST | o= um KB o
h — o 0 o L Ny = o~ X 2
° 5 N Ro o 10_. # = % Y oji ol ol o I = do Ty
o B2 g P L \% e oo O R o B oo o ®
= = Q M T M Moo )l <0 5 2 I R ] K
N8 o TR K o =y o ® o o ~ N
Lf m Q.Q - ,m,mo 3 A — 1.A_.o 0 = Lf 1ﬁ _,ﬂo 0 ‘mﬂ 7.A —_ ,Mﬁv
o N ST R Ry o Xk o = ® g B 5 W
< g B W o ! = ’ — XO ) o VAR
oR = o BI 7O U] v~ T I o o O
— n = LR 3 X o mR = o
Ho° L™ T o B oo @ o g owm FX o @ og B W E w
X or 3 R R il LR B R 478 E T e S o
- i G AN ™ OB C N o o A
ot AN ) = B oE b Aoy o 0O CL S
X N ) ) )
o - G A Mﬁ = mpm - n M‘ S - Mo oF @ ,M o ae r T
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A T Sy oy o S Mo . A T
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1w 53] 784 WA= 16S rRNAC database’t $45-3t4 o5& EUE F
SRR oyt AFEFE Ao o]&% i JrHThompson et al, 2004).
sHAIRE 16S rRNAE FrA o2 w9 HER FRoR Fihe] fx 2o 7t A
o] glol stA o w 7phE F3He Aol oHwS AYL AtHKrawiec and
Riley, 1990; Moon et al., 2004; Kim et al, 2005). ©] o8-S B 3st7] aiA
o] AFo) A= aromatic amino acid A A FAo #HJd= arod FHAAE 9
ot AT T8 B ATERHA AE stk L A3 arod
£ o] &3 EAATEF 7Sl dAd 16S rRNAS| EAA &7+

A Are thah xo]lE ®drh T3 16S rRNAS AS fHH o7

A

-

Ho
2

Ho
2
ax

)

Z A

1O

fz
N

o] Fol 7M7hE F3Fe] A od %S XY tH(Francois et al., 2004, Krawiec
and Riley, 1990; Moon et al., 2004; Kim et al., 2005).

aroA FAAZE o] &3ste]  Streptococcus%el  AEEA  AAES AHHEdA
Streptococcus iniae®} Streptococcus parauberis, Streptococcus pyogenes’} %+
Idwo =2 JMA /R oew,  Streptococcus  thermophilus,  Streptococcus
agalactiae, Streptococcus mutans, Streptococcus pneumoniae’} 7VZAl & At}
ol5 Streptococcus% TEZFY aroA 21 97] A ¥E p-distanceE W] 3
A3} Streptococcus iniae®} Stretptococes thermophilus Aol 7} 0.415% = 713+
2o zolE WA Streptococcus mutans®t Streptococcus thermophlius A}o]
7F 0262% = 7HE A& ZolE BIY. olE AT T wf FHAAE ol &
Francosis et al. (2004)2] Streptococcus?; Al'&5-2] At FAsIATH ©] A%
Fo A= Streptococcus iniae, Streptococcus pyogenes, Streptococcus
parauberis, Streptococcus agalactiaeS  pyogenes 1wo® ER{FOIFIL
Streptococcus mutanstT mutnas I1FOE  WBFIP S Streptococcus
pneumoniae™ mitis LE0 2 EF3Act T3 16S rRNAS o] &3 AlEFolA
T fARgE 23RS YEPIARE 979 FAd o] mlg- ol TE o] dEwS o
a1 ¥ 318 tH(Francosis et al, 2004).

ol Aol A A3 16S rRNAE o8& A& aroA A& ol &3 7
E5e vugdSs w g2 J2 AR AF oA Streptococcus agalactiae?}

Streptococcus pyogenes®t 7V7hE 1w o2 FAJE HHH aroA FHAE o] &
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3t AR Fo A= Streptococcus pneumoniae$t 3+ T1E O 2 o9l At
aroA RS o] &3 AT A3 AT He FeAHe Ve Aow
o] species detection primerE A Z&9th. A RF 57) Eo] g T HS thAt
o2 7t aroA FAA 97 MES A Ay 992 bp 7Fdl 344 bpolA 4
bpel BE& A7|xto]E Hol7] wjFEo] 16S rRNA 7|4 <EE o] &3lo] genus
detection primerE A ZtsFAth Tzl ® ZF primerE ©] € 3F multiplex PCR W
Hoeg A% A3 AFE F2 JAeA FEE AT F OVTAAR
Streptococcus spp.”} 3487W, Listeria’} 287N, Enterococcus’} 17) 2] % 3t}
T1 % Streptococcus parauberis7} 30670 2 81.2%E x}A| &}l Streptococcus
iniae7t 42702 111%° A=&S EHAd. ol w9 &4 HAFT 23
Streptococcus iniae® A7t B-hemolysisE YWEFH 1L Streptococcus parauberis®)
749~ Annett and Collins (1990)= a-hemolysis ®+= y-hemolysis 2} H 113}
A"k o] Ao = a-hemolysis? H St}

OB FAYNS AFdAoR Hu T A AT HE

i
L
rir
ol

B!
7ol 74 ol MAske 20061 8€ell 5TNAIR 7 wWel HE Hlom 20069
il

o,

FAYE At Jhed b wol B8 E Streptococcus parauberisi A<

o,

Fol BHEoA dF wyditty B a(Domenech et al,1996) vl 5
Aol w3 10T e 2o Aol o]Fofxntir HiuHAt(e] T,
2007). o2k Agd Edow AFrdx: wHste]l AF oA HEH
Aoz AtmEH A4 5(2006)°] 2003 6€H-EH 20051 5¢€ Alo]e] A|FAH <
Aol A FaS HA TF A A AG27]9 Streptococcus parauberis®]

AZE80] Streptococcus iniaed] HE=Eol vl&] AhH oz =A e B

[
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g At 10T @ roAx AgFo] olFojxtte= A (o] &, 2007)=
ol A= Ao=E AlmET E=I o] 5(2007)0] Hag WA Aol
Streptococcus iniae® 3%

T2 W g W Streptococcus parauberisi= WH 4 FEE Holal 9

0% AN B39 HolH Fge] gtk o ATNAE olF A

ol AFolM= AT #HEAE YA \QAZFY 377 T 306E 7HE
%% Streptococcus inigesS T
dow 1870 A wie g AFS sk A A A ARE
H #FE & 9NAIZ Streptococcus parauberis® EE]E TF T TATAES A
stAth. 1 AT} nalidixic acid®}t flumequine, oxolinic acid®l] 3] 2z 64.8%,
63.5%, 58.1%°9 WAS H il neomycino] TH3] 33.7%¢ WAS eI
Amoxycillin, ampicillin®] sl = ZF 798%, 758%2 HFAHS HI
cephalexin®] W3] 85.2%, chloramphenicol, ciprofloxacin®] talA = 2+ 91.9%,
93.3%¢ ®luA =& A4S v
Streptococcus iniae® Fel® AT F 257 Fo A Ad A, FAA

cephalexin, florfenicold] tal 100%2 #H+AdS 2P oW amoxycillin,

uei)

ampicillin, clindamycin, chloramphenicol®] ™3} 2+ 92.0%, 92.0%, 96.0%, 94.0%
o] ZrAS vErWth E3F doxyeycline?} ofloxacin, oxytetracyclineo] o sjA] &=
ZF96.0%, 96.0% 96.0%<¢ F4AHS HAI enrofloxacin, erythromycin,
neomycin, norfloxacin®l sl A= 7} 88.0%, 64.0%, 72.0%, 68.0%= "l % gt
2 S B vHAE flumequine, oxolinic acidell Wiai A= 2+ 76.0%, 68.0%
o] WAE HEEH

AFE Fg8] WA, HAE% Streptococcus parauberis®}t Streptococcus iniaes=

o
&

=

<

A o2 flumequine, oxolinic acidel Hjd =L UYAS  HAIL,
chloramphenicol, ciprofloxacin, doxycycline, florfenicolol & ¥=2 ZFAS H

ATH 18702 Aol e Foll mEt A Ao AolE Hloew, B2 F
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Abeloll M= thae] o]l & H AT

U% z‘sol—xgxﬂ 7}

& E
& dTstel WA EFe geoto]l g EojoF & Aot EJE ofF WA Aol
FAA ] et W S7F oAl 2 FA o7 Al Aol adbHor thA sl

ga) A okAle] Mol Was Al U BFE sietar] fla) A%AR
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V. 89

Streptococcus%S A A A AIA o R oF 48F o] EE o] HiEi glo
H Aoz e BiEal Ul Streptococcust 1HYA FH oz &4 V)

F HE Ao gy BEdte A AdozA ofF #AHF 2 dAFE o
=

aroA 3 2+= 5-enolphyruvylshikimate-3-phosphate synthaseg $13 93t
TR HrE gole] Ay FAol st Aem A 3l

o] AFE aroA FAAE o] 838} Streptococcuss: e A EE

el
J
4
i
)

4 R BEYe 2ASG0m olF EUE Sweptococcuste] W& FHL
& e TEeel AFEY ¥ WAAA Bt ATd 29 AT

Streptococcus= &% a3t}
aroA FRAAE o] &3 Streptococcuss Fww o ATEAY AW 7w
G2 Gxol A FEE AT aroA T34 cloning S Fd X HeolHE

£3to] ofH el A Eo] YR detection primerS A 2F3FA T

A 29 detection primer® multiplex PCRS &3l A% &2 WA &84
AdTFHE sAFAT T4 A dAdA FEE AdFHe] T S 377
™ 1 % Streptococcus parauberis’} 82.2%, Streptococcus iniae’} 11.1%,
Listeria sp.7} 7.4%, Enterococcus sp.”} 0.3%S 2}#| 81t}

T3 FA dAeA FE® A vhedl T8 HEAQ]D Streptococcus
parauberis®} Streptococcus iniaceS 2 ¥ FE9 R AEsto] 18 FT/H A A
of & T8 Ads T

GAA A A" A, Streptococcus parauberistT 3 2 nalidixic

77} 64.8%, 63.5%, 58.1%°] WA

o

acid, flumequine, oxolinic acid,° 3} A

S X3 Streptococcus iniaer= cephalexin, florfenicolell &l 100%9] 74
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S H 991 flumequine, oxolinic acidel] W& WAdS el
il

GYA wd A ARE FGE W

2 A =% Streptococcus parauberisSt

Streptococcus iniage= 4% 22 flumequine, oxolinic acidel &} =2 WA=
19331, chloramphenicol, ciprofloxacin, doxycycline, florfenicolol] tajA &
S0l =2 5SS BT A Al A Fod wet 1871 FAA e o

_Zr
d WA gEe Aols BoH, e F Aol A E thae] WA Aols B
t}

4 NEe Bl N&F

rlu
=
%
i

it
o2
&
e
S
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VI. AL AL

o] w=E-E 20060 AR(LEAHALR)] HAow P

ol =afE A -9 (KRF-2006-511-F00030)
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