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Biochemical characteristic of Streptococcus iniae and Streptococcus parauberis that are pathogens of
streptococcosis of cultured flounder, Paralichthys olivaceus, in Jeju area was examined. The result of exper-
iments on the grow according to temperatures showed that only S. parauberis grew at 10 , the result of
hemolysis test showed that only S. iniae bacteria showed hemolysis. Only S. parauberis were positive in
VP test and HIP test, both bacteria used -D-glucose, D-mannose, D-psicose, D-trehalose, pyruvatic acid
methyl ester, and glycerol as substrates. L-lactic acid was used only S. iniae bacteria, and -methyl-D-glu-
cosid was used only by S. parauberis. S. iniae exhibited acute infection patten, differently S. parauberis
exhibited chronic infection patten in pathogenic test.
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Table 1. Primer sequences used for species specific PCR detection assay and the expected amplicon sizes

Primer Sequences (5' to 3') Target gene
PCR ampli-

con size (bp)
Pathogen

LOX-1 AAGGGGAAATCGCAAGTGCC Lactate oxi-

LOX-2 ATATCTGATTGGGCCGTCTAA dase (lctO) 
870 S. iniae

Spa 2152 TTTCGTCTGAGGCAATGTTG

Spa 2870 GCTTCATATATCGCTATACT
23S rRNA 718 S. parauberis
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Fig. 1. Multiplex PCR assay for detection of S. parauberis (718 bp), S. iniae (870 bp). M, 100bp DNA ladder (invitrogen,
USA); lane 1-10, isolated strains; lane 11, S. parauberis KCTC 3651; lane 12, S. iniae KCTC 3657; panel A(1-10), isolated
S. iniae strains; panel B(1-10), isolated S. parauberis strains.

(B)
M 1 2 3 4 5 6 7 8 9 10 11 12 M

(A)
M 1 2 3 4 5 6 7 8 9 10 11 12 M

Table 2.  Isolated strains used in this study

Strains
Identification Isolation Total 

Symptoms
result date length (cm)

S 984 S. parauberis July 2005 36 Darkened surface, skin ulcer

S 989 S. parauberis July 2005 37 Darkened surface

S 1017 S. parauberis Aug. 2005 29 Darkened surface

S 1018 S. iniae Aug. 2005 28 Exophthalmia, Haemorrhaging in the eye

S 1071 S. iniae Aug. 2005 25 Exophthalmia, Haemorrhaging in the eye

S 1077 S. parauberis Sep. 2005 30 Darkened surface

S 1078 S. parauberis Sep. 2005 20 Darkened surface

S 1082 S. iniae Sep. 2005 24 Exophthalmia, Haemorrhaging in the eye

S 1083 S. iniae Sep. 2005 30 Exophthalmia, Haemorrhaging and abscess in the eye

S 1147 S. parauberis Oct. 2005 22 Darkened surface

S 1222 S. parauberis Nov. 2005 21 Darkened surface

S 1398 S. iniae Dec. 2005 32 Distended abdomen, Protruded anus

S 1399 S. parauberis Dec. 2005 33 Darkened surface

S 1327 S. parauberis Mar. 2006 46 Darkened surface

S 1334 S. parauberis Apr. 2006 44 Darkened surface

S 1355 S. iniae May 2006 21 Distended abdomen, Protruded anus

S 1400 S. iniae May 2006 22 Distended abdomen, Protruded anus

S 1402 S. iniae July 2007 25 Exophthalmia, Haemorrhaging in the eye

S 1427 S. iniae Aug. 2006 35 Exophthalmia, haemorrhaging and abscess in the eye

S 1435 S. iniae Aug. 2006 34 Exophthalmia, Darkened surface
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Table 3. Physiological characteristics of the test strains and reference strains

Result and ratio (%) of positive reaction

Characteristics Isolated Isolated KCTC KCTC

S. iniae strains S. parauberis strains 3657 3651

Growth at 10 for 5days 0 100 - +

Growth at 45 for 5days 0 0 - -

Growth at 6.5% NaCl for 5days 0 0 - -

Fig. 2. Colony type of isolated strains in BHIA medium (A and B) and hemolysis test result in blood agar plate (C and D). A,
colony type of isolated S. iniae; B, colony type of isolated S. parauberis; C, -hemolysis of S. iniae; D, non-hemolysis of S.
parauberis.
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Table 4. Biochemical characteristics of tested strains

Biochemical
Isolated S. iniae strains Isolated S. parauberis strains Type strains

characteristics*
S S S S S S S S S S S S S S S S S S S

1018 1071 1082 1083 1355 1398 1400 1402 1427 1435 984 989 1017 1077 1078 1147 1222 1327 1334 

VP - - - - - - - - - - + + + + + + + + +

HIP - - - - - - - - - - + + + + + + + + +

ESC + + + + + + + - - + - - - + - - - -

PYRA + - + + + - + - + - - - - - - - - - -

PAL + + + + + + + + + + + + + + + + + + +

LAP + + + + + + + + + + + + + + + + + + +

AMD + - + + + + + - + + - - - - - - - - -

GLYG + - + + + + + - + + - - - - - - - - -

PB + + + + + - + + + + - + + + + - - + -

BAC - - - + - - - - - - - - - - - - - - -

GLU + + + + + + + + + + + + + + + + + + +

MAN + + + + + + + + + + + + + + + + + + +

MDG - - - - - - - + - - + + + + + + + + +

PSI + + + + + + + + + + + + + + + + + + +

TRE + + + + + + + + + + + + + + + + + + +

LAC + + + + + + + - + + - - - - - - - - -

PAME + + + + + + + + + + + + + + + + + +

GLY + + + + + + + + + + + + + + + + + + +

S KCTC KCTC

1399 3657 3651

+ - +

+ - +

+ - +

- + -

+ + +

+ + +

- + -

- + -

+ + +

- - -

+ + +

+ + +

+ - +

+ + +

+ + +

- + -

+ + +

+ + +

*VP, acetoin production from pyruvate; HIP, hippurate hydrolysis; ESC, -glucosidase; PYRA, pyrrolidonyl arylamidase;
PAL, alkaline phosphatase; LAP, leucine arylamidase; AMD, acidification from starch; GLYG, acidification from glycogen;
PB, peptone; BAC, bacitracin; GLU, -D-Glucose; MAN, D-Mannose; MDG, -Methyl-D-Glucoside; PSI, D-Psicose;
TRE, D-Trehalose; LAC, L-Lactic Acid; PAME, Pyruvatic Acid Methyl Ester; GLY, Glycerol. +, positive reaction; -, nega-
tive reaction; , borderline. Biochemical characteristics were tested by using API 20strep (VP to GLYG), Vitek system (PB
and BAC) and Biolog system (GLU to GLY).
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Fig. 3. Mortality (%) of flounder, Paralichthys olivaceus by
artificial infection with the isolated streptococci. - -, S.
iniae (1 0.2) 107; - -, S. parauberis (1 0.2) 107; -

-, S. iniae (1 0.2) 106; - -, S. parauberis (1 0.2)
106; - -, S. iniae (1 0.2) 105; - -, S. parauberis (1
0.2) 105.
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