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Transferable R plasmid of Streptococci Isolated from Diseased
Olive Flounder (Paralichthys olivaceus) in Jeju 
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Seventy-five streptococci were isolated from diseased olive flounder, Paralichthys olivaceus in Jeju.
Their drug susceptibility and transferable multiple drug resistance were characterized. All isolates were
resistant to flumequine (AR) and oxolinic acid (OA) and 26 isolates (34.7%) showed 4~6 multiple resis-
tance of ampicillin (ABPC), AR, doxycycline (DOXY), erythromycin (EM), norfloxacin(NOR), OA and
oxytetracycline (OTC) in various combinations. pST9 of a transferable R plasmid was detected from a mul-
tiple drug resistance strain, Streptococcus sp., ST9 originated from diseased flounder in Jeju, previously.
We performed DNA hybridization to know the distribution of plasmid with the same DNA structure as
pST9 in streptococci. Thirteen out of 60 isolates analyzed were positive in colony DNA hybridization and
the part of bacteria isolated from raw meal was also hybridized with pST9. It suggested that raw meal is one
of the origin of the resistance plasmid and R plasmid with DNA structure differing from pST9 is also
involving in multiple drug resistance of the streptococci. In conjugation experiment, we found transferable
R plasmid carrying OTC, DOXY and/or EM resistance determinant in the 13 resistance strains. All of the
streptococci carrying the transferable R plasmid were similar in RAPD patterns. However, pST -type R
plasmid was rare in S. iniae most frequently appearing in flounder farm.

Key words : Multiple drug resistance, Streptococci, Olive flounder, Transferable R plasmid, DNA
hybridization
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Table 1. MIC distribution of 75 streptococci isolated from diseased olive flounders, Paralichthys olivaceus in Jeju

MIC ( / ) 100 50 25 12.5 6.25 3.13 1.56 0.78 0.39 0.20 0.10 0.05

Ampicillin 1 1 0 1 1 0 3 7 2 0 6 53

Doxycycline 4 14 10 1 1 6 21 8 4 6

Erythromycin 9 1 2 3 14 2 2 9 33

Flumequine 66 5 4

Norfloxacin 1 0 1 21 27 16 6 3

Oxolinic acid 51 19 3 2

Oxytetracycline 14 10 1 1 3 9 26 6 5
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Table 2. Drug resistance patterns of streptococcal isolates

Resistance pattern
Number of

isolates

Ar Oa 45

Ar Oa Doxy 3

Ar Oa Nflx 1

Ar Oa Doxy Otc 16

Ar Oa Doxy Otc Abpc 1

Ar Oa Doxy Otc Em 8

Ar Oa Doxy Otc Em Abpc 1

Total 75

Abbs. : Resistance markers against ABPC (ampicillin), AR
(flumequine), DOXY (doxycycline), EM (ery-
thromycin), NFLX (norfloxacin), OA (oxolinic
acid), and OTC (oxytetracycline).

Fig. 1. Colony hybridization of Streptococcus strains with transferable R plasmid DNA isolated from ST9 transconjugant as
a probe. Numbers are strain number.
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Table 4. Conjugal transfer of drug resistance marker of Streptococcus spp. isolated from diseased olive flounder in Jeju 

Strain (ST Number)
Resistant marker

Donor Transconjugant

1, 3, 4, 12, 18, 20, 138, 157 Doxy Otc Doxy Otc Rfp

Donor 6, 7, 8, 158 Doxy Em Otc Doxy Otc Rfp

153 Doxy Em Otc Doxy Em Otc Rfp

Recipient Rfp

Abbs. : Doxy, Em, Otc and Rfp are resistance marker against doxycycline, erythromycin, oxytetracycline and rifampicin,
respectively. 

Table 3. Colony hybridization intensities with transferable R plasmid DNA of streptococcal isolate, ST9 

ST isolate NO. Hybridization Intensity1) Resistance marker2)

6 +++ Doxy Em Otc

7 +++ Doxy Em Otc

8 +++ Doxy Em Otc

153 +++ Doxy Em Otc

158 +++ Doxy Em Otc

4 ++ Doxy Otc

12 ++ Doxy Otc

18 ++ Doxy Otc

138 ++ Doxy Otc

157 ++ Doxy Otc

1 + Doxy Otc

3 + Doxy Otc

20 + Doxy Otc

17 - S

21 - Doxy Otc

22 - S

156 - Doxy Otc

162 - Doxy 

163 - Doxy Otc

Positive control(9) +++ Doxy Em Otc

1) +++, strong positive; ++, medium positive; +, weak positive; -, negative
2) Abbs. : Doxy, Em and Otc are resistance marker against doxycycline (DOXY), erythromycin (EM) and oxytetracycline

(OTC), respectively. 
S, sensitive to DOXY, EM and OTC
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Fig. 2. Comparisons of RAPD patterns of streptococci and their hybridization intensities. Numbers are strain number. M is
DNA size marker. +/- refered in Table 3. 
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Fig. 3. Plate colony hybridization of bacteria cultured from cultural water and raw meal. a) farm water; b) chub mackerel
(Scombe japonicus); c) sand eel (Hypoptychus dybowskii). Arrows are positive signals. 
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