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Conjugative Transferability of Drug Resistances
in the Fish Pathogen Edwardsiella tarda

Hideaki Morir', Takanori Opa', Fei Meng®, Kinya Kanar'

Conjugative transferability of various drug resistances was investigated in the fish pathogen
Edwardsiella tarda isolated from freshwater fishes (mainly Japanese eel) and marine fishes (mainly
Japanese flounder). The E. tarda isolates were resistant to ampicillin (Ap), chloramphenicol (Cm),
kanamycin (Km), nalidixic acid (Na), furazolidone (Nf), oxolinic acid (Oa), sulfamononethoxine
(Su), tetracycline (Tc, including doxycycline and oxytetracycline), and trimethoprim (Tmp) and
susceptible to cephalexin, erythromycin, and streptomycin. The most of the 185 isolates was resistant
in the isolates from the eel and susceptible in those from the flounder. Resistances to Ap, Km, and
Tmp were harbored only in the isolates from the flounder and resistances to the other drugs were
possessed mostly in those from the eel. Resistances to Cm, Km, Su, and Tc were transferred at trans-
fer frequencies of 10°* to 10”° but the other resistances were not transferred to the recipient
Escherichia coli k-12 x 1037 strain. Additionally, the isolates harboring the transferable resistances
were mostly collected from the eel. A single plasmid was harbored in the isolates with Cm, Km, Su,
and/or Tc resistances and transferred to the recipient. Restriction enzyme Pst0l and HindO diges-
tion patterns of plasmid in E. tarda were different between plasmids from the eel and the flounder,
suggesting that the origin of R plasmids in E. tarda is different between the eel and the flounder. The
molecular weight of the transferred R plasmid was estimated as 81 kb from the length (25.5 y m) in
electron micrograph of a transferable plasmid.

Key Wordss 0 O000O0O0OOO freshwater and marine fishes,
OOddd fish pathogen Edwardsiella tarda, OO OO drug resistance,
00000 conjugative transferability

109

#®

il

00, 000 Anguilla japonice D DO OO0ODODOOO
poooobo, boobooboooboobooboog,
Edwardsiella tarda 00000000 0000000000
00*°000000000000000 E. tarde0, OO0
00000000000 Ictalurus punctatus (1973)2, 000
O Tilapia mossambica (1981)?, 00O 00O Salmo gairdneri
farideus (1982)7, O OO O Misgurnus anguillicaudatus
(1983)* 00000 Cyprinus carpio (1984)® 00O, 00O
0000 Mugil cephalus (1976)”, O 0 O Evinnis japonica
(1977, 000 Pagrus major (1982)'", 000 00O
Oncorhynchus tshawytscha (1982)”, O 0O O Paralichthys
olivaceus (1983)"”, 0O O Seriola quinqueradiata (1983)
0000000 Hexagrammos otakii (1999 00000

ooooooooooooooooobooooooooo,
oooooooooodoo, ooboooooooooobooo
oooo, boocoooooooooooooooboo
oooooo, oooooooooooooooooobooo
oooooooooooooooooobooooooo, oo
coooooooooo, oooooooooOooOoooooa,
0000000000000 0OO0DoOOoooooooo™™o
000 E terda0, O0O00O0O0OO0OOOOOOOOOO,
0000000000000000% 0 000000000
000 (0) 000000000000 000D00O000™0
E tarda000000000000O0OODDOODOODO
coooOoooooOooOoobOOooooboOobOOobOoboOoDno
00 000, 000000000000 E. tarda 00,
000000000000000000O0®*®, 00000
oooooooooobooooooo

100000000
200000000000000



110 o0, 00, 0, O00F. terda0000000000O0O

ugood, boboooobooboobooboooooboa
goooooooo (ooooboo) booooooobobooo
E tarda 0000000000000000000000O
oo, 00 E terdeD000O0OO0OOOOO, OOOO
ooooooooooo, 000000 (oooooo)
gboo, oooooooboooooooobooooo,
ooooooooooboooobooooOoobocoOooooon
gooooooo, ooooooocoooooooobooo
gboobooooo

MREIUVAE

HEAEK

19790 199000000 (TableDOO) ODODOODOO
0000000oo0oooon0 (oooo) ooo (Table
000) 0000000 Edwardsiella tarda 1850 0 0,
poooooobobobboooooobboboooo, ooo
00000000000 Escherichia coli k-12 x 1037 Rp”
OO0 [x 1037 (galK2 galT22 hsdR lacY1 metBI relA
supk44) OO0 O000000OCOO0O0] 00000

HERE S K VIEEARE

E tarda0000000 OO0OO0ODOOOOOOODOOOO
0oooooOoO0O0 (BHD) OO (Difeod) OO0 E. coli
00000 Luria-Bertani (LB) 00 [00 0000000
00 (Difcod), 050 000000000 (Difcod), O
O NaCl, pH 7.5] OO0O0OOC0C O0OOOOOOOOOO O
00000000 Muller-HintonO O (DifcoO) O, OO
J00000000oo0o0uoooouooooouBTBO
000000000 [Do oooooooo (DifeoO), O
0O0oooooooo, oo ooooo, 0.0040 BTB, 1.5
Ooo, pH7.5] O000000OO0OO E. tardaO00 E.
col0037T00OOODN

X Z AR
000O00000000O000000O00®000, O
0000000000 Muller-HintondO0OOOOO, OO0
000002000000000 00, Muller-HintonO O
012000000000000 (10°/mL) OBSGO OO
(0.850 NaCl, 0.030 KH:PO,, 0.060 Na,HPO,, 0.010
0000) 010°/mLO00O000 00000000000
000 (00000000000 mmO00pLOOOOOO
0000000) 000, Muller-HintonD0OODO O OO0
00000000000024048000000, 00000
00000000000000000C
000000000000000000000 (Ap), O
000000000000000 (Cex), 0O00O0O00O
000000000000000000 (Cm), 0000
000000000000000 (Em) [SigmaD], 00O
000000000000000000000000000
0000 (Km) 0000000000000000000

000 (Sm) [DOO0O0O0O0O0], 000O0DO0O0O0O00COO
0000000000 (Tg), 00000000000
(Ote) 00000000000 (Do) [Sigmad], OO0
0000000000000 000000000000
(Sw) [DO0O0O0000], 000000 (Na) 00000
00000 (Tmp), OOOOO0OOODOOO (Nf), OO
0000000000 (Oa) [Sigmal] 001400000
oo

EemEER

0000 E tarda010000000000 E. coli k-12
x 1037 Rp 000000000000 000000000
OOo0oooog (@25ml) O, s mLOOOOOOOOO
0O,3M000000000000ooooooooogg
O00ImLOOOOOOOO (Rp) OOOODOOCOOOO
OOBTBOOOOOOOOOOOOO240000000 00
O0d Rp (50p g/mL), Ap (6.25p g/mL), Cm (25u g/
mL), Em (100py g/mL), Km (25p g/mL), Na (100u g/
mL), Su (3200p g/mL), Tc (254 g/mL) O OO Tmp (400
Meg/ml) 000000, O0ODO0O0OOO0OOOOOOOAp
(3.13mg/mL), Cm (12.5mg/mL), Em (60py g/mL), Km
(12.5p g/mL), Na (50p g/mL), Su (1600p g/mL) OO
0 Tmp (12.5p g/mL) 00000 3700240480000 0
gooobooobooboooboboboob, obooooobo
goodoobobbboooooobobobboooo

0o, WOoooooooooooooooooo, ogd
gooooo

TSR ROSH

000000000000 000ooooooo®o, 0
00o0o0o0oo0o0ooooooOooooo0/oooooo
cooooooobooooOoOooOoOoboboOoOoooOoDOoOoboOoo
ooooooooooooooooooooooobooboo
ooooooooboooOoooooooOooooDoOboo
ooooooooodo

0O000O00000OMNDNADO Syloooo (OoOoO
oo0) oooopooooo

HIRERICE DR TSRS KDNADHIEEER

OO0 E tarde 00000000O00DNADOODOOOO
0,00, 00000000000000000D0O00DOO0
00 PstOO Hindd (0DO0) 00000

7523 KDNAOEFHEMBERER
0000O0000000DNAODDOOOOOOOOO (O
00) 0000000, 0000O0DNADO.15M 00000
00000.15mM EDTAODO (pH 7.0)020p g /mLOO0O
0, 0000003%p LO00000000000000 000
000000000000 (18u g/mL) 00pLOODOOO
00, 0000000000000000000000, 30
0000000 0000000000000000DNAOD



O00000oo0oooooo 0880 (2007)

goooooo, oooboboooobooob, bobooobo
00000 0oooooooooooooooo, 0.01p MO

oooooooYn ooooooooooo, %0 oooo
oo30ooooooooooDioooooo Pt/Pd (80:200
000.1mm, O04.5cm) 00000 (EO00O15em, OO0
20°) 000000000 U0OOC0 OO, ODOOOODNAO

O00OpmO3200 000 (bp) DOODOOOOD

120
100
80
60
40
20

80
60
40

20

100
80
60
40
20

Number of strains

80
60
40

20

80
60
40

20

Fig. 1 Distributions of the minimum inhibitory concentrations (MIC) of 14 chemotherapeutics in 185 strains of
Edwardsiella tarda isolated from various marine and freshwater fishes of edwardsiellosis in geographi-
cally dispersed area between 1979 and 1995. Compound abbreviations are as follows: Ap, ampicillin; Cex,
cephalexin; Cm, chloramphenicol; D¢, doxycycline; Em, erythromycin; Km, kanamycin; Na, nalidixic acid;
Nf, furazolidone; Oa, oxolinic acid; Otc, oxytertacycline; Sm, streptomycin; Su, sulfamonomethoxine; Tc,
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Table 1. Fishes isolated FEdwardsiella tarda strains harboring various drug
resistances and percentages of the resistant strains

Drug used for drug
susceptibility test

Fishes isolated the resistant strains
(number of the resistant strains/

Percentages of
the resistant

number of the test strains) strains ™
Ampicillin (Ap) "' PO™(1/104) 0.5
Cephalexin (Cex) not isolated the resistant strains 0.0
Chloramphenicol (Cm) AJ(22/53), PO(3/104) 13.5
Doxycycline (Dc) AJ(26/53), PO(4/104) 16.2
Erythromycin (Em) not isolated the resistant strains 0.0
Kanamycin (Km) PO(2/104) 1.1
Nalidixic acid (Na) AJ(21/53), HO(5/7), PM(3/15), PO(2/104), EJ(1/2) 17.3
Furazolidone (Nf) AJ(40/53), PO(1/104), TM(1/4) 22.7
Oxolinic acid (Oa) AJ(18/53), PO(3/104) 114
Oxytetracycline (Otc) AJ(26/53), PO(4/104) 16.2
Sulfamonomethoxine (Su) AJ(26/53), PO(4/104), PM(1/15) 16.8
Streptomycin (Sm) not isolated the resistant strains 0.0
Tetracycline (Tc) AJ(26/53), PO(4/104) 16.2

Trimethoprim (Tmp) PO(2/104)

1.1

0*1

Abbreviations of drugs are shown in parentheses.

0”2 Abbreviations of the name of fishes: Al, Japanese eel; EJ, crimson sea bream; HO, greenling;
PM, red sea bream; PO, Japanese flounder; and TM, mozambique mouthbreeder (also see Table 2)
D3 185 strains of Edwardsiella tarda were used for this experiment.
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Table 2. Isolation of the resistant Edwardsiella tarda
strains from marine and freshwater fishes of
edwardsiellosis in geographically dispersed area
between 1979 and 1995

Number of the
resistant strains/
number of the
test strains

Fishes Area

Freshwater fish (45/57)
Japanese eel (44/53)
(Anguilla japonica, AJ) AICHI (AC) 8/12

KAGOSHIMA (KG) 4/4
MIYAZAKI (MZ) 2/6
NAGASAKI (NG) 15/15
SHIZUOKA (SZ) 5/5
TOKUSHIMA (TK) 10/11
Mozambique mouthbreeder (1/4)
(Tilapia mossambica, TM) KAGOSHIMA 1/4

Marine fish (16/128)
Japanese flounder (7/104)
(Psralichthys olivaceus, PO) EHIME (EH) 1/17

FUKUOKA (FK) 0/1
KAGOSHIMA 1/17
KUMAMOTO (KM) 1/15
NAGASAKI 2/46
OITA (OT) 1/6
SAGA (SG) 12
Red sea bream (3/15)
(Pagrus major, PM) KAGOSHIMA 1/3
NAGASAKI 2/12
Greenling (5/7)
(Hexagrammos otakii, HO) OITA 5/7
Crimson sea bream (1/2)
(Evinnis japonica, EJ) NAGASAKI 12
Total 61/185

Abbreviations of the names of fishes and area are shown in parentheses.
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Table 3. Drug resistance markers and transferable resistances in the resistant Edwardsiella tarda
strains isolated from various fishes of edwardsiellosis in geographically dispersed area be-
tween 1979 and 1995

Number of strains harbored
transferable R plasmid/

Number of strains

Resistance marker of harbored R plasmid/

Drug-resistance
Pattern &

the resistant strains transferred number of strains studied number of strains studied

1 Na 0/9 [HO (5); PM (3); EJ (1)]* 0/9
2 Nf 0/6 [AJ (5); TM (1)] 0/6
3 Na Oa 0/4 [AT (2); PO (2)] 0/4
4 Nf Oa 0/1 [AJ (1)] 0/1
5 Ap Cm Tc 1/1 [PO ()] 0/1
6 Cm Nf Su Cm 2/2 [AJ (2)] 2/2
7 Cm Su Tec Cm Su Tc 1/1 [AT (1)] 171
8 Na Nf Oa 0/9 [AT (8); PO (1)] 0/9
9 Na Su Tc 1/1 [AT (1)] 0/1
10 Nf Su Tc Su Tec 22 [AT ()] 12
11 Su Tc Tmp 1/1 [PO (1)] 0/1
12 Cm Nf Su Tc 13/13 [AJ (13)] 0/13
13 Cm Km Su Tc 2/2 [PO (2)] 0/2
14 Na Nf Su Tc Su Tc 1/1 [AT (1)] 11
15 Cm Na Nf Su Tc 22 [AT ()] 0/2
16 Na Nf Oa Su Tc 2/2 [AJ (2)] 0/2
17 Cm Km Su Tc Tmp Cm Km Tc 1/1 [PO (1)] 1/1
18 Cm Na Nf Oa Su Tc Cm Su Tc 4/4 [AJ (4)] 4/4

Total 33/61 10/61

Abbreviations of drugs: Ap, ampicillin; Cm, chloramphenicol; Km, kanamycin; Na, nalidixic acid; Nf, furazolidone;
Oa, oxolinic acid; Su, sulfamonomethoxine; Tc tetracycline; and Tmp, trimethoprim.

*Abbreviations of the name of fishes are shown in parentheses.: AJ, Japanese eel; EJ, crimson sea bream; HO, greenling;
PM, red sea bream; PO, Japanese flounder; and TM, mozambique mouthbreeder (also see Table 2).
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Table 4. The transfer frequencies of drug resistances transferred from the donor Edwardsiella
tarda strains to the recipient Escherichia coli K-12 x 1037 Rp-r strain

Transfer frequency of individual R factors

Pattern Strain Resistance marker

Cm Km Su Tc
6 ETAJTK8604* Cm Nf Su 6.9x10° nd nt nd
6 ETAJTK8607  Cm Nf Su 1.5x107 nd nt nd
7 ETAJAC8705  Cm Su Tc 3.2x10™ nd 1.5x10*  2.6x10™
10 ETAJTKS8605 Nf Su Tc nd nd 2.6x10°  1.1x10°
14 ETAJTK8704 Na Nf Su Tc nd nd 1.3x10°  1.0x107
17 ETPOOT9139 Cm Km Su Tc Tmp 1.3x10°  1.4x10° nt 1.2x107°
18 ETAJTK8603 Cm Na Nf Oa Su Tc  2.7x10™ nd 2.7x10%  2.4x10™
18 ETAJTK8701 Cm Na Nf Oa Su Tc  1.9x10™* nd 12x10*  1.3x10™*
18 ETAJSZ8807 Cm Na Nf Oa Su Tc  3.7x10° nd 2.5x10°  3.7x10°

18 ETAJSZ8808 Cm Na Nf Oa Su Tc 4.5x10°  4.3x10°

3.5x107 nd

* The Edwardsiella tarda (ET) strain was isolated from an eel (AJ, see Table 2) in Tokushima
(TK, see Table 2) in 1986 (8604). The others also are the same.

Abbreviations of drugs: Cm, chloramphenicol; Km, kanamycin; Na, nalidixic acid; Nf, furazolidone; Oa,
oxolinic acid; Su, sulfamonomethoxine; Tc, tetracycline; and Tmp, trimethoprim.

Symbols: nd, not determined; and nt, not transferred.
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Fig. 2 Agarose gel electrophoresis of plasmid DNAs in Edwardsiella

tarda strains harboring Cm, Km, Su, and/or Tc (Dc or Otc)
resistances. Plasmids of group I (lanes A to H) and II
(lanes I to P) were transferred and not transferred from
the donor Edwardsiella tarda strains to the recipient
Escherichia coli K-12 x 1037 Rp-r strain, respectively.
Lanes: A, plasmid pETAJSZ8807 [detected in Edwardsiella
tarda (ET) from an eel (AJ, see Table 2) in Shizuoka (SZ,
see Table 2) in 1988 (8807), and so forth]; B, plasmid
pETAJAC8705; C, plasmid pETAJTKS8701; D, plasmid
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pETPOOT9139; I, plasmid pETAJTKS8601; J, plasmid
pETPOKM9102; K, plasmid pETAJKG8404; L, plasmid
pETAJKG8403; M, plasmid pETPOEH9132; N, plasmid
pETAJNGS8412; O, plasmid pETAJTKS8602; and P, plasmid
pETPOSG8910.
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Fig. 3(A) Agarose gel electrophoresis of plasmids in donor
Edwardsiell tarda strains and R plasmids in
transconjugants selected with articular drugs in mat-
ing with the recipient Escherichia coli K-12 x 1037 Rp-r
strain. Groups I, II, III, and IV show the donor E. tarda
strains ETAJTKS8603 [isolated from an eel (AJd, see
Table 2) in Tokushima (TK, see Table 2) in 1986 (8603),
and so forth], ETAJTKS8701, ETAJACS8705, and
ETAJSZ8807. Lane A involves plasmids in the donor
strains; lane B involves R plasmids in transconjugants
selected with tetracycline; lane C involves R plasmids in
transconjugants selected with chloramphenicol; and
lane D involves R plasmids in transconjutgants selected
with sulfamonomethoxine.

Fig. 3(B) Agarose gel electrophoresis of plasmids in donor Edwardsiell

tarda strains and R plasmids in transconjugants selected with
articular drugs in mating with the recipient Escherichia coli K-
12 x 1037 Rp-r strain. Groups I, II, III, and IV show the donor E.
tarda strains ETAJSZ8808 [isolated from an eel (AdJ, see Table
2) in Shizuoka (SZ, see Table 2) in 1988 (8808), and so forth],
ETAJTK8605, ETAJTK8704, and ETPOOT9139. Lane A involves
plasmids in the donor strains; lane B involves R plasmids in
transconjugants selected with tetracycline; lane C involves R
plasmids in transconjugants selected with chloramphenicol; lane
D involves R plasmids in transconjugants selected with
sulfamonomethoxine; lane E involves R plasmid in a
transconjugant selected with kanamycin.

Fig. 4(A) Agarose gel electrophoresis of Pstl-digested
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plasmid DNAs from the E. tarda isolates. Group
I (lanes B to H) and II (lanes I to Q) involve
plasmids that were not transferred and trans-
ferred from donor Edwardsiella tarda strains to
the recipient Escherichia coli K-12 x 1037 Rp-r
strain, respectively. Lanes: A, A DNA digested
with StyI; B, plasmid pETPOSG8910 [detected in
E. tarda (ET) from a flounder (PO, see Table 2)
in Saga (SG, see Table 2) in 1989 (8910), and so
forth]; C, plasmid pETAJNG8412; D, plasmid
pETAJTKS8601; E, plasmid pETPOKM9102; F,
plasmid pETAJKG8401; G, plasmid pETAJNG
8504; H, plasmid pETAJNG8409; I, plasmid
pETAJTKS8604; J, plasmid pETPOOT9139; K,
plasmid pETAJTKS8605; L, plasmid pETAJTK
8704; M, plasmid pETAJAC8705; N, plasmid
pETAJSZ8808; O, plasmid pETAJSZ8807; P,
plasmid pETAJTKS8701; and Q, plasmid pETAJTK
8603.
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Fig. 4(B) Agarose gel electrophoresis of HindIII-digested
plamid DNAs from the E. tarda isolates. Groups
(I and IT) and lanes (A to Q) are the same as
Fig. 4(A)

Fig. 5 Electronmicrograph of transferable plasmid DNA of
E. tarda strain ETAJSZ8807 (x 20,000). The length
of a bar is 200 nm.
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