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Conjugative transferability of drug resistances in the fish pathogen,
Photobacterium damselae subsp. piscicida

Hideaki Moru"', Ichiro Nisumata”!, Yasumasa Turur”!, Kiyoko Uramoro™?,
Kinya Kanar”' and Manish S. Buarapwag”’

Conjugative transferability of drug resistances from the donor Photobacterium damselae
subsp. piscicida strains that exhibited different resistance patterns to the recipient Escherichia
coli K-12 x 1037 rifanpicin-resistant mutant strain was investigated. The resistances to ampicillin
(Ap), chloramphenicol (Cm), erythromycin (Em), kanamicin (Km), sulfamonomethoxine (Su),
tetracycline (Tc) and trimethoprim (Tmp) were transferred via the 100 kb plasmid at the trans-
fer frequency of 10°”-10"" and/or the 50 kb plasmid at the frequency of 10°”. Regarding the do-
nors that did not carry or transfer Ap resistance, all transferable drug resistances in each of
the donors were transferred via only the 100 kb plasmid. Regarding the donors that transferred
Ap resistance, the resistances in each donor were separately transferred via the 50 kb plasmid
carrying Ap, Cm, Em and/or Tc resistances and the 100 kb plasmid bearing Km, Su and/or Tc
resistances. In this case, the transconjugants selected with Ap, Cm, Em and/or Tc usually har-
bored the 100 kb plasmid in addition to the 50 kb plasmid, because the frequency of the 100 kb
plasmid was very high as compared to that of the 50 kb plasmid. However, all transferable
resistances in each donor were also transferred via a plasmid of approximately 100 kb which
might have fused with the 100 and 50 kb plasmids. The plasmids observed in the donors were
of almost the same size as the 100 kb plasmid but were different from the 50 kb plasmid in the
transconjugants.
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INTRODUCTION

In Japan, fish culture developed rapidly from about
1950 and fish diseases also increased with the develop-
ment of fish culture. Chemotherapeutic studies for fish
diseases started from about 1955. Presently, various
antimicrobial compounds have been widely used as feed
additives to farmed fish or administered directly into
fish pond water for prevention or treatment of bacte-
rial diseases. The extensive use of drugs has resulted in
an increase of drug-resistant strains of bacterial fish
pathogens.””™ Drug resistance is mostly attributed to
the presence of transferable R plasmids that have been
regarded to be responsible for the drug resistance of
various fish pathogenic bacteria.”"*” The evolution of
multiple drug resistances has made it difficult to pre-
vent bacterial infection by chemoprophylaxis and che-
motherapy, which in turn has caused serious economical
damage in fish farms. Studies on conjugative transfer-
ability of drug resistances in fish pathogenic bacteria

are very important for the prudent use of antimicrobial
compounds for controlling bacterial fish diseases.
Photobacterium damselae subsp. piscicida comb.
nov. (formerly, Pasteurella piscicida) is well known as
the causative agent of pseudotuberculosis in cultured
yellowtail Seriola quinqueradiata in Japan. The disease
is a septicemia in which acute cases exhibit only a few
pathological signs. Internally, granulomatous-like de-
posits may develop on the kidney and spleen. These
deposits comprise many grayish-white bacterial colonies
of 0.5-1.0 mm® in size.®® Purulent material may ac-
cumulate in the abdominal cavity.” The disease has be-
come of considerable economic importance, causing
significant losses in farmed yellowtail. Since its ini-
tial recognition in yellowtails (during the summer of
1969),” pseudotuberculosis appears to have spread to
other fish species, including red sea bream® and black
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sea bream.
damselae subsp. piscicida have been detected in multiple

drug resistant strains and a close relationship between
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the increasing number of resistant strains and the ex-
tensive use of chemotherapeutics in yellowtail farms
has been suggested by Aoki and his coworkers."*****?
In the previous paper,” the conjugative transfer-
ability of drug resistances in P. damselae subsp.
described

chroramphenicol resistance. In the present paper, the

piscicida  was from a viewpoint with
conjugal transfer of drug resistances, the transfer fre-
quency of drug resistances, transferable R plasmids
and drug resistances encoding on the transferable R
plasmids in P. damselae subsp. piscicida are reported in
regard to all drug resistances. Moreover, plasmid DNA
harboring in P. damselae subsp. piscicida was analyzed
to know the relation with R plasmid DNA transferred

from the bacteria.

MATERIALS AND METHODS

Bacteria, media and growth conditions

One hundred and eighty-three isolates of Photo-
bacterium damselae subsp. piscicida were isolated from
diseased yellowtail Seriola quinqueradiata in various
areas of Japan between 1984 and 1994 (see the previous
paper™ in detail). The transconjugants were obtained
from mating with the donor P. damselae subsp. piscicida
strains and the recipient FEscherichia coli K-12 x 1037
rifampicin-resistant (Rp") mutant strain (see the previ-
ous paper”™ in detail).

P. damselae subsp. piscicida was incubated in brain
heart infusion (BHI) broth (Difco, Becton-Dickinson,
Sparks, Maryland, USA) containing 2% NaCl at 280
and E. coli in Luria-Bertani (LB) broth (1% bacto
tryptone (Difco), 0.5% bacto yeast extract (Difco), 1%
NaCl, pH 7.5) at 370. Mueller-Hinton medium (Difco)
containing 0 % NaCl and 1.5% agar was used for the
drug susceptibility test.

Conjugal transfer assay

Each donor strain was incubated under shaking
conditions in BHI broth for 9 h and E. coli recipient
strain in LB broth for 8 h. Aliquots (0.5 mL each) of
donor and recipient cultures were mixed in 50-mL
Erlenmeyer flask and 4 mL of equal volumes each of
BHI and LB broths were added to the flask. Mating
was performed at 280 for 3 h. 0.1 mL of 10-fold serial
dilutions of mating mixture was spread on BTB-lactose
agar with Rp 50y g/mL and each selected drug (exhib-
ited drug resistance in P. damselae subsp. piscicida):
ampicillin (Ap) 100p g/mL; chloramphenicol (Cm) 25
g g/mL; erythromycin (Em) 100y g/mL; kanamicin
(Km) 100p g/ml; nalidixic acid (Na) 200y g/mlL;

sulfamonomethoxine (Su) 1600p g/mkL; tetracycline (Tc)
254 g/mlL; and trimethoprim (Tmp) 400y g/mL. In ad-
dition, the drug concentrations were decided from MIC
values against the E. coli recipient strain.*” Colonies
growing in this double-inhibitor-supplemented medium
after 24 to 48 h of incubation at 370 were scored as
presumptive transconjugants, and the frequency of trans-
fer was calculated as the number of transconjugants
per initial number of donors.

The transconjugants from mating were also used

for isolation of transferable R plasmids.

Drug susceptibility test of transconjugants

Ten or more transconjugants (colonies) selected
with individual drugs in mating with each of the
donors were picked and tested for antibiotic resistance.
The culture was grown overnight in Mueller-Hinton
broth and diluted to about 10" cells/mL using buff-
ered saline with gelatin (BSG) solution (0.85% NaCl,
0.03% KH.PO,, 0.06% Na,HPO,, 0.01% gelatin) in accor-
dance with the method of the Japanese Society of
Chemotherapy.® The diluted culture was inoculated
using a microplanter (3 mm in diameter and 4 mL for
Toyo Sokki Co. Ltd.,
Mueller-Hinton agar with Rp 50py g/mL and each se-

1 microplanter, Japan) on
lected drug mentioned above. Growth was recorded
after 24 to 48 h of incubation at 370.

Plasmid isolation and gel electrophoresis

Plasmids were extracted according to the method
of Kado and Liu® and electrophoresed on 0.7% agarose
gel. In addition, lysozyme was used in combination
with alkaline SDS (sodium dodecyl sulfate) solution for
lysis of P. damselae subsp. piscicida. Approximate
molecular sizes of plasmids in the donors and
transconjugants were calculated using reference
plasmids R27 (167 kb), R100-1 (100 kb), RP4 (66 kb),
pLA2917 (22 kb), pMSG-cat (8.4 kb), pBR322 (4.361

kb), pUC119 (3.162 kb) and pHSG398 (2.227 kb).

RESULTS

Transferability of drug resistance

Transfer frequency of drug resistances transferred
from the donor P. damselae subsp. piscicida strains to
the recipient E. coli K-12 x 1037 Rp" mutant strain is
shown in Table 1. The resistances to Su, Km, Tc, Cm,
Ap, Em and Tmp were transferred from the donors to
the recipient. However, the transferability of drug
resistances was different with the pattern and level of

the resistances. The resistances to Su, Km, Te, Cm, Em
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Table 1. Tranfer frequency of drug resistances transferred from Photobacterium damselae subsp. piscicida
strains that showed different resistance patterns to FEscherichia coli K-12 x 1037 rifanpicin-

resistant mutant strain

Drug resistance pattern of donors Donor Transfer frequency of drug resistances transferred
strain Su Km Te Cm Ap Em Tmp

1 Su PP8513 Not transferred
2 SuKm Cm PP8509 Not transferred
3  SuNaTmp PP9301 2.6x10™ / / / / / -
4  SuTcCm PP8401 1.6x10™ / 1.9x10* 25x10* / / /
5 SuKmTec PP9212 7.3x10" 7.1x10* 7.8x10™* / / / /
6  SuKmNaTmp PP9005 4.1x10* 59x10™* / / / / -
7  SuKmTcTmp PP9017 1.9x10* 25x10* 3.1x10* / / / -
8  SuKmTcCm PP8702 1.6x10° 9.7x10™ 2.4x10° 9.2x10™ / / /
9  SuKm Tc Cm Na PP9214 3.3 x10™* 5.9 x10™ 5.4 x10™* 2.1 x10™* / / /
10 SuKm Tc Cm Ap PP8808 3.2x10° 2.6x10° 2.3x10° 2.2x10° - / /
11 SuKm Tc CmEm PP9202 3.0x10* 3.1x10* 5.4x10™* 28x10™ / 1.8x10* /
12 SuKm Tc Cm Na Tmp PP8906 1.3x10"% 1.0x10%* 2.1x10* 2.1x10™* / / -
13 SuKmTc CmAp Tmp PP8836 3.0x10% 1.8x10* 3.2x10* 3.4x10™* - / -
14  SuKm Tc CmEm Tmp PP9401 1.1x10™* 1.5x10* 2.4x10* 1.9x10™* / 58x10* 2.2x10™

15 (1) SuKmTc CmAp Na PP8608 8.2x10™* 5.1x10* 3.6x10* 6.7x10™ - / /

15 (2) SuKm Tc Cm Ap Na PP8511 6.2x10* 3.8x10" 6.6x10* 3.0x10° 4.3x10° / /
16  SuKm Cm Ap NaTmp PP8912 1.2x10* 2.0x10™ / 6.7x10° 6.2x10° / -
17 SuKm Tc Cm Ap Na Tmp PP9010 2.5x10* 1.2x10" 6.7x10° 1.4x10° 4.4.x10° / -
18 SuKmTcCmApEmNaTmp PP9105 2.4x10° 3.4x10% 1.4x10® 3.5x10° 54x10°® 7.6x10° -

Abbreviations: Ap, ampicillin; Cm, chloramphenicol; Em, erythromycin; Km, kanamicin; Na, nalidixic acid; Su, sulfamonomethoxine;
Tc, tetracycline; Tmp, trimethoprim. Symbols: -, not transferred; /, not determined.

and Tmp were transferred from the donors containing
resistances to Tc and/or Na Tmp. However, Tmp resis-
tance transfer was restricted to strains carrying high-
level resistance (pattern 14: see the previous paper™).
The resistance to Ap was transferred from the donors
containing resistances to Na Tc and/or Na Tmp (pat-
terns 15(2)-18).
transfer in all the strains bearing resistances to Na Tc
(pattern 15(1)). On the other hand, the resistances to

Na and Tmp that exhibited intermediate-resistance (see

However, Ap resistance could not

the previous paper” were not transferred from any of
the resistant strains. Moreover, none of the resistances
transferred from those donors that did not possess
resistances to Tc, Na Tc or Na Tmp (patterns 1 and 2).

The drug resistances in the donors that did not
carry (patterns 3-9, 11, 12 and 14) or transfer Ap re-
sistance (patterns 10, 13 and 15(1)) were transferred
with almost the same frequencies (10°"-10"", mostly
10°7), regardless of the differences in the transferred
resistances and the tested strains. On the other hand,
the transfer frequencies of drug resistances in the do-
nors that transferred Ap resistance (patterns 15(2)-18)
were different among individual drug resistances trans-
ferred from the same donors. Moreover, the frequencies
were also different with the pattern of drug resistances
being carried in the donors. That is, in the donors car-

rying resistances to Na Tc (pattern 15(2)), Su, Km

and Tc resistances were transferred at the frequencies
of about 10" and Cm and Ap resistances at those of
about 10”". In the donors carrying resistances to Na
Tmp (patterns 16-18), Su and Km resistances were
transferred at the frequencies of about 10""-10"" and
Tc, Cm, Ap and/or Em resistances at those of about
1077,

Drug resistances of transconjugants
Drug resistances of the transconjugants obtained in
mating with the donor P. damselae subsp. piscicida
stains that exhibited different resistance patterns and
the recipient E. coli K-12 x 1037 Rp" mutant strain are
shown in Table 2. Regarding the donors that did not
carry (patterns 3-9, 11, 12 and 14) or transfer Ap resis-
tance (patterns 10, 13 and 15(1)), every transconjugant
selected with individual drugs in mating with each of
the donors exhibited the same resistances, regardless of
the drug resistance patterns of the donors. Regarding
the donors that transferred Ap resistance (patterns
15(2)-18), respective transconjugants selected with indi-
vidual drugs in mating with each donor expressed dif-
ferent drug resistances and the resistances also differed
with drug resistance patterns of the donors as below.
For the donors carrying resistances to Na Tc (the
pattern 15(2); transferred Su, Km, Tc, Cm and Ap
resistances), the transconjugants selected with Su, Km
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Table 2. Drug resistance of transconjugants obtained in mating with the donor Photobacterium
damselae subsp. piscicida strains that showed different resistance patterns and the re-
cipient Escherichia coli K-12x 1037 rifanpicin-resistant mutant strain

Drug resistance pattern of donors
(Number of strain studied)

Transconjugant selected
with respective drugs

Drug resistance of
respective transconjugants
Su Km T¢ Cm Ap Em Tmp

1 Su Not transferred
2 SuKm Cm Not transferred
3  SuNaTmp (2} Su-transconjugant + /] I -
4 SuTc Cm (1) Su, Tc, Cm- # + + o+ /] /
5 SuKmTc(15) Su, Km, Te- # + o+ o+ /] /
8 SuKm Na Tmp (9) Su, Km- # + o+ ] [ -
7 SuKmTcTmp (1) Su, Km, Te-  # + o+ o+ /] -
8  SuKm Tc Cm (39) Su, Km, T¢, Cm- # + o+ o+ o+ ] /
9 SuKmTcCmNa(11) Su, Km, Te, Cm-  # + o+ o+ o+ [ ] /
10 SuKm T¢cCmAp (37) Su, Km, T¢, Cm-  # + o+ o+ o+ -] /
11 SuKm Tc Cm Em (2) Su, Km, Tg, Cm, Em- # + o+ + 0+ ]+ /
12 SuKm Tc Cm NaTmp (1) Su, Km, T¢, Cm-  # + o+ o+ o+ | -
13  SuKm Tc CmAp Tmp (2) Su, Km, Tc, Cm- # + o+ o+ o+ -] -
14 SuKm Tc CmEm Tmp (9) Su, Km, Tc, Cm, Em, Tmp- # + o+ o+ o+ ]+ o+
15 (1) SuKm Tc Cm Ap Na (5) Su, Km, Tc, Cm- # + o+ o+ o+ - ] /
15 (2) SuKm Tc Cm Ap Na (10) Su, Km, Tc- # + 0+ o+ - - /
Cm, Ap- # L S A
Cm, Ap- # + o+ + o+ o+ ] /
16 SuKm Cm Ap NaTmp (1) Su, Km- # + o+ ] - -] -
Cm, Ap- 7 - - + o+ -
Cm, Ap- + o+ + o+ ] -
17  SuKm Tc Cm Ap NaTmp (29) Su, Km- + o+ - - - -
Tc, Cm, Ap- - + o+ o+ ] -
Tc, Cm, Ap- # + o+ o+ o+ o+ ] -
18 SuKmTcCmApEmNaTmp (2) Su, Km- # + o+ - - - -
Tc, Cm, Ap- - + o+ - -
Tc, Cm, Ap- 7 + o+ + o+ - -
Cm, Em- «# - - - + + -
Cm,Em- # + O+ + -+ -

Abbreviations: Ap, ampicillin; Cm, chloramphenicol; Em, erythromycin; Km, kanamicin; Na, nalidixic acid; Su,

sulfamonomethoxine;Tc, tetracycline; Tmp, trimethoprim.

or Tc (Su, Km or Tc transconjugants, respectively) in
mating with each donor were usually resistant to Su,
Km and Tc. However, Su and Km or Su, Km and Tc
transconjugants very rarely showed resistances to Su
and Km or Su, Km, Tc and Cm, respectively, in the
On the other hand, the
transconjugants selected with Cm or Ap (Cm or Ap

confirmatory experiments.

transconjugant, respectively) were resistant to Su, Km,
Tc, Cm and Ap in large part (for colonies obtained)
and to Cm and Ap in small part.

For the donors bearing resistances to Na Tmp
(patterns 16-18), Su and Km transconjugants carried
resistances to Su and Km, regardless of drug resistance
On the other hand, the
transconjugants other than Su and Km transconjugants

patterns of the donors.
bore in large part (for colonies obtained) all resistances
that were transferred from the donors and in small

part the resistances other than Su and Km resistances.

Plasmid DNA in transconjugants
Agarose gel electrophoresis of plasmid DNA in Su,

Km, Tc¢, Cm, Em, Tmp and Ap transconjugants

Symbols: +, resistant; -, sensitive; /, not determined.

obtained in mating with the donor P. damselae subsp.
piscicida strains and the recipient K. coli K-12 x 1037
Rp” mutant strain are shown in Figs.l to 5, respec-
tively. In addition, the electrophoresis of plasmids are
that harbored different

plasmids in molecular size or number in spite of being

shown for all the strains

the same transconjugants.

The transconjugants harbored each or both of ap-
proximately 100 or 50 kb plasmid. The difference in
plasmids in molecular size and number was dependent
on the transfer frequency of drug resistances, which are
encoded on the plasmids. That is, the transconjugants
carrying drug resistances that transferred at the fre-
quency of about 10"” (see Table 1) harbored a plasmid
of approximately 100 kb; that is, lanes A-Q in Fig.O
(Su transcongugant), lanes A-O in Fig.0 (Km trans-
conjugant), lanes A-L in Fig.0 (Tc transconjugant),
A-T in Fig. 4 (Cm transconjugant), A and B in Fig.O
(Em transconjugant) and E in Fig. 5 (Tmp trans-
conjugant). On the other hand, the transconjugants
bearing the resistances that transferred at the fre-

quency of about 10°" (see Table 1) usually possessed a
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plasmid of approximately 50 kb or both the 50 and 100
kb plasmids; that is, M-P in Fig.O (Tc trans-
conjugant), J-Q in Fig.O (Cm transconjugant) and F-
M in Fig.O (Ap transconjugant). Moreover, another
100 kb plasmid (the presumptive cointegrate which the
50 and 100 kb plasmids might have fused with each
100 kb plasmid exhibited the
resistances carried by both of 100 and 50 kb plasmids:
see DISCUSSION in detail) was uncommonly harbored
in the transconjugants; that is, @ in Fig.O (Tc trans-

other because the

conjugant), R and S in Fig. 4 (Cm transconjugant), N
and O in Fig.O (Ap transconjugant). In addition,
chromosomal DNA and unknown DNA (found occa-
sionally) banded before and after the 50 kb plasmid,
respectively.

Besides, regarding the donors that did not carry
(patterns 3-9, 11, 12 and 14) or transfer Ap resistance
(patterns 10, 13 and 15(1)), the transconjugants from
mating with the donors harbored only the 100 kb
plasmid encoding for all resistances transferred from
each donor (see also Table 2). On the other hand, re-

ABCDEFGHI JKLMNOPQ

(kb)
100—>
Chr—

Fig. 1 Agarose gel electrophoresis of plasmid DNA from
transconjugants selected with sulfamonomethoxine
(Su) in mating with the donor Photobacterium
damselae subsp. piscicida strains and the recipi-
ent FEscherichia coli K-12 x 1037 rifampicin-
resistant mutant strain. Lane A, pPDP9301
(plasmid DNA of the transconjugant obtained
from mating with the donor PP9301 strain (pat-
tern 3, Table 1)) with resistance to Su; lane B,
pPDP8401 (pattern 4); lane C, pPDP9212 (pat-
tern 5); lane D, pPDP9005 (pattern 6); lane E,
pPDP9017 (pattern 7); lane F, pPDP8702 (pat-
tern 8); lane G, pPDP9214 (pattern 9); lane H,
pPDP8808 (pattern 10); lane I, pPDP9202 (pat-
tern 11); lane J, pPDP8906 (pattern 12); lane K,
pPDP8836 (pattern 13); lane L, pPDP9%401 (pat-
tern 14); lane M, pPDP8608 (pattern 15(1));
lane N, pPDP8511 (pattern 15(2)); lane O,
pPDP8912 (pattern 16); lane P, pPDP9010 (pat-
tern 17); lane Q, pPDP9105 (pattern 18).
Abbreviations: Chr, chromosomal DNA.

garding the donors that transferred Ap resistance (pat-
terns 15(2)-18), the transconjugants from mating with
the donors bore the 50 kb plasmid encoding for Ap,
Cm, Em and/or Tc resistances and/or the 100 kb
plasmid encoding for Km, Su and/or Tc resistances. In
addition, the
plasmids carried all the transferred resistances. In some

transconjugants harboring the two
cases, the transconjugant possessing only another 100
kb plasmid (@ in Fig.O, R and S in Fig.O, N and O
in Fig.0) also bore all the transferable resistances in

each donor (see also Table 2).

Plasmid DNA in P. damselae subsp. piscicida

Agarose gel electrophoresis of plasmid DNA iso-
lated from the donor P. damselae subsp. piscicida
strains 1s shown in Fig.O0. The results obtained from
one strain each (exception; from two strains harboring
only Su resistance) in the same resistance patterns are
presented. The plasmids in the strains expressing only
Su resistance (lanes B and C) were different from the

strains exhibiting multiple resistances in molecular size

ABC DEFGHI JKLMNDO

(kb)
100~
Chr—

Fig. 2 Agarose gel electrophoresis of plasmid DNA
from transconjugants selected with kanamycin
(Km) in mating with the donor Photobacterium
damselae subsp. piscicida strains and the recipi-
ent FEscherichia coli K-12 x 1037 rifampicin-
resistant mutant strain. Lane A, pPDP9212
(plasmid DNA of the transconjugant obtained
from mating with the donor PP9212 strain (pat-
tern 5, Table 1)) with resistances to Su Km Tc;
lane B, pPDP9005 (pattern 6); lane C, pPDP9017
(pattern 7); lane D, pPDP8702 (pattern 8); lane
E, pPDP9214 (pattern 9); lane F, pPDP8808
(pattern 10); lane G, pPDP9202 (pattern 11);
lane H, pPDP8906 (pattern 12); lane I, pPDP8836
(pattern 13); lane J, pPDP9%401 (pattern 14);
lane K, pPDP8608 (pattern 15(1)); lane L,
pPDP8511 (pattern 15(2)); lane M, pPDP8912
(pattern 16); lane N, pPDP9010 (pattern 17);
lane O, pPDP9105 (pattern 18). Abbreviations:
Chr, chromosomal DNA.
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ABCDEFGH! JKLMNOPQ

ABCDEFGHIJKLMNOPQRS

Fig. 3 Agarose gel electrophoresis of plasmid DNA
from transconjugants selected with tetracycline
(Tc) in mating with the donor Photobacterium
damselae subsp. piscicida strains and the recipi-
ent FEscherichia colt K-12 x 1037 rifampicin-
resistant mutant strain. Lane A, pPDP8401
(plasmid DNA of the transconjugant obtained
from mating with the donor PP8401 strain (pat-
tern 4, Table 1)) with resistances to Su Tc Cm;
lane B, pPDP9212 (pattern 5); lane C, pPDP9017
(pattern 7); lane D, pPDP8702 (pattern 8); lane
E, pPDP9214 (pattern 9); lane F, pPDP8808
(pattern 10); lane G, pPDP9202 (pattern 11);
lane H, pPDP8906 (pattern 12); lane I, pPDP8836
(pattern 13); lane J, pPDP9401 (pattern 14);
lane K, pPDP8608 (pattern 15(1)); lane L,
pPDP8511 strain (pattern 15(2)); lane M,
pPDP9010 (pattern 17); lane N, pPDP9105 (pat-
tern 18); lane 0, pPDP9010 (pattern 17); lane P,
pPDP9105 (pattern 18); lane Q, pPDP9010 (pat-
tern 17). Abbreviations: Chr, chromosomal DNA;
Unk, unknown DNA.

and number (lanes D-T). That is, the plasmids banded
in the region from approximately 4.2 to 90 kb (the size
was ascertained from negative films) concerning the
strains that expressed only Su resistance and from ap-
proximately 3.3 to 100 kb in strains that exhibited
multiple resistances. The plasmid profiles were collec-
tively similar among the strains carrying multiple
resistances (lanes D-T) though plasmids differed in
molecular size and/or number in some strains. In addi-
tion, weak bands of approximately 18 and 33 kb were
occasionally observed as seen from lanes J to T but ab-
sent from lanes D to I (analyses were individually per-
formed on the former and the latter strains).
Moreover, the plasmids mainly showed six bands in the
range from 3.3 to 9.0 kb but to date four bands were

also observed in our study.

Conjugal transfer of plasmid DNA from P. damselae
subsp. piscicida

Agarose gel electrophoresis of plasmid DNAs in

Fig. 4 Agarose gel electrophoresis of plasmid DNA from
transconjugants selected with chloramphenicol
(Cm) in mating with the donor Photobacterium
damselae subsp. piscicida strains and the recipi-
ent Fscherichia colt K-12 x 1037 rifampicin-
resistant mutant strain. Lane A, pPDP8401
(plasmid DNA of the transconjugant obtained
from the donor PP8401 strain (pattern 4, Table
1)) with resistances to Su Tc Cm; lane B,
pPDP8702 (pattern 8); lane C, pPDP9214 (pat-
tern 9); lane D, pPDP8808 (pattern 10); lane E,
pPDP9202 (pattern 11); lane F, pPDP8906 (pat-
tern 12); lane G, pPDP8836 (pattern 13); lane H,
pPDP9401 (pattern 14); lane I, pPDP8608 (pat-
tern 15(1)); lane J, pPDP8511 (pattern 15(2));
lane K, pPDP8912 (pattern 16); lane L,
pPDP9010 (pattern 17); lane M, pPDP9105 (pat-
tern 18); lane N, pPDP8511 (pattern 15(2)); lane
O, pPDP8912 (pattern 16); lane P, pPDP9010
(pattern 17); lane Q, pPDP9105 (pattern 18);
lane R, pPDP8511 (pattern 15(2)); lane S,
pPDP9010 (pattern 17). Abbreviations: Chr,
chromosomal DNA; Unk, unknown DNA.

the donor P. damselae subsp. piscicida strain and Km
and Cm transconjugants from mating with the donor
1s shown in Fig.O. In addition, the plasmid profiles of
Km and Cm transconjugants were the same as those of
Su and Ap0O Tc transconjugants, respectively. The 100
kb plasmid in the transconjugants was observed in the
donor strain but the 50 kb in the transconjugant dif-
fered from that in the donor in molecular size.

DISCUSSION

The transferability of drug resistances was differ-
ent from the resistance patterns in the donors. That is,
the drug resistance transfer occurred with the donors
when they exhibited resistances to Tc, Na Tc or Na
Tmp. Previously, it has been reported that drug
resistances in P. damselae subsp. piscicida strains were
not transferred from the strains exhibiting resistances
to Ap Cm Tc* but were transferred from the strains

possessing resistances to Cm Su.””> This report may see
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Fig. 5 Agarose gel electrophoresis of plasmid DNA
from transconjugants selected with erythromy-
cin (Em) (the left, lanes A to D), trimethoprim
(Tmp) (the middle, lane E), or ampicillin (Ap)
(the right, lanes F to O) in mating with the
donor Photobacterium damselae subsp. piscicida
strains and the recipient Escherichia coli K-12
x 1037 rifampicin-resistant mutant strain. Lane
A, pPDP9202 (plasmid DNA of the transconjugant
obtained from the donor PP9202 strain (pattern
11, Table 1)) with resistances to Su Km Tc Cm
Em; lane B, pPDP9%401 (pattern 14); lane C,
pPDP9105 (pattern 18); lane D, pPDP9105 (pat-
tern 18); lane E, pPDP9401 (pattern 14); lane F,
pPDP8511 (pattern 15(2)); lane G, pPDP8912
(pattern 16); lane H, pPDP9010 (pattern 17);
lane I, pPDP9105 (pattern 18); lane J, pPDP8511
(pattern 15(2)); lane K, pPDP8912 (pattern 16);
lane L, pPDP9010 (pattern 17); lane M, pPDP9105
(pattern 18); lane N, pPDP8511 (pattern 15(2);
lane O, pPDP9010 (pattern 17). Abbreviations:
Chr, chromosomal DNA; Unk, unknown DNA.

no connection between resistances to Tc, Na Tc and Na
Tmp and the transferability of drug resistances. A fur-
ther study needs to be done on the structure and func-
tion of the whole assembly of resistance gene which is
attached to other segments containing gene for plasmid
replication and transfer function, and on the mecha-
nism of transposition of the resistance genes.
Moreover, all of the resistances to Cm, Em, Km, Su
and Tc were transferred from the donors containing Tc
resistance but the results of Kim and Aoki*® were dif-
ferent from our results (In addition, Em resistance
transfer are the first findings in P. damselae subsp.
piscicida). Besides, Ap resistance containing these
transferable resistances were transferred from most
part of the donors carrying resistance to Na Tc and all
bearing resistance to Na Tmp, but as per the results of
Kim and Aoki® resistances to Ap, Cm and Tc had not
been transferred from almost all of the donors which
showed the same resistance pattern as ours. As per
these results, the transferability of resistances to Ap,

Cm and Tc were considerably different between our

& =
T Ll T T

a1 T

Fig. 6 Agarose gel electrophoresis of plasmid DNA iso-
lated from Photobacterium damselae subsp.
piscicida strains. Lane A: reference plasmids;
lane B and C, PP8513 and PP9101 strains (pat-
tern 1); lane D, PP8509 strain (pattern 2); lane
E, PP9301 strain (pattern 3); lane F, PP8401
strain (pattern 4); lane G, PP9212 strain (pat-
tern 5); lane H, PP9005 strain (pattern 6); lane
I, PP9017 strain (pattern T7); lane J, PP8702
strain (pattern 8); lane K, PP9214 strain (pat-
tern 9); lane L, PP8808 (pattern 10); lane M,
PP9202 strain (pattern 11); lane N, PP8906
strain (pattern 12); lane O, PP8836 strain (pat-
tern 13); lane P, PP9401 strain (pattern 14);
lane @, PP8608 strain (pattern 15(1)); lane R,
PP8912 strain (pattern 16); lane S, PP9010
strain (pattern 17); lane T, PP9105 strain (pat-
tern 18). See Table 1 or 2 for drug resistances
in each strain.

(kb) (kb)
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Fig. 7 Agarose gel electrophoresis of plasmid DNA iso-
lated from a donor Photobacterium damselae
subsp. piscicida strain [PP9010 strain (pattern
17), lane A] and the transconjugants selected
with Km (lane B) or Cm (lane C) in mating
with the donor strain.
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results and those of Kim and Aoki.*” The reason for
considerable difference is difficult to understand.
Regarding the donors that transferred Ap resistance,
drug resistances in each donor were usually transferred
via two plasmids: the 50 kb plasmid carrying Ap, Cm,
Em and/or Tc resistances; and the 100 kb plasmid
bearing Km, Su and/or Tc resistances. Therefore,
transconjugants harboring the two plasmids carried
all the

some

transferable resistances in each donor. In

cases, transconjugants possessing only the
other 100 kb plasmid also bore all the transferable
resistances in each donor, indicating that the 50 and
100 kb plasmids might have fused with each other to
be described below. Moreover, the transferability of
Ap resistance varied with drug resistance patterns in
the donors. These facts suggest that Ap resistance is
transferred by the transposition mechanism similar to
the Tn3 family transposon as mentioned below. In
addition, Km, Su and/or Tc transconjugants usually
harbored only the 100 kb plasmid carrying Km, Su
and/or Tc resistances; and Ap, Cm, Em and/or Tc
transconjugants mostly possessed the 100 kb plasmid in
addition to the 50 kb plasmid bearing Ap, Cm, Em
and/or Tc resistances, because the transfer frequencies
of the 100 kb plasmid were higher than those of the 50
kb plasmid.

Ap resistance transposon Tn3 was the first trans-
posable element encoding antibiotic resistance as de-
scribed by Hedges and Jacob.™ Tn3 is very closely
related to a whole group of Ap resistance transposons
isolated from a range of bacteria.”” Tn3 encodes B -lac
tamase that destroys B -lactam antibiotics like penicil-
lin and ampicillin, and the two enzymes: transposase
which catalyzes the insertion of transposons into new
sites; and resolvase which catalyses resolution by re-
combination across two copies of Tn3 in a cointegrate.
Intermolecular transposition of Tn3d is known to be a
sequential two-step process involving, in the first trans-
position step, replication of the transposon and an ini-
tial fusion of the donor and recipient replicon to create
cointegrate transposition intermediate. The second site-
specific recombination step involves the resolution of
cointegrates to the normal transposition end products.
Other members of the Tn3 family also appear to have
the same replicative transposition mechanism and ap-
pear to be unique among transposable elements in en-
coding their own site-specific recombination systems to
convert the cointegrate products of intermolecular
transposition into the normally observed transposition
end products.”” Notwithstanding this, in laboratory ex-

periments, intramolecular transposition of Tn3 gives

replicative deletions and inversions which occur at fre-
quencies comparable to those for intermolecular trans-
position.”” The possibility of retransposition of
elements in deleted circular molecules or of homologous
recombination between such transposons and homolo-
gous sequences in other molecules is always present,
and can generate more complex DNA rearrangements.
These facts suggest that Ap resistance in P. damselae
subsp. piscicida 1s transposed by the same transposition
mechanism as in the Tn3d family and elucidate why the
transfer of Ap resistance differed with drug resistance
patterns in the donors; namely, the transposable ele-
ment is generated by rearrangement of some resistance
genes.

The other transposition mechanism of Ap resis-
tance may also be inferred from the facts to be de-
scribed below. The evolution of multiple-resistance
plasmids is made easily by the ability of transposons
to recombine without homology and thus to gather to-
gether in a single plasmid. The naturally occurring
complex plasmid R1 evolved from transposons encoding
resistance to Cm and Km, and it also contains the in-
tact transposon Tn4 carrying resistances to Ap, Sm
and Su. Tn4 itself includes a separate and independent
transposon, Tn3, which is responsible only for the re-
sistance to Ap. The whole assembly of resistance genes
(an r-determinant) is attached to other segments con-
taining genes for plasmid replication and for transfer
functions, which promote conjugal contact of the host
bacterial cell with other bacteria, thus allowing the
plasmid to be transferred readly between cells.” From
these facts, it can be presumed that transferable
resistances in P. damselae subsp. piscicida as donor
are carried as a complex plasmid and transferred to
the recipients by getting divided into two plasmids
which include the Tn3 family or the other transposon.
In the future, DNA sequence analyses of R plasmids
in the donors and the transconjugants need to be
done for resolving the transposition mechanism of drug
resistances involving Ap resistance.

It has been that most

Pasteurella piscicida (P. damselae subsp. piscicida) pos-

reported isolates of
sessed one large plasmid of 110 kb and two small
plasmids of 3.5 and 5.1 kb.”” Similar results have also
been reported by Toranza et al®™ In our experiment,
the small plasmids of 3.5 and 5.1 kb (5.2 kb in our ex-
periment) were detected but the large plasmid of 110
kb was not detected in the results from gel electropho-
resis. However, the 110 kb plasmid may correspond to
the 100 kb plasmid in our experiment because the mo-
lecular size of the 100 kb plasmid was 105.3 kb in the
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electron microscopic observation (unpublished data). In
addition, the migration distance of plasmids in gel elec-
trophoresis was 2 mm between R27 (167 kb) and R100-
1 plasmids (100 kb) and 6 mm between R100-1 and RP4
plasmids (56 kb) in 10 cm of the total distance mi-
grated; hence, it is likely that considerable error is es-
timated for the molecular sizes determined by gel
electrophoresis. Moreover, the size also remarkably var-
ied in the width of the plasmid band.

The plasmid of almost the same size as the 100 kb
plasmid in the transconjugants was observed in the do-
nors but the 50 kb plasmid in the transconjugants was
different from that in the donors in size. These facts
suggest that the harboring R plasmids differ between
the donors and the transconjugants. Also, there were
some cases where either Ap resistance was transferred
or not transferred in mating with the donors of resis-
tance pattern 15. Moreover, in the mating with the
donors that transferred Ap resistance, drug resistances
in the transconjugants were different even in the ex-
periments that were repeatedly performed. These facts
suggest that the transferability of drug resistances is
changeable with respect to P. damselae subsp. piscicida
of resistance pattern 15. A detailed study for drug
resistances transferability in P. damselae subsp. piscicida
needs to be done in the future.

In addition, the transfer frequency of drug resistances
was different with growth conditions for mating assay.
For example, all the transferable drug resistances in
PP9401 strain (pattern 14) were transferred in the fre-
quencies of about 10”7, and in PP9105 strain (pattern
18) Km and Su resistances were transferred in the fre-
and Ap, Cm, Em and TC

resistances in those of about 10", in mating assay at

quencies of about 10"

different incubation time (9 h in P. damselae subsp.
piscicida).
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FRIEIE Photobacterium damselae subsp. piscicida®
AN DAz

HH FE, i —B, B ORIE, AER T, &H i,
RZwya ALYVRT NI RITVa

Photobacterium damselae subsp. piscicidaD¥EFIMMHED > B7 €U Y (Ap), 7uI L7 =
J—) Cm), =V Rax/s>Y Em), hFrAY>y Km), YIVI77E/ALFTY (Sw), 7h
YAV (To) BT MU ANTYU L (Tmp) WHHED, HmEHELI0°~10*D100kb 7T X2 R & fn
FEHEL0 CD50kb T A RICK D IBEI NIz, ApiitEZERIED 2 WIMEE LRV EK T, SEKED
SAREENDFANHEDOTRXTHI0kb ST AI R 1DIca—RENTEES N, ApitERIZE L
BT, SEEDSIEEINSEFMED S BKm, SuBXT (Fizid) Telitid100kb 75 X 2 Ric,
F7zAp, Cm, EmBXU (£ Tetthids0kb 75 A2 Rica— FES Nz, > T, TOWTS
A2 R RE LT A G CRHME S NIZEAIM O TR T 2R Uiz, UL, 100kb7Z5 A R 1
DR LI B A GEAR T JHEED DIREE NIZFRIMED TN T 2RI 255050, i I X3
ROBEDREE NIz, )7, EEINZ100kb 7T X 2 RIMMESE THERINZH, 50kb S AR
R TE b o Tz,
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