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ABSTRACT

The genetic basis of antimicrobial
resistance in Ontario isolates of
Actinobacillus (Haemophilus) pleurop-
neumoniae was studied. Two Ontario
isolates of A. pleuropneumoniae were
found to be resistant to sulfonamides
(Su), streptomycin (Sm) and ampicillin
(Amp). Resistance to Su and Sm was
specified by a 2.3 megadalton (Mdal)
plasmid which appeared to be identical
to pYM104, which has been described
in isolates of A. pleuropneumoniae
from South Dakota. Southern hybridi-
zation showed that the 2.3 Mdal Su Sm
plasmid was highly related to those
Hinc 11 fragments of RSF1010 known
to carry the Su Sm genes, but was
unrelated to the remainder of this
Salmonella resistance plasmid. Resist-
ance to Su and Amp was specified by a
3.5 Mdal plasmid and appeared
identical to pVM105 previously
reported. The beta-lactamase enzyme
had an isoelectric point of approxi-
mately 9.0. Southern hybridization
showed no relationship to the TEM
beta-lactamase determinant which is
the most widespread plasmid mediated
beta-lactamase. A third isolate of 4.
pleuropneumoniae was found to be
resistant to chloramphenicol (Cm), Su
and Sm by virtue of a 3.0 Mdal plasmid
which specified a chloramphenicol
acetyl transferase.

We conclude that resistance to Su,
Sm, Amp and Cm is mediated by small
plasmids in A. pleuropneumoniae.
Although the Su and Sm resistance
determinants are highly related to those
found in Enterobacteriaceae, the
plasmids themselves and the beta-
lactamase determinant are different.

RESUME

Cette expérience visait a étudier la
base génétique de la résistance aux
antibiotiques, de la part de souches
d’Actinobacillus pleuropneumoniae,
isolées en Ontario. Deux d’entre elles
s’avérérent résistantes aux sulfona-
mides, a la streptomycine et a I'ampicil-
line. La résistance aux sulfonamides et
a la streptomycine dépendait d’un
plasmide de 2,3 mégadaltons qui
sembla identique au plasmide VM104,
déja décrit pour des souches d’A.
pleuropneumoniae du Dakota du Sud.
L’hybridation, d’aprés la méthode de
Southern, révéla une relation étroite
entre le plasmide de 2,3 mégadaltons et
les fragments Hinc II du plasmide
RSF1010, qui contiennent les génes
responsables de la résistance aux
sulfonamides et a la streptomycine.
Cette hybridation ne démontra cepend-
ant aucune relation entre le plasmide de
2,3 mégadaltons et le reste du plasmide
de résistance RSF1010, provenant de
salmonelles. La résistance aux sulfo-
namides et a I'ampicilline dépendait
d’un plasmide de 3,5 mégadaltons qui
sembla identique au plasmide VM105,
déja rapporté. L’enzyme béta-
lactamase afficha un point isoélectrique
d’environ 9,0. L’hybridation précitée ne
révéla aucun rapport entre le détermi-
nant de la béta-lactamase du type
TEM, laquelle correspond a la béta-
lactamase a médiation plasmidique la
plus répandue. Une troisiéme souche
d’A. pleuropneumoniae se révéla
résistante au chloramphénicol, aux
sulfonamides et a la streptomycine,
grice a un plasmide de 3,0 mégadaltons
qui déterminait une acétyltransférase
du chloramphénicol.

Les auteurs concluent que la résist-
ance aux sulfonamides, a la streptomy-
cine, a 'ampicilline et au chloramphé-
nicol est codée par des petits plasmides
d’A. pleuropneumoniae. Méme si les
déterminants de la résistance aux
sulfonamides et a la streptomycine
affichent une relation étroite avec ceux
qu’on retrouve chez les Enterobacteria-
ceae, les plasmides eux-mémes et le
déterminant de la béta-lactamase sont
différents.

INTRODUCTION

Actinobacillus pleuropneumoniae
(previously known as Haemophilus
pleuropneumoniae) causes hemor-
rhagic necrotizing lobar pneumonia in
swine (1,2). Antibiotic treatment is
often the only effective measure to de-
crease morbidity and mortality. There-
fore, the appearance of antimicrobial
resistant isolates in this species has
important implications for the future
management of this disease. Hirsh et al
(3) described two A. pleuropneumoniae
isolates, SD-1 and SD-2, from the lungs
of feeder pigs from South Dakota.
Isolate SD-1 carried two plasmids,
pYMI104 and pVMI105. Plasmid
pVYM104 had a molecular weight of 2.3
megadaltons (Mdal) and specified
resistance to sulfonamide (Su) and
streptomycin (Sm). Plasmid pVM105
had a molecular weight of 3.5 Mdal and
specified resistance to Su and ampicillin
(Amp). The second isolate SD-2 carried
only one plasmid pVMI106 which
appeared identical to pVM104. Hirsh et
al (3) reported that the ampicillin
resistance was due to a beta-lactamase
with a substrate profile similar to that
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of the TEM type enzyme found in
Haemophilus species. Medeiros et al (4)
reported that the beta-lactamase
specified by pVM 105 had an isoelectric
point (pl) of 8.1 and was similar to the
Rob-1 beta-lactamase found in rare
isolates of H. influenzae type b.

We have previously reported that 4.
pleuropneumoniae isolates from Onta-
rio were resistant to Amp, Sm, Su and
chloramphenicol (Cm) (5). The pur-
pose of this study was to further
characterize the nature and genetic
basis of the antimicrobial resistance in
these isolates. We were interested in
determining the relationship of the
antimicrobial resistance between the
Ontario isolates and the South Dakota
isolates described by Hirsh et al (3). We
were also interested in the nature of the
beta-lactamase, produced by the A.
pleuropneumoniae isolates, and its
relationship at the DNA sequence level
to the widely disseminated TEM beta-
lactamase determinant which is wide-
spread in Enterobacteriaceae, Haemo-
philus species and Neisseria gonor-
rhoeae (6,7).

MATERIALS AND METHODS

BACTERIAL STRAINS, PLASMIDS
AND MEDIA

The bacterial strains and plasmids
used in this study are listed in Table 1.
The minimal inhibitory concentrations
of antimicrobials for the Ontario A.
pleuropneumoniae isolates, RH82,
WEF83 and VSBI113, have been deter-
mined as previously described (5).

Actinobacillus pleuropneumoniae
strains were grown in Luria broth
supplemented with 0.4% glucose and
10 ug/mL of nicotinamide adenine
dinucleotide (5).

PLASMID DNA ISOLATION
AND ANALYSIS

Cleared lysates were prepared as
previously described using TritonX-100
(0.1% final concentration) (8). Plasmid
DNA was isolated by cesium chloride
(CsCl)/ethidium bromide (EtBr)
equilibrium density gradient centrifu-
gation. Plasmid DNA was electropho-
resed through a 0.7% vertical agarose
gel for 2 h at 100 volts in Tris-borate
buffer (9). Gels were stained with EtBr
and photographed under UV light with
a polaroid camera (8). Restriction

TABLE 1. Original Host, Molecular Mass and Antibiotic Resistance Phenotype of Plasmids

Plasmids Host? Size (Mdal)  Phenotype®  Source

pBr322 E. coli 2.6 Amp'Tc’ Sutcliffe (21)

pFA3 N. gonorrhoeae 47 Amp’ Brunton et al (2)

RSF1010 S. panamq 5.0 Su'Sm" Guerry et al (22)

pVMI104 A. plpn SD-1 23 Su'Sm" Hirsh ez al (3)

pVYMI105 A. plpn SD-1 35 Amp'Su’ Hirsh et al (3)

pVM106 A. plpn SD-2 23 Su'Sm" Hirsh et al (3)

pKG100 A. plpn WF83 23 Su'Sm" This paper
VSBI13

pKG200 A. plpn WF83 35 Amp'Su’ This paper
VSBI113

pKG300 A. plpn RH82 3.0 Su'Sm'Cm"  This paper

pKG400 A. plpn RH82 1.8 NPA® This paper

2A. plpn = A. pleuropneumoniae

®Amp’ = Ampicillin resistance, Tc" = Tetracycline resistance,

Su' = Sulfonamide resistance, Sm" = Streptomycin resistance,

Cm'" = Chloramphenicol resistance

°NPA = No phenotype assigned to this plasmid

endonuclease enzymes were purchased ISOELECTRIC FOCUSING OF

from Boehringer Mannheim Corp.
Reactions were carried out as recom-
mended by the supplier.

Molecular weights of the covalently
closed circular (CCC) plasmid species
were calculated by comparison with the
standard plasmids RP4, Sa, RSF1010,
pBR322 and pMB8 as previously
described (9).

To determine the antibiotic resist-
ance phenotype, purified plasmid DNA
from A. pleuropneumoniae strains was
transformed into Escherichia coli J53
lac', pro, gyrA according to the method
of Cohen et al(10). Transformants were
selected on L-agar supplemented with
either carbenicillin (30 ug/mL) or
streptomycin (100 ug/mL) or chloram-
phenicol (30 ug/mL). Sulfonamide
resistance was tested using sulfame-
thoxazole (300 ug/mL) in lysed hor-
seblood agar.

SOUTHERN BLOTTING

Whole plasmid DNA and DNA
fragments were transferred from
agarose gels to nitrocellulose filters by
the method of Southern (11). The DNA
was labelled by nick translation using
32P dCTP and the method of Rigby ez al
(12). Hybridization was carried out
with 1 x 106 cpm of probe DNA in 2 x
SSC, 50% formamide, and 10 x
Denhardt’s solution at 37°C for 18 h.
After hybridization the filters were
washed in 5 x SSC twice and 2 x SSC
once. The latter wash was carried out at
65°C for 30 min. Radioautography
was carried out using Kodak X-ray
film.

BETA-LACTAMASE

Isoelectric focusing was carried out
as described by Matthew ez a/(13) using
a 5% polyacrylamide gel polymerized
with N,N,N’,N’-Tetramethyl ethylene-
diamine and ammonium persulfate.
Ampholines pH 3.5-10 (Pharmacia
Fine Chemicals) were used. The gels
were run at increasing voltage for 3 h
and the pH gradient of the gel was read
at 0.5cm intervals using a surface
electrode. Gels were stained for beta-
lactamase activity by using a chromo-
genic cephalosporin as substrate [3-
(2,4-dinitro-styryl)-(6R,7R)7b (2-
thienylacetamide-ceph-3-em-4-
carboxylic acid, E-isomer] (14). Gels
were photographed with Kodalith
Ortho film (35 mm) using a Wratten 58
green filter.

SPECTROPHOTOMETRIC
CHLORAMPHENICOL ACETYL
TRANSFERASE (CAT) ACTIVITY

Supernatants of crude cell extracts
were prepared by sonication of cells
and centrifugation. The supernatants
were assayed for CAT activity as
described by Shaw (15). Chloramphe-
nicol acetyl transferase catalyzes the
transfer of an acetyl group from acetyl
CoA to chloramphenicol. The free CoA
sulfhydryl group reacts with 5,5'-
Dithiobis-2-nitrobenzoic acid (DTNB)
to form a mixed disulfide of CoA and
thionitrobenzoic acid, and a molar
equivalent of 5-thio-2-nitrobenzoate.
Production of the latter was measured
spectrophotometrically at 412 nm.
Activity was expressed as umol per min
of Cm-dependent DTNB reacted as
described (15).
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Fig. 1. Agarose gel electrophoresis of plasmid DNA extracted from strains of A.
pleuropneumoniae. Lanes marked M contain plasmids used as molecular weight markers; RP4 (34
Mdal); Sa (23 Mdal); RSF1010 (5 Mdal); pBr322 (2.6 Mdal); pMBS (1.8 Mdal); Lane SD-1 contains
pYM104 (2.3 Mdal), pYM105 (3.5 Mdal); Lane SD-2 contains pYM106 (2.3 Mdal); Lane RHS2
contains pKG300 (3.0 Mdal), pKG400 (1.8 Mdal); Lane WF83 contains pKG100 (2.3 Mdal),
PKG200 (3.5 Mdal); Lane VSB113 contains pKG100 (2.3 Mdal), pKG200 (3.5 Mdal).

RESULTS

ANALYSIS OF A. PLEUROPNEU-
MONIAE PLASMIDS AND THEIR
ASSOCIATED PHENOTYPE

Figure 1 shows the results of
agarose gel electrophoresis of plasmid
DNA extracted from isolates of A.
pleuropneumoniae. Covalently closed
circular (CCC) plasmid DNA species
of 1.8 and 3.0 Mdal were found in
strain RH82, while CCC plasmids of
2.3 and 3.5 Mdal were found in strains
WEF83 and VSBI113. The other bands
seen in these plasmid preparations
were found to be open circular
derivatives. This was demonstrated by
comparison of the mobility with
plasmid preparations nicked by
partial DNasel digestion (data not
shown). The molecular weights of the
plasmid species are summarized in
Table I together with their antibiotic
resistance phenotype. The latter was
assigned by transformation of plasmid
DNA into E. coli followed by
determination of the resistance pheno-
type of the transformants and analysis
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of their plasmid DNA content. Linked
resistance to Su and Sm was asso-
ciated with the 2.3 Mdal plasmid,
pKG100 while Su resistance linked
with beta-lactamase production was
associated with the 3.5 Mdal plasmid,
pKG200. Linked resistance to Cm, Su
and Sm was associated with the 3.0
Mdal plasmid, pKG300, found in
strain RH82. We were unable to assign
a resistance phenotype to the 1.8 Mdal
plasmid, pKG400, in this strain.
Transformation of E. coli with total
plasmid DNA purified from strain
RHS82 did not yield beta-lactamase
producing colonies. We were therefore
unable to assign this property to either
the 1.8 or 3.0 Mdal plasmid.

CHARACTERIZATION OF THE SU SM
RESISTANCE PLASMID pKG100

Plasmid pKG100 was compared to
the Su Sm resistance plasmid pVM 104
found in South Dakota isolates of A.
pleuropneumoniae by Hirsh et al (3)
and the broad host range Su, Sm
resistance plasmid RSF1010 (16).
Plasmid pKG100 was cleaved twice by

Pstl and once by Hincll. The fragmen-
tation pattern for pKG100 with the
two enzymes was identical to that of
pVMI104 (data not shown). This
suggests that the two plasmids are
virtually identical. Southern blots of
whole plasmid DNA confirmed that
pVMI104 and pKG100 are homolo-
gous (data not shown). Radiolabeled
pK G100 was hybridized to a Southern
blot of HincIl cleaved RSF1010.
Figure 2 shows that pKG100 hybrid-
ized to the 0.4 Mdal fragment known
to carry the Su resistance gene and the
1.3 Mdal fragment which carries the
Sm resistance gene (16). However
there was little if any hybridization to
the remaining 3.8 Mdal fragment
which carries the origin of replication
and broad host range determinants

(19).

CHARACTERIZATION OF THE AMP
RESISTANCE PLASMID pKG200

The Amp, Su resistance plasmids,
pKG200 and pVMI105 both had a
single PstI cleavage site but no Hincll
sites (data not shown). We were
interested in determining whether
there was any relationship between the
H. pleuropneumoniae beta-lactamase
determinant and the TEM beta-
lactamase determinant which is widely
disseminated in Haemophilus sp.,
Neisseria gonorrhoeae and Entero-
bacteriaceae isolated from both
humans and animals (4). Plasmid
pFA3, the prototype of small TEM
beta-lactamase specifying plasmids
found in Haemophilus species and N.
gonorrhoeae, was used as a probe for
Southern hybridizations. Figure 3
shows that pFA3 hybridized to itself
and pBR322 which also contains the
TEM beta-lactamase gene. There was
no hybridization to the A. pleurop-
neumoniae beta-lactamase plasmids
pVMI105 and pKG200. Thus there
appears to be no relationship at all
between pFA3 and the A. pleuropneu-
moniae plasmids. Consequently, the
A. pleuropneumoniae beta-lactamase
gene is unrelated to the TEM gene.

Isoelectric focusing of crude
extracts of A. pleuropneumoniae
strains SD-1, SD-2 and WF83 is
shown in Fig. 4. Control enzymes,
TEM I extracted from an E. coli strain
containing the plasmid RSF1030 and
the Enterobacter cloacae P99 enzyme,
focused at pI’s of 54 and 8.0 re-



Fig. 2 Hybridization of pKG100 to RSF1010.

Lane F, Agarose gel electrophoresis of Hinc 11
digested RSF1010. Lane f, Autoradiogram.
Almost all hybridization occurs to the 0.4 and
1.3 Mdal fragments.

spectively. The enzyme from all the
beta-lactamase producing strains of A.
pleuropneumoniae strains had pI’s of
approximately 9.0. No enzyme band
could be detected in extracts of the
beta-lactamase negative strain SD2.

CHARACTERIZATION OF THE CM
RESISTANCE PLASMID pKG300

The Cm resistance plasmid pKG300
had a mass of 3.0 Mdal and also
specified resistance to Sm and Su
(Table I). When pKG300 was cleaved
with Alul many fragments were
identical in size to those produced from
pKG100 suggesting that the two
plasmids were highly related (data not
shown). The basis of the chloramphe-
nicol resistance of strain RH82 was
studied by assaying a crude extract
(prepared as described in methods) for
chloramphenicol acetyl transferase
activity. Extracts of RHS82 reacted

0.002 pmol of DTNB per min in the
presence of Cm but less than 0.0001
umol per min in the absence of Cm.
Extracts of the Cm sensitive strain
WEF83 reacted less than 0.0001 umol
DTNB per minute in the presence of
chloramphenicol. These results show
that strain RH82 possesses chloram-
phenicol acetyl transferase activity
which is most likely the cause of its
chloramphenicol resistance.

DISCUSSION

In this study we demonstrated that
the resistance to sulfonamides, strepto-
mycin, ampicillin and chloramphenicol
previously reported in Ontario isolates
of H. pleuropneumoniae is mediated by
plasmids. Moreover the 2.3 Mdal Su
Sm resistance plasmids pVM104 and
pKG100 found in isolates from South
Dakota and Ontario respectively, were
identical in size, resistance phenotype
and restriction endonuclease digestion
profile. Similarly, the Su resistance,
beta-lactamase specifying plasmids
pVMI105 and pKG200, appeared
identical. It is impossible to determine
whether this similarity is the result of
importation of hogs carrying resistant
strains and their resistance plasmids
from the United States or whether the
resistance plasmids evolved separately

in the two regions. However the
findings suggest that the strains could
be epidemiologically related.
Chloramphenicol resistance in
Haemophilus species is usually speci-
fied by plasmids of 3040 Mdal which
may or may not be conjugative (6).
Thus plasmid pK G300 is the first small
chloramphenicol resistance plasmid to
be reported in Haemophilus species.
This is also the first report to
demonstrate that Cm resistance in A.
pleuropneumoniae is plasmid medi-
ated. We are aware that many strains of
chloramphenicol resistant 4. pleurop-
neumoniae have been isolated in
Quebec and Western Canada recently
(17,18) but we are not aware of any
reports on the basis of this resistance.
Nevertheless it seems very likely that
these strains will prove to have plasmids
similar or identical to pKG300.
RSF1010 is a small, nonconjugative
broad host range plasmid, originally
found in Salmonella panama which
specifies resistance to Sm and Su (16).
The 0.4 and 1.3 Mdal Hincll fragments
of RSF1010 carry the sulfonamide and
streptomycin resistance determinants
respectively (16). The hybridization
between pKG100 and these fragments
suggests that the resistance genes of
pKG100 and RSF1010 are homolo-
gous while the remainder of the plasmid
functions including the origin of

Fig. 3. Hybridization of pFA3 to the 4. pleuropneumoniae plasmids.

Left: Agrose gel electrophoresis; Right: Autoradiogram;

Lane A(a): SD-1; Lane B(b): SD-2; Lane C(c): RH82; Lane D(d): WF83; Lane E(e): VSB113; Lane
F(f): pFA3; Lane G(g): Molecular weight standards RP4, Sa, RSF1010, pBR322, pMBS.
Hybridization is seen to the homologous control in lane f including its CCC, OC and dimer CCC form.
Hybridization in lane g is seen to pBR322 and its OC form. No hybridization occurred to any of the 4.

pleuropneumoniae plasmids.
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Fig. 4. Isoelectric focusing of beta-lactamase
enzymes.

Lane A, E. coli (RSF1030) TEM type 1 enzyme,
pl 5.4; Lane B, Enterobacter cloacae p99 enzyme,
pl 8.0; Lane C, A. pleuropneumoniae WF83, pl
9.0; Lane D, A. pleuropneumoniae SD-1, pl 9.0;
Lane E, A. pleuropneumoniae SD-2, no beta-
lactamase is produced by this strain. Large bands
are seen for WF83 and SD-1 at the point of
application, however, when the point of
application was changed the pH at which these
spots appeared changed accordingly.

replication, mobilization genes and the
genes required for replication are not
(19).

Medeiros et al (4) reported that the
beta-lactamase specified by pVM105
had a pl of 8.1 which was identical to
the ROB-1 beta-lactamase reported in
rare human isolates of H. influenzae
type b (20). We found that the beta-
lactamase specifying plasmids found in
A. pleuropneumoniae isolates from
Ontario were identical in size and
restriction endonuclease digestion
pattern to pVMI105. The pI’s of the
beta-lactamase from pVM105 and the
Ontario isolates were identical (Fig. 4).
However the pl of 9 determined in this
study differed from that reported by
Medeiros et al (4). Medeiros et al (4)
also demonstrated very significant
similarities between pYM105 and the
entire Rob plasmid. Our study shows
that there is no relationship between the
A. pleuropneumoniae beta-lactamase
plasmid and the TEM beta-lactamase
specifying plasmid pFA3 which is
representative of the small beta-
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lactamase specifying plasmids com-
monly found in Haemophilus species
and N. gonorrhoeae. We have shown
that pFA3 is likely a derivative of a
recombinant plasmid produced by
transposition of TnA sequences intro-
duced from enteric bacteria into a
phenotypically cryptic plasmid found
in H. parainfluenzae (6). It would
appear that the ROB-1 beta lactamase
and the pVMI105 beta-lactamase were
not derived from an enteric source.
Whether human H. influenzae share a
resistance plasmid pool with porcine A.
pleuropneumoniae strains or whether
the plasmids, Rob, pVMI105 and
pKG200, evolved separately in the
respective species is not clear.
Actinobacillus pleuropneumoniae has
recently been reclassified to the genus
Actinobacillus (2). It is therefore
possible that further studies will show
that the A. pleuropneumoniae plasmid
pool is related to that of other
Actionobacillus species.
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