
Vol. 15, No. 2ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Feb. 1979, p. 294-299
0066-4804/79/02-0294/06$02.00/O

Plasmid-Mediated Ampicillin Resistance in Haemophilus
ducreyi

JAMES L. BRUNTON," 2 IAN MACLEAN,' ALLAN R. RONALD, 1"2 AND
WILLIAM L. ALBRITTON" 1*

Departments ofMedical Microbiology,' Medicine,2 and Pediatrics,:' University ofManitoba, Winnipeg,
Manitoba, Canada R3E OZ3

Received for publication 21 November 1978

Three of 19 strains of Haemophilus ducreyi, isolated during a recent outbreak
of chancroid, were found to produce ,8-lactamase and to harbor a 6.0 x 106-dalton
plasmid. Escherichia coli tranformed with this plasmid acquired 13-lactamase-
mediated resistance to ampicillin. The guanine-plus-cytosine content of the
plasmid was found to be 41 mol%. Restriction endonuclease digestion studies
suggest that a relatively large portion of the Tnl translocon is carried by this
plasmid. Whereas this plasmid could not be transferred to H. influenzae by
mating on membrane filters, a strain of H. ducreyi was able to receive and donate
a 30 x 106-dalton ampicillin resistance plasmid from H. influenzae. The ability of
H. ducreyi to receive and donate conjugative plasmids may result in the appear-
ance of multiply resistant strains.

Hammond et al. (13) reported the antibiotic
susceptibility of 19 strains of Haemophilus du-
creyi isolated during an outbreak of chancroid
in Winnipeg, Manitoba, Canada. Three strains
were resistant to ampicillin (minimal inhibitory
concentration > 128 ,ug/ml) and produced /8-
lactamase as determined by hydrolysis of a chro-
mogenic cephalosporin (23). Since plasmid-me-
diated 83-lactamase production had been docu-
mented in Haemophilus influenzae (10) and
Neisseria gonorrhoeae (2, 11, 26), we wondered
if f8-lactamase production might also be plasmid
mediated in H. ducreyi and whether there might
be any relationship between such a plasmid and
the previously characterized plasmids of N. gon-
orrhoeae and H. influenzae.
We report here the demonstration and prelim-

inary characterization of a 6.0 x 106-dalton non-
conjugative plasmid (pJB1) which specifies ,8-
lactamase production in these isolates of H. du-
creyi.

MATERIALS AND METHODS

Bacterial strains and plasmids. The bacterial
strains and plasmids used in this study are listed in
Table 1. Sixteen clinical isolates of H. ducreyi previ-
ously reported with minimal inhibitory concentrations
of ampicillin ofcl ,ug/ml are not listed (13). H. ducreyi
strain 35000 Smr is a streptomycin-resistant mutant of
strain 35000, which is a clinical isolate from the same
study. H. influenzae strain B031 is a clinical isolate
whose plasmid complement and ability to transfer
antibiotic resistance have been characterized in this
laboratory. All strains of Escherichia coli listed, with
the exception of C600r-m+ (pJB1), were the kind gift

of Stanley Falkow, University of Washington School
of Medicine, Seattle. The plasmids used as molecular
weight standards in agarose gel electrophoresis were
Rldrdl9, RP4, Sa, RSF1010, and pMB8. They were
donated by Dr. Falkow and have been previously
described (20).

Media. Strains of H. ducreyi were grown on
chocolate agar supplemented with 1% IsoVitaleX as
previously described (13). f)-Lactamase-producing
strains were maintained on chocolate agar supple-
mented with 1 jig of ampicillin per ml. E. coli strains
were grown in L-broth supplemented with 25 jig of
ampicillin per ml for ,B-lactamase-producing strains.
E. coli plasmid deoxyribonucleic acid (DNA) was la-
beled with [methyl-3H]thymine as described previ-
ously (15).

Transfer experiments. Mating experiments were
carried out on membrane filters as described by
Thorne and Farrar (30). Transconjugants were se-
lected on chocolate agar supplemented with 2 yg of
ampicillin and 1,000 ,ug of streptomycin per ml. Single
colonies of H. ducreyi growing on this selective me-
dium were identified by colonial morphology and se-
lected for futher study. Ampicillin-resistant isolates
were checked for ,B-lactamase production, and their
plasmid complement was determined by agarose gel
electrophoresis.
Agarose gel electrophoresis. The growth of H.

ducreyi from three plates of chocolate agar was sus-
pended in TES buffer (50 mM NaCl, 5 mM EDTA, 30
mM Tris, pH 8.0) buffer and washed. Clear lysates
were prepared and subjected to agarose gel electro-
phoresis as described by Meyers et al. (20).

Purification of plasmid DNA. Cleared lysates
were prepared by a modification of the method of
Clewell and Helinski in which Triton X-100 (0.1% final
concentration) was substituted for Brij 58 (10). Cova-
lently closed circular DNA was isolated by cesium
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TABLE 1. Bacterial strains and their plasmids
Plasmid

Strain complement Phenotype Source
(x106 daltons)

H. ducreyi
54198 (pJB1) 6.0 Apr Tcr G. Hammond (13)
54207 6.0 Apr Tcr G. Hammond (13)
54211 6.0 Apr Tcr G. Hammond (13)
35000 Smra None Smr G. Hammond (13)

H. influenzae
B031 30 Apr W. Albritton (1)
B003 Nalra None Nalr W. Albritton (1)

E. coli
C600r-m+ None r-m+ Thr- R. Gill (14)

Leu- Thi-
C600r-m+ (pJB1) 6.0 Apr This study by transformation of E.

coli C600r-m+ with plasmid DNA
isolated from H. ducreyi 54198

C600 (RSF1OO::Tnl) AplOl 8.7 Apr R. Gill (14)
C600 (RSF1OO::Tnl) Aplll 8.7 Apr Sur R. Gill (14)
C600 (RSF1O0O::Tn3) Ap230 8.7 Apr R. Gill (14)
C600 (RSF1010) 5.5 Sur Smr S. Falkow (3)
W1485-1 (RSF1030) 5.5 Apr R. Gill (4, 7)
a These strains were made resistant to streptomycin and nalidixic acid, respectively, by serial passage of

clinical isolates on chocolate agar containing increasing concentrations of antibiotic.
'RSF1O1O::Tnl plasmids AplOl and Aplll have the Tnl translocon inserted at 8.5 and 92.5%, respectively,

of the distance from the left-hand end generated by EcoRI cleavage of RSF1010 (14).

chloride (CsCl)-ethidium bromide equilibrium density
gradient centrifugation.

Transformation of plasmid DNA. Purified plas-
mid DNA from H. ducreyi strain 54198 was trans-
formed into E. coli C600r-m+ and C600 by the method
of Cohen et al. (8). Transformants were selected on
MacConkey agar supplemented with 25 ,ig of ampicil-
lin per ml.

Electron microscopy of plasmid DNA. Cova-
lently closed circular plasmid DNA was nicked by
treatment with 5 ng of deoxyribonuclease I (Sigma
Chemical Co.) for 6 min. 4X174 RF-II DNA (New
England Biolabs) was included as an internal standard
for contour-length and molecular-weight measure-
ments. The DNA was spread and shadowed as previ-
ously described (9, 17). The molecular weight of pJB1
was calculated assuming a molecular weight of 3.49 x
106 for 4pX174 RFII (27).

Restriction endonuclease digestion. PstI,
HincII, BamHI, and HindIII were purchased from
New England Biolabs. Reactions were carried out at
37°C for 90 min and were halted by adding a stop mix
(33% glycerol, 7% sodium dodecyl sulfate, 0.05% bro-
mophenol blue) to a final concentration of 17%. Re-
action conditions were those recommended by the
supplier. (Details of the exact reaction conditions may
be obtained from us on request.) Phage lambda DNA
(New England Biolabs) cleaved with HindIII was used
as a molecular-weight standard (22). The digests were
analyzed by electrophoresis on vertical slab gels of
0.7 to 1.5% agarose, using tris(hydroxymethyl)-
aminomethane-borate buffer (20).
Determination ofG+C content.3H-labeled pJBl

plasmid DNA and '4C-labeled E. coli chromosomal
DNA (50 mol% guanine plus cytosine [G+C]) were

centrifuged to equilibrium in a neutral CsCl gradient.
The G+C content was then calculated as described by
Mandel et al. (18), using the E. coli chromosomal
DNA as an internal standard.

RESULTS
All three fi-lactamase-producing strains of H.

ducreyi were found to harbor a single plasmid
species. Figure 1 shows the migration in a 0.7%
agarose gel of plasmid DNA purified from H.
ducreyi strain 54198. The plasmid DNA found
in the two other strains had an identical mobil-
ity. The molecular weight of this plasmid cal-
culated from its electrophoretic mobility is 6.0
x 106. We have designated this plasmid pJBl.
None of the 16 ampicillin-susceptible strains of
H. ducreyi we examined by agarose gel electro-
phoresis were found to harbor any plasmid
DNA. The molecular weight estimated by com-
parison of the contour length of nicked pJB1
DNA with that of 0X174 RFII DNA was 5.9 x
106. Figure 2 is an electron photomicrograph
showing one molecule of pJB1 and three mole-
cules of 0X174 RFII.

Figure 3 shows the results of a typical neutral
CsCl gradient containing 3H-labeled pJB1 plas-
mid DNA and 14C-labeled E. coli chromosomal
DNA. It can be seen that the E. coli DNA
equilibrates at a lower point in the gradient than
does pJB1 DNA. The G+C content was calcu-
lated to be 41 mol%.
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FIG. 1. Agarose gel electrophoresis of purified
pBJJ plasmid DNA. (A) Molecular-weight stan-
dards: Rldrdl9, 62 x 106; RP4, 34 x 106; Sa, 23 x
106; RSF1010, 5.5 x 106. (B) pJBJ plasmid DNA
isolated by CsCl density gradient centrifugation from
H. ducreyi strain 54198. The calculated molecular
weight is 6.0 x 106.

Plasmid DNA from the three /8-lactamase-
producing strains of H. ducreyi was purified and
analyzed by electrophoresis of fragments pro-
duced by restriction endonuclease digestion.
Digestion with BamHI yielded fragments with
molecular weights of 4.8 x 106 and 1.6 x 106.
PstI digestion yielded fragments of 3.8 x 106, 1.8
x 106, and 0.4 x 106 daltons. The digestion
fragmentation patterns produced by each en-
zyme were identical for the plasmid DNA iso-
lated from all three strains.

Figure 4 shows the pattern produced by
HincIl digestion of pJB1 DNA compared with

that given by digestion of RSF1O1O:Tnl AplOl,
RSF1O::Tnl Aplll, RSF1O1O, and RSF1010;;
Tn3 Ap230. The RSF1O1O::Tnl plamids differ
from RSF1010 only in having the Tnl translocon
inserted in TSFIO1O (14). The AplOl transloca-
tion differs from Aplll only in the location of
insertion of the Tnl translocon (14). It can be
seen from Fig. 4 that the two fragments labeled
1 and 2 are present in pJB1 and in the two
RSF101O::Tnl plasmids, as well as in RSF1030,
which carries the Tn2 translocon (6), but are
absent from RSF1010 and RSF1O10:Tn3. Molec-
ular weight estimates of fragments 1 and 2 are
1.0 x 106 and 0.7 x 106, respectively. Further-
more, there are three more fragments generated
from RSF1OO::Tnl than from RSF1010. We
interpret this as indicating that there are three
HincII cleavage sites in Tnl and Tn2 and that
these sites are present in pJB1.
Transfer experiments. Attempts to transfer

the ampicilin resistance from H. ducreyi strain
45198 to H. influenzae strain B003 Nalr by
mating on membrane filters failed. This was not
unexpected in view of the low molecular weight
of the plasmid. Nevertheless, to ensure that the
failure of transfer was not simply due to an
inability of H. ducreyi to act as a plasmid donor,
the following control experiments were per-
formed. First, H. ducreyi strain 35000 Smr, con-
taining no plasmid DNA, was shown to be able
to receive a 30 X 106-dalton ampicillin resistance
plasmid fromn H. influenmae strain B031. Sec-
ond, the ampicillin-resistant H, ducreyi trans-
conjugant was then able to donate the 30 x 106-
dalton plasmid to H. influenzae strain B003
Nalr.
Plasmid DNA isolated from H. ducreyi strains

54198 and 54207 was successfully transformed
into E. coli C600 and C600r-m+. Transformants
were resistant to ampicillin by virture of /8-lac-
tamase production and were found to harbor a
6.0 x 106-dalton plasmid species. Tetracycline
resistance was not cotransformed even when
putative transformants were selected on Mac-
Conkey agar supplemented with 8 ,g of tetra-
cycline per ml. Electrophoresis of HincII,
BamHI, and PstI digests of plasmid DNA puri-
fied from the transformants gave fragmentation
patterns identical to the digests of plasmid DNA
purified from H. ducreyi strain 54198.

In preliminary experiments, we were unable
to cure the drug resistance from H. ducreyi
strain 54198 by ultraviolet irradiation or three
passages on chocolate agar supplemented with
ethidium bromide (3 ,tg/ml; 5). Fifteen colonies
tested for,-lactamase production after 50 pas.
sages on drug-free chocolate agar were positive,
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FIG. 2. Electron micrograph ofplasmid DNA. One molecule ofpJB1 and three molecules of nicked YXl 74

RFII are shown. The molecular weight ofpJBI calculated by contour-length measurement ofeight molecules
is 5.9 x 106" assuming that the molecular weight of 4LX174 RFII is 3.49 x 10".
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FIG. 3. CsCl density gradient. A neutro
sity gradient containing "'C-labeled E. c
somal DNA and 3H-labeledpJB1 plasmi
centrifuged to equilibrium and fraction
tions were counted for "C and 3H, and ti
index of every third fraction was deteri

DISCUSSION
-1.4020 The three f3-lactamase-producing strains ofH.

ducreyi harbor a 6.0 x 106-dalton nonconjuga-
- 1.4010 tive plasmid. The plasmid from strain 54198 has

x been designated pJB1, although all three plas-
a mids appear to be identical. This plasmid is

-1.4000 - absent from all of 16 ,B-lactamase-negative
> strains. The transformation experiments indi-
j cate that ,8-lactamase production is mediated by

-1.3990 < this plasmid. We noted that the minimal inhib-
U-LU itory concentrations of tetracycline for the three

8-lactamase-producing strains were -8 [Lg/ml
-1.3980 and were concerned that this resistance might

also be plasmid mediated. The fact that tetra-
cycline resistance could not be transformed into

l1.3970 E. coli is evidence against this. The mediation
of tetracycline resistance by insertion of the
tetracycline resistance transposon into the H.
ducreyi chromosome could be verified by DNA

aal CsCI den-
coli chromo-
id DNA was
sated. Frac-
he refractive
nined. Sym-

bols: (0) "4C counts; (A) 3H counts; ( ) refractive
index. Note that the plasmid DNA was less dense
than the E. coli chromosomal DNA. The G+C content
ofpJBI was calculated as 41 mol%, assuming a G+C
content of 50 mol% for the E. coli chromosome.

At
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FIG. 4. HincII endonuclease digests. Approximately 0.75 to 1 pg of purified plasmid DNA was digested
with HincII as described in the text. Digests were subjected to electrophoresis on a 1.5% (wt/vol) agarose
vertical slab gel (A) pJB1; (B) RSF1030; (C) RSF1010::Tnl (Aplll); (D) RSF1010::Tnl (AplO1); (E) RSF1010;
(F) RSFJ010::Tn3 (Ap230). Molecular-weight estimates of fragments 1 and 2 are 1.0 x 106 and 0.7 x 10¶,
respectively.

hybridization experiments, but we have not ex-
amined this possibility.
The possibility that the clinical use of penicil-

lin could select for /8-lactamase-producing
strains of H. ducreyi was considered. One of the
strains (54198) was isolated from a patient who
had received penicillin for treatment of gonor-
rhea 2 weeks before chancroid was diagnosed.
There was no history of penicillin treatment in
the patients harboring the other two strains of
,8-lactamase-producing H. ducreyi. Because the
Winnipeg outbreak occurred in a relatively
closed population, we were unable to determine
how many different strains were actually in-
volved. Therefore, it is impossible to know
whether the occurrence of plasmid-mediated ,8-
lactamase production in our three strains rep-
resents more than one genetic event.
The origin of pJB1 is unknown. The HincII

fragments labeled 1 and 2 in Fig. 4, present in
pJB1, are of the same molecular weight as the
fragments generated from Tnl and Tn2. Al-
though this does not constitute absolute evi-

dence that fragments 1 and 2 generated by
Hincll digestion of pJB1 are fragments cut from
the related transposons Tnl and Tn2, it strongly
suggests that this is so.
The G+C content of 41 mol% is close to that

of H. influenzae and H. ducreyi chromosomal
DNA (38 to 39) (16) and to that of the H.
influenzae plasmid RSF0885 (40) and the N.
gonorrhoeae plasmid pMR0360 (41) (25). Thus,
there is a possibility that Tnl or Tn2 translo-
cated onto an indigenous cryptic plasmid previ-
ously resident in rare H. ducreyi strains, al-
though we were unable to demonstrate such a
plasmid in the limited number of strains avail-
able to us. It is also possible that pJB1 is simply
an extension of the enteric plasmid pool, as has
been suggested for the f8-lactamase-specifying
plasmids pMR0360 and pMR0200 found in N.
gonorrhoeae (25).
We are unable to say whether the finding of

three ampicillin-resistant strains in the Winni-
peg outbreak actually represents the emergence
of ampicillin resistance in H. ducreyi, since there
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are only 42 strains reported in the literature
which have been tested for penicillin suscepti-
bility (21, 24, 28, 29, 31). Clinical chancroid re-
sistant to treatment with ampicillin, tetracy-
cline, and sulfonamides has been reported from
Viet Nam (19). The demonstration that H. du-
creyi can act as a recipient of conjugative plas-
mids suggests that such multiple drug resistance
might be plasmid mediated.
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