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Plasmid-relatedβ-lactamase production inBacteroides fragilisstrains
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Abstract

TwentyBacteroides fragilisgroup species isolated from children with and without diarrhea were analyzed. Antibioticsusceptibility was
performed using an agar dilution method;β-lactamase production was determined using a nitrocefin method, and plasmids were ex
using a commercial Miniprep System. MIC values ranged from 16 to 256 µg/ml for penicillin, 4–128 µg/ml for amoxicillin/clavulanic acid,
�0.25–256 µg/ml for clindamycin, and 16–256 µg/ml for penicillin. β-Lactamase was detected in all isolates. Only five isolates harb
plasmids varying from 7.8 to 1.8 kb. Loss of 6.4- and 3.8-kb plasmids inB. fragilis C68c was related to antibiotic resistance. Low molecu
weight plasmids of 2.8–1.8 kb were stable. PCR amplification ofcfiA andcepAgenes was observed using total DNA, and thecfiA gene was
also amplified from the 6.4-kb plasmid.
 2004 Elsevier SAS. All rights reserved.
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1. Introduction

Studies have reported that plasmids inBacteroidesspp.
are grouped into three classes: class I, 2.8-kb plas
class II, 4.2-, 5.0- and 7.9-kb, and class III, 5.5-kb [
In addition, Sóki et al. [9] described three other differe
classes: class I, 1.8 MDa, class II, 2.6 MDa, and class
3.7 MDa, with the latter plasmid most frequently observ
in this microbial group, and present in 66% of plasm
positive isolates.Bacteroides vulgatusisolated from intra-
abdominal infection and presenting a 2.6-MDa plasmid
also been observed [5]. It has been demonstrated tha
wide distribution and high carriage rate of these plasm
could be caused by mobilization, and that members
these plasmid classes are found in geographically distan
gions [10].

The goals of this study were to determine the plas
profile and its association with antimicrobial resistance
species of theBacteroides fragilisgroup.
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2. Materials and methods

Ten bacteria of theB. fragilis group isolated from chil-
dren with diarrhea (B. fragilisP1-2,B. vulgatusP15f,B. dis-
tasonisP36b,B. fragilis P36d,B. ovatusP23e,B. vulgatus
P23j,B. fragilisP35a,B. distasonisP40a,B. uniformisP65h,
andB. fragilis P70i) and ten from children without diarrhe
(B. distasonisC19c,B. vulgatusC43a,B. vulgatusC56b,
B. distasonisC58g, B. distasonisC59e,B. fragilis C68c,
B. fragilis C68e, B. fragilis C68h, B. fragilis C71h, and
B. fragilis C74d) were analyzed. Bacteria were isolated
identified at the Anaerobe Laboratory, Department of Mic
biology, University of São Paulo. All strains were stored
10% skim milk at−80◦C.

Antimicrobial susceptibility was performed using an ag
dilution method in Wilkins–Chalgren agar [11]. The a
tibiotics were the following: ampicillin and clindamyci
(Luper Ind. Farm. Ltd., SP, Brazil); amoxicillin/clavulan
acid (Smithkline Beecham Ltd., SP, Brazil); penicillin
(Prodoti Lab. Farm. Ltd., SP, Brazil). All tests were p
formed in duplicate. The breakpoints used for antibio
were: ampicillin, 4 µg/ml; clindamycin, 8 µg/ml; amoxi-
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cillin/clavulanic acid, 8 µg/ml; and penicillin G, 8 µg/ml
[4]. Reference strainB. fragilis ATCC 25285 was used a
control.

The antibiotic concentrations ranged from 0.25 to 5
µg/ml. Media without antimicrobials were used as co
trol. Bacterial inocula were standardized toc = 1.5 ×
108 CFU/ml. Media were inoculated using a Steer’s replic
tor delivering a final inoculum ofc = 1.5 × 105 CFU/spot.
Plates were incubated in anaerobiosis (90% N2/10% CO2)

at 37◦C for 48 h. The minimal inhibitory concentratio
(MIC) was defined as the lowest concentration of e
antimicrobial agent able to inhibit macroscopic bacteria
growth.

Strains resistant to penicillin G were tested to ver
β-lactamase production using a nitrocefin method (Ox
Ltd., São Paulo, SP, Brazil).β-Lactamase-positiveB. frag-
ilis ATCC 43858 was used as control.

Plasmid DNA from all tested strains was extracted
using a ConcertTM Rapid Plasmid Miniprep System (Gib
coBRL). DNA was analyzed by electrophoresis on 0.
agarose gel. A plasmid-positiveE. coli J53 pACYC 184
strain was used as control. Plasmid-positiveB. fragilis
species were cured by exposition to different ethidium bro-
mide (EtBr) concentrations (from 0.25 to 64 µg/ml) in BHI
broth [7]. Plasmid DNA from 10 colonies randomly select
was extracted and analyzed by agarose gel electropho
in order to verify the plasmid loss.

Moreover, the presence ofcfiA andcepAgenes related to
β-lactamase production was evaluated by PCR from p
s

fied total DNA and plasmids 6.4- and 3.8-kb isolated fr
strain C68c. Primers forcepA, 5′-TTT CTG CTA TGT
CCT GCC C-3′ and 5′-ATC TTT CAC GAA GAC GGC-3′,
to provide a specific 780-bp band, and primers forcfiA,
5′-ATG GTA CCT TCC AAC GGG-3′ and 5′-CAC GAT
ATT GTC GGT CGC-3′; to provide a specific 353-bp ban
were designed from published sequences [3]. The reac
mixtures were prepared in a total volume of 25 µl contain
15 ng of DNA, 1.0 U ofTaq polymerase (Invitrogen Ltd.
SP, Brazil), 200 µM deoxynucleoside triphosphate, 1X P
buffer, 1.5 mM MgCl2, and 0.4 µM of each primer. The PC
conditions were as follows: denaturing at 94◦C for 30 s; an-
nealing at 55◦C for 1 min (cepA) or 56◦C for 1 min (cfiA)
and elongation at 72◦C for 5 min. The cycles were repeate
35 times forcfiAandcepA. Water was used as a negative co
trol. All PCR amplification products were detected on 1.
agarose gel stained with ethidium bromide (0.5 µg/ml).

3. Results and discussion

From the 20 analyzed species of theB. fragilis group,
15 strains did not harbor plasmids and showed MIC va
ranging from 16 to 256 µg/ml for penicillin; 4–128 µg/ml
for amoxicillin/clavulanic acid;�0.25–256 µg/ml for clin-
damycin; 16–256 µg/ml for penicillin (Table 1). These re
sults showing resistance to antibiotics and the absenc
plasmids suggest that these resistances are chromoso
mediated, as proposed by Pestana et al. [6].
(C)

d

Table 1
Antimicrobial susceptibility,β-lactamase production and plasmid profile inB. fragilis group species isolated from 10 children with (P) and 10 without
diarrhea

Species Amp
4a

A/Ac
8a

Cli
8a

Pe
8a

β-Lactamase production Plasmi
bandNitrocefin method

B. fragilis P1-2 256 8 256 256 + –
B. vulgatusP15f 256 4 256 256 + –
B. distasonisP36b 256 16 256 256 + –
B. fragilis P36d 256 16 �0.25 256 + –
B. ovatusP23e 256 32 256 256 + –
B. vulgatusP23j 16 4 256 8 + +
B. fragilis P35a 16 64 �0.25 256 + +
B. distasonisP40a 256 16 �0.25 256 + –
B. uniformisP65h 64 2 �0.25 16 + –
B. fragilis P70i 16 2 1 16 + –
B. distasonisC19c 64 16 8 256 + –
B. vulgatusC43a 256 32 256 256 + –
B. vulgatusC56b 256 64 2 256 + –
B. distasonisC58g 256 128 4 256 + –
B. distasonisC59e 256 32 4 256 + –
B. fragilis C68c 256 64 256 256 + +
B. fragilis C68e 16 1 256 16 + +
B. fragilis C68h 16 4 1 16 + +
B. fragilis C71h 256 16 �0.25 256 + –
B. fragilis C74d 16 4 �0.25 16 + –

P: bacteria isolated from diarrhea; C: bacteria isolated from normal stool; Amp, ampicillin; A/Ac, amoxicillin/clavulanic acid; Cli, clindamycin; Pe, penicillin;
β-lactamase production and plasmid band:+, presence;−, absence.

a Breakpoint used for antibiotics, expressed in µg/ml.
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On the other hand, from the 20 testedB. fragilis group
species, all wereβ-lactamase-positive using a nitroce
method. Moreover, five of the 20 isolates harbored plasm
(Table 1) and from these isolates two different plasmid p
files were observed. Low molecular weight plasmids w
found in two species isolated from children with diarrh
B. vulgatusP23j (6.4, 3.8, 2.8, and 1.8 kb) andB. fragilis
P35a (7.8, 5.0, and 2.7 kb); and the other three isolates
a child without diarrhea,B. fragilis C68c,B. fragilis C68e
andB. fragilis C68h harboring 6.4-, 3.8-, 2.8-, and 1.8-
plasmids.B. vulgatusP23j isolated from a diarrhea sto
showed a similar plasmid profile asB. fragilisC68c,B. frag-
ilis C68e andB. fragilis C68h, isolated from normal stoo
Interestingly, the latter three strains showed different M
values, ranging from 1 to 256 µg/ml, in terms of resistanc
to antibiotics (Table 1). These differences in resistance to
tibiotics suggest that these species may not be consider
derivate clones from a wild strain.

TheB. fragilis C68c isolate lost two of the plasmids (6
and 3.8 kb) after treatment with EtBr, and its antibiotic
sistance was decreased: for ampicillin, from 256 to 8 µg/ml;
for amoxicillin/clavulanic acid, from 64 to 0.5 µg/ml; for
clindamycin, from 256 to�0.25 µg/ml; and for penicillin
G, from 256 to 8 µg/ml. On the other hand, when derive
clones from theB. fragilis C68c strain were again evaluate
the biochemical and physiological characteristics were
altered (data not shown). It is important to note that 2.8-
1.8-kb low molecular weight plasmids, considered as v
stable elements, were observed after EtBr treatment.

The presence of genes conferring resistance toβ-lactam
antibiotics was assessed by PCR amplification using spe
primers forcfiAandcepAgenes. ThecfiAgene was detecte
on the total DNA and 6.4-kb plasmid, but not on the ot
three plasmids, and thecepAgene was only amplified from
total DNA (Fig. 1). These results suggest a strong correla
between the antibiotic resistance pattern and the presen
the 6.4-kb plasmid. Moreover, these results indicate th
cepAhomolog may be present in the chromosome or in

Fig. 1. Agarose gel electrophoresis ofcfiA and cepAgenes amplified by
PCR, fromB. fragilis C68c and plasmids.cfiA gene: lane 1, total DNA
lane 2, 6.4-kb plasmid; lane 3, 3.8-kb plasmid; lane 4, 2.8-kb plas
lane 5, 1.8-kb plasmid; lane 6, negative control; lane 7, 1-kb plus DNA
ladder.cepAgene: lane 1, total DNA; lane 2, 6.4-kb plasmid; lane 3, 3.8
plasmid; lane 4, 2.8-kb plasmid; lane5, 1.8-kb plasmid; lane 6, 1-kb plu
DNA ladder.
s

f

of the small plasmids, and that there is acfiA gene in the
6.4-kb plasmid. The loss of this gene is probably the ca
of reduced resistance toβ-lactams when the plasmids we
cured, although there was residualβ-lactamase production
as observed by the nitrocefin method (data not shown).
tana et al. [6] observed that, from five testedB. fragilis
strains, the presence of plasmids was observed in only
strain, responsible for penicillinand clindamycin resistance

The presence of low molecular weight plasmids is f
quently observed inBacteroidesspp. Surveys have reporte
that 20–50% of clinical and fecal isolates possess p
mids ranging in size from 2.7 to>80 kb [1]. On the other
hand, both clinical and intestinalBacteroidesisolates have
also been observed, displaying plasmids ranging from 2
5.0 MDa [9,12].

In this study, plasmids with similar low molecular weig
were observed and their presence was correlated with
tibiotic resistance. However, the occurrence of small cry
plasmids with the same molecular size in differentBac-
teroidesstrains from different parts of the world may be d
to their horizontal mobilization by several different conjug
tive elements, which may promote their spread through
indigenous microbiota [8].

The wide distribution of plasmids may signal a poten
problem if they acquire antibiotic resistance or pathoge
ity determinants, which may render treatment of bactero
infections more difficult.
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