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The sequence homology of clindamycin resistance (Clnr) determinants was
studied in 16 Clnr Bacteroides strains. The isolates were surveyed for plasmid
content, homology with the Clnr determinant of pBFTM10, and ability to transfer
Clnr. The Clnr DNA probes used in the Southern hybridizations were pBFTM1O
and a plasmid derivative containing an EcoRI fragment of pBFTM1O cloned into
Escherichia coli. A total of 13 of 16 Clnr strains also carried tetracycline
resistance, and 15 of 16 Clnr Bacteroides isolates showed homology with the Clnr
determinant of pBFTM1O. These data suggest that the previously characterized
Clnr determinant ofpBFTM1O is widely distributed in nature and may be found on
either a plasmid or the chromosome. The Clnr Bacteroides fragilis strain which
lacked homology with pBFTM1O also had different transfer properties; thus, more
than one type of Clnr determinant may exist in Bacteroides spp.

The Bacteroides fragilis group, which in-
cludes B. fragilis, Bacteroides thetaiotaomi-
cron, Bacteroides vulgatus, Bacteroides ovatus,
and Bacteroides distasonis, contains strains
which differ from most other anaerobic bacteria
in that most are resistant to the [-lactam antibi-
otics and 600% are resistant to tetracycline (6). B.
fragilis stands out as a dominant pathogen in the
B. fragilis group because of its frequency of
isolation in intraabdominal and gynecological
pelvic infections and its tendency to cause bac-
teremia (10). Before the 1960s most strains of B.
fragilis were susceptible to tetracycline.

Clindamycin, a lincosamide antibiotic, has
become one of the primary agents for treatment
of infections involving Bacteroides spp. because
of its excellent in vitro activity, its efficacy in
animal models, and the results of prospective
controlled studies in the treatment of mixed
anaerobic-aerobic infections (21). Clindamycin
has maintained its position as a prime therapeu-
tic agent in these clinical settings because rela-
tively few resistant isolates have been docu-
mented (20). Although the occurrence of
clindamycin-resistant (Clnr) Bacteroides strains
has been infrequent, there has been one reported
outbreak of cindamycin resistance in Detroit,
Mich., as well as scattered reports of resistant
isolates (1, 13).
However, the potential for an increasing inci-

dence of Clnr strains exists. This view is based
on several studies demonstrating plasmid-medi-
ated conjugal transfer of clindamycin-erythro-
mycin resistance in Bacteroides spp. and the
widespread use of these agents (11, 18, 24).

There are two known Clnr transfer factors in
Bacteroides spp.: pBF4 (pIP410), described by
two groups (8, 25), and pBFTM10, which has
been described by our group (19). Homology
between the Clnr determinants of pBF4 and
pBFTM10 has been recently established (14).
The present report examines the relatedness
between 16 Clnr strains of Bacteroides and the
Clnr determinant in pBFITM10.

MATERIALS AND METHODS
Bacteioloy. The identification of Bacteroides iso-

lates referred to our laboratory was confirmed by
criteria (7) developed at the Virginia Polytechnic Insti-
tute and State University, Blacksburg. All identifica-
tion tests, susceptibility studies, and transfer experi-
ments were performed in an anaerobic chamber at
370C (18). Strains of B. fragilis were classified accord-
ing to a phage typing system developed in our labora-
tory (A. Sosa, M. H. Malamy, S. L. Gorbach, and
F. P. Tally, unpublished data). Organisms were pre-
served in skim milk at -70°C. Bacteria were retrieved
from frozen stocks and inoculated onto blood agar
plates; single colonies were transferred to brain heart
infusion broth-0.0005% hemin-0.5% yeast extract
(BHIS) agar plates containing 10 j.g ofclindamycin per
ml for use in the experiments described below.
Media. BHIS was used for liquid culture. The solid

medium used for susceptibility testing was BHIS with
1.5% agar and 5% defibrinated sheep blood. The B.
fragilis minimal medium used to confirm transconju-
gants was prepared as previously described (18). Anti-
microbial susceptibility testing was performed by mi-
crotiter techniques adapted to the anaerobic chamber,
using BHIS broth and an inoculum of approximately
106 CFU/ml as previously described (16). Sensitivity
to virulent bacteriophage was determined by the agar
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overlay method. BHIS agar plates with soft agar
overlays were prepared under aerobic conditions and
then incubated in the anaerobic chamber.
DNA aaysis. Plasmid and chromosomal DNA were

obtained by a Triton X-100 minilysis technique from
10-ml cultures as described previously (3) except for
an incubation of the lysis mix at 65°C for 5 min. The
DNA-containing supernatant was collected by centrif-
ugation at 9,000 x g for 40 min. Plasmid DNA for nick
translation was purified by harvesting the lower band
in cesium chloride-ethidium bromide density gradient
centrifugation of the cleared lysates (18). DNA sam-
ples were analyzed by electrophoresis in vertical agar-
ose slab gels as previously described (18).
DNA homology studies. DNA hybridization studies

were carried out by the technique of Southern (15).
DNA was prepared by the minilysis technique de-
scribed above. DNA was transferred to nitrocellulose
paper and probed with 32P-nick-translated DNA (12).
The Cln' transfer factor pBFTM1O or the EcoRI-B
fiagment of this plasmid cloned in Escherichia coli (9;
M. H. Malamy, M. J. Shimell, and F. P. Tally, unpub-
lished data) was used as a probe. The rationale for the
use of these probes is discussed below.

Resistance transfer experiments and mating controls.
The transferability of Clnr in the Bacteroides strains
was tested by utilizing the filter mating technique (18).
The recipient strain was B. fragilis JC101, a plasmid-
free auxotroph of strain TM4000 (see Table 1), which
requires histidine and arginine for growth in minimal
media. Strain JC101 is clindamycin susceptible (Cln'),
tetracycline susceptible (Tets), rifampicin resistant
(Rif'), and sensitive to phage FP (M. H. Malamy,
G. R. Carson, and F. P. Tally, unpublished data). All
strains used as donors were Cln' Tetr Rif. Transconju-
gants were selected on BHIS plates containing 10 ,ug
of clindamycin and 50 ,ug of rifampicin per ml. JC101
transconjugants were verified by their lack of growth
on minimal medium, growth on minimal medium con-
taining histidine and arginine, and sensitivity to phage
FP. For studies on the induction of transfer proficien-
cy, donor cells were grown in a low concentration (1
.gu/ml) of tetracycline or clindamycin before the donor
and recipient were combined on the filter. In all
matings, a TMP1O x JC101 cross was included as a
positive control (see Table 1).

RESULTS
Source of Clr bacterial isolates. The source

and selected characteristics of 16 Clnr strains of
Bacteroides and 3 control strains of B. fragilis
are listed in Table 1. Ten strains were obtained
from Betty Bond of the University of Illinois
Clinical Microbiology Laboratory. All were
highly resistant to clindamycin, with minimal
inhibitory concentrations of clindamycin ranging
from 128 to 512 ,ug/ml. In addition, they were all
resistant to tetracycline (minimal inhibitory con-
centration, -8 Rg/ml). When tested with a series
of virulent bacteriophages that have been used
to classify B. fragilis, each of the Clnr B. fragilis
isolates exhibited a different phage sensitivity
pattern. This result implies that the different
isolates were not closely related and did not

represent repeated isolation of a single Clnr
strain. The six other Cin' strains were obtained
from various locations (Table 1). These strains
had clindamycin minimal inhibitory concentra-
tions of 256 to 512 ,ug/ml. Three of these strains
were Tetr, and three (TAL1877, TAL1912, and
TAL1913) were Tet'. These B. fragilis isolates
could be assigned to three different phage sensi-
tivity groups.
DNA analysis. A DNA analysis of the 16

isolates revealed that 10 strains were apparently
plasmid free, whereas 6 isolates contained two
to three bands of plasmid DNA after agarose gel
electrophoresis (Table 1). The molecular sizes of
the plasmids range from 2.8 to approximately 90
kilobases. The presence of very large plasmids
(greater than 100 kilobases) in the "plasmid-
free" strains cannot be ruled out at this time.
These plasmids might not have been detected by
the lysis technique used in this study.

Rationale for DNA homology studies. The Clnr
transfer factor pBFTM10 is useful as a probe in
hybridization studies. Preliminary studies in our
laboratory with strain TAL2300 revealed that
32P-labeled pBFTM1O DNA has homology with
the chromosome of this strain (17). This probe
was subsequently used to study clindamycin
resistance in Clnr Bacteroides strains referred to
our laboratory. Because of the low yields of
DNA from B. fragilis and the low efficiency of
incorporation of [ 2P]triphosphate into B. fragi-
lis DNA, the three EcoRI fragments of
pBFTM1O were ligated into the E. coli plasmid
vector pMC1403 and grown in E. coli (2, 9;
Malamy, Shimell and Tally, unpublished data).
Thus, large amounts ofB. fragilis DNA could be
harvested from E. coli. There was no homology
between the vector pMC1403 and pBFTM1O (9).
The 4.4-kilobase EcoRI fragment of pBFTM10
(EcoRI-B) is thought to contain the Clnr deter-
minant, based on the observation that loss of
this segment of DNA results in a loss of clinda-
mycin resistance (19). In addition, only this
fragment shows homology with the Clnr transfer
factor pBF4 (14). The plasmid containing this
fragment cloned in E. coli, designated pMJS100,
was used for subsequent DNA homology stud-
ies.
DNA homology. Two different sources of Clnr

determinant DNA were used to test for the
presence of related sequences in the Clnr Bacte-
roides isolates. Plasmid pBFTM1O was used
initially as a probe, and homology was revealed
in 11 of the 16 isolates tested. The five isolates
failing to hybridize with pBFTM1O were then
tested with 32P-labeled pMJS100. This DNA
could be labeled to a higher specific activity by
nick translation and was a more sensitive probe.
Only strain TAL2450 failed to show homology
with this probe; thus, 15 of 16 strains tested
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TABLE 1. Bacteroides strains
Homology with intact

MICb (;Lg/ml) pBFTM1O or the cloned Clnr
TAL0 no. Species Origin Plasmids determinant pMJS100ddetectedc

Cln Tet Plasmid ChromosomeCmTet ~~~~~band region

Test strains
2268 B. fragilis uie 128 32 - - +
2300 B. fragilis UI 256 16 - - +
2413 B. fragilis UI 256 32 + + +
2417 B. thetaiotaomicron UI 256 16 - - +
2423 B. fragilis UI 256 32 + - +
2424 B. distasonis UI 128 8 - - +
2426 B. fragilis UI 256 32 + - +
2428 B. thetaiotaomicron UI 256 16 - - +
2429 B. vulgatus UI 512 8 - - +
2459 B. fragilis UI 256 32 + +
1877 B. vulgatus Netherlands 512 2 + + +
1878 B. thetaiotaomicron Netherlands 512 8 - - +
1912 B. thetaiotaomicron St. Louis, Mo. 256 4 + - +
1913 B. fragilis St. Louis, Mo. 256 4 - - +
2480 B. fragilis Boston, Mass. 512 16 - - +
2450 B. fragilis Brazil 512 16 - -

Controls
TM4000 B. fragilis Paris, France 0.012 0.25 - -

JC101 B. fragilis Boston, Mass. 0.012 0.25 - -

TMP10 B. fragilis Los Angeles, Calif. 512 16 + Source of
pBFTM10

a TAL, Tufts Anaerobic Laboratory.
b MIC, Minimal inhibitory concentration.
As determined by agarose gel electrophoresis. +, Detected; -, not detected.

d For pMJS100, see reference 14.
UI, University of Illinois.

showed homology with pBFTM1O or the EcoRI
fragment of this plasmid cloned in E. coli. Re-
sults with seven representative strains and two
control strains are presented in Fig. 1. Five of
the seven strains (TAL1912, TAL2300,
TAL2424, TAL2428, and TAL2480) show ho-
mology with sequences present in the chromo-
somal region. It should be pointed out that for
these strains and strains discussed below, the
"chromosomal region" may also contain plas-
mid DNA sequences in addition to chromosomal
sequences. One strain, TAL1877 (Fig. 1, lane 5),
shows homology with the chromosomal region
and, in addition, with a small plasmid; B. fragilis
TAL2450 (lane 9) failed to show any homology.
Seven additional strains (data not shown) had
homology within the chromosomal region only
(Table 1, strains TAL2268, TAL2417, TAL2423,
TAL2426, TAL2429, TAL1878, and TAL1913).
Two strains, TAL2413 and TAL1877, showed
homology within the chromosomal region and in
a plasmid. Strain TAL2459 showed homology
with a plasmid only (Table 1).

Transfer experiments. The transfer of Clnr and
Tetr was studied with strains TAL2300,
TAL2459, TAL2450, and TAL2480 as donors

and strain JC101 as the recipient (Table 2). None
of these strains transferred Clnr or Tetr without
antibiotic pretreatment. Strains TAL2300 and
TAL2459 transferred both Clnr and Tetr after
tetracycline or cindamycin induction. Strain
TAL2450 transferred Clnr and Tetr after growth
in tetracycline (1 ,ug/ml) before mating; there
was no transfer of resistance determinants after
growth in clindamycin at 1 jLg/ml. Strain
TAL2480 failed to transfer either Tetr or Clnr in
three separate experiments after induction with
clindamycin or tetracycline.

DISCUSSION
The B. fragilis plasmid pBFTM10 and the

chimeric plasmid pMJS100 were useful probes
for the detection of Clnr determinants in the
referred Clnr Bacteroides strains. The plasmid
pMJS100 was the preferred probe because it
could be easily obtained in a large quantity and
labeled to a high specific activity by nick transla-
tion. This probe gave positive results with sever-
al strains that had inconclusive or negative re-
sults with the probe pBFTM10. Questions
remaining to be investigated include the relation-
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FIG. 1. Agarose gel electrophoresis (A) and South-
ern blots (B) of seven Clnr Bacteroides strains (lanes
3-9) and two controls (lanes 1 and 2). The figure is a

composite of three separate experiments. Hybridiza-
tion was performed in 0.9 M sodium nitrate-0.2%
Ficoll-0.2% polyvinylpyrrolidone-0.5% sodium dode-
cyl sulfate-0.02% bovine serum albumin V-100 ,ug of
calf thymus DNA per ml at 65°C for 20 h. Bacteroides
target DNA obtained by the minilysis technique was
fractionated by agarose gel electrophoresis and then
transferred to nitrocellulose filters. 32P-labeled
pBFTM1O or pMJS100 DNA was used as a probe as
described in the text. The strains shown are as follows:
lane 1, TM4003 (positive control strain which contains
pBFTM1O in closed circular form [a] and open circular
form [b] [this plasmid has a length of 14.6 kilobases
and serves as a size standard]); lane 2, JC101 (negative
control); lane 3, TAL1912; lane 4, TAL2300; lane 5,
TAL1877; lane 6, TAL2424; lane 7, TAL2428; lane 8,
TAL2480; lane 9, TAL2450.

ship of B. fragilis Clnr to other Clnr anaerobic
bacteria, e.g., Bacteroides and Clostridium spp.,
and the relationship to the macrolide-lincosa-
mide-streptogramin resistance determinants in
Streptomyces spp., Staphylococcus aureus, and
Bacillus spp. (4, 5, 23) and to the erythromycin
resistance determinant on Tn9O7 of Streptococ-
cus faecalis (22).
Data from our studies indicate that the Clnr

determinant on pBFTM1O is widely distributed
in natural isolates of Bacteroides spp. and that
the Clnr determinant may reside on a plasmid or
in the chromosome of resistant isolates. These
two observations suggest that the Clnr determi-
nant may be carried on a transposable genetic
element. Definitive answers to this question
await genetic tools to study transposition in B.
fragilis or the cloning of the Clnr determinant in
a suitable host for the study of transposition.
The lack of homology between the Clnr deter-

minant of pBFTM1O and DNA from strain
TAL2450 suggests that there may be at least two
different clindamycin-erythromycin resistance
determinants in Bacteroides spp. Further evi-
dence supporting this hypothesis is the failure of
clindamycin induction to increase the frequency
of transfer in the experiments reported in this
paper. We have always observed clindamycin
induction to increase the frequency of Clnr and
Tetr transfer in the Tetr Clnr strains previously

studied (17, 19). The existence of more than one
class of Clnr determinants in Bacteroides spp. is
not surprising since multiple determinants lead-
ing to resistance to the same antimicrobial
agents are often encountered in aerobic bacteria.
Multiple determinants have already been dem-
onstrated for erythromycin-clindamycin-strep-
togramin resistance in Streptomyces spp. (5).
The potential for the proliferation of clinda-

mycin resistance in B. fragilis exists because of
the presence of transfer factors, such as
pBFTM10 and pBF4, and the increased use of
these drugs in,hospitals. pBF4 and pBFTM10
both code for clindamycin and erythromycin
resistance. Thus the occurrence of Clnr Bacte-
roides strains may be enhanced by the use of
either clindamycin or erythromycin. The use of
erythromycin has increased in the past few
years. This drug is used for the treatment of
atypical pneumonia caused by Mycoplasma
pneumoniae or Legionella pneumophila and in
preoperative prophylactic bowel preparations
for colonic surgery. The latter usage occurs in
the very patients at high risk to develop infec-
tions with Bacteroides spp. Currently, there is
an outbreak of Clnr Bacteroides spp. on the
surgical wards of the University of Illinois Hos-
pital; the epidemiology of this outbreak is being
investigated (A. C. England, E. J. Bond, H.
Livingston, and K. E. Nelson, personal commu-
nication). Based on the above-described data,
routine susceptibility testing of Bacteroides iso-
lates, particularly for clindamycin susceptibility,

TABLE 2. Transfer frequencies of B. fragilis
isolates

ReIi- du- Selected
Donor e resis- Transfer
strain ent ing tance frequencyastrain anti-

biotic markers

TAL2300 JC101 Tet Tet Rif 1.5 x 10-3
Cln Rif 5.77 x 10-4

Cln Tet Rif 0.3 x 10-7
Cln Rif 1.2 x 10-

TAL2450 JC101 Tet Tet Rif 8.0 x 10-7
Cln Rif 8.0 x 10-7

Cln Tet Rif <1 x 10-8
Cln Rif <1 x 10-8

TAL2459 JC101 Tet Tet Rif 1.2 x 10-5
Cln Rif 1.2 x 10-6

Cln Tet Rif 2.2 x 10-5
Cln Rif 1.0 x 10-6

a Expressed as number of transconjugants per num-
ber of donor cells input.
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is indicated in patients with serious anaerobic
infections.
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