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Tetracycline Resistance Genes from Bacillus Plasmid pAB124
Confer Decreased Accumulation of the Antibiotic in Bacillus

subtilis but Not in Escherichia coli
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Expression of tetracycline resistance by genes originating in the Bacillus
plasmid pAB124 was examined in both Bacillus subtilis and Escherichia coli
host cells. Expression of resistance in B. subtilis by genes from pAB124 was
inducible and associated with decreased accumulation of the antibiotic. A frag-
ment of pAB124 carrying the genes coding for tetracycline resistance was cloned
into the E. coli plasmid RSF2124. The cloned fragment conferred a low level of
resistance in E. coli, but this was not associated with decreased uptake of
tetracycline and was not inducible.

It has been suggested that plasmid-mediated
tetracycline resistance in clinical isolates origi-
nated from soil organisms which share the same
habitat as streptomycetes that synthesize the
antibiotic (7). Since plasmid-mediated resistance
in clinical isolates results at least partially from
decreased drug accumulation (7, 11), this hy-
pothesis for the origin and spread of resistance
implies that the ancestral resistance genes were
able to mediate decreased drug accumulation
not only in the species in which they arose but
also, eventually, in other species. However, data
relevant to this question are lacking. Members
of the genus Bacillus are possible candidates for
the origin of tetracycline resistance genes be-
cause plasmids determining resistance have
been isolated from them (3, 7). We have there-
fore examined expression of Bacillus resistance
genes in both Bacillus subtilis and Escherichia
coli hosts.
Plasmid pAB124 mediates resistance to tet-

racycline in both Bacillus stearothermophilus
and B. subtilis (3). We chose to study expression
of tetracycline resistance by genes from this
plasmid in both B. subtilis and E. coli hosts. To
clone the resistance genes of pAB124 into E.
coli, the plasmid pUB1659 was constructed (Fig.
1). This was then ligated directly with the E.
coli plasmid RSF2124 (13) to produce plasmid
pUB1721 (Fig. 1), which replicates in E. coli.
Competent cells of B. subtilis NCIB 10106 were
transformed to high-level tetracycline resistance
with pUB1721 DNA. Plasmid DNA isolated
from these transformants had a different restric-
tion enzyme digestion pattern from that of
pUB1721, implying modification of the DNA
during transformation. Because of this problem

we compared expression of resistance by
pUB1659 in B. subtilis with that conferred by
pUB1721 in E. coli.
Accumulation of tetracycline by B. subtilis

containing pUB1659 was determined by spectro-
fluorimetry (2, 11). Strain UB6107 (containing
pUB1659) (Table 1) and the plasmidless host
strain NCIB10106 accumulated equivalent
amounts of tetracycline, but prior exposure of
UB6107 to tetracycline resulted in about a 20-
fold decrease in accumulation of the antibiotic
(Table 2). Plasmid pUB1659 therefore appears
to mediate resistance to tetracycline that is as-
sociated with decreased accumulation. This phe-
notype resembles that conferred by plasmids
found in other bacterial hosts (7, 9, 11). Some
plasmids found in enteric bacteria determine
resistance to both tetracycline and its semisyn-
thetic derivative, minocycline (10, 11). Plasmid
pUB1659 did not confer resistance to minocy-
cline (data not shown).
We attempted to correlate the inducible re-

sponse in UB6107 with increased resistance to
tetracycline. Resistance levels in E. coli are most
satisfactorily determined by measuring growth
rates in liquid cultures containing tetracycline
(6, 11), but an estimate of the basal level of
resistance by pUB1659 in B. subtilis was unob-
tainable because induction occurred rapidly dur-
ing the course of experiments. However, com-
parison of data obtained for NCIB10106 with
those obtained for induced cultures of UB6107
(Table 2) demonstrates that reduced accumula-
tion of tetracycline does contribute to resistance.
Although the resistance genes of pUB1659

conferred about a 20-fold reduction in tetracy-
cline accumulation, UB6107 was about 100 times
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