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Resistance to tetracycline (TC) is common
in enteric bacteria and the biochemical mecha-
nism of resistance to TC has been investigated
by many workers.!~” A report by TSENG and
BryAN is the only description of the mecha-
nism of TC-resistance in Pseudomonas aerugi-
nosa carrying an R factor, R931.® During a
survey of drug resistance in P. aeruginosa, we
found several R factors from such clinical
isolates. One of the R factors, kR102, was
different from R931 by the following genetic
traits: firstly, kR102 has five resistance deter-
minants, TC-chloramphenicol-streptomycin-
sulfonamide-kanamycin, and R931 has two,
TC-streptomycin. Secondly, a streptomycin-
inactivating enzyme in the former has not
been demonstrated, even though the MIC of
the bacterial strain carrying kR102 is very
high, over 25,000 mcg/ml (unpublished data),
while a streptomycin-phosphorylating enzyme
has been detected in the bacteria carrying
R931 (MIC 1,600 mcg/ml). Neither R factor
has been successfully transferred to enteric
bacteria. This paper deals with the mechanism
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of kR102 mediated resistance to TC.

P. aeruginosa, K-Ps 47 RFP, was used as
R~ strain, a clinically-isolated rifampicin
resistant mutant of K-Ps 47 sensitive to the
drugs mentioned above. The minimum in-
hibitory concentration (MIC) of each strain
to TC was determined by the agar dilution
method and estimated as 800 mcg/ml to K-Ps
102 and 50 mcg/ml to K-Ps 47 RFP, respec-
tively.

Uptake of TC was determined according to
the method of SomPOLINSKY er al.¥ When
the concentration of TC used in uptake studies
exceeded 25 mcg/ml, the TC-uptake of K-Ps
47 RFP increased rapidly. By contrast, an
increase of TC-uptake in the resistant strain
K-Ps 102 was not observed even at concentra-
tions up to 200 mcg/ml. However, when the
external concentration of TC exceeded 400
mcg/ml, the slope of the uptake curve sharply
increased. The concentration of TC, at which
a rapid increase occurred, corresponded with
the MIC for each strain. This suggests that
at these concentrations, rapid entry of the
drug into cells causes inhibition of cell growth.

The effect of pretreatment of cells with TC
on drug resistance was examined by determin-
ing bacterial growth at various concentrations
of TC by the method previously reported.”
And it was found that the resistant strain
K-Ps 102 could grow in broth containing 400
mcg/ml of TC after treatment with 12.5
mcg/ml of TC for 30 minutes; without the
pretreatment complete inhibition of the strain
was observed. The MIC in the induced
population was 1,600 mcg/ml of TC and the
TC-uptake of the induced population of K-Ps
102 was less than that of a noninduced popu-
lation of the same strain, as Fig. 1 shows.
The TC-resistance of TC-induced cells of K-Ps
102 decreased on growth in TC-free medium.
From these results, it was concluded that the
TC-resistance of R* strain K-Ps 102 is in-
ducible and that TC is an active inducer;
we presume that the induced resistance is due
to decreased uptake of the drug.

TC was extracted from cells of culture of
K-Ps 102 which had been exposed to the
drug, and subjected to spectrophotometric
assay and microbioassay according to the
method of SomMPOLINSKY er al.® The results
indicated that the extracted TC showed the
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same absorption spectrum and antibacterial
activity as those of authentic TC. In addition,
possible inactivation of TC by cell-free extracts
prepared from resistant bacteria was examined
according to the method reported previously,'®
- no reduction in antibacterial activity of the
drug occurred.

K-Ps 47 RFP (kR102) was obtained from
K-Ps 47 RFP by mating with K-Ps 102. The
conjugant had acquired the resistance markers
of the donor. TC-uptake in this strain, K-Ps
47 RFP (kR102), with or without pretreatment
with TC was examined and it was shown that
the TC-uptake curves in both cases were
nearly the same as that of the induced popu-
lation of K-Ps 102. The differences between
strains K-Ps 102 and K-Ps 47 RFP (kR102)
may be due to the differences in expression
of the R factor in the two different host
strains.

Spheroplasts of strain K-Ps 102 became
sligthtly sensitive to TC compared with that
of intact cells of the same strain. However,
the level of resistance in the spheroplasts was
higher than that of the R~ strain K-Ps 47
RFP (unpublished data). This implies that
the mechanism of TC-uptake in R* strains
might be due to an enzyme, which is located
at cell membrane and which is responsible
for the active transport of TC into the cell.
This discussion agrees with the report of LEvy
et al.,” in which it has been shown that TC
specific membrane bound protein was detected
in R* cells, but not in R~ cells.

In summary, the report indicates that there
is a clear correlation between the MIC of a
strain and its TC-uptake; this confirms the
report by TSENG and BRYAN.®” Studies on the
mechanisms of resistance to other antibiotics
determined by the R factor, kR102, are now
under way.
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