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SUMMARY: An analysis of tetracycline, streptomycin, penicillin and cadmium
resistance in Staphylococcus aureus E169 indicates that their determinants
are all extrachromosomal. The determinants for penicillin and cadmium
resistance are linked. Those for streptomycin and tetracycline resistance
appear not to be linked, even though they can sometimes be co-transduced.

A possible explanation is offered.

May, Houghton and Perret (1) found that Staphylococcus aureus E169

grown at 43°—44°C irreversibly lost TcR* and the ability to produce pase.
They screened the treated cells for the loss of numerous other properties,
including SmR, and found they were unaffected. On this basis, and because
TcR and pase were lost at different rates, they concluded that the
determinants for TcR and pase production were on separate autonomously-
replicating cyto-plasmic particles.

Kasuga and Mitsuhashi (25 confirmed that in E169 SmR is stable and
TcR is unstable. However, when transduced to a strain MsS353, both are
now stable. Of the TcR transductants, 93.3% were found to be also SmR,
and of the SmR transductants, 84.6% were TcR. Co~transduction of SmR and
Tc® has been reported in other strains of §. aureus (3).

The evidence suggests that in E169 the determinants for TcR and SmR
are extrachromosomal and chromosomal respectively. Their co-transduction
could be occurring in é manner similar to that reported for the determinants

for pase production and heavy metal ion resistance in S. aureus PS80 (4).

* Abbreviations; Sm, streptomycin; Tc, tetracycline; Pc, penicillin; pase,
penicillinase; Cd, cadmium. Resistance or sensitivity is indicated by
superscript R or S respectively.
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In this strain the determinant for pase is chromosomal but can be duplicated
on the plasmid which confers resistance to the heavy metal ions arsenate,
mercury and cadmium. ’Consequently, the determinants for pase and heavy
metal ion resistance can be co-transduced. A similar situation has been
reported for erythromycin resistance and the plasmid carrying the markers
for pase and CdR (5).

With these results in mind, we have re-examined the nature of the
determinants for drug resistance in E169 to see if they are linked, and to
ascertain whether they are located chromosomally or extrachromosomally.

MATERIALS AND METHODS

Bacterial strains. §$. aureus strains E169, M1899 and M1614-3 were used.

Their phage types are 52/52A/80/8l, 29/52/80/KSé and 52/52A/79/80 respectively.

S, pc® and ca® ana m1614-3

R .
E169 is TcR, SmR,PcR, and Ccd , M1899 is SmS, Tc
is Sms, Tcs, PcS and Cds.

Elimination of drug resistance. The drug resistance of E169 after growth

at elevated temperature (1), and in AF* (6) and EB (7), was compared with that
of untreated controls. EB treatment was done in TSB, buffered at pH7.1 with
0.05M potassium phosphate buffer.

_Screening procedure. Colonies were replicated (8,9) onto Oxoid Blood Base

No. 2 containing either Tc (5 pg/ml), Sm (100 ng/ml), Pc (0,15 i.u./ml) or
cd (NO3) 2 (100 ng/ml). Pase production was tested by the method of Dyke,

Jevons and Parker (10).

Propagation and titration of phage. Typing phage 80 was propagated on E169

in TSB + 0.004M Cacl2 + 0.3% agar layered on TSA (11). A 0.7% agar overlay
was used to titre the phage.

Transduction (12). Growth from an overnight TSA slope of the recipient
was suspended in 10 mls. of TSB + 0.008M CaCls; to a final concentration of

approximately 5 x 108 cells/ml. This was warmed to 37°C and then 1 ml. of

* <Abbreviations: AF, acriflavine; EB,ethidium bromide; TSB and TSA,
Difco tryptic soy broth and agar respectively.
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1-2 x 109 p-f.u./ml. of transducing lysate added. After gentle shaking for
30 minutes at 37°C, 1 ml. of 5% sodium citrate was added, and the cells
collected by centrifugation. The resuspended cells were left for 3-3% hours
at room temperature and then screened for transductants by spreading onto
Difco brain heart infusion agar plates containing 0.5% sodium citrate and
drugs at the previously stated concentration. When selection was made for
Pc transductants, the cells were washed once before plating.

Ultraviolet (UvV) irradiation. 3 ml. amounts of transducing lysates were

irradiated in 9 cm Petri dishes for varying times with 50 uW’/cm2 UV in the
2300A to 270Q00A range.

RESULTS AND DISCUSSION

Sms variants of E169 have not been reported (1,2). However, we have
found them in cultures of E169 grown at 37°C. Of 1009 colonies tested 7
were Sms. Three of these were phage typed and found to have the same
pattern as the parent strain. Since the number of TcS and Pcs cells in
E169 increases with the incubation temperature (1) we grew E1l69 at a higher
temperature than previously reported (1,2). From Table 1 it can be seen
that growth at 44.5°c did not significantly increase the number of S!E cells.

Treatment with acridines has been found to eliminate SmR in strains of
S. aureus (6,13). However, though we were unable to demonstrate this in

E1l69, we were able to eliminate PcR with AF (Table 2). Previous attempts

TABLE 1. Effect of growth temperature on the drug resistance of E169.

Colonies Number of drug sensitive colonies
Temperature
screened
Tc Sm Pc cd
37% 1178 3 (0.3%) 4 (0.3%) 8 (0.7%) 8 (0.7%)
44.5% 805 439 (54.6%) 8 (1.0%) 6l (7.6%) 61 (7.6%)
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TABIE 2. Effect of AF on the drug resistance of E169.

Concentration Colonies Number of drug sensitive colonies

of AF screened
Tc Sm Pc cd
0 245 3 (1.2%) 2 (0.8%) 0 0
1.58 ng/ml. 118 0 0 118 (100%) 118 (100%)

to eliminate PcR in E169 were unsuccessful (1) and attempts to eliminate it
in other strains with acridines have produced conflicting results (14).

Table 3 demonstrates that growing E169 in EB increases the number of
cells sensitive to the four drugs tested. Though the increases for TcS and
Smsare small, their numbers are significantly different, at the 1% level,
to those in the untreated controls. The increase in the number of Pcs and
CdS cells is in accord with previous findings (7).

These results indicate that the determinant for SmR in E169 is extra-
chromosomal. To further confirm this we have done transduction studies with
UV irradiated transducing lysates. Arber (15) has demonstrated that this
freatment increases the transduction rate for chromosomal markers but decreases
it for episomes. This technique has been used to determine if the markers
for drug resistance in S. aureus are chromosomal or extrachromosomal (5,16,

17,18).

TABLE 3. Effect of EB on the drug resistance of El69.

Concentration Colonies Number of drug sensitive colonies

of EB screened
Tc sm Pc cd
0 537 2 (0.4%) 3 (0.6%) 8 (1.5%) 8 (1.5%)
6 x 10-6M 377 18 (4.8%) 10 (2.7%) 100 (26.5%) 100 (26.5%)
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Fig. 1. The effect UV irradiation of phage lysates has on phage
survival ( O ) and the frequency of tramsduction of TcR ( X ) and
PcR (@ ). The phage lysate was prepared on E169 and the recipient
was M1899.

In Fig. 1, M1899 was used as a recipient. As this strain is CdR and
has a high mutation rate to SmR it could only be used as a recipient for TcR
R . R R R .
and Pc . M1614-3 was used as a recipient for Tc¢ , Cd and Sm (Fig.2). As
all CdR transductants were found to produce pase this was used as a measure

of the Pc® transduction rate in M1614-3. In both Fig. 1 and 2 the high
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Fig. 2. The effect UV irradiation of phage lysates has on phage
survival ( O ) and the frequency of transduction of TcR ( X ),
SmR (¥ ) and CdR (@ ). The phage lysate was prepared on E169
and the recipient was M1614-3.
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transduction rates (15) and the effect of UV irradiation on them, indicates
that the determinants for PcR, CdR,TcR and SmR are all extrachromosomal.

These results confirm the independent extrachromosomal nature of the
determinants for PcR and TcR (1). In addition they demonstrate that the
determinants for CdR and PcR are linked and that the SmR determinant is
extrachromosomal.

As they obtained high co-transduction rates for TcR and SmR Kasuga
and Mitsuhashi (2) concluded the determinants for these were closely linked.
However, this is not in keeping with the fact that they are not lost together.
Also, we have not been able to obtain the same degree of co-transduction as
Kasuga and Mitsuhashi (Table 4). This discrepancy is no doubt due to our
having transduced with a virulent phage whereas they used a UV induced

temperate phage.

R
TABLE 4. Co-transduction of TcR and Sm .

£ % Resistant
Donor Recipient Selected NuTbe? °© esistan
train strain on colonies
S tested Tc sm
E169 M1614-3 Tc 337 100 6.4
E169 M1614-3 Sm 184 9.9 100

It would appear then, that SmR and TcR are not co-transduced because
their determinants are normally on the same linkage group. Co-transduction
could be as a result of recombination between the two determinants as occurs
with penicillinase plasmids (19). However, this does not account for the
discrepancy in the co-transduction results and the failure of SmR and TcR
to show joint elimination. A possible alternative explanation is that the

two determinants are spatially near .one another, perhaps because their

aé%achment sites (19) are very close together. Consequently , both
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determinants are sometimes enclosed in the capsid of a transducing phage,
temperate and virulent phages varying in their ability to do this. of the
two possible explanations, the latter appears the more attractive.
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