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One of the major hurdles in the control of Staphylococal infections 
is the emergence of resistant strains to various chemotherapeutic agents. 
The indiscriminate use of antibiotics has resulted in an increase in drug 
resistant staphylococci. Mechanisms of emergence of drug resistance 
has not been elucidated clearly. Of the three identified modes, R plasmid 
mediated resistance has been reported to be the most important in 
Enterobacteriaceae and Staphylococci (Rush et a/; 1969; Novick, 1980; 
Cohen, 1982). The other two mechanisms reported are chromosome 
mediated and transposon mediated resistances (Chopra and Howe, 1978). 
Conjugation was not considered as a mode of transfer of DNA between 
strains of Staphylococci; while transduction and transformation were 
considered to be the means of antibiotic resistance transfer in bacteria 
(Lacey, 1975). According to Novick (1980), Staphylococcal R Flasmids 
could not apparently promote their own transfer by conjugation. Forbes 
and Schaberg (1983) reported conjugation in Staphylococci by filter 
mating method. Mathew and Punnoose (1986) reported conjugal 
transfer of Streptomycin resistant plasmid from coagulase-negative 
Staphylococci to Staphylococcus aureus RN 450 RF in mixed cultures. 
This experiment was intended to find out the possibility of antibiotic 
resistance transfer from Staphylococcus aureus to S. aureus RN 450 RF. 

Materials and Methods 

Donor strains: Out of fifty-two Staphylococcal isolates recovered 
from milk of mastitis affected cattle ten S. aureus isolates were selected 
for drug resistance transfer experiments. The cultures were examined for 
the resistance pattern by agar diffusion (Brown and B{owers, 1978) and 
agar dilution (Barry, 1976). methods. All the donor strains were coagulase, 
positive and sensitive to rifampicin. 

Recipient strain: Staphylococcus aureus RN 450 RF. Phage 
free; Plasmid free; Riff/Fusl~. 
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Media used: Tryptic soybroth (Difco) and Mueller-Hinton agar 
(H!-media) 

Antibiotics: Erythromycin (8 mcg; ml), Ch!oramphenicol (25 mcg/ 
ml) tetracycline (12 mcg/ml), Streptomycin (15 mcg;'ml), Rifampicin (2.5 
mcg/ml), Gentamicin (6 mcg(ml), Ampicillin (32 mcg,~ml) and Benzyl 
penicil l in (1.0 mcg; ml) were used. 

In vitro transfer: The method described by Datta (1978} with 
slight modifications was used for conjugation experiment. From six-
hour-old cultures, 0.1 ml of rifampicin sensitive donor and 0 2 ml of the 
recipient were co-cultivated in 10 ml of tryptic soy broth and incubated 
overnight at 37~C and was centrifuged at 3000 rpm for 30 mts at 4"C. 
The sediment was plated on the Mueller-Hinton agar containing 
2.5 mcg,'ml of rifampicin and one of the antibiotics to which the donor 
v4~as resistant (selective media) and incubated at 37`C for 24 hours. 
Donar and recipient controls were plated separately. The colonies 
coming up on the selective media-transcipiEnts-were purified by subcul-
turing orr 'Selective media' and the resistance transferred was further 
confirmed by agar diffusion method. Cell free filtrates of an overnight 
culture of the donors in tryptic soy broth were prepared by filtering 
through 450 nm Millipore filter and 200 nrn Sartorius filter membranes. 
Three ml of the cell-free filtrate of each donor was mixed separately 
with three ml of an overnight culture of the recipient and incubated at 
37°C for 6-8 hours and the mixture was plated on appropriate 'Selective 
media' and incubated at 37`C. After 24-48 hours of incubation, the 
plates were examined for the presence of colonies. Recipient and filtrate 
controls were plated separately. 

Results and Discussion 

Details of the donors, recipient, selective donar markers and 
transcipients obtained are presented in table- I. 

Six of the ten S, aureus donor strains used in the study transferred 
either one or more drug resistance markers to the recipient. Of these 
one strain (M51) transferred tetracycline resistance, two strains (M12 and 
M18) transferred streptomycin resistance while the other two strains 
(M35 and M80) transferred penicillin and streptomycin resistances 
together. No chloramphenicol, ampicillin, or erythromycin resistances 
were found transferred from the donors in the present study even though 
the resistance to these drugs were reported to be encoded on R Plasmids 

(Lacey 1975). Whether resistance to these drugs was not transferred or 
failed to become established in the receipient is uncertain. 

Transduction, transformation and conjugation were all considered 

as the means of R plasmid transfer. The cell-free filtrate of the donors failed 
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Table I 

Details of the donors, recipient, selective donor markers and 
transcipients obtained 

Sl. Donors 
No, 

S, aureus strains 
1 M2 

Recipient Selective donor 
marker (s) 

Resistance of 
the transci-
pients 

S. aureus RN 450 RF 

2 M12 
phage free, 
Plasmid-free 

Str; Tet. Nil 

Rife• -`Fuss• Str. Str. 
3 M17 Chl. Nil. 
4 M18 Str; Pen; Amp. Str. 
5 M 34 Str; Amp. N i l 
6 M35 Str; Tet; Amp; Pen Str; Pen 
7 M48 Str. Tet. Str; Tet. 
8 M51 ., Str; Tet; Pen Tet 
9 M80 Sir; Tet; Pen; Em. Pen; Str. 

10 M87 Tet Nil. 

Abbreviations used; Str. Streptomycin, Tet. Tetracycline, 

Chl. Chloramphanicol, Amp. Ampiciil in, 
E;». Erythromycin, Rif. Rifarnpicin, 
Fus. Fusidic acid. 

to transfer the resistances to tl~e recipient. Hence the possibil ity of trans-
duction and transformation was excluded even though, that could not be 
completely ruled out, since both the recipient and donor strains were 
S. aureus. The possibil ity of phage-mediated conjugation also should 
be considered. In the work the receipient S. aureus RN 450 RF used 
was phage-free and Plasmid-free. Hence there was no possibility of 
transfer from 'recipient' to 'donor', thus avoided difficulty of identifying 
tiie direction of transfer. An interesting finding was that streptomycin 
resistance was most readily transferred, since five out of eight strepto—
mycin resistant strains were able to transfer the resistance to the recipient. 
The reason for this high incidence of streptomycin-resistance transfer is 
not known. V1r'liether this was due to the location of the streptomycin 
resistance gene near the "origin of transfer` of the plasmid DNA requires 
further investigations. 

Tfie failure of cell-free filtrate of the donors to transfer drug 
resistance to the recipient, while the ability of the donor bacteria to 
transfer the resistances to the recipient in mixed cultures in the study 
suggested a conjugal transfer of tl~e resistance. The exact mechanism of 
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conjugation in bacteria is still a controversy. Whetr~er the transfer of 
Plasmid DNA occured in the Staphylococci was through a transmembrane 
'Pore', requires further investigations. This type of transfer of R plasmids 
may have an important role in the infectious drug resistance in Staphy-
lococci. Paniker and Minkley (1985) were of the opinion that F Pilus 
do not play a direct role in DNA transfer and a comparison could be made 
between the function of the sex pilus found in gram-negative bacteria 
and cell clumping induced by the action of 'Sex Pheromone' in Gram 
positive bacteria like S. faeca/is. Whether such sex pheromones are 
produced by Staphylococci for clumping and transfer of R plasmids 
requires further research. 

Summary 

The possibility of transfer of antibiotic resistance from Staphy—
lococcus aureus isolated from the milk of mastitis affected cattle to 
S. aureus RN 450 RF was studied. Penicillin, streptomycin and tetra-
cycline resistance could be transferred from some of the selected donors, 
while it was not possible to transfer chloramphenicol; ampicillin and 
erythromycin resistances. The mode of transfer was thought to be through 
conjugation. This could be one of the modes of infectious drug resistancQ 
in Staphylococci. 
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