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ABSTRACT: Twenty one Staphylococcus isolates were isolated
from Zagazig University Hospital from patients belong different
locations in Sharkia. All these isolates were isolated from different
parts of human body and identified genetically and
microbiologically. The isolates were obtained and characterized in
the Dept. of Medical Microbiology Zagazig University. Resistance to
antibiotics  (streptomycin,  chloramphenicol,  penicillin  and
rifampicin) was examined for all of isolates. The highest conjugation
frequencies was 2.14x10" between S. aureus 5§ and Staphylococcus
spp. 12. This study shows that transferring of genens among different
speeies of Sraphylococcus bacteria isolated from ditferent parts of
human body can occur. Conjugation frequencies have been
enhanced when plates were incubated at 25° for 48 hour. Addition
of caleim chloride increased the frequency about 12.70 fold inereasc
than control. Numbers of donor and recipient with a ratioof 2 : 1 ml/
ml resulted in maximum number of transconjugants.

Kev words: Sraphylococcus, sensitivity, conjugation, [actors.

INTRODUCTION produce cndospores but are highly
resistant to drying, especially when
associated  with organic matter
such as blood. pus, and other tissue
tluids.  Most  staphylococci  are
found routinely on the surface of
the skin. Breaks m skin and

The  genus  Srtaphviococcus  mucous membrancs allow entrance
contains both pathogenic and non- ol these organisms into the body
pathogenic organisms. Thev do not  where they may cause disease. The

Staphylococei  arc  spherical
Gram-postitive bacteria, which are
immobile and form grape-like
clusters (Rvan and Ray, 2004 and
Todar, 2005).
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three  major  species  inciude
Staphylococcus aureus,

Staphviococcus  epidermidis, and
Staphyviococcus saprophyvticus. The
Jatter two are rarely implicated in
discase. but have been isolated
cascs of endocarditis and urinary
tract infections under certain
circumstances. S, qwureus 1s
considered the pathogenic stram,

causing abscesscs, boils,
carbuncles, acnc and impetigo.
Less  commonly.  pneuwmonia,

osteomyelitis. endocarditis, cystitis,
pyclonephritis, and food poisoning
have been attributed to this
organism (Lowy, 1998 and Archer
and Climo, 2001). Thesc three
strains  of staphylococei can be
distinguished trom each other by a
number  of  biochemical tests
{Foster, 1996).

Conjugation involves cell-to-
cell contact and the movement of
host DNA by conjugative plasmids
or transposons and can result in the
largest replacements of hundreds
ol" kilobases i vitro (Lloyd and
Buckman. 1995 and Milkman et al
1999). With both transduction and
conjugation, the donor DNA s
frequently abridged by endonuclease
cutting and exonuclease shortening
before  incorporation  into  the
recipient chromosome (Milkman et
af 1999),
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The aim of this work is to
assess the potential gene transfer
among human clinical isolates of

staphylococei  bacteria.  Only
conjugation as a process of
transterring antibiotic  resistance

and pathogenic factor has been
detected. Factors that optimizing
this process have also investigated.

MATERJALS AND
METHODS

This study was carried out ai
Microbial  Genetic  Laboratory,
Fac. Agric. Zagazig Univ.

Isolation of Sraphylococcus

Bacteria

in Table 1 shows the
host. somrce and locations of
Staphylococcus  isolated  trom
Zagazig University Hospital as
human clinical from different
locations in Sharkia.

Data

Bacterial Isolates

There were twenty  once
isolates ot other staphylococci.
including 13 tsolates identified as
Staphvlococcus aureus, one isolate
as Staphylococcus saprophyticus,
one isolate of Staphylococcus
epidermidis,  one  isolate  as
Staphylococcus cohnii and five of
Staphylococcusspecies. The isolates
wereidentitiedby conventional



Zagazig J. Agric. Res., Vol, 35 No .(2) 2008 295
Table 1. List of Staphylococcus isolates and their sources
S/N - Isolate Scientific name Host Age Source
code
] Saul  Sraphvlococcus aurcus Child ~ Newborn Biood*
2 Saul  Sraphyiococeus aureus  Child  Newborn Blood*
3 Saud  Staphviococcus aureus Child  Newborn Blood*
4 Saud  Staphyvlococeus aureus Child ~ Newbom Blood*
5 Saus  Staphviococcus aureus Child  Newborn Blood*
O Sau6  Staphviococcus aureus Child ~ Newborn Blood*
Sau?  Staphylococeus aureus Child  Newborn Blood*
Sau8  Staphvlococcus aureus Child  Newborn Blood*
§ SsY  Staphylococcus sp Femaie 42y Nipple discharge*
10 Saul®  Staphviococcus aureus Male 67y Aspirate from post
operate wond****
11 Sault  Staphviococcus aurcus  Fernale 30y Vaginal swab™
12 Ss12 Staphvlococcus sp Female 19y Urine*
13 Ssaprol3 Staphviococcus Female 43y Urine*
saprophvticus
14 Sauld  Staplhylococcus aureus Male 40y Diabetic foot**#*
15 Sauls  Staphylococcus aurcus Temale 70 v Knee Jomnt*****
16 Seplt  Swuphviococcus Female 27y Recurrent boils*
epidermids
17 Saul?  Staphvilococeus aurens  Female 45y Bloody Aspirate®*
18 SsI8  Staphvlococcus sp FFemale 39y Rt.conjunctivitis™
19 Ss19 Staphylococcus sp Female 9y [.t.conjunctivitis®
20 Ss200 Stapinvlococcus sp Male Sy Ri.conjunctivitis**
21 SCO21 Staphviococcus cobmii Female 32y Urinc*

* Zagazig University Hospital - #*Menia el kamh -

#x%%Bolbies - ¥**¥¥% Abo hamad

**¥Abo kaper —-
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biochemical tests based on manual
for clinical microbiology
{Banncrman. 2003).

Growth Media

Staphvlococcus isolates were
inoculated on mannitol salt agar
(MSA) media at 37°c, nutrient agar
media (NA) and nutrient broth
media (NI3).

Gram Staining

Loopfull [rom i1solated colontes
was exammed with Gram stain
Microscopically for characteristic
cellular morphology and the purity
ol culture were tested.

Rabbit Plasma

A sample of rabbit plasma
were taken on EDTA for coagulase
test  prepared  according 1o
manulacturer's instructions 0.1g
of EDTA/ ml.

Coagulase Test

The Coagulase Test 15 an

mportant  indicator  for  the
pathogenicity of  Staphylococcus
strams. 15 colonics grown on

selective media as transconjugants
have been selected randomiy to
asses their abilities to coagulation.
The samec number have also becen
uscd in the donor and recipient
1solates.

Rabbit plasma was used for

applving the test. 1:6 drlution ot
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plasma in saline (0.85% NaCl) was

prepared and distributed in small
test” tubes, then colonies of the
staphylococei were placed on this
tubes and incubated at 37°C, for up
to 4 hours and examined at I, 2
and 4 hours for clot formation. The
negative tubes were left at room
temperature over night and re-
examined (Colle ef al 1996).

Catalease Test

The catalcase test was used to
detect the presence of the enzyme
catalase in bacteria, which catalyscs
the breakdown of hydrogen peroxide
(H,0») with the relcase ol ftree
oxygen, applying by smearing
bacteria on icroscopic slide and
adding few drops of hydrogen
neroxide. Bubbling indicated a
positive catalase test. (Foster, 1991
and Todar, 2003).

Mannitol Fermentation Test

15 colonies grown on selcctive
media as  transconjugants have
becn selected randomly to asses
their abilities in fermentation. The
same number have also been used
in the donor and recipient 1solates.
Typical pathogenic staphylococci
ferment mannitol and form yellow
colomes with vellow zones, while
rvpicalnon-pathogenic staphylococci
do not ferment manuitol and form
red colonies (Blair er al 1967.
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Chapman. 1945 and Finegold and
Baron, 1989).

Antibiotics

Streplomycin with concentrations
(6. 8. and 12 mg/ml), chloramphenicol
with concentrations (0.5, 1, and 3
me-mb), penicillin with concentrations
(0.5, 1. and 3 mg/ml) and
rifampicin with concentrations (0.5,
[. and 3 mg/ml) were used in this
investigation.  Antibiotics  were
added directly into molten NA
media before pouring.

Biological Buffer Solution

Phosphate buffer with different
valucs of pH were, (5, 0, and 7),
KH,PO,; and Na-ITP0O,.2H-O were
used.

Acetate bufler
pH were, (4), sodium acetate 0.1N
(8.204 g/1) and acetic acid 0.IN
(6.005 ml/1).

Carbonate huffer with
different values of pH were, (9.2,
10). sodium carbonate 0.IN {10.6
« D). sodium  bicarbonate 0.1N
(8.401 g/1).

Sensitivity of Staph Isolates

All isolates were checked with
different concentrations of each
antibiotic by added one ml of each
isolate on surface of complete
media.

with value ol
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The Optimization Factors
Influencing Conjugation

Effect of temperature

Onc ml from each donor and
recipient was placed on complete
media and incubated at different
degrees (5°, 25°, 30 °, 42°, 45° and
37 °C as control). After incubation
time, the growth harvested m 10ml
phosphate buffer and number of

the donor, recipicnt, and
transconjugants have been
calculated.

Effect of salts

The mfluence of salts on

conjugation between Staphviococcus
isolates has been experimented.
The salts of KClI and NaCl
(monovalent), CaCl, and MnCl
(divalent) have been used n this
studv. For each salt individual
stock solution have been prepared
and then, autoclaved. Different
concentrations of” cach salt have
been added to NA media. Onc ml
from cach donor and recipicnt was
placed on plates that contain
ditferent concentrations of the used
salts and incubated tor 4 days.

Effect of mating time

One ml from each donor and
rccipient was placed on complete
media and mmcubated at 37°C for
different mating times (12h. 24h,
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4&8h, 3 and 5 days) and number of
the donor,  rccipient,  and
transconjugants have been
calculated.

Effect of density

Ditferent ratios of the mixture
(donor: recipient) were added.
These ratios were (1:1, 2:1, 3:1,
1.2 and  1:3 ml/mlb). This
experiment  was  applied  on
complete media and incubated at
37°C. For cvery ratio. number of
transconjugants and number  of
donor and recipient cells have been
counted.

Effect ot biological pH

The components of NA have
been  dissolved 1n  ditferent
biotogical buffer solutions instead
ol sterile distilled  water.  So,
different pHl values have been
obtaincd. These pH valucs were (4.
5,6, 7,9.2 and 10) and numbers of
donor. recipient and transconjugants
have been calculated.

Conjugation Assay

All  donor and recipient
isolates  were  inoculated  and
mcubated at 37°¢c for 24 hours on
shaker incubator. Equal volumes
(1 ml} of donor and recipient were
added on surface of complete
micdia plates and mcubated at 37%
for 24 hours. The growth washed
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by 10 ml phosphate bufter and
removed by spreader to sterile
flasks. Then, scrial dilutons were
used (0.Iml sprcad on selective
media (Str. 6mg/ml, Chl. 0.5mg/ml))
but only neat concentration has
been shown transconjugants. For
every  donor. number  of
transconjugants and number of
donor and recipient cells have been
counted.

RESULTS AND
DISCUSSION

Phenotypic Characteristics of
Staphylococci Isolates

All  isolates  were  gram-
positive and cocci and were
identified  as  Staphviococcus

bacteria. All strains gave positive
reaction with catalase test (Table
2). Stuphvlococcus aureus strains
1-8. 10, 11, 14, 15 and 17 were
pathogens to human. They gave
positive results  with coagulase
testes and were able to ferment
mannitol. Strains Staphylococcus
spp 9. 12, 18, 19 and 20 did not
form a clot in coagulase test and
did  not ferment  mannitol.
S, saprophyticus 13 and S. cohnii
21 did not form a clot in coagulase
test but still able to ferment the
mannitol. S, epidermids 16 gave
negative reaction with both of
tests.
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Table 2. Pathogenic characterization of Staphylococcus species
bacteria isolated from teaching hospital of Zagazig

University
Strains Catalase  Coagulase Mannitol
' test test Fermentation

S. aureus 1 + + +

S. aureus 2 + +
S. aureus 3 + 4 +
S. anreus 4 + + +
S. aureus S + + +
S. aureus 6 + + +
S. aureus 7 - - +
S. aureus 8 - + +
Staphylococcus spp. 9 -+ -
S. aureus 10 + -+ +
S. aureus 11 + + +
Staphylococcus spp. 12 + - -
S. saprophyticus 13 + - +
S. aureus 14 + + +
S. aureus 15 + + +
S. epidermids 16 + - -
S. aureus 17 + + T
Staphylococcus spp. 18 + - -
Staphylococcus spp. 19 - - -
Staphylococcus spp. 20 + - -

S. cohnii 21 + - 4
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The  classical  phenotypic
identification ol staphylococci by
Kloos and Schieifer, (1975), Kloss
and Bannerman, (1994) remains
the gold standared for reference
Jlaboratories. In addition. S. aureus
strains  werc  isolated  from a
teaching hospital and identified by
gram staining, colonial
morphology, tests tor clumping
factor and tests of coagulase
(Seguin ¢r al 1999). Furthermore.
the production of staphylocoagulase
(coagulasc) 1s  still  the
identifving characteristic of S, aureus.

nost

ITowever,  new  techniques
depending on molecular analysis
have been recently wused to
improve time require for the
diagnosis of bacterta in chnical
microbrology laboratorics
(Martineau er al 2000).
Antibiotic
Patterns

Sensitivity

Data in Table 3 illustrates the
antibtotic  sensitivily  patterns
among  Staphylococcus  species
wwolated trom human. Once of the
patterns  designated group 1 was
sensitive to the four antibiotics
represented by five isolates (No..
7.9, 10, 18 and 20). The isolates
with the second pattern designated
eroup 2 which were resistant to
streptomycin and chloramphenicol
onty represented by four 1solates
{No.. 4. &, 15 and 17). The third
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pattern and group 3 represented by
the rest of isolates were sensitive
to penicilling rifampicin and either
streptomycin or chloramphenicol.

These results could be useful
tor the clinical poimt view
especially  in the treatment of
staphylococcet causing diseases.

Many  studies reported that
antibiotic resistance determinanis
were borne as plasmids i S
atereus {(Minshew and Rosenblum,
1973, Suftler et al 1974, Kloss et
al 1980. Cohen et al 1982, Goering
and Ruft, 1983, Gotz er al 1983
and Keiler er al 1983).

Naidoo, (1984) reported that
many hospital strains of S. aureus
were multiply antibiotic resistant
and the resistances being plasmid
encoded. In addition, methicillin
resistance {Bceta lactamasc-
resistant penicillin) in S aurcus
and other antibiotic resistance
genes were located on a locus that
had  certain  featurcs ot a
pathogenicity island called PAI
(Schmidt and Hensel, 2004).

Conjugation Experiments
between Human Staphylococcus
Species

Results in Table 4 represent
the conjugation frequencies per
recipient m  somc  conjugation
experiments. This mcans that S
aureus 2 and S. aureus S 1solated
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Table 3. Patterns of antibiotic sensitivity in human staphyvlecocci
bacteria

Isolate No. Str Pen. Rif. Chl.

Saul - - - <
Sau2 - - - +
Sau3 - . B} 4
Sau4 + - } +
Saus - - - +
Sau6 + - . _
Sau?7 - - - _
Sau8 + - } +
Ss9 - - . .
Saull . - - .
Saull g - - .
Ss12 + - . -
Ssaprol3 - - - +
Saul4 - - -
Saul5s “ - - 1
Seplo - - -
Saul? + - -
Ss18 - - - -
Ss19 - - - +
Ss20 - - - ;
Sco2l - - . “

Sir = streptomyein, Pen = pemicillin, Rif = rifampicin,
Chl = chloramphenicol.
Fo-resistance - = sensitive



Table 4. Conjugation frequencies among Sraphylococcus species isolated from human

No. Conjugation
Donor Ctu/ml recipient Cfu/ml t’ransconjugan ts frequency per
10 101° 102 Marker recipient
107

I A
- S. aureus 2 36 Staphvlococcus spp. 12 14 10 chl+ 0.714
v
EE S. aureus S 20 Staphyvlococeus spp. 12 14 30 chl+ 2.14
g
< S. aureus A1 18 S. epidermids16 40 6 Str+ 0.15

S. aureus 11 18 S. saprophyticus 13 12 & Str+ 1.5

S. aureus 14 I35 Stuphylococcus spp. 12 4 20 chil+ P42
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from the blood of newborn child
can  transfer chloramphenicol
resistant genie mto Staphylococcus
spp. 12 which isolated from the
urine of a girl of 19 years old.

Moreover, S. aurcus 11 that
isolated from vagina of a women

of 30 vyears old can transfer
streptomycin resistant gene into S.
saprophyticus 13 and S.
epidermids 10 isolated from

recurrent boils of a lady of 27
years old. In addition S aurcus 14
can  transter  chloramphenicol
resistant gene isolated from the
diabetic foot from a man of 40
vears old into Staphviococcus spp.
[2 which isolated from: the urine of
agirl of 19 vyears old.

This clearly shows that the
potential of gene transfer among

Staphviococcus  species  chmceal
solates from ditferent parts of

human body is a range wide and
transfer can occur between different
sex and ages.

Factors  Controlling Conjugation

In all  these experiments.
S aurens 1solatc number 5 was
used as donor with Sraphylococcus
spp. 1solate number 12 as recipient.
IEffect of salts
Effect of mono cations
The effect ot mono cations
{Na and K ') on conjugation with
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the same anion C1™ has been tested
in this study (Tables 5 and 6).

No enhancement in number of
transconjugants and subsequently
conjugation frequency per
rectpient has been observed in both
mono cations. It seem that Na  or
K’ have no stimulation effect on
conjugation between Staphviococcus
species. No transconjugants have
been detect at 1800 mM of NaCl
and 400-500 mM ot KCl.

Effect of di-cations

Two di-cations, Mn'  and
Ca'" sharing the same anion ClI
have been tested. Fold increase
than control (at SmM) of MnCI2
has a little response i enhancing
conjugation frequency. No
{ransconjugants have been detected
in concentration 50-200 mM of
MnCl; (Table 7).

Al the used concentrations of
CaCl; have a good stunulation
influence on conjugation process.
The  maximum  number  of
transconjugants  was  observed
using 400 mM of CaCly with 12.7
fold increase than those observed
in control (Table 8).

The addition of different
concentrations of calcium chloride
(50- up to- 1200 mM) to the agar
plates enhanced the mechanism of
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Table 5. Effect of NaCl on conjugation between Sraphylococcus

bacteria

Concentration No. Conjugation  Fold increase

mM Transconjugants frequency per  than control
10? recipient 107
Control (0.0) 34 242 -

100 13 0.92 0.0
200 21 1.5 .0
300 25 1.78 0.0
400 27 1.92 0.0
500 28 2.0 0.0
600 30 244 0.0
700 23 1.64 0.0
800 20 .42 0.0
900 12 0.85 0.0
1000 8 0.57 0.0
1206 0O .42 0.0
1500 O 0.42 0.0
1800 (.00 .00 0.0

Recipient = 14x 10 ¢fu'ml

Table 6. Effect of KCl on conjugation between Staphylococcus
bacteria

Concentration No. Conjugation  Fold increase
mM Transconjugants frequency per  than control
10 recipient 10
Control (0.0) 20.0 2.4 -
50 13.0 0.92 0.0
100 15.0 1.07 0.0
200 27.6 1.97 0.0
300 123 0.95 0.0
400 0.00 0.00 -
S00 0.00 0.00 -

Reciprent ~ 1109 ofi ml
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Table 7. Effect of MnCl; on conjugation between Staphylococcus

bacteria
Concentration No. Conjugation Fold increase
mM Transconjugants frequency per than control
10° recipient 10°
Control (0.0) 28.0 1.64 -
2 250 1.47 0.0
5 30.0 1.76 1.07
10 21.0 1.23 0.0
50 0.00 0.00 -
100 0.00 0.00 -
200 0.00 0.00 -
Reciprent -+ 1710 cfu/ml

Table 8. Effect of CaCl, on conjugation between Staphylococcus

bacteria
Concentration No. Conjugation Fold increase
mM Transconjugants frequency per than control
: - 3
10 recipient 10
Control (0.0) 37.0 2.40 -
50 50.0 3.33 .35
100 64.0 4.26 1.72
200 120.0 8.0 3.24
300 207.0 13.8 5.59
400 4700 313 12.70
500 394.0 20.26 10.64
300 200.0 133 541
1200 50.0 5.3 2.16
1500 0.00 0.00 -

Recipient = 15x10" cfu/ml.

eene  transfer by conjugation  1.35 up to 12.7. These data do
between staphylococci  bacteria.  agree with others. Naidoo and
The fold increasc than thesc Noble. (1981) observed that
obscrved in control ranged (rom  transfer of gentamicin resistance
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between S, Aominis and S, aureus
strains enhanced when CaCl, was
added. The foid increase was about

8-10 fold. However., calcium
chloride  has  no cftect on
antimicrobial  resistance  transfer

rom 5. epidermids 1o S. aureus
tForbes and Schaberg, 1983).

Effect of mating time

The  highest  number of
transconjugants and subsequently
conjugation frequency was observed
after 48 hour (Conjugation frequency
per  recipient  was  0.38x107),
(Table 9). Transconjugants have
been detected after 12 h. 24h, 3d
and 3 days but with less elficiency
(Conjugation frequency per recipient
was 0212107, 0215107, 017107
and 0.15<107 at these mating
times, respectively). The results of
this study showed that mating time
between donor and recipient of 43
hour gave the highest gene transter
bv conjugation. However, Mitra e/
al 1995y found that transler of
drug resistance between S, qureus
occurred maximally between 6 and
i8N hour post incubation but in
nutrient broth rather than agar plates.

Effect of temperature

The  highest  number  of
transconjugants and subsequently
conjugation frequency was observed
at 25°C (Conjugation frequency

perrecipient  was  0.49x1078),
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Table 10. Transconjugants have
been detected at 30, 37 and 42°C
but with less efticiency
(Conjugation frequency per
recipient was 0.38x107, 0.17<10"
and 0.19%107 at these
temperatures, respectively). Results
showed that environmental
conditions mayv affect the rate of
transfer.

Eftect of pH values

Six pH values were studied.
4.0, 5.0. 6.0, 7.0. 92 and 10.0.
Number of viable cells have been
observed in extreme acid (pH 4.0).
At (pH 5.0, 6.0 and 7.0), (Table
11) conjugation frequency  was
(0.59107. 0.89x10" and 0.1
«10") at these values, respectively.
At pH 9.2, the highest number of
transconjugants was observed. and
conjugation frequency Was
7-4(’”0_‘}. and dropped up ta
0.08%10" at pH 10.0.

Effect of donor and recipient
numbers

In all the previous experiments.
[ ml ot donor and recipient was
mixed together on the agar plate
with nearly equal number. In this
cxperiment, the ratio 1:1 per
volume has been changed into 2:1
and 3:1 donor to recipient and 1:2.
1:3 donor to recipient. Data arc
shown in (‘Table 12).
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Table 9. Effect of mating time on conjugation between
Staphylococcus bacteria

Mating time No. Transconjugants  Conjugation frequency
10° per recipient 10
[2 hour 3.0 0.21
24 hour 3.0 0.21
48 hour 5.4 0.38
3 days 24 0.17
5 days 2.2 0.15

Reciprent = 14x 10! cfu/ml.

Fable 10. Etfect of temperature mating on conjugation betwecn
Staphylococcus bacteria

Temperature No. Transconjugants  Conjugation frequency
oC 102 per recipient
10"
5° 0.00 0.00
25¢ 6.9 0.49
30° 54 0.38
37" 2.5 0.17
42¢ 2.7 0.19
45" 0.00 0.00

Recipient = 1410 cfu/ml.
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Table 11. Effect of pH valucs on conjugation between Staphylococcus
bacteria

pH Values No. Transconjugants Conjugation frequency
10° per recipient 10°
4.0 0.00 0.00
5.0 4.0 0.59
6.0 6.0 0.89
7.0 1.1 0.16
9.2 50.0 7.46
10.0 0.6 0.08

Recipient = 6.7x< 10" cfu/ml.

Table 12, Effect of donor and recipient numbers on conjugation

Ratio (donor : No. Transconjugants  Conjugation frequency

recipient) 10° per recipient
ml/ml ?
[ 2.0 0.14
201 4.0 .28
RN 2.0 0.14
[:2 0.6 0.04
1:3 0.00 0.00

Recipient = 14x10 cfu/ml, Donor = 13.8<10' cfu/ml.
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The highest number of
transconjugants  was  observed
when rato between donor and

recipient was 2:1 ml/ ml. Number
of transconjugants was 4x[0? with
conjugation frequency of 0.28x10°
" per recipient. These results do not
agree with others. Since Evans and
Dyke, (1988) found that optimum
transter by conjugation between S.
aureus strams was detected when
number ot donor and recipient
were equal.

Conjugation as a mechanism
of gene transfer has been reported
in many studies. Naidoo and Noble
{1978) observed the transmission
of gentamicin resistance between
two strains o’ S. aureus on human
skin. Morcover, Naidoo and Noble
(1981) detected the transfer
between two difterent species. S.
hominis and S, awrcus 1solated
from a hospital patients. Also,
plasmid was transfecred between
S, aureus and S. epidermids (Jaflc
et al 1982). In addition, Forbes and
Schaberg,  (1983)  transferred
antimicrobial resistance from S
epidermids to S. aureus. Evans and
Dyke  (1988) confirmed  the
transter of plasmid pJl:1 between
S. aureus bacteria. Furthermore, a
chromosome copy of transposon
551 was transferred between S.
aurcus (Stout and landolo. 1990).
Moreover.  penietllin resistance
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plasmid  was  transferred by
S, aureus strains (Mitra ef al 1995).
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