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.\ BSTRACT: T""enty 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 :VIedical '\licrobiology Zagazig University. Resistance to 
antibiotics (streptomycin, chloramphenkol, penicillin and 
rifampicin) was examined for all of isolate~. The highest conjugation 
frequencies was 2.14xlO

-8 
between S. aurell,-,j 5 and Staphylococcus 

·Ipp. 12. This study shows that transferring of gcnens among different 
'lpecies of Staphylococcus bacteria isolated from different parts of 
human body can o(.'cur. Conjugation frequencies have been 
enhanced when plates were incubated at 25"c for 48 hour. Addition 
of calcim chloride increased the fl'equency about 12.70 fold increase 
than control. Numbers of donor and recipient with a ratio of 2 : 1 mli 
ml resulted in maximum numher of transconjugants. 

K('y words: Staphylococcw.;, sensitivity, conjugation, factors. 

INTRODVCTJON	 produce endospores but an: highly 
resistant to drying, especially when 

Staphylococci are spherical assoL:iated with organic matter 
(iram-posltive bacteria, which	 are such as blood. pus, and other tissue 
Illli1lobiic and form grape-like tluids, fVlost staphylococcl	 arc 
clusters (Ryan and Ray, 2004	 and found routinely on the surt:lCe of 
'Toddr, 10(5). the skin. Breaks in skin	 and 

The genus ,)'(aphvl()cOCC/lS mucous membranes allow entrance 
contains both pathogenic and n011­ of these organisms into the body 
tl~lihof-',cnic organisms. The'.: do not where they may cause disease. The 



294 Amiu, et ai. 

three major species include 
Staphylococcus aurcus. 
Staph1'!ocOCCus cpidermidis, and 
Staph, 'Iococcus saprophyticus. The 
latter two are rarely implicated in 
disease. but have been isolated in 
cases of endocarditis and urinary 
tract infections undcr certain 
circumstances. S (/ureus is 
considered the pathogenic strain, 
C<1usl11g abscesses, boi Is, 
carbuncles, acne and impetigo. 
Less commonly. pneumonia, 
osteomyelitis. endocarditis, cystitis, 
pyelonephritis, and food poisoning 
have been attributed to thIS 
organism (Lowy, 199~ and Archer 
and Climo, 2(01). These three 
strains of staphylococcI can bc 
distingUished from 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 
0[' kilobases In vitro (Lloyd and 
Buckman. 1995 and Milkman i:'t al 
1(99), With both transduction and 
conjugation, the donor DNA is 
frequent)y abridged by endonuclease 
cutting and exonuclease shortening 
he fore incorporation into the 
recipient chromosome (M ilkrnan et 
"I 19(9). 

The aim of this work is to 
assess the potential gene transfer 
among human clinical isolates of 
staphylococci bacteria. Only 
conjugation as a process of 
transferring antibiotic reSJstallce 
and pathogenic factor has been 
detected. Factors that optimizing 
this process have also investigated. 

lVlATERIALS AND 
METHODS 

This studv was carried out at 
Microbial Genetic Laboratory, 
Fac. Agric. Zagazig Uni\'. 

Isolation of Staphylococcus 
Bacteria 

Data in Table 1 shows the 
host source and locations of 
Staphylococcus isolated fi'om 
Zagazig University Hospital as 
human c Ii nica] from different 
locations in Sharkia. 

BacteriallsoJates 

There were twenty one 
isolates of other staphylococci. 
including 13 isolates identified as 
Staphylococclis aureus. one isolate 
as Staphv!ococcus saprophyticus, 
one isolate of 5;taphy!ococcus 
epidermidis, one isolate as 
Staphylococcus cohnii and five of 
Staphylococcus species. The isolates 
\vereidentifiedby conventional 
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Table 1. List of Staphylococcus isolates and their sources 

SIN Isolate Scientific na me Host Age Source 
code 

Saul Srap11.''10(0ceus [J 1/rCI/I Child Newborn Blood* 

:! Sau2 Sraphl'lococcus aurc1Is Child Newborn Blood* 

3 ';"u3 ,';wph1 'loco, 'cus a lInl/S Child Newborn Blood* 

4 Sau4 Staphr/ococcus aurcl/s Child Newbolll Blood* 

5 Sau) Star/nloco('L'lIs aureus Child Nevv'bortl Blood* 

h Sau6 Swpllliococcus aurclis Child Newborn Blood* 

7 Sau7 Staph \'!Oi 'inCUS all reus Child Newborn Blood* 

8 SauX Staph\ '!(1('0C('1/,\ aureus Child r\ewbom Blood* 

9 Sst) Staphl'lo(,occlis \11 Female 42 y Nipple dischargc* 

10 SaulO SI(lphvloC!I('cUS al(rL'I/S Male (J7 y Aspirate from post 
operate wlJnd**** 

II Saul I Staph VII><'OCC1ls a1lreus Female 30 y Vaginal swab* 

12 S~12 Stapl1l10coccils .I'll Female 19 v Urine* 

13 Ssapro 13 Staplrvlococcus FCInClle 43 y LJrine* 
saIJr!JIJh\,t i('IIS 

14 Saul4 Stalih)'!o('(lcclls aureus Male 40 y Diabetle foot*** 

15 SaulS St'lphyloco('('/Is aure/ls remalc 70 v Knee Joint***** 

16 Serlo Slupln'!o(,()ccI/S remale 27 \" Recurrent boils* 
clNdcn11 /(/ I' 

17 Saul7 Slall/n'!oco('(/(S aurells Female ~15 y Bloody Aspirate*'" 

18 S~IX Stap!l\'!o(OCCUS sp female 39 y Rt.eonjul1cli vilis*' 

I I' S" I <) Staph.l'locoCCliS sp remale 39 y IJ.conjunctiv iris* 

20 S,20 Sluphl'lococcus sp \lallO' 54 y RLconj unctivi tis** 

21 SC021 Staphylococcus cohllii Female 32 } Urine* 

* Zagazig University Hospital - **Menia el kamh - ***Abo kaper­

****Bclbies - *****Abo hamad 



296 Amin~ et aI. 

biochemical tests based on manual 
lor clinical 
(Bannerman. 2(03). 

microbiology 

Growth Media 

Staphylococcus isolates wcre 
inoculated on mannitol salt agar 
(1\1 SA) media at 37"c. nutrient agar 
media (NA) ond nutrient broth 
media (NB). 

Gram Staining 

Loopfull rrom isolated colonies 
was examincd with Gram stain 
Microscopically for characteristic 
cellular mOlvhology and the purity 
of culture were tcsted. 

Rabbit Plasma 

/\ samrle or rabbit plasma 
were taken on EDTA for coagulase 
test prepared ,lceord ing 10 

lllanul~lcturcr's instructions' O.lg 
ofEDTA/mi. 

Coagulase Test 

The Coagulase Test IS an 
Jmportant indicator for the 
pathogenicity of Staphylococclis 
stra111S. 15 colonics grown on 
se kcti ve media as transconj L1gants 
have been selected randomiy to 

asses their abilities to coagulation. 
The same number have also becn 
used in thc donor and recipient 
Isolates. 

Rabbit plasma \vas used t{H 

applying the test. 1'6 dilution of 

plasma in saline (0.85% NaCI) \vas 
prepared and distributed in small 
test lubes, then colonies of the 
staphylococci were placed on this 
tubes and incub8ted at 37"C, for up 
to 4 hours and examined at 1, 2 
and 4 hours for clot fonnation. The 
negative tubes were left at ro0111 
temperature over night and re­
examincd (Collc et a/19(6). 

Catalease Test 

The catalcase test was used to 
detect the presence of the enzyme 
catalase in bactcria, which catalyscs 
the breakdown of hydrogen peroxide 
(11,0)) with the release or free 
oxygen, applying by smearing 
bacteria on microscopic slide and 
adding few drops of hydrogen 
peroxide. Bubbling. indicated a 
positive catalase test. (Foster, 1991 
and Todar, 20(5). 

Mannitol Fermentation Test 

15 colonies grown on selective 
media as transconjugants have 
been selected randomly to asses 
their abilities in l"ermentation. The 
same number have also been used 
in the donor and recipient isolates. 
Typical pathogenic staphylococci 
ferment mannitol and form yello\\ 
colonies with yellow zones, whi Ie 
rypicllllOll-pathogenic staphylococci 
d~) nol ferment mannitol and toml 
red colonies (Blair ct al 1967. 
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Chapman, 1945 and Finegold and 
Baroll, 1989). 

Antibiotics 

Streplomycin with concentrations 
((l, ~, and 12 mg/ml), chloramphenicol 
\\ith concentrations (O.S, I, and 3 
m~l11[ l, penicillin with concentrations 
(O.S, Land 3 mg/m1) and 
ri(~mlpicin ",jih concentrations (O.S, 
I, 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 
val lies of pH were, (5, 6, and 7), 
KH,P(}-I and Na~r rp()4.2H~O were 
used. 

Acetate LJutTer with value of 
pH were, (4), sodium acetate 0.1 N 
U~.204 gil) and acetic acid O.IN 
(h.005 mill). 

Carbonate huffer with 
dilTcrent values of pH were, (9.2, 
10), sodium carbonate O.IN (10.6 
E I), sodium bicarbonate O.IN 
n~AOl gil). 

Sensith1ity of Staph Isolates 

All isolates were checked with 
ditferent concentrations of each 
antibiotic by added one 1111 of each 
isolatc on surface or complete 
mcdia. 

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 0, 42", 45° and 
J 7 "C as control). Aftel' incubation 
time, the l!:rowth harvested in lOml

~ 

phosphate buffer and number of 
the donor. recipient, and 
transconj ugants have been 
calculated. 

Effect of salts 

The influence of salts on 
conjugation betvveen Staphv!OCOCCIiS 

isolates has been experimented. 
The salts or KCl and NaCI 
(monovaknt), eaCb and MnCb 
(divalent) have been used in this 
study. For each salt individual 
stock solution have been prepared 
and then, autoclaved. Different 
concentrations or each salt have 
been added to NA media. One 1111 
rrom each donor and recipient was 
placed on plates that contain 
different concentrations of the used 
salts and incubated for 4 days. 

Effect of mating time 

One ml from each donor and 
recipient was placed on complete 
media and incubated at 37"C for 
different mating times (12h, 24h, 
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4Hh, 3 and 5 d(lys) and number of 
the donor, recipient, and 
transconjugants have been 
caleu Iated. 

Effect of density 

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

Effect of biological pH 

The components of NA have 
been dissolved In different 
biological buffer solutions instead 
of sterile distilled water. So, 
different pH values have been 
obtal11ed. These pH val ues were (4. 
5, 6 .. 7, 9.2 and 10) and numbers of 
donor. recipient and transconjuganh 
have been calculated. 

Con.iugation Assay 

.All clonor and recipient 
iso latcs were inoculated and 
Incubated at 37()c I()f 24 hours on 
shaker incubator. Equal volumes 
(1 1111) of donor and recipient were 
added on surt~lCe of complete 
media plates and incubated at 37°c 
for 24 hours. The growth washed 

by 10 ml phosphate buffer and 
removed by spreader to sterile 
flasks. Then, serial dilutions were 
used (O.lml spread on selective 
media (Str. 6mg/ml, ChI. O.5mg!lnl)) 
but only neat concentration has 
been shown transconjugants. For 
every donor. number of 
transconj ugants and number of 
donor and recipient cells have been 
COlI11ted. 

RESULTS AND 
DISCUSSION 

Phenotypic Characteristics of 
Staphylococci Isolates 

All isolates were gram-
positive and cocci and were 
idl'ntified as Stophvlococclis 
bacteria. All strains gave positive 
reaction with catalase test (Table 
2). 5,'fLlphy!oco('cus oureus strains 
1-:-\.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 
.~pp 9. 12, 18. 19 and 20 did not 
foml a clot in coaguiasc tcst and 
did not ferment mannitol. 
S saprophyticllS 13 and S. cohnii 
21 did not foml a clot in coagulase 
test but sti II able to ferment the 
mannitol. S epidcrmid,' 16 gave 
negative reaction with hoth of 
tcsts. 
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Table 2. Pathogenic characterization of Staphylococcus species 
bacteria isolated from teaching hospital of Zagazig 
University 

Catalase Coagulase Mannitol
Strains 

test test Fermentation 

S. alireliS 1 + + 
S. allrcus 2 + + + 
S. allrcus 3 + -I- T 

S. aureus 4 + + + 
S. aurcus 5 +- + + 
S. aureus 6 T + + 

-j-S. aureus 7 + 
S. aurells 8 _L + 

Staph.vlocoCCIlS spp. t) + 
S. atucus 10 + T -t­

~.S. aureus 11 -1- + 
Staphylococcus spp. 12 + 

S. saprophyticus t 3 -t- t-

S. allrcus t 4 + + + 
S. aureus 15 + + + 

S. epidermids 16 
_. 
+ -,S. aureus 17 + 

Staphylococcus .~pp. 18 + 
..;...Staphyloc()ccu5i .\Pp. t 9 

Staphylococcus spp. 20 + 
-I­S. cO/lIlii 2] + 
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Thc classical phenotypic 
identification or staphylococci by 
Kloos and Schleifer, (1975), Kloss 
and Bannerman, (1994) remains 
the gold standared for reference 
laboratories. In addition. S. aurens 
strains were isolated tl'om a 
leaching hospital and identilled by 
gram staining, colonial 
morphology, tests t()r clumping 
I~ll'tor and tests of coagulase 
(Seguin cr al 1999). Furthermore. 
the productIon of staphylocoagulase 
(coagulase) Is still tile mo:;l 

iJcl1tif'ing characteristic ofS alirCI/S. 

I low·ever. nc\V techniques 
dl'pcnding on molecular analysis 
havc been recently used to 
ilIlprove time require flW the 
diagnosis of bacteria in clinical 
mIcrobiology laboratories 
(Martineau er (/12000). 

Antibiotic Sensitivity 
Patterns 

Data in Table 3 illustrates the 
antibiotic sensitivity patterns 
among Sraphvlococcus species 
L-.;o!ated from human. One of the 
patterns designated group 1 was 
senslti\l~ to the four antibiotics 
represented by fi ve isolates (N 0 .• 

7. 9, 10, 11\ and 20). The isolates 
\V Itil the second pattern des ignatcd 
group :2 \vhieh were resistant to 
",treptomycin and chloramphenicol 
on Iv represented by lour iso lates 
("!o .. 4, 8. 15 and 17). The thIrd 

pattern and group 3 represented by 
the rest of isolates were sensitive 
to penicillin, rif~lmpicin and either 
streptomycin or chloramphenicol. 

These results could be useful 
for the clinical point vIew 
espccial1y in the treatment of 
staphylococci causing diseases. 

Many studies reported that 
antibiotic resistance determinants 
were borne as plasmids in S. 
aI/reus (Minshew and Rosenblum, 
1973, Stimer et al !Y74, Kloss er 
(/1 19~O. Cohen er al 1982, Goering 
am! Ruff, 1983, Gotl et al 1983 
and Keller ef (// ] 983). 

Naidoo, (1984) reported that 
many hospital strains of S. aurcus 

were multiply antibiotic resistant 
and the resistances being plasmid 
encoded. In addition, methicillin 
resistance (Beta lactamasc­
resistant penicillin) in S. aureus 

and other ant1 biotic resistance 
genes \vere located on a locus that 
had certain features of a 
pathogenicity island called PAl 
(Schmidt and Hensel, 2004). 

Conjugation Experiments 
between Human Staphyloevccus 
Species 

Results in Table 4 represent 
the conjugation tl'equencies per 
recipient in some conjugation 
experiments. This means that S 
aurells 2 and S'. (/urCliS 5 isolated 
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Table 3. Patterns of antibiotic sensitivity in human staphylococci 
bacteria 

Isolate No. Str. Pe1l. Rij: ChI. 

Saul
 
Sau2
 
Sau3
 
Sau4
 
SauS
 
Sau6
 
Sau7
 
SauS
 
Ss9
 

SaulO
 
Saul t
 
Ss12
 

Ssaprot3
 
Sau14
 
SaulS
 
Sepl6
 
Sau17
 
SstS
 
Sst9
 
Ss20
 

Sco21
 

+ 

+ 
+ 

-L 

+ 

+ 
..L 

+ + 

-+ 

Sir = strq)!omycin, Pen ~ penicillin, RiC rif,lInpicin, 
Chi = chloramphenicol. 

- reslslance - c.~ sensitive 



Table 4. Conjugation frequencies among Staphylococcus species i...olated from human 

Donor efn/ml 
1010 

recipient erll/ml 
1010 

No. 
tr3us('olljugan ts 

lW 
]\Iarker 

Conj ugat ion 
frequency per 

recipient 

10-R 

.....; 
": 

...... 
'\i 

~. 

=:.­
S 
< 

S. til/reus 2 

S. uureus 5 

S. aurcus 11 

36 

20 

18 

Staphylococcus spp. 12 

,S'raph.l'lococclis spp. 12 

S. epidermids 16 

14 

14 

40 

10 

30 

6 

c11l+ 

eh1 + 

S(r-+ 

0.714 

2.1.:1­

n.15 

S. tlureus 11 18 S .\aproph.1'ticll.\ 13 12 1~ Str+ 1.5 

S. aureus 14 15 Staphylococclls .Ipp. 12 14 20 chl+ 1.42 

N 
o 
M 



Zagaz{!.{/. A(~rk. Rt's'J Vol 35No. (2) 2008 303 

from the blood of newborn child 
can transfer chloramphenicol 
resistant gene into Staphylococcus 
\PP. 12 which isolated from the 
urine of a girl of] 9 years old. 

Moreover, S. mm?llS 11 that 
isolated from vagina of a women 
of 30 years old can transfer 
streptomycin resistant gene into S. 
sU/Jrophyticus 13 and S. 
epiL/f!I'mic!s 1() isolated from 
recurrent boils of a lady of 2.7 
years old. In addition S'. aurcus 14 
can transfer chloramphenicol 
resistant gene isolated from the 
diabetic t()ot from a man of 40 
years olel into StaphvlocoCCIlS spp. 
12 which isolated from the urine of 
a girl of 19 years old. 

This clearly shows that the 
potential of gene transfer amonQ 
')tajJhv/oCOCCIlS species clinic,;l 
Isolates from different 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. ilL/rCIlS isolatc number 5 was 
used as donor wi th Sraphylococclls 

"pp. isolate number 12 as recipient. 

Effect of salts 

Effect of mono cations 

The effect of mono cations 
iNa' and K") on conjugation with 

the same anion cr has been tested 
in this study (Tables 5 and 61. 

No enhancement in number of 
transconjugants and subsequently 
conjugation frequency per 
recipient has been observed in both 
mono cations. It seem that Na- or 
K· have no stimulation effect 011 

conjugation between StaphvlocoCCliS 

species. No transconjugants have 
been detect at 1800 mM of NaCl 
and 400-500 111M of KCI. 

Effect of di-cations 

Two di-cations, Mn,+ and 
Ca" i sharing the same anion CI 
have been tested. Fold increase 
than control (at 5mM) of MnCl2 
has a littk response in enhancing 
conjugation frequency. No 
Iransconjugants have been detected 
in concentration 50-200 mM of 
MnCh (Table 7). 

All the used concentrations of 
CaCl] havc a good stimulation 
influence on conjugation process. 
The maximum number of 
transconjugants was observed 
using 400 mM of CaCh with 12.7 
fold increase than those observed 
in control (Table 8). 

The addition of ditTerent 
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 Staphylococclls 
bacteria 

Concentration 
mM 

Control (0.0) 

100 

200 
300 
400 
500 

600 

700 
son 
9()() 

1000 
1200 
1500 
ISOO 

No. 
Transconjugants
 

102
 

34
 

13 
2 J 

2S 
)i
_I 

2X 
30 
-,~ 

L.J 

20 
12 
X 
6 
() 

0.00 

Conjugation 
frequency per 
recipient 10-8 

2.42 

0.92 

1.5 
l.n 
1.92 
2.0 

2.14 

l.M 
1.42 
0.85 
0.57 
0.42 
0,42 
0.00 

Fold increase 
than control 

0.0 

0.0 

0.0 
00 

0.0 

G.O 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

Rccipicnl ~c /4x 10'° c[u'ml 

Table 6.	 Effect of KCI on conjugation between Staphylococcus 
bacteria 

Concentration No. Conj ugation Fold increase 
m.\1 Transconjugants frequency per than control 

10' recipient 10-8 

Control (0.0) 30.0 2.14 

50 130 0.92 0.0 
100 15.0 1.07 0.0 
200 27.6 1.97 0.0 
300 13.3 0.95 0.0 
400 0.00 0.00 
500 0.00 0.00 
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Table 7.	 Effect of MnCh on conjugation between Staphylococcus 
bacteria 

Concentratioll No. Conjugation Fold increase 
mM Transconjugants frequency per than control 

IOZ recipient 10.8 

Control (0.0) 28.0 1.64 
7 :::'50 1.47 0.0 
5 30.0 1.76 1.07 
10 21.0 1.23 0.0 
50 0.00 0.00 
100 U.OO 0.00 
:::'00 0.00 0.00 

Reciplcnt 17>: 10,0 cfu/ml 

Table 8.	 Effect of CaCh on conjugation between Staphylococclls 
bacteria 

Concentration No. Conj ugation Fold increase 
mM Tl'ansconjugants frequency per than control 

10 recipient 10.8 

Control (0.0) 37.0 2,46 
~O 50.0 3.33 1.35 
100 64.0 4.26 1.72 
:::'00 120.0 8.0 3.24 
iOn 207.0 13,8 5.59 
JOO 470,0 31.3 12.70 
,,(HI 394.0 26.26 10.64 
son 200.0 1 .~ ., 

, ~.' ._' 5Al 
1200 SO.O 5.3 2.16 
1500 0.00 0.00 

Recipient·cc 15>: IOlu cfu/ml. 

gene transfer by conjugation 1.35 up to 12.7. These c1ata do 
between staphylococci bacteria. agree with others. Naidoo and 
The fold increase than these Noble. (19R I) observed thaI 
ohsen'CCl in control ranged ['rom transfer of gentamicin resistance 
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beTwccn S. Iwminis and S. aureus 
strains cnhanced when CaCb was 
added. The foid increase was about 
~-lO fold. However. calcium 
chloride has no effect on 
antimicrobial resistance transfer 
,'rol11 S epidermids to S. aureus 
(I'orbes and Schaberg. 1983). 

Effect of mating time 

The highest number of 
transcon.lugants and subsequently 
conjugation frequency was observed 
arkr 4:'\ hour (Conjugation frequency 
pcr recipient \vas 0.3Rx 10-'). 
(Table 9), Transconjugants have 
been detectcd after ]2 h. 24h. 3d 
and:') days but with less ef11ciellcy 
(Conjugation frequency per recipient 
was 0.21>< 10'x. n.21" 1Os. n,!7.: j()' 
and O.i:,)xIO:' at these mating 
times. respective]y). The results of 
this study showed that mating time 
between donor and reClpient of 48 
hC11lr gave the highest gene transfer 
by conjug'ltion. HO\vcvcr. Mitra el 

ill (19()5) found that trans ler of 
L!rug resistance betwecn S. aurells 
()L'clirred maximally between (, and 
i I-: hour post incubation but in 
nutrient broth rather than agar plates, 

Effect of temperature 

The highest number of 
transconjugants and subsequently 
conjugation I'rcljucncy was observed 
at 25"(" (Conjugation rrequency 
per recipient was 0,49x ](rs), 

Table 10. Transconjuganb ha\l' 
been detected at 30. 37 and ..Q',(' 

but with Jess eftlcienc\ 
(Conjugation frequency per 
recipient was 0.38x lO-8. 0 17" I (f' 
and 0.] 9x 10-8 at these 
temperatures" respectively). Rcsults 
showed that el1\ironll1ental 
conditions may affect the rate of 
transfer. 

Effect of pH values 

Six pH values were stucl!ecL 
4.0. 5.0. 6.0. 7.0. 9.2 and 10.0. 
Number of viable cells have been 
observed in extreme acid (pH 4J)). 

At (pH 5.0. 6.0 and 7J)). (Table 
11) conjugation frequency \\([5 

- -9 -(I
(f),Y)><](). (lW)xW· and O.lh 
'~J O-l)) at these values, respecti\'t~ly. 
At pH 9.2. the highest nUl1lber or 
transconjugants was observed. and 
conj ugation frequency \\<1:-, 

7,46x 10-lJ and dropped up «1 
0.08x] 0° at pH 10.0, 

Effect of donor and recipient 
numbers 

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

Mating time No. Transconjugants Conjugation frequency 
102 per recipient 10-8 

12 hour
 
24 hour
 
48 hour
 
3 days
 
5 days
 

3.0 
3.0 
5.4 
2.4 
2.2 

0.21 
0.21 
0.38 
0.17 
0.15 

RecipIent oc= 14x I ()1" cfu/ml. 

fable 10.	 Effect of temperature mating on con,iugation between 
Staphy!ococcwl bacteria 

Temperature No. Transconjugants Cunjugation frequency 
°C l()2 per recipient 

lO-R 

! -0
~) 

30° 
37' 
42 CJ 

45' 

0.00 
6.9 

5.4 
2.5 
2.7 

0.00 

0.00 
0.49 

0.38 
0.17 

0.19 

0.00 

Recipient ~-	 14> 10 1
" du/ml. 
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Table 11. Effect of pH values on conjugation between Staphylococcus 
bacteria 

pll Values No. Transconjugants Conjugation frequency 
103 per recipient ] 0-9 

4.0 0.00 0.00 

5.0 4.0 0.59 

G.O 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 1Ol~ cl'u/ml. 

Table] 2. Effect of donor and recipient numbers on con.jugation 

Ratio (donor: No. Transconjllgants Conjugation frequenc~ 

recipient) 102 per recipient 
ml/ml LO-s 

I : I 2.0 0.14 

2: I 4.0 0.28 

I 

3 : 1 2.0 0.14 

'") 0.6 0.04 

1 :3 0.00 0.00 

Reclpicnt-c !4 x jO'°cliJiml. Donor = 13.S x l()'''crtl/ml. 
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The highest number of 
transconjllgants ,vas observed 
when ratio between donor and 
lTL'ipient was 2: 1 mll ml. Number 
or transconjugants was 4x 102 with 
~'olllugation frequency of O.28x 10­
, per recipIent. These results do not 
agree with Olhers. Since Evans and 
Dyke, (1988) found that optimum 
transfer by conjugation between S. 
OlirCliS strams was detected when 
llumber of donor and recipient 
were equal. 

Conjugation as a mechanism 
of gene transfer has been reported 
in many :'>tudies. Naidoo and Noble 
(197X) observed the transmission 
of gentamicin resistance between 
lwo strains of S. aurf'US on human 
skin. Moreover. Naidoo and Noble 
( I% I ) detected the transfer 
hetwecn two different species. S. 
ILOminis and S. allreus isolated 
th1ll1 a hospital patients. Also, 
plasmid was transfCercd between 
S aurf'US and S epidt>rmids (Jaffc 
et a/ 1982). [n addition, Forbes and 
Schaberg, (1983) transferred 
antimicrobial resistance from S. 
cjJidennids to S allrcus. Evans and 
Dyke (19S5) confirmed the 
transrer of plasmid pJEI between 
S. aurello'·; bacteria. Furthermore, a 
chromosome copy of transposon 
rnS 51 was transferred between S. 

(lurCIiS (Stout and Iandolo. 1(90). 
\loreover. pen iei11 in resIstance 

plasmid was transferred by 
,)'. aureus strains (Mitra et al 1995). 
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