Appendix (1)
Preparations of stock solutions of heavy metals:

1- stock solution of zinc:
Zn(CH,COO0),.2H,0
Molarity = Weight / Molecular Weight x 1000 / Volwar{ml)
0.5 =Wt./219.468 x 1000 / 200
Wt. = 109. 734 mg/ml

2- stock solution of cobalt:
Co(CH,COO).4H,0
Molarity = Weight / Molecular Weight x 1000 / volengml)
0.5 = Wt. / 249.067 x 1000 / 200
Wt. = 124.534 mg/ml

3- stock solution of cadmium:
Cd Cb
Molarity = Weight / Molecular Weight x1000 / Volungml)
0.5 =Wt./183.306 x 1000/ 200
Wt. = 91.653 mg/ml

4- stock solution of Mercury:
Molarity = Weight / Molecular Weight x 1000 / Volwar{ml)
0.5=Wt./271.5 x 1000/ 200
Wt. = 135. 75 mg/ml



Appendix (2)

Heavy metals concentrations in mg/ml and corresipgncholar

concentrations:
1- Zinc:
0.02 mg/ml 0.09 mM
0.04 mg/ml 0.18 mM
0.16 mg/ml 0.72 mM
0.32 mg/ml 1.45 mM
0.64 mg/ml 2.91 mM
1.28 mg/ml 5.83 mM
2.0 mg/mi 9.11 mM
2.2 mg/mi 10.02 mM
2- Cobalt:
0.02 mg/ml 0.08 mM
0.04 mg/ml 0.16 mM
0.16 mg/ml 0.64 mM
0.32 mg/ml 1.28 mM
0.64 mg/ml 2.56 mM
1.28 mg/ml 5.13 mM
2.0 mg/ml 8.02 mM

2.2 mg/ml 8.83 Mm



3- Cadmium:

0.005 mg/ml
0.01 mg/ml
0.02 mg/ml
0.04 mg/ml
0.08 mg/ml
0.16 mg/ml
0.32 mg/ml
0.64 mg/ml

4- Mercury:

0.005 mg/ml
0.01 mg/ml
0.02 mg/ml
0.04 mg/ml
0.08 mg/ml
0.16 mg/ml
0.32 mg/ml
0.64 mg/ml

0.02mM
0.05 mM
0.10 mM
0.21 mM
0.43 mM
0.87 mM
1.74 mM
3.49 mM

0.01 mM
0.03 mM
0.07 mM
0.14 mM
0.29 mM
0.58 mM
1.17 mM
2.35 mM
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Conclusions and Recommendations

4.1 Conclusions

S aureus represent a considerable pathogenic microorganism in the tested
samples.

High percent of isolated Staph aureus found to be resistance to Cefotaxime
(amember of thired generation of cephalosporin) and that is may be dueto
irrational use of thisimportant antibiotic.

The tested isolates show a hazardous high percent of multiple resistance
for antibiotics.

The relationship between multiple antibiotic resistance and multiple heavy
metal resistance indicats an environmental biohazared of heavy metal
pollution in Irag.

May be there were two to three type of plasmids depanding on results
obtained from curing experement. The genes that responsible for
Resistance for some heavy metals and antibiotics may be located on the
same plasmid DNA.
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4.2 Recommendations

New antibiotics should be used rationally in treatment of human infections.
Further studies was needed to point the hazardous heavy metals pollution
and its implication on the treatment of resistant pathogenic microorganism
other than S aureus.

Further study for the ability for resisting antibiotics in bacterial cells

treated with different concentrations of heavy metals
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| ntroduction and Literaturereview

I ntroduction

Saphylococcus aureus has no long been recognized as a major human
pathogen, its one of the most important speciedaafily micrococaceae.
Although this organism is frequently a part of tteemal human microflora it can
cause significant opportunistic infections undee thppropriate conditions
(Konemaret al., 1992).

Saphylococcus aureus was responsible for a wide range of infections,
from mild skin infections to wound infections and bacteraemiihoughthe
introduction of antibiotics over the last 50 yr Haweredthe mortality rate from
S aureus infections, the bacteria hadeveloped resistance mechanisms to all
antimicrobial agentdhat have been produce(Hardyet al., 2004).

S aureus have Complex cell wall contain polymers of chaink o
polysuccharid cross linked with short peptidesexhpeptidoglycan), and units
of phosphohydroxy alcohol which is hydroxyl grouwtlkeange with succarid and
the amino acid (alanine) this unit calls (Teichoacid) (Dziarski,1981;
Bhattacherjee, 1988).

Lysostaphin protease is glycyl-glycin endopeptidaskich cleaves the
pentaglycin cross-bridge of the staphylococcal idegtycan. Naturally,S.
aureus cell walls do not hydrolyze by lysozyme. This eria make the studies of
the S aureus some how difficult because lysostaphin is very emgive in
comparison to lysozyme (Etieneeal., 1998).

Some strains db. aureus express many potential virulence factors that are
lack in other strainsS. aureus infections can be treated with commonly used

antibiotics (Todar, 2005). In recent years somairssr ofS. aureus have become
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resistant to some antibiotics which means that rtat killed by antibiotics that's
take great attention (CHIQ ,2005).

Heavy metals consist of a group of about 40 elesn@@add and Griffitt,
1978). Many are essential for growth of both prgkdc and eukaryotic
organisms, and therefore are required low conceotraHowever, some metals
like arsenic, mercury and cadmium, are not esdefotiagrowth and extremely
toxic even at low concentration (Silver and Mist834).

The trace heavy metals such as Cobalt, Zinc, Coppdr Nickel play
important roles in bacteria; they regulate a widayaof metabolic function as
coenzyme or cofactors, as catalysts or acid inetheymes and as structural
stabilizer of enzymes and DNA binding protein (Hagland Pool, 1991; Nies
and Brown, 1997).

Understanding of metal resistance in Staphylocbasiprogressed rapidly
in the last years with well-established cadmiumraugy, antimony and arsenic
resistance system encoded by plasmids (Silver andd?1996).

Little is known about transport of the resistance zinc and cobalt
(chromosomal encoded) ions$naureus (Xiong and Jayaswal, 1998).

Aims of study

1- Isolation and characterization ®faureus taken from clinical specimens.

2- Study the profile of antibiotic resistance antetance to some heavy metals
linked with antibiotic resistance.

3- Making a curing experement to demonstrate tha&tiomship of antibiotic
resistance and heavy metal tolerance with any cptasimid could harboring

such traits.
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1.2 Staphylococcus

Clinically, the most important genus of the Microcaceae family is
Saphylococcus. The Saphylococcus genus classified into two major groups:
aureus and nonaureus. It can be distinguished from other species of
Staphylococcus by a positive result in a coagulase test (all oth@ecies are

negative).

The pathogenic effects &aphylococcus are mainly asssociated with the
toxins it produces. Most of these toxins are preduin the stationary phase of

the bacterial growth curve.

Particularly,S. aureus has been found to be the causative agent in such
ailments as pneumonia, meningitis, boils, arthriéied osteomyelitis (chronic
bone infection). MostS. aureus are penicillin resistant, but vancomycin and

nafcillin are known to be effective against mosaists Ryan and Ray, 2004

Of the non-aureus speci&s,epidermis is the most clinically significant.
This bacterium is an opportunistic pathogen whgch normal resident of human
skin. Those susceptible to infection by the baatarare Intra Vinous drug users,
newborns, elderly, and those using catheters oero#rtificial appliances.
Infection is easily treatable with vancomycin ofampin (Houston Medical
school, 1995).

1.2.1 Staphylococcus aureus

S aureus is ubiquitous and can be a part of human floranébin the
axillae, the inguinal and perineal areas, and titereor nacres (Tolan, 2006).
Saphylococcus (in Greekstaphyle meansbunch of grapes and coccos means
granule) is a genus of Gram-positive bacteria. Witk microscope, they appear
round (cocci), and form in grape-like clusters. §Ryand Ray, 2004).
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1.2.2 Characterization of Staphylococcus aureus

Microscopically, S aureus is a gram-positive organism, cocci with a
diameter of 0.5 to 1.7 um. macroscopically; rapwhgh on blood agar and other
nonselective solid media charactereaureus. Individual colonies are sharply
defined, smooth, opaque, and convex, translucatit,avdiameter of 1 to 3 mm
within 24 hours; they are B-hemolytic. The classic cream-yellow to golden
pigmentation caused by carotenoidsS. aureus are nonmotile, non-spore-
forming, and catalase positive. The cell wall cordgeptidoglycan and teichoic
acid. The organisms are resistant to temperatigdsgh as 50°C, to high salt
concentrations, and to dryif@u PKW, 1985; Holt et al., 1994). The ability to
clot plasma continues to be the most widely usedgemerally accepted criterion
for the identification of Staphylococcus aureus. One such factor, bound
coagulase, also known as clumping factor, reacth Wbrinogen to cause
organisms to aggregate. Another factor, extracallstaphylocoagulase, reacts
with prothrombin to form staphylothrombin, whichncaonvert fibrinogen to
fibrin. About 97% of humars aureus isolates possess both of these forms of
coagulase (Tolan, 2006).

1.2.3 Pathophysiology

The organism can cause disease by 2 mechanismsige tisvasion and
toxin production. The toxins liberated by the ongammay have effects at sites

distant from the focus of infection or colonizati@rolan, 2006).

1.2.4 Pathogenesis of S. aureus

Saphylococcus aureus causes a variety of suppurative (pus-forming)
infections and toxinoses in humans. One pathoggpécies isStaphylococcus
aureus, which can infect wound$§ aureus is a major cause of hospital-acquired

infections (nosocomial) and is being recognizechwitcreasing frequency in
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community-acquired infectionsS. aureus is also implicated in toxic shock
syndrome (Todar, 2005).An$. aureus infection can cause the staphylococcal
scalded skin syndrome, a cutaneous reaction toorxotabsorbed into the
bloodstream. It can also cause a type of septiGaealied pyaemia (Madigan
and Martinko, 2005)S. aureus sometimes invade the skin to cause infection.
This is more likely if you have a cut or graze whican allow bacteria to get
under the surface of the skif. aureus is the cause of skin infections such as
boils, pimples, impetigo, skin abscesses, styasinftulosis and is a common
cause of wound infections.

In some peopleS aureus can sometimes get into the bloodstream and
travel to internal parts of the body to cause itifexs that are more serious. For
example, blood poisoning (septicaemia), lung inéect(pneumonia), bones
infection (osteomyelitis), heart valve infectionn@carditis), urinary tract
infections, deep-seated infections and meningites as show in figure (1-1)
(Todar, 2005). These serious infections are mdwdyito occur in people who
are already unwell or debilitated, or who have arponmune system. These
infections needto be treated with antibiotics (EMdAB8d Patient Information
Publications, 2005).

stye

. sinusitis
boilz., carbuncles.

furuncles

hematogenous spread

pneummonia endocarditis

) Li .
C1I1ICS1S FE__PH_({

i diarrhea
,3 toxic shock syndrome
scaldes skin syndrome { ”
uti
]

osteony Elltl‘- 3 %
cystitis

umpeteo

Figure: (1-1): Sitesof infection and diseases caused by Staphylococcus aureus
(EMIS, 2005)
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1.2.5 Epidemiology

With the exception of natural valve endocarditisl @ome infections of
peritoneal dialysis catheters, virtually &l epidermidis infections are hospital
acquired. In contras§ saprophyticus infections (urinary tract infections) are all
acquired outside the hospit@lchabergt al., 1982; Cohenet al., 1982).

S. epidermidis probably gain access to foreign bodies by dineatulation
during the insertion of the device. The moleculaalgsis of the abundant
plasmid DNA in coagulase-negative staphylococcilbeesn used successfully in
outbreak investigations (Hiramatsti al., 1997; Edmondet al., 1996) and in
differentiating infecting from contaminating culéursolates (Kluytmanst al.,
1997). S aureus colonizes mainly the nasal passages, but it mayobad

regularly in most other anatomical locales (To@ag5).

CommonlyS. aureus found on the skin and in the nose of healthy peopl
staphylococci can get into the body and cause fattion. Saph. aureus is a
common organism and can be found in the nostrilsippto 30% of persons.
Person-to-person transmission is the usual formpoéad and occurs through
contact with secretions from infected skin lesiamssal discharge or spread via
the hands (Shinefielet al., 2002)

1.3 Staphylococcal virulence Factors

Plasmid DNA is abundant in all species of coagulaesgative
staphylococci (Peacock al., 1981), but only a few of the plasma-encoded genes
have been identified. Resistances to such antisias penicillin, macrolides,
lincosamides, tetracyclines, chloramphenicol, tthoprim, and aminoglycosides
have all been associated with specific plasmidssmld-mediated resistance has
been confirmed by the transfer of these plasmidssudable plasmid-free

recipients.
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Of considerable epidemiologic significance is themdnstration that
certain aminoglycoside-resistance plasmids foundSinepidermidis can be
transferred by conjugation to oth&r epidermidis and toS aureus organisms
(Kinsmanet al., 1985; Peacoclkt al,. 1981). These conjugative plasmids also
encode resistance to penicillin, trimethoprim, mogn, and disinfectants
(quarternary ammonium compounds) and can mobiheettansfer of plasmids
encoding resistance to macrolides, lincosamidesd amloramphenicol.
Conjugative resistance transfer may help explagnrépid increase in resistance
seen among hospital-associagdpidermidis isolates (Berger, 1994; Firdbal .,

2000). S aureus expresses many potential virulence factors:
(1) Surface proteins that promote colonizationagthissues.

(2) Invasins that promote bacterial spread in #@ssiyleukocidin, kinases,

hyaluronidase).
(3) Surface factors that inhibit phagocytic eng@imn(capsule, Protein A).

(4) Biochemical properties that enhance their saivin phagocytes (carotenoids,
catalase production).

(5) Immunological disguises (Protein A, coagulasetting factor).

(6) Membrane-damaging toxins that lyse eukaryaitroembranes (hemolysins,

leukotoxin, leukocidin).

(7) Exotoxins that damage host tissues or otherpriseoke symptoms of disease
(SEA-G, TSST, and ET).

(8) Inherent and acquired resistance to antimieidadgents (Todar, 2005).

1.3.1 Staphylococcal Enzymes

1.3.1.1 Catalase: Hydrogen peroxide is produced by all staphylocost@alins

and is converted into nontoxic,@ and Q by the action of catalase (Mandell,
1975).
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1.3.1.2 Coagulase: Coagulase is either extracellular or cell bound. It
stimulates the conversion of fibrinogen to fibrip linding to prothrombin. The
reaction used to differentiat® aureus from coagulase-negative staphylococci
(Kawabateet al., 1985).

1.3.1.3 Clumping Factor: S. aureus forms clumps when mixed with plasma
through an interaction between fibrinogen and ddvad cell surface compound
called clumping factor (Hawigest al., 1982). Genetic evidence and molecular
studies have demonstrated thaaigulase and clumping factor are distinct entities
of S aureus (Mcdevittet al., 1992)

1.3.1.4 Hyaluronidase: Hyaluronidase hydrolyzes hyaluronic acids, a group

of acid mucopolysaccharides present in the acelhaktrix of connective tissue,
its role in the pathogenicity & aureus (Hooper, 1997).

1.3.1.5 p-Lactamases. Most B-lactamases are plasmid coded. Their

physiologic role in cellular metabolism in the afbse of B-lactam antibiotics is
unknown (Hooper, 1997).

1.3.1.6 Staphylokinase: Many strains ofS aureus express a plasminogen
activator called staphylokinase. This factor lyBbeen. As with coagulase, there
IS no strong evidence that staphylokinase is damae factor, although it seems
reasonable to imagine that localized fibrinolysigim aid in bacterial spreading
(Todar, 2005).

1.3.1.7 Other Enzymes:. S aureus produces a nuclease that tested on a DNA
substrate for taxonomic purposes, but in fact @ ghosphodiesterase with both
exonuclease and endonuclease activity that cleansdeic acids into 3'-
phosphomononucleotides. Abscess formation charaeteby the disruption of
protein and lipid constituants. MoSt aureus strains produce lipolytic enzymes
(lipases) (Hooper, 1997).
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1.3.2 Staphylococcal Toxins

S aureus produces a variety of extracellular products ttedined as toxins
because they affect host cell function or morphpl&@pme of them express their
detrimental effect by enzymatic action. Others sashenterotoxins and toxic
shock toxin are potent cytokine inducers that actsaperantigens and have
opened a new field of pathophysiology of infectialiseases (Hawigest al.,
1982; Bohactet al., 1997). The S aureus enterotoxin causes quick onset food
poisoning. These microbes also secrete leukocaitoxin that destroys white
blood cells and leads to the formation of pus amka

(1) a-Toxin: (Bohachet al., 1997)

(2) B-Toxin: (Bohachet al., 1997)

(3) y-Toxin: (Bohachet al., 1997)

(4) 6-Toxin: (Bohachet al., 1997; Melish and Glasgow, 1970)
(5) Leukocidin: (Bohackt al., 1997)

(6) Epidermolytic Toxins and the Staphylococcal &aptigen Family: (Bohach
et al., 1997; Melish and Glasgow, 1970)

(7) Toxic Shock Syndrome Toxin (Coeeal., 1987; Parsonnet al., 1986)

(8) Enterotoxins(Marrack and Kappler, 1990; Johnsoret al., 1991)

1.4 Bacteriolytic enzymes

1.4.1 Lysozyme

The term lysozyme to a bacteriolytic agent founthia tissue of a number
of species of animals (Aldertaat al., 2004). The enzyme is stable when heated
in acid solution but very heat-labile in alkali.i$enzyme attacks peptidoglycan

by hydrolyzing the bond that connect N-acetylmu@agid with carbon four of
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N-acetylglucosamine. However, Schleifer and Klod€975 claimed that
lysozyme does not hydroly&eaureus cell wall (Prescotét al., 1990).

1.4.2 Lysostaphin

It is commercially available protein preparatiortasbed from the culture
filtrate of the organismSaphylococcus staphylolyticus (Schindler, 1996;
Schindier and Schuhardt, 1975). Lysostaphin corttaiee enzymes capable of
acting on bacterial cell wall peptidoglycan. Thganaomponent in lysostaphin
Is glycoglycin endopeptidase, which capable of sjgadly lysing Saureus cells
(Schindler, 1996).

This enzyme lyses staphylococcal cells by hydrolyziglycylglycin
bounds in the polyglycin bridges, which form crdéis&s between glycopeptide
chains in the cell wall peptidoglycan of these oigas (Robinsoset al., 1979).

1.5 Staphylococus aureus plasmids

Multiple plasmids are frequently present in clinicsolates ofS. aureus,

and three broad categories of plasmids have beegmeed (Novick, 1989).

Class | plasmids. These are small plasmids (5 Kb or smaller),
phenotypically cryptic or encode a single resistameterminant. Rarely a
plasmid carries two markers include Tc (tetracyglirEm (erythromycin), Cm
(chloramphenicol), Sm (streptomycin), Km (kanamyciB1 (bleomycin), Qa
(quaternary amine), and Cd (cadmium). These plasmitdize a rolling-circle
replication via a single-stranded intermediate. YCopmber is (15-60 copy/cell)
(Novick, 1990). These plasmids divided into fouowps, pT181, pC194, pSN2,
and pE194Gruss and Erich, 1989; Brien et al., 2002).
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Class || plasmids:. Larger plasmids (15-30 Kb) which are characterized
by the presence of multiple antimicrobial-resiseandeterminants such us
resistance t@-lactam antibiotics, macrolides, and variety of \neanetal ions
(Arsenic, Cadmium, Lead, and Mercury), which amxqtrently associated with
transposable elements. They usef@threode of replication (Paulseshal., 1997;
Udo et al., 2001) Four to six copies are found per cell (Novick, QR9These
plasmids grouped into four familigs o, 6, y which include pl524, PII147,
PI1258, pl1071 respectively which carry gene fotalaetamase, heavy metals
resistance and orphan which includes pSKikth and Skurray, 1998; Lacey,
1980).

Class IIl plasmid: The largest plasmids (30-60 Kb) are also

multiresistance plasmids but are differentiatednfrthose in class Il byheir
ability to promote their own intercellular transsimn via conjugation (Firtlet
al., 2000). Class lll plasmids can also mediate thepetident mobilization of
some suitably equipped class | plasmids, and famlithe horizontal transfer of
other non-self transmissible plasmids and or chsommal segment by
conjugation coduction (Firth and Skurray, 1998)e3dé plasmids include pSK41,
pG01, and pJE1l. These plasmids carry resistanc&kensarincluding CN
(gentamicin), Pc (penicillin) and Qa (quaternarympound), some of which are
transposable, and a number of insertion sequeBgdike elements (Thomas and
Archer, 1989).

1.6 Staphylococcal resistance for antibiotics

The Gram-positive bacteriun®taphylococcus aureus is an important
human pathogen that has become increasingly resitbaa wide range of
antibiotics over the last two decades. The ememgesfc multidrug-resistant

iIsolates of methicillin-resistan®. aureus (MRSA) exhibiting also decreased



Chapter One | ntroduction and Literature review 12

susceptibilities to glycopeptides (glycopeptideemtediateS. aureus, GISA)

represents a crucial challenge for antimicrobialerdipy, antimicrobial
susceptibility testing, and hospital infection aoht(Scherl et al., 2007).

Increased antibiotic resistance of common bactattabuted in part to the
widespread use of various antibiotic agents (Caetial., 2002).

The introduction of penicillin offered an opporttynto successfullyreat
serious staphylococcal infections, but an enzyreduced byS aureus,
penicillinase (later known as R-lactamas&s described. This enzyme was
responsible for the clinicéilures that appeared soon after the introductibn
penicillin. During the early 1950s, a series of seymthetic penicillins (like
Methicillin) were developed that were stable to destruction agtebiall3-
lactamases. One yeddter its introduction, the first methicillin regatS. aureus
(MRSA) was detected and the first clinical failwfemethicillinfor the treatment
of S aureus was described (Hardy al., 2004).

The resistanceften is transferable (Noblet al., 1992). The spread of
resistanceéo antimicrobial agents iB. aureus is largely due to the acquisitiof
plasmids and/or transposons (Lyon and Skurray, 19Bansfer of resistance
between staphylococcal strains in the laboratoiy Ibeen showto occur via
transformation, transduction, and conjugation (Tesnd et al., 1986).
Resistance to methicillin in coagulase-negativetstibcocci 6. epidermidis, S.
haemolyticus) exhibits the same heterotypic expression, altérgedhanges in
culture or environmental conditions, as do methicilesistantS. aureus. The
heterotypy of resistance expression for coagulaggiive staphylococci,
particularlyS. epidermidis, is much greater than that seen $oaureus (Tuazon
etal., 1975).

In addition top-lactams antimicrobials, to which more than 50%Sof

epidermidis and S haemolyticus nosocomial isolates are resistant include
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erythromycin, clindamycin, chloramphenicol, andrdeycline (Godfrey and
Smith, 1958; Hill et al., 1988)

Saphylococcus aureus has a proven ability to adapt to the selective
pressure of antibiotics. At present, methicillisistantS. aureus (MRSA) strains
with resistance to vancomycin are emerging and one ef nmiost serious
contemporary challenges to the treatmen&.adureus infections (Changt al.,
2003; Crisostomo et al., 2001). S aureus isolates showed a special
multiresistance pattern that includegistance to penicillin (P), streptomy¢8),
tetracycline (TE), erythromycin (E), lincomycin aotindamycin (Lencastret
al., 2000). To access the problem of antibiotic reststame can use fusidic acid,
which was an effective component of antibiotic camabionsused to treat

infections caused b§aphylococcus aureus (Brienet al., 2002)

S aureus possesses a remarkable number of mechanisms distimg
antibacterial action. Aminoglycoside-resistant issahave been described with
increasing frequency. Rifampin, which is remarkabbttive against. aureus,
cannot be used as a single agent because of @ahightep mutation rate of 70
to 10° to resistance (Moorman and Mandell981). Resistance to
fluoroquinolones has been found in methicillin-sews (Kaatzet al., 1991). And
methicillin-resistant strain@Murakami and TomaszZ989), and is becoming a
major epidemiologic problem. Both altered gyrasd anergy-dependent efflux
mechanisms are implig&aatzet al., 1991). The mechanisms of resistance for
some antibiotics show in table (1-1) (\Whal., 1996).
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Table (1-1): Mechanisms of resistance for somebantics (Wu et al.,
1996).

M echanism of resistance for Examples
the antibiotics

Reduce permeability Aminoglycosides

Active efflux Tetracycline
Fluoroquinolones

Alteration of drug target Erythromycin
Fluoroquinolones
Rifampicin

Tetracycline

Inactivation of drug Aminoglycosides
Chloramphenicol
B-lactams

Sequestration of drug B-lactams

1.7 Heavy metal resistance

Saphylococcus aureus is a common human pathogen associated with a
number of diseases. Understanding of metal resistanstaphylococci has
progressed rapidly in the last years, witbll-established Cadmium, Mercury,
Antimony, and Arsenic resistansgstems encoded by plasmids (Nuciferal.,
1989). While plasmid p1258 were enco@eaureus resistance for Cadmium and
Zinc (Nazet al., 2005). The trace heavy metal ions such as Cobaitg, Z
Copper, and Nickel play important roles in bactefiaey regulate a widerray of
metabolic functions as coenzymes or cofactors,atalystor a type of acid in
enzymes, and as structural stabilizers of enzyanels DNA-binding proteins
(Nies and Brown 1997). Although some heavy metals are essentiae tra
elements, most can be, at high concentrationsg taxiall branches of life,
including microbes, by forming complex compoundshwi the cell. Therefore,
Increasing environmental concentrations of thesevyetals pose a challenge
to bacteria (Bearet al., 1997).
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Because heavy metals are increasingly found imaiial habitats due to
natural and industrial processes, microbes havé/edseveral mechanisms to
tolerate the presence of heavy metals (by efflaxpmexation, or reduction of
metal ions) or to use them as terminal electroejatoes in anaerobic respiration
(Silver and Phungl996). Many have speculated and have even shoatnath
correlation exists between metal tolerance andhetit resistance in bacteria.
Because of the likelihood that resistance genesotb (antibiotics and heavy
metals) may be located closely together on the gaammid in bacteria and are
thus more likely to be transferred together in ¢éingironment (Spain and Alm,
2003).

1.7.1 Mechanisms of bacterial resistance for the Heavy M etals

In high concentrations, heavy metal ions reacbtanftoxic compounds in
cells (Nies, 1999). To have a toxic effect, howeVveravy metal ions must first
enter the cell. Because some heavy metals aressgdser enzymatic functions
and bacterial growth, uptake mechanisms exist dllatv for the entrance of
metal ions into the cell. There are two generabkptsystems, one is quick and
unspecific, driven by a chemiosmotic gradient agithe cell membrane and thus
requiring no ATP, and the other is slower and nsuiastrate-specific, driven by
energy from ATP hydrolysis. While the first mechamiis more energy efficient,
it results in an influx of a wider variety of heametals, and when these metals
are present in high concentrations, they are nkegylto have toxic effects once
inside the cell (Nies and Silver, 1995).

To survive under metal-stressed conditions, bactesve evolved several
types of mechanisms to tolerate the uptake of heangtal ions. These
mechanisms include the efflux of metal ions outslue cell, accumulation and
complexation of the metal ions inside the cell, aaduction of the heavy metal
lons toa less toxic state (Nies, 1999; Spain and Alm, 2003). Themolecular

mechanisms involve a number of proteins, such asramsporters, reductases,
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glutathione-related cadystins and cysteine-noétallothioneins, and low-
molecular-weight cysteine-rich metigands (Silver and Phun$996).

These protein molecules either export the mietad out of cells or
detoxify or sequester them so that the ceds grow in an environment
containing high levels of toxic metaldowever, there is no common mechanism
of resistance to all heawyetal ions (Nies and Browa997). It has been test the
minimal inhibitory concentrations (MICs) of sevemdifferent metal ions for
Escherichia coli on agar medium, and the most toxic metal (withidknest MIC)
was mercury, whereas the least toxic metal testasl wanganese (Mergeaty
al., 1985).
1.7.1.1 Resistance to Cadmium ions

Cadmium is a highly toxic divalent cation, Cadmitesistance is the most
common resistance determinant found on resistafesmpls (R plasmids) of
Saphylococcus aureus, occurring at frequencies of 80% or greater in esom
clinical collections (Nakaharat al., 1977; Friberget al., 1971). It has been
reported that certain strains $faphylococcus aureus were resistant to inorganic
ions including Mercury and Cadmium. Plasmid-deteedi resistance to
Cadmium and Zinc has only been found with plasnirdsn Staphylococcus
aureus (Cherian, 1974; Naet al., 2005).

Resistance to Cadmium was associated with a loa@maulation of Ctf
lons by the plasmid-bearing resistant cells. Cadmihccumulation by
susceptible cells was energy dependent and hac tblogracteristics usually
associated with a transmembrane active transpstesy(Novick, 1969).

There was a specific interrelationship betweedndam accumulation and
manganese accumulation and retentior” @thibited the uptake of Mt and
accelerated the loss of intracellular #by the susceptible cells, but was without
effect on MA* transport in resistar. aureus cells. Under similar conditions,
there was no differential effect of &don M¢*, zn*", Cc&*, Ni*, or RE
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accumulation or exchange between the susceptibde th@ resistant strains
(Novick and Roth1968).

Cadmium resistance is associated with a lowezedl lof uptake of Cd
by the resistant-plasmid-containing cells (Siletral., 1976). Protoplasts of
resistant cells retain the barrier to*Cdptake (Chopra, 1971), suggesting that the
cell membrane is involved in the barrier functidrhe process of uptake in
susceptible cells is energy dependent, and it sgm®sible that the resistance
barrier involves an active transport process suchkaown for physiologically
required divalent cautions such as Mg2+, Mn2", Zn@+ (Jasper and Silver
1977).

1.7.1.2 Resistanceto Zinc and Cobalt ions

Staphylococcastrains without plasmids show resistance to heaeyam
lons, such as Zinc and Cobalt. This implies that a pldsmiependent
chromosomal determinant might encode resistantedawy metalsuch as Zinc
and Cobalt. Although operons encoding Cobalt, Zewd Cadmium in
Alcaligenes eutrophus (Nies 1992) and Zinc ireEscherichia coli (Beardet al.,
1997) have been investigated, relatively littlekiownabout the transport and
resistance mechanisms of Zinc and Coloal$ in S aureus. Zinc is one of the
essential trace element. It is not biologicallymedeactive and is thus not used in
respiration. It is, however, important in formingneplexes (such as zinc fingers

in DNA) and as a component in cellular enzymes gNi©99).

Bacterial cells accumulate Zinc by a fast, unspeciptake mechanism
and it is normally found in higher concentratiohsit(is less toxic) than other
heavy metals (Nies, 1999). Uptake of Zinc ionseseayally coupled to that of
magnesium and the two ions may be transported iloyasi mechanisms in
bacteria (Nies and Silver, 1995). Two general &ffiechanisms are responsible

for bacterial resistance to Zinc. One is a P-typEPase effluxl system that
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transports Zinc ions across the cytoplasmic mengtay energy from ATP
hydrolysis (Beardt al., 1997). The other mechanism involved in Zinc efflax
an RND-driven2 transporter system that transpairis Zcross the cell wall (not
just the membrane) of gram-negative bacteria angpoered by a proton
gradient and not ATP (Nies, 1999).

1.7.1.3 Resistanceto Mercury ions

Resistance of&aphylococcus aureus mediated by the penicillinase (Pc-
ase) plasmid to divalent metal ions of?Hgnd Cd" was found to be controlled
by different mechanisms. The Hgresistance of the Pc-ase plasmid-carrying
organisms is based upon a process of changingpthencorporated in the cell
into a somewhat innocuous form. This process ispeddent of temperature and
Seems to be controlled by an inducible enzyme.Kilheg effect of Hg salts was
not influenced by the coexistence of other di-onm@lent ions such as MgC92,
CaCb, MnCl,, and NaCl. No vaporization of Hg, which explaihg tresistance
mechanism such as that proposed by Komura et R factor-mediated Hg
resistance in enterobacilli, was found in the cade Hg resistance in
staphylococci (Weiset al., 2001; Komura et al., 1971).

It has been known since the report by (Novick, 2988t the penicillinase
(Pc-ase) plasmid ifStaphylococcus aureus also carries genes determining
resistance to several heavy metal ions as weh@setto erythromycin and other
antibiotics. The authors have been especially istetein the resistances to these
metal ions, not only from the point of view of nobial genetics but also from
the medical aspects. Plasmid-mediated resistamcéisese heavy metals have
also been observed in enteric bacilli, especiallyrifactor-carrying organisms,
and have recently been studied by several workerevertheless, the
mechanisms of resistance to heavy metal ions iphgtacocci have not been
studied as much as those in enteric bacilli ornteehanisms of staphylococcal

penicillin resistance. (Komura and 1zakb71).
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1.7.2 Correlation of Metal resistance and Antibiotic Resistance

Bacterial resistance to antibioticgl ather antimicrobial agents is an
increasing problem in today’s society. Resistamcarttibiotics is acquired by a
change in the genetic makeup of a bacterium, wtachoccur by either a genetic
mutation or by transfer of antibiotic resistancengge between bacteria in the
environment (American Academy of Microbiology, 2000

Products such as disinfectants, stdglaand heavy metals used in
industry and in household products are, along vatttibiotics, creating a
selective pressure in the environment that leadsthe mutations in
microorganisms that will allow them better to sweviand multiply (Baqueret
al., 1998). Clustering of genes on a plasmid, if bathaldb genes clustered are
useful to the organism is beneficial to the surlvigh that organism and its
species because those genes are more likely tarsddrred together in the event
of conjugation (Lawrence, 2000).

Thus, in an environment with multiple stresses giample antibiotics and
heavy metals, it would be more ecologically favéeain terms of survival, for a
bacterium to acquire resistance to both stresdethel resistance is plasmid
mediated, those bacteria with clustered resistayem@es are more likely to
simultaneously pass on those genes to other bactard those bacteria would
then have a better chance at survival. There weeidies on bacteria isolated

from drinking water and found that a high percdrtaxcteria that were tolerant to

metals were also antibiotic resistant (Calomitial., 1984).

1.8 Curing of plasmid DNA

Plasmids have been observed in a wide variety ofeba. In part, this is
due to the development of new procedures that abh@wdetection, isolation, and
molecular characterization of plasmid DNA. When kg with some plasmid-
containing bacteria, it is often desirable to ab&plasmid-cured derivative. This
allows a direct comparison to be made between thenpd-containing and



Chapter One | ntroduction and Literature review 20

plasmid-cured cell. Some plasmids undergo spontemesegregation and
deletion. However, the majority is extremely stakded requires the use of
curing agents or other procedures (elevated grotgthperature, thymine
starvation), to increase the frequency of spontasesegregation (Caret al.,
1984).

In view of the importance of plasmids in specifyiagtibiotic and metal
resistance; metabolic properties; pathogenicityst lepecificity and nodulation
(Rhizobium spp.); conjugal properties, and repimaimaintenance properties,
reproducible procedures for obtaining plasmid-culdedvatives are necessary.
(Trevors, 1985).

In addition it was stated that in certain organiseven the loss of a
plasmid may not be adequate evidence to concludethie trait is plasmid-
encoded. This is because many plasmids are capabietegrate in to the
bacterial host chromosome. If this occurs, therpidsvould not be present as a
covalently closed circular (CCC) molecule (Caatoal., 1984). Interchalating
dyes such us acriflavine, acridine orange, ethidimamide and quinacrine have
been successfully used in curing plasmids of bact€he concentration of these
dyes will depend on the organism and curing addost effective concentration
of a particular curing agent can vary consideralnythe range of 100 to 1000
fold. This depends up on the species being treatathg agent efficiency, and
the mode of action of the curing agent (Carlton Brmvn, 1981).

Ethidium bromide has been extensively used to qlasmid in wide
variety of bacterial strains. In 1969, it was ddss that the use of ethidium
bromide to eliminate plasmids in antibiotic resmtaEnterobacteria and
Staphylococci. Curing was usually observed at & fiigquency, and the results
obtained were more reproducible than with acridipes. Ethidium bromide was
successfully cured penicillinase plasmids $maphylococcus aureus strains
(Robin and Rosenblum, 1971).
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Materials and M ethods

2.1 Materials
2.1.1 Equipments

The following equipments were used in this study:

Equipment

Company(Origin)

1- Autoclave

Gallen Kamp (England)

2- Balance

Ohans (France)

3- Compound Light microscope

Olympus (Japan)

4- Centrifuge

Harrier (U.K.)

5- Camera Zenit (Russia)

6- Centrifuge (Biofuge B) Hedraeces Christ (Germany
7- Distillator GallenKamp (England)

8- Oven Memmert (Germany)

9- Gel electrophoresis unit

BioRad (Italy)

10- Hot plate with magnetic stirrer

GallenKamp (EEmgl)

11- Incubator

GallenKamp (England)

12- Laminar air flow

Memmert (Germany)

13- Millipore filter paper unit

Millipore and Whatan (England)

14- Micropipettes

Widget (Germany)

15- Portable Centrifuge

Hermle labortechnik (Gergan

16- pH-Meter

Metter-GmpH Tdedo (U.K.)

17- Power Supply

LKB (Sweden)

18- Sensitive balance

Delta Range (Switzerland)

19- Shaker Incubator

GFL (Germany)

20- U.V Transiluminator

Vilber Lourmat (France)

21- Vortex mixer

Buchi (Switzerland)

22- Water bath

GFL (England)
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2.1.2 Chemicals

The following chemicals were used in this study:

Chemicals

Company (Origin)

1- Agarose

2- Chloroform

3- Ethanol

4- |Isoamyl alcohol

5- Bromophenol blue

6- Mercury Chloride (HgG)

7- Sodium hydroxide (NaOH)

8- Lactose

9- Galactos

10- Mannitol

11- Boric acid (HBoy)

12- Cadmium Chloride (Cdg)!

13- Ethylene Diamine Tetra Acetic acid (EDTA

14- Hydrochloric acid (HCI)

15- Zinc acetate Zn(C€0O0).2H,0

16- Cobalt acetate Co(GBOO) 4H,0

17- Phenol red

18- Ethidum Bromide

19- Crystal Violate

20- lodine

21- Safranin

BDH (England)

22- Hydrogen Peroxide

23-N,N,N,N-Tetramethylp-phenylene-Diamine

Dihydrochlorid FLUKA (Switzerland)
24- Sodium Chloride (NaCl)

25- Tris-HCI

26- Glycerol Difco (USA)
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2.1.3Media

The following media were used in this study:

Type of media Company(Origin)
1- Agar-agar FLUKA (Switzerland)
2- Brain-Heart infusion agar FLUKA (Switzerland)
3- Brain-Heart infusion broth FLUKA (Switzerland)
4- DNase agar Difco (USA)
5- Mannitol-Salt agar FLUKA (Switzerland)
6- Mueller-Hinton agar Difco (USA)
7- Nutrient agar Difco (USA)
8- Nutrient broth Difco (USA)
9- Staph 110 agar FLUKA (Switzerland)
10- Urease base agar FLUKA (Switzerland)

All media were prepared according to the manufactunstruction,

sterilized by autoclave under 15 psi at 121°C foniin and incubated at 37°C.

2.1.4 Enzyme

Lysozyme was used for plasmid isolation in thigigtu

2.1.5 Standard Strain

Strain Source
Saphylococcus aureus ATCC Department of Biotechnology/ Al
25923 Nahrain university
2.1.6 Reagents

The following indicators were used in API staphtegs

Reagents Company(Origin)
1-VP1& VP2 BioMerieux (France)
2-NT 1 & NT2 BioMerieux (France)

3-ZYMA&ZYM B

BioMerieux (France)

2.1.7 Antibiotic Disks

The following antibiotic disks [Bioanalyse (Turké¢yyvere used for

antibiotic sensitivity test fo. aureus strains (NCCLS, 1993).
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Antimicrobial Symbol Disk Diameter of
agent concentration | inhibition zone (mm)
R I S

1- Amikacin AK 30 ug <14 15-16| >17
2- Bacitracin B 10U <8 9-12 | >13
3- Carbenicillin PY 100 ug <17 18-22| >23
4- Cefotaxime CTX 30 ug <14 15-22| >23
5- Cephalexin CL 30 ug <14 15-17| >18
6-Chloramphenicol C 30 ug <12 13-17| >18
7- Fusidic acid FA 10 ug <14 15-22| >23
8- Gentamicin CN 10 ug <12 13-14| >15
9- Imipenem IPM 10 ug <13 14-15| >16
10- Streptomycin S 10 pg <11 12-14| >15
11- Tetracycline TE 30 ug <14 15-18| >19
12- Vancomycin VA 30 ug <9 10-11] >12
R: Resistance I: Intermediate S: Sensitive

2.1.8 Buffers and solutions

2.1.8.1 Bacterial diagnosis solutions

e Gram stain

Prepared according to (Atlasal., 1995).

» Catalasereagent

3% HO, was utilized according to method described by {f&rhand

Krieg, 1981).

» Oxidasereagent

Reagent prepared from 1% N,N,N,N-Tetramethyl p-plere — Diamine
Dihydrochloride as in (Konemaat al., 1992).

« Sugar fermentation media

1gm sugar added to 100 ml pepton water then mixgdpihenol red
2.1.8.2 Antibiotic solutions

Solutions were prepared by dissolving one caps@BO (mg) of

Tetracycline in 10 ml sterilized distilled waterhile Gentamicin, Cefotaxime
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and penicillin G were dissolved in sterile distllevater. Tetracycline stock
solution prepared at concentration 25000 pg/ml,ofa&fme stock solution
prepared at concentration 10000 pg/ml, Gentamitmuokssolution prepared at
concentration 8000 pg/ml and Penicillin-G stock uioh prepared at
concentration 80000ug/ml, then stock solutiondlsted by filtration and kept at
4°C, until used (Maniatist al., 1982).
2.1.8.3 Heavy metal solutions

Heavy metals used were Zn (gE00)2H,0, Co (CHCOO)4H,0,
CdChL and HgC} prepared as stock solution (see appendix (1))séerdized by

filtration and kept at 4°C until used.

2.1.8.4 Curing solution
e Ethidium Bromide solution 10 mg/ml (Bounchaud et al.,

1969)

This solution was prepared by dissolving 0.2gmtbideum bromide in 20

ml distilled water and stirred on magnetic stirfer few hours to ensure
that the ethidium bromide has dissolved then it staslized by filtration,

and stored in a dark bottle at 4°C.
2.2 Methods

2.2.1 Collection of Isolates

One hundred thirty isolates & aureus were obtained from different
clinical specimens such as urin, skin, wond, ebkrod and vagina which were
collected from Al-Yarmouk and Al-Kadhmia hospitdlem 74 femal and 56
male. Of these, 59 isolate were identified Segphylococcus (34 isolate from
female and 25 isolat from male), while, 30 isotintefied a$. aureus (17 isolat
from femal and 13 isolat from male).on the basighair colony morphology
Gram's stain and positive results in coagulase, d8Naatalase, mannitol
fermentation, and for the further confirmation teelates were identified by API

staph system.
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2.2.2 |dentification of S. aureusisolates
2.2.2.1 Morphological tests (Koneman et al., 1992)

On direct Gram's stained smea$s,aureus appeared, as Gram-positive
cocci in grape like clusters. Colonies morphologgswstudies on brain-heart-
infusion agar with 7.5% NaCl. Color, shape and sizeolonies were recorded
after 24 hours of incubation at 37°C.

2.2.2.2 Biochemical tests
o Catalasetest (Atlaset al., 1995)

A single colony was placed on a clean glass miapsslide with a sterile
toothpick, and then a drop of hydrogen peroxide)(@#s placed onto the
colony. The production of gaseous bubbles indicdkes presence of

catalase.

* Oxidasetest (Atlaset al., 1995)
This test was done by using moisten filter papethview drops of a
freshly prepared solution of N,N,N,N-TetramethylPRenylen-Diamine
Dihydrochlorid. Aseptically a clump of cells wasked up from the slant
growth with a sterile wooden stick and smearedh@nmoisten paper. The
development of violet or a purple color within 18cends indicates a

positive result.

» Tubecoagulasetest (Atlaset al., 1995)
It's performed by adding 0.1 ml of test culturehwd.5 ml of citrated
plasma solution in the test tube. After incubation0.5, 1, 2, 4 and 24
hours the appearance of coagulation indicated rinéugtion of coagulase.
Note: This test differentiateS aureus from other species of

staphylococcus.

 DNasetest (Harley and Prescott, 1993)

DNase agar plates were prepared according to theufacturer. The

bacterial strains were streaked on solidified mediund incubated at 37°C
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overnight. 10 ml of (1N) HCI| was added to eacheldthe appearance of

clear zone around the colonies indicated the pasigsults.
Sugar fermentation and acid production (Cruickshank et al.,
1975)

Few colonies of fresh culture of bacteria were ulated to the sugar
medium, for the sugars (Lactose, Galactose). Afteubation at 37°C
overnight, fermentation of sugar will lead to charlige color of phenol red
indicator from red to yellow.

Growth on Mannitol salt agar (Stukus, 1997)

The isolates of bacteria were cultured on Manrsadt agar (MSA). This
media permits the selection ditaphylococci due to the high salt
concentration of the medium. Sinc&&aphylococcus aureus ferments

Mannitol it can be distinguished due to the chaimgeolor of the phenol

red indicator in the medium from red to yellow.

Hemolysin production test (Cruickshank et al., 1975)

The isolates of bacteria were streaked on freshgpared blood agar
medium (blood agar + 7% blood), the appearanceledrdyses zone
around the colonies after 24 hours of incubatior8B&tC, indicate the

positive results.

2.2.2.3 ldentification by APl STAPH system (biomerieux)

Identification system for the genef@aphylococcus and Micrococcus,

using standardized and miniaturized biochemicaistesth a special adapted

database.

I nstruction for use
1- The organism was sub cultured onto blood agelr8f@4 hour at 35-
37°C.

2- Purity of microorganism was checked.
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3- The ampoules of APl STAPH medium was opened wuradeptic

conditions.

4- A homogenized bacterial suspension was prepared.

5- Using a sterile pipette, the microtubes weredilwith the inoculation

API STAPH medium.

6- Anaerobic conditions for ADH and URE tests wererformed by

addition of mineral oil.

7- Strips were incubated at 35-37°C for 18-24 hour.

 Readingthestrips

Adding 1 drop of each of the following reagents @leped the following

reactions:

1- VP test: VP1 and VP2 reagents:

After 10 minute, violet pink color indicates a pos reaction. Pale
pink or light pink color indicates negative reaatio

2- NIT test: NIT1 and NIT2 reagents: After 10 minutesg color indicates
a positive reaction.

3- PAL test: ZYM A and ZYM B reagents: After 10 mingteviolet color
indicates a positive reaction. Reading the reastiwwas performed by
referring to (table 2). By using the analytical fdeo index the
identification was made.

2.2.3 Maintenance of bacterial strains

Maintenance of bacterial strains performed accgrdon(Maniatiset al.,
1982) as follow: Colonies of bacteria were mairgdirior few weeks on nutrient
agar media, plates were tightly wrapped in paraéid stored in the refrigerator
at 4°C. For longer storage, strains of bacteriaewsraintained in slants
containing nutrient agar. These slants were preparel0 ml screw-capped
bottles containing 3-4 ml of nutrient agar. Bottlegre incubated with the

bacterial strains at 37°C overnight then storetth@refrigerator for one month.
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Typesof testsincluded in API system for identification (Biomerieux).

Results
Test Substrate | Reaction/Enzyme | Negative | Positive
0 No substrate Negative control Red -
GLU |D-Glucose
FRU | D-Fructose
MNE | D-Mannose ( positive control)
MAL [ Maltose Acidification Red Yellow
LAC |Lactose Carbohydrate
TRE | D-Trehalose utilization
MAN | D-Mannitol
XLT [ Xylitol
MEL | D-Melibiose
NIT Potassium Reduction of nitrate t NIT1 + NIT2 /10 min
nitrate nitrite Colorless. Red
light pink
PAL [ B-naphthyl-acid| Alkaline phosphatas{ ZYM A+ZYM B /10 min
phosphate Yellow Violet
VP Sodium pyruvaty  Acetyl-methyl- VPI 1+VPI 2 /10min
carbinol production Colorless | Violet-pink
RAF | Raffinose
ZYL | Xylose
SAC | Sucrose Acidification due to
MDG [ 6-methyl-D- carbohydrate Red Yellow
glucoside utilization
NAG [ N-acetyl-
glucosamine
ADH | Arginine Arginine dihydrolasel Yellow Orange-red
URE | Urea Urease Yellow Red-violet

2.2.4 Antibiotic sensitivity test (Atlaset al., 1995)

The disc diffusion method was used to test thebantic sensitivity of the
selected isolate. A sterile cotton swab was dippedo the inocula (freshly

culture for 18 hour) and the entire surface oflih&n heart infusion agar plates
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was swabbed three times by rotating the plate appedely 60°after each
streaking to ensure even distribution. Then thesda antibiotics were applied
on cultured media and incubated at 37°C. The zdnehtbition was observed
after incubation for 18 hour.

2.2.5 Minimum Inhibitory Concentration (MIC) test (Atlas et al.,
1995)

Inocula of selected isolates were grown in 5mlieatrbroth, then 0.1ml
of each culture were inoculated in series of Smslfr nutrient broth containing
various concentrations of antibiotics or heavy isetolutions (8, 16, 32, 64,
128, 256, 512 and 1024 pg/ml for antibiotics) abd1(0, 20, 40, 80, 160, 320,
640 and 1280 pg/ml for heavy metals) for each tesl@fS. aureus, then all
tubes incubated in 37°C for 24 hours. 100 ul framhetube were spread on brain
heart infusion agar plates and all plates werehated at 37°C for 24 hours. The
lowest concentration of the antibiotics or heavyatsesolutions that inhibited the
growth of bacterial isolates considered as the mminn inhibitory concentration
(MIC).

2.2.6 Plasmid DNA curing (Trevors, 1986)

Cells of the selected isolate were grown in 5mhofrient broth. 0.1ml
samples of each culture were inoculated in serfeSnd fresh nutrient broth
tubes containing various concentrations of ethidiromide (50, 100, 200, 400,
600, 800 and 1000 pg/ml). All tubes were incubatiedl7°C for 24 — 48 hours.

The growth density of the deferent tubes was medswisually and
compared with the control to determine the efféaach concentration of curing
agent on bacterial growth (Trevors, 1986). The ktveencentration of the curing
agent that inhibits the growth of bacterial isolatssidered as the minimum
inhibitory concentration (MIC).

Sample was taken from the tube containing thedsglsoncentration of
ethidium bromide that still allows bacterial growéimd diluted appropriately.
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Then 0.1ml samples from proper dilutions were sprea nutrient agar plates

and incubated overnight at 37°C to score the sad/oolonies.
2.2.7 Selection of Cured Cells (Trevors, 1986)

After treatment of bacterial isolate with standataing agent and the
Isolation of survivors on nutrient agar, survivavere analyzed for the presence
or absence of drug resistance as a result of edtnom the plasmid by selecting
100 colonies of bacterial isolates from each treatmThese colonies were
replica plated (using toothpick) on nutrient ag#ate (master plates) and on
nutrient agar plates containing an antibiotics atder nutrient agar plate
containing a heavy metals to which the originallas® is resistant (Trevors,
1986).

If a colony was able to grow on the master plateriot on the selective
agar containing the appropriate antibiotic or heanetal, it means that, the cells
of this colony are cured cells that lost plasmisipansible for resistance to the

antibiotic or heavy metal. The percentage of thedwells was determined.
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Results and Discussion

3.1 Isolation and Identification of Staphylococcus aureus

One hundred and thirty isolates collected fromedéht sites of patients in
Al-Kadhemia hospital and Al-Yarmook hospital frord Temale and 56 male
during the period from 1/11/2005 to 15/4/2006. kidde, 59 isolates identified as
Saphylococcus (34 isolates from female and 25 isolates from naldnile 30
isolates identified as&taphylococcus aureus (17 isolates from female and 13
Isolates from male), which represented 23% of tstalhtes, while the remaining
isolates identified as different types of bacteria.

The high percentage &aureus might be due its role as the main cause of
nosocomial infections (Wertheirat al., 2004). It is also one of the most
important infectious agents, which can cause amppistic infection because it
Is a part of body normal flora (Hiramatsual., 2001).Saphylococcus has many
surface antigens, toxins and enzymes especiallieiprdytic enzymes, which

facilitate its invasion of body tissues and caus@ections (Zadilet al., 2001).

3.2 Characterization ofS. aureusisolates

3.2.1 Morphological characterization

Morphologically, the isolates show creamy, yellowgmlden pigmented
colonies on brain heart infusion agar (the diametesingle colony on Mannitol
salt agar 0.5 — 1 mm). Moreover, the isolates sgosenish colonies witlf-
heamolysis when cultured on blood agar. Microsafic examination

demonstrated grape like clusters of cells with gparsitive reaction.
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3.2.2 Biochemical tests

All isolates were given positive result for coagdaproduction test.
Twenty-seven isolates produced acid from lactosk Galactose, three isolates
gave negative results for fermenting lactose anactiase because a few isolates
did not produce detectable acid from lactose anact@se, these results were in
agreement with (Seifedt al., 2003; Klooset al., 1974).

All isolates were catalase positive and haveitghid ferment Mannitol
aerobically and 23 isolates from 30 have abilitypimduce thermonuclease
DNase. These isolates also gave negative resuttsidiase test with production

of B- blood haemolysis when cultured on blood agashasv in table (3-1).
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Table (3-1): The results of biochemical test forS3@ureus isolates.

NO. of | catalase | oxidase | Free(tube) | Clumping | Heamolysin | Sugar | DNase
isolates coagulase| factor production | ferm. test
L|G|M
R1 + - + + + +H+ |+ +
R2 + - + + + -+ + +
R3 + - + + + +H+ |+ -
R4 + - + + + +H+ |+ +
R5 + - + + + +H+ |+ +
R6 + - + + + +H - |+ -
R7 + - + + + +H+ |+ -
R8 + - + + + +H+ |+ +
R9 + - + + + +H+ |+ +
R10 + - + + + +H - |+ +
R11 + - + + + +H+ |+ -
R12 + - + + + +H+ |+ -
R13 + - + + + +H+ |+ +
R14 + - + + + +H+ |+ +
R15 + - + + + +H+ |+ +
R16 + - + + + +H+ |+ +
R17 + - + + + -+ + -
R18 + - + + + +H+ |+ +
R19 + - + + + +H+ |+ +
R20 + - + + + +H+ |+ +
R21 + - + + + +H+ |+ +
R22 + - + + + +H+ |+ +
R23 + - + + + +H+ |+ +
R24 + - + + + -+ +
R25 + - + + + +H+ |+ +
R26 + - + + + +H+ |+ -
R27 + - + + + +H+ |+ +
R28 + - + + + +H+ |+ +
R29 + - + + + +H+ |+ +
R30 + - + + + +H+ |+ +
+: Bacterial growth, -: No bacterial growth,erf.: Fermentation,

L: Lactose, G: Galactose, M: Mannitol.
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The results of API staph test, which consideredoas of the most
important test and the most precise one, furthaficoation showed that all
isolates give positive result for carbohydrateization, reduction of nitrate to
nitrite, alkaline phosphatase production and aemsthyl-carbinol production,
acidification due to sucrose utilization.

These isolates give negative results for acidificatdue to raffinose,
xylose, a-methyl-D-glocoside and N-acetyl-glucosamine uditian, also give
negative results for arginine dihydrolase productad urease production. These
results was similar to standard characteristicglt®sfS aureus ATCC 25923 as
show in figure (3-1).

Figure (3-1): Identification of Staphylococcus aureusisolates demonstrated
by APl STAPH system
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3.3 Antibiotic sensitivity test ofS. aureus isolates

Antibiotic sensitivity test performed with twelvgpes of antibiotics. The
percentage of resistance were found 93.3%, 83.38%8 80%, 50%, 33.3%,
30%, 30%, 20%, 20% and 3.3% to the following arttbg cfotaxime,
carbenicillin, tetracycline, gentamicin, cephalixiosidic acid, chloramphinicol,
bacitracin, vancomycin, streptomycin and imipeneas wo resistance found to
Amikacin , as show in table (3-2) and figure (3-2).

A study performed by Quentia al. (2001) showed that results were
found the percentage of resistance was benzyl flani®0%, gentamicin: 13%,
amikacin: 21%, erythromycin: 33%, tetracycline: 17%sidic acid: 14%,
vancomycin: 0%. The differences may be attributedhie frequency and the
specific exposure of each isolates to antibiofitese results are approach to the
results of Udoet al.(2003) which show S. aureus isolates were resistant to
methicillin, gentamicin, streptomycin, erythromycinand tetracycline.
Vancomycin has a bactericidal effect on gram pesitbacteria particularly
Staphylococci, this antibiotic is a glycopeptidiimks cell wall synthesis (Booth
et al.,, 2001; Henry and Chambers, 2001). This antibiotic has hbenmost
reliable therapeutic agent against infections causeS aureus (Hiramatsu,
2001).

Recent reports indicate th&t aureus has continued to mutate and has
developed intermediate resistance to vancomycirchvis acquired by mutation
and thickening of cell wall due to accumulation ekcess amounts of
peptidoglycan. This seems to be a common resistaneehanism for all
Vancomycin Resistanc®& aureus strains isolated in the world so far (Miller and
Rudoy, 2000; Hiramatsu, 2001). Recently Sieradzki and Tomasdgp0show
that Vancomycin molecules can also paradoxicalyi cell wall degradation.

Beta-lactam and vancomycin resistancegam-positive cocci caused by

altered cell wall binding sites with decreasedrtf§i for the drug, the extensive
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Table (3-2): Antibiotic sensitivity of the locallgolatedS.aureus.

R2
R3

and often inappropriate, use of antibiotics in Warld are the major factor for
R1

emergence and spread of antimicrobial resistanaadH000).
isolateqVA| S |[CN|CTX| C | TE|AK | PY|B|CL |IPM| FA

Chapter Three

NO. of

R4

R5

R6

R7

R8

R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30

Intediate

Int.:

R: Resistant,

S: Sensitive,
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Figure (3-2): Percentage of antibiotic resistancefo
locally isolatedS. aureus for different antibiotics

VA: Vancomycin, S: Streptomycin, CN: Gentamicin, XCTCefotaxime, AK:
Amikacin, C: Chloramphenicol, TE: Tetracycline, PCarbenicillin, B:

Bacitracin, CL: Cefalexin, IPM: Imipenem, FA: Fusiécid

3.3.1 Multiple antibiotic resistances ofS.aureus isolates

Multiple antibiotic resistances show in variouslaes as presented in
table (3-3).

There was no isolate resistant to only one typanbibiotic. Two isolates
were resisting two types of antibiotics; the fwss resistant to Gentamicin and
Cefotaxime, the second one was resistance to Gemtaamd Tetracycline.

Five isolates were resistant three types of astiits; two isolates were
resistant to Gentamicin, Cefotaxime and Carbemgitivo isolates were resistant
to Cefotaxime, Chloramphenicol and Tetracycline #ral fifth was resistant to

Gentamicin, Cefotaxime and Tetracycline.
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Four isolates were resistant four types of antitso three were resistant
to Gentamicin, Cefotxime, Tetracycline and Carbdim¢ one was resistant to
Cefotaxime, Chloramphenicol, Tetracycline and Cardigin.

Seven isolates were resistant five types of arttspfive isolates were
resistant to Gentamicin, Cefotaxime, Tetracycli@arbenicillin and Cephalexin;
one isolate was resistant to Cefotaxime, Chloramiglé Carbenicillin,
Cephalexin and Fusidic acid; the last one was tese to Gentamicin,
Cefotaxime, Chlioramphenicol, Tetracycline and @aibillin.

Three isolates were resistant six types of artitspone isolate was resist
to Streptomycin, Gentamicin, Cefotaxime, Tetragyeli Carbenicillin and
Cephalexin; another one was resistant to VancomicBtreptomycin,
Tetracycline, Carbenicillin, Bacitracin and Fusidicid; last one was resistant to
Vancomicin, Streptomycin, Gentamicin, Tetracyclin&arbenicillin and
Bacitracin.

Five isolates were resisting seven types of atiits; two isolates were
resistant to Streptomycin, Gentamicin, Cefotaxifetracycline, Carbenicillin,
Cephalexin and Fusidic acid; two isolates were stast to Gentamicin,
Cefotaxime, Tetracycline, Carbenicillin, Bacitrac®ephalexin and Fusidic acid;
the last was resistant to Streptomycin, Cefotaxifretracycline, Carbenicilln,
Bacitracin, Cephalexin and Imipenem.

Only one isolate was resistant to eight types dibastics which were
Vancomycin, Gentamicin, Cefotaxime, Chloramphenicoletracycline,
Carbenicillin, Bacitracin and fusidic acid.

Three isolates were resistant to nine types abianics; all of them were
resistant to Vancomycin, Gentamicin, Cefotaxime, lo@&mphenical,
Tetracycline, Carbenicillin, Bacitracin, Cephalexrind Fusidic acid.

Khanet al. (2000) showed that there were multiple antibio¢isistance of
S aureus isolates when these isolates resisting ampicillpenicillin,

erythromycin, lincomycin, azithromycin and ciproflxin in his study because
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these isolates have multiple mechanisms for arnidresistanc like inactivation
of antibiotics by enzymes, modification of targig¢ simmpaired of penitration of
drug target and present an efflux system.

Isolate R2 was chosen for plasmid curing becéusad good growth and

had resistant to eight types of antibiotics andfthue types of heavy metals.

Table (3-3): Multiplicity of antibiotic resistandeund in locally isolated

Saureus.

Multiplicity [Number of isolated Pattern of antibiotic resistance

CN, CTX

CN, TE

CN, CTX, PY

CTX,C, TE

CN, CTX, TE

CN, CTX, TE, PY

CTX, C, TE, PY

CN, CTX, TE, PY, CL

CN, CTX, C, TE, PY

CTX C, PY, CL, FA

S, CN, CTX, TE, PY, CL

VA, S, TE, PY, B, FA

VA, S, CN, TE, PY, B

S, CN, CTX, TE, PY, CL, FA

CN, CTX, TE, PY, B, CL, FA

S, CTX, TE, PY, B, CL, IPM
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VA, CN, CTX, C, TE, PY, B, FA

9 CTX, PY, TE, CL, CN, B, FA, VA, C

w

CTX: Cefotaxime, PY: Carbenicillin, C: Chloramphewi, CN: Gentamicin, CL.:
Cephalexin, TE: Tetracycline, VA: Vancomycin, Steptomycin, B: Bacitracin,

FA: Fusidic acid, IPM: Imipenem
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3.3.2 The minimum inhibitory concentration of antibiotics (MIC)

of S.aureusisolates

The minimum inhibitory concentration (MIC) of thellbwing antibiotics:
Gentamicin, Penicillin-G, Cefotaxime and Tetraayeli tested by the agar
dilution method for the 30 isolates show the folilegvresults:

S aureus isolates showed high percentage of resistancthéfour types
of antibiotics that tested against, 93.3%Sofureus isolates showed resistance
for Cefotaxime, of these 46.6% show high resistaegel at 64 pug/ml while
13.3% of isolates showed a lower resistance lev&P8 pg/ml, and there were
33.3% of isolates resisting 256 pug/ml of cefotazina the isolates R25, and R29
that represented 6.6% of the isolates showed nstaiese.

Eighty percent of. aureus isolates showed resistance for Penicillin-G. Of
these, 50% showed high resistance level at 128 luy¥tmile 6.6% of isolates
showed a lower resistance level at 512 pg/ml aedethvere 6.6% of isolates
resisting 64 pg/ml, 16.6% of isolates resisting pgpml. While the isolates R1,
R5, R10, R11, R13 and R23, which were, represe2iétl of isolates showed no
resistance as shown in table (3-4), table (3-5)fmuade (3-3).

These results are in agreement with Boaithl. (2001) which found that
90% of isolates were resistantffdactame antibiotics. Ekiedt al. (1995) found
that 91.5% of isolates were resistant to penicilMoreover, Cuny and Wittee,
(1998) did not found any isolates &faureus sensitive to penicillin. Production
of B-lactamase is the main cause of high resistanc8anieus to p-lactam
antibiotics since theB- lactame ring is the main constituent pflactam
antibiotics molecules (Lowy, 2003).

S aureus isolates which represented 83.3 % showed resistant
Tetracycline. Of these 56.6% showed high resistédeneel at 128 pg/ml. While
6.6 of isolates showed a lower resistance lev2bétug/ml and there were 10%

of isolates were resist 32 pug/ml, also 10% of issdavere resist 64 pg/ml. In
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addition, the isolates R7, R15, R20, R23 and R3fichvrepresented 16.6% of
isolates, showed no resistance. The frequent ugdetoécycline to treat wound
infections locally may lead to elevate the resistapercentage dbaureus for
this antibiotic. The mechanism of resistance faratyclins performed by
ribosomal protection, active efflux and decreasikgtiHardyet al., 2004).

Eighty percent of. aureus isolates showed resistance for Gentamicin. Of
these, 56.6% of were resisting 32 pug/ml in highstaace level. While 10% of
isolates showed a lower resistance level at 16 ughd there were 13.3% of
Isolates showed resistance at 64 pg/ml, while iesl&3, R17, R18, R19, R23
and R25, which represent 20% of isolates, showedesstance as shown in
table (3-4), table (3-5) and figure (3-3).

Gentamicin was one of the aminoglycsid antibiot&siinoglycosids are
irreversible inhibitor of protein synthesis (Herangd Chambers, 2001). That was
In agreement with results reported by Kuretal. (2001) that about 45% of the
total isolates ofS. aureus carried a 35.5 kb plasmid and these isolates away
showed resistance to gentamicin, tobramycin, kacamamikacin, astromicin,
and arbekacin the plasmid carried resistancehegehbmaransferred easily and
that is explain the elevated percentage of resistato Gentamicin. The
introduction of antibiotics in treatment of infemtis over the last fifty years has
lowered the mortality rate @.aureus infections. In the other hand, the bacteria
have developed resistance mechanisms to all amtimad agents that have been
produced (Hardt al., 2004).

The Saphylococcus genome is composed of a complex mixture of genes,
many of which seem to be acquired by lateral gaaaster. Most of the
antibiotic resistance genes carried either by pldsnor by mobile genetic
elements including a unique resistance island (Haebal., 2001). It is possible
that each resistance results fro more than one anesth. However, the
mechanism of plasmid-mediated resistance was knathare is striking

similarity to that found in the Enterobacteriaceae. Resistance to
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Chloramphenicol,

Neomycin/Kanamycin

and Streptomycare due to

inactivating enzymes and resistance to TetracydBnéue to decreased uptake
(Lacey, 1975).

Table (3-4): MIC of the locally isolatel aureus for some antibiotics.

N~—7

No. of Antibiotics MIC of 30 S. aureusisolates (ug/ml)
isolates| Tetracycline Gentamicin Cefotaxime Penicillin-G
R1 128 32 128 No resistance (8)
R2 128 32 256 256
R3 64 No resistance (§) 64 64
R4 128 32 64 128
R5 64 32 256 No resistance (16
R6 128 32 64 512
R7 No resistance (16 16 128 128
R8 128 64 64 128
R9 128 16 256 128
R10 128 32 256 No resistance (8)
R11 32 32 64 No resistance (8)
R12 64 64 256 128
R13 256 32 64 No resistance (16
R14 128 64 64 64
R15 No resistance (8) 32 64 128
R16 32 32 128 128
R17 128 No resistance (8 64 128
R18 128 No resistance (8 64 256
R19 128 No resistance (g) 64 256
R20 No resistance (8) 32 256 128
R21 128 32 128 256
R22 128 32 256 128
R23 No resistance (16] No resistance (8 64 No resistance (8)
R24 32 32 64 256
R25 128 No resistance (8 No resistance (16 128
R26 128 32 256 128
R27 128 32 64 512
R28 256 64 256 128
R29 128 16 No resistance (8) 128
R30 No resistance (8) 32 256 128
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Table (3-5): Resistance percentag&atireusisolates for different concentration

of of antibiotics.

Antibiotic % Resistance ofS.aureus for the following %
concentrations (pg/ml) Sensitive
8|16 | 32 64 | 128 | 256 | 512| 1024 | isolates
TE - | - 10 10 56.6] 6.6 - - 16.6
CN - 1 10| 56.6| 13.3 - - - - 20
CTX - | - - 46.6| 13.3] 33.3 - - 6.6
P-G - | - - 6.6 50 16.6] 6.6 - 20

CN: Gentamicin, P-G: Penicillin-G, CTX: Cefotaxime,
TE: Tetracycline
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Figure (3-3): percentage of resistance &.aureus
isolates for different concentrations of antibiotis




Chapter Three Results and Discussion 45

3.4Heavy metal resistance o$.aureus isolates

Thirty isolates tested for the resistance of soe@vit metals, using agar
dilution method. Bacterial isolates were culturedoonutrient agar supplemented
with different concentrations of Zinc, Cobalt, Cadm and Mercury, these
results were compared with control cultures. Intthe study, thirty isolates of
Saureus showed a considerable resistance to the testedy heatals. Some
bacteria have evolved mechanisms to detoxify heaetals, and some even use
them for respiration in high concentrations, hematal ions react to form toxic
compounds in bacterial cells that managed to sarwinder metal-stressed
conditions, bacteria have evolved several typesme€hanisms to tolerate the
uptake of heavy metal ions.

These mechanisms include the efflux of metal ionsside the cell,
accumulation and complexation of the metal ionglms$he cell, and reduction of

the heavy metal ions to a less toxic state (Ni@99L
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Table (3-6): MIC of locally isolate®. aureus for some heavy metals.

No. of Heavy metals MIC for 30S. aureusisolates (mg/ml)

isolate Zinc Cobalt Cadmium Mercury
R1 2.0 1.28 0.02 0.02
R2 0.64 0.04 0.02 0.02
R3 1.28 0.64 0.04 0.005
R4 2.0 0.32 0.04 0.02
R5 No resistance 0.16 0.01 0.02
R6 0.32 0.16 0.02 0.005
R7 0.32 0.16 No resistance 0.02
R8 0.64 0.04 0.02 0.005
R9 1.28 0.32 No resistance 0.02
R10 0.32 No resistance 0.02 0.02
R11 0.64 0.16 0.08 No resistance
R12 0.64 0.32 0.16 0.02
R13 0.16 0.04 0.16 0.04
R14 0.32 0.04 0.02 0.005
R15 0.64 0.16 No resistance 0.02
R16 0.16 0.02 0.02 0.02
R17 0.32 0.02 0.04 No resistance
R18 No resistance | No resistance 0.04 0.02
R19 0.64 0.64 0.04 0.005
R20 No resistance 0.16 No resistance 0.005
R21 0.16 0.32 0.08 0.02
R22 0.64 0.32 0.08 0.04
R23 0.16 0.64 0.16 No resistance
R24 0.64 1.28 0.02 0.02
R25 No resistance 1.28 No resistance 0.02
R26 0.64 0.16 0.16 0.02
R27 0.64 0.16 0.02 No resistance
R28 1.28 0.16 0.16 0.005
R29 0.64 0.04 0.02 0.02
R30 0.64 0.04 0.16 0.02
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3.4.1 Resistance db.aureusisolates for Zinc ions (Zinc acetate)

There were 86.6% of isolates resist Zinc ions. At % of the tested
Saureusisolates showed high resistance level (most ofdredtisolates resist it)
at concentration 0.64 mg/ml, while 6.6 % of isataghowed lower resistance
level at 2 mg/ml concentration. The remaining isedashowed the following
results: 13.3 % of isolates were resist 0.16 mgl®l6é % of isolates were resist
0.32 mg/ml and 10 % of isolates were resist 1.28whg/hile 13.3 % of isolates
showed no resistance when cultured at differenceotmations. These results
were shown in table (3-6) and table (3-7) alsorkg{3-4).

The highest zinc resistance among bacterial isglgi®sent in isolates R1
and R4 was found while isolates R13, R16, R21 a8 Rhowed lowest
resistance of zinc ions. However, no resistancelopwment detected in isolates
R5, R18, R20 and R25 when tested at low conceotstiThese results found to
be near to results of Xiong and Jayaswal (1998)ystin MIC of Zinc ions at
Saureus isolates when they found the MIC &faureus isolates between 0.5-10
mM, which determined by growing cells in 5 ml trigosoy broth medium with
appropriate concentrations of Zinc and Cobalt ion24 hours.

The molecular mechanism of resistance involvesumb®r of proteins,
such as ion transporters, reductase, glutathiola¢eck cadystins and systeine-
rich metallothioneins, and low molecular weight teyse-rich metal ligands
(Silver and phung, 1996). These protein molecuidgeexport the metal ions
out of the cell or detoxify or sequester them sat tthe cells can grow in an
environment containing high level of toxic metad#awever, there is no common

mechanism of resistance to all heavy metal ionsegdind Brown, 1997).

3.4.2 Resistance ofS.aureus isolates for Cobalt ions (Cobalt

acetate)

There were 93.3% of the isolates resist Cobalt,i80s% of the tested

Saureus isolates showed high resistance level (most ofebiat isolates resist it)
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at concentration 0.16 mg/ml. While 6.6 % of isotathowed lower resisting
level at concentration 0.02 mg/ml. And the remainiisolates showed the
following results: 20 % of isolates were resist4mg/ml, 16.6 % of isolates
were resist 0.32 mg/ml, 10 % of isolates were td3i64 mg/ml and 10 % of
isolates were resist 1.28 mg/ml of Cobalt ions,|&yt6.6 % of isolates showed no
resistance for Cobalt ions when cultured at difiemncentrations.

The highest Cobalt resistance among bacteriatisslpresented in isolates
R1, R24 and R25, while isolates R16 and R17 showeest resistance for
Cobalt ions. However, no resistance detected ilatis® R10 and R18, as shown
in table (3-6) and table (3-7) also figure (3-4he$e results found to be near to
results of Xiong and Jayaswal (1998) study on MfCCobalt ions atSaureus
iIsolates when they found the MIC &faureusisolates between 0.5-5 mM, which
determined by growing cells in 5 ml TSB medium withppropriate
concentrations of Zinc and Cobalt ions for 24 hours

The trace heavy metal ions such as Cobalt, Zinpp€Q and Nickel play
important roles in bacterial growth. They regulatevidearray of metabolic
functions as coenzymes or cofactors, as catalgstd as structural stabilizers of
enzymesand DNA-binding proteins (Nies and Brown, 1997).wdeer, these
trace heavynetal ions are toxic if exceed the normal pblggjical levels
(Silver et al., 1989). Increasing environmental concentrationshafsé heavy
metals pose a challenge to bacteria. Thereforéebahavesvolved mechanisms
to regulate the influx and efflux procesgesmaintain the relatively steady
intracellular level of the heawyetal ions. Different molecular mechanisms have
been reportethat are responsible for resistance to varioustheavy metabns
in bacteria (Leliest al., 1997).
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3.4.3 Resistance 0%. aureus isolates for Cadmium ions (Cadmium

Chloride)
There were 83.3% of isolates resisting Cadmium.igieut 33.3% of the

testedS. aureus isolates showed high resistance level (most ofebat isolates
resist it) at 0.02 mg/ml. while, 3.3 % of isolasd®wed lower resistance level at
0.01 mg/ml. The remaining isolates showed the valg results: 16.6 % of
isolates were resist 0.04 mg/ml, 10 % of isolatesawesist 0.08 mg/ml, and 20
% of isolates were resist 0.16 mg/ml, while 16.6d%isolates showed no
resistance for cadmium ions when cultured at dé¢fieconcentrations.

The highest Cadmium resistance among bacteriabts®l present in
isolates R12, R13, R23, R26, R28 and R30, whiléaisoR5 showed low
resistances for cadmium ions. Moreover, isolates RY, R15, R20 and R25
showed no resistance for all concentrations. Thesdts were shown in table (3-
6) and table (3-7) also figure (3-4).

Doyle et al., (1974) reported that Cadmium had a significapressive
effect on growth in bacterial media containing 4@ 80 pg/ml of Cadmium for
Saureus isolates. These results were in agreement withresults obtained in
this study.

Olsan and Thornton (1982) suggest that bacterigiuladion could
withstand a small input of cadmium ions (severdhplgin environment without
showing significant change in number of bacter&l. d'he Cadmium content of
the cells increased with increases in Cadmium cardeémedia (Tornabene and
Edwards, 1972). Cadmium ente® aureus through a MA™-specific active
transport system and accumulates to toxic levaiggeret al., 1999).

Novice and Roth (1968) and Chopra (1971) repohatidertain isolates of
Saureus carried resistance factors to some inorganic iookiding Mercuric,
Cadmium, Arsenate and Lead, also they reportedpéaicillinase plasmids In

Saureus carried resistance factors to some inorganic iookiding Arsenate,
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Lead, Mercuric and Cadmium. Brien (200&)orted that there was a Plasmid
encodes a 3-lactamase, resistance to Cadmium sisthree to fusidic acid.

A plasmid-mediated metal resistance mechanisgiaphylococcusaureus
is governed by theadB operon, with two genes designatadB andcadX. It has
been suggested theddB providegprotection by enabling cells to bind Cadmium
in their cell membranes. Chromosomal DNA mediatadr@ium resistance gene
cadD in Staphylococcus aureus has shown sequence similarity witie cadB-like

gene fromSaphylococcus lugdunensis (Nazet al., 2005).
3.4.4 Resistance of.aureus isolates for Mercury ions (Mercury
Chloride)

There were 86.6 % of isolates resist Mercury i&&6 % of the tested
Saureus isolates showed high resistance level at 0.02 mgimile 6.6 % of
isolates showed low resistance level at 0.04 mgiZoncentration, and the
remaining isolates, which represented 23.3 % shaoesdtance at 0.005 mg/ml,
and 13.3 % of isolates showed no resistance whdtured at different
concentrations.

The highest Mercury resistance among bacteriahigslshown in isolates
R13 and R22, while isolates R3, R6, R8, R14, R1H) Bnd R28 showed low
resistance for Mercury ions. However, no resistaietected in isolates R11,
R17, R23 and R27. These results were shown in (869 and table (3-7) also
figure (3-4).

These results are in agreement with Koetal.(1974) who reported that
the maximal concentration of HgQlnder whichS. aureus isolates were able to
grow was 20 pg/ml (0.02 mg/ml). As far as, the ltssabtained in the present
study are taken in to consideration, the killinteef of HgC} on Staphylococci
seem to be much different from those of Gd@hd the resistance mechanism of
Staphylococci to the Mercury ions differ from tlzétCadmium ions.
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Curing and transfer experiments revealed that@ikb plasmid encoded
resistance to Cadmium, Mercuric chloride, Propan@dsothionate and Ethidium
bromide (Udcet al., 2001).

However, since bacteria are very likely to be comfed with toxic
Mercury concentrations, Mercury resistance deteamis are very widespread
(Silver and Phung 1996).

The mechanism of resistanceSdureus to Mercury considered belonging
to the category that the detoxication of noxioudssances introduced into
bacterial cells by some interacellular mechanismich somehow change them
into non-noxious form by reduce Mercury ions taessl toxic oxidation state by
the bacterial cell (Nies, 1999; Komura et al., 1971). This type of resistance
considered as a main mechanism for resisting Mgnous. Hg ions are rapidly
transferred into bacterial cells, and more than @%he ions are removed from
the culture media after 24 hour when the mediaasoimg HgC} (Kondoet al.,
1974).

Table (3-7): Resistance percentage of locally tedl&aureus for different

concentrations of heavy metals.

Heavy
metal

% Resistance ofS.aureusisolatesfor the following %
Concentrations (mg/ml) Sensitive

0.005]0.01]0.02]0.04 [0.08/0.16 [0.32 |0.64]|1.28|2.0 | isolates

Zn - - |- - - [ 133 16.6] 40] 10[ 6.6 13.3
Co | - - |66 20 [ - [ 30 [166] 10| 10[ - 6.6
Cd | - [33]333[166] 10 20| - -1 -1 - 16.6
Hg | 233| - [56.6] 6.6 | - - - -1 -1 - 13.3

Zn: Zinc Co: Cobalt Cd: Cadmuim Hg: Mercury
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Figure (3-4): percentage of resistance @&.aureus isolates
at different concentrations of four types of heavymetals

3.4.5 Multiple resistances of heavy metals

The thirty chosen resistaBtaureus isolates screened for the development
of more than resistance features in a way to detraiesdouble, triple and
guadruple metal resistance. The tables (3-8) shdlneegdercentage for each type
of resistance; quadruple metal resistance repredetite highest frequency
among the 30 isolates followed by triple resistaaigd then double resistance to
Zinc, Cobalt, Cadmium and Mercury. While singleiseence were completely
absent for all types of heavy metals. About 60%solates were resist to all types
of metal ions, which used in this study. While, 3@¥isolates were resist to
three types of metal ionsf these 13.3% resist Zn, Co and Cd, 10% of the
Isolates resist Zn, Co and Hg, and 3.3% of theatssl resist Co, Cd and Hg.
Moreover, 10% of isolates were resist to two typemetal ions of these 6.6%
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resist Co and Hg, and 3.3% of the isolates resisa@ Hg, but 0% of isolates
showed no resistance to any one type of metalasrshow in table (3-10).
quadruple, Triple and double resistance indicaterg strong genetic link
between different heavy metals resistance. Theteegie to some heavy metals
lons like (Hg and Cd) is mediated by same plasiméd tetermines resistance to
drug (Nakaharaet al., 1977). ThecadA operon has been reported to provide
Cadmium resistance in Bacillus subtilis, Saphylococcus aureus,
Senotrophomonas maltophilia, Pseudomonas putida, Listeria monocytogenes,
and Helicobacter pylori. The cadA homolog zntA has been reported in
Escherichia coli, which responsible for Zn, Cd, and Pb (Maal., 2005).

Mercury resistance was frequently linked withestheavy metal resistance
(Timoney et al., 1978). Plasmid-independent chromosomal determinaght
encode resistance to heavy metals such as zincaradt (Nies, 1992). While
Cadmium and Mercury resistance might encode bynpth$Silver and Phung,
1996). Chromosomal resistance factors can moveldempds by means of
transposition and become mobilizable to other bectf.iebertet al.,1999;
Summers, 2002).

Table (3-8): Percentage of multiple heavy metabktasce on locally isolated

Saureus
Type of resistance heavy metals % Resistance isolates
1- Quadruple Zn, Co, Cd, Hg 60%
2- Triple Zn, Co, Cd 13.3%
Zn, Co, Hg 10%
Zn, Cd, Hg 3.3%
Co, Cd, Hg 3.3%
3- Double Zn, Co 0%
Co, Hg 6.6%
Zn, Cd 0%
Co, Cd 0%
Zn, Hg 0%
Cd, Hg 3.3%

Zn: zinc, Co: cobalt, Cd:cadmium, Hg: may
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3.5 Relationship between heavy metals resistance damntibiotics

resistance

S aureus isolates which represented 94.4 % (17 from 18-guyad heavy
metal resistanc8. aureus isolates) was resistant to Tetracycline at comaénns
ranged between (32 -256 pg/ml) this percentagessepting 56.6 % of the total
isolates. While only the isolate R30 showed nostasice, which represented
5.5% from these isolates, and 3.3% from total teslaln addition, 94.4 % (17
from 18-quadruple heavy metal resistar®eureus isolates) was resistant to
Cefotaxime at concentrations ranged between (644@56l) this percentage
representing 56.6 % of the total isolates. OnlYaoR29 showed no resistance,
which represented 5.5% from these isolates, arfb &@m total isolates.

S aureus isolates which represented 88.8 % (16 from 18-gquad heavy
metal resistancg. aureus isolates) was resistant to Gentamicin at conctotra
ranged between (16-64ug/ml) this percentage reptiege53.3 % of the total
isolates. While isolates R3 and R19, showed ncstasie, which represented
11.11% from these isolates, and 6.6% from totdhtss. Also, 88.8% (16 from
18-quadruple heavy metal resistargeaureus isolates) resisted Penicillin-G at
concentrations ranged between (64-256u9/ml) thisgmeage representing 53.3
% of the total isolates. While isolates R1 and Rlfywed no resistance, which
represented 11.11% from these isolates, and 6 @%btivtal isolates.

Plasmids might be capable of encodiegjstance to antibioticpecifically
related to heavy metals (Silver, Mercury, and Copesistance (Gilbert and
Mcbain, 2003). Genes encoding for metal and ariicesistance may be
located on the same plasmids and/or transposonsggercng co-resistance
(Liebert et al.,1999; Summers, 2002). Lacey showed that both of genes for
determining the synthesis of penicillinase andtf@ control of its production
very probably carried by one plasmid. Some yeatgr,laplasmid DNA

corresponding to the phenotypic properties of piimase production and metal-
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lon resistance was isolated, and this establislkegdrinl any doubt that the genes
formed part of plasmid (Lacey, 1975).
3.6 plasmid profile

Gel electrophoresis has been done to show the plgsofile of Saureus
iIsolate R2 before and after curing but there wererasults obtained because
staphylococgiin contrast to many other bacterial species, @etively resistance
to lytic action of lysozyme, a readily availableyexpensive lytic enzyme
(Tomasz and Vollmer, 2003). Consequently, great dkeattention has recently
been given to a powerful Iytic enzyme of bactehgostaphin, which has a
narrow antibacterial spectrum but a high activigaiast Saureus (Strominger
and Ghuysen, 1967). Lysostaphin has been usedssifolhg to isolate plasmid
DNA from Saureus and is now indispensable in the preparation c$rmpld DNA
from this organism. However, enzyme lytic f&aureus as lysostaphin is

relatively expensive and in limited supply (Horirmbuet al., 1977).
3.7 Curing of plasmid DNA of S.aureus isolate R2 with Ethedium

bromide

One isolate had been chosen designated as is@atesi®tance because it
have multi drug and metal resistance and it showifgctive growth among the
30 Saureus isolates. Table (3-9) showed that 100 pg/ml of Hitlnve bromide
was the less concentration which have noticealiiéiitory effect on bacterial
growth for the isolate R2 compared with controlwgtie. From this concentration,
appropriate dilutions were prepared and spread raim theart infusion agar
plates, which represented as master plate. Thersib@le colonies were taken
from master plate and tested on to selective meahdaining specific antibiotic
(Gentamicin, Penicillin-G, Tetracycline and Cefotag) or heavy metal (Zinc,
Cobalt, Cadmium and Mercury) in order to deterntime cured colonies, which

cannot grow on this antibiotic or heavy metal contey media.
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The effect of Ethedium bromide as interchalatingedypreferential
inhibition of plasmid replication. The most effaai concentration of the
particular curing agent can vary considerably hi& tange of 100- to 1000 fold.
This depends upon the species being treated, cagegt efficiency, and the
mode of action of the curing agent (Carlton andviBrp1981).

Table (3-9): Different concentrations of Ethediurornide and its inhibitory

effects on bacterial growth for isolate R2 compasgti control growth.

Bacterial Concentrations of Ethedium bromide (ug/ml)
isolate | control [20 |50 [100 | 200 | 250 | 400 | 600 | 800 | 1000
R2 +++ ++ | + + - - - - - - -
+++ Heavy growth,++ Good growth,+ Moderate growthlight growth, - No
growth

Depanding on curing experement which indicated thay be there were
two types of cured colonies; colonies lost resistafor Zinc, Cobalt, Cadmium,
Penicillin-G and Tetracycline, colonies lost remsiste for Zinc, Cobalt,
Cadmium, Penicillin-G, Tetracycline and Cefotaxithés indicated loosing for
more than one type of plasmid in the last typeadbmies ofS. aureus isolates.
While there were no loss of Genamicin and Mercesistance, which indicated
that these markers are not, located on plasmid [b&ated on chromosome or
on mega plasmid). That means that may be there weaveto three type of
plasmids depanding on results obtained from cuargerement as shown in
table (3-10).

Isolates from the 1960s to 1970s were commdalynd to carry
multiresistance plasmids conferring resistatacpenicillin and heavy metals or
other inorganic ionsSuch pB-lactamase-heavy-metal resistance plasmids
characteristically contain  the p-lactamase-encoding transposon 532
(transposon 552) or a derivatisad operons mediating resistance to arsenical,
cadmium, and/amercuric ions (Firttet al., 2000).
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If the resistance is plasmid mediated, those bactenth clustered
resistance genes are more likely to simultaneopads on those genes to other
bacteria, and those bacteria would then have arbgtance at survival. In such a
situation, one may suggest an association withbemit resistance and metal
tolerance (Spain and Alm, 2003).

If both or all clustered genes clustered are usefulhe organism, it is
beneficial to the survival of that organism andspecies because those genes are
more likely to be transferred together in the evaintonjugation. Thus, in an
environment with multiple stresses, for examplabaotics and heavy metals, it
would be more ecologically favorable, in terms ofwval, for a bacterium to
acquire resistance to both stresses.

Clinical staphylococci commonly carry one or morasmids, ranging
from small replicons that are phenotypically crgptir contain only a single
resistance gene, to larger episomes that possessaksuch determinants and
sometimes additionally encode systems that media¢& own conjugative
transmission and the mobilization of other plasn{i@kurray and Firth, 1997).
Udo et al. (2003) showed that his isolatearried two plasmids of approximately
26 and 2.8 kb.

Table (3-10): Number of cured bacterial coloniest thst resistance to

antibiotics and heavy metals after treatment witleBium bromide.

Resistance phenotype Staphylococcus aureus
Wild type Cured cells
Zn, Co, Cd, p-G, TE, CTX 100 % resistance 3 % sensitive
Zn, Co, Cd, P-G, TE 100 % resistance 97 % sensitive
Hg 100 % resistance 100 % resistancg
CN 100 % resistance 100 % resistance

Zn: zinc, Co: cobalt, Cd: cadmium, Hg: mercury, PR@nicillin-G, TE:
Tetracycline, CTX: Cefotaxime, CN: Gentamicin



Summary

One hundred and thirty bacterial isolates wereect#id and identified
(from 74 female and 56 male) and thilaphylococcus aureus isolates were
obtained from the overall isolates. Seventy-fomages (from 17 femal and 13
male).

The thirtyS aureus isolates tested for antibiotic sensitivity, 93.8%hem
found to be resistant for Cefotaxime. While, 83.3%owed resistance for
Carbenicillin, 83.3% for Tetracycline, 80% for Gamticin, 50% for Cephalexin,
33.3% for Fusidic acid, 30% for Chloramphenicol¥@@or Bacitracin, 20% for
Vancomycin, 20% for Streptomycin and 3.3% of isedatesist Imipenem while,
there was no resistance found for Amicacin.

S aureusisolates also showed multiple antibiotic resis&ar®uch that, two
isolates were resist two types of antibiotics. Asadates were resist three types of
antibiotics. Four isolates were resist four typéamtibiotics. Seven isolates were
resist five types of antibiotics. Three isolategaveesist six types of antibiotics.
Five isolates were resist seven types of antitsoti@nly one isolate was resist
eight types of antibiotics. Three isolates weréstagne types of antibiotics.

The minimum inhibitory concentration of thirty aureus isolates were
determined for four types of antibiotics, which wefFeracycline, Gentamicin,
Cefotaxime and Penicillin-G, 83.3% of the isolatesre resisting Tetracycline at
concentrations ranged between (32ug/ml-256ug/n@Ys &f the isolates were
resisting Gentamicin at concentrations ranged batw&6ug/ml-64ug/ml), 93.3%
of the isolates were resisting Cefotaxime at cotraéions ranged between
(64pg/ml-256pg/ml), 80% of the isolates were rasgst Penicillin-G  at
concentrations ranged between (64ug/ml-512ug/ml).

Resistance o§. aureus isolates heavy metals ions were tested; 93.3% of
isolates found to be resistant for Cobalt ions*{at concentrations ranged
between (0.02-1.28 mg/ml), 86.6% resisted Zinc i¢As™) at concentrations



|
ranged between (0.16-2 mg/ml), 86.6% resisted Mgrcions (Hdg") at
concentrations ranged between (0.005-0.04 mg/mhila) 83.3% of isolates
resisted Cadmium ions (€9l at concentrations ranged between (0.01-0.16 mg/mli
and

When multiple resistance for heavy metals wereetes60% of isolates
found to be resistant for Zn, Co, Cd and Hg ionsdumdruple resistance.
Regarding triple resistance Zn,Co and Cd were texbiby 13.3% ofS. aureus
isolates. 10% of bacterial isolates resisted Zrg@d Hg ions, while (Zn, Cd and
Hg) and (Co, Cd and Hg) multiple resistance foun8.8B% of the testefl aureus
isolates. Regarding double resistance; 6.6% of isolates resisted Co and Hg, 3.3%
resisted Cd and Hg, while (Zn and Co), (Zn and (€, and Cd) and (Zn and Hg)
double resistance were not found for 8llaureus isolates. In addition, single
resistance for only one heavy metal was not found.

present resultes revealed a relationship betwetni@tic and heavy metal
resistance; i.e. 94.4% of quadruple heavy metastegece ofS. aureus isolates
resisted (64-256upg/ml) of Cefotaxime, 94.4% redist82-256ug/ml) of
Tetracycline, 88.8% of the isolates resisted (1ggl) of Gentamicin, and
88.8% of them resisted (64-512ug/ml) of Penici{Bn-

Ethidium bromide was used as a curing agent wigshiy growingS.
aureus to study resistance features link with antibi@n@ heavy metal resistance.
Results showed two groups of cured colonies, glosfresistance to Zinc, Cobalt,
Cadmium, Penicillin-G and Tetracycline. While, Tkecond group lost their
resistance to Zinc, Cobalt, Cadmium, Penicillin@&zfotaxime and Tetracycline,
these results could indicates the presence of thare one type of plasmids. On
the other hand, all the cured colonies still sh@aihe resistance to Gentamicin
and Mercury, it could be concluded that these nmarkee not located on plasmids

and may be located on chromosomal DNA or on megsnub.
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