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Abstract

Objective: To determine gr/A and gyrA mutations in
ciprofloxacin- methicillin-resistant Szaphylococcus an-
reus isolates and their susceptibility to current antimi-
crobials, including a newer fluoroquinolone gati-
floxacin, glycopeptides vancomycin, teicoplanin and
oxazolidinone linezolid.

Methods: A total of 56 methicillin-resistant S. aureus
(MRSA) isolates were collected during 2003-2006
from inpatients of Siileyman Demirel University Hos-
pital. The isolates were confirmed to be MRSA by the
production of coagulase, showing resistance against
cefoxitin and having the wecA gene and tested by disk
diffusion for susceptibility to vancomycin, teicoplanin
and linezolid. The minimum inhibitory concentrations
(MICs) of ciprofloxacin and gatifloxacin were mea-
sured using the E-test. The quinolone resistance deter-
mining regions (QRDRs) of isolates were amplified by
PCR and mutations in gr/A and gyrA genes were iden-
tified by direct sequencing.

Results: Sequencing data revealed that 96% of our iso-
lates had mutations in both gri4 and gyrA genes.
Among these, the grl4 mutation of Ser-80—Phe or
Tyr and the gyr4 mutation of Ser-84—Leu were the
most dominant ones being detected in 50 (89%) and
40 (71%,) isolates, respectively. Although 96% of iso-
lates were highly resistant to ciprofloxacin (MIC, = 32
mg/1), only 54% of ciprofloxacin-resistant MRSA iso-
lates were resistant to gatifloxacin and exhibited lower-
level resistance (MIC, < 6 mg/1). Of the isolates test-
ed, 46% were found to be susceptible to gatifloxacin
(MIC, = 0.5 mg/l). Full susceptibility was observed
for vancomycin, teicoplanin and linezolid.
Conclusions: This study provided information on gr/A
and gy74 mutations and current antimicrobial suscep-
tibility in clinical MRSA isolates. The results indicated
that gatifloxacin is still effective against MRSA isolates
and might be useful for treatment of less serious
MRSA infections but careful monitoring of suscepti-
bility is required.
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INTRODUCTION

MRSA continues to be a major human pathogen re-
sponsible for nosocomial and community-acquired in-

fections worldwide. Antibiotic resistance of MRSA is
a significant problem with severe consequences in-
cluding increased medical cost, morbidity and mortali-
ty of patients. Recently, MRSA infections have been
treated with parenteral glycopeptides (vancomycin and
teicoplanin) because of their excellent activity against
MRSA. The glycopeptides prevent the transglycosyla-
tion and transpeptidation reactions, resulting in the in-
hibition of cell-wall sythesis in Gram-positive bacteria
(Hiramatsu 2001). The oxazolidinones, a class of syn-
thetic compounds, inhibit bacterial protein synthesis
and are highly active against MRSA. Linezolid, the
first licensed oxazolidinone antibiotic, provides an oral
therapeutic option for patients who failed on conven-
tional therapy (Zurenko et al. 1996). The fluoro-
quinolones (FQ) are not new antibiotics but many
studies are being conducted especially to assess the use
of newly developed FQs. Important features of FQs
include good bioavailability after oral administration
and activity against many Gram-positive bacteria. FQs
exert their antimicrobial effects by inhibiting two bac-
terial topoisomerase enzymes, DNA gyrase and topoi-
somerase 1V, that are essential for bacterial DNA syn-
thesis (Drlica and Zhao 1997; Levine et al. 1998). Mu-
tations in the “quinolone-resistance-determining-re-
gions” (QRDR) of the gyrA, gyrB, griA or griB genes
of DNA gyrase and topoisomerase IV were shown to
be responsible for quinolone resistance. Studies have
also demonstrated that mutations in gyr~4 and griA are
primarily responsible for FQ resistance, while muta-
tions in gyrB and gr/B contribute minimally (Hooper
1999). Additionally, topoisomerase 1V appears to be
the principal target for most FQs in §. aurens (Hoop-
er, 2000). Ciprofloxacin resistance in strains of MRSA
is common wotldwide, and most of these strains have
at least two resistance mutations, usually in grZ4 and
gyrA, rendering them highly resistant to ciprofloxacin
(Bell 2002). Resistance of MRSA strains to different
FQs varies and emergence of resistance was found to
be slower to levofloxacin, ofloxacin and sparfloxacin
than to ciprofloxacin (Evans and Titlow 1998; Limon-
cu et al. 2003). Recently, some newer FQs with en-
hanced antimicrobial activity have been developed in-
cluding gatifloxacin and moxifloxacin (Blondeau 2001;
Noguchi et al. 2005).

To our knowledge, there is no report from Turkey
regarding the mutations in QRDRs of g4 and gyrA
genes in clinical MRSA isolates and their effect on
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FQ-resistance. Therefore, we investigated grli4 and
gyrA mutations in 56 clinical ciprofloxacin-resistant
MRSA isolates, and determined their antibiotic sus-
ceptibilities to current antimicrobials gatifloxacin, van-
comycin, teicoplanin and linezolid.

MATERIALS AND METHODS

BACTERIAL STRAINS AND ANTIBACTERIAL AGENTS

Fifty-six non-repeat clinical isolates of MRSA were
obtained from patients of Stleyman Demirel Universi-
ty Hospital. The isolates were collected within a period
of tree years (2003-2000), and confirmed to be MRSA
by the production of coagulase, showing resistance
against cefoxitin and finally by the detection of the
mecA gene by PCR. In our study, ATCC33591
(MRSA) and ATCC29213 (MSSA) were included as
reference strains. All isolates were maintained and cul-
tivated as described by the Clinical and Laboratory
Standards Institute (CLSI, formerly NCCLS) (2005).
Antibiotic disks (Oxoid, Basingstoke, UK) of cefox-
itin, vancomycin, teicoplanin and linezolid, and E-tests
(AB-Biodisk) of ciprofloxacin and gatifloxacin were
purchased from Tan-Med Inc. (Turkey).

ANTIMICROBIAL SUSCEPTIBILITY TESTING

Disk diffusion susceptibility testing was performed for
cefoxitin, vancomycin, teicoplanin and linezolid by fol-
lowing the method recommended by the CLSI (2005).
Briefly, a bacterial suspension of 0.5 McFarland densi-
ty from each of the 56 isolates was inoculated onto
Mueller-Hinton agar (Difco, Detroit, MI, USA) plate
and following the placement of antibiotic disks on the
sutface of agar, the plates were incubated at 35°C for
16-18 h. The minimum inhibitory concentrations
(MICs) of ciprofloxacin and gatifloxacin were mea-
sured using the E-test method, following the instruc-
tions of the manufacturer (AB-Biodisk, Solna, Swe-
den). Briefly, each Mueller-Hinton agar plate was inoc-
ulated with bacterial suspension of 0.5 McFarland
density and then E-test strips were aseptically placed
onto the surface of plate. Following the incubation at
35°C for 16-18 h, MICs were read on the basis of the
intersection of the elliptical zone of growth inhibition
with the MIC scale on the E-test strip. Both agents
wete tested at concentrations ranging 0.002 to 32 mg/1
and breakpoints were those defined by CLSI (2005).

PCR AMPLIFICATIONS OF mecA, grlA AND gyrA
GENES

In the study, colony PCR approach was used to ampli-
ty mecA gene and also the QRDRs of griA4 and gyrA
genes. PCR reactions were carried out independently
using the primers 5'AAAATCGATGGTAAAGGTT
GGC3' and 5'AGTTCTGCAGTACCGGATTTGC3'
for mecA, (Wichelhaus et al. 1999) and, 5'CAGTCGG
TGATGTTATTGGT3', 5’'CCTTGAATAATACCACC
AGT3' for gri4 and 5'ATGGCTGAATTACCTCAA
TC3', 5GTGTGATTTTAGTCATACGC3' for gyrA,
(Sierra et al. 2002). Briefly, three bacterial colonies
were obtained from a fresh culture and suspended in
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50 wl of distilled steril water. The suspension was
boiled at 100 °C for 30 min and after centrifugation at
14.000 tpm for 5 min, supernatant containing the bac-
terial DNA was used as a template. Each 50 pl reac-
tion mixture (20mM Tris-HCI (pH 8.0), 100 mM KCl,
20 mM MgSO,) contained 3 ul DNA template, 2.5
units of Tug polymerase (BioBasic Inc., Canada), 250
pM dNTPs (each), and 250 nM of each primers. DNA
amplification was carried out as follows: initial denatu-
ration at 94 °C for 5 min, followed by 30 cycles of am-
plification (denaturation at 94°C for 45 s, annealing at
50°C for 45 s, extension at 72°C for 1 min), ending
with a final extension at 72°C for 5 min. PCR prod-
ucts were analyzed on a 1% agarose gel.

SEQUENCING OF QUINOLONE RESISTANCE-
DETERMINING REGIONS (QRDRS) OF gr/A4 AND gyrA
GENES

The amplified PCR products (398 bp fragment of
gyrA from base 1 to 397 and 469 bp fragment of grlA4
from position 197 to 665) were recovered by using a
DNA gel extraction kit according to the manufactur-
et’s instructions (BioBasic Inc., Canada). The am-
plimers were analyzed by direct sequencing to detect
mutations. For this purpose, the purified samples were
sent to the IONTEK Company (Istanbul, Turkey)
where sequencing was performed by using the DYE-
namic ET Terminator Cycle Sequencing kit (Amer-
sham) and analyzed in an automatic DNA sequencer
(Abi Prism 310, Perkin Elmer). Mutations in these
genes were identified by comparison with the pub-
lished sequences of griA and gyrA (Yamagishi et al.
1996; Ito et al. 1994, respectively)

RESULTS

Fifty six MRSA isolates included in our study were in-
vestigated phenotypically using the cefoxitin disk and
inhibition zones for all isolates were <19, indicating
that all isolates were resistant to methicillin. PCR con-
firmed the results of disk diffusion since all isolates
had the predicted 533 bp product of mecA gene (Fig.
1A).

Activities of ciprofloxacin and gatifloxacin against
56 isolates were determined by the E-test. Although,
56 isolates (100%) were resistant to ciprofloxacin, 26
isolates (46%) were susceptible to gatifloxacin. The
range of MICs for ciprofloxacin was 6 to =32 mg/l
and for gatifloxacin was 0.1 to 6 mg/1 (Table 1).

To identify the mutations causing FQ resistance, the
quinolone resistance-determining regions (QRDRs) of
grlA and gyrA genes of 56 MRSA isolates were ampli-
fied, following the agarose gel electrophoresis, the ex-
pected 469 bp gr/A and 398 bp gyrA amplimers were
visualized (Fig. 1B and Fig. 1C). DNA fragments were
then recovered and sequenced for identification of
point mutations. As shown in Table 1, we observed
three types of single-point mutations in grl4 gene of
56 MRSA isolates (100%). Among these mutations,
Ser-80—Phe or Tyr single-point mutation was the
principle one, and detected in 46 isolates (82%). The
Glu-84—Lys mutation was found in 6 isolates (11%).
Of the isolates tested, 54 MRSA (96%) contained two
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types of single-point mutations and one type of dou-
ble mutation in gyrA4 gene. The single-point mutation
of Ser-84—Leu was the most frequent one found in
40 isolates (71%). The Glu-88—Lys mutation was ob-
served in 14 isolates (25%). Additionally the double
mutation of Set84—Leu and Glyl06—Asp was de-
tected in 2 isolates.

Susceptibility testing of vancomycin, teicoplanin
and linezolid revealed that all ciprofloxacin-resistant
MRSA isolates were susceptible to these agents.

Di1scuUsSION

Nosocomial MRSA infections are challenging current
therapeutic options. The prevalence of MRSA differs
widely among different countries and there are limited
choices of antimicrobial agents to treat infections
caused by MRSA (Voss and Doebbeling 1995). To de-
termine the characteristics of nosocomial MRSA in
our region, 56 MRSA isolates were collected from in-
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Fig. 1. Agarose gel pictures of the PCR prod-
ucts. A, mecA gene; B, QRDR of the griA gene;
C, QRDR of the gyrA gene; M, molecular size
marker; —, MSSA strain; 1-9, test isolates.

patients of Siuleyman Demirel University Hospital in
Turkey during 2003-2006. The sources of the samples
included pus, bronchial secretions, blood, sputum and
catheters. In order to exclude multiple isolates of
MRSA included in the study, the isolates were ob-
tained from different patients and at different times.
All of the isolates were characterized as MRSA based
on cefoxitin resistance and production of 533 bp PCR
fragment of mecA gene.

Although the efficiency of old generation FQs in
the management of MRSA infections has decreased by
time, the newly developed FQs have been reported to
exhibit very good activity against Gram-positive cocci,
including MRSA. In our study, susceptibility of 56
MRSA isolates to ciprofloxacin and gatifloxacin were
determined by E-test and MIC distribution is shown in
Table 1. Our results showed that while 100% of MRSA
isolates were resistant to the old FQ ciprofloxacin
(MIC, 6-= 32 mg/1), only 54% of isolates were resis-
tant to the new FQ gatifloxacin (MIC, = 0.5-6 mg/1).

Table 1. Mutations of grlA and gyrA and the corresponding MICs in MRSA isolates.

Mutations Total no. MIC range (mg/1) No. of GFLX
of isolates sensitive isolates

griA orA CPFX GFLX

- - 12 0.25 0.094

Ser80Phe - 2 6-12 0.3-0.5

Ser80Phe Ser84Leu 22 232 0.1-6

Ser80Tyr Ser84Leu 10 =32 0.1-6

Ser80Phe Glu88Lys 14 =32 0.2-0.5 14

Glu84Lys Ser84Leu 6 232 0.3-6 2

Ser80Phe Set84Leu + Glyl06Asp 2 =32 0.3—-4

AMSSA reference strain (ATCC29213).
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Sequencing analysis showed that mutations in the
QRDRs of gr/A and gyrA were caused by single-nu-
cleotide changes, conferring variable levels of resis-
tance against two FQs tested (Table 1). In this study,
we observed three types of single-point mutations in
grlA genes of 56 MRSA isolates (100%). Among these
mutations, Ser-80—Phe or Tyr single-point mutation
was detected in 46 isolates (82%) and Glu-84—Lys
mutation was found in 6 isolates (11%). Of the iso-
lates tested, 54 MRSA (96%) contained two types of
single-point mutations and one type of double muta-
tion in gyrA gene. The single-point mutation of Ser-
84—Leu was found in 40 isolates (71%) and Glu-
88—Lys mutation was also observed in 14 isolates
(25%). The double mutation of Ser84—Leu and
Glyl06—Asp was detected in 2 isolates. To date,
Gly106—Asp mutation has been observed in clinical
isolates of §. aurens only twice in two studies report-
ed previously (Schmitz et al. 1998; Hooper 1999), but
it has not yet been shown to contribute to resistance
directly. All mutations detected in this study were iden-
tical to those reported for clinical MRSA isolates pre-
viously (Schmitz et al. 1998; Wang et al. 1998;Hooper
1999; Sierra et al. 2002; Noguchi et al. 2005). There
was no isolate that possessed an amino acid change in
gyrA in the absence of grl4 mutation. This observa-
tion supported the notion that DNA topoisomerase
IV is the primary target of FQs in S. awurens (Ng et al.
1996; Drlica and Zhao 1997).

Ciprofloxacin resistance in strains of MRSA is
common wotldwide, and most of these strains have
single mutations in both the gr/iA4 and gyrA genes, ren-
dering them highly resistant to ciprofloxacin (Schmitz
et al. 1998; Bell 2002; Noguchi et al. 2005). With re-
spect to ciprofloxacin susceptibility, our MRSA iso-
lates with combined mutations at codons 80/84,
80/88 and 84/84 (in gr/A/in gyrA) had MIC of = 32
mg/l. Our data thus agrees well with the previous
findings. In consistent with this observation, two iso-
lates contained the Ser-80—Phe alteration in gr/A4, but
no mutation in gyrA showed lower-level ciprofloxacin
resistance (MICs, 6 mg/l and 12 mg/1).

In comparison to older FQs, new generation fluo-
roquinolones such as gatifloxacin and moxifloxacin
have been reported to have enhanced activity (lower
MIC) against Gram-positive pathogens including
MRSA. In a study reported by Schmitz et al. (1998),
44.6% of 457 MRSA isolates collected from 13 differ-
ent Buropean countries including Turkey were suscep-
tible to gatifloxacin. Recently, susceptibility to gati-
floxacin was found to be 53% in 100 MRSA isolates
from a university hospital from Japan (Noguchi et al.
2005). These susceptibility rates were close to the rate
we observed for gatifloxacin. In our study, gatifloxacin
was found to be active against 26 of 56 isolates (46%)
with mutations at codon 80 or 84 of grlA in the pres-
ence or absence of concomitant mutations at codons
84 or 88 in gyrA MIC, < 0.5 mg/l). On the other
hand, we observed resistance to gatifloxacin, remain-
ing at a comparatively low level (MIC, < 6 mg/1) in 30
gatifloxacin- resistant MRSA isolates (54%) with 80 or
84 alterations in griA and 84 alteration in gyrA. The
observed diversity of the FQ MICs for isolates with
the same mutation combination might be associated
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with the mutations in the remaining regions of griA
and gyrA, the alterations in gr/B and gyrB, and the
quinolone efflux sytem.

Currently, MRSA infections are treated with van-
comycin, teicoplanin or linezolid. In the present study,
all MRSA isolates were found to be susceptible to
these agents. Similatly, isolates reported from Poland
(Matynia et al. 2005) Austria (Prester] et al. 2001), Is-
rael (Samra et al. 2005) and Kuwait (Al Sweih et al.
2005) were also fully susceptible to these antimicro-
bials.

Among MRSA isolated during 2003-2006, 46% was
susceptible to gatifoloxacin. The result suggests that
gatifloxacin is still active and might be used to treat
MRSA infections that are not life-treatening. However,
prior to the application, the use of quantitative meth-
ods of susceptibility determination (MIC) is of impot-
tance for the appropriate use of gatifloxacin in treat-
ment of MRSA infections and for prevention of fur-
ther increases in resistance.

Acknowledgement: This work was supported by a grant from
Research Foundation of Siileyman Demirel University, Ispar-
ta, Turkey.

REFERENCES

Al Sweih N, Mokaddas E, Jamal W, Phillips OA, Rotimi VO.
In vitro activity of linezolid and other antibiotics against
Gram-positive bacteria from the major teaching hospitals
in Kuwait. ] Chemother. 2005 Dec; 17(6): 607-13.

Bell JM, Turnidge JD. High prevalence of oxacillin-resistant
Staphylococcus anrens isolates from hospitalized patients
in Asia-Pacific and South Africa: results from SENTRY
antimicrobial surveillance program, 1998-1999. Antimi-
crob Agents Chemother. 2002 Mar; 46(3): 879-81.

Blondeau JM. Clinical utility of the new fluoroquinolones for
treating respiratory and urinary tract infections. Expert
Opin Investig Drugs 2001 Feb; 10: 213-37. Review.

Clinical and Laboratory Standards Institute/NCCLS, Petfor-
mance standards for antimicrobial susceptibility testing;
Fifteenth Informational Supplement. 2005 CLSI/NCCLS
document M100-S15. Wayne, PA

Drlica K, Zhao X. DNA gyrase, topoisomerase IV, and the 4-
quinolones. Microbiol Mol Biol Rev. 1997 Sep;61(3): 377-
92. Review.

Evans ME, Titlow WB. Levofloxacin selects fluoroquinolone-
resistant methicillin-resistant Szaphylococcus anrens less
frequently than ciprofloxacin. J Antimicrob Chemother.
1998 Feb; 41(2): 285-8.

Hiramatsu K. Vancomycin-resistant Szaphylococcus anreus: a
new model of antibiotic resistance. Lancet Infect Dis.
2001 Oct; 1(3): 147-55. Review.

Hooper DC. Mechanisms of quinolone resistance. Drug Re-
sist Updat. 1999 Feb; 2(1): 38-55.

Hooper DC. Mechanisms of action and resistance of older
and newer fluoroquinolones. Clin Infect Dis. 2000 Aug;
31 Suppl 2: 524-8. Review.

Ito H, Yoshida H, Bogaki-Shonai M, Niga T, Hattori H,
Nakamura S. Quinolone resistance mutations in the
DNA gyrase gyrA and gyrB genes of Staphylococcus
aurens. Antimicrob Agents Chemother. 1994 Sep; 38(9):
2014-23.

Levine C, Hiasa H, Marians KJ. DNA gyrase and topoiso-
merase IV: biochemical activities, physiological roles dut-
ing chromosome replication, and drug sensitivities.
Biochim Biophys Acta. 1998 Oct 1; 1400(1-3): 29-43. Re-

view.



370 EUROPEAN JOURNAL OF MEDICAL RESEARCH

Limoncu MH, Ermertcan S, Cetin CB, Cosar G, Din¢ G.
Emergence of phenotypic resistance to ciprofloxacin and
levofloxacin in methicillin-resistant and methicillin-sensi-
tive Staphylococcus anreus strains. Int | Antimicrob Agents.
2003 May; 21(5): 420-4.

Matynia B, Mlodzinska E, Hryniewicz W. Antimicrobial sus-
ceptibility patterns of Staphylococcns anrens in Poland ob-
tained by the National Quality Assurance Programme.
Clin Microbiol Infect. 2005 May; 11(5): 379-85.

Ng EY, Trucksis M, Hooper DC. Quinolone resistance muta-
tions in topoisomerase IV: relationship to the flgA locus
and genetic evidence that topoisomerase IV is the prima-
ry target and DNA gyrase is the secondary target of fluo-
roquinolones in S7aphylococcus aurens. Antimicrob Agents
Chemother. 1996 Aug; 40(8): 1881-8.

Noguchi N, Okihara T, Namiki Y, Kumaki Y, Yamanaka Y,
Koyama M, Wakasugi K, Sasatsu M. Susceptibility and re-
sistance genes to fluoroquinolones in methicillin-resistant
Staphylococcus anreus isolated in 2002. Int ] Antimicrob
Agents. 2005 May; 25(5): 374-9.

Prester] E, Mueller-Uri P, Grisold A, Georgopoulos A,
Graninger W. Ciprofloxacin- and methicillin-resistant
Staphylococcus anrens susceptible to moxifloxacin, lev-
ofloxacin, teicoplanin, vancomycin and linezolid. Eur ]
Clin Microbiol Infect Dis. 2001 Jul; 20(7): 486-9.

Samra Z, Ofer O, Shmuely H. Susceptibility of methicillin-re-
sistant Staphylococcus anrens to vancomycin, teicoplanin,
linezolid, pristinamycin and other antibiotics. Isr Med As-
soc J. 2005 Mar; 7(3): 148-50.

Schmitz FJ, Jones ME, Hofmann B, Hansen B, Scheuring S,
Luckefahr M, Fluit A, Verhoef ], Hadding U, Heinz HP,
Kohrer K. Characterization of griA, gr/B, gyrA, and gyrB
mutations in 116 unrelated isolates of Staphylococcus au-
rens and effects of mutations on ciprofloxacin MIC. An-
timicrob Agents Chemother. 1998 May; 42(5): 1249-52.

Sierra J, Marco MF, Ruiz J, Jiménez de Anta MT, Vila J. Cot-
relation between the activity of different fluoroquino-
lones and the presence of mechanisms of quinolone resis-
tance in epidemiologically related and unrelated strains of
methicillin-susceptible and -resistant Szaphylococcus au-
reus. Clin Microbiol Infect. 2002 Dec; 8(12): 781-90.

August 18, 2008

Wang T, Tanaka M, Sato K. Detection of griA and gyrA mu-
tations in 344 Staphylococcus aunreuns strains. Antimicrob
Agents Chemother 1998 Feb; 42(2): 236-40.

Wichelhaus TA, Kern S, Schifer V, Brade V. Rapid detection
of epidemic strains of methicillin-resistant Staphylococcns
aureus. ] Clin Microbiol. 1999 Mar; 37(3): 690-3.

Voss A, Doebbeling BN. The worldwide prevalence of me-
thicillin-resistant . aurexs. Int ] Antimicrob Agents 1995
Aprt; 5(2): 101-6.

Yamagishi ], Kojima T, Oyamada Y, Fujimoto K, Hattori
H, Nakamura S, Inoue M. Alterations in the DNA topoi-
somerase IV gr/A gene responsible for quinolone resis-
tance in  Staphylococcus aunrens. Antimicrob Agents
Chemother. 1996 May; 40(5): 1157-63.

Zurenko GE, Yagi BH, Schaadt RD, Allison JW, Kilburn JO,
Glickman SE, Hutchinson DK, Barbachyn MR, Brickner
S. In vitro activities of U-100592 and U-100766, novel
oxazolidinone antibacterial agents. Antimicrob Agents
Chemother. 1996 Apr; 40(4): 839-45.

Received: May 29, 2007 | Accepted: March 12, 2008

Address for correspondence:
Fatma Filiz Coskun-Ari, Ph.D.
Department of Biology

Faculty of Arts and Sciences
Sileyman Demirel University
32260, Isparta

Turkey

Tel.: + 902462114153
Fax: + 902462371106
E-mail filizari@fef.sdu.edu.tr



