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Abs tract: Over 100 Sta phy lo coccus au reus iso la tes from bo vi ne and she ep in fecti on were col lec ted
from farms of dif fe rent re gi ons of Slo va kia. Nine of the col lec ted iso la tes were mul ti re sistant and

har bou red plas mids ran ging in mo le cu lar si zes from 6.9-9.0 kb. Trans for mati on ex pe ri ment re ve a led
that five from nine an ti bi o tic re sistant plas mids were able to repli ca te in Esche ri chia coli and
Co ry ne bac te ri um glu ta micum RM3. Plas mid-me di a ted re sistan ce to ka na my cim, chloramphenicol,
ampiciline and tetracycline was found. 
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1. In tro ducti on

Staph y lo coc cus aureus is a patho genic bac te rium that causes a va ri ety of dis eases in hu -
mans and an i mals [1]. It causes skin le sions, se ri ous in fec tions in clud ing pneu mo nia, mas -
ti tis and men in gi tis, deep-seated in fec tions and toxic shock syn drome by re leas ing
exo tox ins into the blood stream [2]. Staph y lo coc cus aureus is, for dairy an i mals, one of the
ma jor rea sons of intramammary in fec tions (mas ti tis) of fe male’s cows and it is fre quently
iso lated from milk. The most com mon ther apy of staph y lo coc cal in fec tions is the treat ment 
with an ti bi ot ics. The prob lem of this cure was cou pled with the rais ing re sis tance of staph -
y lo cocci to an ti bi ot ics. Staph y lo coc cus aureus re sis tant to semi-syn thetic b-lactamases
was found in 1960s. These re sis tant bac te ria be came known as MRSA (methicillin re sis -
tant Staph y lo coc cus aureus) [3]. In 1997 an other S. aureus re sis tant to vancomycin was de -
tected and at this time the re sis tance to an ti bi ot ics is wide spread among staph y lo cocci [4-6].

Clin i cal iso lates of Staph y lo coc cus aureus of ten har bor mul ti ple plasmids, rang ing
from small roll ing-cir cle rep li cat ing (RCR) plasmids that are cryp tic or en code a sin gle re -
sis tance de ter mi nant, to larger multi re sis tant and conjugative plasmids [7-9]. In creased
at ten tion has been fo cused to plasmid-en coded re sis tance to an ti sep tics and dis in fec tants
de tected on plasmid iso lated from an ti bi otic-re sis tant staph y lo cocci [10, 11].

The aim of the pres ent study was to char ac ter ize the Staph y lo coc cus aureus iso lates
col lected from bo vine mas ti tis for the pres ence of an ti bi otic re sis tance plasmids. 
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2. Ex pe ri men tal

Bac te rial strains and me dia. Staph y lo cocci iso lates were col lected from an i mals’ bo vine 
mas ti tis from dif fer ent farms of Slovakia. The me dia used for grow were: Luria-Bertani
(LB) broth [12] and blood agar (Imuna, Šarišské Micha¾any, Slovakia). S.aureus cells and
E.coli strains were grown at 37 °C, Corynebacterium glutamicum were grown at 30 °C. 

An ti bi otic sus cep ti bil ity test: Staph y lo cocci iso lates were tested for an ti bi otic sus cep -
ti bil i ties by the disc dif fu sion method in blood agar [13]. The fol low ing an ti bi otic discs
(Biotika, Slovenská ¼upèa, Slovakia) were used: ampicillin (10 µg), chloramphenicol
(10 µg), ciprofloxacin (5 µg), clindamycin (10 µg), erythromycin (15µg), gentamycin
(10 µg), kanamycin (10 µg), neomycin (30 µg), ni tro fu ran toin (10 µg), oxacillin (5 µg),
pen i cil lin (10 µg), sulphametoxazol (10 µg), strep to my cin (25 µg) and tet ra cy cline
(30 µg). The min i mum in hib i tory con cen tra tions (MIC) for staph y lo cocci iso lates were
de ter mined by microdilution method with LB me dium, de scribed by NNLS in doc u ment
M7-A4 (NCCLS). The fol low ing an ti bi ot ics with con cen tra tion 10–600 µg/mL were
used: ampicillin, chloramphenicol, kanamycin (ICN Biochemics) and tet ra cy cline
(Sigma). MIC was es ti mated as the low est con cen tra tion of an ti bi otic that in hib ited
growth af ter 16–18 h of in cu ba tion at 37 °C. MIC was also de ter mined for strains Esch e -
richia coli JM110 (Stratagene, USA) and Corynebacterium glutamicum RM3 [14], which
were used as hosts for trans for ma tion of iso lated staph y lo cocci plasmids. 

Plasmid iso la tion: Plasmid DNAs were iso lated by al ka line lysis method [12].
Plasmid DNAs from corynebacterium were iso lated by Santamaria et al. [15]. The same
method with mod i fi ca tion was used for iso la tion of staph y lo cocci plasmid DNA. We used
the com bi na tion of lysozyme (10 mg.mL-1) and lysostaphin (2 mg.mL-1) for lysis. Prep a -
ra tion and trans for ma tion of com pe tent cells Esch e richia coli JM110 were ac cord ing to
Hanahan [16]. Prep a ra tion and trans for ma tion of com pe tent cells Corynebacterium
glutamicum RM3 were per formed ac cord ing to van der Rest et al. [17]. 

3. Re sults and dis cus si on 

3.1 An ti bi otic sus cep ti bil ity test of staph y lo cocci iso lates 
Staph y lo coc cus aureus iso lates Nos. 8, 32, 33, 60, 61, 90, 93, 96, 98 were tested for

sus cep ti bil ity to se lected an ti bi ot ics by disc dif fu sion method on blood agar. Only Staph y -
lo coc cus aureus iso late 33 was de ter mined as re sis tant to six an ti bi ot ics with MIC (Min i -
mum in hib i tory con cen tra tions) as fol lows: tet ra cy cline 30 mg, erythromycin 15 mg,
kanamycin, neomycin 30 mg, pen i cil lin 10 mg, strep to my cin 25 mg. The other eight iso -
lates were sen si tive to the tested an ti bi ot ics (data not shown).

The sec ond method used for test ing of nine staph y lo cocci iso lates for sus cep ti bil ity to
se lected an ti bi ot ics in liq uid me dium was by microdilution. The an ti bi otic re sis tance and
MIC were de ter mined for the se lected an ti bi ot ics: chloramphenicol (Cm), ampicillin
(Ap), tet ra cy cline (Tc) and kanamycin (Kn). As is shown in Ta ble 1 from Staph y lo coc cus
aureus iso lates, 33 and 96 were re sis tant to all four tested an ti bi ot ics. 
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Ta ble 1. The MIC to an ti bi ot ics of staph y lo cocci iso lates 8, 32, 33, 60, 61, 90, 93, 96, 98.

Isolate S.a. /

antibiotic

(mg/ml)

8 32 33 60 61 90 93 96 98

Cm 150 90 600 60 60 60 60 60 30

Ap 0 0 100 0 0 50 0 50 0

Tc 75 75 60 0 45 45 45 45 0

Kn 60 60 600 30 >600 0 >600 >600 >600

3.2 Plasmids pro fil ing

Plasmid DNA from nine Staph y lo coc cus aureus iso lates was iso lated and char ac ter -
ized by agarose gel elec tro pho re sis (Fig. 1). 

Nine iso lated plasmid DNAs were trans formed into E. coli and C. glutamicum cells. The
transformants were se lected on agar plates with ap pro pri ate an ti bi otic ad di tion ac cord ing
to pre vi ously de ter mined MIC for each iso late (Ta ble 1). Only five out of nine iso lated
plasmids were able to rep li cate in host cells: pSA32, pSA60 and pSA93 in E. coli and pSA
33 and pSA 33 in E. coli and C. glutamicum. The sizes of plasmids were es ti mated ac cord -
ing to the re stric tion anal y sis (Ta ble 2). The re sis tance to an ti bi ot ics linked with plasmid
DNA was also de ter mined (Ta ble 2). We con cluded that pSA33 and pSA90 carry re sis -
tance to an ti bi ot ics Cm, Ap, Tc, pSA32, pSA60 to Cm and Kn and pSA93 to Cm and Tc an -
ti bi ot ics (Ta ble 2). 
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Fig. 1. Agarose gel elec tro pho re sis of iso lated plasmids from Staph y lo coc cus aureus iso lates. 1. pSA
8, 2. pSA 32, 3. pSA 33, 4. pSA 60, 5. pSA 61, 7. pSA 63, 8. pSA 66, 9. pSA 98.



                 Ta ble 2. Plasmid pSA32, pSA 33, pSA60, pSA90 and pSA 93 char ac ter iza tion.

Plasmid
Size

(kbp)
Replication in

Phenotype 
Antibiotic resistance 

pSA 32 8,2 E.coli Cm
r
, Kn

r

pSA 33 6,9 E.coli, C. glutamicum Cm
r
, Ap

r
 Tc

r

pSA 60 8,2 E.coli Cm
r
, Kn

r

pSA 90 6,9 E.coli, C. glutamicum Cm
r
, Ap

r
,Tc

r

pSA 93 9,0 E.coli Cm
r
, Tc

r

4. Conclu si ons

The de tail phenotypic and genotypic char ac ter iza tion of staph y lo cocci iso lates from
mas ti tis is very com pre hen sive and help ful in spec i fi ca tion of the in fect ing patho gens.
The de ter mi na tion of an ti bi otic re sis tance pat terns might pro vide im por tant in for ma tion
about Staph y lo coc cus aureus iso lates orig i nated from un re lated geo graph ical or i gins
[18]. Re sis tance typ ing may also be a use ful pri mary typ ing con trol mea sure [19]. An ti bi -
ot ics are used in an i mals for both pre ven tion and treat ment of in fec tions. We found out
that all the iso lates were re sis tant to at least two an ti bi ot ics. S. aureus iso late 33 and 96 are
re sis tant to all four tested an ti bi ot ics, so we can con sider them as multiresistant. De spite
the fact that plasmid orig i nated from Staph y lo coc cus aureus (Gram-pos i tive), most of
them were able to rep li cate in bac te ria E.coli (Gram-neg a tive) and only plasmids pSA33
and pSA93 in Corynebacterium glutamicum (Gram-pos i tive). The prev a lence of mul ti ple
an ti bi otic re sis tant Staph y lo coc cus aureus iso lates pres ent in the sam ples from bo vine
mas ti tis raises the im por tant is sues for in fec tion con trol in en vi ron ment.
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