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Abstract: Thirty-four Streptococcus thermophilus strains were isolated from yogurt samples obtained from various villages in
different regions of Turkey. These strains were examined for their antibiotic resistance patterns and plasmid carriage. The
susceptibility of the isolates to 8 antibiotics (vancomycin, tetracycline, chloramphenicol, erythromycin, cephalothin, ampicillin-
sulbactam, gentamicin and penicillin G) was determined by the disk diffusion method. Most strains of S. thermophilus were resistant
to gentamicin (79%) and penicillin G (64%) and susceptible to chloramphenicol (949%) and tetracycline (889%).

In plasmid DNA analyses, it was determined that 7 strains did not contain any plasmid DNA, while other strains included plasmid
DNA ranging from 1 to 5. The molecular weights of these plasmids were found to be in various sizes from 1.88 to 19.89 kb. An
interaction was observed between the resistance to antibiotics and the occurrence of plasmids in some S. thermophilus strains; for
instance, some strains carrying only one or no plasmid were observed to be susceptible to most antibiotics. The resistance to most
antibiotics was determined in 3 strains (B55.S, B56.S, B58.S) containing 5 plasmid DNAs. However, no correlation was observed
between the resistance to antibiotics and the occurrence of plasmids in some strains.
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Tiirk Yogurtlarindan izole Edilen Streptoccus thermophilus Suslarinin Plazmid DNA icerikleri
ve Antibiyotik Direncliligi

Ozet: Tirkiye'deki farkli kéy ve kasabalardan toplanan yogurt érneklerinden 34 sus Streptococcus thermophilus olarak teshis
edilmistir. 34 S. thermophilus susunun antibiyotik direnclilikleri ve plasmid icerikleri incelenmistir. Sekiz antibiyotige (vankomisin,
tetrasiklin, kloramfenikol, eritromisin, sefalotin, sulbaktam ampisilin, gentamisin, ve penisilin G) suslarin direngliligi disk difiizyon
metoduna gore incelenmistir. Bir cok S. thermophilus susunun gentamisin (% 79) ve penisilin G'ye (% 64) direnclilik gosterdigi
belirlenirken, suslarin % 88 oraninda tetrasikline, % 94 oraninda da kloramfenikole duyarlilik gésterdigi tespit edilmistir.

Yapilan plazmid DNA analizlerinde 7 susun plazmid DNA icermedigi belirlenmistir. Plazmid DNA'sI belirlenen suslarda plazmid DNA
sayisinin 1 ve 5 arasinda, molekil agirliklarinin ise 1,88-19,89 kb arasinda oldugu tespit edilmistir. S. thermophilus'un bazi
suslarinda antibiyotik direnclilik ve plazmid icerigi arasinda bir etkilesimin oldugu gézlenmistir. Bir veya hi¢ plazmide sahip olmayan
bazi suglarin bir ¢ok antibiyotige duyarli olduklari belirlenmistir. Bes plazmid DNA'ya sahip 3 susun da bir ¢ok antibiyotige direncli
oldugu tespit edilmistir. Bunun yanisira bazi suslarda plazmid DNA icerikleri ile antibiyotik direnclilikleri arasinda korelasyon
belirlenememistir.

Anahtar Sézcikler: Streptococcus thermophilus, plazmid DNA, antibiyotik direncilik

Introduction

Streptococcus thermophilus, a non-N Streptococcus,
is a common dairy starter and an economically important
microorganism. It is used extensively in the production of
yogurts, cheeses and some fermented dairy products, and
strain improvement through genetic manipulation has
considerable potential. In these fermentations, the
thermophilic  streptococci are co-cultured with
Lactobacillus bulgaricus, L. helveticus, L. lactis and

Propionibacterium (1). Along with the metabolic activities
of these bacteria commonly used as starters, they are
required to be resistant to antibiotics and phages.
Antibiotics, which are used for the treatment of milk-
giving animals and especially in mastitis therapy, pass into
milk. Even low concentrations of antibiotics in milk inhibit
acid development and cause poor quality cheese and
fermented milk. Furthermore, they cause large economic
losses. (2-4). High sensitivity to most of the antibiotics

257



Antibiotic Resistance and Plasmid DNA Contents of Streptococcus thermophilus Strains Isolated from Turkish Yogurts

employed in mastitis therapy has been reported both in S.
thermophilus and in L. bulgaricus used for yogurt
production (4).

To apply recombinant DNA technology to S.
thermophilus, a suitable cloning vector is required. An
ideal plasmid for use in the development of an S.
thermophilus cloning vector should be stably maintained
in S. thermophilus, be small, be present in high copy
number, and contain unique restriction enzyme sites for
the insertion of selectable markers and for cloning
purposes (5). The plasmids discovered in different strains
have large spectra; some of these carry genes responsible
for a variety of functions such as sugar metabolism,
proteolysis, citrate fermentation and bacteriocin
production as well as resistance to bacteriophage,
inorganic ions and antibiotics (1,6).

Miteva et al. (7) reported that the isolation of plasmid
and chromosomal DNA of lactic acid bacteria is difficult,
and that these plasmid DNAs play a prominent role in
recombinant DNA technology. They determined a plasmid
in S. thermophilus strain 38, the weight of which is 3.4
MDa. This strain showed resistance to only 2 out of 12
antibiotics. The same researchers reported that the
antibiotic resistance is coded in some plasmids. In
addition, they pointed out that the resistance was also
coded in chromosomal genes (7).

Lykova (8) reported that 21 Lactobacillus strains in
normal microflora resistant to antibiotics could be widely
used as probiotics.

This study aimed to determine the plasmid DNA
carriage and antibiotic resistance of natural S.
thermophilus isolated from Turkish yogurt. The plasmids
identified in this study may be improved for use in cloning
vectors. Moreover, it was thought that natural strains
that are resistant to antibiotics and have stable plasmid
DNA might be used in industry for high quality
production. Antibiotic resistant strains may be selected
for probiotic use in the human gastrointestinal system as
a barrier to infections.

Materials and Methods
[solation and identification

Yogurt samples were obtained from villages. The
samples were serially diluted from 10" to 107 and the
dilutions to 10® and 107 were plated on Neutral Red
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Chalk Lactose agar medium. The plates were incubated at
40-41 °C for 24-48 h. Streptococcus strains were
isolated from the Neutral Red Chalk Lactose agar. The
bacteria were identified as S. thermophilus based on
characteristics as described in the identification tests
(9,10).

Elliker broth was used as liquid medium. The bacterial
strains were stored frozen at —70 °C in 25% glycerol
broth to supply a stable inoculum for this study.

Plasmid DNA isolation

Plasmid DNAs were isolated according to the mini-
prep isolation technique (11). They were electrophoresed
through 0.7% agarose gels in a vertical slab chamber, at
a setting of 100 V (3 V/cm) for 4 h in Tris-borate-EDTA
buffer (89 mM Tris/ 89 mM Boric acid/ 2.5 mM EDTA,
pH 8.2). The gels were stained with 0.5 pg/ml ethidium
bromide and visualized by UV light (254 nm) (12). As a
molecular marker DNA, super coiled DNA ladder (2.067-
16.210 kb) was used and the molecular weights of the
plasmid DNAs were calculated in kilobases (13).

Antibiotic susceptibility test

Antibiotic susceptibility tests of S. thermophilus
isolates were performed using the disk diffusion method
following NCCLS standards. Active broth cultures of
isolates were swabbed onto plates of M17 agar and
allowed to dry. Antibiotic disks were placed on the agar
and plates were incubated for 24 h at 40-41 °C (14-16).

Antibiotic disks including vancomycin (30 ug),
tetracycline (30 ug), chloramphenicol (30 pg),
erythromycin (15 pg), cephalothin (30 pg), ampicillin-
sulbactam (20 pg), gentamicin (10 pg) and penicillin G
(10 U) were used in this study (Oxoid).

Results

Sixty-six strains were isolated from yogurt samples
obtained from various villages in different regions of
Turkey. Thirty-four of these isolates were identified as S.
thermophilus.

The 34 S. thermophilus strains were assayed for
susceptibility to 8 antibiotics (vancomycin, tetracycline,
chloramphenicol, erythromycin, cephalothin, ampicillin-
sulbactam, gentamicin and penicillin G). Most strains
were resistant to gentamicin (79%) and penicillin G
(64%) and susceptible to chloramphenicol (94%) and



tetracycline (88%) (Table 1). B56.S, B55.S, B48.S,
B40.S, B36.S, B35.S, B34.S, B25.S, B16.S, 54.S, S3.5
and S2.S strains showed resistance to most of the
antibiotics. B44.S, B43.S, B27.S, B26.S, B20.S and
B12.S strains were susceptible to many antibiotics.

B. ASLIM, Y. BEYATLI

In a survey of 34 S. thermophilus strains, 7 strains
were found not to harbor plasmid DNA. Most of these
strains contained plasmid species varying in size from
1.88 to 19.89 kb (Table 2). It was found that the
molecular weights of some of these plasmid DNAs (B40.S

Table 1. The antibiotic susceptibility tests and plasmid numbers of S. thermophilus strains.

Tested Antibiotics Number

Strains of
Van Amp PenG Ceph Ery  Gent Tet Chl plasmids
B58.S ++ + - + - - ++ + 5
B56.5 ++ - - - - - ++ - 5
B55.5 - - - - + - ++ 5
B49.5 - + - + - ++ ++ 4
B48.S - - - - - - + 2
B46.S ++ ++ - + - - ++ 2
B45.S ++ ++ - ++ + + ++ ++ -
B44.5 ++ ++ ++ ++ ++ - ++ ++ -
B43.S ++ ++ ++ ++ ++ - ++ ++ 1
B40.5 ++ - - - - - ++ ++ 3
B36.S ++ - - - - - ++ + 1
B35.5 + - - - - - ++ - 3
B34.5 ++ - - - - - - ++ 3
B32.5 - ++ + ++ + - ++ ++ -
B30.S ++ ++ - - - - ++ ++ -
B27.S ++ ++ ++ ++ ++ - ++ ++ -
B26.S ++ ++ ++ + ++ - ++ ++ -
B25.S + - - - - - ++ 2
B24.S + - - - ++ - ++ 1
B23.5 - - - + 3
B22.S ++ ++ - ++ ++ 1
B20.S ++ ++ ++ ++ ++ ++ ++ ++ 1
B19.5 - ++ - - - + ++ 2
B17.S - - - + + - + 2
B16.S - - - + - - ++ 1
B12.5 ++ ++ ++ ++ + - ++ ++ -
B11.5 + - - - + - + + 2
B10.S ++ ++ - - + - ++ ++ 2
B8.S - - + + + ++ 2
523.5 - - + - + 1
54.S - - - - + + - ++ 3
S3.5 - - + - - - - + 1
S2.5 + - - - - - ++ ++ 1
S1.5 - - - + + + + ++ 3
++ Susceptible + Intermediate Susceptible - Resistant
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Table 2. Number of plasmids and molecular weights in S. thermophilus strains.

Strains Number of plasmids Size of plasmids (kb)
B58.S 5 3.32,5.82, 11.46, 17.88, 19.89
B56.S 5 5.47,9.56, 11.48, 14.19, 17.17
B55.S 5 2.83, 5.70, 9.59, 14.19, 17.17
B49.S 4 4.20, 7.05, 9.70, 14.68
B48.S 2 3.32,6.54

B46.5 2 1.88, 2.49

B45.S -

B44.S - -

B43.S 1 5.04

B40.S 3 6.33, 11.65, 18.75
B36.S 1 14.51

B35.S 3 6.33, 11.65, 18.75
B34.S 3 3.61, 5.81, 10.83
B32.S -

B30.S

B27.S -

B26.S - -

B25.5 2 1.99, 3.69

B24.S 1 4.89

B23.S 3 3.67,6.71, 12.80
B22.S 1 3.61

B20.S 1 6.07

B19.S 2 6.12, 6.66

B17.5 2 2.44, 3.73

B16.S 1 3.66

B12.S - -

B11.S 2 1.91,3.34

B10.S 2 2.06, 3.58

B8.S 2 2.29, 3.36

S23.5 1 4.89

54.5 3 5.47, 9.56, 11.48

S3.5 1 3.36

S2.S 1 3.61

S1.S 3 5.47,9.56, 17.17

and B35.S; B22.S and S2.S) were similar in size. B56.S
and B55.S strains had 5 plasmids, 2 of which were
similar, while the others were dissimilar. It was observed
that all the strains had generally small plasmid DNAs. Only
3 strains (B58.S, B56.S and B55.S) harbored 5 plasmid
DNAs. The plasmid DNA contents of B34.S and S2.S are
shown in Figure 1 and the plasmid DNA contents of B8.S
and S3.S are exhibited in Figure 2.

In our study, some strains having no plasmid DNA
(B45.S, B44.S, B32.S, B30.S, B27.S, B26.S and B12.S)
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were susceptible to most of the antibiotics. On the other
hand, B30.S was resistant to some of the antibiotics
although it did not contain plasmid DNA. It was observed
that most strains containing plasmid were resistant to
antibiotics but also showed susceptibility to some
antibiotics as well. B 55.5 and B 56.S, which contained 5
plasmid DNAs showed resistance to most antibiotics.
B40.S and B35.S, which had similar plasmid DNA
content, were also alike in their resistance to antibiotics;
however, S2.5 and B22.S, which had similar plasmid



Figure 1.a. Supercoiled DNA ladder (16.210, 14.174, 12.138,
10.102, 8.066, 7.048, 6.030, 5.012, 3.990, 2.972, 2.067
kb); b. B34.S strain (10.83, 5.81, 3.61 kb); c. S2S strain
(3.61 kb)

content, were different in terms of antibiotic resistance.
Some strains having only one and no plasmid were
observed to be susceptible to most antibiotics (B12.S,
B20.S, B22.S, B26.S, B27.S, B30.S, B43.S, B44.S and
B45.S). While in some strains there was a correlation
between the resistance to antibiotics and the occurrence
of plasmids, in some strains no correlation was observed.

Discussion

Lim et al. (17) found that some lactic acid bacteria
(Lactobacillus casel, L. acidophilus, S. thermophilus and L.
bulgaricus), which are commonly used as starters, were
susceptible to penicillin G, bacitracine, erythromycin, and
vancomycin. They were resistant to gentamicin, and
streptomycin, and all strains of L. casei were resistant to
vancomycin. Other researchers pointed out that all of the
L group streptococci were resistant to tetracycline;
however, some isolates were resistant to
chloramphenicol, erythromycin and gentamicin, and most
isolates were susceptible to penicillin and cephalothin
(18). Charteris et al. (19) reported that the natural
resistance of lactobacilli to a wide range of clinically
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Figure 2. a. Supercoiled DNA ladder; b. B8.S strain (3.36, 2.29 kb); c.
S3.5 strain (3.36 kb)

important antibiotics may enable the development of
antibiotic/probiotic combination therapies for such
conditions as diarrhea, female urogenital tract infection,
and infective endocarditis. The susceptibility of 21 strains
of normal microflora to 25 antibiotics was tested. It was
shown that L. acidophilus (probiotic “Acidlact”) was
resistant to metronidazole only. It was concluded that the
use of stable antibiotic-resistant strains of normal
microflora was favorable as an addition to antibiotic
therapy (20).

Extra-genomic DNA in the form of plasmids has been
found in many species of lactic acid bacteria. Some of
these plasmids have important characteristics such as
drug resistance, metabolic functions, a restriction system
or phage resistance. Industrially important thermophilic
starters for milk fermentation have been reported to
carry plasmid DNA. Some plasmids are important for
industrial applications (21).

According to these results, in some strains the
resistance to some antibiotics may be under the control of
plasmid DNAs; however, the resistance to some
antibiotics may be coded by chromosomal genes, and

261



Antibiotic Resistance and Plasmid DNA Contents of Streptococcus thermophilus Strains Isolated from Turkish Yogurts

different plasmids caused resistance to different
antibiotics.

Penicillins  are inactivated by [-lactamases
(penicillinases) produced by many Gram-positive and
Gram-negative bacteria. The enzyme is coded by
chromosomal or plasmid genes (22).

Some researchers have reported that the resistant
strains to various antibiotics were located in a high copy
number and transferable plasmid DNAs and the plasmids
of these strains can be developed as cloning vectors for
use in Gram-positive bacteria used in recombinant DNA
technology because of their traits (23-25).

Somkuti and Steinberg (12) identified plasmid DNA
whose weight varied from 2.2 to 7.15 Kb in 13 out of
35 S. thermophilus strains.

Axelsson et al. (26) reported that in some lactic acid
bacteria erythromycin resistance was coded by plasmid
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