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Table 1. PCR reaction conditions used for nuc gene amplification to identify Staphylococcus aureus isolates.

Step Temperature (°C) Time (min) Cycle No.
Initial denaturation 94 5

Denaturation 94 45

Annealing 58 45 35
Extension 72 48

Final extension 72 5

Table 2. Different volumes of ingredients used in nuc gene PCR to identify Staphylococcus aureus isolates

Ingredients Initial concentration  Volume (ul)
DNA template - 2
Upstream primer 10 Pmol/ul 1
Downstream primer 10 Pmol/ul 1
PCR master mix 2X 125
Double distilled water - 8.5
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Table 3. The antibiotic discs used for antimicrobial susceptibility of Staphylococcus aureus isolates

Antibiotic disc

Abbreviation

Antibiotic concentration

(19)
Gentamicin GM 10
Oxacillin OX 1
Tetracycline TE 30
Clindamycin cC 2
Chloramphenicol C 30
Trimethoprim TMP 5
Erythromycin E 15
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Table 4. Characteristics of specific primers used in PCR reaction

Target gene PCR product length (bp)  Oligonucleotide sequence (5°-3")
nuc 279 GCGATTGATGGTGATACGGTT
sea 127 AGCCAAGCCTTGACGAACTAAAGC
seb 477 CCTTTGGAAACGGTTAAAACG
sec 451 TCTGAACCTTCCCATCAAAAAC
sed 278 TCGCATCAAACTGACAAACG
see 209 AGGTACTCTATAAGTGCCTGCCT
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Table 5. Different volumes of ingredients used in the amplification of enterotoxin genes in Staphylococcus aureus

isolates

Ingredients Initial concentration Volume (pl)
DNA template - 2
Upstream primer 10 Pmol/ul 1
Downstream primer 10 Pmol/ul 1
PCR master mix 2X 125
Double distilled water - 8.5

- - 25

Table 6. PCR reaction conditions used for sea, seb, sec and sed and see genes amplification to identify

Staphylococcus aureus isolates.

Sea gene
Step Temperature (°C) Time (min) Cycle No.
Initial 94 4
denaturation 35
Denaturation 94 1
Annealing 53 1
Extension 72 1
Final extension 72 10

Sebgene
Step Temperature (°C) Time (min) Cycle No.
Initial 94 4
denaturation 35
Denaturation 94 1
Annealing 55 1
Extension 72 1
Final extension 72 5

Secgene
Step Temperature (°C) Time (min) Cycle No.
Initial 94 4
denaturation 35
Denaturation 94 1
Annealing 51 1
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Extension 72 1
Final extension 72 5
sed and see genes

Step Temperature (°C) Time (min) Cycle No.
Initial 94 4

denaturation 35
Denaturation 94 1

Annealing 50 1

Extension 72 2

Final extension 72 10
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Figure 1. Staphylococcus aureus colonies on nutrient (a) and Baird-Parker (b) agar culture medium and gram
staining of one of the isolates of Staphylococcus aureus (gram-positive, magnification x 100) (c).
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Figure 2. In the catalase test, the bubbles resulting from production of oxygen gas clearly indicate a catalase
positive result (a1,2), In the deoxyribonuclease (DNase) test, if Staphylococcus aureus produce DNase enzymes,
in sufficient quantity to hydrolyse the DNA, then clear zones are seen around the colonies (b12), The coagulase
test distinguishes Staphylococcus aureus from other staphylococci, ci: The slide test, ¢c,: The tube test and On
mannitol salt agar (MSA), only pathogenic Staphylococcus aureus produces small colonies surrounded by yellow
zones, while other coagulase-negative staphylococci produce small pink or red colonies with no colour change to
the medium (d1,2).
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Table 7. The results of counting Staphylococcus aureus colonies

Colony No. Isolate No.
1+ 5
2+ 6
3+ 44
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Table 8. Quantitative estimation of DNA concentration by Nanodrop Spectrophotometer
Position 260 (nm, 280 (nm, raw) 320 (nm, raw) 260 (nm) 280 (nm) 260/280  pg/pL

raw)
A3 0.58 0.055 0.047 0.002 0.003 0.594 0.002
B2 0.067 0.055 0.045 0.013 0.006 2.339 0.013
B3 0.073 0.065 0.055 0.010 0.005 1.827 0.010
Cc2 0.091 0.078 0.062 0.020 0.011 1.789 0.020
C3 0.079 0.070 0.055 0.014 0.010 1.469 0.014
D2 0.132 0.111 0.087 0.036 0.019 1.900 0.036
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Figure 3. Agarose gel electrophoresis of PCR product using primers for detection of the
nuc gene of Staphylococcus aureus. L: Ladder, C*: Positive control, C™: Negative control
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Table 9. Results of the antibiotic resistance in Staphylococcus aureus isolates by the disk diffusion method

Antibiotic Isolate No. (%)
Susceptibility (S) Moderate susceptibility (MS) Resistance (R)

Gentamicin 52 (94.5) 1(1.8) 2(3.6)
Oxacillin 18 (33) 0 37 (57)
Tetracycline 15 (27.2) 0 40 (72)
Clindamycin 14 (25.4) 1(1.8) 40 (72)
Chloramphenicol 37 (67.2) 0 18 (32.8)
Trimethoprim 36 (65.4) 6 (10.9) 13 (23.7)
Erythromycin 14 (25.4) 2(3.6) 39 (70.9)

Figure 4. Antibiogram test results of some Staphylococcus aureus isolates
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Figure 4. Agarose gel electrophoresis of

PCR  product using

primers  for detection of  the

nuc gene of Staphylococcus aureus by direct extraction. L: Ladder, C*: Positive control, C™: Negative control
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Figure 5. Agarose gel electrophoresis of PCR product using primers for detection of the sea (a), sec (b) and see
(c) genes of Staphylococcus aureus. L: Ladder, C*: Positive control, C™: Negative control
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Table 10. Sequence of SEA-A4 and SEA-D4 isolates

CCATAATAAGCACCATACAAGTCTACTTTTTTCCCTTTATATTTATCAACAA

Sequence TATCCTTTGAATCAAAATCTACTAATAAATCGTTATACCACGGATGACCTG
SEA-A4
TGAAAAA
C%%lg;g;‘:l CCATAATAAGCACCATACAAGTCTACTTTTTTCCCTTTATATTTATCAACAA

staphylococcal
enterotoxin type A

TATCCTTTGAATCAAAATCTACTAATAAATCGTTATACCACGAATGATCTG
TAAAAAA

TGATAACCATAATAAGCACCATACAAGTCTACTTTTTTCCCTTTATATTTAT

Séegxefg‘f CAACAATATCCTTTGAATCAAAATCTACTAATAAATCGTTATACCACGGAT
GACCTGTGAAAA
C%%%Eggg:l TGATAACCATAATAAGCACCATACAAGTCTACTTTTTTCCCTTTATATTTAT

staphylococcal
enterotoxin type A

CAACAATATCCTTTGAATCAAAATCTACTAATAAATCGTTATACCACGAAT
GATCTGTAAAAA
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The study aimed to investigate the frequency of enterotoxin-
producing Staphylococcus aureus isolates in hamburgers and meat
bites in Mashhad and the frequency of the gene. In this practical
descriptive research, the number of 175 meat samples including 70
hamburger samples, 70 kebab bite samples, and 35 handmade
hamburger samples in a non-repetitive and cluster sampling method,
from the brand various commercial products were collected from the
supply centers in Mashhad from April to June 2023. After culturing
the samples in a specific medium and isolating the isolates suspected
of Staphylococcus aureus, the bacteria were identified using
morphological and biochemical characteristics. Then they were
confirmed by using a specific primer and polymerase chain reaction
(PCR). Using PCR, the frequency of enterotoxin-producing genes
was detected and the antibiotic resistance of Staphylococcus aureus
isolates was checked by disc diffusion method in food samples.
Among the 175 meat products tested, 28 hamburger samples (16%),
12 kebab samples (7%), and 15 handmade hamburger samples (about
9%) were pathogenic bacteria. were infected with Staphylococcus
aureus. Compared to kebab samples, hamburger samples showed
higher contamination, and more of them were reported as
Staphylococcus aureus positive. nuc gene was detected in all bacteria
identified by biochemical method. The presence of the sea gene was
detected in 45 samples of tested meat products (25.71% of all
samples). sec and see genes were found in 4 (2.28%) and 6 (4.08%)
food samples, respectively. Genes encoding used and sed were not
found in any of the studied samples. In addition, many isolates
showed high resistance to tetracycline, clindamycin, and oxacillin;
some were resistant to more than one antibiotic. In this study, the
results obtained from the SEA-F and SEA-R blast analyses revealed
that the sequences had more than 98% agreement with the overlapping
results.
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