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Abstract 

      Staphylococcus aureus is one of the causes of serious diseases that 

cause a wide range of infections, including urinary, skin, and respiratory 

infections. Thus, it has shown strains resistant to antibiotics, so that 

studying the molecular basis of virulence in staphylococcal bacteria 

becomes more important. The aim of this study is to investigate the 

presence of teicoplanin-associated genes (A, B, R) in S. aureus bacteria 

taken from clinical samples by PCR technique. 25 clinical samples from 

patients with respiratory diseases, skin ulcers, and urinary tract infections 

were collected from Yarmouk Teaching Hospital for a period ranging 

from October 2024 to January 2025. The presence of  S. aureus in these 

samples has been identified by using standard biochemical methods and 

confirmed by the Vitek system. The resistance results showed that the 

highest percentage of resistance to the antibiotic was in benzylpenicillin 

(100%) and oxacillin (100%), and the lowest percentage of resistance was 

in the antibiotic (moxifloxacin 0%, linezolid 0%, tigecycline 0%, 

inducible clindamycin 0%, and trimethoprim 0%). purified the genomic 

DNA that was done by amplifying the polymerase chain reaction by 

specific prefixes of the target teicoplanin-associated genes (tca). The 

results indicated that all 25 isolates proved the presence of all tcaA, tcaB, 

and tcaR genes, and this was confirmed by gel electrophoresis. The 

relationship between the presence of genes with antibiotic resistance was 

detected; the result was shown especially for glycopeptides (vancomycin 

and teicoplanin). 

Keywords: Clinical isolates, Molecular detection, PCR, Staphylococcus 

aureus, Virulence genes. 

  

1. Introduction 

     Staphylococcus aureus is a Gram-positive bacterium found on human and animal skin and 

mucous membranes. It contributes significantly to hospital-acquired infections and is a leading 

contributor to illnesses ranging from minor skin conditions to life-threatening diseases like 

sepsis, pneumonia, and endocarditis 
1–4

. This bacterium, Staphylococcus aureus, has a high 

pathogenic potential due to its ability to produce a broad range of virulence factors, including 

adhesives, immune evasion proteins, and various toxins, which facilitate its survival and 

proliferation within the host 
5–8

. The emergence of antibiotic-resistant strains, particularly 

methicillin-resistant S. aureus, has represented a significant challenge to global public health 
9,10

. 

S. aureus is associated with increased mortality and morbidity rates and increased 

hospitalizations, and thus health care costs will increase 
11

.  Due to the ability of staphylococci to 

resist multiple antibiotics, increasing attention has been directed toward understanding their 

virulence mechanisms, with the aim of identifying potential therapeutic targets 
10

. These genes 

(tcaA, tcaB, and tcaR) have been implicated in enhancing the virulence of S. aureus, contributing 

to its ability to cause various infections. These genes participate in various cellular activities such 

as the production of biofilms, the release of toxins, and the immune evasion, as they play an 
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important role in the survival and development of bacteria inside the host 
12

. Since S. aureus 

bacteria were able to escape the host's immunity and colonize surfaces and resist antimicrobials 

by producing biofilms, which is considered an important virulence trait  
13,14

.  Molecular work on 

the following genes (tcaA, tcaB, and tcaR) has become a valuable tool for elucidating bacterial 

virulence mechanisms and guiding the development of targeted antibiotics 
12

. Molecular 

identification methods were used to swiftly and specifically identify the necessary genes in these 

bacterial samples that were diagnosed by the polymerase chain reaction (PCR) 
15,16

.  Other 

molecular techniques for evaluating the expression of regulatory genes related to antibiotic 

resistance Scientists were able to pinpoint the underlying genetic components using this method 
17

. The infection caused by these bacteria can be identified by finding the virulence genes (tcaA, 

tcaB, tcaR) and 
15,16

. The tcaRAB operon is essential for the proper function of the tcaA, tcaB, 

and tcaR genes, which have been associated with antibiotic resistance—particularly to 

teicoplanin, biofilm formation, and immune evasion 
18,19

. The tcaA modifies the bacterial cell 

wall to reduce the binding of teicoplanin to peptidoglycan chains, while simultaneously tcaB 

facilitates the production of proteins that help bacteria combat the effects of antibiotics 
20

. The 

expression and overexpression of tcaA, the tcaB are regulated by tcaR. Resistance teicoplanin 

may develop. The consistent presence of these genes in clinical specimens highlights their 

importance in the pathogenesis and survival of S. aureus 
1
. One of the primary mechanisms 

behind the failure of antibiotic therapy in S. aureus is the production of persister cells, which are 

transiently inactive cells that can tolerate high antibiotic concentrations without harboring 

inheritable resistance traits. Recent studies have indicated that genes associated with 

glycopeptide resistance, such as tcaA, may play a role in this persistent phenotype. Inactivation 

of the tcaA gene in S. aureus isolates resulted in a significant increase in persister cell 

production, indicating that this gene plays a dual role in both teicoplanin resistance and 

persistence  
20

. This discovery highlights the significance of understanding the genetic interaction 

between resistance and persistence in bacteria, given the rise in therapeutic failure. The main 

goal of this research is to determine the presence of virulence genes in these bacterial isolates 

from clinical samples. According to this, the research will look into the molecular mechanisms 

behind how these bacteria (S. aureus) cause infection. This research will surely contribute to the 

development of diagnostic instruments. Additionally, this research will contribute to the 

development of innovative therapies. 

 

2. Materials and Methods  

2.1. Sample Collection 

Twenty-five urine samples were collected from 160 patients with urinary tract infections and 

skin ulcers at Yarmouk Teaching Hospital from October 2024 to January 2025. Isolation and 

identification of Staphylococcus aureus was done by culturing the sample on mannitol salt agar 

and blood agar and identification by coagulase and catalase tests and confirmed by the Vitek kit. 
2.2. Antibiotic Resistance 

Resistance to 19 antibiotics was studied using the Vitek kit, and the results were illustrated 

according to CLSI 2023 
(21)

. 

2.3. Molecular Methods 

2.3.1. DNA Extraction 

Genomic DNA from the confirmed Staphylococcus aureus 25 isolates was extracted by the 

EASY PURE BACTERIA GENOMIC DNA KIT according to the manufacturer's guidelines. 

Briefly, a single colony of each isolate was resuspended in 200 µL lysis buffer and allowed to sit 

at 56°C for 10 minutes. For lysis of the bacterial cells, after lysis, 20 µL proteinase K was added, 

and to break down proteins, the mixture was incubated for 10 minutes at 70°C before being 

combined with the lysate. The column was centrifuged at 12,000 rpm after being poured into a 

spin column with 200 µL of binding buffer. The column was rinsed twice with RPM for one 

minute to bind the DNA to the membrane. The lysate was mixed and incubated at 70°C for 10 
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minutes to aid in protein breakdown before being eluted in 50 µL of wash buffer to eliminate 

impurities and DNA. Following placement in a spin column containing 200 µL of binding 

buffer, the column was centrifuged at 12,000 rpm. To let the DNA bind to the membrane, the 

column was rinsed twice with RPM for one minute. The contaminants were removed by 500 

microliters of wash, and the DNA was subsequently eluted in 50 μL of elution buffer. The 

NanoDrop spectrophotometer was used to determine concentration and purity. DNA samples 

with an A260/A280 ratio of 1.8-2.0 were considered suitable for PCR amplification and stored at 

-20°C for subsequent use. 

2.3.2. Polymerase Chain Reaction Amplification 

The genes (tcaA, tcaB, tcaR) were detected in bacterial isolates by polymerase chain reaction 

(PCR). Primers were designed using the Primer BLAST, which was used to precisely design the 

new primers' exact gene sequence for optimization, as in Table 1. 
Table 1. Primer Sequences and Product Size of the Genes Used in the Study. 

Target Gene Sequence Of Primer (5'—3') Product Size/ bp Reference 

tcaA (R) 

tcaA (F) 

CTGCAAAATCACCGTTCTCA 

GCACCTACCAAGCAACCAAT 
178 This Study 

tcaB (R) 

tcaB (F) 

TGCCATTGGAGCATTATCAA 

CGCCCAGTTGAATCTGAAAT 
165 This Study 

tcaR (R) 

tcaR (F) 

GGTGTAAATAAGGCCGCAGT 

GCGCAATATCTGTCATAATCG 
172 This Study 

 

By electrophoresis at 70 volts for 2 hours on a 1.5% agarose gel, the polymerase reaction 

products were resolved. The agarose gel was stained with ethidium bromide dye, and the agarose 

gel was monitored by ultraviolet light to confirm the presence of the target genes according to 

their sizes (tcaR = 172), (tcaB = 165), (tcaA = 178). 

2.4. Statistical Analysis 

The impact was identified using the statistical analysis IBM SPSS Statistics 29 software. The 

study parameters were influenced by multiple variables. 

 

3.  Results 

3.1. Isolation and identification 

From 160 samples, Staphylococcus aureus was identified and isolated. This resulted in 25 

isolates. On mannitol salt agar, the bacteria constituted 15% of the total sample, which was 

cultured after 24 hours. After 24 hours of incubation at 37°C, colonies appeared golden yellow 

when cultured on mannitol salt agar, and conventional biochemical tests and a Vitek apparatus 

were used to confirm the presence of S. aureus. When cultured on blood agar, S. aureus 

exhibited beta-hemolytic activity, meaning it lyses red blood cells in the surrounding 

environment. A transparent halo appeared around the colony as a result of hemolysis of 

hemoglobin, indicating that it lyses red blood cells in the surrounding environment. 

3.2. Antibiotic susceptibility 

Antibiotic susceptibility tests were performed using the Vitek system, and the results indicated 

resistance to moxifloxacin (0%), inducible clindamycin resistance (0%), linezolid (0%), 

tigecycline (0%), trimethoprim/sulfamethoxazole (0%), tobramycin (4%), levofloxacin (4%), 

nitrofurantoin (4%), gentamicin (8%), rifampicin (68%), erythromycin (72%), fusidic acid 

(76%), teicoplanin (80%), tetracycline (80%), clindamycin (88%), vancomycin (92%), cefoxitin 

screen (100%), benzylpenicillin (100%), and oxacillin (100%), as shown in Figure 1. 
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Figure 1. Resistance percentage of isolates for each antibiotic. 

 

3.3. Detection of TCA Genes 

Electrophoresis was used to detect the presence of teicoplanin-related genes (tcaA, tcaB), and 

polymerase chain reaction (PCR) results showed that all S. aureus isolates were positive for both 

tcaA and tcaB genes (Figures 2-4). 

 
Figure 2. Gel Electrophoresis of the tcaA Gene of Staphylococcus Aureus Isolates Using 1.5% Agarose Gel 

Electrophoresis (70 Volts For 2 Hours). M:100 Pb Ladder Marker, Lanes 1-25 Resemble PCR Products. 
 

 
Figure 3. Gel Electrophoresis of the tcaB Gene of Staphylococcus Aureus Isolates Using 1.5% Agarose Gel 

Electrophoresis (70 Volts For 2 Hours). M: 100 Pb Ladder Marker, Lanes 1-25 Resemble PCR Products. 
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Figure 4. Gel Electrophoresis of the tcaR Gene of Staphylococcus Aureus Isolates Using 1.5% Agarose Gel 

Electrophoresis (70 Volts For 2 Hours). M:100 Pb Ladder Marker, Lanes 1-25 Resemble PCR Products. 

 

The results showed that all 25 isolates (100%), and that the genes (tcaA, tcaB, tcaR) were present 

in all S. aureus isolates. 

3.4. Correlation between antibiotic resistance especially glycopeptide antibiotic and presence of 

TCA genes 

     A relationship was also demonstrated between the presence of antibiotic resistance of the 

isolate and the presence of the genes. The results showed that all genes were found in the isolates 

and showed resistance to the isolates, but the highest resistance was to teicoplanin and 

vancomycin, as shown in Table 2. 
Table 2. Correlation Between the Presence of tcaA, tcaB, and tcaR Regulated Genes and the Number of Antibiotic-

Resistant Isolates. 
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4.  Discussion 

Through the results obtained, it was found that all isolates of Staphylococcus aureus 

possessed the tcaA resistance genes. The presence of these genes in all isolates indicates the 

importance and role of these genes in the resistance of these bacteria. This is what was observed, 

as most of the isolates showed multiple resistance to most of the antibiotics used in the study, 

and most of the isolates were resistant to the glycopeptide group, such as teicoplanin and 

vancomycin, meaning that most of the isolates were of the VRSA type 
1,10,18,20,21

.  It was found 

that all 25 (tcaA, tcaB, tcaR) genes in S. aureus (100%) were identified, confirming their 

important role in bacterial virulence. These genes are part of the tcaRAB operon associated with 

immune evasion, biofilms, and teicoplanin resistance 
20

. The complete identification of these 

genes in our analysis is consistent with the results of other studies ,tcaA and tcaB were detected 

in 98% and 95% of isolates, respectively, while tcaR was found in 90% 
22

. Similar molecular 

detection methods were used to study resistance genes in MRSA 
22,23

. If there is a difference in 

the distribution of bacterial strains or differences in the sources of clinical samples, those factors 

may lead to a slight difference in the prevalence of tcaR. concluded that tcaA and tcaB are 

responsible for the formation of biofilms, which is consistent with their results 
24

. Similar 
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findings were reported in Iraq, where the presence of biofilm-related genes such as icaA and 

icaD in MRSA isolates was confirmed, This was demonstrated in a study published in the Iraqi 

Journal of Biotechnology, where all MRSA isolates harbored both icaA and icaD genes, 

indicating their role in biofilm formation.
24,25

. It has also been shown that these genes are 

essential in the production of extracellular matrix components for the structure of biomembranes 
26

. Due to the presence of these genes in all isolations, these bacteria in this study are 

characterized by high abilities in the occurrence of harm, as well as because of the biological 

membranes and the immune response of the host 
20

. The detection of these genes by the use of 

polymerase chain reaction has been shown to be a guaranteed way to identify potential S. aureus 

strains of antibiotics and resistance 
27

. The disruption of tcaRAB leads to an increase in the 

resistance of teicoplanin, indicating that these genes play an important regulatory role in 

antibiotic sensitivity 
28

. In another local study, S. aureus isolates resistant to most antibiotics 

were detected, with a ratio of 93.30% for penicillin and tetracycline and 53.30% for vancomycin 
29

. The complete presence of these tcaRAB genes is considered to mean that these strains have a 

stable virulence profile, and this affects their ability to continue in clinical infection 
30

. Overall, 

these studies contribute to the importance of these molecular methods in causing bacterial 

diseases. The full explanation of these genes suggests that they are likely to be potential targets 

for new treatments in order to control S. aureus infection 
22,31

. The genes tcaA, tcaB, and tcaR 

and their role in teicoplanin resistance. The tcaA gene plays an important role in modifying the 

structure of the bacterial cell wall. This gene reduces the ability of teicoplanin to bind to 

peptidoglycan chains. This makes bacteria less sensitive to antibiotics. Disruption of this gene, as 

shown by studies, leads to an increase in the sensitivity of bacteria to teicoplanin; this makes the 

tcaA gene important in resistance to antibiotics 
31,32

. While the tcaB gene has a role in the 

production of proteins, by changing the structure of the cell wall or by pumping the extracellular 

antibiotic that helps bacteria to avoid the effects of teicoplanin. This is part of the mechanisms 

developed by bacteria to resist antibiotics. Studies have also shown that this gene helps bacteria 

survive in the presence of teicoplanin and that the role of the tcaR gene is an important regulator 

of the expression of both tcaA and tcaB genes and that the increase in excess of tcaR increases 

the resistance of bacteria to the antibiotic teicoplanin 
20,22

. Studies have also shown that 

disrupting this gene leads to an increase in bacterial sensitivity to the antibiotic, indicating that 

tcaR plays a regulatory role in antibiotic resistance 
1,24

. 

 

5. Conclusion 

We conclude from the results of these studies that tca genes are related to the burden of 

resistance of Staphylococcus aureus to antibiotics, especially the glycopeptide group, as most of 

the isolates containing these genes were resistant to glycopeptide antibiotics because these genes 

play a role in modifying the target area on which these antibiotics act. 
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