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Case Report 

Detection of Pseudomonas aeruginosa pus 
wound isolate using a polymerase chain 
reaction targeting 16S rRNA and gyrB genes: 
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Abstract 
Infectious wounds on the skin surface are easily colonized by bacteria from pyogenic group 

that manifest as inflammation, such as Pseudomonas aeruginosa. P. aeruginosa is a 

Gram-negative bacterium and an opportunistic pathogen known for causing invasive state 

in critically ill and immunocompromised patients. The aim of this study was to detect the 

16S rRNA and gyrB genes in P. aeruginosa using polymerase chain reaction (PCR) 

method. The sample in this study was pus isolate from a 5-year-old boy with leg wounds. 

The bacteria were isolated on brain heart infusion broth (BHIB) media and identified with 

molecular identification. Sequencing and BLAST analysis were carried out to determine 

the similarity of gene identity by comparing sample sequence with other isolate sequences 

on the Gene Bank. The results of molecular identification showed amplification DNA band 

of around 934 base pairs (bp) for 16S rRNA and 225 bp for gyrB gene. The BLAST program 

demonstrated that the sample had 99.89% similarity with P. aeruginosa strain XC4 

(accession code ON795960.1) for the 16S rRNA gene. Meanwhile, the gyrB gene exhibited 

99.10% similarity with the P. aeruginosa strain PSA-1.2 (accession code KP172300.1). 

Keywords: Pseudomonas aeruginosa, 16S rRNA, gyrB, PCR, sequencing 

Introduction 

Wounds represent damage to the normal anatomical structure and function of the skin due to 

pathological processes originating both internally and externally that affect specific organs [1]. 

Bacterial infection of a skin wound is a primary cause of delayed wound healing with high 

bacterial levels impending wound healing process [2]. A study has predicted that antimicrobial-
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resistant pathogens infection may result in 10 million annual deaths by 2050 [3]. Bacterial 

infection is typically accompanied by inflammation, which when it is persistent, can lead to cell 

death, tissue necrosis and further injuring surrounding soft tissues [4]. Additionally, excessive 

inflammation response is a significant factor in delayed wound healing and may precipitate severe 

complications [5]. Pus is a protein-rich fluid and byproduct of inflammatory process that is 

formed by leukocytes, extracellular fluid, and cellular debris. Prolonged pus formation indicates 

the continued presence of bacteria in the wound area [6]. In contrast to other forms of traumatic 

injury, the microenvironment of wounds is more complex, leading to a greater susceptibility to 

bacterial colonization and significant exudate production, both of which contribute to delayed 

wound healing [7].  

Pseudomonas aeruginosa is a Gram-negative bacterium and one of the leading causes of 

opportunistic infections (e.g., wound infection, eyes, and respiratory system) that can spread 

systematically through the bloodstream, causing bacteremia, multiple organ failure, and death 

[8,9]. The 16S rRNA is an essential genes for determining P. aeruginosa bacteria through its 

genetic characteristic based on 16S DNA ribosomes [10]. Antibiotic resistance by P. aeruginosa 

can be influenced by several factors, including the presence of gene mutations in the DNA gyrase 

(gyrB) subunit. Many studies have utilized gyrB gene as a target for detecting P. aeruginosa due 

to its specificity that allows for accurate detection of the microorganism [11-13].  The gyrB is a 

gene that encodes the ATPase domain of DNA gyrase, an essential enzyme for DNA replication 

that contribute to the virulence of bacteria and have been employed as molecular tools for 

bacterial species identification and phylogenetic analysis [14].  

It has been reported that the gyrB gene is a reliable polymerase chain reaction (PCR) target 

in the detection of P. aeruginosa detection [11]. PCR is a molecular technique to identify 

infectious diseases and has numerous advantages [15]. These advantages include producing 

accurate, fast, and specific product amplification, requiring a small number of samples, and 

overcoming the shortcomings of conventional diagnostics [16]. The aim of this study was to detect 

P. aeruginosa from a pus wound isolate from a child using PCR based on 16S rRNA and gyrB 

genes.  

Case 
The bacteria were isolated from a wound on the injured leg of a 5-year-old boy from 

Kedungmundu, Semarang, Indonesia, who suffered an iron nail puncture in leg that was not 

treated properly. After several days, the signs of infection appeared, including reddish swelling, 

pus production, and pain at the wound site. Bacterial isolation was performed using nutrient and 

MacConkay agar by employing the scratch method to obtain separate colonies and incubate them 

in the incubator at 37°C for 24 hours. Gram staining was then conducted following standard 

protocol [17].  The characteristics of isolated bacteria colonies in nutrient and MacConkey agar 

are shown in Figure 1A-1B and Table 1. On nutrient agar, the colonies were circular, greenish, 

and medium-sized, with entire edges, a raised elevation shape, and smooth consistency. On 

MacConkey agar, the colonies were circular, greenish, and medium-sized, with undulated or 

uneven edges, a convex or convex elevation shape, smooth consistency, and non-lactose 

fermenting.  The bacteria staining resulted in red color with a solitary arrangement (Figure 1C). 

 

 

 

 

 

 

 

Figure 1. Characteristics of the isolated bacteria on nutrient agar media (A), MacConkey agar 
(MCA) media (B), and Gram staining (C). 
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Table 1. Colony and cell morphology of pus wound bacterial isolate 

Isolate characteristic Result 
 Nutrient agar  MacConkey agar  
Colony shape Circular Circular 
Colony elevation Raised Convex 
Colony size Medium Small-medium 
Colony edges Entire Undulate 
Colony color Green Green 
Gram staining Gram negative Gram negative 
Cell shape Bacilli (rods) Bacilli (rods) 

 

DNA extraction and quantification were subsequently conducted using the MCA culture 

results. The bacteria were inoculated on brain heart infusion broth (BHIB) media and incubated 

at 37°C for 48 hours. DNA extraction was conducted using Geneaid Presto Mini gDNA Bacteria 

Kit (Genetika Science, Tangerang, Indonesia). The purity of the extracted genomic DNA was 

assessed using a NanoDrop spectrophotometer (Maestrogen Pro, Las Vegas, USA), which 

measures DNA purity against contaminants by analyzing the A260/280 absorbance ratio of the 

DNA sample.  

The PCR amplification was carried out with a mixture consisted of 12.5 µL master mix, 

forward and reverse primer each 2 µL, DNA template 2 µL, and nuclease-free water 6.5 µL. The 

PCR program included pre-denaturation 95°C for 4 min, denaturation 95°C for 30 s, annealing 

58°C (16S rRNA) and 62°C (gyrB) for 30 s, extension 72°C for 1 min with 35 cycles, and final 

extension 72°C 5 min as recommended previously [18]. Published primers were used to amplify 

the 16S rRNA [10] and gyrB gene [19]. PCR products were electrophoresed on a 2% agarose gel 

by mixing 8 µL of the PCR product with 2 µL of loading dye and visualized with a UV 

transilluminator. Gel electrophoresis yielded two bands ~934 and ~225 base pairs for 16S rRNA 

and gyrB, respectively.  

The subsequent sequence was performed using the BigDye Terminator v3.1 Cycle 

Sequencing Kit (ThermoFisher Scientific, CA, USA) and an ABI PRISM 3730xl Genetic Analyzer 

(Applied Biosystems, USA). Sequence analysis was conducted using BioEdit software DNA Base 

Assembler 7.2.5 version (UNT Art and Sciences, Denton, TX, USA), and the generated sequences 

were matched with data in the Basic Local Alignment Search Tool (BLAST) on National Center 

for Biotechnology Information (NCBI), National Institute for Health, USA to identify the type of 

bacterial species. Our data indicated that the sequences were more than 99% similar to P. 

aeruginosa (Table 2). 

Table 2. BLAST gene 16S rRNA and gyrB results 

Genes Description Scientific name Percentage 
identity (%) 

Length 
(bp) 

Accession number 
of the comparator 

16S rRNA Pseudomonas 
aeruginosa 
strain XC4 16S 
ribosomal RNA 
gene, partial 
sequence. 

Pseudomonas 
aeruginosa 

99.89 1411 ON795960.1 

gyrB Pseudomonas 
aeruginosa 
strain PSA-1.2 
gyrase B (gyrB) 
gene, partial 
cds. 

Pseudomonas 
aeruginosa 

99.10 539 KP172300.1 

 

A phylogenetic tree analysis was carried out using the Molecular Evolutionary Genetics 

Analysis (MEGA) Version 11 (Mega XI Software, USA) to determine the relationship between 

bacterial species. The phylogenetic of P. aeruginosa isolate BP-1 (Boy's pus 1) was analyzed based 

on the similarity of the 16S rRNA sequence using the Neighbor-Joining method with the Tamura-

Nei algorithm and a bootstrap of 1000 repetitions. The phylogenic analysis of the isolated bacteria 

based on 16S rRNA gene is presented in Figure 2. The BP-1 sample had a great relationship with 
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Pseudomonas sp. from Gene Bank using Acinetobacter lactucae. A similarity of 99.89% was 

identified for BP-1 bacterial isolate, confirming it as P. aeruginosa. 

 

 

Figure 2. Results of phylogenic analysis of the 16S rRNA gene of the BP-1 sample isolated from 
the patient.  

Discussion 
We reported a case of a 5-year-old boy with a leg infection due to improper management. A 

sample was collected from infected wound with pus production. Our nutrient agar culture 

indicated that bacterial colonies produced pyoverdine pigment, which gives the media a greenish 

color. This phenomenon aligns with previous reports that P. aeruginosa produced various 

pigments, such as pyocyanin (greenish blue) and pyoverdine (yellowish-green 

fluorescent pigment) [20]. In addition, the colonies were unable to ferment the lactose (non-

lactose fermenter) and Gram staining confirmed the presence of Gram-negative bacteria 

consistent with previous report for P. aeruginosa [21,22]. PCR amplification and electrophoresis 

yielded the DNA band sizes of ~934 bp for 16S rRNA and ~225 bp for gyrB gene, consistent with 

previous studies [10,19]. The amplified DNA had sufficient concentration to indicate that the 

sample underwent DNA amplification using primers for each gene. The suitability of the primers 

and the efficiency of the PCR process contributed mainly to the success of PCR technique. 

Our sequencing and BLAST indicated that the sample had a 99.89% resemblance to P. 

aeruginosa strain XC4 (access code ON795960.1) for the 16s rRNA gene and a 99.10% similarity 

to P. aeruginosa strain PSA-1.2 (accession code KP172300.1) for gyrB gene sequence (Table 2). 

The phylogenetic analysis results indicated that the 16S rRNA gene of the sample was similar to 

the P. aeruginosa strain XC4 gene (access code ON795960.1) (Figure 2). Based on these results, 

the pus isolate was confirmed as P. aeruginosa according to the base sequence of the 16S rRNA 

and the gyrB genes. The 16S rRNA gene is one of the important genes for determining bacteria 

through its genetic factors due to its conversed (sustained) region, making it suitable for the use 

of PCR and sequencing analysis for taxonomy, phylogeny, and species diversity studies [23]. The 

16S rRNA gene is located at the 5' terminus and codes for the formation of ribosomal RNA in a 

small ribosomal subunit separated by a spacer region called intergenic spacer region (ISR), which 

will form transfer RNA (tRNA) and plays a role in the process of protein synthesis [10]. The gyrB 

gene is a specific gene for P. aeruginosa and many studies have used it as a target for detecting 

P. aeruginosa due to its specificity, allowing for accurate microorganisms detection [11-13]. gyrB 

is a gene that encodes the ATPase domain of DNA gyrase, an enzyme essential for DNA replication 

[11]. These genes contribute to bacterial virulence and have been used as molecular tools for 

bacterial species identification and phylogenetic analysis [14,24,25,26]. The use of 16S rRNA and 
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gyrB genes could facilitate the diagnosis, treatment, and prevention of infection cases because of 

P. aeruginosa in Indonesia. 

This case has limitations, as the patient was not monitored for antibiotic treatment until the 

wound healed, and only molecular identification of the pus sample using the 16S rRNA and gyrB 

gene was performed. Future research could focus on monitoring wound treatment until the 

healing phase and investigating other types of virulence genes. 

Conclusion 
Molecular identification based on the 16S rRNA and the gyrB gene indicated that the isolate from 

the wound infection was P. aeruginosa, with 99.8% and 99.1% similarity for the 16S rRNA and 

gyrB gene, respectively. The isolate was identified as Pseudomonas aeruginosa strain BP-1 (Boy's 

pus 1). The use of 16S rRNA and gyrB-based PCR could be used to detect P. aeruginosa and holds 

potential for development to identify other bacteria in advanced health centers in Indonesia. 
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