Characterization of Gastric Ulcer Associated Bacteria and Their Virulence Genes by PCR
Abstract

      The bacterium that is associated with the development of various conditions of gastric illness is Helicobacter pylori. It is resistant to many treatments because it tolerates acidic environments. Over time, when it does not respond to treatment, it causes gastric ulcers, atrophic gastritis, and ultimately stomach cancer. The present study focuses on the isolate and identify samples of stool collected from 200 sick persons presenting a clinical picture of gastric ulcer symptoms. These samples were subjected to bacteriological culture to isolate Helicobacter pylori. Following the initial isolation, molecular identification by PCR for the bacterium. This combined approach allowed for accurate detection and verification of the pathogen in symptomatic individuals, as well as detecting the genes responsible for the virulence caused by these bacteria, such as cagA, vacA, and ureC, through Gram staining, biochemical assays, and PCR tests targeting the cagA, vacA, and ureC genes. Of the 200 stool samples, 125 showed positive results for H. pylori colonies in males and 75 in females on agar plates, which were confirmed by Gram staining and biochemical assays. Genomic DNA of Helicobacter pylori was taken based on the cetyl trimethyl ammonium bromide protocol (CTAB). Nested PCR was performed using specific primers (HP-F and HP-R), (cagA-F and cagA-R), (vacAs1 and vacAs2), (vacAm1 and vacAm2), and (VacAF and VacAR) sets for the ureC gene, as well as the virulence genes cagA and vacA, which were targeted for molecular detection. The presence and molecular weights of these genes were confirmed by analyzing DNA bands obtained through gel electrophoresis following PCR amplification. The PCR results demonstrated isolates with H. pylori contain genes (cagA, vacA, & ureC).The top incidence of H. pylori infection, alongside detection of these virulence factors, was closely associated with the development of peptic ulcer disease.
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Introduction

Gastric ulcers have a considerable impact on global health, affecting a vast number of individuals every year [1, 2, 3]. Ulcers are painful sores that can occur in the mucosa or skin and are characterized by the sloughing of inflamed, soft, dead tissue [4, 5, 6, 7]. The bacteria H. pylori play a critical part in the onset and progression of gastric ulceration [8, 9]. Resulting from the breakdown of the protective mucosal lining and extending beyond the muscularismucosa, gastric ulcers are typically larger than 5 mm and have visible depth [10, 11, 12]. These Gram-negative bacteria invade the gastric mucosa, causing damage to the stomach lining tissue & consequently contributing to the development of stomach ulcer disease [13, 14]. Much research has indicated that approximately 75% of people suffering from stomach ulcers were infected with H. pylori [15]. Among the characteristics that make Helicobacter pylori resistant and able to survive, its capability for surviving in the highly acidic conditions of the stomach, along with its efficiency in adhering to the gastric lining, makes it a highly effective pathogen. This makes Helicobacter pylori a potentially serious health threat if left untreated. It was a Gram-negative, spiral-shaped bacterium capable of surviving in harsh gastric conditions. Therefore, identifying the primary causative agent of gastric ulcers is essential for guiding effective and accurate treatment strategies [17, 18]. The traditional methods used to diagnose a person infected with Helicobacter pylori bacteria, such as culture, histological examination, and biochemical and biological methods, require a long time and intensive work to obtain a healthy result. [20, 21, 22]. It is well known that infection attacks humans and impacts more than half of the people. The spread of this disease varies between people depending on their economic and health status, and the incidence of this disease is notably higher in developing nations, where socioeconomic conditions are often poor (about 80%), although in developed countries it is about 41%. This disease may be acquired since childhood, but the patient does not show any symptoms. Many infected individuals do not have any obvious symptoms. It may be discovered when the ulcer is in an advanced stage, and about 31% of those infected show mild to severe symptoms. Acute due to inflammation of the upper part of the stomach, a stomach ulcer, a tear in the stomach lining, or cancer. [23]. Helicobacter is a curved bacillus that belongs to the Gram-negative bacteria. It thrives in environments with moderate levels of oxygen and possesses a lipid structure that protects its 4 to 8 polar flagella. Helicobacter bacteria are known to create urease, catalase, and cytochrome oxidase. Various methods are employed for diagnosing infection of H. pylori, including direct methods such as tissue pathology and immunohistochemistry. (IHC), or (RUT). These techniques, in addition to cultivation, provide useful data on genetic structure and antibiotic resistance. As for the indirect methods, breathing testing and stool antigen testing (SAT), which are more effective in determining active infection and testing antibodies, especially serology, are widely used but do not determine the strain.[26]. The etiology of stomach ulcer disease is largely related to the genes or virulence factors possessed by these bacteria, such as genes stimulated by contact of the bacteria with the luminal epithelium, such as the gene responsible for vacuolated cytotoxin (Vac A) and the gene responsible for cytotoxin (Cag A). VacA gene toxin contributes to the generation of intracellular sacs within the gastric cell membrane, promoting the colonization of Helicobacter pylori within the stomach lining [27]. As a result, molecular techniques have gained increasing importance for the rapid and precise identification of H. pylori and associated virulence factors. Compared to conventional diagnostic approaches, these molecular methods offer greater sensitivity and specificity than other techniques. PCR is important for determining high sensitivity and specificity as well as identifying the target gene. [28, 29]. Moreover, PCR enables the identification of specific genes associated with bacterial virulence, shedding light on the pathogenic mechanisms underlying gastric ulceration. In this context, the study focuses on the isolation, diagnosis & identification of genetic bacteria causing gastric ulcers, with a particular emphasis on H. pylori, using the PCR technique. [30, 31]. Recently, PCR targeting H. pylori-specific genes has emerged as an alternative diagnostic approach, often utilizing DNA obtained from stomach biopsies or gastric secretion, and a complex array of chemicals and bacteria can be found in stool samples, which may cause problems with PCR analysis. However, the precise isolation process and use help the process of isolating DNA effectively. The aim of PCR, which has shown good sensitivity in identifying H. pylori, and of identifying and characterizing the bacteria causing gastric ulcers, paves the way for targeted therapeutic interventions.[32]. By isolating and characterizing the causative bacteria, we aim to enhance our understanding of the microbial etiology of gastric ulcers and pave the way for targeted therapeutic interventions. [33]. PCR-based identification of virulence genes has innovative importance and personalized treatment plans for each patient according to the bacterial genetic cause [34, 35, 36, 37]. H. pylori relies on its urease enzyme to buffer the acidic conditions of the stomach, facilitating its colonization. It then uses its cohesion molecule to attach to receptors on epithelial cells in the stomach wall. [38, 39, 40, 41] This cascade triggers the activation of the gastric epithelial layer's innate immune response and neutrophils, which cause stomach ulcer formation. A toxin, which forms pores, not only induces vacuole formation in the stomach epithelial layer and cells of the inner wall but also aids in colonization of H. pylori in the stomach. [42, 43, 44, 45]. In an effort to enhance patient outcomes and alleviate the burden of this debilitating condition, the present study seeks to contribute to the advancement of precision medicine in the diagnosis and management of gastric ulcers. Specifically, PCR is employed to detect clinical samples by targeting key virulence genes in Helicobacter pylori, including cagA, vacA, and ureA.
  Methodology:  
Research community:

The study was conducted in Iraq's Kirkuk General Hospital from January 1st, 2023, until June 1st, 2023. Two hundred individuals with symptoms similar to gastric ulcers—such as heartburn, indigestion, weight loss, nausea, and appetite loss—have been enrolled in the study.

Sampling:

 The study included 200 patients.125 men and 75 women who came to the aforementioned institution for medical consultation had their stool samples taken. These individuals displayed symptoms, including heartburn, indigestion, weight loss, nausea, and appetite loss, that are typical of stomach ulcers. 
                                                   
  The cultural analysis
The samples of stools were taken and stored at 4°C. The sample was diluted to a 20% suspension using phosphate-buffered saline (PBS), after which larger particles were removed by filtration through a 250-micrometer mesh filter. Agar plates with 5% sheep blood were made using tryptic soy medium by liquating 200 μl of the suspension. The importance of blood is the presence of nutrients necessary for bacterial growth, blood breakdown, and glucose production, and it is a source of carbohydrates for bacteria to produce energy. [46]. Following isolation, plates were incubated at 37°C for a 72-hour period. To confirm a presence for H. pylori isolates, cultures were then exposed to a microaerophilic atmosphere composed of 5% oxygen, 10% carbon dioxide, and 85% nitrogen. Then the traditional tests were done. Including Gram stain and biochemical tests to determine the production of catalase, oxidase, and urease. Then a PCR test for the molecular confirmation of H. pylori gene presence [47, 48]
Extraction H. pylori DNA:

Bacterial genomes were obtained using the CTAB protocol.[49]. First, the loop containing the suspension in distilled water 1.5 ml containing bacteria and centrifuged at ten minutes for 1000 × g. Following the removal of the filtrate, buffer 270 μl of T/E, 30 μl of 10%, SDS , 5 μl of proteinase K were added to an Eppendorf tube. Mixture at 50°C incubated overnight. Before incubation, A volume of CTAB/NaCl 80 μl of was added to the tube as a solution  , the mixture then rewarmed at 65°C in water bath. Subsequently, M NaCl 100 μl of 5  was added, and a tube vortexed thoroughly before being in 60°C for 12 minutes incubation. After incubation, chloroform isoamyl alcohol of 200 μl at (24:1) was added and mixed thoroughly by vortexing. Then solution for 10,000 × g at a quarter of an hour  was centrifuged of 10°C to separate phases, then  the aqueous phase was carefully collected for further processing. After that, it was placed in another tube and to precipitate the DNA isopropanol was added, in 30 minutes of incubation of −20°C, a test tube at 12,000 × g for 10 minutes at 4°C was centrifuged. Then after removing excess fractions, pellet was resuspended within a tube containing 1 ml of cold ethanol of 70%. Sample was centrifuged once more of 12,000 × g at additional 5 minutes at 10°C. Following air drying, 50 μl of T/E buffer added to the pellet of DNA, and the mixture at 37°C for 30 minutes was incubated. DNA integrity and compaction were then assessed using gel electrophoresis under a microscope. Helicobacter Pylori Isolation study.
                     .                                                                                              .
Identification  of Helicobacter pylori Virulence Genes: cagA, ureC, & Mosaic vacA

    PCR was employed in this study to identify isolates for H. pylori carrying the vacA, ureC, and cagA genes, which are critical virulence factors involved in the pathogenesis of gastric ulcer disease. Nested PCR reactions were conducted using specific primer sets that were selected based on previously published studies and are detailed in Table 1. (Table 1). [50, 51]...
    
Table 1: H pylori amplification primer pairs                                                       .                                                    

	primers
	genes
	Sequence of primers
	Product length
	References

	HP-F
HP-R
	ureC

	F: ATAAGCTTTTAGGGGTGTTAGGG
R:GCTTACTTTCTAACACTAACGCG
	294 bp
	[52]

	cagA-F
cagA-R
	cagA
	F: GAT AAC AGG CAA GCT TTT GA
R:CTG CAA AAG ATT GTT TGG CAG 
	352 bp
	[53]


	vacAs1
vacAs2

	vacA

	F: AGG AATATTGGCACACTGGATTTG
R: ACTCTCGCTTGATTGGACAGATTG

	259 bp
	[54]

	vacAm1
vacAm2
	
	F: CAATCTGTCCAATCAAGCGAG
R: GCGTCAAAATAATTCCAAGG

	290 bp
	
[54]

	VacAF
VacAR
	
	F: ATGGAAATACAACAAACACAC 
R: CTGCTTGAATGCGCCAAAC
	352 bp
	
[55]





PCR reaction conditions:

Each reaction of PCR was prepared at an end volume of 50 μl, containing 2.5 units of Taq polymerase DNA, 0.2 mM dNTPs, 1.5 mM MgCl₂, & 10 mM Tris-HCl, with a total nucleotide content of 25 nmol. For each primer pair, the amplification protocol included the first denaturation for 3 minutes at 94°C, followed by 35 cycles consisting of denaturation at 94°C for 30 seconds, extension, and annealing at 94°C, 58°C, & the final phase at 72°C, which lasted 10 minutes. Using 1.5% agarose gels and ETBR stain, to visualize the PCR results gel electrophoresis was used.

                                                                                                      
Results:

Out of a total of 200 samples cultured on tryptic soy agar plus sheep blood, 125 samples from males and 75 from females showed positive results by forming colonies on the medium. H. pylori colonies were identified based on their characteristic appearance, including being clear, round, with smooth edges and a convex shape, and their diameter ranges from 0.5 to 1.5 mm. The identification process included performing a positive urease test on Christensen's urea agar, a positive catalase test using H₂O₂, and observing the typical curved shape of the bacteria. After dyeing it purple. These characteristics prove the colonies of isolated were identified as H. pylori, a finding corroborated using Gram staining, which revealed the expected morphological features of the organism.

PCR Results                                                                                                              	
  The following gel electrophoresis images show the PCR results of the nested test using the specific primer and sets listed in Table (1) of Five primers for PCR tests were performed after the culture step to isolate the virulence genes responsible for causing peptic ulcer disease. Image (1) gel electrophoresis of PCR amplification for H. pylori DNA depending on primers HP-Fm and HP-Rm. Lanes: M, 1000 bp DNA ladder; lane 2 is negative; lanes 1, 3, 4, 5, and 6 are positive with amplification of size at 294 bp. Image (2) PCR amplification of H. pylori DNA utilizing gel electrophoresis and cagA-F and cagA-R primers. Lanes: M, 1000 bp DNA ladder; lane 3 is a negative; lanes 1, 2, 4, 5, and 6 are positive with an amplification length of size 352 bp. Image (3) gel electrophoresis of PCR amplification for H. pylori DNA depending on vacAs1 and vacAs2 primers. Lanes: M, 1000 bp DNA ladder; 1, 2, 3, 4, and 5 are positive with amplification of size 259 bp. Image (4) gel electrophoresis of PCR amplification for H. pylori DNA depending on vacAm1 and vacAm2 primers. Lanes M, 1 kb bp DNA ladder; lane 1 and 3 are negative; lanes 2, 4, 5, and 6 are positive, showing amplification of size 290 bp.
.                                                                                              

[image: ]
Image (1)   gel electrophoresis  of PCRr amplification  for  H. pylori DNA depending on primers HP-Fm and HP-Rm. Lanes: M, 1000 bp DNA lader; lane 2 is negative ;lanns 1, 3, 4, 5,6 are positive with amplification of size is 294 bp 
                                    
.[image: ]
Image (2)  )   gel electrophoresis  of PCRr amplification  for  H. pylori DNA depending on cagA-F and cagA -R primers. Lanes: M, 1000  bp DNA lader; lane 3 is a negative; lane  1, 2, 4, 5, 6 are positive with amplification length of size 352 bp  
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Image (3) gel electrophoresis of PCR amplification  for  H. pylori DNA depending on vacAs1  and vacAs2  primers . Lanes: M, 1000 bp DNA lader; 1, 2,3, 4, 5, are positive with. amplification  of size 259 bp.    
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 Image (4) gel  electrophoresis of PCR amplification  for  H. pylori DNA depending on vacAm1  and vacAm2  primers .Lanes M, 1kb bp DNA lader; lane1, 3 are negative; lanes 2,4,5,6 are positive showing amplification of size 290 bp 
                   . 
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Image (5)  gel electrophoresis  of PCR amplification  for  H. pylori DNA depending on vacAF and vacAR primers .Lanes: M, 1000bp DNA lader; lane 3 is  negative; lanes 1,2,4,5 are positive with amplification of size is 352 bp 
                                       .
Discussion

This research included isolating and diagnosing the bacteria that cause stomach ulcers, specifically H. pylori, and identifying the genes that cause them using polymerase chain reaction technology. [56]. H. pylori was typically isolated and diagnosed during sample collection, which included stool samples from infected patients. [57] H. pylori bacteria were cultured under specific conditions, such as a microaerobic environment with high humidity and temperatures around 37°C. Specialized media such as tryptic soy agar supplemented with antibiotics were used to inhibit other bacteria and promote the growth of Helicobacter pylori [58, 59]. The samples were examined to determine the activity of urease, an essential enzyme activity commonly observed in Helicobacter pylori. Isolates were identified by staining and microscopically analyzing them to confirm their typical curved shape [60]. Polymerase chain reaction (PCR) was employed to amplify specific genes of Helicobacter pylori, including ureC, vacA, & cagA. [61]. The causative genes were identified using the technique PCR because various genes in Helicobacter pylori are associated with virulence and pathogenesis, such as vacA (vacuolar cytotoxin A-related gene) and ureC (urease subunit C) [62]. To confirm the quality of genomic extracted DNA from H. pylori cultures, methods of standard PCR utilizing primers have been developed to be complementary to specific parts of target genes. [63], which typically included denaturing, annealing, and extension steps optimized for the specific primers. [64]. Confirmation of the target genes’ amplification was based on the expected fragment sizes. Subsequently, PCR results were separated by agarose gel electrophoresis. To ensure the accuracy of the results and achieve objectives in this research, the identities of the amplified genes were confirmed through sequencing of PCR products. [65]. Identification of H. pylori and the virulence genes based on PCR helps in accurate diagnosis and treatment planning for stomach ulcers and associated conditions. [66] The genetic variability and distribution patterns of virulence genes within H. pylori strains have a crucial benefit in epidemiological investigations and the development of targeted therapies. PCR successes relate to the quality and extracted DNA quantity, which can be affected by sample collection and storage conditions. This research required reducing misleading results and errors for the purpose of obtaining accurate results and improving the state of PCR and adhering to ethical standards when working with biological samples and human participants in the study. [67]

Conclusion 
      	
	Identifying the genes responsible for stomach ulcers using PCR technology and isolating and diagnosing the causative bacteria, especially Helicobacter pylori, constitutes a major advance in medicine and microbiology. It included isolating Helicobacter pylori bacteria after sampling, cultivating them under specific conditions, and using selective media to ensure accurate identification. Rapid urease tests, PCR-based methods, and histopathology are diagnostic techniques that further verify infection and measure virulence. PCR is particularly sensitive and specific in identifying specific genes such as vacA, cagA, and ureC—associated with Helicobacter pylori pathogenicity. This molecular technique supports the study of strain diversity, epidemiology, and therapeutic approaches and helps in correct diagnosis. However, difficulties including poor sample quality, the possibility of false results, and ethical considerations highlight the necessity of strict procedures and interpretations. Overall, PCR-based genetic identification, diagnosis, and isolation are expanding our knowledge of gastric ulcers and their treatment, opening the door to more focused treatments and better outcomes for individuals receiving care. Further developments in molecular methods should provide additional understanding of the complex relationships that exist between bacteria and their hosts, influencing future directions in microbiology and gastrointestinal pathology.
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