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Abstract: This study addresses the critical issue of antibiotic resistance in Pseudomonas 

aeruginosa, a pathogen that poses significant challenges in healthcare settings. The research 

delves into the various mechanisms that contribute to antibiotic resistance, including the 

functioning of efflux pumps, the role of porins in bacterial cell walls, and the debated 

contribution of hydrogen sulfide (H₂S). After conducting a thorough literature review and 

analyzing the latest research findings, the study calls into question the previously assumed 

significant role of H₂S in resistance. It suggests that while efflux pumps and gene regulation 

are indeed crucial factors, the influence of H₂S may not be as pronounced as earlier believed. 

The study then outlines potential strategies to combat resistance, such as reducing horizontal 

gene transfer and implementing adjuvant therapies to rejuvenate antibiotic effectiveness. 

These innovative approaches could potentially provide new avenues for effectively managing 

multidrug-resistant diseases and improving patient outcomes. 
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1. Introduction 

Antibiotic resistance, also known as antimicrobial resistance, has emerged as a significant public 

health concern. It affects a multitude of areas, including public health, medical treatment, and 

economic stability. This paper introduce a novel hypothesis regarding the treatment of antibiotic 

resistance in Pseudomonas aeruginosa. The research presented here builds upon previous studies, 

which have informed the development of new concepts in antibiotic therapy. 

Despite the introduction of new antibiotic treatments, progress in addressing antibiotic resistance 

has been impeded by the wide array of resistance mechanisms exhibited by bacteria. Bacteria are 

capable of rapidly evolving new resistance strategies, often matching the pace at which researchers 

develop new treatments. This paper is dedicated to analyzing and proposing strategies to combat the 

evolving challenge of bacterial antibiotic resistance, ensuring that the terminology is scientifically 

accurate and the grammar is correct. 

2. Analysis 

Antibiotic resistance is basically the mechanism by which bacteria adapt to antibiotic surroundings 

so they can reduce or eliminate the effectiveness of antibiotics. 
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There are three main reasons that cause the antibiotic resistance. Firstly, the antibiotic treatment 

has been exclusively used. It promotes the selective pressure; under conditions such as antibiotics 

killing most susceptible bacteria initially, then the rest with resistance will survive and multiply; that’s 

where their defense mechanism comes from. Secondly, the improper waste disposal. It is sort of 

environmental contamination. Similarly, it leads to selection pressure that favors the survival of 

antibiotic-resistance bacteria, but it also facilitates the mixing of different bacterial species and 

enhances the opportunity of gene transfer, such as horizontal gene transfer. Moreover, it acts as a 

reservoir of resistance; it could potentially create a commensal environment for bacteria. Commensal 

bacteria with antibiotic resistance may exchange genetic material with other bacteria, such as in soil, 

food sources, or water. Last, resistance genes and mechanisms existed before antibiotics were used. 

The microorganisms that produce antibiotics must also have mechanisms to resist the antibiotics they 

produce. Otherwise, they would be harm by their own antibiotics. As a result, it is also a natural 

phenomenon. [1] 

Objectively, antibiotic resistance or antimicrobial resistance has become a major problem of public 

health. It is well known that antibiotic resistance causes serious outcomes if we leave the problem 

unsolved. What comes first is that it increases mortality and morbidity; some simple infections in the 

past become more life-threatening now. then it will lead to a longer treatment period, which means 

you will stay longer in the hospital. Obviously, you will have a higher rate to receive a secondary 

infection, such as hospital-acquired infections (HAIs). Meanwhile, the treatment option for patients 

is limited; patients will be provided drugs that are more toxic or less efficacious. The worst part is the 

evloved multidrug-resistance (MDR) bacteria; the treatment often cost expensive with a long period. 

MDR can easily spread regionally and even globally. 

Before moving to the assumption, P. aeruginosa needs its own introduction since it acts an 

important role in the antibiotic resistance field. P. aeruginosa is a gram-negative and facultatively 

anearobic bacterium; it causes disease in plants and animals, including humans. In academic, it is 

ubiquitous with the famous MDP (Multi-Drug Resistant). Currently, the World Health Organization 

says P. aeruginosa poses one of the greatest threats to humans in terms of antibiotic resistance [2]. It 

is an opportunistic infection that occurs when pathogens exploit unique circumstances that typically 

do not favor their growth These circumstances can arise from various factors, such as a weakened 

immune system, changes in the microbiome, or compromised skin barriers. These pathogens are 

commonly found in soil, water, and skin flora, and are prevalent in many human-made environments 

across the globe. As a result, the risk of infection is significantly heightened. 

P. aeruginosa has several resistance mechanisms to multiply antibiotics. It is characterized by its 

two resistance mechanisms, but not only. Those two features are Efflux Pump and Proins. Efflux 

pump is one of the primary antibiotic resistance mechanisms of P. aeruginosa. These pumps are 

membrane proteins that can export not only antibiotic molecules but toxic substances out of cells 

through ATP hydrolysis or proton motive force. It ensures the intracellular level of antibiotic remains 

below the threshold required to activate the bactericidal bacteriostatic effects. [3] P. aeruginosa is 

also known for its low membrane permeability. Porin is an outer membrane protein, and the 

Oproperon in it plays an important role in nutrient uptake. Bacteria could use gene regulation to 

control the expression of proteins. For instance, the following figure 1 shows the inducible gene in 

Pseudomonas aeruginosa involves the PhoP-PhoQ and PmrA-PmrB two-component regulatory 

systems, which are activated during Mg²⁺ starvation. Notably, PhoP-PhoQ directly upregulates the 

production of OprH.[4-7] 
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Figure 1: The inducible gene in Pseudomonas aeruginosa 

It is common knowledge that P. aeruginosa uses the Efflux Pump as one of its antibiotic resistance 

mechanisms, and to explore how it works, an early study states P. aeruginosa produces H₂S under 

aerobic conditions and ph 9.0 with cysteine as a source[8]. Meanwhile, all strains of P. aeruginosa 

produce a significant amount of H₂S from cyanide. Later, scientists found it has been shown that H₂S 

is first oxidized to sulfane sulfur that then induces sulfur-metabolizing genes. People start to think 

H₂S helps with the antibiotic resistance. Some bacteria produce H₂S, and it can neutralize reactive 

oxygen species (ROS) generated by antibiotics, which are harmful to bacterial cells. To conclude, 

H₂S is a defense mechanism against antibiotics. However, recent studies overturn this idea. Sulfane 

sulfur is a chemical species that is produced from H2S through its chemical or eznxymatic oxidation. 

cellular sulfane sulfur deactivated the repressor MexR for the expression of the mexAB-oprM operon. 

The finding points to the signaling role of self-produced H2S via sulfane sulfur in helping the 

bacterium against antibiotics [9]. 

Hydrogen sulfide (H₂S) has been proposed to protect bacteria from antibiotics, pointing to H2S-

producing enzymes as possible targets for the development of antibiotic adjuvants. However, several 

recent studies state Hydrogen sulfide production does not affect antibiotic resistance in Pseudomonas 

aeruginosa. According to the key finding from researchers, under the ∆3ox mutant of Pseudomonas 

aeruginosa, the production of hydrogen sulfide(H₂S) was significantly altered during infection in 

cystic fibrosis(CF) lung conditions[10]. Although the sitibiotic resistance level is increasing, high 

level of H₂S production were reduced in CF lung. Those similar studies indicate the role of H₂S in 

antibiotic resistance is contrary to previous assumptions; H₂S does not play a protective role in 

conferring antibiotic resistance in P. aeruginosa. At the same time, those highlight that H₂S production 

may not be an effective strategy to enhance antibiotic treatments for this pathogen. As a result, 

focusing on these enzymes for therapeutic development may not provide the desired benefits. Further 

research could involve looking into additional bacterial strains or host-associated variables to see if 

H₂S can play a protective function, though this appears unlikely based on the current evidence. 

P. aeruginosa's ability to resist antibiotic treatment has posed significant challenges to public health. 

One of the potential methods to combat antibiotic resistance in the future involves halting horizontal 

gene transfer, which is a major contributor to the spread of resistance genes among bacterial 

populations. Horizontal gene transfer, including transformation, transduction, and conjugat ion, 

allows bacteria to quickly adapt and acquire resistance mechanisms from other bacteria. If we could 

prevent these processes before applying new antibiotics or during treatment, we might slow the 

development of resistance. 

Furthermore, if horizontal gene transfer could be effectively stopped, it might be possible to guide 

the bacterial evolution process intentionally. By restricting the transfer of resistance genes, we could 
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push bacteria to evolve resistance mechanisms that are more manageable, allowing us to stay ahead 

in the development of new treatments. This idea involves using an integrated approach of antibiotic 

application, gene transfer prevention, and microbial management to potentially steer evolution in a 

direction favorable to human intervention. 

Finally, another approach worth exploring is the combination of traditional antibiotics with 

adjuvant therapies aimed at targeting bacterial defense systems, such as efflux pumps and other 

resistance mechanisms. By inhibiting these resistance features, antibiotics that were previously 

ineffective might regain their efficacy. Such strategies would help in restoring the effectiveness of 

existing antibiotics and reducing the selective pressure for new resistance traits. 

The evolution of bacterial resistance has outpaced the development of new antibiotics, 

underscoring the need for innovative approaches. Addressing not only the bacterial mechanisms of 

resistance but also their means of acquiring resistance genes could represent a significant 

advancement in the fight against multidrug-resistant pathogens. 

3. Conclusion 

The rise of antibiotic resistance, especially in Pseudomonas aeruginosa, necessitates a multifaceted 

approach to address this pressing public health challenge. This paper elucidates several resistance 

mechanisms utilized by P. aeruginosa, including efflux pumps and decreased membrane permeability. 

Emerging research indicates that hydrogen sulfide (H₂S) may not contribute significantly to antibiotic 

resistance as was once thought. Moving forward, strategies to combat antibiotic resistance should 

concentrate on inhibiting horizontal gene transfer, a pivotal factor in the spread of resistance, and on 

integrating conventional antibiotics with adjuvant therapies that disrupt bacterial defense systems. By 

adopting these combined strategies, we may gain an advantage in the ongoing struggle against 

multidrug-resistant infections, potentially shaping the evolutionary trajectory of bacteria in a manner 

that sustains our ability to treat these infections effectively. 
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