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Abstract 

 A multimodal strategy is required to effectively address bacterial infections because of the 

worldwide health challenge of antibiotic resistance. The modification of vital outer membrane 

proteins underlies porin-mediated resistance in Gram-negative bacteria, which presents a 

significant obstacle in successful antimicrobial therapy. To combat porin-mediated resistance, 

this paper examines an integrated approach that involves the use of bacteriophages, membrane-

disrupting agents, and CRISPR-Cas9 gene editing. Destabilizing the bacterial outer membrane 

is possible with the use of membrane-disrupting substances such antimicrobial peptides and 

nanoparticles. This disturbance directly affects the integrity of porins, decreasing their ability 

to perform their protective role, as well as increasing bacterial sensitivity to bacteriophages and 

other natural predators. To defeat resistant strains, bacteriophages must get beyond porin-

mediated barriers due to their high host-specificity for bacteria. Additionally, the precise 

change of the genes in charge of porin production is made possible by CRISPR-Cas9-mediated 

gene editing. This method can improve bacterial permeability to drugs by either restoring or 

reconfiguring porin function. A viable path to overcome porin-mediated resistance in Gram-
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negative bacteria is shown by the synergistic combination of various tactics. The all-

encompassing strategy described in this paper gives a fresh and holistic viewpoint on 

addressing porin-mediated resistance. We can pave the way for the revival of antibiotic therapy 

and the reduction of antibiotic resistance in Gram-negative bacteria by utilizing the advantages 

of membrane-disrupting drugs, bacteriophages, and gene editing. 

 

 

1. Introduction 

Protein plays a significant role in every aspect of life. They are found in different forms like 

enzymes, and cell membrane channels and play vital roles in the functioning of cells [1]. It is 

the amino acid sequence of the protein that determines the activity of the protein. If any change 

is made in this amino acid sequence, it may disrupt the proper biological activity and proper 

functioning of the protein [2]. One of the proteins which we are targeting in this review is the 

Porin channels present in the outer membrane of gram-negative bacteria shown in Figure 1.  

The gram-negative outer membrane contains porins which act as a barrier during the transport 

of materials across the cell membrane. An important functional feature of porin is its opening 

and closing which facilitate its transporting property [3]. Nutrients and other solutes diffuse 

into the cells through these porin channels which are made of β- barrel strands. β- barrel strands 

give rise to water-filled channels which act as diffusion barriers and give the porins a sieve-
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like appearance. The name porins are given to it because of its pore shape and the term ‘porin’ 

was exclusively affected by large non-specific outer membrane β-barrel channels such as 

OmpF or OmpC [4] .  

 

Figure 1Showing Outer membrane of gram negative bacteria containing Porins 

 

 

Porins consist of β-barrel strands having a trimeric structure and consist of different loops that 

join these β-strands [5]. Among these multiple loops, the most important loop is L3 which folds 

back into the lumen of the β-barrel strand and here it forms a constriction zone at the mid of 

the porin that plays a vital role in narrowing the porin and increasing the selectivity of the porin 

[6]. This L3 consists of clusters of tyrosine and also possesses some other residues. These 

residues are termed Y and B faces. As are familiar, porin molecules undergo conformational 

changes and this conformation is an active process and is driven by utilizing energy. OprP and 

OmpF are involved in specific and nonspecific channels through which the bacteria uptake 

nutrients. Porins account for 70% mass of the total outer membrane [6]. Porins are highly 

involved in antibiotic resistance as bacteria always seek to change their porin confirmation in 

response to environmental stress. Strategies like editing porin genes through CRISPER-cas9, 

use of membrane destabilizer, bacteriophages can help to bypass porin mediated resistance and 

make bacteria susceptible to already present antibiotics [7]. 
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2. Types of Porins 

There are two types of porins involved in the transport of materials across the cell. These 

include specific and non-specific porins. 

Non-specific Porins 

This type of porin has less affinity to binds with permeable solutes. They are large size porins 

with pore sizes greater than 10 Å. They can transport molecules up to 600 KD in size. There 

are several dozen non-specific porins identified in different microorganisms [8]. OmpF and 

PhoE are some of the examples of non-specific porins. The function of non-specific porin is to 

provide a primary route to several classes of antibiotics. Thus, understanding structural 

modifications adopted by these pores leading to antibiotic resistance is of prime importance 

[9]. 

Specific Porins 

Another type of porins is specific porins which can be called substrate-specific porins. These 

porins have a strong affinity because of certain binding sites for different substrates. These 

affinities are measured in micromolar. Because of these binding sites, they make protein 

channels (porins) that are very efficient even at the low levels of molecules [10]. The 

determination of specific proteins reveals that bacteria exhibit diversity in several β-strands, 

oligomeric states, pore diameters, and amino acid distributions. The main difference between 

the general porins and specific porins is that specific porins have more than one extracellular 

loop, i.e., usually two to four, folds inward, lowering the pore diameter and significantly 

reducing the size exclusion limit e.g. ∼200 Da or lower [11]. 

Biogenesis of β-Barrel Outer Membrane Proteins 

The outer membrane in gram-negative consists of some integral membrane proteins that 

possess the β-barrel fold present in the porin molecules. These β-barrel folds contain 8-26 β-

barrel strands that are in an antiparallel manner to each other. These β-barrel strands have the 

role of anchoring the porins with the outer membrane of the bacteria. In previous literature, it 

is reported that the synthesis of porins involves specific machinery along with a general 

pathway known as BAM (β-barrel assembly machinery [12]. The synthesis of porins occurs in 

the cytoplasm and it occurs in the form of small precursors having N-terminal peptide. These 

precursors along with its N-terminal direct the Sec translocon to be transported into the inner 

membrane. Molecular chaperones like SurA and Skp in the periplasm escort the mature OMPs 

during their transit to the outer membrane [12]. 
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Structural Aspects  

The hydrophobic surfaces of the barrels and extracellular loop L2, which latches into a groove 

of a neighboring monomer and creates a multitude of polar interactions, provide inter-monomer 

connections for porins, which are frequently organized as trimers, the structure of porin 

molecule is given in Figure 2. The trimer entity appears to have no clear function because there 

isn't strong evidence to support cooperativity within the trimer, meaning that the porin 

monomers probably carry out autonomous functions. The trimeric configuration might just add 

more stability [13]. 

The porins from Enterobacteriaceae, such as OmpF from E. coli, have undergone considerable 

structural and biochemical characterization. Only one of the eight loops present on the 

extracellular side of the homotrimer is formed by the independent monomers of the OmpF 

channel and the majority of other generic porins fold back into the barrel to minimize the pore 

size [14]. The term "constriction" region is frequently used to describe this constrictive area of 

the channel. At the channel's center, each OmpF monomer creates a cavity with a diameter of 

6.5–7, creating a tunnel with an hourglass shape along the channel axis [15]. 72 Additionally, 

the eyelet region's asymmetrical distribution of charged amino acids includes basic residues on 

one side of loop L3 and acidic residues on loop L3. There are some basic residues like charged 

amino acids that are present on the opposite side of the barrel wall of porins and they generate 

a transverse electric field which results in enhancing the permeability of porins [16].  

 

Figure 2 Shows the structure of outer membrane of bacteria having porins 
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Genomic expression and regulation aspect 

Most of the genes present in porins are transcribed as mRNA. If we talk about the number so 

it will be 16 out of the 26 genes that are transcribed as mRNA. The two important regulators 

of porin gene expression are; The first one is a two component system that can detect a signal 

and is dependent on phosphorylation [4].  The second one is extra cytoplasmic function (ECF) 

sigma factors which are activated during stress and are expelled out from the cytoplasm and 

involved in the regulation of multiple genes [17]. 

Porins in Outer Membrane  

a. OprF: As there on E. coli OmpA is outer membrane protein similarly in P.  aeruginosa 

OprF is present both belong to OmpA protein family. OprF consists of three domains; the first 

domain is in the outer membrane of the cell and is referred to as a crystallized N-terminal. It 

has 8 stranded β-barrel. Another domain is known as a cysteine-rich linker which may be 

partially exposed at the surface. The third domain which is last domain is the C-terminal part 

which consists of both α-helixes and/or β-strands [4]. The function of OprF being a non-

specific water channel allows the transport of ions and low molecular mass sugars. It also 

allows the passage of toluene. OprF is also responsible for the diffusion of non-cognate iron-

chelating siderophores. If the Oprf level is increased in anaerobically grown bacteria.  The 

structural role of Oprf is to maintain cell shape under low osmotic conditions [18]. The C-

terminal part of Oprf contains a peptidoglycan binding domain that tethers the outer membrane 

of bacteria to the peptidoglycan layer. The C-terminal of OprF is required for a stable assembly 

of porins with peptidoglycan. If there any mutation occurs in the OprF it will be sensitive to 

low osmolarity and the length of the cell will be reduced [19]. 

b. OmpF and OmpC porins:  

E. coli has two main proteins which include OmpC and OmpF. These both play their role in 

the passive transport of materials into the cell. These are passive diffusion channels responsible 

for the transport of various materials like small size molecules, some nutrients, and antibiotics. 

The OmpF porin is in the outer membrane having different antigenic epitopes. These epitopes 

are located on different loops [20]. OmpF plays an important role in the pathogenesis of 

bacteria. In a study distribution of ompF and ompC was examined in the APEC collection, and 

the results showed that the distribution rate of these porin proteins was prominently different 

and was y higher in group B2 (70.3%) and D (62.7%), suggesting that OmpF and OmpC were 

mainly encoded in virulent isolates of groups B2 and D, thus made a contribution to APEC 

pathogenicity [21]. Previous observations of APEC adhesion to and invasion of mouse brain 

microvascular endothelial cells (bEnd.3) show a relation between the value of these cells as a 
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model for research underlying the mechanism by which APEC adhesion and invasion occur. 

OmpF and OmpC were analyzed for their effect on APEC adhesion and invasion using a model 

based on bEnd.3 cells. It is reported that mutant strains having these two porins have reduced 

capacity for adhesion and invasion as compared to the wild-type strain. Additionally, genetic 

complementation was able to partially restore the adhesion and invasion capabilities, proving 

that ompF and ompC were essential for bEnd.3 cells' capacity to adhere to and invade APEC 

[21]. 

3. Porins and antibiotic susceptibility 

The alteration in OmpF and OmpC porin expression and its response to antibiotics have been 

discussed in different research.  According to recent literature, chemicals from the beta-lactam 

class, the association between porin susceptibility and porin channel features (OmpC type 

versus OmpF type) appears to be related to one another  [22]. The loss of both major porins 

results in the highest level of resistance with complete impermeability to β -lactams, which 

correlates with the resistance phenotype seen in different Enterobacteriaceae isolates. Study of 

the isolates that are susceptible express both major porins, low level/intermediate resistant 

isolates exhibit one truncated porin, and high level/extremely resistant isolates exhibit both 

major porins [23]. Additionally, a larger spectrum of resistance was reported to be produced 

by the expression of a shortened OmpK36 after carbapenem therapy. According to reports, 

further changes in ompK35 and ompK36 are the most likely cause of ceftazidime-avibactam 

resistance in several K. pneumoniae strains [24]. In the OmpK36 internal loop, mutations can 

also alter the activity of combinations such as imipenem-relebactam or meropenem-

varbobactam by directly affecting the expression of the porin [25].  

3.1 Antibiotic resistance in gram negative bacteria  

Resistance to antibiotics in gram-negative bacteria, which represent a danger to the health of 

the public, must be combated through antimicrobial intervention. Porins, which are proteins in 

the outer membrane of bacteria that regulate bacterial cell entrance, are crucial to this 

resistance, underscoring the need of comprehending these resistance mechanisms in order to 

successfully target and treat bacteria that are resistant to antibiotics [26]. 

3.2 Efflux Pumps 

Antibiotics are rendered ineffective by bacteria's efflux pumps, a defensive mechanism that 

stops antibiotics from entering their target areas. Higher pumping activity brought on by 

overexpression or mutation of these pumps can result in antibiotic resistance in a variety of 

gram-negative bacteria, adding to the worldwide issue of antibiotic resistance [27]. 
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3.2 Beta-Lactamase Production 

 Beta-lactamase enzymes are a frequent form of resistance, rendering beta-lactam medicines 

useless. Since treating bacterial infections in particular offers a substantial issue for medical 

care, new methods for combating resistance to antibiotics are being developed [28]. 

3.4 Target Site Modifications 

 By changing the target locations of antibiotics, gram-negative microbes can potentially acquire 

resistance. For instance, modifications to Penicillin-binding proteins (PBPs) might lower beta-

lactam antibiotics' affinity for their targets, reducing the effectiveness of the medication [29]. 

 

 

3.5 Adaptations in Porins to Resist Antibiotics 

Porins, which are essential parts of the bacterial outer membrane, are crucial for antibiotic 

absorption. But bacteria have developed ways to modify their porins, which makes antibiotics 

less effective. Modifications to the porin architecture or levels of expression may be a part of 

these adaptations [30]. 

3.6 Structural Modifications  

Porin proteins' structures may be changed by bacteria to decrease the penetration of antibiotics. 

These alterations may involve modifications that reduce the total pore size or constrict the porin 

channel [31].  

3.7 Downregulation of Porin Expression: 

 In response to antibiotics exposure, certain bacteria decrease the production of porin proteins. 

Regulatory mechanisms that decrease porin production may cause this downregulation. As a 

result, there are fewer entry points for antibiotics, which makes it harder for medications to 

enter cells and reach their intended objectives [32]. 

 3.8 Porin-Specific Antibiotic Exclusion 

Some bacteria have evolved defenses that prevent some antibiotics from invading cells through 

porins. These methods can stop drugs from passing while permitting the flow of vital nutrients. 

They may entail interactions among antibiotics and certain porin residues [22].  

3.9 Preserving Protein Function: A Key Consideration 
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When porin proteins are being considered as prospective targets for antimicrobial intervention, 

maintaining their structural integrity and functionality is crucial. Any change in the porins' 

amino acid composition can have a significant impact on their functioning and, as a result, on 

their capacity to promote nutrition absorption and antibiotic penetration [33]. 

4. The Importance of Maintaining Porin Structural Integrity for bacterial survival 

Porins are essential membrane proteins that help Gram-negative bacteria create holes or 

channels in their outer membrane. These channels act as gatekeepers, letting vital molecules 

like nutrients and ions pass while preventing the entry of potentially hazardous chemicals [34]. 

Porins depend on a precise three-dimensional structure and a clearly defined arrangement of 

amino acids to retain their essential activities. Disruptions to this structural integrity can 

compromise the selective permeability of porins. A change in porin structure may prevent 

nutrients from being absorbed, depriving the bacteria of important supplies needed for growth 

and survival. Bacteria may become more susceptible to external stresses including osmotic 

shock and changes in temperature or pH as a result of porin structural alterations [35].  

4. Consequences of Amino Acid Sequence Alterations 

Porins' amino acid sequence can vary as a result of genetic mutations or adaptive responses to 

environmental stresses, such as antibiotic exposure due to which the porin channel's 

dimensions and shape may change as a result of mutations, which may have an impact on the 

molecules that may flow through [36]. The equilibrium between nutrient intake and antibiotic 

exclusion may be thrown off by this. Porin channels can lose their selectivity due to amino acid 

sequence changes, allowing a larger spectrum of compounds, including antibiotics, to enter the 

bacterial cell. Changes in the porin channel's internal charge distribution may have an influence 

on the channel's affinity for certain molecules, which might have an effect on both nutrition 

absorption and antibiotic penetration [37]. 

5. Novel Antimicrobial Approaches Targeting Porins 

Innovative porin-targeting techniques have come to light in the search for efficient 

antimicrobial therapies as antibiotic resistance continues to represent a serious threat to global 

health. These strategies provide intriguing ways to deal with drug-resistant bacteria since they 

attempt to modify porin activity without affecting their structural integrity [38]. The approaches 

to combat antibiotic resistance are listed in Table 1 

Table 1; list of approaches to combat antibiotic resistance.  

 

 6. Inhibitors of Porin Channel Function 
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A cutting-edge method to selectively alter the activity of these important outer membrane 

proteins is to use inhibitors of porin channel function. In order to prevent the entry of hazardous 

Approach Mechanism Target Porin(s) Advantages Challenges 

Phage Therapy Utilizing 

bacteriophages that 

bind specific porins 

Various Highly specific, 

reduces antibiotic 

resistance 

Phage-host 

specificity, 

regulatory approval 

Porin-blocking 

Peptides 

Peptides that block 

porin channels 

OmpF, OmpC, 

etc. 

Directly disrupts 

bacterial nutrient 

uptake 

Developing 

effective and stable 

peptides 

Porin-based 

Vaccines 

Immunization against 

specific porins 

OmpA, OmpC, 

etc. 

Prevents infection by 

inducing immune 

response 

Identifying 

immunogenic and 

safe porin targets 

Small Molecule 

Inhibitors 

Molecules that inhibit 

porin function 

LamB, FhuA, 

etc. 

Can be designed for 

broad or narrow 

specificity 

Potential off-target 

effects, resistance 

Antibody 

Therapeutics 

Monoclonal 

antibodies targeting 

porins 

Selected porins High specificity, can 

enhance immune 

clearance 

Cost of 

development, 

delivery challenges 

Synthetic 

Biology 

Approaches 

Engineering synthetic 

organisms or systems 

to target porins 

Customizable Precision targeting, 

programmable 

functions 

Complexity of 

design, 

biocontainment 

Nanoparticle 

Delivery 

Systems 

Using nanoparticles 

to deliver 

antimicrobials 

through porins 

Non-

specific/targeted 

Enhanced delivery 

and penetration, 

controlled release 

Safety, potential 

toxicity, 

manufacturing 

challenges 

Enzymatic 

Degradation 

Enzymes that degrade 

outer membrane 

components including 

porins 

Non-specific Bypasses traditional 

resistance 

mechanisms 

Stability of 

enzymes, delivery 

to infection site 

Structural 

Modification 

Inhibitors 

Compounds that alter 

porin structure or 

expression 

Specific porins Prevents correct 

porin 

folding/function 

Resistance 

development, 

specificity 

CRISPR-Cas 

Systems 

Targeting bacterial 

DNA to disrupt porin 

gene expression 

Gene-specific Highly specific gene 

editing, irreversible 

effects 

Delivery 

mechanisms, off-

target effects 
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chemicals like antibiotics while maintaining the structural integrity of the porin protein, porin 

channels must be blocked or controlled. Small compounds that bind with certain porin areas 

and change their shape to lessen their permeability to antibiotics have been discovered recently. 

The possibility of causing harmful changes in the porin protein is reduced by this tailored 

strategy, which also decreases antibiotic resistance [39]. 

7. Strategies for bypassing Antibiotic influx through porin 

7.1 Outer Membrane Permeabilizers 

Compounds called outer membrane permeabilizers are made to increase how permeable the 

outer membrane of bacteria is antibiotics that previously had trouble entering the cell can more 

easily reach their intracellular targets by reducing the membrane barrier. The bilayer of lipids 

of the outer membrane is disrupted by outer membrane permeabilizers, making the membrane 

more vulnerable to the action of conventional antibiotics [40]. Antibiotics are able to more 

efficiently reach their targets because to this synergistic strategy, which also circumvents 

resistance mechanisms involving decreased porin permeability [41]. 

7.2 Bacterial Membrane-Disrupting Agents 

Bacterial membrane disrupting agents are a family of substances that can compromise the 

integrity of bacterial membranes without requiring antibiotic penetration through porins. For 

instance, antimicrobial peptides and nanoparticles have shown that they may damage the 

bacterial outer membrane, causing cell lysis and death [42]. 

The potential of membrane-disrupting drugs as alternatives to conventional antibiotics is 

highlighted by research by Li et al. (2020). These substances directly attack the bacterial 

membrane, making it challenging for bacteria to produce porin-based resistance mechanisms 

[43]. 

7.3 Bacteriophages 

Bacteriophages—viruses that infect and reproduce inside of bacteria—have drawn interest as 

a possible tool for selectively focusing on and modifying bacterial porin channels. These 

bacterial natural predators can provide a highly targeted and precise strategy to tackle 

antibiotic-resistant strains [44]. 

7.3.1 Bacteriophages as Porin-Targeting Agents its advanatages and drawbacks 

Porins are frequently among the receptors on the surface of bacteria that bacteriophages may 

identify and interact with. Phages can efficiently target different bacterial species and strains 

depending on their porin profiles by taking advantage of this selectivity as shown in table 2. 
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Bacteriophages with the capacity to bind to the outer membrane porins have been found in 

recent investigations (Smith et al., 2023) and are thought to facilitate entrance into bacterial 

cells as shown in table 3 .  

Table 2; shows bacteriophages and their family along with their target bacteria.  

Bacteriophage Target Bacteria Phage 

Family 

Type Application Note 

T4 Escherichia coli Myoviridae Lytic Research, potential therapeutic 

uses 

φX174 Escherichia coli Microviridae Lytic Genetic research, vaccine 

development 

P1 Escherichia coli Myoviridae Lysogenic Gene mapping, DNA packaging 

studies 

λ (Lambda) Escherichia coli Siphoviridae Lysogenic Molecular biology research, 

genetic engineering 

M13 Escherichia coli Inoviridae Filamentous Phage display technology, 

antibody development 

φ6 Pseudomonas 

aeruginosa 

Cystoviridae Lytic Study of viral replication, 

potential therapeutic uses 

T7 Escherichia coli Podoviridae Lytic High-efficiency gene expression 

systems 

Felix O1 Salmonella 

Typhimurium 

Myoviridae Lytic Phage typing, therapeutic uses 

against Salmonella 

Pf1 Pseudomonas 

aeruginosa 

Inoviridae Filamentous Structural studies, 

understanding filamentous 

phage biology 

N4 Escherichia coli Podoviridae Lytic Study of lytic cycle, RNA 

polymerase interactions 

F116 Pseudomonas 

aeruginosa 

Inoviridae Lytic Potential use in phage therapy 

LUZ19 Pseudomonas 

aeruginosa 

Myoviridae Lytic Investigated for treating P. 

aeruginosa infections 

PEV2 Pseudomonas 

aeruginosa 

Podoviridae Lytic Potential therapeutic application 

in cystic fibrosis 

GSJ: Volume 12, Issue 3, March 2024 
ISSN 2320-9186 1855

GSJ© 2024 
www.globalscientificjournal.com



 

AP22 Acinetobacter 

baumannii 

Myoviridae Lytic Studied for its antibacterial 

activity against A. baumannii 

BS46 Burkholderia 

cepacia 

Not specified Lytic Potential for treating infections 

in cystic fibrosis 

PYO2 Pseudomonas 

aeruginosa 

Myoviridae Lytic Phage therapy research 

LKD16 Klebsiella 

pneumoniae 

Not specified Lytic Studied for effectiveness against 

K. pneumoniae 

phiCTX Pseudomonas 

aeruginosa 

Podoviridae Lytic Phage therapy for multidrug-

resistant strains 

KPP10 Klebsiella 

pneumoniae 

Not specified Lytic Investigated for phage therapy 

applications 

Sb-1 Shigella boydii Myoviridae Lytic Studied for its application in 

combating shigellosis 

 

Once inside, the phages can interfere with porin function in a number of ways, such as: 

7.3.2 Blocking Porin Channels: Porin channels may be physically blocked by phage proteins, 

which lowers the flow of nutrients as well as ions necessary for bacterial viability. 

7.3.3 Inducing Structural Changes: Certain phage-encoded proteins can cause porins to shift 

in shape, which alters their selectivity and prevents the entry of certain compounds, including 

antibiotics. 

7.3.4 Lysing Bacterial Cells: By destroying the peptidoglycan covering of the cell wall, 

several bacteriophages have developed the ability to lyse bacterial cells. Porins and other outer 

membrane proteins are directly disrupted by this method [45]. 

Table 3; shows interaction of phages with porin   

Bacteriophage Bacterial 

Target 

Porin Targeted Interaction 

T4 Escherichia coli OmpC, OmpF T4 phage uses OmpC and OmpF as receptors for 

initial attachment. 

φX174 Escherichia coli LamB 

(Maltoporin) 

φX174 recognizes LamB for entry into the 

bacterial cell. 

Lambda (λ) Escherichia coli LamB 

(Maltoporin) 

Lambda phage binds to LamB, initiating infection 

process. 
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P22 Salmonella 

enterica 

OmpC P22 targets OmpC porin in Salmonella for bacterial 

invasion. 

FhuA Escherichia coli FhuA Utilizes FhuA receptor, typically involved in iron 

uptake. 

T5 Escherichia coli FhuA T5 phage targets FhuA porin to inject its DNA. 

M13 Escherichia coli F-pilus While not a porin, M13 targets F-pilus related to 

porin function in conjugation. 

 

7.3.5 Advantages of Bacteriophages for Porin Targeting 

Utilizing bacteriophages to target porin channels offers several advantages: 

Precision: As a result of bacteriophages' great host-specificity, porin profiles of certain 

bacteria can be used to target them with extreme accuracy. 

Lack of Resistance: Because phage-host interactions are specialized and may evolve quickly 

in response to bacterial alterations, bacteria are less likely to acquire resistance to phages. 

 Synergy with Antibiotics: Phages and antibiotics can complement one other's effects. Phages 

can increase the ability to penetrate antibiotics into bacterial cells by focusing on porins, which 

increases their potency against resistant strains. 

8. Challenges and Considerations 

While bacteriophages offer exciting potential for porin targeting, several challenges must be 

addressed, including: 

8.1 Phage Host Range: Phages have a limited ability to infect a variety of bacterial species 

because of their narrow host ranges. 

8.2 Phage Delivery: It might be difficult to ensure effective phage delivery to the infection 

site, particularly for systemic diseases. 

8.3 Resistance Evolution: Bacteria can acquire phage resistance over time, thus continual 

research is required to create new phage strains. 

 

9. CRISPR-Cas9 editing 
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The targeted porin genes within the genome of bacterial cells can be altered after CRISPR-

Cas9 editing to increase the sensitivity of bacteria to antimicrobials  particular changes can be 

induced by precise gene editing, such as lowering the permeability of the porin to particular 

nutrients while selectively enabling the passage of antimicrobial drugs [46]. Since the 

bacterium's capacity to limit the delivery of these therapeutic drugs is disrupted, this 

modification may make the bacteria more susceptible to antimicrobials. Edited bacteria are 

more vulnerable to antimicrobial interventions, which increases their efficiency and presents a 

viable approach to the fight against antimicrobial resistance [47]. 

 

Conclusion 

In conclusion, innovative antimicrobial methods that specifically target porins provide 

promising means of preventing antibiotic resistance. Porin channel function inhibitors, 

membrane permeabilizers, and drugs that disrupt bacterial membranes provide creative 

approaches to boost the effectiveness of current antibiotics while maintaining the structural 

integrity of porins. These strategies mark a critical development in the field of antimicrobial 

treatment and a response to the rising problem of drug-resistant bacteria. 
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