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ABSTRAK 
Pendahuluan: Patogen oportunistik Pseudomonas aeruginosa adalah bakteri gram negatif yang menye-
babkan infeksi akut dan kronis pada manusia. Pseudomonas aeruginosa memiliki struktur  resistensi yang kuat 
dengan menempel pada permukaan yangsesuai dan membentuk matriks biofilm. Biofilm bakteri ini dapat 
menyebabkan resistensi alami yang lebih tinggi terhadap antibiotik karena mekanisme toleransi yang dibuat 
oleh biofilm. Struktur biofilm terdiri dari matriks eksopolisakarida (PsI, Pel, alginat, dan eDNA) yang sangat 
sulit ditembus oleh antibiotik. Alginat berperan dalam pembentukan mukus pelindung resistensi antibiotik, dan 
komponen Psl dan Pel berperan dalam proses pematangan biofilm dan resistensi antibiotik. Pseudomonas 
aeruginosa dan sistem kekebalan tubuh. Pseudomonas aeruginosa dapat mengembangkan mekanisme 
resistensi terhadap antibiotik beta-laktam karena adanya hubungan antara pembentukan biofilm dan resistensi 
antibiotik.  
Tujuan: Berdasarkan hal tersebut, diperlukan informasi lebih lanjut mengenai hubungan pembentukan biofilm 
bakteri P. aeruginosa dengan resistensinya terhadap antibiotik beta-laktam.  
Metode: Artikel ini menggunakan metode tinjauan pustaka dari berbagai literatur mengenai pembentukan 
biofilm bakteri P. aeruginosa dan sifat resistensinya terhadap antibiotik beta-laktam, seperti artikel penelitian 
dan studi yang bersangkutan. Tidak ada pembatasan jenis studi referensi artikel ini.  
Diskusi: Pseudomonas aeruginosa memiliki mekanisme resistensi antibiotik bawaan dan adaptif. 
Berkurangnya permeabilitas membran, produksi enzim yang kebal antibiotik, perubahan kromosom, dan 
transfer gen horizontal dari bakteri lain semuanya berkontribusi terhadap resistensi antimikroba. 
Pseudomonas aeruginosa dapat mengembangkan mekanisme resistensi antibiotik beta-laktam. Sifat 
resistensi Pseudomonas aeruginosa dapat berubah secara fenotip akibat perkembangan biofilm. Artikel ini 
diharapkan dapat menambah informasi untuk perkembangan penelitian terhadap penanganan dan terapi obat 
pada individu yang terinfeksi P. aeruginosa. 
Kata Kunci: biofilm, beta-laktam, Pseudomonas aeruginosa, resistensi 
 
ABSTRACT 
Introduction: An opportunistic pathogen, Pseudomonas aeruginosa is a Gram-negative bacteria that causes 
acute and chronic human infections. By adhering to appropriate surfaces and creating a biofilm matrix, 
Pseudomonas aeruginosa has a high-resistance structure. Due to biofilm resistance mechanisms, this 
bacterial biofilm may increase natural antibiotic resistance. Antibiotics have difficulty penetrating the 
exopolysaccharide matrix that makes up the biofilm structure (Psl, Pe, alginate, and eDNA). Alginate is 
involved in generating mucus, and Psl and Pel components are implicated in biofilm development and 
antibiotic resistance. Due to the connection between biofilm production and antibiotic resistance, 
Pseudomonas aeruginosa involves mechanisms of beta-lactam antibiotic resistance.  
Objective: On this basis, learning more about the connection between Pseudomonas aeruginosa bacteria's 
ability to form biofilms and their resistance to beta-lactam antibiotics is essential.  
Methods: We use literature methods from various literature on the biofilm formation of P. aeruginosa and its 
resistance to beta-lactam antibiotics, including research papers and studies with no restrictions types of 
studies included in this article.  
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Discussion: Pseudomonas aeruginosa has intrinsic and adaptive antibiotic resistance mechanisms. 
Decreased membrane permeability, the production of enzymes resistant to antibiotics, chromosomal 
changes, and horizontal gene transfer from other bacteria contribute to antimicrobial resistance. Beta-lactam 
antibiotic resistance mechanisms are known to be developed by Pseudomonas aeruginosa. The resistance 
characteristics of Pseudomonas aeruginosa may change phenotypically due to biofilm development. This 
article will be helpful in future research on Pseudomonas aeruginosa therapy and medication. 
Key Words: biofilm, beta-lactam, Pseudomonas aeruginosa, resistance. 

 
 

INTRODUCTION 

Pseudomonas aeruginosa is an aero-

bic, motile, non-fermentative, Gram-negative, 

opportunistic pathogen bacterium found in 

soil, plants, and hospital reservoirs that ca-

uses human infections. These opportunistic 

bacteria are responsible for infectious disea-

ses such as pneumonia (ventilator-associa-

ted pneumonia), urinary tract infections, skin 

and soft tissue infections, bone and joint 

infections, especially AIDS patients, cancer, 

and burns related to immunocompromised 

patients.1 Pathogenicity by P. aeruginosa re-

sults from phenotypic adaptability and a high 

degree of genomic flexibility. These microor-

ganisms increase the synthesis of virulence 

and virulence factors. Pseudomonas aeru-

ginosa alters proliferative activity and gene-

rates biofilms under stressful conditions.2 

Antipseudomonas β-lactam antibiotics 

play an essential role in the clinical manage-

ment of Pseudomonas aeruginosa infections 

due to their therapeutic efficacy. Mecha-

nisms of antimicrobial resistance found in P. 

aeruginosa include an efflux pump system, 

porin impermeability modification, target mo-

dification, and enzyme-mediated antimicro-

bial inactivation (e.g., β-lactamase). Multiple 

resistance mechanisms often coexist, lead-

ing to simultaneous resistance to multiple 

antibiotics. Biofilm formation is one of the 

causes of multidrug resistance (MDR) in 

Pseudomonas aeruginosa. Biofilms are not 

degraded by disinfection, heating, or drying 

and can lead to contamination and trans-

mission of infectious diseases.3,4 

Biofilms are microorganisms under 

extreme conditions that adhere to each other 

on surfaces by producing a self-generated 

matrix of exopolysaccharides, proteins, me-

tabolites, and extracellular DNA (eDNA) that 

protects the microbial population in a series 

of defenses. Microbial cells in biofilms are 

less sensitive to antimicrobial agents and 

contain more immune responses than their 

wild-type cells. Even bacteria that lack 

intrinsic resistance or protective mutations 

may become less susceptible to antibiotics 

under biofilm conditions. Pseudomonas 

aeruginosa undergoes many physiological 

and phenotypic modifications at the same 

point of biofilm formation. Most strains can 

synthesize all three polysaccharides (Pel, 

Psl, and alginate) and serve as matrix com-

ponents in biofilm formation.5,6 

Infections with Pseudomonas aerugi-

nosa are challenging to treat because most 

isolates exhibit innate resistance to multiple 

antibiotics. This is attributed to decreased 

outer membrane permeability, expression of 

the efflux pump system, and production of 

enzymes that inactivate antibiotics. Among 

them are the essential roles of various beta-

lactams, such as AmpC, extended-spectrum 
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beta-lactamases (ESBLs), and carbapenem-

mases. The coexistence of multiple beta-lac-

tamases in clinical isolates commonly con-

fers resistance to almost all beta-lactam anti-

biotics.7 

On this basis, the relationship between 

the biofilm formation of Pseudomonas aeru-

ginosa bacteria and resistance to beta-lac-

tam antibiotics should be further understood. 

 

PSEUDOMONAS AERUGINOSA 

Characteristic 

Pseudomonas aeruginosa (P. aerugi-

nosa) is an aerobic, Gram-negative bacte-

rium with a rod size of 0.5-0.8 µm x 1.5-3 µm, 

β-hemolytic, simple, non-encapsulated, car-

bohydrate cannot be fermented, with oxidase 

activity and a distinctive wine-like odor. The 

bacterium grows well at 25°C and 35°C and 

can grow even at 42°C, distinguishing Pseu-

domonas aeruginosa bacteria from other 

species. Pseudomonas aeruginosa can also 

degrade aromatic polycyclic carbons to pro-

duce lectins, rhamnolipids, quinolones, hy-

drocyanic acid, and phenazines when pre-

sent in the soil. Pseudomonas aeruginosa 

strains produce four pigments: pyocyanin, 

pyoverdin, pyorubin, and pyomelanin. The 

tremendous metabolic diversity and flexibility 

of P. aeruginosa grows in various environ-

ments and nutrient sources and can be an 

opportunistic pathogen. P. aeruginosa forms 

biofilms, is resistant to antibiotics, produces 

virulence factors, and can rapidly progress to 

chronic infection.8,9 

Pseudomonas aeruginosa was first 

isolated from green pus by Gessard in 1882, 

and Pseudomonas was first introduced by 

Migula in 1894. Different colors are produced 

by different types of pigments produced by 

P. aeruginosa: 

a. Pyoverdin/fluorescence is a water-solu-

ble green-yellow fluorescent dye. This 

pigment is 70-80% derived from the ge-

nus Pseudomonas isolates. It also func-

tions as a siderophore at low Fe content. 

b. Pyocyanin is a fat-soluble phenazone-

derived blue-green pigment involved in 

iron metabolism. These pigments help 

maintain the redox balance around bac-

teria and communication between cells. 

c. Pyrubine is a water-soluble reddish-

brown pigment. This pigment is derived 

from 2-3% of Pseudomonas isolates. It 

has the function of maintaining the redox 

balance. 

d. Pyomelanin is an essential water-soluble, 

acidic, dark-brown pigment.10 

 

Virulence Factors 

P. aeruginosa is an opportunistic pa-

thogen that causes several human infections 

and is resistant to antibiotics. P. aeruginosa 

can adapt to environmental changes, rapidly 

develop antibiotic resistance, and produce 

various virulence factors.11 Due to its capa-

city to forego innate and adaptive immunity 

through adhesion, invasion, and biofilm for-

mation, as well as its capacity to create 

several virulence factors that cause severe 

tissue damage, P. aeruginosa may impact 

immunocompromised patients. Additionally, 

this bacterium is responsible for diseases 

with high death rates in neonates, cancer 
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patients, cystic fibrosis patients, and people 

with severe burns.2,11 

Some virulence may cause disrupted 

host cell signaling pathways that target the 

extracellular matrix and/or virulence-pro-

moting adhesion. Several types of virulence 

caused by P. aeruginosa virulence factors 

are lipopolysaccharides, flagella, fimbriae 

type IV, excretion system type III, exotoxin A, 

proteases, alginate, quorum sensing, biofilm 

formation, secretion system type IV. These 

virulence factors are significant factors that 

act differently on the immune system.4 In this 

article, the production of biofilms, one of the 

virulence factors, and its relationship to 

antibiotic resistance will be discussed in 

greater detail. 

 

Biofilm Formation 

A biofilm is a collection of complexes 

that serve as a barrier between microor-

ganisms and the external or internal environ-

ment's microbes. In contrast to the plank-

tonic forms, P. aeruginosa commonly deve-

lops biofilms in response to exposure to 

harsh environments, which aids in evading 

host immune responses and is frequently 

associated with increased antimicrobial re-

sistance. Microorganisms that generate bio-

films also exhibit varying phenotypes based 

on growth rate and gene transcription.4 Some 

bacteria, like P. aeruginosa and P. fluores-

cens, can produce biofilms in any environ-

ment that supports growth. On the other 

hand, certain strains of Escherichia coli K-12 

and Vibrio cholera only produce biofilms 

when a minimum medium is supplemented 

with amino acids.8,12 

More than 50% of the extracellular 

matrix of P. aeruginosa is composed of three 

types of extracellular polysaccharides, the 

capsular alginate polysaccharide and two 

aggregate polysaccharides (Psl and Pel), but 

also contains extracellular DNA (eDNA) and 

protein. Mature P. aeruginosa biofilms are 

characterized by a “closed” mushroom-like 

structure and an intricate network of 

channels for delivering nutrients, oxygen, 

and waste products.13 P. aeruginosa strains 

recovered from cystic fibrosis (CF) patients 

primarily secrete alginate. In contrast, 

environmental P. aeruginosa bacteria 

primarily secrete Psl and Pel.14 It was clearly 

stated that the polysaccharide synthesis 

locus (Psl) is a crucial component of the EPS 

matrix of the P. aeruginosa biofilm. Cell-cell 

interactions and the formation of a matrix are 

encouraged. P. aeruginosa produces LecA 

and LecB, which have affinities for the 

sugars present in the EPS matrix and aid in 

the attachment of P. aeruginosa to particular 

host cells. Cells and EPS are retained in a 

persistent biofilm due to LecB's binding to 

Psl. The Psl matrix and the biofilm's structure 

were affected by the chemical separation of 

Psl from its bacterial surface.8,15,16 

Three different extracellular poly-

saccharide types were used to gauge the 

structural integrity of the P. aeruginosa 

biofilm. D-mannuronic acid and L-glucuronic 

acid combine to form the linear polymer 

chain known as alginate. The biofilm 

formations must be safeguarded and 

stabilized by these two polymers. Alginate 
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also aids in preserving matrix elements, 

including moisture and nutrients. Pel is a 

glucose-rich matrix, but its composition is 

unknown. Psl, on the other hand, is a 

pentasaccharide made up of repeating D-

mannose, L-rhamnose, and D-glucose resi-

dues. Major structural architectures Pel and 

Psl are involved in the early phases of biofilm 

development. Another important component 

is eDNA as a food source for bacteria within 

the biofilm, which serves as a cell-to-cell 

connection.11,17,18 

eDNA is an important functional com-

ponent of the biofilm matrix of P. aeruginosa. 

eDNA is produced from outer membrane 

vesicles carrying DNA or from DNA released 

during cell lysis or death. Several lytic 

agents, including prophages, autolyzing pro-

teins, enzymes, and phenazine, help release 

eDNA. Some bacterial biofilms' structural 

integrity is preserved by eDNA, which also 

acts as a different supply of nutrients like 

carbon, nitrogen, and phosphate. According 

to numerous research, eDNA shields bio-

films from antibiotic exposure.19,20 

Biofilms are formed adequately within 

a few hours. Biofilm formation mainly con-

sists of the following four stages, namely: 

a. Planktonic bacteria are initially attracted 

to surfaces by physical forces, and this 

initial attachment results in interactions 

between the bacterium and the surface. 

Early maturation of a developing biofilm 

is determined by forming an extracellular 

matrix that enables mechanical bonding 

between bacterial cells and supports the 

transition from “free-living” to “static-

living”. 

b. Cells irreversibly attach to surfaces and 

are surrounded by a matrix of extra-

cellular macromolecular substances, 

causing cell clumping. Transcripted 

genes involved in alginate production 

are activated and control the adhesion 

process' initial matrix creation after 

bacteriostasis. Cyclic-di-GMP (c-di-

GMP), a key messenger found in the 

cytoplasm of bacterial cells that regu-

lates changes between planktonic orga-

nisms and biofilms, is directly respon-

sible for gene regulation. 

c. The development of microcolonies that 

mature three-dimensional biofilm forma-

tions. Transport of the nutrients and oxy-

gen required for the growth of sessile 

cells is made possible by the three-di-

mensional structure. The biofilm is also 

regulated from top to bottom regarding 

acidity and oxygen content. 

d. As the infection spreads, the detach-

ment of microcolony cells from the ma-

ture biofilm colonizes new attachment 

sites. Numerous variables, including 

mechanical disturbances (abrasion), en-

zymatic breakdown (enzyme secretion 

determined by quorum sensing), food 

deficits, or even overpopulation, can 

cause biofilms to develop. The network 

is cleared of bacterial components, 

which are then applied to the environ-

ment.17,21 

Biofilm formation is a complex set of 

processes involving diffusion, transport, che-

mical reactions, and ecological mechanisms 
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controlled by adhesion, quorum sensing, cell 

death, and the spread of infection. The quo-

rum-sensing system (QS), a cell-to-cell sig-

naling mechanism that controls gene ex-

pression in response to variations in cell 

population density, is primarily responsible 

for controlling the production of biofilms in P. 

aeruginosa. As a result, biofilms are seen as 

the dynamically changing structural arrange-

ments of microorganisms that adapt to their 

surroundings.17,22 

 

 

Figure 1. Four Steps of P. aeruginosa Biofilm Formation.21 

 

Properties of Antibiotic Resistance to 

Biofilm Formation 

Most cells capable of generating 

biofilms enter the stationary phase over time 

and survive in large numbers during this 

stage. One percent of the population de-

veloping antibiotic resistance during the sta-

tionary phase is the primary cause of de-

creased susceptibility to them. Biofilms crea-

ted by antibiotic-resistant biofilm cell states 

on medical implants like joint implants, uri-

nary and cardiac catheters, and replace-

ment heart valves contribute to human 

infection. This situation seriously threatens 

humans because of its pathogenicity and is 

responsible for most pathogenic infections.17 

Many endogenous and acquired anti-

biotic resistance mechanisms, including 

resistant cell growth and biofilm-mediated 

MDR, are the leading causes of P. aerugi-

nosa-acquired drug resistance. P. aerugi-

nosa is susceptible to rapidly developing 

antibiotic resistance, including aminoglyco-

sides, quinolones, and β-lactams. P. aeru-

ginosa gains antibiotic resistance through 

several processes, including the outer mem-

brane's permeability, efflux-pump systems, 

and the enzyme that renders drugs ineffec-

tive.18 P. aeruginosa exhibits three different 

types of antibiotic resistance: acquired anti-

biotic resistance (caused by mutation and 

the acquisition of resistance genes), intrinsic 
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antibiotic resistance (caused by the permea-

bility of the outer membrane, the efflux 

system, and enzymatic antibiotic inactive-

tion), and adaptive antibiotic resistance (bio-

film-mediated resistance). Through horizon-

tal gene transfer, antibiotic-resistance genes 

carried on plasmids might originate from the 

same or distinct bacterial species. Biofilm 

production is prompted by quorum-sensing 

signaling molecules, which are physical 

barriers stopping antibiotics from penetrating 

cells.17,23 

Due to the extremely low permeability 

of the outer membrane and the presence of 

efflux, porin, and beta-lactamase pumps, P. 

aeruginosa is resistant to antibiotics. How-

ever, the emergency of pathophysiological 

and micro-indel mutations in their coding 

genes due to intensive pharmacotherapy 

therapy leads to overexpression of efflux 

pumps, changes in target antibiotics, hyper 

lactamase production, and reduced outer 

membrane permeability due to loss of porins. 

In addition, adaptations such as alginate 

generation, biofilm formation, lipopoly-

saccharide modifications (lipid A-amino-

arabinosylation and O-polysaccharide loss), 

and quorum-sensing mutations contribute to 

drug resistance. Due to a protective advan-

tage provided by the biofilm phenotype, the 

resistance mechanism is specific to bacteria 

encapsulated in biofilms.13,14,17 

Morphological changes in P. aerugi-

nosa emerged when the bacteria dissected 

meropenem and biapenem to form a “bulge”-

like structure in the center. Numerous 

investigations have revealed a connection 

between the amount of endotoxin secreted 

by bacteria and the development of new 

types. Antibiotics block PBP-2 and PBP-3, 

which cause bacteria to change their size and 

form. Both contribute to the creation of bac-

terial cell walls and in Gram-negative bacte-

ria, both proteins are the principal targets of 

beta-lactam antibiotics. PBP-1 inhibition cau-

ses cell lysis, but PBP-2 and PBP-3 inhibition 

has been linked to filamentous bacteria.21 

Antibiotic susceptibility is rapidly res-

tored once the bacteria disperse from the 

biofilm. Recovery processes under disper-

sion conditions of dispersal from biofilms 

suggest an adaptive resistance mechanism 

rather than genetic modification. The natural 

protection provided by biofilms can provide 

spontaneous breeding grounds for mutants. 

Furthermore, it has been speculated that the 

spatial affinity of bacterial cells within biofilms 

accelerates plasmid transfer. The four hypo-

thetical stages of the biofilm resistance me-

chanisms are the slow entry of antibiotics into 

biofilms, substrate concentration gradients or 

metabolites leading to zones of slow or non-

growing bacteria and expression by some 

bacterial cells, adaptive stress responses, 

and finally, small cells differentiate into highly 

protected persistence cells.24 

Beyond resistance mechanisms, bac-

teria may exhibit a tolerance capacity to with-

stand transient exposure to high concen-

trations of antibiotics. Tolerant organisms 

grow more slowly or have a longer lag time 

in leaving the stationary phase than into-

lerant organisms. Targeted common anti-

biotics, e.g., RNA polymerase, a biosynthetic 
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cell wall enzyme, are less active in non-

growing cells, thus avoiding antibiotic-killing 

processes. The physical mobility of antibio-

tics within biofilms does not guarantee they 

will penetrate the biofilm. Diffusion reactions 

are sufficient to prevent penetration of peni-

cillin antibiotics into biofilms formed by β-lac-

tamase-positive bacteria.24,25 

Planktonic morphology and biofilm 

bacteria vary in their susceptibility to anti-

microbial agents.  Microorganisms that form 

biofilms are more resistant to antibiotics than 

bacteria that grow as single cells. P. aerugi-

nosa biofilms are considered one of the 

leading causes of unsuccessful antibiotic 

therapy. P. aeruginosa has both inherent 

and acquired resistance to various antibiotic 

classes. Tetracyclines, tigecycline, chloram-

phenicol, and trimethoprim are associated 

with natural resistance. Beta-lactam antibio-

tics (benzylpenicillin, isoxazolyl penicillins, 

aminopenicillins, and in combination with 

beta-lactamase inhibitors, first and second-

generation cephalosporins) are also linked to 

natural resistance. The creation of enzymes 

that break down β-lactam antibiotics is 

connected to acquired resistance. Pro-

duction of metallo-β-lactamases plays a sig-

nificant part in P. aeruginosa's antibiotic 

resistance (MBL). A broad-spectrum anti-

biotic with all penicillins, cephalosporins, and 

carbapenems is what MBL is known for. All 

β-lactamase inhibitors that are clinically 

accessible have a mild inhibitory effect on 

these enzymes. When treating infections 

brought on by multidrug-resistant strains of 

Gram-negative bacteria, MBL is frequently 

referred to as an "antibiotic last resort" due to 

its potent immobilization of carbapenems.26 

Antibiotic Beta-Lactam 

Beta-lactam antibiotics (BLA) are the 

most widely recommended and used anti-

bacterial molecules to combat various infecti-

ous. BLA has a bicyclic or monocyclic struc-

ture composed of four β-lactam cores, which 

is its weakness. The β-lactam amide group 

can be hydrolyzed enzymatically by the -lac-

tamase enzyme, rendering the compound 

susceptible to antibacterial activity. In ge-

neral, β-lactam antibiotics have clinically 

broad-spectrum activity against Gram-posi-

tive and Gram-negative bacteria. Antibac-

terial activity derives from its ability to inhibit 

a series of cyclic transpeptidase enzymes 

known as penicillin-binding proteins (PBPs), 

essential for synthesizing the peptidoglycan 

layer of the bacterial cell walls. Without 

peptidoglycan, bacteria cannot grow and 

eventually die.27 

Based on the Amber classification, β-

lactamases are classified into four classes: 

class A (ESBL), class B (MBL), class C 

(ampC), and class D (OXA type). Classes A 

and B have been described as enzymes that 

rapidly developed resistance to clinical 

isolates of P. aeruginosa. Several variants of 

the broad-spectrum OXA enzyme have been 

identified in P. aeruginosa. Other ESBLs 

include PER (penicillins and cephalos-

porins), GES (penicillin and broad-spectrum 

cephalosporins), and KPC (carbapenems). 

Metallo-β-lactamases are unique because 

they contain zinc (Zn) in their active site. The 

first metallo-β-lactamase in P. aeruginosa 
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was discovered in Japan, and this bacterial 

factor has developed rapidly to date.28 

Mechanism of Beta-Lactam Resistance in 

Pseudomonas aeruginosa 

P. aeruginosa has evolved an antibac-

terial mechanism against the β-lactamase 

class and many different classes found in the 

bacterium. β-lactamases can inactivate β-

lactam antibacterial antibiotics by breaking 

the bond of the β-lactam ring. This breaks the 

intermediate bond, and the resulting product 

lacks antimicrobial activity. The β-lactamase 

enzyme and the β-lactam ring characterize 

the hydrolysis of antibiotics by β-lactamase 

activity. An enzyme that leads to P. aeru-

ginosa disrupts the β-lactamase ring in the 

periplasmic space and deactivates β-lactam 

by crossing the outer membrane before 

reaching the PBP. Some genes encoding β-

lactamase enzymes are found in bacterial 

DNA's flexible regions, such as plasmids and 

type 1 integrin, while others are found in type 

2 and 3 integrins.2 

The main mechanisms for the deve-

lopment of β-lactam resistance by mutations 

are changes in PBP3 target proteins, de-

creased drug uptake, increased export, and 

drug molecule degradation. Furthermore, 

horizontal gene transfer could take over the 

β-lactamase enzyme from other bacteria. 

Metabolic changes and increased biofilm 

production may also influence resistance.29 

β-lactam production has become a 

major mechanism of antimicrobial resistance 

following the advent of β-lactam therapies, 

including piperacillin, ceftazidime, cefepime, 

ceftolozane, and carbapenems. The major β-

lactamases of P. aeruginosa are cephalos-

porins, ampC overexpression, broad-spec-

trum β-lactamases, and carbapenemases.11 

Effective antibiotics are the last resort for 

treatment for serious illness.30 

Based on research by Sezahdeghani, 

et al., P. aeruginosa isolates were 40.3%, 

43.1%, and   44.9% resistant to meropenem, 

ertapenem, and imipenem, respectively.31 

Carbapenemases are β- lactamases and 

include serine-β-lactamases (KPC, OXA, 

and GES genes) and metallo-β- lactamases 

(MBL). Approximately 15.5% of the isolates 

produced strong biofilms, 37.6% of the 

isolates produced moderate biofilms, and 

10.2% of the isolates produced weak bio-

films. We concluded that the films from the 

isolate that produced moderate and strong 

biofilms were resistant to all antibiotic groups 

tested. Based on the studies, a significant 

association was found between the forma-

tion of P. aeruginosa biofilms and the in-

creased prevalence of antibiotic resistance. 

Within biofilms, bacteria are protected by 

exopolysaccharides, which prevent the entry 

of antimicrobial compounds either through 

the binding of compounds to the biofilm 

thickness or matrix. In addition, biofilm-pro-

tected bacteria with low metabolic activity 

slow down the uptake of antimicrobial com-

pounds, rendering antibiotics ineffective. Co-

lonies of organisms form biofilms and 

communicate with each other through quo-

rum sensing. Most biofilm-producing P. aeru-

ginosa isolates are classified as multidrug-

resistant (MDR).31 
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CONCLUSION 

Pseudomonas aeruginosa (P. Aerugino- 

sa) is an opportunistic pathogen capable of 

producing biofilms. The P. aeruginosa biofilm 

structure surrounds the bacterium and con-

sists of an exopolysaccharide matrix com-

posed of PsI, Pel, alginate, and eDNA. For-

mation of biofilms by Pseudomonas aeru-

ginosa bacteria generally proceeds through 

several stages: attachment of planktonic bac-

teria to suitable surfaces, irreversible solidi-

fication of adherent bacterial cells, a matu-

ration process with the formation of micro-

colonies, and final stages. Biofilms are a reser-

voir of bacteria that can form new biofilm struc-

tures. Pseudomonas aeruginosa has mecha-

nisms of antibiotic resistance: intrinsic resis-

tance and adaptive resistance. Antimicrobial 

resistance involves reduced membrane per-

meability, synthesis of enzymes that can inac-

tivate antibiotics, chromosomal mutations, and 

horizontal gene transfer from other bacteria. 

Pseudomonas aeruginosa is known to develop 

mechanisms of resistance to beta-lactam anti-

biotics. Furthermore, biofilm formation may 

also lead to phenotypic changes in the resis-

tance traits of Pseudomonas aeruginosa.  
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