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Abstmct

Abstract

Multidrug resistance (MDR) is the resistance shown against at least one antibiotic from thrpe or

more antibiotic categories. Resistance to antibiotics is a gowing crisis in clinical medicine as

resistant organisms enhance morbidity and mortality. The number of microorgianisms orhibiting

antibiotic resistance, especially resistance to multiple antibiotics, is increasing continuously. Thus,

disease causing age,nts which werE onoe susceptible to antibiotics are showing resistance to these

therapies. Gram-negative bacteria accounts for a significant proportion ofthe list ofbacteria which

are developing resistance at an alarming rate. Percentage of resistant bacteria can Yary from one

part of the world to another. No local data on resistance patErns is available in many health

facilities especially in developing counfiies such as Pakistan. hecise and demographic specific

statistics on antimicrobial resistance profiles of antibiotics is need of the hour. The study aims at

developing a national level picture ofthe antibiotic resistant Gram-negative bacEria in health care

facilities across Pakistan and also to identifr the molecular determinants of the resisbnce. In this

rcsearch, clinical isolates of two Gram-negative bacterial species, Pseudomotns rentgirnsa and

Escherichia coliwere sampled from major cities of four povinces of Pakistan. fire isolates w€re

re-cultured in lab and antibiotics fiom different classes werp uscd to find out their resistance

against commonly used antibiotics. Our resulb rcvealed mercpmem, imipenem and doripenem as

the most effective antibiotics against all E. coli with 260 % sensitivity percentage. Amilcacin (72

7o), imipenem (80 7o) and meropenem (84 yr) werc the most effective antibiotics against P.

aeruginosa strains. The povince wise rcsult showed tdnaL E. coli frorn Balochistan province

showed highest percentage (71 .43 7o) of resistance, then KPK (66.67 7o), Punjab (60 Yo) provinces

were placed while Sindh samples showed least resistance (53.06 o/o). KPK had the highest rate of

resistance (69.23) againstantibiotics inP. aerugirnsa species, followed by Balochistan (63.46yo),

Sindh (35.9 Y)andPunjab/ICT Q4.62W. Allexcept one of the E. coli samples (96.15 7o) in our

study were MDR and showed rcsistance against at least five antibiotics of different antibiotic

groups. 76% Qrl9) of P. rertgircsa samples were MDR in our study. In our study, a Multiple

Antibiotic Resistance Index (MARI) value larger ttran 0.25 was seen in 96.15 Yo (n15) of the E

coli isolates, and 68 o/o (n=17) of P. aerzginosa isolates that indicates overuse of antibiotics in

Pakistan. DNA extraction of these isolates was performed by using commercial DNA kits. It was
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quantitatively analysed by doingNanodrop and qualitatively analysed by gel electnophoresis along

with gel doc. To amplis specific gene by PCR, reverse and forward primers for OmpC, OmpF,

OmpW, OprD and OpdK were designed. After performing amplification this amplified gene was

sent for sequencing with the same forward primer (used in PCR) to know about various mutdions.

Different mutations were seen in the amino acid sequences of OmpC, OmpF, OprD and OpdK. 3D

stnrcture of OmpC and OprD porins were predicted by Phyre-2 prcgram and mutations werE

highlighted using UCST Chimera program. In conclusion, resistance to antibiotics is increasing in

E. coli and P. aeruginosa which is a matter of concern and needs proper management. The

uncontnollable spread of MDR genes among clinical isolarcs of Gram-negative bacteria inthe local

hospitals calls for rapid government intervention. These kind of monitoring studies must be

performed on regular basis in order to monitor the stats of infectious diseases and control the spread

of these infectiors diseases. To stop the future spread of rEsistant, virulent and gsnetically varied

strains of various Gram-negative bacteria, it is essential to implernent effective infection contol

procedures, adhere to rigorous hygiene standatds, and administer antibiotics as needed.

lx
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Chapter 1 lntrcduction

1 Intnoduc{ion
According to Davies and Davies (2010), antibiotics are chemical substances derived from

microorganisms that either kill or stop the growttr of other genns. The majority of antibiotics

currently in use come from the phylum Actinobacteriq and over 80 % of antibiotics obtained from

actinobarteria are orpressed by bacteria found in soil belonging to the genus Stneptomyces @arka

et al.,2015). Before the discovery ofnatural antibiotics, synthetic substances such as salYatsan,

sulfa medicines, and quinolones were frequently utilized as chemotherapeutic agents (Aminov,

2010). Since Fleming's discovery of penicillin in 1929, a wide range of antibacterial medicines

have been crrated, having a significant impact on global life expectancy rates and human health

(Coico, 2006). It can be said confide,ntly that antibiotic action is one of the most important

treatment options of modern medical drugs that is used to tneat diseases.

1.1 History of antibioties

Infections were the primary cause of death throughout the cource of l9th century. The dwelopment

of antibiotics made it possible to treat hospital-ac4uired illnesses and significantly lowered the rate

of morbidity and mortality brought on by infections. Arsphenamine (Salvarsan), an antibacterial

drug for the successful tneatnent of syphilis, was created for the first time by Paul EMich in 1910.

It was the most popular drug at the time and was produced in massive quantities (Schwar@ 20M).

Prontosil (sulfamidochrysoidine), a sulfa medication, was qpated by the Bayer Company with the

help of two higtrly qualified chemists, FriE Mietzsch and Josef Klarer. Gerhard Domagk's

introduction of the antibiotic as an antibacterialinl9S2 mad(d a significant advancenrent in the

medical field (Apaydrn & T6rOh 2019).

Numerous businesses began tlre bulk manufachup of its derivatives since sulfanilamide was an

inexpensive, off-patent medicine (Schwarta 2004; Domagk, 1935). The first person to get the

antibiotic penicillin from the soil-dwelling fungus Penicillium notatum was the British

bacteriologist Alexander Flenring in September 1928. However, the discovery of penicillin, which

represented a significant advance in medicine, was initially announced in 1929, and the first human

clinical tials were carried out in 1940 (Schlegel,2003,Aminov, 2010).

Mapping and Molecular Churcterization ofAaibiotic Resistan Grm-rcgotive Brcteria in Pakistan



Chapter t lntruduction

fur important advancernent in managing and combating bacterial illnesses was made with the

discovery ofpenicillin and its adoption into the human health carc system. Howwer, the iszue with

antibiotic use is that while they ar€ antagonistic to pathogenic bacteria, they are also antagonistic

to the natural microbiota in the human body (Watsh, 2003). As a result, it is advised that before

prescribing any antibiotic, one should think about the drugis intended benefis and negative effects.

Therefore, prior to infioducing an antimicrobial into the healthcare system, it is esse'ntial to

understand its mode of action @tebu & Arikekpar' 2016).

1.2 Classification of antibiotics

Antibiotics are classified into five major groups i.e., on the basis of action, soulEe' specffum,

chemical sfiucture and function.

1.2.1 Cla$ification based on Action

Antibiotics are classified based on action into two major grcups i.e., bac"tericidal and bac'teriostatic

antibiotics. Antibiotics that target the bacterial cell membmne or cell wall causing its disnrption

and those that inhibit or slow down the bacterial growttr are known as bartericidal and

bacteriostatic antibiotics respectively (Ullatr & Ali, z[L7).Bacteriostatic antibiotics ffiibit some

metabolic pathways and synthesis of protein. Under high concortation, few bacteriostatic drugs

may act as bactericidal drugs (Aminov, 2010). Some common bacteriostatic and bactericidal drugs

are Sulphonamides, Amphenicolq Spectinomyciq Trimettroprim, Tetracycline, Erythromycin and

Penicillin, Carbapenems, Cephalosporins, Aminoglycosides, Quinolones, Vancomycin,

Fluoroquinolones, Polymyxins respectively.

1.2.2 Classification on the basfu of sourcc

Antibiotics are derived fiom three major sources i.e., fiurgal, synthetic and serni- syttthetic.

Cephalosporins, benzylpenicillin and cefamycins arp obtained from natural soupes. But their

toxicity is higher as compared to synthetic antibiotics. Ampicillin is considered as semi-syntheic

antibiotic, with lowered toxicity and incrcased efficacy. Norfloxacin and moxifloxacin are well-

known synthetic antibiotics with increased efficacy and reduced toxicity (Ullah & Ali, 2017).
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1.2.3 Classification on the basir of Spectrum

Antibiotics are classified on the basis of ttreir target in two categories i.e., broad spectrum

antibiotics and narrow spectrum antibiotics. Broad spectrum antibiotics target pathogenic bact€ria

which includes Gram-negative and Gram-positive bacteria. Narrow spectrum antibiotics targst the

specific group of microo,rganisms i.e., either Gram-negative or Gram-positive bacteria. These

antibiotics do not harm the body's natural microorganisms and are unable to cause superinfections.

They also have a reduced rate of resistance because they only target specific bactcria. Some well-

known examples of narrow and broad-spectrum antibiotics are pJactam, Cloxicillin, Methicilli4

Cephalosporins (generation one and two), Vancomycin, Rifrmpin and Ampicillin, Amoxicillin,

Quinolones, Aminoglycosides, Carbap€nems, Cephalosporins (generation thrce, four and five),

Macrolides, Tetracycline, Chloramphenicol, Tircaltilliq Rifrmycin respectively (Ullah & Ali,

2017).

1.2.4 Chemical Structurc based Classification

Classification onthe basis ofchemical stnrcture is very significantbecause sarne structurcs possess

same level of efficacy, toxicity and many other properties. The antibiotics are categorizd futto

eight classes i.e., B-lactam, macrolides, aminoglycoside, quinolones and fluoroquinolones,

sulfonamides, niroimidazoles and tetracyclines.

p-Lactams consist of four membered lactam ring varying in attached side chains and erffa cycles.

Derivatives of penicillin, monobactams, carbapenems and cephalosporins fall in this catcgory of

antibiotics. ln Cephalosporins, mostly changes oocur on position number 3 and 7 (Adzit€y, 2015).

Macrolides are derived from natural products mainly through polyketide group consisting of l4-,

l5-, or 16- unit macrocyclic lactone ring with attachd deory suga$. Common macrolides are

roxithromycin and erythromycin. Some studies showed that the certain specified substitution on

carbon number 6,9, ll, or 12 resulted in improved in-vifo activity against Mycobacterium

tuberculosis (Zh'u et a1.,2008).

Aminoglycosides comprise oftwo amino sugarc attached to an aminocyclitol with the glycosidic

bond. They obstruct the protein synthesis crucial for bocterial gowth. Studies have rcvealed that
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the modification in location and number of functional goups attached to the aminoglycosides

effects the biological activity like prorcin synthesis inhibition. They also showed that protein

synthesis inhibition is more effective while the compound has two amino groups compared to those

who have one amino goup. Some common examples ofthis goup of antibiotics are kanamycin,

streptomycin, neomycin and spectinomycin (Ullah & Ali' 2017).

Quinolones are synthAic antibiotic agents derived from quinine. Fluoloquinolones are the

derivatives of quinolones by adding fluorine goup at 6h position.They hhibit DNA Srrase to

prevent multiplication of bacteria Studies showed that the modifications at l-, 5',6',7-, and 8fr

position ofthis bicyclic ring rcsults in the improved effrcacy of pharmacokinetics and antibacterial

activity. Although some adverse effects are also associded with these modifications. Various

examples are, nalidixic acid (NA), ciprofloxacin (CIP),lwofloxacin (LEV) (Adzi@,2015).

Sulphonamides arp the major class of antibiotics having the fuirctional group (Rl- SO2-NR2R3)

(Ullah & Ali, 2Ol7). They inhibit growttr and bacterial replication by inhibiting the synthesis of

RNA and DNA. They are potent against tlre pathogens of the broad specfium i.e., Esclerichia coli

Staphylococcus, Salmonella and Shepbcoccus species. The most common sulphonamides are

sulfrdiazine, sulfamethizole and trimethoprim (Adzitey, 2015). Sneptogramins are the class of

antibiotics which were obtaind by several strains of Sfeptomyces. They are involved in the

inhibition of synthesis of protein by impeding the formation of pe'ptide bond and hinders the qrit

tunnel of peptide present in large subunit ribosome (50S), rcsulting in the prwention of

polypeptide chain extension (Noeske et a1.,2014). This group of antibiotics are dividod into tro

sub-groups i.e., group A and grcup B. Dalfopristin and Quinupristin belong to goup A and group

B respectively. Some other examples are vemamyciq staphylomycin, ostrogrycin and

pristinamycin (Vazquez, 1967).

Imidazole ring containing compounds are knovm as nitroimidazoles. The position of nitno

functional group determines different ninoimidazole dnrgs such as, when niho goup is prcsent at

position number 2, it is calted as benzridazole and if it is pltsent at position number 6, it is called

as mehonidaznle.Compounds having fourring hydrocarbons are classified as tetracyclines having

a skeleton of octahydrotetracene-2-carboxamide and a polyketide's subclass. The new derivdives

of tetracyclines are semi-synthetic in nature but initially derived through bacterial specie
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Steptomyces. The common examples are doxycycline and oxytetracycline'

1.2.5 Classification based on the function of antibiotics

The major factor of antibiotics is their mode of action. There are different processes such as

synthesis of cell wall, function of cell membrane, synthesis of protein, synthesis of nucleic acid

and many other that help in the growttr of bacterial cell. Different antibiotics target and inhibit

these pocesses.

1.2.5.1 Inhibition of cell wall synthesis

The cell wall of bacrteria is made up of peptidoglycan layer. Antibiotics target this peptidoglycan

layer and inhibit the synthesis of bacterial cell wall. p-lacam antibiotics are the major inhibitors

of cell wall synthesis such as derivatives of penicillin, carbapenems, cephalosporins and

monobactams. These p-lactam antibiotics imitate as a false compound and intribit the reaction of

tanspeptidation and synthesis of pepidoglycaru resulting in ttre activation of lytic enzymes. p-

lactam antibiotics cannot reach the cell wall of Gram-negative bacteria because of the blockade

caused by their outer membrane. The bacterial cell resists this class of antibiotics by producing f-

lactamase enzyme (Ullah & Ali, 2017)-

1.2.52 Membrane function inhibitors

Bacterial cytoplasmic membrane works as a barrier for particular agents to pass through it and

regulates its int€rnal structure. Any intemrption in these functions results in the destruction of the

cell or causes cell deattr. An antibacterial agurt known as polym).xins, are cyclic peptides with a

long hydrophobic tail, are found in A, B, C, D, and E forms. HoweYer, form B and E are used in

therapeutics. polymyxins have been found as toxic age,lrts for Gram-negative sfiains of bacteria

because oftheir higher specificity against polysaccharides. Sysbmatically, when these polymyxins

bind with the substrate of lipopolysaccharide, it rpsults in the structural change of menrbrane and

increase its permeability, which ultimatety disturbs the osmotic balance. Moreovcr, sorre changes

in the membrane like respiratory inhibition, water uptake increased, and molecules discharged

fiom the internal structurc of the cell resulted in cell death are also observed. These antibacterial

agents have minimum or null effect on Gram-positive bacterial sEains because of their thick cell
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wall which rcfrains the molecules to cnter the cell membrane (Newton' 1965).
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inhibiting the RNA elongation by binding with the DNA- dependent RNA polymeras€, preventing

the fianscription of gene leads to cell death. Quinolones such as CIP and nA act as DNA synthesis

inhibitors. They work by binding with the DNA g;rrase which hhibits the opening of supercoiled

double standed DNA, resulting in halting the replication of DNA leading the cell damage (Ullatt

& Ali,20t7).

1.3 Antibiotic resistance

The period from 1930s to 1950s can be called as "golden era" of antibiotics as it gave rise to many

medicinally important antibiotics (Wright, 2014).Unfortunately, this period was v€ry sho,rt and

this golden period ended abruptly because emerging resistant pathogens became very resistant

against these antibiotics and rcsearchers were not very efficiurt to cope up with the pace of

antibiotic rpsistance development. Constant failure to engineer new antibiotics and imprudent

usage of antibiotics are the major rtasons behind the rise of antibiotic resistance (Senguprta ef aL,

zDl3).Irresponsible use and widespread excessive supply of antibiotics caused the ernerge, ce of

resistant bacterial species.

The set of all antibiotic rcsistance genes is termed as antibiotic rpsistome. It usually includes those

associated with pathogenic bacteria which have been isolated in the clinics. Also, antibiotic

producing non-pathogenic bacteria and other rcsistance genes are included in it. The rcsistome can

also refer to an inherited set of genes that is used to resist infections. Antibiotic rpsistance is an old

process and the 'hesistome" is an ever changing and rising problem. The major r€asons of the

resistome are global over-population, poor sanitation, increased relocation around thc world,

higher use of antibiotics in medical practices, and in agricultrre and poor disposal system of

sewerage (Golkar et a1.,2014, Gould & Bal,20l3).

furtibiotics revolutionized medicine in the twentiettr cenfiry because of their ability to prevent

bacterial infections and to tneat these infections. Howwer, the increased use of antibiotics impelled

bacteria to grow into rpsistant strains. The ability to tneat infectious diseases was thus confronted

by the rise of antibiotic resistant bacteria (ARB) and subsequantly antibiotic-resistance genes

(ARGs) (Wright, 2010). The situation is so serious tlut the World Health Organization has

classified antibiotic-resistance as a "serious thrpat'to world's public health (WHO, 2015).
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Antibiotic r€sistance in bacteria evolves when it can escape the effects of antibiotics by various

mechanisms. Some ofthese are: A. neutalizing antibiotics; B. pumping antibiotics outside of the

cell; C. modifiing antibiotic's binding sircs thus inhibitingthe medicines' attachmentto microbes.

1.4 Mechanisms of antibiotic resistance

The mechanisms of antibiotic-resistance can be classified into trro (02) broad grcups that are A.

Natural and; B. acquired-resistance. Natural resistance can either be innate (frequertly expressed

in the organisms) or mediated (genes usually prresent in the bacteria are only ac'tivated to resistant

levels after antibiotic tneatment) (Reygaerq 2018). orr the other hand, acquired resistance can

emerge firom mutations in the bacrcria's chromosomal DNA (Culyba et a1.,2015) or from the

bacteria receiving ge,netic material through fianslation, conjugation, or fansposition (Lerminiau

& Cameron, 2019). Drug target ahei,iatiwr, drug inactivation, drug effhx, and drug uptake

limitation are the four categories into which AMR prccesses can be categorized (Yrcrpor et al.,

20r8).

Gram-negative bacteria acquire all these mechanisms for resistance while Gram-positive bacteria

acquire only two mechanisms i.e., modification of dnrg target and drug inactivation because they

lack lipopolysaccharide outer membrane so are less likely to utilize the drugJimitingmechanisn.

They also lack the capacrty for some drug efflux prcoesses (Mahon et a1.,2018).

1.4.1 Dertroying the drug

Penicillin and cephalosporins arp two of the most often prescribed beta-lactam antibiotics (Page,

2012). The main stnrctural element of this pharmacological class is a four+ided -lactam loop,

which is shared by all members. The activity of -lactamases dismantles the main mechanism of -

lactam resistance, the -lactam loop. It is impossible for -laptam ring formation to bind to penicillin-

binding proteins (PBP) because Jactamases hydrolyze it @ush and Bradfond, 2016).

1.4.2 Drug target modificetion

The modification of the drug's targ€t is a typical method by which bacteria develop antibiotic

resistance (Reygae$ 2018). Changes in the number and/or organization of PBPs ar€ one of ilre

mechanisms of resistance to -lactam medications. The amount of medication that can bind to the
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trgst is affected by changes in the number of PBPs (Bush and Bradford,2016).If there is a

stnrctural altcration, as the appearance ofthe mecA gure in S. aureus (Foster, 2017), drug binding

will bc rcdrced or d€leted" Anorthcr cxanrplc ig the fmily of gcnes knorm as erythromycin

ribosome mettrylase (ERM), which metlrylates 165 rRNA and modifies the dnrg-binding site to

pruvent the bindiag ofmacrolides, stneptogramins, and lincosamines (Peterson & Katr,2018). For

instance, fluuoquinolones are dnrgs that prevent the formation of nucleic acids. Changes in DNA

rynsc or topoismerasc Md to rpsistarcc to thcs€ therapies. Drug connections to grrase and

topoisome,lase become more difficult or impossible because of these alterations (Nairu d al.,

2021).
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membrane @lair et al., 2Ol4). Gram-negative bacterial strains allow the entry of hydrophilic

molecules to pass through the porin channels. The dnrg uptake can be limited in trro main ways

by changes in the porin channels either by decreasing the porin number present or by changes in

the selectivity ofporin channels by mutation (Kumar & Schweizer, 2005). Enterobacterirceae

family members develop resistance either due to the reduction in porin number or completely

stoppingthe entire production of specific porins. firese bacterial strains develop resistance against

carbapenems by this mechanism (Cornaglia et a1.,1996). Some other bacrcrial strains develo,ped

resistance against certain antibiotics such as,ftlactam, tetracycline, cephalosporins and imipenem

due to changes occurred in porin channels by mutation (Reygaert, 2018).

1.4.4 Modifid drug taryets

Bacterial cell developed resistance against specific antibiotics by modifying their drug targets.

Gram-positive bacterial stains alter the number and sfiucture of PBPs. They are associated with

the composition of peptidoglycan layer present in the cell wall. The quantity of drug that is able to

bind to its specific target is either inqpased or decreased by the alteration in PBPs number.

Structural change in PBPs resulted in eitlrer decreased drug binding ability or completely inhibiEd

itsbinding to the target (Beceiro et a1.,2013). Gram-negative bacterial shains werercsistant to

vancomycin and daptomycin antibiotics. The former acts by impeding the synthesis of cell wall

and the lattcr acts by depolarization of cell membrane. In case of vancomycin rpsistance, van gpnes

collectively change the peptidoglycan prccursots' structur€ resulting in the decrpased ability of

antibiotic to bind. While calcium ions is required for the binding of daptomycin. Its tpsistance

occurred by gene mutation i.e., mprFgene was mutatcd and changed the surface charge of cell

membrane from negative to positive, thus preve,nting the calcium ions to bind and also daptomycin

(Cox& Wright,2013).

The resistance developed against antibiotics that binds to the ribosomal subunits was due to the

occurrence of mutation. Certain genes such as erm gencs ar€ involved in interfering with the

binding ability of antibiotics to ribosomes. This includes the classes ofantibiotics such as

aminoglycosides, streptogramins, oxazolidinones and macrolides etc (Roberts, 20M). Mutded

stuctures of topoisomerase and DNA ryrase resulted inrcsistance against antibiotics such as
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fluoroquinolones that targets the synthesis of nucleic acid @edgrave et al-,2014)-

f.4.5 Inactivation of drugg

Inactivation mechanism of drugs was carried out in bacterial strains either by degnding the drug

or by transferring a chemical group to it. p-lactamarcs arE the group of enzymas which degnde

the Flactam class of antibiotics. Similarly, teO( gene is responsible for the inactivation of

tetracycline. Transferring a chenrical group leads to inactivation of drugs. These groups include

phosphoryl, adenyl and acetyl. Aminoglycosides wele inactivated by the fransfer of all three

groups to it. While fluoroquinolones, sfieptogramins and chloramphenicol were inactivated by

acetylation @lair et a1.,2015).

1.4.6 Activetion of eIIIur pumps

Bacteria encode genes for the efflux pumps. Under some extemal stimuli, they areovelexpressed.

These pumps are used to eliminate the toxic waste from the bacrcrial cell. Also, these efllux pumps

transport a variety of substances across the cell @lur et a1.,2014).

There are different kinds of effIux pumps in bacterial cell such as ATP-binding cassette family

(ABC family), multidrug and toxic compound extnrsion family (MATE family), small multidrug

resistance family (SMR family), major facilitator superfamily (MFS family) and lastly the

resistance-nodulation+ell division family (RI'[D frmily). These all pumps have certain functions

in the bacterial cell. RND fiansporter family is found in Gram-negative bacteria. Th€y apt in

coordination with the periplasmic membrane fusion protein(MFP) and an out€r membrane porin

protein (OMP) to transfer the components acnoss thewhole cell. E coli possesses AcrAB-TolC

pump of the RND transporter family. They induce resistance against penicillin, maclolides,

tetracycline, fluoroquinolones,adchloramphenicol. The pump protein AcrB is composed of two

binding pockets, allowing the substrates of various sizes and properties to bind (Poole, 2007).

1.5 Resistant Gram-negative bacteria

Resistant Gram-negative bacteria which include Pseufumoras oeruginosa, Enterobacteriaceae,

Neisseria gononhoeae, Shigella spp., Hremophilus itdluerua, Helicobacter pylori,Acirptobrcter

baununnii,Salmorcllaspp. and Canpylobacter are the real threat and conributing factors in
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sinking health and economy status arcund the globe.ln2017, the World Health Orgianization

(WHO) released a list of bacteria requiring novel antibiotics on emergency basis to stop the

emergence of their resistant variants. WHO gouped these bacrcria according to their resistance

severity and named them as critical, high, and medium (Figure 1.3).
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P. aerugirnsa is an aerobic, Gram-negative rod that doesnt form spores and can infect bottt

immunocompetent as well as immunocompromised hosb with a range of diseases (Ker &

Snelling, 2009). It is a very difficuh organism b cue in modenr medicine due b iS propensity to infcd

immurncompromised lrcsts, hrgh flexible basterial resi*arcg and even a wide specEum of dynamic

defenses. (Mulcahy et a1.,2014).
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€x6rnq and many offi€r$ can be brcWtfm by it It is foquartly an opporhmistic paftogenaswell as a

significart contributor Orvards nosocomial infctiors lilc pnarmonia linked b verfilabrsr cAlreter rclrcd

UTIc and odrers. Infctions tiggBncd W P. erryime arc widesp,read in people witt

immunoconpronrisod stahs inctuding cystic fibrosisb bunr, rmcorfiolld diabes me[ihrs, brcnchicctlsis,

AID$ organ tursplant, and ICU admissions (Kerr & Snelling, 2fi)9; Mulcahy et a1.,2014).

E. coli,commonly known as E. coli, is a Gram-negative bacterium. It is present in the gut as a part

of gut microbiota in warm-blooded animals and humans. Most E coli strains are not pathogenic,

but some causes sevene infection to the central nervous system, gasfrointestinal tract (GI TracD

and renal system (Alharbi et a1.,2019). E. coli is classified into two major goups i.e., commensal

and pathogenic strains (Alwash & Al-Fofyai,2019). Commensal bacterial strains are harmless and

live in a symbiotic relationship with the host and rarely induce infections (Ramos et al.,2020).

E. coli does not have any known virulence factor (Alwash & Al-Rafyai,2019). Pathogenic E. coli

rs subdivided into two classes i.e., intestinal pathogenic E coli (InPEC) and e,firaintestinal

pathogenic E coli (EnPEC). Intestinal pathogenic E coli flnPEC) induces diarrheal infections and

is classified in six known patlrotypes such as, Enterotoxigenic E coli /ETEC), Diffitsely Adherent

E. coli (DAEC), Enteroaggr€gative E coli (EAEC), Ente,roinvasive E coli (EIEC),

Enterohemorrhagic E. coli (EHEC) and Enteropathogenic E. coli (EPEC). The classification of

these enteropathotypes of E coli depends on their virulence, mechanism of infection, syndrcmes

and symptoms, tissue tropism and association with entercc)rtes. Recently, studies classified

Adherent-Invasive E coli (AIEC) as a now pathofipe of intestinal pathogenic E coli 6nPEC)

which is categorized as a disease related E coli associatod to Crchn's disease. Wherpas stains of

qrfiaintestinal pathogenic E coli (ExPEC) are related to Uropathogenic E coli ()PEC) which

causes urinary tract infections (UTIs) and neonatal meningitis (NMEC) (Rojas- LoWz et al.,

2018). All these pathotypes cause foodborne illness and their major source of infections are

contaminated poultry meat, sprouts, vegetablas, fruits, drinking wat€r, dairy products and

beverages (Rojas-Lopez et al., 201 8).
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1.6 Bacterial outcr membrane

The outer membrane of bacteria is an intermediator betrreen the external environment and the host

cell. ft is found in peptidoglycan layer and cytoplasmic membmne (Hejair et al-,2017). These

OMps are prcsent on the outer surfrce of bacteria. When these pathogens enter in the host cell, it

quickly triggers the immune rcsponse and recognizedthese pathogens as aforeign molecule (Wang

et al., 2Ol7). Bacterial outer membrane (OM) acts as a barrier in the transportation of toxic

substances like antibiotics and bile acids. Hence, the Gram-negative bacteria do not allow

chemicals having molecular weight higher than 600 Dalton (600 Da) to enter inside the cell. So,

antibiotics like daptomycin and vancomycin whose molecular weight is higher than 1400 Dalton

(1a00 Da) cannot penetrate the bac.teria. This characteristic causes the hurdle in the invention of

new antibiotics that target the Gram-negative bacteria (Choi & Loe,2019).

Outer membrane porins arc tansmembrane proteins which form pores and stnrctt[ally comprised

of p-bagels. It ptays a pivotal role in the transportation of hydrophilic substances through the

opening channels which are filled with water. Gram-negative bacteria possess these porins which

can be categorized according to their activities as specific and non-specific porins. According to

their stnrctgral functionality, they ar€ grouped as monomeric, dimeric, and fimeric porins (Pagls

et a1.,2008). Porin plays akey role to mainAin the integrity of envelop in Gram'negative bacteria

such as non-specific porin i.e., outer membrane protein A (OmpA) is a protcin which is associarcd

with peptidoglycan which forms a non-covalent bond with flexible domains of periplasmic and

allow the passively transport of various microscale chemicals (Choi & L*,2019}

In Gram-negative bacteria, ttre passive transportation of antibiotics through these outermembrane

porin channels results in the development of resistance such as, fluoroquinolones and I lactam

class of antibiotics easity cross the outer membrane wiflr the help of non-specific porin i.e., outer

membrane protein F (OmpF). Hence, the mutants of OnpF develop resistance against variors p

lactam class of antibiotics in Gram-negative bacteria like E coli, Kebsiello ptuwroniae, P.

aerugirasa, Enterobacter wogenes and Senatia m&,cescerut (Ziervogel & Rotx, 2013).
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f.6.1 Outor Mcmbrene Prctcin (OltD) rtnrcturc

Cram-ncgdive basteria's outer membnne is made up of lipopolysaccharides. It is comprised of

three fragments i.e., l) lipid A" a hydrophobic membrane which forms the ouEr oover of outer

memb,rane, 2) Corc.os, a non-rcpetitive, phosphorylatod oligosacctraride core, 3) O+ntigeq a

hydrophilic coatiag surface made up of repeaed sugar rmits (Enidge et al., 2002). Lipid A is

ortremely cms€rved while Gantigen is really flexible. The oorc is olassified into inner and outer

region The inner region is formulatcd by 2-keto-3{eory-I}mono-octulosonic acid and some

residues of L-glyceroD-mmno.heptose. The orter region is formulated by various residues of

sugar ass(rciated with each other. These regions of conp help to stabilire the bacterial outer

mcmbfianc (Caroff & IGribian, 2003). The lipopolysacchaddo plays a majot rcle in thc

permeability and imegrrty ofthe ouEr membrane. Macrorrolecules ltaying chargs on them arc not

alloured to elrt€r the membraoe. Howwer, inaaequme diffirsiqr of hydro,phobic molecules is

p€mitt€d (Nikaido, 2003).

Prptdogtycrn O1

lntrlrrrntnnc

Ftgue 1.1 fuutwal rqrucnldoa of ottE nffimnc $funqduc fuqia (A@dfun
hqWi d oL,202I)

The outer membnarrc prctein (OMP) is composed of lipopolysaocharideq phospholipidq utd

prcteins. OMPs ae stnrcturally composed of ftbrrel sheets, usually ranging from 8-26 shands

t@W CItd ilhlmfur Cffiabn of ltribiuic &;sistot Cirwt-adivc Bewia in PaHfiot

i
'4

:1,

.f)grr7;
H..J



Chapter I Introduction

(Rollurer et a1.,2015). They help in the transportation of hydrophillic compounds. According to

their function, they are prcsent in mono, di and trimeric forms (Pagls et a1.,2008). Ihere are some

major porins prcsent in bacterial cell includes OmpA, OmpC, OmpF, OmpD etc. These porins

proteins plays a viAl role in the fiansportation of nutrients, salts, ions, and antibiotics etc (Isibasi

et al.,1988).

They only allow the molecules having the size of upto 600Da to cross the barrier (Cowan et al.,

1995). Mutations or complete loss of porin OmpF and OmpC leads to the rcsistance against p-

lactam class of antibiotics, fluoroquinolones, chloramphenicols and many others in E coli (Kim

et a1.,2020).

1.7 Problem statement

Although research has been carried out to isolate and characterize bacteria from hospital patiens,

daA on their susceptibility to antibiotics ar€ rare and local data on molecular rcsistance pattcrns is

not available. Profiling of antibiotic resistant bacteria relative to nosocomial infections in Pakistani

Population has never been rccorded in available online databascs. The data will be significantly

beneficial for devising healthcare policies in rtlevant arcas of Pakistan. Moreover, the surveillance

study will help to minimize antibiotic rcsistance in healthcare settings by providing the basis for

esablishing guidelines against excessive antibiotic use.

1.8 Significancc of research

Multidrug resistance is a soaring problem of the modem human life. As the list of multidrug

resistant (MDR) bacteria is increasing at an exponential mte, rcsearch on finding a way to tackle

the problem is of high priority. But before even looking for the solution we need to realize the

seriousness of the issue in Pakistan. We need to have an hones! precise picture of the multidrug

resistance countrywide. The study will give us a notjust a detailed pictrrre of multidrug resistance

across Pakistan but will also highlight major mutations in the bac'teria leading to the muhidrug

resistance. This will assist in better and efficient prescription of antibiotics in the future.
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1.9 Objectives

Through this study we aimed to compile a comprehensive pattern of antibiotic rcsistance in

different bacterial strains and subsequently filing of collected results to develop demographically

specific online database for Pakistan.

i. Isolation, Biochemical and genetic identification of bacteria isolaf,ed from healthcare

facilities in different parts of Pakistan.

ii. Antimicrobial susceptibility profiling of the E coli and P. aerugitosa isolates and profiling

strains resistant against commonly used antibiotics.

iii. Identifying genetic diversity among ttre antibiotic resistant bacterial isolates by molecular

characrcrization of major porins

iv. To get a national level picture of antibiotic rcsistance in Pakistan
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2 Literahrre review

Antibacterial resistance is an ever-increasing problern of the current century and contributes to the

list of most serious threats to public health globally (WHO, 2017). The number of resistant

bacterial strains, degree of resistance in each microorganism and affected geographic areas arc

mounting with each passing day (Pfeifer et a1.,2010). Also, number of organisms showing ABR,

especially rpsistance to multiple antibiotics, are increasing continuously (Noor & Munna' 2015).

Thus, disease-causing agents which were previously considered to be susceptible to antibacterials

are showing resistance to these therapies (Lery & Marshall, 2004l) Increase in morbidity and

mortality has been r€ported by Kapil (2005) and Ventola (2015) cansed by resistant

microorganisms all it increases the risk of not-so-fit therapy (Ikpil, 2005; Ventola' 2015). This

resistance may impede fieafinent or lead to delayed fieatnent resulting in complications or even

death (Fair & Tor, 2014; Prestinaci et a1.,2015). Also, a patient may need morc carE because of

the resistance, and may need alGrnative, more expensive antibiotics, having mole serious side-

effects. The patient may also requirc more detailed fieatrn€nts to be given in tlre hospitals (Ventola,

2015; Friedman et a1.,2016).

The MDR organisms rpsult in a morc risky and costly tL*py which can also result in being

unsuccessful sometimes. In the developing countries, most antibiotics arc available over the

counter which can be distributed without prescription; Patiarts and masses are thelpfore required

to be educated and it is a crucial need of the time (Moyes et a1.,2009). In the developing world,

individuals may risk tlreir lives to multidrug-resistance (MDR) diseases as available medications

will fail (Lery & Marshall,20M). For instance, Noor & Munna (2015) reported MDR enteric

disease agents which caused danger and threat to public health in dweloping counfies. Over the

world, MDR has been stated in ltycobacteriwt tuberculosis,Staplyloaccw

aureug Enterocrccus faecium, Kebsiella prcwnonire,Acinetobrcter baumarmii, Enterobacter

cloacae and P. aerugilosa (Mshana et a1.,2013).

Historically, clinicians have been using their past clinical experience to heat infections

successfully (i.e., empirical therapy) (IGrlowsky et a1.,2004; Wong et a1.,2017). However, the

practice is becoming difficult as resistance has been detected against the majority ofthe antibiotic

agents in clinical medicine currently being used in humans and animals. This situation has made
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the selection of a more suitable antibiotic agent a more difficult mission for the clinicians. In this

situation, the in-vitroantimicrobial susceptibility testing data has become a gfeat sowte of

dependency for the clinicians. It also shows the significance of analytical practices in clinical

setups (Walker,2007).

2.1 Antibiotic-nesishnt bacterial infections

Antibiotic rcsistant infections are widely spread throughout the world (Gollor et a1.,2014). A

national US survey of infectiousdisease specialists which was steered by the Emerging Infections

Network and reported that more than sixty percent of members had experienced a resistant and

untreatable bact€rial infection within the last 12 months (Spellberg & Gilbe$ 2014). Many health

establishments describe this swift rise of resistant microbes as a crisis having disastrous results

(Viswanathan,20l4). The Center for Disease Confiol & Prevention (CDCP) of United States has

stated that the humankind is now in the post-antibiotic poiod. The World Health Organization

(WHO) cautioned rn2014 thatthe antibiotic resistance is in emergency condition (Michael et al.,

2014). MDR bacteria arp acknowledged as hazards to most of the developed counties (Golkar ef

a1.,2014).

As reported by Davies & Davies (2010) that antimic,robial resistance puts a serious global threat

of growing concerns. It is not just to humans but to animal & envircnmexrt systcms as well. Van

Beckel et al., (2015) has reported that the globd utilization of antibiotics in domestic animals

cycling antibiotics use throughout the world. It will have economic and public health effects in the

coming years. Their study also shows that antibiotics arc cornmonly used in chicken, cattle and

pigs and it is expected that in 2030 the use will rise to 67 percemt in major parts of the globe (van

Beckel et a1.,2015).

Among Gram-positive bacterial strains the biggest risk can arise from resistant Fnterococctts

species and S. mtreus (CDCP, 2018; Rossolini et a1.,2014). An intemational epidemic may arise

as a result. More Americans die from multi-resistant S. aweus each year tlran from murder,

emphysema, Padcinson's disease, HMAIDS, or any other single cause. Enterococci that are

resistant tro vancomycin and othcr expanding bactcria are becoming resistant to the majority of

prescribed medicines. It is usual for common respirmory pattroge,ns like 
^S. 

pnetmaniae and M
tuberculosis to develop drug resistance (Rossolini et a1.,2014).
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Gram-negative pathogens are especially troublesome as they have aerquired rcsistance to almost

alt antibacterial medications available, rcsulting pre-antibiotic era circumstances (Gollor et al.,

2014; CDCP,Z0l&;Rossolini et a1.,2014). The development of MDR Gram-negative bacteria has

significantly affected the antibiotic potential. Agents of highest ooncern are the Gram-negative

contagions found in medical scttings. Acinetobacter species, P. aemgitaso, ffid

Enterobacteriaceae (mostly K pnewaniae) re primarily responsible for these. MDR Gram-

negative bacterig such as betalactamase-producingE coliandN. gorcnhoeae, arc also spreading

rapidly among people (Rossolini et a1.,2014).

Many studies have also put light on the discovery of antibiotics and Antibiotic Resistance Genes

in vast environmental settings. High-throughput quantitative PCR (HTqPCR) with Illumina

sequencing has been used to provide a comprehensive insight into the profile of a large vari*y of

ARGs in vast environmenal models (Christgen et a1.,2015; Garner et a1.,2016;Jiaet a1.,2017;

Lau et al., 2017). Su et al., Q0l7) collected samples from I 16 urban seweragp spots and applied

methods for characterization oftopographical and seasonal dispersals ofARGs and its multitudes.

381 ARGs were identified and extensively publicized in all trials. It was reported by this study that

human actions were the main contributors to antibacterial resishnce and its dispersal.

The effectiveness of an antimicrobial agent is deteriorated due to the likelihood of resistance or

tolerance acquired from the very first use of this compound. This is univelsally accurate for all

antimicrobials that are used to treat bacterial, f*9"1, viral, and other diseases. Many biochemical

& biological systems can speed up this rcsistance development. It should be avoided to overplay

the complexity of all those mechanisms which are linked to the rise and circulation of the

resistance. Furthermore, lack of base data on these subjects is a basic need, which resulted in a

lack of significant accomplishments to achieve the development of resistance. Different

associations have called it a serious global public healttr issue worldwide. Many reports arc

compiled, numerous recommendations and proposals are presented, but liule progrcss has been

achieved so far. The increase in antibiotic rcsistance is an insistent ooncern ufortunately, (Roca

et a1.,2015).

The second major concern that is observed is that in several countries, antibac.terials arc un-

regulated and are readily available by the counter without any prescription. This results in

antibacterials that are easily accessible, cheap and plentiful, which enhances abuse of
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antibiotics. The capability to buy online and lack of rcgulations for purchase of such medicines

have also made them available and accessible in counties wherc antibiotics are snic/rly regulated

(Michael et a1.,2014).

The ttrird major conoem is prescription of the antibiotics; in the U.S. for example, the inueasing

number of prescribed antibiotics indicates that a lot of work needs to be done to reduce the use of

these medicines (Gross, 2013). Even in some states of US, the number of prescribed doses of

antibiotics in a year surpass their population, resulting in mole than one prescribed heatment per

individual per year (CDCP, 2018; Gross,2013).

Statistics on ABR among local bacteria help in defining the top conceivable treafinent for different

patients (Ganesh et al., 2013; Johnson, 2015). However, it must not be neglec'ted that the

percentage of rcsistant bacteria varies fiom one part of world to another (Karam et a1.,2016), urd

in many medical facilities, local data on resistance patterns is lacking (Abejew et a1.,2014). The

available data can be used at multiple sites including understanding AMR tnends, devising

communit5r health plan, detecting priority areas for interventions, finding out treatrnent choices

and keeping rccord ofthe result ofthese interventions to decrease or stop resistance (WHO,2000).

Also, there is no adequate statistics on antibiotic rpsistance profile of antibiotics in dweloping

countries like Pakistan. Thercfore, the present study will also cover the screening of the antibiotic

resistant profile of antibiotic medications that are used in the handling of infectious microbes in

Pakistani hospitals.

In the counfies like Pakistan, low dose and inappropriate dose regime is very @mmon because

the prescriptions are not appropriatc, and the patient compliance is not considercd on a serious

note. Also, there is no any organized national surveillance program to monitor antibiotic resistance.

The emerging mechanisms of rpsistance in antibiotic resishnt bacteria require conshnt monitoring

for accurate and timely detection of novel antimicrobial rpsistance. The antibacterial surveillance

studies have a major part in minimizing antibiotic rcsistance in health facilities by establishing

prescribing rcgimes at local levels and thus providing the foundation for the establishment of

shategies to the healthcare systems for appropriarc antibiotic use.

Therefore, this study is planned to discover and expose the resistance pattern in the bacterial

pathogens found in Pakistani population.
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2.2 E coli

One of the most extensively researched model organisms in the fields of molecular biolory and

micncbiolory is E. coli (Btount, 2015; Idalia & Bernardo,2017). One of the earliest commensal

bacteria to colonize the gut after birth is the well-known bacterium E. coli.However, this bacrcrium

can result in serious systemic infections in immunocompromised patients or in healthy people

whose physical, anatomical, and physiological barrien have been wealcened tKaper et a1.,2004;

Leimbach et al., 2013). Additionally, because of genetic diversity, some strains of E coli vary

from their commensal counterparts and encode particular virulence features that enable them to

infect a variety of animals with illness (IGper et al.,20M)

One of the most genetically adaptable microbes is.E coll, which can colonize and survive in both

primary (associatcd with hosts such as birds, animals, and humans) habitats and secondary

(without hosts) habitms. Due to the great degree of genetic flexibility in tris bacterial species, it

has a remarkable potential to adapq which has resulted in the creation of pmhogenic strains from

commensal populations @aumgart et al., 2ff.2Jl. Yandecm€n et al., 2017, Dobrindt & Hacker,

2001; Darmon & Leach,2Ol4). Genomes of pathogenic E. coli strains are often bigger because

these bacteria need more virulence factors (VF) and other adaptive traits. Most of the time,

virulence genes are found on transposable genetic elements such plasmids, tansposons,

bacteriophages, insertion seque,nces, and pathogenicity islands (Torres & Kaper, 2002;Sabrt6 et

a1.,2006);As a result, they may also be swapped horizontally, which may enable creative bacterial

rearangements. On ttre other hand, commensal bacteria can potentially Urn pathogeiric through

gene loss. For instance, the absence of E coli-specific genes, such as cadA and flagellar 8fl6,
caused Shigella to become pathogenic (Maurelli et al., 1998;Lan et al.,20A). C€rtain examples

of VF encoded by phages in E ali strains include Shiga toxins, enterohemolysin, rytolethal

distending toxins, superoxide dismutase, and certain OMPs (Schmidt, 2001; Beutin et a1.,1990)

Boyd and Brussow, zAOD.The spread of acquired virulence genes with unique functions beyond

their clonal lineage as well as the emerEenoe of new harmful stnains are both outcomes of the

horizontal transfer between sEains, which promotes variety and adaptability. Through horizontal

gene transfer, EHEC gained the sbr genes (transfer by phages), OI (O-island), and LEE (locus of

urrcrocyte effacement) (Javadi et a1.,2017). EPEC enrerged afterthe acquisition ofthe LEE island

and espC serine prot€ase gene (Ikper et al., 199/). Likewise, there arc many identified PAIs in
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different E coli pathotlryes which were rcquircd via horizontal gene Eansfer and can contribute to

fitness and the colonization of different niches (Javadi et a1.,2017:' Messerer et a1.,2017).

A better knowledge of E. coli VFs, the mechanisms causing species diversificatiorU and the

monitoring of foodborne illness outbreaks has been made possible by the growing genomic

sequence data In 201l, raw fenugreek sprout eating in Germany was linked to a foodborne

epidemic of dianhoea caused by Shiga-producing E coli (EHEC-STEC-WBC) Ol04:H4 (King

et al., 2012). Surprisingly, this strain proved more virulent than the majority of E coli that produce

Shiga toxin. DNA analysis revealed that the snain harboured plasmid-borne VR which is often

prevalent in EAEC and promotes aggregative adhesion to intestinal epithelial cells, as well as

toxin-encoding phage comparable to the 933W phage identified in EHEC (Beutin & Martin, 2012).

2.2.1 Antibiotic rcsistance hE ali

According to studies by Marshall et al., Q009) and Tadesse et al., (2012), E coli can have a high

level of resistance to several of the antibiotics that people have been using since the 1930s.

Uropatlrogenic E coli is reported to cause most of the clinically important UTIs globally with a

considerably high resistance rate to amoxicillin, tcfiacycline, and trimethoprim/sulfamethoxazole

(Kot 2019).

The ability of E coli sfiains to horizontally transfer genes and tlreir high rate of gene acquisition

may confiibute to this. Although the causes ofthe rise in antibiotic resistance may be complot, it

is generally accepted that human activities and increased antibiotic usagc for human health, animal

health, and food production are the primary culprir (Chokshi et a1.,2019)Mt et a1.,2021). ln
example of a very virulent pathogen linked to bloodsheam and urinary infections is the widely

reported multidrug-resistant E. coli STl3l, which has aided in the propagation ofthe CTX-M-IS

gene (Johnson et o1.,2010, Naseer et a1.,2009). In general, the most common kinds of antibiotics

that E colibacteriaare rpsistant to include p Jactams, quinolones, aminoglycosides, sulfonamides,

and fosfomycin. Environmental pollution and animal and human gut colonization in poor nations

are dominated by strains of E. colitfi.produce ampC (Chokshi et al.,20l9iHasan, 2020). We arp

limited to the last resourcc antibiotic classes, such as polymyxins and carbapenems, as Extended

Specfum B-lactamase (ESBL) and AmpC-producing E coli are morc frequently reported as the

cause of severe infections (Mikhayel et al., 2021i Iseppi et o1.,2020). Additionally,l34 instances

of E. coli infections orprcssing the OXA-244 variation of OXA48 were discovered from clinical
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sarnples in Germany (pfeifer et a1.,2012), and Ona-48-carrying E coli strains have also been

found in Europe (Nordmann ,2014).Additional rc.search revealed that ll9 E. coli strains recove,rcd

from additional European nations contained the same mutation @akttravatchalam et a1.,2016;

Dautzenberg et a1.,2014, Glupcrynski et al., 2Ol2). Similar to this, New D€lhi metallo-p-

lactamase (NDM-I) and closely relarcd enzymes are a category of zinc-rcquiring metallo-ft

lactamases capable of hydrolysing a wide variety of p-lactams, including all penicillins,

cephalosporins, and carbapenems (Williamsonet ol.,2Ol2). Additionally, NDM-I and morc than

20 NDM variants have proliferafed and are linked to illnesses in several regions of the world

(Farhat and Khan, z121).Resistant bacteria have emerged as a global concetrn to public health as

a result of an increase in international fiavel and fiade. Similarto humans, antibiotics arp freque'ntly

used in food animals for a variety of purposes, including growttr stimulation and continuing mass

preventive medicine. Third- and fourth-generation cephalosporins (Ceftiofur and Cefquinome) and

fluoroquinolones (Enrofloxacin) are often used in food animals in many poor nations (fuigulo at

a1.,Z119;Collignon et a1.,2016; Naveen, 20lS). Because there are more extended-spectrum P -

lactamase-producing and fluoroquinolone-resistant E ali in poor nations due to a lack of

regulation, funding, contols, and surveillance, the issue is considerably wolse there (Founou el

al., 2017i Hasan, 2O2O). Global efforts are thereforc required to assue the develop'ment of

alternative stategies to combat the aforementioned antibac'terial resistrnce of particularly

pathogenic shains. Antibiotic-resistant bacteria are norv responsible for 700,000 annual fatalities,

and ry 2050, that figrre will rise to l0 millioL surpassing the 8.2 million annual deattts currently

athibutable to cancer (Ventolao 2017; Dadonute et al., 2022). The c,lreation of new heatrnent

strategies will remain crucial. Vaccination is o,ne alErnative sustainable preventative measurethat

can aid in reducing the spread of antibiotic-resistant E ali.In the sections that follow, we will

provide a summary of the vaccination programs used to stop illnesses brought on by various E

coli pathotypes.

A study conducted in the USA showed highest resistance against AMP (97.E Yo), then against

fimetlroprim-sulfrmethoxazole (IIIIP-SMX) (92.8yo),and least against CIP (38.8 o/o) (IGrlowsky

et al., ZOOZ). Higher rates of ampicillin resistance (55 yo)were found in E. coli isolates according

to a differelt UK investigation (Bean et a1.,2008).In India, the resistance rates were found as

TMp-SMX (83.3 yo), CN (48.E Yo), urd CIP (46 7o) (Manikandur et al.,20ll).I-eski et al., in
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2016 showed high CN and CIP resistance with 72.9 Yo and 47.1olo, respcctivcly (Leski et al.,

20t6). Alanazi et al., (2018) found high CIP Q2.7 y")and AIVIP (42.85 7o) resistance in their study.

A study by Sultana er al., Q023)showed that E coli showed greater AMP, AK, cefazolin (Z), CIP,

and nalidixic acid (NA) resistance than the others. In all testcd Gram-negatives, a 2014 research

of UTI patients in Iran revealed the most prevalent rpsistance against cefxime (CEF), cephalothin,

and cotrimoxazole (SXT) (Khosravi et a1.,2014)

In a study conducted in hospial of Basrah, Iraq, the E. coli isolates werc found to be highly

rcsistant for cefoiaxone (CRO), ampicillin (AI\,IP), levofloxacin (LEV), cefotaxime (CT)Q,

aztreonam (ATM), ceftazidime (CAZ), gentamicin (C19, piperacillin (PRL), and TMP-SMX. A

substantially lower level of resistrnce to imipenem, cefepime, and ciprofloxacin was seen in the

E. coli isolates. The results confirmed that clinical isolaEs ofE coliinUTlpatienb had significant

levels of drug resistance (Jail & Al Atbee, 202,2)

In a study conducted in Institute of Child Health, LahorE, Pddstan, Uropathogenic E ali strains

were isolated from pediatric patients and subjected to antibiotic susceptibility assays for 2l

common antimicrobial drugs. Results rcvealed that more than 90 % of the uropathogenic strains

werc not suscepible to cefuroxime (CXM), cefixime (CEF), and CTX. More than 80 % of

uropathogenic strains werp also found to be resistant to co-amoxiclav (AC), ceftazidime

(CLz),ceftriaxone (CRO), CIP, NA, norfloxacin (NOR), pipemidic acid, and co-timoxazole

(SXT). However, E. coli strains were susceptible to colistinsulphate (85 yo), polymyxin (BPB) (85

%} chloramphenicol (C) (84 7o), nitroturantoin (nF) Q9 7o), fosfomycin (FOS) Q6 yo),

and meropenem (MEM) Qly") (Iqbal et a1.,2021).

The population of Islamabad who presented with UTIs at the tertiary care facilities was the subject

of retrospective research. According to the findings, E mlfs resistance to AmoxicillinClavulanic

Acid (47 7o), TMP-SMX Ql 7o), Fluoroquinolones (24 Yo), and Cephalosporins (3t 7o), has

increased. The use of nF and FOS increased significantly. High ratcs of resistance to

cephalosporins (62 7o), fluoroquinolones (76yo), TMP-SI\D( (73Yo), and amoxicillin (AML) (53

7o) were recorded. However, FOS (92 7o), aminoglycosides (90 y") and nF (80 7o) exhibited

noticeably high levels of sensitivity (Bangash et a1.,2022)

In a research condusted in2020by Haq et al., it was discovered that the isolates were least sensitive

toNA,which wasthenfollowed byAMP, SXT,CTX,CIP,ATM,AML,CN, nF,andIPM.Among
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the resistant isolates, the iucC gene was the most prevalent. It was discovered that 86 % of the

samples collec"ted wene MDR. They discovered a significant relationship (P{.03) between the

genes fimH and rcsistance to ATM, and iucC with rcsistance to AMP and AML Qlaqet al.,2n0)

According to a strrdy by Mubashir et al., Q02l), E colifus a high level of rcsistance to CTXQ4.9

yo), CILZ Q4.6 yo), cefoxitin (FOX) (70.1 yo), and augmurtin (63.2 yo). E coli showed lower

resistance rates to IMP (7.4 7o), FOS (8.9 yo), AK (13.2 7o), and nF Q5.9 n.In their study, Sohail

et al., E. coli resistance to CTX Q2yo),CAZ Ql %o) nd amoxicillin (84y") was reported to be

roughly comparable to that in our investigation. Similarto this, Sohail et al., (2015) found rtduced

E. coli rcsistance to IMP (3 yO, FOS (10 Yo).lncontrast, considerable E. coli AK resistance (91

7o) was noted in a research by Muhammd et al., un2020. According to research carrid out by

Bashir et al., inPalcistan in 200E, E coli showed rcsistance to the following antibiotics: AMP (92

7o), SXT (80 7o), CIP (62 7r), CN (47 yo), nF (20 Yo),urdAK (4 yo).

The discrepancies in bacterial resistancc rates between studies can be related to a variety of

variables, including the research population and regional disparities. The patienfs indiscriminate

use of antibiotics without seeking medical advice is one of the frctors contibuting to the

emergenc€ of bac"terial resistance to antibiotics. This causes mutant stains to arise, which

imprcves their capacity to block the enty of medicines. Numerous research have rcvealed that the

majority of urinary tract pathogens have changed over time and throughout numerous nations

(Gupta et ol.,20ll; Livermore et a1.,2007;Lomazzi et a1.,2019; Magliano et al.,2012).

2.3 P. aeruginosa

P. aentgircsa is a Gram-negative, aerobic rod-shaped bacterium that is a member of the -

proteobacteria and ofthe bacterial family Pseudomonadaceae. One of tlre 12 subtypes in the group

includes P. aerugitmsa (Todar, 200E). The pathogem is an orgianism that lives freely in many

planktonic envircnments. This bacterium, which may also build biofilm, is in+harge of lr20%
of hospital infections (Fazeli et a1.,2012).

One of the most olinically and epidemiologically significant microorganisms is P. rerugilaso.

According to Kolleff (2013), it is the primary cause of opportunistic infections in

immunocompromised individuals as well as the leading cause of nosocomial infections among

non-fermenting Gram-negative bacilli. A MDR opportunistic pathogen, P. rentgirnsa can infect
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immunocompromised people with COPD, cystic fib,rosis, cancer, injuries, bums, sepsis, and

ventilator+ssociated pneumonia (VAP), including those with COVID-I9 (Rossi E, et a1.,2021,

Jurado-Martin et a1.,2021.; Cendra & Torrents, 2021).In biofilm states, P. remgirusa can emdure

hypoxic conditions as well as other hostile environments (Sirfia, M., et a1.,2021: Tan& P., et al.,

2}zl).Treatnents for P. aerugitnsa infections are also very challenging because of the bacteria's

fast mutations and adaptation to develop antibiotic resistance. Additionally, due to its propensity

to flourish on moist surfaces, P. rerugirnsa is one of the top organisms rcsponsible for hospital

acquired infections and is frequently detect€d in medical equipment (ventilation) (Jangra,2022)

Due of its considerable metabolic flexibility, P. rerugirnsa may flourish in a wide variety of

habitats (Silby et al.,20ll). Additionally, it is a yery effective opportunistic pathogen that may

cause both acute and chronic infections (Winstanley et a1.,2016). It is well acknowledged that P.

aentgitosa is a pervasive opportunistic pathogcn prevalent in the environment, despite tlre frct

that nansmission mechanisms arc still diflicult to determine.

It is nonetheless subject to ongoing selection pessure in hospital settings (Zarychanski, 20(D) and

is one of the primary etiological causes of nosocomial infections in Brazil (Boucher and Crey,

2008; Tavares,2000).

The P. aerttginosa has developed a number of defence mechanisms to withstand antimicrobial

effects. The most significant -lactam rcsistance mechanism involves tlre synthesis of p-lachmase

enzymes; however, tesistance can also result fiom overcxprcssion of p-lactam efflu syst€ms,

changes in membrane permeability, and the synthesis of PBPs with low p-lactam affrnities. All of

these pathways may coorist in P. aerzgirusa or may orist separately (Antonio et a1.,2019).

According to the US CDCP's estimates, P. rerzgirnsa infections caused 32,600 hospital

admissions and2700 frtalities in the USA in 2019 (CDC,2019). According to Cassini et al.,

(2019), from 2007 to 2015, there were on average 72,000 infections with antibiotic-resistant P.

aerugirosa and 4155 fatalities per million individuls in Europe. The number of tlrese infections

increased by around three times over this time.

2.3.1 P. aerughua entibiotic rcsistance becterial infectionr

P. aeraginosa reportcdly demonstrates rcsistance to I variety of antibiotics, including

aminoglycosides, quinolones, and plactams (llancock and Speert,2000). Intrinsic, acquired, and
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adaptive r€sistance are the three primary types of defence used by P. aertgircsa against antibiotic

attack P. aerugircsab infinsic resistance consists of several different mechanisms, including low

outer membrane permeability, the evolution of efflux pumps that expel medicines fiom cells, and

the production of enzymes that render antibiotics inactive. Resistance in P. aeruginosa might arise

through mutations or via the horizontal transfer of rcsistance genes @reidenstein et al.,20ll). P.

reruginosa cr€ates a biofilm in the lungs of infected people that serves as a diffirsion barrier to

shield the bacteria from drug exposurc (f,henkard, 2003).

Aerording to epidemiological rcsearch, bacterial infections caused by resistant to antibiotics

claimed the lives of up to 700,000 people annually. According to Botelho et al., (2019), 12.9 Yo of

P. aerugircsa isolated from European samples have combination resistance. P. rerugircsatelatd

hospital infections continue to result in antibiotic rcsistance, which is a significant healthcare issue

(Haque et a1.,2018). E coli and P. rertryircsa are the most frequent causes of hospital+cquired

infections in Spain, according to the 2016 EPINE sdy, with P. aentgirnsa accounting for 10.5

% of clinically isolated bactedal infections (Lopez{allgaet ol.,20ll).

P. aerugirosa, ttre fourttr most prevalent pathogen in hospitals in Europe, caused over 9 % of

infections, according to the 20ll-2012 Healttr Care Acquired Infections (HCAIs) r€port. P.

aerttgirnsa is also responsible for 7.1 % of HCAI in the US (McCarthy and Paterson,20l7).

Additionally, the 2016 European Center for Disease Prcvention and Control (ECDC)

epidemiological research rcvealed that P. rertgitosa is a common cause of pneumonia flate-ups,

urinary tract infections, and bloodsteam infections in ICUs and hospitals @otelho, et a1.,2019;

Haque et al., 2018; Feng et al., 2017; Xin, et al., 2018). Additionally, data from the China

Antimicrobial Surveillance Network (CHINET) revealed 301,917 clinically isolated pathogenic

sfains, and it was discovered that P. rerzginosa ranked fourth among nosocomial infections,

accounting for 7.96 %, behind E. coli, K pnewoniae, and S. owew which shows much P.

oerugirosa pos€s a serious hazard to human health on a worldwide scale, not just locally

(CHINET,2022)

Mubashir et al., Q0zl)reported that FOX and nF were shown to be completely ineffective against

Pseudomonas species. AK and FOS were both lffi o/oand 80 % sensitive, howevertherc was high

resistance to augmentin (60 yo), IMP (60 yo), CTX (40 y") and CAZ (40 y") (Mubashir e t al., 2021).

The effectiveness of all other antibiotics was not examined in the study by Sohail et al., (2015),
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but they found a lesser resistance to amikacin. According to research done in Khyber Pakhtun

Khuwa, 8.3 o/o of patients showed resistance to AII 25 o/oto augmentin, 66.7 o/o to CTX, 75.0 o/o

toCAZ,5E.3%to FOS, 4l.l o/oto IMP, and lfi) %toNf (Muhammad et a1.,2020).

The goal of another study conducted in Inan was to investigate the pattern of antibiotic tpsistance

of P. aerugirnsa isolated frrom 172 instances of superficial infections reportcd to Iranian hospitals'

emergency deparfinents. The greatest nates of resistance to AMP (93 o/o), CN (89.5 %o),CIP (82.5

Yo), urd AK (77 .3 Yo) were seen in aeruginosa stains. MEM Q.3 o/o),IMP (2.9 7o), polymyxin B

Ql.5 yo), and SXT (31.9 o/o) were the medications with the highest efficacy rates (Ahmadi et al.,

2016)

According to a study from Chinq P. aerugitasawu ortrernely resistant to conventional antibiotics

(57.7 o/r100 7o) but was vulnerable to polymyxln B. For this investigation, blood samples were

taken from l62badly bumt patients with bloodstream infections who were admitEd to burn ICU

between January 201I and December 2014 (including 120 patients with extnemely severe burns)

(Gong et a1.,2016).

P. rerugirnsa infections in a University Hospital, Malatyq Turkey were investigated in E0

inpatients. Resistance to the antibiotics test€d was in the 12 % to 88 o/orringe:, amikacin was the

most effective and CRO was tre least effective antibiotic (Yetkin et a1.,2006)

In total, 52.2o/o (n = 60/l 15) of P. oerugitosa isolaEs fiom nosocomial infections in southwest

Iran were carbapenem resistant; of these, 95.0 o/o, 55.0 o/o, and 5.0 o/o were multidrug-resistanf

severely drug-resistant, and pandrug-resistant, respectively (Heidari et a1.,2022)

2.4 OmpF porin of E. coli

E. coli has the two most important porin proteins named OmpC and OmpF, which play a vital role

in tra,nsportation of small molecules, toxic salts, antibiotics, and nutrients. OmpF porin is an

important membrane protein of E coli, as it has some immunogenic properties in it. ft plays a

pivotal function in the pathogoresis of bacteria which includes serum rcsistancg invasion, and

adherence (Hejair et a1.,2017). OmpF comprises of a barrel formed by 16 antiparallel p-shands

placed in membrane and exhibits the surface antigen's eight domains on the N-tenninal of
extacellular domain (Wang et a1.,2017).
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Stndies showed that OmpF is the mojor porin protein of E. oli because of its immunogenic

properties md povides 87.5 7o immrmity against the virul€Nrt shain of E coli i.e. E coli FCN033

(Liu d al.,2Ol2). Studies rwealed thm the complete loss of OmpF or mtrtation in active resi&rcs

of OmpF porin of E. coli resulted in alteration of mtibiotic susceptibility or rceistance wil b€

dcveloped against amibiotics (Zierrrogel & Rorrlr, 2013). Many studies revealed tlut due to

depletion of podn Foteins i.e., OmpF and OmpC, rEsultcd in the instability and losses tlre

configuation of og6r membrane of E coli which uttimmety reduces the permeability of

futmll fftfiucol0tnPF

OU€r membrme p6otein F (OmpF) is a matrix prctein of E coli (Covnan et al., 195). It is

fimctional in the timeric form. Eac,h monomer is comprised of 16 antiparallel Fbmel sheets. Ihe

3-D strusfirc of OmpF porin was rpsolved fiz.4l.though X-r,ay diftastion (Lou er 4L' 1996).

Thc molecglar rrcight of monomeric OmpF is 371IDa Th€ maturc part of protein is composed of

340 urino acids that form channels forthe diffirsion of small hydrophilic $rhtanses. Periplasmic

side contains eigtrt smell p-hairpins while €Dftracellular side comprises of eight lrge a6itrary loops

i.e., Ll to LE flrst eonnects thc p-shcets.L2ig associsted withthe interactim beffiteen monomGrg
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(Cowan et al., 1995). L3 is the longest loop with 33 amino acid residues and limits its accessibility

by folding itself internally in the porin tightening the pore size (Kefala et d.,2010).

Some studies revealed the immunogenic properties ofOnrpF porin against E coli PCN033 virulent

strain (Liu et a1.,2012). Studies revealed the occuntnce of resistance in.E coli due to complete

depletion or mutation in the active sircs of OmpF, leads to stnrctural instability and reduced

permeability of outer membrane, fiiggers the antibiotic resistance (Kim er a1.,2020).

Various shrdies showed that resistance mechanism of OmpF gene is regulated by the micF gene.

It is a stcss rEsponse gene which rcgulates the exprcssion of OmpF gene. A 93 nucleotide non-

fianslated antisense RNA is encoded by micF gene. This antisense RNA binds to OmpF mRNA

and controls the exprcssion of OmpF by degrading the message and inhibiting the Eanslation. If
the expression of micF increases, the exprcssion of OmpF gene deuuses, which ultimately

induces resistance in E coli (Delihas & Forst, 2001).

2.5 OmpW of E. coli

OmpW is a common Gram-negative bacteria outer membrane protein wittr an 8-sfmded p -banel

sfucturp and a long and nanow hydrophobic channel (Figure 2.2). Alttrough OmpW has been

found in several different bacterial species lately (Albrecht et o1.,2006; Hong et a1.,2006), its

biological role is still mostly unknown. OmpW, however, may have a rcle in defending bacteria

against a variety of environmental strcsses, including osmosis (Xu er a1.,2005\ oxidation (Gil et

a1.,2007), temperafi,rrc, ud the lack of nutients and oxygcn (Nandi et a1.,2005). This has been

widely shown in earlier research. A link between the prcsence of OmpW in cells and bac'terial

resistance to drugs including ampicillirt tetracycline, and CRO has also been shown by proteomic

techniques (Goel and Jiang, 2010). That's the main r€alron that some antimicrobials arp less

effective at preventing bac"terial growth because of OmpWs func,tion in the fiansfer of minute

hydrophobic compounds (Hong et a1.,2006).
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OmpW has been found to be increased inNA-resistant E @li shains (Li et 4r., 2008). OmpW is

dormregulated in lranamycin-resistant E coli K-12 strains, colistin/crbapenem-resistant l.
baun4paiiavl1gfig, and ceftiaxoneresistant S. $phimwium strains, howwer, which is oonsistent

with the idea th* porins limit tlre eirtry of ftlactams into cells (tlong et al., 20/16l; Znr&g et al-,

ZV2O).O6pW nE colihas been linked byproteomic studyto bac'terial resistance to medications

inclnding ampicillin, t€tracycline, urd CRO (Wu d a1.,2013). Additionally, E coli defends itself

agtinst enrofloxapin W aecreaslng OmpW ocp,ression and limiting the drugis tansport md

intracellular concentrdion (Piras et a1.,2015). Thrs, it was shown thfi A. futntomii's OrnpW

erpression rvas noticeably decreased rvte,n subjected to tobranycin stness (K"stlyap e, al-,2022).

OmplV expression changed n A. baanonii isolates in response to CIP and IMP, respectively

(Crurpinu et al., 2022).

The OmpW gene was knocked out, which also showed that numerous bacteria have rrtimicmbial

resistance to OmpW. The resishnce of E mli rrntblnts missing the OmpW to colicin $4,

cllortetracycline, D€mlycirU md AItdP suggests that OmplV is the rece,ptm or a cosnponEnt of thc

r€ceptor for these medicdions (Pisl er al., 1999;Lm a al., 2010;h a al., 2012). OrrplV of S.
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typhimurium is 2.5 times more sensitive to metlryl viologen than the wild type (Gil et a1.,2007)-

Puricillin, kanamycin, and polymyxin B bacterial sensitivity are all impacted by Actirofucilhts

pleuroprreunoniae's deletion of OmpW (Chen et a1.,2022). In the meanwhilg the E coli OmpW

is mechanistically linked to EmrE and participates in the substrate efflux prooess mediated by

etlridium multidrug rcsistance gene E (emrE) (Pushpker et a1.,2022).

A transcriptional SoxS factor associated witlr oxidative stress was also shown to be adversely

regulating OmpW in E. coli (Zhang et a1.,2020). A phosphotansferase from EnvZ's Hi043 to

OmpR's Asp55 incrcases the cellular arnount of phosphorylated OmpR (OmpR-P) when certain

environmental signals are recognized by EnvT- indicating hatEnvZ and OmpR are in an active

state. While OmpR directly inhibits OmpW in Salmonella enteritidis, this condition alrcrs the OMP

composition and causes differential expression of OmplV and other OMP genes, boosting

resistancr to Slactams (Ko,2022).

2.6 OmpC of E. coli

OmpC is made up of negatively charged, l6-sfianded beta barrels that help form the porin's eyelet

and support its size-exclusion and permeability feahrres (Delcour, 2009). According to research

by Chang et al., Q0l8) andZtnng et at., (2018), OmpC incrcases the entrance and resistance of

antibiotics such p-lactams as well as the transport of hydrophilic molecules with low molecular

weight through tfte outer membrane. OmpC's mutation changes OM permeability and impairs

stnrctural integrrty (Nikaido, 2003).

According to Lou et al., Q}ll) OmpC is involved in the fiansmission of antibiotics. In clinical

isolates of Enterobacter aprcgenes and Enterobacter cloacap, the deletion orreduction of OmpC is

associabd with amodest inclpase in imipenem MIC (Lavigne et a1.,2012' Babouee et ol.'2016).

All carbapenem non-susceptible (CP-NS) E. coli isolaEs had reduced OmpC fanscription and

protein expression, and one isolate's carbapenem susceptibility was recovered by cloning the

OmpC gene (Liu et a1.,2008). Clinical isolates of multidrug-resistant E. ali exhibit increased

CTX resiSance due to OmpC mutations (lnu et a1.,2011). The OmpC deletion mutant of E ali,

howcycr, was susccptible to carbapenems, cefepime, carbapenems, fourth-generation

cephalosporins, imipenem, vancomycin, and puromycin (Choi and Lee 20l9,Liu et a1.,2012,

Hakkinen et al.,2A0). It was also resistant to st€ptomycin, fusidic acid, and nifiofirantoin.
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Mutations in OnrpC werE one of the main causes of increasod MICs for certain antibiotic.s.

According to mutrtion prediction, amino acid changes like D192G in the OmpC of carbape,nem-

resishrtE coliuefumain carse of cartapcnc,m rcsistatrcc Cfian a a1,,2020).The OmpC prcteitr

in E coli also has a duplication of eight amino acids in a nearby loccion This duplicdion may tre

rued to build salt bridges with the negatively chrged residtres lining the other side of the barel

wall and dter the porc's eloctrostaric field based on certain R66,L67, Y64, F69, M65, amdl,67

positions (Hakkinen a a1.,2020).The disnption of tertiary or quatemary sfiucture, the prcvention

of phage atEc,hmem and stedcally limiting molecule movemclfl the change of the hydtophobic

n66rc and enarge of porins by limitfurg fteir intcnaction with compounds, suc,h as antibiotics, to

prcmote tunsporq and the disruption of phage attaphment are additional fsctom thm can be rsed

to demonshde how the identified insertion impacted OmpC fimction (Hakkinen et a1.,2020).

According to studies using quantitative real-time ruverse fimscription PCR (RTqPCR) in avian

pattrogsnic E coli,EtvZ,the histidine kinase (HK) of OmpR/EnvZ, may have an impact on the

orprcssion of OnrpC and othff shesr rcrponsc and biofilm-relarcd gencs. Cells can rcapt frst and

effeotively to vuious growth situdions thanks to small regulafiory RNA (sRNA)dependeit
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modulation of gene expression (Jorgensen et a1.,2020). In the meanwhile, it was shown that the

Io9-nucleotide Micc sRNA inhibits ompc production n E ali by directly base-pairing to an

ompc ,RNA 5'rmtranslated region, which is dependent on the Hfq RNA chapero'ne for activity

(Chen et a1.,2004).

2.7 OprD of P. aeruginua

p. aeruginosa is one of the most prcvalent tiggers of nosocomial infections and is frequently

linked to lung infections in cystic fibrosis patients Qycz*et a1.,2000). Due in great part to the

poor permeability of its outer memb me, it exhibits a startlingly high inherent resistance to

conventional antibiotics (Hancock, 1998; Breidenstein er al., 20ll). Drug efflux pumps and -

lactamase arc two oramples of more effective secondary rcsistance mechanisms that might be

introduced as a result ofthe decreased antibiotic inflow. P. aentginosa, unlike Enterobacteria, uses

a variety of subs6ate-specific channels for nufiient absorption rather than expressing universal

porins like OmpF (Chevalier e t al.,2}l7).Although these channels have smaller pores than porins,

substrate binding occurs with higher affrnities because of their distinctive binding siteq which is

helpful in the conditions where these bacteria are located when there is a lack of nutrients.

According to (Eren et a1.,2012), proteins from the outer membrane carboxylate channels (Occ)

family, which is further subdivided into the OccD and OccK subfamilies, arE responsible for

importing t1e bulk of small molecules. While the latrcr favours cyclic molecules, the former carries

basic amino acids. OprD (also known as OccDl), the protoffi member of the OccD subfamily'

is of tremendous pharmacological importance since it not only mediates the absorption of basic

amino acids but also permits the passage of carbapenem p-lactam antibiotics (Trias and Nikaido,

1990, Shen et a1.,2015). Recent whole cell-based alrsays have demonsfiated the significance of

comprehending the molecular prccesses underlyrng substrate recognition and peneffation by

showing that even small alterations to the chemical malreup of new carbapenem analogues can

have substantial impacts on OprD-mdided uptake (lyer et a1.,2017).

By using X-ray crystallography, the sfiucture ofP. aentgirnsaOprD has been determined @iswas

et a1.,2007; Eren et al.,2Ol2; Eren et a1.,2013). It is an l8-standed monomeric protEin having

nume1)us large exterior loops, two of whictU L3 and L7, fold into the barrcl to create a tight

consfiction. fip substrate permeation route has an asymmetric charge distribrition due to the
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prcscrce of a linp of positirrc e,harges (also knorm as a "basic laddcd') ploduccd by five qinine

and one lysine residues on one side of the pore and a largely negdirrcly chrged side on the other.

Ftgte 21 furdwe of P. eousinw @It
Due to if role in the entrance of carbapenern mtibiotics, particularly IMP and MEM, qprD

repmeserils the second main podn prctein in the outer me,mbrane of P. wttgirusa md is one ofthe

most rescuc;h.ed (Trias andNikaido, 1990; auifli et al., l99l; Yoneyama et al., 1995). Analysis

of imipeirem-resistrrt mutub that failed to produce my measurable mormts of the porin as scen

by wertern blot analysis suggested thst OprD functimg as the gafe via which IMP enters fre P.

aerughnsa cell (Yonqnama and Nakae I 993 ; Wolter a al.,20ffi).

|62[l6,Ytos et al., discoveredthat an in-frame deletionwithintlrc OprD (occDl) gene resulted in

the orprcsion of a smaller proEinr nhile the ability to tansport rginfute was rnaintaine4 leading

to carbqenem rcsistaoce. However, this could be because a second porin (OpdP/OccD3) is

involved in the uptake of rginine. Despitc the frct thd the porin can bind both MEM and IMP,

mutaffi lacking OprD werc solely resistant to IMP ufrile remaining susceptible to llffiI6

indicating the cxistlrcc of a differrnt uptakc p*hwey fmftis patticular drug (Pwz d al., 1996),
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At all t1gee-time inmvals effiminE4 OprD was the protEin Gxhibiting the largcst ovcr'

rc,prresentatim in OIt[Vs fiom biofitn sarrples in comparison to the bactedal outsr membtue

@ark er al.,2OlS). Sinc€ OprD (OcrDl) was not notably overrcpreseuted in planlrtonic OIt[Vs,

this overrep,resemation was unique to the biofilm lifestyle. According to a theory put up by Pflt

et at,, (2015), P. M,Winosamly be able to d€srcase the mrouils of porin in its otrtEr m€mbrane

by packing OprD (OccDt) itro biofitm OIt[Vs. This would decrease the bac'teria's susceptibi[ty

to carbryene,m. By adsorbing these urtimicmbial peptides in E cali, OIVIVs have been

demonstrafied to shield baceria agahst polyrnyrin B and colistin (lflmning and Kuetnr 20ll).

Similarttrcodes ircludothc idEatrathighOprDlwels inOMVscauscthe orfrcrmcmbranc's OprD

to become d€plcte{ aflowing cartapenem to accumulate imide OI\IVs andr€fucing the amount

of free cfibae€rxort in bacterial cells.

2.t OpdK of P. tuugfunsa

The pathogenio bac.terium, P. rerzgiroosa has the prctein OpdK in its outer merrbrane. The

monomeric, l8-strmded -ban€l with a kidney-shaped pore urd a constiction with a diameter of I
A was disoovs€d itrthe pnrotein's most rwent crystal stsucttre (Figurc 2.5).

F guv 25 (M*tuweolopdl
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The OprD outer membrane (OM) protcin family is used W the Gram-negative bactcria P.

aerugitnsa for the absorption of several tiny, hydrophilic substances essential for cell derrelopment

and function. OpdK, a member of the OprD family, may be necessary for the assimilation of

vanillate and other aromatic acids (Hancock and Brinkman, 2002;Hutcock and Tamber, 20M).

Although, the OprD protein's overalt structure and that of OpdK arp extremely similar @iswas et

at.,2008; Biswas et al.,2OO7), there is a notable difference between these two channels in the

conformation of the pore-restricting loop L3. The side chain to side chain distance rcveals that this

loop's conformation in OpdK results in a constriction that is significantly broader than that in OprD

(the nanowest diameter is 8.0 A in OpdK against 5.5 A in OprD).
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3 Materialandmethodolory

3.1 Samples collection

A total of 5l isolates of P. aentgirnsa urd E. coli were collected from well-known health care

bodies of all four provinces of Palcistan as clinical isolates. These isolates were collected in sterile

nutie,nt agar plates and transfered to the laboratory of SA-Cenfe for Inrcrdisciplinary Research

of Basic Sciences (SA-CIRBS), of Intemational Islamic University Islamabad, Pakistan. All

samples werp sub-cultured and stored *,40C.

The samples were initially labelled according to the location of isolation (Table 3.1). These

samples wert lEnarned later to the simplest numbering format for easier handling. Sampling was

conducted from July 2021 to Nlarch 2022.

Toble 3.1 Nunber of E coll and P. aeruginua lsolata collo.cudfrum difracn povku of
P*istan

Pruvince No of E coli isohtcE No of P. auughosa isoletec

Balochistan 3 4

Khyber Paklrtrurkhwa
(KPK)

6 5

PunjaUICT t0 l0

Sindh 7 6

Totel 26 25

3.2 Preparation of media

Thrce types of media were used to perform this researph:

l. Nufrient agar

2. Muller Hinton agar

3. Nutrient Broth
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3.2.1 Nutrient ager

Nutrient agar media prepared in 1000 ml of media bottle. 6.5 g powder of nutient broth and 5 g

powder of agar were added in media bottle. Final volume of media bottle was made 1ffi0 ml by

adding distilled water with the help of gnduated cylinder'

The media bottle lid shouldn't be tightly closed. The medium was autoclaved for 20 minutes at a

pr€ssure of 15 psi and a temperature of 120 oC. To assur€ stcrility, the arfroclaved medium was

added to p€tri plates that had already been sterilized. fire medium was allowed to cool to room

ternperatur€ and harden. P. rerttginosaand E coliwerccultured in the medium.

3.2.2 MullerHinton agar (MHA)

Muller Hinton agar was used as growth media for antibiotic susceptibility testing. It was pr€parcd

by mixing 2l g of MIIA powder in tlre media bottle of 1000 ml in which 100 ml distilled water

was added for dissolution purposes and then it rvas filled with water upto 1000 ml but in some

cases, it was noticed that the dissolution of media was not so good even by vigorous shaking, so

to overcome this problem magnetic stirer was used. Before the autoclaving lid ofttre media botfle

was not sealed tightly and it was urtoclaved for 20 minutes at l2dC. Media was cooled down and

in various no of petri dishes, it was pourcd, solidified and stored in the sterile place.

3.2.3 Nutrient broth media

Nutrient broth medium (brand) was prepared in conical flask containing 1000 ml ofdistillod water.

The flask was tightly closed with aluminum foil and shakcn thoroughly to dissolve the components

of the media. The broth was autoclaved on 120 "C for 20 minutes at 15 psi plessulE. The broth

was pourd into sterilized test tubes under sterilized envilonment in laminar flow hood.

3.2.4 Culturing of clinical iroletes

A sterile inoculation loop was used to transfer the bacterial inoculum from clinical petri plates to

nutitional agar plates. For the purpose of isolating pure cultures, the standard sreaking approach

was used. The culture was kept in an incubatot rt37 oC for lE-24 hours.

For DNA extraction prooess, already prepared nutient broth media was used. From this media,S

ml of broth was put in each 15 ml Test tube. Witr the help of a sterile toothpick, some bacteria

cells werc picked from the culture and put in the test tube. Another clean toothpick was put in
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another test tube as a negative control. These test tubes were placed in a shaking incubator'

Bacterial cells were incubated in a shalcing incubatorovernight at37 "Cfor t2Orpm. An optimum

condition such as aerobic environments, sterile conditions, and37 oC rcmperatue is necessary for

maximum growttr of bacterial cells. After l8-Z hours of incubation, the culture was used forDNA

extaction process.

3.3 Preparation of McFarland standard

The McFarland standard is uscd to visually comparc the turbidity of the bacterial densrty to the

turbidity of the appropriate standard. For this 85 ml of I o/o sulfuric acid was added to a 100 ml

conical flask. Using a micropipete, 0.5 ml (500 l) of I . 175 % barium chloride was gradually added

ta I %sulfuric acid. The conical flask's capacity was raised to 100 ml by adding an additional I

% sulfuric acid. After being agitated with a magnetic stirr€r for three to five minutcs, the solution

appeared uniform and clump-free. The homogeneous solution was added and then put into sterile

screw-Gap tubes.

At a wavelength of 625 nm, the optical densrty of the mixtre was determined using a

specfrophotometer (HactU Modet DR2400). 0.087 was reported as the optical densrty value,

which is within the 0.08 to 0.10 range permitted by ttre 0.5 McFarland standard. The creatad

standard was stored in the dark and at room temperatue.

3.4 Antibiotic Susceptibility test

Antimicrobial suscepibility is a tool for evaluating an antibiotic's effectiveness and its capacity to

prevent bacrcrial growth. To determine if the bacteria is susceptible or resistant to different

antibiotics, the Kirby Bauer disc diffirsion mettrod of antibiotic susceptibilifi was used on Muller

Hinton agar.

3.4.1 Methodolory

Wittr a sterile inoculation loop, a few bac"terial colonies werc selected from aNutrient Agar plate.

In sterile vials filled with normal saline, the colonies were suspended. Every saline vial was

vortexed to combine it. In each vial, a uniform bacterial suspension was produced. Using a black

and white card as a background, the turbidity of the suspension in each vial was adjusted to 0.5

McFarland standards. Within 15 minutes, the prepared suspension was employed.
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The bacterial suspe,nsion tube was dipped into using a sterilized cotton swab' The cotton swab was

rotated and softly prcssed against the test tube's side above the fluid level to tEmove any surplus

fluid.

By streaking the swab across the whole surface of the MHA plate three times, the surface was

infected. The pla6 was turned about 60 degrees every time to make sure that the inoculum was

disfiibuted evenly asoss the MHA surface.

The agar media's surface was left to dry for2-3 minutes. Antibiotic discs welp extacted from the

cartridge using sterile forceps. All ofthe discs werc positioned on one of the designated spob when

the MHA plate's lid was partially removed. To establish perfect contact ofthe discs with the MHA

agar surface, the forceps werc used to g€ntly push tre discs. To reduce the cxposurt of the agar

media to airbome pollutants, the lid was put back on after each disc was placed. All plate lids were

closed once all discs had been positioned in their designated positions. All of these MHA plat€s

with discs were incubatedfor22-24hours at 37 oC in an inverted posture. Each plate's incubdion

rcsult was recorded.

After 22to 24 hours of incubatiorL bacterial growth around the antibiotic discs indicated that the

bacterial sfiain was resistant to that antibiotic. The zone of inhibition (ZOI) is the region

sunounding the antibiotic discs where no grourth had occurred. While gpzlirryat the back of the

MHA plate with a ruler, ttre diameter of the ZOI was measurcd in millimeters (mm) above the

center of the disc. When the zones of neighboring discs inEtsected, the zone diamAer was

computed by taking each zone's radius and multiplying it by two. Zone diameter findings were

evaluated and contrasted with norms set by the Clinical and Laboratory Standards Institute (CLSD

(CLSI, 2O2O). Thelefore, isolates of P. aerzgitosa nd E coli that were sensitive, resistant and

intermediate were assessed.

Table 3.2 &andard Antibidtq disrs (Maru{ailtru: OxoU 114 UK) ttsctilfor suxqtttttW
tsthgagoinsE. coli

S.No Antibiotic Symbol Concentrrtion

I Amikacin AK 3o pg

2 Azreonam ATM 30 trg

3 Amoxicillin + clavulanic acid AMC 30 ttg
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4 Cefe'plme FEP 30 ttg

5 Imipenem IPM l0 ttg

6 Meropenem MEM l0 ttg

7 Sulbactam+Cefoperazone scF 105 pg

8 Doxycycline m 30 ttg

9 Ciprcfloxacin cIP 5 trg

r0 Levofloxacin LEV 5 trg

ll Crentamicin CN l0 trg

t2 Cefoiuone cRo 30 ttg

l3 Ampicillin AIVIP l0 ttg

t4 Cephradine CE 30 ttg

Table 3.3 &andadAnlihtdt* discsnscdlorwserfliOitttyterltingagainst P. uruginosa

Llappng and Moleanlu ClurrcErization dAntibiotic Resistant Grar*negative Brcteria in Pakhtan

S.No Antibiotic Symbol Concenhltion

I Aztr€onam ATM 30 ttg

2 kvofloxacin LEV 5 trg

3 Amil<acin AK 30 trg

4 Doripenern DOR l0 trg

5 ficarcillin TIC 75 pg

6 Pipra-Tazobactam T7I ll0 ttg

7 Meropenein MEM l0 ttg

8 Cefepime FEP 30 trg

9 Colistin CN l0 ttg

l0 Imipcnern IPM l0 ttg

ll Ceftazidime cAz l0 trg

t2 Norfloxacin NOR 30 trg

l3 Ciprofloxacin qP 5 trg
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3.5 DNA extraction

DNA was extracted using the ZymoBloMlcsffi DNA Microprep Kit by following the protocol

which was given in the kit.

3.6 Confimation of genomic DNA

The genomic DNA exhacted from clinical isolates was confirmed by gel electnophoresis.

3.7 Gelelectrophoresis

2 grams of agarose was dissolved in 100 ml of lx Tris-Acetate EDTA (TAE) buffer and heated

for two to three minutes in a microwave to make 2Yo algarosa gel. The horizontal gel tanlc (ltflajor

scien66, Modet MEl0-7-10) rvas filled with a buffer solution containing dissolved agarose, and

the mixhur was left b harden for 30 minutes. For 60 minutes, the gel was operated m 100 volt.

The gel was stained in 0.5 pglml Atridium bromide for t0 minutes and DNA bands were confirmed

after ttre gel was observed under W light in the gel documentation system (SYNGENE, Serial

Number: SYDR/213E).

3.7.1 Prrcparation of Tris Acetate Bulfer

Reagents which werc used in the preparation of lX Tris-acetate buffer are glacial acetic asid(1.2

ml/L), EDTA salt dihydrate (0.372 g/L), Tris base (4.84 g/L). First of all these basic componemts

were completely dissolved in 300 ml of water and then the final volume was made up to 1000 ml.

Sometimes EDTA was not homogeneously dissolved, so magnetic stitrer was used in such a case.

3.7.2 Prrcparation of agaruse gel

2 g of agarose was mixed in 20 ml TAE buffer and final volume was made up to lfi) ml for

preparing 2o/o agarcw. In the conical flask the mixture of both gel and TAE was mixed. After

mixing it was kept in the microwave oven for23 minutes in such a way that its lid was not closed

tightly. To overcome the evaporation and alteration in the concentration of agarose, this solution

was prevented from overheding. At the end it was cooled down to 45 oC.

Well comb was fixed carefully as its reserved position in the casting tay and the pouring of agarose

gel was done consciously. Forthe prevention of formation of bubbles, gel was poured very slowly

into the casting fiay. When gel was solidified, the casting tray was fixed in the gel box, comb was
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rcmoved, and tris acetate buffer was poured into the gel box so that the gel was completely covered

with buffer.

3.7.3 Ioading semple and running of aganoae gel

4 pl genomic DNA was mixed with I pl 6x loading dye loaded into agarose wells. The middle well

was loaded with DNA ladder of specific size very carefully. The gel was run at 100 volts for I

hour. As we know that DNA has negatively chargB because of the presence of phosphate goup

and was tavel toward positive electnode (red is positive and black is negative). From the gel box,

solidified gel was removed very carefully and was placed in a mixture of 0.5 pdml ethidium

bromide and TAE buffer, for l0 minutes for staining purposes. As the staining was completed the

gel was removed from this box and was placed in the W fray for visualizing the band of oarast€d

DNA relative to the ladder DNA by using softrrare known as image lab softrrare.

Gel was visualized under UV light in gel documentrtion system BIO-RAD Gel Doctr FZlmager)

and DNA bands were confirmed and visualizcd using Image Iab softrrare.

3.E Polymerase Chain Reaction technique (PCR)

Table 3.4 and 3.5 shows primers scque,noes used for detection of different OMPs. To design these

primers SnapGene softrrale was used. Any type of DNA primer must be highly specific to some

basic parameters. Complementarity of PCR primer to the extracted DNA is very important. The

importance of the size of the primer also an imporhnt role in primer designing. For the

amplification ofgenomic DNA, primerwithasimple fragmentmustbeused. The sizeoftheprima

must be 40 base pairs so that it must not be very small or too long. Amplification will be

inaccurate and non-specific ifthe length ofthe primer is too long.

The following properties should be possessed for obtaining betrer amplification products.

l. lt has a length in the range of 18-24 bps

2.40-60 % GC+ontent

3. The melting temperature difference of the PCR primer must be 5 "C.
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Toble 3.1 hbun sequcnce usedfor dctutbn of d$ercru oMPs of E colt

Gene Primer Sequence 5'+ 3' Tm ec)
Pmduct
Size (bp)

OmpC
F: 5'-ATGA/MAAGTTAACAGTGGCGGCTTTG-3'
R' 5'-TTAA/AAACGATATCCTGCTGAGAACATAAACACC -3'

67.2
6.3 I 128

OmpF
F: 5'-ATGATGAu{GCGCAATATTCTGCCAGT-3'
R: 5'-TTAGtu{CTGGTAAACGATACCCACAGCA-3'

61.3
63.0 r0t9

OmpW F: 5'-ATGAAtuMGTTAr{CAGTGGCGGCTTTG-3'
f,; J'-TTtutu{AACGATATCCTGCTGAGAACATA'/MCACC -3'

6r.5
61.3 639

Chaptcr 3 Materiet rnd Mcthodolog5t

3.8.1 PCR mgents

pCR reaction mixturE of 50 pl was pr€par€d (table 3.6) which contained: l0 pl Master Mix

(SOLIS BIODY].IE), 18 pl FCR gnde water @IO BASIC WW 1002), l0 pl of each pnmer

(lpM) and 2 pl genomic DNA.

Table 3.6 FCR tugcnEwilhlinolquantlly and coauntrulion

Table J.j Prinun scqucncc usedludctcctbnof dlfierunt OMPs of P. aerugiltw

Gene Primcr Sequence 5'+ 3t Tn ("C)
Pnoduct
SizeOp)

OprI)
F: ATGAAAGTGATGAAGTGGAGCGC
R: TTACAGGATCGACAGCGGATAGTC

61.4
62.3 1332

OpdK
F: 5'-ATGAAAATCCGTCGTAAAACCGCA-3'
R: 5'-TCACCACGACAACGGATAACTCAC-3'

60.E
63.4 1255

Componentr Final concentretion Finelvolume

Matrix tx l0 pl

Reverse primer lpM l0 pl

Forward primer IFM l0 pl

DNA template 50-'100 ng/pl 2pl

FCR gndc water 18 pl

Total volume (PCR) 50 Ft
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S.No Steps Tempereture Duration CYcles

t Initial denaturation 95 0C 3 minutes I

2 Denahmation 95 0C 30 seconds 30

3 himerannealing 63 0C 30 seconds 30

4 Elongation 62o.C 2 minutes 30

5 Final elongation 720C 7 minutes I

6 l0 0c Infinite I

Table 3.7 Tltcntp Clekr a ndltbtts lor PICR

3.8.2 Pnotocol

The reaction components were prepared as mentioned in table 3.5. A solution of all the rGagents

were prepared in the PCR tube which included master mix, primers, PCR grade water and DNA

template. Final volume of all the solution of reagents were made upto 60 pl and for better mixing

pCR tubes were tapped with the help of index finger. For the purpose of settling down all the

reagents, PCR tubes werE spun around for a short interval of time. In the sepamte tube negative

control was also prepared which was composed of all the reagents except DNA templates.

Amplification was done by using thermocycler. Table 3.6 represents PCR conditions for these

genes. PCR producb were analysed using agarose gel (2 y") and 100 bp DNA ladder was used as

size marker.

3.83 Validation of Polymerese Chein Reaction

To validate PCR reaction, electophoresis was performed. 5 pl of ttre each of final rcastions we,!E

loaded on the 2o/ofiarosegel wells witlr a rcference DNA ladder of appropriate concentration and

size. The gel was run for I hour and was visualized under Gel f,)oc System. A band on the gel

confirms successful amplification of the gene.
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3.9 Purification of DNA

DNA samples werp purified after pCR rcactions. DNA purifrcation kit (SolarBio Ca#D1300) was

used to extract DNA. The purified samples were sent to Korea (lvlacrogen) for Sanger sequencing.

3.10 Insilico studies of oMPs o1P. oeruginaso and E. coli

3.10.1 Expert Protein Analysir System (ErPASy)

Using the E:rpert Protein Analysis System (ExPASy) prcgram, the gene sequence was converted

into the prot€in sequgnc€. Finding the code region was the major goal of using this prcgram.

3.102 Brl\sTN

Basic Local Alignment Search Tool (BLAST) is an online sequence similarity search prognm thd

can be used to compare a useds query to a database of sequences (Albchul et al., 190). BLAST

has differpnt tools, but BLASTN is their most widespread tool used for nucleotide homolory

search. lt compares new nucleotide sequenoes with sequences that have already been reported and

stored in tlreir database.

The sequences of porins of clinical isolates of P. runtgircsa and E coli m FASTA format were

compared with the database sequences of using nucleotide BLAST. The nucleotide BLAST was

utilized to examine the identity or likeness between our s€quenoes and other available sequences

in the database. The topmost rcsult was selected for each sample and a summarized table was

formulated.

3.103 ClusttlOmega

Clustal Omegq a bioinformatics technique, was used to examine the multiple scqu€nce alignment

of protein and nucleotide. It offered several sequenoe alignments of various, physiologically

significant sequences. Clustal Omega was also utilized in this work to establish tlre amino acids in

terms of whettrer their locations have changed. Thesc g€,n€raEd amino acid sequurces werc later

used in formation of 3D sfiuctur€s using Phyre2 platform.
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3.f0.4 Phyre2

phyre2, an online plafonn, was used to predict the 3D stnrcture of the desired proteins' The

FASTA format of amino acid sequence wasl pasted in the available space and the result was

generated and emailed after some time.

3.10.5 UCSF Chimera

It was downloaded and used to highlight the mutaEd rcgions of amino acids sequences on 3d

protein stuctures as comparcd to wild type prorcin sequenoes'
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4 REouHt

4.1 Antimicrobial susceptibility assry

13 fiequently rsed antimicrobials were utilized to evaltrme all isoldes for arfimicrobial dnry

rrsistance utiliziqg digc diffirsion techniqucs. Zooc inhibition sizes rverc assesse4 and ttlE CLSI

guideline, 2020 was used to int€rp,Et the data. Figures 4.1 uld 4.2 shows antibiotic srsce,ptibility

of a few isoldes ofE wli sf, P. acugiwsa, respectively, with disc diffirsion metlrod. Antibiotic

sensitivity data for induvial discs is grven in trble 4-l alfl4-z-
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Ctepter4 Rceultr

FlgaruL2 ,httlbldlc tw@lllly t# qolrrrtchlul lsotdc of P. orylauo

Tdlc 11 Anflbt& s@blllty of dlniul tsolota oIE dl ry&il vfuus onM
Serrylc

No
AI(
30

Aru
30

AI\{C
30

EEP
30

IPM
l0

MEM
l0

scr
105

DO
30

CIP
5

LEV
5

CN
l0

cRo
30

.LVP
l0

CE
30

I R R n B n n n I n R n n n n
2 s n n n I s s n s s s R n R,

3 I n s n s s n n s R n R R R,

I s n I n s s I n n I s R, n n
5 s n I I s s s R R R, n B. R, n
6 s n I f,, s s s R n R I n R n
7 n n R, n I s R R R n n n R, n
t s s s I s s s s R n s R, n R,

I s n R, n I s s n R n R R n n
l0 s R n x, s s R s n I n, n R. R

ll s R R n s s I s R, I n R R R,

t2 s B n n s s I n I s s n R. R

l3 s n I R, s s s s R, n n n R n
la n n n n I I n n. n n n n R n
1S s R, I n s s I s R R, n n n R,
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l6 s R, I R s s s I I *, s n B s

t7 R, n R. R, s s R R R, R. R B. R R

l8 I R R R s I R B' R R R. R R R

19 I R s R. s s s I n n s n n B.

20 s R R R s R s s R n R R R. R,

2t n R R R R I R s R, B R, R R n
t2 s R R R s s R s B *, R n R R

23 s R, s n s s I x, R. *, s R. R, R

2l s s s s s s s s n, I s s s n

25 s R s f,, s s I B R I s R R R,

26 s n I *, s s I n R I s R R B

Table L2 Anttbintlc srccepttbittty of cltnicolitsolota of P. acruglnua agalnstvtrious antlbiot 6.

The statistical analysis shows ttrat Clinical Isolate No. 24 of E coli samples is showing resishnce against

only 2 antibiotics (Figure 4.3). All othes arp showing rpsistance against at least 5 antibiotics.

SfluplE
No

ATM
30

LEV
5

AJS,

30
DOR

l0
TIC
75

TD
110

MEM
l0

FEP
30

e'I
10

IPM
l0

cAz
30

NOR
10

clP
5

1 s s s s s s s s s s s R s

2 R s s s f,. I s s s s f,, R B,

3 I n s s R s s B s s s B n
4 R R. s s n R s I s s n R, R

5 R s I s R s s s s s s s R

6 R. R R n R R. f,, n, R n R R R.

7 R R R n B R B. B I n n B, R.

8 R R, R R R R R f,. R n n n R

I I R R n n R n R R R s R n

10 I n R. s n s x, s n n R n R

11 I R, R n, R s B I n, n n n R

12 R s R R R s R I s R I s R

13 I R R R R I R n R R R R R,

H s s s s s s s s s s s s s

15 s s s s s s s s s s s s s

16 R R. I R R R, B I n n s R, R,

t7 R, n R n R, R R B. R R n B. R

1E R R s s I I s I R s n R R

19 R s s s I s s R s s R, I R

20 R s s s n s s R s s n I B

2t R s s s I I s R R s B. R R

22 s s s s s s s s s s s s s

t3 s s s s s s s s s s s s s

24 s s s s s s s s s s s s s

'I
s s s s I s s s s s s s s
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rate, respectively (Figrne 4.5). tr/hile AII\{ 30, EEP 30, CIP 5, CRO 30, AI\{P 10 and CE 30 had

ftc lowest efficary aSsinst E coli surplee.
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frgnel,,afintuotultw26isolda $E cdlrytutWfa2nt

Thc efficacy of antibiotics susceptibility results agsinst P. aougiwsa showed that DOR l0 (6t

%) MEM t0 (60),IPM l0 (fiyr),AK3o (56o/o\TZP ll0 (56), CN l0 (56 Yo)dtEV 5 (52

Yo) tethe most effective antibiotics (fi$re 4.6) brf no antibiotic one hac efficacy above 7O Yo.

Cp 5 (72%\NOR l0 (60 %), TIC 75 (60 %) urd AIIvI3Q (52 %) were fuaving thc highcst

rcsistance agEinst P. aerugilosa species in our shdy.
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oP5

NOR 10

cAz30

IPM1(l

clil 10

FEP 30

MEM 10

TZPItO

Trc75

mR10

AIBO

t^E\r 5

ATMlIO

ffitffi?[,f3or,{0#5,0fi ffi7ffi8p,690*ilXlt6
rS lrR

Ftgtw 16 ,ailnborul s@bllily pefr*nfor 25 MoB oIP. o2t .glrraria qdrut ffaffi
arM

4.2 Pnovince wise susceptibility ptttcrn

E coli fiom Balochistm plovinpe showed the highest percmge O1.43 %) of resistanoe against

25 mibiotics. KPK aDd Punjab prcvincas wqt in 60s range (6.67 o/o nd 60 o/o, respectively)

rvhile Sindh samples showed least resistanoe with only 53.MYo @igUre 4.1 &,4.8).

KPK had thG highest rate of resistanc€ (69.23) against antibiotics n P. wttginosa speoies,

tulloured by Balochistan with 63.M %. Stutdh Q5.9 Vo) md PurdaUICT (34.62 Yo) hatvc

comparmively lowerresistance rde (Figue 4.9 & 4.10).
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4.3 Multiple Antibiotic Resistance Index (IUARI)

A single isolate's I\,IAR index is calculated as follows: II'IAR index: a/b'Yhae a is the number

of antibiotics to which the isolate was rcsistant, and D is the number of antibiotics to which the

isolate was exposed. The isolate's index would be 5/10, or 0.50, if it had been exposed to l0 drugs

but only showed resistance to 5. When indexing is used on a sample from which many isolates

were obtained, the sample's index would be calculated as a(b * c), where a rEpr€scnts the total

score for antibiotic resistance ofall isolates from the sample, b represents the number ofantibiotics,

and c represents the total number of isolates from the sample. For instance, if a sample of 20

isolates had an overall antibiotic rpsistance score of 160, the sample's MAR index would be

160(10 x 20), or 0.8 (Klrnperman, 1983). Higher tlun 0.25 MAR values indicate a hrgh danger

of contamination.

Multiple antibiotic rcsistance (MAR) index values for P. aerugirosa afi E. coli isolates are given

in table 4.3. In total, 68 %Qrl7) P. aerugirosaisolates showed MAR index greaterttran 0.25 and

32o/o Qr08) isolates showed MAR index value less than 0.25. While 96.15 o/o (n45) of E ali
isolates showed MAR indor greater tlun 0.25 and 3.85 % (n{1) isolates showed MAR index

value less ttmn 0.25.

Table 1.3 MAR lrrdac of E colt (n=26) ond P. acruginasa ililo16 (n=25)

MARInder
Number oiE. ali isohtes, (

o/ol
Number of P. oeruginow

isolater. ( 7o)

0.00 0. (0) 6.OAl

0.0s 0. (0) l. (4)

0.10 l. (3.8) 0. (0)

0.20 0, (0) r. (4)

0.30 2-0.71 4. fl6)

0.40 0. (0) 2, (t)

0.50 12.u6.21 2. (g)

0.60 2,(7.fl\ l. (4)

0.70 4. fl5.4) 2.$l

0.80 4. fl5.04 2. (t)

0.90 l. (3.9) l. (4)

I 0, (0) 3. (12)
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Aggregate MAR index values werc taken for provincial data (Table 4.4) which showed that all the

provinces had higher th an1.25 MAR Index value and thus indicating a higher degree of infection.

TableL1 hovincc wlse MAR Indac of E colt (n=26, arttbi^tiFll) aad P. acruginrea frtolot.f"

(n=25, ontihiolieli)

4.4 Detection of OnPC
pCR reaction was used to analyse the outer membrane porin gene i.e., OmpC whose mutation or

depletion results in causing rcsistance in the E coli clinical isolates. The DNA sample was

examined and amplified by using the specially designed forward and reverse primers of OmpC

gene for all 26 isolarcs. The PCR product was then run on 1.5 Yo agrose gel along with lkb sized

DNA ladder for their comparison. The gel was stained and then visualized. Clear bands of OmpC

genes having I128 bp size fragment welp seen on the computer sqten. orrt of 26 isolabs, OmpC

gene was detectcd in 96.15 o/o(tr4l) isolates (Figure 4.llA&B)'

Provincc
Eali P. ocruglnua

Totrl no of
isohtcs

MARIndex
Total no of

isotrtca
MARInder

Balochistan 3 0.71 4 0.63

KPK 6 0.67 5 0.69

PunjaUICT 10 0.60 10 0.35

Sindh 7 0.53 6 0.36

Total 26 0.61 25 0A6
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Flgun UI PCR anpl@bn of AtpC gcna l^orres 7)f = porildvv sorrplr of E @$ f* Ottpc
(tlnbpL

Tablc 4.5 shorw PCR rcsults for OmpC gcnc daection h difrcrcEt provinccs of Pd<istan. Gene

was knocked out in l0 % isolates of Punjab/ICT.

Toblc 1.5 Mnce wbc PCn tesulAfor A@ gcnc Medu,

h'ovlne Totrl EohH PCRbud dctc.td }lnge

Bslochistan 3 3 100.00

KPK 6 6 100.00

PuniaMCT l0 I 90.00

Sindh 7 7 100.00

MryW d lublecilo Clmwtcriznion of Atibiotb Rcsinaalt Crrzlrrr-rcgatiee Beterda h, Pafistu, 80
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4.4.1 Insilico studicc of OnPC

Eight (0s) out of total 26 E. colisamples were sent for sequencing' The data obtained' in the form

of nucleotide s€quences' wel€ used furttrer for in-silico studies'

4.4.1.1 Protein translrtion

ExPASytoolwasusedfortheconversionofnucleotidesequencesofompCClsintoitsoneletter

amino acid sequence. Six results werc shown by the program and one of the best reading frames

was selected in which the larger number of amino acids weIE pr€scnt' The sequence was from 5'-

3. in results (from amino acid to carboxy terminus) indicating the direction in which this protein

is fanslated.

1) OnPC-CI-2

AEV\N{KDGNKLDLYGKVDOLHYFSDNKSEDG

o.rseurtglu{ssrIRVAF*ClKrQuvGsFDYGmilYGtftIYDvISTruDlfl,PErffiEnY€SDr'BhfQQ

RcNcsATnRr,rrDFFGL\tDGrt.trAveyee#ctGs\IDffisy[Ir{}IGRQ[IltQNcDGvGGsurI]tB

GFGIOIIAVSSSKIT'IDDQilIF GIJ{GY(ERYI.(}NGD

y6gt6VIAI\UILQNTB$/fiQYQFDHH,.RPSVAYLQSKO

MI.I.DD

2, OmpC'CI-9

AEVY-T.IKDGNKLDLYGKVDGLHYTSDNKSEDGDQIYVRLGFKGETQVTDQLTGYGQWEYQIQG

NTSEDNKEN SWTRVAFAGLKFQDVGSFDYGRNYGWYDVTSWTDVLPEFGGDTYGSDNFMQQ

RGNcyATyRNTDFFGLVDGLNFAVQYQGKI.TSSVSGEGWGGSfl vnve

GFG IGAAVSSSKRTDDQMGTNGYGERYLGISCDRAEIYTEGLIff DW
vGsLGWAT.IIGQNFEAVAQYQFDFGIRP$IIAIT$:K(ffi }.ItcwAW

s

3) OmPC-CI-1I

AEVYN KDGNKLDLYGKVDGLHYFSDDIGVE GDATY

cNst ro.IENNstrrrRvAF {cT .KrenvcsrDycRt{ycvvrDvrElilTD@
RGMF ATYRITITDFTG.IIDGIJ{FAVQYQ(ilG{GS

GFGIGAAVSSSIRTEAQNGTWVD Ii/TQTT$QTTNIT

TRVGSil,Gf,IAIiIKAQNFEAVAQYQFDFGT,RPTII,AIil.QS

YYFI.IKNMSTYVD
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4) OnPC-CI-16

AEVYNKDGNKLDLYGKVDGLHYFSDNKSEDCDQTMilRTCTFIGEIQ\ruDQIT'TIYGQV-EYQQ

RGNGFA

GFGIGAAV$SSKRTDDQNFGLM}YG:ERYI.GNGDffiIYIAAQYIQ|IY}{ATR
VGSI,Ci\1'ANTGQNFEAVAQYQFDPfi ,RPSVAYI.SKGKNTGVINffi
Y FN KNMSTYVDYKINLL DDNRSTRDAGrII,DffSYSGTICICSSWT'DVAPSIQSTIIKVWNTGLTTV

AQAINTDDTVALGL1IYQF

O OnPC-CI-19

AEVYNKDGNKLDLYGKVDGLHYFSDNKDVDG GQWEYQIQ

GNSAENENNSWTRVAFA(}IJffQDVGSFDYGRTIYGWIE)\rySFTD1|LPEffi
RGN6FA GNPIIffiGfTIIGLTI{ilCPDAIPIJffIGE'MISITCDYQ

SFRIRGAICFNHFI,ILP.RLFSNLCVSTPIGYTGVRESHPIITPRSWRTGTRKNPTSWNFQICGRIITGS

cSCFpFSALVAI-ASDLPRWPATGSAGSIN\TKFPPFGGHHPKKVWGALLFFWI"AKKLWKAPF 
fP

6) OmpC-CI-22

AEIYNI(DGNKLDLYGKVDGLFTYFSDI{DSKDGDK

NEPESDNSSUruRVAI'AGI,KIIQDVGSEI}YGRT'IYGYIIYDVTSI#TDIILPEFGCDTYIISD}{FT}IQQR

GNGFATYRNTD FEQNGDGVGGfIITYI{YE

GFGIGAAVSSSKRTf,IDQhINTGLIGTGDMW AAW
ANTilQNFEAVAQYQFDFG-BPSI,AYI{SKGIff LGRGYDDmDKYVDVGATWFNKNMSTW

DYKINLLDD .

7) OmpC-CI-2i!

AEVYNKDGNKLDLYGKVDGLHYFSDDKSVTX}DQIYMRI,GFI(GBTQVTDQI'TGYGQXIEYQA

cNs sFDYGRlrYGVrryDVrs{ruD@
RGNGFATYXI{M}I'TIGLVIX}INFAVQYQGilO{GTV

FRJRERTL-P-RSKPLHIIPWKCQNRG-NHNCRAESRPRNTSSWTAPYLRP-SKHPTSR-FqI-C}ITG

PGVVFVFSAVALDLICPLAWGRLVSGLSFSLKPRRKWGTPCR'WSSKNFGKPLPSGTKKNCGR

S) OmpC-CI-25

AEVIt IKDGN KLDLYGKVDGLHYFSDDKSVDG

GNSAENENNSUIIRYJ{FAGIJffQDVGSFDYGBNYGVIIIDVIEWID\ILPEFBGDTYOff DNFX'TQQ

RGNGFA SYSGEGIVfiI.ING:RGALRQffi
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GFGIGGAIIISSKILTDIRNSPLYIGNGD SLGSTA

NKAQNFEAVAQYQFDFGTRJISVAYLQSK

YVDYKINLLDDNQFTRDACINTDNIVAI.GLVYH S

4.4.1.2 Comparing Sequences uring BL/\STN

BLASTN was performed to find the similarity of eight nucleotide seque,nc,es of OmpC{I-2, otn

pc-cl-9, ompc.Cl-l l, ompc{I-16, ompc-cl-Ig, ompc-cl-22, ompc{I-23 and ompc4l-

25. Dozens of results wer€ generated for each guory, but we have selected only the top result and

added in table 4.6. Six samples had 100 o/o \urffy coverage with more than 99 o/o perff,lrt ide,ntific

ation. All the matching results had OrnpC genes in their results confirming our result too.

4.4.13 3D Structurts of selected OmpC camplec

Phyre2 tool was used for the prodiction of protein 3D stnrcture. Figure 4.12A-D repesenb the 3D

stnrctures of OmpC E. coli based on d2dlgal template.

Tablel.6 Surumry ofNue,leottdcalignnunlby BlzlSlTl'$otOttpcsanpb

Isoletc GcnBenk Sourcc
Qucry

covcrrgG

E

veluc

Pcrccnt

Idcnt
Acc lcnr

Gcnc

found

2 cPr20633.r E coliozsumsrtrt r00% 0.0 100.m% s09t635 OmpC

9 cPnv259.t E coli 100 % 0.0 99.91% 4967596 OmpC

ll cP0s4214.l E. coli r00 % 0.0 99.91Vo 50256il OmpC

r6 cPr20633.1 E. coli rm% 0.0 100.00 % 508635 OmpC

l9 cPr r9008.1 E coli 6t% 0.0 95.61% sz,fiU2 OmpC

22 cP124970.t E coli r00% 0.0 100.00 % 49205 t8 OmpC

23 cP054227.1 E coli 86% 0.0 96.08% 4796742 otnpC

25 cP054221.1 E coli r00 % 0.0 99.90% 4796t42 OmpC
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Ilgune 4.12 3D sffiwt of OnpC E dt dlntunl tlpllotcs 4 CI-2, B) q-ll q q-22 ouil D) 0-
25

++1.4 Mutetionanr[nir

Ihc Clustal omegatoolwas uscdto oomparc OmpC nucleotide and prcteinsoqucnces ofbothwild

t,"e and clinical isolates. As a result various number of point mutdions rvere observed botr in

nucleotidc scqlurces and protcin sequcoces.

UCSF Chimera was used to highlight the mutaEd amino acids on 3D image of the gotein. We are

Eesenting here only forn ele@d examples of isolms no 2 (OmpC{l-2L 1l (OmpC-CI-ll\?2

(OmpC-CI-22\d25 (OmpC-CI-2S) as given below from figure 4.13 to figure a.21.

r@frngod WaAoowlw*nnaonX)iro" *rr*o tuncgdiw Baeria intPakistan il
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r) OmpC{I-2

ftpC-wI
OrpC-CI-2

mpc-tIT
onPc-cl-2

OmPC-tll
OrpC -CI -2

orPc -hlr
orpc-(I-2

mpc-wl
6pC-(r-2

orpc-l,T
ffpc-cI-2

EntpDFTmlmrcf{tRst

EUITTeI}rei

DQIV}ITIGF iGE TQUIDQT TGYGQI{EYQI

|RLGF iGETQt ToQT TGVGQT{EYQI

t,(r
F(r

iTDT'I. P E F (fi DTVGSDIIF

GGDTVGSIIIIF

l.YoAlt

)Y?11

Relult

l- !:,

lit

)'-'1,ilI YLAAQIYTQTYTATRVGSLO.IAIII:ACIllF EAVA0VQF OF Gt tPSVAYLQSiC (lltCWAf

TIY:fYglyIIX*9f'l-19T f ly*f T'l 9: ll'. YfY'a':o:"lU

{ryDDEOr L r(Wor'GArYYFlt.:lr.lsrWDYx t ttr.loo{d} r{frlrurrr ootvrtcLvYQr

1'{PT?I 1 TIPTTi T1.'l:TgT I 1l I ?''H I ff I 1'9?l Yl' I: Ia:

I )(t
l)(t

I til,
t7)

l'r4
73,)

nguc U3 Mdu ottgtnat rctl4a of Onstd urugt A caWng OrrpCA-2 Md W'VT.

frgoe111 CI-2 of E df hayfuq OngC nttffins d Wfquil rryfurns
.rrrye.

oshfrfilfigfutilint*e
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OnpC{I-11

oilPc-llII
Orrpc-cI-11

ompc-r{f
otrpc-cI-11

olllpc-hlI
OilpC-CI-11

onpc-h[f
oryc-cI-11

OilpC-l'IT
olpc-cI-11

oryc-bn
oPc-cI-u

Oilp(-rr
onpc-CI-11

ryanili

AEWli DGllrl LDLIG{rUGLI{YFSDD}:SVDGDQTYF{RLCFt 6ETWTD$TGYC0.IEVQI
AEVYll. OGN*'LDIYGr'VDGL!{YFSDDi:SVOGDOTYI4ELGF' CETOTTDQITGYGO,IEVQI
ttr tr + ra aarur ar, a, - I tll..lt- f-- * i r. I aa., t r-a I a a 1. +.t{ r- a..r aL.

Rcluttr

the details of alteratims in mim acids of OmpC of isolat€ No 2 in comprison to \dld type is

gven intable 4.7.

TablclT ,tiltffillnfic onthto efds by @ngW W-q-z aadhnpGW,

S.Ito Ctansc inAmino Acid SNo Ctrnre inAmlno Acid

I Aso 26Asm 13 Tm 2fi) Aso
2 Val29Glu t4 Asn204 PHe

t Aladt Scr l5 Thr2ll Glu

4 Pro65Ah l6 Glv 212 Arc

5 Ser67 Asn t7 Leu213 Tyr

6 Ile t5 Vd It Ile 2l4leu
7 Gla 152 Lvs t9 Thr216Asn

E Ser 157 Asn 20 Val290Ilc

9 His 159 Glu 2t Ah 29l As
10 Ile 161IUet 22 Gln33l tuc
ll Lvr 167Glv 23 Ala 335 AsD

t2 Val lt9Ile

2)

rrusr{TRVAFAcu rrediitsr ovc':nrrcr/r/yDr/Tsr.rrrr\rLpE FGGDTyGsilTF
trNssITRvAFAGr- r: redvdsr we rilycvwDvrst rrovLp EF6GDTycsil'rF
*irtrr.rl irtr**fu[trrt f tt+ri+ri+rt.t+:r*-#+r.-t.rtr-

6g
60

L80
772

232
232

rQtl

LZO
LZO

I'EQRGi}I6FATYRIITDFFGL

HqIRGIIGFATYPTITDF F6L

Alll IYLAAQWQTYIIATITVGSL6tIAI'll AQHF

QF

QF

Proldn allprmt rcrfu of Clwtel arugc ty o;W*S AryCAIil ond W-
vn

292
292

352
352

174
154

f@ing ond fulxdo Clwmr*ailm ofAntibbt'rc Rcsistort fu-ncAdivc Meia ht PaHst@t

L r. WDVGATWF lll'lIflSTWDYi'INt L
**aa.t t rl a jt*a $ a t aa arJ ra *rr a r }f r atr a t f

a6
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The details of alteruions in amino acids of OmpC of isolate No I I in comparison to wild tlpe is

given in table 4.8.

Toblc4,i Altrfutkthcsttdtto d& ht @rrporlrrg W-qil UilOWGWT

$No Ctrncc inAmtnoAcid S.No Ctrnse in Amlno Acid

I Ala64 Ser t2 Aso20l Ala

2 Pro 55 Ala 13 Asn204 Glv

3 Ser 67 Asn 14 Thr2l3 His

4 Ile t5 Val l5 Glv 214 Asn

5 Gln l52Lvs l6 Iru2l5 Trn

6 Ss l57Asp t7 Yal279Lelu

7 His 159 Glu It Yal292lle
t Ile 161l\[et l9 Ala293 Asn

9 Lvs 167Glv 20 Als 337 AsD

l0 Val lE9Ile 2t AsD:144 Asn

lt Tm2fi)Aso

Ilgn /"16 Cl-il qE @fr honlrrg AN Mts ot Maat ruSlons u hlshllghtd h thc
hilqia

tt@*rry otd lvtolxfur Clmwriaion olAwibiuic fusisrot Wnegatvc fucteria in PaHstot
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3) OnpC{-22

OrpG-IrI
w<.-cr-22

()!'pC-Un

fiip(-CI-22

@c-tl,T
wc-ct-22

(}ryc-llrr

w.-cI-22

(Ipc-hIT
oilpc-CI-22

qryc-ur
OnpC-CI-22

ngwz llT

n{flryr.0er,. LD LYG.:vD6L}tYF s
ed Dlru,:DGrl,r LDLYG-.\,D6Lt{YFs
- {if t. 

"tt**, 
+r' *, a tr.* t *

,.G 
E TQ\TT DQLTGYGQFI EYQI

.:G ETQIVT DOL TCYGq{ EYQI
t rrl*r*r. + r, lt tr, 1 r, +lr**,

AGL:

A6L
1t*t'*lsarrrt +r**a*t*trt4 +*+rr +1, +t:'ri+Ex

RcluItr

60
50

LzA
L20

L79
L72

239
?,32

299
288

rupRGr{GFATYRHToFFGL
i{x!4Gr{GFATYRNTDF FGL
rF+i *t r ** rr - r*E * *r {t xE

ilGDGVGGSI

l+a-ra+41+

AoTTQTYM
AQYrQTYIIA

-ffi!ffi
r lnIDQtliITG L IGTGD rAE TYTGG L i:YDAltll l IYL A

'l QTI'lD(ltll{TGL IGTGDaAETYTGG L "YDANHIYLA,aa ,1, al r l lt *.Aa t 1r 17 i14 J + ,'t I , t* r, 1, * * al J -

fa*+Ir#rf,trrllrtr*?xrrr+rxs*+lj=4r*4**{.i}rtrt*lrr* r{ +rE

E DI L i WDV(IATYYF ltlt. lI4S TWDYti TVALGLWQF 354
E DI LTWDVCTATWFN,:FiSTWWT.INL LDD{FF T4D|6IIIIDDIVALGLWQF 343
I t x ?r i tr r+ * *.! * + r + rr rr r + * r tr tlt r I {. f : { } xr r 1. t r f r - i r r, rr

M&, ollgnnat rusufic of Chaul orys ty wea*S W-CI-22 ot d W-
YT.

The daails of altemations in amino acids of OmpC of isolate No 22 in comparison to wild t,"e is

given intable 4.9.

Toblc19 ,$ludonhilputdno dfu A ffitwfr,g lhpCAI-z2 udAnpC-VT

S.IYo Ctrnge in Amino Acid SNo Ctrnge in AminoAcid

I Val3Ilc t4 $er 157 His

2 AsD26 Asn t5 Ile 161Met

3 Lvs2l ltgo l6 Asn 163Ih
4 Val29Lvs t7 Lvs 168 AsD

5 Gln33 Lvs It Ala 169 Val

6 Ala64 Glu 19 I-cn 170 Phc

7 Glu68 Asp 20 Ars l7l Glu

I A.sn70 Ser 2t Aso l&4 Asn

9 Ite iE5 Val T2 Val l90Ile
l0 Glv tl6Aso 23 Val272l.el.t

ll Asn 144 Asp u Asn 273 Glv

t2 Gln 152 Lvr ?5 Gln322Arc
l3 Val 156 Ala Ni Ala326Aso
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frgunllt

Rcrult!

q- 22 olE colt htilng ottpc tttrffiotts d Wlaeril tqorrs u hfiltlshtcd h the
hry-

AEWTIT.D6l'II.LDLYGryOGL}IYFSDD}:SVDGDQTY}IRLGFI GETQIVTDQLTGYCQI,EVQI

AE\/Yt{(oGllt:LDLYGh'VOGLI{YFSDDI:SVDGD(ITYi1'ILGF; CETQVTDQLTGVGO,EYQI
t ll *a 4*alt. t r. ra >ala'- f r f -t lJ Jrt*, t J . ' t,l. a r l' f 

"l ' ? 
" 

J l' a' t * 
'

FGGDTYGSDIIIF I2O
FGGDTYGSONF 12O

- x tt rr*r+t t + x. * * . ** rt r * - iE t I '1, i, x l* l r r I r t t 
' 

tl' t - r r '

4) OEpC-CI-25

OmpC-rr
oilpc-cI-25

Oripc-hrI
ompc-cI-25

oryc-t.Ir
OmpC-CI-25

onpc-rr
ooPc-cI-25

OrpC-rt
oryc-cI-2s

OmpC-rr
orpc-cI-25

60
6Ct

].,IOQ RGO'IG FATYR NTD F FG LVD6 L

IqIRGDIGFATYRNTDFFGL
r*i-Y*xrlxttrrrr+rr*rf -r r f sf*

iQrl
]lllctciLFgr
..tl lt..-,

LgS
L72

240
212

GOGVC# SITYTYEGF
GDGI/GGSITYTN'EGF
*t*Etfri*ti.ril

ss{
ss(

YDANiIIYLAA
}YDAH}JIYLAA

*, tt t I ar r.a +rJ lJ 1.1.,

QyTQTYMTRVGSLGMil|:AO|p savAQyQFDFGL i{PSVAYIQE' G' ]{L({ffi}
qrrQTYMTRvG5l-61d;qN1.AQl{p EAvAQ'!QF DFG L RPSVAYLQS'.6r HL$TIGTf
I I*r t i * -+ * *r t rr t t * r+ - t- I - t, f, - t* rr + I Y + x ** r rr I + t - + r1JJF

DI L {Y1,OVGATYYFiII'I{IISTWDY.: I}IL LODIIIQFTIIIETTTffi VILGI. VIEEI

?r i ;Y*lv:I}*:HT;llilrjglrl$9l}:U[Y]:::ry1

}IYDDF 3OO

l,lYDDE 292

154
746

Ftgtn 7.19 Proknn alfinmil rcutx of drcnl w7o A mtpa@ hn$-U-2i ot d W'
YT.
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The dctgils of alErstions in mino acids of OrrpC of isolde No 22 in comparison to wild t,"e is

giveo intable 4.10.

Toilc /.10 Altqtun tn fie utum rci&- by @@rg ON'q'25 wtd OttpC-VI

SJ[o
Ctenge in Amino

Add $No Ctmgeln Amlno Add

I Ala 64 Ser t4 Thr205 ho
2 ho 65 AIE l5 GIv206Leu

3 Ser 67 Asn l6 Ist 207Tvr

4 Ile t5 Val t7 Thr2l0Asn
5 Gln l52Lw 1t Val2t3 Ttr
6 His 159Glu t9 Val2MIle
7 Ile l5l Ilfiet 20 Ala2E5 Glv

t Lw l67Glv 2t Glv 2t6 Thr

9 Vd lE9IIe T2 Ala 329 Asp

t0 Ala l9l Glv 23 Aso 336 Asn

1l Val l93Ile 24 Gln345 His

t2 Tm 2ffi Asn 25 Phe 346 Ser

13 Asn204 Ser

f,[ure 420 CI-25 d 8 coBhuing OmpC nuhtlonr rt dffiorut reglonr u hlghft[tcd h thcw.
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4.5 Detcctlon of OmpF

PCR reaction was used to aoalyse the outer membrue porin gene i.e., ornpF ufrose mutation q
depletion results in causing resishnce in the E ali clinical isolates. The DNA sample was

cxaurhd and mplified bV rsing the spocially designed forqnard and rwerse primers of OmpC

gene for dl26 isolae,s. The FCR pro&rct was then tun on 1.5 o/o gow gel along with lkb sized

DNA laddcrfortheir compadson The gel was stainedandthenviualized. Cler bands of OmpF

gencs having l0S9 bp size fragment wene seen on the compltEr sclreen Out of 26 isolates, OmpF

gene was detested ln92.31Yo (r44) isolat€s (Figurc 4.22 f&B).

Flgue42l (A&D) PICIupl@n of thtry,Fgcru. hner 2.2l ud Inu 26)p(ffitwwryla
olL@rl lotWFO0EgWL

f@bg ed lhlacdu CMalon of Awlb&ltlc Rcslw* Wncgatlw fu*rb ln Pilstot 71
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Table 4.11 shows PCR results for OmpF gene ddection in different provinces of Pakistan. Gene

was knocked out in l0 % of isolates of Punjab/ICT and inl4o/oof isolates of Sindh.

Table 1.11 hovincc wisc FCR rsublor OrtpF gau ddedion

4.5.1 Insilico studics of OmpF

Nine (09) out of a totzl of 26 E ali samples were sent for sequencing. The data obtaind, in the

form of nucleotide sequenoes, were used further for in-silico studies.

4.5.1.1 Prutein Translation

ExPASy tool was used for the conve,rcion of nucleotide sequences of OmpF samples into iB one

letter amino acid sequence. Six results werc shown by the progam and one of the best reading

frames was selecEd in which the larger number of amino acids werp pr€seft. The sequence was

from 5'-3' in results (from amino acid to carboxy terminus) indicating the direction in which this

protein is translated.

1) OmpF-CI-2

VAGTANAAFIY-I{IC}GNKVDLYGKAVGLHYFSKGNGEDSYGGNGDMTTARITtrB(ETQIIIfiII}L

roycQwEyNFQGI{NS EGADAqTGNKTRLAFAGIIffADYG$FDYGRN YGVVYDALGYTDMLP

EFGGDEYSDDFFVGRVCGVATY ERDfARRSI{ffiVGCSIS
yKyKSFGtDGAYGAADRTSLPETGPIfi KG-PPEQ-ATGL-D-SEQPPGSELRSTR-PQHLCILHFTT

Hyr,p-cyHTQRHSpSSLNpHyQy-SFGLSPRLTPKPDNQKEGTPWFGDH-FCrNI{F-TTLLKPSYMII

KKRTT.IFFGtr'PFFINSff SAYf,TFGSSt.L

2) OmpF-CI-9

TQGYCKRCRNL-QRWQQSRS\rR-SCWSALFFQG-R-KQLLWQWQIIDLCPSWVLGKT-IQSQLNRE

LAN EKKTFEVSCQNGGCSQTDNETRRGFGGLKNSDLGSFYYGRN-GWI{CALFLPLTRG-SSCRI{

RRSAAFYARRVGGFAIRII-TKLIrPSLTSGIIQW
HDQRI SH RCKHTf IHQILPPTRC}Iffi RQEI.DPRMPDAFC-FERQRPSETF

PWKLYSL.L.AHRPY.I.LSPSKLDGHLSCRHCSWI/FPLLLEFNGATDYSTDLRRRIFGKIPRRCGP

GLTKWTDSHVVPYTHKTQ

hovine Total Icolstct PtCRband detccted Voage

Balochistan 3 3 100.0

KPK 6 6 100.0

PuniaMCT t0 9 90.0

Sindh 7 6 85.71
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3) OmpF-CI-ll

NL WYTKWSQCIGDGQSFCVTFFPRVTVAIITVALATRP}TPVLYI,KGKLKSI
FI-PVIIIVA SXTAVIIVW
FELLLIIITI4IC .ASLFTTWLKKNVTLRSSLTATVI.AVSSARNT

KALC,cLVLMVPLTVPTCLKILPLYT.UTMILNSWLPGLFDSNMYLVANYSETPYRYSPf ILIRFYKP

QLLLHSPLLTYCYLLQYQFEFGSASVTTRTKKF-DLNTEKVSVMVI WLKL$SGSNLLFLQIFSTLWL

TS SAIIFYYNNILDLGFLTSPVACRVSFNHFEKS S W

4) OmpF-CI-l3

EGPAAVSSRYCNAAESITKTTIATK.ICTVKLSVCISPRWYIIITVTVAilTAT.PMPVLI,IKGI(LKSPI

-pv MvSvNTTSNTI.DVLSLHVETKHTYGFTCJ(NYUAIFVIDPRTQSSSRWCTmHG-GKTLRED

NTVSGTQARTRPKLRNRSEQPPTPWPTETACSVPAPTTTQGpEXnS SDPSSQEEKGLEFTTGNKRRP

TQPK EKIIAC YTVPPPKFGHPIRCKPNASKTTP.WAVIRKKPTSGYLKPGKARSVLVPSLERLRLS

KL FPWKVIFPLDYYRVRSELDLSCPL-NQNGNRSCTHLHRNVSFRYR-KIffi
VI{ISATFF"TLF-ERGPTCTCANMQKTERK

5) OmpF-CI-IS

AGPTLSVAGTAII,QKSITI(MATI(.ICTVKLSVCIIFPRWWIVTVGLGNRPSARTGCKRETI{\'VQ

IGPVRAIT{G{SLEGIICRIXIGCSQIQ.IBRIAFAGIJffADVGSFDYGRITRVTIICAAVTIME:W

M I FVQDETVTMHTruDRYQSLRTYS--NCQRRRRWTDLRCHARVYPGTEqTQTNHQTIGWT,TT

GSNTANTTNEQVLAVCVSPPNSGSTSV-PNASKTAP-TRNVTERTMVFKTRECQTRWTR-SVQRL

QSCSPC}NTLRLGY-LRTDRYLF-LPPSTHTETETTDTVQPYWSFIITtRKLSGEIIFTSQIYFGRMLVItS

ATFSDLLI,AEQRQHRDAT"TUKREIffiP

6) OmpX'-CI-I7

AGRCWAGTA}TIAAEIYNKDGNKVDLYGKAVGLTryFSKDNG\AISYCGNGNKTYARLGFIGQT.

FIPI.PVI(AGVhILTSAVRG.GRWCAKLVKVAEGYGCLKTI.A.WYC.SRSTTVWLLAW\ryRATGRT

GVG.TVRAPRHGREGGLHLIRSTARRRGCGAGRSGRFLTQGTGTGKVRPINQTKEWIYE.ET.INA

PPGPTQRNKSSLYA-SPTKILAPLLGVAPMHIIKTAPASvGP-SKKPSFScI-HTAI.IARTRFVTIQLT

VSAFqTLFPLESHNYPLDYIAGTT.LIVFEFPPFMHKRDIMFLI{AGIRGSLYFSILVTTYKYRIT{C,ffi.

TSFLRTEf,TFGRTIPWLYI FPNGffiN PE\tRRI(vcPtIFAItrlHV

7) OmpX'-CI-l8

CTGACTACTGAGAGAGCTCGACGAACTTTCACATGCT
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RTLSVSGTADAAEIYNKDGNKVDLYGI(AVGLHYFSKDNGVIVSYGGNGDKTYARLGFKGETQIN

SDLTGYGQWEYT.IFQGNN SECiADAqTGNKTRLAFPGLKYADIGSFDYGRNFRVGLRGTShIYDN'

QNNVLAI.I K-DNVLQVKGSPAFLNIKLKKPLGRGRWNGVQWHERGKKVLDKGSSGPTDQSRRK

LGIKKRKTKPPQHNQRKNARPLCDHHQPKFRAPFRSDPSAFKNRPRGFRP'SKRTTVSVF-NPAKC

TAFLLPVLSVSALQRLFTPGKFIIPYRTINPDQNRNLILWFPPFNTKHGA.IFVGRFRHNCFTILSIE

TTMQDRLIIL\nQEffi PDY-ESSTNFHM

8) OmpF-CI-20

GRLLVAGTANAAETY-I{KDGNKVDLYGKAVGLI{YFSKDNGV}ISYGGNGDKTYARLGFKGETQI

NS DLTGYGQWEYNFQGNN SEGADAQKGNKTRLAFAGLKFADAGSIDYGRNYGV\TYDALGYTD

MLpEFGGTTAYSDDFFVGRVGGVATYRT{SNTKilVDCLNFAVQffi
GSISYEFEGFGTVGAYGAADRIDAQEAEFR{I@Ifl LTFQUIATGLKYTIW
PI EcGFANKTQDI/TLYAQYQFDFCil,RPTII.AYTKSIGKI}T'EGIGDVDLffi
TYVDYIINQIDSDNKLGVGSDDTVAWVI,SKIffi -KKKKTGI,IHWGGVQA
GGRSAMRRGIWR

9) OmpX'-CI-22

GRLLVAGTANAAEIY}.IKDGNKVDLYGIGVGLHYFSKDNGVNSYGGNGDKTYARI,GFKGETQI

N S DLTGYGQWEYNFQGNNSEGADAQKGNKTRLAFAGLKFADAGSIDYGRNYGV\ryDALGYID

MLPEFCIGDIAYTDDTTVGRVGGVATYRNSNSFGL1 DGLNFAVQIILGKhIEilAGIPBRSI$CiDOVG

GSIS YEPECFGIVGAYGAAI}RTT}AQEAEFR

PIEGGFAI.IKTQDWLVAQYQFTTFGLRPSLAYIKS S

TWDYIINQIDSDNKLGVGIDDfi TAWVLSKI(K-KKKKTC@GGVQA
GGRSAMRRGIWR

4.5.12 Comparing rcquenom uring BLASTN

BLAST was performed to find the similarity of nine nucleotide sequences of OmpF4I-2, OmpF-

CI-9, OmpF-Cl-l l, OmpF{I-I3, OmpF-CI-IS, OmpF4l-17, OmpF{I-I8, OnpF-CI-20 and O

mpF-CI-22. Dozens of results were generated for each guGU, but we have selected only the top r

esult and added in tabte 4.12. Four samples had more than 80 o/o \uer! ooverage with morp tttan 9

9 Yopercent identification. All of the matching rpsulB had OmpF genes in their results confirmin

g our result too.
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Table 112 Surumry ofNuclcdide aligurruril by BLtISiIT{for OnpF mnpla

Isoh& GcnBrnk Sourcc
Qucry

ttlvcrrgG

E

vrluc
Pcr ldcnt Acc lcnr Gcnc

2 cP048326.r E. coli
025b:H4-STl3l

67% 0.0 95.6Yo 489(B00

OmpF

9 cPM8322.l E coli 92%
5e-

145
t1.96% 4nno3

ll cP0/28742.1 E. coli 94% 0.0 80.98 % 51 17905

l3 cPl046l8.l E coli 2t%
lc-

l0l
95.47% 46.33559

l5 cPI25731.1 E. coli 94%
k-
t27

79.51% 4857268

l7 cPffi55l5.l E. coli 20% 2e-81 n.ut% 52720l/J

r8 cP128587.t E coli 30%
2e

lil
98.80 % 5057461

20 cP054335.1 E coli 86% 0.0 100.00 % 51,96142

22 cP029687.1 E coli t6% 4e94 n.M% 6%ilA

4.5.13 Mutation md;4ds

All the samples run for mutation analysis in Clustrl omega online softrilarc showed a grEat number

of mutations against wild Upe sequence. Figure 4.23 urd4.24 show prot€in scquenoes of samples

No 2 and 9, respectively, against wild type protein sequences. Both samples r€sulted in more than

50 mutations individually. Same is the result for samples no I l, 13, 15, 17 and lE. olrly Samples

no 20 and 2zhadrelatively lower number of mutations.

4.5.1.4 3D Structurcs of selected OmpF samples

Due to tnrncated prcteins, as seen in amino acid sequences of these samples, it was impossible to

make 3D sfuctups of OmpF porin so no further computational work was carried out.
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oIpF-WT
ompF-cI-2

ffpF-hrT
OrpF-CI-2

OnpF-t'lT
OmpF -CI - 2

OmpF -WT
qrpF-CI-2

oilpF -tJI
OrpF -CI - 2

OrpF-wT
OilpF -CI -2

VAGTAI'|MEIY1|' DC,III:VOLYG'iAVGLIIYFS'.GIIGEIISYGGNGDFIWA'{LGF TGETQII'IS t rr

YISTIY:lyi:TIY?:5l5lYT:r9i*?:Y:9i:I'Il-'fl:9fl9lTl 
I (i

DIIGYC{[,JEYIIFQG'IIISECTADAQTGI{.TI(LAFAGLT YADVGSFDVG i]JYG\A/YDAIGYTo l 
"r'

DtT6YGO"JEYI{FQGtt{SEGADAQTGII'.TIItAFAGLT.YADVGiFUVG'illYG\TVYoAtGYTD t ttt

I'ttPEF(fiDTAYSDDFFVGRV(fVATYIIISIIFF6LVDGLNFAVQVLGTIlE tDrAirRSl{GDG I tit'
IILPEF(6DIEYSDDFFVGRV(fiVATYIIISIIFFGII/DIGLNFAVLYLG. lIE"IDTATRSTIGDG I iI(I

IIGGSISYEYEGF6IVGAYGMDRTIILQTAQl,tGIJG} "AEQh'ATGL"YDAIIIIIYLMI{YGE 
)4T'

VGGSISY,|YT.SFGIDGAYGMDRTSLPE lSPtGr(G PPEQ ATGL D SEQPPGSEIiS t 
"'

IRIIATPITI'I rFTllTSGFAl,l'TQDILIVAQVQ FOFGL;{PSIAYTTSTA-I[IEG I )'t'
T" PQILCILHFTHI{YIP CYIrg*65p55t]lP]IYQY SFGLSPts'tTP"PEIQ' EGTP[.'.P t't)

GD\,DL VI{YF E\TGATYYFI{.:1$ISTWDVIII{QIDS0I{'-LGI/GSDDWAVGMQF

GDH FCII,IHF TILLvPSYIILL'1{IIIFFGHPFFDTSIYSAY'}IFGSSL t ,t i\,

FUue1.22

oilpF-hII
orpF-cI-9

OilpF-wT
OrpF-CI-9

OlpF-wI
oIpF-cI-9

ompF-hIT
OnpF-CI-9

oryF-wT
qrpF-CI-9

oilpF-t|Ir
OnpF-CI-9

Mfrt alfinnu.ntrcrtrfi ofqrfidMTs tt cileo*S OnPFq-2 NrdOrrPF-YT.

VAGIAIUAAEIYIII.DCTtl' VDLYG'.AVGLIIYFS'lOlGEllSYCfi[lGOFIWAdLGF'.GETQIIlS trF

IQGYC..RCRITL q{.JQQSRSVi| SCTJSATFFQG riyQLL\!QiIQ}IDLCPSIJVLG'.T IQ5 
""

DLTGYGO.JEYIfQGI{HSEGADAQTGI|TTRLAFAGL'.YAU/GSFDVG IIIYG\TVYDALGYTD t )tt

QLllrEtAllE'l TFEVSC$'EGCSQIDIIET1RGFGGL'llSDt6SFYYG-tttlG VWCATFLP t l"'

LILPEFGGDTAYSoDFFVGRVC6VATYIIISIFFGLVDGLIIFAVQYIG- tlE iDrAR{9{G06 I i;, t

LT'iG SSCRI.ffi{SMPYAqRVGGFAI.IS I.'.LLCPSI'IETTCTVTLLGYQCTEHIISSGHQ t')

\rfrcs ISYEYEGF G I\rGAYGMDRTtlLQEeqpl(llc^ i'AEqiATGL t'YoAllllI YLAAI'IYGE )'t:t
N{E4SUISYDRI:QRAQHDQRISHRCT.HTIfiQILPPYRCtIP\r}+l}:PqFSYGlllE rtlHlQGI0 ) 'r

TRIIATPITII'.FTllTSGFAtl[:TQDVtLVAQVQFDFCII{PSIAYT'S' A' WEGIGD\rDLV!,| it!'r

PR!4PDAFC FEilQFPSELFPIdTLYSL[AtlFF/ ItSPSttDGHtSCFH(sVryFP )it't

YF E\TGATYYFII'.1{FISTWDYI IIQIDSDi|ILG\TGSDDWAVGMQF'!'
LLT E F]GATDYSTDTRREIFGI'IPR'TC6PIGLT' HIDS}TWPYIH, TQ,' I

frgwr 123 Mdt ollgmwt ruulb ot@asrol urrqa A cary**q Orrpf-q-g otd OrPF-Yf.
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4.6 Detection of OmPIY

FCT. reastion was lsed to analyze the outer m€mb,rane porin geire i.e., OmpW whose mutation or

depl4ion resutts in causing resistance in the E ali clinical isolates. The DNA sample was

€xamind and amplified by rslng the specially designed fonilard and rwerse priners of OrpW

gmc fm all 26 itolatca. ftG FCR prcduct was then tun on 1.5 % agarorc gel along with lkb dzcd

DNA ladder for treir comparison. The gel was stained urd then visualizcd. Clear bands of Omp\[

g@es having 639 bp sire fragnert wer€ seen on the compuEr sclEen. otrt of 26 isoldes, OmpW

gen€ was dctected in 73.08 Yo (rc19) isolates (Figurc 4.241t&B).

Flgar"1,21(A&B) FCn affialm ot0ttgVgerre: Lua 24 |LIE,20,21,21,25 = pafrvc
satdq ol E dl lot WV (639 bil.

I@ill8 od tdolutbr Clwwrlmtion of ,lnibbtic Resistot eiwrngiliw Brcteria in PoHsto, 77

Rctultr



Chapter 4

Table 4.13 shows pCR results for OmpW gene d*ection in different provinces of Pakistan. Gene

was knocked out in 33.3 o/o of isolatei of Balochistan, 40 o/o isolates of KPK, 20 % isolates of
Punjab/lCT and in 14 % of isolates of Sindh.

Table /,13 hotfurce wise PCR resultlor OttpV geac ddation

Prcvincc Totel Isoleter PtCRbrnd dctectcd '/agc

Balochistan 3 2 6.61

KPK 5 3 60

PuniaUICT l0 8 t0

Sindh 7 6 85.71

4.7 Detection of OpdK

PCR reaction was used to analyse the outer membrane porin gene i.e., OpdK whose mutation or

depletion results in causing resistance in the E coli clinical isolates. The DNA sample was

examined and amplified by using the specially designed forward and rpverse primers of OpdK

gene for all 25 isolaEs. The PCR product was then run on 1.5 o/o agarose gel along witlr lkb sized

DNA ladder for their comparison. The gel was stained and then visualized. Clear bands of OpdK

genes havin g 1255 bp size fragment werc seen on the computer sctEen. Out of 25 isolates of P.

aeruginosa,OpdK gene was detected in 805 o/o(n10) isolates (Figure 4.26AA8).
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Flgarc 1.25 FC,n a@ficfun d Apdf Sqta Laru 1,2, +17, 2A25 = puWle smfla of P.

wryftosoluW.(1255 bpl

Table 4.14 shows PCRtesults for OpdK gene detection in differcnt provinces of Pakistan Gene

was knocked out in 50 % of isolates of Balochistao aod in 40 % of isoldes of PmjaUICT.

Tcblc 411 Macc wbc PrCf,.ruulEfor@dEgau Mfui
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Pnovine Totrl Irohtcr PICR.brnd dctectd ohtge

Balochistan 4 2 50

XPK 5 5 100

PrmiaUICT l0 6 60

Sindh 6 6 100
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4.7.1 Insilico rtudies of OPdK

Eight (0S) out of total 25 p. aentgircsa samples were sent for sequencing. The data obtained, in

the form of nucleotide sequenoes, were used furtlrer for in+ilico sfirdies.

4.7.1.1 Pnotein translation

ExpASy tool was gsed for the conversion of nucleotide sequcnces of OpdK samples into is one letter amino

acid sequence. Six rpsuls were shown by tlre prognm and one of the best reading frames was selccted in

which tlre larger number of amino acids were pr€scmt. The sequence was from 5"3' in results (firom anrino

acid to carboxy teminus) indicati4g the dirpction in whic,h this protein is tanslated"

l) OpdK{I-2
cQGKSGWAGLMLCLSCRASCRGRIffi ICEDRITPAQLLLQPRTPRPRCRQBPBGRyGAGTIIPQ

VQFRTYPGHG .RSRGGQLWAPPRGRQTAI{FCQPT

EDPKRCSQSFRCRLYHQRPLPPQLFRIMMFPHMIGPETRCRAI.QGRffi
LRTpKsLRAsTyARApK-TTvhTFLLssHcDLEsEGALVRTHLPRSIIRAsMRAATDSRSCTDGNLI'E

NNTGGMF"$T.ISLTDSQPTMLDI$QIIDAYX#IQIXSS$HPFSIT,

TARRLTfiII AODGFKDRQKItsL

KNVLRBHSRGPPLFLPPPPPKGRGFTGPRQGKLGSF.NFLKFPAKTTQGVKNFVPPSFSPRKSPPLP

PLK FFMGKKTEGQNLSKKGKPPPQNRGGGGGCY}'ITRGWW..KKIKK'KIIFFFWGKEPRWCFY

SCEFFFY-KKEG

2) opdK-CI4

DLTLARV EKPFSLLTSPL PMPSSWKM RRPTWSCATFSTAISATTM PARA\VVISCiRPu{SSSSSVP

AIPRARSPSSSTPSACSA.T.TADVAPSIPIFFLCTMTVARRTTII{ASPSPPTYAFRFTNST.$KISSQIFE

Y.RTTSHFFSFTDPRSLNYFPSVI{TLRCSSR.SHFIVFYRNRSPSVSPSSSSIDYPLI'PCSRAARVAPF

KLQppplHKyLypysTLFDRApAISACSAVI SSVHHRCELVTSAR\IYHDIRPHIIffiLASYHLPPL

PFSHSLMIAIPRIVPUS(LSYITHFPM+YRVAAffi .HSSPHIIRACI'INIHLST

SYG HTRTNKC IAQGVFI.FYPLT

3) OpdK{I-7

6TIpVARS-TLMLT1CI A/t QAitF(lGFI EDAKTnI,VI WII \IYDSSPYHIIED

QFRPSIIAIIDILI Ifln I'PAI.I DVTTQI A QRDRPIUIPSFI(

YSLKFFSVALSTAPASLLASPFQPDFPPPSPPPYS DI-SQTISTSP

RLPSNPSRLSTATPTCCLIYTPDLSRRSYLAASPPSSAFHTLTAVRPTCTLCCDQPSTTAPSNLLPTA

TRFPPSITSNIPKPLYKHSSSHPSIFrcITFPPFYPPNASARPIAFSAHRHPLTRC'RKKHLNKLTFFPP
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SLFLPSSPPK}IPRLNVFPYTHNTISFFPSFFIMPNPQNTHFPI"PPPPPSSTPPPPPI,APR'PGLPHRN

WPNPPNFLNFSPPTPRSKTLFPPSPRKIPPFPLLFSPPQKTKTQIFSPTQPPPPLPAFIVGVLFFFFFFIF

FFFFFIFFFFIFFLFFFFFFFLRPSFLQYSLSFLPTSP

4) OpdK-cI-l0

QLSC-YIy1ILPALPRKLPRtu{SS'RMRRPTWSCFITIETAISATIi'IPARAW
RARSASASI?SAGSA.S.TADVAPAIPSF

wLv r-QERPAPS -RSGITLSFPDMDGPATRGGSLIN6

QSTVQGLPRPTAR-VRVHVGRL M Fr A-QRLNAGVGDWTSGETSG-SATLRRI{ASAS-INR-IALQP

LsIcIsLRNIDIvRABTLHMCSSSD TR.TNRNVRITIfTfSSSACTAShKIGKG'SIQAPro?DTDDtN.L

RGHARPSRT"PPCADTVPEWMQFTTRRRCSITFCI(NS

s) OpdK{I-l2
PGGDTSASLS.PRKLPRAAS WRMRRPTVSCATITSIAISATTII{PARAW\TTS(ffi RASISSIil'PAIPR

ARSALASTPSSLFGVT,ITNSGRG'TSN$NLLPFTINDGPPANNYGLIXLAPNLPFWASKFRIIKCT,?IIIF

RFTSSKERT" SLVRVSSGRYTSVPCCQLLAANWSHLHTff.

KGVFAARROSVISSFQFAETUUrRRV GRAIISDIffiDIIIILS

DC\^/ I Q$DGQSARSALSTIIPQPPYVL.EALFFLGFQFGPGTKNFYQLGGffi G

RVPARSAGGGRKTITilSAKLIFGVQPVLSFFFI(TFPKPKHI^ACTSVGI-RPKLTISPGPSLGLVSTRKPF

.SLLGGIPPAPPPPPPPPPPTPPPPHPPRGPRGGCCGGDKGEKGVEKT.KIFV-NFWGHQKSPGCFLIG

FS PLLGGEGVPPCGVCPF-PPPPKTQRTEKQTFFIHPPPPPPRRWVGVGFIS SKKKKNKKKKKIIKN

NKYYKYKKKIFSLGI,GR

6) opdK-Cl-ls

PLPCGKNQLSPG.FLPFLA}IFLF.FTQPTCIGPNYYFNRYFLDHNAGNSLVDEWTIIGFIL.FSSSYT

pHSLGTLLSSTTLFFFSLSSLPTTRTTKSTTPLLPFFLQTPPIHRASASSPILYSWRSFAQLTTTSLSADDL

MrP@SLcTHTPGVDIWSHIInHSITIIC
I.CSTLRWPCLAR.

7) opdK-CI-16

DTRWRCVMLP IIIDBf,IAQE"IIK

FSSGY-TPGIYGVH.DAICLFGIIKINSTIRGTShISEIi.PLi{DDCiRAAI}NTORVGYAAI(I,RTISASEt

KTGEMLpDIpLLRYDDGRLT,PQIfRGF',AV!/SRSLFGIALQAOBFDAVSLRITISADIT,IQDIIIACSAPT

QKSDCFN YAGSM-LLDDFCRTNSSKLLTTESCTAAPRRQQSECSETSADITPS
RpETSTAHTSREASFRTCTSAGTTLYRWCCTQGRRPTCVRPPV-GPQ4KNMAKI$\4.PIESTPSLPN
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KQLPtsGLPI(Tt'IIffFSCPPGCARPTI(Aq}GAI.P -KIAAEH

PRVKIFFPVLPREKNRVP.NFGAREKKEGRFLKGNSPI,QTAGGGGGFFNPAGGC

t) opdK-CI-l7

FPCPCLN.SFFPLLPSQAADGVFLYNANTDLILRNYYTNRYFRDIIDAGKSLVYECAIIGFILKFSSG

YTPGTIRLLLNPISLF'RLNLNS.RGTCNSSLLPFRYIIIPTANLYRRLPSAAHRLISPGLCHLKILPI(M

YTFRSLqTALLRHRFPLSFBTSPPET

ptrpFepLpHpTppLSLppCpFTyRRIrAsI,I,PHPTDHFLAILRIiQPSAILRQPSTNKIIPIJSSITSTTP

YLSTAFFFIIPSFPLH.I LSTLFAAQLIITPP!{YFLI{PRIIIISG{AKNISW
AKVFPHPPTPIFITPPPFLFTHPPFLF.LSTSRPPPPPHPPPSPLPPFFRPLPKKISETSKLFKIFPPHPPVS

KPFSPSFPTDIPTPLSPLPSFPPQKKTKSQYFF.KRNLSPPHFPPGYWFSFTKI{GCFFLYYIIFKPPLPR

LPFN

4.7.1.2 Comparing Sequences uring BIIISTN

BLASTN was performed to find the similarity of seve,n nucleotide sequenoes of OpdK{I-2, opd

K-CI-4, opdKCI{, OpdK{I{, OpdK-CI-7, opdK4l-, l0 OpdK-CI-l3, OpdK-CI-16 and Opd

K-CI-17. Dozens of results were genented for each query, but we have selec'ted only ttre top rcsu

It and added in table 4.15.

Table L15 Sunuury of Nue.ledidc alfuncn hy BLASITT'IfoI @dlf sanpla

Isolate GenBank Source
QueIy

coversge
E value Per Ident Acc lenr

2 LT673656.1 P. aeruginaa Uo/o 2e.l7l 95.37 o/o 628864s

4 cP047069.1 P. aeruginosa 90% 0.0 96.T)Yo 6tDtl2
6 cP050331.1 P. aerugircsa 29o/o k l07 88.96o/o 65n476

7 cPl2t766.l P. aerzginosa ll o/o le54 89.94o/o 70m65

l0 cP05033r.1 P. aerugitnsa 29o/o lel5l 97.24o/o 65D4t6

l6 cP045002.1 P. aeruginosa 49Vo 0.0 94.93 o/o 6716578

t7 cPt2t766.t P. aerugitnsa 16o/o 2e-72 88.61 % 7082t65

4.7.13 Mutation analpis

All the samples run for mutation analysis in Clustal omega online soft\ilarc showed a gr€at numbr

ofmutations against wild type soquence. Figures 4.25ard4.27 show protein sequences of samples

No I 6 and 17 against wild type protein sequences. Both samples rcsulted in more than 50 mutations

individually. Same is the result for samples no 2,4, 7, 10, 12 and 13.
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opdr-ffi
opdK-cr-16

opdK-wr
opdK-cI-16

opdK-hrT
opd(-cI-15

oPdK-tII
opdr(-cr-16

opdK-l{r
opdr(-cl-16

opdK-hn
opdK-cr-16

oPdr(-tirT
opdr(-cr-16

- RMGAVLPT.ILACLAAOqiAEGGFLEDA.(TDLVIPI{YYFtltDF tDltDAG'.SLVDgtJAQGFI 59

DT;II{RCV}ILPLPViAAHMEGGFLEDAI.TDLVLFI'IYYFHlDFTDHDA6.' SLVDEI.IAQGFI 60

. .t: I rr.rlfxf,+tral*trltri.llrlt*lttrt*tlr*l+i(;ltr*tr

L'(FSSGYTPGWGVGLDAIGLFGV..LNSGRGTSI{SELLPLHDDGAru\DiIYGiVGVM.. LC I 19

L TFSSGYTPGWGVGLDAIGLFGV'ILNSGRGTSHSELLPLHDDGRAAOIIYGTI/GVM" L F l2O
I J* r*, *, ttt ararai.. xa*l ra I lu *l | 4a af ,, I t a rr.i, * / t 4 rl lJ t l..f t - r,

VSASELTIGEHLPDIPLLRYODGhLLPQTF RGFAWSRELPGLALQffi ; P9lY5LR]ISAD 179

VSASE L I: IGEHLPDI PL LRYDDGN L LPQTF RGFAWSRELPGLALQAG.- FDAVS L I'TNSAD 180
*r*I**lt*r*r*itt+txa**r-il*rttr+-lt!t*li*+rr-x+r,tr-*ril*E-rl*r

i4QDLSAI'ISAPTQI SDGFI,IYA('AEYR FlilR E BTQLGLT'J}reQL EDVY lQSYAllt LH .QFVGOH 219

tQDtsAcsAPTQr'SDCFIYAC5YYRFNRDRTLLVL - H- tLDDFC drI'ISS" LLTTESCT41 238
rr+r#+ +*fi+rr* **r+r. {atr*,r* a, * trl I .,+a

TLGANLGLFVD - RDDGAARA- - - -GE ID6H - TVYGL FSAGIGLHTFYLGLQTVGGDSGIIQ 293

PR RQCISECSETSADTTPSRPETSTAHISREASF RTC ISAGITLYIhICCTQG.' - - - - i P IC 294
. I .I

SVYGSSGRSI.,IGNDPIFiIG]IIFTtlADEiS}NQVRYDYDFVGLGT.IPGLIGIIVPYGI{GSHATT..AG 353

VRPru-6P(!-GrNHAI:ISVLP- -TSSFF -SLPH'QLPEGLPI:TN'FFSCPPGCAiPL"AG 349
,I*.l r

SGG;'EWEBDVELGhOSGPL-AeLilVRtNllASl{FFSFI'ISDFDQTiLWSYPLS- - - -' - 4sG

GGALPPP;ILSHP-.PPPCGPGIA6APG{I,I6ESS'.I - -. .IMEHP .V IFFPVLPF.EI II: 494
r*

Flguu 126 Mt qutu ofwqb No 16 qgdrld YT sqruw

IIIWW otd lyblutbr CMion dAfiibbtb Resktorrt Cnzn-ngative hcteria iil PaHslot 8:'



Ctrptor I

opdK-tllr
opdK-cT-t7

opdK-t{r
opdK-cr-17

oPdK-IIr
oqdK-ct-L7

opdK-hn

wK-Cr-77

opdr-rn
opdK-cr-u

opdK-!n
ood/r-ct-t7

opdK-ttrr
opdK-cI-17

opdK-t{r
opdr-cr-rz

opdr-lIT
o4r-cr-t7

RGrultr

- RI{AGAVLPMLACLAAOqAEGGFLEDA-:TDLVLR}IYYFNiDFIDHDATG- t1y959nQGFI 59

FPCPCLN- SF FPLLPSQ4ID6yFLY}|AI{TDLI LI:NYTFNiIYF 1DHDAG SLVYECA}IGF I 59

:: | 
"llti' 

t' i1"a*"'f 4t''Jll *-tu"l"*' 1 #'"'

L.I,FSSGYTPGWGVGLoAIGLFGVT( LNSGRGTST{SELLPLHD0GFAADT{YGiVGVM.. L r 119

L,(FSSGYTPGTIRLLLNPISLFlLNLNS-RGTCHSSLLPFRYIIIPTANLYRiLPSAAHiL 118
;rtrt+*r.;r*: :.: ,.t* i.*aJ atl.tt.trr:: . :t:. r: 'ri

vsAsELt:IGEHLPDIPLLRYDDGRL LPQTFRGFAWSIiELPGLALQAGiFDA\61HNSAo 179

ISPG-LCHL"ILP{'IYLFRSLQTALLRHRFPLSPT FSPPFPAPLT'- -SPYAS- - L67

:* . * ::**.: *:' : tr : * .t :t. . : :

TQDLSAT.TSAPTQI:SDGFNTAGA -EYRFHFEiTQLG---- -LHI{C{LED 227
----TPCTSPNSTPHSLPYPTSTLF"TPPi(LYQFTTSPPPITPFQPLPHPTPPLSLPPCPP 223

r r rI . a rtl . f

vYrQsYAt{LLHr.Qil/GofiflLCT,ANLGLFVDRDnG/MTTAGEIDSHTVYGLFSAGIGLHTFYL 28I
TYTRIFASLLPHPTDPR - - - - - PLATLRRQPSATLRQPSTN .HPLP- - - -SSITSTTPYL 274

r*. .r *r r

6LQI:VGGDSGhIQSVYGSSG ISI,IGNDI4F]IGilIF TMDE F SI€VIYDYDFVGLGI{PG L IGl.lV.l ]4 1

STAFF- --- -FHPSFPLP- - -IILSTLFMQLLHPPH- -Y" "-' -F-- -LHPTLLLTS- )Ll
.J

YGHGSNATTTAGSCfTEWETilTELGYWQEGPLAFLIIVRLNHA------ 384

C - M-iiIIST- - - -. - .]IY- LSSHLPFFLQEFPT. PLA} VFPHPPTPIFSPPPF LFPHPPF 364

;; : ;;;;;;;;;;;;;i;;;; ;il;;;;il.;.;ffi;;ILI:l;3:3?;;i',^11
,*r

v----- ---vsY-PL$i
TPLSPLPSFPPQ'".TrsgyFF- -. IIILSPPHFPPGYIIFSFTr ll(r(F F LWII Fr'PPLPt' LP

4rri

4q7
482

opdt(-tIT
Opdt(-cI-17

&7
FN 484

Flgn 127 Proldn saperw Ssufla No 17 qatw lfTqrctrca

+7.1.1 3D Structurcr of rclccted OpdI( mnplct

DuG to x11acated prctoins, as seen in amino acid seque,lrces ofthese sarnples' it was impossible to

make 3D stnrctules of O,pdK porin so oo firth€r compntati@al work was carried out

4.t Detectlon of OprI)

PCR reaction was used to analyse the outer melnhane porin ge,ne i.e., OprD whosc mutation or

depletion r€sults in causing r€sistance in the E ali clinical isolates. The DNA samplc was

€xamined and urplified by uing the specidty designd forwud and reveme prime,rs of OprD gene

Mqplng frd Llolmfur Clwm.rlnion ofAilibiot'tc Rcsiffir* errzrrriregdiYc Mefia h PaHfi@t u
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for all 25 isolates. The PCR pmoduct was then tun on 1.5 % agarose gel along with llb sized DNA

ladder for their comparison. The gel was stained urd then visualized. Clear bands of OprD genes

hsving 1332 W size fragment werc seen on thp oomputer scltelr. otrt of 25 isolmc of P'

wttginosa, OprD g€ne was detectd in 76.0 % (n=19) isolates (Figure 4.29AeB).

tlgurc 12t (A&B) PCn uptW&n of OprD geru: Lsta 1' +16 1$ 2L25 = psfrvc sonda of
P. aanqtua Io? @D (1332 W).

Table 4.16 showr PCR reeults for qprD gmc dstection in ditrcrrent provinooo of Pakistan. Cfltc
uns knocked out itr 50 % of isolues of Bdochistan aod io 30 % of isolates of RmjaMCT.

f@p@ordMolrcfurChowterimionofAntfrioticRcsimtGmn-rcgAiveBffiiabrPafiil@, 85



Recults

Pruvince Totel Isohtcs P|CR bond dctected Ycsige

Balochisan 4 2 50

KPK 5 5 r00

PuniaUICT r0 7 70

Sindh 6 6 100

Chepter 4

Toble 1.16 hovfutccwbe P|CR tesulElot OprD gctu dctcctlon

4.t.1 Insilico studie of OprD

Eight (08) out of total 25 P. rerugircsa samples were sent for sequencing. The data obtained, in

the form of nucleotide sequenoes, werc used further for in-silico studies.

4.8.1.1 Prctein trenslttion

ExPASy tool was used for the conversion of nucleotide sequences of OprD sarnples into its one

letter amino acid sequence. Six rcsults were shown by the pro$am and one of the best reading

frames was selectd in which the larger number of amino acids were pr€sent. The sequence wall

from 5'-3' in results (from amino acid to carboxy terminus) indicating the direction in which this

protein is translated.

f) OprI!.CI-{

DA FVSDQAEAKGFIEDS SLDLLLRNYYFNRDGKSGSGDRVDWTQGFLTTYESGFTQGTVGFGVD

AFG Y LGL KLDGTSDKSGTGNLPVMNMI"RDDYSRAGGAVI(VRISKTTI{TJ(WGEMQPTAPWA

AGGSTFP TATGPQ RGELYAIYAGETAKSITDFIGGRY

AITDNLSASLYGAEI-EDTYRQYYLN

AAYTLDATTTFTLAYQKVHGDQPFDYIGFGEI,IC

DLN LASYGVPGTTFMVRYINGKDI [XTffi MSDNNVGYKNYGYGEDGK HHSTI{,EAKYIIVABCP

AKDLS FRIRQAWHRANADQAEGDQNEPRL IVDYPL

2) OprI!.CI{
DA FVSDQAEAKG FIEDS SLDLLLRNYY FN RDGKSGSGDRVDWTQGFLTTYESGFTQGTVGFGVD

AFG Y LGLKLDGTSDKSGTGNLPVMNDGTPRDDYSRAGGAVI$,RI SKTMLKW(EMQPT/NPVFA

AGGSRLFF TATGFQT.QSSELET}IDLEAGTTTBGKQG"TTKSRGELYATYAGTTAKT$ADFIGGRY

AIDNLSASLYGAFT.EDTRQYYI -NSNYT]PI.ASDqSII]FTTMSNTTVfSLA
AAYTLD ITLANSVQYSDTX{GP@KSSTQARY

DLNLASYGVPGLTFIVfVRE,IGI(DIDGIKMSDNt{tIffi EAIGYVaSGP

A KDLSFRI RQAWHRANADQAEGDQNEFRLIVDYPL
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3) OprD-CI-7

DAFVSDQAEAKGFIEDS SLDLLLRNYYFNRDGKSGSGDRVDWTQGFLTTYESGFTQGTVGFGVD

AFGYLGLKLDGTSDKSGTGNLPffiiKVRISI(TTI4IX(WGEITQPTA.FIIFA
AccsiRLmQrrATGrQLQSSFr.rrGr.DLF @FLY{TYAGETAtrGADFIG(BY
ATTDNLSASLYG,AELmnmQYYLNSNITTIPI,ASIDQSrGFD

AAYTLDWQPFDY I(FGENGSGGfT(SS ffi./$ISVQYSDfNGPGB$SQARY

DLNLASYGVFGLTFMVRYINGKDIDGIKMSDNNVGYKNY.GTC#DGKHI{E1T{LEAIfflrvQSGP

AT(DTSPRIRQA $

4) OprIlCI-l0
DAFVS DQAEAKGFIEDS SLDLLLRNTYFNRDGKSGI IGDRVDWTQGFLTTYESGFTQGTVGFGVD

AFGYLGLKLDGTSDKSGTGNLPV

AccsRrF?grATCiFQr,QSS qR(H,YATYAGEfAXSADPIG(RY

AITDNLSAS,YGAEEDIYRQ S'lffWSil.A

AAYILD

DLNLASYGVPCILTFMYRYINGKDIDtrTKMSffi GKHHEf,NLEAlff YVQSGP

AKDLSFRIRQA WHRANADQABGDQNBFRLIU}Y

5) OprIlCI-l2
DAFVSDQAEAKGFIEDS SLDLLLR},IYYFNRDGKSGSGDRVDWTQGFLTTYESGFTQGTVGFGVT)

AFGYLGLKLDGTSDKSGTGNLPVIT{I'IDG|TPRDDYSRi+GGAVKITRISKTMLKWGETT{QPTAPryFA

AGGSRtFPqTATGFQT,QSSFTJGLDLEA(HTFIE6KQbilTIXSROELYATYAeETAKSTiDI.Q$PIT

SAPPCTVLNSKTSTVSIT.TATTPSHWHPTNRWASISTSITAQ TI

ITmTLSP PPMAFP

A.LSWSAISMARTSVIAPRCL STWSSIPVRPRTCR$ASARPGTAP

TPTRPI(ATRTSSA.SSTIRCR

6) OprI!,CI-l3

DAFVSDQAEAKGFIEDS SLDLLLRNTTFNRDGKSGSGDRVDWTQGFLTTYESCiFTQGTVGFGVT)

AFGYLGLKLDGTSDKSGTGNLPV SKTITTTKWGETiIQPfAP\IFA

AccSRLFPqTATGFQ[QSSELECTLDLEAGITFTEGKQG'*ITTf, SRGELYATYAGETAIGAUSPE

SAPPCTVIN SKTSIV$T.TATTPSHWHPTNRWASISTSTAQTIT{I$RPRPATSATPTGPWhQTILW

MRTTSP

A.LSWSAISIIARTSMAPRCLTTTS SPVRPRTCBSASARPO?AF

TPTRPI(ATRTSSA-SSTIRCR (3' to 5' frarne)
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7) OprD-CI-16

RQRrV DDQAELVLVAFGLVGVCAVFGLADAERQVLGRTGLDHVLGFQVGLWLAVLAVAV\IL I

ADvvVRHLGAI DVLA I DIADHESQAGNAIGGEVQVVAGLPGFLAGAVEVGVLHGVGEENRVTA

AAGTVLAEADIIKITTIAUfNT-IVGQGESIIRIQSVGCRQEiPSGIIADVAGIdil-AFIIICAVDI'EIETQB

LvccQWDGWAVQVILTIDVFEFSTIQGGAEVIGDCY.1APhIEIGALGGI,ACIC#1IEFAT{RIIiCG

ALT AFGEVARTEIEPFEFAALQLEAGRGLRBQffi WRCVPSRaHRRGCS

RHGACRRSSPAGCRYRSCPRCRRAIIDRGSRRHRRRIIPRCT.G.SRIHRW.GSLGSSRRGPRCRSCRH

G.N S SCGAAGRGCCLR.TPSLRPDR.RMRRPRRTECYT,*IP

8) OprI).CI-l8

DAFVSDQAEAKGFIEDSSLDLLLRNYYFNRDGKSGSGDRVDWTQGFLTTYESCIFTQGTVGFGVD

AFGYLGLKLDGTSDKSGTGNLP SKITT{IKWGIEMQDTAPI,FA

AGGSRTFPqTATOFQIQSSH.EOI.I)I

AITDNLSASIYGWP SITMTSI.A

AAYTTD SGGGGDSWWQARY
DLN LASYGVPGLTFMVRYN.IGKDITE"TKMSDNNVGYKI$YGYGEDGKHHEINLEAKY\IVQSGP

AKDLSFRJ RQAWHRANADQAEGDQNEFRLIVDYP

4.E.1.2 Comparing requenoes uing BL/ISTN

BLASTN was performed to find the similarity of eight nucleotide sequences of OprD-CI-4, OprD

-CI-6, OprD{l-7, OprD{l-I0, OprD{I-|2, OprD{I-I3, OpTDCI-16 and OpTDCI-I8. Dozen

s of results were generated for each gu€U, but we have selected only the top result and added in t

able 4.17. All samples had 100 o/o guery ooverage with morc than 98 o/operwnt identification. All

the matching results had OprD genes in their rcsuls confirming our rcsult too.

Table L17 Sunmury of Nudcdidc aliganun by BLASflT,Ilor @rD sotttphs.

Isolate GenBlnk Source
Quer]

GOYerlgc

E

velue
Per Ident Acc lcnr Gene

4 cP046402.2 P. aeruginosa l00o/o 0.0 100.00 % 705il30 OprD

6 cw4il02.2 P. aeruginana l00o/o 0.0 100.00 % 70s6430 OprD

7 cP04u02.2 P. aeruginasa l00o/o 0.0 100.00 % 7056430 OprD

t0 cP046l,02.2 P. aeruginosa l00o/o 0.0 r00.00 % 7056430 OprD

l2 cP039293.t P. aeruginosa 100% 0.0 98.71o/o 6879622 OprD

l3 cP039293.1 P. aerzginosa l00o/o 0.0 9t.76o/o 6E79622 OprD

Mappingand Molecular Clarrcterization ofAntibiotic Resisnn Grot-rcgaive Bacteria in Pa*istan 88



Chrptcr 4 Rc!ultr

t6 cPMr772.l P. aerugirnv llJ/Jo/o 0.0 99.15Yo 6514208 OprD

It cP0/6l,u2.2 P. aqusitow l00o/o 0.0 100.00 % 7056/.30 OprD

4.&13 3D Stucturcs of selocted OprD rrmplcs

Ph1,rt2 tool was used for the pediction of protein 3D etnrctur. Figurc 4.30A-D r€pre8€rts the 3D

strnctnres of OprD P. aeruginana CIs based on e2odjA templde.

Flgrm 129 3D sttfrse of @D of P. wtqlnw dinlul islaa 4 CIl, 4 q4 Q A-7 ond
D) Cr-t0
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4&1.4 Mutrtion enelyrir

The Clustal omega tool was used to comparc OprD nucleotide and protein soquqrces of both wild

tlTe and clinical isolmes. As a resul! various number of poid mutations werc obssved both in

nuclcotidc soqucnqes and protein scquenses.

UCSF Chimera was used to highlight the mutated amino acids on 3D image of the protein. We arp

prcsarting here only four elec'ted examples of isolates no 4 (OprD'CI4) 6 (OprD-CI-6), 7 (OprD

{I;f\ and l0 (qprD -CI-10) as given below fiom figure 4.30 to frgxe 4.37.

4.&1.4.1 OprD{I-{

Opr0-}Ir
Opro-CI-4

qpro.l{I
0pr0-CI-4

Opto-rr
Opto-Cl-6

0prO.Wr
qprlr.CI-t[

qpto-},T
OpnD-CI-4

Opr0.WI
Op'o-CI..

0prD-Hf
qpr0-CI-tt

DAFI6DQAEA.:GF I E0i55t DL L L RTTVFHRDGKSGSGDTVU.TTQSF tTrvES6FrQcrvG

3i:y:?$:t:f : I :?s. ::9: I I tg:iP9f9:f?ly9T:s: :l}:f:Hx
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AKSADT IGGRYAITIILSASIYEAELEDIYXqfYIilSTMIPLASDQ,6LGFDFI|!YRI||D 24O
AI(SADFIGGRYAIT[f,itSASLYtAELEDTYP.QTYLilSTMTPLASDQSL6FDFITIYRTilD 24O
aaariaaataataaataaaaaaa a.a aaaaaaaaa a aa. aa rtaallaaaataaraaaaa

ltSwYSDF]tcP6E{SfitSRYDUlLASV6VP6LTFr.tvP.YllreKDI['6T]i,:.ls1n$tv6Y(llYt
ilSrySDFHGPGE (SIJQAP.TDLilLASYGVPGLTF!{ViYIflG(DI DGT}:}!SSIIVGYfl]t
aaaaaalalaaaalatallattaaaaraaaaaaaaataaaaaaaaaltaaaataaaaaar

YGEMK}OIETIIL

420
4t7
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npe #0 Mdn ollgnwt ruufs otClmal urrqa ty ffiipodas @ILCII eil hnN-VL

The details of alterations in amino acids of OprD of isolate No 4 in comparison to wild tlpe is

given intable 4.18.
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TcblcUE

Bsrultr

,ahqdmtntlo anltao erds by contpu*q @D-UI aadqilr-WT

S.No Chenct in Amino Acid

I Th t0 Scr

2 LW92Tfu

3 Phe l47Leu

4 Glu 162 Gln

5 Pro 163 Gly

6 vd 166 Th
7 Arg 2t7 Glu

t tJa2Y2Cny

9 Gly402 Ala

trlgune {31 CI{ ofP. eeruglnwo hrvlng OprD mutrtionr rt difrercnt rcglonr m higDliglted in
trcilrrygla
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4.&lAA OprD4I{

0pto-TI
0pr0-Cl-6

0plo-ll[
0pto-Cl-6

0prO-WI
Opr{r-CI-6

0pto.WI
0pr0.CI-6

0plo.$r
qpr0.Cl.5

0prO.t{I
0pr0.CI.5

srD-Hr
OpnD-Cl-6
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t60
360

420
tt7

Flgun 132 hotdt altgn ncrrt ra ub of ArMol uru$ A @S ApILCI4 utd W-Wn
The details of alterations in mino acids of OprD of isolate No 6 in compadson to wild t,"e is

given intable 4.19.

Toble 119 Altqaltut h the anlao Nfds bl unpurfnE qilLd4 and OprD-VI

S.I{o CtrnseinAmino Acid
I TbrE0 Sq
2 Lyr 92 Thr

3 Phe l47Leu

4 Glu 162 Gln

5 Pro 163 Gly

6 Val 166Th
7 Arg2t7 Glu

t Alr292Gly
9 Gly402 Ala
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fAUc /.33 d4 of P. wWtnoso hcrhllg OprD rffirw A Wosl rylns $ hfsfWhtd b
thclnr4la

4.&143 OprIlCI-7

The d€tails of alteratims in amino acids of OprD of isolarc No 7 in comparison to wild t,"e is

gven intable 4.17.

0pr0.tfi DAFITSOOAEA(GFIEESIDLILRi{IYFHiIE(SGSGDwtr{TQGFITTIESGFIi0GI\rGaeil.ct'7 ?Ty:?$:#9:l:36.::3!:::{:g:I19ffs:93ly9yls:!:lY5:f:lsx
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0pil-Cl-7
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Thc details of alterdions in mino acids of OprD of isolate No 7 in comparison to wild type is

gvenintable 4.20.

Toilc /.20 ,\ltqfun h thc uttltto de by unpubtg @TILCI'7 ud @zDWT

$No Ctmct ln Anlno Acid

I Ilnt0 Ser

2 Lys 92 Ttn

3 Phe l47Leu

4 Glu 162 Gln

5 Pro 163 Gly

6 Val 166 Ttn

7 Arg2E7 Glu

t Ni292Cliy

I Gty402 AIE

$ue /-35 d-7 of P. aaugfinmo havhg @L nuffins ot Wqcnl rqryllorrs u hfihllghtd h thc
,rrrqq
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4,&1.+4 OprIlCI-lO

OprD-hlT - - - - - - -DAFVSDQAEAIGFIEDSSLDLLLRilI/YFilRDGI{SGSGDoVDI',TQGFLTWESG 53

OprD-CI-10 FPQVALADAFVSDQAEAI(GFIEDSSLDLLLRilI TFilTDEKSGSGDRVUdTQGFLTWESG 6O
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OprD-CI-10

OprD-lrIT
0prD-CI-19

0pr.D-hlT
OprD-CI-10

OprD-}IT
0prD-CI-10

OprD-llT
OprD-CI-10

OprD-hII
0pFD-CI-10

OprD-WI
0prD-CI-19

t a.J l r r. r. r., r*lt.*.* 
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t aatra l. I I tt t t t t t t t t,
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AWAGETAFSADFIGGRYAITDiILSASLY6AELEDTYRQT TLilSNYTIPLASDQSLGFDF 24O
trrrlr*tl rr*xr*trr*ilrrrlrr.:*.rr++rrr+r r. l rrrr * - I 1, a. r r rrlrra,

FTQGTVGF6VDAFGYLGL(
FTQGWGFGVDAFGYLGLI(
f, r4r*rxx+r*t-r+ *.rr*4**+. ,*xI*r*ir ,r-Irrr.rrI*lra*I*r.
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.II'16EIIIQPTAPVF SPGELY

iIIYRT]IDEGT
iIIYCTt{DEGI' A|\AGDISI{TTI'ISTMAYTLDA}ITFTLAYQI
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V6YI(I{YOTGEDGKHHETTIL EAKYWOSGPAT.DLSF F I ROAWHRAilADOAEGDOT{EF P LIV
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DY----- 422

Flgwt 1.36 hddn ofign rE rl ,ur,ufa olclrrild orrwga b a;WrilE OyMI-1O ud AryGVL

The details of altaations in amino acids of OprD of isolate No l0 in comparisur to wild tlpe is

gven intable 4.21.

Ttblcl2l AWlonlnthc Mn de U @rilW@ @D-A-il utd OpTDYT

S.Iilo Chanre in Amino Acid
I Tln80 Ser

2 Lys 92 Thr

3 Phe l47 L€u

4 Glu 152 Gln

5 ho 163 Gly

6 Val t66Th
7 Arg2t7 Glu

t AIg29ZGlv

9 Gly,|112 Ala
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5 l)iscussion

The rise of microbial strains that are resistant to antibiotics has alarmed the world and the WHO.

This issue is currently spreading like wildfire. Antimicrobial resistance to infectious pdhogens

rises yearly in the majority of nations. The growth in antimicrobial resistance has beeir linked to

an increase in the use of antibiotics due to a widespread lack of awareness of the need for care in

practice.

Antibiotic use in clinical and agriculhral contei<b leads to the dwelopment of antibiotic-resistant

bacteria" which posc a sevelE danger to the fieatment of bacErial illnesses. Over the past 20 ycans'

E. coli,a Gram-negative bacteriunU has become one ofthe most significant health risks (Padmini

et al., 2017) so is the case with P. rerzgirasa.It has become a global issue that E coli and P.

rerugirnsa are resishnt to various drugs at the same time. For conholling and establishing

strategies in this area, regional monitoring is essential.

Our study is first kind of lab study where samples were collec"ted from whole Pakistan. Before this,

city wise or province wise studies has been done but not an orclusive ong covering all the

provinces of Pakistan. For this study clinical isolates of E coli and P. aerttgirosa were sampled

from major cities of four prcvinces of Pdristan. The isolates were rc-culturpd in lab and antibiotics

from different classes werc used to find out their resistance against commonly used antibiotics.

Our results revealed Mercpenem, Imipenem and Amikacin as the most effective antibiotics against

all E. coli and P. aentginosa sfrains.

Doripenern was a more powerful antibiotic to act against P. urtginosa sffains with 64 Yo efficacy.

Carbapenems are the most effrcient antimicrobials and are regarded as the final line of defense

against MDR pathogenic bacterig according to several tpsearph that have been published (Lyman

et a1.,2015). In research by Ali Q0lg),which examined the effectiveness ofseveral antimimobials

against strains of P. rertginosa, imipenem and meropenem (carbapenerns) emerged as the most

efficient ones. Sh.ikh et al., Q0l5) and Ameen et al., Q0l7) earlier reported similar findings. In

Uganda, the prevalence of P. aeruginosa isolates resistant to carbapenem wat 24 o/o (Kilsete et

a1.,2016),which is lower than the prcvalence found in the current investigation Imipenem (40 yr)

and Meropenem (40 y") and Doripenem (36 yo). P. aerzgitnsa is the second-most carbapenem-

resistant orgianism, with a frequency of 60.3 %, according to a study by Cai et al., (2017) in the

United States, while Vaez et al., (2017) observed a prevalence of 54 % imipenem-rpsistant P.

Mapping ad Molecular Cluracterizaion dAntibiotic Resistazltt Gron-rcgative Bacteria ln Paltstan 99
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rerugirnsa in the Iranian population. Mubashir et al., QAI reportd 60 o/o P. rerugirosa

rcsistance against Imipen€,m in their study. According to rcsearch done in Khyber Pakhtun Khuwa

41.7 o/oof patients showed resistanceto Imipenem (Mulrammad et al.,2A0). Ahmadi et a1.,2016

reported Meropenem Q.3 yr) and Imipenem Q.9 7o), having the highest efficacy rates.

Among fluoroquinolones, CIP was not very effective in P. aeruginosa strains in our sildy (72o/o

resistance) which is in line with many other studies. Ahmadi er al., Q0lq also reported ttre greatest

rates of resistance to Ciprofloxacin (82.5 7o). Contrary to our findings, Saleh el al., reaffi74.6

% susceptibility for ciprofloxacin (Saleh & Balboula, 2017). Ciprofloxacin showed good activity

(74.33 % susceptibility) in shrdy by Ali (2019). Norfloxacin also showed 60 % resishnce in our

study while kvofloxacin showed 48 % resistance.

In cunent study resistance to penicillin group of antibiotic ticarcillin was 60 o/oby P. rerugitosa

species much higher than ttre reported values of Ali (2019) who reported 26.20 Yo. Bavasheh and

Ikrmostaji Q0l7) reported 34.7 o/o rpsistance to ticarcillin. This finding is in close agreerne,nt to

the report of Llanes et al., who investigated P. aerugiwsa isolates from cystic fibrosis in France

(Llanes et a1.,2013).

Aminoglycosides, amikacin and gentamicin showed 36o/ond40 oZ resistance respectively in the

current study which are much higher than other regional studies. According to rtsearch done in

Khyber Pakhtun Khuwa, 8.3 o/o of patients showed rcsistance to Amikacin (Muhammad et al.,

2020). A study from Isfahan reported relatively higher rcsistance to gentamicin (60 yo) and

Amikacin Qly") (Golshani, et a1.,2012). Atrmadi et al., (2016) also reported the greatest rates of

rcsistance to gentamicin (89.5 Yo) md Amikacin (77 .3 yo).

The most efficient antibiotics were Amikacin(72 7o), Imipenem (80 %) and Meropenem (Uy")

against E. coli sfains. lqbal et al., Q02l) has reporGd 7l o/omeropenem susceptibility rate in E

coli species. According to a study by Mubashir et ol., (2021), E. ali has lower rpsistance rates to

Imipenem (7.4 yr) and Amilocin (13.2 7o). Sohail et al., (2015) also found reduced E coli

resistance to lmipenem A n. Jail and Al Atbee QU22) found a substantially lowcr level of

resistance to imipenem in their study conducted in Basrah, Iraq. A study by Sultana et al., (2A3)

showed hrt E coli showed greater Amilcacin rcsistance which is confiary to our study where

Amikacin showed only 19 o/o resistance. It has already been declared by world scientists that we

are limited to the last resourcc antibiotic classes, such as polympins and carbapenems, as

Extended Spectrum F-lactamase (ESBL) and AmpC-producrng E. coli art mor€ frequently

Mapingand Molecular Claracterizaion of Antibiotic ResiJtant Grum-rcgative Brcteria in Padstan 7N
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report€d as the cause of swere infections (Mikhayel et a1.,2021; Iseppi et al.,2020). In contrast'

considerable E. coti AK resistance (91%o)was noted in research by Muhammad et al., in2U2;0.

The highest resistance was shown by Ceffriaxone (96 yo), Ampicillin (96 yr) and cephradine (96

Zo), Aztnconam (g2yo),Cefepime (S8 7o) and Ciprofloxacin (S5 7o) against E coli strains. Same

results were re, orted by Iqbal et al., (202,l) where more than 80 % of uropathogenic strains were

found to be resistant to Cefoiaxone and Ciprofloxacin. A study conducted in the USA showed

same highest resistance against Ampicillin (97.8 yo) (IGrlowsky et al., 2002). Comparatively

lower rates of Ampicillin resistance (55 Y") were found m E. coli isolaEs acco,rding to a UK

investigation by Bean et al., (2008). Alanazi et al., Q0l8) found high Ciprofloxacin (72.7 Yo) urd

lower Ampicillin (42.85 7o) rcsistance in their study (Alanazi et a1.,2018). In India, the resistance

nates wetp found as46o/o in Ciprofloxacin, much lowerthan our rcsults (Manikandan et ol.,20ll).

A study by Sultana et ol., (2023) strowed thatE coli strowed greaterAmpicillin and Ciprofloxacin

resistance. In a study conducted in hospital of Basrah,Iraq, the E coli isolates were found to be

highly rcsistant for ceflriaxone, ampicillin, levofloxacin, aztreonam (Jail and Al Atbee, 20n)

which is much like our study.

Gentamicin showed 58 7o resistance in our study mtrch closer to the value stated by I\[anikandan

et al., (2011), where the rcsistance rates werc found as 48.8 % in India for Gentamicin. Same was

found by Jail and Al Atbee Q022) in Basralu Iraq wheme E. oli isolates were found to be highly

resistant for gentamicin. According to rcsearch canied out by Bashir et al., inPakistan in2008, E.

coli showed 47 o/orcsishnce pattern against gentamicin.

760/o (n=19) ofP. ocrugirnsa samples were MDR in our study. This is a lot higher than the number

given by the Pakistan-based researph conducted by Ali (2019). From Hamadan West in Iran,

Alikhani et al., Q0l4) discovered 8E.7 o/oMDR clinical isolates of P. aerugilasa. In the Brazilian

Uberlandia university hospial, Dantas et d., Q0l7) reported finding 42.7 o/o MDR isolates of P.

aeruginosa. MDR isolates (89.87 7o) were discovered in a Chinese Burns Unit (Dou et a1.,2017).

The frequency ofP. rerttginosa MDR clinical isolates from these nations is somewhat higher than

the current reportcd rate (76 7o) from Pakistan. Multidrug resistant bac"teria arc a scrious issue on

a global scale because they raise healthcsre costs (Alnour and Ahmed-Abakur, 2017).

In our study, a MAR index value larger than 0.25 wan saen n 68 o/o (n= I 7) of the P. aerugitnsa

isolates. In contrast to our study, the proportion for the MAR index (54.54 7o) is low in a Pakistani

study by Ali (2019). A higher MAR index value indicate,s overuse of antibiotics in a place, which
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Chapter 5 Discnssion

promotes the developmentofresistantbacteria (Paulet a1.,1997; Adegoket a1.,2016).According

to Guvensen et al., (2017),51.y2o/o(n17) of the P. rerugircsa isolates from Turkey, had MAR

indices grcater than 0.2. In an Indian study, I 17 individuals were found to have 49 7o clinical

Gram-negative bacilli with a MAR soorc morc than 0.2. @huvaneshwari,20lT).lmtn*r et al.,

Q0l7) rcportcd 96 samples of P. aerttginosa isolated frrom drains of five hospitals in Nigpria, with

MAR indices ranging from 0.33 to 0.89. This indicated a substantial likelihood of bacterial strains

that are resistant to several drugs spreading through hospital drains. For P. rerugitnsa isolates

found in clinical specimens and hospital environments in Nigeria, Chika et al., (2017) reported

MAR index values of 0.6 to 0.9. This high MAR inder which was reported ftom Nigerian

hospitals, revealed that antibiotics are used excessively in Nigeria. Antibiotic usagc rcstrictions,

appropriate management, and surveillance by the government and hospital administration might

stop the development of P. aerzgitosa,a bacterium that is multidrug resistant.

DNA extraction was done for all the samples by using extaction kit and then OmpF, OmpC,

OmpW genes of E coli and, OpdK and OprD genes of P. aeruginosa were amplified wing

Polymerase Chain Reaction. Results rpvealed that no band was visible in 26.92o/o of ontpW,?A

% of OprD, 20o/oof OfiK,7.69 % of OmpF and 3.85 % of OmpC samples. After amplification

selected PCR products of OmpC, OnrpF, OprD and OpdK weNE s€quenced by using Sanger

sequencing method. Mutation in OmpC of clinical isolate was determined by using in silico study.

For computational analysis of these porins different tools werp used such as Clustal Omega,

BLASTN, ExPASy, PyrE2 and UCSF Chimera etc.

BLASTN was used to compare our nucleotide sequences witlr sequences that have already been

reported and stored in their database. All our OmpC, OnpF and OprD results matched with the

same gen€E confirming our rcsults. For OpdK, the same rpsult was not obtaind and dmbase

showed no rcsult of OpdK in their rccords, but OprD was seen in the results giving us a hint

because OprD protein's overall stnrcture and that of OpdK are exfemely similar @iswas el aL,

2008; Biswas et al., 2007). The Phyre2 showed different stnrctural organization of OpdK as

compared to OprD.

By comparing protein sequences of our clinical isolated with wild t1ryes, various mutations were

deErmined in rcsidues position for all the sequenced samples of OmpF, OmpC, OpdK and OprD.

We werc not able to make 3D structure of OmpF or OpdK proteins because of presence of stop

codons/ truncated protein but 3D models of OmpF and OprD were made up with Phyre2 online

tlappingandttoleaiat Ctwacterizalionof Antibiotic Resistant @an-negattve Bacterialn PaHstan 702
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tool. UCSF Chimera was later used to highlight the mutated amino acid regions as compared to

WT stnrctures. These amino acids are involved in protein interaction. So, these mutations are

considered as damaging to stnrcture and function of outer membrane protein. These mutations may

decrease the stability of outer mernbrane protein. Prpvious studies revealed that due to decreased

in protein stability cause misfolding aggregation and degndation ofpnctein structure and function

(Du el a1.,2005).

All the four 3D sffuctures of OprD porins show mutations at the same nine amino acid positio'ns

i.e. Thr was replaced by Ser at position 80, Lys by Thr at position l2,Pheby Leu at position 147'

Glu by Gln at positionl62, 1to by Gly at position 163, Val by Thr at position 166 and Arg by Glu

at position 287. previous studies suggested that OmpC play an important role in the tansport of

various antibiotics such as pJacams. OmpC deletion increases the MIC of various antibiotics.

FurtSermore, it's also involved to adapt envelop for stpss (Choi and Lee, 2019). Outcr mcmbrane

protein alteration plays an important role in resistance development against various antibiotics, but

various r€ports describe the diminished expression of porins in clinical isolaEs @elcour, 2009).

Some other bacterial strains dweloped rcsistanc,e against certain antibiotics such as,p-lactam,

tetracycline, cephalosporins and imipenem due to changes occunpd in porin channels by mutation

(Reygaerq 2018).

The major cause of antibiotic resistancc in Pakistan is the overuse of antibiotics in medicing

agriculture, and animal feeds. In Pakistan, antibiotics are freely accressible from pharmacies; sfreet

sellers even sell them. Use of antibiotics without a doc'tot's note may promote ttre development of

bacterial resistance (Ur Ratrman et al.,20lS). A severc healfir issue is ttre spread of MDR P.

reruginosa stains worldwide. In order to fight MDR isolates, tight monitoring, limitafions on

inappropriate antibiotic usage, and adherenc,e to infection conEol procedues can all be helpful.

Responsible Higher authorities should establish appropriate antibiotic policies, segregation of the

sick patients, and stringent sanitary conditions in healthcare frcilities and hospitals to avoid the

spread ofthese resistant bacteria in order to address these public health challenges.

The data will be significantly be,neficial for devising healthcare policies in tplevant arpas of

Pd<istan.
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Conclusion

Recommendations

Antibiotic resistance is a critical public healttr issue that has to be addressed since it has an

enorrnous effect on both individual and societal health. This study suggests that following the

completion of more l€search, policies be developed for use in hospitals and private clinics to

prevent the spread of resistant bacteria and the indiscriminate use of antibiotics. a demand to

identi$ antibiotic-resistant bacterial strains, assess the genetic underpinnings ofresistance patbrns

disfiibuted inside Pdcistan, and contrast such patterns with those in other nations.

The Patients' MDR infections need to be under contnol, and this may be done by enrploymg

evidence-based monitoring oftherapies for associated bocteria and raising knowledge ofthe proper

use of antibiotics.

The prevalence and swerity of infections and drug rpsistance are still unclear. As a resulq ifs

critical to comprehend the Savlty of the genetic elements involved in Gram-negative isolaEs as

well as the risk farton that affect antibiotic rpsistance in Pakistan. The baseline data from this

refrospective study may be utilized to evaluate Pakistan's current level of antibiotic resistance.
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Conclucion

Conclusion

Our data shows that most of the pathogenic Escterichia and P. reruginosa str:ains isolated in this

study are resisant to Ceftriaxone, Ampicillin Cephradine, Cefepirne while P. aerugirnsa strains

isolated in this shrdy are resistant to Norfloxacin, TicarcilliU Ceftazidime, Aareonam and

Ciprofloxacin, suggesting that such antibiotic trearnent should be suspended following extensive

long-term evaluations. To stop the spread of antibiotic resistance in these two clinically significant

bacterial genera, inaccurate diagnosis and self-medication should be avoided. The genetic

characterization revealed that antibiotic resistance has resulted in mutations and altprations of

amino acid sequences in OMP of these bacteria i.e. OmpF, OmpC, OpdK and OprD.
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Future prorpect

trhture prcspects

We have only looked at the E coli and P. rentgircsa clinical isolates in this study, but there are

other stains as well that can develop antibiotic resistance due to mutations in the genes tlrat code

for different porin proteins. This study assists in examining the impact of mutations in the g€nes

that code for porin proteins and stuctural and functional characteristics of porin protein as well.

This study will be useful in the future for the crcation of new therapeutic targets and medicines

that can combat antibiotic resistance and increase the capacity of all antibiotics to penetnab cell

membranes. The biophysical characterization of porins may also be useful for compehending

antibiotic translocation. Furthermor€, future studies can also study the non-molecular resistance

mechanisms such as antibiotic utilization patterns and the role of envircnmental factors to

understand the issue more comprehensively.
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