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ABSTRACT 
       The emergence multidrug tolerance is the most threatening obstacle for the population health.  During 

the last years, transporting pumps are implicated in the emergence of antibiotic resistance. More trans-

membrane proteins have been observed in prokaryotes, archae-bacteria, fungi, and eukaryotic cells, 

involved in transferring various types of toxic substances out of cells. The upgrowth of resistance to 

various antibiotics is attributed to the spread of genes encoding different efflux pump proteins through 

horizontal transfer mechanisms. Antibacterial tolerance is obtained as a result of the encoding of efflux 

pump proteins, which increases the efficiency of pumps in eliminating the toxic substance by altering the 

types of amino acid involved in the efflux pump structure. There are five families belonged to efflux 

pumps protein. The transport proteins found in the cytoplasmic membrane have been involved in the 

evolution and spread the phenotype of antibiotic tolerance among bacterial strains. So, Perception the 

physiological function of MDR transport pumps still requires more research due to the sustained capacity 

of bacterial cells to manipulate and degrade antibiotics.  

 

Key words:  

Efflux pumps; Antibiotic resistance; MATE;RND; Inhibition mechanisms. 

 

INTRODUCTION 
During the last years, more trans-membrane proteins have been observed in prokaryotes, 

archaebacteria, fungi, and eukaryotic cells, involved in transferring various types of toxic 

substances out of cells [1]. Current studies have demonstrated the presence of five classes of 

efflux pumps in microorganisms and cancer cells that involve Moncarboxylate transporter 

(MCT),Multidrug resistance proteins (MDR,P-glycoprotien), Multidrug resistance -associated 

proteins (MDPs) ,Peptide transporters (PEPT) ,and Na+ phosphate transporters (NPTs)[2]. Based 

on the required energy sources, the transport system in bacteria and archaea can be grouped into 

(i) the channels which permit the passage of solutes without restrictions and consuming energy, 

(ii) the primary transport system  that depends on  electrochemical gradients derived from  the 

light ,and  the energy of redox and chemical  required to transport solutes like ATB-binding 

cassette (ABC)transports,(iii) the secondary transport system that is employing the proton motive 

force (PMF) or sodium motive force (SMF) to pump  and  uptake solutes ,includes unioport 

channels, symport channels and antiport channels,(iv) protein secretion system that needs ATP 

and proton gradient  or sodium gradient to translocate proteins through the plasma 
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membranes,(v) Phosphoenol-pyruvate phosphotransferase systems (PTS) that requires 

phosphoenol pyruvate to phosphorylate  and transfer sugars[3]. Many individuals related to the 

SMR, the ABC, RND, and MFS were recorded among the transporters distributed in bacterial 

genome and members of the ABC superfamily were abundant among prokaryotic species due to 

the existence of transport pumps. Furthermore, RND is the only one of five transport system 

super families identified in Gram-negative bacteria. Individuals related to SMR, ABC, RND, and 

MFS were determined among the many transporters distributed in bacterial genomes, and the 

ABC superfamily members are the most common in prokaryotic organisms. Furthermore, RND 

is only one of five transport system families identified in Gram-negative bacteria [4]. The surface 

of bacterial cell contains active transport proteins called efflux pump that reduce the 

concentration of antimicrobial agents by expelling them outside the cell [5]. Some of genes 

responsible for encoding efflux pumps found on bacterial chromosome such as Teta and CmlA 

that conferred bacteria inheritance resistance towards defined antibiotics. In addition, there 

several of efflux pump genes  are carried on transposons (MefA and MefE),plasmids(OqxAB, 

qax, qepA, and tet), or  integrons(OqxAB, qax, qepA, and tet)[6] The genes encoding transport 

proteins    are determined  in both bacteria that either susceptible or resistant to antibiotics . 

Antibacterial tolerance is caused from the high levels of  the encoding of efflux pump proteins 

,which  increases the  efficiency of pumps in eliminating  the toxic substance by altering the 

types of amino acid involved in the efflux pump structure [7].  Several articles have revealed that 

transporting pumps are implicated in the emergence of antibiotic resistance. In 1980, tetracycline 

resistance was observed in Enterobacteriaceae associated with efflux pumps [8].  

MDR efflux pumps types  

The plasma membrane, which is maintains the integrity of the cytoplasm, limits the transduction 

of the substances of a hydrophilic or hydrophobic nature a cross the membrane.  The proton 

motive force obtained from the difference in pH gradient and electrical potential across 

membrane, organizes the transduction of solutes [3]. The transport proteins found in the 

cytoplasmic membrane is involved in the evolution and spread the phenotype of antibiotic 

tolerance among bacterial strains. As exhibited in figure(1)Proteins composed of efflux pumps 

that act as transporter can be divided to five families including the ATP-binding cassette (ABC), 

The major facilitator super families (MFS), the resistance nodulation division (RND),the 

multidrug and toxic compound extrusion(MATE) ,and the  small multidrug resistance (SMR) 

families [9]. 
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Figure(1): The efflux pumps structure (in the current review) 

Multidrug and toxic compound extrusion (MATE) 

 This family is considered the major protein transporters distributed among livening organisms 

such as bacteria, mammalians, as well as plants. Depending on the results of Phylogenetic 

analysis of  the known sequences, the MATE superfamily have been grouped into  (i) bacterial 

MATE efflux pumps including NorM and DinF ,(ii) eukaryotic MATEs which classified into  

yeast - fungi MATEs, plant MATEs, protozoan MATEs; and animal MATEs,(iii) bacterial and 

archae bacterial MATEs[10].The related members of this family were assumed to be cation 

transporters that remove metabolic organic cations or xenobiotic organic cations out of the cell 

[11]. Among transporter substances, fluroquinolones ,aminroglycosides ,and cationic dyes 

(especially acriflavine and ethidium bromide) can be identified and pumped out the bacterial 

cells using numerous MATE transporter. It is obvious that many of MATE transporters utilize 

Na ions rather than H ions to pump out antimicrobial agents especially where the concentration 

of H ions is reduced[12]. Depending on the similarity and the order of  the amino acid sequences, 

MATE transportes in bacteria can be categorized as follows: DinF and NorM superfamilies, 

which involve two types of transporters whose mechanisms to transport various substances 

depends on  the circulation of H+ ions and Na+ ions through membrane.  A variety of  

Na+dependent DniF transporters were  identified in V.cholera like VcmB,VcmD and VcmH are 

able to extrude Ethedium bromide (EtBr),which are responsible for drug resistance to 
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norfloxacin,ciprofloxacin,ofloxacin [11] .Whereas the multidrug resistance to these antibiotics is 

due to the presence  VcmN  related to the  DniF transports  based on H+ driven mechanism[13]. 

The common construction of NorM and DinF efflux pumps composed of two domains which 

extend across the membrane. Each domain consists of six tran-smemrane helix (TMH) called  

the N domain which is assembled from TMH1,TMH2,TMH3,TMH4,TMH5,TMH6 , involves  

the site responsible for binding with Na+ ion , and the C domain consist of 

TMH7,TMH8,TMH9,TMH10,TMH11,TMH12. The interface between the amino-terminal 

domain and the carboxyl-terminal domain   forms a central V- shaped cavity capable of binding 

to substrates [14]. Many studies demonstrated that NorM efflux pumps are utilized from the 

movement of Na+ through the plasma membrane to assist transporting various substances 

including sucrose and amino acids [12]. 

Major facilitator superfamily (MFS) 

It is defined as single polypeptide derivative carrier transport a wide range of solutes through 

bio-membranes depending on electrochemical gradient force. Many studies have demonstrated   

the electrochemical gradient forces of MFS members are related to (i) the passive transport 

involving transferring the substances from high concentration to low concentration  through 

plasma membrane until  equilibrated ,and(ii) the active transport systems involving transferring 

substances from low concentration to high concentration consuming energy that acquired from 

the ATP hydrolysis or the various in an ionic concentration via the plasma membrane[15].   The 

members related to the superfamily can groubed into 17 families including Sugar porter family 

(SP),Drug:antiporter 14 spinnner family (DHA14), Drug:antiporter 12 spinnner family  

(DHA12),Organophosphate :inorganic phosphate antiporter  

(OPA)family,Oligosaccharide:H1symporter(OHS)family,Metabolite:H1symporter(MHS)family,

Fucose-galactose-glucose:H1symporter(FGHS)family,  Nitrate-nitrite porter(NNP) family, 

Phosphate:H1symporter(NHS)family, Nucleoside:H1symporter(NHS)family, Oxalate:formate 

antiporter (OFA)family, Sialate:H1symporter(SHS)family, Monocarboxylate porter 

(MCP)family,  Anion:cation symporter(ACS)family,Aromatic acid:H1symporter(AAHS) family, 

Unknown major facilitator (UMF)family, Cyanate permase(CP)family.The suger porter 

(SP)family is considered the largest family responsible for the removal  various substrates such 

as organic cations, quinate, inositols, hexoses, pentoses, and disaccharides[16] . MFS 

transporters are  divided into 3  major categories : uniporters which  expel a single substance 

without requiring external enrgy; symporters which are  transported  a substrate combined with 

an  coupling ion, and antiporters  which are pumped out  a substrate and a co‑substrate in two 

different  directions with utilizing the energy supplied from  the difference gradient of their 

linked ion or co‑substrate concentration inside  bacterial plasma membrane compared to the 

outside [17].The carrier belonged to Sugar porter family (SP), Oligosaccharide: H1symporter 

(OHS)family, and Fucose-galactose-glucose:H1symporter(FGHS)family  are specific to pump 

out various types of sugers and the transporters related to Drug:antiporter 14 spinnner (DHA14) 

family,  and Drug:antiporter 12 spinnner (DHA12) family  are able to expel drugs and 

deleterious substances. The different anionic compounds are removed out the cell via the 

transporters associated to Organophosphate :inorganic phosphate antiporter (OPA)family, 

Metabolite:H1symporter(MHS)family, Nitrate-nitrite porter(NNP) family, 
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Phosphate:H1symporter(PHS)family, Oxalate:formate antiporter (OFA)family, Anion:cation 

symporter(ACS)family, Cyanate permase(CP)family [15]. All members related to MFS 

superfamily transporters are characterized by sharing the same structural framework. The 

structural nucleus of MFS transporters found in tow identical domain .The first part called N-

domain composed of six transmebrane helicases (TM1-TM6) and the other portion called C-

domain composed of six transmebrane helicases (TM7-TM12). Furthermore, each domain 

consists of two inverted repeats containing three helicase. At the center of MFS transporters is 

the binding site which contains remnant associated with the N domain and C domain [18]. MFS 

transporters can take three different conformational situation either open to inside, open to 

outside or locked [17]. The protein of the MFS transporters engaged a various motifs composed 

of very conserved amino acid pattern . Motif A, observed in all members of the MFS , exists in 

the loop surrounded by  the second and third helix domains [15]. 

Small multidrug resistance (SMR) protein family     

In general, it is recognized as small  bacterial protein consisting of  100 to 140 amino acid in 

length  integrated in the inner membrane  that gives bacterial cells tolerance to a variety of 

quaternary ammonium substrates (QAC) such as cetyltrimethylammonium bromide (CTAB),and 

intercalating cationic dyes such as ethedium bromide (Et),crystal violet(CV),and safranin O 

(SO)[19]. Horizontal gene transfer through plasmid and various types of transposable agents 

possess a crucial part in transferring the genes encoding to SMR proteins and emergence 

multidrug resistance among pathogenic isolates. The obtained data from the  GEBA institution 

have been demonstrated that nearly tow third of bacterial genome owing at least one gene count 

on of the  encoding SMR proteins and one third of bacterial genome  are encoding more than one 

SMR proteins. Gdx and Qac genes are most prevalent SMRs genes found in bacterial genome 

including Actinobacteria, Proteobacteria and Bacteroides, and Firmicutes [20]. The bacterial 

multidrug transporter family is made up of five to fourteen transmembrane strands and 

contributes in circulating a various types of substance like peptides, complex carbohydrates, 

metals in various ionic state utilizing electrochemical proton gradient or ATP-dependent 

mechanisms.  The SMR proteins contrast with other efflux pump proteins in thier capacity to 

extrude lipophilic compounds, especially quaternary ammonium compounds( QAC) and 

different antibiotics [19]. The members of SMR family are identified into three subgroups: (i) the 

small multidrug pumps (SMP), (ii) suppressor of groEL mutation proteins (SUG), and (iii) paired 

small multidrug resistance proteins (PSMR)[21]. 

Resistance nodulation division (RND) family 

It's an extended family of transporters determined in bacteria. It expels various substrates 

including metabolites, antibiotics, toxins, or metal ions. Some types of RND are associated in 

transferring of the quorum sensing molecules and siderophores. According to the nature of the 

export substrate, members of RND family can be categorized to heavy metal efflux (HME), and 

hydrophobic and amphilic efflux (HAE) pump [22]. The structure of RND include three major 

components as follows: an outer membrane protein (OMP) , an inner membrane 

protein(IMP),and a preplasmic membrane fusion protein that connects  the inner and outer 
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components. Many studies have been demonstrated the AcrAB-TolC pump found in E.coli and 

Mex pumps in P. aeruginosa are responsible for multidrug resistance to extensive range of 

classical antibiotics[23].Destruction of  at least one of the main components  of efflux pump 

disrupt its function. The component of efflux pumps are distributed in different positions of 

bacterial cell wall [24]. 

 

Figure (2):  the structure of RND Efflux pump (in the current review) 

 

AcrAB efflux pump, encoded primarily in E. coli , is charge of inheritance  tolerance for many 

substances, involving dyes, detergents, and nearly all hydrophobic antibiotics. As exhibited in 

figure (2) , it is made up of an  AcrB  protein inserted  inside  the cytoplasmic  membrane and an 

AcrA  secondary protein observed in periplasmic region. The outer membrane protein called 

TolC cooperates with AcrB, AcrA to transport drug molecules through periplasmic region and 

extrude them out of the outer membrane [25]. Numerous studies have exhibited that the 

existence of  four  types of multidrug efflux pumps in P. aeruginosa  including MexAB-

Oprm,MexXY-Oprm ,MexEF-OprJ,and MexEF reduces  the antibacterial impact of antibiotics 

by expelling  the antibiotics outside the bacteria . These efflux pumps identified as drug/proton 

antiporters contain three complex proteins: that expel specific substrates from the periplasm 

region to the outer membrane. The first subunit of this efflux pump from inside out   bacterial 

cell are a periplasmic adaptor protein termed as a periplasmic membrane fusion protein (PMFP) 
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including MexA, MexX, MexC, or MexE. The second components of these efflux pumps are a 

resistance-nodulation-cell division transporter (RNDt) including: MexB, MexY, MexD, or 

MexF. The third components of these efflux pumps are known as a channel-forming outer 

membrane factor (OMF) including OprM, OprJ, or OprN. P.aeruginosa that withstand many 

antibiotics belonged to quinolones, tetracyclines,macrolidase,lincomycin,chloramphenicol, 

novobiocin and beta –lactams,  has overexpressed  MexAB-OprM gene. In addition, MexGH-

OpmD and MexJK-OpmD found in p.aeruginosa  are other efflux pumps that involved in  the 

modulation of quorum sensing and  the communication among cells [26]. 

ABC (ATP Binding Cassette) family 

It is one of the extensive membrane proteins in eukaryotes, bacteria and archaea that use the 

energy obtained from ATP to translocate various substances through phospholipid of the plasma 

membranes. According  to functional  type , efflux pump of ABC family  can be classified into 

(1) importers  which are involved in absorbance  of nutrients ; (2) exporters is attributed in 

secretion of substance outside the cell ; and  (3) those which  have crucial role in cellular process 

including mRNA translation , and   reform DNA [27]. In many bacteria, a common basic 

structure of all ABC transporters composed of four domains include: two transmembrane 

domains (TMDs) (each one of them consist of six transmembrane helix), and two nucleotide-

binding domains (NBDs) formed L-shape. The NBDs are working as the motor domains in the 

ABC transporters. The histidine transporter HisP is the first subunit of NBD creating a dimer in 

which hydrophobic interactions between each monomer generated the interface of dimer. As 

exhibited in figure (3) , All architecture  ABC-NBDs composed of  a RecA-like catalytic domain  

and a smaller helical domain [27]. ATP Binding Cassette transporters in eukaryotic are consist of 

a single polypeptide comprising four functional units with several additional members composed 

of homodimeric or heterodimeric halves. In addition to the four major domains found bacteria, 

there are accessory subunits consist of proteins observed in bacteria with gram negative and 

lipoproteins in bacteria with gram positive that contribute to the transfer and delivery of solutes 

to the biding site in the TMDs [28].  
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Figure(3): The structures of ABC efflux pump (in the current review) 

 

Transferring efflux pump genes by plasmids 

The emergence multidrug tolerance is the most threatening obstacle for the population health.  

The upgrowth of resistance to various antibiotics is attributed to the spread of genes encoding 

different efflux pump proteins through horizontal transfer mechanisms. During the conjugation 

process, involving the transfer of conjugative plasmids (plasmid F) carrying the genes expressing 

the TetA efflux pump protiens, E. coli acquires the capacity to overcome the antibacterial effect 

of Tetracycline (Tc) by expelling the drug from E.coli [29]. Several plasmids conferring bacteria 

the ability to tolerance a broad spectrum of antibiotics have been found to contain different genes 

responsible for encoding efflux pump proteins. For example , the qepA and qepA2 genes that are  

critical in the  development  of fluoroquinolones resistance, have been identified on specific 

plasmids encoding the MFS efflux pump proteins [30]. Many studies demonstrated the existence 

of a relationship between the increase in drug tolerance and the bacterial genes transmission of 

efflux pump. Plasmids and other transposable elements assist in the transfer of genes encoding 

the SMR family transport pumps, which confer bacterial strains the ability to tolerate many 

antibiotics, including beta-lactams, cephalosporins, dihydrofolate inhibitors, and 

aminoglycosides [7]. 
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Inhibition efflux pump 

Immerging resistance in bacterial cells against broad range of antibiotics forms growing threat 

due to the presence of pumps are capable of transferring drugs outside the cell. Some bacterial 

efflux pumps are limited to excrete one type of antibiotics, compared to other pumps which expel 

various  types of antibiotics. Adoption a new strategy such as efflux inhibitors is considered as 

promising therapeutic agents to enhance the antimicrobial impacts of conventional 

antibiotics[31]. Many studies have demonstrated that many effective compounds including 

chalcones, piperine-like substance, and the minor compound of citral amide are worked as  

transferring pump repressors influenced on NorA in S. aureus[31]. Therefore, blocking of the 

outflow pumps rise the intracellular drug concentration, strengthens the antibacterial impact of  

drugs upon the resistant bacterial cells, and reduce the spread of resistant cell among bacterial 

community .The combination the inhibitors of efflux pump (EPIs) with  antibiotics can reduce 

the invasion of P. aeruginosa ,as well as its role in lessen the value of  the minimum inhibitory 

concentration (MIC). For instance, adding inhibitory compounds to ciprofloxacin lead to an 

increase  in the susceptibility of P. aeruginosa  toward this antibiotic. There are various 

mechanisms responsible of  destruction  the function of efflux pumps as exhibited in figure (4) 

(1) decrease the expression of efflux by  interfering  with the regulatory stages required to 

express the efflux pump, (2) Modification in the chemical building of antibiotics to lower their 

sensitivity towards  connecting sites of the efflux pumps transporter, (3) Destruction of the 

buildup of the component parts of transport  pumps, (4)  reduction  of the number of antibiotic 

connecting  sites by  linking with competitive or non-competitive compounds, (5) Preventing the 

entrance of antibiotic by obstructing the outer most pores of the efflux pumps, (6) Interfering 

with the energy needed for the pump function[32]. 
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Figure (4): The inhibition mechanisms of efflux pumps (in the current review) 

 

 

CONCLUSION: 
In bacterial community the existence of MDR efflux pumps has a crucial function in drug 

resistance arising. The increase encoding of efflux pump is one of the mechanisms of multidrug 

resistance that bacteria developed to overcome on the anti-bacterial effect of antibiotics. The 

current issue represented by tolerance to many classes antibiotics, can reduce the efficiency of 

the pharmaceutical therapy. So it would be necessary, to improve the efficiency of antibacterial 

therapy, to repress the function of efflux pumps. The advent of transferring proteins has 

contributed to the emergence of more mechanisms for drug resistance Such as disabling the drug 

or changing the purpose of the drug. Therefore, familiarity with the physiological function of 

MDR transport pumps still requires more research due to the mechanism of these pumps is 

related to the sustained capacity of bacterial cells to manipulate and destruct antibiotics. 
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