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Abstract 

Bacterial infections are raising serious concern across the globe. The effectiveness of 

conventional antibiotics is decreasing due to the global emergence of multi-drug-resistant 

(MDR) bacterial pathogens, caused by their indiscriminate and inappropriate use in infected 

patients and the food industry. New classes of antibiotics with different actions against MDR 

pathogens need to be developed urgently. This article focuses on several ways and future 

directions to search for the next generation of safe and effective antimicrobial compounds, like 

antimicrobial peptides, phage therapy, phytochemicals, metalloantibiotics, LPS and efflux pump 

inhibitors to control the infections caused by MDR pathogens. 

Keywords: Antibiotics, multi-drug-resistant pathogens, infection control 
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Introduction 

Antibiotics are essential therapeutics, commonly used to control bacterial infections. 

They are one of the most significant contributions to modern science and have proved to be of 

vital importance in the dramatic rise in average life expectancy. Nevertheless, antimicrobial 

resistance is clearly ready to jeopardize this development now and in the near future. Four years 

after the successful introduction of penicillin, the first appearance of an antibiotic-resistant strain 

was reported during World War II. Sir Alexander Fleming warned about the deadly fact of 

antibiotic resistance in 1945, stating that the inappropriate use of penicillin could lead to the 

selection of resistant ‘‘mutant forms’’ of Staphylococcus aureus causing serious infections in the 

host.  Since then, acquired bacterial resistance has caused nosocomial infections with morbidity 

and mortality in hospitalized patients, and to general alarm these infections have been observed 

spreading to immune depressed patients [1]. The World Health Organization (WHO) reported 

that infectious diseases cause a high number of fatal cases among children and young adults, 

reaching more than 13 million deaths a year [2].  Many examples of resistant strains could be 

cited. Between 1987 and 2004, high levels of penicillin resistance in Streptococcus pneumoniae 

were observed, reaching almost 20 %. At the same time, a 50 % increase in methicillin-resistance 

in Staphylococcus aureus (MRSA) was also reported [3-4].  The lack of infection control in 

hospitals and inadequate water and sanitation in the community makes the situation worse, with 

Gram-negative organisms like Acinetobacter baumanni and Klebsiella pneumoniae becoming 

resistant to commercial antibiotics [5].  
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Currently, application of antibiotics seems to be the main anti-infective solution for 

patients in major trauma or in intensive care. Furthermore, similar antibiotic therapies are 

generally applied to prevent post surgery infections or in the treatment of life-threatening 

infection in patients with various kinds of cancer. These treatments, however, have become more 

difficult due to pathogen resistance. Antibiotic resistance has led a string of researchers to work 

on unusual strategies to "reset the clock" for resistance levels in particular pathogens. Although 

some promising antibiotics have reached phase three trials, and many of them are under phase 

two, the continuous development of new compounds is extremely important, as will be described 

below. In this context, this review article sheds some light on future directions to search for the 

next generation of antimicrobial compounds and examines strategies like antimicrobial peptides, 

phage therapy, phytochemicals, metallo-antibiotics, LPS inhibitors, and efflux pump inhibitors to 

control the infections caused by MDR bacterial pathogens. 

 

Overview of mechanisms of antibiotic resistance  

Microbial mutations are commonly related to antibiotic resistance. This mutation could 

occur due to the selection pressure exerted by the random and inappropriate use of bactericidal or 

bacteriostatic agents. Under continued selection pressure, the selected microbe may become 

resistant to antibiotics and spread to other microbes by transferring the resistance gene [6]. These 

unique resistance capabilities are generally subdivided into four major issues. First is enzymatic 

drug inactivation, as observed in the case of beta-lactamases [7].  Second, resistance could be 

related to alteration of specific target sites [8], as observed in the case of penicillin-binding 

proteins (PBP) in methicillin-resistant S. aureus (MSRA). Third, bacteria may acquire several 

genes for a metabolic pathway. This alters bacterial cell walls and thus makes antimicrobial 
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agents incapable of binding to a bacterial target. Finally, the fourth issue is the reduction in 

drugs’ cellular uptake [9]. In this case, para-amino benzoic acid (PABA) is an important 

precursor for bacterial folic acid and nucleic acid synthesis. Some sulphonamide-resistant 

bacteria do not require PABA, instead using preformed folic acid as observed in mammalian 

cells. As a result, a decrease in drug permeability or an increase in active efflux of the drug 

across the cell surface causes a decrease in drug accumulation in cellular compartments [10]. 

Bacteria may also acquire efflux pumps that extrude the antibacterial agent from the cell before it 

can reach its target site and exert its deleterious effect. This resistance mechanism plays a vital 

role in reducing the clinical efficacy of antibiotics. Moreover, the overproduction of efflux 

pumps is generally accompanied by an increase in resistance to two or more structurally 

unrelated antibiotics and significantly contributes to the emergence of MDR pathogens.  

There are five major families of efflux transporters, including MFS (major facilitator 

superfamily), MATE (multi-drug and toxic compound extrusion), RND (resistance nodulation 

cell division), SMR (small multi-drug resistance) and ABC (ATP binding cassette)[11]. In 

general Gram-negative bacteria multi-drug transporters share a common three-component 

organization. These include a transporter located in the inner membrane that functions with an 

outer membrane (OM) channel and a periplasmic accessory protein. All three components of the 

efflux pumps are observed to belong under the same gene cluster, e.g. the MexAB-OprM efflux 

complex from Pseudomonas aeruginosa and the AcrAB-TolC efflux complex of E. coli [11-12].  

All these mechanisms of resistance have been targeted by the scientific community finding the 

search for novel antibiotics with multiple functions, as described in the next topics. 
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Antimicrobial peptides 

Over last few decades, antimicrobial peptides (AMPs) have been rigorously investigated 

as alternatives to antibiotics. They are widely tested on the antibiotic-resistant bacterial 

infections [13-14]. Antimicrobial peptides are the first line of defense in various organisms 

including plants [15-16], humans, insects and other invertebrates, amphibians, birds, fish, and 

mammals [17-18]. Most AMPs are cationic in nature and generally possess a specific 

amphipathic conformation. These key players in defense systems have attracted extensive 

research attention worldwide. Antimicrobial peptides are generally short (< 100 amino acid 

residues), positively charged and amphiphilic in nature. This allows them to attach to and insert 

themselves into membrane bilayers to form pores by ‘barrel-stave’, ‘carpet’ or ‘toroidal-pore’ 

mechanisms [19-21]. Several observations suggest that translocated peptides can alter 

cytoplasmic membrane septum formation [22-23], inhibiting cell-wall synthesis [24], binding to 

nucleic acids [24-26], inhibiting nucleic-acid synthesis [26-29], impeding protein synthesis [26-

29] or inhibiting enzymatic activity [30-31]. These features make some AMPs most acceptable 

as a novel antibiotic class and they can complement conventional antibiotic therapy [32, 33, 34, 

51, 52].  

The activity of AMPs may vary by switching amino acid composition, amphipathicity, 

cationic charges and size. In this context, AMPs can be improved through the incorporation of 

more or less hydrophobic or charged amino acids, which has been shown to affect selectivity for 
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Gram-positive, Gram-negative or fungal membranes [6,7]. In this approach, different strategies 

in designing novel peptides have been pursued, as described in several studies [35-36]. There are 

reports on potential AMPs from natural sources helping to design ‘tailor-made’ AMPs owing to 

their easy availability through solid-phase peptide synthesis (SPPS) [17, 18]. Several synthetic 

analogues of a number of naturally occurring antimicrobial peptides have been made, in an 

attempt to identify important structural features that contribute to their enhanced activities in 

vitro against fungi, Gram-positive and Gram-negative bacteria as well as some enveloped viruses 

[34]. 

Cationic peptides contain cationic residues including arginines and lysines. These 

residues are involved in the attraction of the negatively charged bacterial cell surface. Structure-

function studies of host defense α-helical peptides have been carried out, with the aim of 

designing diverse engineered cationic antimicrobial peptides (eCAPs) [37-45]. Their focus was 

on structure-function relationships of host-derived synthetic AMPs. A series of eCAPs, called a 

lytic base unit (LBU) series, composed of only Arg and Val, has been engineered to fold into 

idealized amphipathic helical motifs in the presence of lipid membranes or membrane mimitope 

solvents.  Furthermore, Rozek et al. [46] explored the structure of the bovine antimicrobial 

peptide indolicidin bound to dodecylphosphocholine and sodium dodecyl sulfate micelles. Haney 

et al. [47] showed how specific amino acid side chains influence the antimicrobial activity and 

structure of bovine lactoferrampin. All the data have revealed the membrane perturbation 

properties of Arg and Trp. Further research on the optimization of the amphipathic helix has also 

been carried out. A new series of eCAPs (6 to 18 residues long) has recently been reported [48] 

to have broad and potent in vitro activity against MDR pathogens. These eCAPs consist 

exclusively of Arg on the hydrophilic face and Trp on the hydrophobic face.  
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Peptide modification, formulation and delivery technologies have also been explored to 

overcome the shortcomings of pharmacokinetics, bioavailability and toxicity [51]. In this regard, 

several strategies have been used, such as the optimization of peptide length and content, 

offering an increase in selective antibacterial activity. Optimization is generally done by 

minimizing the peptide length or switching the peptide surface properties and systematically 

substituting each residue. For these cases, computer-assisted AMP design is very useful for an 

accurate estimation or prediction of the desired biological activity from the primary peptide 

structure [52]. Moreover, conversion into peptidomimetics techniques is able to improve the 

pharmacokinetic properties of AMPs, since peptidomimetic structures are resistant to proteolysis.  

Other strategies have also been applied to discovering novel antimicrobials. Recently 

classical antibiotics were conjugated for host defense peptide sequence, thereby increasing 

selectivity and effectiveness against bacteria [53,54]. Additionally, the generation of 

antimicrobial peptide pro-drug candidates has also been focused. [55-58]. Last but not least, 

antimicrobial peptides have been nanoencapsulated by strategies including self-assembly, 

liposomes, polymeric structures, hydrogels, dendritic polymers, nanospheres, nanocapsules, 

carbon nanotubes and DNA cages. These strategies offer enhanced antimicrobial activity, a 

reduction in collateral effects and also a clear protection from metabolic degradation [15,59]. 

In summary, AMPs, with their unique multidirectional mode of action (Figure 2) and 

broad-spectrum activities seem to represent one of the most promising future strategies to 

overcome increasing antibiotic-resistant pathogens. These desirable and remarkable compounds 

are now being studied extensively, and attempts to create them synthetically are being made by 

both academics and industries. Preclinical and clinical studies of AMPs are being focused more 
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in order to overcome the problems. Efforts to produce AMPs on an industrial large scale are now 

also in progress [61]. A good number of synthetic AMPs and at least 15 peptides or mimetics are 

undergoing advanced clinical trials or have completed trials as antimicrobial or 

immunomodulatory agents [52]. Antimicrobial cationic lipopeptides like polymyxin, gramicidin 

S, bracitracin and cationic lantibiotic nisin have offered clinical efficacy and are used widely 

[60].  In the future, the inappropriate use of AMPs may lead to more resistant forms of 

microorganisms that produce deadly infections. In this context, innovative computer-assisted 

design strategies can strengthen the ongoing development of next-generation therapeutic peptides 

and peptide mimetics.   

 

  

Phage therapy 

The use of bacteriophages in controlling bacterial infections is also a promising 

therapeutic option. Bacteriophages are viruses that act as pathogens against bacteria [62]. They 

are capable of killing bacterial cells at the end process of their infection, being specific in some 

cases.  Archaebacteria-specific viruses or archeophages are the most recent discoveries to show 

successful results in controlling bacterial spread. Some bacteriophages have been used as anti-

infective agents, such as bacteriophage lysins and bacteriophage tail-like bacteriocins [63-64]. 

For example, a G phage lysine, PlyG, can effectively control Bacillus anthraces in mice models 

[62].  

Each phage follows a unique pathway to control bacteria. Some show a lytic infection 

cycle upon infecting their bacterial host. In this case, they grow in high numbers in bacterial 

cells, leading to cellular lyses. At the end of the cycle, a release of newly formed phage particles 
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was observed (Figure 3). Using the lysogenic pathway, the phage genome integrates as part of 

the host genome. It stays in a dormant state as a prophase for extended periods of time. Adverse 

environmental conditions for the host bacterium may activate the prophase, turning on the lytic 

cycle. At the end, the newly formed phage particles are ready to lyse the host cell [65].  

 It has been noted that the bacterial mechanism of resistance to phage seems to be lower 

when compared to antibiotics, which are prone to bacterial resistance. The exponentially higher 

growth kinetics generally overcomes bacterial growth [66].  Moreover, phages seem to show an 

extra advantage over common antibiotics, which are generally reduced by metabolism and 

excretion, with several repeated administrations being necessary [67].  In the case of phages, 

increasing titers during different periods removes the need for repeated doses.  Additionally, high 

specificity for a particular bacterium does not disturb the host-organism, so that phages do not 

affect commensal intestine micro-flora, which is generally a side-effect in the case of antibiotic 

ingestion [67]. Although phages may carry a virulence factor or toxic genes [68-70], a full 

knowledge of phage genome sequences can address the possible complications during phage 

therapy [65]. Specific and nontoxic phages with high therapeutic index can be applied to reduce 

the chances of opportunistic pathogens.  

Generally whole virulent phages are used as antibacterials.  Genetically modified phages 

are now also being studied, and have been reported as useful in delivering antimicrobial agents to 

bacteria. Westwater and coworkers documented the use of a nonlytic phage to specifically target 

and deliver DNA encoding bactericidal proteins to bacteria [71]. Engineered bacteriophages can 

also enhance the killing of antibiotic-resistant bacteria, persistent cells and biofilm cells. They 

reduce the number of antibiotic-resistant bacteria that arise from an antibiotic-treated population, 

and act as a strong adjuvant for other bactericidal antibiotics [72-73]. Moreover, a study on 

http://aac.asm.org/search?author1=Caroline+Westwater&sortspec=date&submit=Submit
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endolysins, which are hydrolytic enzymes secreted by bacteriophage, has revealed potential 

antimicrobial activity [74].   

The use of phage technology for bacterial control could also be applied in veterinary 

products focusing on animal health. Bacterial resistance to antibiotics is a serious concern for 

animal production, which could also be addressed by phage therapy in the near future. Based on 

several features of bacteriophages, it has even been proposed that they be used in food to prevent 

bacterial foodborne infections in food products and on food contact surfaces [75-77] 

Despite the clear benefits of phage therapy, some problems like development of 

antibodies after repeated treatment with phages, rapid uptake and inactivation of phages by the 

spleen, contamination of therapeutic phage preparations with endotoxins from bacterial debris, 

regulation, limited host range, bacterial resistance to phages, manufacturing, side effects of 

bacterial lysis, and delivery should be scrutinized more thoroughly to make these potent 

therapeutics in the near future [67, 78]. So the contribution in terms of continued investments in 

research, development, and clinical trials from the public and private sectors are needed to 

overcome regulatory and technical hurdles [78].  

 

Phytochemicals 

Phytochemicals are the tremendous gift of nature. They are the secondary metabolites 

basically found in plants for specific functional purposes. In most cases, these substances act as a 

plant defense mechanism against microorganisms, insects and herbivores.  At the dawn of 

civilization, phytochemicals, in the form of plants, were the only weapon in a struggle between 

man and microbes. In recent times they have stimulated the same interest both as fundamental 

sources of new chemical diversity and integral components of today’s pharmaceutical 
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compendium. But with ever more incidents of MDR pathogens, the search for new chemicals 

from plants offering a wide range of activity is the recent focus of researchers.  

At the moment thousands of compounds derived from plants have been listed as 

antimicrobials. Phytochemicals within the group of phenolics, terpenoids, essential oils, 

alkaloids, proteins and peptides, polyacetylenes possess potent antimicrobial potential with 

varying mode of action [79]. Modern research is not only confined to searching for antimicrobial 

compounds but has also found several enzymatic inhibitors. Berberine is a hydrophobic cation 

found in common barberry (Berberis species) plants and the medicinal plant goldenseal 

(Hydrastis canadensis). Although the immutable targets and positive charge (facilitating active 

accumulation in bacterial cells) makes berberine an efficient antibacterial, the fact that it is 

readily extruded by pathogen-encoded multidrug-resistant pumps rendered it ineffective. This 

limitation was overcome by finding and applying another barberry-isolated compound, 5´-

methoxyhydnocarpin, which acts by blocking so-called major facilitator MDRs of Gram-positive 

bacteria. In combination, the two act as potent antimicrobials [80-83]. Furthermore, a newly 

identified compound, 4-[N-(1, 8-naphthalimide)]-n-butyric acid, showed inhibition activity of the 

Vibrio cholerae transcriptional regulator ToxT. Cholera toxin and the toxin–co-regulated pilus 

are regulated by ToxT. This compound was tested in an animal model, with infant mice, and was 

also reported to protect intestinal colonization by V. cholera [84,85] .  

In the search for novel compounds and cost-effective methods of extraction, purification 

of phytochemicals is a major concern. For this, genetically modified plant and microbial systems 

are also now being tried to explore an enhanced number of novel compounds. Additionally, 

novel antimicrobial structures have been created synthetically in some cases. Synthetic analogs 
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and modification of the structure may lead to the discovery of novel structures with a broader 

spectrum of activity.  

 

Metalloantibiotics 

Among different strategies to discover novel antibiotics, the incorporation of metal ions 

in antimicrobial compounds seems to be promising. Metal ions play a key role in the activities of 

synthetic and natural metalloantibiotics, and are involved in specific interactions of these 

antibiotics with proteins, membranes, nucleic acids and other biomolecules. This makes metal 

ions effective in antibiotic structure or as an operative linkage offering unique and specific 

bioactivities. Although several antibiotics do not possess any metal ions in their structure, others 

require metal ions for their proper functional activities. In some cases metal ions are bound 

tightly to the antibiotic structure and regulate its action [86]. Bacitracin, bleomycin, streptonigrin 

and albomycin are examples of such antibiotics. In some cases metal ions are attached to the 

antibiotic molecule without causing a major change in antibiotic structure. Tetracyclines, 

aureolic acids, and quinolones are frequently used in these strategies [87]. Synthetic or semi-

synthetic antimicrobial compounds also possess metal ions in their structure.  

In general, antimicrobials which contain metal compounds in their structure in a natural 

form (nature-occurring) or which have metal compounds incorporated synthetically are termed 

metalloantibiotics. Transition metals are generally preferred in metalloantibiotics and are present 

in very low concentration in vivo. The ligand environment of transition metal ions can generally 

change considerably upon administration of a therapeutically effective dose of an antibacterial 

drug [88]. Some strategies are followed to synthesize metal nanoparticles by antibiotics. Here 
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antibiotics act as an in situ reducing and capping agent, thus offering potent antimicrobial 

activities as well their application in antimicrobial coatings [89,90]. 

Although interactions with essential metal ions make more controllable conditions for 

bacterial infections, the unwanted side effects like toxicity and hemolytic activity sometimes 

increase simultaneously. So the potential for oral administration or internal use may be 

hampered.  

 

Efflux pump inhibitors 

One of the most important strategies to combat bacterial resistance to antibiotics seems to 

be the efflux pump.  Bacteria may pump the drug out of the cell after its entrance, and among the 

transporters involved in this pumping process are plasma membrane translocases. Being 

nonspecific in nature such transporters are known as multidrug-resistance pumps, being main 

determinants of the antibiotic concentration inside a bacterial cell. Many of them also act as 

drug/proton antiporters (protons enter the cell as the drug leaves). This is a very common 

resistance mechanism found in E. coli, Pseudomonas aeruginosa, Mycobacterium smegmatis, 

and Staphylococcus aureus. Depending upon their varying structure and function, efflux pumps 

are subdivided into five classes: small multidrug resistance (SMR) pumps of the drug/metabolite 

transporters (DMT) superfamily, ATP-binding cassette (ABC) transporters, major facilitator 

superfamily (MFS), resistance nodulation division (RND) superfamily and multidrug and toxic 

compound extrusion (MATE) transporters of the multidrug/ oligosaccharidyl-

lipid/polysaccharide flippases (MOP) superfamily [91,92].  

In order to restore the activity of antibiotics, an obvious strategy consists of developing a 

compound that inhibits the effects of efflux pump.  Such molecules are named efflux pump 
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inhibitors. In order to get effective results, several strategies have been studied in parallel, 

including the rational design of efflux pump inhibitor and synthetic production, as well as 

evaluating them as additives to commercial antibiotics [93].  

Although there are not enough efflux pump inhibitors available for human use, research 

in progress raises the hope that they may be found in the near future. Screening of efflux pump 

inhibitors from natural origins or under synthetic production has attracted remarkable attention. 

Structural modifications of such compounds may lead to an increase in the spectrum of activities 

A wide number of effective chemical compounds belonging to various chemical families have 

already showed efflux pump inhibition [94-96]. Moreover, some plant-derived NorA EPIs and 

their chemical modifications are carried out effectively [97-99]. Recent rationally designed 

transmembrane peptide mimics may work in efflux pump inhibition. Maurya and coworkers 

(2013) have reported rationally designed transmembrane peptide mimics of the multidrug 

transporter protein Cdr1. This acts as an antagonist to selectively block drug efflux and 

chemosensitize azole-resistant clinical isolates of Candida albicans [100]. 

 

LPS inhibitors  

The lipopolysaccharide layer or LPS in Gram-negative bacteria acts as a protective 

barrier. It prevents or slows down the entry of antibiotics and other toxic substances that might 

kill or injure the bacterium. LPS inhibitors are compounds that generally work by inhibiting 3 

deoxy-D-manno-octulosonic acid 8-phosphate synthase (KDO 8-p synthase), an important 

enzyme in the lipopolysaccharide pathway. There have been several reports describing 

inhibitors, including PD404182 and Polymyxin B (PMB), which are compounds that have been 
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applied with antibiotic therapy, allowing the antibiotic to pass through the bacterial cell wall 

[101-103].  

Among the strategies for exploiting LPS inhibitors more fully, studies on bacterial 

enzymes that are essential for growth have recently provoked much interest and will certainly 

attract more attention in the near future in controlling bacterial resistance. Some recently 

discovered molecules like pedopeptins and interleukin-10 are promising LPS inhibitor 

candidates, preventing bacterial growth [104,105]. Some bacterial strains can control other 

lipopolysaccharide functions, such as the ability of various Lactobacillus strains to prevent 

Salmonella lipopolysaccharide-induced damage to the epithelial barrier function [106]. This drug 

is yet to be clinically validated with sufficient data. However, it is likely that this and other small 

molecules of animal or plant origin or synthetically engineered may be found and developed 

soon for use in inhibiting the translation machinery with an in vitro system.  

 

Myxopyronin and Archaeocins  

Regulated gene expression is important in changing environments, stresses and 

developmental programs. The activity of transcriptional factors enables RNA polymerases 

(RNAPs) to catalyze the transcription of DNA into RNA [107]. Myxopyronin is an α-pyrone 

antibiotic produced by Myxococcus fulvus offering broad-spectrum antimicrobial activities for 

most Gram-positive species and some Gram-negative bacteria. It acts as inhibiting or binding 

bacterial RNA polymerase (RNAP) by changing the structure of the RNAP switch region of the 

-subunit of the enzyme. That renders the reading and transmitting DNA code inactive, resulting 

in bacterial control [108-112]. Rifampin, an RNAP inhibitor in clinical use, binds to the -

subunit of RNAP within the DNA/RNA channel and blocks the elongation of RNA when the 
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transcript becomes two to three nucleotides in length [113]. Archaea  also contain potent 

antimicrobial compounds known as archaeocins, which are archaeal proteinaceous 

antimicrobials. Eight archaeocins from this family, among them halocins and sulfolobicins, have 

been partially or fully characterized showing antibacterial activity. Synthetic modification may 

lead this compound to become a future potent drug.  

 

 

Conclusion and prospects 

New compounds that target bacterial virulence can be developed to control the  enormous 

threat posed by multi-drug resistance. This can be achieved  by isolating potent compounds and 

then synthesizing them, or by rational modification of plant-derived compounds. In parallel, 

further research into toxicity against animal or human cells, mechanisms of action, effects in 

vivo, positive and negative interactions with common antibiotics should be incorporated. The 

main challenge is to find the most effective techniques for isolating and purifying newer and 

safer naturally occurring antimicrobials against MDR pathogens. A better understanding of the 

structure, function and action mechanism of existing and newly identified antimicrobial peptides 

will lead to their being fine-tuned by proper design to work against MDR pathogens. 

Phytochemicals isolated from natural sources and then chemically synthesized via modifications 

are likely to provide the most effective antimicrobial drugs in the near future. In summary, it is 

imperative to develop new classes of antibiotic or antimicrobial agents with different modes of 

action against MDR pathogens. Combinational drug use is extensively used to treat bacterial 

infection, but even this combinational dose pattern may lead to resistance among pathogens. To 

http://en.wikipedia.org/wiki/Archaea
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overcome the challenges of antibiotic resistance, antimicrobial compounds with a new 

mechanistic approach should be urgently sought.  
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Table 1: Major types of future antibiotic therapy with their mechanisms of action 

Future therapy Mechanism Contemporary strategies to improve activity 

Antimicrobial 

peptides 

Attach and insert into 

membrane bilayers to 

form pores by ‘barrel-

stave’, ‘carpet’ or 

‘toroidal-pore’ 

mechanisms. DNA and 

macromolecule 

synthesis inhibitors. 

 

Optimization of peptide length and content of their 

sequences. 

Conversion into peptidomimetics. 

Generation of targeted antimicrobial peptides (Peptide 

antibiotic conjugation). 

Generation of antimicrobial peptides as prodrug 

candidates. 

Antimicrobial peptides loaded into nanoparticle or 

micelles for sustained release. 

Phage therapy 

 

  

 

Bacteriophages are 

viruses that act as 

pathogens against 

bacteria and completely 

lyse the bacteria.   

Genetically engineered phages. 

Genetically engineered phase as antibiotic delivery 

Engineered bacteriophage for  

Phage targeted drug delivery. 

Scale up of endolysin production. 

Phytochemicals 

 

Multiple action Search for novel compounds and cost-effective methods of 

extraction and purification of phytochemical. 

Transgenic production in plant and microbial system to 

enhance number of novel compounds. 

Search for endophytic fungal metabolomics for the 

production of novel compound of host. 

Synthesis and modification of natural structure and 

analogs.  

Metalloantibiotic Increased spectrum of 

conventional antibiotic 

action. 

Synthetic or semi-synthetic antimicrobial compound 

development attaching metal to its structure 

In situ reducing and capping of metal nanoparticle with 

enhanced antimicrobial activity. 

Efflux pump 

inhibitor 

Molecules to inhibit the 

active protein pump in 

the bacterial cell. 

 

Chemical synthesis of effective efflux pump inhibitor 

Screening of efflux pump inhibitors from natural origin 

and modifying this compound synthetically  

Rationally designed transmembrane peptide mimics 
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Figure legends 

Figure 1:  Schematic diagram of natural antibacterial peptides with mechanism of action. 

Figure 2: Mechanism of phage therapy. 
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Figure 1.TIF



Figure 2.TIF
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