


Review Article

Post-Antibiotic Survivor Elimination Using Plant-Derived Essential Oils: Insights Into Putative Bacterial Cells Targets


ABSTRACT
The Post antibiotic survivor cells are generated in the presence of the antibiotic during the therapeutic as well as post antibiotic therapeutic period. These cells are defined as ‘post antibiotic survivors’ (PAS), basically a subgroup of bacteria that restrict the antibiotic action adopting, a sub metastatic phase, being hidden inside a biofilm matrix. These typical cells neither resistant nor sensitive towards the antibiotic, as the PAS cells are not sensitized by the action of antibiotics. The cells are indifferent to antibiotic action.  Even though it is tricky to differentiate the cells both morphologically and genotypically. The cells may be longer, spherical, ‘L’ shaped, ‘Y’ shaped, or polymorphic forms. The cells may be found in micro colonies wrapped with biofilm. Only metabolism is found in the reduced state. After antibiotic therapy period, they are the successful survivors and the prime cause of chronic infection, precisely in asymptomatic chronic infections. As the PAS are generated in response to antibiotic molecule the alternate drug candidate may be thought for. Plant derived Essential oil which are renowned for their antibacterial action, with immense potential to degrade the biofilm and reach the PAS cells, provoking the cells to respond target- oriented antibacterial strategy. The antibacterial target may be specific or nonspecific which are mentioned in this review report. This study paved the way for essential oil research in solving the problems arise due to PAS cells in clinical scenario.
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Introduction
In the current era of widespread antimicrobial resistance, the utilization of essential oils (EOs) derived from plants has emerged as a promising alternative in combating pathogens that have developed resistance to antibiotics. Essential oils are effective in treating infections and offer protection with a low risk of promoting resistance, making them a promising solution to antibiotic resistance due to their ability to target and neutralize airborne bacteria and viruses. The use of coatings based on essential oils presents a promising approach to combating antibiotic resistance, a critical issue as a post-antibiotic era is approaching where even minor infections could become lethal. Thus, a comprehensive review of the use of EO-based coatings is justified to explore their dual role in enhancing the effects on both antibiotic-resistant and non-resistant bacteria and to identify factors that could optimize their antimicrobial activity.




1. BIOFILM IS A PLATFORM FOR Post Antibiotic Survivors (PAS) 
Biofilm is a universal drug- resistant mechanism converted by drug -resistant bacteria. In the event of antibiotic resistance, the biofilm associated genes are expressed may be upstream and or down- stream, specifically in the bacterial genome availing heterogenous molecule like extra cellular DNA (e DNA), extra cellular protein (e protein) or extra cellular lipid (e lipid) and exopolysaccharides.  Bacteria organise a thin film of matrix to cover up entire population. For this purpose, the bacteria may switch on its quorum sensing technology (Mukherjee and Bassler, 2019).  Quorum sensing is a biomass based sensitized tool is operated by both Gram positive as well as Gram negative bacteria. The agr QS system of Staphylococcus aureus and ComX Quorum-Sensing System of B. Subtilis (Pattnaik, 2023) are well studied. Likewise, Acyl-homoserine lactone quorum sensing (Parsek and Greenberg, 2000) is functioned by Gram negative bacteria. Fig. 1 is demonstrating a biofilm taken for cells of Escherichia coli visualization of hidden Escherichia coli (exposed with Azithromycin) inside the biofilm matrix (Laboratory of Medical Microbiology, School of Life Sciences, Sambalpur University, Burla, Odisha, India. Scanning Electron microscopy was taken in CIF, NIT, Rourkela, Odisha, India. 
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Fig.1. biofilm SEM image captured for Escherichia coli (BME4) cells  in presence of Azithromycin (Source; Naik, 2025)
Prior to biofilm formation the bacteria undergo a metabolic transformation along with switching on a sedentary mode of life cycle. Therefore, the flagellated bacteria withdraw flagellation process. Hence, the motile cell becomes temporarily non motile to maintain its stationary phase and the bacteria searches for a platform (solid or tissue environment) where it can settle securely.  
In the event of external tissue transplantation, introduction of various implants, stretches in surgery, contact lenses, ortho-associated elements are the supportive surface for the settling of non-motile bacterial cells (Li et al. 2023). As a result of which the bacteria protect itself from antibiotic action by wrapping its cellular cluster with a biofilm and restrict the entry of antibiotic molecule into the biofilm, leading to chronic infection. Investigatory reports have confirmed that biofilm act as a secured niche to accommodate PAS cells to evade action of   phagocytosis as well as antibiotic action. It is also found out that the PAS cluster is found in core of the biofilm, while antibiotic sensitized bacteria cell (normal cell) are located in periphery of biofilm (Pan et al. 2023). This to mention that, when antibiotics are delivered to interact with bacterial cell the first resistance mechanism is the biofilm. This is important to note that most of the antibiotic like aminoglycoside cannot enter into the biofilm, because of their molecular complexity. If the antibiotics able to enter inside the biofilm will encounter the antibiotic response bacteria (ARB) as these bacteria are present in the periphery, like boarder security force, encounter with antibiotic molecules. The ARB cells may be killed or survive based upon degree as well as modality of antibiotic action. While PAS cells remain dormant and don not respond the presence of antibiotic molecules. Hence, these categories of cells may be categorized as ANRB (Antibiotic Non - Responsive Bacteria). But it is understood that the biology of PAS cells is very complex.  Therefore, the whole world is vulnerable with these drug tolerant bacteria in clinical scenario. 

2. POST ANTIBIOTIC SURVIVORS
The Post antibiotic survivor (PAS) cells are sub cluster of drug- resistant bacteria present in chronic infection. As the name indicates these cluster of bacteria are very difficult to define in a contest to their morphology as well as functionality. 
The concept of PAS was 1st described by Bigger, (1944) in the cells of Staphylococcus aureus. The Penicillin administration could not kill one bacterial cell in a million of Staphylococcal cells under test. The surviving cells were neither resistant nor sensitive. When the cells were sub-cultured, some of the cells didn’t grow while some cells had regrown. Therefore, it was inferred that the regrown cells were alive and started to grow in the absence of antibiotics, which were pretended to be dead. Pseudomonas aeruginosa was also observed with PAS cells with the administration of Ceftazidime, Gentamicin, and Ciprofloxacin. Hence, PAS are considered as a substantial resource for consequent drug resistant in chronic infection (Lee et al. 2019).
Post antibiotic survivors (PAS) have occupied a special entity because of its uniqueness in respect to morphology, metabolic activity as well as behavioural aspects. The clinician may mislead by its attitudes towards antibiotic action. It is easier to detect the drug resistance or drug sensitive bacteria in clinical setup but it is tricky to recognize definite persisters. These cells may appear as like as normal bacteria but internally the metabolic activity is different. Many of metabolic product are stalled for a particular time period which is not felt in normal bacteria. Therefore, the PAS may be called as metabolically dormant bacteria. However, the typical dormant bacteria avail a specific time period to be get activated, in contrast PAS dormancy period is not definite.
The bacteria by availing genome plasticity mechanism diffuse its entity in various form to evade the antibiotic action. For this purpose, the PAS are generated, which are otherwise known as persister. They behave indifferently towards the antibiotic molecular mechanistic interaction. They are neither resistant nor sensitive to antibiotic molecules. Neu et al. (2024) had elaborated the PAS/ Persister sub terminologies. It was stated that PAS may be deep persisters or shallow persisters, based upon the degree of persistence, the cells acquire. In addition, the effect of persistence is also variable. It may be environmentally regulated (Type I persisters) and may not be regulated (Type II persisters). The cells may be grown in subculture media but may maintain a long stationary period. Some cells may not be grown in subculture media after so many passages, which are defined as viable but not culturable.
Authors also define them as drug tolerance (Kussell et al. 2005). From the research reports (Sulaiman and Ram, 2021; Ronneau et al. 2021; Brauner et al. 2016) it is understood that PAS/ Persisters are not sensitized by the action of antibiotics. In contrast, the bacteria which respond the action of antibiotics, may be resistant by expressing its one or multiple drug resistant mechanisms or sensitive, being killed by action of antibiotic. While, drug tolerant can tolerate higher MIC (Minimum Inhibitory Concentration) of drug. The whole population can be posed for this activity. This is to mention that persisters are a sub population of whole bacterial population.
Patel et al., (2022) had explained that Persister cell was a dormant, tolerant to antibiotics, and adapted for changeable phenotype in Pseudomonas aeruginosa, in presence of Ceftazidime, Gentamicin, and Ciprofloxacin. It was stated that there were persisters/PAS cells both in planktonic as well inside biofilms, evidenced from persister detection assay, flow cytometry using Redox Sensor Green, fluorescence as well as Confocal Laser Scanning Microscopy. IN addition, the Toxin/Antitoxin (T/A) module was also active to generate PAS, which was up-regulated. While, Proma et al., (2020) had observed effect of antibiotic on a single colony level using microscopic imaging system. For which the investigators had enumerated cells exposed with antibiotics, following a time line using their ‘Self - developed image processing program’. It was mentioned that there was a direct relationship between the period of exposure time and bacteria survival strategy. Frenkel et.al., (2021) had suggested that there was impact of Inoculum Effect on the initial cell numbers. The investigators had proposed a model considering Escherichia coli as model organism, in presence of conventional antibiotics as well as cationic peptides. There was a direct correlation between the concentration of antibacterials and the cell numbers. Further it was added that the antibacterials were bacteriostatic. 
Liu et al., (2021) had demonstrated that the spore forming Gram positive model organism Bacillus subtilis can be used to generate persister cells during exposure to antimicrobial compounds. The qPCR results could infer the differential stress responses related to persister formation in various environmental conditions. It was proposed that fluorescence-activated cell sorting (FACS) could differentiate persisters. It was shown that alpha-helical cationic antimicrobial peptides SAAP-148 and TC-19, derived from human cathelicidin LL-37 and human thrombocidin-1, had the killing effect upon B. subtilis and its persisters (post antibiotic survivors). 
Svenningsen et al., (2019) had induced (p)ppGpp synthesis by modulating tRNA charging, for direct vision of stochastic appearance, antibiotic tolerance, and resuscitation of persister cells using live imaging microscopy as evidenced from fluorescent reporters. The researchers were not in conclusion about the direct relationship between low concentration of intra-cellular ATP with post transcriptional effects of (p)ppGpp through T/A modules. But it was concluded that the increased (p)ppGpp levels had effect upon transcriptional responses.
Joers and Tenson (2016) had reported about effect of nutrients upon the growth of bacteria under study. Further, the researchers had made a statement that persisters /PAS had entered into stationary phase, but could resume its viability in the next period of proliferation. More so the resumption of growth was dependent upon the rich source of carbon (Glucose). It was also mentioned that there was heterogenous type of growth resumption. It was also described that the attainment of heterogenous growth to combat against stress related adverse factors evidenced from stress resilience events.
In the direction of post antibiotic effect (PAE) studies, Stubbings et al. (2004) had determined PAE values for multitude of antibiotics against strains of Staphylococcus aureus and Escherichia coli in the presence of 5 × MIC antibiotic concentrations for a period of 60 min in Mueller–Hinton Broth. The duration of the PAE was obtained by following the recovery of bacterial growth in antibiotic-free MHB measured from Cfu as well as absorbance values taken at 600nm (λ). And it was concluded that there was poor correlation between two methods, considering bacteriocidal agents at test drug. In contrast, there was significant correlation between the two methods, when bacteriostatic agents were considered as test drugs. Dolcino et al., (2002) had investigated post antibiotic survivor mechanism for proteinase-defective (Lon−) Escherichia coli and RNase-defective E. coli exposed to antibiotics. There was reduction of PAE from 31 to 60% and 35 to 50%, respectively in comparison with the control (AB1157), and in the recA13 mutants.  Whereas, Nalidixic acid, a quinolone compound had not induced any PAE under anaerobic conditions, however, was noticed by the authors that there was delay in regrowth. It was inferred that if protein and RNA would have been saved by the bacteria, then there was resumption of original growth rate. 
Libby (1998) had quantified the metabolic activity of bacteria, Escherichia coli after limited exposures, detrermined by programmed valve changes to cefotaxime and piperacillin measured by a micro-physiometer, which could detect pH change, in the cellular environment thus reflecting metabolic activity of cells The antibiotics were rapidly pumped into and flushed from each cellular environment. The post antibiotic effect was analysed by graphical sketches. It was reported that after exposure with 95-101 min of antibiotic exposure, there were reappearance of short, highly motile cells in many more numbers.

Therefore, it is tricky to handle the PAS in clinical scenarios. This is further to mention that the PAS had a multitude of strategies (a) remain as persisters, (b) lost their viability, (c) may regain as normal cell and these strategies are mostly related to antibiotic present in situ. The PAS cells may allow antibiotic molecules to enter inside its cell. However, there were no killing effects by the antibiotics (Keren et al. 2004). This leads to the prolongation of infection (Meylan et al. 2018). The PAS cell arises due to the unset of a dormant state, otherwise known as a metastatic state. The Metabolic activities are temporarily stalled but the cells are alive. This is further to note here that the PAS are not the same as the antibiotic-resistant bacteria, because the bacteria are resistant or sensitive is response to the antibiotic, whereas, PAS do not respond antibiotic or are not sensitized by the action of antibiotics molecules.
As antibiotics are the prime cause of PAS cell survival, efforts should be made for alternative agents, which can have PAS cell killing activity. The agents should have sufficient druggability, specificity, target oriented and more so cost effective.
3. MEDICINAL AND AROMATIC PLANT ESSENTIAL OILS AS POST ANTIBIOTIC SURVIVOR KILLING AGENTS
In this scenario, medicinal plants may be considered as source of an array of antibacterial agents. The group, named as medicinal and aromatic plants (MAPs) have also drawn attention of mankind since time immemorial. The members of this group are renowned for their prolific source of secondary metabolites which are the active principles of medicinal values of plant species. The secondary metabolites are produced in response to stress (Pattnaik. 2018), and also to restrict the predators from gazing. These phyto- principles, have been experimented as well as used as various dosage forms by Pharmaceuticals, because of sustainability and least toxicity. Table 1 is demonstrated with a concise summary of listing essential oils with anti PAS and /or biofilm activity. 

Table 1 a concise summary table listing essential oils with known activity against PAS or biofilm-associated bacteria.

Sl. No.	Name of Essential oil		Persister				Authors	
1.  Ajwain, Oregano, 		Mycobacterium intracellulare		Jiang et al.2025	
 Palmarosa, Thyme, 
Mountain Savory, and 
Litsea Cubeba
2. Cinnamon, Satureja montana,	Mycobacterium abscessus		Cao et al. 2024
Palmarosa, Lemon eucalyptus, 
Honey myrtle, Combava, 
Health shield, Mandarin, T
hyme, Rosewood, Valerian 
Root and Basil

3. Cymbopogon martini 		Propionibacterium acnes, 		Ramirez et al. 2024
Eugenia uniflora L.,		Staphylococcus aureus
Varronia curassavica		Staphylocccus epidermidis

4. Tea Tree 			Staphylococcus epidermidis		Nguyen et al. 2023
Escherichia coli

5. Lippia origanoides,		Staphylococcus aureus			Martinez et al.2023		
					Escherichia coli

6. Mentha piperita, 			Pseudomonas aeruginosa		Benie et al. 2021
Eucalyptus globulus 
Lavandula angustifolia 

7. Metha piperita			Salmonella Typhimurium		de Melo et al. 2020
8. Cinnamomum zeylanicum	Escherichia coli,			Kerekes et al.2019
Origanum majorana		Listeria monocytogenes
Thymus vulgaris			Pseudomonas putida,
					Staphylococcus aureus

9. Oregano 			Escherichia coli				Xiao et al. 2019	
Cinnamon bark, 
Syzygium aromaticum

10. Oregano, cinnamon bark,	Borrelia burgdorferi			Feng et al. 2017
clove bud, citronella, and 
wintergreen
________________________________________________________________________________
The essential oils derived from MAPs, are chemically bioactive and therefore can have bacteria dealing activity nonspecifically also. This is important to mention that the essential oils are secreted in response to stress factor imposed upon the plant life. The plant defend itself against the factors using essential oils or its relevant phytochemicals. The essential oils are secreted during onset of drought, elevation of temperature, alternation of soil pH, salinity even during invasion of microorganisms into the plant body and /or during self would healing activity. The essential oils are constituted form of plethora of compounds belonging to phenolics, flavonoids, terpenes, aldehydes, alcohols and so on. Each of essential oils belonging to specific plant species may have specific chemical profile. 
Table 2 summarizes some essential oils and its chemical profile for reference. The essential oil of Murraya koenigii sample was analyzed at Central Instrumentation Facility, National Institute of Technology, Rourkela, Odisha.

[bookmark: _GoBack]TABLE 2 : List of essential oils and its chemical profile 
_______________________________________________________________________
Peak No. Name of eluted compound		m/z ratio		Molecular structure
[image: ]1	Bicyclo[3.1.0]hex-2-ene, 4-methy...	 93

[image: ]3	Cyclohexene, 4-methylene-1-(1-me...	91
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4	beta.-Pinene				97				
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5	carene					97			
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7	beta.-Phellandrene			91			
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16	Terpinen4 ol				96		
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20	Geraniol				96			
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21	Anethol					98			

[image: ]

24	alfa.-Copaene				99		
[image: ]26	Caryophyllene				99	

NB: Source of data is from thesis work, Sambalpur University, 2025

3.1 Non -specific Interaction module 
Essential oils  are constituted with multitude of defensive factors, which may be related with its non-specific mechanism of action. The most alluring non-specific mechanism of action is the induction of stress (Pattnaik, 2018 a; Bunse et al. 2022) and killing of whole cell of bacteria (Fig. 2). Aouadhi et al. (2024) had reported about activity of Thymus capitatus and Trachyspermum ammi essential oils against S. epidermidis, S. cohni, S. wareneri, S. scuiri, S. chromogenes, S. pasteuri), three methicillin-resistant Staphylococcus aureus strains (MRSA) and two strains of Escherichia coli, producing extended-spectrum β-lactamase (ESBL) responsible for bovine mastitis causing membrane disruption and Proton pump imbalance. 
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Fig. 2. An artwork showing the total bacterial cell killing of essential oils by inducing stress

Stress factor may cause the cellular proton pump imbalance (Pattnaik, 2018 b), widening of protein pores thus making the cellular membrane prone to accept unwanted solutes, or take more solutes beyond threshold values, as a result of which the cell loss it’s homeostatic environment and undergoes degradation, and the bacteria is killed. 
3.2 Specific Interaction module
The essential oils can have specific act of killing bacteria. The EOS, may have interaction upon cell wall enzymes (Fig. 3), cell membranes, FtsZ, the cell division proteins (Fig. 4), DNA Topo-isomerases (Fig. 5), cellular proteins, RNA etc. evidenced from reports published in literature. 
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Fig. 3. Structure of Gram positive and Gram-negative cell wall, the enzymes/modified proteins could be targets of essential oils and/or its components like porin channels, penicillin binding proteins.
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Fig. 4. The effect of essential oils/components on the cell division proteins. a: The normal cell division of a typical rod form of bacteria causing cytokinesis of bacteria with binary fission, b: giving 2n number of daughter cells. b: The essential oils/its components can inhibit the cell division proteins, thus impairing cell division leading generation of elongated cells (Pattnaik et al. 1995).  










[image: ]














Fig. 5. The position of DNA gyrase to settle topology of DNA. a: DNA gyrase (2 Gyrase A unit and 2 Gyrase B unit) is active for the negative supercoiling by DNA; b: Denaturation of Gyrase by essential oil/ components lead topological disturbance, affecting DNA replication, it’s partition during cell division and also impending lesion repair leading cell death.   


DNA gyrase of Escherichia coli is under Topoisomerase-II family dependent upon ATP. Figure 6 is graphically represented with different Topoisomerases (Topoisomerase I, II, III and IV) and the typical functions. 











Fig. 6. The types of Topoisomerases of s, variously associated with DNA topology 

This is to mention that DNA gyrases are attractive targets of Fluoroquinolone antibiotics (Collin et al., 2011). The gyrase inhibitors bind to GyrB amino terminal domain with ATPase activity, thus stalling the gyrase activity. The GyrA and Gyr B units are encoded by gyrA and gyr B respectively. 

The Fluoroquinolone antibiotics coating the Gyr A subunit (Fig. 7), stalling the supercoiling of DNA, thus disturbing the DNA topology needed for survival of bacterial candidate. The essential components could have also acted in the similar module, as evidenced from ‘Supercoiling’ assay studies carried out by Xu et al. (2013). 
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Fig. 7 The interacting module of Fluoroquiolone  interacting with a: Gyrase A and Gyr B, the key enzyme responsible for DNA super coiling as well as maintaining the DNA topology in Escherichia coli; b:Coating of Fluoroquinolones on DNA Gyrase; c:  causing DNA relaxed



3.3 Topoisomerase II: (gyrAB and parCE) of Escherichia coli
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Figure 8 DNA gyrase (gyrAB) and DNA topoisomerase IV (parCE) genes Topoismerase  type II category of E. coli Reproduced after Fricke et al.  2008).



3.4 Topoisomerase IV of Staphylococcus aureus

[bookmark: _Hlk195538010]Topoisomerase IV is an A2B2 tetramer that is comprised of two distinct subunits, ParC and ParE which are homologous to the A- and B-subunits of DNA gyrase. Hence, in Gram-positive bacteria, like Staphylococcus aureus, the subunits of topoisomerase IV are designated GrlA and GrlB, respectively (Vélez-Cruz and Osheroff, 2004). 
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Fig. 9. The function of DNA Topoisomaerase IV in Staphylococcus aureus . a: Conversion to relaxed DNA irrespective of +ve or -ve supercoil; b: Formation of catenenated DNA to segregated DNA or vice versa; c: Formation of Knotted DNA from circular DNA or vice versa (Reproduced from Collins and Osheroff (2024).
While Topoisomerase IV encoded by gene parC and par E (GrlA and GrlB)  is engaged for chromosome segregation, unlinking of daughter chromosome following replication in Staphylococus aureus. GlaI A and GrIB not GyrAB are the prime targets of Fluoroquinolones in Staphylococcus aureus (Ferrero et al. 1994). Topoisomerase IV is a heterodimer comprised of two A subunits (parC gene encoded) and two B subunits (pare encoded). The mechanism of action of Topoisomerase IV is different from Topoisomerase II. Topoisomerase IV unlink daughter chromosomes following DNA replication and also resolve DNA knots, formed during recombination (Fig. 9). 
Although Fluoroquinolones are defined with to interact Gyrases, but due to advent of many fold drug resistance mechanisms conferred by bacteria, posing a serious threat to mankind. In this scenario, antibacterial agents of natural source, essential oils are to be exploited. Therefore, investigators have made attempts to target gyrases of interest using essential oil components, although in silico docking approaches were reported (Mentha essential oil constituents, Alenazy, 2024; Cupressus funebris essential oil, Yuan and Hao, 2023). However, there was a big literature gap in the subject of interaction of essential oils or its active constituents with Gyrase enzymes of either Escherichia coli or Staphylococcus aureus with gyrAB and or par CE genes/it’s enzymes. The genomics approaches on these genes considering essential oils specifically Thymol (the compound under study) had not been made by any researchers. 
4. GENOMICS OF INTERACTION MODES
Genomics of interaction modes of essential oils and or its constituents are considered under the contemporary research. After preliminary screening of essential oils/its active constituents, it is essential to have a vertical study. The target molecules (enzymes/proteins of bacteria understudy) have to be specified and related experimental to be carried out.  Genomics approaches may be well-thought-out for the purpose. The genes of interest may be detected based upon in -vitro observations using PCR based amplicon elution followed by gene sequencing (Fig. 10). Precisely, the essential oil exposed and not exposed bacterial cells may be  subjected to amplify the target genes like Gyr AB using real time PCR purposefully. If the essential oil would have targeted the gene, possibilities are for non -elution or elution of relaxed DNA. There may be a comparative sequence analysis of both relaxed (essential oil exposed) as well as super coiled DNA (essential oil not exposed DNA) giving emphasis upon ORFs. Further, the transcriptomics analysis for these two variables (essential oil exposed DNA and not exposed DNA) may be carried out for respective real time gene expressions. 
The sequencings may be annotated both structurally as well functionally, availing online and off line standalone bioinformatic tool.  In addition, the ORFs (Open Reading frames) may be detected, the sequences predict the gene. Besides, conserved domain search can put the sequence in conserved family and superfamily groups. The eluted three- dimensional protein may be simulated in silico, for prediction of target molecule interaction to support the in vitro based assays and experiments.    
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Fig. 10. The fundamental work flow of PCR for amplification of Gene of Interest (GOI). a: The Thermocycler; b: The DNA, Taq polymerase, primers; c: The gradual- amplified DNA sequence
4.1 Sequencing of PCR amplicon using NGS approaches 
Sequencing using NGS approaches, of course following the Sanger’s method of sequencing. The protocol is fully automated. The sequence is eluted as sequence gram as shown in Fig. 11. The base nucleotides are eluted based upon position. The sequence machine software makes the sequence noise free and refined sequence is received in FASTA format which is subjected to BLASTn analysis as well gene annotation tactics. 
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Fig. 11. A typical sequence gram  (AGCT) eluted in Sequencer 
4.2 ORF finding 
The Open Reading Frame as per the Genomics version, a DNA sequence that does not include a stop codon. The trinucleotides are the functional units of genomic information for protein coding for a protein) active during amino acid signaling on the clefts of ribosome (Fig. 12) translation.  A long open reading frame is often part of a gene that is, a sequence directly. 
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Fig.12. The process of protein translation from ORFs (genes) on the clefts of ribosome


4.3 Conserved domain search
Conserved domains as recurring units in molecular evolution of a species, detected by sequence analysis. The conserved domains contain specific patterns or motifs, because of which are reflected in polypeptide sequence. Therefore, the protein structure as well as functions can be annotated based upon types of protein families and subfamilies deposited in public database. 
5. MOLECULAR DOCKING APPROACH TO PREDICT THE DRUG-TARGET INTERACTION
Fig. 13  is a real molecular docking study made between GyrB protein (Naik, 2025) with ligand Geraniol (Pattnaik et al. 1997) made online (https://bioserv.rpbs.univ-paris-diderot.fr/) using Autodock Vina, with formation of two conventional H-bonds established between Oxygen atom of Geraniol with Valine (V) and Aspartic acid (D). The affinity was -5.4 Kcal/mole
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Fig.13.  The image captured for the molecular docking study made between DNA Gyr B and Geraniol (Grey Ball and Stick representation).  The Green dotted lines indicate the formation of H-bond with Aspartic acid (label is seen).
The molecular dockings are carried out taking target protein of bacteria and drug compound of interest. The sequences, eluted in sequencing, are transformed into PDB files. The drug compound also transformed into its PDB file. The receptor PDB and ligand PDB are uploaded in the work station of relevant softwares. The Pyrx, Auto dock and its deviations may be used for simulation study. The Pymole or Discovery studio may be used for visualization. The degree of interaction is measured by number of conventional H-bonds and the amino acid residues making hydrophobic interaction. In addition, electrostatic, pi-pi bonds are also considered. Based upon the said parameters, the receptor molecule fate is predicted and corroborated with in vitro observations. 
6. CONCLUSION
Post antibiotic survivors or persisters, unique category of bacteria posing to ignore the antibiotic action, during the therapy period. The cells remain cryptic inside the biofilm matrix, can evade the antibiotic action.  
The typical cells are not sensitized by the antibiotics, in contrast the normal; bacteria are sensitized by the antibiotics and may adopt drug resistance mechanisms or surrender to antibiotics, thus reporting as sensitive. While, PAS cells pose indifferent during entire course of antibiotic action. After withdrawal of antibiotics, the cells have multiple options. They may revive or may not be revived if subcultures are made. In addition, the cells maintain heterogeneity both morphologically as well as metabolically unlike normal antibiotic sensitized cells. These cells are the main culprit of chronic infections both symptomatic as well as non- symptomatic. 

As the PAS/persisters are generated or opted for this life style, during the antibiotic treatment period, it is necessary to introduce target oriented alternative drugs to interact with these PAS cells.    

The antibacterial activity of essential oils and/or its active constituents of medicinal and aromatic plants (MAPs), against strains of bacteria belonging to Gram positive, Garm negative and more so Acid-fast bacteria have been subject of research since decades. The essential oils have the potentiality to kill the bacteria both nonspecifically by inducing stress, unbalancing proton pump, causing the cellular disruption as well as specifically by targeting the proteins/enzymes of bacteria like, DNA Gyrase. The essential oils, as composited form of a number of active constituents belonging to phenolics, terpenoides, aldehydes, alcohols etc. can have nonspecific as well as specific interaction with the bacterial cell. Importantly, biofilm has been considered as a prime target by essential oils. After degradation of biofilm, the essential oil active constituents may reach to target proteins and or enzymes, to kill the bacterial candidate. 
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