
   CONCLUSION    

 

Actinobacteria is one of the most 

diverse groups of microbial community 

virtually thriving in all habitats. 

Depending upon their niche they have 

been classified in seven distinct groups

- plant associated, animal associated, 

soil inhabitant, thermophilic, 

extremophilic (other than 

thermophiles), aquatic and arthropod 

associated. Advanced Next Generation 

sequencing (NGS) technology has 

enriched our database with the whole 

genome sequences of various members 

of Actinobacteria. However, the data 

generated by NGS are big-data and are 

beyond to manual analysis. 

Bioinformatics, a subject combining 

both biology and information 

technology has opened a doorway to 

deal with these big-data with more 

proficiency and less consumed time. 

Furthermore, identification and 

analysis of different metabolic pathway 

related genes and corresponding 

proteins have been possible by the 

virtue of Bioinformatics. In this study, 

we took an approach to analyze a 

number of actinobacterial genome 

sequences through in-silico technique 

to identify their codon and amino acid 

usage signatures which may help them 

to adapt in their respective niche. 

While analyzing the metabolic 

pathways of selected Actinobacteria, 

we considered eight different pathways 

and they are- (1) Carbohydrate 

metabolism pathway (CM), (2) Amino 

acid metabolism (AM), (3) Energy 

metabolism (EM), (4) Lipid 

metabolism (LM), (5) Nucleotide 

metabolism (NM), (6) Co-factor and 

vitamin metabolism (CVM), (7) 

Terpenoids and polyketides 

metabolism (TPM) and (8) Xenobiotics 

biodegradation and metabolism 

(XBM). These metabolic pathways 

related genes were found to be mostly 

potentially highly expressed. 

Comprehensive analyses of those genes 

revealed the persistence of 

compositional constrain, natural 

selection as well as translation 
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efficiency on their codon usage 

prototype. 

The energy cost analysis of 

differentially expressed proteins among 

selected Actinobacteria pointed out an 

interesting pattern. We found that, the 

actinobacteria exhibited strange energy 

cost profiling when compared to some 

other bacterial groups. It was found 

that, their potentially highly expressed 

proteins (PHXPs) were biosynthetically 

costlier than the lowly (PLXP) and 

medially expressed (PMXP) proteins 

except for humans and animal 

associated Actinobacteria. This may 

have a direct relation to their niche 

specificity.  This finding also supports 

the energy cost hypothesis where it was 

stated that energy cost theory is 

absolutely not permanent and this may 

change with the metabolic pathways, 

nutritional availability, translational 

efficiency as well as environmental 

condition. 

Next we did a comprehensive 

comparative genomics and proteomics 

analysis considering selected strains 

from some of the major genera of 

Actinobacteria. The persistence of 

compositional constrain was very much 

evident from this analysis. It was also 

revealed that, in spite of differential 

aromatic (costly bulky chain amino 

acids like phenylalanine, tyrosine and 

tryptophan) amino acid usage among 

PHXPs, PMXPs and PLXPs their 

overall usage could not triumph over 

the total aliphatic amino acid usage. 

Thus, Actinobacteria ultimately 

maintain an energy economic state in 

all the niches they thrive. Comparison 

among the results obtained from Blast 

matrix, MLSA phylogeny, ANI matrix 

and pan-core pool analysis showed 

very similar clustering pattern among 

selected strains of each genus. This 

further validates the accuracy of the 

approaches we undertook for this study. 

Systematic detection of secretory 

proteins among selected 

Mycobacterium and methodical 

assessment of their functions and 

attributes led to the exposure of various 

appealing features of extracellular 

protein secretion. Abridged 

biosynthetic cost of secretory proteins 

in comparison to the non-secretory 

counter-parts implicated that the 

members of Mycobacterium strictly 

obey the cost-minimization strategy 

during secretory element synthesis. The 

tendency of reducing the biosynthetic 

energy cost of secretory proteins 

seemed rational from the perception of 

„microbial economy‟ as protein 

secretion is alleged to be an irreversible 
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process and the secretory proteins 

which are once transported will not be 

re-cycled further by the cellular 

chaperons. Functional profiling of 

those proteins exposed their association 

in various vital activities like 

carbohydrates and amino acids 

transport, cell membranes biogenesis 

and cellular signaling. Elevated 

quantity of potentially virulent 

secretory components among the 

pathogenic Mycobacterium strains in 

contrast to the non-pathogenic 

members supported the pathogenic and 

virulent mode of lifestyle. A definite 

trend evident from the evolutionary 

investigation was that the secretory 

proteins evolved faster rather than the 

non-secretory elements in the 

pathogenic strain of the 

Mycobacterium. However, such 

contrasting evolutionary pattern was 

not apparent among the non-pathogenic 

strains. Faster evolution of the 

secretory proteins might assist the 

pathogenic members of Mycobacterium 

to expand the variety of vulnerable 

hosts and resourcefully escape host 

immune responses. 

A similar analysis on the secretomes 

was also done on extremophilic 

Geodermatophilaceae family. This 

unusual family of actinobacteria live 

mostly in unfavourable biotopes like 

desert, stones, Antarctic regolith and 

sea water. Some of them have also been 

isolated from lake sediments and 

rhizospheric soils. Geodermatophilus, 

Blastococcus, Modestobacter and 

newly proposed Klenkia are the genus 

under the aforementioned order. The 

genomic, proteomic and evolutionary 

pattern of all the available 

Geodermatophilaceae strains were 

investigated. The study exposed the 

effect of compositional constrains, 

translational efficiency and natural 

selection over the considered stains. 

Evolutionary analyses have recognized 

the perseverance of purifying selection 

on PHX genes.Higher rate of evolution 

among the functionally crucial signal 

peptide part directed the significance of 

cellular cross talk and niche 

adaptability among considered 

genomes. Comparative genomic study 

revealed the resemblance of 

Geodermatophilus sp. Leaf369 with 

other Klenkia strains. ANI values also 

hold up those findings. Thus, G. sp. 

Leaf369 may be re-classified as K. sp. 

Leaf369. 

Following the secretome study we 

focused on the CAZyme set of plant 

host associated Frankia. Frankia is 

popular for their symbiotic alliance 
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with actinorhizal plants. They live in 

the root nodules and obtain nutrition 

from plant hosts. CAZymes help in 

breaking the complex plant 

polysaccharides into simpler ones and 

help microbes to utilize them. 

Exploration of frankial CAZyme 

revealed the predominance of GH and 

GT category CAZymes among selected 

strains may be for improved host plant-

polysaccharide degradation. A 

comprehensive bioinformatics analysis 

on frankial CAZyme set revealed 

compositional constrains along with 

translational efficiency and natural 

selection were the major attributes for 

their codon usage pattern. Most of the 

CAZyme genes were potentially highly 

expressed in all considered strains of 

Frankia. Moreover, amino acid usage 

analysis exposed elevated utilization of 

aromatic amino acids in CAZyme 

proteins enhancing their protein 

biosynthetic energy cost. Further, 

phylogenetic investigation pointed out 

that, type of host plant polysaccharides 

may have an effect on Frankia 

CAZymes as well as their life style. A 

detailed evolutionary analysis indicated 

a very strong purifying selection on 

CAZyme set indicating their vital role 

in nodule formation, plant host 

association, nitrogen fixation and 

assimilation. Thus, the crucial role of 

CAZymes in plant host alliance is 

clearly evident.  

Our next approach was to generate a 

phylogenetic tree based on the presence 

and absence of protein domains. 

Protein domains are essential parts of 

proteins, having their own structure and 

functionality. They are vital in terms of 

protein functionality, niche adaptation 

and evolution. A comparison of the 

newly built domain-based tree with 

previously published MLSA tree 

established noteworthy similarities 

between them (with a few exceptions). 

Some actinobacteria clustered with 

taxonomically un-related or distantly 

related strains which were sharing same 

biological habitat. They also tend to 

share a number of protein domains 

which were biologically connected 

upholding some crucial metabolic and 

biological processes ultimately aiding 

to their niche adaptive ability. 

Among the core protein domains 

(domains present in all considered 

strains) Per-Arnt-Sim (PAS) domain 

was one. We studied the significance of 

PAS domain among selected 

actinobacterial strains. Those were 

found to be important in signal 

transduction of actinobacteria. Majority 

of PAS genes were found to be present 
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on lagging strand indicating their 

involvement in adaptive evolution. 

Most interestingly, the diversity in 

functionality of PAS domain was found 

to be related with its own structure and 

associated co-domains. Hence, we may 

hypothesize that; PAS along with their 

co-domains may regulate the biological 

network or vice-versa. 

Our next approach was towards 

identification of novel drug targets 

from one Indian Mycobacterium 

tuberculosis strain. A comprehensive 

comparative metabolic pathway 

analysis was done between selected M. 

tuberculosis strain and human to detect 

microbe-specific pathways. A number 

of new drug targets were identified and 

validated through docking study. While 

performing the molecular docking 

analysis some interesting trends were 

found. In most cases the 

phytochemicals were found to win over 

the prescribed medicines when the new 

drug targets were considered.  

An ideal lead molecule should be the 

compound that have a good binding 

affinity with target proteins and also 

shows minimal or no toxicity. The 

“Lipinski‟s rule of five” and “Veber 

rule” of drug selection are 

internationally accepted. The 

interesting fact revealed from the entire 

study was that, most of the prescribed 

medicine were either not considerably 

effective to the novel drug targets or 

did not pass the ADME test. 

Cefoperazone, the best compound we 

got from molecular docking result also 

failed to overcome the toxicology and 

ADMET barrier. Aloe-emodin of Aloe 

vera, E-nerolidol of Oplopanax 

horridus and Stigmasterol of Withania 

somnifera were found to be outshined 

others considering all the 

aforementioned criteria. Hence, 

measures are needed to be taken to 

discover new drugs from the plant 

derieved phytochemicals against the 

emerging MDR and TDR TB strains.  


