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Introduction

Biogenesis is a natural process where life was originated from nonliving matter such as simple organic compounds. It is
thought that earth was formed about 4.5 billion years ago and the undisputed evidence of life on earth surface dates at least
from3.5 billion years ago. The first evidence of life was found as a microbial mat fossil in 3.48 billion years ago from Western

Australia which is thought to be single-cell prokaryotes, perhaps evolve from organic molecules surrounded by a membrane

Citation: Panja AS, Mandal S, Bandopadhyay B, et al. Structural Paradigm Shift of Proteins against Thermal Stress Through Evolutionary
Proteome. Biotechnol Ind J. 2019;15(4):193
©2019 Trade Science Inc.



www.tsijournals.com |August -2019

like structure called protobions [1]. The earliest microbial life on earth was dated 3.5 billion years ago, during the Eoarchean
era when earth crust had solidified following the molten Hadean eon [2,3]. During the formation of first life, the temperature
of earth crust had decreased and water vapour condensed into water bodies. At the transition from Archean to the Proterozoic
(2.5 billons years ago), the temperature of the earth was decreased [4]. The additional heat produced during early age was due
to the mixture of remnant heat from planetary accretion. The heat was generated from the core of the earth and that was
produced by the decay of radioactive materials. At the beginning of Archean eon, Cyanobacterial community and Archean
were the dominated flora [5]. It is believed that the Hadean started with the formation of earth at about 4.7 billion years ago
and ended about 3.8 billion years ago. At the beginning of its history, earth passed the stage of melting at its external surface
to the depth of several tens of kilometres. At this early age of the earth, there was no hydrosphere and the atmosphere contains
no oxygen. Many volcanic activities took place on the earth's territory at that time. The earth's surface also reached a
tremendous temperature up to 100000°C and a pressure up to 109 Pa during Prebiotic history. The temperature then decrease
to 10000°C on the earth surface during the middle of the Hadean and in the Proterozoic period the temperature has declined to
400°C, which again reduced to 220°C in the Cretaceous period (about 100 million years ago; FIG. 1.) and the earth surface
again cooled down to 150°C at present [6].

Evolution of Life Through Ages
Further biological evolution of life during ages produced more complex and improved organization of life which correlated to
temperature-dependent evolution in the earth [7]. Therefore, it may be concluded that the effect of temperature was

unquestionably and contributed the main dynamic force of phyletic transformation or anagenesis [8].
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FIG. 1. The emergence of life on earth during geological time scales along with temperature variation.

Pleiotropic mutation events affect the evolution of gene and protein function. These duplication and divergence mechanism

cause organismal fitness to depend upon the environmental stress [9]. Environmental temperature accelerates the evolutionary
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rate in the archaea. Temperature is the major key factor that controls the evolution dynamics but thermophilic have lower and
mesophilic have higher evolutionary rate.

The Molecular Oscillator of Evolution

High variation in nucleic acids and amino acids comparison present into the mesophilic archaea is to gain the adaptation in
optimal growth temperature [10]. Bacteria and Archaea show acclimatization in various environments including a wide range
of temperatures [11-13]. Thermophilic water-soluble proteins including membrane proteins have increased stability at high
temperature by increasing side chain burial and lower sharp turn into their structures. This structural modification has
eliminated thermal sensitivity of amino acids and decrease entropy cost during the evolutionary adaptation [14]. Some
particular amino acids are favoured during the protein evolution at high temperature. The corresponding gene of these
favoured amino acids in thermophilic proteins contains more GC than the mesophilic one. Protein evolution is not determined
by only their function and structure but also affected by various factors of gene including their position in the genome [15].
The report reveals that the thermophilic prokaryotes (Archaea and Eubacteria) adopt different strategies to maintain stability
in their proteins. At DNA level, the GC-rich codons and at protein level, the charged amino acids are higher in number [16].
This favoured amino acids property made the pattern of substitutional asymmetry for free energy transfer and constitute more
hydrophobicity to protect against high energy interaction [17]. Protein thermostability is an attractive field of research for its

basic evolutionary as well as applied concern.

Thermostability of thermophilic proteins compared to their mesophilic homolog arises from the concomitant effects of several
forces such as hydrophobic interactions, disulfide bonds, salt bridges, and hydrogen bonds. These lead to a decreased
flexibility of the protein molecule by disfavouring its functionality [18]. The surface loop deletions play an important role to
minimize the exposed area of protein surface [19]. Proteins from thermophilic organisms show intrinsic thermal stability but
have similar structure like mesophilic homolog. Different protein families adapt to higher temperature by changing structural
motifs. Due to increase of ion pairs the optimum growth temperature also increases but it has no effect on hydrogen bond and
polarity. The thermophilic and extreme thermophilic proteins show stability in different growth temperatures by the presence
of higher number of ion pairs, cavities, polarity and amount of all these results surface modifications. These elementary
modifications into secondary structure adopted more heat withstanding ability [20]. The thermophilic proteins are able to
sustain at high temperature and sufficiently show functionally stable under the extreme stress condition. Non polar glycine
and isoleucine are becoming more by substitute glutamic acid and lysine on the surface of the proteins [21], which is in line
with our earlier finding of lesser residue number and smaller volume of amino acids for condensing the thermophilic proteins
to minimize the solvent contact, resulting evading from heat exposure [22]. Protein thermostability conferred by the protein
compactness and structural rigidity is an oversimplified concept. Hence, rigidity of protein-structure may result in an
unwanted decrease in its function. The overlapping zone of flexibility and rigidity in protein molecule may partially analogize
to its structure-function relationship. So, it is important for the understanding and further investigation to address the
discrepancies and its nullifications during protein function reservation yet attributing robust structural alteration aiming to
temperature adaptation [23]. Folding and unfolding behavioural pattern proteins modified against the thermal stress by
increasing Lys, Arg, and Glu and lowering the number of Ala, Asp, Asn, GIn, Thr, Ser, His [24]. The slowly evolve and more

highly express proteins have been equilibrium constant for folding. The thermophilic proteins are more stable than mesophilic
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due to difference in amino acids composition [25]. The report reveals that ionizable residues and surface charge play
important roles in protein stability, related to folding with function after burial of polar contacts and ion pairs. Charged
residues further exert their profound influence by forming contact network not only with other charged residues but also with
polar or nonpolar residues in the thermostable proteins [26]. Non-planer peptide bonds are responsible for adaptive
evolutionary modification which may introduce an opportunity to protect protein structure against various thermal stresses.
The appearance of cis-peptide bonds in these protein structures is observed more in mesophilic proteins than thermophilic
ones [22]. The ionic interactions, amino acid preferences and their distribution, post-translational modifications and solute
accumulation are shown to be temperature-dependent [16,22]. A large network of week interactions resulting in an extra force
offers structural-rigidity, conformational entropic stability, higher AG in thermophilic proteins [27]. In respect to
thermodynamic and kinetic stability, free energy of an enzymatic reaction is defined as AGstab (differentiate as folded and the
unfolded states of the protein). Higher melting temperature(Tm) increases the enzyme resistance to unfolding, where 50% of
the protein is in unfolded state and is usually results in irreversible inactivation/ denaturation of thermostable protein or
enzyme [28-30].

Thermodynamic and kinetic stability of enzymes or protein can be defined with free energy and maybe differentiate through
eight parameters, four of which are based on the change in enthalpy and entropy for protein unfolding AH* and AS* with
associated convergence temperatures T*H and T*S, respectively. The rest of the other four additional parameters are
associated with a rate-limiting enzyme which is scaling as constant c; enthalpy of activation AH++A; heat capacity change on

denaturation AC*p; the number of amino acid residues n [31].

By increasing peptide nonplanarity of a protein, the structural stability adapted against heat-stress and more propensity of no
planarity observe in C-terminal maybe validate with the fact. Nonplanarity pattern may be a determinant factor to calculate the

evolutionary time scale based on the adaptations and organic evolution against stress [32].

Protein Structural Impact by Point Mutation

Point mutation is also an important factor among different perspectives for the structural and functional impact of a protein
[33]. Point mutation results in different conformal changes by intermolecular bonding, globally or locally into protein
structure. It may cause structural and phenotypic adaptation against thermal stress [34]. Position-specific point mutation has
some clues about the evolutionary divergent line of thermophilic to mesophilic protein transition [35]. To maintain or improve
the structural stability, point mutations are required which can change the amino acid sequence. In this way, over 50%-80% of
all amino acids number can be changed. Although the mutations are random selection is the driving force favoured by

selection pressure [36-38].

Natural mutation in protein result and change in the Gibbs free energy as; AG<-1 kcal/mol whereas AG>1 kcal/mol were
considered as non-neutral which does not affect on function [39].

On the basis of the evolutionary perspective, several computational algorithms have been developed to predict the effect of a
position-specific single substitute and differential amino acids propensity in proteins result structural deviation to combat

against various stresses [40,41].
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Evolutionary Clock Determiner

These factors may differ from taxon to taxon, both within and between species. Therefore, no single determinant has been
shown to be universally attributable to protein thermostability so far [16]. In this regard, the best possible method is to study
the homologous optimum thermostable proteins from different organisms, which are fighting against higher natural
environmental temperature [42]. Thermophilic proteins generally have more stable folds than mesophilic proteins and it was
observed that there are systematic differences in amino acid content between thermophilic and mesophilic proteins. Related
correlations of amino acid frequencies with evolutionary rate and functional expression level observed within genomes [25].
Blossom is developed by Hanikoff which is based on the evolutionary rate and designed as a Dayhoff model. The substitution
matrix with score has calculated by protein alignment method with all possible changes between the amino acids. In this
substitution matrix 2500 protein sequences have taken for the MSA alignment among these 2000 blocks are identified from
this alignment and 500 groups characterized corresponds with related proteins [43]. PAM and Blossom matrix is used to
detect the homology between the protein sequences to determine the structure and function of uncharacterized proteins. This
protein sequence comparison method helps to identify the network of the evolutionary root within the rapid growing protein
data bank library [44]. Although Blossom and PAM matrix is not able to detail the evolutionary model whereas PMB
(probability matrix from blocks) is the new model used for identifying and analyzing the evolutionary root of protein
sequences [45].

Future Perspective of Thermophilic Proteome

Wilmes and bond traits define meta proteomic as “The large-scale characterization of the entire protein complement of
environmental microbiota at a given point in time” [46]. Through the analysis of mass spectroscopy and proteo-
bioinformatics, metaproteomic approaches successfully applied on expression of protein with metabolic function. Various
protein samples are isolated from waste and ocean water as well as low diversity acid-mine drainage and biofilm on soil also
[47,48]. Biomass present in the biogeochemical cycle where bacteria and archaea play the key role, it is difficult to identify
the marine microorganism how they operate bio-geochemical processes during their marine life. Meta genomics and meta-
proteomics studies help to find out the metabolic potential of microorganism of the environment [49-53]. Amino acids
composition may help to predict the thermostability or metastability of a protein by using PSD tool. Thermozymes are used in
various biotechnological and industrial applications such as Petroleum, Chemical, Pulp and Paper industries to eliminate
environmental hazards [54]. Thermo enzymes are uniquely stable against high temperature and pH, so by replacing
mesophilic enzyme they are used in industrial process conditions [55]. The enzyme used in the industrial process mainly
isolated from mesophiles because the thermophilic enzymes are limited. Thermostable enzymes are mainly isolated from

thermophilic organisms. These have been identified and isolated from different exotic ecological zone of the earth [56,57].

Discussion and Conclusion

The temperature variation is one of the major factors that lead to evolutionary rates into the organisms. The amino acid
substitutional information provides an opportunity to investigate the functional variation of protein during evolutionary
history. High substitution rates of amino acids are observed in all the lineages both thermophilic, mesophilic as well as
psychrophilic proteins. The plasticity of protein structural diversity may help to interpret accurately the results of

phyloinformatics data of both thermophilic and mesophilic proteins.
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