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Introduction
Various cyclic amide-metabolizing systems occur in nature and 

play significant roles in a variety of metabolisms, such as amino acid, 
antibiotic and pyrimidine/purine metabolisms [1]. The ability to 
degrade nitriles is quite common among micro-organisms. Amidase or 
amidohydrolase is an interesting member of the family hydrolase and 
superfamily nitrilase [2,3], used for the metabolism of amides. They act 
on the amide bonds (carbon-nitrogen (C-N) bond, other than peptide 
bonds), which are of considerable importance in biochemistry because 
many C-terminal amino acids act as hormones. Amidases participate 
in various metabolic pathways such as urea cycle, metabolism of amino 
groups, phenylalanine metabolism, tryptophan metabolism, cyano-
amino acid metabolism, benzoate degradation and styrene degradation. 
Amidases have been used as biocatalyst for the production of ammonia, 
acrylic acid, and several other important compounds of industrial 
importance [4-6]. In industries, they are employed in combination 
with nitrile hydratase for the production of commercially important 
organic acids, such as acrylic acid, p-amino benzoic acid, pyrazinoic 
acid, nicotinic acid through biotransformation of nitriles [4,7]. 

There are special classes of enzymes which are stable at high 
temperature called thermostable enzymes (thermozymes), and explored 
as excellent biocatalyst in industrial processes [8-11]. There are certain 
micro-organisms which catalyses reaction even at the temperature 
above 100°C, such as Pyrococcus furiosus, Methanopyrus kandleri 
AV19 and Thermatoga maritima by hydrolyzing variety of substrates. 
The first hyperthermophilic microorganism Sulfolobus species was 
discovered in 1972 from hot acidic springs in Yellowstone Park [8,12]. 
During the past four decades, the molecular basis of thermal stability 
of protein has expanded as a vast research area. The importance of 
amidases in biotechnology is growing rapidly because of their potential 
applications in chemical and pharmaceutical industries, as well as 
in bioremediation [13]. Microbial amidases are a class of enzymes 
that have potential applications in the development of commercial 
bioprocesses [14,15]. They are used in the detoxification of industrial 
effluents containing toxic amides, such as acrylamide and formamide 
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Abstract
Computational analysis of amino acid sequences of some thermophilic/hyper thermophilic microbial amidases for 

various physiochemical properties and amino acid has been done. Forty thermophilic and hyperthermophilic bacteria 
and archaea sequences were retrieved from NCBI database. These sequences were analyzed using ProtParam 
(ExPASy) tool for various physiochemical properties, whereas statistical significance was calculated using P value 
for the same, which indicates a clear distinction between thermophiles and hyperthermophiles. Physiochemical 
parameters, such as number of amino acid, molecular weight and negatively charged residues were found to be 
significantly higher in case of thermophiles. The number of amino acids, Leu, Arg and Ser were observed to be highly 
significant (1.15, 1.18 and 1.17 fold) for thermophiles, whereas in case of hyperthermophiles, Cys, Thr, His and Trp 
were found to be highly significant (2.29, 1.33, 1.56 and 1.93 fold), which makes a clear cut distinction between the 
thermostability of two groups (thermophiles/hyperthermophiles) of amidases. 
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[16,17], and their acyl transferase activity is exploited mainly for the 
synthesis of pharmaceutically active hydroxamic acids [18-20].

For efficient industrial applications, various parameters such 
as the number of amino acid residues, molecular mass, theoretical 
pI, amino acid composition, negatively charged residues, positively 
charged residues and extinction coefficients are needed to be studied 
carefully, which are considered to be important in exploring and 
comparing thermostability feature of enzymes, including amidases. 
These properties can be determined by In silico analysis of amino 
acid sequences available in the database, which provides meaningful 
information about the structure and function of proteins. In the present 
study, In silico analysis of some important, a physiochemical property 
of thermophilic/hyperthermophilic amidases, has been carried out, 
which has not been done so far.

Materials and Methods
Data collection and analysis

The information about micro-organisms (thermophilic/
hyperthermophilic) producing amidases was searched from National 
Centre for Biotechnology Information (NCBI, http://www.ncbi.nlm.
nih.gov/protein) and BRaunschweig ENzyme DAtabase (BRENDA, 
http://www.brenda-enzymes.info/). Various bacteria and archaea 
were searched from these databases, and their accession numbers 
were obtained. Amino acid sequences for both thermophilic and 
hyperthermophilic microorganisms which produce amidases were 
taken and these sequences are not fragmented, putative, pseudo and 
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hypothetical. Protein sequences of amidases (aliphatic and aromatic) of 
thermophiles and hyperthermophiles was searched from Expert Protein 
Analysis System (ExPASy) proteomics server of the Swiss Institute of 
Bioinformatics (SIB) and UniProt (http://www.uniprot.org/uniprot/). 
FASTA format of protein sequences were applied or saved for 
subsequent analysis of microorganisms, given in the tables. Different 
tools in the proteomic server (ProtParam, ProtScale, and Protein 

calculator) were applied to calculate various physiochemical properties 
of bacterial and archaeal amidases from their protein sequences. The 
physiochemical parameters computed by ProtParam included number 
of amino acid, molecular weight, theoretical pI, negatively charged 
residues (Asp & Lys), positive charge residues (Arg & Lys), extinction 
co-efficient (which depends upon the tyrosine residue, tryptophan 
residue and cysteine molecules), instability index and aliphatic index 

Parameters
Microorganisms(MO’s)

P-value
1 2 3 4 5 6 7 8 9 10

Number of amino acids
B 452.0 447.0 434.0 434.0 434.0 488.0 492.0 456.0 456.0 446.0

1.64ns
A 504.0 504.0 403.0 417.0 401.0 401.0 431.0 412.0 472.0 473.0

Molecular weight
B 49645.6 48998.0 46574.8 46649.7 46358.5 51605.3 53912.1 47981 47865.1 47530.4

0.53 ns
A 55655.3 55735.3 42695.0 43772.1 43186.9 42406.7 44842.6 44303.0 51469.3 51941.1

Theoretical pI
B 8.91 9.03 6.45 6.25 6.75 6.71 4.87 4.72 4.66 6.43

0.36 ns
A 5.94 5.48 7.70 6.63 6.68 7.74 8.75 8.42 5.50 5.82

Positively charged residues 
(Arg+Lys)

B 52.0 61.0 53.0 51.0 53.0 50.0 41.0 36.0 35.0 39.0
2.39 ns

A 59.0 57.0 44.0 45.0 43.0 43.0 46.0 48.0 53.0 53.0

Negatively charged 
residues (Asp+Glu)

B 58.0 53.0 55.0 54.0 54.0 52.0 62.0 55.0 55.0 43.0
1.51 ns

A 64.0 64.0 43.0 46.0 44.0 42.0 41.0 46.0 58.0 64.0

Extinction coefficients 
(M-1cm-1) at 280 nm

B 29910.0 30940.0 21430.0 21430.0 22920.0 37930.0 98890.0 55920.0 57410.0 40450.0
0.32 ns

A 62800.0 67270.0 33350.0 33370.0 34840.0 31860.0 34380.0 38850.0 48250.0 85370.0

Instability index
B 32.53.0 28.33 37.95 39.47 34.94 45.54 44.37 29.07 27.78 28.41

1.28 ns
A 29.60 28.55 41.15 33.90 47.59 44.21 34.15 38.92 37.30 36.72

Aliphatic index
B 99.89 97.36 105.48 103.02 102.79 84.51 85.08 87.35 86.91 95.81

2.42 ns
A 90.14 90.52 97.15 100.74 98.30 98.15 100.44 102.35 97.99 85.58

Grand average of 
hydropathicity (GRAVY)

B -0.027 -0.077 -0.032 -0.068 -0.068 -0.097 -0.101 0.015 0.004 0.112
1.25 ns

A -0.197 -0.190 0.046 0.108 0.087 0.086 0.085 0.001 -0.062 -0.209

(B) Bacteria: (1) Thermotoga thermarum DSM 5069; (2) Thermotoga lettingae TMO; (3) Thermus thermophiles SGO SOP17-16; (4) Thermus sp RL;(5) Thermus aquaticus 
Y51 MC23; (6) Dietzia cinnamea P4; (7) Rhodococcus erythropolis PR4; (8) Rhodococcus jostii RHA1; (9) Rhodococcus opacus B4; (10) Pseudomonas Syringae py 
glycinea str. racc14.
(A) Archaea: (1) Sulfolobus solfataricus 9812; (2) Sulfolobus islandicum M164; (3) Thermoproteus neutrophilus V24 Sta; (4) Thermoproteus uzoniensis 768-20; (5) 
Pyrobaculum islandicum DSM 4184; (6) Pyrobaculum arsenatium DSM 13514; (7) Aeropyrum pernix K1; (8) Thermoproteus tenax kra1; (9) Acidianus hospitalis W1; (10) 
Thermofilium pendens Hrk5.

Parameters
Microorganisms(MO’s)

P-value
11 12 13 14 15 16 17 18 19 20

Number of amino acids
B 479.0 462.0 478.0 474.0 499.0 473.0 460.0 457.0 470.0 499.0

1.64ns
A 501.0 489.0 434.0 455.0 454.0 451.0 455.0 463.0 501.0 433.0

Molecular weight
B 50759.5 48227.4 53524.4 49614.4 52813.4 49559.6 51636.0 50542.2 51427.7 54181.1

0.53 ns
A 54700.2 54916.2 48007.6 48829.3 48581.1 48833.3 49859.3 50522.2 54700.2 47501.2

Theoretical pI
B 5.67 5.25 5.81 5.97 9.32 6.57 8.15 8.44 5.22 5.19

0.36 ns
A 6.53 6.72 6.05 4.95 4.70 4.64 5.31 5.80 6.53 5.39

Positively charged residues 
(Arg+Lys)

B 39.0 37.0 62.0 48.0 50.0 47.0 61.0 58.0 43.0 39.0
2.39 ns

A 62.0 60.0 62.0 49.0 44.0 45.0 53.0 53.0 62.0 51.0

Negatively charged residues 
(Asp+Glu)

B 49.0 51.0 66.0 51.0 46.0 48.0 59.0 55.0 60.0 56.0
1.51 ns

A 63.0 60.0 64.0 68.0 69.0 71.0 61.0 56.0 63.0 57.0

Extinction coefficients (M-1cm-1) at 
280 nm

B 47900.0 52940.0 74260.0 59470.0 78950.0 57980.0 33810.0 34840.0 44350.0 51800.0
0.32 ns

A 69330.0 58680.0 31290.0 33370.0 22350.0 20860.0 31290.0 45270.0 69330.0 31290.0

Instability index
B 39.07 35.78 38.98 40.13 40.09 39.77 28.31 28.46 30.99 34.46

1.28 ns
A 43.59 40.73 30.10 40.00 35.67 39.42 33.05 30.02 43.59 36.16

Aliphatic index
B 87.72 82.86 89.35 91.56 86.97 94.42 90.15 92.60 92.74 93.13

2.42 ns
A 102.57 99.57 91.64 92.42 93.92 92.37 96.88 88.06 102.57 87.39

Grand average of hydropathicity 
(GRAVY)

B -0.025 -0.031 -0.243 -0.057 -0.085 0.004 -0.255 -0.044 -0.110 -0.128
1.25 ns

A -0.002 -0.085 -0.192 -0.118 -0.079 -0.132 -0.109 -0.043 -0.002 -0.250

(B) Bacteria: (11) Pseudomonas fulva12-x; (12) Pseudonocardia dioxanivorans CB1190; (13) Aquifex aeolicus; (14) Frankia sp. Elu IC; (15) Frankia sp. CCl3;
 (16) Frankia sp. CN3; (17) Thermosipho africanus TCF52B; (18) Thermosipho melanesiensis B1429; (19) Geobacillus sp. Y412MC52; (20) Paenibacillus sp. Y412 MC10.

(A) Archaea: (11) Pyrolobus fumarii 1A; (12) Ignisphaera aggreganus DSM 17230; (13) Methanocaldococcus jannaschii DSM 2661; (14) Methanopyrus kandleri AV19; 
(15) Methanococcus vannielii SB; (16) Methanothermobacter marburgensis str Marburg; (17) Methanococcus maripaludis C5; (18) Archaeoglobus veneficus SNP6; (19) 
Archaeoglobus profundus DSM 5631; (20) Methanococcus voltae A3. 

Table 1.1(a): Comparative analysis of physiochemical properties of amidases of bacteria and archaebacteria (hyperthermophiles).
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The values of the aliphatic index of various amidase sequences 
were obtained using the ProtParam (ExPASy) tool [22]. The instability 
index and grand average of hydropathicity (GRAVY) were assessed by 
following the method [23]. The molecular weight in kilodaltons (kda) 
and the pI of amidases were deduced using pK values of amino acid. 

for thermostability, and grand average of hydropathicity (GRAVY). 
The extinction co-efficient of various amidases was calculated using the 
equation [21].

E (prot)=Numb (Tyr)*Ext (Tyr)+Numb (Trp)*Ext (Trp)+Numb 
(cysteine)*Ext (cysteine)

Parameters
Microorganisms (MO’s)

P- value
1 2 3 4 5 6 7 8 9 10

Number of amino acids
B 466.0 476.0 448.0 428.0 472.0 473.0 483.0 488.0 473.0 476.0

5.57 *
A 475.0 471.0 470.0 471.0 472.0 445.0 454.0 417.0 457.0 455.0

Molecular weight
B 48610.9 50195.8 46417.0 44976.3 50873.3 50860.3 51507.6 53669.8 51173.2 50458.0

4.97 *
A 51211.4 51064.4 51136.3 51057.4 51469.3 48493.3 48581.1 45469.8 50211.5 49859.3

Theoretical PI
B 4.76 5.23 6.65 8.19 5.40 5.29 6.04 5.56 5.37 5.92

1.63 ns
A 4.86 5.92 7.61 6.16 5.50 5.41 4.70 6.06 5.93 5.31

Positively charged residues (Arg+Lys)
B 37.0 43.0 38.0 39.0 40.0 39.0 46.0 54.0 49.0 44.0

0.54 ns
A 40.0 50.0 51.0 53.0 53.0 57.0 44.0 40.0 58.0 53.0

Negatively charged residues (Asp+Glu)
B 60.0 54.0 41.0 37.0 49.0 49.0 51.0 63.0 60.0 51.0

4.35 *
A 58.0 55.0 50.0 54.0 58.0 62.0 69.0 48.0 61.0 61.0

Extinction coefficients (M-1cm-1) at 280 nm
B 36440 77920 26470 28420 48360 43890 38850 53290 54430 37930

0.50 ns
A 60740 55810 46760 43780 48520 50310 22350 30370 50770 31290

Instability index
B 38.00 44.24 47.10 37.56 40.06 35.62 31.25 34.99 46.97 45.67

2.37 ns
A 30.74 44.09 33.16 38.06 37.30 41.78 35.67 23.52 32.00 33.05

Aliphatic index
B 100.24 92.12 96.07 87.34 96.36 97.00 89.05 91.99 87.12 91.97

2.81 ns
A 79.24 90.59 90.64 93.38 97.99 87.24 93.92 88.44 86.65 96.80

Grand average of hydropathicity 
(GRAVY)

B 0.088 -0.016 0.215 0.032 0.079 0.097 -0.140 -0.351 -0.104 0.037
0.58 ns

A -0.258 -0.034 -0.108 -0.058 -0.062 -0.240 -0.079 -0.210 -0.155 -0.109

(B) Bacteria: (1) Acidimicrobium ferrooxidans DSM 10331; (2) Acidothermus cellulolyticus IIB; (3) Alicycliphilus denitrificans K601; (4) Thermovibrio ammonificans HB-1,(5) 
Chloroflexus aggregans DSM 9485; (6) Chloroflexus sp.Y.400.F1; (7) Marinithermus hydrothermalis DSM; (8) Rhodococcus marinus DSM 4252; (9) Thermobifida fuscayx; 
(10) Thermobispora bispora.
(A) Archaea: (1) Methanohalobium evestigatum 2-7303; (2) Methanosaeta thermophila PT; (3) Metallosphaera cuprina Ar-4; (4) Metallosphaera yellowstonesis MKI; (5) 
Methanosaeta concilli GP6; (6) Ignicoccus hospitalis KIN4/T; (7) Methanothermobacter thermautotrophicus Str.Delta H; (8) Methanobacterium sp. AL-21; (9) Archaeoglobus 
fulgidus DSM 4304; (10) Methanothermus fervidus DSM 2088.

Parameters
Microorganisms(MO’s)

P-value
11 12 13 14 15 16 17 18 19 20

Number of amino acids
B 466.0 475.0 477.0 472.0 453.0 484.0 490.0 422.0 486.0 431.0

5.57*
A 433.0 434.0 425.0 476.0 471.0 463.0 453.0 425.0 451.0 425.0

Molecular weight
B 49837.3 52257.6 52221.1 51943.9 50124.3 52603.2 53388.4 49367.0 52062.6 48324.5

4.97*
A 46428.7 45482.9 44132.5 51334.7 51275.5 50522.2 50506.2 44204.6 48833.3 45109.7

Theoretical PI
B 5.28 5.58 5.07 4.86 6.87 5.80 5.75 10.05 9.15 4.59

1.63 ns
A 5.67 4.10 4.08 5.94 8.28 5.80 6.25 4.06 4.64 4.69

Positively charged residues 
(Arg+Lys)

B 41.0 55.0 53.0 52.0 58.0 58.0 57.0 81.0 57.0 30.0
0.54 ns

A 47.0 26.0 25.0 52.0 54.0 53.0 59.0 25.0 45.0 34.0

Negatively charged residues 
(Asp+Glu)

B 54.0 61.0 67.0 69.0 58.0 63.0 63.0 25.0 52.0 62.0
4.35 *

A 51.0 76.0 70.0 58.0 52.0 56.0 61.0 72.0 71.0 74.0

Extinction coefficients (M-1cm-1) at 
280 nm

B 56380 42290 41260 36790 34270 39310 62800 56160 27960 57300
0.50 ns

A 35300 44810 43320 55810 46760 45270 45270 43320 20860 23950

Instability index
B 43.65 33.80 41.45 34.21 28.30 39.06 40.55 35.39 37.08 34.11

2.37 ns
A 37.98 38.11 35.05 36.57 38.49 30.02 35.67 36.77 39.42 42.79

Aliphatic index
B 80.67 88.65 82.81 86.44 86.93 87.91 87.00 94.72 94.12 89.74

2.81 ns
A 80.72 77.24 78.16 85.46 91.25 88.06 89.14 78.14 92.37 82.49

Grand average of hydropathicity 
(GRAVY)

B -0.084 -0.109 -0.295 -0.220 -0.269 -0.157 -0.122 -0.462 -0.177 -0.406
0.58 ns

A -0.135 -0.256 -0.188 -0.135 -0.118 -0.043 -0.163 -0.192 -0.132 -0.281

(B) Bacteria: (11) Natranaerobius thermophiles; (12) Fervidobacterium nodosum Rt 17-b1; (13) Halothermothrix orenii H168; (14) Hippea maritime DSM 10411; (15) 
Petrotoga mobilis SU95, (16) Thermodesulfatator indicus DSM 15286; (17) Thermovirga lienii DSM 17291; (18) Caminibacter mediatlanticus B-2;(19) Heliobacterium 
modesticaldum Ice-1; (20) Thermovirga lienii DSM 17291.
(A) Archaea: (11) Methanoculleus marisnigri JR1; (12) Halorhabdus utahensis DSM 12940; (13) Methanoculleus marismortui ATCC 43049; (14) Methanosarcina mazei 
G01; (15) Metallosphaera sedula DSM 5348; (16) Methanosarcina acetivorans C2A; (17) Methnosaeta harundinacea 6AC; (18) Haloarcula hispanica ATCC 33960; (19) 
Methanosarcina barkeri str.fusaro; (20) Halorhabdus tiamaea SARL 4B. 
** Significant at a level of 1% of probability (p<0.01),* Significant at a level of 5% of probability (0.01=< p< 0.05), ns= Non Significant (p>=0.05),

Table 1.1(b): Comparative analysis of physiochemical properties of bacteria and archaebacteria (thermophiles).
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Atomic composition and amino acid percent count were also estimated 
for all protein sequences.

Results
In the present studies, using ProtParam (http://web.expasy.

org/protparam/) tool, various physicochemical properties of amino 
acid sequences of amidases in thermophiles/hyperthermophiles of 
bacteria and archaea were determined. The significant differences in 
the physiochemical properties of the two groups (thermophiles and 

hyperthermophiles) have been observed (Table 1.1 a and b). The total 
number of amino acid residues were found to be significantly higher 
(1.02 fold) in thermophilic bacteria and archaea, as when compared to 
hyperthermophilic bacteria and archaea, as shown in table 1.1 a and b. 
Theoretical pI varied between 4.66-9.32; 4.64-8.75; 4.59-10.05 and 4.06-
8.28, respectively for hyperthermophilic and thermophilic bacteria 
and archea. Negative charge residues (Glu and Asp) were found to be 
significantly higher, i.e 1.16 fold in hyperthermophiles, in comparison 

(B) Bacteria: (1) Thermotoga thermarum DSM 5069; (2) Thermotoga lettingae TMO; (3) Thermus thermophiles SGO SOP17-16; (4) Thermus sp RL; (5) Thermus aquati-
cus Y51 MC23; (6) Dietzia cinnamea P4; (7) Rhodococcus erythropolis PR4; (8) Rhodococcus jostii RHA1; (9) Rhodococcus opacus B4, (10) Pseudomonas Syringae 
py glycinea str. racc14; (11) Pseudomonas fulva12-x; (12) Pseudonocardia dioxanivorans CB1190; (13) Aquifex aeolicus; (14) Frankia sp. Elu IC; (15) Frankia sp. CCl3; 
(16) Frankia sp. CN3; (17) Thermosipho africanus TCF52B; (18) Thermosipho melanesiensis B1429; (19) Geobacillus sp. Y412MC52; (20) Paenibacillus sp. Y412 MC10.
(A) Archaea: (1) Sulfolobus solfataricus 9812; (2) Sulfolobus islandicum M164; (3) Thermoproteus neutrophilus V24 Sta; (4) Thermoproteus uzoniensis 768-20; (5) Py-
robaculum islandicum DSM 4184; (6) Pyrobaculum arsenatium DSM 13514; (7) Aeropyrum pernix K1; (8) Thermoproteus tenax kra 1; (9) Acidianus hospitalis W1; (10) 
Thermofilium pendens Hrk5; (11) Pyrolobus fumarii 1A; (12) Ignisphaera aggreganus DSM 17230; (13) Methanocaldococcus jannaschii DSM 2661; 14) Methanopyrus 
kandleri AV19; (15) Methanococcus vannielii SB; (16) Methanothermobacter marburgensis str Marburg; (17) Methanococcus maripaludis C5; (18) Archaeoglobus veneficus 
SNP6; (19) Archaeoglobus profundus DSM 5631; (20) Methanococcus voltae A3. 
** Significant at a level of 1% of probability (p<0.01), * Significant at a level of 5% of probability (0.01=< p< 0.05), ns= Non significant (p>=0.05), 

Table 1.2(a): Comparison between amino acids percent count of amidases of bacteria and archaebacteria (hyperthermophiles).

Amino 
Acid

Micro-organisms (MO’s) P 
-value1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ala (A)
B 9.5 9.2 12.2 12.0 12.0 15.2 11.0 12.5 12.3 10.1 13.2 14.1 7.5 16.5 15.2 16.1 7.0 7.4 8.3 10.0

1.62 ns
A 6.0 5.8 14.9 16.8 12.2 15.7 13.5 13.3 8.5 11.4 10.2 8.2 6.9 11.6 9.7 8.6 7.5 8.6 10.2 6.7

Arg (R)
B 5.3 4.7 8.3 8.5 7.6 9.6 6.1 5.3 5.0 5.6 6.9 6.7 4.4 8.6 9.2 8.7 3.9 3.3 3.8 4.8

0.27 ns
A 4.2 4.8 6.7 7.0 5.2 6.5 8.6 7.3 3.6 7.0 8.6 7.6 3.7 8.6 4.8 6.2 3.1 4.3 8.6 3.5

Asn 
(N)

B 4.2 2.9 1.6 1.4 1.4 1.4 3.0 1.3 1.5 3.4 1.5 1.1 2.1 2.3 2.4 2.3 7.2 5.7 3.6 4.6
0.75 ns

A 3.8 4.2 3.2 2.6 3.2 3.2 1.4 2.9 4.7 1.9 2.4 3.7 3.7 2.9 2.9 2.4 4.6 3.2 2.4 5.3

Asp 
(D)

B 4.2 5.1 3.0 3.0 3.2 7.0 6.3 7.5 8.1 5.6 4.8 6.3 4.0 5.5 4.6 5.1 6.3 4.8 4.9 6.4
0.27 ns

A 6.3 5.8 3.2 4.8 4.2 3.7 3.0 3.6 5.5 3.8 5.0 5.3 6.0 5.1 7.0 7.8 5.9 4.8 5.0 5.5

Cys (C)
B 0.9 1.1 0.0 0.0 0.0 0.2 0.6 0.9 0.9 2.0 0.8 0.9 0.4 0.2 0.4 0.2 0.4 0.4 0.6 0.6

5.25*
A 0.8 0.8 0.7 0.2 0.7 0.7 1.9 0.2 0.2 0.4 1.2 6.6 2.3 2.0 0.9 0.9 1.5 1.3 1.2 2.1

Gln (Q)
B 2.2 2.2 1.6 2.1 1.4 1.0 2.8 2.0 2.0 2.2 2.7 1.9 2.1 2.3 1.8 2.1 1.3 1.1 2.3 3.4

17.65**
A 1.4 1.4 1.0 0.7 1.0 0.7 0.7 0.7 0.6 1.9 0.8 1.2 0.9 1.1 1.5 2.4 2.4 1.5 0.8 2.3

Glu (E)
B 7.3 6.7 9.7 9.4 9.2 3.7 6.3 4.6 3.9 4.0 5.4 4.8 9.8 5.3 4.6 5.1 6.5 7.2 7.9 4.8

5.58*
A 6.3 6.9 7.4 6.2 6.7 6.7 6.5 7.5 6.8 9.7 7.6 7.0 8.8 9.9 8.1 8.0 7.5 7.3 7.6 7.6

Gly (G)
B 7.3 8.3 10.1 9.9 10.6 9.0 8.3 9.9 10.3 10.8 10.0 10.4 7.5 9.9 9.8 9.5 7.4 7.7 8.1 7.8

0.35 ns
A 9.3 9.7 9.4 9.4 8.5 9.7 12.1 8.0 8.9 9.9 9.0 7.0 8.3 10.1 10.6 10.4 8.6 10.2 9.0 8.8

His (H)
B 1.8 2.2 1.6 1.6 1.8 2.9 1.8 1.3 1.3 3.4 2.5 2.4 0.6 0.8 1.6 1.1 0.9 0.0 2.6 2.6

6.43*
A 1.4 0.8 1.5 1.4 1.7 2.2 0.5 1.5 0.4 3.2 0.8 0.2 0.5 1.3 1.3 1.1 0.7 0.4 0.8 0.5

Ile (I)
B 6.6 8.7 2.8 2.8 2.3 2.3 3.7 4.4 4.4 5.8 3.3 2.2 6.3 3.0 4.2 3.2 8.7 9.8 7.4 7.2

3.62 ns
A 6.5 6.5 3.2 3.4 6.2 4.7 2.6 4.1 9.7 3.0 5.6 11.0 8.8 6.2 7.7 8.4 11.4 6.3 5.6 8.3

Leu (L)
B 10.0 9.4 15.7 15.4 15.7 10.0 9.1 8.8 8.6 10.3 11.9 8.9 9.4 11.0 9.4 11.4 9.6 6.8 8.5 10.2

1.12 ns
A 10.3 10.3 10.7 11.8 9.0 9.7 16.5 12.4 9.1 8.7 11.0 8.6 7.1 7.7 8.8 8.4 6.6 8.6 11.0 8.1

Lys (K)
B 7.5 8.9 3.9 3.2 4.6 0.6 2.2 2.6 2.6 3.1 1.3 1.3 8.6 1.5 0.8 1.3 9.3 9.4 5.3 3.0

2.48 ns
A 7.5 6.5 4.2 3.8 5.5 4.2 2.1 4.4 7.6 4.2 3.8 4.7 10.6 2.2 4.8 3.8 8.6 7.1 3.8 8.3

Met (M)
B 2.2 2.0 0.9 0.9 0.9 1.6 3.3 1.5 1.5 1.3 2.1 1.7 1.0 1.3 2.2 1.3 1.3 1.8 1.7 2.0

12.70 **
A 4.4 4.4 1.7 1.2 2.7 1.7 1.2 1.0 3.2 2.5 2.2 2.7 3.2 1.5 3.1 3.3 2.2 3.9 2.2 2.8

Phe (F)
B 4.2 4.7 3.0 3.0 2.8 3.9 3.9 3.7 3.5 4.7 3.5 3.0 4.6 2.5 2.2 2.7 7.0 7.0 4.0 2.8

13.69**
A 2.8 2.6 2.2 2.9 3.0 2.5 1.4 2.4 2.5 3.2 1.8 3.1 2.8 2.2 2.6 3.1 3.1 4.1 1.8 2.8

Pro (P)
B 4.4 4.9 7.4 8.1 7.8 8.6 6.3 8.8 9.0 5.4 7.1 8.0 5.9 9.3 10.2 9.5 3.3 3.9 7.0 5.0

9.15**
A 6.5 6.7 5.7 6.0 5.5 5.2 6.7 7.3 4.7 5.9 6.4 5.1 4.1 6.4 4.2 4.2 4.0 4.1 6.4 3.5

Ser (S)
B 4.9 5.6 3.7 3.7 3.9 6.4 6.5 5.7 5.3 6.7 7.5 5.6 7.3 5.1 4.6 5.7 6.3 7.4 5.1 8.2

1.59 ns
A 6.5 6.3 5.2 5.8 5.5 4.2 7.9 5.8 7.4 5.3 6.2 7.4 5.5 5.1 7.0 6.7 5.9 7.1 6.2 7.2

Thr (T)
B 6.0 4.9 5.1 5.3 5.3 6.8 5.1 7.7 7.7 5.2 6.9 8.9 4.8 5.1 6.6 4.9 5.2 5.3 7.0 6.4

20.30**
A 4.4 4.2 5.0 3.8 5.2 5.2 5.8 4.6 5.3 2.7 3.0 4.7 4.1 3.7 4.6 4.9 5.3 4.3 3.0 6.2

Trp (W)
B 0.7 0.9 0.5 0.5 0.5 1.0 3.0 1.8 1.8 1.3 1.3 1.7 1.5 2.1 2.6 2.1 0.2 0.4 0.9 0.8

7.49**
A 1.2 1.2 0.5 0.5 0.5 0.5 0.7 0.7 0.4 2.5 1.6 0.4 0.0 0.4 0.0 0.0 0.0 0.4 1.6 0.0

Tyr (Y)
B 2.0 1.3 1.6 1.6 1.8 1.4 2.2 1.8 2.0 1.1 2.1 1.3 5.0 0.6 1.0 0.4 4.1 3.5 3.2 4.0

27.48**
A 4.0 4.6 3.7 3.1 4.0 3.5 2.8 3.6 5.3 2.7 3.4 6.5 4.8 2.9 3.3 3.1 4.6 5.0 3.4 4.8

Val (V)
B 8.8 6.0 7.4 6.9 7.1 7.8 8.3 8.1 8.3 7.8 5.2 8.9 7.1 7.2 6.4 7.4 4.1 7.0 7.7 5.2

0.87 ns
A 6.3 6.5 9.7 8.6 9.2 9.0 4.4 8.5 5.5 9.9 9.6 5.1 7.8 9.2 6.8 6.2 6.6 7.3 9.6 5.8
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to thermophilic archaeal and bacterial amidases. Positively charged 
(Arg and Lys) residues were found higher in hyperthermophilic 
amidases, in comparison to thermophiles. Instability index was also 
found to be higher for amidases of thermophiles, in comparison to 
hyperthermophiles. 

Aliphatic index is defined also regarded to increase the 
thermostability of proteins, and was found to be higher in case of 

hyperthermophiles, when compared to thermophilic bacteria and 
archea. The values for grand average of hydropathicity (GRAVY) were 
substantially higher for amidase sequences of hyperthermophiles than 
that of thermophiles (1.07 fold). The results of amino acid analysis 
hyperthermophilic and thermophilic (bacteria and archea) amidase are 
shown in table 1.2 a and b. The comparison of amino acid composition 
for both groups of amidases (thermophiles/hyperthermophiles) has 

Amino 
Acid

Micro-organisms (MO’s)
P -value

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ala (A)
B 15.7 15.5 20.1 18.5 12.1 12.5 14.9 8.2 12.9 15.8 13.1 8.2 7.8 8.9 6.4 9.7 9.0 4.3 9.5 6.3

2.04 ns
A 8.0 10.6 6.8 8.1 8.5 9.4 9.7 9.4 9.4 7.5 12.2 14.1 14.4 9.9 6.8 8.6 8.8 13.9 8.6 13.2

Arg (R)
B 7.1 8.2 8.0 8.2 7.0 7.0 6.4 4.1 8.9 8.4 7.1 4.4 4.4 3.4 4.0 3.9 4.5 4.0 7.0 4.4

2.94 ns
A 3.2 7.0 5.1 6.4 3.6 7.2 4.8 2.6 5.9 3.1 7.9 3.7 3.3 3.2 6.4 4.3 6.2 3.3 6.2 7.5

Asn (N)
B 1.7 1.5 1.8 1.4 2.5 2.3 3.1 5.9 1.7 1.5 2.4 4.6 3.8 4.0 5.7 1.9 2.0 9.5 3.5 7.9

0.03 ns
A 5.5 2.1 5.1 4.0 4.7 2.5 2.9 5.0 3.3 4.6 1.8 3.0 2.8 3.2 4.2 3.2 3.8 2.8 2.4 1.2

Asp (D)
B 6.9 6.9 4.7 4.0 5.3 5.9 5.0 6.1 6.3 5.3 6.7 5.5 6.9 8.7 6.8 5.4 5.3 2.6 5.8 6.7

0.65 ns
A 5.7 4.9 5.5 5.5 5.5 4.3 7.0 6.0 5.3 5.9 6.0 8.1 8.9 5.3 5.7 4.8 4.6 8.9 7.8 8.0

Cys (C)
B 0.9 0.8 1.6 1.6 1.7 1.5 0.2 0.4 1.3 1.1 1.1 0.6 0.8 1.3 0.4 1.0 1.6 0.7 0.2 0.0

0.06 ns
A 1.3 1.7 0.2 0.2 0.5 0.7 0.9 1.2 1.1 1.5 1.4 0.2 0.7 1.3 0.2 1.3 1.5 0.7 0.9 0.5

Gln (Q)
B 0.9 2.3 1.8 5.8 3.8 4.2 3.7 2.9 2.3 1.9 2.1 1.7 1.5 2.8 1.3 2.5 1.6 2.6 3.9 5.3

11.48**
A 1.9 0.8 1.1 0.8 0.6 0.7 1.5 3.8 1.1 2.4 2.1 1.2 2.1 1.3 0.8 1.5 1.1 1.6 2.4 2.6

Glu (E)
B 6.0 4.4 4.5 4.7 5.1 4.4 5.6 6.8 6.3 5.5 4.9 7.4 7.1 5.9 1.0 7.6 7.6 3.3 4.9 7.7

13.55**
A 6.5 6.8 5.1 5.9 6.8 9.7 8.1 5.5 8.1 7.5 5.8 9.4 7.5 6.9 5.3 7.3 8.8 8.0 8.0 9.4

Gly (G)
B 8.2 8.8 8.7 9.6 8.5 8.2 8.7 8.0 9.3 8.4 9.7 8.4 8.4 7.6 8.2 8.7 9.6 4.3 8.2 7.0

19.27**
A 9.7 9.8 9.1 10.4 8.9 9.4 10.6 8.2 9.8 8.6 9.9 10.6 11.5 9.2 9.3 10.2 8.2 11.3 10.4 12.0

His (H)
B 1.9 1.5 4.0 1.9 1.5 1.5 1.9 1.6 1.7 2.3 2.1 0.8 1.0 0.8 0.7 1.0 1.2 1.4 0.6 2.8

2.08 ns
A 1.3 1.5 0.2 0.2 0.4 0.0 1.3 3.8 0.7 0.7 0.7 1.2 0.9 1.9 0.2 0.4 0.9 0.9 1.1 4.7

Ile (I)
B 4.9 3.2 4.0 3.3 6.6 6.6 3.9 7.2 3.0 2.7 3.2 8.0 5.5 8.1 7.5 6.4 6.5 10.7 4.5 4.9

1.24 ns
A 6.1 7.2 7.0 7.4 9.7 4.0 7.7 5.5 5.5 11.4 4.8 4.1 3.5 5.9 6.6 6.3 5.1 3.3 8.4 5.9

Leu (L)
B 11.8 9.5 9.8 10.0 8.9 9.3 10.8 10.7 10.6 11.3 7.7 5.9 8.8 8.1 7.7 8.9 8.2 9.0 10.9 10.0

8.50**
A 6.5 9.3 8.9 8.9 9.1 9.9 8.8 9.6 8.3 6.6 6.7 6.9 7.1 7.6 8.9 8.6 9.9 7.1 8.4 6.1

Lys (K)
B 0.9 0.8 0.4 0.9 1.5 1.3 3.1 7.8 1.5 0.8 1.7 7.2 6.7 7.6 8.8 8.1 7.1 15.2 4.7 2.6

0.40 ns
A 5.3 3.6 5.7 4.9 7.6 5.6 4.8 7.0 6.8 8.6 3.0 2.3 2.6 7.8 5.1 7.1 6.8 2.6 3.8 0.5

Met (M)
B 0.9 0.8 2.0 2.3 1.7 1.9 2.1 1.8 1.3 1.3 2.6 2.1 2.5 2.1 2.6 1.9 3.3 0.5 1.6 1.6

17.15**
A 2.7 1.9 2.8 2.8 3.2 2.0 3.1 2.9 3.3 2.2 2.8 2.1 2.1 2.5 3.0 3.9 3.3 2.1 3.3 1.6

Phe (F)
B 1.9 1.9 2.9 3.5 3.6 3.8 2.9 2.0 4.9 3.8 4.1 5.3 3.4 4.9 4.4 4.1 3.1 4.5 2.9 2.8

4.29*
A 2.1 3.6 3.4 3.4 2.5 2.7 2.6 3.4 3.7 3.1 3.0 2.1 2.1 3.2 2.8 4.1 4.0 2.1 3.1 2.8

Pro (P)
B 7.3 8.8 5.8 5.8 8.5 8.5 8.1 4.9 8.9 9.0 7.5 3.8 5.0 3.8 4.6 5.4 5.5 3.8 8.2 3.2

8.25**
A 4.8 5.7 4.5 4.7 4.7 6.5 4.2 4.8 3.7 4.0 6.2 6.2 5.6 5.5 4.7 4.1 4.0 5.9 4.2 4.5

Ser (S)
B 6.7 5.3 5.1 5.1 4.4 4.2 4.8 6.8 3.8 3.6 5.4 7.4 8.0 7.0 7.3 7.2 7.8 4.5 7.2 6.3

5.18*
A 8.8 7.4 10.0 8.1 7.4 7.2 7.0 5.5 6.6 5.9 5.8 6.0 5.9 7.6 9.8 7.1 5.5 6.1 6.7 4.2

Thr (T)
B 7.5 6.1 5.6 4.9 5.1 5.7 5.4 5.5 4.9 7.6 6.0 4.8 6.5 5.3 5.1 5.6 3.7 6.2 6.2 6.0

0.42 ns
A 6.7 5.5 6.4 5.7 5.3 4.9 4.6 5.3 3.7 5.3 6.9 6.9 6.1 5.0 6.4 4.3 4.4 6.1 4.9 5.6

Trp (W)
B 1.1 2.5 0.9 0.7 1.1 1.1 0.6 0.8 1.7 1.1 1.5 0.4 0.2 0.2 0.0 0.4 1.2 0.2 0.8 1.2

5.54*
A 0.8 1.1 0.4 0.4 0.4 0.9 0.0 0.5 0.7 0.0 0.2 0.7 0.7 1.1 0.4 0.4 0.4 0.7 0.0 0.7

Tyr (Y)
B 1.3 1.7 0.7 1.9 3.0 2.3 3.1 4.3 1.5 1.5 2.6 4.4 5.0 4.4 5.1 3.9 4.1 8.1 0.8 4.6

5.22*
A 5.5 4.0 5.1 4.7 5.3 4.3 3.3 3.1 5.0 4.6 4.6 4.4 4.2 4.0 5.1 5.0 5.1 4.2 3.1 1.2

Val (V)
B 6.7 9.5 7.6 5.8 8.3 7.8 5.8 4.9 7.4 7.4 8.6 9.1 6.7 5.1 7.3 6.4 7.1 4.7 8.4 8.8

0.11 ns
A 7.6 5.3 7.4 7.4 5.5 8.1 6.8 7.0 8.1 6.6 8.1 6.9 7.8 8.0 8.3 7.3 7.5 8.2 6.2 7.8

(B) Bacteria: (1) Acidimicrobium ferrooxidans DSM 10331; (2) Acidothermus cellulolyticus IIB; (3) Alicycliphilus denitrificans K601; (4) Thermovibrio ammonificans HB-
1; (5) Chloroflexus aggregans DSM 9485; (6) Chloroflexus sp.Y.400.F1; (7) Marinithermus hydrothermalis DSM; (8) Rhodococcus marinus DSM 4252; (9) Thermobifida 
fuscayx; (10) Thermobispora bispora; (11) Natranaerobius thermophiles, (12) Fervidobacterium nodosum Rt 17-b1; (13) Halothermothrix orenii H168; (14) Hippea maritime 
DSM 10411;(15) Petrotoga mobilis SU95; (16) Thermodesulfatator indicus DSM 15286; (17) Thermovirga lienii DSM 17291; (18) Caminibacter mediatlanticus B-2; (19) 
Heliobacterium modesticaldum Ice-1; (20) Thermovirga lienii DSM 17291.
(A) Archaea: (1) Methanohalobium evestigatum 2-7303; (2) Methanosaeta thermophila PT; (3) Metallosphaera cuprina Ar-4; (4) Metallosphaera yellowstonesis MKI; (5) 
Methanosaeta concilli GP6; (6) Ignicoccus hospitalis KIN4/T; (7) Methanothermobacter thermautotrophicus Str.Delta H, (8) Methanobacterium sp. AL-21; (9) Archaeoglobus 
fulgidus DSM 4304; (10) Methanothermus fervidus DSM 2088; (11) Methanoculleus marisnigri JR1, (12) Halorhabdus utahensis DSM 12940; (13) Methanoculleus maris-
mortui ATCC 43049; (14) Methanosarcina mazei G01; (15) Metallosphaera sedula DSM 5348; (16) Methanosarcina acetivorans C2A; (17) Methnosaeta harundinacea 6AC; 
(18) Haloarcula hispanica ATCC 33960; (19) Methanosarcina barkeri str.fusaro; (20) Halorhabdus tiamaea SARL 4B. 
** Significant at a level of 1% of probability (p<0.01), * Significant at a level of 5% of probability (0.01=< p< 0.05), ns= Non significant (p>=0.05)

Table 1.2(b): Comparison between amino acids percent count of bacteria and archaebacteria (thermophiles).
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revealed that glycine (Gly), one of the simplest amino acid was found 
to be the predominant residue in hyperthermophiles; its percentage 
was more 1.01 folds higher in case of hyperthermophiles. The amino 
acid cysteine (Cys) was considered to be an important parameter in 
the calculation of extinction co-effieient of proteins, and its content 
was 1.03 fold higher in hyperthermophiles. The amino acid Ala, Cys, 
Glu, Gly, Pro, His and Trp (1.02, 1.07, 1.07, 1.10, 1.03 and 1.36 fold) 
were found to be significantly higher for hyperthermophilic amidases, 
whereas thermophilic amidases contained Asn, Asp, Gln, Lys, Met, Phe 
and Ser (1.14, 1.15, 1.31, 1.0, 1.08, 1.06 and 1.07 fold). The comparison 
of atomic composition revealed that the sulphur content was observed 
significantly higher in amidases of hyperthermophilic origin.

Discussion
The present study aims to compare the parameters responsible 

for thermostability of amidases present in thermophiles and 
hyperthermophiles (bacteria and archaea), on the basis of their amino 
acid sequences and physiochemical properties. The variation in total 
number of amino acid residues and molecular weight might be playing 
some role in thermostability of proteins, in both groups of amidases 
producing thermophiles/hyperthermophiles (bacteria and archaea). 
Significant difference for extinction co-efficient and aliphatic index 
was found between these two groups of microorganisms. Investigation 
of aliphatic index is important as the hydrophobicity of aliphatic 
amino acids is a potentially attractive measure of the stability of 
proteins at high temperature, as well as against denaturants, such 
as urea and initial scanning of amino acid. Composition of several 
thermostable proteins invariably showed a high content of Gly, Ala, 
Glu, and Leu [24]. The distribution of pI of proteins exhibited a clear 
relationship with subcellular localization, ecology, length of proteins 
and taxonomy of organisms [25]. The proteins with instability 
index less than 40 were considered stable, and greater than 40 are 
considered to be unstable as shown in table 1.1a and b. The present 
study revealed that greater the number of cystine and more will be the 
formation of disulphide bonds (S-S bonds), which imparts stability for 
hyperthermophilic amidases. Thus, the majority of the thermophilic 
archaea are sulphur dependent [26]. In contrast to sulphur reducing 
microorganisms, mainly Sulfolobus, Acidianus, Metallosphaera and 
Sulfurisphaera, undergo highly exothermic reaction of bio-oxidation, 
which significantly improve the leaching kinetics, accelerate the 
reaction rate and shorten the leaching cycle because of the inherent 
advantages of tolerating the high temperature [1,27-29]. Disulfide 
bonds are an important factor concerning the structural stabilization of 
intracellular proteins, which are found in oxidizing environment, while 
in chemically reducing conditions; it favours thiol form of cysteine, 
which is not thermodynamically responsible for stability of proteins in 
hyperthermophilic archaea and bacteria [30].

In the present investigations, the structural basis for thermal 
stability in thermophilic and hyperthermophilic archaeal and bacterial 
amidases was deduced. Glu and Asp participate in the formation of 
salt bridges, which provide extra stability to thermal proteins [31,32]. 
Methionine is sulphur containing amino acids form salt bridges, which 
are strong bonds, and thus provide stability to proteins. Methionine is 
an aliphatic amino acid, which shows that by increasing the length of 
the aliphatic side chain of amino acid in the protein, thermostability 
increases [33]. Comparative analysis of complete proteomes showed 
extremely strong bias toward arginine-to-lysine replacement in 
hyperthermophilic organisms, and overall much greater content of 
lysine than arginine in hyperthermophiles [34,35].

Proline being one of the responsible residues for the stability, 

maintaining a common fold conformation in the polypeptide chain 
had less conformational freedom, when compared with other amino 
acids, as the pyrrolidine ring of proline imposes N-C rotation. 
Glutamine was significantly higher in hyperthermophilic bacteria 
and archaea,which are responsible for stability of amidases at higher 
temperature. Some researchers found that the decreased Gln content 
may minimize deamidation, which results in increased thermostability 
of proteins. Alanine is the best helix-forming residue [36,37], and is 
found to be more in case of hyperthermophilic bacteria. Cysteine (Cys) 
on other hand was found to be more in case of hyperthermophiles, 
when compared to thermophiles.

In the present studies, aromatic amino acids (tryptophan, tyrosine 
and phenylalanine) were found to be significantly higher in thermophilic 
amidases, as thermophilic amidases are found to be more stable than 
hyperthermophilic amidases. Aromatic amino acids are bulkier and 
hydrophobic in nature, and form complex with a histidine residue, 
which provided extra stability to heat-resistant proteins [38,39], and is 
found to increase in thermophilic amidases. Hydrophobic effect plays 
a crucial role in protein folding and considered to be a major factor 
responsible for protein stability [40,41]. In both heat–resistant archaeal 
and bacterial proteins, mostly Glu and Asp (negatively charged 
residues) are higher in amount, which participates in the formation of 
salt bridges, responsible for thermostability of proteins. However, the 
present investigation revealed that higher amount of Glu was found in 
hyperthermophilic amidases, in comparison to thermophilic amidases 
(1.07 fold). Investigations in recent years have indicated that there are 
disparities in the heat-resistant mechanism between archaeal proteins 
and bacterial proteins [42,43,31]. Archaeal organisms resist high 
temperature by substituting non-charged polar amino acids, with Glu, 
Lys and non-polar amino acids with Ile on protein surfaces [44].

The ratio of salt bridge network is higher in hyperthermophilic 
archaea than thermophilic archaea. Accordingly, salt bridges 
significantly contribute to the ability of the organism to withstand high 
temperatures. These results demonstrate that salt bridges are the most 
important factor determining the heat resistance in archaeal or bacterial 
proteins. Previous studies have shown that salt bridge networks are 
major factors that affect the thermostability of protein [2,45-47]. In 
addition, there was high Ser and Thr content in hyperthermophilic 
amidases, in comparison to thermophilic or mesophilic amidases [48]. 
Ser and Thr are more flexible, so increasing flexibility of proteins to 
withstand the extreme heat. Due to higher number of sulphur atoms 
in hyperthermophiles, more salt bridges can be formed, which increase 
the thermostability of proteins, in comparison to thermophiles [49].

Conclusion
A number of amino acid sequences of thermophilic/

hyperthermophilic amidases were analyzed In silico, for some of the 
physiochemical properties. The hyperthermophilic amidases are found 
to be more stable than thermophilic amidases. The hyperthermophilic 
amidases and thermophilic amidases show significant difference in 
amino acid residues, molecular weight, and percent count of some 
amino acids. Amino acids which are responsible for thermostability 
of these amidases such as Cys, Glu, Ala, Arg, Pro, Tyr, Trp, His and 
Val, which have been found to be significantly higher in case of 
hyperthermophilic amidases. The results of present investigation will 
be quite useful in the prediction of extent of thermostability among 
amidases of thermophiles and hyperthermophiles of various forms of 
bacteria.
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