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[I] INTRODUCTION 
 

The diversity is a common criterion within microbes [1]. Such 
diversity gives each microbe a fingerprint, which makes it 
different somehow from the other ones [2]. Within the same 
species there is a big level of diversity can be found 
particularly within strains existed in different habitats [3]. This 
is mainly because of unicellular microbes reflect clearly any 
genetic variation, while they follow mostly the role of “Single 
cell with single copy of each gene; gives a single protein”. 
That protein gives (mostly) single function [1, 4]. Unicellular 
microbes have different routes of gaining new genes 
including, transformation, transduction, hyperdization, 
transposones elements, phage infections and mutations [5]. As 
an example, which could explain the dynamics of gene 
transfer, β-lactamase is given [1]. Another example is the 
enterohemorrhagic E. coli isolates containing virulence 
plasmids and pathogenicity islands similar to those found in 
Shigella spp [6]. In higher genera; chromosomal 
recombination, mitosis and sexual reproduction are other 
sources of variation. Lower, microbes could also do DNA 
recombination when big DNA part (might be transferred from 
dead microbes) or homologues DNA fragment inter to the 
cytoplasm and find a place (with special sequence) to do 
recombination. The elevation of the antibiotic resistance in 
sensitive microbes is a clear example. [1, 6]. Microbial 
resistance teaches us that microbes have uncommon ability to 
survive depending on one of the mechanisms of the different 

types of gene(s) transformation. The DNA is the code for the 
protein, which mediated through the synthesis of intermediate 
macromolecules, the RNA. Changes in the DNA will be 
reflected on the protein and will be affecting on its original 
structure/functions. Mutagenesis, (particularly the site directed 
mutagenesis), the protein engineering and the enzyme activity 
(and many others) prove that [7, 8]. The different DNA and 
protein databases could add some points to such prove further, 
such as changes in the DNA and protein sequences. 
Particularly the differences within the same type (class) of 
enzyme on the strain level within a certain species will be 
more interesting. Because, such differences will be able to 
reflect the role of both of the amino acids and the nucleotides. 
The protein primary structure, could explain the 
structures/functions, because it is the main macromolecules, 
which do the function. However, the DNA can be also an 
interesting subject for investigating such variation within the 
same class or within different classes [9]. That because, two 
similar proteins did not mean two similar genes. Therefore, 
regarding the diversity, the DNA will be the best choice for 
detecting minor variation. However, study the DNA variation 
due to different functions or adaptation was neglected 
particularly if one relating such variation in protein functions 
to their environmental adaptation. Alternatively, this study 
investigates if there is a relation between the DNA protection 
(from any unusual conditions such as the environmental 

The amino acids constituents of the various proteins play a crucial role in their structures/functions. The 
proteases variations are well explained due to their differences in their of amino acids constituents. 
However, such differences are not explained at DNA level. But, it is assumed that, at DNA level, much 
variation could be seen and many factors could be responsible for such differences. However, which 
factor(s) could affect more than the other are not yet elucidated. One factor could be the differences in 
environmental conditions, because the thermophilic proteases are existed in thermophilic environment, 
but mesophilic ones existed in their favorite habitat. Such genetic changes and subsequent changes in 
polypeptide chains are due to the environmental adaptation. Here, proteases coding twelve DNAs 
(nucleotides) and their translated products (amino acids) from different microbes adopted in different 
environmental conditions were analyzed using a combined bioinformatics approach. The results show 
that, there is a clear correlation between the nucleotides and amino acid constituents of different 
proteases therefore, proving a link between the microbes’ types and environments they are adopted in. 
This study opens a new window and warrens to give equal attention to DNA in understanding the 
adaptation of microbes in various environmental conditions  
 
 
 
 

Received on: 02nd-April-2012 
Revised on: 07th-May-2012 

Accepted on: 25th– Apr-2012 
Published on: 8th –May-2012 

 

 Nucleotides, Amino acids, 
Protease, Protein Model, 
Comparative analysis 

 

KEY WORDS 

 

RESEARCH ARTICLE OPEN ACCESS
  

ISSN: 0976-3104 



REGULAR ISSUE  
 Amara 
_______________________________________________________________________________________________________________________  
       

  
   IIOAB-India                                                          Amara IIOABJ; Vol. 5; Issue 4; 2014: 1–4 9 

                           w
w

w
.iioab.org                                                                                         

 
   

                                            w
w

w
.iioab.w

ebs.com
 C

H
EM

IS
TR

Y  

conditions) and the protein behavior. In this study I try to put a 
spot on the DNA as an element, could side by side with its 
protein explain the variation within similar proteins and 
different function as a result for different environmental and 
adaptation factors. 
 
[II] MATERIALS AND METHODS  
 
2.1. The used protein and DNA sequences 
 
Twelve protein and DNA sequences have been collected from BLAST 
(NIH) database and represent: (1) Bacillus sp. L010 serine alkaline 
mesophilic protease precursor (sprD) KC153302.1 [10]; (2) Uncultured 
bacterium protease for serine mesophilic protease (Antarctic costal 
sediment) FM163400.1 [11]; (3) Pseudoalteromonas sp. SM9913 cold-
adapted halophilic subtilase serine protease IFO 3455 (AP) (deep-sea 
psychrotolerant bacterium) MCP-03 [12]; (4) Pseudomonas aeruginosa 
mesophilic alkaline metalloprotein proteinase-D87921.1 [13]; (5) 
Flavobacterium indicum GPTSA100.9 (hot spring water) [14]; (6) 
Antarctic psychrotroph B. subtilis (TA41) sub gene for subtilisin-
X63533.1 [15]; (7) AY028615. 1 Bacillus (Geobacillus) 
stearothermophilus thermophilic alkaline protease [16]; (8) B. sp. 
Subtilisin-like thermophilic serine SG-1-1101501000595 [17]; (9) 
U31759. 1 Thermoactinomyces sp. thermostable alkaline protease  
[18]; (10) HM192828. 1 Laceyella sacchari strain DSM 43353 
thermitase [19]; (11) Bacillus thuringiensis str. Thermitase Al Hakam 
chromosome [20]; (12) Thermosipho africanus TCF52B-NC_011653.1 
serine protease MucD [21]. The GeneBank or the NCBI Reference 
sequence for each protease and its producing microbes are: GenBank: 
AY028615.1 Bacillus stearothermophilus| GenBank: KC153302.1 
Bacillus sp. L010| GenBank: FM163400.1 Uncultured bacterium| 
GenBank: DQ422814.1 Pseudoalteromonas sp.| GenBank: D87921.1 
Pseudomonas aeruginosa |GenBank: X63533.1 B. subtilis | GenBank: 
ABCF01000018.1 Bacillus sp | GenBank: U31759.1 
Thermoactinomyces sp.| GenBank: HM192828.1 Laceyella sacchari| 
NCBI Reference Sequence: YP_005356102.1 Flavobacterium indicum 
| NCBI Reference Sequence: NC_008600.1 Bacillus thuringiensis str. 
Al Hakam| NCBI Reference Sequence: NC_011653.1 Thermosipho 
africanus. 
 
The amino acids and nucleotides sequences of those strains can be 
found in the amino acids and the nucleotides alignment in this study. 
The amino acids and the DNA sequences are adjusted to FASTA 
format to enable various types of analysis using the different software 
used in this study [22-25]. 
 
2.2. The software used in this study 
 
Several software were used in this study to do various proteins’ and 
DNAs’ amino acids and nucleotides sequences analysis. Clustal W v. 
1.7 was used to alignment both of the amino acids and the nucleotides 
used in this study [Figures– 1,4] and to generate BOOTSTRAP N-J 
tree [Figures–3a,3c]. FigTree v.1.4 was used to visualize the trees 
obtained from the amino acids and the nucleotides alignments 
[Figure–3a, 3c]. PAST statistical package was used to do clustering 
for the different numeric data [Figures – 3b,3d]. MEGA v. 5.1 was 
used to generate comparative analysis for the twelve amino acids 
sequences as in Table–1 and Figure–2. BioEdit v.7.1.11 was used for 
the analysis of the nucleotides compositions as in Table 2. 
MODELLER 9v8 was used in protein models generation for the twelve 
amino acids sequences used in this study [Figure – 5] against six 
published protease models. And for calculating the % of similarity of 
each protein sequence with the six used models as in Table 3 [26-33]. 
 
 

 
2.3. Generating amino acids profiles  
 
For each of the twelve different proteins of the proteases enzymes, an 
amino acids profile was generated [Table – 1]. For each profile, each 
amino acid has been given as % and the overall data has been 
summarized in Table– 3. For that the software OMGA 5.1 was used to 
analyze the sequences collected for each protein individually and for all 
of the twelve used sequences collectively. An average for each of the 
twenty amino acids for the twelve sequences have been also 
calculated and given as an average %. OMGA 5.1 enables calculating 
the % of each amino acid in each protein. The average of each amino 
acid % for each the twelve proteins was summarized in Table– 1. 
 
2.4. Allignment and phylogenic trees 
 
Alignments and Phylogenic trees for the proteins primer sequences of 
amino acids and nucleotides have been generated (Figure – 1, 4). The 
sequences alignment and the phylogenic trees have been generated 
using Clustal W version 1.7. The software does alignment for both of 
the amino acids and the nucleotides used in this study and generate a 
BOOTSTRAP N-J tree for each. FigTree v1.4 has been used to 
visualize the trees obtained from both of the alignment of the different 
proteins’ amino acids and nucleotides (Figure –3a, 3c). 
 
2.5. Generating proteases protein models 
 
A model for each of the twelve proteases has been generated using 
the software MODELLER v 9.8 [Figure– 5]. Six published protease 
models have been used to build the hypothetical model for each of the 
twelve proteases using MODELLER v 9.8. against six published 
protease models represent 2GKO (S41 Psychrophilic subtilisin (x-ray) 
[34], 2IXT S41 Psychrophilic subtilisin (x ray) [35], 1O0T Cold-adapted 
alkaline psychrophilic metalloprotease (x-ray) [36], 2PEF Mesophilic 
protease A (x-ray) [37] 1DBI Thermostable serine protease (x-ray) [38] 
, and 1SNG Thermophilic serpin in native state (x-ray) [39] models. An 
overall alignment for the twelve generated models has been generated 
as in Figure–6. 
 
Because the proteases are related to microbes from different 
environmental conditions they are different from each other. 
The proteases investigated in this study represent cold-
adapted, mesophilic, thermophilic, thermitase, 
metalloprotease, alkaline, serine, endopeptidases, subtilisine 
and subtilisine like. For any protein, the 3D structure plus the 
chemical and physical conditions (where it existed) 
determined and control the protein structures/functions. 
However, the 3D structure is depending on the primary 
structure of the protein. In other word, the protein 3D structure 
depend on its constituents of amino acids. In addition, the 
constituent of the amino acids is depending on the DNA 
nucleotides sequences. For that, both of the proteins’ amino 
acids and nucleotides sequences were investigated in this 
study to enable better understanding for any variation could be 
linked to the amino acids and the nucleotides primary 
structure; the protein structures/functions as well as the protein 
physical adaptation. The amino acids alignment and the 
phylogenetic tree show that there are clustering for the 
thermophilic proteases as well as for the mesophilic proteases 
[Figure– 1, 3]. The same results could be obtained from the 
nucleotides analysis as in Figure–3, 4. The amino acids 
distributions within the twelve tested protein which were 

Commented [D1]: No Result section, No caption for Fig 2 
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determined using MEGA 5.1 software were summarized in 
Table–1 and Figure– 2. Cys is represented in the lesser 
percentage. That might be explained; that proteases did not 
need any sort of rigidity or within molecules sulfur bonds, 
which is a characteristic future for the Cys. The amino acids 
constituents of the twelve investigated proteases could be 
ranked from the lower to the higher % as in Table– 1. Cys was 
the lowest one according to its % and followed by Trp, His, 
Met,  Arg, Phe, Glu, Gln, Pro, Tyr, Ile, Leu, Asp, Lys, Thr, 
Asn, Val, Ser, Gly and Ala. Serine which is an important 
residue in the proteases active site was ranked a number 
eighteen. That may explain the presence of protease activity 
even after the fragmentation of the enzyme as suggested by 
Amara et al 2013 [41]. The analysis also spot the homogeneity 
regarding to the amino acids constituent between the 
investigated proteases. Only Pseudomonas aeruginosa has 
remarkable number of amino acids different from the other 
compared strains as in Figure– 2. That might explained the 
role of the biofilm formation by Pseudomonas aeruginosa, its 
survive, under certain conditions enable the death of other 
microbe(s) and the possibility of its acquiring DNA fragments 
from such microbes [5]. Some strains have minor differences 
(e.g. Laceyella sacchari).  Proteases for such unique 
constituents of amino acids are fast folded and fast interact 
with their substrate. They could reach their optimum activities 
in seconds. The nucleotides sequences analysis, which was 
conducted by BioEdit v. 7.1.11 to calculate each of GC 
percentage, AT percentage, Molecular weight of single and 
duple strand and used the number of each of A, T, G and C 
nucleotides. The cluster analysis for the amino acids 
percentage data in Table–1 and which obtained from the 
PAST statistical package software could better summarize the 
data in Table–1. The cluster put amino acids with similar 
percentage in groups near each other based on the similarity. 
As well as it put microbes similar in their amino acids profile 
in groups. The same was done for the nucleotides sequences in 
Table– 2 as well as the GC percentage and AT percentage in 
table– 2 and Figure– 3. There are minor differences could be 
found in the three clusters mediated by PAST software in 
Figure – 3 and generated from the data in Table– 1, 2. This 
increase the chance of the DNA to be more observed in the 
future research. From the Figure– 3 thermophilic proteases as 
well as the nonthermophilic ones are clustered to similar 
groups. This might not be clearly distinguished from the 
protein 3D alignment for the proteases models. For the twelve 
amino acids sequence, twelve protein models were generated. 
The models were generated against six resolved and published 
proteases models [34-39]. The template models represent three 
thrmophilic, one mesophilic, one psychrophilic and one cold-
adapted alkaline protease. For more details, refer to references 
numbers [34-39]. The three dimensional structure of the 
different models apparently are similar. Most of them give 
similar total configuration but with differences in some of 
their chains, mainly represented in shorter or longer chain if 
compared with other ones [Figure– 4]. The alignment for the 
all proves that they could be fitted somehow to one alignment 

model as in Figure–5. Interestingly the % of similarity 
between them and between the six template models are 
ranging from 11% to 19%. Only one odd protease gives 47.6% 
of similarity [B. subtilis as in Table– 3]. The protease of 
Pseudoalteromonas model gives % of similarity bigger than 
the four other models [Table–3]. Pseudoalteromonas protease 
model expected to give the smallest % of similarity because its 
molecular weight is nearly 1.5 bigger than the other proteases. 
In general, the 3D structures of the proteases even are similar 
but still able to give some valuable information. Enzymes are 
used in different kind of medicinal and technical applications 
[42]. They are protein in nature. Their function can be 
determined against different substrates as unit of activity [42]. 
They are sequences of amino acids. And have a DNA codes. 
The variation between them for that is mainly due to the 
variation in their nucleotides. In the age of the protein 
engineering there is a real need for doing more comparative 
analysis to understand what going on, and what are the player 
in determining the protein structures/functions [42]. In the 
EMBO conference for Comparative genomic of Eukaryotic 
microorganisms (2009) Spain Amara et al introduce the 
importance of the collective amino acids constituents in the 
PhaC synthases different classes functions and that similar 
classes have some similarity in their amino acids constituents, 
particularly the conserved amino acids residue [43-45]. In fact, 
such observation has come out from the random mutagenesis 
study published in 2002 and conducted during 1999 to 2002 
for three years on the PhaC synthases classes I and II aiming 
to change their substrate specificity from one to another [46]. 
This study leads to determining enhanced PhaC enzyme 
activity mutants with minor change in the produced polymers’ 
monomeric constituents with minor change in the substrate 
specificity and enhancement in the enzymes activities [47]. 
Amino acids in places other than the catalytic residue are 
responsible for such enzyme activity enhancement. The amino 
acids collectively for the different enzymes related to classes 
of PhaC were also analyzed [43-45]. This differences have 
somehow significant roles in the minor changes within the 
same type of enzyme in a particular class and lead to the clear 
variation within the different classes [46]. In fact there are 
many scientific work discuss the similarity between the amino 
acids within related enzymes. However, lesser who have been 
attracted to study differences within nucleotides and related 
such differences to function or adaptation. This study 
furthermore attract the attention that, differences within the 
same protein from a DNA point of view could be also a good 
guide for understanding the protein structure function. 
Particularly, if the protein and the DNA differences are due to 
environmental conditions. DNA phylogenic tree show more 
variation than the amino acids tree does. Not only, such 
differences might be due to strain diversity, but also it might 
due environmental adaptation. In simpler words, I suggest that 
there might be some built in tools and mechanisms in each 
microbe induce changes in the DNA to adapt certain 
environmental conditions firstly and to adjust the produced 
protein itself. Epigenetic teach us that such possibility could 
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be happened [48, 49]. Such changes might have a controlled 
mechanisms and its machinery. As an example the spore 
formation is, considers a great change happened in the 
microbe structure and controlled by genes and proteins inside 
its genome [50]. This will lead us to a conclusion that, we 
have a very little information about the mechanisms govern 
the changes happened due to external inducer. This might be 
due to internal mechanism enable such changes and not due to 
what is commonly known as mutation. It might be certain 
similar structures and elements govern the microbes’ 
adaptation, which we still did not know.  
 
[IV] CONCLUTION 
 
This study simply targeted twelve proteins and their DNA 
sequences to map, similarity, differences, conduct various 
molecular and bioinformatics analysis and do a logical 
analysis for both of the similarities and differences and to 
correlate that to the environmental conditions where the 
protein is work based on its properties (alkaline, thermophilic, 
serine, cold-adapted, psychlotrophic, thermophilic, mesophilic 
etc). For that different software could do different analysis 
have been used. Mainly to do alignment, phylogenic tree and 
similarity analysis, building protein models, calculating the 
nucleotides and the amino acids constituents and do 
comparative analysis for both of them as well as calculating 
the GC, and AT%. For starting such work, both of the amino 
acids and nucleotides sequences of the twelve protein (which 
have various properties and represent different bacterial strains 
live in different ecological systems and habitat) and DNA 
sequences have been collected from the NIH BLAST 
database. Clustal W v. 1.7, have been used to do the different 
analysis as described in details in the MMs section. The 
sequences have adjusted to a FASTA format for analysis. Six 
well identified and published proteases models have been used 
for building the various proteases models. The protein models 
could not explain clearly the differences in the protein 
functions alone. However, one point could be highlighted here 
that some of the dissimilarity in the different protein 3D 
structure are due to the length of the amino acids sequences, of 
course and the differences in the amino acid constituents. Each 
microbe has been created to adapt certain conditions. The 
different phylogenetic trees and cluster analysis for the data in 
this study prove that proteases with similar environmental 
conditions cluster together in similar chains. The phylogenic 
trees prove that DNA sequences could be used in the 
understanding of the protein type of adaptation while similar 
proteins clustered near to each other in most case. The data 
from the protein models in Figure 1 and the alignment 
between all proteins prove the similarity. DNA analysis if 
related to the protein physical conditions or functions could 
also explain the type of changes happened due to different 
habitat, activity, physical and chemical conditions.. 
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Supplementary Materials (As supplied by author) 
 
 

 
 

Supplementary fig. 1: Multiple alignment of the primary sequences of twelve proteases’ amino acids. 

                                           *        20         *        40         *        60         *        80         *            
Uncultured bacterium            : ------------------------------------------------MHGWNFIG----GADGRDVNYDTFELTR------MYVRCQGSPQTIS :  37 
Flavobacterium indicum          : MKKLFRPYYLSVAFALALASCGPAKVIPTPVENIDKMPLKTTPLKEKDLQRWSHLDLVKDTVPGMSVDKAYAELLKGKKGQKVIVGIVDSGVDIN :  95 
Bacillus stearothermophilus     : -----------------------------------------MKFKAIVSLSLAVSMSLFP-FLVEAASNDG--VESPKTVSEINVSHEKGAYVQG :  51 
Bacillus sp.                    : ---------------------------------MNTWRNVSMKLKKIAALSLAASLAIFPSFGGSALAKESNPLENAPKSSAVNKSFEKGSYVKG :  62 
Thermoactinomyces sp.           : -------------------------------------------MKRFLSVATALLLVVLLAVPGTMFAASP-------------ASTDD--YVPG :  37 
Laceyella sacchari              : -------------------------------------------MKKRVSLIASFVLNASAALPSAIFAEEV-------------DSQAGKLYAPG :  39 
Bacillus thuringiensis str.     : -------------------------------------------MKNKIIVFLSVLSFIIGGFFFNTNTSSA-------------ETSSTD-YVPN :  38 
Pseudoalteromonas sp.           : -------------------------------------------MTSNNSFKKCAVALTISTLFAASSSMANPAQAIAPSMAETSAKLQNQGGFET :  52 
Bacillus sp. L010               : --------------------------------------------MRGKKVWISLLFALALIFTMAFGSTTS-------------AQAAGKSNGEK :  38 
Bacillus subtilis               : -------------------------------------------MKRSGKIFTTAMLAVTLMMPAIGVSANR--------------GNAADGNEKF :  38 
Pseudomonas aerugunosa          : ---MSSNSLALKGRSDAYTQVDNFLHAYARGPDELVNGHPSYTVDQAAEQILREQASWQKAPGDSVLTLSYSFLTKPNDFFNTPWKYVSDIYSLG :  92 
Thermosipho africanus           : -------------------------------------------MKKFSTILILAFFSLMIFSYVNPDYVSP---------VTKVVEEAAPAVVKV :  43 
                                                                                                                                        
                                    100         *       120         *       140         *       160         *       180         *       
Uncultured bacterium            : ERAMPPIDSTSCAKIA-----------------------------------------VAYANKKTEINTTLGQMQRVQTVVNMALP---ILKQAA :  88 
Flavobacterium indicum          : HEDLKAVIWTNPKEIAGNNIDDDKNGYVDDIHGWNFLGNAVHEQLELTRIVKKGPGTPDYDKAKAELEKQIQDLQGNKQQLDFILKAEKTIKDHL : 190 
Bacillus stearothermophilus     : EVIVQFKEQVNAEEK--------------------------------------AKALKEVGATAVPDNDRVKSKFNVLKVGNVEAVVKALNHNPL : 108 
Bacillus sp.                    : EVVVKFKDSVSDAEK--------------------------------------GNALKKLGATEIPDTDSVKSEFKVLKVGNVEAVVKALSKNPN : 119 
Thermoactinomyces sp.           : ELIVKFKDGISAQST--------------------------------------QSIHAQYGAKSIEKSKYLGFEVVKF-DGSVEKMIEKYKNNPN :  93 
Laceyella sacchari              : QVVVKYKDNASASAV--------------------------------------KSARAKANGTVMEKNNKLGFEVVKV-KGSVEATIEKLKKDPN :  95 
Bacillus thuringiensis str.     : QLIVKFKQNASLSNV--------------------------------------QSFHKSVGATVLSKDDKLGFEVVQFSKGTVKEKIKSYKNNPD :  95 
Pseudoalteromonas sp.           : QFIIKYKNNNDMMSTSTADVSPA-------------MMNKEAQSFVKNFTSKKGKVKAKYVRAMALNNHHVMRADKKLNAEEAQQFMQEMVNSGN : 134 
Bacillus sp. L010               : KYIVGFKQTMSTMSA---------------------------------------AKKKDVISEKGGKVQKQFKYVDAASATLNEKAVKELKKDPS :  94 
Bacillus subtilis               : RVLVDSANQNNLKNVK-------------------------------------EQYGVHWDFAGEGFTTNMNEKQFNALQNNKNLTVEKVPELEI :  96 
Pseudomonas aerugunosa          : KFSAFSAQQQAQAKLS----------------------------------LQSWSDVTNIHFVDAGQGHQGDLTFGNFSSSVGGAAFAFLPDVPD : 153 
Thermosipho africanus           : EATVYSTSYIDPFIED-----------------------------------FFKRWFGDIPKQYQQKGTSLGSGFIFDKEGYILTNFHVVDGAEE : 103 
                                                                                                                                        
                                         200         *       220         *       240         *       260         *       280            
Uncultured bacterium            : GTDSLTP-ARVAALPATTPQVVAARGLYLELAR---QGGTPQAIEEAVKAYGVQSKYGLNTDFDPRDIVGDIYADVNQRHYGNADVTGP------ : 173 
Flavobacterium indicum          : KKDNFTL-EEVKAIQSDDTNVKQAKAMFTQILSGTSKADFDKEIVEFKDYVYGQLDYNLNVNFDGRKVVGDNPDDLKDTKYGNNNVVGPEPK--- : 281 
Bacillus stearothermophilus     : VEYAEPN-YLFNAAWTPNDTYYQGYQYGPQNT---YTAYAWDVTKGSSGQEIAVIDTGVDYTHPDLDGKVIKGYDFVDNDYDPMDLNN------- : 192 
Bacillus sp.                    : VEYAEPN-YNFSATWTPNDTYYQGYQYGLKNT---YTNYAWDYSRGSSGQEIAVLDTGVDYNHPDLDGKTILGYDFVDNDYYPMDLNG------- : 203 
Thermoactinomyces sp.           : VEYVEPN-HYVHIMWTPND--LTSRQWGPQKV---QAPQAWDVTRSSSSTVIAIVDTGVQTNHPDLQGKIVQGYDFVDNDSNPQDGNG------- : 175 
Laceyella sacchari              : VEYAEPN-YYLHATYTPNDPYFSSRQYGPQKI---QAPQAWDIAEGSG-VKIAIVDTGVQSNHPDLAGKVVGGWDFVDNDSTPQDGNG------- : 178 
Bacillus thuringiensis str.     : VEYAEPN-YYVHSFWTPNDP-YYKNQYGLQKI---QAPLAWDSQRSDSSIKVAIIDTGVQGSHPDLSSKVIYGHDYVDNDNVSDDGNG------- : 178 
Pseudoalteromonas sp.           : VEYIEVD-QMLKPFATPNDPRYGDQWHYYEQAGGLNLPTAWDTATGSG-VVVAVLDTGYRP-HADLNANILPGYDMISNLSVANDGNGRDNDARD : 226 
Bacillus sp.L010                : VAYVEED-HVAQAYAQSVP-------YGVSQI---KAPALHSQGFTGSNVKVAVIDSGIDSSHPDLK--VAGGASMVPSETNPFQDRNS------ : 170 
Bacillus subtilis               : ATATNKP-EALYNAMAASQS----TPWGIKAIY---NNSNLTSTSGGAGINIAVLDTGVNTNHPDLSNNVEQCKDFTVGTNFTDNSCTDRQG--- : 180 
Pseudomonas aerugunosa          : ALKGQSW-YLINSSYSANVN-PANANYGRQTLT---HEIGHTLGLSTPDYNAGEGDPTYADATYAEDTRAYSVMSYWEEQNTGQDFKG------- : 236 
Thermosipho africanus           : IKVSLLDGTEYKAEYIGGDKELDIAVLKIDPKG---SDLPVLEFGDSDKIKIGEWAIAIGNPLGFQHTVTLGVVSAVGRKIPKPDNSG------- : 188 
                                                                                                                                        
                                      *       300         *       320         *       340         *       360         *       380       
Uncultured bacterium            : -----------------DAQHGTHVAGIIAAVLRDSGGPEGIADSARIMSVRTI-PDGDERDKDVANAIRYAVDN----------GARVINMSFG : 240 
Flavobacterium indicum          : -----------------EAKHGTHVAGIVAQVRGNKLGGDGVTNNAQIMAVRAV-PNGDEYDKDIALGIRYAVDN----------GAKVINGSFG : 348 
Bacillus stearothermophilus     : --------------------HGTHVAGIAAAETNNATGIAGMAPNTRILAVRALDRNGSGTLSDIADAIIYAADS----------GAEVINLSLG : 257 
Bacillus sp.                    : --------------------HGTHVAGTAAAETNNGRGIAGMAPDTKILAVRVLDANGSGSLADIADGIQYAADT----------GAEVINLSLG : 268 
Thermoactinomyces sp.           : --------------------HGTHCAGIAAAVTNNGTGIAGMAPNASIMPVRVLNNSGSGTMAAVANGIAYAAQN----------GADVISLSLG : 240 
Laceyella sacchari              : --------------------HGTHCAGIAAAVTNNSTGIAGTAPKASILAVRVLNNSGSGTWTAVANGITYAADQ----------GAKVISLSLG : 243 
Bacillus thuringiensis str.     : --------------------HGTHCAGITGALTNNSVGIAGVAPQTSIYAVRVLDNQGSGTLDAVAQGIREAADS----------GAKVISLSLG : 243 
Pseudoalteromonas sp.           : PGDAVAAGECGNNGAQGSSWHGTHVAGTVAAVTNNGEGVAGVAYDAKVVPVRVLGKCG-GLTSDIADGIIWASGGNVSGTSANANPADVINMSLG : 320 
Bacillus sp. L010               : --------------------HGTHVAGTVAALNN-SVGVLGVAPSASLYAVKVLGADGSGQYSWIINGIEWAIAN----------NMDVINMSLG : 234 
Bacillus subtilis               : --------------------HGTHVAGSALANGGTGSGVYGVAPEADLWAYKVLGDDGSGYADDIAEAIRHAGDQATALN-----TKVVINMSLG : 250 
Pseudomonas aerugunosa          : ------------------AYSSAPLLDDIAAIQKLYGANLTTRTGDTVYGFNSNTERDFYSATSSSSKLVFSVWDAG--------GNDTLDFSRF : 305 
Thermosipho africanus           : --------------------YYTNLIQTDAAINPGNSGGPLLDIHGQVIGINTAIIAPSEAMN-IGFAIPINTAKRFIDS--IIKTGKVEKAYLG : 260 
                                                       hgth ag  aa      g  g      6         g          6  a                v   s g       
                                           *       400         *       420         *       440         *       460         *            
Uncultured bacterium            : KPYSPFKSAVDAAIKYADAHGVLMIAASGNDGAN-LDTASNFPTPEYTGG-GRASNWIEVGASS--WRGGDTLATSFSDFSK-----------TK : 320 
Flavobacterium indicum          : KYFSQHKEWVIEAIKYAESKDVLVVIAAGNESYD-LDVTNKYPNDTYDGSPEFASNVLIIGALA--PNYGSKMIAGFSNYGK-----------NN : 429 
Bacillus stearothermophilus     : CD--CHTTTLENAVNYAWNKGSVVVAAAGNNG----SSTTFEP--------ASYENVIAVGAVD--QYDR---LASFSNYG------------TW : 321 
Bacillus sp.                    : CD--CNTTTLKNAVDYAWNKGSVVVAAAGNDG----VSTTFEP--------ASYANAIAVGAVD--SYDQ---KASFSNYG------------FW : 332 
Thermoactinomyces sp.           : GT--SGSSALQSAVQQAWNSGAVVVAAAGNSS----SSTPNYP--------AYYSQAIAVASTD--SNDS---LSYFSNYG------------SW : 304 
Laceyella sacchari              : GT--VGNSGLQQAVDYAWSKGSVVVAAAGNAG----NTAPNYP--------AYYSNAIAVASTD--QNDN---KSSFSTYG------------SW : 307 
Bacillus thuringiensis str.     : AP--NGGTALQQAVQYAWNKGSVIVAAAGNAG----NTKANYP--------AYYSEVIAVASTD--QSDR---KSSFSTYG------------SW : 307 
Pseudoalteromonas sp.           : GAG-ACSSTTQNAINTARNNGTVVVIAAGNDND---NSANYNP--------GNCNGVVNVASVG--RNGG---RAYYSNYG------------SN : 386 
Bacillussp.L010                 : GP--SGSAALKAAVDKAVASGVVVVAAAGNEGTSGGSSTVGYP--------GKYPSVIAVGAVN--SSNQ---RASFSSVG------------SE : 302 
Bacillus subtilis               : SS--GESSLITNAVDYAYDKGVLIIAAAGNSGPK--PGSIGYP--------GALVNAVAVAALENTIQNGTYRVADFSSRGHKRTAGDYVIQKGD : 333 
Pseudomonas aerugunosa          : SQNQKINLNEKALSDVGGLKGNLSIAAGVTVENAIGGSGSDLLYG------NDVANVLKGGAGNDILYGGLGADQLWGGAG----------ADTF : 384 
Thermosipho africanus           : VYMQTVTDDLKKALGLKVSKGVYIAQVVKNSPAEKAGLKEGDVILEVEN--MSVSSAGELASIIHNYTPGSKIKIKIDRKGK----------EIE : 343 
                                               a   a   g     a gn            p                                  s  g                     
                                   480         *       500         *       520         *       540         *       560         *       
Uncultured bacterium            : VDVFAPG----------------EDILSTVPGGGYERLSGTSMAAPVVTGLAALIMSYYPELSAAQVKQIILDSATRYNRTSLVPGSQTGETAPF : 399 
Flavobacterium indicum          : VDIYAPG----------------EKIYATTPLNTYEYLQGTSMASPNVAGVATLIRSYYPSLTAKQVKQIIMESGTSLTNTVTVG--EDKHKVNF : 506 
Bacillus stearothermophilus     : VDVVAPG----------------VDIVSTITGNRYAYMSGTSMASPHVAGLAALLASQGRNNI--EIRQAIEQTADKISGTGTYFKYGRINSYNA : 398 
Bacillus sp.                    : VDVTAPG----------------VSIAATVPNNGYAYMSGTSMAAPHVAGLAGLLASQGRTNS--QIRAAIEQTADPISGTGTYFEHGRINSHDA : 409 
Thermoactinomyces sp.           : VDVAAPG----------------SNIYSTYLNSSYASLSGTSMATPHVAGLAALLASQGRSNS--QIRAAIENTADKISGTGTYFQHGRINAYKA : 381 
Laceyella sacchari              : VDVAAPG----------------SSIYSTYPTSTYASLSGTSMATPHVAGVAGLLASQGRSAS--NIRAAIENTADKISGTGTYWAKGRVNAYKA : 384 
Bacillus thuringiensis str      : VDVAAPG----------------SNIYSTYKGSTYQSLSGTSMATPHVAGVAALLANQGYSNT--QIRQIIESTTDKISGTGTYWKNGRVNAYKA : 384 
Pseudoalteromonas sp.           : IDVAAPGGAQSFANDSEGVLSTYNSGSTTPSSDSYGFSQGTSMAAPHVAGVAALIKQAKPNATPDEIESILKTTTRPFSATCTSCGTGIVDAAAA : 481 
Bacillussp. L010                : LDVMAPG----------------VSIQSTLPGNKYGAYNGTSMASPHVAGAAALILSKHPNWTNTQVRSSLENTTTKLG-DAFYYGKGLINVQAA : 380 
Bacillus subtilis               : VEISAPG----------------AAVYSTWFDGGYATISGTSMASPHAAGLAAKIWAQSPAASNVDVRGELQTRASVNDILSGNSAGSGDDIASG : 412 
Pseudomonas aerugunosa          : VYAISPS----------------PPRAPDRVRDFVSGQDKIDLSGLHAFVNGGLVLQYVDAFAG-NAQGILSYDAASKAGSLAVDFSGDRHADFA : 462 
Thermosipho africanus           : IEVILGR------AEESFEEEVEAQEFAGIIVKDIDNADREKYQIPEEVNGVIVVKSKNGFIKEGYVIYKMAISGKTYKIENINDWNNTIKNVKK : 432 
                                  6   apg                     t     y    gts a p   g a  6               6                               
                                         580         *       600         *       620         *       640         *       660            
Uncultured bacterium            : ASMSVTGGIVNAYNALKLAQDRSGGVK-------------------------------------------------------------------- : 426 
Flavobacterium indicum          : KDASKSGKIVNAYNALLLAEKMAKK---------------------------------------------------------------------- : 531 
Bacillus stearothermophilus     : VTY-------------------------------------------------------------------------------------------- : 401 
Bacillus sp.                    : VRY-------------------------------------------------------------------------------------------- : 412 
Thermoactinomyces sp.           : VNY-------------------------------------------------------------------------------------------- : 384 
Laceyella sacchari              : VQY-------------------------------------------------------------------------------------------- : 387 
Bacillus thuringiensis str.     : VQYAKQLQEKKAS---------------------------------------------------------------------------------- : 397 
Pseudoalteromonas sp.           : VAAASGGTPPTTGDNELVDGEVKTGLSGAASAQDFYTMTVPSGATNVTFTMSGGTGDADLYVRAGSKPTSTTYDCRPYKGGNSEECSIDSPTAGT : 576 
Bacillus sp. L010               : AQ--------------------------------------------------------------------------------------------- : 382 
Bacillus subtilis               : FGFAKVQ---------------------------------------------------------------------------------------- : 419 
Pseudomonas aerugunosa          : INLIGQATQADIVL--------------------------------------------------------------------------------- : 476 
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Supplementary table: 1.  Proteases different amino acids % and an average for each amino acid of the twelve tested proteases. 

Protease bacterial host Amino acids % 

 Cys Trp His Met Arg Phe Glu Gln Pro Tyr Ile Leu Asp Lys Thr Asn Val Ser Gly Ala Total 

B. subtilis 
Antarctic psychrotroph 0.5 1.2 1.7 1.9 2.4 2.6 3.6 3.1 2.9 3.1 5 5.5 5.7 4.5 6.9 8.6 7.4 8.1 11.5 13.8 419 

Pseudoalteromonas sp. 
Serine/cold 

adapted/halophilic 
subtilase 

1.6 0.8 1.4 2.7 2.1 2.5 2.7 3.4 4.4 3.8 3 3.9 5.4 3.7 9 8.2 7.3 9.6 12.1 12.4 709 

Uncultured bacterium 
Serine mesophilic 0.5 0.7 1.2 2.6 5.2 2.3 3.3 3.8 5.2 4 5.6 5.4 6.8 3.5 7.3 4.2 7.7 7.3 10.3 13.1 426 

Bacillus sp. L010 
Serine/alkaline/mesophilic 0 1 1.8 2.4 1 2.4 2.9 3.9 3.7 3.4 4.2 5.5 3.4 7.3 5 5.2 10.5 11.8 10.7 13.9 382 

Pseudomonas aeruginosa 
Alkaline/mesophilic 0 1.5 1.7 0.4 2.5 4.8 2.3 5.3 3.2 4.8 3.6 8.8 8.4 3.4 5.3 6.1 5.7 10.3 10.5 11.6 476 

Flavobacterium indicum 
Hot spring 

subtilisin/thermophilic 
0.2 0.8 1.7 1.7 1.5 2.6 5.1 3.4 4 4.7 6.2 7.3 8.1 11.1 5.1 7.2 8.5 4.5 7.9 8.5 531 

Bacillus sp. 
Serine/subtilisine-
like/thermophilic 

0.5 1.2 1.5 1.5 1.9 2.7 3.9 1.9 3.6 5.6 3.9 5.8 6.6 5.8 6.6 7.5 8.3 8.5 9.5 13.3 412 

Thermoactinomyces sp. 
Alkaline/thermophilic 0.3 1.3 2.1 2.1 1.8 2.1 2.1 4.9 4.2 4.9 5.2 5.2 4.4 3.6 6 7 8.6 12.2 8.9 13 384 

Laceyella sacchari 
Thermitase 0.3 1.6 1.3 0.8 1.8 1.6 2.6 3.6 4.1 5.2 4.4 4.1 4.4 6.2 6.5 6.7 9.3 10.3 9.8 15.5 387 

Bacillus thuringiensis 
Thermitase 0.3 1.3 1.8 0.5 1.5 2.8 2.3 5.8 3 5.8 5.8 4.8 5.3 6.8 6.5 6.8 8.6 11.6 8.8 10.1 397 

Thermosipho africanus 
Thermitase 0 0.7 0.9 1.3 1.3 4.9 7.5 2.2 3.8 5.1 11.5 5.3 5.7 9.9 4.4 4.6 8.6 6 9.3 7.1 453 

Bacillus 
stearothermophilus 

Alkaline/thermophilic 
0.5 1 1.7 1.5 2.2 2.5 5 2.7 3.2 5.7 5.2 5.2 6 4.5 6.7 8 10.2 7 8.2 12.7 401 

Average 0.4 1.1 1.5 1.7 2.1 2.8 3.6 3.6 3.8 4.6 5.2 5.6 5.9 5.9 6.4 6.8 8.3 8.8 9.9 12 448.1 

 
Supplementary table: 2. Proteases different nucleotides analysis 
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B. subtilis 
Antarctic psychrotroph 

48.10% 51.90% 1260 382866 765582 370 29.37 284 22.54 278 22.06 328 26.03 

Pseudoalteromonas sp. 
Serine/cold adapted/halophilic subtilase 

47.19% 52.81% 1689 511701 1025972 453 26.82 439 25.99 362 21.43 435 25.75 

Uncultured bacterium 

SERINE MESOPHILIC 

61.36% 38.64% 1281 389902 781229 275 21.47 220 17.17 358 27.95 428 33.41 

Bacillus sp. L010 
Serine/alkaline/mesophilic 

51.21% 48.79% 828 251994 503548 206 24.88 198 23.91 215 25.97 209 25.24 

Pseudomonas aeruginosa 
Alkaline/mesophilic 

63.45% 36.55% 1431 438054 873213 281 19.64 242 16.91 478 33.4 430 30.05 

Flavobacterium indicum 
Hot spring subtilisin/thermophilic 

34.27% 65.73% 1596 482786 965977 442 27.69 607 38.03 320 20.05 227 14.22 

Bacillus sp. 
Serine/subtilisine-like/thermophilic 

44.87% 55.13% 1239 375180 752145 293 23.65 390 31.48 286 23.08 270 21.79 

Thermoactinomyces sp. 
Alkaline/thermophilic 

52.29% 47.71% 1155 352988 702611 306 26.49 245 21.21 325 28.14 279 24.16 

Laceyella sacchari 
Thermitase 

55.24% 44.76% 1164 356707 708669 289 24.83 232 19.93 363 31.19 280 24.05 

Bacillus thuringiensis 
Thermitase 

36.77% 63.23% 1194 361759 723183 361 30.23 394 33 234 19.6 205 17.17 

Thermosipho africanus 
Thermitase 

32.16% 67.84% 1362 413362 823864 412 30.25 512 37.59 286 21 152 11.16 

Bacillus stearothermophilus Alkaline/thermophilic 41.21% 58.79% 1206 365508 731361 382 31.67 327 27.11 227 18.82 270 22.39 
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Supplementary table: 3. Different Proteins similarity % to the 1D0T, 1SNG, 2GKO, 2IXT and 2PEF models 
 

Protease bacterial host 
names 

Similarity % to the used 
cited six models [10-21] 

Rank 
 

B. subtilis 47.573 1 

Laceyella sacchari 19.188 2 

Thermoactinomyces sp 18.450 3 

Uncultured bacterium 18.122 4 

Bacillus stearothermophilus 18.080 5 

Bacillus sp 17.712 6 

Bacillus thuringiensis 15.858 7 

Pseudoalteromonas sp 13.916 8 

Flavobacterium indicum 13.226 9 

Bacillus sp. L010 12.903 10 

Thermosipho africanus 12.258 11 

Pseudomonas aeruginosa 11.327 12 

 
 
 
 
 
 
 
Supplementary figure: 2. Proteases different amino acids % 
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Supplementary figure: 3. Phylogenic trees and cluster for each of. 3a) amino acids sequences; 3b) nucleotides sequences (The branching 
order and distance score were calculated by the program tree as described by Feng and Doolittle (1987) [40]; The trees have been visualized using 
FigTree v. 1.4.); 3b) Cluster analysis for the amino acids 3d) nucleotides constitents; 3e) GC% and AT% nucleotides constitents. Generated using 
PAST software using Paird group algorithm (two way with constraind) in the cluster analysis option. 

 
 

Supplementary figure: 3a 
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Supplementary figure: 3b. 

 

 
 

Supplementary figure: 3c. 
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Supplementary figure: 3d. 
 

 
 

Supplementary figure: 3e 
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Supplementary figure: 4. Multiple alignment of primary structure of twelve proteases’ nucleotides. Shaded and less shaded represent 

conserved and highly conserved regions respectively 
 

 
 

                                                                                                                                       
                              0         *       700         *       720         *       740         *       760         *              
Thermoactinomyces-sp.       : ---CGCCAATGGGGAC-CGCAAAAAG------TCCAAGCTCCCCAAGC--TTGGGATGTCACCCGCAGCAGCAGCAGCACGGTGATTGC-CATCGTG :  426 
Laceyella-sacchari          : TCCCGCCAATACGGCC-CACAAAAAA------TCCAAGCGCCGCAAGC--ATGGGACATCGCT---GAAGGCTCCGGCGTGAAAATCGC-CATCGTC :  435 
Bacillus-stearothermophilus : GGTTATCAATATGGTC-CACAAAATA------CGTATACCGCCTATGC--TTGGGATGTTACAAAAGGCAGTAGCGGTCAAGAGATTGC-TGTTATT :  477 
Bacillus-sp.-L010           : GCGTATCA---CAGAT-T----AAAG------CCCCTGCTCTGCACTC--TCAAGGCTTCACC------GGATCAAATGTTAAAGTAGC-GGTTATC :   93 
Bacillus-sp.                : TTTAAGAGTTGTAGTG-TTGCAGTCA------CAGCCAAGCGATAGGT--TAATAACTTCTGCTCCTGTATCTGCTGCATACTGGATAC-CGTCTGC :  495 
Bacillus-thuringiensis      : TTGTAATGCAGTCCCA-CCATTTGGA------GCTCCTAAACTTAAAC--TAATTACTTTTGCACCTGAATCAGCAGCTTCTCGAATAC-CTTGCGC :  525 
Flavobacterium-indicum      : AATTACCCATTCTTTA-TGTTGAGAAAAATACTTACCAAAAGATCCGT--TAATTACTTTTGCACCATTATCTACTGCATATCGAATTC-CTAACGC :  612 
Pseudoalteromonas-sp.       : TGGCCGTAATGGTGGC-CGCGCTTATTA----CTCAAATTATGGAAGTAATATTGATGTGGCAGCACCGGGTGGCGCGCAAAGCTTTGC-CAATGAT :  762 
B.-subtilis                 : GTCTACACCTTGGGGC-ATTAAAGCA-------ATTTATAATAATAGCAATCTTACCAGCACGAGCGGTGGAGCCGGCATCAATATTGC-GGTCCTG :  429 
Uncultured-bacterium        : GACTGTATCTGGAGCT-CGCGAGACAGG----GCGGGACGCCGCAGGCGATCGAGGAGGCCGTGAAGGCGTACGGAGTACAGTCGAAGTACGGATTG :  429 
Pseudomonas-aeruginosa      : GCGTTCGCCTTCCTGC-CGGATGTACCGGATGCGCTCAAGGGGCAATC--CTGGTACCTGATCAACAGCAGCTACAGCGCCAACGTCAA----TCCG :  519 
Thermosipho-africanus       : AGATGCAAGTTCACCTGCAGAAGACACTGACATATTCTCAACTTCTAGTATAACGTCTCCCTCTTTCAAACCTGCTTTTTCTGCCGGAGAATTCTTA :  499 
                                       t                                        t                       c                              
                                                                                                                                       
                               780         *       800         *       820         *       840         *       860         *           
Thermoactinomyces-sp.       : GACACCGGAGTCCAAACCAATCA---TCCGGATTTGCAGGGAAAAATCGTCCAAGGGTATGACTTTGTCG---ATAACG----------ACAGCAAT :  507 
Laceyella-sacchari          : GACACCGGGGTGCAATCCAACCA---TCCCGACTTGGCCGGTAAAGTAGTGGGCGGTTGGGACTTCGTTG---ACAACG----------ACTCCACT :  516 
Bacillus-stearothermophilus : GATACAGGTGTAGATTATACACA---TCCTGATTTAGATGGAAAAGTCATCAAAGGATATGATTTCGTAG---ATAATG----------ATTACGAC :  558 
Bacillus-sp.-L010           : GACAGCGGTATCGATTCTTCTCA---TCCTGATTTAAAGGTAGCAGGCG-GAGCCAGCATGGTTCCTTCT---GAAACA----------AATCCTTT :  173 
Bacillus-sp.                : AATGTCAGCGAGGGACCCGCTTC---CGTTTGCATCAAGTACACGTACTGCAAGGATTTTTGTGTCAGGC---GCCATA----------CCTGCGAT :  576 
Bacillus-thuringiensis      : TACAGCATCAAGAGTCCCACTTC---CTTGATTATCTAATACGCGGACAGCATAAATTGAAGTTTGTGGG---GCAACA----------CCAGCAAT :  606 
Flavobacterium-indicum      : AATGTCTTTATCATACTCATCTC---CATTAGGAACA---GCTCTTACCGCCATAATTTGCGCATTGTTG---GTAACA----------CCATCGCC :  690 
Pseudoalteromonas-sp.       : TCTGAAGGTGTTTTATCAACTTACAATTCGGGTTCAACAACACCATCAAGCGACAGTTATGGCTTTTCGC---AAGGCACCTC-----AATGGCGGC :  851 
B.-subtilis                 : GATACTGGAGTCAACACGAATCA---CCCCGACCTTAGCAATAATGTAGAACAGTGCAAAGATTTTACCGT-TGGAACAAACTTTACAGATAACAGC :  522 
Uncultured-bacterium        : AATACTGATTTTGATCCGCGTGA---CATCGTTGGCGACATTTACGCCGATGTCAATCAGCGGCATTATG---GCAACG----------CCGACGTG :  510 
Pseudomonas-aeruginosa      : GCCAACGCGAACTACGGACGCCAGACCCTGACCCACGAGATCGGCCATACCCTGGGCCTGAGCACCCCGGACTACAACGCCGGC----GAGGGCGAT :  612 
Thermosipho-africanus       : ACGACTTGTGCTATGTAAACTCCTTTACTAACTTTTAATCCTAAAGCTTTCTTTAAATCATCCGTCACTGTTTGCATGTAT--------ACTCCAAG :  588 
                                                                                                         aa                C           
                                                                                                                                       
                                  880         *       900         *       920         *       940         *       960         *        
Thermoactinomyces-sp.       : CCCCAAGACGGGAACGGACATGGAACCCACTGCGCAGGAATTG----CCGCTGCCGTGACCAATAACGGAACGGGAATTGCAGGAATGGCTCCCAAC :  600 
Laceyella-sacchari          : CCGCAAGATGGCAACGGCCACGGTACACACTGCGCTGGTATCG----CCGCAGCAGTGACCAACAACAGCACCGGGATCGCTGGTACTGCTCCGAAA :  609 
Bacillus-stearothermophilus : CCAATGGATTTGAATAATCATGGTACGCACGTAGCTGGAATAG----CAGCTGCGGAAACAAACAACGCTACAGGTATTGCCGGCATGGCCCCAAAC :  651 
Bacillus-sp.-L010           : CC--AAGACAGAAACTCTCACGGAACTCACGTTGCCGGTA-------CAGTTGCAGCTCTTAATAACTCAGTCGGTGTATTAGGCGTTGCGCCAAGC :  261 
Bacillus-sp.                : TCCTCTTCCGTTATTTGTTTCCGCTGCAGCTGTACCTGCAACA----TGCGTACCGTGCCCGTTCAAGTCCATTGGATAATAATCATTGTC---GAC :  666 
Bacillus-thuringiensis      : TCCGACGCTGTTATTCGTAAGTGCTCCAGTAATTCCAGCGCAA----TGTGTACCATGACCATTACCGTCATCAGAAACATTATCGTTATC---AAC :  696 
Flavobacterium-indicum      : GCCAAGTTTGTTTCCTCTTACTTGAGCCACAATTCCCGCTACG----TGTGTGCCGTGT---TTTGCTTCTTTAGGTTCCGGACC--TACT----AC :  774 
Pseudoalteromonas-sp.       : TCCTCATGTTGCGGGTGTTGCTGCACTGATCAAACAAGCAAAAC---CAAACGCGACTCCTGATGAAATAGAAAGTATTTTAAAAACAACC----AC :  941 
B.-subtilis                 : TGTACTGACCGCCAGGGGCATGGGACACATGTTGCAGGATCGG----CGTTAGCTAATGGCGGCACTGGAAGCGGCGTTTACGGCGTTGCACCGGAA :  615 
Uncultured-bacterium        : ACTGGCCCCGATGCGCAGCATGGCACACACGTGGCCGGCATCA----TCGCGGCGGTGCTGCGCGATAGTGGTGGACCCGAGGGTATCGCGGATTCA :  603 
Pseudomonas-aeruginosa      : CCCACCTACGCCGACGCTACCTACGCCGAGGACACCCGCGCCTA---TTCGGTGATGAGCTACTGGGAAGAGCAGAACACCGGCCAGGACTTCAAGG :  706 
Thermosipho-africanus       : ATAAGCTTTTTCAACTTTACCTGTTTTTATAATGCTATCAATAAATCTTTTTGCAGTATTGATTGGAATTGCAAAACCTATATTCATTGCTTCAGAA :  685 
                               c                    g     a     C  g               c                    g              c               
                                                                                                                                       
                                     980         *      1000         *      1020         *      1040         *      1060               
Thermoactinomyces-sp.       : GCCTCCATCATG-CCGGTTCGCGTGCTGAATAA-----CAGCGGAAGCGGAACCATGGCAGCCGTTGCCAACGGAATCGCTTATGCCGCCCAAAACG :  691 
Laceyella-sacchari          : GCATCGATCCTC-GCTGTGCGCGTGCTGAACAA-----CAGCGGTAGCGGCACCTGGACTGCTGTCGCCAACGGTATCACCTATGCTGCAGACCAAG :  700 
Bacillus-stearothermophilus : ACAAGAATTTTG-GCTGTGCGCGCTTTAGATCG-----AAATGGCAGTGGTACTCTAAGTGATATTGCCGATGCGATCATTTATGCTGCCGATTCAG :  742 
Bacillus-sp.-L010           : GCATCTCTTTAC-GCGGTAAAAGTTCTCGGCGC-----TGACGGTTCCGGCCAGTACAGCTGGATCATTAACGGAATTGAGTGGGCGATCGCAAACA :  352 
Bacillus-sp.                : AAAATCATATCC-AAGGATGGTTTTGCCATCCA-----GATCAGGATGATTGTAATCTACGCCTGTATCAAGTACGGCAATTTCCTGACCGCTGCTT :  757 
Bacillus-thuringiensis      : ATAATCATGCCC-GTAAATTACTTTCGAAGATA-----AATCAGGGTGTGAACCTTGTACTCCTGTATCAATAATAGCTACTTTTATACTAGAATCA :  787 
Flavobacterium-indicum      : ATTATTATTTCC-GTATTTAGTGTCTTTCAAGT-----CGTCAGGATTATCTCCAACTACTTTTCTTCCGTCAAAATTAACATTAAGATTATAGTCT :  865 
Pseudoalteromonas-sp.       : TCGTCCATTCTCTGCCACGTGTACCAGCTGTGG-----TACAGGTATTGTTGATGCGGCCGCTGCGGTTGCTGCAGCATCTGGTGGTACACCGCCAA : 1033 
B.-subtilis                 : GCGGATCTCTGG-GCTTACAAAGTACTTGGCGA-----TGATGGCTCTGGTTATGCCGACGATATCGCGGAGGCAATTCGCCACGCCGGTGATCAGG :  706 
Uncultured-bacterium        : GCGCGTATAATG-TCGGTGCGTACGAT---TCC-----GGACGGCGACGAGCGCGACAAGGACGTTGCGAACGCGATTCGATACGCGGTCGACAACG :  691 
Pseudomonas-aeruginosa      : GCGCCTATTCCT--CGGCACCGCTGCTGGACGA-----CATCGCGGCGATCCAGAAGCTCTACGGGGCCAACCTGACCACCCGCACCGGCGACACGG :  796 
Thermosipho-africanus       : GGTGCTATAATT-GCAGTATTTATACCTATTACTTGACCATGAATATCTAACAATGGCCCCCCACTATTACCAGGATTAATTGCCGCATCAGTCTGG :  781 
                                    aT                                   g                               a                             
                                                                                                                                       
                                *      1080         *      1100         *      1120         *      1140         *      1160            
Thermoactinomyces-sp.       : GGGCAGATGTCATCA----GCTTGA--------GCTTGGGTGGCACTTCCGGAAGCTCGGCCTTGCAA----AGCGCCG--TTCAACAAGCTTGGAA :  770 
Laceyella-sacchari          : GCGCTAAAGTCATCA----GCTTGA--------GCTTGGGCGGCACCGTTGGTAACTCCGGTCTGCAA----CAAGCTG--TCGACTACGCTTGGAG :  779 
Bacillus-stearothermophilus : GCGCTGAAGTCATTA----ACCTGT--------CACTTGGTTGTGATTGTCATACAACCACATTGGAG----AATGCTG--TAAACTATGCATGGAA :  821 
Bacillus-sp.-L010           : ATATGGACGTTATTA----ACATGA--------GCCTCGGCGGACCTTCTGGTTCTGCAGCGTTAAAA----GCGGCAG--TTGACAAAGCCGTTGC :  431 
Bacillus-sp.                : CCACGGGAATAATCCC---ACGCAT--------AGTTG-GTATACGTATTCTTAAGTCCGTATTGATAGC-CTTGATAG--TAAGTATCATTTGGAG :  839 
Bacillus-thuringiensis      : CTTCGTTGACTATCCC---AAGC-T--------AGTGGAGCTTGAATTTTTTGTAATCCATATTGAT----TTTTATAA--TATGGATCGTTCGGAG :  866 
Flavobacterium-indicum      : AATTGCCCATAAACAT---AATCTTTAA-----ATTCAACAATTTCTTTGTCAAAATCTGCTTTAGAAGTTCCTGATAAAATTTGAGTAAACATTGC :  954 
Pseudoalteromonas-sp.       : CAACGGGTGATAACGA---ACTTGTTGATG---GAGAAGTCAAAACCGGTTTAAGCGGTGCGGCAAGTGCACAAGACTTT-TACACTATGACAGTAC : 1123 
B.-subtilis                 : CAACTGCCCTTAATACAAAAGTTGTCATCAATATGTCCCTTGGTTCTTCAGGTGAAAGCAGCCTGATCAC-GAATGCAG--TTGACTATGCCTACGA :  800 
Uncultured-bacterium        : GCGCGCGCGTTATCA----ACATGAGCTT----TGGCAAGCCGTACTCGCCGTTCAAGAGTGCGGTGGAC--GCAGCAA--TCAAATACGCCGACGC :  776 
Pseudomonas-aeruginosa      : TGTACGGCTTCAACTCCAACACCGAGCGCGACTTCTACAGCGCCACCTCGTCCAGTTCCAAGCTGGTG----TTCTCGG--TGTGGGACGCCGGCGG :  887 
Thermosipho-africanus       : ATTAAATTTGTATAAT--AACCTGAATTATCCGGTTTTGGTATTTTTCTACCAACAGCTGAAACTACACCCAAAGTTACTGTATGTTGAAACCCTAA :  876 
                                         A                                                                     T                       
                                                                                                                                       
                                   *      1180         *      1200         *      1220         *      1240         *      1260         
Thermoactinomyces-sp.       : CAGC-GGAGCTGTCGTCGTTGCC------GCTGCAGGAAACAGCAG---CAGCTCC---------------ACTCCCAACTATCCGGCTTATTACTC :  842 
Laceyella-sacchari          : CAAA-GGTTCCGTTGTCGTGGCC------GCGGCTGGTAACGCCGG---CAACACC---------------GCTCCTAACTATCCCGCTTACTATTC :  851 
Bacillus-stearothermophilus : TAAG-GGTTCTGTAGTAGTTGCC------GCAGCCGGAAATAATGG---ATCCTCT---------------ACAACATTTGAACCGGCTTCTTATGA :  893 
Bacillus-sp.-L010           : TTCC-GGCGTCGTAGTGGTTGCG------GCAGCCGGTAACGAAGG---CACTTCCGGCGGCTCTA---GCACAGTGGGCTACCCTGGTAAATACCC :  515 
Bacillus-sp.                : TCCA-AGTAGCCGAGAAGTTATA------GTTGGGTTCAGCATATT---CAACGTT---------------TGGGTTTTTGCTTAGGGCTTTTACTA :  911 
Bacillus-thuringiensis      : TCCA-AAAGGAGTGAACGTAGTA------ATTCGGCTCTGCATATT---CCACATC---------------TGGATTGTTTTTATAGCTTTTTATCT :  938 
Flavobacterium-indicum      : TTTC-GCTTGTTTTACATTTGTATC----ATCTGATTGAATTGCTT---TTACTTCTTCTAAAGTA---AAGTTATCTTTCTTTAAATGATCTTTAA : 1040 
Pseudoalteromonas-sp.       : CAAGTGGTGCAACCAATGTTACTTTCACTATGAGTGGTGGCACAGG---GGATGCTGACTTGTATGTACGTGCAGGTAGTAAACCAACCTCAACCAC : 1217 
B.-subtilis                 : CAAA-GGTGTTCTGATCATTGCG------GCAGCAGGAAACTCAGGTC-CAAAACCAG-----------GTTCAATTGGTTATCCGGGTGCGCTGGT :  878 
Uncultured-bacterium        : GCAC-GGCGTACTGATGATCGCGGCCTCGGGCAACGACGGCGCGAATCTCGACACCGCATCGAACTTCCCGACACCCGAGTACACCGGCGGTGGTCG :  872 
Pseudomonas-aeruginosa      : CAAC-GACACCCTGGACTTCTCCCGCT--TCAGCCAGAACCAGAAGAT-CAACCTCAACGAGAAGGCGCTGTCCGATGTCGGCGGGTTGAAGGGCAA :  980 
Thermosipho-africanus       : TGGA-TTTCCTATAGCAATTGCCCATTC-TCCAATTTTTATTTTATCTGAGTCACCAAATTCTAGAACTGGTAAATCACTACCTTTGGGATCAATTT :  971 
                                          t     T                                                                                      
                                                                                                                                       
                                      *      1280         *      1300         *      1320         *      1340         *      13        
Thermoactinomyces-sp.       : TCA-AGCCATTGCTGTCGCTTCCA----CCGATTCCAATGACAGCCTGTCTTACTT----CTCCAACTACGGAAGCTGGGTGG----ATGTAGCCGC :  926 
Laceyella-sacchari          : CAA-CGCCATCGCGGTAGCTTCCA----CTGACCAAAACGACAACAAATCCTCCTT----CTCCACTTACGGTTCCTGGGTAG----ATGTAGCTGC :  935 
Bacillus-stearothermophilus : AAA-TGTAATTGCAGTTGGCGCAG----TAGATCAATATGATCGGTTAGCATCATT----CTCGAACTATGGAACATGGGTAG----ATGTCGTAGC :  977 
Bacillus-sp.-L010           : TTC-TGTCATTGCGGTAGGCGCTG----TTAACAGCAGCAACCAAAGAGCATCTTT----CTCAAGCGTAGGTTCTGAGCTTG----ATGTCATGGC :  599 
Bacillus-sp.                : C---CGCTTCCACATTTCCTACTT----TCAAAACTTTAAATTCTGATTTGACGCT----GTCTGTATCCGGAATTTCAGTAG-----CACCAAGTT :  992 
Bacillus-thuringiensis      : T---TTCTTTTACAGTAC---CTT----TCGAAAATTGAA---------CGAC--------------TTCAAAACCTAACT-------TATCA---T :  992 
Flavobacterium-indicum      : TTG-TTTTTTCAGCTTTCAGGATAAAA-TCCAATTGTTGTTTATTGCCTTGTAAAT----CTTGAATTTGTTTTTCTAATTCC----GCTTTAGCTT : 1127 
Pseudoalteromonas-sp.       : T---TATGATTGTCGTCCATATAAAG--GTGGAAACAGTGA-AGAATGTTCTATTG----ATAGTCCAACAGCCGGCACTTACC---ATGTAATGCT : 1301 
B.-subtilis                 : TAA-CGCAGTGGCAGTTGCAGCTC-----TTGAAAATACAATTCAGAATGGCACTT----ATCGTGTAGCAGATTTCTCATCC-----CGCGGACAT :  960 
Uncultured-bacterium        : CGC-GTCGAACTGGATAGAAGTTGGAGCATCGTCGTGGCGGGGAGGGGATACACTCGCGACATCGTTCTCGGACTTCAGCAAGACAAAGGTCGACGT :  968 
Pseudomonas-aeruginosa      : TCT-GTCGATCGCTGCCGGGGTCACCG--TGGAAAACGCCATCGGCGGCTCGGGTAGCGACCTGTTGTACGGCAACGACGTGGCCA-ACGTGCTCAA : 1073 
Thermosipho-africanus       : TTAAAACTGCTATATCTAGTTCTTTATCTCCACCAATATATTCGGCTTTATATTCTG---TTCCATCCAATAAACTCACTTTA----ATTTCCTCAG : 1061 
                                             t                                                                t         t               
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Supplementary figure: 5.Twelve protein models represent the twelve used proteases in this study. The source microbes are included in the 
Figure. 

 
Bacillus stearothermophilus protease model 

 

 
Thermosipho africanus protease model 

 

 
Bacillus sp. L010 protease model 

 

 
Flavobacterium indicum protease model 
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B. subtilis protease model 
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Supplementary figure: 6. Alignment of the twelve models in Fig: 5 

 

 
 
 
 

 


