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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
C‘,‘l 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
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[1] 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, B-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
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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.

[11] MATERIALS AND METHODS |

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

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].

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], 100T 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
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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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itary table: 1. Pr

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 Gin Pro Tyr lle Leu Asp Lys Thr Asn Val Ser Gly Ala Total
B. subtilis
Antarctie papaheotroph | 05 | 12 | 17 | 19 |24 | 26 |36 [ a1 |20 |31 | 5 |55 |57 | 45 |69 | 86 | 74 | &1 | 115 | 138 | 410
Pseudoalteromonas sp.
Serine/cold 16 |08 | 14 |27 |21 | 25 |27 |34 |44 |38 | 3 |39 |54 |37 | o |82 |73 | 96 |121| 124 700
adaptedihalophilic
subtilase
Uneultured bactorium | 05 | 07 | 12 | 26 | 52 | 23 |33 | 38 | 52 | 4 | 56 | 54 | 68 | a5 | 73 | 42 | 77 | 73 | 103 | 131 | 426
soriaciliue sp LOT0 e | 0 | 1 |18 | 24| 1 | 24 | 29|39 |37 |34 |42 |55 |34 73| 5 | 52105118107 139 382
Pseudomonas aeruginosa | | 45 | 17 | 04 | 25 | 48 | 23 | 53 | 32 | 48 | 36 | 88 | 84 | 34 | 53 | 61 | 57 | 103 | 105 | 116 | 476
Flavobacterium indicum
Hot spring 0.2 08 1.7 17 15 26 5.1 34 4 47 6.2 73 8.1 1.1 5.1 7.2 85 45 79 85 531
subilisi i
Bacillus sp.
Serine/subtilisi 0.5 1.2 1.5 15 1.9 27 3.9 1.9 36 5.6 3.9 5.8 6.6 5.8 6.6 75 8.3 85 95 133 412
Thermoactinomyces sp. | g3 | 13 | 24 | 21 | 18 | 21 | 21 | 49 | 42 |49 | 52 | 52 | 44 | 36 | 6 | 7 | 86 | 122 | 89 | 13 | 384
Laceyella sacchari 03 |16 | 13 | 08 | 18 | 16 | 26 | 36 | 41 | 52 | 44 | 41 | 44 | 62 | 65 | 67 | 93 | 103 | 98 | 155 | 387
Thermitase
Bacillus thuringiensis | 3 | 13 | 18 | 05 | 15 | 28 | 23 | 58 | 3 |58 | 58 | 48 | 63 | 68 | 65 | 68 | 86 | 116 | 88 | 101 | 3907
Thermosipho africanus o |07 |09 | 13| 13| 49 | 75|22 |38 |51 |115|53 |57 |09 44|46 |86 | 6 |93 |71 | 45
Bacillus
'stearothermophilus 05 1 1.7 15 22 25 5 27 3.2 57 52 52 6 45 6.7 8 10.2 7 8.2 127 401
Average 0.4 1.1 1.5 17 21 28 3.6 3.6 3.8 46 5.2 5.6 5.9 59 6.4 6.8 8.3 8.8 9.9 12 448.1

Protease bacterial host

Supplementary table: 2. Proteases different nucleotides analysis

G+C content

A+T content

Length/base

Molecular
Weight
Daltons,

single

Molecular
etrandad
Number A

Number T

Number C

Number G

B. subtilis 48.10% 51.90% 382866
Antarctic psychrotroph
Pseudoalteromonas sp. 47.19% 52.81% 1689 511701 1025972 453 26.82 439 25.99 362 21.43 435 25.75
ilic subtilase
Uncultured bacterium 61.36% 38.64% 1281 389902 781229 275 21.47 220 17.17 358 27.95 428 33.41
SERINE MESOPHILIC
Bacillus sp. L010 51.21% 48.79% 828 251994 503548 206 24.88 198 2391 215 25.97 209 25.24
Serine/alkaline/mesophilic
Pseudomonas aeruginosa 63.45% 36.55% 1431 438054 873213 281 19.64 242 16.91 478 334 430 30.05
Alkaline/mesophilic
Flavobacterium indicum 34.27% 65.73% 1596 482786 965977 442 27.69 607 38.03 320 20.05 227 14.22
Hot spring subtilisi ili
Bacillus sp. 44.87% 55.13% 1239 375180 752145 293 23.65 390 31.48 286 23.08 270 21.79
Thermoactinomyces sp. 52.29% 47.71% 1155 352988 702611 306 26.49 245 21.21 325 28.14 279 24.16
Laceyella sacchari 55.24% 44.76% 1164 356707 708669 289 24.83 232 19.93 363 31.19 280 24.05
Thermitase
Bacillus thuringiensis 36.77% 63.23% 1194 361759 723183 361 30.23 394 33 234 19.6 205 1717
Thermitase
Thermosipho africanus 32.16% 67.84% 1362 413362 823864 412 30.25 512 37.59 286 21 152 11.16
Thermitase
Bacillus il 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

O Protease bacterial host Similarity % to the used Rank
names cited six models
B. subtilis 47.573 1
Laceyella sacchari 19.188 2
Thermoactinomyces sp 18.450 &
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. LO10 12.903 10
m Thermosipho africanus 12.258 11
Pseudomonas aeruginosa 11.327 12
3
I

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.
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g Supplementary figure: 3b.
=:
g 0.5 16 05 (] [ 0.2 0.5 0.3 0.3 0.3 0 0.5 Cy:
o 1.9 27 26 24 04 17 15 21 0.8 0.5 1.3 15 Me!
'° 40417 14 12 18 17 17 15 21 1.3 1.8 0.9 1.7 His-
< 1.2 0.8 0.7 1 15 08 12 13 16 13 0.7 1 Try
«Q 2.4 21 52 1 25 15 1.9 1.8 1.8 15 1.3 22 Ar
3.1 38 4 34 48 47 5.6 4.9 52 58 5.1 5.7 Tyr-
2.9 4.4 52 3.7 3.2 4 3.6 4.2 4.1 3 38 32 F‘m:—l
35-3.1 34 38 3.9 53 34 19 49 36 58 22 27
3.6 27 33 29 23 5.1 3.9 21 26 23 75 5 GIL:_I
2.6 25 23 24 48 26 27 21 16 28 4.9 25 Ph
8.6 82 42 52 6.1 72 75 7 6.7 6.8 46 8 Asi
6.9 9 73 5 53 5.1 6.6 6 6.5 6.5 4.4 6.7 Th
30445 37 35 73 34 111 58 36 6.2 6.8 9.9 45 Ly:
5.7 54 6.8 34 8.4 8.1 6.6 4.4 4.4 5.3 5.7 6 Asj
5.5 39 54 55 8.8 7.3 5.8 5.2 4.1 4.8 53 2 Lel
5 3 56 42 36 6.2 3.9 4.4 5.8 115 52 lle
13.8 124 131 139 116 85 133 13 155 101 7.1 127 :

25-115 124 103 107 105 7.9 95 89 98 88 93 82 Gly-
81 96 73 118 103 45 85 122 103 116 6 7 Ser-
74 73 77 105 57 85 83 86 93 86 86 102 Val

o
g g &
204 ‘B 2
8 5 F | [
e 1 g .
2 2 g
Pros ot R
§ 2 32 § E 2 5
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Supplementary figure: 3c.
0.5 16 05 o o 0.2 05 03 03 0.3 o 0.5 Cy:
1.9 27 26 24 04 1.7 15 21 0.8 0.5 1.3 1.5 Me!
40417 1.4 1.2 18 1.7 1.7 15 21 13 18 0.9 1.7 Hi
1.2 08 07 1 15 08 1.2 13 16 13 0.7 1 Try
2.4 21 52 1 25 15 19 18 18 15 1.3 22 Ar
3.1 3.8 a4 34 48 47 56 4.9 52 5.8 5.1 57 Tyr-
2.9 4.4 52 3.7 32 4 36 4.2 4.1 3 3.8 3.2 Pre
35-3.1 3.4 38 39 53 34 19 4.9 36 5.8 22 27 Gl
3.6 27 33 29 23 5.1 39 2.1 26 23 75 5 Gl
2.6 25 23 24 4.8 26 27 21 16 28 4.9 25 Ph
8.6 82 42 52 6.1 7.2 75 7 6.7 6.8 46 8 Asi
69 9 73 5 53 51 66 6 65 65 44 67 Th:—l
3045 37 35 73 34 111 58 36 6.2 6.8 9.9 45 L
5.7 54 6.8 34 84 8.1 6.6 4.4 4.4 53 5.7 6 As
5.5 39 54 55 8.8 73 58 52 4.1 4.8 5.3 5.2 Le
5 3 56 42 36 6.2 39 52 4.4 5.8 115 52 lle
138 124 131 139 116 85 133 13 165 101 7.1 12.7
254115 121 103 107 105 79 95 8.9 9.8 8.8 9.3 8.2 Gly- |
81 96 73 118 103 45 85 122 103 116 6 7 &E—I
7.4 73 77 105 57 85 8.3 8.6 9.3 8.6 8.6 10.2 Val.
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g Supplementary figure: 3d.
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Supplementary figure: 3e
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Bacillus-sp.-L010 : GearcrcflrTAc-GecEIARAAGT TETCGGCGC ITT CCIEGC CAG TACA GET GGATC AT TAAGEG AIIT GAGE GGG GATCGCAAACA.
Bacillus-sp. ARAATCEATCC -AAGBAT G T T TGCCATCCA- IGATG ATT G TAAT CTACEC CT Gl AT EAAG TACG GC AA T E TCCT GACBGC TGCT T
Bacillus-thuringiensis ATAATCIEGCCC -GTARAT TACTE TEGAAGAT A- (GG TG TGAACC TT GTACT CCT TACETT TATACT.

Flavobacteriun-indicum ATTATT@TICC -G TATI T AG T G CT FTC AAGT— IGATTATCTCCAACTACT T TT G TEC GT CAA AT AACATT AAGATT ATAGTC T
Pseudoal teromonas-sp. TEGT CCl T CT C TEECACG TE T ACCAGC TGT GG~ ITATTGTT GAT GCGGCEBC TG OG BT TGO T ECAG CATC TGGT GG TACACCGCCAR.

B.-subtilis

ceaTATe

c1ce-GETTACAAAGEABTTGGCGA- crcT@eT AT

Uncultured-bacterium EgoccTfiaaTc oG T---TCC- T
Pseudomonas-aeruginosa Gecccrgroc 6CACCGOIGETGGACGA: G6C GG OGATCCAGAAGC TETACK ccacocos : 79
Thermosipho-africanus BC T CTRA o T BOARA T T A ABCT A T ACT ToAC G BT G AN TG ARG AR TG e B R QAT T RO A T P T o e R TBAGToreg | 781
a a

- 10 1100 * 1120 * - 1160
Thermoact sp. G AT G i
Laceyella-sacchari GCGETARAGHY]
Bacillus-stearothermophilus : GCGETGAAGHC]
Bacillus-sp.- ATATGEAC!
Bacillus-sp. ccagagcanaf
Bacillus-thuringiensis CTTEGTTGACT| risaafrrrersaificaratifar —rrrmifis garcoarcirrciis
lavob. -indicum AATTGCCCATA) CAACAATT TETTTGT CABAATETECT GC
Pseudoal teromonas-sp. CAASGEGT GAT) GTCARA. TTT AR T crccAcAAcAchr— [:CAC TATEACAG TRC
B.-subtilis CAAGTGCCCHT) TGECCCTTGGT TETHCAGGT GCAGCCEGATCAC- -greac n
Uncultured-bacterium Geagacaca TGGCAAQCCGTACTCGCCGTI‘CAAGAGTGCGGTGGAC —GcAemA—— jcaBaTACEECCACGC
Pseudomonas-aeruginosa : TGTACGGCTAC| CAGT TECAAGCIEG TG ~ & -florceaalcsecicca
Thermosipho-africanus | ATTASATITCTJJEART - ARGCHBAATE AT C GO TRTY GETA T TTHCT ACCAACA GO GAAAL T (A C Cr A AR GT TRCT Gt G0 ToAA LB CC TR

Amara
1S8H: DU I
Supplementary figure: 4. Multiple alignment of primary structure of twelve proteases’ nucleotides. Shaded and less shaded represent
conserved and highly conserved regions respectively
'g:
@ - - -
.O. Thermoact inomyces-sp. TCCARGCTCCCCBAGE - T GGEATGTCA CECao AGC AGC AGEA BEAC GG TG ATTEE - CATCGT G 426
o Laceyella-sacchari ATGGGAGA TEGCT- - GAAGBE TCiGBEGEGARA AT CBE-GATCAEC : 435
X Bacillus-stearothermophilus T GGEATGITAC AA AA GECAGT AGIRG BT CAAGAG ATTBE- TGETATT : 477
«Q Bacillus-sp.-L010 lcAAGGETIEACE: TCARATGETA; 93
Bacillus-sp. {A AT FACT T CT TATETGETBEATACTGGATAL-BGTICTGC 495
Bacillus-thuringiensis A AT TACTITT GEACC TGARTCAGEAGE TIC TCGAATAC- ETIGOGC : 525
Flavobacterium-indicum AATEACCCARTCTT TA-" TGITGAGAAAAATACITACQXAAAGATCC(?I** (AAT TACT T TT T TATCTART GEATA T CGAATTLC-CTAACGC 612
Pseudoal teromonas-sp. TGGCCGTAANGGTEGC BGCGCTTATTA- SCAAAGCTETEG-GAATGAT : 762
B.-subtilis : GTCEACACCHTGGEGC-ATTANAGCH—— (GECAECAATATTEE - GGICCEG : 429
Uncultured-bacterium GACEGTATCEGGAGCT LGCGA  ALGGCGTACE AGIACAGICGAAETACGGAT[‘G : 429
Pseudomonas - ae ruginosa GCITCaE O CTOC 8 SGA T T A CaGAT G0 CTCRA CG GG AN TS~ - TOGTRECEGA TGN AC G AGE TR BEGECA R GTCA 1 : 510
Thermosipho-africanus AGATGCAAGHTCACCTGEAGAAGACACTGACATATTCTCAACTTCT T €T TET TT CAAAC) TTTTECT GAATTCTA‘A B 499
e
780 N 800 . 820 . 840
Thermoact inomyces-sp. : 507
Laceyella-sacchari 516
Bacillus-stearothermophilus 558
Bacillus-sp.-L010 173
Bacillus-sp. 576
Bacillus-thuringiensis 606
Flavobacterium-indicum ABTGTETT T ATCATACTCATCT C- - CATTAGGAACA- - -GCTCTT AGCGECAT AATETGCECATTGT TR~ 650
Pseudoal teromonas-sp. : TCTGAAGGTEI T TTATCAACETACAATT CGEGIT CAARCAACACCAT CAA H 851
B.-subtilis GRTACTGEAGTC ARCACGAATEA- - (BCUBACCITAG C AAT AR TE TAGAA CAG TG CAAAGA TRITACCBT - m 522
Uncultured-bacterium ABTACTEAT T T GATCLGC! ATTTACBCEGAT GTCAATCA GCGGCAT AT - 510
Pseudomonas - ae ruginosa ARG 7 C TG C A AC T (1 2 A AT G CCAm CBC 75 G e P G0 e e B En T 612
Thermosipho-africanus ACGACTTETEC TATGT AABCECCT T AGTAACET T ART CC T AR ABCT T TET TT AA AIC AT CCGICACTBT T16 : ses
880 - %00 - 940 - 960 -
Thermoactinomyces-sp. C@ICCAAGACEBGGAACGGACAT b 600
Laceyella-sacchari ClflecancaTEGCAR IAG TG ACCAIAC ABCA G CA C CGEGATCG C T GG TA TG 609
Bacillus-stearothermophilus : C[MAATGGATTTGAATAAECATGETAC ArcrACCCT! G 651
Bacillus-sp.-L010 CE--AAGACAGABACT OT CACG EA, {AGCT C TTAATAACT CAGTCG[ET GEAT T A GG CG TTES( 261
Bacillus-sp. T/8crCrTCCET TATTT GE T TECC TR CA BTG CECGTTAAGTCC T eATTG 666
Bacillus-thuringiensis 180G ACGC TRT TAT TC QT ABGTEC TECA IGACCATIACCG T CAT CAABACAT T AT COTTA 696
Flavebacterium-indicum GEcAAGTTTETTTCCT |GG T - - TE TG CT TCT T TARGTECC G GACE- A 774
Pseudoal teromonas-sp. rlcreatsTt Tl lcaCTCETGAT TTTAAAABCAR 941
B.-subtilis TGTACTGACCGC CHl BT ITAAT GGC GGCAC TGGAAGCG[EC GE TT A CBGEGTTE 615
Uncultured-bacterium : ABTGGCCCCRATGCOCAGC AT GG BTG C TG C GC GRTAG TG G TlfACC CoAGBG TRTC] 603
Pseudomonas-aeruginosa clcaccTackccdicsdBAdgTACE AT G GET A GG GAA GA G CABABC ACC GECBAGS AT 706
Thermosipho-africanus ATAAGCTTTTT \CT TREACCTET TT JAGTA T TGATEGGAAT TGC AAAACC TAT A TT CATRE 685
= g o g =
980 - 1000 . 1020 . 1040 . 1060
Thermoact inomyces-sp. (CATG-CEGGITCBC GIGETGAATAR- ARGCEGA A CCATGECAGCCG TR TmAT AaCE
Laceyella-sacchari ccrcBETEIGIBCATETGAACAA- a6 6o A C0 TG GA C TG C TG TCBECARCEG THIC AC C AT GE TG CAGACCAAG
Bacillus-stearothermophilus 171G -6ET6TGCBCGCTIBAGATCG- ce@arrea

cacc{@@accT

- 1260
AErcccarcTATCRGEC TTATEACTC

Thermoact inomyces-sp.

Laceyella-sacchari CRAR-GEETCC rccr”cumccecnz\cmnc
Bacillus-stearothermophilus : TAAG-GEEITCTG ACAACATTH TEATGA
Bacillus-sp.-L010 TTCC-GECGTCG) oo ABAGT cG0C THOCGTRGTA A ARG

TTAGGGCT TTEACTA
—TGGATmmTTTMAochTmmT
TAAAGTA TTATCTTECTTTAAAT GATCITTAA

ca G T G T T T OT GG G0 T8 GAAC BAAC T C A B CAC
AGGARACT CAGETC -BAARA CE.

TCCA-AGEAGE

Bacillus-sp.
Bacillus-thuringiensis
Flavobacteriun—indicum
Pseudoal teromonas-sp.

- ATTCGCCTCTGEATATT
TGAT TGABT TGCTT

TTTC -GN TGT TRTACATHM

-ar
TATG.

B.-subtilis CARA-GGIGTT TCARTECG- ATTGGETATCEGEGT TGGT
Uncultured-bacterium GCAC -GGCGTA! CTCGEGCARCE GAATCTCGACACX:GCA’ICGAACTTCCCGACACCDGIAGTACACCGGDGGTGGTCC
Psendomonas-aeruginesa caac-@acacccficEacTlicreccaeT- - TAECCABAK \T - [CARGC TEAA TTGAAGGGCAA

TGGA-TTHCCT m—1(:cAATr1-rTmT1-rA-rcrcAcTcAccAAATrcTAGAACTGGTAAMCACTACCITTQGGATCAATTT

Thermosipho-africanus :

CHEMISTRY

- 80 - 0 * 1340 - 13
Thermoact inomyces-sp. : Hca-AGECATTGET : 926
Laceyella-sacchari CAA-CGECATCECCH : 935
Bacillus-stearcthermophilus : AAA-TGTARITEEAG o977
Bacillus-sp Brc- TGTCATTGCC S : 599
Bacillus-sp. C---CGETTCCAGAT] 992
Bacillus-thuringiensis - -- TTET TETACAGHAC 992
Flavebacteriun-indicum TTG TTTTTTCAGCI 1127
Pseudoal teromonas-sp. TRITRrcRficca AT AN — GTSGAARCAGT - AGAA TGl TCTAT TCCAABABCC GGCACT] ATEHAATGCT : 1301
B Ban CCgaGioGend ~TTGAARATACAAT TCAGRA| TGTAGGAGAT TTCT G 960
Uncultured-bacterium CGC-GTEGRACT AGTTGGAGCAJ GTCGTGG! GGGGATACACT A8ATCGT TC T CEGAC TT CGCAABA CA A GElcca e T 968
Pseudomonas -aeruginosa fficT- GTCGATCEET BC 08 GGG T CACC G- - TG GAARA CG C GAIT CG GC GG.C TC G GG TA GC GAGC TG TT GFA BGG CA AC GACG G BC CA -ACGMGCTCAR = 1073
Thermosipho-africanus T AARAET GCT ATATC TAG TT ET TATC TCC ACC AATA TAT T CG GC TT AT ATT GEG- - ~T/FEC AT CCAAT ABACT CACT T A- -- -ATTCCTCAG : 1061
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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.
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Bacillus sp. protease model Thermoactinomyces sp. protease model
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§= Supplementary figure: 6. Alignment of the twelve models in Fig: 5
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