International Journal of Bioassays
ISSN: 2278-778X
www.ijbio.com

<

Research Article
IN SILICO ANALYSIS OF SOME MICROBIAL AMIDASES FOR THEIR AMINO ACID AND PHYSIOCHEMICAL

PARAMETERS
Krishan Gopal', Nikhil Sharma' and TC Bhalla®**

'Sub-Distributed Information Centre, Himachal Pradesh University, Summer- Hill Shimla, India -171005
2Department of Biotechnology, Himachal Pradesh University, Summer- Hill Shimla, India -171005

Received for publication: December 12, 2012; Accepted: February 16, 2013.

Abstract: Amino acid sequences of amidases were retrieved from respective databases and in silico analysis for different
physiochemical properties and substrate specificity has been done. Multiple Sequence Alignment (MSA) and statistical
analysis of amino acid sequences has revealed significant differences among aliphatic and signature amidases in terms of
conserved motif that plays a vital role in substrate binding and catalytic function. MSA has revealed that in aliphatic
amidases the conserved amino acid residues involved in catalytic function are position specific which remains within catalytic
traid of Cys-166, Glu-59, Lys-134, while signature amidase contains signature motif GGSS (S/G) GS and catalytic traid of Ser-171,
Ser-195, Lys-96 which are not position specific. Statistical analysis has revealed that these two groups also differ in
physiochemical properties. In contrast to aliphatic amidases, signature amidase have significantly higher number of amino
acid residues & molecular mass, theoretical pl, charged (negative and positive) residues, aliphatic index and grand average
of hydropathicity. Present investigation revealed that the amino acid residues i.e. Cys, Met, Tyr, Asn, lle, Trp, Glu and Gly in
aliphatic amidases, while in case of signature amidases amino acids i.e Leu, Pro, Ser, Ala and Val have been found to play an
important and significant role both in enzyme catalysis, substrate specificity as well as in structural stability.
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INTRODUCTION

Amidases (EC 3.5.1.4) are ubiquitous enzymes
belongs to the family of hydrolases
(acylamideamidohydrolase subclass). Amidases are
amide bond-cleaving enzymes thus plays important
role in the hydrolysis of various endogenous as well as
foreign aliphatic and aromatic amides. These enzymes
catalyze the hydrolysis of carboxylic acid amides to free
carboxylic acids and free ammonium by transferring an
acyl group to water. "% So they are responsible for
reduction of nitrogen and production of ammonia. The
reactions catalyzed by these complex enzymes, are of
primary interest for large scale production of
acrylamide, nicotinamides and acrylic acid in industry.3
Many microbial amidases have been purified and
characterized. From previously reported studies, it
becomes obvious that they exhibit fairly wide substrate
specificity and can be assigned to phylogenetically
unrelated families on the basis of amino acid
sequence*. Amidases are further divided into four
groups or subfamilies based on their physiological
properties and catalytic activity function which includes
aliphatic amidases that are structurally related to the
nitrilase-superfamily enzymes,  aromatic amidases
belonging to the signature family, acyl transferase and
ureases.’

The first type among aliphatic amidases includes
which hydrolyze short-chain aliphatic amides® the
second one includes aliphatic amidases that hydrolyze
mid-chain amides and arylamides’ and which are
coupled with the nitrilase/cyanide hydratases involved
in nitrile metabolism. The bacterial amidases from the
nitrilase/cyanide hydratase family are supposedly
sulfhydryl enzymes.”* These enzyme have a conserved
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catalytic triad i.e. Glu, Lys, Cys responsible for catalysis
mechanism,®*9 where Cys166 act as a nucleophile in
the catalytic function.” These enzyme have wide
spectrum activity and do not contain the central
conserved GGSS signature that is common to all other
amidase enzymes. These enzymes are typically
homohexamers of approximately 230 kDa.®

In contrast, signature amidases are characterized
by the presence of invariant conserved GGSS(S/G)GS
signature motif in their primary sequence’ and contains
catalytic triad i.e. Ser, Ser, Lys.” This family may also
contain asparagines and serine in their catalytic site.”
Signature amidases has a highly conserved linear
sequence of approximately fifty amino acid long rich in
serine and glycine residues.> Signature amidases usually
exhibit wide substrate specificity™ and are active
towards aliphatic as well as aromatic amides. They also
shows  stereospecificity = towards amides  of
a_substituted carboxylic acids.®* They are typically
homodimers having a native molecular weight of
approximately 110 kDa." Unlike aliphatic amidases,
which form either homotetrameric or
homohexameric'® complexes in solution, most of the
characterized signature amidases exist as homodimeric
or homooctameric> in their active form. Microbial
amidases with altered substrate specificity have
attracted growing interest in the last decade as they
have great potential to detoxify the industrial effluents
containing toxic amides such as acrylamide and
formamide etc.” Amidases can be used for the
development of a biosensor to investigate the
acrylamide contamination in food samples such as
potato chips and breakfast cereals.™
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Additionally, immobilized amidase can be used
efficiently for production of acrylic acid from
acrylamide, by converting a toxic ambient and
hazardous contaminant into widely used industrial raw
material. Amidases also find application as biocatalysts
in organic synthesis, and also in the manufacturing of
therapeutic agents.”

These first two subfamilies are substrate specific
for their catalytic activity and still are not sufficiently
investigated. Therefore the detailed comparison of
these two amidases is of great interest: it is necessary
to understand the differences in physiochemical
properties that contribute for substrate specificity,
amino acids involved in catalytic function and their
evolutionary relationship. Comparison of physiological
properties and identification of the active site will
certainly help in elucidating its unique specificity for
each amide substrate as well as its reaction mechanism
which subsequently help us to wunderstand its
physiological functions. In present investigation a
number of potential amino acid sequences from
related organisms has been retrieved from respective
databases and in silico analysis of physiochemical
properties and MSA of aliphatic and signature
amidases has been done from the retrieved amino acid
sequences indicating that certain conserved amino
acids at certain positions besides the catalytic triad are
also responsible for substrate specificity of amidases.

MATERIALS AND METHODS
Data collection and tools:

Specificity of amidases towards aliphatic and
aromatic substrates was investigated using BRENDA,
(http://www.brenda-enzymes.org/) an enzyme
information system contains all the information
regarding biological reaction catalyzed by a particular
protein. Amino acid sequences of twenty six
microorganisms which were manually curated or
reviewed with experimentally proved substrate
specificity were retrieved from SwissProt available at
ExPASy proteomics server
(http:/www.expasy.org/sprot/) in FASTA format for
analysis (table 1). A search for homology among various
aliphatic and signature amidases belonging to same
E.C. number (E.C.3.5.1.4) was carried out by performing
BLAST similarity search tool at NCBI website
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). ProtParam tool
(http://expasy.org/tools/protparam.html) available on
ExPASy proteomic server, was used for atomic
composition and comparison of various physiochemical
parameters among aliphatic and signature amidases.
Clustal W was used for multiple sequence alignment.
Protein calculator, Compute pl/Mw and ProtScale*
were also used to calculate/deduce different
physiochemical properties of aliphatic and signature
amidases from the protein sequences.

www.ijbio.com 631

International Journal of Bioassays, 2013, 02 (04), 630-636

The molecular weights (Kda) of the various
aliphatic and signature amidases were estimated by the
addition of average isotopic masses of amino acid in
the protein and deducting the average isotopic mass of
one water molecule. The pl of aliphatic and signature
amidases was calculated using pK values of amino acid
according to Bjellqvist et al.,” The extinction coefficient
of aliphatic and signature amidases were calculated by
using the following equation.”

E (Prot) = Numb (Tyr) *Ext (Tyr) + Numb (Trp) *Ext (Trp) +
Numb (Cystine) *Ext (Cystine)

ProtParam (ExPASy) tool*® is used to calculate the
values of aliphatic index of various aliphatic and
signature amidases. The instability index and grand
average of hydropathicity (GRAVY) were estimated

following earlier published method ?3:*° respectively.

Table.1: Substrate specificity of selected amidases with

their SwissProt accession numbers.

Microorganisms Substrate Specificity

Accession No.

(ExPASY)

Alcanivorax borkumensis SK2 Aliphatic QoVN20
Delftiaacidovorans DSM 14801 Aliphatic AgCo11
Bacillus stearothermophilus BR388 Aliphatic Q9RQ17
Bradyrhizobium japonicum USDA 110 Aliphatic Q89VS2
Helicobacter pylori Aliphatic 025067
Marinobacteraquaeolei . .

(ATCC 700491/ DSM 11845 / VTS) Aliphatic AIU7G1
Burkholderiacenocepacia AU 1054 Aliphatic Q1BP24
Nocardia farcinica Aliphatic QsZ1Uo
Pseudomonas aeruginosa PAC142 Aliphatic P11436
Pseudomonas putida F1 Aliphatic AsW2Co
Rhodococcus erythropolis Aliphatic Qo1360
Thioalkalivibrio sp. HL-EbGR7 Aliphatic B8GQ39
Variovoraxparadoxus S110 Aliphatic C5CWZ4
Aspergillusoryzae Signature Q12559
Aspergillusnidulans Signature P08158
Pseudomonas chlororaphis B23 (S-Es) Signature P27765
Pseudomonas putida Signature 069768
Rhodococcus rhodochrous Signature P84650
Rhodococcus erythropolis N-774" Signature P22984
Sulfolobus solfataricus DSM 5833 (S-Es) ~ Signature P95896
Saccharomyces cerevisiae Signature P22580
Mycobacterium tuberculosis Signature P63492
Schizosaccharomycespombe Signature 059805
Synechocystis sp (strain PCC 6803) Signature Q55424
Mycobacterium bovis Signature P63495
Archaeoglobusfulgidus Signature 028325

*Reference sequence for signature amidase

Statistical analysis:

P-value was calculated for both physiochemical

parameters (number of amino acids, molecular weight,
instability index, aliphatic index etc) as well as twenty
different amino acids by using ProtParam tool. An
analysis of variance (ANOVA) was used to calculate
different physiochemical parameters for each study
with the statistical packages ‘Assistat version-7.6 beta
2012’. F-tests were applied to determine the statistical
significance. Tukey test was applied for all significant
effects over the pairwise comparison of mean
responses. Sequence alignment of amino acids
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between aliphatic and signature amidases was

performed by using Clustal W program.

RESULTS

The present investigation reports the comparison
of various physiochemical parameter as well as
substrate specificity among two different classes of
amidases on the basis of their amino acid analysis.
Thirteen amino acid sequences from each group were
selected and significant difference have been recorded.
The result of analysis of physiochemical properties and
amino acids content have been tabulated in table 2a
&2b.The total number of amino acid residues in these
amidases differed substantially as the number of amino
acids were found to be less in aliphatic amidases (339-
348 amino acids) in comparison to signature amidases
(466-548 amino acids). On other hand molecular
weight in case of signature amidases (49080.9-61410.1)
were found to be significantly higher as compared to
that of aliphatic amidases (37712.9-39085.4) i.e. 1.4
folds higher than aliphatic amidases. It was further
analyzed that theoretical pl of aliphatic amidases
ranges between 4.94-6.20 than that of signature
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amidases ranges in between 5.25-6.68. The average
content of negatively as well as positively charged
species were significantly higher and is found to be
more in signature amidases i.e. 1.3 and 1.4 fold high
respectively. Non-significant difference have been
recorded for extinction coefficient and instability index
as aliphatic amidases have lesser average values for
extinction coefficient and instability index than that of
signature amidases. It was further observed that the
values of aliphatic index for aliphatic amidases varied in
between 71.76-77.32 while it was found to be 85.68-
96.55 for signature amidases and highly significative
difference have been recorded. The average value of
aliphatic index for signature amidases were found to
be higher i.e.1.2 fold higher than aliphatic amidases.
The values of grand average of hydropathicity lies in
between -0.446 to -0.279 in case of aliphatic amidases
while for signature amidases it lies in between -0.089
to + 0.048 and was found 3.5 fold higher than aliphatic
amidases as the values of GRAVY were more negative
in aliphatic.

Table.2a: Comparative analysis of physiochemical parameters of aliphatic and signature amidases

Substrate

Microorganisms

Parameters specificity P 2 3 4 5 6 7 8 9 0 P 2 3 P-Value

No. of amino acids Aliphatic 348.0 345.0 348.0 346.0 339.0 348.0 341.0 345.0 346.0 347.0 345.0 347.0 344.0 244.72"
Signature 545.0 548.0 505.0 466.0 517.0 520.0 504.0 549.0 462.0 533.0 506.0 473.0 453.0

Molecular weight Aliphatic 38359.4 38564.7  39085.4 38441.7 37712.9 38460.5 38161.3 38183.0 38494.7  38784.0 38200.1 38825.8 38195.4 201.03"”
Signature 60098.4 60228.5 54047.2 50162.1 54735.2 54574.4 55655.3 61410.1 49080.9 58704.5 54254.1 50916.1 50062.7

Theoretical pl Aliphatic 4.96 5.69 5.55 5.65 6.20 5.06 5.72 4.98 5.30 5.38 4.94 5.36 5.44 4.36"
Signature 6.23 5.84 5.54 6.29 5.30 5.35 5.94 5.25 6.68 5.82 5.47 6.62 4.89

Negatively charged Aliphatic 47.0 44.0 46.0 43.0 41.0 47.0 43.0 48.0 45.0 46.0 48.0 47.0 44.0 30.117”

species (Asp+Glu) Signature 66.0 68.0 52.0 53.0 55.0 58.0 64.0 67.0 48.0 63.0 45.0 50.0 68.0

Positively charged Aliphatic 31.0 35.0 36.0 35.0 38.0 33.0 35.0 31.0 35.0 36.0 32.0 36.0 34.0 35.823"

species (Arg+Lys) Signature 60.0 58.0 37.0 49.0 38.0 41.0 59.0 54.0 47.0 56.0 37.0 48.0 51.0

Extinction Aliphatic 57465.0 54945.0 57340.0 64790.0  58955.0 57465.0  64330.0  60320.0  58830.0 60320.0  60320.0 61935.0 53330.0 0.368

coefficients (M-1cm-1) ns

at 280 nm Signature 86665.0 85050.0 60780.0 45755.0 50810.0 40630.0 63050.0 77070.0 46660.0 83685.0 61350.0 47900.0 57090.0

Instability index Aliphatic 32.92 38.09 34.81 38.05 41.47 28.78 39.82 31.57 36.71 36.08 30.15 37.58 46.73 0.052

ns

Signature 34.66 39.18 30.44 41.05 34.26 32.76 29.60 35.79 34.99 42.31 44.36 40.31 38.57

Aliphatic index Aliphatic 68.16 69.54 72.87 73.65 77-35 68.13 71.76 76.90 74.74 77-32 74.96 69.14 70.93 180.44"
Signature 88.81 89.36 85.68 87.94 87.97 85.81 90.14 90.0 93.46 94.22 89.86 96.55 91.70

Grand average of Aliphatic -0.333 -0.397 -0.404 -0.348 -0.347 -0.360 -0.371 -0.279 -0.332 -0.346 -0.319 -0.446 -0.324

hydropathicity i

(GRAVY) Signature -0.240 -0.237 -0.18 -0.162 0.048 -0.037 -0.197 -0.201 0.001 -0.152 0.027 0.018 -0.089

Aliphatic Amidases: (1) Alcanivoraxborkumensis SK2 (2) Delftiaacidovorans DSM 14801 (3) Bacillus stearothermophilus BR388 (4) Bradyrhizobiumjaponicum USDA 110 (5) Helicobacter pylori (6)
Marinobacteraquaeolei (ATCC 700491 [ DSM 11845 / VT8) (7) Burkholderiacenocepacia AU 1054 (8) Nocardia farcinica (9) Pseudomonas aeruginosa PAC142 (10) Pseudomonas putida F1 (11)

Rhodococcus erythropolis (12) Thioalkalivibrio sp. HL-EbGR7 (13) Variovoraxparadoxus S110.

Signature Amidases: (1) Aspergillusoryzae (2) Aspergillusnidulans (3) Pseudomonas chlororaphis B23. (S-Es) (4) Pseudomonas putida (5) Rhodococcus rhodochrous (6) Rhodococcus erythropolis N-
774 (7) Sulfolobussolfataricus.DSM 5833 (S-Es) (8) Saccharomyces cerevisiae (9) Mycobacterium tuberculosis (10) Schizosaccharomycespombe (11) Synechocystis sp. (strain PCC 6803) (12)

Mycobacterium bovis (13) Archaeoglobusfulgidus.

** Significative at a level of 1% of probability (p < 0.01) ;*Significative at a level of 5% of probability (.01 =< p < 0.05);ns Non-significative (p >= 0.05)

Results of amino acid analysis of two types of
amidases are shown in table 2b. The comparison of
individual amino acid composition has revealed that in
case of aliphatic amidases, percentage composition of
Cys, Glu and Tyr (2.2, 1.3 and1.6) were high and found to
be highly more significative. In contrast, the content of
Leu, Pro, Ser were found to be highly more significative
in signature amidases i.e. 2.0, 1.4 and 1.4 fold higher
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than aliphatic amidases. It was further observed that
the content of Asn, Met, Trp, Gly, lle for aliphatic
amidases were highly significative while in case of
signature amidase the content of Val, Ala were found
to be significantly more. The content of GIn, His, Lys
were non significantly higher in aliphatic amidases and
the content of Thr, Asp, Phe, Arg were also found to be
non-significantly higher in signature amidases.
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Multiple sequence alignment with the Clustal W
program of all the sequences obtained from the
database search has been done to detect the identity
score and the conserved amino acids subsequences
regions between aliphatic and signature amidases (Fig
1). In nitrilase related aliphatic amidase, amino acid
residues involved in catalytic function remains within a
catalytic traid of Cys-166, Glu-59, Lys-134, and found to
be position specific conserved in all diverged sequence
taken. Beside this catalytic traid other conserved
amino acid residues were Gly-51, Trp-60, Gly-64, lle- 65,
Met-66, Try-67, Gly-126, Glu-127, lle-128, GIn-130, Tyr-132,
Arg-133, Trp-138, Glu-142, Trp-144, Tyr-145, Gly-158, lle-
164, Gly-169, Asn-170, Tyr-171, Glu-173, lle-174, Trp-175,
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Arg176, Gly-191, Tyr-192, Met-193. While signature
amidase contains central conserved motif GGSS and
catalytic active residues were Lys-96, Ser-171, Ser-195,
along with several other distinct amino acids, such as,
Gly-189, Asp-191, Gly-193, Gly-194, Arg-197, Pro-199 were
also found to be conserved. In signature amidases
conserved motif as well as catalytic function residues
were not position specific except in selected reference
sequence. Result obtained from the present study
revealed that the amino acid residues i.e. Cys, Glu, Tyr,
Trp, Gly, Asn, and Met in aliphatic amidases, while in
case of signature amidases amino acids i.e. Ser, Asp,
Arg, Leu, and Pro also accounts for the substrate
specificity.

Table2b: Amino acid comparison of aliphatic and signature amidases

Amino e Microorganisms
Acids Substrate specificity : 3 3 2 5 6 ; 8 P o ” - 5 P-Value
Ala (A) Aliphatic 95 72 69 87 74 89 73 9.3 92 89 96 6.9 84 558 *
Signature 0.6 9.9 12.3 1.4 124 13.3 6.0 4.0 156 88 10.7 13.5 8.2 :
Aliphatic 4.0 52 4.0 43 35 4.0 6.7 5.2 6.1 58 4.6 4.9 5.2
Arg (R) Signature 5.1 42 48 73 50 6.0 4.2 3.8 9.3 3.9 3.8 9.1 4.0 144 ns
Asn (N) A'|Iphatlc 43 49 49 46 44 49 44 23 40 40 41 37 47 o
Signature 3.7 42 3.2 1.1 2.5 2.7 3.8 5.3 1.3 3.8 3.0 2.5 2.4
Aliphatic 6.3 52 4.0 52 56 6.6 6.2 7.2 5.5 6.1 7.0 6.3 5.8
Asp (D) Signature 57 53 63 56 62 73 63 67 67 64 47 55 46 00N
Aliphatic 29 29 23 23 32 2.9 2.3 2.6 2.6 2.6 2.3 2.9 2.6 o
Cys (©) Signature 1.1 0.7 1.6 1.5 1.5 0.8 0.8 2.2 0.9 1.3 1.6 0.2 1.1 7951
Gin (Q) Aliphatic 3.4 26 3.4 26 4.7 3.2 2.6 4.4 4.0 43 3.5 3.5 2.6 1.97ns
Signature 2.8 2.7 42 3.9 1.4 1.7 1.4 2.7 3.9 3.0 5.7 2.3 1.3 97
Glu (E) Aliphatic 72 7.5 9.2 72 65 6.9 65 6.7 7.5 7.2 7.0 7.2 7.0 0.46 **
Signature 6.4 7.1 4.0 5.8 4.4 3.8 6.3 5.5 3.7 5.4 4.2 5.1 10.4 .
Gly (G) Aliphatic 98 99 95 95 94 98 103 9.6 9.8 9.2 9.6 9.5 105 12.10 **
Signature 68 75 103 84 93 102 93 6.2 8.9 6.2 8.9 82 8.6 :
. Aliphatic 23 32 29 26 2.1 2.3 2.9 2.9 2.0 2.3 2.3 2.6 2.6
His (H) Signature 2.8 2.6 34 2.4 2.9 3.1 1.4 1.5 1.5 1.7 1.4 2.3 0.4 2.76 ns
Aliphatic 57 6.4 89 6.4 6.2 5.7 6.2 5.2 6.1 69 7.0 6.9 7.0 .
lle (1) . 9.06
Signature 5.9 6.2 4.2 3.4 4.3 4.6 6.5 7.5 3.9 5.1 4.5 2.7 71
Aliphatic 4.6 4.6 3.7 4.9 5.6 4.3 4.7 6.1 5.8 5.5 4.6 4.3 4.9 .
Leu (L) Signature 8.4 82 101 97 85 7.7 103 104 100 107 99 1.0 8.6 17016
Aliphatic 49 49 63 58 7.7 5.5 3.5 3.8 4.0 4.6 4.9 5.5 4.7
Lys (K) Signature 59 6.4 26 32 23 1.9 7.5 6.0 09 6.6 3.6 1.1 7.3 0-23ns
Met (M) A'|Iphatlc 5.5 4.6 4.0 4.3 2.1 4.9 4.7 3.2 4.3 4.0 3.8 3.7 5.2 32.81%%
Signature 1.7 1.8 32 2.1 2.7 1.9 4.4 2.4 1.7 2.4 2.0 1.7 2.0
Aliphatic 26 29 3.2 2.0 3.2 2.9 2.3 2.6 2.6 2.3 2.6 2.6 3.2
Phe (F) Signature 26 26 20 1.7 2.5 3.1 2.8 4.0 2.8 2.1 4.3 3.4 5.1 1-27ns
Aliphatic 46 52 46 52 50 43 5.3 4.6 4.6 4.6 43 4.9 4.7 o
Pro (P) Signature 5.9 5.7 6.1 6.7 7.2 6.5 6.5 5.6 741 741 8.7 6.6 7.5 65.71
Aliphatic 4.9 4.6 3.7 5.2 4.4 4.3 3.5 4.6 4.6 4.6 4.1 5.2 4.9 -
Ser (S) Signature 6.4 6.2 5.3 6.0 5.2 6.2 6.5 9.7 5.6 6.2 6.9 5.3 4.6 1974
Aliphatic 49 46 6.3 4.0 3.8 5.5 6.2 4.9 3.8 3.2 5.2 5.8 4.1
Thr (T) Signature 5.0 5.3 5.1 7.5 8.3 7.5 4.4 6.0 4.8 5.6 4.4 5.9 4.2 3-89 ns
Aliphatic 1.7 1.4 1.7 1.7 1.8 1.7 2.1 1.7 1.7 1.7 1.7 1.7 1.5 .
Trp (W) Signature 1.8 1.8 1.0 1.1 0.8 1.0 1.2 1.6 1.3 1.9 1.1 1.3 1.3 12:57
Tyr (V) I?hphatlc 4.6 52 4.6 6.1 5.0 4.6 5.0 5.2 4.9 5.2 5.2 5.5 4.9 5742 **
Signature 3.9 3.6 44 26 37 23 4.0 33 1.9 3.6 3.0 2.1 3.5
val (V) Aliphatic 6.3 6.7 5.7 7.2 8.3 6.9 7.6 8.1 6.6 6.9 7.0 6.3 5.5 86 *
Signature 77 8o 61 88 89 85 6.3 56 82 83 7.9 104 7.7 5

** Significative at a level of 1% of probability (p < 0.01); * Significative at a level of 5% of probability (.01 =< p < 0.05); ns Non-significative (p >=

0.05)
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Figure 1: Deduced amino acid sequences alignment of aliphatic and signature amidases.
#Reference sequence P22984 (Rhodococcus erythropolis N-774). Colored-shade represents the conserved amino
acids.
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DISCUSSION

In the present investigation an attempt has been
made to differentiate between aliphatic amidases and
signature amidases on the basis of their physiochemical
properties. It has been observed that these two classes
of amidases remarkably differ towards their substrate
specificity as well as for catalytic mechanism. Highly
significant difference in total number of amino acids
and molecular weight revealed that these two
parameters are playing some role towards the
specificity of aliphatic and signature amidases. The
values of theoretical pl significantly affect the solubility
as well as specificity of these amidases to some extent.
Insignificant difference has been recorded for
extinction coefficient and instability index indicating
that these properties does not relate to the substrate
specificity of amidases. Significantly higher values of
aliphatic index and GRAVY in signature amidases
indicated that they are thermally more stable and less
hydrophilic than aliphatic amidases.

From the present analysis it has been observed
that the percentage composition of individual amino
acid and other conserved amino acid residues besides
the catalytic triad significantly contributes towards the
substrate specificity of these two groups of amidases.
Chemical composition of twenty different amino acid
also contribute to substrate specificity and
physiochemical properties of the proteins.**#*> Multiple
sequence alignment has shown unique difference
among aliphatic and signature amidases. MSA has been
shown that the sequences belonging to first group
contains several position specific conserved motifs. In
our study amino acid residues i.e. Cys, Glu, Trp, Tyr and
Gly are found to be critical residues in enzyme catalysis
as well as in structural stability of the aliphatic
amidases where Cys and Glu remains within catalytic
traid of enzyme. Moreover site-directed mutagenesis
of Cys residue has shown that Cys166 acted as the
nucleophile in the catalytic mechanism."® Substitution
of Glusg to Val resulted in the destabilization of
enzyme structure and loss of activity indicated that Glu
is responsible for structural stability.>” However Trp, Tyr
and Gly is also found to be conserved around catalytic
triad at different positions. Substitution of Trp-138 to
Gly results in altered substrate specificity, stability and
confirmation of the enzyme.?® Alteration in Trp144 also
results in low affinity towards wurea and
hydroxyurea.?®3° It has also been reported that
catalytic traid lies together with Met193, Tyr60, Trp138,
Glu142, Gly191, and Tyr192.3' Where Gly-191 & Tyr192 is
responsible for H bond formation of an intermediate to
acetohydroxamic acid during acyl transferase activity.
In present study amino acids i.e. Met, Asn, lle and GIn
are also found to be conserved around the catalytic
triad and it may be concluded that these residues may
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also play some role in specificity as well as catalytic
mechanism of aliphatic amidases.

Whereas amino acid residues like Ser and Lys are
crucial for the specificity of signature amidases because
these residues are found absolutely conserved and
present in active site of enzyme. However, site directed
mutagenesis has shown that the substitutions of
Ser195 to Ala result in the loss of specificity.” While Lys-
60 act as a general base and found to play an
important role in stabilizing the resulting oxyanion of
serine residue.?* Furthermore we have reported that
Asp, Arg and Pro have been found to be absolutely
conserved near to one of the catalytic triad residue i.e.
Ser-195, indicating that these residues are crucial for
the specificity as well as for catalysis mechanism.
Substitutions of Asp to Asn at position 191 result in the
loss of specificity" and Arg-197 is crucial for transition
state stabilization.33

CONCLUSION

All the selected sequences in each group are 100%
homologous and more than 30% identical with respect
to reference sequence indicating that they share a
common pattern of ancestry but represent distantly
related diverse functions. Present study has clearly
distinguished the aliphatic and signature amidases. In
contrast to aliphatic amidases, signature amidases have
significantly higher number of amino acid residues,
molecular mass, higher values for theoretical pl,
aliphatic index and grand average of hydropathicity, In
contrast to aliphatic amidase it may be further
concluded that signature amidases are more stable and
amino acids involved in catalytic mechanism along with
other conserved amino acids are not position specific in
signature amidases which points towards the
functional diversity in these two closely related class of
amidases. The results obtained from the present study
will be certainly helpful in current as well as for future
Biotechnological application in the identification and
elucidation of aliphatic/signature amidases.
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