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Next-generation DNA sequencing (NGS) has made it feasible to sequence large number of microbial genomes and advancements
in computational biology have opened enormous opportunities to mine genome sequence data for novel genes and enzymes or
their sources. In the present communication in silico mining of microbial genomes has been carried out to find novel sources
of nitrilases. The sequences selected were analyzed for homology and considered for designing motifs. The manually designed
motifs based on amino acid sequences of nitrilases were used to screen 2000 microbial genomes (translated to proteomes).
This resulted in identification of one hundred thirty-eight putative/hypothetical sequences which could potentially code for
nitrilase activity. In vitro validation of nine predicted sources of nitrilases was done for nitrile/cyanide hydrolyzing activity. Out
of nine predicted nitrilases, Gluconacetobacter diazotrophicus, Sphingopyxis alaskensis, Saccharomonospora viridis, and Shimwellia
blattae were specific for aliphatic nitriles, whereas nitrilases from Geodermatophilus obscurus, Nocardiopsis dassonvillei, Runella
slithyformis, and Streptomyces albus possessed activity for aromatic nitriles. Flavobacterium indicum was specific towards potassium
cyanide (KCN) which revealed the presence of nitrilase homolog, that is, cyanide dihydratase with no activity for either aliphatic,
aromatic, or aryl nitriles. The present study reports the novel sources of nitrilases and cyanide dihydratase which were not reported

hitherto by in silico or in vitro studies.

1. Introduction

Advancement in the DNA sequencing technologies has led
to sequencing of large number of genomes and the enormous
sequence data are available in the public domain. The fourth-
generation DNA sequencing has made it possible to sequence
a bacterial genome within a few hours at a reasonably low
cost [1-4]. As of today 5293 prokaryotic and 22 eukaryotic
genomes have been completely sequenced and the sequence
data are easily accessible in databases such as NCBI, GOLD,
and IMG/ER. 1t is evident from previous studies that not all
the gene/protein sequences in the databases are functionally
characterized, which make these repositories a rich source
for the discovery of novel genes and proteins [5, 6]. Genome
mining has emerged as an alternate approach to find novel
sources of desired genes/proteins as the conventional screen-
ing methods which involve isolation of microbes and their

screening for desired products are time consuming, tedious,
and cost intensive [7, 8].

Microbial nitrilases are considered to be the most impor-
tant enzymes in the nitrilase superfamily that find application
in the synthesis of fine chemicals, production of some impor-
tant acids, and drug intermediates and in green chemistry
[9-13]. Besides their wide applications nitrilases are prone to
certain limitations, for example, their inactivation or inhibi-
tion by the acidic product, extremes of pH, temperature, and
organic solvent [14, 15]. These limitations are being addressed
either by the isolation of microorganisms from the extreme
habitat or by enrichment techniques for specific substrate
using conventional microbiological procedures [6] prone to
limitation as mentioned above. The present communication
focuses on in silico screening of publicly available bacterial
genomes for nitrilase genes and in vitro validation of the
predicted novel sources of nitrilases.
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2. Material and Methods

2.1. Genome Screening Using Homology and Motif Based
Approach. Primary screening of microbial genomes (data
given as supplementary material in Supplementary Material
available online at https://doi.org/10.1155/2017/7039245) was
done using homology based approach. Tblastn and blastp
were used to screen the sequenced genomes with query
sequence to identify the presence and position of similar
genes in the genome. Computationally predicted proteins
from the bacterial genomes with keyword “nitrilase/cyanide
dihydratase” were also downloaded using advanced search
options in the IMG/ER database. Sequences with low (30%)
and high similarity (80%) were discarded. Nitrilase gene
in contigs showing the presence of nitrilase homologs was
downloaded from IMG/ER. GenMark S tool was used to
predict the ORFs in each contig, and the output was down-
loaded selecting protein sequence as output option. Amino
acid sequences less than 100 amino acids were considered to
be as false positive (FP) and were discarded. Small amino acid
sequence database was created which was further subjected to
local blast, to confirm the presence of nitrilase homolog in the
contigs of the individual genome.

On the other hand, protein based manually designed
motifs (MDMs) were used to screen the bacterial genome
to search for the presence of conserved motifs using MAST
(Motif Alignment and Search Tool) at MEME (Multiple
Em for Motif Elicitation) suite. The motifs used are already
described in our previous communication [12]. Motifs iden-
tified in sequences less than hundred amino acids were
rejected, considered to be false positive (FP). Sequences above
100 amino acids were taken to be as true positive (TP).

2.2. Study of Physiochemical Properties and Phylogenetic
Analysis of Predicted Nitrilases. Physiochemical data of the in
silico predicted nitrilases were generated from the ProtParam
software using ExPASy server and compared to the values
deduced from the previous nitrilase study [16]. Some impor-
tant physiochemical properties such as number of amino
acids, molecular weight (kda), isoelectric point (pI), comput-
ing pI/Mw and the atomic compositions, values of instability
index, aliphatic index, and grand average of hydropathicity
(GRAVY) were calculated. A comparative chart was drawn
between previously characterized and predicted nitrilases.

An output file of multiple aligned sequences using Clustal
W for both previously characterized and predicted nitrilases
was used to generate the Neighbor Joining (NJ) tree using
MEGA 6 version. Phylogenetic tree was generated in order to
predict the sequences as aliphatic or aromatic with previously
characterized nitrilases.

2.3. Nitrilase Activity Assay. Culture of some of the bac-
teria predicted to have nitrilase gene (Shimwellia blattae,
Runella slithyformis, Geodermatophilus obscurus, Nocardiop-
sis dassonvillei, Streptomyces albus, Flavobacterium indicum,
Saccharomonospora viridis, Sphingopyxis alaskensis, and Glu-
conacetobacter diazotrophicus) was procured from Microbial
Type Culture Collection (MTCC); Chandigarh Escherichia
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coli BL21 (DE3) from Invitrogen was used as negative con-
trol as this organism does not have nitrilase gene. These
cultures were grown in the laboratory using different media
(Table 1) for the production of nitrilase activity following
the procedures described earlier [17-19]. Nitrilase activity
was assayed in 1.0 mL reaction mixture containing nitrile as
substrate (1-10mM) and 0.1 mL resting cells. After 30 min
of incubation at 30°C the reaction was quenched with 0.1 M
HCI and the amount of ammonia released was estimated
using nitrilase assay, that is, modified phenate-hypochlorite
method described by Dennett and Blamey [20]. One unit
of nitrilase activity was defined as the amount of enzyme
required to release 1 ymole of ammonia per min under the
assay conditions.

3. Results

3.1. Genome Screening Using Conserved Motifs and Homology
Search. As many as 138 candidate sequences were identified
using tblastn and blastp at IMG/ER on both gene and protein
level. Identification of potentially coding nitrilase genes was
done using homology based approach (blastp and tblastn)
allowing the identification of nitrilase sequences. To identify
newer sources of nitrilases, candidate sequences bearing
unassigned functions (hypothetical, uncharacterized, or pu-
tative) were selected from the translated genomes (Table 2).
The identified sequences shared 30-50% sequence identity
to biochemically characterized Rhodococcus rhodochrous J1
nitrilase which was taken as query sequence. Catalytic
residues were found to be conserved in all the predicted pro-
teins. Nine predicted and translated sequences were further
chosen for their in silico and in vitro validation based on
the manually designed motifs (MDMs) (Tables 3 and 4)
identified from previous study [12].

3.2. Physiochemical Parameters and Phylogenetic Analysis. In
silico identified nitrilases were analyzed for their physio-
chemical properties using ProtParam, an online tool at the
ExPASy proteomic server. The selected candidates values for
various properties were found to be very much similar to
those with earlier published data by Sharma and Bhalla [16]
as mentioned in Table 5. Average values deduced for aliphatic
and aromatic nitrilases from earlier characterized proteins
were taken as standard for the comparison of a predicted set
of nitrilase. The values of the same were found to be very
much similar to those with earlier published data by Sharma
and Bhalla [16] as mentioned in Table 5. The total number
of amino acids ranged from 260 amino acids (Nocardiopsis
dassonvillei) to 342 amino acids (Shimwellia blattae) with
different molecular weight. Isoelectric point ranged between
4.8 and 5.8 which is found to be closer to the consensus value,
that is, the average data value from previously characterized
aliphatic or aromatic nitrilases.

Neighbor Joining (NJ) tree using MEGA 6 shows the
phylogenetic analysis with in silico predicted sequences
from completely sequenced microbial genomes with that
of previously characterized nitrilase sequences. They were
distinguished either as aliphatic or aromatic according to
their position in the phylogenetic tree (Figure 1).
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TaBLE 1: Composition of various media used to cultivate procured strains for nitrilase production.

Name of the organism MTCC number Composition (gL.™") pH Growth temperature
Beef extract: 1.0 g
. . Yeast extract: 2.0 g
i@r’ggezllg’g 0”71“”“6 4155 Peptone: 5.0 g 70-75 37°C
NaCl:5.0g
Agar:15.0g
Glucose: 1.0 g
) ) Peptone: 1.0 g
Runella slithyformis - .
ATCC 29530 9504 Yeast extract: 1.0 g 7.0-7.5 26°C
Agar:15.0g
Glucose: 4.0 g
Yeast extract: 4.0 g
Geodermatophilus obscurus Malt extract: 10.0 g o
DSM 43160 4040 CaC0,:2.0¢g 7275 8C
Agar:12.0g
Yeast extract: 4.0¢g
Nocardiopsis dassonvillei Malt extract: 1.0 o
DSM 43111 14l Glucose: 4.0 g 72774 8
Agar:20.0g
Yeast extract: 4.0 g
Streptomyces albus Malt extract: 1.0 g .
J1074 1138 Glucose: 4.0 g 72774 25C
Agar:20.0g
Flavobacterium indicum Tryptic soy broth with agar .
DSM 17447 6936 (TSBA-100) 7375 30°C
Yeast extract: 4.0 g
Saccharomonospora viridis Malt extract: 1.0 g o
ATCC 15386 320 Glucose: 4.0 g 7274 5C
Agar:20.0g
Beef extract: 1.0 g
Sphingopyxis alaskensis Yeast extract: 2.0
DPSM‘%.%gg?a 7504 Peptone: 5.0 g 70-75 30°C
NaCl: 5.0 g
Agar:15.0g
Gluconacetobacter g:astzre::r; f)t: 508
diazotrophicus 1224 Mo E ) 70-73 28°C
ATCC 49037 Agar: 150 g
Yeast extract: 5.0 g
Escherichia coli - NaCl:10.0 g 70-75 37°C

BL21 (DE3)*

Casein enzymatic
hydrolysate: 10.0 g

*Negative control.

3.3. In Vitro Validation of Some In Silico Predicted Nitri-
lases. To validate for nitrile transforming activity of nine
predicted novel sources of nitrilases, these were tested against
common aliphatic, aromatic, and aryl nitriles and potassium
cyanide (KCN). Gluconacetobacter diazotrophicus, Sphin-
gopyxis alaskensis, Saccharomonospora viridis, and Shimwellia
blattae were found to be more specific for aliphatic nitriles.
On the other hand, Geodermatophilus obscurus, Nocardiop-
sis dassonvillei, Runella slithyformis, and Streptomyces albus
exhibited nitrilase activity for aromatic nitriles. Flavobac-
terium indicum was the only organism which showed no
activity for either aliphatic, aromatic, or aryl nitriles but was
specific towards the degradation of the potassium cyanide

(KCN) (Table 6). On the other hand, negative control, that
is, Escherichia coli BL21 (DE3), showed no activity for any of
the nitriles/substrates tested.

4. Discussion

Annotation of sequenced genomes to identify new genes
has become integral part of the research in bioinformatics
[21-24]. The present investigation has revealed some novel
sources of nitrilases. Homology and conserved motif
approach screened microbial genomes and proteins pre-
dicted as nitrilase or cyanide dihydratase or carbon-nitrogen
hydrolase in 138 prokaryotic bacterial genomes. Manually
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TaBLE 2: Prediction of ORFs length in the individual scaffold for prediction of coding sequence for nitrilase using IMG/ER.

Total number of
ORF’s predicted in Predicted coding Number of
scaffold of region for nitrilase base-pairs

complete genome

Scaffold or genome
Name of organism length (bp) with
accession number

?/Icg%fﬁgigris marina (I;I5CO—3°7‘£9§;) 152 200001-200999 999
;;cgtgzcé;t_egzpasteurmnus (giﬂ?g;) 120 174107173133 974
?;ZZZZZZZZM (1;185319‘;6;?) 406 200001-200960 960
A8

,Z%(g%agg averac avence (?4%5(1);3155) 188 201035-200001 1035
ﬁg’dothermus cellulolyticus (12451_322?)51)7;) 403 200001-201131 1131
%Z%ZZ;ZZCOCCHS (12\13(225(;5;732) 293 200924-200001 924
gécanivomx dieselolei ( g;ggg;l%i : 343 200001-200981 981
?rct{/lrobacter aurescens (4N5(;;(6)g2{)1;) 385 200001-200930 930
éi)srl;i;{)bium caulinodans (123(36—9(;(;313;) 262 89665-88580 1083
ggfgpirillum sp. (123(:1;;)91;?)5134) 402 200001-200921 921
lsalaﬁ:iﬁft(s) épzmnilus (1;7%13069583;) 73 201026-200001 1026
grsagﬁﬂﬁgobium japonicum glco—s‘;g‘é‘g 387 200001-200966 966
g;ffﬁrhizobium sp. (212%1%%97455) 392 201146-200001 1146
Iérlggi}z/;gizobium sp. ggé;%%‘g 395 201041-200001 1041
lélg;oslzlc(t)%r_zgm indicum (2H9]9E37(Z§gii;) 317 200001-200981 981
\IS)cll(c)(l:haromonospom viridis (gcoggi?;lﬁi) 315 200001-200996 996
g;s}z;/;;ioézgz?’xis alaskensis 23?4_5(;(7)32;;5; 387 200001-201017 1017
ib;rllgholderia cenocepacia (?1;26852082) 393 199944-201050 1050
gbérglolderia glumae I(\EI_OOJ;IZ;()) 154 47491-48477 1017
ggg;holderm gladioli (13\17%6213533135) 338 200001-201014 1014
Burkholderia phymatum (156(;_7(;1736]32;) 375 199971-201023 1023
Burkholderia phytofirmans (T4(é_7(;13(;61§;) 357 200001-201035 1035
Burkholderia sp. NC_014540 344 200019-201041 1022

CCGE1003 (2966498 bp)
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TaBLE 2: Continued.

Scaffold or genome

Total number of

ol G O pdasddng bl
accession number complete genome
Iéljlrkholderia vietnamiensis 3\112(31_1883%)5})4) 436 199986-201023 1037
fgzlg(t)olderia xenovorans (I;IS(;E(;(;Z?DS;) 396 00001200996 voc
Caulobacter sp. K31 (1\213?3%(1118 if’) 219 180936-181871 935
ghh&ll?z:;??:trer:’oides (;(;ggégi?;) 382 200001-200936 936
BS1
Clostridium difficile 630 (112(39_0020592%8;) 364 200001-200927 927
ggigéd"”m diffcie (211?650512115) 308 200001-200927 927
oo e o
NERC 1206 G821 by) 2 200001200930 557
DM 4654 Ne o
%pcmca Y%Sgnmmr (T(%Eggifs) 318 200001201017 1017
%pcmca ngzbéslnmmr (13\18%(9);5675; 318 200001-201017 1017
reema simssiby. 405 200001-200999 999
Zfﬁ:frf (;;g,glcfgs)ertz 2?130117233 269 200001-200951 951
ggzl\r/llolc;)gzls peraridilitoris Deggg_ﬁég;i;gjll A 500001200951 051
ATCe 06 > sootoaty) 79 200001-201029 1029
Dickeya zeae Ech1591 (Ijéggg;igg;) 194 200001-200927 927
Erwinia billingiae Eb661 ?1159—7071; 3b(}))§ 194 87964-88965 1001
ﬁr%/glg)zl;cézter litoralis (1;](%_2(;%75})2) al 200001200969 oc
ggﬁﬁ?ﬁf;’“m fndicum (21-;]95375;1; ﬁ)) 317 200001-200981 981
ATCO i ooz %6 200001-200924 924
gﬁf’lﬁﬁﬂl”’s P (13\1515213%653) 434 200001-200966 966
glee(;ifsgllzcsosidasius (1;8%(3)})5661?2) 446 200001-200966 966
C56-YS93
Geodermatophilus obscurus NC_013757 244 5410054884 83

DSM 43160

(5322497 bp)
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Scaffold or genome

Total number of

g by O pdesdiodne ke
accession number complete genome

zlﬁfﬁ;ﬁ;iiii?m (13\]9%&215;) 333 200001-200960 960
ATCC 49037

g‘gi’f’;ﬂgg ochraceum ( 22(1; 3362;12) 377 200001-200957 957
f;?g“g;i’;”m pracvalens (155—6031134433) 262 200001-200999 999
ﬁygf"mimb"”m P (117%2;71)1;) 392 200001200984 984
Janihinobacterium sp Ziﬁgg?g 308 200001-201068 1068
]C“g’;f“hm P g;;gg;if) 382 200001-201026 1026
ﬁgig”l“ maris (1;13(:52;(;2?)31:1;) 392 200001-200933 933
et
i\iﬁ;ffebnimmm (ﬁglzfgﬁf};) 436 200001-201077 1077
ATCC 14718

et
Qﬁ%% Z’zﬁfg’lm gﬁ;ﬂigﬁ) 354 200001-201110 1110
ﬁectglom‘ms methanica ( S%g?g;gl?p) 402 200001-200996 996
gﬁg%‘;%mm”m nodulans (125?7_703141191)2) 425 200001-201116 1116
ﬁg’él%lff; (Z)L;m populi (15\18%631401755 : 193 61617-62693 1077
gﬁhy Hibium petroleiphilum (ngﬁggsfs) 364 200001-201074 1074
fﬁf}%?fﬂ"m (12(?73?;13()351?;) 377 200001201077 1077
ATCC 27329

g{ezthy locella silvestris (i%g;gg) 439 199971-201029 1029
irceluie Sz 559 199938200897 57
ATCC 13950

gg;‘;é’;”m”m Hiflandii ( éﬁggggﬁ)) 405 200001-201059 1059
]Iigcggbacterium rhodesiae Myc(zhi\lls_gglétrif);&l.l 267 200001-200957 957
Mycobactevium smegmatis ( 6252%26&9 : 377 200001-200978 978
ﬁi%ﬁﬁ?ﬂ”s (1;11%5251(7)1?) 387 200001200930 930

ATCC BAA-1301
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TaBLE 2: Continued.

Total number of
ORF’s predicted in Predicted coding Number of
scaffold of region for nitrilase base-pairs

complete genome

Scaffold or genome
Name of organism length (bp) with
accession number

Nocardia farcinica

NC_006361

TN 1015 (6031225 bp) 390 198993-199811 818
g‘;;irj;‘iflsis dassonvillei g%gﬁ;l) 353 201134-200001 843
coalﬁgéiﬁfii}limm ( gggjﬁfg) 372 200001-201065 1065
ATCC 49405

Pantoea sp. At-9b gg;g;ﬁ; 9) 349 114577115581 1005
.
i@"é‘gi@g’fg asymbiotica &%ﬁ%ﬁ;ﬁﬁ) 338 200001201050 1050
iﬁ;eél(’élgg;’;ey : (12&3371)2;) 338 200001200909 909
g%g}:fhrzzz(xomns (Ijziﬁgg%il) 389 200001-201041 1062
Polaromonas sp. JS666 (1;12(5)7)%21935) 398 200001-200942 942
ﬁ:;rj%ﬁas ey Lac(ll(;ggéésssz.zo 107 47704-48747 1043
M302278PT P

i):liﬁfczltmmoms gl%gggﬁs) 397 200001-200921 921
ATCC BAA-1087

ié‘fzggjggas aeruginosa 6?3060966033411—;)32 270 91986-92801 816
fﬁfﬁjffﬁfffim (16\18%22583;3) 377 200001201026 1026
NEM421

Pseudomonas sp. TJ1-51 AEXE 8)21%(;(;051 05 1482-2498 1017
ifg‘d"moms fluorescens (2153?5?1(())245;) 349 200001-200924 924
ggix‘;‘;m"”“s fluorescens (127%—2(;22965& 376 200043-200930 888
1;151‘?_‘3;’ monas mendocina (15\14222253%3) 376 200001-200883 883
e
N
S
gfﬁﬁfﬁﬁiﬂm (%};ggifi; | 386 200001201008 1008
ATCC 55486

éﬁgggﬁs olanacearum g%gi?ﬁf) 343 200001-201032 1032
Rhizobium hainanense Ga0061100_113 146 61240-62280 1040

CCBAU 57015

(148344 bp)
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TaBLE 2: Continued.

Total number of
ORF’s predicted in Predicted coding Number of
scaffold of region for nitrilase base-pairs

complete genome

Scaffold or genome
Name of organism length (bp) with
accession number

Rhizobium leguminosarum bv. NC_008380

Vi (5057142 bp) 397 200001201047 1047
i}z}lozl?zb o s (117%8223853) 210 18450-19442 993
WSMI325

?i’gi"f’””d"mo"“q’ alustris (15\]7%1821083) 387 199980201050 1070
ﬁi}zgallopseudomonas palustris (I;I4CO_4()1114;8§;L) 390 200001-200954 954
Doa e oo
ﬁecgecﬂ;’o}ég’g;my : I?&gffggf 308 118859119893 1035
ﬁ’ggﬂ;glg‘gf orms ( gglg;’;x; | 362 200001-200933 933
i’frcggg"ltﬁzx espanaensis (ggggg ﬁi | 347 200001-201020 1020
i?rcggrl‘;g”;:‘”f’ ora viridis (gggggli; 315 200001-200996 996
g’gx,“_gf halifaxxensis (1;122—6211238;1) 337 200001200945 945
i?gg”;élg;;‘;”le‘ma ggﬁg?ﬁg 333 200001-200945 945
g‘:‘xa;;ga sediminis g;;ggji;l) 337 200001-200954 954
fgij["?gf;l“ violacea (119%—2(1)(1)‘;%;) 307 200001-200936 936
fﬁg g";llé%;mdy i (1;1925%03585) 327 200001-201005 1005
i}frizgezllgigob;“tt“e EBLc (4158725 bp) 376 200001-201029 1029
fggcu(ljslfgzgem acidiphila Sir(‘;’gggg’%ig;f‘l 337 200001201014 1014
Sorangium cellulosum Soce56 (II;I (%3(;170915;) 329 200001-201029 1029
g’s}lgﬁg}g’;“ alaskensis gi—solgﬁ({g 387 200001-201017 1016
Sphaerobacter thermophilus gzcsgggig 335 200097-201092 995
SRI;/}\’,"I"gomO”“S wittichit (1;13(;53219 ig) 354 200001-201026 1026
iﬂf’c"é"g‘; é?g”“le (55‘8357752) 339 200001-200906 906
‘Zt,l‘frckéy go';gve”“ (2159—5%%73612);) 402 200001-201005 1005
Streptomyces albus J1074 ( 66814)1(1)2231(;) 252 1635309-1636256 948
Synechococcus elongatus NC_007604 402 200001-201005 1005

PCC 7942 (2695903 bp)
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TaBLE 2: Continued.

Scaffold or genome

Total number of

g G OWieln pdodg b
accession number Complete genome

;ﬂtggz‘;ﬁiﬁer (129(:9—00205??; 337 200001200987 987
DSM 10017

ff;é%";;‘;cgzs P (13\]0%—8?)1407413 s | 431 200001-201008 1008
%‘écgggf“”’s clongatus 559—6%(;25;; 402 200001-201005 1005
ffgé’:;’ggg“”s P (I;O%Egiofg }f | 431 200001-201008 1008
%’ggi’ggom‘s P ggﬁ;ﬁg& 537 200001-201017 1017
Synechocystis sp. (?ggggﬁi;) 371 200001-201026 1026
ymechocystis . (215(;6(1)(1)20135;) 374 200001-201026 1026
gg%l;’ bus roseus Teg;’;%;gtéiil'l 354 200001-200873 873
gitg;lllgz’g?é’élés (1(1:5 6090 632213;) 379 200001-201077 1077
(‘;‘tl:;‘l’;"g?,’g)l’ aradoxus (?5%8:29])3}1)) 360 200001-201035 1035
;ﬁg""mx paradoxs (15\16%2;7;;) 420 200001201053 1053
g;ro’f_;”ef’ firobacter eiseniac (1;152—6072{;75;) 337 200001-200987 1020
é‘;ﬁ?ggﬁ“mmmm I;;i%gg}g 331 200001-200951 951
%3?:0"“5 ot b NZ_ACQU01000006 113 82520-83509 990

ATCC 10988

(113352 bp)

TABLE 3: Manually designed motifs (MDM:s) for aliphatic and aromatic nitrilases showing the presence of essential catalytic triad (E, K, and

O).

Nitrilases Manually designed motif
[FL]-[ILV]-[AV]-F-P-E-[VT]-[FW]-[IL]-P-[GY]-Y-P-[WY]

Aliphatic R-R-K-[LI]-[KRI]-[PA]-T-[HY]-[VAH]-E-R
C-W-E-H-[FLX]-[NQ]-[PT]-L
[VA]-A-X-[AV]-Q-[AI]-X-P-[VA]-X-[LF]-[SD]
[ALV]-[LV]-[FLM]-P-E-[AS]-[FLV]-[LV]-[AGP]-[AG]-Y-P

. [AGN]-[KR]-H-R-K-L-[MK]-P-T-[AGN]-X-E-R
Aromatic

C-W-E-N-[HY]-M-P-[LM]-[AL]-R-X-X-[ML]-Y

A-X-E-G-R-C-[FW]-V-[LIV]
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V-1

AXRV-O A-M-D4 A 1) [AIT]
-N-4-1-V -O-4-TV o “M-T-H-V -A-[MA]-D-4-D-d-X-V
DTV
V-4-4-1 o % MM -A.M,H.MHM H A-[TN]-X-X-4-[TV]- [N T]
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TaBLE 5: Comparison of physiochemical properties of aliphatic, aromatic, and predicted nitrilase from the average consensus values reported

by Sharma and Bhalla [16].

Average value Average value
Parameters

for aliphatic ~ for aromatic
Number of 3522 309.8 3380 3310 3260  260.0 280.0 3100 3150 3420 3190
amino acids
Molecular 38274.0 336935 361549 364912 363647 279033 31464.1 349381 338215 374727 346787
weight (Da)
gllqeoretlcal 5.5 5.5 5.0 49 6.2 52 5.6 5.4 48 5.4 5.8
NCR* 417 35.8 41.0 440 400 32.0 36.0 43.0 43.0 41.0 39.0
PCR* 303 29.2 26.0 25.0 370 21.0 270 34.0 29.0 30.0 32.0
Extinction
Ef/[e_flﬁzﬁffs) N 50213.3 43975.0  45295.0 33015.0 43890.0 35200.0 62465.0 53400.0 47900.0 38305.0 31775.0
280 nm
Instability index 412 385 301 525 270 277 286 39.6 46.6  36.6 38.5
Aliphatic index 89.40 89.90 94.1 87.9 93.6 811 76.0 90.9 86.2 9.8 89.3
Grand average
of . 00.10 00.01 0027 -017  —014 —0.051 -0283 -0109 0.045 —0.052 —0.002
hydropathicity
(GRAVY)

NCR": negatively charged residues; PCR”: positively charged residues.

designed motifs (MDMs) also differentiated the in silico pre-
dicted nitrilases as aliphatic or aromatic [12] as the designed
motifs are class specific. All the four motifs identified were
uniformly conserved throughout the two sets of aliphatic
and aromatic nitrilases as mentioned in Table 4.

The sequences belonged to the nitrilase superfamily,
showing the presence of the catalytic triad Glu (E), Lys
(K), and Cys (C) to be conserved throughout. Phylogenetic
analysis using the MEGA 6.0 version for the aliphatic and
aromatic set of protein sequences revealed two major clusters.
Neighbor Joining (NJ) tree used for phylogenetic analysis
revealed that in silico predicted proteins (this study) and
previously identified nitrilases as aliphatic and aromatic
[16] were found to be grouped in their respective clusters
(Figure 1).

Aliphaticity and aromaticity of in silico predicted and
characterized nitrilases were differentiated based on their
physiochemical properties. The physicochemical properties
of the predicted set of nitrilase were deduced using the
ProtParam subroutine of Expert Protein Analysis System
(ExPASy) from the proteomic server of the Swiss Institute
of Bioinformatics (SIB), in order to predict aromaticity or
aliphaticity. Several of the parameters (number of amino
acids, molecular weight, number of negatively charged
residues, extinction coeflicients, and grand average of hydro-
pathicity) listed in Table 5 are closer to the consensus values
reported for aromatic and aliphatic nitrilases, supporting that
the predicted set of nitrilase has aromatic or aliphatic sub-
strate specificity (Table 5).

In silico predictions were verified by in vitro validation of
the predicted proteins. Common nitriles (aliphatic, aromatic,
and aryl nitriles) and potassium cyanide (KCN) were tested
to check for the nitrile/cyanide transforming ability of the
predicted proteins. Out of nine predicted proteins eight were
found active for different nitriles, whereas Flavobacterium
indicum was found to hydrolyze toxic cyanide (KCN) into
nontoxic form (Table 6). The present approach contributed
to finding novel sources of desired nitrilase from microbial
genome database.

5. Conclusion

Genome mining for novel sources of nitrilases has predicted
138 sources for nitrilases. In vitro validation of the selected
nine predicted sources of nitrilases for nitrile/cyanide
hydrolyzing activity has furthered the scope of genome
mining approaches for the discovery of novel sources of

enzymes.
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FIGURE 1: Neighbor Joining (NJ) method differentiating characterized and in silico predicted as aliphatic and aromatic nitrilases.
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