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ABSTRACT 
 

Nitrile compounds are found everywhere in nature. They are synthesized naturally as 
well as xenobiotically. Nitrilases are nitrile degrading enzymes and belong to nitrilase 
superfamily.  They convert nitriles into corresponding acids in a single step pathway. 
Members of this superfamily are present in both prokaryotes and eukaryotes and have 
characteristics αββα fold. They pose conserved Cysteine, Glutamate and lysine in 
catalytic triad and exist as inactive dimer and further oligomerize to become active. 
The enzyme is being used as an attractive biocatalyst for the production of fine 
chemicals and pharmaceuticals. Due to their high regioselectivity and enatioselectivity, 
the utility of nitrilases have progressed from the application of nitrilase in 
biotransformation to its importance in bioremediation. Nitrilases are also used in the 
treatment of toxic effluents, herbicides and in cyanide remediation. This review, gives 
large information about nitrilases and steps taken to improve the biotransformation 
potential of nitrilases. 
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INTRODUCTION 
 

 

Chemical compounds containing Cyano (-
CN) functional groups are called nitriles. 
These nitriles are formed naturally as well as 
xenobiotically. They show wide range of 
application in synthesis of plastics, 
cosmetics, pharmaceuticals and other 
organic chemicals but are also highly 
poisonous in nature1, 2. Nitrile compounds 
can be degraded chemically or by microbial 
systems. Chemical procedure to convert 
nitriles into acids and ammonia require harsh 
environment which lead to production of 
many unwanted by-products along with 
inorganic waste. Therefore, biological 
transformation has become a new rage. 
Biotransformation is conversion of one 

substance acting as substrate to another 
(product) by microorganism. Biological 
degradation of the nitriles show greater 
specificity as well as lack of production of 
secondary by-products along with easy 
purification of product and sometimes the 
energy requirements of reactions are also 
reduced than conventional chemical 
reactions. Microbes use different enzymatic 
pathways to catabolise nitrile. Either it can be 
two steps conversion of nitrile to carboxylic 
acid using enzymes, nitrile hydratase and 
amidase with amide as intermediate or it can 
be a single step conversion of nitriles into 
corresponding acids by nitrilase as shown in 
Figure 1 3 

. 
 

 
 Figure 1 

Nitrile hydrolyzing enzymes. 
 

Most of the nitrilases are characterized in 
terms of regio-(positional) and enantio-
selectivity. Enantio-selectivity involves the 
biotransformation of the enantiomeric 
substrate (R and S enantiomers) with their 
difference in Gibbs free energy around 1-3 
kj/mole 4. The regioselective properties are 
exploited for the production of chiral 
compounds. Therefore, due to such unique 
qualities of nitrilase and convenience of single 
pathway degradation compared to combine 
action of nitrile hydratase and amidase, it has 
attracted lot of attention.  

Nitrilases belong to nitrilase superfamily 
and expressed in both prokaryotes and 
eukaryotes. Members of this superfamily have 
been divided into 13 branches based on the 
amino acid sequence analysis, in which 
nitrilases belong to 1st branch along with the 
cyanide hydratase and cyanide dihydratase. 

Nitrile hydratase which too hydrolyzes nitriles, 
do not belong to any branch of this 
superfamily 5. The remaining 12 branches 
show amidase activity with varying specificity. 
Aliphatic amidase, amino-terminal amidase, 
biotinidase and β-ureidopropionase fall in 2nd, 
3rd, 4th and 5th branches, respectively. 
Carbamylase belong to branch 6. Branch 7 
and 8 consist of prokaryotic and eukaryotic 
NAD+ synthetase. These enzymes associate 
with the amidase domain in order to utilize 
liberated ammonia from the glutamine as a 
source of nitrogen for NAD+ synthesis. 
Enzymes of branch 9 are apolipoprotein N-
acyltransferase and catalyze reverse amidase 
(condensation) reaction in vivo 6. Branch 10th, 
11th, 12th and 13th constitute of Nit and NitFhit, 
NB11, NB12 and nonfused outliners, 
respectively 4.  
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SOURCES OF NITRILASE ENZYMES 
Nitrilases are present in both prokaryotes and 
eukaryotes. Among plant kingdom, it is mainly 
present in Gramineae, Cruciferae, and 
Musaceae. Nitrilase was first described 40 
years ago in barley leaves catalyzing the 
conversion of indole acetonitrile (IAN) to 
indole acetic acid (IAA) 7. The first prokaryotic 
source for nitrilase was Pseudomonas. It was 
isolated by selection on the naturally occurring 
nitrile, ricinine as a sole carbon source 8. Later 
on large number of microbial isolates showed 
the presence of nitrilase which is well 
documented in Table 1. A recombinant 
Pyrococcus abyssi nitrilase overexpressed in 
E.coli represent the first archeal nitrilase 9. 
Different factors such as effect of different 

carbon sources, nitrogen sources, inducers as 
well as optimal conditions may influence the 
properties of nitrilases.  In Rhodococcus 
rhodochorus NCIMB 11216 propionitrile 
induced synthesis of nitrilase hydrolyzed 3-
cyanobenzoate and both the nitrile groups in 
dicyanobenzoate whereas, benzonitrile 
induced nitrilase synthesis hydrolyzed only 
one of the nitrile groups in 1, 3 
dicyanobenzoate and did not affect 3-
cyanobenzoate 10. When Arthrobacter sp. 
strain J-1 was grown in acetonitrile as sole 
carbon and nitrogen, it led to production of 
nitrile hydratase and amidase whereas in case 
of benzonitrile as sole carbon and nitrogen 
source, aromatic nitrilase was expressed 11

. 
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Table 1 
Microbial nitrilases and their various properties. 

Organism 
 
 
 

Nature of expression Substrate 
specificity 

Optimum   
temperature (ºc) 

Optimum 
pH 

Size Of 
Subunit  
(Kda) 

Complexity 
(No. Of 

Subunits) 

References 

Fusarium solani Inducinble 
( Benzonitrile) 

Aromatic 25 7.8-9.1 76 8 56 

Nocardia  
(Rhodococcus) 
N.C.I.M.B. 11215 

Inducible 
(p-Hydroxybenzonitrile) 

Aromatic 30 7.0-9.5 45 12 57 

Arthrobacter sp. 
strain J1 

Inducible 
(Benzonitrile) 

Aromatic 40/30 8.5/7.5 30/23 1/- 11 

Rhodococcus 
rhodochorus J1 

Inducible 
(Isovaleronitrile) 

Aromatic 45 7.6 41.5 2 58 

Rhodococcus 
rhodochorus ATCC 
39484 

Inducible 
(Isovaleronitrile) 

Aromatic 40 7.5 40 14 59 

Rhodococcus 
rhodochorus PA-34 

Inducible 
(Propionitrile) 

Aromatic 35 7.5 45 1 60 

Rhodococcus 
rhodochorus NCIMB 
11216 

Inducible 
(Propionitrile ) 

Aromatic 30 8.0 45.8 12 10 

Bacillus pallidus 
DAC 521 

Inducible 
(Benzonitrile) 

Aromatic 65 7.6 41 14 43 

Aspergillus niger 
K10 

Inducible 
(2-Cyanopyridine) 

Aromatic 45 8 38.5 - 61 

Exophiala 
oligosperma R1 

Inducible 
(Phenylacetonitrile) 

Aromatic 30 4 - - 62 

Fusarium solani O1 Inducible 
(2-Cyanopyridine) 

Aromatic 40-45 8 ~40 14 63 
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Fusarium solani 
IMI196840 

Inducible 
(2-Cyanopyridine) 

Aromatic 45 8 40 - 64 

Rhodobacter 
sphaeroides LHS-
305 

Inducible 
(Acetonitrile) 

Aromatic 30 9.0 38 1 42 

Alcaligenes 
faecalis JM3 

Inducible  
(Isovaleronitrile) 

Arylacetonitrile 45 7.5 44 6 16 

Alcaligenes faecalis 
ATCC 8750 

Inducible 
(n-Butyronitrile) 

Arylacetonitrile 45 7.5 32 14 65 

Pseudomonas 
fluorescens EBC191 

Recombinant enzyme,  
Inducible 
(L-Rhamnose) 

Arylacetonitrile 50 6.5 37.7 - 17 

Pseudomonas 
putida 

Inducible 
(Acetonitrile) 
 

Arylacetonitrile 40 7 43 10 20 

A. faecalis ZJUTB10 Inducible 
(n-Butyronitrile) 

Arylacetonitrile 40 7-8 41.5 - 66 

Rhodochoccous 
rhodochorus K22 

Inducible 
(Crotoonitrile) 

Aliphatic nitrile 50 5.5 41 15-16 14 

Acidovorax facilis 
72W 

Constitutive Aliphatic 65 8-9 40 14 67, 68 

Streptomyces 
sp.MTCC 7546 

Inducible 
(Benzonitrile) 

Mono and di 
aliphatic nitrile 

50 7.4 - - 1 

Klebsiella 
pneumonia ssp. 
Ozaenae 

Recombinant enzyme 
 

Bromoxynil 
specific nitrile 

35 9.2 37 2 69 

Pyrococcus abyssi Inducible 
(Isopropyl-β-D-
thiogalactopyranoside) 

Aliphatic  60-80 6-8 29.8 2 9 

Synechocystis sp. 
strain PCC6803 
 

Recombinant enzyme, 
Inducible 
(L-Rhamnose) 

Aliphatic and 
Aromatic 

50 7 40 10 70 
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SUBSTRATE SPECIFICITY OF 
NITRILASES 
Nitrilases hydrolyze different types of nitriles. 
Therefore, due to their broad substrate 
specificity they are classified into three main 
categories: Aromatic, aliphatic and 
arylacetonitrilase as shown in Figure 2. The 
best described aromatic nitrilases are present 
in Rhodococcus rhodochorus J1 where 
amino acid at position 142 is responsible for 
their substrate specificity. Conjugated Π 
electron system of the aromatic ring of 
substrate or amino acid could hydrolyze 
aromatic or aliphatic nitriles whereas point 
mutation at 142 with non aromatic, non 
charged amino acid show activity only 
against aromatic nitriles 12. It is also reported 
that the positively charged amino acid at 
position 129 in R. rhodochrous ATCC 33278 
is active against m- substituted benzonitriles 
whereas neutral or negatively charged amino 
acids at 129 has no activity against any 
aromatic nitriles 13.Very few literatures are 
available on nitrilases acting preferentially on 
aliphatic nitriles. R. rhodococcus K22 was the 
first aliphatic nitrilase producing isolate 14. 
Some microbes showed activity against both 
aromatic as well as aliphatic nitriles 15. The 
first arylacetonitrilase was isolated from the 
isovaleronitrile induced cells of Alcaligenes 
faecalis 16. Arylacetonitrilase activity depends 
on the presence and position of aromatic ring 
as well as type of alkyl side chain. In 
Pseudomonas fluorescens EBC191, a direct 

correlation was observed between increased 
amide formation and increased negative 
inductive effect due to substitution at the 2-
position in ring 17. In Pseudomonas 
fluorescens EBC191 when alanine residue 
directly adjacent to the catalytic triad of 
nitrilase was replaced with larger substituent  
Ala165Phe, an increased proportion of ‘R’ 
enantiomer was observed where as variant 
with smaller substituent Ala165Gly showed 
preference for synthesis of ‘S’ enantiomer 18. 
In the same enzyme the amount of amide 
formation increased when Cys-163 which is 
in close proximity to catalytic triad was 
changed to asparagine or glutamine 19. 
Arylacetonitrilase activity from Pseudomonas 
putida and Alcaligenes faecalis showed that 
the substitution at the para position of phenyl 
ring enhances the activity whereas 
substitution at ortho position decreases the 
activity due to steric hindrance 20. Nitrilase 
from Klebsiella pneumonia subsp. ozaenae is 
highly specific for hydrolysing herbicide 
bromoxynil (3, 5-dibromo-4-
hydroxybenzonitrile) to 3, 5-dibromo-4-
hydroxybenzoic acid and use liberated 
ammonia as the source of nitrogen for its 
growth. The bxn gene encodes for 
bromoxynil specific nitrilase. The gene was 
incorporated into the leaves of tobacco 
plants. Transgenic plants showed resistance 
against herbicide BuctrilR (commercial 
bromoxynil) 21. 
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Figure 2 
Types of different nitriles. 

 
 

MOLECULAR ANALYSIS OF NITRILASE 
In microbes the gene responsible for 
expression of nitrilase is nitA. In 
isovaleronitrile dependent induction of 
nitrilase in Rhodococcus rhodochorus J1, this 
gene is transcriptionally regulated by the 
protein expressed by the nitR at 1.4 kb 
downstream of nitA. Protein encoded by nitR 
is positive regulator of nitA 22. In 
Pseudomonas fluorescens EBC 191, nitA is 
physically linked with the genes encoding 
enzyme arylacetonitrilase responsible for 
mandelonitrile biotransformation 17. In case of 
plants like Arabidopsis thaliana, there are 
four genes nit1, nit2, nit3 and nit4 that 
regulate the expression of nitrilases 23. Nit1, 
nit2 and nit3 are 85% identical to each other 
and are present on the chromosome III. 
Therefore nit1, 2 and 3 are considered to be 
nit1 homologs. Nit1 homologous enzymes 
are active on different types of aliphatic and 
aromatic nitriles and show no activity against 
β-cyanoalanine. Nit4 is only 65% identical to 
nit1/2/3 and is present on the chromosome V. 
Nitrilase 4 homolog is considered to be 
primordial nitrilase found in all plant species. 
Unlike nit1 homologs, nit4 homologs are 
active against β-cyanoalanine and take part 
in cyanide detoxification. Expression of each 
nit gene is localized and conditional 24, 25.  
PinA, a plant induced nitrilase is found in 
plant growth promoting bacteria P. 
fluorescens SBW27 using in vivo expression 
technology. This gene shows homology to 

nit4 of plant nitrilase and may be helpful 
during colonising plant roots 26.  
 
MECHANISM OF ACTION 
Nitrilases from R. rhodochorus, 
Pseudomonas putida, Alcaligenes faecalis 
and Fusarium solani have shown that thiol 
compounds such as dithiothreitol and 2-
mercaptoethanol are required for maximum 
activity of enzymes whereas, thiol specific 
reagents such as AgNO3, HgCl2, p-
hydroxymercuribenzoate and phenyl 
mercuribenzoate retard the enzymatic activity 
suggesting presence of sulphur containing 
amino acid in the catalytic site. Metal 
chelating reagent such as EDTA, cyanide, 
azide, disodium 4, 5 dihydroxy-m-
benzenedisulfonate doesn’t affect the activity 
of nitrilase indicating absence of metal ion in 
the enzyme. In nitrilases cysteine, glutamate 
and lysine at positions 165, 48 and131, 
respectively form the catalytic triad. In 
calatytic triad Cys-165 attack the cyano group 
as nucleophile, role of general base is 
assumed by Glu-48 whereas, Lys-131 is 
involved in stabilization of a tetrahyadral 
intermediate by forming hydrogen bond with 
the nitrogen of the nitrile substrate 12. Figure 
3 shows mechanism of Nitrilase catalysis. It 
is proposed that the scissile bond in 
thioimidate tetrahydral intermediate is not 
well defined which can lead to amide  

formation 27.  
 



Int J Pharm Bio Sci 2012 Oct; 3(4): (B) 232 - 246 

 

 

This article can be downloaded from www.ijpbs.net 

B - 239 

 

 
 

Figure 3 
The mechanism of nitrilase action. The dashed arrow shows the possible sissile cleavage 

which lead to amide formation in some nitrilases. 

 
 
STRUCTURE OF NITRILASE ENZYME 
The microbial nitrilases generally exist as 
inactive dimers which after activation form 
large homo-oligomer spirals with a varying 
number of subunits. Monomer form of nitrilase 
exist in four layered αββα fold which associate 
to form eigth layered αββα-αββα dimeric form 
which further oligomerizes to form active 
enzyme 28. The recombinant enzyme from R. 
rhodochorus J1 expressed in E. coli 
undergoes post translation cleavage at 
residue 327 removing around 39 C terminal 
amino acids from wild type enzyme, which 
results in formation of active oligomeric 
structure 29. The interacting regions in the 
subunit of nitrilase superfamily has been 
designated as A, B, C, D, E and F. A, C, D 
and F have two fold axes symmetry and take 
part in spiral formation whereas E surface is 
asymmetric. ‘B’ surface is present only in 
NitFhit protein, N-carbamyl-D-aminoacid 
aminohydrolase and the prokaryotic XC1258 

Nit protein. The α5 and α6 helices of ‘A’ 
surface associated together to form dimer. 
Interaction at ‘A’ surface can be further 
strengthened by the association of additional 
α helices at its C-terminal end. ‘A’ surface also 
brings the catalytic cysteine residue within the 
active site pocket. The ‘C’ surface is located 
almost at right angle to ‘A’ surface and is 
involved in elongation of spiral and association 
of dimers to form spiral quaternary structure. 
Conformational flexibility in this region leads to 
formation of different types of oligomeric 
structure. Mutation at C surface can render 
enzyme inactive. D surface interaction is 
mainly to strengthen the association between 
dimers and occurs after spiral completes one 
turn. Mutation at D region does not affect the 
enzyme activity. F surface interacts to 
increase helical twist 27. Asymmetric 
interaction at E region leads to termination of 
the spiral form by filling the gaps which can be 
available for the further subunit to be added 30. 
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Assembling of the dimers into large spirals 
increased by increase in salt concentration, 
organic solvent, and enzyme concentration 
and at high temperature whereas HgCl2 
inhibits thiol group and so inhibits enzyme 
assembling as observed in nitrilase of R. 
rhodochorus J1 31. 
 
INDUSTRIAL APPLICATION OF NITRILASE 
Nitrilases act at milder physiological conditions 
though some thermostable enzymes with 
better properties have also been reported. 
Nitrilases show regio-, enantio-selectivity as 
well as also have broad substrate specificity. 
Enantioselective biotransformation of nitriles is 
important in pharmaceutical industry, to form 
bioactive molecules such as Ibuprofen. 
Acinetobacter sp. AK226 hydrolyzes racemic 
2-(4’-isobutylphenyl) propionitrile (Ibu-CN) to 
S-(+)-2-(4’-isobutylphenyl) propionic acid also 
known as S-(+)-ibuprofen 32. Nitrilases also 
catalyze desymmetrization of 3-
hydroxyglutaryl nitrile to (R)-4-cyano-3-
hydroxybutyric acid. This ethyl ester 
synthesized by nitrilase is an intermediate to 
the cholesterol lowering drug, Lipitor. But 
unlikely, low enantiomeric excess (ee) was 
observed when the substrate concentration 
increased to a certain concentration that 
affects the large scale process for economic 
production. A recombinant nitrilase enzyme 
with ideal properties was made using gene 
site saturation mutation (GSSM) where a 
single alanine residue at position 190 was 
changed with histidine which led to 10% 
increase in enantiomeric excess at 
commercially relevant 3M substrate 
concentration 33. Another recombinant 
enzyme was made after point mutation at 
T210A and T210C in Acidovorax facilis 72W 
resulted in increased specific activity for 
biotransformation of 3-hydroxyvaleronitrile to 
3-hydroxyvaleric acid by 7.3 and 6.2 fold 
respectively. The hydroxyacids are commonly 
used in the synthesis of polyesters whereas 
the combined mutation at F168V and L201N 
in nitrilase of above said organism enhanced 
specific activity by 15.3 fold for glycolic acid 
production, commonly used in medical and 
industrial products 34, 35. Regioselective 
properties of nitrilases provide the synthesis of 

chiral substances for chemical synthesis with 
varied applications. The enzyme from 
Acidovorax facilis 72W regioselectively 
catalyzes ( E, Z ) -2 - methyl -2-butenenitrile to 
(E) -2- methyl-2-butenoic acid, commonly 
known as tiglic acid 36. R-(-)mandelic acid is 
an optical resolving reagent and source of 
semisynthetic cephalosporins 
pharmaceuticals. Nitrilase from Alcaligenes 
faecalis ATCC 8750, Pseudomonas putida, 
Microbacterium paraoxydans and 
Microbacterium liquefacians have shown 
production of R-(-)mandelic acid 4. An 
autodisplay of Alcaligenes faecalis ATCC 
8750 on E. coli was used to construct whole 
cell biocatalyst for the synthesis (R)-mandelic 
acid with an ee >99% 37. Nitrilase from R. 
rhodochorus J1 could convert cyanopyrazine 
into pyrazinoic acid which showed 
antimicrobial action against Mycobacterium 
tuberculosis and is also used as precursor of 
pyrinzamide which is an active pharmaceutical 
drug 38. It can also produce acrylic and 
methacrylic acid from acrylonitrile and 
methacrylonitrile, respectively 39. Production of 
nicotinic acid from 3-cyanopyridine has been 
reported from various sources 40 - 44. Nitrilases 
are also involved in biotransformation of 
Indole-3-acetonitrile (IAN) to Indole acetic acid 
(IAA). Conversion of IAN to IAA is last step in 
the IAN mediated pathway for IAA synthesis 
45. Streptomyces griseoviridisi K61 and 
Streptomyces lydicus WYEC108 are used for 
commercial production of IAA under the trade 
name mycostop using tryptophan as main 
substrate 46. 
 
BIOREMEDIATION 
Many man-made nitriles have entered the 
global environment via various ways such as 
herbicides, agricultural wastes as well as from 
exhaust of various automobiles 2. Nitriles are 
very toxic, carcinogenic, mutagenic and 
teratogenic. Their exposure can lead to 
disorder of central nervous system, hepatic, 
cardiovascular, renal and gastrointestinal 
systems in mammals 47. Therefore, it has 
become necessary to monitor the discharge of 
different nitriles into the environment. Nitrilase 
with its ability to convert nitriles into non toxic 
products have shown its potential role in 
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bioremediation. Li et al. (2007) used a 
consortium for degradation of organonitriles to 
corresponding acids 48. 

Some herbicides are the analogues of 
the dihalogenated benzonitrile such as 
dichlobenil, bromoxynil and ioxynil. Nitrile 
hydratase coverts these halogenated 
benzonitrile into corresponding benzamide 
which is more soluble in water and less 
biodegradable than parent compound, 
therefore pose threat to environment 49. In 
groundwater of Denmark, BAM (2, 6 
dichlorobenzamide) which is a catalyzed 
product of dichlobenil by nitrile hydratase is 
most frequently encountered contaminant 50. 
As discussed earlier, bxn gene of nitrilase 
from Klebsiella pneumonia sp. oxaenae was 
used to develop genetically modified 
bromoxynil and ioxynil resistant plants 21. 
Nitrilase from isobutyronitrile induced cells of 
R. rhodochorus PA-34, Rhodococcus sp. NDB 
1165, Nocardia globerula NHB-2 could also 
convert dihalogenated benzonitrile into acid 50.     
 
COMMERCIAL PRODUCTION OF 
NITRILASE 
Biocatalysts have huge impact in the chemical 
world. Chemical manufacturers are 
increasingly using enzymes to synthesize 
chiral compounds and other pharmaceutically 
active biomolecules. In fact, five most selling 

drugs in the world are single enantiomers. The 
traditional chemical method to produce 
carboxylic acid from nitriles meet with many 
challenges such as harsh environment, 
undesired by-poducts as well as low 
selectivity, whereas nitrilase can easily 
synthesize these  important acids without 
altering other functional groups.  Nitrilases are 
also employed in the industrial production of 
acrylamide, nicotinic acid and certain amino 
acids. Therefore, large production of nitrilase 
is needed to meet the demand of 
commercially important products. A thorough 
literature review was performed and it was 
noticed that most of the nitrilases are 
produced at shake flask level and very little 
emphasis was given on the production at 
bioreactor level.  The enzyme from P. putida 
5110 was produced in a 6 L lab scale 
bioreactor with a specific activity of 2.17 U/mg 
51. Similarly, Jain et al. (2012) investigated the 
production of nitrilase from recombinant E.coli 
expressing nitrilase gene of Alcaligenes 
faecalis in a 7 L lab scale bioreactor 52. The 
effects of various process parameters such as 
pH, temperature, concentration of inducer, 
aeration, agitation etc. are crucial during the 
scale up of enzyme production. Some of the 
known companies involved in production of 
nitrilases are listed in Table 2. 

 
Table 2 

Commercial nitrilase manufactures 

  

Nitrilase Organisms Price Name of manufacturer 

Nit01 
Bradyrhizobium japonicum 

USDA 110 Nitrilase 
50 mg/€300 Nzomics  Biocatalysis,UK 

Nit02 
Rhodopseudomonas palustris 

CGA009 Nitrilase 
50 mg/€300 Nzomics  Biocatalysis,UK 

Nit03 
Bacillus cereus ATCC 14579 

Nitrilase 
50 mg/€300 Nzomics  Biocatalysis,UK 

Nit04 
Silicibactor promeroyi DSS-3 

Nitrilase 
50 mg/€300 Nzomics  Biocatalysis,UK 

PRO-E0263 Silicibactor promeroyi DSS-3 10 mg/£70.00 Prozomix Limited, UK 

PRO-E0260 
Bradyrhizobium japonicum 

USDA 110 
10 mg/£70.00 Prozomix Limited, UK 

PRO-NITRP _ 50 mg/€535.50 Prozomix Limited, UK 
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LIMITATIONS OF NITRILASES 
The first nitrilase mediated bioprocess was 
performed in 1988 using R. rhodochorus J1 
for the conversion of 3-cyanopyridine to 
nicotinic acid. But, irrespective of nitrilase’s 
potential ability of regio- and enatioselectivity, 
the commercialization had been rather slow. 
The possible bottleneck causes for nitrilase 
large scale production are slow conversion 
rate, low product yield and low substrate 
tolerance 53. The enantioselective hydrolysis 
of mandelonitrile to mandelic acid by 
recombinant nitrilase was severely affected 
when substrate concentration reached more 
than 300 mM 54. It was observed that most of 
the nitrilases produced were from mesophillic 
sources and hence, witnessed low thermal & 
solvent stability and narrow substrate 
specificity. It has been predicted that nitrilase 
from thermophillic sources have higher 
thermal stability, broad substrate specificity as 
well as improved enantio- and regioselective 
properties. Immobilized cells of thermostable 
nitrilase from Bacillus pallidus strain Dac 521 
showed 100% conversion rate of 
cyanopyridine for 100 hours at 50˚ C. Since 
cells were immobilized, the problem of 
washing out was removed 55. The other 
possible limiting factors are lack of proper 
crystal structure of nitrilase and loss of activity 
after storage. 

CONCLUSION 
 
Nitrilases are one of the hydrolytic enzymes 
which act on nitriles and convert them into 
corresponding acids for different applications. 
They pose unique qualities such as regio- and 
enantioselectivity so, their role in 
pharmaceutical and chemical industries are 
immense. These enzymes have been used in 
production of many high value products which 
are very difficult to manufacture using 
traditional chemical methods. Nitriles are 
obnoxious in the nature therefore; this enzyme 
also plays a vital role in environment 
protection. Considering the economic 
importance and wide applicability of nitrilases, 
the studies on biotransformation of nitriles are 
scanty. The potential application of this 
enzyme can be enhanced further by 
increasing its specific activity for substrates, 
decreasing the loss of activity during storage 
and with the knowledge of its proper crystal 
structure by in silico study. It has also been 
viewed that substrate specificity of the 
nitrilases varies widely inspite of their 
conserved structure. Therefore, lot more study 
is needed to increase the applicability of 
nitrilase which can lead to formation of 
enzymes with better properties. 

 

ACKNOWLEDGEMENT 
 
A. Agarwal duly acknowledges the Junior Research Fellowship of University Grants Commission, 
Government of India for pursuing her Ph. D.  
 

REFERENCES 
 

1. Khandelwal AK, Nigam VK, Chaudhury B, 
Mohan MK, Ghosh P Optimization of 
nitrilase production from a new 
thermophilic isolate. J Chem Technol 
Biotechnol 82:646-651, (2007).  

2. Gupta V, Gaind S, Verma PK, Sood N, 
Srivastava AK, Purification and 
characterization of intracellular nitrilase 
from Rhodococcus Sp.- potential role of 
periplasmic nitrilase. Afr J Microbiol Res 
4:1148-1153, (2010).  

3. Zhou Z, Hashimoto Y, Kobayashi M, 
Nitrile degradation by Rhodococcus: 
useful microbial metabolism for industrial 
production. Actinomycetologica 19:18-26, 
(2005).   

4. Singh R, Sharma R, Tewari N, Geetanjali  
Rawat DS, Nitrilase and its Application as 
a ‘Green’ Catalyst. Chem Biodiver 3:1279-
1287, (2006). 

5. Reilly CO, Turner PD, The nitrilase family 
of CN hydrolysing enzymes - a 



Int J Pharm Bio Sci 2012 Oct; 3(4): (B) 232 - 246 

 

 

This article can be downloaded from www.ijpbs.net 

B - 243 

comparative study. J Appl Microbiol 
95:1161–1174, (2003). 

6. Brenner C, Catalysis in the nitrilase 
superfamily. Curr Opin Struc Biol 12:775-
782, (2002). 

7. Thimann K, Mahadevan S, Nitrilase:  II its 
substrate specificity and possible mode of 
action. Arch Biochem Biophys 107:62-68, 
(1964). 

8. Hook RH, Robinson WG, Ricinine 
nitrilase. II. purification and properties. J 
Biol Chem 239:4263-4267, (1964). 

9. Mueller P, Egorova K, Vorgias CE, 
Boutou E, Trauthwein H, Verseck S,  
Antranikian G, Cloning, overexpression, 
and characterization of a thermoactive 
nitrilase from the hyperthermophilic 
archaeon Pyrococcus abyssi. Prot Expr 
Purif 47:672–681, (2006). 

10. Hoyle AJ, Bunch AW, Knowles CJ, The 
nitrilases of Rhodococcus rhodochrous 
NCIMB 11216. Enz Microb Technol  
23:475-482, (1998). 

11. Bandyopadhyay AK, Nagasawa T, Asano 
Y, Fujishiro K, Tani Y, Yamada H,  
Purification and characterization of 
benzonitrilases from Arthrobacter sp. 
Strain J-1, Appl Environ Microbio 51:302-
306, (1986). 

12. Yeom SJ, Kim HJ, Lee JK, Kim DE, Oh 
DH, An amino acid at position 142 in 
nitrilase from Rhodococcus rhodochrous 
ATCC 33278 determines the substrate 
specificity for aliphatic and aromatic 
nitriles. Biochem J 415:401–407, (2008). 

13. Yeom SJ, Lee JK, Oh DH, A positively 
charged amino acid at position 129 in 
nitrilase from Rhodococcus rhodochrous 
ATCC 33278 is an essential residue for 
the activity with meta-substituted 
benzonitriles. FEBS Lett 584:106-110, 
(2010). 

14. Kobayashi M, Yanaka N, Nagasawa T, 
Yamada H, Purification and 
characterization of a novel nitrilase of 
Rhodococcus rhodochorus K22 that acts 
on aliphatic nitriles. J Bacteriol 17:4807-
4815, (1990). 

15. Winkler M, Kaplan O, Vejvoda V, 
Klempier N, Martínková L, Biocatalytic 
application of nitrilases from Fusarium 

solani O1 and Aspergillus niger K10. J 
Mol Catal B: Enzym 59:243-247, (2009). 

16. Nagasawa T, Mauger J, Yamada H, A 
novel nitrilase, arylacetonitrilase of 
Alcaligenes faecalis JM3. Purification and 
characterization. Eur J Biochem 194:765-
772, (1990). 

17. Kiziak C, Conradt D, Stolz A, Mattes R, 
Klein J, Nitrilase from Pseudomonas 
fluorescens EBC191: cloning and 
heterologous expression of the gene and 
biochemical characterization of the 
recombinant enzyme. Microbiology 
151:3639-3648, (2005). 

18. Kiziak C, Stolz A, Identification of amino 
acid residues responsible for the 
enantioselectivity and amide formation 
capacity of the arylacetonitrilase from 
Pseudomonas fluorescens EBC191. Appl 
Environ Microbiol 75:5592-5599, (2009). 

19. Sosedov O, Baum S, Bürger S, Matzer K, 
Kiziak C, Stolz A, Construction and 
application of variants of the 
Pseudomonas fluorescens EBC191 
arylacetonitrilase for increased production 
of acids or amides. Appl Environ Microbiol 
76:3668-3674, (2010). 

20. Banerjee A, Kaul P, Banerjee UC, 
Purification and characterization of an 
enantioselective arylacetonitrilase from 
Pseudomonas putida. Arch Microbiol 
184:407-418, (2006). 

21. Stalker DM, McBride KE, Malyj LD, 
Herbicides resistance in transgenic plants 
expressing a bacterial detoxification gene. 
Science 242:419-423, (1988). 

22. Komeda H, Hori Y, Kobayashi M, Shimizu 
S, Transcriptional regulation of the 
Rhodococcus rhodochorus J1 NitA gene 
encoding nitrilase. Proc Natl Acad Sci 
93:10572-10577, (1996). 

23. Janowitz T, Trompetter I, Piotrowski M, 
Evolution of nitrilase in glucosinolate-
containing plants. Phytochemistry 
70:1680-1686, (2009) 

24. Bartel B, Fink GR, Differential regulation 
of an auxin-producing nitrilase gene family 
in Arabidopsis thaliana. Proc Natl Acad 
Sci 91:6649-6653, (1994). 

25. Rausch SG, Kobelt P, Siemens JM, 
Bischoff M, Müller JL, Expression and 
localization of nitrilase during symptom 



Int J Pharm Bio Sci 2012 Oct; 3(4): (B) 232 - 246 

 

 

This article can be downloaded from www.ijpbs.net 

B - 244 

development of the clubroot disease in 
Arabidopsis. Plant Physiol 122:369-378, 
(2000). 

26. Howden AJM, Harrison CJ, Preston GM, 
A conserved mechanism for nitrile 
metabolism in bacteria and plants.  Plant 
J 57:243-253, (2009). 

27. Thuku RN, Brady D, Benedik MJ, Sewell 
BT, Microbial nitrilases: versatile, spiral 
forming, industrial enzymes. J Appl 
Microbiol 106:703-727, (2009). 

28. Andrade J, Karmali A, Carrondo MA, 
Frazão C, Structure of amidase from 
Pseudomonas aeruginosa showing a 
trapped acyl transfer reaction intermediate 
state. J Biol Chem 282:19598–19605, 
(2007). 

29. Thuku RN, Weber BW, Varsani A, Sewell 
BT, Post-translational cleavage of 
recombinantly expressed nitrilase from 
Rhodococcus rhodochrous J1 yields a 
stable, active helical form.  The FEBS J 
274:2099–2018, (2007). 

30. Sewell BT, Thuku RN, Zhang X, Benedik 
MJ, Oligomeric Structure of nitrilases: 
effect of mutating interfacial residues on 
activity. Ann N Y Acad Sci 1056:153–159, 
(2005). 

31. Nagasawa T, Wieser M, Nakamura T, 
Iwahara H,  Yoshida T, Gekko K, Nitrilase 
of Rhodococcus rhodochorus J1 
conversion into active form by subunit 
association. Eur J Biochem 267:138-144, 
(2000). 

32. Yamamoto K, Ueno Y, Otsubo K, 
Kawakami K,  Komatsu K, Production of 
S-(+)-Ibuprofen from a nitrile compound 
by Acinetobcater sp. strain AK226.  Appl 
Environ Microbiol 56:3125-3129, (1990). 

33. DeSantis G, Wong K, Farwell B, Chatman 
K, Zhu Z, Tomlinson G, Huang H, Tan X, 
Bibbs L, Chen P, Kretz K, Burk MJ, 
Creation of a productive, highly 
enantioselective nitrilase through Gene 
Site saturation mutagenesis (GSSM). J 
Am Chem Soc 125:11476-11477, (2003) 

34. Wu S, Fogiel AJ, Petrillo KL, Hann EC, 
Mersinger LJ, Dicosimo R, Bassant AB, 
Payne MS, Protein enginnering of 
Acidovorax facilis 72W nitrilase for 
bioprocess development. Biotechnol 
Bioeng 97:689-693, (2007). 

35. Wu S, Fogiel AJ, Petrillo KL, Jackson RE, 
Parker KN, Dicosimo R, Bassant AB, 
O’Keefe DP, Payne MS, Protein 
engineering of nitrilase for 
chemoenzymatic production of Glycolic 
acid. Biotechnol Bioeng 99:717-720, 
(2008).  

36. Hann EC, Sigmund AE, Fager SK, 
Cooling FB, Gavagan JE, Bramucci MG, 
Chauhan S, Payne MS, Dicosimo R, 
Regioselective biocatalytic hydrolysis of 
(E,Z)-2-methyl-2-butenenitrile for 
production of (E)-2-methyl -2-butenoic 
acid. Tetrahedron 60:577-5816, (2004). 

37. Detzel C, Maas R, Jose J, Autodisplay of 
nitrilase from Alcaligenes faecalis in E.coli 
yields a whole cell biocatalyst for the 
synthesis of enantiomerically pure (R)-
Mandelic acid. Chem Cat Chem 3: 719-
725, (2011). 

38. Kobayashi M, Yanaka N, Nagasawa T, 
Yamada H, Nitrilase catalyzed production 
of pyrazinoic acid, an antimicrobial agent, 
from cyanopyrazine by resting cells of 
Rhodococcus Rhodochorous J1. J 
Antibiot 43:1316-1320, (1990) 

39.  Nagasawa T, Nakamura T, Yamada H, 
Production of acrylic acid and methacylic 
acid using Rhodococcus rhodochorus J1 
nitrilase. Appl Microbiol Biotechnol 
34:322-324, (1990). 

40. Mathew CD, Nagasawa T, Kobayashi M, 
Yamada H, Nitrilase-catalyzed production 
of Nicotinnic acid from 3-cyanopyridine in 
Rhodococcus rhodochorus J1. Appl 
Environ Microbiol 54:1030-1032, (1998). 

41. Malandra A, Cantarella M, Kaplan O, 
Vejvoda V, Uhnáková B, Štěpánkova B, 
Kubač D, Martinková L, Continous 
hydrolysis of 4-cyanopyridine by nitrilase 
from Fusarium solani O1 and Aspergillus 
niger K10. Appl Microbiol Biotechnol 
85:277-284, (2009). 

42. Yang C, Wang X, Wei D, A new nitrilase-
producing strain named Rhodobacter 
sphaeroides LHS-305: Biocatalytic 
characterization and substrate specificity. 
Appl Biochem Biotechnol 165:1556-1567, 
(2011). 

43. Nigam VK, Agarwal A, Sharma M, Ghosh 
P, Choudhary B, Bioconversion of 3-
cyanopyridine to nicotinic acid by a 



Int J Pharm Bio Sci 2012 Oct; 3(4): (B) 232 - 246 

 

 

This article can be downloaded from www.ijpbs.net 

B - 245 

thermostable nitrilase. Res J Biotechnol 
4:32-36, (2009). 

44. Alamatawah QA, Cramp R, Cowan DA, 
Characterization of an inducible nitrilase 
from a thermophilic Bacillus. 
Extremophiles 3:283-291, (1999). 

45. Howden AJM, Rico A, Mentlak T, Miguet 
L, Preston GM, Pseudomonas syringae 
pv. syringae B728a hydrolyses indole-3-
acetonitrile to the plant hormone indole-3-
acetic acid. Mol Plant Pathol 10: 857-65, 
(2009). 

46. Khamna S, Yokota A, Peberdy JF, 
Lumyong S, Indole-3-acetic acid 
production by Streptomyces sp.isolated 
from some Thai medicinal plant 
rhizosphere soils. Eurasia J Biosci 4:23-
32, (2010). 

47. Johannsen FR, Levinskas GJ, 
Relationship between toxicity and 
structure of aliphatic nitriles. Fundam App 
Toxicol 7:690-697, (1986). 

48. Li T, Liu J, Bai R, Ohandja DG, Wong FS, 
Biodegradation of organonitriles by 
adapted activated sludge consortium with 
acetonitrile-degrading microorganism. 
Water Res 41:3465-347, (2007). 

49. Veselá AB, Franc M, Pelantová H, Kubáč 
D, VejvodaV, Šulc M, Bhalla TC, Macková 
M, Lovecká P, Janu P, Demnerová K, 
Martinková L, Hydrolysis of benzonitrile 
herbicides by soil actinobaecteria and 
metabolite toxicity. Biodegradation 
21:761-770, (2010) 

50. Holtze MS, Sǿreson RS, Sǿreson J, 
Aamand J, Microbial degradation of the 
benzonitrile herbicides dichlobenil, 
bromoxynil and ioxynil in soil and 
subsurface environments – Insights into 
degradation pathways, persistent 
metabolites and involved degrader 
organisms. Environ Pollut 154:155-168, 
(2008).                                  

51.  Naik SC, Kaul P, Barse B, Banerjee A, 
Banerjee UC, Studies on the production of 
enantioselective nitrilase in a stirred tank 
bioreactor by Pseudomonas putida MTCC 
5110. BioresourTechnol 99:26-31, (2008). 

52. Jain D, Meena VS, Kaushik S, Kamble A, 
Chisti Y, Banerjee UC, Production of 
nitrilase by a recombinant Escherichia coli 
in a laboratory scale bioreactor. Ferment 

Technol.  doi: 10.4172/2167-
7972.1000103, (2012). 

53. Sharma NN, Sharma M, Bhalla TK, An 
improved nitrilase-mediated bioprocess 
for synthesis of nicotinic acid from 3-
cyanopyridine with hyperinduced 
Nocardia globerula NHB-2. J Ind Microbol 
Biotechnol 38:1235-1243, (2011).   

54. Zhang ZJ, Pan J, Liu JF, Xu JH, He YC, 
Liu YY, Significant enhancement of (R)-
mandelic acid production by relieving 
substrate inhibition of recombinant 
nitrilase in toluene-water biphasic system. 
J biotechnol 152:24-29, (2011). 

55. Almatawah QA, Cowan DA, Thermostable 
nitrilase catalysed production of nicotinic 
acid from 3- cyanopyridine. Enzyme 
Microb Technol 25:718–724, (1999). 

56. Harper DB, Fungal degradation of 
aromatic nitriles enzymology of C-N 
cleavage by Fusarium solani. J Biochem 
167: 685-692, (1977). 

57. Harper B, Characterization of a nitrilase 
from Nocardia sp. (Rhodochrous group) 
N.C.I.B. 11215, using p-
hydroxybenzonitrile as sole carbon 
source.  Int J Biochem 17:677-683, 
(1985). 

58. Kobayashi M, Nagasawa T, Yamada H, 
Nitrilase of Rhodococcus rhodochorus J1 
purification and characterization. Eur J 
Biochem 182:349-356, (1989). 

59. Stevenson DE, Feng R, Dumas F, 
Groleau D, Mihoc A, Storer AC, 
Mechanistsic and structural studies on 
Rhodococcus ATCC 39484 nitrilase. 
Biotechnol Appl Biochem 15:283-302, 
(1992). 

60. Bhalla TC,  Miura A, Wakamoto A, Ohba 
Y,  Furuhasi K, Asymmteric hydrolysis of 
α-aminonitriles to optically active 
aminoacids by a nitrilase of Rhodococcus 
rhodochrous PA-34. Appl Microbiol 
Biotechnol 37:184-190, (1992).  

61. Kaplan O, Nikolau K, Pisvejcova CA, 
Martinkova L, Hydrolysis of nitriles and 
amides by filamentous fungi. Enz Microb 
Technol 38:260-264, (2006). 

62. Rustler S, Stolz A, Isolation and 
characterization of a nitrile hydrolyzing 
acidotolerant black yeast- Exophiala 



Int J Pharm Bio Sci 2012 Oct; 3(4): (B) 232 - 246 

 

 

This article can be downloaded from www.ijpbs.net 

B - 246 

oligosperma R1. Appl Microbiol 
Biotechnol 75:899-908, (2007) 

63. Vejvoda V, Kaplan O, Bezouška K, 
Pompach P, Šulc M, Cantarella M, 
Benada O, Uhnáková B , Rinágelová A, 
Wahl SL, Fischer L, Křen V, Martinková L, 
Purification and characterization of a 
nitrilase from Fusarium solani O1. J Mol 
Catal B:Enzym 50: 99-106, (2008) 

64. Vejvoda V, Kubac D, Davidova A, Kalpan 
O, Sulc M, Sveda O, Chaloupkova R, 
Martinkova  L, Purification and 
characterization of nitrilase from Fusarium 
solani IMI196840. Process Biochem 
45:1115-1120, (2010). 

65. Yamamoto K, Fijimatsu I, Komatsu K, 
Purification and characterization of the 
nitrilase from Alcaligenes faecalis ATCC 
8750 responsible for enantioselective 
hydrolysis of mandelonitrile. J Ferment 
Bioengineer 73:425-430, (1992). 

66. Liu Z, Dong L, Cheng F, Xue Y, Wang S, 
Ding J, Zheng Y,  ShenY, Gene cloning, 
expression and characterization of a 
nitrilase from Alcaligenes faecalis 
ZJUTB10. J Agric Food Chem 59:11560–
11570, (2011).  

67. Gavagan JE, Fager SK, Fallon RD, 
Folsom PW, Herkes FE, Eisenberg A, 
Chemoenzymic production of lactams 
from aliphatic α, ω-dinitriles. J Org Chem 
63:4792-4801, (1998). 

68. Chauhan S, Wu S, Blumerman WS, 
Fallon RD, Gavagan JE, DiCosimo R, 
Payne MS, Purification, cloning, 
sequencing and over-expression in 
Escherichia coli of a regioselective 
aliphatic nitrilase from Acidovorax facilis 
72W. Appl Microbiol Biotechnol 61:118-
122, (2003). 

69. Stalker DM, Malyj LD, McBride KE, 
Purification and properties of a nitrilase 
specific for the herbicide bromoxynil and 
corresponding nucleotide sequence 
analysis of the bxn gene. J Biol Chem 
263:6310-6314, (1988). 

70. Heinemann U, Engel D, Bürger S, kiziak 
C, Mattes R, Stolz A, Cloning of a nitrilase 
gene from the cyanobacterium 
Synechocystis sp. Strain PCC6803 and 
heterologous expression and 
characterization of the encoded protein. 
Appl. Environ. Microbiol. 69:4359-4366, 
(2003). 

 

 

 

 

 

 

 

 

 

 



Int J Pharm Bio Sci 2012 Oct; 3(4): (B) 232 - 246 

 

 

This article can be downloaded from www.ijpbs.net 

B - 247 

 


