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Applications of nitrile converting enzymes in the production of
fine chemicals
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Institute of Bioengineering, Zhejiang University of Technology, Hangzhou 310014, China

Abstract: Nitriles are an important type of synthetic intermediates in the production of fine chemicals because of their easy
preparations and versatile transformations. The traditional chemical conversion of nitriles to carboxylic acids and amides is feasible
but it requires relatively harsh conditions of heat, acid or alkali. Nitrile converting enzymes (nitrilase, nitrile hydratase and amidase)
which are used as biocatalyst for the production of fine chemicals have attracted substantial interest because of their ability to convert
readily available nitriles into the corresponding higher value amides or acids under mild conditions with excellent chemo-, regio- and
stereo-selectivities. Many nitrile converting enzymes have been explored and widely used for the production of fine chemicals. In this
paper, various examples of biocatalytic synthesis of pharmaceuticals and their intermediates, agrochemicals and their intermediates,
food and feed additives, and other fine chemicals are presented. In the near future, an increasing number of novel nitrile converting
enzymes will be screened and their potential in the production of useful fine chemicals will be further exploited.
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Fig. 1 Pathways of nitrile compounds by nitrile converting
enzymes in microorganisms.
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Table 1 Some previously reported microorganisms with nitrile converting enzymes activity

Enzyme

Microorganisms

Nitrile hydratase
(E.C.4.2.1.84)

Nitrilase
(E.C.3.5.5.1)

Amidase
(E.C.3.5.1.4)

Agrobacterium tumefaciens d3, Arthrobacter sp. J-1, Bacillus cereus, Bacillus sp. BR 449, Bacillus smithii
SC-J05-1, Brevibacterium imperialis CBS 489-74, Pseudomonas chlororaphis B23, Pseudomonas putida,
Pseudonocardia thermophila JCM 3095, Rhodococcus rhodochrous J-1, Rhodococcus rhodochrous R312,
Rhodococcus rhodochrous LL 100-21, Rhodococcus erythropolis BL1, Rhodococcus rhodochrous A4,
Rhodococcus sp. AJ270, Rhodococcus sp. SHZ-1, Nocardia sp. 108, Rhodococcus sp. ZJUT-N595, Rhodococcus
sp. N 774, Candida guilliermondii CCT 7207, Candida famata, Cryptococcus flavus UFMG-Y61

Acidovorax facilis 72W, Fusarium solani IM1196840, Bacillus pallidus Dac52, Fusarium oxysporum, Alcaligenes
faecalis IM3, Cryptococcus sp. UFMG-Y28, Alcaligenes faecalis ATCC8750, Rhodococcus rhodochrous J-1,
Penicillium multicolor, Rhodococcus rhodochrous NCIMB 11216, Exophiala oligosperma R1, Rhodococcus
rhodochrous PA-34, Rhodococcus rhodochrous K22, Comamonas testosterone, Pseudomonas fluorescens
DSM7155, Rhodococcus rubber, Acinetobacter sp. AK 226, Klebsiella ozaenae Arthrobacter sp. J1, Streptomyces

sp. MTCC 7546, Bacillus subtilis ZJB-063, Arthrobacter nitroguajacolicus ZJUTB06-99

Rhodococcus erythropolis MP50, Geobacillus pallidus RAPc8, Sulfolobus tokodaii strain 7, Delftia acidovorans,
Arthrobacter sp. J-1, Rhodococcus rhodochrous M8, Rhodococcus sp. AJ270, Xanthobacter flavus NR303,
Brevibacterium sp Strain R312, Variovorax paradoxus, Pseudonocardia thermophila, Pseudomonas sp. MCI13434,
Klebsiella oxytoca, Brevibacillus borstelensis BCS-1, Ochrobactrum anthropi SV3, Stenotrophomonas
maltophilia, Agrobacterium tumefaciens strain d3, Sulfolobus solfataricus MT4, Klebsiella pneumoniae NCTR1,
Bacillus stearothermophilus BR388, Delftia tsuruhatensis ZJB-05174

SOCL., NH;
Nitrile hydratase R-amidase
—_— —_— -
NH; “u, OH NH;
CN - iy

2 FEKEEE/R-BLRREEH E A A M T B EK(S)-(+)-2,2- = R AR b B B AR

Fig. 2 Preparation of cilastatin intermediate (S)-(+)-2,2-dimethylcyclopropanecarboxamide by nitrile hydratase/R-enantioselective

amidase.

($)-(+)-2,2-

99%;

1 R- Yamamoto [!* A. faecalis ATCC8750
, /R- R-
91%, e.e.% 99% (1]
( 2" :
47% ) e.e.% R-
s 72% Alcaligenes sp. ECU0401, e.e.% 99%,

B b >

A. faecalis ZJUTBIO0,
) R- )
- - 90% , e.e.% 99%
, 100

BASF 2-
e 3y, C, :

Journals.im.ac.cn



1798 ISSN1000-3061 CN11-1998/Q Chin J Biotech December 25, 2009 Vol.25 No.12

OH

;n'g

{
[21]

OH
Nitrilase A
CN ———> CN + cOOr , Zhu ,

R. S-mandelonitrile S-(+)-mandelonitrile  R-(—)-mandelic acid

i N - € 5,
Cl 'O+ HON , Pfizer
Benzaldehyde v
M3 BKREGEMRA R R Ry (regabalin) ’ »
Fig. 3 Enantioselective biocatalytic hydrolysis of racemic Burns
mandelonitrile for production of R-mandelic acid with nitrilase. (NIT-101, NIT-102,
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Fig. 4 Synthesis of 2-arylpropionic acid by enantioselective hydrolysis of 2-arylpropionitrile with nitrilase.
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Fig. 5 Synthesis of gabapentin intermediate 1-cyanocyclohexaneacetic acid by nitrilases.
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Fig. 6 Synthesis of pregabalin intermediate by nitrilase.
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Fig. 8 Synthesis of levetiracetam by nitrile hydratase.
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Fig. 9 Synthesis of p-methoxyphenylacetic acid by nitrilase.
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Fig. 10 Synthesis of glyphosate intermediate iminodiacetic acid by nitrilase.
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Fig. 11  Synthesis of L-phosphinothricin by nitrilase.
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Fig. 12 Synthesis of imidazolone intermediate 2-amino-2,3-dimethylbutyramide by nitrilase.
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Fig. 13 Synthesis of 2-aryloxypropionic acid by enantioselective enzymatic hydrolysis of 2-aryloxypropinitriles with nitrilase.
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Fig. 14 Chemical catalysts for the hydration of adiponitrile to 5-cyanovaleramide.
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Fig. 15 Nitrile hydratase hydrolysis of nicotinonitrile for
production of nicotinamide.
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Fig. 16 Synthesis of calcium pantothenate intermediate f-alanine by nitrilase.
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B- Fig. 17 Synthesis of 2-hydroxy-4-methylthiobutyric acid by
nitrilase.

B- Rhodococcus sp. G20,

38
[ ]( 1 6) Brevibacterium casei

“GMCC No. 0887
2- -4- , /\ L—U,._ /\

HO CN HO COOH

Glycolonitrile Glycolic acid

18 #|H Brevibacterium casei CGMCC No. 0887 % 7=

2- -4- ;
C ) gam
s s Fig. 18 Production of glycolic acid by Brevibacterium casei
2. 4. CGMCC No. 0887.
b , 2_
i (MGN, -66
2- -4- 2-
) 1,5- -2- (1,5-DMPD)
4. (391
1,5- -2-
’ ’ MGN
2- -4-
A. ilis 72W 4-
( 17), ) a4 . (4. facilis )
4-CPA 19
95% ( ) ( )
" . - 98%, 100%,
24 EHMBHEKFESREFHEILZA ° ’
, 1%~2% 2-
[42-43] MGN
1,3-DPMD 1,5-DMPD ,
[40] - )
Brevibacterium casei CGMCC
No.0887 , >
10 62%

99% , ( 18

Journals.im.ac.cn



1804 ISSN1000-3061 CN11-1998/Q Chin J Biotech December 25, 2009 Vol.25 No.12
O
CN H.0 CO:NHs  CH.NH:
—_— —_—
A. ilis 72 W Pd/C N
CN Jacilis CN H. \C H;
1.5-Dimethy [-2-piperidone
19 FIA A. facilis 72W % 7= 1,5- " B E-2-IRLE R
Fig. 19 Production of 1,5-dimethyl-2-piperidone by 4. facilis 72W.
CGMCC No. 0887 s
) , 3
, mol/L1*®! s
, Arthrobacter nitroguajacolicus ZJUTB06-99 ,
, 129.8 h!*7]
, 20
[48]
3 ARERREZ
, 27%, 20%
Nagasawa [44]
R. rhodochrous J1
, 200 mmol/L
’ Evonik ,
’ 2010
390 g/L 260 g/L
60%, 4000 (4] ,
Comamonas
testosterone 5-MGAM-4D,
0.76 g
5.16 mL R 40.2 mg
,2h 100%, , BASF DSM Nitto Lonza DuPont

[45]

Brevibacterium casei

Journals.im.ac.cn

Degussa



1805

) 1 b
5~50 > B
3) ,
4)
[50-51]
[52] 5 5
«C )
Rhodococcus
erythropolis AJ270 a- ’ ’
, o- o- ’
’ ’ REFERENCES
[1] Singh R, Sharma R, Tewari N, et al. Nitrilase and its
’ application as a 'green' catalyst. Chem Biodivers, 2006,
3(12): 1279-1287.
[2] Martinkova L, Mylerova V. Synthetic applications of
’ nitrile-converting enzymes. Curr Org Chem, 2003, 7(13):
s 1279-1295.
1) [3] Banerjee A, Sharma R, Banerjee UC. The
nitrile-degrading enzymes: current status and future
prospects. Appl Microbiol Biotechnol, 2002, 60(1/2):
0.1%~1%, 33744, o . y
[4] Wang MX. Enantioselective biotransformations of nitriles
s in organic synthesis. Top Catal, 2005, 35(1/2): 117—-130.
[5] Chen J, Zheng RC, Zheng YG, et al. Microbial
’ transformation of nitriles to high-value acids or amides.
Adv Biochem Eng/Biotechnol, 2009, 113: 33-77.
[6] Kobayashi M, Shimizu S. Nitrile hydrolases. Curr Opin
’ Chem Biol, 2000, 4(1): 95-102.
2) [7] Harper DB. Purification and properties of an unusual

Journals.im.ac.cn



1806

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

December 25, 2009 Vol.25 No.12

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

faecalis ATCC-8750. Appl Environ Microbiol,

nitrilase from nocardia N.C.I.LB. 11216. Biochem Soc
Trans, 1976, 4(3): 502—504.
Zhu Q, Fan A, Wang YS,
high-throughput screening strategy for nitrilase-producing
strains. Appl Environ Microbiol, 2007, 73: 6053—6057.
Zheng RC, Zheng YG, Shen YC. A screening system for
active and enantioselective amidase based on its acyl
transfer activity. Appl Microbiol Biotechnol, 2007, 74:
256-262.

Hu JG, Wang YJ, Zheng YG,
glycolonitrile-hydrolyzing

et al. Novel sensitive

et al. Isolation of
microorganism based on
colorimetric reaction. Enzyme Microb Technol, 2007,
41(3): 244-249.

Jin SJ, Zheng RC, Zheng YG, et al. R-enantioselective
hydrolysis of 2, 2-dimethylcyclopropanecarboxamide by
amidase from a newly isolated strain Brevibacterium
epidermidis ZJB-07021. J Appl Microbiol, 2008, 105(4):
1150-1157.

Zheng YG, Chen J, Liu ZQ, et al. Isolation, identification
and characterization of Bacillus subtilis ZJB-063, a
versatile nitrile-converting bacterium. Appl Microbiol
Biotechnol, 2008, 77(5): 985-993.

Zheng RC, Zheng YG, Shen YC. Enantioseparation and
determination of 2,2-dimethylcyclopropanecarboxamide
and corresponding acid in the bioconversion broth by gas

chromatography. Biomed Chromatogr, 2007, 21(6):
610—615.
Yadav GD, Sivakumar P. Enzyme-catalysed optical

resolution of mandelic acid via RS(-/+)-methyl mandelate
in non-aqueous media. Biochem Eng J, 2004, 19(2):
101-107.

Yamamoto K, Oishi K, Fujimatsu I, et a/. Production of
R-(-)-mandelic acid from mandelonitrile by Alcaligenes
1991,
57(10): 3028-3032.

He YC, Xu JH, Xu Y, et al. Biocatalytic synthesis of
(R)-(-)-mandelic acid from racemic mandelonitrile by a
newly isolated nitrilase-producer  Alcaligenes  sp.
ECU0401. Chin Chem Lett, 2007, 18(6): 677—680.
Yamamoto K, Ueno Y, Otsubo K, ef al. Production of
S-(+)-ibuprofen from a nitrile compound by Acinetobacter
sp. strain-AK226. Appl Environ Microbiol, 1990, 56(10):
3125-31209.

Takagi M, Shirokaze JI, Oishi K, et al. Production of
S-(+)-ibuprofen with high optical purity from a nitrile

compound by cells immobilized on cellulose porous beads.

J Ferment Bioeng, 1994, 78(2): 191-193.

Takagi M, Oishi K, Ishimura F, et al. Production of
S-(+)-ibuprofen
enzymatic-reaction combined with ultrafiltration. J
Ferment Bioeng, 1994, 78(1): 54-58.

Kakeya H, Sakai N, Sugai T, et al. Microbial hydrolysis
as a potent method for the preparation of optically-active

from a nitrile compound by

nitriles, amides and carboxylic-acids. Tetrahedron Lett,
1991, 32(10): 1343-1346.
Zhu D, Mukherjee C, Biehl ER, et al. Nitrilase-catalyzed

Journals.im.ac.cn

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

selective hydrolysis of dinitriles and green access to the
cyanocarboxylic acids of pharmaceutical importance. Adv
Synth Catal, 2007, 349: 1667-1670.

Burns MP, Weaver JK, Wong JW. Stereoselective enzymic
bioconversion of aliphatic dinitriles into cyano carboxylic
acids: US, 0196905 A1, 2007-08-23.

DeSantis G, Zhu ZL, Greenberg WA, et al. An enzyme
library approach to biocatalysis: development of nitrilases
for enantioselective production of carboxylic acid
derivatives. J Am Chem Soc, 2002, 124(31): 9024-9025.
DeSantis G, Wong K, Farwell B, et al. Creation of a
productive, highly enantioselective nitrilase through gene
site saturation mutagenesis (GSSM). J Am Chem Soc,
2003, 125(38): 11476-11477.
Chaplin D,
Nitrilase-catalyzed

Edwards JH, et al
desymmetrization of

Bergeron S,

3-hydroxyglutaronitrile: preparation of a statin side-chain
intermediate. Org Proc Res Dev, 2006, 10: 661—665.

Tao JH, Xu JH. Biocatalysis in development of green
pharmaceutical processes. Curr Opin Chem Biol, 2009,
13(1): 43-50.

Kakeya H, Sakai N, Sugai T, et al. Preparation of
enantiomerically enriched compounds by using enzymes. 11.
Preparation of optically-active alpha-hydroxy acid-derivatives
by microbial hydrolysis of cyanohydrins and its application to
the synthesis of (R)-4-dodecanolide. Agric Biol Chem, 1991,
55(7): 1877-1881.

Nagasawa T, Mauger J, Yamada H. A novel nitrilase,
arylacetonitrilase, of alcaligenes-faecalis jm3-purification
and characterization. Eur J Biochem, 1990, 194(3):
765-772.

Chen J, Zheng YG, Shen YC. Biosynthesis of
p-methoxyphenylacetic acid from p-methoxyphenylacetonitrile
by immobilized Bacillus subtilis ZJB-063. Process Biochem,
2008, 43(9): 978—983.

Bianchi D, Bosetti A, Cesti P, et al. Stereoselective
microbial  hydrolysis of  2-aryloxypropionitriles.
Biotechnol Lett, 1991, 13(4): 241-244.

EC, SK, et al
S-cyanovaleramide  production using immobilized
Pseudomonas chlororaphis B23. Bioorg Med Chem, 1999,
7(10): 2239-2245.

Lin ZJ, Zheng RC, Lou YY, et al. Perspective of
chemosynthesis methods of glyphosate and biosynthesis of
intermediate. Agrochemicals, 2009, 48(8):

Hann Eisenberg A, Fager

glyphosate
547-551.

, 2009, 48(8): 547-551.
Zheng YG, Liu ZQ, Xue, JM, et al. Production of

iminodiacetic acid by biocatalysis and its strain: CN,
101392276 A1. 2009-03-25.

: CN, 101392276 A1. 2009-03-25.

Lou YY, Lin ZJ, Zheng RC, et al. Progresses in
biosynthesis of L-phosphinothricin. Modern Agrochem,
2009, 8(3): 1-5.



1807

[35]

[38]

[39]

[40]

[41]

[42]

[43]

, , . I

, 2009, 8(3):1-5.
Nagasawa T, Mathew C, Mauger J, et al. Nitrile
hydratase-catalyzed production of nicotinamide from
3-cyanopyridine in Rhodococcus rhodochrous J1. Appl
Environ Microbiol, 1988, 54(7): 1766—1769.
Chassin C. A biotechnological process for the production
of nicotinamide. Chim Oggi-Chem Today, 1996, 14(1/2):
9-12.
Shen YC, Xue JP, Li HB, ef al. Production of nicotinamide
by microbial method: CN, 1730660 A. 2004-08-05.
CN, 1730660 A. 2004-08-05.
Liang LY, Zheng YG, Shen YC. Optimization of
beta-alanine production from beta-aminopropionitrile by
resting cells of Rhodococcus sp. G20 in a bubble column
reactor using response surface methodology. Process
Biochem, 2008, 43(7): 758—764.
Favre-Bulle O, Pierrard J, David C, et al. Industrial scale
process for the preparation of 2-hydroxy-4-methylbutyric
acid using a nitrilase: US, 6180359 B1, 2001-07-30.
Xue JP, Luo JX, Li HB, ef al. Production of glycolic acid
by biocatalysis: CN, 1772912 A. 2006-05-17.

s s >

CN, 1772912 A. 2006-05-17.

Gavagan JE, DiCosimo R, Eisenberg A, et al. A
gram-negative bacterium producing a heat-stable nitrilase
highly active on aliphatic dinitriles. Appl Microbiol
Biotechnol, 1999, 52(5): 654—659.

Gavagan JE, Fager SK, Fallon RD, ef al. Chemoenzymic
production of lactams from aliphatic alpha,
dinitriles. J Org Chem, 1998, 63(14): 4792-4801.
Cooling FB, Fager SK, Fallon RD, et a/. Chemoenzymatic

omega-

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

production of 1,5-dimethyl-2-piperidone. J Mol Catal
B-Enzym, 2001, 11(4-6): 295-306.

Nagasawa T, Nakamura T, Yamada H. Production of
acrylic-acid and methacrylic-acid using Rhodococcus-
rhodochrous-J1 nitrilase. Appl Microbiol Biotechnol, 1990,
34(3): 322-324.

Dicosimo R, Fallon RD, Gavagan JE, et al. Method for
producing methacrylic

acid acrylic acid with a

combination of enzyme catalysts: US, 6670158 B2.
2003-12-30.
Xue JP, Shen YC. Production of acrylic acid by
biocatalysis: CN, 101082052 A. 2007-12-05.

R . : CN,
101082052 A. 2007-12-05.
Shen M, Zheng YG, Shen YC.
characterization of a novel Arthrobacter nitroguajacolicus
ZJUTBO06-99, capable of converting acrylonitrile to
acrylic acid. Process Biochem, 2009, 44(7): 781-785.
Shen M, Zheng YG, Liu ZQ, et al. Production of acrylic
acid from acrylonitrile by immobilization of Arthrobacter
nitroguajacolicus ZJUTB06-99. J Microbiol Biotechnol,
2009, 19(6): 582—587.
Mirasol F. Biocatalysis  increasingly used for chiral

Isolation and

molecule production in pharmaceuticals and fine
chemicals. http://www.icis.com. 2008-01-28.

Panke S, Held M, Wubbolts M. Trends and innovations in
industrial biocatalysis for the production of fine chemicals.
Curr Opin Biotechnol, 2004, 15(4): 272-279.

Straathof AJJ, Panke S, Schmid A. The production of fine
chemicals by biotransformations. Curr Opin Biotechnol,
2002, 13(6): 548—556.

Matsuda T, Yamanaka R, Nakamura K. Recent progress in
biocatalysis for asymmetric oxidation and reduction.

TetraAsym, 2009, 20(5): 513—557.

Journals.im.ac.cn



