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Advances in the catalytic promiscuity of nitrilases

DIAO Hongjuan, LIN Xinfan, ZHENG Renchao’, ZHENG Yuguo

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang,
China

Abstract: As important biocatalysts, nitrilases can efficiently convert nitrile groups into acids
and ammonia in a mild and eco-friendly manner, being widely used in the synthesis of important
pharmaceutical intermediates. Early studies reported that nitrilases only had the hydrolysis
activity of catalyzing the formation of corresponding carboxylic acid products from nitriles,
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showing catalytic specificity. However, recent studies have shown that some nitrilases exhibit the
hydration activity for catalyzing the formation of amides from nitriles, showing catalytic
promiscuity. The catalytic promiscuity of nitrilases has dual effects. On the one hand, the
presence of amide by-products increases the difficulties and costs of subsequent separation and
purification of carboxylic acid products. On the other hand, however, if the catalytic reaction
pathways of nitrilases can be precisely regulated to reshape enzyme functions, the reactions
catalyzed by nitrilases can be broadened to provide new ideas for the biosynthesis of high-value
amides, which is crucial for the development of artificial enzymes and biocatalysis. This review
summarized the research progress in the catalytic promiscuity of nitrilases and discussed the key
regulatory factors that may affect the catalytic promiscuity of nitrilases from the evolutionary
origin, catalytic domains, and catalytic mechanisms, hoping to provide reference and inspiration
for the application of nitrilases in biocatalysis.

Keywords: nitrilase; catalytic promiscuity; catalytic mechanisms of enzymes; biocatalysis
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Schematic diagram of conditional, substrate and catalytic promiscuity of enzymes.
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The catalytic promiscuity of the nitrilases reported in the literature

Class Organism Substrate Amide ratio (%) References
Plant Arabidopsis thaliana NIT1 (AINIT1)  2-fluorobenzyl cyanide 70—85 [32-33]

2-fluoro-2-(3-methylphenyl) ethanenitrile
2-fluoro-2-(4-methylphenyl) ethanenitrile
2-fluoro-2-(4-nitrophenyl) ethanenitrile
2-fluoro-2-(3-methoxyphenyl) ethanenitrile
Fumaronitrile 93-95 [33]
3-nitroacrylonitrile
2-butenenitrile <5 [33-35]
3-methoxyacrylonitrile
a-fluorobutyronitrile
2-phenylacetonitrile
2-isobutyl-succinonitrile

Arabidopsis thaliana NIT4 (AtNIT4)  B-cyano-L-alanine About 60 [30]

Arabis alpina (AaNIT) Isobutylsuccinonitrile About 3 [34-35]
Phenylacetonitrile

Brassica rapa (BrNIT) Isobutylsuccinonitrile 10-15
Phenylacetonitrile
Mandelonitrile 62

Brassica oleracea (BoNIT) Mandelonitrile 45 [34]
Phenylacetonitrile 3

(GE3)
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iR 1)
Class Organism Substrate Amide ratio (%) References
Camelina sativa (CsNIT) Mandelonitrile 61
Phenylacetonitrile 17
Capsella rubella (CrNIT) Mandelonitrile 61
Phenylacetonitrile 18
Eutrema sal sugineum (EsNIT) Mandelonitrile 13
Phenylacetonitrile 1
Oryza sativa (OsNIT) Mandelonitrile 72
Phenylacetonitrile 49
Nicotiana tabacum TNIT4 (NtNIT4) B-cyano-L-alanine About 50 [30]
Zea mays NIT2 (ZmNIT2) Benzyl cyanide <10 [36]
1,4-dicyanobutane
Mandelonitrile
Nn-butyronitrile 19-40
Valeronitrile
Hexanenitrile
Heptanenitrile
B-hydroxynitrile series 63—-88
Bacteria Alcaligenes faecalis ATCC 8750 Mandelonitrile <1 [37]
(AIfNIT) 2-phenylpropionitrile
Acidovorax facilis 72W (AcfNIT-72W) 2-cyanopyridine <1 [38]
Acidovorax facilis (AcfNIT) 2-chloronicotinonitrile 54 [39]
Bradyr hizobium japonicum strain 3-aminopropionitrile 23 [40]
USDA110 (BrjNIT)
Pseudomonas fluorescens EBC191 2-(methoxy)-mandelonitrile <5 [37,41-46]
(PfNIT) 2-phenylacetonitrile
2-phenylpropionitrile
(R)-phenylglycinenitrile
(S)-mandelonitrile 10-50 [41-42]
(R)-mandelonitrile
(S)-phenylglycinenitrile
mandelonitrile
(R)-O-acetylmandelonitrile
(R)-2-acetoxy-2-phenylacetonitrile
O-acetylmandelonitrile
(9)-2-acetoxy-2-phenylacetonitrile 60-90 [42]
2-chloro-2-phenylacetonitrile
Paraburkholderia graminis DSM 17151 Mandelonitrile About 40 [31]
(PGNIT-17151)
Paraburkholderia graminis (PgNIT) 2-chloronicotinonitrile About 30 [39.,47]
Pseudomonas sp. UW4 (PsNIT) Indole-3-acetonitrile About 81 [48]
Rhodococcus ATCC 39484 (RhNIT-39484) Phenylacetonitrile 2 [49]
Rhodococcus zopfii (RhzZNIT) 2-chloronicotinonitrile 88 [39]
Synechocystis sp. PCC 6803 (SSNIT)  2-cyanopyridine 2 [50]
Fungi Gibberella intermedia CA3-1 (GINIT) 3-cyanopyridine <5 [51]
Neurospora crassa OR74A (NcNIT) Mandelonitrile 40 [52]
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Figure 3 Comparative results of protein sequence identity between nitrilases from different sources. Full
name of the enzyme name abbreviations in the figure is shown in Table 1. Numerical value represents the
similarity of protein sequence.
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Figure 4 Phylogenetic tree for nitrilases in bacteria, fungi and plant.
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%2 RCSBPDBHEEWFHBKBIBEEREHEFR

Table 2 Basic structure information of nitrilases in the RCSB PDB database

PDB entry Organism Gene names Resolution (A) Chains Sequence length (bp) Released (year)
6ZBY Pseudomonas fluorescens  nitA 3.10 Homo 12-mer 350 2021
6100 Arabidopsis thaliana NIT4 3.40 Homo 12-mer 361 2019
615T Arabidopsis thaliana NIT4 3.90 Homo 6-mer 361 2019
615U Arabidopsis thaliana NIT4 3.90 Homo 6-mer 361 2019
3WUY Syechocystis sp. PCC 6803 merR 3.10 Homo 2-mer 349 2014
3IVZ Pyrococcus abyssi GE5 PAB1449  1.57 Homo 2-mer 262 2010
3KI8 Pyrococcus abyssi GE5 PAB1449  1.60 Homo 2-mer 262 2010
3IW3 Pyrococcus abyssi GE5 PAB1449  1.80 Homo 2-mer 262 2010
3KLC Pyrococcus abyssi GE5 PAB1449  1.76 Homo 2-mer 262 2010

Homodimer Active pocket
5 HIETTREKEEE(PDB ID: 6100)R) % B ARG F01E (L =B (AR = &

Figure 5 Schematic diagram of the multimeric structure and catalytic triad of Arabidopsis thaliana nitrilase

(PDB ID: 6100).
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Figure 6 The key catalytic domains in the phenylacetonitrile-OSNIT complex structure (A) and analysis of
substrate binding pose in the protein active pocket (B).
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IR LR ; 1el36 7450 Gln, =S MIMIFHAON  wfE K AR TRELME . Rustler PSR
i Glu71 A4S T R, 4% TS Cys196 B Jfi T (Pseudomonas fluorescens) EBC191 i
[BIAREES , Z%4E B A =R 2 I P I 7K A Bl 2R A 7 AL A e I BRI IR, Bt
N M B B TE pH 5 T 5 I 77 A2 1) I BE e e & /e Ik, B
4 RARBEBURACENBE  n, armonin s s,
IZ] %“@? 7 Effenberger 22U ff] A. thaliana 3 5 4 JiE /K fi
M fE Al SN S5 Ak an pH . IRES SR ML 2-8-2- KA O, HIREHR 7 °C.

Substrate-enzyme complex Intermediate 1 Intermediate 11

Pathway A Pathway B
(hydrolysis reaction) ™. (hydration reaction)

Irys lryS

7 BEKAREEfEL R AL BV LA BRI

Figure 7 Catalytic mechanism hypothesis of nitrilase catalytic promiscuity.

http://journals.im.ac.cn/cjben



DR % | BB IR R

lle136
» D=4.5
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Cys196-

Dg,=4.6 A Y
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Asn246 < O/,} =
Wide type F

47.38% phenylacetic acid
52.62% phenylacetamide

8 IKFERIRAY KRB LR ELIE IR IZHLH

Y
?ja
D\“ | DSUT

Phenylacetonitrile
Eysi 63 =rg
|4.3,“-w¢_&
Glu71 J‘\Q}.Q,{’
Cys196 . .

Val246 |

80.03% phenylacetic acid
Dg,—Dyo>0—Hydrolysis pathway—acid

Phenylacetonitrile

Lysl63 o
/W A9
G741
C)/sl{)() D‘“ﬁ Dso *
81.59% phenylacetamide
Dy,—Dyo<0—Hydrationpathway—amide

Figure 8 The catalytic promiscuity mechanism of nitrilase derived from Oryza sativa.

pH 9 B, =Wy Bk 7 L ik 3] 84%, 1L Tt
F| 30 °CHF LM & b AT 71%. Fernandes %1+
L P. fluorescens EBC 191 3 I ) Ji5 7K i B Ak,
2- KN, KB pH 1E 5-9 i il X = P ik e
() T J R W A8 /0 T X Tl P 4 TS L
ALK, FE 5-40 °CYu [N, a0 Tt
. BERER LL B EE R R R, AEXT T 5 CCH it
Wefi 5 He ol 89%, 40 °CHFFFMERE 62%. M L
WSV LUE 2], BE i pH E BB AR i
e 16 7K fidk Tt 10 4 16 1) O 1) B Y 7 ) . AN
A 17 55 PO % B — S i K At X T4 R ER B
RS SR AR fBUR%

T 5 2 W A4 A TG 400 A 2 6T TG 7K i It 1) 4 AL
TRAELYE ™ A — @ 5, QY B a5 RRAE . B
ARIEAG H T35 AN 5s [A) 4 BH SN 5 . Zhang 268
W52 T P. graminis DSM 17151 Ji /K f# il NitPG
WAL ZRIEY T IR AIE 2R, RBUE
R BRI AR X R B G A 3-8 NI 74k
W2 IR Y, kB 2 25 R T I

&: 010-64807509

e B LA B 225 eAh, SR 25 R BoR NitPG
fifl 4-HIR NG, RONE . 4-HEER NG5
BIrEAE 1%, 16%F1 58%MIMME , Bk & iz
Widk . Dai P74 20 41 BR B (Rhodococcus
zopfii )RR FI NG /K i R2NIT A Ak, M4
ARG LA AL e, (B 5] i 2 U
i BRI hy 2- RN , SO A 4 87.5%11)
- ), Osswald Z51% 3 A thaliana
KR NG K B AL AN TR 3-IUAC N 9 il T ™ A=
Tk LA 4 BB 22 5, IR I R R
FE(—CN)FIAG L (-NOL) I, P & ik 93%
M 95%, AHR, HUEE SN T AL (—CH,)F 48 2
(—OCH:) B i 5 Fb A 5% DL EAFsE 4621
FEHT, BRI Y HL RO 23 R M 7 ) AR TR R
T Jie vy LU A1, 8 5 BBCA G 5 Py W A7 PR A R T I e
P o YHUCEE A H B PR 5 7 i NN,

—CN., —CF; %5, H R Ay W R0 A Ak
XIS N R A1k, SO B AR
] T pathway B, 7 Z /i 2% i 3 74 - Mukherjee
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25 DO 9% Sk 5 T K K (Zea: mays) 114 i 7K f 1
ZmNIT2 Ak IE WG SR T, ke B2 i i Ak
THE . NG RS RS T AR R I o B Ay
BIR 19% . 26%. 36%H1 40%, K& ik L,
Lo (A4 BH AT R 23 52 e OC B v [RIAR B K A, 3
IR 4 v B 1 B A T . BB Ak, P fluorescens
EBCI191 SRiEMIEKERAEM  LIMNETERY
R T 7 A %) 8 AR B B 081t 25 AR [) 34142970 g
ML RmBEE . R2-ZBHEIE-2- K ZE R-
MR 5 B 7= A 2 10% , 33%FIAN 2 1%
WEfte, TAEALIZ 3 Fh S M RUE Y i P AR 1 ke
d A R TEE ) 50% . 62%F1 10%. HUAE Bk
761 1% (Neurospora crassa) OR74A 3k 5 2 i 7k
fE R A I 25 R, Z AL R Bk JLF-
AP W, i SkiE =42 T 2 84%I1)
SwBkBE: . M EIRZEIRAT IR, RPN T
A 2 %5 I 7K Sk 8 1 e A TR LM 3 A — 2 1 52
ey, AFLECSE e R 2R AN B A

A, NG K A T A TR TR LA A 27 B A
B L5 RS20, J0 R I P 67 e A A = EK
NI IOE = 975 S o G ULy F P S
B SL VR 5 IS 1) 45 B S SR LA R RRAE . P
fluorescens EBC191 4 U5 7 1y Ji5 7K fid it it A i
RIS 7= A2 24 19% Mk, TKs 5544k — B¢
K Cys164 HIEFLEAT Alal65 RAH Arg Jq,
PR L B B R 41% 5 27T AT
(Alcaligenes faecalis) ATCC 8750 3k il fit )it /K fit
AL T AR 150 £ 0.7 % O I, (ELK A Ak 3
i Trpled K745 Ala BF, BERE 632 & 2
70%. [FFER: P. fluorescens EBC191 X5 G
KRB, SHEfL=IRIR Cysled ELIEMSEM 5
— M7 Cys163 MRS AR R T Wi & H,
B, b TEfh = BARKTE R 188 F1 206 fif
M, HZAK Trp188Leu F1 Asn206Lys 14 LA ik
[l 771 (80%F1 60%LL F)I¥1, IfH. 188 fif
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WA N Arg. Lys fil Pro, RJHEALAE AL 90% LA
R AR A, —SERRARRAY C AN
B e PR M SR A TR B RE T, R
(Aspergillus niger)ie i i) Jig 7K ik Bt Ak s Ak s
49 7 40 v ARG D 38 e BRI P, % b — RAA
BRI A7 sk, R W163A AR AT
33%MI MG ; N. crassa VR A4 fiF 7K A7 il 28 75 A
WI168A [ 7 Ho A M 40%45 5 51 85% 7

5 JE K AR 0 AL IR EL I WY B A
317l

PR TR LA 25 I 7K e il 1) I ] i e TR L
FISEI . — 5 e B hRR R ™Y h & A —
E LU eI, BEAR TR Wi, TRt
M T I S B A B AS 45 I K A
B M 0 A R Bk R s T 0 — 7 i, i K i
PIAE AL TR AL — LI, AR T8 B
JK G Tl 30 2 IR R I I TV 0 1) D B EL X R
FAL A YRR, 1 K A AR T 4R
¥, A R R, HE A RIA
B AT R R b . an SR RE A G 7K
7% T P 52 I i 1) A BCTBE I, FIRHE S v B
R G AL A R LB T2

K AL R LM PR T, 1R T AR
ZEEH WU, HAHCN HEFWER 3 i,
MRER A HAR Y, 5 ST bR e R @l - 4 .
— S8/ S A SR OB — 59 R 25 G S B SR
W6 A B e e I 7= 9, N Tao S VO0KE I 7K £ it
5 T P T << R IR, T R VR K AR T A T TR
A=y, ¥ B-NARK - i & 90%, Ik
FikF 15.02 g/(L-h), Zhang ZEP &1l IF
(Arabis alpina)f il 1) i 7K fif g 28 A2 & N258D
577 v )& (Pantoea sp.)k U A% I iz il << 5 B
TH BT e fI 7™ 91 (S)-3- ik -5-F L OOk e
HEAL S T L BE FA IS B 1k (S)-3 - Ak -5-H 2 2
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W2, FEALRIKE] 45%, ee, ik 99.3%. 75 —Fh
S R ER o Tk TR, A AR SIS
KRB KA TG T, T —dA = B AR R
Yy, R zopfii Sk G B AR Y K i B AL
2-AEIE A B 88% M, HAR™ ) 2-FIHIR
2 12%, MHRAER W167G 584 T /K
B IIERGAKARIE IR R T 20 fi5. Lu %
A UG K T BaNIT 7 A (Tt B = 7=
(9)-3- 7 Fk -5- B I O 1 e DN 15.8% P& (IR 1) T
1.9%, [FIEPEEGE 45 T 5.4 5. Ytk
H AR, TR AT BT PR R R 1 A
Ao U Zhang 2V B (50 FE Hp 28 HY R TR
T % i %% (Phytophthora cactorum) 9 Jit§ 7K i

*3 KXTH/KEEELREIIER A FA)

Bty , I B AL BRI e A A2 B 89.7% 1 s Bk ok
fiiz, HZRAS WI16TA K79 i Ak e e () o
FLHR T2 99.8%., B A= U %) 45 Jifd 4 (Syechocystis
sp.) PCC 6803 JiE/Kfifm4% At 2- T B ntk e A= i
2 1% AHN IR, AR F193N KEBERE i 1L
$ETHE 73.4%, Sun EERRGEASAK FI93N ik
— AR, R RAEMR FI93N/GIOIK/
QI92H/1201M K ki i) 7 EL AR TH 2 98.5%. 4N
AT, 3 8 TR A] R I e A R = 4
A E (K 3). MO, A — R RARE K
(R DRIBEMKETE T, Son IS K GG
HLA B B BE K Gl sy, XA
BT HA B R .

Table 3 Application cases regarding the catalytic promiscuity of nitrilases

Objective Organism Substrate & Product

Mutation

Result References

Eliminate Arabisalpina

Isobutylsuccinonitrile & No mutation

The amide byproduct was eliminated [35]

amide (9-3-cyano-5- and acid was obtained with a
products methylhexanoic acid conversion of 45.0% and ee, of 99.3%
Arabisalpine & Isobutylsuccinonitrile ~ V82L/M1271/C2 1.5 g/L Escherichia coli cells [60]
Brassica rapa & (9)-3-cyano-5- 37S (BaNITy;;) harboring BaNIT),, as biocatalyst
(chimeric methylhexanoic acid converted 150 g/L
nitrilase) Isobutylsuccinonitrile afforded
(9)-3-cyano-5-methylhexanoic acid
with>99.0% e.e. and 45.9%
conversion
Bradyrhizobium  3-aminopropionitrile & No mutation The isolated yield of B-alanine was [40]
japonicum strain ~ B-alanine 90%, the space-time-yield was
USDA110 15.02 g/(L-h)
Rhodococcus 2-chloronicotinonitrile  W167G, W167A, W167G converted 100 mmol/L [39]
zopfii & 2-chloronicotinic N165C, N165A, 2-chloronicotinonitrile exclusively
acid N165G into 2-chloronicotinic acid within 16 h
Enhance Alcaligenesfaecalis Mandelonitrile & WI164A W 164A variant formed significantly [37]
amide ATCC 8750 (S)-mandeloamide more (S)-mandeloamide than wide type
products Acidovorax facilis 2-cyanopyridine & W188G, W188A, W188M mutant converted [38]
72 W 2-picolinamide W188C, W188L, 250 mmol/L 2-cyanopyridine to more
W188M, W188S, than 98% 2-picolin- amide in 12 h
WI188V with a specific activity of 90 U/mg
Neurospora 2-phenylpropionitril & WI168A W168A mutant formed significantly  [52]
crassa OR74A 2-phenylpropionamide increased amounts of

2-phenylpropionamide

&: 010-64807509
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(&4 3)

Objective Organism Substrate & Product

Mutation

Result References

Oryza sativa Phenylacetonitrile & A87M/I91P/1136 The phenylacetamide was increased  [34]
phenylacetamide Q/M164V/R224S from 49.1% to 96.4% by the
/V226R hexamutant
Phytophthora Mandelonitrile & WI167A, W167V, These four variants reduced the acid  [69]
cactorum mandeloamide W190C, W190R by-product to less than 1% yield
Pseudomonas Mandelonitrile & C-terminal Nit(DelC-60)-Cys163Asn nitrilase [44]
fluorescens mandeloamide deletions, variant, which produces about 70% of
EBC191 C163A, C163N, amide from mandelonitrile
mandelonitrile & C-terminal These mutants formed increased [43,45,68]
mandeloamide deletions, amounts of mandeloamide from

WI188L, W188K,

mandelonitrile

W188P, W18SR,

N206K
F193A, F193D,

Syechocystissp.  2-cyanopyridine &

F193N improved amide product up to [50]

PCC 6803 2-picolinamide F193N, F193E, 73%, which was about 35-fold that of
F193Q wild type
F193N/G101K/  This mutant retained only 1.5% of the [70]
Q192H/1201M  carboxylic acid ratio

ee, refers to enantiomeric excess of the product.

6 &%

5 7K i AR AR A Ak v BRIz B TR
s, HARMIRELMEC SO YR i Z —
Wﬁ H X T i 7J<%¥@§1&4Uwﬂﬁﬁ@ﬁﬁkmfﬁﬂ

SER LKA PUR AT AT R, AR A fE AL
%Jﬁﬂimﬁl@@? o it — R A Y . R
oG TR TR O RS T — 2 B R bk
FIE P T 7 AR it 28 8 A, (EUXF G o] BEOHS o M ik 1
FLALIE K R TR S 2 %5 1. ARk, MiE
XT IR 7K g AL AL AR A SE , A B 2 BN i
THE 2 AT R E AL MR RE R G K il , S Tk A=
7R AL R G ML RN B 245 Tl A
L Z A AT REYE o A, X K g B LA (R IR
N FRAF IR AL T R DAL R i, AR TR
R LT 22 R RS AN s, DT R BRBE R
FRTREEE A SRR 3 TR BTk
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