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Strategy of high molecular mass nitrile hydratase expression in
Escherichia coli and the whole-cell catalysis by the
recombinant strains
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Abstract: [Objective] To increase the activity of the whole-cells, reduce the fermentation period and
improve production efficiency, high molecular mass nitrile hydratase (H-NHase) from Rhodococcus
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rhodochrous J1 was over-expressed in Escherichia coli. [Methods] The native SD sequence
upstream of the a-subunit gene nhhA and the activator gene NnhhG was substituted by a stronger SD
sequence, and the length of the intergenic region between the two genes was optimized. In addition,
the rare codons within the gene were optimized. The modified nhhBAG was over-produced in
recombinant E. coli BL21(DE3). After purification by ion-exchange chromatography, the molecular
mass for the recombinant enzyme was determined by Size-exclusion chromatography. The catalytic
conditions were optimized, and the process of biosynthesis of nicotinamide was simulated with
continuous substrate-flow. [Results] H-NHase was successfully over-expressed in E. coli. The
activity in cell-free extracts and the specific activity of the purified enzyme were 85.5+4.3 U/mg and
234.0¢11.7 U/mg by using 3-Cyanopyridine as substrate, respectively. The molecular mass for
recombinant H-NHase was 504.5£9.8 kD The optimal catalysis pH, temperature, and substrate
concentration using whole cells were 7.5, 25 °C, 400 mmol/L, respectively. The whole-cell activity
was up to 256.0+10.4 U/mL. Under this condition, the transformation ratio by whole-cell was 99.9%.
[Conclusion] The recombinant E. coli grows fast with a shorter fermentation period. The production
efficiency of amides using the recombinant strain would be increased, which exhibits potential value
for industrial production.

Keywords: High molecular mass nitrile hydratase, Codon optimization, SD sequence, Intergenic
region, Recombinant expression, Whole-cell catalysis

(Nitrile hydratase NHase EC [2] NHase
4.2.1.84)
[1]
[2] NHase « Rhodococcus sp. N774!!!2
P> Pseudomonas chlororaphis B23!!*'%
23 kD 3] NHase Rhodococcus rhodochrous J1 [15-16]
(Rhodococcus) R. rhodochrous J1
(Pseudonocardia) (Nocardia)’! (H-NHase)
(5] NHase (L-NHase) nhhBAG
H-NHase [16] nhIBAE
(Fe-NHase) (Co-NHase) Fe-NHase L-NHase P, (7]
61" Co-NHase R. rhodochrous J1
] o H-NHase L-NHase
-Cys-X-Leu-Cys(SO,H)-Ser-Cys(SOH) Rhodococcus ~ rhodochrous ~ ATCC12674!"*
Rhodococcus facians DSM43985!'!
(-S0Oy)
(-SOH)** R. rhodochrous J1
NHase Cu2+ Zn2+[9] [20-21]
NHase [10] (6]
L-NHase
NHase 22] H-NHase
5- 3.47x10° U/mg*!
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R. rhodochrous J1

Bio-Rad AKTA

H-NHase nhhBAG SD HiTrap Q HP 1 mL
HPLC
HITACHI LaChrom C;g (250ACHI LaChrom 5 pm)
(HITACHI) UV-1800PC
1R T 12 7%
11 #E 1.2.1 RIEFH K pET24a(+)-nhhBrbsArbsG 8944
1'1 P MBI bSATbSG B R. rhodochrous J1 H-NHase
A1 EERE R nhhBrbsArbs
A S IR NhhBAG  (GenBank D67027.1)
( ) . ] 1 H-NHase NhhA nhhA
pET24a(+) E. coli JM109 E. coli
nhhG SD SD
BL21(DE3)
- . AAGGA nhhB  nhhA
1.1.2 EFE: E. coli BL21(DE3)

YT (@) 160 100 nhhA  nhhG GATATAGAT
NaCl 5.0 ODyoy 10 nhhBrbsArbsG
0.1 g/L CoCl3-6H,O 0.6 mmol/L IPTG
113 FEiFFIEE, nhhBrbsArbsG

( ) Protein marker - 3 Nde I EcoR I
(Low/Broad) T4 DNA
TaKaRa ( )
( ) Nde I/EcoR I pET24a(+)
pET24a(+)-nhhBrbsArbsG
3-Cyanopyridine (3- ) ( pET24a(+)-nhhBrbsArbsG E. coli BL21(DE3)
) (Kan 50 pg/mL) 2YT
Marker (MW-MARKER PROTEINS) Nde T/
EcoR I
nhhBrbsArbsG nhhB nhhA nhhG
|
Nde 1 EcoR |
SD SD

TAA AAGGA GATATAGATATG TAA AAGGA GATATAGAT ATG
e Al AR AAVMA I

Y Y
14 bp 14 bp

E 1 nhhBrbsArbsG £ E & RERE
Figure 1 Genetic organization for the construction of nhhBrbsArbsG
SD .
Note: Fine underlined for stop codon or initiation codon, coarse underlined for the SD sequence.
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122 EERNAKBITERERGEPIRIE:
E. coli BL21(DE3)/pET24a(+)-nhhBrbsArbsG
2YT 37 °C 200 r/min
1% 30 mL 2YT

ODg¢0o 1.0

IPTG 0.1 g/L

CoCl,:6H,O0 24 °C 18 h SDS-PAGE

H-NHase HPLC
1.2.3 H-NHase R94E{L: 10 mmol/L
(Potassium phosphate buffer =~ KPB

K,HPO, 0.27% KH,PO, pH 7.5)

( 300 W

30 min) 12 000 r/min

250 mL
0.6 mmol/L

1.83%

2s 7s
10 min
40%—65%
10 mmol/L KPB
10 mmol/L KPB [ 0.5 mmol/L
(Dighiothreitol DTT)] 4°C
0.22 um
Hitrap Q HP
(10 mmol/L KPB+1 mol/L KCI
0.2-0.6 mol/L KCI)

4 mL

pH 7.5) (

AKTA pure

4 °C [24]
1.24 ZE:HEH H-NHase B9 FEN7E:

(Size-exclusion chromatography
SEC) H-NHase 10 mmol/L KPB
( 0.15 mmol/L KCl
0.5 mL/min 100 pL Marker
[MW-MARKER PROTEINS (1) (

) 290 kD (2) ( ) 142 kD
3) () 67kD (4 «C )
32kD (5 C( ) 12.4 kD]

Superdex 200 10/300
100 uL

pH 7.5)

Marker

1.2.5 E%H H-NHase BYEG;EME: H-NHase
[21]

25 °C
(U/mg) Bradford
10 pL 90 puL 10 mmol/L
400 pL 500 mmol/L
25 °C 10 min 500 pL
0.22 pm Cis
HPLC ( =1:2)

12.6 EABERTEEEMBENFEHEE:

pH 0.5 mol/L
Na,HPO4/NaH,PO, pH 5.5 6.0 6.5
7.0 7.5 80 85 9.0
pH pH

15 20 25 30 35 40°C

50 100 200 400 800 mmol/L

25 °C pH 7.5

1.2.7 R IMAREEL T 2R T

[25]

1 mol/L 1.0 mL/min
20 mL ODgpp 5.0
10 min 1h
20-25°C
1.2.8 HESHTE: SPSS 19.0
Regression-Lineaner
3
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2.1 FELHF K pET24a(+)-nhhBrbsArbsG 7£ X %
HEFHFRIE

E. coli BL2I(DE3)/
pET24a(+)-nhhBrbsArbsG 2YT
ODgoo 1.0
0.6 mmol/L  IPTG 0.1 g/L CoCls-6H,0
24 °C 18 h 2
o B (a
227kD B 263 kD) el
85.5+4.3 U/mg®! H-NHase

2.2 H-NHase M BALRES FERHE
E. coli BL21(DE3)/pET24a(+)-
nhhBrbsArbsG

Hitrap Q

HP H-NHase

3 H-NHase

234.0+£11.7 U/mg
H-NHase R.
H-NHase

R. rhodochrous J1

rhodochrous ATCC12674
[16,26]

kD M 1 2

2 H-NHase 7£ E. coli BL21(DE3)H B Ri&

Figure 2 Expressions of H-NHase in E. coli BL21(DE3)
M Marker 1 BL2I(DE3)/pET24a(+) 2

BL21(DE3)/pET24a(+) -nhhBrbsArbsG

Note: M: Marker; 1: Supernatants of BL21(DE3)/pET24a(+)
expression after crushing as a comparison; 2: Supernatants of
BL21(DE3)/pET24a(+)-nhhBrbsArbsG expression after crushing.

El3 H-NHase 5B 41k FKE

Figure 3 SDS-PAGE of the purified H-NHase
1 Marker 2

Note: 1: Marker; 2: Purified H-NHase.

SEC H-NHase
Marker (D
( ) 290kD 11.17mL (2)
( ) 142kD 12.85mL (3)
( ) 67kD 13.99 mL (4) ( ) 32kD
15.57 mL (5) C( ) 12.4 kD
17.17 mL 4
H-NHase
10.55 mL
3_
s 2
on
3 1L H-NHase
504.5+9.8 kD > t;0.1,B10.1»
L é ll() lll 1I2 1I3 1I4 1I5 1I6 1I7 1I8 1I9 I
20 -
El0f
(=]
ﬁ 0 1 1 1 1 1 1 1 1
f 9 10 11 12 13 14 15 16 17 18 19
% 20| H-NHase
2
Q
B 10F
<
0 1 1 1

9 10 I1 12 ll3 14 15 16 17 18 19
Peak position (mL)

El4 H-NHase HFENE
Figure 4 Molecular mass determination of H-NHase
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H-NHase
504.5+9.8 kD o P (o
227kD B 263 kD)% H-NHase
H-NHase [16]
23 FHEFTIREED2MEEECREZHOHE
2.3.1 pH X £4iE NHase RIEZ00: pH
NHase
pHE
E. coli-pET24a(+)-nhhBrbsArbsG
pH 8 pH
(pH5.5 60 65 7.0 7.5 80 85 9.0)
pH E. coli-pET24a(+)-
nhhBrbsArbsG pH
7.5 S5A
pH pH
2.3.2 REXTE£ZHAE NHase RIS/

E. coli-pET24a(+)-nhhBrbsArbsG

(15 20
25 30 35 40°C) 5B
25 °C 25 °C
2.3.3 JR¥IKE T 240 NHase Y20
5C 400 mmol/L
400 mmol/L

24 HYEEBREBRRAIRIMIZ
E. coli BL21(DE3)/pET24a(+)-

nhhBrbsArbsG (pH 7.5 25 °C
400 mmol/L ) 256.0+10.4 U/mL
()]

6

1 mol/L 1 mL/min

1h 90%

10 min
748.84+2.4 mmol/L 99.9%

300
250 -
200
150 1
100 |

50

Activity (U/mL)

5.0 6.0 7.0 8.0 9.0

300 1
250 1
200 -
150 |
1004

501

Activity (U/mL)

15 20 25 30 35 40
Temperature (°C)

300
250 -
200 r
150 -
100 -
50

Activity (U/mL)

0 200 400 600 800
Concentration of substrate (mmol/L)

5 EHEEMRELIGMRL
Figure 5 Optimal condition for the whole-cell catalysis of
recombinant strains E. coli BL21(DE3)/pET24a(+)-
nhhBrbsArbsG
A pH B
C

Note: A: Effect of pH on the activity of the recombinant strains; B:
Effect of temperature on the activity of the recombinant strains; C:
Effect of substrate concentration on the activity of the recombinant
strains.
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600 ] 600 AUG SD

500 I 4500 [28-29]

400 1400

300] 1300 9 bp

200¢ 4200 GATATAGAT (3)

nhhBrbsArbsG

Concentration of product (mmol/L)

100 4 100

Concentration of substrate (mmol/L)

0 10 20 30 40 50 60 70
t (min)
El 6 MAatElRAEKE S BEELRR
Figure 6 Hydration reaction of 3-Cyanopyridine to
nicotinamide catalyzed by the whole-cell
.
(mmol/L) —-o—
(mmol/L) ——- 1h . [30-32]

E. coli BL21(DE3)/pET24a(+)-nhhBrbsArbsG
1h 0 650 mmol/L 70 min R. rhodochrous J1

3 : H-NHase
Note: The product nicotinamide accumulated gradually, when H-NH [18]
immersed in  dynamically increased concentrations of -INFase
3-Cyanopyridine. —m— for the concentration of nicotinamide in the H-NHase
feeding system including the recombinant strains E. coli
BL21(DE3)/pET24a(+)-nhhBrbsArbsG, —o— for the concentration H-NHase
of the corresponding residual 3-Cyanopyridine, — — — for the stop
of the feeding at 1 h. The concentration of nicotinamide in the
system including the recombinant strains E.  coli
BL21(DE3)/pET24a(+)-nhhBrbsArbsG increased from 0 to about H-NHase
650 mmol/L, and the residual substrate was all biocatalyzed. The
experiments were performed in triplicate.
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