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1 #MHEFE

1.1 KIS E

W ¥k Rhodococcus rhodochrous J1 6T 1L AR
IR TR A W]

1.2 EHFE

TG AR IR AL (g/L) : A0 20, IEBEE M 3.25, IR
% 7.00, K,HPO, 0.50, KH,PO, 0.50, MgSO,-7H,0
0.50, A 1.00, Bifig 15, pH 7.0

Pl 7 SRR RE 95 3k (g/L) « %5 0% 20, B2 LR B
3.25, k% 7.00,K,HPO, 0.50, KH,P0,0.50, MgSO,-7H,0
0.50, CoCl,-6H,0 0.01, B:4% 1.00, pH 7.0

SL. 30 LiERBERE IR (/L) . A0S 21.16, %
1= k) 8.08, JR & 9.23, K,HPO, 3.00, KH,PO, 0.74,
MgSO,-7H,0 0.74, CoCl,-6H,0 0.01, Bk k5 0.92, pH
7.0~8.0, JHU 7] 0.38 mL,

50 L HE & B 95 35 (g/L) . 250 35, BE LR K
4.90, % 9.00,K,HPO, 3.00, KH,PO, 1.14,MgSO, - 7H,0
1.50, CoCl,6H,0 0.02, Bf A% 1.00, pH 7.0~8.0, 71 1 5]
12mL,

PeAb G e W 15 97 3 (/L) - i %0 B 20, BERER By
8.08, X% 9.23,K,HPO,3.00,KH,PO, 0.74, MgSO,- 7H,0
0.74, CoCl,-6H,0 0.05, B 4% 0.92, pH 7.0~8.0, i 15
0.38 mL,

FMBLRE IR A
1.3 BREH
1.3.1 BAER BRI T80 °C vKAH b i £L Bk A
HIMAEEUH, 2ER T2 150 mL 4537309 500 mL
HEE M, T 29 °C 1HIR$E K 220 t/min 1557 48 h /2
A, 7 AR B T TG TR A e TR )
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o, SRJE T 29 °C FIEIREE IR IR, 2R L
T AR M LI BRI T T
132 #AMABERES WIS 020K T 1E 7% $2
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PR 29 °C.. 220 r/min #5357 120 h Z247, 24 BAREHE A P
PR ol T RS 1k R 1
133 SLAMAR N E KBS HIEIL)E R BkE
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TEFEIRFE R 29 °C. 220 r/min K535 48 h 247 45—
PP B—ZRPFHE 10% AR R RERI S & 225 mL
Fi g 5Ly 1000 mL #EJEH Y, ZEH R B2 K h 29 °C.
220 r/min }5 5% 48 h ZE A7 3RAH Rl FHEEFRAF
TP KGR R R 5 L, SEACRTRE T

BHEREM 20 g/L.

B B ORI 20 KA B, B il B 29 °C.
WA 0.8 vwm, #3#E 400 r/min, )% <0.05 MPa, 24
R TR YA T ) W T B VR AR T 5 /L WP Ik R T
134 S0LAMR 3 REERA K IE BZER R
PV H2 A0 3 5 400 mL B3 57 HE A 1000 mL #EIE L,
FEIEIEFE R 1 29 °C | 220 r/min 5555 48 h 24 35—
PP T o B IE IR I — R T S KRR B R B
15 L ZBEds 7R 200 30 L fE b, SO FN G v (0 35 75 2
CHERTZ AT 121 °C K 30 min, 7EIRAE 29 °C. WItA
WA 11 vwm, 55 8 300 t/min 2518 F 5555 24 h
PAF P T KRR R T 10% IR
WA 27 L R FRILN S0 L &k, SEAR
FEP AR R LT AR AT 204 121 °C K14 30 min, K %
S IR 29 °C, S 1.2 vvm, B 400 r/min,
J£<0.05 MPa, &% 48 h 15 1k & ¥ .

14 KWFHE

141 #EAEf GBS R KERL [0 IR SR

P IR [ R #2 e BE A A (0. 5,10, 20, 30 g/L)
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0.1 g/L), WF5E T & XS Wi /K A B3 L 520

142 SOLEMR B R REERA £ 50 LAY RN

an HEAT A3 L R E, R BESS 46 h A w SR 50% &
K, R B ) pH 4ERFTE 6.2, H R K FELE I,

1.43 pHE &40 /R ey in it [ PRI ES 77 36 b 20 B U
hn 2 o/ WEHERREN . 2 /L FP IR . 2 o/l JCIK IR
FRAS | 2 g/L S ALEE, AU IAT AT 49 5 1) S 56 4 A
X2

144 JRE A4 # 548 40 2 % % 3 NHase & A& #9

B R IR AT A 0. 5. 10, 15, 20,
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BIHERR % 2T 8RB A2 RN NHase 5 B RE 00

1.4.5 BEFF45 4 I — K AN R B R & K% R B4
BR 4N 3t NHase & s 89 %70 PRI K E5E 24 h, [ BRI
Har AN 0, 10, 15, 20, 25 /L i AR 4N, AF 5T
TR R A — PRI T X 4 Bk K e R
AL

1.4.6 AMEPEEE  7E 5 L KFFREP I T AN 4t
KWESZI, S ZHAE NHase WIJT 4545 iR (16 h) i
1R LL 0.36 mL/min FAMELERIF RN 300 g/L
BRI AR B, I 24 h iHEE 1R AN, JERMInZ 20 g/L
T2 B TR A, X BB R AR I A A R R A . P 4 S
IFi) S 4 0 0 4% O VR BEAIR T 5 /L B2 1k R

1.5 DA E
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K, 45 AR NN L AR K & iR BRI 211

P38 52 SB-40C Az Ak 43 A1 AN E A 7 5 46 W I £ Wk B2 11
I

1.5.2 EkAKgwE i 721 BUA] 0L 43 6O BE
T E 600 nm I A& BT 0 Wt B, 3 0K A
TR B — 2 WA B WO BEAE 0.2~0.8 Z [R], TR AR
A1 10 FH 22 T TR W Y B (1 (OD g ) 2K S R

1.5.3 NHaseBg & a9 M2 Kt 0.5 mL 19 & WA
N EA 19.5 mL 1Y BERR — S BF ¥ W (pH=7.5) i #E TP
P RAETE RS 5 BT 28 °C KR T
P35, U1 mL PG IS I AT b, I 8] B 7 )
F1AF, B S5 min, 285 i A 0.2 mL A9 £ (4 mol/L)
BRI . RNZEHR, K 1 mL VIR 1 mLZ B
(0.05 g/mL) IFWHATIRA -

g A % AL (7820A B, 3 [ Agilent
Technologies 2\ F], Agilent Q 30.0 mx0.250 mmx0.25 um
EHEH) FEAT AM A9, A E TR AR R
J& HERE IS TR EE 200 °C, JE /7 7.94x10* Pa; 2
R, AR 25 1 1, 43U i & 37.5 mL/min A1 46
IR E 190 °C, {4 ¥ 0F 18] 5 min, &% & KR 260 C;
FID £ 1 #%, 15 200 C. )5 MR P AR k1S HE 45
AM F RIS

NHase 76 P HE A h:

_ A XV x50000
Ay X KX VyXtx M
A . EN NHase 15 P, U/mL; 4, 5 AM A9 5 1 £
A, NI STk B D TET AR s KA N AR R B
1.647; VR BREL, 20 mL; ¥, R SEBRI0 A Y B IR
T, mL; ¢ S FSE S E], ming M S AM BYAR N4 T8

2 #HRE5VR

21 AEHEMSLERERERL

2T BRI 1E A K A1 A NHase Y33 F2 & THFE 4
RN, (RIS S0 FH 2T BR B T 7= 10 B /K B il R s RS
KA i, NHase T 14 26 15 th 52 20 8 25 7 A9 045 07, fip
DA AT Co® ot it Wk FE X T Y 5 i B R 22

BT R ARSI RS 72 h IS5 0. 4K
TR TR A R, SRR LT R A K, I LB Y
B B, 1 B R 2T K R R A AR o R T A
BIRICE o B R R G T TR AR
VTt T3 U 0 T T R 2 2 M T VR Oy 20 g/L
PR AR U B 5 e LB G e K (4400.98 U/mL) o 244
2 R IO VR RE A — 2B 3 e, B A v B BRI LR
it 0% A0, B 22 AT, K 10 BH o v Jo A B 1 2 W s
Xof B A A 4 R NHase (96 1807 A= 30 078 T, TRt s

I H R R R R R B Ry 20 /L.

Wi 5 S A IO VAR P A B, R TR SR G
Wz B i, YR A AL BTk 4 0.0005 g/L
IF, e W2 R S 1% AR 1621.46 U/mL; 4 &AL 4k
PR B PR 2 0.050 g/L B, S IAZ] 5 836.52 U/mL
(1 1(b)), B AR BE B A Tl T5 35 T 259.95%. A
A T v B — AR R A, BT R T
A BR, PR S A Al e A VA B M 0.050 g/L
22 AHREABIRESSHRESHT

ASCAE 50 L AEW) S % s 90 Tl 2B 7= rh 21035k
B T T2 Ak ) S ek A ) 2 R W B 5 B T
S HAT R, AR M 44t & i B b i B
IR &R, AR AR (CER) MR 3 (OUR) i i
A AT AT 18,

&1 2 JIT s R LD BR T T o AR il 2, AR B2 80
CER 1 OUR 7E ZE 7 3 (0~4 h) 38 i+ 73 2548, 1 5~
13 h, OUR #l CER [ifi % 4 ff A= K 34 i, 5 1 ) B
pH ZURIT B, 39002 PR TRAR A K 23T RE R 40, [
377 A A HLIRR 55 B P Wy R AR R U pH™ B
pH # — 2 &K, OUR HI CER 7F 13~16 h 2 4 T [%,
Biti 5 #4 TP A2, BRI OUR A CER AR T BE J&
k1 pH BRI T3

AT 3% 04 A8 Akl 26 0T DL Y, 7E R I PO
(0~20 h), F1AA S 1 NHase, i 7E 20 h Z )5, BT 14
G, I HAE 24~32 h PG A, 33X 3R I B AR vk B 2
3 — Fsf J ) il 7% A BRI LR U, R 32 h Z U, il
6 JLF- A 22 4k, NHase 15 1L & %, X 0l B2 K o &
P 8 ) pH It AR, 7 R PR IR B B e R, o A A0 i
JIEE I 1 pH B B2 AR, G iz 2 I BHLAS, DTG BR 1 T
NHase A& R0,

i S HCE i 2 & R B R b pH Y AR 1L
350 ) TR A P I A1 1 8 B, DU TTT 5% ) NHase 1
BN, R T HEATHRAIE, K EE 46 ho[n) & BEFE AN N
w R 50% @K, BEE 2K, KB A pH P
7t [FAF OUR Al CER b i sk 42 =, il 51 ) h &
A, 3 8 B 7E & 85 9] NHase JG 125 4% 22 P4 i Je:
KA T pH KT8, B xR P pH Y
P oy
2.3 pH ZH¥RHIHIE

I 50 L & e X 40 BR A A7 85 5%, SCuh 25 R
TR, DR AR KA R S FERE = R 5 S pH FRAIL S
3 NHase A 837 B, PRI o ot & e 335 97 36 4 79
BN — R Y RERRE K B FE P pH AW T, AT
{3 NHase ) R F3K,

W 3(a) &5 AR, 13X H W) 5 (14 S IR BE7E —
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Fig. 1 Effects of different concentrations of glucose and cobalt chloride on growth and NHase synthesis of R. rhodochrous J1
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Fig. 2 Parameter changes during the batch fermentation process of R. rhodochrous J1
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F, BACEE R I I0 ] T 20 BR B A9 A= K Il NHase ()
B, 15 2 LS RS 1 ODgq, AL 5 #1222 A %ot
PR o Ay TR A R B TR 25 PSR AR R AE — o PR B L4
il V25 W1 pH™, H B AT R 23 4 ) £ 3k T Y A A AN
NHase 145 1o T 35 B0V 5 7 200 5 2 b 1 % o DA
M ZLIR B A, R LS S 1 ODgg 5% RRZH TG
B 22 5, HOR R4S )5 Y BV 15 21 3844 U/mL,
BN HE A $RE R T 27.3%, 3% AT BB SR PR oA 8 46 4 R 44 i
PRLTBRIE A, HAZsE4:2 5 T NHase 95 1™,
W B 6 A WE R A D e s R v pHL By R ) o
24 ARVIBREREBEERANIRE LB

L b A

S e IR AR R BN A WS e £ 2 NHase 195

B, TERT R K W 1 7 5 v 43 0 I A ) Jo a3k B 11
T AR TR A, 5 N [0 G T o G 8 T 2 1R A %o
21 BR R A= K M NHase A5 il OS2

WKL 4Ca) BTz, > 4 760 15 12 B0 16 S Jon Joit ot vk
FEN 15 g/L B, & sk B v (W B 4 pH il T2 BR A
A, YT PR e, R R
pH R AR =, NI 2 0 1 4 B R AN 2 T UK
Wrh i pH K& . SEIRA RS 60 h LS pH JFH4R T+
o D DR AR e R T %) 2 o v AN R B

i 4(b) JLHE5H R, 0~60 h JELHE PN, S250 4l
TR AR o 8 AR T X PR, 60 h )5 523 2H ODgyo 9755 T
Xt B2, 33X S R 60 h J Xk BR 20 & 1% T v A A 2 A
PR o et R B AN A, TR A BBl = PR AR R AR, TC ik
Ak 2 Az K, (H S 00 20 v ) A R IR AN AT A S AR
U5 4k S Sy B R 2B A BRI i 7 1 B o, G X AR
Jik v B Ry 15 g/LB, TR Kfedl .

AN TR S5 R A B TR A e, SR R
(K 4(c)) @R, KEEZ 84 h, X MEALME LR (Y,,) ik
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Fig. 3 Parameter changes of adding different substances during fermentation process of R. rhodochrous J1
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Fig. 4 Parameter changes with the initial addition of different mass concentrations of sodium gluconate in the fermentation process
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Fig. 5 Parameter changes in the addition of different mass concentrations of sodium gluconate at 24 h of fermentation of R. rhodochrous J1
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Promoting the Fermentation Expression of Nitrile Hydratase in
Rhodococcus rhodochrous by the Fed Batch Process of Sodium Gluconate

ZHANG Guohui'?, LIU Yuxuan'?, LIU Yanzhi', XIE Jiayi', LI Bo', ZHANG Sinan'?, WANG Zejian', WU Shiyong>?
(1. State Key Laboratory of Bioreactor Engineering; 2. State Key Laboratory of Coal Liquification, Gasification and
Utilization with High Efficiency and Low Carbon Technology; 3. Engineering Research Center of Resource
Utilization of Carbon-Containing Waste with Carbon Neutrality, Ministry of Education, East China University of
Science and Technology, Shanghai 200237, China)

Abstract: Nitrile hydratase (NHase) is one of the key enzymes in nitrile catabolism, which can catalyze the
conversion of aliphatic nitriles or aromatic nitriles to the corresponding amides. Currently, NHase is used in the
industrial production of acrylamide (AM) and niacinamide through the hydration of acrylonitrile (AN) and 3-
cyanopyridine, respectively. Rhodococcus has been widely used in the biotransformation of AN due to their excellent
properties such as high NHase activity, heat resistance and good stability in organic solvents. In this study, the effects
of different concentrations of glucose and cobalt chloride on the synthesis of nitrile hydratase (NHase) were
investigated. The results showed that the glucose mass concentration of 20 g/L and the cobalt chloride concentration of
0.050 g/L could effectively enhance the synthesis of NHase. Subsequently, a process physiology metabolic parameter
collection and analysis system based on fermentation process off-gas mass spectrometer were established. Through
multi-parameter correlation analysis, pH was identified as a key factor influencing the expression of NHase in
Rhodococcus rhodochrous J1, and thus a strategy of continuous adding sodium gluconate during the fermentation
process to control the pH was proposed. Compared to the original batch fermentation, the optimized process exhibited a
total enzyme activity of NHase increased by 93.74%, the specific enzyme activity increased by 97.35% and the sugar
conversion rate increased by 71.36% in continuous batch fermentation under the same bacterial concentration. This
paper provides theoretical guidance for enhancing acrylonitrile hydratase production in industrial settings.

Key words: nitrile hydratase; Rhodococcus rhodochrous J1; multi-parameter correlation analysis; sodium

gluconate; fermentation
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