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The rise of enzyme engineering in China

Gaoxiang Li

Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: Enzyme engineering is an important part of the modern biotechnology. Industrial biocatalysis is considered the
third wave of biotechnology following pharmaceutical and agricultural waves. In 25 years, China has made a mighty
advances in enzyme engineering research. This review focuses on enzyme genomics, enzyme proteomics, biosynthesis,
microbial conversion and biosensors in the Chinese enzyme engineering symposiums and advances in enzyme preparation

industry in China.
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Table 1 Genetic engineering papers in Chinese enzyme engineering symposium

Enzyme Number of papers Enzyme Number of papers
Xylanase 41 -mannanase 11
Cellulase 37 Protease 8
Lipase 30 D-amino acid oxidase 8
Amylase 23 Carbonyl reductase 7
B-glucosidase 15 Pullulanase 5
Penicillin acylase 13 B-glucanase 5
Laccase 12 Galactanase 4
Ribozyme and Abzyme 12 Phytase 3

cjb@im.ac.cn



808

ISSN 1000-3061 CN 11-1998/Q ~ Chin J Biotech June 25,2015 Vol.31 No.6
25%
Thermococcus
95°C 100 C 60%
PCR E. coli
7]
32 529 U/mL!"" 7.8 Geobacillus
Ampullaia crossean 1320 890 U/mg!” PCR
E. coli Bacillus alcalophilus
450 U/mL"! a-
3] S38 Swollenin Bacillus sp. a-
B. amyliquefaciens a-
[6] 98% (71
[10]
3 B- 20 000 U/mL
25
Penicillium expansum FS (0] DNA shuffling
8486 317%!" - A. tabescens MAN 47 B-
# 80 C pH4.0
5.7 18 10 N-
E. coli
Candida sp. 99-125 3-5 3
15 000 U/mL ] R. miehei [10-11]
B-1,4- 80 C
18 000 U/mL 4 C 6 46 '
12h 95%."] Rhizopus
chinensis
9.03 U/mL
30% 16 200 U/mL!'"! 3 D Panus rudis
16.17 U/mg 44 U

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



R/ PERIRENESIER

3 244%
7.9 U
11 400 U/L ( W
a-1,6- Thermococcus sp.
HJ21 95 C
100°C 2h 50% 7]
PCR
Anoxy bacillus sp. p28
E. coli
[
60 C 48 h
50% 42 U/mL
40 [0
DE 96.5
High DEX
[10]
B_
820 U/mL™
30 U/mL™
864 U/L
A. faecalis 144 B
E. coli
2 000 U/L 7-
(GL-7-ACA )
C E. coli
266 U/LP!  Eupergitc

30
[6]
D- D-
7-
(7-ACA )
7- (7-ACA)
D-
14L 8 000—1 2000 U/L!
D-
1700 U/LP! GL-7-ACA
1500 U/L
900 U/L 97%"°)
D- E. coli
23.3 U/mLY! D-
Amberzyme 14
(6] B-
D-
D-
E. coli 6
E.coli D-
3 [7]
(S)-4- -3- E. coli BL21
(S)-4- -3-4- (S)-
ee 99% U
€C
(S)- E. coli
BL 21 (S)- 99.1%
89.6%!*!!
B_

cjb@im.ac.cn



810 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech  June 25,2015 Vol.31 No.6

B- 6 000 E. coli B3]
B- B-2,1-D-
143 P
B- E. coli
(1ol 128 U/mL
B- 191
2.6
(o) B- DNA shuffling
3 GRAS
3.4-3.7 U0
B- E. coli 2
17 M
B- E. coli AS1398 Npr B. subtilis
400 mmol/L AS 1398 30
1 000 mmol/L 100%
50%!51 DNA B- 1 24 000-28 000 U/mL "
4
61 C 14.16 68 44 12 379 U/mL
(&1 5 B. subtilis WB600
[8]
B- E. coli
E. coli
51.6%" =l
a- 305 1U/g!
Sulfolobus solfataricus P2 B- B-1,3-1,4-
F441Y 61% E. coli BL 21 240 U/mL™
10% S27 B-1,3- E. coli
[8]
Nocardia sp. YS-2002 I 110 U/mL

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



R/ PERIRENESIER 811

50%"
maritima
95 C 90°TC
N-

26.5%
850

56%

5 A1242
DS1474
44 U/mg"

DNA

70%

Thermotoga

Cell-12B
[10]

CMP-
CMP-
E. coli
100 U/L

814.5 mg/L
E. coli
Al1773
3.5

56 U/mg DS8&96

50

a-1,4-N-

o- I CMP-

[6]

E. coli AS 1357

228 U/mL

180 U/mg

50 [4]
E. coli
200 mg/L
60 C

144 196
[9]
1t
1315U/mL ¥ EIM-6
30 231 U/mL B!
E. coli
5. (5]
E. coli
7000 U0
a_
6
—JL1082
170 U/mL 80%
13.3% 5000 t
AD (YIP19RGAn)
43% 96.16%"!
B- (PHB)
\-
VHb S
Vgb E. coli B-
( ) PHB 194 g/L
90%
[5]

(GPX) (ROS)

Pauling

cjb@im.ac.cn



812 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech  June 25,2015 Vol.31 No.6

GPX
8.5
GPX 0°-
GPX 68.7 U/mg
80% pH
0 (GST)
GPX H,0,
PZ51 ( )y 5000 ¥ (8]
Ser
Sec GPX
pz51 820 P 7l
GPX
Bl Gpx
6-ImTeCD H,0, AS-
6.8 U/umol t-BuOOH CuOOH 9.7 1,3-
15.2 U/umol™”! 1
(Ribozyme) RNA
RNA (1
[R-]
(PSTVd)  [R] (&1
(CaMy) [ NADPH
L- [4]
=l 13-
2,3- (&1 E. coli (21
[10] [9]
Y89D 81 E. coli

[10]

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

[10]

[10]

L- o-
DNA
DNA
[4]
D- N- -D-
[5] (71
[7]
[8]
CO,
[10]
SASA
E. coli
1,3-
-CBD
P4so E. coli
E. coli
S-
1 E. coli
B-1,3-
5
E. coli



B/ PEEIRENNESIER 813

E. coli

I- E. coli

[10]

[10]

E. coli

Bst DNA

2 WEMAMmBE AN SRS B

(R.S)

25
356
186
55
2-
[3,5-6] o-
[10]
(7] [7]
[7-9,11]
(4] (31
(3]
B13-
(5] A

978

[3,5,7-8]
[6]
[3-4,7,11]
[10]
[11]
[3]
1 (S)-o-
[3]
[5]

[71

G

[4]
2-
[10]
4
RGDS

RGDS-NH,
-6-
(R)-

[7,10]
[8,11]
90%
[9-10]
[3]
(2S,3R)-3-
[10] [10]
L- 7] 1,1,1- 2-
( )

Arg-Gly-Asp(RGD)

RGD(NH,),  RGE-NH,
[71

4428 (2011 )

32%

E. coli

(-

—3R,5S
[8]

(S)-4- -3-
(S)-2- -4

cjb@im.ac.cn



ISSN 1000-3061

CN 11-1998/Q ChinJ Biotech June 25,2015 Vol.31 No.6
R-
e -(S)-(4- -2y M
E. coli ]
(R)-
R) (8)2- © D-
( D- D-
D- ) D-
[10] [6-7,9,12]
[8] N 6
Ve 2- -D- -L-
S-1- 222 Pl E. coli (10] 18A
[10]
- 9] -CBD [8]
C=C 20 90
[10]
(R)-[3.5-  ( ) o)
D- a- (10] 84.9%
E1"
[6] [4]
13- ( )l (7]
R-
[5] (S)2,2- [8]
8 [9]
1,3 (5] E. coli
3. (8]
D- B- 4]
D- D- -5- y
D- D- [5]
[5,10] /
L (7] (7]
(3- 4-
) (5] L- [4]

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



B/ PEEIRENNESIER 815

/
-(8)-(+)2,2- .
_(L)_
[10] R-
-(R) " o
4-(5)-
5 (4)- o
[8]
[10]
6
1,2- (1]
(D-
(R) (R)-0- (R)-1-
(R)-4-  -2- (R)-a- (or g, 7
coli L- o-
[10]
. 3 AENERE
(o] DL-
[9,12]
(0-8 K)!
6 a- B4
-1,3- P B-
[9]
2 4 6 8 10 U DNA
[10]
Rh2 BOD
500-700
Rh2 300 kg
[5,11] B-
Rbl Rb2 Compound DNA
K [10]

Fe304Si02 (Hb)

[9]
R-
[10]
[5,10]
[4]
101
C

cjb@im.ac.cn



816 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech  June 25,2015 Vol.31 No.6

SBA-30
SBA-40 SBA
SBA60 SBA70
C
NADH (6]

4 FEBHNILLEIAR

2014
219t 28
( )
20 60
20 80
GMP

*2 BEBMHFCE. TE (REEMEEL)T
Table 2 The production and the output value of enzyme preparation production in China (not including foreign
capital enterprises)

Year Industry statistics yield/(t) Commodity production/(t)  Output value (RMB) (One hundred million yuan)

1980 8 940 3500 0.63
1990 85 186 21296 3.83
2000 305 000 58 445 8.18
2010 705 118 140 000 18.50
2014 1 195 000 219 000 28.00
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