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Abstract The recombinant plasmid pNAG3A was constructed from the plasmid pQE30T and nag3A gene
coding for 3-N-Acetylglucosaminidase and the nag3A was amplified by PCR using the chromosomal DNA of
Clostridium paraputrificum M21 as template. The recombinant plasmid expressed well in E. Coli M15. The
Nag3A was purified from Escherichia coli M15 harboring pNAG3A. When 4-MU-GlcNAc was used as the
substrate the optimum temperature and optimum pH of the purified enzyme were 50 °C and 7. 0
respectively. The enzyme was stable below 30 °C and within pH 6 ~9. The K, and V ,, for 4-MU-GlcNAc
were 7.9 pmol/L and 21.8 pmol/ min mg  respectively. Nag3A hydrolyzed chitooligosaccharides and ball-
milled chitin from the non-reduced end to produce N-acetylglucosamine as the product. Nag3A had high
activity on chitobiose.
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GC

N- B-1 4

chitinase EC 3.2.1.14 3-N-

B-N-acetylglucosaminidase Nag EC 3.2.1.52
3-10

C. paraputrificum M-21

2 C. paraputrificum M-21

chtA  chiB

ChiA  ChiB
Escherichia coli -1
C. paraputrificum M-21 3-N-

nag3A ' E. coli

1
1.1
Clostridium .  paraputrificum M21
1 .
DNA. 100 mL GS 1% N-
" 37 C
N, . pQE-30T
pQE-30 Qiagen
His -
Thrombin
LVPRGS 18 5 E. coli XLI1-Blue
. E. coli M15 pREP4
Qiagen pQE-30T . E.
coli LB
37 C .
1.2 pPNAG3A
nag3A Nag3A pQE30T
pNAG3A. PCR
nag3A NAG-For 5’ -GGGGATCCAC-
TATTTTAACA GGGAAAAATG-3' NAG-Rev  5'-

GGGTCGACCTATTTATACATTGCTTCAACTAC -3’
BamHI Sall .PCR

BamHI Sall

pQE30T
pNAG3A. E. coli
XL1-Blue DNA PCR
1.3 Nag3A
pNAG3A
E. coli M15 E. coli M15
pNAG3A Nag HiTrap

chelating HP column 5 ml.  Amersham Pharmacia
Biotech
pH 8.0 50 mmol/L Tris-HCI
10 U/mg NagA His -
HiTrap HP
Mono() HR5/5 0.5 em x5 em  Amersham
Pharmacia Biotech
1.4
4-methylumbelliferyl
4-MU-GleNAc  Sigma  4-methylumbelliferyl 3-D-N-N'-
diacetylchitobioside 4-MU- GleNAc , Sigma 4-
methylumbelliferyl 3-D-N-N'-N"- triacetylchitotrioside 4-
MU- GleNAe ;3 Sigma 10 mmol/L
N N'- -20 C.
O’ brien 0 0.1
mmol/L. 4-MU-  GleNAc pH 7.0 10 mmol/L
37 C

N-acetyl [B3-D-glucosaminide

10 min

2% Na,CO; Shimadzu RF-1500
Shimadzu Tokyo Japan
355 nm 465 nm 4-
methylumbelliferone 4-MU
1 pmol 4-MU
1.5
~ Sigma
4 mmol/L pH 7.0 10 mmol/L
0.1 mL 5 pg Nag3A
37 C 6 h thin layer chromatog-
raphy TLC .TLC
Kieselgel 60 Merck
4 2V 2V 2V =5:4:2:1
0.4¢ 0.4 mL 3 mL 85% 20
mL 80 °C 20 min
Sigma
pH 7.0 10 mmol/L 1%

Nag3A 37 C
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TLC B

1.6

Bradford 17

bovine serum albumin BSA Sigma

1.7 SDS-PAGE
18

SDS-PAGE Laemmli
2
2.1 pNAG3A

C. paraputrificumM21 DNA
PCR nag3A DNA
1189 bp ™
1. BamHl  Sall pQE30T
pNAG3A

1. pNAG3A  DNA
NAG3A nag3A

14 PCR

2 nag3A PCR 3 pNAG3A

BamHI  Sall

1 DNA
Fig.1 Agarose gel electrophoresis of DNA

2.2 Nag3A
pNAG3A E. coli M15
E. coli M15 pNAG3A .

HiTrap chelating HP

Nag3A. 1
Nag3A
SDS-PAGE
2.
1 Nag3A
Tab.1 Summary of Purification of Nag3A from E. coli
harbouring pNAG3A

13.9

8% .
43 000

/ /
/mg /U U/mg Yo
50.8 166.6 3.3 100.0 1.0
HiTrap 3.9 100.3 25.7 60.2 7.8
MonoQ 1.3 59.6 45.8 35.8 13.9
1 2
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iy LIS w——cr
o LG o 43 i
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|
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1 2 Nag3A
2 Nag3A  SDS-PAGE
Fig.2 SDS-PAGE of purified Nag3A
2.3 Nag3A
2.3.1 pH pH 40 mmol/L Brit-
tion-Robinson 40 mmol/L -40 mmol/
L -40 mmol/L NaOH pH
3
pH 7.0.
E\f‘
Ha
-3
Y
B
3 4 5 6 7 8 9 10 11 12
pH
3 pH
Fig.3 Effect of pH on activity
2.3.2 pH pH 10 mmol/L  Brit-
tion-Robinson 25C 24 h
100 mmol/L. pH 7.0 pH
4. pH6~9
35.
Mi5



44 22
100 ¢
L]
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g 60 Tab.2 Effect of metal ions on activity
% 40 /Y
24 100
0 MeClL 104
3 4 5 6 7 8 9 10 11 12
pH CaCl, 103
4 pH KCl 102
Fig.4 pH stability curve BaCl, 99
2.3.3 AlICL 98
37 C
FeCl, 83
50 C 5.
MnCl, 78
100
NiCl, 23
E 80
g 60 HgCl, 0
-E CHC12 O
= 40
w0 | ZnCl, 0
0 2.3.6 Nag3A 37 C
20 30 40 50 60 70 80 0.1 0.5 1.0 2.0 5.0 10.0 50.
WE/T 0 100 pmol/L. 4-MU- GlcNAc  4-MU- GleNAc ,
5 4-MU- GlecNAc 3 Lineweaver-Burk
Fig.5 Effect of temperature on activity 3 K Vinax
234 3. 3 4-MU- GleNAc K, V nax
30 min 6.
70 °C . 30~70 C 3
30 °C Tab.3 Kinetic constants of the purified Nag3A against syn-
thetic substractes
100 / K./ Ve
U/mg pmol/L pmol/ min mg
80
P 4-MU- GleNAc 45.0 7.9 21.8
60
%‘ ) 4-MU- GleNAc ,  0.88 12.0 1.47
=40
é‘ y 4-MU- GleNAc 5 0.06 15.0 0.02
y |
0 a 2.4 Nag3A
20 30 40 S0 60 70 8 241 NagA Nag3A
M /c
TLC
6 7. 17 Nag3A
Fig.6 Thermal stability curve GleNAc , GleNAc GleNAc 5
2.3.5 GleNAc 4 GleNAc 5 GleNAc ¢
1 mmol/L GleNAc 4
2 TLC GlcNAc  GleNAc 5

GleNAc 4.
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GleNAc 7B .
Nag3A
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St. Cl. GleNAe C2. GleNac , C3. GleNAc ;
C4. GleNac 4 C5. GleNAc 5 C6. GleNAc 4. Cl C6
Nag3A .Bl1 B2
Nag3A
7 A B TLC

Fig.7 Thin layer chromatography of hydrolysis products
from chitooligosaccharides A and ball-milled
chitin B .
2.4.2 Nag3A
4-Methylumbelliferyl-N-Acetyl-
Sigma 4-
Sigma

a-D-Glucosaminide

Methylumbelliferyl - o - D - Glucoside

4-Methylumbelliferyl-a-D-Glucoside ~ Sigma
4-Methylumbelliferyl-a-D-Galactoside ~ Sigma
4-Methylumbelliferyl-a-D-Galactoside ~ Sigma
4-Methylumbelliferyl-a-D-Xyloside ~ Sigma
4-Methylumbelliferyl-a-D-Xyloside ~ Sigma
4-Methylumbelliferyl-a-D-Cellobiopyranoside

Sigma
pN-
3
1 PCR B-N-
nag3A pQE30T
pNAG3A  E. coli M15
2 pNAG3A E. coli M15
Nag3A  4-MU-GlcNAc
pH 50 °C 7.0 30<C
pH6~9 4-MU-GlcNAc
4-MU- GlcNAc , 4-MU- GlcNAc ; K.,
7.9 12.0 15.0 pmol/L V. 21.8 1.47 0.02
pmol/ min mg .
3 Nag3A
B-1 4-D-N-
N-
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