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1.2 DNA

DNA

11

1.3

D- hyuC LA
PCR in wvitro cloning kit Sinorhizobium morelens
S-5 DNA  Sau3A |

DNA
BamH [ cassette DNA
PCR
D- N

Thr-Arg-Gln-Met-1le- Leu-Ala-Val-Gly-Gln-
S1  5'-ATGACNCGNCARATGATNCT-3" R
A G N

S1 cossette DNA

Cl C2 PCR
PCR PCR

DNA 0.5pg 40pL
10min dNTP 0.2mmol/L
25pmol LA Tag DNA 2.5U 50pL
PCR 94°C 1min 55°C 1min 72°C 3min

30 72°C 10min PCR
DNA PCR
400bp  1300bp
PCR TA
415bp  DNA 1354bp DNA 5
1354bp DNA
5 ATG 915bp
304
N
Met 10
hyuC GenBank

AY787759

1.4 D-

P1  5'-CGCATATGACACGTCAGAT

GATACTTG-3’ P2 5'-GCGGATCCTCAGAGTTCC
GCGATCAG-3"' Nde I ~ BamH 1
50pL 0.2mmol/L

dNTP 25pmol  0.5pg DNA
1354bp DNA Ex Tag DNA 1U
PCR 94°C S5min 94°C 30s 55°C Imin 72°C
Imin 30 72°C 10min PCR

Nde I ~ BamH I pET30a

pET30a-HyuC

BL21 DE3
PCR BL21
DE3  pET30a-HyuC 50pg/mL
LB 37°C ODgy, 0.6~
0.7 0.4mmol/L.  TPTG ~ 30°C
5h
1.5 D-
400p.L 100mmol/L pH 7.0
25mmol/L N- -D-
0.1 ~ 20mg/mL 40°C 5~
60min 400p.L
1pmol D- 1pmol
NH, 1 D-
HPLC " NH; Berthelot
13 3%
1.6 D-

DE3 pET30a-HyuC
Buffer A 50mmol/L. pH7.2 Tris-

HCl' Tmmol/L. DTT 400W  15min
50C 10min 130001/min
Buffer A
DEAE-sepharose
0~ 1.0mmol/LL NaCl  Buffer A
NaCl 2.0mol/L
2.0mol/L. NaCl ~ Buffer A Phenyl

2.0 ~ Ommol/L. NaCl
Buffer A
Buffer A
0.15mol/L. NaCl
Superdex HR200
SDS-PAGE
-70C

Buffer A

1.7
Bradford ™ BSA
1.8

0.15mol/L NaCl
HR200

Buffer A
450kDa
43kDa

Superdex
158kDa
66kDa
A 25kDa
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SDS-PAGE 12% Pro
) Pro
Prol18Ser
2.1 D-
hyuC LA PCR 2.2 D-
915kb 304 hyuC
34363Da Sinorhizobium morelens S-5 1.33U/mg
38kDa Sinorhizobium morelens S-5 27
NCBI BLAST D-
D- SDS-PAGE
8 D- 1 21.4U/mg
46% ~ 99 % L- 21.2% 16.1 1
8
Agrobacterium  radiobacter CCRC14924  Agrobacterium 1 E.coli BL21 DE3 pET30a-HyuC D-
tumefacwns NRRL B1129  GenBank X91070 Table 1  Purification of the recombinant D-carbamoylase from
Agrobacterium sp. 1P 1-671  GenBank E. coli BI21 DE3 pET30a-HyuC
AF335479  Agrobacterium sp. KNK712 GenBank Total Total Specific
Purification X S - Yield
AB007368 Arthrobacter  crystallopotetes ' Stz;lo PT/("em ﬂ"/;ll‘jlty /at;jl/vﬂy / ;0
GenBank AY185303  Pseudomonas sp. e "
KNKOO3A  GenBank AB007369  Ralstonia Crude extract 546 726 1.33 100
. . Heat treatment 254 718 2.83 98.9
pickettii  GenBank AF320814 and DEAE-sepherose 50 420 8.40 57.8
Bradyrhizobium japonicum USDA 110  GenBank Phenyl-sepherose 16 276 17.3 38.0
Superdex HR200 7.2 154 21.4 21.2
NC004463 Agrobacterium  sp.
Arthrobacter sp.  Pseudomonas sp.  D- W M s 4 4 .
Bradyrhizobium 97—
Japonicum USDA 110 :::
& «— 38%kDa
31—
Ralstonia pickettii D-
5 Sinorhizobium morelense S-5 D- _ &
Sl— ¥
Agrobacterium  sp.  KNK712 14— il ' ﬁ
Agrobacterium radiobacter CCRC 14924  D-
1 D- SDS-PAGE

98% 96%
Agrobacterium sp. D-
97 %
161 Sinorhizobium morelense S-5
D-
Sinorhizobium morelens S-5  D-
Agrobacterium sp. KNK712  D-
3
Tyr30Asp Phe50Leu  Prol18Ser 3
Cys172-Glu47-Lys127
50
Leu Phe

Fig.1 SDS-PAGE analysis of samples from each step in the purification
of the D-carbamoylase from E. coli BI21 DE3 pET30a-HyuC. M.
Molecular mass markers 1.Crude extract 2.Heat treatment 3.DEAE-
sepharose fractions 4. Phenyl-sepharose fractions 5. Superdex HR200
fractions.
2.3 D-
SDS-PAGE 38kDa
150kDa
D-

Sinorhizobium morelens S-5

2.4 D-

~ nH3.8~9.0
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pH 7.0
pH 6.5~8.2 20 ~
80°C
60°C 60°C
50°C 30min

2% 2

100t o ool

% ol A ? wl

2 pH D-

Fig.2 Effect of pH A and temperature B on the stability of D-
carbamoylase. A 10mU D-carbamoylase was added into Smmol/L of test
buffer in a total volume of 0.1mL dilution factor 10  and incubated at
30C for 30min and then 0.3mL of 25mmol/L. N-carbamoyl-D-p-
hydroxyphenylglycine in 100mmol/L. sodium phosphate buffer pH7.0

was added immediately. NH, ions formed during 10min reaction were
determined for estimation of the remaining activity. NaH,PO,/citric acid
buffer was used for pH 5.5~6.4 @  sodium phosphate buffer for pH
6.2~8.2 O  Tris/HCI buffer for6.9~8.7 ¥ . B 10mU of D-
carbamoylase in 0. 1mL of 100mmol/L sodium phosphate buffer pH 7.0

was incubated for 30min at various temperatures. The remaining activity
was measured under the standard assay conditions. The relative remaining
activity is expressed as the percentage of the maximum remaining activity

attained under the experimental conditions.

Agrobacterium sp.  D-

Cys
Cys

'8 Sinorhizobium morelens S-5
D-

H,0, H,0,

0.1 0.2mmol/L
H,0, 30min 32% 57%
Agrobacterium radiobacter NRRL B11291

D- H,0,

2mmol/l,  Fe**  Ca’*
10%

97.6%  Ba’*
46.5% Mn** 58%

't 98%  Cu’* 98.4%  Ag'
8% Mg 24.6% Sn°*

Co’* 67%  2mmol/L, EDTA 8-
hydroxyquinoline
dithiothreitol ~ 2-mercaptoethanol phenylmeth-
anesulfonyl fluoride
2.5
2
D- 10

N-Carbamoyl-DL- p-hydroxyphenylgylcine
N-Carbamoyl-D- p-hydroxyphenylgylcine
D-p-hydroxyphenylgylcine N-Carbamoyl-L-p-
hydroxyphenylgylcine  N-Carbamoyl-3-alanine
a- RS -a-ethyl-
N-carbamoylphenylglycine

2 D-

Table 2 Substrate specificity of the D-carbamoylase

Compound Relative activity/ %
N-Carbamoyl-D- p-hydroxyphenylgylcine 100
N-Carbamoyl-D-phenylglycine 58
N-Carbamoyl-D-alanine 13
N-Carbamoyl-D-leucine 43
N-Carbamoyl-D-methionine 48
N-Carbamoyl- DL- p-hydroxyphenylgylcine 90
N-Carbamoyl-DL-valine 38
N-Carbamoyl- DL-tryptophan 14
N-Carbamoyl-DL-leucine 40
N-Carbamoyl-L-leucine 0
N-Carbamoyl-L-phenylalanine 0
N-Carbamoylglycine 0
N-Carbamoyl-3-alanine 0

RS -a-ethyl-N-carbamoylphenylglycine 0

A compound 20mmol/L.  was incubated under the standard assay
conditions with the purified D-carbamoylase. Ammonium release was assayed.

3

D-
D- Sinorhizobium
morelens S-5 D-
D-
Agrobacterium_sn.  Sinorhizobium sp. n-
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State Key Laboratory of Microbial Resources Institute of Microbiology Chinese Academy of Sciences Bejing 100080 China

Abstract A N-carbamoyl-D-amino acid amidohydrolase gene hyuC from Sinorhizobium morelens S-5 was cloned by LA PCR and
its nucleotide sequence was determined. The deduced amino acid sequence encoded by the hyuC gene exhibited high homology to
the amino acid sequences of D-carbamoylase from other sources. The gene could be highly expressed in Escherichia coli and the
recombinant enzyme was purified 16.1-fold to homogeneity with a yield of 21.2% by heat treatment and three steps of column
chromatography. The results of gel filtration on Superdex 200 HR and SDS-polyacrylamide gel electrophoresis suggested that the
enzyme was a tetramer protein of identical 38-kDa subunits. The recombinant enzyme catalyzed the hydrolysis of N-carbamoy! alpha-
amino acid to the corresponding free amino acid and it was strictly D-specific. The enzyme showed broad substrate specificity and
exhibited high activity in the hydrolysis of N-carbamoyl-D-p-hydroxyphenylglycine as substrate. The enzyme did not hydrolyze N-
carbamoykB-alanine. The optimum pH and temperature of the enzyme were pH 7.0 and 60°C  respectively. Enzyme activity was
slightly improved by Ca’* and Fe** and nearly not affected by metal chelators and sulfhydryl reagents. The enzyme showed high
thermal and oxidative stability. These results show that the enzyme has great potential for industrial application.
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