Research Paper _

Acta Microbiologica Sinica
52(5) :620 - 628; 4 May 2012
ISSN 0001 -6209; CN 11 -1995/Q

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

a—
1 2 1 3%
1 610052
: 200040
’ 610052
a ] a- (AEH) o | ]
N DEAE Sephadex A-50 N
CM Cellulose 52 Sephadex G200 o-
- [ 1SDS-PAGE a- 70 kDa.
pH 6.8 42°C  pH5.0-8.0 35%C . Mn®* Ca’"
Cu’* \Fe’" . AEH D- D-
k., /K, 123.7 3.7 mmol ~'*s '*1.2.9 0.6 mmol 'es~'+L  101.3
+2.1 mmol 'es”'eL AEH  D- . AEH
k., 547.3+38.2s°' [ )| a-
B- o
RS B-
: Q814 TA :0001-6209 (2012) 05-6620-09
B— B— 2-3
B— 4-7
( PBPs) N b
B-
1
B-
o ( penicillin acylase PA; EC 3.5.1.11) a-
( a-amino acid ester hydrolase AEH;
EC 3.1.1.43) .
o N . AEH
” (20117X09401403) ; (2010HH0036) ;
(2011HHO013) ; (10GGYB297SW382)
o Tel: +8628-84216035; Fax: +86-28-84333218; E-mail: lisaleaf@ gmail. com
(1987 -) o Email: qufeng87@ gmail. com

12011-12-29; :2012-03-06



! (2012) 52(5) 621

PA N N
a- B- o
AEH
AEH B
1
1.1
1.1.1
( Sigma) ;7- 3- 3- 4- (7-ACCA) (
) (
) ; D- ( D-PGA) ( (
) ); D-
(DPGM-HCI) .D- (D-
HPGM-HCI) .D- ( D-HPGA) (
) ( DNase) (

); CM cellulose 52
( Whatman ) ; DEAE Sephadex AS50 ( Pharmacia) ;

Sephadex G200( )
Sephadex G25( Pharmacia) ;
. BEAUTY-CN® (

) ( MWCO 50kDa) ( Millipore) ;
Avanti ®  J26XP ( BECKMAN
COULTER) ; SHZ22 (

N ) ; UV460A
( SHIMADZU CORPORATION) ; JY-
SCZ4 + (
) 5 JY200C (
): LC2010AHT ( SHIMADZU
CORPORATION) ; Ultimate® XB-C18 ( Welch

Materials)

1.1.2 ( Xanthomonas rubrillineans)
1.2
@D : PDA 28°C 48 h; @
(w/v):2% 1% 1%
pH 7.5 750 mL 50 mL 28C.
250 r/min 18 h; ® (w/v): 2%
1% 1% pH 7.5 10L
6L 4% (v/v) 28%C 250 r/min 24 h,

1.3

470 nm
B, 1.8 mL
0. 05 mol/L pH 6.8 Na,HPO,XKH,PO,
0.04 mol/L 7-ACCA 0.08 mol/L D-PGM -

HCI 42°C 2 min
0.2 mL 30 min 1 mL
0.5 mol/L HCI 3 mL 1 mol/L
NaOH HCI
40C 30 min 470 nm
1 pmol
(U) .
1.4
14
1.5 AEH
AEH
HPLC. : LC2010AHT
; XB-C18 D-PGM D-PGA
214 nm D-HPGM  D-HPGA
225 nm 7-ACCA
254 nm; 35C;
(0.05 mol/L.pH2.1) : =87:13(V/V);
1 mL/min; 10 nLs
1.6 o-
1.6.1 4°C 11325 x g
20 min
DNase.
4°C 11325 x ¢ 30 min
1.6.2 Koichi Kato "
4<C 20 min 4°C 14784 x g 30 min
I.
1.6.3
I (20% -80%) 4%C

2h 4°C 14784 x g 30 min
0.02 mol/L pH 6.0
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1.6.4 DEAE sephadex A-50
0.02 mol/L pH 6.0
Sephadex G25
I I 0.02 mol/L pH 6.0
DEAE sephadex A-50
4°C 2 h
Im -
1.6.5 CM cellulose 52 :
I 0.02mol /L pH 5.5 Na,HPO, -
KH, PO, 0.02 mol/L pH 5.5
Na,HPO,KH,PO, CM cellulose 52
(2.5 cm x 13 cm)

0. 05 mol/L NaCl.0.1 mol/L NaCl 0. 15 mol/L NaCl

3-5
40 mL/h,
V.
1.6.6 Sephadex G200 : v
0.02 mol/L pH 6.0
Na,HPO,XKH,PO, Sephadex G200
(1.5 ecm x45 cm) 0.02 mol/L pH 6.0
Na,HPO, KH, PO, 11 mL/h.
1.7
SDS-PAGE " 10% 5%
15 pl
1.8 o
1.8.1 pH pH (1)
pH: pHS5.0 - 9.0 0.05 mol/L
Na, HPO, KH, PO,
100%
pH. (2) pH
0.05 mol/L pH 3.0 -10.0
4°C 0.5h 3 h
pH pH o
pH 3.0.3.5.4.0.4.5.5.0
Na,HPO, - pH 6.0.7.0.8.0 Na,HPO, -
KH, PO, pH 9.0.9.5.10.0 Gly-NaOH
1.8.2 (1)

pH

20C -60°C 100%
- (2)

0.05 mol/L pH 6.8 Na,HPO,KH,PO,

20°C -50C 0.5 h.1
h.2h 3h
1.8.3
4C
20 min o
100%
3 3 o
1.8.4 AEH (1)
0.05 mol/L. pH6.8 Na,HPO, -
KH, PO, D-PGM -+ HCI
2 mmol/L.50 mmol/L 200 mmol/L 40°C
1 min 30 min
D-PGA -
- (2)
0.05 mol/L.pH6.8  Na,HPO,XKH,PO,
40°C D-
PGA
k./K, o AEH D-HPGM
D-HPGM
pH 6.0 40°C; pH 6.8
40°C .
1.8.5 AEH (1)
0.05 mol/L.pH6.8 Na,HPO, -
KH, PO, 3

0.001 mol/LD-PGM « HCl  0.005 mol/L 7-ACCA
0.01 mol/LD-PGM+HCI 0.01 mol/L 7-ACCA 0.03
mol/LD-PGM+HCI  0.005 mol/L 7-ACCA 40C

1 min 30 min

. (2)
6 DPGM
D-PCM
Na, HPO,KH, PO,
40°C

(5 =30 mmol/L)
0. 05 mol/
L.pH6. 8
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Sephadex G200 AEH 0.5
o -0.8 o AEH
687.6 U/mg 32.5% AEH
2 1. SDS-PAGE
1 o 1B
2.1 AEH
AEH 30% -50% AEH 70 kDa,
1 AEH
Table 1  Purification of AEH
Purification step Total activity /U Total protein /mg  Specific activity/( U/mg)  Purification/fold Total activity recovery /%
Crude extract 16657. 44 4448. 16 3.74 1.00 100. 0
Calcium phosphate gel precipitation  15837. 89 3134. 67 5.05 1.35 95. 1
Ammonium sulfate precipitation 15273.21 1373. 86 11.12 2.97 91.7
DEAE-Sephadex A-50 anion exchange 14646. 89 295.93 49.49 13.22 87.9
CM—ellulose C-52 cation exchange 10050. 69 40. 82 246.25 65.76 60. 3
Sephadex G200 chromatography 5414.31 7.87 687. 57 183. 61 32.5
M 2.2 AEH
};g: 2.2.1 pH pH (1)
100— pH: pH AEH 2-
<70 kDa
A

SDS-PAGE
Fig. 1  SDS-PAGE of AEH. A: Samples of purification process.

Lane M: Protein maker; Lane 1: Crude extract diluted 10 times

1 o

13. 9.g loading amount; Lane2: Calcium phosphate gel precipitation
diluted 5 times 11. 8 g loading amount; Lane3: Ammonium sulfate
fractionation precipitation diluted 50 times 20. 4 g loading amount;
Lane4: DEAE sephadex A50 anion exchange concentrated 3 times
11. 7pg loading amount; Lane5: CM cellulose 52 cation exchange
concentrated 10 times 12.3 g loading amount; Lane6: Sephadex
G200 chromatography 0.2ug loading amount. B: purified AEH.
Lane M: Protein maker; Lane 1: AEH purified by Sephadex G200
chromatography  concentrated 10 times 1.7pg loading amount;
Lane2 to lane3: AEH purified by Sephadex G200 chromatography

concentrated 20 times 3. 4pg loading amount.

Relative activity/%

Residual activity/%

10.0

AEH
Fig.2  Effect of pH on the activity and stability of AEH. A:

2 pH

enzyme activity; B: pH stability t =0.5h and 3h: the residual
activity curve of AEH placed at the different pH for half an hour and

three hours respectively.
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Fig.3 Effect of temperature on the activity and stability of AEH.
A: enzyme activity; B: thermal stability t=0.5h 1h and 3h: the °
residual activity curve of AEH placed at the different temperature for 2.2.5 AEH - AEH
half an hour an hour and three hours respectively. 7 min
2
Table 2 Effect of metal ions and some compounds on the activity of AEH
Ions and compounds ~ Concentration/( mol/L)  Relative activity/ % Ions and compounds ~ Concentration/( mol/L)  Relative activity/ %
Control - 100 Control - 100
Mg " 0. 002 93.0+2.4 K” 0. 002 85.8+3.7
Mn** 0. 002 104.6 +1. 8 Na® 0. 002 93.0£1.6
I\ 0. 002 77.3 £2.2 EDTA 0. 002 82.5+2.6
Cu’* 0. 002 34.8 4.6 SDS 0. 002 72.7 £4.3
Zn’* 0. 002 86.7 +4.2 D-phenylglycine 0. 002 91.1 2.6
Fe’* 0. 002 10.7 £2.6 alcohol 0.343 92.2 +2.1
Ca’" 0. 002 111.9 1.7 alcohol 3.427 93.8 £2.9
Co’" 0. 002 94.1£2.5 acetone 0.270 86.3+2.2
NH, 0.002 84.0 3.7 acetone 2.701 32.3+1.6
3 AEH
Table 3 Kinetic parameters of AEH
Substrates K, (mmol-L™") V... mmol/(s '*T) k., (s™") k., /K, (mmol 'es ' L)
DPGM 3.3+0.1 0.00233 +0. 00017 408.3 £29.2 123.7 £3.7
D-HPGM 32.3+7.1 0. 000533 +0. 00015 93.3£15.8 2.9+0.3
Cefaclor 0. 443 £0.009 0. 000257 +0. 00005 44.9 £8.8 101.3 £2.1
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4 AEH Lineweaver-Burk

Fig.4 Lineweaver-Burk plot for kinetics of cefaclor synthesis catalyzed by AEH. Lines from 1 to 6 represent different D-PGM

concentrations respectively.

o
3
o
B- 3
~ a— °
B- Krest'ianova " X. rubrilineans ~ AEH
B~ 6.8 pH 6.5 pH4.0 - 8.0
- 1972 Takahashi ' 270 — 280
kDa 70 +2 kDa.
6 (6-APA) 7- AEH
(7ADCA) o= AEH 687 U/mg
o Acetobacter 329 1518 10
turbidans ATCC9325 B-
a_ AEH pH 6.8 B-
. B-
20-21 8-
o . AEH PA . AEH
35°C  AEH . AEH
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Purification and characterization of o-amino acid ester
hydrolase from Xanthomonas rubrillineans

Feng Qu' Baxian Yi’ Lijuan Ye'”

'Sichuan Industrial Institute of Antibiotics Chengdu 610052 China

?China State Institute of Pharmaceutical Industry Shanghai 200040 China

* Antibiotics Research and Re-evaluation Key Laboratory of Sichuan Province Chengdu 610052 China

Abstract Objective The intracellular a-amino acid ester hydrolase ( AEH) from Xanthomonas rubrillineans was purified
and characterized. Methods AEH was extracted by butyl acetate and then purified to electrophoretic homogeneity by
calcium phosphate gel precipitation ammonium sulfate fraction precipitation anion exchange with DEAE Sephadex A-50
cation exchange with CM cellulose 52 and Sephadex G 200 column chromatography. Results The subunit molecular
mass of AEH was 70 kDa by SDS-PAGE. The optimal reaction pH for cefaclor synthesis was 6. 8 and optimal temperature
was 42 °C. The enzyme was stable between pH 5.0 and 8.0 and at 35 °C. The enzyme activity was enhanced by Mn**
and Ca’" however was strongly inhabited by Cu®* Fe’" and high concentration of acetone. The kinetic parameters that
the enzyme hydrolyzed D-Phenylglycine methyl ester D-Hydroxyphenylglycine methyl ester and cefaclor were determined
and the values of k_, /K _ were 123.7 £3.7 2.9 0.6 and 101.3 +2. 1 mmol '*s ' *L respectively. The k_ /K, values
indicated that the enzyme hydrolyzed D—-Phenylglycine methyl ester more efficiently than other substrates. The mechanism
of enzymatic reaction with bi-substrates by AEH is Ping—Pong kinetics and the k_, value that the enzyme catalyzed the
synthesis of cefaclor is 547.3 £38.2 s~'. Conclusion The studies of AEH from Xanthomonas rubrillineans were rare
and our research may provide an important basis for industrial application of AEH for beta-dactam antibiotics synthesis.
Keywords: a-amino acid ester hydrolase beta-dactam antibiotics purification enzyme characterization Ping—Pong

kinetics
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