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(2. TLRR2: AW TRE¥BE 119 Jo8  214122)

B OE: [AW] ARLSRBRBEHE RR L-RARK o-PLAMLE, SHLEXMATE
TR ARG, STHATERA L- R A RBLE R B-A RBEL A AF R . [ %1 PCR ¥ 38 5 R BA
AT E L-RARB o-FLABA R pand, # & &KX &KIK pET24a(+)-Pand, 441bE L8 X W
AFH BL21(DE3), st Z4 @ #/7%F KA, KX %% DEAE & T 4 EM A= G-75 4T
b BT eAC G SATEE F AR, ARG BATER AR 5, BLU R Ao 7 A 2t B A AL 69 %
. (4% 1 4018 SDS-PAGE 447 & 9 Pand RiX T X AKREEE 49 50%VA £, AccQ-Tag
EAR M B E X B 94.16 U/mL. Z 4B RIERMIRE A 55°C, KT 37 °C B RIF4R AT
aFe e, K& pH A 6.0, /£ pH 4.0-7.0 J& B WA BT 69482 1. Best L I 9: R4
L- R AR B Ao =) B-RRBRAT AL RS A W HIE R FR S T 8K G B S0 R 7
R, EmBEEAE 5 RLHB 3 000 U B, Ao A BREY L- R LR X, 1%
100 g/L kA5 5L 2] 97.8%. [44£] T4 L-RARBK o-BLABAE XM R ¥ RKIF 5
AR, BER T BAALA F B-RABRG AR A, AL Ty AEET A,
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Expression of L-aspartate a-decarboxylase from
Corynebacterium glutamicum in Escherichia coli and its
application in enzymatic synthesis of f-alanine

ZHAO Lian-Zhen'” ZHANG Liang'? SHI Gui-Yang"*'

(1. National Engineering Laboratory for Cereal Fermentation Technology, Wuxi, Jiangsu 214122, China)

(2. School of Biotechnology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] An L-aspartate a-decarboxylase gene was amplified from Corynebac-
terium glutamicum and expressed in Escherichia coli, to catalyze L-aspartate to f-alanine. The
catalysis characterization of this a-decarboxylase was also studied. [Methods] The Pand gene
was amplified from C. glutamicum and cloned into the expression plasmid pET24a(+), the re-
combinant plasmid was transformed into E. coli BL21(DE3). Pand was then successfully ex-
pressed with induction. To explore the enzymatic characteristics of Pand, high purity of Pand
was obtained by DEAE ion exchange chromatography and G-75 chromatography. Then the ef-
fects of substrate and product on enzymatic conversion were studied. [Results] The Pand con-
stituted more than 50% of the total cell proteins and achieved the activity of 94.16 U/mL ana-
lyzed by SDS-PAGE and AccQ-Tag assays respectively. The optimal reaction temperature of
the purified Pand was at 55 °C and stable below 37 °C. The optimal reaction pH of Pand was at
6.0 and stable at 4.0—7.0. The enzymatic synthesis was inhibited by L-aspartate and B-alanine.
When L-Asp was added in batches with 3 000 U Pand per gram L-Asp, the conversion ratio of
100 g/L L-Asp reached 97.8%. [Conclusion] The L-aspartate a-decarboxylase gene from C.
glutamicum was successfully expressed in E. coli.

Keywords: L-aspartate a-decarboxylase, B-Alanine, Corynebacterium glutamicum, Expression,

Purification, Conversion ratio
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BEE B-INARRTT KB, FoRekEm
2 S B = I € e s 2 R 1 2R gy T
ARSI R M= RIS L-RIAAR o
I SR Tl L PR ) I L- R AR R — S R A
77 B-NER . LA B-NAREA T2
fAf B . afifb oy i . ST e rRE AL, T E
M BB AR A dafid LRI 14
AR o-BAREEHFER pand ¥ & BL) 12 HA7AE
FREFET, SEBREFED . 45% 0 AT
WO TR A E R E Y, BT R 2
B E. colil ™) E s 4% E. coli DH5a K I
F:[A pand 7£ E. coli BL21(DE3) 135 ik #4 @t T 41
W, BG4 224.96 U/L'Y, Nicole £ il T C.
glutamicum pand 2 [l (pandc . )1 E. coli pand 2
(Kl (pandg, .)JF7E E. coli H13Rik, Pandc .M
3.42 U/mg, Pandg . Ji§15 0.22 U/mg, BfiJ5 & S 0F
5% 1 E. coli #' pandc. . fl pandg . & R ik 5tz
PR AR R 52, 45 R BIR pandc, o FE R K RETH
R B-Ala Xz B BAY BRI, 1 pandg, o &R 3R
RHF SRR AN B-Ala A BEIRIFIZ R K
A RP, X UL Pandc o . Pandg o TP R
ARSI P LA E IR AT TR O BE DR R, 94
H: pand R K1k E. coli BL21(DE3)H) £ 351k
L- R BR-o- BRI EAR, KXY
afifb Ji T FLvE AT TASY, IF X i R 4 T
ALZE P B-INRARRIAT 7RI T, R HAE N
Ay B-IN AR FH B e T AL
1 #RE b
1.1 ##
1.1.1 EHRRRA: KIBAFHE BL21(DE3) [E.
coli BL21(DE3)]. KM tF & IM109 (E. coli
IM109) . A AR FH ATCC13032 (C. glu-
tamicum ATCC13032). ki pET-24a(+) 1 AL
1= RAr, Fioki PMDIS-T Simple Vector 4 H

TaKaRa /3 A

1.1.2 BE§. SIFEZERFT: P8 BmREF
L-RAZMR o- R B H pand (51 91(F% 1)
i A T AR TR R MR 55 A RS Wl A,
H E RS 9143 B0 A Nde T F1 Hind TIT E§H {7
SR RIZARR), BRI VI Nde TFI Hind 111,
Tag DNA R4 . T4 DNA RS> TEY)
% T HEFA PCR =4 [N 57] & S DNA #EiE
IR ) & H K% TaKaRa 23l ARifEs1
w i H MW H Fermentas 2\ f), HiPrep DEAE
FF16/10 & F 22 # )2 #r #£ Ml Superdex
7510/300GL #E i )2 M4 H - GenScript 23 A,
oAt A 2732500 1 S g 11 B 7 A R

1.2 A&

1.2.1 AEBREHEL-XRLE8R o-REBER
MR RRIEHARWE: BRI ARETE
ATCC13032 [ 4 DNA, PLiZEH4H DNA &
B, i PCR P L- KA R IR a- iR B A
pand, PCR j~ ¥ £ B A M 5E fe rEL UK 250 . TRTuliC
alifk 5 %3 PMDIS-T Simple Vector 315 A K
WAF I IM109 &3z 28, 2R AR i 28 H e
%, WBGERLF R ORI, F Nde T AT Hind 11T X2
Y], 2B AEREEER IR S E . ik, glifb)E,
Al T4 DNA 4% 45 M 230 Nde 1 #
Hind III XLEGI A pET24a(+) 2k ik |-, A
#i5  1& pET24a(+)-Pand, % 1t K % ¥F
IM109, ARl i 16 Hh BV, B BB R XYL
U0 % e, Tk BH A Se RS T 434
1.2.2 =!HEH Pand EXFHE BL21(DE3)
YRk B E TR pET24a(+)-Pand 41k 3|
K # BL21(DE3)ESZ AL, Rk
e H L VR, RIS E 4L E. coli BL21(DE3)/
pET24a(+)-Pand, A FZEM 2 54A 30 mg/L
ARFE R LB KR kh 37 °C. 200 r/min 15 L85
7% 8-10 h, DA 5%#EF it 42854 50 mg/L R
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Fz1 wEEHBEER pand BI514
Table 1 Primers for cloning of target genes

5|4 Primers

5| %751 Primer sequence (5'—3")

EYi#5 1% Forward primer
U519 Reverse primer

AATTC CATATG CTGCGCACCATCCTCGGAAG
CCC AAGCTT CTAAATGCTTCTCGACGTCAAAAG

BEE R TB K533, 37 °C. 200 r/min £55% 2 h
Ja A 1 mmol/L IPTG, 25 °C. 200 r/min };5%
14 hiESFEFHEN Pand, BHREH LR
BLD I, JCRK RS 2 Ik, EE T pH 7.0,
50 mmol/L fUBEER L 2% i, A EmE, Wil
ARG 2 52 A WERE, 12 000 r/min Z5.0> 10 min,
B 38 AT TE I G G 5T DL 2S 304K pET24a(+)5:
1L1Y E. coli BL21(DE3)J}y X, MEFT 8 1k,
BE RS BUGA 3 B R A 7O 2% B A T A i R
iK1E DL . SDS-PAGE & [ HL KR R0 43 85 e vk i
H10%, WAL E N 5%, & LW,
123 L-XZ 88 o-BRREFENHNE: B2
M Z: pH 7.0. 50 mmol/L W& £h 2% vh ik
2.0 mL, i 0.1 mL., L- K& %8200 g/L)
0.4 mL, KRAZMRT NaOH 75 pH ffi Hiz i,
R 1 h, 2 1:1 FEBFmA 10% =5 L& 4 °C il
BN, AccQ-Tag U7V WG, BN
Waters [} AccQ-Fluor i3l & H HijfiT 4= HPLC i
W B-TH R & it o

B G %E L 7E pH 7.0 RE 37 °C IS,
2T R BRI EIAR 1 h A=
B-Ala 1 umol B 75 Ay & E N — AN )
i umol/(mL-h), #FRA U/mL.
1.24 FJHEAMSL: (1) MRESRT Bk
PP BT 200 mL, 20 HCRE A, TCREKRG 2
W, T pH 7.0, 50 mmol/L [ R £k 2% vhifk
o, R REEE, BB R E S AW, B0
BB, SRIGTE VKR S5 LA oo o R e vk J32
(R VI 25 10 T S [V B2 R e L 0 179 45 51
ol ER AT ISR, DABA R ol A R e vk ) iEA T

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

UE, VITESEA)S 8 000 r/min &5.0 10 min, FF5
UUVE I Z2 MR 2 Vs, AT E, R vk 4 1
K F —HF 5 B M FE G . (2) HiPrep DEAE
FF16/10 B & T 38 #2871 ¥ E— A8 8k
mn B2 DEAE FF Z2HrAE, #E178F35Hk, Ik
LIRS . 48 &M 0-1 mol/L NaCl
50 mmol/L Na,HPO,-NaH,PO, 2% i, pH 7.5,
LRAMERR T VR, W% 2 mL/min. BRI F 95
P2 4y HEEHe 46 . (3) Superdex 7510/300GL %
SRR Y Py VT = S ek U | LR Y W = 2
% Superdex 7510/300GL JZM743 5], Superdex
7510/300GL =M 8. @ikacft: 0.15 mol/L
NaCl-50 mmol/L Na,HPO,-NaH,PO, 2% ¥, pH
7.5, PE: 0.5 mL/min. WCHE 16 P 40 438 U8 TR A
Jf SDS-PAGE LTk %5 H4liJiF . SDS-PAGE
FIHLTKAR R 7 BV EE Ry 10%, 47 e ik B2
M 5%, iR

1.2.5 L-XZ S o-BREARBAMERS #: Pand
TR 3 SN I B R IR I e B AR Tl S I
¥, 43 HIHE 16 °C. 25 °C, 30 °C, 37 °C,
50 °C. 55 °C, 60 °C, 70 °C, 85 °C. 100 °C
DU WG, DA R dpcid Sy T B2 o Tl U 53 )
FEVA FIRBERCE 12 h, SRIGTE 37 °C 244 T D il
G, HCREAE A R BE 25 A T AR e 1k .

Pand fzid&i pH M pH FaE 4 il 0.1 mol/L
pH A 3. 4. 5. 6. 7. 8. 9 WITHIRL M .
W R 28 vPE AN Tris-HC1 28 vk, 43 %I LI E
R AC Y 50 g/L A L- R A BR8N, pH 7.0
() Bl A DA 1 22 i R R 10 £, IR A 2 R
YW 2.4 mL, B 0.1 mL, 37 °C JZ 1 h Jl5E
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Mt %, W S pHo 4 pH 7.0 BB 530 FH LA
PR RS 10 4%, 37 °CCE 12 h, SR 1E pH
7.0 Z50F N ONEENG, DA EREZERTE] pH A4 T
AR E T
1.2.6 EEFULER B-REERKEY. =YK INEE
EXNEUENAEMW: JKY L- KRR M
R : RBiRZR 2.5 mL, HpJEY) L- K&
BRI E 439 0, 30, 60, 100, 150 g/L,
JNEE A 400 U, 37 °C [ 4 h, #IEKRE
L-Asp Fll B-Ala, HUE IS5 A E B 5 Rkt e
FEUEIT AR B B-Ala T AATRZI, TS B N LA
K3 I BERAE 5ot B A4 (& i, R LA
LR TS R BN IV B LR A& 2 R X il 4% Ak
b PR TG AR AR

PR BTN R X R AR R s RN AR R
2.5 mL, JEY L- KA N 30 g/L, X
NI B-Ala, Lk B 53514: 0. 10, 30,
50, 70, 90. 110, 130, 150 g/L, fmpgHE N
180 U, 37 °C L 1 h, W B-P9 2 R A= A i A 1hi
B~ B-Ala X E AL . S E 58 )
B-Ala F PPl 275 S ml g PR, BCE AR 2R
1 h JFBWAAR 2 mL, HIERRZE L-Asp fil B-Ala,
Xof T T8 S VAN R Tl (S R B R U8 Aot A R R
B-Ala 35 B 52 0, 0l 3 BE IO LA KT 5 B A
S BEYFI R (1 at, I LA TF A Y EL i R 16
BR TR R B B- TN 22 R X il A A 2ot A v il 6 A8 b
ip=A 08

AN ) Ak Ok 2 201 1 A Ak S N 1 5 )
RNARZR 20 mL, Y L-RA &R 100 g/L,
T 43k 1000, 3000, 5000, 10 000 U/g
W), 37 °C J i 48 h, JEYILIATE 5 K7
43— R I A R &R IREN AR . 4 5
HEIA R AR AR TN 53 5 HEINA R A 2
AR, e B-TN &R A i AT SR 55 Ak %,
XFAS G s n o =S4T P A, 396 8% m i o

1 BRI I AT I L
2 HREH

2.1 AEBRENE L-XEX8E oREBER
B 5o B R Rk B R B A

DI A RMEFTIE ATCC13032 4] DNA
FEEM, 4 PCR ¥ 1153 H KK pand
(411 bp), AR PHEER UK S E . ks
PMDI8-T Simple Vector i&# )7, 5 pET24a(+)
[ iF ) Nde T F1 Hind IIT SUBSE) 24k I 14 4, 15
FIFEA IR pET24a(+)-Pand, BED) %RV
MR R 1), MpdgRExmy
GenBank ¥4 —%(,
2.2 E!HEH Pand EXFFHE BL21(DE3)
P HYIE S RIK

HHH E. coli BL21(DE3)/pET24a(+)-Pand
ZPEFRIB, WEE, BOJE, BEIARREEFRR L .

bp M1 1 M2  bp

7743
4254

2 000

1 000
750

500
pand

250

100

B 1 =4HF % pET24a(+)-Pand EE1EE

Fig. 1 Identification of recombinant pET24a(+)-Pand by
enzyme digestion

M M1: DNA 43 FibrdE; 10 HE4Fk pET24a(+)-Pand
B I8 IE; M2: DNA 20 TR FRiE.

Note: M1: DL2000™ DNA marker; 1: Restricted DNA

products of pET24a(+)-Pand; M2: A-EcoT14 I digest DNA
marker.
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U VE F s B AR 5% L Ttk E. coli BL21(DE3)/
pET24a(+) £ SDS-PAGE & 1404, 455 2
fi7R. UKiE 2. 35 1 XFHRTE 10-15 kD A 2
Zitr, 1B pand LR EL Kk, Sk 4 xR
HAHE A TEAAAET BT, S6% R,
H A [ Pand (5 AR 0 50%LL 1, B
h 3.22 g/L, FEEHILF] 94.16 U/mL, HRBEREDT
JEARRIN IS, 58 RIKES R —3
23 EHEHBAEWL

20 e R A 28 S 0 I, BB T R T
PR BR 4R TTTE, Wik, HiPrep DEAE FF16/10
T ZHr, Superdex 7510/300GL BE K 3 g

kD M 1 2 3 4

170 —
130 — W=
100 —

70 — —
55 — —

40 —
35—

e
U

3 8l

25 —

15—

—Pand

-e

2 Pand Z£E4HE E. coli BL21(DE3)/pET24a(+)-
Pand 9 ik Bk EE

Fig. 2 Expression of Pand in recombinant E. coli
BL21(DE3)/pET24a(+)-Pand

VE: M: B 140 FREFRUE; 1: E. coli BL21(DE3)/pET24a(+)
% S E i 2, 3: E. coli BL21(DE3)/pET24a(+)-Pand
FH RS I, 40 E. coli BL21(DE3)/pET24a(+)-Pand 5
SRS TUTE.

Note: M: Protein maker; 1: E. coli BL21(DE3)/pET24a(+);
2, 3: The centrifugated supernatant after ultrasonication of

the recombinant; 4: The centrifugated deposit after ultra-
sonication of the recombinant.

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

ZHT, WG PEAL 53 SDS-PAGE Hijk WigE
aifbZE R, 1584 dl sy, SR mE 3 fr
/N, TE 10—15 kD Z [A] Y £ 5 Pand H— 4577 .
C. glutamicum ATCC13032 A9 pand K5
411 AL, g 136 DN IERR, RBE AN
TSN 14.1 kD, 40& 3 Fis, 16 10-15 kD
Z I —%A, BTN T 14.1 kD, &l 2
EAHEIKE IR FRE R )G 12 h N5ER, & 3
et 20 alifh, AT 37 °C SR T E
It 24 h, X5 E. coli DH5a!"8 FI M.
tuberculosis™” pand 3[R 76 K AT i rh B4 %
ik, EA4E A Pand Aifb/E L5 R, HAHE
F Pand 7E%5 F a8 T 37 °C 504 F & 24 h LU
Rt BE A, AR oI B-
WAL, BB, UK E], K
FORIGEL B Pand K/NR 13.8 kD, HESYIE

1 2 3 M 4 5 kD

—170
—130

—100

Pand— s - -‘_

10

3 #i{k/5 Pand & SDS-PAGE 5ER% B ik 2 #7
Fig.3 SDS-PAGE analysis of purified Pand

H: 1: Superdex 7510/300GL #E i3 &2 4k 2: Hi-
Prep DEAE FF16/10 B FAc# 201451, 3: 25 AN M:
EE TR 4 BIREERITAER 50 RIBER.

Note: 1: Fractions from the Superdex 7510/300GL column;
2: Fractions from the HiPrep DEAE FF16/10 column; 3:

Blank control; M: Protein marker; 4: Fractions from ammo-
nium sulfate fractionation; 5: Crude enzyme.
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o= KEFN -V IR/ NV 11 kD F1 2.8 kDM,
24 L-XZ88 o-REEBERS

H L-RAATR o- I FR B ) $5c3s 50 3
WIGLERAE 4A iR, B RN IR E TR
(M 16 °C %] 100 °C), Pand A MfFIE I FTHE
TR, TE 55 °C 4/ MG i, 37 °C i
TEISAIE T 55 °C. 4 Pand AR & MR SL IR 245
RN 4B irn, 2 B A S PETE SR 1 TR
JEE VU AL, AE 37 °C LR BT A o 2k,
FEARE i PR T S B R AR F PR, 55 °C T EHG
R TR, HEIT 52%, 70 °C W& 5L A58
= 120 ¢
90+

60}

30t

Enzyme activity (U/mL)

20 40 60 80 100 120

Temperature (°C)

R, EULi%ﬁﬁﬁﬁ F Pand iR
W B IE M R 55 °C, (HEEREENETE 37 °C
UTﬁ%hh , B L-RAER o- R IETE

AR S VL e (] 5 I e 46 37 °C FE A,
%%T%ﬁ&m%ﬁmmmﬁﬁﬁﬁﬁﬁ¢

HA L- KA o- MR RIS pH
SCEGEE R ANE SA Frw, B pH A9 EJH(pH 3.0
% pH 9.0), Pand FY Gt 52 I SETHE BRI R 3,
& pH M 6.0, F4 Pand 7EA[E pH 514 FHY
FaE M &l 5B FR, %A ELE pH 4.0-7.0 1
0 [N A B R e T

B
120

90
60 -

30

Enzyme activity (U/mL)

0 20 40 60 80 100 120
Temperature (°C)

Bl 4 FE4H Pand 2 [ &i&im E AR E 1%
Fig. 4 Optimal temperature and thermostability of recombinant Pand

FE: A HL4] Pand [N Fof iR Br B4 Pand HAESE 1.

Note: A: Optimal temperature of recombinant Pand; B: Thermostability of recombinant Pand.

A
120

90 ¢

60 r

30+

Enzyme activity (U/mL)

2 4 6 8 10
pH

B

120
)
£
2 90
2
=
5
< 60
(]
=
S
f=
M30

2 4 6 8 10
pH

B 5 E4H Pand & )& pH #A pH f2E 14
Fig. 5 Optimal pH and pH stability of recombinant Pand

A 4 Pand W B & pH; B: 4 Pand 1Y pH & E M.

Note: A: Optimal pH of recombinant Pand; B: pH stability of recombinant Pand.
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25 MBREUENK B-RERBREY. mHEINEE
POt A A

ANTF) e BE JIC ) L- K 42 B2 %o 5 20 i Pand #%
PR RER: 25 R 6 B, FEEIKY L-
RAGTRCE B Th i85, T 20 Tl bl 7% 2% 3 R A,
Uy o) i 2 il e A B4, ELBE B IS vk
JEE %) 4 v AU 2 0 i i

ANEVREE = 1) B-TN AR X FH 4L Pand 451k

NEEFZ: 25K 7 s, BEE AR B-N
Q&E%MMJM%&Wﬁﬁimiﬁﬁﬁﬁ,
ULHA =W B-TR 24 R X i A Ak e g ™ 2B T 4kl
h 2 AR PN = A N nl A, o2 AT
AEUE MG, THA UG, S5 7 PR, b

—

& D x© [

(=) S S (=]
T T T 1

N
()
T

Specific activity (U/mg)

1 1 1 1 1 |
0 30 60 90 120 150
L-Asp (g/L)

[w]

Bl 6 R4 L-RZRERKE X BEYE L S [ Y720

Fig. 6 Effect of substrate concentration on conversion

8r —-—B-Ala 7100
—=—Specific activity
180

160

440

B-Ala (g/L)
~
Specific activity (U/mg)

120

0 30 60 90 120 150
Additive amount of B-Ala (g/L)

B 7 74 B-TREmBRR A X EEAE 1L f N R 220

Fig. 7 Effect of product concentration on conversion
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BN B-THZ R 3G I, 52 L B TE WA
KA, U RS R, Y BN
i o il 2 A sy A BRI AR P, RS i S AT
PEHH]

AN TR Ak T X0t B 201 A Ak SN 1 2
SRME 8 B, — KM AR A 2 R 4M
JEY, InEERAE 10 000 U/g IRPIRE, 100 g/L i
YAk %R 100%, pH AS{EEE 7.0-9.2; 434t
NIRRT, INERTE 10 000 U/g JiE
Pimf, 100 g/L I AL Ay 89.06%; sr-4itiinA
AR R & = RIS, NG 7E 3 000 U/g JIEYIET,
100 g/L KWk 3R 97.8%, pH A2 4k [l
4.6 3| 8.3, A5H AWML, B4 Pand 7E
pH 4.0-7.0 REHNA B REME, FHAKY
SyHEIAE pH 4ER5 76 1% T 41 pH o PEH
SOREN SN A R 2 N = i 1) | DANY i 7B
B T 1 VAR BEE VS 0 i G ) T 3 AR T A 1) )
HH AT MR, am AR AR &2
PR AT 2 A hy S5 P ) B A S g =K

3

B-N MR M HATEMIMEDR 2 . % Bdh,

150
—=—Adding aspartic acid sodium solution in batches
—*—Adding aspartic acid sodium solution in one batch

- —*—Adding solid aspartic acid in batches

[\
(=)

A &

O
(=]
T

(o))
[e]
T

Percent conversion (%)

[08)
S
T

0 3000 6 000 9000 12000

The amount of enzyme (U/g)

8 A EIMESE R L-Asp 351 R AIE M

Fig. 8 Effect of the amount of enzyme on conversion
ratio of L-Asp
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Tk S A T AU )iz, ik 1
W Tt BErEWAN B-E iR Tk b =
FERAL G R, (B A vl
MEL BB RAE . AT WERY TS
JUIREE A [, AL AR TE G i B-TH AR
N — MR AT A 5 1 C O T R AR R

AL DAY G R AT ATCC13032 S 3L (A
de R, YRS pand FE R, MR GR R AK
pET24a(+)-Pand, #1k15 -1 E. coli BL21(DE3)
MR RIE L-RAER o- BRI EAE, W
TEis%] 94.16 U/mL, A HAETHGE K. %
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