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i L-XRZ 28R o-BREERIRIE SEEF R

REAMS ZEAT WERY TEMRY REY mgm'”
(1 VLM R WMERM T ZSEARER TRERE 1L B8 214122)
(2. TLMRFAEY TR BE VL8 o8 214122)

B E: [86] EINEAE A S Hi4F A (Listeria monocytogenes)F= Ax K A54F # (Corynebacterium
jeikeium) L- X &£ o-fL% B4 B f£ Escherichia coli ¥ FR &L, 4L EHE G Frd L a7t
Jio#r. U i W& BB E. coli 89 %8 #F a4 AR AL & R T L. monocytotogens #= C. jeikeium 44 panD
AEFF]. ATE G A IR EB AR pET28a(+)-panDy , #= pET28a(+)-panDcj, %%1L E. coli
BL21(DE3), %L panDy A= panDc; & B 69 78 A& . F) A 5 e BAT LA 3K AT 45 7 40 R BR AT 69
Yh S SATER F MR AT, FH BRI R 6%, [4R]) AR &G Wik, H & R AW,
F 4084 PanDy m #» PanDc ¥ A A T 4%, EMMEHRT o Lihfe B LK, FHMILEEH 5
# 8.9 U/mg #= 11.8 U/mg, AT BE69RER LR EH A 60 °C, K& pH 444 7.0 F2 6.0, €A1
A4 3050 °C, MM A FTHRAEE., 5B ATHR RS 65 A B (Corynebacterium
glutamicum)=k /& 49 PanDcg A8, PanDyn /&4 R &2 B 6937 H)4E A 4. (4541 PanDy , =
PanDc T /£ & & B 1 T 45 145 L-RARBRA R B-RABR, HF PanDyn &M 69474
ERE, B —mey T g A%,

REIR: L-REARBR o-BLABE, B-ARM, FHGAESNHE, KAKEATH, BFHT
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alpha-decarboxylases
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Abstract: [Objective] In this study, two L-aspartate a-decarboxylase genes (panD) from Listeria
monocytogenes (panDy ) and Corynebacterium jeikeium (panDc ;) were expressed in Escherichia coli,
respectively, and the recombinant enzymes were purified and characterized. [Methods] The panD

Foundation item: National Natural Science Foundation of China (No. 31401674); The 13th Five-Year National Key
Program for Technology Research and Development of China Plan Grant (No. 2016YYFD0401400)
*Corresponding author: Tel: 86-510-85918229; E-mail: gyshi@jiangnan.edu.cn
Received: January 04, 2017; Accepted: March 22, 2017; Published online (www.cnki.net): March 24, 2017
HEEWME: EZRAAPEEESHEFRSIH (No. 31401674); “+ =T & mibiF A& 114055 H (No. 2016YFD0401400)

*EWAEE: Tel: 86-510-85918229; E-mail: gyshi@jiangnan.edu.cn
Wk HHR: 2017-01-04; ##EX HHER: 2017-03-22; HisE#i= & kR H A (www.cnki.net): 2017-03-24



2338 WAEY) -4 Microbiol. China

genes from L. monocytogenes and C. jeikeium were synthesized and inserted into pET28a(+) to obtain
expression plasmids, which was then transformed into E. coli BL21(DE3). PanDy, and PanDcjwere
functionally expressed and the recombinant enzymes were purified by HisTrap™ affinity
chromatography. Their catalytic properties were characterized and the effects of substrate concentration
on enzymatic conversion were studied. [Results] Those o and B subunits were detected by
Tricine-SDS-PAGE, indicating that both of the PanDs were processed by self-cleavage. The specific
activities were 8.9 U/mg for PanD,, and 11.8 U/mg for PanDc;. They exhibited the same optimal
temperature at 60 °C, while they possessed different optimal pH at 7.0 and 6.0, respectively. Both the
enzymes were stable at the condition of 30-50 °C, and pH 4.0—7.0. Compared with the most studied
PanD from C. glutamicum, the substrate inhibition effect of the PanD_,, was significantly less.
[Conclusion] Under the high temperature and acidic conditions, PanD., as well as PanDc; could
specifically transform L-aspartic to B-alanine. PanD_, could be more appropriate for industrial
application because of less substrate inhibition.

Keywords: L-aspartate a-decarboxylase, B-Alanine, Listeria monocytogenes, Corynebacterium jeikeium,

2017, Vol.44, No.10

Enzymatic properties

L- KA o~ (L-aspartate-a-decarboxylase,,
EC4.1.1.11, ADC, PanD), XFf L-RAEMR 1-HiR
i, P AL L-R AR o SR IR - et
- A R A RN A iz TR Y LR IA Y R,
HAR A ME—AAAER) B IEUILR, B—FaEERAA
B2 B-NEAR L HATAY)) Iz N T B2 | 5648
il AR A T A4, i R H i BTt
s T E A H RER A A2 Ak,
FIF PanD A=Ak L-RA G B-NEIR HA

TR ikl e TeTs RS, AT
Sy A 2 T At 2ias

PanD FZAFAET AN . AP . ARG
E AR /L S B S I e ST e i s Ll A AL S
WP, SinEME, wiE A B,
HAALRE ST F N TR B DS R L A1, TR 4h
VRHBN R 7, FAEfRAR Sk, PRI 5 Tl
Hist, PanD A i, fe) i SR s 1 i) Ja
Wi, BEJSTE Gly24-Ser25 AbkAEZ#, KA N
Sty A N ER IR SE A 1) o SV BEFIT C gty A 72360 B E
B 2N TR A B T T S B a5 B0,

Tit 5 A S 07 H i K S 1 2 A A A A 5 () 1)
K WAEPI RN R AR T T R &
JEEZ3[A], NCBI Bl e CLARIE 1) panD LKA 761 Fh,
{5 B BT B9 5T 32 E 5 AE KA FF B (Escherichia
coli)® | ZE 1 (Mycobacterium tuberculosis)™ |

KA THEFT I (Helicobacter pylori)™ | A Z Bk FT i
(Corynebacterium glutamicum)™® | 4l #; #& fF
(Corynebacterium crenatum)™ 1 A 25 2 71 #F
(Bacillus subtilis)™™, i Sz A T 4 B30 2
Ja 3 ®h. Hr PanDgs MG RS A 8.4 U/mg,
PanDo g iy 14 03 I AH G HRE i 22, i S o il By
55 °C, #uii pH M 6.0, 7EfiKF 37 °C, pH 4.0-7.0
FasE PRt . B PanD TEMEILT B b #F e e —
SE TR R STl B DO SRR R L T
L EEE N R . EA BT, 22l &
AR ] o AL PO R PR, (AR L
FH . Iz HRET R panD R S AT 5T s
PEXT A A A B-TN R HAT T W58 3 SR T
b P o AR Sk B A AR 2R 0 R T (Listeria
monocytogenes) il 7 [X # #T & (Corynebacterium
jeikeium)>kJE[Y) panD FERCHWFTRXS S, HIREMR
TRXPAFER A SRR, XA TR
MRITEBCHEAT T Lot N AEREALAE T B-TN A
i 1) ol o R AL T Rk 224

1 ME5EE

1.1 w7l

111 BHe9ERE. BFERRRE: PP panD
SED A A e A R AT BR A Wl A 8 E. coli
BL21(DE3). E. coli BL21(DE3)-panDc, (#1545 C.
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glutamicum KI5 1) panD £ ) A1k pET-28a(+)#
RIAR S B AR

1.1.2 EERF. USEEFE RN
Nde I, Hind IIT, #5ifE5F &M H Fermentas 2
A]; T4 DNA #%E3:0F . DNA marker 4 H TaKaRa 2
Al RARERW A4 T AY TR BRGARA
Al Bk /N ARG & L B IR S A b
R AW I H AR A R TTE/AF]; Sepharose
His Trap HP I [ 35 [ GenScript 23 1) ; HABIXH K
= pral . AR UKL . Bio-Rad 525BR I HL
KA H 36 E Bio-Rad A H]; A4 AKTA
Avant 25 Il [ GE Healthcare 2\ 5] ; EaAH %Y
Agilent 1260 Ity F £ [# Agilent /A 7], LB 1 TB 537
UL 22 SR [13]

12 A&k

1.2.1 FHHE E. coli DE3/pET28a(+)-panD &4
##: M NCBI F#&[FFiEFR4S L. monocytogenes
1 C. jeikeium i panD FE41, RN 4R 4=
YR A BR S vl A . R P23 B8 E. coli Zh5%F
Tl AL, SRS CATATG (3 AR
15 Nde 1), 3% 2 BRZ RS T 5 i AATTGC (51 A
LI 5 Hind 1), 722 11 N 355 A1 C i fin_E His-tag .
B A NG & SR puUCST-simple , 4k 15
pUC57-panD., $£HX pUC57-panD Jfikz, F Nde | Al
Hind 111 XUEGY), 23R iEec ik e . i,
glifbfm, F T4 DNA 8442 A2 Nde |
F1 Hind 111 XUEFEI Y pET28a(+) kA |, Hy ikt gl %
KK pET28a(+)-panD, 4 HE 20 k4L 3 E. coli
BL21(DE3)/&3z A 4uMurf, BHCRASE-AR B ER:
b F BT R B 8 E, SR EAE E. coli
BL21(DE3)/pET28a(+)-panD, F#fET Himss d,
122 HEEAWFESFKIE: MWHMHE P 10 L
A 20 mL & 50 mg/L RAREE 214 LB B35t
37 °C. 200 r/min #53% 8 h, B 2 mL B4 % 50 mL
£ 50 mg/L RAFEEZRY TB K37k, 37 °C. 200 r/imin
Ri3%, 2 h A 25 pL S N3E-p-D-Hif -l FUM
(IPTG, 1mol/L), 20°C. 200 r/min }%3% 16 h, k[

ER R IR B IR, B R R, il 4 Tricine-SDS-PAGE
Iy M E B A . Tricine-SDS-PAGE /3 i ik%:
DLSCHR[L7].
123 HEZBABILNL: FSEZ W A (20 mmol/L
Na,HPO412H,0 . 20 mmol/L NaH,PQO4-2H,0 .
500 mmol/L NaCl, 100 mmol/L BKmE, pH 7.4)7k%
FR 2K, MA S5 mLE5EGZMR A, IRGIRS)E
I ODggo, #iF% OD % 10 Jflifis, W 1sf52s, k
FERHE] 5 min, BYFEIRT 4 °C. 12 000 r/min &0
20 min, HCR3E, BIOAMHLEER . Sepharose His Trap
HP FZ5 &gz il A i fe B, PP, YEise
M B (20 mmol/L NaHPO412H,0. 20 mmol/L
NaH,P04-2H,0. 500 mmol/L NaCl. 500 mmol/L B
M pH 7A)PEE, WSCSE B VR D Al .
Tricine-SDS-PAGE /341 5k [ Bradford 143 & 2 (4
Ipiv7i
124 BEEERINE: BHEEL: 7€ 37 °C, pH 7.0
MIZAET, B L= 1 umol B-N 248 fir s
{14 i A — TG H2 U (wmol/min) .

T I R 7 1 2 2.5 mL LAk AR 2 P K5 0.5 mg
1) T 5 W TR 28 71k (20 mmol/L Na,HPO,-12H,0,
20 mmol/L NaH,PO,-2H,0, pH 7.0)i&4, 37 °C 1l
20 min, ARG Y29 B 100 mmol/L
) L-RA&Z 8 (pH 7.0, NaOH Al T AL SN
JZ % 20 min, Z#E 20 min K3E, 1 000 r/min 5.0
20 min, BERTEGRAE, SRR —HEE(OPATAE B-
NEER, [ HPLC Rl ik e p-aam & i,
125 EAMFERERABEMNE: KHELHN
4y T 30, 37, 45, 55, 60, 65, 70, 80 °C F
SN 20 min, I EEG , DL foE SOV IR . B
Oy WIAE L, FIREE TS 12 h, SRJGAE 37 °C &0 F
D ZE B, LR AN R B A5 T rAs e Pk .
126 EEEERIE pH X pHI2EM: ¥ 05mg &
ZH 4> 5 A 20 mmol/L pH 4.0, 5.0, 6.0 BI#¥
BEIR -Fr B RGN 2% vhi . 20 mmol/L pH 6.5, 7.0,
7.5 MBEIR = —AN-Whie — SN2 ik S 20 mmol/L
pH 8.0, 9.0 By Tris-Eh R ZE niifirh, FHIMA 166 pL
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[y L- KA (200 g/L, pH 7.0, NaOH ¥#%fi#), 37 °C
J2%E 20 min, INEETE, LA E SO pHo B
Oy E T UL R iR, 37 °CJCE 12 h, SRS
B L HURCRBTEANIR] pH 250 T ER e 1k
1.2.7 &Y L-REKELXT PanD HOHNHEIVER: LK
ZHH 5 mg i (PanD) il A F| %4 100 g/L A L-RA&2
FiR A1 20 mmol/L AOBERR 2% i (pH 7.0)) 5 mL J i
RZrh, 37 °C i 1 h, JH Nit:EIlcEE, Hnlfi
Je FOREIBEG , X RRLLR I R 0 /L.
1.2.8 EHEFGHIF I H pH 7.0 BEfRZE 0PI IC
124 ) A 100 mmol/L (1) L- R ZFREY) 50 mL,
B 10 mg fIEEZLHE, 37 °C. 200 r/min )i 24 h,
M B-N AR A
2 HR54H
2.1 PanD | EBEFIIS TR ZEB TR
WF5E 4 PanDe Fl PanDy, ZJERRT-51 Fl H il
RIEBZ M PanD HYZSERRITHIHEAT X, M 1
ATLAEH, XU T SRR B AR, A
59.91%, LA kg RSP IFR AT Lys9. Hisll,
Argl2. Thrl6. Alal8. Leu20. Tyr22, Gly24 ., Ser25,

11e28 ., Asp29. lled6. Asn51. Gly52., Arg54. Thr57.,
Tyr58. 11e60. 11e69, Asn71l, Gly72, Ala73. Ala74,
Ala75, Gly81, Asp82. Valg84. 1le85 #1 Asnlili,
e BEORAF UB Z o IR SR BN LA R
Gly24-Ser25 5, A W5KM] Arg3. Args4. Thr57,
Tyrs8 F g PanD E I T RMEAL IS kA 0,
Argh4 Tl Y PanD MYJIRHIRE RPEAOC, Lys9 Al RE
RPN o RIER LRI 1EH] . PanD
(RIEAIE], H PanD ZUEMR T4 22 AR, X
A BB S BOL R S W B 2 S S A

4 E. coli P& )% 51X panDyy, #1
panDc; A #ATH M FIifk, (G+C)% & it 43l i
45.7%71 49.3%75 1Y, 54.18%7 54.67%, ZHA KA
AR N TA A2 sl a4 pUC57-simple,
15 pUC57-panD.,
22 EHEHHWE

# pUCS57-panD JFiki ] Nde 1 1 Hind 111 X
DI, IR WHEE e F UK S0 | [l 24k )5 3845 panD
JPa, KEEITE 400 bp A4, HIHe(E—3. #H
B FER P81 i H: 3] pET28a(+) T7 a8l T iiE, P45

M. tuberculosis MLRTMIKS ADLNDAADLLEGEQVT] GERGS GV 70
C. jeikeium VLRTMLKSIS! ERAT VIO ADLNVEAADI LEGEQI GDRGTGV 70
C. glutamicum MLRTI LGS ADLVHAAGLI EGEKV. VGDAGTG 70
H. pviori MTFEMLYS EDLAKLAKLREGVKVE] (VL GKK. RGE| 69
B. subtilis NYRTMMSG EDLI DAVGVLPNEKV P GKRGS GV 70
L. monocytogenes NFRTMWNG S Al LEAVDVLPNEKV PGEPGS GV 70

M RTMLOQGRL[EVK VIIO%
M RTMLOQGRL[IE VK VIHE

m rtml gkihratvt

S. enterica
E. coli
Consensus

QDF LDAS GI LENEAI
QDF LDAAGI LENEAIL

adlhyves tid dl daag legekv

YAMAAERGSRIES 70
AAERGSRI§s 70

ivd ngarl tyai gergsgvic

M. !ltb(:‘f‘CMIDSfS 1 ERHL. VHP €B1 \UBI.T AYATVDDARARTYQPRI VF VDAYRKP . [ DMGHDP AF VP ENAGELLDPRLGV ]38
C. jeikeium 1 INEVVRLL SPERL NN | GYAQYSEEDLKNYASRVVF VDGNRKQ. VELGGDP AQVPDGSG. LKNPRHPE 137
C. g!zrmm.icum 1 RCRVHL.T NP(€R] B MSYLQATDAEAKAYEPKI VHVDADIRI . VALGNDLAEALPGSG. LLTSRS1 ]36
H. pvilori VNI RK VAL @Vl L AYASMNEDEI NAHKP ST VLVDEKIEI . LEKG. . . ... ... ... .. ..... 117
B. subtilis LINGEYRRL VOE@RKART T SYKMMSDQEAASHEPKVAVLNDQRKI EQVMLGNEPARTIL. . ... . ... ... 127
L. monocytogenes 1| NGXRRHVQVER VBN MSYGMFTDEEAKTHEPKI VVLDEKIHI EMILPEEKAHTTL. . ... .. .. .. 127
S. enterica VN HCAEVERT Wl A SFVTMSDEEARTWRPKVAYFEGDISEMKRTAKAL PVQVA o 126
E. coli VNS HCAS Vg [l ASF VTMPDEEARTWRPNVAYFEGDIRENKRTAKAL PVQVA. .. .. .. .. .. 126
Consensus ngaaahlv gd vii sy mdeeat pkivvd ni Ig pav

1 8 MAREIKRIER PanD SEELF I
Figure 1 Amino acid sequence alignment of 8 PanDs

{1:: 8l PanD Y GenBank #5%%: M. tuberculosis (NP_218118.1).,

C. jeikeium (WP_011273004.1), C. glutamicum (NP_599388.1).

H. pylori (NP_206836.1) . B. subtilis (NP_390122.1) . L. monocytogenes (NP_465424.1) . S. enterica (NP_459185.1) .E. coli (NP_414673.1);

FERSRTERER QAR AT AL =R,

Note: Reference sequence of 8 PanDs: M. tuberculosis (NP_218118.1), C. jeikeium (WP_011273004.1), C. glutamicum (NP_599388.1), H.
pylori (NP_206836.1), B. subtilis (NP_390122.1), L. monocytogenes (NP_465424.1), S. enterica (NP_459185.1), E. coli (NP_414673.1);
Strictly conserved residues are boxed in black and the self-processing site is marked by a triangle.
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40 ki pET28a(+)-panD, ¥ A 5 20 i ki 5 1k 5
E. coli BL21(DE3)/&3z &4l ffuH , 3k A5 411 E. coli
BL21(DE3)/pET28a(+)-panD. A EFUIFRIE, Y753
T 400 bp 2451 H S (8 2), UERASMEEERE T
IR RIB B L
23 EEAMMIFESRIESEL

B4 E E. coli BL21(DE3)/pET28a(+)-panD £
IPTG i55 16 hJ5, #AMNE, BOoEREE, &
Tricine-SDS-PAGE HLJkK: %, [ 3 B/~ , HA Y
IR T 5P PanD, S ras R s, #
ISR E] 60%LA b XA A A 1 B D)2
55 PanDc ¢ #HIF], HIATEMFE , Al BN T24% K o
W B HE . BRI W, H His Trap HP
BkE4lifk, Tricine-SDS-PAGE Hi, yk I iiF 4% 5 1n (&1
3 N, YRR TRLi BER, AT
W5t . FLABFLEREF PanDy y 1 PanDe 7£ % LA BEE
IE 441 F (37 °C, pH 7.0), LIS /3% 8.9 U/mg
1 11.8 U/mg.

B 2 ELEF K pET28a(+)-panD BTG IE

Figure 2 The enzymatic digestion of pET28a(+)-panD

F: M1: DL15000 DNA marker; M2: DL2000 DNA marker;
1-2: Nde | #1 Hind 11 XEGYIE 4K pET28a(+)-panDynm F
pET28a(+)-panDc;.

Note: M1: DL15000 DNA marker; M2: DL2000 DNA marker; 1-2:

Recombinant plasmid pET28a(+)-panD_n and pET28a(+)-panDc;
digested by Nde I and Hind III.

kD 1 2 3 M 4 5

100 — -
30— —

25

20— - -
15— - .
10 — - .
5_

34—

3 FLHEE. coli BL21(DE3)/pET28a(+)-panD ik =
)89 Tricine-SDS-PAGE Bk 4 i
Figure 3 The Tricine-SDS-PAGE analysis of expression
product in recombinant strain
T M AR Marker; 1-3: F41(4 BL21(DE3)/pET28a(+)-panDim.
BL21(DE3)/pET28a(+)-panDc; il BL21(DE3)/pET28a(+)4l il
W 4, 5: Zifb)E B4 #E 1 PanDLy 1 PanDc;.
Note: M: Standard protein marker; 1-3: The centrifugated
supernatant of the recombinant BL21(DE3)/pET28a(+)-panDym,
BL21(DE3)/pET28a(+)-panD¢; and BL21(DE3)/pET28a(+); 4, 5:
Purified PanD_, and PanDc;.
24 EHEMRERERKRIEM

TEEXT RN PanD HYBEHE SEMT AN 4A Fir7i
PG #RTE 60 °C IAF I B , 43514 10.9 U/mg
M 14.5 UImg, BEEIREERTHE, PanD FEE 1 5 81
FeTtE RS . FIRET PanDe; MG
PanDy m fri , X BE AR Ak s AURk . M2 i AR
EVESCIR AR 4B ATLIE L, BBAEOE IR 5%
PFRCE 12 h, BREXA —ERERHIR, R
T BTG A OB . 50-65 °C JLFEIN, PanDyp, %
PanDcj e, YIEEIAF] 80 °C, W7 ARG LA
25 E4HERIE pH & pH EEM

PanDy n, Fl PanDc 1 fiidi pH Fl pH Fa & P55 50
S5RANE 5A FE 5B firzs, BEAE pH B3, miE
(AT 35 S e S B a3, ERTERRME 2R T L
BAGE o PanDym & G TEH SRR T VER], I
& pH A 7.0, 24 pH KT 7.5 I, BEEHGEHFEAR
PanDcj A LATER B ) pH Y0 2540 AR, fcis pH
iy pH 6.0, LI E MR, BEHE (R 21%.
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[ —a—PanD,,
—o—PanD,;

Specific activity (U/mg)
=)

30 40 50 60 70 80
Temperature (°C)

& 4 BEXNESE DA REENMEE

6 —s—PanD, ,
Eﬂ \\ —2—PanD,,,
5 4}
z ’N-f\
=
g 3l N
g \
o
2 \B
w2 ok

20 30 40 50 60 70 80
Temperature (°C)

14(B)

Figure 4 Effect of reaction temperature on PanD activity (A) and thermal stability of the enzyme (B)

A
10 —=—PanD,,
'gn r ——PanD,,
S st
2
=
§ 6L
2
% 41
o
2|
30 40 50 60 7.0 80 9.0 100

pH

El 5 pH XHE§E S BIS I (A)FOESRY pH f2 E

100 - — Pa“DL.m
— —=—PanD,,
£ 80t -
£ /f'&'\-\.
= 60
Z ‘\/’\A
E 40t
=
£ 20} L.
0 P T T PR )
30 40 50 60 7.0 80 9.0 100
pH
%(B)

Figure 5 Effect of reaction pH on PanD activity (A) and pH stability of the enzyme (B)

2.6 R PanD 8940 1E A

RIS PanD TEA Y L- K& PRAFIE
BF, AR o PR TR R 356 121 5 Tl o b e el TR -1 P
ML, AT SRR S BT B R, (L)
WiRR, A B-NARR, At i s k4 A
R RN, RLERPHAIE S T B 0
AMF5EH PanD il 5P O 5, i Ni APk 4l
Al PanD fiff, Ff2B L- KA IR NN = A 1)
B-NZ &, XTH PanDyn. PanDc; FlHAHI5T K%
1) PanDc ¢ 5 &4 SO il I S (18] 6), A B S5 IE
VIR N & BRI R B RTINS, A dilihiok
T 11%., 43%#F1 16%, HHJEYIXS PanDy pm I
YER 55

25 EEECK [ Experimental group

20
15
10 -
5k
0

PanD,; , PanD,

Specific activity (U/mg)

PanD,.,

B 6 [R¥FIEE 7 RIF M

Figure 6 Effect of substrate on PanDs activity
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2.7 EEBRIFEILIE

eAb ROV RETP AR 1 h HURE, D YIRS
3, G5 R 7 s AN H B R U5 PanD
X L-RAFIRIVEACG R . SVHT 4 h, K
AL R R, (B RS IR 2 n g AR
RGNS, X T HE -5 A i A AN AT 3 4 R T A
Ko RV 24 h B, PanDy . PanDc;fil PanDc g —#
XYL R R 67.7% . 82.2%7F1 58.0%,
PanDyn, 1 PanDcj X JiK 4 1Y %% 4k R W] &8 & F
PanDc g, fEAFHF B0 T Tl A
3 ZwHitie

PanD fE Mz BR & BGEAR h Y S B, 7T
YRRy — S8 R AR My ) 2 W REAa L, 40 H. pylori
M. tuberculosis, J&—FhE7ERIPTEFI>, 76 Tl
Gy, PanD T TR AR AL L- R A R AE N B-
AR, "I AZ IR Z AR K L-RA =R
AL B I E B-N AR, b T T il
% D-RA SR B- 2R, HAA 5 PanD ()
R F LA Th T/ BULRIR IR PanD il i 2514 fif
B B S UL T, AR/ 5GH: PanD Ay,
M Z2 R 5 PanD (YRR ANTEAE , A Rebt
FHEMTFR

AWFFTESE L. monocytogenes Fil C. jeikeium &
51 PanD 7E E. coli ik, FEXIE AR BT 1
WA 5. PanDym Al PanDc j 765 I 2 45144 T,

100 p —o—PanD,,
— t ——PanD,,
=S —=—PanD,., x
- 80r o Hﬂ
2 L g5 5
s x I
£ 60t a
: -
S a0 1w
[
§ F
A& 20
0 1 1 1 Il ]
0 5 10 15 20 25
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Figure 7 The conversion ratio of L-Asp
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