KRG S5 FF & Nat Prod Res Dev 2016,28 :1109-1115,1059

X E%S:1001-6880(2016)7-1109-08

RETERERBHNSESAWL

EXE,EIRE"
AL BB B 1 T DRSS A A R RSG5 el b
TR AP  VIIR A R bR T SE 005 5 210042

B AT T RE T ERBRE ( Gallic acid decarboxylase, GAD) (4R E /385 3 #7745 F4 RAF . #EAL T
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H & m R E T, X GAD M , 45k A pH 2 6,60% /70% () (NH, ) ,S0, #: U3¢ 32 h; 58 )5 , FI A 35 kD &
B Ab PR 12 ~ 16 h; FRIG B TR 4 — £, % Fk £, 3 ( Diethyl Aminoethanol, DEAE) £ 4 Z 44 i, 7 pH by 6.5 B}
YL AN B AT 3K 2. 838 mg/g, R 0. 4 mol/L NaCl ¥ i AT e e i VE R 248 G-100 i B EENE 4l Ak . R
SDS-PAGE P TERE HL 1k 4 2545 B 2 R fh 257 , MALDI-TOF-MS HE1 72454 2AE , 15 2 8 1 4> F i 1 45. 62
kD, %5 5 5. 19, 5 E 8 M R i/334732950 VUL A 53, Ud W 7 & HAa AP (H DS TE 1) A4 751 AN o5 25 1
I 3% , 912 HEM GAD 1] GE & —FPHr O .
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Separation and Purification of Gallic Acid Decarboxylase
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Abstract; This paper mainly studied the extraction, separation , analysis and structural characterization of gallic acid de-
carboxylase(GAD) . The linear regression equation was established to determine GAD content by Coomassie brilliant
blue method (Y = 4. 8748X-0. 0225, R> = 0. 9922) and biuret colorimetry method ( ¥ = 0. 2476X + 0. 0003, R*> =
0.9993).60% and 70% Ammonium sulfate was used to purify crude enzyme solution twice for 32 h with pH 6 ;then,35
kD dialysis membrane was used to filter the solution for 12-16 h; DEAE cellulose resin was applied to sequentially purify
the solution and found the saturated adsorption amount of resin was 2. 838 mg/g with the buffer of pH 6.5 ; G-100 Sepha-
dex gel was selected to further purify enzyme extract in the present of 0.4 mol/L NaCl as the eluent. SDS-PAGE polyac-
rylamide gel electrophoresis was used to separate the protein and MALDI-TOF-MS was applied to analyze and identify its
structure ; the molecular weight was 45. 62 kD ,isoelectric point 5. 19, matching to protein gi/334732950,it showed they
had similar properties, but because matching rate was only 3% ,hence it was supposed that GAD could be a new protein.

Key words : gallic acid decarboxylase ;microbial degradation ;pyrogallic acid ;structural characterization
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lus niger®*) Aspergillus spec. ' Moulds'®  Aerobacter
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PF T R & 1R AT A9 B 7 R i 3k 97. 4% iy fEPE
B TR, Kumar RA 25 SR HT [ 5 #7652 R FT
(C. freundii TB3 ) 4= W) [ W 47 1% 22 R I B 1 TR
AR 3] ;= R ik 98. 5% MR T HR. Soni M
AELSURI ) 43 85 15 B 1) — B KT B ( Enterobacter
spp. ) Al 15 F|4li{b % 14. 48% (25 1% P GAD, th4h,
Spiros ZU6] 26 Y e TR 1 ( Enterobacter coli
RB791serA ; ; aroB/pSK6. 234 ) N[ 14 3| ;7= XK 515 93%
~97% WM & TR, (1% 7 T 5% [ P 0 fef
AHE,

F TR BT E R DU 4 IR A W A
PRI AR R R LR SR P, 7 2 LA iR T 3K
T A AR ORI R R e, g s alidk
GAD FHZ5# % i pF 98 385 K 1 MESE . O 1 S b
WX T 9T 025 1, 20 IR B2 S e 4R i 2 2 AR
AR e ST T GAD B A& R A E ik, R e
FIH(NH,),S0, #h#fr (& AT .SDS-PAGE 5k Jiig 55 e
HLUK \DEAE ZF4E WG ) SR W R e S5 X BE 1R
AR AT 53 B8 5 alidk , I xF gl fb 43 BT 5 GAD 1y
aliAb R B 5 WG HE AT I, 5% 5 SR ) MALDI-TOF-
MS SR ARX & FRRR 0 250, A UG
R B TR AED RS IR AHME S S% |
| Y N i DS e

K F: (NH,),S0, . DEAE-Cellulose £F 4k Z )
fig .G-100 #j RMEEE N (CHCA L . =3 LR, 4
H 32 [ Sigma A\, B8 0 M4l s UK W B B 2
Z3CEkt .

B P2 S HFF T ( Enterobacter aerogenes) , i1 77
] Ml A 40y T e R B O DR

BB 45 2o 1K K oScmkZs %l
B TR IR (GAD ) Ay i P il , i 8 AEL it 1) 7
AR < PR UESE 58 9 AT 3 B DL RS 22 TAE R ]
Freibe Bt T2 FIE R & 1 mM —
TR B S0 mM B A B I Ak A% i i 5k 2% P ( pH
6.0)IHVE2 IR ,4 C TS HIE A4S min(H75 S5 s [A]
FE 5 s),4 CFEL 20 min (10000 rpm) , B )\ A& 1%
W R 2 100 mL K EHE /£ T 4 C &,

{34 - LC-20AT AU 25 20 AH 4 Hr A%, & 8 (v
) A RS 7] 520 PR-520 ¥ B0 AL, HA H S22
F) s HD-3 SAM Rz 2% , 1 ifg )7 B B Bl 22 AR A BR A
F]; ACPHAI4 ¥ VR 1 1% #L, CHRIST /2 W] ; MALDI-
TOF/TOF #; | #§ 4800 Plus MALDI TOF/TOF™ Ana-

lyzer, ABI( Foster City) ,,
2 KWHE

2.1 GAD BilEF %
2.1.1 FoprRikik

Ay B E S mg/mL A L7 &R AR E S 0,10
20 .40 .60 .80 100 wL F 5 mL 2+, & IA 4
mL G250 XI5 2K E A $24) EIRFHE 5 min,
595 nm AN E b VA RO B I T O B A
DALRR bR b v BEAE R A b bRt

HEBREE DR R AR AR R R R —
R 4 A 5 mL (258, i 3 4~ 5
JNA T mL L RFE SRR BE R 1 mg/mL (125 1fiL
HHEEAPRES 0.5.1.0.2.0 mL, L G250 {5 &
KI5 A, JeEE 5 min, SRS FEAE 595 nm P K
TR RO FE A

KSR A I3 A 5 mL B2, 45 5 )
AR & 2 mL, G250 KX F & & 45, Se i
B 5 min, SRJ5 FAE 595 nm KT I E RE 5 IROE
BEE
2.1.2 ME%EMhE

43 W B 4 mg/mL {9 PO K BR fE & 0.0.,0. 5,
1.0.1.52.0.2.53.0.3.5.4.0 4.5 mL F 10 mL
AR, MBI 2 mL B4EIRAF A 5iE & B, 78
PSS 5] i 30 min, 540 nm K R
THW IR o AW B (E DAL AR, A v 5 v oy
A bR, il AR i 2k

HERE L4 10 mL (R0, 3 B AGE &
AR TR 38— VA BB A I R 2 mL, 3 0 43 i A
0.5.1.0.2.0 mL /) 4 mg/mL P BRbRE S, Has 1
25 11, FRAE 4 A0 b 2 B0 A OB IR A
F1 B, 7E 540 nm PR E OB RE(E

K% B B3 > 10 mL 28 100, 3 5 A 2
mL FE ST, 20 B AU IR0 A F1 B, 7E 540
nm IR I ROG B
2.2 GAD EgiERIME 7%

GAD R B R A sk 20 | Rl AR
ST MR AR A . B 1 mL Al fb AR A F
H 3 mLO0.4% % B TR 2 mL 50 mM pH 5.0 fif
PR AR 2% WA TR 1A T, 30 °C R B 10 min, FHZ
BRI 2k O, B H B RS, 85 500 nm T £
VRN R IR OB Mo &
KR 1% (7522 KI5 T 70% BIBR IR TS, LA A i
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A1 wmol [ EEMEI &R R — B 1 B, IR
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2.3 GAD I Edii

2.3.1 (NH,),S0, % GAD

A THH B GAD it A B, A TR S8
DUERCR , K (NH, ) ,80, [ A SEAT 4T, B4 T
(NH,),S0, ¥ (0.2.0.3.0.4.0.5.0.55.0.6,
0.7.0.8 g/mL) PLiEmRfH] (5.8.12.18.24 h) .pH
(pH=4.5.6.7 8 .9) 5 F R X ERATRCR A0
2.3.2 BoyBHEAK

R R iV 1% B 1 B A RO S R B 2 S
R GAD YR B 7E 50 ~ 70 kD, gk i
EH TR0 35 kD AT IR K & A
i 5/ T LR AT 53 8 o
2.3.3 DEAE-Cellulose # 5 & #7

Sy FREL 0. 2 ¢ Bt DEAE-Cellulose #} g+ 10
mL 85048 SR AR A AR pH 122
M (pH =3 4.5.6.7.8) A[A] pH (B B (pH
=4.5.6.7.8.9) A[FEF5 M NaCl %K (0.0,
0.05.0.1.0.2.0.3.0.4.0.5.0.8.1.0 mol/L) 4 Jig
F A A (R (0.5 .1.0.1.5.2.0.2.5.3. 0 mL #fif
W) B A) W IR T IR 2 h B0, ME FIE TR
(AW BE{EL, %) DEAE-Cellulose 4 g W B 280 2% 1) 52
M)

L DEAE-cellulose Ay 5 it (1 £F 4 25 W g A (B0
F%.30 x300 mm) , R BE R 15 em, FAEER N 10
mL( %920 mg) ,pH {4 7.5 (BEIRELZE Ptk e &
pH {HF2E ,#%J5 A 0.4 mol/L pH {H >} 5.5 1§ NaCl
RIVEML (2 mL/min HR) BRI 5 mL,280 nm
TR MR, 225 i S R £
2.3.4  BIx BEHTHAL

RS 06 5 1 #E Sephadex G-100 34 B3 7F 40 ~
150 kD Z [ W 8 H o 43l et 5 (F4% : 200 x 20
mm) , HIEORHE B 15 em,  BFE LR PR (50
mL) , K& F KM GEZE 1 mL/min) |, R ICE S
mL,280 nm MW ISCRE , 22 T A HH 4%

2.4 GAD &KL E
2.4.1 GAD # & ik

DEAE-Cellulose # Jig )2 #7 Fll#EE it 2 8 2l AL J5 1Y
G ed SUSIY S SR PUNC R SN sl s S Vi g
2.4.2 MALDI-TOF/TOF 4-#7# 5 43 % & &

SRR A AT R N T A, SRS Rl A LD

fif BB, R Zip Tip IR AR B AR AL 55 VR T, L 2
RL, 1 20% CNEEH B 1 L AR i ST ARG L
TR A SR T8 B 0.5 pl i i Fn CHCA JEJ¥ i
(7124 50% ACN, 0. 1% TFA ) 55 2% hi #8407 | I
A AR T4 s AR A AR 2 UG T A S SR 5 F
TFIRE 347, OGR4 355 nm P9 Nd: YAG 0
i I R R 2 KV, SR IE B TR A ) 3R
Bt i FOR 2B, PMF 5T R 3 11 4 800 ~
4000 Da, BEFEFME KT 50 A9 RE R F 31T 905
Tk (MS/MS) 73T, B FE S B e #E 8 N REE T,
2% MS/MS OGS & 2500 IR RiffEfER 2 kV, CID
Sl 5 S 00 45 oK FH AR 4800 Explore™ 43 7, 78
Mascot £ 48 PEHEA T4 I L o

3 #R5iTe

3.1 GAD MEF%

X s W bR E RN R R R .Y = 4. 8748X-
0.0225, HH3C FEL R =0. 99225 JiBf [l R L 1 o,
SRR 91. 1% ,RSD =7.67% , B I 2 1 Aff
JE— B A B e g, RSD B M =0, LI
T EARE M EIME . BRI bR e i 2 75 72
.Y =0.2476X +0. 0003, R* =0.9993, £k 1 R 1f-;
JRE TSR SR ISR RSD = 8. 44% |, 1B XL
AR IRIE I Z2 K B o MER AN 5 5 ORG % B S v, RSD
=0.55% ,ME0 R — B, Nt R 3 AR . PR, AR
P 485 R W S HRAE , e 8 S g 2 e 75 1 M
AT,
3.2 (NH,),S0, ifiE GAD

H1 1 ATLUE H, (NH,),80, WKETE 20% ~

F 1 EREX TR

Table 1  Effect of salt concentration on salt-out
(NH,),S0, Ik (NH,),80, #E iy
Ammonium H,0(mL) Concentration Amﬂ-urhlt
Sulfate(g) of APS(% ) of Precipitate

2 10 20% -

3 10 30% *

4 10 40% * ok

5 10 50% R

5.5 10 55% EEE

6 10 60% ok ok k

7 10 70% R

8 10 80% EEE

TE: T ULBEsE, "B DIE AR

Notes: * indicated the amount of precipitate, more * ,more precipitate.
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60% 22 AR Py 1) it 52 - SR 38 0 09 i 3, £E 60% ~
80% Z [a] A PLVE f B A T P4, 2 R UTHE — IR B,
A% 60% 1Y (NH, ),S0, , 7§ T IE AT ik #5693
60% F170% (NH,),S0, , A He i )& &t 14 2 1 BT it
VE TR, ML AT, K T R TOVE B B A R BT R
[ A 3G 2 B T fa g (A AR I () K 32 h L DT
TER P BIANK, B0k 32 h AR R AT AR 1 S
i ) 5 22 vpi pH {ELAE S35 52 Wi AR BT PRI, U e
7E pH {E o 6 Bk, KT 7 BF T R, R, B
T pH E R 6,
LRI ]

Setting time(h)
4 5 6 7 8 9

0.30
@Eaax
1 é?ﬂaf 0.20
2ZE 20157
% g ;tj 0.10 —— i [H Setting time
Hﬂ{i =~ 0.05 - ——pH {H pH value
0
8 16 24 32 40 48
pH {H
pH value
B 1 BfEFn pH xdEhar i #20m
Fig. 1  Effect of time and pH-value on salt-out

3.3 BEWRSE GAD
K 35 kD (MR UE , 7T LA R 1 K47,
BRI ZR T FR R 2 BT G T I R R TR
(1) 25 f B 2 R T) g 398 2 R R A% FE T 6 h, R
FERYANIA G ,8 ~ 16 h i 20 F %, 5 TR, (=
I FERUZAERISTE 16 h Py 5E 4l it Y, BT LA, b3
(R e AR TR 12 ~ 16 h (1450 Bl N 4
0.30 1

<5
# E 0.15 had

{ \!‘i‘i T
Y 0.10
e

0.05 |

Protein

0 5 10 15 20 25 30 35 40
Ry ]
Time(h)
B2 BRoBrEEARSENEN

Fig.2  Effect of membrane separation time on protein content

3.4 DEAE-Cellulose R B 4%, GAD
3.4.1 DEAE-Cellulose # i # 2 % B W

W 3 s, ANE pH B Y22 s il , A4 BE Xt
A BT R A RE R, B0 e ISR RO B AR Y
7E pH {E 6.5 [ v, ORI JIE Xo) 2 11 o R o e

R 5 B BRI RC RS 5 e EE PR I, AR e e R BV 7
NaCl A 0.4 mol/L it tiefd:, mIVEGEBEH] .

pH {H
pH value
1, 035404550556065707580
S ~ B TR
mg 08 = ZZ i
el - -
RE06
B2 04
Z02
=
0

00.10203040.50.60.81.0
B TR

Tonic strength(mol/L)
B3 2k pH {EH0ES 58 BE X i S A7 0% Bl B 22 11
Fig. 3 Effect of ionic strength and pH of buffer solution on

resin adsorption

H18 2 T LUK S, 0 O VR F) TR ok 82 O A i Y. 3%
SRS PR A BT , (BB b, RAEmE SR N A
— 5 PRI BEEVE P 5 R 3 3 AT LU B, 2 1 J5 14 A A
T AR RSN SE R RS N (B AE GAD
VEWEAE) 1.5 mL i, WO R AR B a5 /)N, BE W] g i)
R XS 2 BT IR B RE 0 s B ok, BT L TR
AR iR X GAD 25 1 5T Y 1 A B R 1.5
mL/0.2g, A1 2. 838 mg/g,

F2 BB pH (B X4 RE A7 IR B B 22 M
Table 2 Effect of pH of eluent on desorption of resin

VEMLWL pH W B

Eluent pH Absorbance( A)
4.0 0.082
5.0 0.085
6.0 0.130
7.0 0.119
8.0 0.189
9.0 0.175

x3 REEEFRMEHHE

Table 3  Determination of saturated extent of adsorption

TR} i R AT B
Saturated extent 0.5 1 1.5 2 3
of adsorption( mL)
MG EE{E Absorbance(A) 0.158  0.084  0.068  0.169 0.353

3.4.2 DEAE-Cellulose i 3h 2 i o8 W

Fralifbit) GAD KLEF R & 38T B e, it —25
ZEPIRRAH A Y DEAE-Cellulose #1:4fifb 1 25 J i [&] 4
. Her B 4(a) FE/REE 1 4R DEAE-Cellulose 43
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BORERYSEA, UL BRI IR R I B R A
280 nm BPCIT  EGEBL RIS 13 45 (Ve i ik
Bk E] 65 mL, DAL ) Z i, OB B B3 A K5
TESS 14 A4 18 48 Z ], HLo's B 3k B AF, 55
15 55 17 A0, BA BRI WO REE , 15 et
R EE I I e 2, DR ] LK I B9 WA o R
— B UGB AR R IR AR5 19 B 2R O
EZ R8N, Z 5 BB sh AN B, BERA s 7
R B R D s WO R AR 23 B ORI 1S A8 AN
174 . B A(h) N RIRERRE AL IR IR L 5 2 R

054 a

e(A)
o
~

Wz

Absorbance value(A

w
L
e
B

S 2 o <
P o
i
2
o~

o =

50 100 150 200 250
VeI AL

Eluent volume(mL)

=)

= 0.404

WotREE
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DEAE-Cellulose 7385 4 J& i 25 5 , Ui BH 7 18 0 21 55
16 45 Z IR T4 28 45 2 5 , ¥ TR W' 1 (B #R
A ARSNGBl TES 21 A I A B 5 KOG
{8, R BT PV VAR A — 20 4 B ik i A it 7
Wo 250 ESE TixaEie 88T 3 NS
W, RIS 1 ARAE RS 15 SRS 17 &, LURCR 2 fidAE
%G 21 45, LRIk Ar g R an &l 5 pios, 3 AN ikiE
1) G A AR [R) , 100 BH LIS W o SR A AR ], 53 4h,
T UKE T SR AR 2 A, BiWE il & A
B2 A= T B E— A 10 oy B alifk

04541

[=]
N W W
wn O W

wn

} Ll
] n.ld'l-'-l "H'hlh'f'. -}.‘u-
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DRI
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)
SE=

O = =
W

(=]

B4 HF—RHE(a) REZR(b) DEAE-Cellulose 53 B S BEER

Fig. 4 Elution and separation results of first(a) and second(b) DEAE-Cellulose column

B 5 DEAE-Cellulose 43 B84+ 4y 55 45 SR B FE ik B
Fig.5  Electrophoregram plot of elution and separation of
DEAE-Cellulose
TE:1 52 Marker,2 F13 2351250 | HRALRISHE 15 BAIEE 17 & 4 2
o5 2 HRAE IS 21 %

Note:lane 1 was Marker, lane 2 and 3 were the 15" and 17" of the

first column, lane 4 was the 21" of the second column

3.5 HEBHERKSE GAD

i DEAE-Cellulose 4385 #1443 B 45 8, 1% 4
PIRE SR WO EE 1 ARAE SRS 15 A REE 17 45, LI
552 MRAEMYES 21 48, HZid G-100 # R BHEE 2 MT
Y BRI R S 6 (a ~ o) FiR, W Lk
PR, AT BT 4 SR AT AR X s, P 6 (a) HRAE TR
SN 3 450, WO (A A B o, EAHAR YRR S T
(W HE AN B LA A 2 A o s s, HL
BIRCRARLT A5 J5 R B RE i BT /N L 1 D
Bl AR T O3 A R (HAR R SR, 5 3 AT I

SCREAEAT B K, Ul R 5 T DA R ik 4T R —
o T AR S T8 6 (b)) HR R BRI 3 25 3 I,
WY FEE R B 5 A, L AR 4R A R 5 V5 YA P R Y JBE LE
BN, U EH LB A AR T e, HL A B RO TR
I RV 5 R A RE S P B T /N BB A O B, (E A
AR A R R TR 1Y, R BE s A 5 3 45T
PIERHEAT T —25 50 R S 18 6 (¢ ) e vE
JBEEER 3 AR, WO (AR B 5 K, AR AR 10 mL AP
552 T, OB 55 3 A B, LA A Y
EAHFR A EZEANZL, HAEE 0 WG (A A X Sk 156
RGN T R ER LN SR (A S E AR R . %N
THRUE R, P, %R i B 5 2 RS 3 IR AT LA
YER T2 M RE S . 25 b, 200 4 ROMEE
JE AT 2 5 0, B 0 mT LLEAT R — 25 o bt
AIRE SRR L 6 (a) Y5 3 457 1K1 6 (b) BY5E 3 7,
K16 (c) Hy5E 2 FIsE 3 4,

H 2% 4 WA St R S R R AR, 7
HANME N 7= A= 1) GAD 5 DA AP 3R BVHLER | AR
ERPIVE BT DEAE £F4ER 2T . G-100 #i SR A2 HT
R R B L BTEE  B A T Atk RO
3R AT, GAD e & (R 4 fb A5 20. 25% , #H
ke Zeida™ () 11% F11 Soni M [y 14. 48% 45 i 42

o
=)

[A) o
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6 HAERMERENSBEERRER
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Fig. 6 Elution and separation results of Sephadex column
T (a) ((b) S35 — AT e RAE VLS 945 15 4 17 &5 (o) R4 TP RAEVEBUR 1026 21 &

Note; (a),(b) was the 15" and 17" elution results of the first Cellulose column, respectively; (¢) was the 21" elution results of the second Cellulose

column

Eluent volume(mL)

F4 GAD NBEHETHALTRE

Table 4 Purification scheme for GAD from Enterobacter spp.

alifk AL PR SRR STEME LA glifk 7241 (e
Purification steps Total protein( mg) Total activity(U) Specific activity( U/mg)  Purification fold Yield( % )
4% Crude extract 37.84 200. 54 0.20 1 100
(NH,),S0, Ji3E
(NH, ),S0, (60% 0% ) precipitated 6.15 162.94 1.09 5.45 81.25
BT Dialysis 1.66 75.02 1.76 8.80 37.41
DEAE £} 4% #: DEAE Cellulose 0.74 62.83 3.15 15.75 31.33
TR PHEEI A Sephadex 0.36 40.61 3.52 17.260 20.25

3.6 GAD @b mABIXSE

T BRI A A UG LR RE A Y,
AT R IR — PS5 A K AT A, o i
RERE S A AE SDS-PAGE Hiyk b #E4T 3 & 43 #T
SGERANE T B, WL, B T IKGE S, HAY R Tk
T EARFE AN A] AR — A5t iy el BH L o

Marker HPF5E 2 FI%E 3 4577 B 130 kD #1100 kD =2

E7 HEREREENS BB LRI SDS-PAGE ik E
Fig. 7 SDS-PAGE electrophoregram plot of elution and sep-
aration of Sephadex gel
a1 EE6(a) 58 3 4,2 2K 6(b) W5 3 4,3 F1 4 42 A
6(c) 28 2 FI%E 3 45,5 J& Marker X5
Note:lane 1 was 3™ of Fig.6(a) ,lane 2 was 3" of Fig. 6(b) ,lane 3

and 4 were respectively 2" and 3" of Fig. 6(c¢) ,lane 5 was Marker

], Hor 75290 115 kD BRZ A0, fEPKGE 1 ]
DRI i ), 76 Marker (955 3 FIEE 4 540 B
100 kD F170 kD Z [EJHA7 2 ~3 4447, 1E5F 4 FIE
5 %A EI 70 kD F150 kD Z [EdLA —Z 550, Hoor T
JEREZ 60 kD, 245 F k5 3k A gl fk
(1 GAD {531 i fiEly 57 kD 20400, i & 4%
#7 beltl,
3.7 GAD ZAKFHIRIEEBRN

. ] MALDI-TOF-MS Xf GAD 5 [ 4577 beltl 3F
T IRB e , 45 R K IR 1 A 4k 102 2RIk, X
Hop s e BEHCOR, B m/z 3331 1988 (1050 |
1206 .1786 ,1928 A4 ik BX % F MS/MS i# — & 14 43
Bt , XF e BLAST KX 5 2% ik Be ¥ 5178 NCBI £ 48
Rl TR I o = = IO L A LT s = N
334732950, ¥y Fh 24 enolase ( Enterobacter aerogenes
KCTC2190) , BV S5 1 Jd i Ak Bl (7 <M AF
KCTC2190) VEEEEE 53 (R T 42 BV ¥E5E ) , 70 1
i 45.62 kD, S5 HL 81 5. 19, F ] LIfEN] GAD 25
5 EMEH gi/334732950 HA — & 9 AH L4
{BJ2, GAD B2 7 9I7E MASCOT iy DL e 2%
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HRANF S s, TR P S0 i B R Lebr it , 45
R VERC PO A B PSR 3% o IR, FeAlT

I EHIE B gi/334732950 5 GAD & /347 1E
BORZES B GAD 3 H T RER— MBI S H G

RS belll WEALFF

Table 5  Protein sequence of beltl

No. BHRFH) Amino acid sequence

1 MSKIVKVIGR EIIDSRGNPT VEAEVHLEGG FVGMAAAPSG ASTGSREALE
51 LRDGDKSRFL GKGVTKAVAA VNGPIAQAVL GkDKDQAGI DKIMIDLDGT
101 ENKSNFGANA ILAVSLANAK AAAASKGQPL FEHIAELNGT PGKYSMPVPM
151 ENIINGGEHA DNNVDIQEFM IQPVGAPTLK EAVRMGSEVF HHLAKVLKSK
201 GMNTAVGDEG GYAPNLGSNA EALAVIAEAV KAAGYELGKD ITLAMDCAAS
251 EFYKDGKYVL AGEGNKAFTS EEFTHFLEEL TKQYPIVSIE DGLDESDWDG
301 FAYQTKVLGD KIQLVGDDLF VINTKILKEEG IEKGIANSIL IKFNQIGSLT
351 ETLAAIKMAK DAGYTAVISH RSGETEDATI ADLAVGTAAG QIKTGSMSRS
401 DRVAKYNQLI RIEEALGEKA PYNGPKEIKG QA

4 2:.:.': ; /k\, (2) :45-50.

AN 3E I X Enterobacter aerogenes GAD B4 ES |
aifl, | T ORI &A% (NH,, ), S0, TTTE
GAD Z FAFE & 1200, e AR TUIE S50 R 4 ULIE —
K, WA (NH,, ) , S0, ¥R 60% , 2 TUREPI IR, W)
AR5 ERE (NH, ) SO, #RIEE S 60% H1 70% , eI
VENTIE] 32 h,pH 6 ;3% 47 1573 85 4 F i, >R 35 kD
(R REAR AT 2k %, 540 BRI [R] 2 12 ~ 16 h; DEAE-
Cellulose 14 i J23 BT i) 5 A3 10 7 25 W2 B0 25 7F < 2 P AR
FI pH B 7.5 W I 10 AT B £ 45 ik 3 2. 838
mg/g,i% 0.4 mol/L i NaCl 7& pH 6. 5 5558 14 5%
PR HEATEEMG, % DEAE (938 R G-100 (1) 4
OB BE i E— A alifk, GAD R & iy ali b 15 R K
20.25% |

1 il MALDI-TOF-MS %f GAD %& [ & #4717 ik
BaF A5 - GAD 25 1 5 & HIEE 1T gi/334732950
VEBCEE 53, 40F 1 45.62 kD, 551 58 5. 19, AT LUHEN
GAD & 115 T 15 11 g1/334732950 HAT — % [ 48
I, 15 GAD 25 11 51 i 42 )3 9 7E MASCOT (13 L
B 45 FAL 5 AN DI 3% . i, GAD EH S5 E
HIEH i/334732950 A AFAERR 22 5, Al BB A& —
B
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