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Healthcare Amersham A &l .

)4, 5804 R B4 E L. #5 E Eppendorf
25w s DY Y-6C BUHL Pk ACHL IR, b Bt T oS — AL AR T
Mini-PROTEAN4 #I #t yk {¥ , 3£ [ Bio-Rad /A
HD-5 H 58 A0 A, | 75 3 091U A 4 T 5 BS-
100A [ Bh#B 43 W4 4%, b i 75 1 19 PE AR )5 85-2
RUNE L% B P L ST T AR A BR TR AE A
Al HL-2S fH . LW 5 Pa 4 AL A% ) A BR A A
Nano-ZS B gl 25 #5638 A 5 Ik SCAL & 24 W) 5 F-
4600 15 64 e e BETE . H A H 372 7] 5]-1500 #Y
CD i, HA JASCO X7 .

12 BETHXZEANREN.2AR4K

Pkl 0.5 mol/L.pH 7.0 9 Tris-HCI 45 Bt 2 nfr
W CF 20 % 1 PVPP) , FREGE 215 5 4 BEORHR (AR
R 12 MLBREG I ATEIREY T 4 CRI
W, BEREL S ITESES.ITFE 4 000 r/min,
4 CTF B 15 min, B W, 2 BOL AR B, i3 m—
A (0.561 mL) BIBRIREE (I A 80%0) . Hft & 1~
2 h, FRE O, BOUTE THRZE op il b 2%, 5
M, B USSR EAT W 40 . 28 IR i UL U )5 388 T 19 R
AR IEET 4 0.5 mol/L Tris-HCI 28 il
(pH 7.0)3F# i) DEAE Sepharose Fast Flow [HE
T A HeAE (2.6 em X 40 em) % 1 mol/L NaCl.pH
7.0 19 Tris-HCL 22 Mg ifE A7 6 B2 e B0, Wi 5 A 0%
R 2H 43 JF W 4, Wk 46 5 B A RIS TR, INAE T &
Tris-HCl 2 vh ¥ (pH 7.0) F i 19 Sephacryl S200
BERCHE AT 4> 0 2 M40 8. LA pH 7.0 () Tris-
HC 22 ph g Vel , PEME I 388 0.3 mL/min, YR 1%
PR 5y e 46 o 25 T 2 PPO 6 P i
1.3 Native-PAGE #1 SDS-PAGE H ik

Ay EL 30 % TN M Bk 5 mL .1 mol/L pH #8.8
) Tris-HCl 2.5 mL 3Z&/K 2.3 mL.10% SDS 100
pL 10 % SR8 100 pL i TEMED 5 pL Bt il 4
1500/ 43 85 e SR Ja 43 il B 3006 /9 T o Ik Bk
1 mL.1.0 mol/L pH & 6.8 #J TrissHCl 1 mlL,
10 % 1) SDS % 80 1110 %6 by 1k 7t 98 i 1% i (3L JH
A 60 pL.fin TEMED 8 pL Bt 14 5% Y He 46
. FLil pH 2 8.3 MY HLAR 22 vl (Tris 3.03 g
Z MR 14.42 g.SDS 1.0 g, /€45 2 100 mL, #i B 10 %
HHD .

SDS-PAGE : ¥ 4f Jig F1 43 5 Joe Jot 1 43 %5 53 51 Ay
S50 15% ., FEM Y ERES R 20 pl. FE MK &

5 minfg E#E, ZAEPE Marker 2 10 pL, HIE N
fHIE 15 mA, HIKTEEE B E K T YRR (5L
H 25 R250 1.0 g, % 450 mL . 7K 2 100 mL,
ERZE 600 mL) et 1 h, JHBE @ (VKBS R 100
mL, I 250 mL. EAZE 1000 mL) it 10 h &g
TRCHT T BT 5 T S0 B000 T JE HE I 1R R G LS L I
HEAT B R A o T

Native-PAGE : ¥ 45 Ji& 1 53 B I ot 2 43 %553 il
R 5% A 15% ., FEA ) B RER A 20 pL, AR P
Marker 4 10 pL. W E FHER 15 mA, HLIK
SEEEE S 4 B R AR AR 1 R0 2% T 3 5 M VA TR U £
FHBE I 158 F G815
14 BEHEXBHOEEERNE

DM ZE . X H Bradford ik #17HH & &
Mgt

2) VMR E . RT3 A N VI W (T R ]
RERI AR E DY L ROV AR R A RN T 28 v
W pH fH R 7.0, %R 0.1 mol/L S8 1 iKY ¥
W 2.5 mL, B K 0.5 mL, 7F 420 nm Nl & )2 1
WAE 1 min WG YL, —ANIE 1 3467 (UD &
SCRTEMSE ST 1 min 51 G E 22 0.001 FF
AR,

3) f 3 P RE L T VR B 4 5 S 0,04
0.05.,0.06,0.07.,0.08 mol/L Y4B — [ Fl 4K 7 =
MW . A% 0.5 mL A5 AR VRV AN 2.5 mL
) JE A 85 VBT 5 4 i) D AN TR) IS 0 S [l v B T
AN TRV ) 5 B 5 2 Y B R R, I PPO TR
M TR RS ) NI K IR B KL, R R R R R
PR o RIEKCH B K, 0T LIS 8 A5 B
AR . ARG ] i 4 v B [ S T 7 1 2 g
B o, R P E B 5 %L, 2 ] Lineweaver-Burk fE
K. L1/ o R FR . 1/[ST R A bR . 2 1 &
A 5 AL BRI ZE N AR AR B R 1/ 0 e B
BN /K, WK, =—1/2 ™,

D fid pH AEME . FLdl 0.1 mol/L MAF I MR
SEMIAE W (pH 43R 3.0,3.5.4.0,4.5.5.0),0.1
mol/L A#E R 22 i W (pH 73324 5.0.5.5.6.0,
6.5.7.0.7.5),0.1 mol/L Tris-HCl 2% W W (pH 43
HHM7.0.7.5.8.0,8.5.9.00, I 0.3 mL &HEHE W
i A 0.3 mL B 1 mol/L B4R A By 15 W A 2.4
mL A pH B8 Ml i1 G 7E 420 nm Fill &
IR AV W A W FE R W) pH 4544 F PPO
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25.35.45.55.65.75.85 C. MR #E 2 1) Hxi&E pH
HR 7.0, R Z pH {E T AH XTI 1 2% w0 B il e
1.0 mol/L AYRF R i il . JIEY) &2 vl 7 R IS
HE ) Z 80 s Se e £ B8 IR H 4 15 min, B 2.2
mL 2N S ) 22 vl T L 68 0L, R R
A 1.0 mol/L fIEBZR B 0.3 mL, {fi K ¥y e J&
MiBEA 0.1 mol/L. MM A 0.5 mL B a8
JOT VS VR 41 I E AR B R 3l RN I R T
PPO jf .

15 BELEEXEAMEMRE

DR g mm e . FTIF R 1R ROk BR
A AE S AL AR 5 min, WE ST Ok
M 385 5 B g 120 nm/min, B[] %508 2 s, # 58h
1 nm,F 5 190 ~ 240 nm, 76 FE 5w 3 F
2/ 3125 FIREW IR AEARE St o ARE & . A I
TECHL A 45 W S I 2 Y TN AT . BRI 2ok
£ 30 R P A A 1 AR, B 0.009 em 6
TR B A7 S AT AR O v S SR T TR A 8 i Y
YANG-US 73 #fr i 1Y) — 2454 & &

2) R A2 B 5E . JF RS Nano ZS 14 %%, % £ 30
min DL B0, f8 3 Zetasizer Nano 44, X B
F S B UL K 532 nm WIOE L B0 5T
R 157, M 0.023 mg/mL & HE W AR E B H

—o—fil#{f Enzyme activity
-a-NaCl & NaCl concentration
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A RBOR WA SR I FH B K i K % 28 1 o g
TR kB ORI A &R .
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nm/min, # & 4% FUE S P 4% 583 R 5.0 nm, T i
W] 0.1 s IE sk BUE P ACTH B ) 0.2 nm, PMT &
400 VBT
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% DEAE Sepharose Fast Flow BB 732 )2
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FEVE AL AR b 2 B 2 AN BTG 0 (1 1A
1 AN I P1 RS 55 2 BTG IE P2 BIC, UL A
TE 2 s A2 A OCHY W] TG . fF ok 2 ST PR gl gk
J5 s B Sephacryl S200 #: 347 E M40 & L rds
AOVEE Hh 28 A 18 1B &E i AE Ve I i 2. Sephacryl
S200 A g 731 A a4 A BERE 2R 1 B4k iR 1
T K/NAS R AT Ve . P1 2 BEML S 15 3] 1 A0
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Protein elution profiles
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ku, JKiE 4 . P1 24828 e th B — 400,
H A8 FKE 3 i B A AT P o B
48 78 AH DG Tt o R P B RS e 0 2% UKE 5)
AN AN G R R R R A RN 3 S A T R AR
ST A R L 3K 3 AN AT RE D P2 W] TR,
MIE 2 il LU L P2 R TR R A A Ik, B
il % PEARLBAR , R B Ry (A Bk . TR R 2 Al Ak Y o
FErp B P2 i RE PR BRI UL AR E K
BTS2 P2 #E—aifk., PL WHEMN ST
J R H 2R (38 k) M P (58 kw) M EEAI

- 2 3 4 5

1: bR #EE M2 F B it Marker SDS-Marker; 2:SDS-PAGE; 3.
Native PAGE; 4. 4516 & (1 19 JiK ) Y €4 19 55 W7 Purified protein
stained by pyrogallol; 5. HLEE [ B9 JIE 4 4t & % i Crude extract
stained by pyrogallol.

B2 BEIEXERRRIKEE

Fig.2 Electrophoresis patterns of browning-related enzyme
23 BETHEXEBHEBFEER

D iE R 0 . RIEA R IR AEA R UL T
X OGRS A, 53 H AN TR) 4 7 T T B9 B o, R
H1 P 3 TR, T8 2 A8 K T, S AR R =y i
e SN AR S R YR E AR — E R IE LR &R .
Lineweaver-Burk T8 1/v =K ../ vms (1/S) + 1/
Ve s PA 1/ 0 HYVARFR (1/S R AL bR A 18 (B 4) 3R
% K, (482 ) = 10.32 mmol/L, K, (4% =
M) = 89.91 mmol/L, H il & H L5 y=
0.30646x +29.6720 (RF A ) Al y =1.03873x +
18.4608 (AP =Wy) . K., 5 2 W il 5 i ¥ 1) 5% Fl
77 LW IR B S ) 8 B — 2 i B 5 IR W) W L KL (H
/] o TS JER 00 B4 S 0 T AR, AR R T Y K
FEABR = B/, DL AT — 1 55 Wl 1 S R SR
I o AT T S 48 2 R S i R RO IR

2) Bl SN pH (E . O S A R 22 o A R X
PTG PR R e, AR b 3 L IR R Y pH
(B 22 55 DLORIIETI H 79 PPO 6 MR 32 22 b ik &

4. PPO TEAIR 22 hill (AN TR] pH 28 7F T 1Y il
WPEE I E LR 5 B, mIE 5 Al i, Pl i
i pH {Eg 7.0, 3 K s/ f B AR 2 1 pH
TR B PG R RE 2 R R X U ] 5 R Bl e
19 B J5E 23 3 M (9 182K . K 280 PPO 19 fie il A
I pH #B7E 55 B 1k ol o 5 36 55 . PPOE % O 1R 1
T FLAE A A AR B pHfEAL L I 7 R 3R
B R PPOAL T 25 vt R B 3T, 75 5 R AR DLTE - M 2R

0.034r _g 4FFE=E Pyrogallol

—e— 4 7E — 5 Catechol
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Fig.3 Different substrate concentrations
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Fig.4 Determination of the K,
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P
=5 °
E g 4 X
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5 5
SR of
g
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Yo% 5 6 7 & o 1o
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Fig.5 PPO activity at different pH value
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15 min, 72 4 28 A OC W WG PEE AN 6 P . th B
6 A UL, TR R R PO SRS R 55 °C . FE 45~
65 CH} P1 A& MG, Ml A 5 85 Cla,
TR PG PEARAG. R otoar O, R B X 2 B AR AL
T LA OUER 5 ) 7 T R R R R T e A A
T P15 Ak A4 52 10 JF B 68 DR 16 41 £k 52 0
JE 5 SR 3k v 0 L B 2 0 (1 i A 1 78 e T bt O
X PL A sZ 2 DL b 2 B s i Sk [ 4 FH 25 2R .

Enzyme activity
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Fig.6 PPO activity at different temperature

24 BTHEXEOWEHRIE

DR @i a8, B pH A 7 5 50 mmol/L
) Tris-HCl 22 vh i 5 0.062 mg/mL & 1 T AL LR
G UATEARME P RAIE R ZE AX I, PPO
TEAE RS R WK 7 s, PR P2 40 197
nm Fl 199 nm &b 1 BLE — (6 i, P2 (1% 14 {8 T 75 s P1
TE 214 nm Kb H B GAY [R] — €6 0 L T P2 () 6 0 HE B0
TE 216 nm Ab A LAY o 18 E 1 LU [ E .
WHE Young B, B gy &=., MHILT
P1.P2 /) -4 & & W& . i 80.8 %0 5 o MR JiE 1) 7 &
XA, R 19.2% . {H P1 Y o B2 (32.1%)

4

—=—P]

{44/ (mol/(L + cm))

JER I

9 e
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Fig.7 CD spectra of browning-related enzyme
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SESTR

DENAEBAOCIE S Hr. W 8 AT LIFE .2 Fh
il (KL A2 o A Y B O B L P BRI AR AE 11,696 nm
IF R A KL K B 29,686 ¥, HokE AR 4 A 0 Bl A A
(8.721~21.037 nm) ; P2 BYRIAETE 8.721 nm B, 51
BE B K, 38 B 25.369% ., HoORL 4R 4 A R AR
(5.615~18.166 nm). M P1 5 P2 k4% 4 #i 0l
HLPL 5 P2 (kAR 9E A R, (H P2 [k PL Y
BRI X —ZE R FIE 2 R kR R4 . P2
Pl 5 F it /N,
351 —a Pl
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25F
20r
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Fig.8 Particle size distribution of the two enzymes
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X DOLHRE R 164.2, LR REN] 2 FEHAM
Trp FHL B 88 TR K AR B

250
2
‘% 200F
i 5
o =
.5 150F
=5 100f
B2
2  50f
a8y
0 . . . . . N
300 320 340 360 380 400 420
K /nm Wavelength
B9 PPOMTIANIEE
Fig.9 Fluorescence spectra of PPO
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. LR A L T P2 A B PR R T T A
FELEAL B B v IR PR B 45 L BT DA o i
MR M. 24 P LLAE AR ) L 4B 28 = B A i
Yyt K L8 10.32.89.91 mmol/L., X445
REW, Pl B iEEHIK Y AR B, BE R
BI5 L, PPO WY SR IE /R IR 9 o 48 28 = 1, PPO R i
UE=RIASZE S5 & N EE R =F E IO
PR R . [ [R]— 2R B v, AH 208 f) B 5 Sk LE A (8]
S AR 0 I 5 e R B v L SR, AT
A e L P1 A RIS AR FHC ) R <828 1. il AR
FRPI AN TR, 7] g5 WA A5G . P1 I e i J
N pH {EN 7.0, fe i RN EE Ry 55 °C. B F R
TR FEA MRGE BT B MM LG
i, bR W RS R BE A BT R . B
JE ) CD %X LM 4 CD %24 Bt . M
B 0 3% 45 Bl 0, P1OA P2 4y & A 32.1% F
19.2% 1) o B2, 43.4% F1 80.8 % 1y BT &, — M
M5 2 W A AL 00 MO — A E T o IR e
P o WRE B R R R L B i
G REG S 25 5 — 30, P2 10 o BB E B ARG, LR
PEALET BT PL, A BN IRZOE FE kA
Trp Al Tyr 583, FEX LN IEZEEH b, Trp 1Y E
IR R B . IR B R 2 Ik, BT
BRI Trp M5 KA ST R 352 nm, ML TR
FI N Trp B9 R R F UK AR LB, A 307
nm #| 352 nm #f A, A EEEIG I S5 5 AT 0, PL
KEH K Ao M 358.4 nm &b, 7G58y 207.9,
P2 fe KBS K A 8 356 nm &b, A1 X %6 6 i
R 164.2, PG 1 2 6 FE A 1 Ak T AR SR KRB
T B J 2 2 4 0T LI s G O FAROR R . shAs
BRI S M 2 B L 2 Fh IR T R R AR A AR R AR
A3 SIFE 11.696 nm F1 8.721 nm &b, 638 &% 55 . 4 B
ik E] 29.686 %0 1 25.369 %,

2 % X #t
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Enzymatic properties and structure characterization of

browning-related enzymes in mango skin

HU Wanfeng LIU Siyu HUANG Xingjian SHAN Xiaofei
XU Xiaoyun PAN Siyi PENG Bangzhu

Colloge of Food Science and Technology/MOE Key Laboratory of Environment
Correlative Dietology s Huazhong Agricultural University ,Wuhan 430070,China

Abstract The browning related enzymes in mango skin were investigated.Crude proteins were ex-
tracted from mango juicing with centrifugation,filtration and concentration methods and purified by col-
umn chromatography.Two isoenzymes,P1 and P2, were purified. Using catechol as substrate, the activity
of the enzyme was determined by spectrophotometry at 420 nm. The results showed that the optimal
temperature,pH value,substrate for mango P1 was 55 ‘C,7.0,and catechol, respectively. The molecular
weight of P1 was 100 ku.The activity of P2 was very low.Results of circular dichroism showed that the
content of a-helix and B-fold of the two enzyme was 32.1% and 19.2% ,43.4% and 80.8% ,respectively.
Result of fluorescence excitation spectra showed that the maximum emission wavelength of P1 and P2
was at 358.4 nm and 356 nm with the fluorescence intensity of 207.9 and 164.2.The particle size distribu-
tion of the two enzymes was more concentrated at 11.696 nm and 8.721 nm, reaching 29.686% and
25.369%.

Keywords mango; browning related enzyme; enzymatic browning; enzyme property;structural
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