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SDS-PAGE 72 P4 P 4 Tt fiiz B Jise bR 3 o 25 1270 &
AxE AT ARG M R UL 180 T i A 1 Marker,
R ZRERHEA R A A 8- A - 1-Z5 iR (8-
(Phenylamino )naphthalene—1-sulfonic acid, ANS),
g SR AE AR A PR ] R A A R
AN B R B | B A RERE R | ik IR -20 B
1% B S5E 3 S B 4l 4
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UV=2600 %5403 H06 BT, 8 HAES (R M)
A B ;BIO-RAD LKA . &R RAL, S
Bio—Rad Laboratories 2\ 7 ; Chirascan [ — {2, 56 %
A, 5 = R FH G LS 7] 5 RF-6000 2856 73 66
i1, H A% Hitachi 23 7] ; HH-DR1 M4 , # N ) Fi
SR AL AR A A PR W] THR16A 6 38 R 5 O
B, KD Z AR A IRA A
1.3 Fik
1.3.1 K& LOX 2 K& LOX #2& B 7E Lk
0~4 CZ& M T4, £ 8 Sharma 55!"AI Mandal
SEUA0 T3 3k JE RS B B, B 20 ¢ BIFEE I A A T
JIE GOKIEY B F 100 mL 0.05 mol/L,pH 6.0 2 £k
LR F IR 1 h,4 000 v/min &0 30 min, &
TR A A T 7K B R e (AR S SR B 30% ) , 5 i
Ja#FE 3 h, 12 000 r/min &0 20 min, Y& K
A 40 TG K B 1R 4 (A R R 3K B 65% ) , T8 43 U
i J5 ## 3 h, 12 000 r/min %0 20 min, fT 15 UL HE
T 1 R £h 28 %59 (0.05 mol/L, pH 7.0) W & #7 5
WA, Bk R B
1.3.2 K& LOX # b 5% Zhang FBCF
I PR TR A I B O A AR B e, B
15 & K S LOX MG T 3055 104 b, 23 5 TE 65
°C 30 min; 100 °C 10 min;140 °C 15 s;120 °C 80
s+140 °C 15 s ZAF T AT IR 2 5 B
IR AR KR A A, IR I W
SDS-PAGE | I8 — &3 3R H g KM 20001 it
58 R LOX 78 A [F) #44b B 2% 44 T Wi 16 1 i de %
AR 4L
1.33 KRG LOX &M, Bk ENE  #2M Gao
AU T IS S 7, 140 L WM ER AN 140 L

Tween 20 R4 FL4L T 8 mL i iz £8 2% »l % (0.2
mol/L,pH 9.0) #, filA 1.1 mL 0.5 mol/. NaOH
B, I PR 5 22 v (0.2 mol/L, pH 9.0) &
% 50 mL, AT 80 ER 5 22 v (0.2 mol/L,
pH 9.0) F AR B 1:40 i B, I8 50 L AL K
INAE] 3.5 mL L3RR, TREIR AT, ST
ZI3HE, e A DY K 234 nm AR WO B A 3
B OGP N 0.001 2 R 1 ANEEIG )
BT R VR T B A R AL S R e 1
1.3.4 SDS-PAGE il Fe it Ji] 7 BH A5 05 0 J k
PR E LOX #E4T SDS-PAGE Il 5& K 28 1 AS [l 44
SRR T LOX 5 4x 8 BTN AE 28 b i 4 1A FR
b 3:1 1R G o A 8% 53 B R 5% 4 Jic , B ity il
Marker F AR B 50514 10 wl F1 4 wl, SR HIE &
HLUR 80 V 451 0.5 h, - 120 V #4729 1.5 h, ik
gid)a, WEER R AR % T W5 R-250 g
0, 25% P BE RN 10% RV Wtk 17 It o i 5
I 180 J7 1% 25 11 Marker it 1185 11 it 19 22 WL 43 1
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PO REE B, DL R £ 9% vl 7 ) (0.05 mol/L, pH
7.0) VERZ XTI, o 20 AS [R] # kb B K
LOX LB 5 B 2 0.1 mg/mL J5, T RE it rh
S7 R RIS L 190~260 nm, HHEHEEE S
nm/min, 77 6 1 nm, IR N EZHH 3 K, 158K
o LOX BB ok & S P 35 B JR 4 [
R[01F R B Ak, A7 mdeg, K SELCON3 5
B E LOX “REE & &,
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8 mmol/L. ANS ¥ W, VIR 5T, 78 3 & I K 386
nm, XS 470 nm, FE4E T E 5 nm IS4 T
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[EER
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KT LOX HLE i & Tt 42 R 1 em A7 95 L 5 10
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24 4 T

P2 XAT K 2 B A E N Fa ) Z 0% 113

PREETERELY N 5 nm, FOEAHE A4 600 nm/min,
T EE A 3 A EI R E LOX M5t ik
8
1.3.8 Jr F X4 PDB %4 % (http . //www.rcsb.
org) I #k lipoxygenase (PDB ID:1YGE) 1 & H i
PRGS K (B BCHR) 1 S WF 5 2 B FH 2 1 5, T 48
4 PDB #5520, >R A Autodock Tools1.5.7 4 Xt &
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Heating treatment methods
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Fig.1 Effect of heating treatment methods on LOX

enzyme activity
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[# — 3% (Circular dichrosim spectra,CD) /&
— P B I AR ORI 2 K R A R
RPN 3 F12 1 iR, LOX 43 32 84 6 3k
VAT JOR % < 20 v JO e g MR WS 0 43 A E CD) 35 1Y 55 4
X B (190~240 nm) , H: 1 208 nm b [ 2 0] B 52
iy 2B B F R R R UL Y - BEE 45 # AR AR
LOX 7E ¥ K 208 nm &b H BLBA g (%) f i, R B LOX
1) - SR HELE 1 & o T MR 45 R 5 Pel-
licer SR TR 45 1 — 3, BlE AL I HEAT -
WELE 45 A R 0F W oA e i B RN W A I K ¥ Ok A el
A5, Ry b 3 R AL B 5 F D 100 °C 10
min Fl 120 °C 80 s+140 °C 15 s, H: a— 12 JiE 4% #4 4H
Xt 27.20% 5 ) E 20.00% 1 22.10% .,
L AT DA b A S A R IR T A R R 1 R 4 A A
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Fig.3 Effect of heating treatment methods on the

secondary conformation of soybean LOX

AIG , Bt F7 R TG R0 DU 36 phh AR T 5 S 48 0, LOX %%
EF R ENE TR B A TE YRS A IR | BT TR

F1 FEAAEFANKE LOX =% bk 5 B % 1
Table 1 Effects of heating treatment methods on the proportion of secondary structure of soybean LOX

e /%
oA 22y K,
a—¥R 7% B & B-%% /A FoHL ) A
KA FE 27.20 +0.10* 19.60 + 0.20* 20.70 + 0.40¢ 30.70 + 0.50"
65 °C 30 min 27.00 + 0.20° 16.70 + 0.30¢ 22.60 + 0.30° 34.00 + 0.30"
100 °C 10 min 20.00 £ 0.10¢ 16.70 = 0.30° 27.60 = 0.30* 40.60 = 0.40°
140C15s 27.00 + 0.30* 17.70 = 0.20" 20.70 = 0.40¢ 32.80 + 0.50°
120 C 80 s+140 °C 15 s 22.10 £ 0.30" 15.10 = 0.50¢ 27.30 + 0.20" 40.50 + 0.40°

T /NG F AR R 28 5 .35 (P<0.05) ,

2.4 REFKEDH

10T R T B K P R AR AR PR 5 A A A
AR AR M P15 v B ) O 3 T K P R R AR A
A7 1 0 ) TR BEAR BRI LOX 1B — R g & 11, oy
T 10 B K AR Ak 1T RE 2 51 R W AR 1454 1 L
A HET 2 LOX 36 1 W 4 Jrzs AN [R) #kk 2
1) LOX % Il i 7K 4 22 5 2 2%, 100 °C 10 min FI
120 °C 80 s+140 °C 15 s # 4L /5 LOX 2 1fi Bi 7K
P FE K00 ) 4 & 27 405.29 F1 27 845.58, VEHH1E
AR RAE IR B T SR R T U
PALHE S T B E S RIT, TS TN
S A K R R A B R R T AR T R Y il
BRI KRS & AR AR, SRR 4y T (A

AHEAEH, 2E W2 LOX 4 G Fe e M Al 25 11 1Y)
etk & A s
25 WRKXIEHW

PTG & RARE 40 TR AR A 2%
F-Be, 81 0T IR A 2 2 R B 2R (Trypto-
phan, Trp) . & Z 2 (Tyrosine , Tyr ) FI & P 2 R 5% Fit
(Phenylalanine , Phe ) 75 3 % I £ 280 nm b4 % 7=
Al Hord Trp 3% 35 0 B S v, an il 5 o,
Ze b AN R FAAL B LOX 23 B LR AR 3 LOX
T DGR B, AL IR & 120 °C 80 s+140
°C 15 s A1 100 °C 10 min B}, LOX 22 8 H & KW
DeIGTR B, UL L AR P By AT LU RO IR
EEMSR, PR OB I PO kA5 H



245 HTH

P2 XAT K 2 B A E N Fa ) Z 0%

115

30000 . X
225000 - %
Z
1 S 20000}
% &
S 5
18 2, 15000 - .
E = 7
B2 10000} /
E d ’ d
750001 % ’ %
0
A B c D E

ik 1y X

Heating treatment methods
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Fig.4 Effect of different heating treatment methods
on the surface hydrophobicity of soybean LOX

T A 3 52 2 P FE AT LG [ LOX Y A
KRR Pt I e T Ak 3 AT A2 4 LOX
SR RAETRT IS, S Trp FEiKER
B LR TR O R, a7 =
QAL e U TS TR T R
2.6 HFIESH

LOX 5 54 W38 2 53— %o 2 1) die fE 45 SR 1 [
6 iR . K52 LOX AL A5 B 22 i a— SR ES5 1)
t 473~517 SRAILM IR N, FF & A AT
MR ML R R, e S5 IRY o FHEER S
P IN hy J2 FRAE S5 AT () AH B AR T 00 248 R,
Kl LOX (1 a—BRBELS #4 H Asn—502 \ Tyr-493 5
JEWIh R kAR T EAERA, B RCE ¥ E R
2.43 Ay 3 ANEHE, AR ImLT Z A TR kb
O BEEE 5 AWIEERA, B30 3 AR
R (His—499,His-504,His—690) 5% &M% , Asn—
694 FR I I 11 54 F T C i Tle—-839 [ #2 LB
Trp 5 KX i P58 1 NS A AR BEURE 5 9 > S
W EE 11T = A5 H . Phe 5% 3% T 7E 0 A 40k L4k
RE AL R 2 Tyr 856 L, MG N Trp 5% 3L 11 2%
JEoR B LOX A Ak I M b =l il 21 28 8k P R E A4
His—499 Asn—694 , i iif ik 5 5 Trp—500 ,Phe—-695
HE . 454 LOX 7E AL FERT | J5 2 Y6 MR PE 1
AR Ak, D g T A A S B LOX i Ak 245 44 sk A il
Z1 (0 2 BRI P TIOR8 R A el s AR 1 = A
PR B IR B LOX 76 Pl 2%
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Fig.5 Effect of different heating treatment methods

1 1
300 350
on the tertiary conformation of soybean LOX
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AL OEHAUR Feo 0 a0 K EE AL LOX AR
FIERR AR B IR BE A5 AU LOX L 254 5 ¢ (0 fQ R 3
1R, B e 2k R AU,
E6 LOXEEMIEMES FHEREE
Fig.6 Schematic diagram of molecular docking

of LOX with subrstrate linoleic acid
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FC BB 58 A [ $A Ak 81 075 0% K 2 LOX 6
I G20 | A BLFRAL BT 347 20 LOX Y —
HAEM, M 120 °C 80 s+140 C 15s 5 100 C 10
min FAKE B AT DL 5 fie 6 Al 2 AT A5 A )
TCIF S5 e A 3 I oW B—AT B AR 35 2k e
A, B~ £f1 F1 JC HL U s b AR 0T 25 e 48 ] e HE
AT AL /A R P R 9 Dl 56 38 S 3 ik Py R e, 4%
BT R RGPk L B 5| il
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Effects of Heating Treatment on the Activity and Conformation of Soybean Lipoxygenase

Kong Yue, Sun Lina, Li Yanhui, Kang Zimeng, He Tian, Lii Wenbiao,
Xu Fu, Zhang Shuang, Xie Fengying
(College of Food Science, Northeast Agricultural University, Harbin 150030)

Abstract In this research, the effects of heating treatment conditions on LOX activity and conformation were studied by
sodium dodecyl sulfate —polyacrylamide gel electrophoresis (SDS-PAGE), circular dichroism spectroscopy, surface hy-
drophobicity, fluorescence spectroscopy and molecular docking. The results showed that 120 C 80 s+140 C 15 s and 100
°C 10 min heating treatment could inhibit 67.47% and 60.53% of LOX activity. SDS-PAGE results showed that the
molecular mass of the enzyme did not change significantly with heating conditions, but the band strength decreased.
Moreover, heating treatment caused the decrease in a-helix and B-sheet, and increased in fluorescence intensity and
surface hydrophobicity, suggesting that the greatly changed secondary and tertiary structures of LOX lead to a rapid de-

cline in LOX activity. Molecular docking determined that the microenvironment surrounding the non heme iron at the ac-
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tive center of LOX was susceptible to temperature changes. Therefore, it was speculated that high—temperature heating
treatment may affect the LOX activity by destroying the non—covalent interaction force that maintains the structure of en-
zyme. High—temperature short—time elevated—temperature inactivation of LOX is an appropriate heating method. The find-
ings could provide a theoretical reference for the widespread application of LOX activity control in soybean processing.

Keywords lipoxygenase; heating treatment; enzyme activity; conformation



