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Abstract: Peroxyl radicals were generated by the thermal decomposition of 2,2-azobis (2-amidinopropane) dihydrochloride (AAPH)
under aerobic conditions in this study and served a a représentative free radical derived from lipoxygenase-induced lipid peroxidation of
polyunsaturated fatty acids. The effedts of the peroxy| radical on the properties and secondary structure of selenium-enriched soy isolate protein
(SPI) were investigated. With increasing concentrations of AAPH, the results of Fourier transform infrared spectroscopy showedthat the a.-helix,
p-turn, and random coil content increased, while the S-sheet content decreased. Sodium dodecy| sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) pattems indicated that the subunits of SP1 accumulated a the top of the stacking gel; protein solubility and the free sulfhydryl
content of SPI decreased. Surface hydrophobicity, emulsify ing activity, and emulsifying stability of SPI increased initially, but later decreased;
the wavelength of the maximum. emission (Amax)-in the intrinsic fluorescence spectrum was gradually blue-shifted, and fluorescence intensity
first increased then.decreased. The selenium-enriched soy isolate protein was superior to ordinary soy isolate protein in terms of structure,
distribution of subunits; properties, and other test indicators, which may be related to the high selenium content in selenium-enriched soy isolate
protein, indicating its stronger antioxidant activity.

Key words: selenium-enriched soy; soy protein isolate; peroxy | radical; properties; secondary structure
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RH-basic 1 #i/j1iHE#%, #EE IKA A LXI-1IB
B ML, W SRR s Mini PROTEAN®HLTKAX »
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IR, BRI A BB K GH % 1:10 (mV)
N B K IR 1 mol/LNaOH ¥ pH 22
8.0, =i MEERFE 2 h, B.02(8000g, 20.min, 4 C),
BB SN A F EIEBA 1 omol/L HCL i pH &
4.5, & 0.5 h J5 FGE0 4 #5(5000 g, 20.min, 4 C),
7 LIEW AR DGR K TERIIR, NS R, 1
mol/L NaOH il pH £ 7.0, Z )54t 4 C Fi&EHT24 h,
£ 6 h Hk—K, SPI ZAET 5 4 CE1E% .
1.3.3  SPI ¥ &4 4 N

SPI i 5 S R FH SR e ik I5(AFS)
FRHSEBOM 3 VOFAT, 133 WK E.5 B8 FI(SSPI)
HHTE SN 0.339 ng/g, W8 K E 45 2 (OSPI) A fiff
8N 0.033 pg/g.

13.4 WA/ EEAA SPI 4] &
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SRIGIEF, DIE FTIR. #3447 4000~400 cm™, 4%
R acm™, FIIE 32 K. WEEIMTR A Omnic 8.0
software %Al Peakfit 4.12 #44:3:47 7347 - 1 5 Omnic
8.0 software il 3T ALbR L4, F A Peakfit 4.12
FEREIZ1 5 1600~1700 cm™ Vi ] PAIE AT sidE LR IE
SEIEAEE, AR, M SEOEFEIRSRA Gaussian
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2 25 mA, B EIYLEHR RTVRITRE 2RI R 45
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E: A ABAE; D AMEASE, 105 C ARG KA
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SETRIN ANS 9 FE S I 9658 FE(Fly) . BRIE K
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102

(Ho)»
1.3.10 EfgH

TR FA R I SRR Zhao 28 A\ Ty
%, MESEl. FREL 0.25 g FEfHIA T 25 mL 21K
t, BikE 30 min, 1 mol/L HCI &% 1 mol/L NaOH i 7%
pHAE 7.0, Fi4i+: 30 min, &~ &5.0x(5000 g, 15 min) .
HOE & FIEAMEE S, AEARIENEIE HiE i E B
& &, LLBCANFREEHA.

e AR R R

= R R P
1311 FUbE M AF LA T 6 )

LA LR R a2t o Ak
T JIFRE(EAL) 2 4550 = 1 8 1 T AR B AT
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718 1 38.25% /A 36.83%) 1 ST SId/DIE I,
XK SPI b B, SSPI M %Az ML OSPI
FaE MLy, XATRE S E MK e R A PUEIE
A XK.

2.2 SDS-PAGE 2#f

SDS-PAGE 7] 73t £ 1 i el o R 8 1 IR 40
BRI R B R, SR ILE 2.t AT AN, SPI
(1) 2S. 7S 118 & [ 1) & F 5% iy 2507 ol AL, 1M SSPI
B OSPI Mk == FEHE i5y; Bl AAPH IR BE 115,
AR TV T Ga H BIUR AR 2y, LSRR e
b5 AAPH ¥ JE 3TN s 1 H. 24 AAPH KR
5 mmol/L i}, MEFEZEAF UG I BATHIB IS, R
ARSI, B SPI B UL AR A3 it Ay
AL, X —4RE Wu AP IS @
BEAXMERIL, 24 AAPH ¥R 0.2 mmol/lL % 5
mmol/L, & 2 # i OSPI HHERHEAR (>70 ku) 257 2K P
B P 54 SSPI &y 24 AAPH IR FZ A 25 mmol/L i,
BV P 2 kit 13 H SSPI AU 2k ar i tisiik, TRl £
b KRR A, XM YKIE 6 H OSPI Fify

WEE ST IR TAR, BHE AAPH IR KF) 125
mmol/L i}, SSPI # OSPI 1/3f /b E R & AR(= 130
ku). Z¢ Bt BIAR EE SSPIE3E, OSPI WP3E 3 5 T4t
A H AL
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Fig.1 Deconvoluted FT-IR spectrain the amick | region of SPIs
modified by peroxyl radical
E: aOSPl, biSSPI,

F N LIMEIEH SR SPI B R EEMLARK
Table 1 Estimation of the secondary structural compositions of SPIs by FT-IR

AAPH OSPI SSPI

(MMOUL) oZie o pdid  pabf RAUES o i AR pAbE RAUED
0 21.56 38.98 16.03 23.43 21.40 38.25 15.99 23.36
0.04 21.82 37.97 16.33 23.88 21.57 38.14 16.15 23.74
0.2 21.72 38.29 16.27 23.72 21.75 37.75 16.28 24.22
1 21.58 38.56 16.11 23.80 21.85 37.87 16.17 24.21
5 22.42 36.74 16.72 24.12 21.9 37.58 16.62 23.90
25 22.44 36.33 16.76 24.27 22.09 37.29 16.67 24.14
125 22.66 35.91 17.3 24.43 22.18 36.83 16.67 23.94

BT A SL G & SR 6 5 SDS-PAGE 4 #T2R
FIRE S, p-3idt Ol O 4 e Uil SPI ) i, %
e S A AE DL BRI S B e UL 843 SPI TR
TR S, e R il AU R
J 43 FREACRONER B B O S, ANER B

HL [ RS A AT BB SCEK, Chao 45 AR
WABRBRIEMN 2. ROO 4 B H R it A2 5k
PR EZE A SSPIMEEAS 5 T S B ik AL iX
MBS Liu PRI KI5, IR
2 AT LU v e AL R PR s
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SSPI I IGHR FETT 46T [, 1T OSPI £ AAPH IRy
1 mmol/L i 5 JERRRE RIFF 46T B 24 AAPH R ik
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M 345 nm % 3 340 nm, Amax &9 EERE AT UG
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T2 SR P U R (o ARSI G R H H
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Fig.4 Effect of oxidative modification by the peroxyl radical on the
content of free sulfhydryl group of SPIs
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WA SPI BSs /s R T ARk, BRI FTIR 4551
— 3. B HEEEACAREE IR, OSPI Hiif B9t 2=
12 5 35 K (p<0.05),, TMiXS T SSPI 24 AAPH Ik &
M 0.04 mmol/L %] 5 mmol/L, 5 EmEEm&E ) EA
AR5 7T, AHFIAE AAPH S LB SPI, SSPI
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1) 141%, JEPEZ 42%), X]fge BT SPI 145t bl
A AAR BRI T, 40 P SR Bk P2 (4]
MR, TSR Ho 3 8RR it — 2P
BKESGEE I 0.04 mmol/L), JFEFF ISR F1 43 AL B
KA PR —HER A FE TR A, i SPI Kimu
IKPERG, ZERRPESE T SPI TS
24 AAPH R 4 0.04 mmol/L i), SSPI ) Ho 18
T KT OSPI, - U BARHR P 450 B2 itk T SPI
SERIRTT, BiKIEAEAI A EE, H SSPI %L OSPI Bi
IR FETT H 22 ; 24 AAPH 7R INVE JE 9 125 mmol/L
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Fig.5 Effect of oxidative modification by the peroxyl radical on the
surface hydrophobicity of SPIs
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WE 7 . BB, BEE AAPH LG K, SSPI
F1OSPI ] EAI F1 ESI 35 LI N 5 TR,
X5 RMFUK MR R, X §EZHT SPI
T 3 R S A A 4 4 B 1 S () 4 A I A SR v (8 K
FHEAER. HeAHEAER) BEBR, SPI 2340 T,
ST FRERE, EE2EOSTEERM— KA m; [
i, (K AAPH &AL, AT NIk kIt 2
BAEERARMN, ARG, WEAAM
AR e, ChplE SPI SULFERE IR, it
B AR BB AR ARG, T RANTTE SPI K
N LA (NI 17 e 2 o N = B ]
TGN, WA AR et 2 R a3 . SSPI )
EAI/ESI {47 T OSPI, A SSPI HIBtEdbBE =
T OSPI, ix 5 Molan 2Pt 5t 2 304 ilid 2 E A 1k
CLI RS IES SIS 2 St 8

3 #ig

PASEEG R FHHIMREAR R SSPI AR, SRAIAS
[ VR FEE AAPH F B A T s A B HH A A 1S 3
ANFEEAFERE) SSPI,  [HISR T OSPI ARHIE, w5
AAPH 1A SN B AAS N 5 A G H MRS P
Wi, WFFE M, FT-IR #1 SDS-PAGE Hi ik 4% -4 B SPI
TOREER R T O, B AAPH IR IR B TR
SPI WfRVE. WFESAL S BB RIMBKTE. Fk
P, AEEEEDUE BT 5 RS NER
il o F AL (Amax) KELNIZ P 2075, étamEst
Wb R, DL RS TuETErs (SSPI ¥R T
OSPI, HKILHEARIFIPEANYE, XrTHesS SSPI
Wl LR PR TR YR G, AR ML LA A it
— S IR AL

BH K

[1] S5, 0B, AR 25 AR T IEDT A 558 21 MR
FEIR 1R IR AL S: 244k, 2008,24(8):1213-1218
HUANG Kai-xun, LIU Qiong, XU Hui-bi. Antioxidation of
selenoproteins and discovery of 21 natural amino acid [J].
Chinese Joumal of Inorganic Chemistry, 2008, 24(8): 1213-
1218

[2] Molan A, J Flanagan, W Wi, et al. Selenium-containing
green tea has higher antioxidant and prebiotic activities than
regular green tea [J]. Food Chemistry, 2009, 114(3): 829-835

[3] LiuK,Y Zhao, F Chen, et al. Purificaion, identification, and
in vitro antioxidant activities of selenium-containing proteins
from selenium-enriched brown rice [J]. European Food
Research and Technology, 2012, 234: 61-68

106

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

e pea A KRN S R N TN e e N g T (S E ez
A PR [3]. 70 [ 241, 2010,10(5):60-67

YUE Jing-nian, QI Xiang-yang, XIE Bi-jun, et al. Studies on
antioxidation activities of different Se-proteins from
Se-enriched garlic [J]. Joumal of Chinese Institute of Food
Science and Technology, 2010, 10(5): 60-67

Zhao L, G Zhao, B Hui, et al. Effed of selenium on
increasing the antioxidant activity of protein extrads from a
selenium-enriched mushroom species of the Ganoderma
genus [J]. Joumal of Food Science, 2004, 69(3): 184-183
Sathe S K, A C Mason, R Rodibaugh, et al. Chemical form of
selenium in soybean (Glycine max L.) lectin [J]. Journal of
Agricultural and Food Chemistry, 1992, 40(11): 2084-2091
Huang Y, Y Hua A Qiu. Soybean protein aggregation
induced by lipoxygenase catalyzed linoleic acid oxidation [J].
Food Research Intemational, 2006, 39(2): 240-249

Wu W, C Zhang, X Kong, et al. Oxidative modification of
soy protein by peroxyl radicals [J]. Food Chemistry, 2009,
116(1): 295-301

Wu W, C Zhang, Y Hua. Sructural modification of soy
protein by the lipid peroxidation product malondialdehyde [J].
Joumal of the Science of Food and Agriculture, 2009, 89(8):
1416-1423

Chen N, M Zhao, W Sun, et al. Effect of oxidation on the
emulsifying properties of soy protein isolae [J]. Food
Research International, 2013, 52(1): 26-32

Chen N, M Zhao, W Sun. Effect of protein oxidation on the
in vitro digestibility of soy protein isolate [J]. Food Chemistry,
2013, 141(3): 3224-9.

Zhao Q, C Selomulya, H. Xiong, et al Comparison of
functional and structural properties of native and industrial
process-modified proteins from long-grain indica rice [J].
Joumal of Cereal Science, 2012, 56(3): 568-575

Zhao Q, H Xiong, C Selomulya, et al. Effedts of spray drying
and freeze drying on the properties of protein isolate from
rice dreg protein [J]. Food and Bioprocess Technology, 2013,
6(7): 1759-1769
Kato A, S Nakai. Hydrophobicity determined by a
fluorescence probe method and its correlation with surface
properties of proteins [J]. Biochimica e Biophysica Acta
(BBA)-Protein Sructure, 1980, 624(1): 13-20

CastanhoM AR B, N C Santos, LM S Loura. Separating the
turbidity spectra of vesicles from the absorption spectra of
membrane probes and other chromophores [J]. European
Biophysics Journal with Biophysics Letters, 1997, 26(3):



M EmBHL

Modern Food Science and Technology

2016, Vol.32, No.2

[16]

[17]

(18]

253-2%9

K5 B EA AR 6 55 Y6 4347.2010,30(9):
2340-2344

LIU Yan-yan, ZENG Xin-an, CHEN Xiao-dong. Effects of
pulked electric fields and heat treatments on SPI structure
analyzed by FT-IR [J]. Spectroscopy and Spectral Analysis,
2010, 30(9): 2340-2344

MK BRI, 55 iR sy K 00 B o 1 2 4G
1) S A PR SR [0] K 52442, 2014,4:26-31

SUN Bingyu, LIU Lin-lin, ZHANG Guang, et al. Effect of
high temperature and humidity on the secondary structure
and emulsibility of soybean protein isolate [J]. Soybean
Science & Technology, 2014, 4: 26-31

Chao C C, Ma Y S, Standman E R. Modification of protein
surface hydrophobicity and methionine oxidation by

[19]

[20]

[21]

oxidative systems [J]. Proceedings of the National Academy
of Sciences of the United States of America, 1997, %4(7):
2969-2974

Mivian J T, Callis P R. Mechanisms of tryptophan
fluorescence shifts in proteins [J]. Biophysical Journal, 2001,
80(5): 2093-2109

Simat T J, Seinhart H. Oxidation of free tryptophan and
tryptophan residues in peptides  and proteins [J]. Journal of
Agricultural and Food Chemistry, 1998, 46(2): 490-498
Eaton P. Protein thiol oxidation in health and disease:
disulfides and related
modifications in complex protein mixtures [J]. Free Radical
Biology & Medicine, 2006, 40: 1839-1899

Techniques for  measuring

107


http://www.cnki.net/kcms/detail/detail.aspx?filename=GUAN201009013&dbcode=CJFQ&dbname=CJFD2010&v=
http://www.cnki.net/kcms/detail/detail.aspx?filename=GUAN201009013&dbcode=CJFQ&dbname=CJFD2010&v=

