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Ko BT R 5 K T4 B R A AE 298,306 314 KT 4 T 19 2 W45 & % B 310k 3.343 x 107 4,507 x 10*
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Effects of Anthocyanins on the Secondary Structure of
Soybean Protein Isolate by Multiplex Spectroscopy

ZHU Ying WANG Zhongjiang LI Yang QI Baokun SUI Xiaonan JIANG Lianzhou
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; Soybean protein isolate — anthocyanin complex system was used as the object of study. The
interaction between soybean protein and anthocyanin was explored by fluorescence spectroscopy,
UV — Vis spectroscopy, Fourier transform infrared spectroscopy and circular dichroism. The effect of
anthocyanins on the structure of soybean protein isolate was studied by Fourier transform infrared
spectroscopy and circular dichroism. The effect of anthocyanin on the structure of soybean protein isolate
was studied by Fourier transform infrared spectroscopy and circular dichroism. The results showed that
anthocyanin had strong fluorescence quenching effect on soybean protein isolate in a static mode. The
apparent binding constants of anthocyanin and soybean protein isolate at 298 K, 306 K and 314 K were
3.343 x 10" L/mol, 4.507 x 10* L/mol and 5.525 x 10* L/mol, the corresponding binding sites were
0.917 8, 0.954 6 and 0.938 1, respectively. The results of thermodynamic data showed that the
interaction between anthocyanin and soybean protein isolate was mainly hydrophobic interaction.
Synchronous fluorescence spectroscopy and UV — Vis spectra showed that anthocyanins changed the
microenvironment of aromatic amino acid residues in the spatial structure and the conformation of soy
protein isolate, and the synchronous fluorescence spectrum showed that the anthocyanin interacted with
the tryptophan residue in the soybean protein isolate and reduced the hydrophobic interaction. Fourier
transform infrared spectroscopy and circular dichroism showed that the secondary structure of soybean
protein was changed by anthocyanin.

Key words: soybean protein isolates; anthocyanins; fluorescence spectra; UV — Vis spectra; Fourier

transform infrared spectroscopy; circular dichroism
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EHEAREE, T HESEA &R
DiRe R vE, HETC &8 iz o 1T & & o T
o R SE LN R S S T R, R B
1 R AR B B 2 0 2 H TR e s 2 7k
HEER-FERESRET . ZHHTEMTS
fofd £ i FH AT B DPPH [ ik, LA 1R
SR BT AR R A AT LLAE 2B B . IR ANME T
FOA B MG TR R AE P00 I R SE 2 R T
BEC Y. MTAEE RE RN TR R, I E
HLAT R i 4 3 S A PR T DL S B A B
TURET ], 15 2 IR BE TR IR 2 R g 16 50 7E & i
AN Tk AR 8 AN AT bk A s A7 310X 2
Sr TR DF R W E AT S 2ok R HAR
Y TEA ZHMAHNESE, EA 52 B
A TR A L KR A R TR
Ty Bttt

FI R A7 SCHik X 2 9 25 55 2 195 9 4 A
FHEAT T#8 WF9¢ . KANAKIS 2 BF 58 sk A5 %
M 1T L5 2 0 R 15 K PR P A O, O LS
Z 1 B I 23 A8 A W B B SR R & (8 A 5 AR
L5 R E . WANG 4 WF 58 s BUAG K 4 %t
7R LA PR PR 2 KAL) R A R O L 3 B
KA ELAE A5 4 3 8 A R AR . HE 2855
SR EAR3- TS g-FLekE N M
i KA S S A AR T T 6 R AR T 4 R
BT g 25 4 Tl B i v 4 2% 00 3R -3 - A Y
FoE, XIEE S IR MRS EEAS S
% W3 5 YU AR O R EURE K R AR TR, LS 2 Wy
HERIIPANG X' NI o -G 1 I L 0 e o s S
MR A A RIS EEASHETFRERNLL
ERT o

BOKRIETHE R BB R 448 2310 % b
FERIAT 25 (0 % 3- A AR AR ORI 2 6% 1
RIFFE K &40 B % 1 (SPL) 15 4l fb K JE 7 %
CAN) AR B A AT 3 5 2 066 35 BT 52 SR K 46 75 2 %)
KT B 5 KK HI Wb E RS KT8
EAEBAATEM AN, I E T RS KRG8
MG A BSOS B, B A R T S5
BRI G T 215 K 543 8 2R 1) A R VR R BL A
o7 T ) A5 9 6 6 38 L 46 1 06 38 BF 58 48 75 26 0 K 5 4%
SR AP R IAIE A TR SR (A DN o
1 HH R R 0 R R T AL B B P B S
2 FOGIER S AT B0 R T 8 8 1 gl

il

AR, 3 — 2 B IR AE T R 5 R B E A (A
HAR AT, o JT S50 9 R L8 H ™ il 4 L B
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1 #REFE

L1 #R5iH

K& (Glycine max L. ), Rt K5 ; 2K (Oryza
sativa L. , indica Black rice) £ 375 & i & 0 N
35% ;bR VR EAL AN B R — AU, L RUE e Ak Tt
R SIECHE  CR CBR B, R AL RHME 2= 5 A B
DAL A 5 F A A 27 300 1 0 43 B 7
1.2 (XsEF5&&

F —4500 #1543 66 FE T, H A HITACHI /4
H] ; Nicolet 6700 7 i HL i A% 4 21 4b 5 335 A, 3 [
Thermo Nicolet /3 ] ;Jasco J — 815 Bl [5] — €@ 63543 ,
H A 43 628 7] 5 Cary 50 B2 485 3% 4%, 3¢ [ Varian
NEI®
1.3 XAHE
1L.3.1 KRESEEAHE

%% MEINLSCHMIDT %" f) 5 o B4 fef K
TR R S, 5 IE O b4 BRBOR L 3 mL/g TR A
R (20°C) FHEHE 2 h 4T 3 LG o KB AR Sk
5 X8k R G 10 mL/g W4 )5, F| NaOH
(2 mol/L) KW ) pH {75 2 8.5, & il F g £
2h 5, %% 9 000 g B> 20 min, B | 3% ¥ HCL
(2 mol/L) KW pH H I W 2= 4.5, HWHHE2h
J56 000 g B5.0> 20 min 13 3 & [ UUE, JE A E AT
TE T4 8 77K, ]l NaOH (2 mol/L) ¥ 2 [ it pH
TR 7.0, W8 AEBRAH TS SRR K
HorEEH,
1.3.2 bl R4

S SUT 5 07 v W 3 S 4B T R Bk 4R
U AR T 28 7oK, [ AH 22 R R LB B
KEEW P 2 . BAR G BR h e e 2 A
PR ER ALK 25 bR ANV M 140, bl (R 55, AR I
2 RN C R LT KB Z B LG 1, an i iR L 2
i) 48, Jge Jei TP O S0 R O R B A B AR R
i FH e 5% 75 K AR AE 40°C 1 45 11 T B 25 F B, B n] 75
Wifb 5L R (AN) 78 -20C R T I AF, &
0 7E 280 nm A ] & 2500 AH €43 7% (HPLC —
DAD) K I AE 75 2 215
1.3.3 REEAMEEFRBERH &

RSy B E (SPD KK 0. 01 mol/L @R
ERZ i (pH (H 7.4) BL & AL 0. 01 g/mL K & 47
BRIV, N SPL X BRFE S, IR G R A 54
R JE A7 Z 1Y F i L 100: 1 802 1.,60: 1,401 1,20 1
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HaifE RS R (B 84y 20% ) i A3 K
SR FE WD, IR R #E 7 B 90 min i B K
UnBEEH-EEREGWER, 0 ul KRN SPI -
AN -1 ~SPI—AN-5_
L3.4 3Ot

] 10 mL K543 B AR FIA W (1. 0 x 10 ~° mol/L)
A3 BZEE A 100 pL. 2.0 x 10 ° 4.0 x 10 ° 6.0 x
10 7°.8.0x10°°.1.0 x10 ° mol/L ¥ b5 Z %
W, 52 7 J5 , o3 AR 25 .33 (41°C 8 J5 K ¥ 5
PRI S ming B FERW A WK 280 nm UK K AE
5 nm FHEH A 12 000 nm/min, 3% ZL 474, 0 Sk K
SPA R 300 ~ 500 nm o, FE Y R 2D 2¢O 15 I
FUFF WA T, 430 B E AL =15 nm FIAA =
60 nm, AX KR WP 2%, AT A28 2 s 4 .
1.3.5  S840—n] DL JG1E 5 #r

521 QR B NSRS e A
H, 4998 250 ~ 350 nm K YE A A OGS . H
Hise a5 ¥ SPI— AN —1 ~ SPI— AN —5 435 F &
e TP R OBOGTE . AR [R5k B K R
Sy B AR S 10 5 K A0 B A T R 5
Hh—n] WL W6 o
1.3.6 {8 B AR 40 21 A1 % 43 B

B REMBEEABBRMRK G BEEARR S
HRERMIEAEW SPL-AN -1 ~SPI— AN -5 &% T
P FERE o R 5 TR AR B R BT i 12 100 19 L ]
RA W5 )G, & TR R A, 7 32 em ' 43 9
AT HH 32 YK ,4 000 ~ 400 em ™' 50 B
EiEAICY Dy 8
1.3.7 B354t

P RE S AE 190 ~ 250 nm J 28 4 X A7 4, H
T FE S 60 nm/min, G %53 FEA N 0. 2 nm, Wi i ]
[G] 2} 0.25 s, B4k 55 B 5y 1 nm, K Origin 8.0 fE
I, -8 ] CDpro B0 25 11 5T — R 45 4 1Y 2H %
H5&%,
1.3.8 HEgeit 50

TR B E A 3 R, AT Origin 8.5 3 4b
PR IE R . HH SPSS VIT7.0 B4 % $ 4 2 17
ANOVA 2 5 8 35 1 43 A1 SAH & M 43 HT o

2 HRS5WRR

G R PO %, N R 03 B 4 B A4
TR 6] AR AR D7 2 Rl R 28 9OEE ik 5
ST WLOCTE PR TE AL T 3RO K 553 5 4 1 R R AR
SEPAPRET 9 R0, 1A AR R KB B A
PG R, fi i a1 B I A e 21 A1 3 3 A IR
CERE R R E ARG ER %

SERHL L AR AL o ST ST AT LB AE T R S
KRGy B & HAE R Jr 2, 525 96 61385 F 5 Sh—w]
D 3 ) 0 2 3 3 0 et R S U A AR A% ok W
HZXN R I BERERAMREW, MG
(] € 33 3k AT 0 AR R A 2R R g g
P ik, T DLE s N AR RHTE KRG &R
ORGSR R AR AL, B M4 M 46 T R B R
RPEAR RSN, -SRI T RS
KRG E AN TAER
2.1 R
2,11 JEF RN KRGS B 8 1 IR 1 5w
B 5 PN U 2 32 SR T 2 R (Trp) L
IR (Tyr) AR N Z R (Phe) , 7E I & I 1K 24 280 nm
i, 2 R S R R I R R, R T R R T L
Bl 1 3RIRTE 25°C . pH {H 7. 4 WY& 0F N, [ 8 Wk i
14 280 nm, 594 300 ~ 500 nm i K 5 [ 4 Rl AL T
R K SIS AL, B 1 AT LR
th, B E SPIS WO BE BB AL 75 R I AW A, SPI
Y9 B 2 R AIG L D6 WA 3% SPT B Py IR 9Ol
PR TR RAE I o IR 2 B SPL () die K 9€ 6 A& i ik
KB T L8 ,SPI M 342 nm 1% % 352.8 nm, 2155
T10.8nm , XU EFERGREABEEALAET
i NIk A T SPL 25 FF9 4, Trp F1 Tyr B 4L
BT R A AR B K R R AR Ry SR K IR BE | BR A 45 1)
AR,

— REINAN
AN EE2.0x10°¢ mol/L
— ANV JE4.0x10°° mol/L

200 — ANV JE#6.0x1076 mol/L
B 150 — ANYKJES.0x10° mol/L
@ 100 — ANVRJE1.0x10°* mol/L

300 350 4(I)0 430 500
K m
B 1 FEH RN SPL IS I
Fig.1 Effect of AN on fluorescence spectrum of SPI solutions
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M A& Stern — Volmer 72,4 Q W HAZ &, F,/F HHA
At VER 2 AR Bt B R R AT DU I AT
ZoSPLEAMN KK, SR04 1. 2 F ok
PEOK, B8 A BE B Th s, K R RO K, B Stern —
Volmer if £ & 3 39 o G 58 5 i 25 44 K U AH 1 o
WAL 2 FI 1 AT LA L B TR R TE R L
HE K Stern — Volmer {2 RR B W42/, BEIIET R
Xf SPT R CHE R B 2 A K o B I GRR THEH)
RO F IR KT — MR 2 x10° L/ (mol +s)
1146 7 284 SPL A 9¢ 6 458 K 7 S 550 G 2y oy 1072
X — 2 R H R X SPT [ 1E A AL Ok # 35
XK,

10 . ! L . )
1.0x107 3.0x107° 5.0x107° 7.0x1076 9.0x10°6 1.1x1073
@/(mol - L)

2 ARIRNREE M FAET B/ K SPI () Stern — Volmer [
Fig.2  Stern — Volmer plot for quenching on SPI by AN at

different temperatures

%1 FEIRESPI-AN EAWHIRAEER
BEHRERAERY
Tab.1 Fluorescence quenching constants and
chromatographic correlation coefficients of
soybean protein isolate-anthocyanin ( SPI— AN)

complexes at different temperatures

IR E/K K,/(Lemol™") K, /(L-(mol-s) ~") R?
298 8.11 x10* 8.11 x 10" 0.994 5
306 7.89 x 10* 7.89 x 10" 0.990 5
314 6. 89 x 10* 6.89 x 10" 0.9883

PORS N OV SR T R VAR | QIR PIL/ASEY

_F
Ig 7 IgK, + nlgQ (2)

A K ——3RWEE A H %, L/mol
PLlg((F, - F)/F) X 1gQ /EEIAG & 3, 4 B4R
AT AT LAAT 2 A6 75 3 15 A b B SPT (8] (19 2 WL 45
WK ME G R n(F2) NER2 LA
L, EH R 19 SPL | By R LS & W8 K BE R A
10°, Ui R S KB E A KE T BHML
L B T E A R BRIE T L WESY.
2.1.3 IS HRE T

ANy AR R (] AR B O A AR
B AR ] A TEAR D RIg K AE T ) 4 Bl BFSEER
WY, 3 BRI BC R =2 18] 19 45 T 0 Al AR 34 2 2 5
HKPEATRAL AL AH >0 K5 4E AS <0 i, 73 5 [d]
5 I s 2w 51 M K AR 15 25 AH >0,

0298 K
8306 K
A314 K

1§((F\~F)/F)
=
B

0 56 54 52 50 48

lgQ
B3 ORI A T RS R KA B SPT ) WUk % &

Fig.3  Double logarithmic curves of SPI quenched by

AN at different temperatures

®2 FREEBESPI-AN EGYHESHIH.
RUGEEHRERERY
Tab.2 Apparent binding constants, binding sites
numbers and correlation coefficients of SPI - AN

complex at different temperatures

WHEE/K K,/(Lemol™") n R?
298 3.343 x 10* 0.917 8 0.997 3
306 4.507 x 10* 0.954 6 0.994 3
314 5.525 x10* 0.938 1 0.997 6

AS >0 B, 4% F I Fi Ay 3 5 S K FE A5
AH <0 AS <0 B, 43 ] 1 JH J9 8 R 7 4
SUREUR TS A5 X AH <0 AS >0 B, 55 F [
PR T B L B D O
PRI P k8 2 LR, U 2

K, AH/1 1
== (7 7) (3)
AG = — RTInK (4)
AG = AH - TAS (5)

Arp K——7E MR BE T R R 45 5 W 5
R—— B AR SRR R
AG— il A th fiE
BN ARG C NGRS SR A R (S EHTP S
AH Ji7A2 AS M Al B BB AG, WN3% 3 FiR .
%3 FEEBETSPI-AN Z&8MRAESH
Tab.3 Thermodynamic parameters of SPI - AN

binding at different temperatures

WREE/K  AH/(kJemol™') AS/(J+(mol-K) ") AG/(kJ-mol™")

298 28.18 134. 46 -11.89
306 28.18 142.15 -15.32
314 28.18 146. 56 -17.84

HIZE 3 WAL, AG <O, UM EHF RS REHEAK
il LLA R IEAT . IR AH >0, R WIIETH R
55 ORS00 B 8 8 22 18] B AR AR O AR SO, T
AT RO AT, X5 FRES 5 W RK, A R
4 T i T 2 T T A W) A d R RS AR >0 A
AS >0 HIFET &R 5 R T2 B 8 A Z 6] i 7R
FEEHAKEMTT .
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() 25 9SG 1 ok FH T B e Xk 7 kT 3 A 35
AR O, )32 I /N o3 AR ) R G 5 A A
PRI ISR o [R] 2 5 e 1 ik — i3z 1
P19 3 0 A S 9B i 7% oA AF 5 2 5k TR Bk S T A 05
(7 125, RB A IR AE T 2 X6 K 00 B B I R 1 %
Wi o 31 A2 P8R RS B8 858 B I 22 (AN ), LU E
1 AN P3[R A DO0O6HE , T 3RAF 56 T A4 Al 7y 1
JAEREE G E . 2 AL =15 nm B, H 58 B & IR %
B RHE D61 5 24 AL =60 nm B, HUE R 8 & R
BRHE R AE DG OE T, Hhy 1 wT IR R 23 B 2 v
R SR HE R0 SR TR O B I W 2 A

H & 4 a] 0, B AE T R BER G0, K00 S

250 — RAHIAN
— AN JE2.0x107° mol/L
200f — ANYRJE4.0x10°6 mol/L.
Bt — AN JE6.0x107° mol/L
= 150 — ANYEJE8.0x10-° mol/L
» ANYEJE1.0x1075 mol/L
& 100
50+
0 1 I I L 1
250 270 290 310 330 350
K /nm
(a)AA=15 nm

P B BR AR (AL = 15 nm) FI (8 & R 5% 5
(AX =60 nm) [ 57 i 2¢ 't W 05 06 AN W 44 K, A =
15 nm FIAA = 60 nm [ 5 K & ST G 40 %, £ W)
AT KI5, K508 B v 6 20 5R F 2402 M
T ) A A BT el AR AR B N 8 SR e K R Ut
IEZT 4% 5 nm( M\ 286 nm ZL 55 £ 291 nm) (& 4b) , i
R I KK ELLHE 2 nm (A 293 nm £1F% £295 nm
(F 4a) , BWIEH X 5RO B8 EAERME S0
ST T AR . AR . ORRRHEI
A0 T A 58 1) e 7 R RE FR 43 I PR T AR A A A
o374k AR R R B R 2. X )
SRR LM S REEANMEEEA R EZ
[N = NI - S g e Sk | AR NS g
HEER K,

700 — RENMAN
600+ — AV%(J’Q‘ZAOX]O% mol/L
— ANYE4.0x107° mol/L
i S00F — ANYKJE6.0x107 mol/I.
oH 400+ — AN 8.0x107% mol/L,
5 ANYRFEE1.0x10°° mol/L
~ 300
# 2001
1001
- 1 L L ——

0 h n
200 220 240 260 280 300 320 340
K mm
(b)AA=60 nm

K4 SPI- AN &k R 8 [F 50061

Fig.4  Synchronous fluorescence spectra of SPI — AN complex system

2.2.2  ERAb-A] WS o By

AT WIS 7z N TN S Y K5
TAER M B . — MR U, U8 Y o BE 78 Ak 2
R LA T 5 5 0 AR A, T 0 AL %) B G R A
& WA R i K 2 BE R Bk B BB B Al 5|
EHRLAFEN ., RZHREA T il TR
W2 (Trp) F S 20 IR ( Tyr) 45 2 KL 1R vh 057 7 % 31 %00
I W, BCAE 270 nme A BE I A — A R Mg, R
13T 4 H O A R a5 R AR R T AL OB R kA T
AP S DA SR AN S N TIPS D6 -
P 3 1Y 28 =R DL W SO0 5% B0 25 3R HE 4 A
(DI AR

KIS s TREWR LT RA RSB a %
Hh=a] W OGS B s . I TR AT LUE Y A A
TR WP, R 53 B A Y 52 AT IR Wt i
AR T e, OF HL & AR R B8, e R IR AT e R K el
277 nm R R 271 nm , WL HE R K G0 B HE
143 1 IR (o e, (A5 IR L AE R 2 r B iR 40 N
TS T 2, TR e AR 0 2 TR B 5 v 119 D5 A i B it /K ik 1A
iR Ok N T R G B A R R AR U R
WO WO . XA RS A R TR E A
H 0 v 60 R R A R T 2 R A i b D5 A R PRI
w7 BRiT,

152
1.0r

— RAAN
AN JE2.0x107° mol/L
AN J1£4.0x1076 mol/L.

i 0.8 — ANVEJE6.0x10°6 mol/L
2 0.6} — ANYRE8.0x107° mol/L
&> — ANYKFE1.0x10° mol/L

0.4

0.2%
e
O 1 1 1 I
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Fig.5 Effect of AN concentration on UV — Vis absorption

spectrum of SPI

2.2.3  ZHMGIES B
AR R EEEE k-, Wi
LLANGIE R — L H B L A 20 2k, A
e IAH7 7 1 700 ~ 1 600 cm ™' Y5 Bl 4 ( £ € =0
45 3% 30 A W s BERETIAT 7E 1 600 ~1 500 em ™' 35 [H
W (FZ R C—N g e s fit N—H 35l i 5 ) A %
1 G 1/ W\ L | I AW N1 A DR o
T B A A, I AR R AR T R
MR EEE W LANGIE M E 6 s, i 6 Af
HMEFEBRWMAGE T KRS8 EHBEK 1
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AT R 40 8 8 1 pY e T T 77 5 3 3 B
S, X ATRE S TAAT R EER T RS R
FE L C=0 ,C—N J A58 i g KA B AE SR 25 G
By, S8k T E A ke T, A5k
KEANBEER R s X duar L i
3300 ~3 400 cm i A 4 (N—H 4535 3h) ek
ASRAAE . EMATEE R G, K4 B Bk
A 3320.05 cm ' ZL A5 E 3 311.74 em ', SHEN
2 RS B0 3 AR R 2K 2 W i AR VR R B e
pH A 7.5 M40 IS 2 B )5 09 s 28 1 A 15t
e 1 I R A58, X Al e AR 1 5 2 I 2R B AN
SEH A TR 30 o
80r VR MIAN —SPI-AN-1
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0 Il 1 i In — =1 1
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Fig.6  Fourier transform infrared spectroscopy of

SPI and SPI— AN

2.2.4 [ %M

[ — 0 33 2 — ol ) 2 PR VR
H R, AT DLLE K M 8 0 B
T B T S A TR A R A A Y
i CD i [ AT LA E 00 5 A6 7 KIS K 54
BRI R RN AR L, P RIE T R
5K A B R AR AR L R R R AE
AAET ZHIJG 9 CD 3% 858 it CDpro #/H 14 Hi Y
TR E R 4 PR,

S AR ENETFRE GG EARY R
M E RN A THEEA, R4 R, A
FE A 2 B - BB AR X 1 = BRAR, BT B A X
IR SR R RS DL B-S5 R
. 5 HE & B — B W RE R AT RS54 F
KT HE A o-BRTE L5 F H  8 K M 2 3 R X3, AT
o 46 P 5 4% 1 B T i s Heas Al 42, LIU 2670
RAREASSER XS TRAHEIEN, 4R %H
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“HREMEXNEE
Tab.4 Secondary structure relative content of SPI in

AN complex estimated from circular dichroism spectra

%
20 51 o128 jiE B-#i& B-% fii ﬂ?””
& iih
KVRII AN (19.5£0.2)" (32.3+0.3)" (21.7£0.2)" (26.520.1)"
SPI-AN-1  (19.0+0.1)" (32.9+0.2)° (22.3£0.4)™ (25.8+0.3)"
SPI-AN-2  (18.2£0.2)° (33.7£0.1)* (22.0+0.3)"™ (26.1=0.3)"
SPI-AN-3  (17.8£0.3)" (34.4£0.1)° (21.420.4)° (26.4£0.2)"
SPI-AN-4  (17.1£0.1)° (34.8+0.5)" (21.8£0.5)"™ (26.3+0.2)"
SPI-AN-5  (16.60.1)" (35.4£0.2)" (22.6+0.1)" (25.4%0.4)"

T < i) — S B S A () 7 B 2 7 B ot ) 22 57 35 (P < 0. 05)

FEFRE - SRR AREA-HRETRESYN
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