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Effects of Anthocyanins on Spectral Properties and Conformation of
Bovine Serum Album

ZHAO Xuhong, XIA Caifen’, ZHOU Ziwei, ZHUANG Wenli, GUO Meiying

(College of Chemistry and Materials Science, Hubei Engineering University, Xiaogan 432000, China)

Abstract: The effect of spectral properties and conformation of bovine serum album (BSA) by anthocyanin (ACN) was
studied under simulated physiological conditions. Fluorescence spectroscopy was used to determine the quenching mode,
number of binding sites, binding force type and non - radiative energy transfer between ACN and BSA. And BSA
conformational changes were characterized by means of UV-Vis absorption spectrometry, circular dichroism spectroscopy
and Fourier infrared absorption spectroscopy.The results showed that BSA endogenous fluorescence was quenched
regularly with ACN, and the quenching mechanism was static quenching of ACN-BSA complex and non - radiative energy
transfer. The quenching process was spontaneous by hydrophobic force, and the binding-site number was about 1.
Furthermore, the binding sites were located in site 1 in the subdomain of BSA, and the a-helix of BSA was reduced by 3.1%
in the presence of ACN.The interaction of ACN and BSA is strong, which causes a conformational change of BSA.
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A 138 18R L (BSA) & AR/ 2552 14
VEFAEAR, FIAFRET BSA dh = AR 598 R Remi vk
F(OERR . BEEIR . RN ERR), ACN 5 BSA 455,
BBV ZE BSA A LR, ANt 2424 BSA MI1E
FAM, ST 320198 ACN 5 BSA 1E ML A
X BSA BREFIGIIFENN, AR SR ZEO G GRETL | 28
Hh-1T BLE IR | R gk AR AT AN iR
LEBEFI T T ACN 5 BSA #HH A/E i f
B GIEAS AT L, SRE BSA 2 GHREE | A g Wl
WERFE e bR . il B AXT  SeFE AR S 5010 43
T, SRR EE SR B G5 B B G5 IR RS
B, AT B ACN 5 BSA AH 5 /E F A9 LB Az X
BSA IRESEHIAYEEIN, S ACN 7EEE2Y . Bl Akl
i Tl g A R R AT SE (R4 -
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168 2 (anthocyanin, ACN)  43#74li, KiEZR
FEFEARGIRA T, S25 P E S 4%107° mol/L; 4+
M A (BSA)  Sigma 2\l HEEEMK 23Hral,
IZRVE ARSI AT BRAN Bl i 2F srbrali, i
B R 2E R ARAT BR A F]; SC8G K Yokl aliok.

FLS920 )66 Ba & TR AN BRA
H]; TU-1901 SO EAM A W66 Jbatid
il P A5 A BR 7e4L 2 F]; Chirascan [R] G35

YL B G FRLN F] 5 Nicolet-380 {4148

T SEEFEE ST
1.2 EWHE
1.2.1 WALH] BSA ¥ % BSA(Mr=66430) %
T PBS & i wk b, Bl s B SR 1x107° mol/L
i) BSA fifi g5 W, RAFET 4 °C vKFa & H, A BT AR B
T 2L PBS FRREE T i; ACN B : FHIC/K 215
PCH AR B 4<107 mol/L FY ACN fE£5 >,
1.2.2 906 26 b S H APy BSA ¥
WA E R 1x107° mol/L, ACN ¥ W& A< 1 1k &
4x107° mol/L. 2RI AN ACN S S
BERBEERE NP,
1221 ZFJR L %% ACN 5 BSA W bl
0:1(a). 1:1(b). 2:1(c). 3:1(d). 4:1(e). 5:1() .
6:1(g). 7:1(h). 8:1(1) . FEI AL VPEE 280 nm FIfk
4% 3 nm 454 T, 4353 298, 304 F1 310 K A,
ACN-BSA RRIZS S, PeFEH 300~500 nm™
1222 [29E  # ' ACN 5 BSA ¥ 1Ll
0:1(a). 1:1(b).2:1(c). 3:1(d) . 4:1(e). 5:1(f) .
6:1(g).7:1(h).8:1G), [EE AA=15nm FI1 AA=60 nm,
TE B % P 280 nm ., B4k GEBE 3 nm A K
340 nm ., BREETEE 5 nm PSR, 1 250~400 nm

YU I BSA il ACN & A & 19 [RI2E 206G ),
1223 fifized %% ACN 5 BSA RS )5 MK
BELLB A 1:1,2:1,3:1,4:1,5:1,6:1, 7:1,
e FH P 258 TE 4 FRIAT VS S S RIARIAR, e R I
2 280 nm, £ 298 K US54 R 435l 8 AN R HRET
MIZENEE

1.2.3 SHR-a] WO i Scrik [3] #%48, ACN i
AL 53 BSA 1E 280 nm AW GREE TR [, &t H
LG, ASHFST P B RN GIE S B R BSA MR
1x107° mol/L(a), ACN 5 BSA JR&J5 MM E Lu i 4y
B 1:1(b).2:1(c). 3:1(d). 4:1(e). 5:1(F). 6:1(g),
[ 52 $955 X 0] &7 190~400 nm, M 5E7E 298 K 514 F
ARSI 1T WO

1.2.4 B 4% BSA LW J 5%10° mol/L(a),
ACN # BSA 1R GWHE b5 1:1(b)F1 2:1(c),
[ B P HE 180 ~260 nm 2 [6], 7ERFELIE A IS
7R, 43 B 298 KBS [RIA 4 22 i 13— (0
TN,

1.2.5 £I4MEI%E  BSA ZHeHEH 1x107° mol/L, BSA
5 ACN IBRAWHARMWHIE N 1:6, B4 X A
>k 2000~1600 cm', ] FH IR 72543 5100 2 AS [R] 75 5751
IR ZR BILLAM GRS

1.3 IR

A~ 33z ] Origin 2018, OMNIC 8.0, CDNN 4§
A AL PRSZBROYE, 3R15 ACN 5 BSA FHH AR
HUFE A2 R Ty 22 R AE o AR 34 T 2 20 = 5514 3]
ACN 5 BSA XA 22840
2 GRES
2.1 RAAES R
2.1.1 RS
2.1.1.1 ACN X} BSA BRI HIE  searme Kk
TG A BIASHE I FER AL I, AT LIKHEAAR Z2 X )
AR W Sl A RN AR K2, ShAS IR K R e
TR EE ARG TG T, TR B BBt A T B 1 1
K/ BI% ACN X BSA FUZECHE K NER I
T, NIZHEKARM Stern-Volmer J5 21151,

F,/F = 1+K,7,[Q] = 1+K,,[Q] & (D

(D Fyo FoRRIMAFTE M A ACN it
BSA WZEEHREE; [Q] i ACN [RFE SRR IE; K, M
KA Ky PR EARHEL 19 HIC ACN AFAERTE
Heor T 54, — M Ty 292 1078 s,

YEH Fy/F-[Q] XA E I T H A FIRE F s
BRI EEL K, G5RE 1 f13 1, BEE ACN 19
T, BSA &G/, BSA M R AP &4
WNERE, I ACN X BSA BN TRDEOCA I W iY
PeRKAEF, B ACN 5 BSA &4 T 456 VE I
KA G2 S Aol o B 25 TR 1 T v, R IR B K, Y
/N, W] ACN 5 BSA 1926 6e K ISR | T &
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Fig.1 Fluorescence spectra (A, 298 K) and Stern-Volmer curve(B) of interaction between ACN and BSA

#1 AFRET ACN 5 BSA fEAIY
Stern-Volmer 4 K # %4
Table 1  Stern-Volmer quenching constants of interaction
between ACN and BSA at different temperatures

T(K) Fy/F=1+K_,[Q] K,, (L/mol) K, (L/mol/s)
298 Fy/F=0.40[Q]+0.41 4.40%10° 4.04x107
304 F/F=0.35[Q]+0.65 3.48x10° 3.48x10
310 F,/F=0.29[Q]+0.77 2.94x10° 2.94x107

PER

2.1.1.2 ACN X} BSA 256 HECRES G0 i g ny it 5
TEFR TR AV IN AR B ARt R b, 565 50T

RFOR B GG WISRIE, L ORI AT
Bz b, Al a0,

1g[(F,—F)/F]=1gK,+nlg[Q] @)

i (2)H: Fy. F 4301 RIDAFIE A ACN Bt
BSA BIDZGIRE; [Q] S ACN BYMRIE; K, N&EEH
B n REEEA R

YR 1g[(Fo-F)/F1-1g[Q] 5 & KI5 AN [R] it
FERIIAE W K, FIZE- G788 n, G5 anE 2 Fn
K2 PR, K, B E TR A RS, R ACN
Fl BSA 455 R8I AW FEAR; n N 112 39 = 1.61,
MARFEYT T 1, 8 ACN 7E BSA | #3445
B
2.1.1.3 ACN X} BSA &5 G ER I HIE  #rsmK
SR HIKRGAE AH ., BEAE AS AN AT HT H HBEAE AG AT
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Fig.2 Fitting diagram of binding constants of interaction
between ACN and BSA at different temperatures

2 AFHRET ACN 5 BSA /IS &% 4 Ka
HIEEE AL EL n
Table 2 The binding constants K, and the number of
binding sites n for the interaction between ACN
and BSA at different temperatures

T(K) 1g[F,-F)/F]=1gK +nlg[Q] K, (L/mol) 0
298 1g[(F)-F1)/F]=1.12[Q]-0.71 0.19 1.12
304 1[(F,-F)/F]=1.31[Q]-0.80 0.16 131
310 1¢[(F,-F)/F]=1.61[Q]-1.02 0.10 1.61

I A EVEE T ACN 5 BSA 1 M5 2578 K H
K, R RBEZ Y KA AH ASBE TR R BB
ARTRAR, WIS 22 FOT R AR i Erel,

AH AS
InK, =—— + — 3
nkK, RT+ R &)
AG = AH-TAS A 4

F(3) Hr: R A UREE IR B 4L, 8.31 J-mol "K™';
K, ReEwE

4% 4 Ross Fll Subramanian FI|JH/NrF 58EH
JoT SN AR ] 24 22500 AR A W LA FH D 2 R g R
A0 e 3 Il AN, AH>0, AS>0 B & & VE A 12
F/KAER 71, B ACN i A BSA 157K 25 18 N 3 S
FIFHBKAE 158 ey, #E T Bk 2 L&)
LEBHER I AG<0 Fil AH>0, BaHIZI Y [ & 1
[R=2

%3 ACN 5 BSA MIHAEFHRS 2B

Table 3 Thermodynamic parameters of the interaction between

ACN and BSA
RE(K) AG(kJ-mol™) AH(kJ-mol ™) AS(J-K-mol™)
298 —31.98 18.74 170.20
304 —32.25 18.74 167.73
310 —32.45 18.74 165.13

2.1.1.4 ACN 5 BSA 4S5 IHEiHE M8 Forster
(EAR -(HA A EFE I BE AL L EE AL T 21| S 22 =,

E=R’/(R +1°) = 1 -F/F, K (5

R! = 8.8x10"K’N™*¢J X (6)
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Bk, J A o S0 MR B A R KGR ACN 524 0%
RIS BSA 125G B & 445 (ANl 3 FhEsES
SrmAD) o ARYE Forster BEF ARG A nT LI RE,
K2, N, ¢ 4358 1.5, 1.36, 0.15, ACN 5 BSA [d]
HIBERFLTEROCE E N 9.43%, FERECEN 50% Y
IfFUHES R, 4 1 nm, ACN 5 BSA U5 GHEESA 1 nm,
/NF 7 nm, YEBH 3 A T ABSRST R R AL R,
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Fig.3 Overlapping absorbance spectra of ACN and
fluorescence spectra of BSA
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Fig.5 Interaction diagram of ACN and BSA under
different probes

2.2 EIN-ATRIRWEE S

TE/NG T 55 H AR AR aFsE b, S5 4h-7T
DL M R B FH BB ST TR . BSA S AN
) ACN YEFS 5 MIBO GRS E AN E 6 T o

&l 6 AT A1, 278 nm 4k 14 I g 2 1 BSA 41
¥ B R S 2R AR FE 1 D7 4438 - RS |



Ba2% %M

BANBAL , 5. BT ZO0A L0 3 RS MR R 61 -

PP BEE ACN ¥R EE M350, BSA 7€ 278 nm 4b
PR T2 AT 0 5 JBE BRI, W] B A Bl 5 T /N 2T R, R BH
ACN [INAME BSA RIS &A= T 284k, iE—231FERH
T ACN Fl BSA MfERZERIDIF SR K 3.

Lo} /;3\\ I
osf\ '

0.6
04§
0.2
0
250 300 350 400
A (nm)

K6 BSA 5 ACN AHEAEHIRSEAN- ] WLk o
Fig.6 UV-Vis absorption spectra of interaction between
BSA and ACN

2.3 BEZ@&iESHT

R E— ST ACN X BSA 50952 m0, iz FH
B A5 75347, ACN 5 BSA fEHEZRWE 7 BiR.

Hi &l 7 AT 40, BSA 43 FE 208 Fl1 222 nm 4k H.
1 G, 3K R o-BEELS A P RFNE OS>, 25 I
ACN e B B T, 33 PR A 4 67 D68 T R 1 ) JBE SR AV
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BN MY RS A B CDNN 33 4Rk nl 0, Bl
ACN ¥ B 138 R, a-MBE & RN T 3.1%, B-HT&
TrEIEINT 0.6%, BiAKHERRAL, JCHLINIE il IR
T 1.0%, #EM ACN BYINAfE BSA 437 9 A4 FLG5EH
KA TR, TR A TR B
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Fig.7 Circular dichroic diagram of ACN and BSA
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Fig.8 Influence of ACN on BSA by infrared spectrum
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