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Molecular Structure-affinity Relationship of Dietary Flavonoids

with Bovine Serum Albumin
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Abstract: The relationships between molecular siructures of dietary flavonoids and their affinities for
bovine serum albumin(BSA) were investigated by fluorescence titration analysis. The results indica-
ted that the binding process with BSA was significantly affected by the molecular structures of fla-
vonoids. The methylation of hydroxyl groups in flavonoids could enhance their binding affinities for
BSA by 1 to 794 times. Hydroxylation on rings of A, B and C also strongly influenced the affinities
for BSA. The glycosylation weakened the affinities for BSA by 1 —2 orders of magnitude depending on
the conjugation site and the class of sugar moiety. The hydrogenation of the C2 = C3 double bond
slightly decreased the binding affinities. The galloylated catechins and pyrogallol-type catechins ex-
hibited higher binding affinities for BSA than the non-galloylated catechins and catechol-type cate-
chins, respectively. The affinities for BSA increased with the increase of partition coefficients and
decreased with the increase of hydrogen bond donor and acceptor numbers of flavonoids, which sug-
gested that the binding interaction was mainly caused by hydrophobic forces.
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1.1 NEF5RAA

JASCO FP-6500 766 ( HA), #/R - WHEE PHS3C B! pH 3, FIMEEA (4iE 99% ). 7-2
R (AE99.5% )WEHEXEEKE AR, BREEFEA, EHARE., BRE. SX-BH(L%*
af) . RILKRFE(Hra) , KRBER(LE9.0% )3 A BB T RAAERAR, B, ABEE.
HAE (99.5% )W H A Wako ¥ T AT, WK, LEW, HEE, NIKFEE, BEER,
RKERIT, BET, JGEEE, ILEF, ARER, PHAR, RILEE, RIILFERETR., RI)L
REBBTRE, RETFIILREARATFRE. SEAZIWE LEERAF, EWRLEWHER A
HEFRE AT HEFHIE, & 0.10 mol/L NaCl f) Tris - HCl 2 ¥ (0. 20 mol/L, pH 7.4) T
IR pH EANE TRE, 4£mBEAEB(1.0 x 10° mol/L) B Tris — HCl ¥ HIE M4
TUkFEH &R, BRIEINERS, HRRRFER A, SSRAKD ZIRE®K,
1.2 RAeKit

EAXKBRET, HRLE%R - WE/E BB BRRICH, BFLEEOFSSHEENE
YiRE, 4280 nm WKIGBWMAK/G, & 310 ~450

nm WEAK I, FOEMTEREMEN. BR) - o
B (EE 1 em), HREFRE S5 nm, F&E 240 n/
min, WRWE400 V, BMFREZEAMI K. W 2
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1.0 x 10 ~° mol/L 2135 & FH B 9% 6063

2 ZREITE

2.1 BREBHRESMNEH
ERTERFEY S IERAMEERN

300

(=]
=

Fluorescence miensity

o
I

T T T T T 1
320 340 3ah 380 400 420

iR, B 1 MILRRE 4 IS & AR TE6E, Wavelength A /nm
HEeRmRNeY 54 0k E B KR 6aE R L BT 300, 15 K B 11125 20 A 988 1555k
JEEARSTEANES P S8 B TR AN

HIE 1 " , S MEEARRICREAEEEFEA Fig. 1 Quenching effect of kaempferol on BSA
Ab& v B 1 0 B S U R AR R M R 58 , V4 B 2 1f 3 fluorescence spectra at 300. 15 K

Ao =280 nm; concentration of BSA: 10.00 pmol/L;
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Fig. 2 Effect of methoxyl group on the affinity of the
flavonoids with BSA
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Table 1 Chemical structures of 33 flavonoids and their affinities for BSA in vitro

Substitutions

Subclass Name —oH —0CH, Othos IgK, n
Flavones Flavone 4.79 1.032
& | “: 7-0H flavone 7 6. 10 1.252
@ C) Chrysin 5,7 4,82 0.982
I Baicalein 5,6,7 5.59 1. 097
Baicalin 5,6 7-B-D-Glucuronide 4.87 1. 020
Apigenin 5,17, 4 5.69 1. 106
Luteolin 5,17, 3, 4 5. 65 1.111
Wogonin 5,17 8 5.44 1. 090
Tangeretin 5,6,7, 8,4 4.76 0.975
Nobiletin 5,6,7,8,4',5 4.77 0. 968
Flavonols Kaempferide 3,5,17 4' 5.21 1.043
0 @ Kaempferol 3,5,7, 4 4.89 1.221
AJCI i Kaempferitrin 5, 4’ 3, 7-Dirhamnoside 5.09 1.082
0 Fisetin 3,17, 3, 4 5. 64 1. 084
Quercetin 3,5,7, 3, 4 5.39 1. 059
Myricetin 3,5,7,3,4,5 5.57 1.137
Galangin 3,5,7 5.39 1. 078
Rutin 5,17,3", 4' 3-a-L-Rham-1,6-D-Gle  5.06 1. 056
Isoflavones Daidzein 7, 4’ 3.23 0.765
! e Genistein 5,17, 4 4.14 0. 898
(AYc) > Genistin 5, 4' 7-Glucoside 3.27 0. 807
Y Biochanin A 5,17 4’ 5.00 1. 005
Tectorigenin 5,7, 4 6 5.41 1. 087
Puerarin 7, 4’ 8-C-Glucose 3.73 0.88
Formononetin 7 4’ 2.14 0.81
Flavanone Naringenin 5,17, 4 5.02 1.033
L 4’ Naringin 5, 4’ 7-Nechesperidose 3.55 0.814
7 - 5'
s Dihydromyricetin 3,5,7,3',4,5 4.85 1.024
Flavan‘o'rwl GCG 5,17, 3, 4',5' 3-Gallate 4.36 0.961
3\'4, EGCG(2, 3-cis) 5,7,3, 4,5 3-Gallate 6.24 1.201
o. IB, 5 ECG(2, 3-cis) 5,7, 4',5' 3-Gallate 6. 81 1.272
7©1jl/© EC(2, 3-cis) 3,5,7, 4,5
’ EGC(2, 3-cis) 3,5,7,3', 4,5’
C(2, 3-trans) 3,5,7,4',5
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Table 2 Effect of hydroxylation of flavonoids on the affinities for BSA in vitro

Class Ring Position Example Effect (times)

Flavone A 7 H—»O0H Flavone—7-OH flavone 120.42
5 H—OH 7-0OH flavone—Chrysin 119.05

6 H—~O0H Chrysin—Baicalein 15.89

B 4'H—O0H Chrysin—Apigenin 17.41
3'H—OH Apigenin—Luteolin No effect

C 3 H—-OH Chrysin—Galangin 13.72

Apigenin—Kaempferol 13.02

Luteolin—Quercetin 11.82

Flavonol A 5 H—OH Fisetin—Kaempferol 11.78

B 3'H—O0H Kaempferol—Quercetin 11.51

4'H—0H Galangin—Kaempferol 11.51

5'H—O0H Quercetin—Myricetin 11.51

Isoflavone A 5 H—»O0H Daidzein— Genistein 18.13
Formononetin—Biochanin A 113.49

2.4 FEWEANEMRHUESHENEERSESHHLLE

EATIALER TR EWEHWECTRE, SR, REAREEFMARER, LURE) 5410
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HARTREREMRAUGWERE UB-HHFNEAFE, REF 4 MEEELNs T, BERED3-
M7-0-FEHFRRAFENR D), ATRAFAMEMEEOEEMERZR, SBEREEXEVEF
Y52 E IG5 IR 1 ~3 51T (L 3) . FEREAIEA MM A 5 4 I 2B 1 I 45 & ) PR
1~2f%, ESFMERSOLEEHTH, MR 29.51 £, BIWLRE{EZLFTR 1.32 4,
BRI AEMREELEE S TNBEEANSES NIRRT 7.41 5, U EFrERY, BEARMESE
MR AR 3 BT 6L, BENSEERAM GV EF BRSNS SRR A2 B TP 4
W, EREREEARNE, mETRAMCHE, NTTRESFLEEANEE LY., 5—FH, 5XE
RO, BRR(KEHEE-S-C-H%HH) 5 NALERENS G IR T 3.16 &,
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2.7 HEAR iﬁ 54584m 5%5 Fd=| & é hzian Fig. 3 Glycosylation decreasing the affinity of

*% the flavonoids for BSA
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