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Figurel Molecular structure of Curcumin and Demothxycurcumin

3138

Surflex-Dock#bidl, 21T Z 4t ¥ 3% A4 Cent OS.

(i) Zetit. feEpH 74504, EEDOLM
KWK N =280 nmi i BSA 5 — R B A [A] ik i
(1 2 5 % Je HLAT AR W) (096 06 S B e 120 I K
“300~480 nm.

P TE P S0 SR PO E L, [ BSA R
A 35 4 F) (Warfarin, 1buprofen) (9 i B 4 1.0x10™
mol LY, 43 JiDKr 32 B 2R 25 H A L 25 i B W A
BSA-Warfaringl, BSA-lbuprofeniE 5 W+, 285
DI R SLIRARR], 43 5 24K R AE B A
300~480 nmA (151 K 5 i

(i) B ik, =EM, FERIMEAET,
5 % K 7 Bl A 200~260 nmP RE S 9 B — (A4, [
LA SR 0.1 om, 5 EE200 nm/min. 7E4H
[ SEER AP, W 25 8 M i B — gk, 1Eh
S bR, & a-18URE 45 K Y A A B R S 208
nm Ak f) 3 35 B8 7R i R 3% (MRE, #4724 degree cm?
mol ) ik =3P

~MRE,,, — 4000

ZHREMIN S E =
o R R B = — e 2000

A, MREyog i S 4514 I 5E 19208 nmik MREfH;
40004 B-HT & . LG 5 7E208 nmik M RE(H;
33000H 5401 114 o- 12 JiE 25 #4 75 208 nmizk i) MREAH.

(iv) /o FXbiE. ARSEBSA SR LS ok B 4L
% £ Protein Data Bank(PDB), %5 }3v03, J5I4 ik
SEERZ IR A AT SR N TR
H/NAE R, =425 # B 8 1F Sybyl 8.144
.

2 giRk5ie

2.1 YOEPERHLBI B IE K 8L

PP K IEAG T A AR, WNAEEFEH |
RASRNL . RIS EEY) . T EHERGES, 5
B TSR FE AR G P2, SO I 7
AT LA O W S O Bl 2K, 3 i R 2
RO 2 52 0 S DN 5 5801 3 i 8 07 ik AT AIX
Gy TR KAL) B35 K AR T 4y T
B, A6 W B BB TR R T MG R, AR T
BYER, WETHS SRS G WRENE, 456
RN,

FI225 1 T pH 7.4 AS [ e B2 1) 22 8 3% S AT A=

x100%, (1)



4007 , (@ us
1 30l T=298K

3504

3004

2504
% )
ES 200 S 05 10 15 20
i 107Q] (moliL)

7 L {(Curcumin)

320 340 360 380 400 420 440
FEE (nm)
00, @) s
1 30] 7208k
600 25
] - 20
415
5004 K i
8 400
o ] N 00 05 10 15 20
ﬁ 3004 10°(Q) (mat/L)
2004
100-
| L (Demothxycurcumin) =S
0o I SS—

T T T U I
320 340 360 380 400 420 440
A€ (nm)

Bl 2 LB (a) AT AR 2 AR B R (D)X 4R s H 3 POt
e f R I HoStern-Volmer ¢ & [8(T=298 K, =295 nm). ¢(BSA)=
1.0x10°° mol/L; MAZFIK, c(curcumin)=c(demothxycurcumin)=0, 0.2,
0.4,06,0.8, 10,12, 1.4, 1.6, 1.8, 2.0x107° mol/L; £EL>N 107> mol/L2%
R B E P RL W RIS

Figure2 Effectsof curcumin () and its derivative Demothxycurcumin
(b) on fluorescence spectra of BSA and corresponding Stern-Volmer
plots. ¢(BSA)=1.0x10° mol/L; from A to K, c(curcumin)=
c(demothxycurcumin)=0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0

%107 mol/L; curve L shows the emission spectrum of 107> mol/L curcu-
min or demothxycurcumin only
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Table 1 Quenching constants of the interaction between curcumin
and demothxycurcumin with BSA at different temperatures”

T(K) Curcumin-BSA Demothxycurcumin-BSA
Ksv(107®, L/mol) R Ksv(1073, L/mol) R
298 152 0.999 161 0.998
304 1.28 0.999 1.57 0.998
310 1.06 0.999 141 0.997

a R, MHEXERH
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Table2 Relative thermodynamic parameters of curcumin-BSA and demothxycurcumin-BSA systems

R T(K) Ka(x10* L/mol) AH(kJmol) AG(kJ/mol) AS(J/(mol K)) R SD?
298 8.53 2813 0.999 0.0323
Curcumin-BSA 304 10.18 21.21 ~29.14 163.58 0.998 0.0324
310 11.88 -30.12 0.999 0.0201
298 6.41 _27.42 0.999 0.0158
Deé"&hxy"”m“m'”' 304 6.66 5.266 —28.07 109.68 0.998 0.0136
310 6.96 _28.74 0.999 0.0204
a) SD &K brifE 2=
174 (@ 11167 (b)
InK=19.92-2551/T R=0.9985 InK=13.19-633.4/T R=0.9946
11.141
11.64
1.121
£ 11.5 -
11.104
1141 11.08
1.3 11.06

230 a2k 230 220 4729 426 424 422
~1000/T (K™")

230 32k 231 420 425 426 424 422
~1000/T (K™)

Bl 3 FE () LHAN AL P AR #F (b) SBSAH E/E I Van't Hoff XX R &l ((BSA)=1.0x10°mol/L, pH 7.4
Figure3 Van't Hoff plots of curcumin-BSA (&) and demothxycurcumin-BSA (b) system. ¢(BSA)=1.0x10"> mol/L, pH 7.4
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Table3 Binding constants of competitive experiments

oL Curcumin-BSA Demothxycurcumin-BSA

firss Ka(x10* L/mol) R sD Ka(x10*L/mol) R sD
2 H 8.56 0.999 0.0343 6.45 0.999 0.0156
WAR 14.26 0.999 0.0528 16.82 0.998 0.0316
IBP 8.49 0.999 0.0626 711 0.998 0.0524
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0.2,1.0, 2.0, 5.0 x10™* mol/L
Figure 5 CD spectra of BSA in presence of curcumin (a) and demothxycurcumin (b). c(BSA)=1x10"°mol/L; from A to G, c(curcumin)=

c(demothxycurcumin)=0, 0.05, 0.1, 0.2, 1.0, 2.0, 5.0 x10™* mol/L

x4 BRSPS T 5BSATER F /R B Fto-12iE & &
Table4 o-helical content of BSA at different mole ratio between two kinds of drugs and BSA

n(Z5#1) : n(BSA)

a-BRTE i

0:1 0.5:1 1:1 2:1 10:1 20:1 50:1
Curcumin-BSA  46.54% 48.13% 48.22% 46.69% 46.70% 45.76% 41.89%
Dem‘i’:_"ég"c”m 46.64% 48.64% 47.79% 46.56% 46.38% 45.26% 42.19%
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Figure 6 (Color online) Computation docking model of the interaction between curcumin/demethoxylcurcumin and BSA. (@), (c) Represents the
binding sites of curcumin and demethoxylcurcumin in BSA respectively; (b), (d) represents the amino acid residues around the binding sites for curcu-
min and demethoxylcurcumin respectively
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Thermodynamics of the interaction of curcumin and
demothxycurcumin with bovine serum albumin

GUO QingLian®, PAN LingLi? YANG LiYun®, HE Huan®, WANG KaiWei®* & LIU Yi®

! Zhongnan Hospital of Wuhan University, Wuhan 430071, China;
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Curcumin and its derivatives have a wide range of pharmacological effects such as anti-inflammatory, antioxidant,
resisting atherosclerosis, anti-tumor, etc. Binding of curcumin with biological macromolecules can improve the solubility
and stability without reducing its biological activity. Herein, we investigated the thermodynamics of interactions of
bovine serum abumin (BSA) with curcumin and its derivative demothxycurcumin by fluorescence and circular dichroism
(CD) spectroscopy, as well as molecular modeling method under conditions near to physiological. The anaysis of
fluorescence spectra showed that curcumin and demothxycurcumin could strongly quenching the fluorescence of BSA
and the quenching process is a static process. The thermodynamic parameters were calculated by analysis of fluorescence
data with Stern-Volmer and Van't Hoff equation. The calculated enthalpy change (AH) and entropy change (AS) implied
that hydrophobic interaction plays a main role in the binding process. Curcumin was more prone to bind with BSA than
demothxycurcumin according to the calculated Gibbs free energy change (AG). Data obtained by site marker competitive
experiments and molecular modeling method indicated that the binding of curcumin and demothxycurcumin to BSA
primarily take place in site I. Curcumin and demothxycurcumin mainly interact with nonpolar and aromatic residues of
BSA. The distance between curcumin and TRP 213 is less than 5 A, indicating that the microenvironment around the
fluorophore of BSA might be affected. The results of CD spectra demonstrated that the secondary conformation of BSA
has been changed after interaction with curcumin and demothxycurcumin. This research will provide valuable
information for understanding the action mechanism of curcumin in the body and developing novel drugs based on the
structure of curcumin.

curcumin, demothxycurcumin, bovine serum albumin, thermodynamic parameters, fluorescence spectroscopy,
circular dichroism spectroscopy, molecular modeling
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