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Study on the effect of pH on the bingding of curcumin and bovine
serum albumin by fluorescence spectroscopy combined
with molecular docking methods
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ABSTRACT: Objective To investigate the interaction between curcumin (CUR) and bovine serum albumin (BSA)
at different pH by fluorescence spectroscopy combined with molecular docking. Methods The binding constants
and thermodynamic parameters were calculated by fluorescence spectroscopy to analyze the quenching effect and
mechanism of CUR on BSA fluorescence, and the binding sites were analyzed by site marker and molecular docking.
Results The compound was formed by the combination of CUR and BSA, which produced endogenous
fluorescence quenching, which was static quenching. The binding force varied under different pH conditions, but the
numbers of binding sites were all 1. According to synchrontron fluorescence, the hydrophobicity was enhanced in the

vicinity of the tryptophan residue, indicating that BSA conformation contracted after binding to CUR and the binding
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site was close to the tryptophan. Site marker experiments demonstrated that pH affected the binding site of CUR to

BSA, and molecular docking results indicated that the binding site of CUR to BSA wasnear Sudlow’s site I at pH 7.4.

Conclusion This study shows that pH affects the binding reaction between CUR and BSA, and it is of great

significance to study the activity protection and protein-based delivery vector of CUR.

KEY WORDS: bovine serum albumin; fluorescence spectroscopy; curcumin; molecular docking
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Fig.1

Fluorescence quenching of BSA by CUR at different pH conditions (298 K)



%510 3]

Bl M, 2 POOEIRASS G T XHEIRTT pH X8R 54 3 & P4 A R 225
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Fig.2 Fluorescence quenching of BSA by CUR at different pH conditions (310 K)
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%1 CURE BSA £AMEXER
Table 1 Correlation constants of the CUR binding to BSA

K. K K,
e SV q 1 a 2
A Dmoh Lmots] R sumon " R

310K
pH 7.4

298 K
pH 7.4

310K
pH 5.2

298 K
pHS5.2

310K
pH3.0

298 K
pH 3.0

1.062x10° 1.062x10" 0.9994 5.001x10° 1.134 0.9909

1.553x10° 1.553x10" 0.9978 7.345x10° 1.137 0.9794

1.815x10° 1.815x10" 0.9989 1.482x10° 1.183 0.9946

1.847x10° 1.847x10" 0.9980 4.813x10° 1.082 0.9739

7.313x10* 7.313x10'* 0.9964 2.486x10* 1.110 0.9779

5.817x10* 5.817x10' 0.9995 1.931x10* 0.904 0.9828

I R KA REL, R K AR B

23 RANFERSWFER AR

%% 2 A1, pH 7.4 i, CUR 5 BSA 454 % AH<O,
AS>0, H AHIAG>T70%, Ui B IR3, 1 1 i 5
YE; e pH 5.2 F1 pH 3.0 i, CUR 5 BSA Z54&
AH>0, AS>0, s AKAH EAE R ¥ E2AE M. tbsh, A
] pH B AG<0, UaPAZEA1E A &7, A3 pH 1520

%2 CUR S BSA £EHIRNFESH
Table 2 Thermodynamic parameter of the CUR binding to BSA

pH T/K AH/(kJ/mol)  AS/[J/(mol-K)]  AG/(kJ/mol)
298 —33.46
7.4 —24.61 29.72
310 —33.82
298 ~32.42
52 71.99 350.38
310 ~36.62
298 —24.45
3.0 163.55 630.86
310 -32.02
A 1400 o el
1200 | A
| \*0 pmol/L
1000 - [
i / /, \\ﬁr 2.4 pmol/L
00 | |/ | 4.8 pmol/L
o 11—7.2 pmol/L,
¥ ool 796 umol/L
—12.0 pmol/L
| —14.4 ymol/L
400 - //J‘,J
I
i
200 - ////
0 - ok - 1 1
200 220 240 260 280 300 320 340

WK /mm

2.4 CUR 5 BSA ZEEMEILZRIAIENE

AA=60 nm. A2=15 nm 437 %F N Trp F8FEFN Tyr 55
FRIEZE G, D98 G A8 Ak B AT L4 I 2K 11 55 4 42 11
,}5,{‘{:[29—30]0

HH Il 3 AT 1, BSA W FEEANAE, BB A CUR e FE 93
I, Tyr 583 Trp FRIEDEOGHE B S AATE TR, 4
CUR ¥RJEiL 14.4 pmol/L B, &3R5I T 58%7F
T8%, FERUIT S —J2 Trp FRIEVE A NS
TUHRZHE B, & CUR 5 BSA HI45& 5 A RE B 353 Trp
5%3:. SIDDIQUI ZBUBIGY &I, FHFEEES BSA 4SS 1E
A=15 nm BREIE A9 )20 A S A AW RS, FREHBS
T VI R o) T R PR i B A B A B & s . AL
ZF, A2=60 nm 2k & 163 R 3 nm (343~340 nm)()
W, RPCAMRATEA, F HER LU A5t K e
Fr bWy BSA AHELAE I . h &l 3A Al 1, Tyr 3836019
Amax FEAAAE, 13 B 6 SR GO B AT R AR s B 3B
AT Trp FRIE Aoy 720 H B0 F2(280~279 nm), W Trp
FRIERFH T AR, AR o BT Y
2.5 CUR S BSA Z&E&HImath

WARF F1 IBUP #] 4351155 BSA Site I {75, Site IT fif
SRR SRS A, RN CUR 5 BSA s &0 52,

{37 5 Marker WARF #1 IBUP %} CUR %454 BSA HI%¢%
SREA RS S LR 4, o, fF pH 3.0 A1 pH 5.2 &4 F,
IBUP Hl WARF FJAEAERS S8 i K 28 5 1L i 2 M3
(F 4A)ERE A BN (A 4B), LRI IHERT CUR 5 BSA Y
ZEA S EASTE Site T A1 Site 11 07 ST, 78 pH 7.4 54
T, Wi 4C fias, IBUP Ml WARF AN T CUR 5
BSA 454G, BIEE TRESE, FTLEN CUR 5 BSA
B4 5 T BETE Site 1M1 Site 1178 2 B, (A, #J
DIRIEHE WA pH A KT BB CUR 7€ BSA W4k
B

B 8000 - AJ=60 nm

7000 / \
\

6000

| 0 pmol/L

5000 -
‘jfZA pmol/L

"\n
\ |

4000 +

PR

3000 +
2000 +
1000

0
200 220 240 260 280 300 320 340
K /mm

3 CUR X BSA [l 52 Y618 52 0
Fig.3 Effects of CUR on synchronous fluorescence spectra of BSA
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60 - ° 60 e
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50 50 ¢
§ ° . § u
N R EN
30 - 30 :
0 L . = BSA+CUR 20 . . = BSA+CUR
: * BSA#IBUP+CUR . *BSA+WARF+CUR
10 1 | | | | | | | 10 | | | | | J
2 4 6 8 10 12 14 16 4 8 10 12 14 16
[Q)/(umol/L) [O)/(pmol/L)
BI Bz
| pH=5.2 pH=5.2
80 R 80 .
L ] ° ] d | |
70 - 70 o
° n = - n
[ ]
° 60 B °
;ﬁ i < 60 .
¥ 3 :
K 50 - X 50 .
N EiN
40 40
0L o = BSA+CUR 20 = BSA+CUR
. * BSA+IBUP+CUR . ® BSA+WARF+CUR
20 | | | | | | | | 20 | | | | | |
2 4 6 8 10 12 14 16 4 8§ 10 12 14 16
[O)/(pmol/L) [O)/(pmol/L)
C1 C,
20 pH=7.4 . 7 pH=7.4 .
| | -
60 - 60 .
° [ ]
© 50 - " ¢ e 50 . °
K 40 ﬁ 40 . ¢
Ein = o &
30 |- 30 -
= S = BSA+CUR o = BSA+CUR
200" *BSA+IBUP+CUR N « BSA+WARF+CUR
[ ]
10 | | | 1 | | | | 10 | | | | | |
2 4 6 8 10 12 14 16 4 8 10 12 14 16

2.5 SFRHE

H1 &1 551, CUR 5 BSA 4543 5 7 Sudlow’s site I (I1A)
BfF3E, 45& 005 EIEBRFRHE A SER201 . ARG208 \ALA212,

[OV/(umol/L)

[O)/(wmol/L)

T BSA ¥ Z 1 1.2 pmol/L, WARF/IBUP ¥ 24 6.0 pmol/L, CUR K AR R N
0,24, 48, 72, 9.6, 12, 14.4 umol/L (298 K).

%l 4 WARF #1 IBUP %} CUR 5 BSA

£y

A9 5 )

Fig.4 Effects of WARF and IBUP on the binding of CUR to BSA

TRP213, ASP323., LEU326., LEU346., SER453 ., LEU480,
XA B BRI, A B 8 -35.59 kJ/mol
M 1.70x10° L/mol, F9¢ 6L AW BUEE2 S, MREE



228 B b % 4 IR T A

F 14

BT R R PR A0 R 25 R [l iy Y 5
WAEOLT, BT BSA N, iR KR Z1ER
i, CUR Y BSA (454 A i id &4 A, 40 ARG208 .
TRP213. ASP323, SER453 k3. 534k, CUR (5 & 45

¥l 5 CUR-BSA 454

S5k /LRI TE s KA EAE T, 0 ALA212 .,

LEU326. LEU346., LEU480 #&%E. 56 6% A4 F X%
455K CUR 5 BSA FZLEMHU/KMBEAER . HaMHE
YER AR )y XA, 45605 7E Sudlow’s site T BT .

LEU ATA 0
A326 A2r2 |
) ]
0~ ol SER
o > A201
“H
!3! ARG
A208
SER TRP
A:453 i
AHEAE
. g A
O R . g KA EAER
B A EAERA I sk AHEAER
7 A R S A

Fig.5 Binding site amino acids and interaction force of CUR binding to BSA

3 & 1

AR PSRV T 3 FllpH 4544 F CUR 5
BSA WEEG1ER, s GAERALEL, 456 AR
FIE AL S AWER T . S5 FE A pH 254 F CUR X
BSA 774 THEANER, Hoh pH 7.4 B EA B0 AP R AR
H, 45880, BEBILET CUR 5 BSA #5454, $4it
TR LU CUR-BSA B A WU R A5, F#(% CUR HYRE
fift o IATTZEIWTLE 5 oy TR A S K EAEH . |
ORI 5 HLAH B FH A A s B 9 63 B Trp % 2k
Jmax IR, Trp FRILMET B IS, BTk PERY R,
CUR MABAET BSA M4 s Marker 525K BI7E
pH 7.4 i, IBUP fil WARF I AN T CUR 5 BSA (¥
sh4y, IF 4G 00 S AT BETE Site T Fl Site 1145 2 (A, 5
PRSI AE R —3 . Wi pH 3.0 Al pH 5.2 &4 F,
CUR 5 BSA 45 &0 S BEATE Site T A Site 1T {37 55 B 30T,
VLA pH S0 T CUR 5 BSA W45 RN, X4 M
3% CUR TEARNBIHEE, LLRCORE (ISR IR I & S (i 2
WS, MMISEEL CUR RIERY AR 2%, I HAES G
A5 AT R X A 2 3 A 0 A SR A P A 2
Bl e A3 R
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