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EA (4l =98%) , 74 % it 5 A= W 4 R RS
A] s BSA (4l =98% ) , & N1 36 A= W B 46 A BR 52
A el apra; 5 K ki gl
K EA 68 W FRIL— 2 it EA LI f# T DMSO, &
B 1.00 mg/mL W) 55,4 °C UKFE DR AF it
s, AL T 2L P R 2 KA B BSA % A R AR —
JE B BSA, T HEAEK, EABCH 3.00 mg/mL
(4 it 25 T, 4 CCUKFR DRAT , bk | MR 75 22 FH 8 4K
T e
12 NE5EF

UV2310 11 SA5hAT WA BT, iR 3E
Bl 22 #8A FR S W) ;SCIENTZ-10N ¥ % T # 4L,
T A YR A A R | F-4500 26564y
JeIEHE T, H AR H 372 7 s Nicolet iS5 fi B i1 4b
Y%A, 25 E Thermo Fisher 22 7] ; MOS-500 & —
A, 1 [ Biologic 23 Al ,
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1.3 RKEH*
1.3.1 EA 5 BSA 44 FRHE Y 5840 61 vk I
1.3.1.1 EA 5 BSA 4 K2 & 38 £ il i 4 N Y
VR FHERAMEIEEE T 4 0.50 mg/mL 1
EA M BSA ¥ WAE 200~450 nm 4 W OG 3
e & EA 5 BSA 454 SN A6 I 3 K
1.3.1.2 BSA 5 EA Wyl Lk X EA Fl BSA &
FCRE R FEIR AE 10 mlL 52508 L4300 O 0 AN [)
Yk 9 BSA B BV 3.00 mL, 1.00 mg/mL EA &
W 3.00 mL, #5] ,7E 37 C/K 30 min, ¥ )5 B
4 °CFAFH% 24 h,8 000 r/min &5 .L» 10 min, B [ 7%
T G R R 3 R, R4S T LA
XTI R .

R=(AA)IA (1)

oA AR — R E EA 5K RV B
BSA IV 5 B0 LI W WG BE A AR A R
WK E EA 584K A5 B0 1 W O
BE AR Ry B R/NATIRFR EA 5 BSA 454y
fE 1 B 5 5512,
1.3.2 EA 5 BSA M EAEMH MO E M
T (0 R | T 2 R R R TN 22 R 5 U £ 7E , BSA
VW EA NIEEDE G EA Y IRA R S5 98 6 R 5
55 AN SN BSA 9605 5 13,
W, A R T 220 < A i D A0 B T
1.3.2.1  ZIBig e 7E 10 mL PE 48 53
AN 2.00 mg/mL BSA % 2.00 mL, A [ &
EA i B¢ 2.00 mL 1 pH=7.4 PBS £& i #i& 1.00
mL, ¥ 5] KR G W 5 I AE 25,31,37 CF AR 1
h, FR B B 280 nm, I & BE4E 2.5 nm,
RHFHEE 5.0 nm, 10 5 FF I AR 285~450 nm 1) %
g,

n=(F—F)/F, (2)

Ao By B F——2 SRR IR IS [V EA
i BT )5 BSA FO2e 6 i
1.3.2.2 ZOURKERMHE DK —AH
Bl AT IR 25 PR K T e 2 A0 Sy 1 A e R K
A KRG Stern—Volmer J7 B 158 756 % & B G5
LG

o= 4K 7 dQ1=14K.10] (3)

Ao, K—FF K b 72 v i ol 5 8, L

mol/s; [Q——EA ¥ mol/L; K,—% K %L ,
L/mol;r——EA ANAF7E B 5856 43 F 1) F ¥ 75 i
(75=10" s)1,
1.3.23 EA 5 BSA W&5 G % B4 & 60 5 it
BRSO B R

I FO;F 1K y+nlg Q] (4)

it':'j:KA
JEg i g8
1.3.2.4 EA 5 BSA fEH IV #2228
Al AR R A A RGE .

ZEE W B, Limoll ™ s n R VA

N

AG=—RTInK (5)
AG=AH-TAS (6)
A HAG 54 A e A8 4L kJ/mol;

K——454 % %0, LimoL; AH——45 54675 kJ/mol ;
T— N i % K AS——25 & 4 28, J/mol/K ;
R——A 1 %1 (8.314 J/mol/K) ,
1.3.3  EA 5 BSA M EAEH ML AMEIE I &
1.3.3.1 EA-BSA E&WHHl4& £ 10 mL &.0
BN 0.50 mg/mL BSA & # 3.00 mL,1.00 mg/
mL EA %W 3.00 mL,$&2) , 7€ 37 C/K 30 min,
AHJGE 4 C A7 24 h,8 000 r/min & .0 10
min, 745 EA-BSA B4,
1.3.3.2  EAZ0AMEE I E K S EA-
BSA B AW R T4 48 h 78 THRAEE T, IR B 15
WA YRR SR R A LT R R
BN S R 4 em R 64 TR0 AL
A TE 4 000~400 cm™ HILLANEIE
1.3.4 EA 5 BSA tHEAEH Ay B — @il e 78
10 mL PE 45 ¥ 45 /il 0.50 mg/mL BSA & ¥ 3.00
ml.,5.00 mg/l. EA & 3.00 mL, $£%2) , 76 37 C'F
KU 1 h KR S8 4K # B 50 %, F IR — (i
ASGHEAT 28 8 A= [ e 1 G 00, 10 [ A I o e
1) EA DIBCIE® 5t BEE 70 HEE 2.0 nm, 4 38
60 nm/min , Wi 7 I5F 6] 18,25 °CF F8 A8,
0 S BE S AE 190~260 nm B9 B (558 A
DichroWeb!" ) SELCON3!"-1I#5 3 i1 5 BSA 4%
TR L BT L Y AR AL
1.3.5 EA 5 BSA MHEAEHIRY /> FRHERAL  BSA
iR 45 # 5k H RSCB PDB %t % (PDB % %5 .
4F5S) ,EA 25¥5k H PubChem ¥4 5 (L& 91 %
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5 .5281855), M AutoDockTools (Ver 1.5.7) %14
5 BSA HEATBRAK A I far M 25 2 AR XK b
HELERY ;B EA BEATINGEURAE . DL A BEVE X
B BEE A HE (0=126,y=90 F1 z2=112, #% 5 5K
0.772), VB HITA G, HES i EHRA
AutoDockTools BRIAZH , X 43 1 AS % & <2 (R R i
oI DUARAIRBE 50 S v A 7Y )
Pymol {20205 3 43 7 X 45 — 4t &, If H Lig-
plot+ 3 A= M Al BAE T o

2 HRS5HW

2.1 EA 5 BSA &&HERNEIMRES

2.1.1 EA 5 BSA A RMWMEGEKEK A HE
1 A0 EA YW AE 370.5 nm Zb A W 58 4 W e, T
BSA W AE XA T ILP AW EA 5 BSA

' 1
Absorbance

00 250 300 350 40 450
e
Wavelength/nm

1 EA 71 BSA 24K I e i
Fig.1 The UV absorption spectra of EA and BSA

2.2 EA 5BSAHEERMRKAERESH

22.1 EA 5 BSA M EAEH M ZNIEIERAE
3 AT LLE H BSA W AE 351 nm 77 A Ok 1%
EA X BSA 2¢ 6 BA RS PEPR K . 78 BSA Jit it
We B — RSB T, JEGHR B BE EA e R 3 i 5
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LSS
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KA RN A, FEES O IS WAE 370.5 nm &b IR
E T LI EA W& 284, RZE .0 BSA
B2, I EA 5 BSA HH EAE S A X I i %
RA RN % KT LAA 2 4 370.5 nm,
2.1.2 BSA 5 EA Wit X EA 1 BSA 4G %
RS 2 AIAL SR R EA & s
AT R Bl BSA & & ARk A8 £k, i
BSA 5 EA Jif H X} BSA 55 EA M 454505 A 1R
R, MK R T BSA 5 EA lia /N T 0.5 B,
R, Bl BSA & 5 (134 i #m ; mi24 BSA 5 EA
Ji i LU AE 0.5~0.7 Z [ BT Ry JL-T-ANAE 5 X5 1 2 i
HILRT 0.7 BF Ry S TR M &
TE 0.5~0.7 Z A6, AHXTIR R Ry K2 T 0.6, 0
HEEATeSI0R , IWILZ AT HEWT HH BSA 5 EA L10.5~
0.7, B0 EA:BSA=1.43~2.00 (4 L0145 45 T bk .

o
=N

04}

02

A W A 2R
Relative absorbance(R,)

0.0 0..5 1..0 1:5 2..0 2.5
BSA 5 EA B & kb
BSA to EA mass ratio (mpgsa/mga)

B 2 BSA 5 EAMKRELX EA 1 BSA K& RN FIE

Fig.2 The effect of the mass ratio of BSA to EA

on the complexation reaction of EA and BSA
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¥ :¢ (BSA) = 0.80 mg/mL;c (EA) =0,1.33,2.67,5.33,8.00,10.67,13.33 pumol/L,

B3 AEIERET EA X BSA MR (pH=7.4), L & Stern-Volmer &
Fig.3 Fluorescence quenching of BSA by EA at different temperatures (pH=7.4), and Stern—Volmer plots

222 EA H BSA M EAEH M ZCH KER F)
PR K, B — e Fifd S5 07 Yk B T 5 177 3 K 5 i e
AHER AR . HHTAR 2 SCk W, K, 8 B TR
MG K, (HHAR K T i KRB K 2.0 x
10" L/molL/s™sf |+ a tA R Ry e A 3R K12

R 3 g 1A, fEARREE T, Stern—

Volmer K&V, 26 MEAH G B I (R>097) ;
25,31,37 CH %K % 8 K, 705 2.36x107,
2.51x10"%,2.60x10" L/mol/s, K, 1 bt % i /& Tt
MK HICIE A B IRE T K, AT KT
2.0x10" L/mol/s, B EA %t BSA 74 K i 42 22 )5 Al
JEIEIL T EA-BSA B 5, 2 RIS 1K

1 AEAERETEAS5BSAHEEMEAN K, M K, (pH=7.4)
Table 1 K, and K, of the interaction between EA and BSA at different temperatures (pH=7.4)

T/C 7 F2 K. /L-mol.* K/L-moL"-s™ R?
25 Y=0.2363x+0.6899 2.36x10° 2.36x10" 0.9948
31 Y=0.2508x+0.6200 2.51x10° 2.51x10" 0.9837
37 ¥Y=0.2600x+0.6130 2.60x10° 2.60x10" 0.9738

223 EA 5 BSA M EAEFH WS G 8 BN G r
A mE 4 M 245 ,25,31,37 C BF EA 5 BSA
G5B K, B3 5 0 1.24%108,3.37x107,1.84x107
L/moL., Z5 &5 B 5 . 3 i L EE 45 & v s B n 2452
T 1.5, #EWF EA 5 BSA L 1.5:1 iYL HIZs & it
A BITEL G RV IEWT M AE BN, 5%k
EE S0 PN

224 EA 5 BSAWHEAMEM S h*E3H,
AG<0, Ui B EA-BSA B 52 H &K ;AH<
0 H AS<0, 136 B S ny it #4 A 7 £ 2R IR E
AR Sy RN R X 5 T RSP S A g S R
I 3% 2 LA K F R R R 5 S R R S A I T
B AR ELAE A 2 i g5 R — 3k, (R %R

lg(Fy-F)IF

_12 L L

60 -58 -56 -54 52 -50 48

1g[0]
4 AEHIRET EA T BSA#HEERH
W3t B (pH=7.4)
Fig.4 Double logarithmic plot of interaction between EA
and BSA at different temperatures (pH=7.4)
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*2 AEERETEAESBSAHEEEAKN K.l n (pH=7.4)

Table 2 K, and n of the interaction between EA and BSA at different temperatures (pH=7.4)
T/C 7 2 K, /L-mol.! n R?
25 Y=1.5554x+8.0942 1.24x108 1.56 0.9897
31 Y=1.4430x+7.5270 3.37x10’ 1.44 0.9946
37 Y=1.3905x+7.2646 1.84x10’ 1.39 0.9457

*3 EAS5BSAHEMEANKRNESH (pH=74)
Table 3 Thermodynamic parameters of the interaction between EA and BSA (pH=7.4)

TI°C AH/kJmol™ A G/kJ-mol™ AS/J-mol™- K™

25 -46.17

31 -163.38 -43.81 -393.33

37 -43.11

BSA (W5 22558 & EA (W 2Bk, g & 2
M E AR B — 20 VRN 438 P 2 R A AR
2.3 EA 5 BSA HHEERBILIMNEIE ST
BT G 2 R ) 72 A T R o B B T
1 (1 700~1 600 em™,C=0 ) &) FTEE R 1T 457 %
£ (1 600~1 500 cm™ ,N-H 25 il 1 C-N $71d1 ) fift
TR PR, 3 PR S5 AR S B 1 s A R
DX, 0] DAGE S AT 04 O A RS R A Ak ke A
FEN S 2B Z AT AEHP,BSA 5 EA 454G
HI G M S5 AE b an il 5 Fr R, BSA Y Bk i 17 AN

| — BSA — FA — FA-BSA \

%

Transmittance/%

4000 3500 3000 2500 2000 1500 1000 500
&3
Wave number/cm™

(a)

Pk B 10 45 A B 43 B AE 1651 em™ AT 1 540 em™,
TER N EA J&5 ,EA-BSA B 1 H7 FEE e 10 77
DAL E A A 1622 ecm™ A1 1 581 em™, il
1 BERE 1A RBERE 1A (A%, ol LISERT EA 5
BSA M EAEHSI#E T BSA ) C=0,C-N fil N-H
SEAb AR AL, DTS BSA 90 45 4 Y AR
b o [, BSA (YR AIE 16 22 — 19 3 303 em™ (kR
A, FEE C-N P N-H 0 {45 4 2 F1 &
G BOSUR S AL R I A s KA BEAE S S
EA 5 BSA 45 & il #,

|—BSA — EA — EABSA|

Pari e

61

—!

1651

NNV A
\/\/\f RAAVa

1800 1750 1700 1650 1600 1550 1500 1450 1400
Wave number/cm™

(b)

Transmittance/%

5 EA 5 BSAHEERAMEEMIILEE
Fig.5 The FT-IR spectra of the interaction between EA and BSA

2.4 EA 5 BSAHEERBE_RIESH

] = 5 3w DU ) 2 s e 5 0 AR AL
T 22 B AN AR UM AR N 3 R A R AR
. BSA 55 EA 455 R Ja B Z5 2 AL aniEl 6 i

BSA 7E 192 nm Zb 775 B 8 A9 1E 1§, 7E 210 nm &b
AR /IR T 80 BSA f77F a—12 e 45 1 5 24
W EA J& ,BSA 19 &5 kA0 ARk, AR IR

CD B¥sit5, Wi BSA & H 4 70.6% 1 a—12
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a-helix(%) B-sheet(%) g-tum(%) Random coil(%)
706 182 214
329

BSA
EA-BSA

422 104 294

]
(=)
T

W FR R %
Difference in absorption coefficients/mdeg
=]

20 F
——BSA
—— EA-BSA
.40 L 1 1 1 1 1 1 1
190 200 210 220 230 240 250 260
8N
Wavelength/nm

E 6 EAE BSA HE/ERME_&ELEE
Fig.6 The CD spectra of of the interaction between
EA and BSA

WE ,5% 1 B-T 5, 18.2%11) B-F5 F Fl 21.4% 1) G
LU, BSA 5 EA M E ARG, a—MR e 25 #4 U
AN H AR EE RGN 0 SR BE BT B L T EA
R E R RS O EA 454 F) BSA BB K X
Wb IS BSA 1 2 IKEE 90450 BT G A
R AR, AT 2 AR E A 52, T IR EE

WA TR EELE
2.5 EA 5 BSA #EERAMS FHZEEH

M 7 thal DLE 1 EA {6 BSA | Y fd: 45
EOL ST WM A 5458 MA 2 8/
Gk 2SN, IR TIA Bamah & 07 &5 site 1 BT,
BSA 147 F e g #2128 1Y 25 [ R 2594 EA 47
T,5 EA BB 4 nm Z N BSA FE 15 SEILA 6
A~ M E 8 AT — ML EA 5 BSA BRI Z
o] A A EAE R EA & 3R R 5k 3k (His145,
Pro110 Argd58 . Leul89 Alal93) Z [A] & 4 i 7K #H
HAEH, T 1K A B BT EA 5 BSA
WA ENE GY ., [FEF EA R 2 5 IR 5k 5
(Argldd) JE R 25E, BK 008 3.12,2.96
nm, 2 2 GV ISR TP A A R e L
4E RIS R W 15 EA A BSA 454 094EH H1 B
JEAEAE T RIS USE LLAN A — 8 K AR D, E
ST A DGR IS W R A>T RIS T
ST T 85 A B A SO AR 7 2y it 56
PEHE T EME R

7 EAFIBSAXMEZHENR EASFRESERS % E
Fig.7 The 3D diagram of docking between EA and BSA and the distribution of amino acids around the EA
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TR I 22 638 1k 43 7 X AU R R A
I T EA 5 BSA WA EAEH] . 2065 ik
SR F EA L FSEKE BSA IEE &Y,
Sia Bl 1501, N A kAT, M H FEEEE
AR T AV IE R E B AW s EA A
BSA 1) Bk Jiie W4 77 A 52 e [ B 52 1) BSA 9 2 4%

¥, 8 BSA T a- IR BE LS TG R BT &
B-5E TN 6 th 454, B K 1E 0 th o] R
EA 5 BSA WAER 12—, 28 FXHERI S5 R 1w
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Studies on Ellagic Acid with Bovine Serum Albumin Interaction Using Multispectral
and Molecular Docking Simulation
Ni Dan', Jiang Xinyuan®, Pang Yahui®, Zeng Shengnan?’, Tang Yulian?’, He Siyi’
(‘College of Science, Central South University of Forestry and Technolgy, Changsha 410004
College of Materials Science and Engineering, Central South University of Forestry and Technolgy, Changsha 410004)

Abstract Ellagic acid (EA) is a natural polyphenol with antioxidant, anti—cancer, anti—mutation, anti—inflammatory and
other physiological activities. The interaction between ellagic acid and protein will directly affect its transport and
metabolism in the human body. In this paper, a variety of spectroscopic methods and molecular docking simulation meth-
ods were used to study the reaction mechanism of the interaction between EA and bovine serum albumin (BSA). The re-
sults of UV spectroscopy and fluorescence spectroscopy showed that EA quenched the endogenous fluorescence of BSA in
a static manner, EA and BSA combined to form a stable complex through BSA, resulting in the decrease of a-helix
structure and the increase of B—sheet, B—turn and random coil structure in BSA. There may be hydrophobic interactions
between them. Molecular docking simulation further verifies the results of the above spectral analysis, which shows that in
addition to the van der Waals force and hydrogen bond, the dominant force for the binding of EA and BSA also has a
certain hydrophobic force. The optimal binding site of EA on BSA is located in the hydrophobic cavity between subdo-
main IIA and subdomain IIIA, which is closer to site I. There are hydrophobic interactions between EA and residues
such as His145, Prol10, and Arg458, and there are hydrogen bonds between residues of EA and Argld44. This study
clarified the molecular mechanism of the interaction between EA and BSA, and provided useful information for the study
of EA transport and metabolism in vivo.

Keywords ellagic acid; bovine serum albumin; multispectral method; molecular docking; interaction mechanism



