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P | R IR B 7 R SR AR KR,

BREAELSHAAYSEORMALEANKRS. Kamenikovd™ %z FYEil ¥ F k4 &4 THEH
DR B R XHBIT R IR 6 B 55 4% 5 HSA M E/E AR, 75 i AR 7 7E 2 3U% 5 55 4% 19 i
BREV B, R ABHE. Jing" SR RGBS BB B MR R AR T REFEEBTEM
RAYRIEAES HSA MGG B H B R ERNATREITH. AW, XT ECG #m FU 5 HSA 4
BERNTRZS TR LRE. AXEEMRAFRBE RS STOOLEE SIS RBAME = €%
DFE AR R BRI pH(6.0,7. 4,9.0OF ECG X} FU 5 HSA 5 8B RKZ M. AR50k miILER-
PEGYHFRAR SEERZ AN HEEIAERRXER  VEENKE AR KE.

1 SERMB5r

L1 SERas

RS HRETT (F-4600 &, H 32, B 4 HBA (XT5205-R10-D31, XutempTemptech A FRA
B, FELVEEEL0.1C); ZBRBHEETAL (ITC,yp »Microcal, GE Healthcare) ; i7& N EUFHY (Zetasi-
zer Nano ZS, B/R 3, EE) ; B/ A% (J-810, %K%, HA).
1.2 SR

ALEBEE HSA, S HAH A TR, 4 FEH 66 500 D)y § EE Sigma 4. FUURE 4
$>98%) ,ECGURE A H=>99 %), NaH, PO, (E &4 $=>99 %) fl Na, HPO, R &4 8 =>99%) ¥4 B
FEILFENERBAR. BNZRPHHEA Milli-Q KA REFTRENEEFRHEER. SHREH
A pH(6.0, 7.4 F1 9. 0) FIBEER £252 vh VA (50 mMD R &, BT A W B OB A 4°CRITKAR .
1.3 ZRPHK
1.3.1 % k&% ECGHEETH FUH(ECG+HHSA) =ik &, HSA B EWEN 4 oM, ECG 5
HSA EE/R LR 1 1,FU BN 0-720 pM. BARFEKH 295 nm, MR 5 R FIREEFREIHN 5 nm, H
700 V,id F#EKEE KR 305-400 nm.
1.3.2 ¥FEFXZETRE HMBPRENRKEN 100 MK HSABER S PRENEZEFK. &
MAEPHENRZ 1S oM B FUBR. BRAPPER, BRK 2 pL 8 FUGHRETRE 0. 4 pLRINEEE &
W H, B3R 20 3R, PR 150 #b. REAMEINFRBRERN 5 peal » 71 BEHH BN 750 rpm. P & 298. 2 K(pH
6.0, 7.4 F19.00LA % 310.2 K(pH 7. H)F FU 5 HSA WS #HE. BLZEWBRMED M FU BREH
Zvpnkr HSA Mz Bk &, M8 oo 0
IO R, IR R I & B AR R E
S HSA #1 ECG(100 puM)IIE & W, HEW
5o R 2 A SR EE 8 K Mi-
croCal Origin A4FEFT /BT F1 4z .
1.3.3 SHh&LEHE HSABRNEERE
15 uM, FU 5 HSA B EE/R H K 50 = 1.
ECG 7 T FU4 (ECG+HSA) =ik &
H,ECG 5 HSA WEE/R LR 2 + 1, M [ EE/R
i FUMAZ&H HSA 5 ECG MBS
BHIENE MEMTARREELS 0. 22 O e a0 a0 a0 a0

6 000
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pm Egﬂ(%\ ﬁﬁg% (Mllhpore /L\\ﬂ , % @) ﬁﬁ Wavelength/nm

1.3.4 Ho&kiEgx LHGRP,HSA BB (a:HSA;b; HSA+ECG;c>n.FU+ (HSA+ECG) ,FU 5 HSA
Rk EX 2 M, 7£ FU+HSA “niR R U & I EE JR EE 43 B SR 20,40,60,80,100,120,130,140,150,160,170,180)
FU+(ECGHHSA) =JuAk & F FU 5 HSA B E/RHLE N 50 : 1, = 0 R&H ECG 5 HSA /R A
2: 1. HHIBPAEZRASEP LD R EE 195-250 nm, 3T 200 nm « min™ , IR TR LHME.
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2 HR5te
2.1 FERH %

B 2 % ECG 726 F FU &5 HSA 7£ 208, 2 K FHIE MRS E. i o LA H , HSA 7E 335
nm b — IR, B £ BRI AE Y, 1A ECG J5 HSA i3 638 BE R 5, FU 9 965511 A 3 HSA
BB 3R B — S IR 16 SR FU B4k 15 HSA 44

7 FU+(ECG+HSA) S5eik &, R FOL BT I T HSA M E kB, WA A ¥R K, 544
B2 2580 ATV R RN =TI D) (Fuop — Fu)? BUMEEL 3 Fly, 55 Fu 4 510090 8 A0 57
BRI EMH LRI, Fraslis AR R S% AR Bs TR 1+F. ik 1 AL, FU
15 ECG H1ET 55 HSA % & % 5O %: & S8 BB /D X B8] ECG WAEEM S T FU &5 HSA W4

5 T RASE A FU e i 5 AR R T B vk BE 2 1 4R I 2K
#1 ECGEETFUL HSA B AMEARMALSHAR

K, (10*M™1) n R?
T &
298.2 310.2 298.2 310.2 298.2 310.2
FU-+ HSA® 2.99£0.05 5.19£0.08 1.37+0.03 1.44+0.03 0.996 6 0.983 3
FU+ (ECG+ HSA) 0.47=x0.01 2.82£0.05 1.10£0. 02 1.33+0.02 0.9937 0.996 9

¥ a3k B CRRL110.
2.2 FRHERKRE

SR BRE AR RENAN TS, TN AN LR P EERAS S IBFHRIFSE.
FU+HSA iR 5 FUH(ECGHHSA) = oA R 7E pH 6.0.298. 2 K T R » S E LA 3, B L3R
& FU B n3E] HSA 5% ECG+HSA Bk 7= 4 W , T 387337 1 8 o B v = AR [ # B 0 /R LU AR B A5
FWBLE MR BaSEPEARRAAEE, S MR SEREERN S EY & RAEREAEE.
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Molar Ration

Molar Ration

B3 (A)pH6.0,298.2 K F FU 5 HSA & IRy i ® ,(B) ECG #4E F FU &5 HSA fi I i 5
FRERSRMURE SRR RERBEERNEBHINTER 2 F. ARFPALURBALUTSHE.
(D 4RFBEEHLBUAFE FUE HSA EARWRL SR, SFOEMIEE T/ —RURAR.
REBRRMTROURNECEARMENIOLEAL . SRBEEHNESL S LB IrARERL.
(2) AG°<<0, KM FU 5 HSA ZHMERRARK. F—RMR BB RSN IEHE, RARM
RERSERBWIGKER SR ERSE. WMAAES KA b, R B ZEF5E 2 N R B ZA R 2RI
HRBMWEENNENGELE.
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(3) K, 1 K,, b pH 254k pH 7. 4> pH 6. 0> pH 9. 0, X #tH7E pH 7. 4 F FU 5 HSA &
IR 45 A BR, FE pH 9.0 MRFH XM EE FU K pK. &I 7.4 AR, FUSEANEARBRER
M4 S8 FU RifE %k EAL, FUT+HSA — A & 5 FU+(ECG+HSA) =& &+ FU A pH
TREFEEERERTE 4h. hE 470, FU R RAER pH A4k pH 9.0> pH 6.0> pH 7. 4,3
Bl pH 7.4 THRBEASFBAY NS KRER/D. FtHRE Ka f K. BEHE L, XXRALE
RAFERE R T B WmGR, FHRX FU 5 HSA Z RN Z & =AFFIK.

(4 ECG WAERBFU 5 HSA £ BH W » #1 K, EEB/DN, B =0/ R # B g E 8 ok
RERX XEHT ECGCHAENHRT FU 5 HSA WSS, MM INEEEE. Fit, TR NI K
BERE pH A5 4% pH 9. 0> pH 6.0> pH 7.4, 5 oA & — 3.

(4) (B) 112
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= =
£ &
§ —40.6 E
g o3} E
= =
£ £
8 403 8
@ &
£ £
= a8 1 =
0.0F = M
& 40.0
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Molar ratio Molar ratio

M4 298.2 KAH pH F FUZE (A) ZSeHRM (B) =704 R¥FE B (ApH 9.0, MpH 6.0, @pH 7. 4)
%2 ZAEREMpH T FU+HSA 5 FU+ (ECG+HSA) hREHHEEH

FU-+ HSA FU+ (ECG+HSA)
T(K) 298.2 310.2 298.2 310.2
pH 6.0 7.4¢ 9.0 7.4¢2 6.0 7.4 9.0 7.4
m 67.2£1.4 65.9£1.1 61.2£1.1 85.4t1.4 45.6£0.4 40.2£0.5 51.4£0.6 50.1£1.2
n2 29.240.5 23.0£0.4 17.6£0.1 22.1£0.4 19.3£0.3 18.0£0.2 12.3£0.2 16.2£0.3
Ka (103 M™1) 7.42£0.15 10.50£0.16  0.42%0.02 23.40£0.36 5.65+0.10  6.64+0.18  0.22£0.01  9.25+0.21
Koz (103 ML) 7.92£0.17 11.50£0.18 1.08+0.03 29.00£0.44 6.82+0.15  8.25+0.12  0.92£0.02  11.50=£0.22

A HY (k] » mol™1) 10.32+0.17 10.47£0.17 5.25+0.08  8.57+0.13 10.71£0.25 11.53£0.11 5.36+0.19  8.94+0.16
A HY (k] » mol™1) —23.224+0.12 —31.18+0.48 —21.92+0.34 —34.95+0.54 —25.8040.30 —25.35+0.29 —22.23+0.24 —27.89%0.22

TASY (k] + mol™1) 32.41+0.22 33.42£0.21 20.24£0.20 34.51%+0.17 32.13£0.29 31.35+0.18 18.74%+0.30 31.57+0.22

T ASY (k] + mol™1) —0.97+0.17 —8.00£0.52 —4.61£0.41 —8.45+£0.58 —3.924+0.35 —3.00£0.33 —5.31+0.29 —4.7140.27
AGY (k] » mol™1) —22.091£0.05 —22.9540.04 —14.99£0.12 —25.94+0.04 —21.4240.04 —21.82£0.07 —13.38+0.11 —22.6310.06
AGY (k] » mol™1) —22.251+0.05 —23.18+0.04 —17.31£0.07 —26.50+0.04 —21.8840.05 —22.35+£0.04 —16.92+0.05 —23.1810.05

I :a 5| ASCAR(14].

2.3 ECGHHFET FU 5 HSA &4 ik

B EEU T AR B BOR Y B RLR K/ A 4 E BU. HSA K I HAR L LI 5, iy B T L
F L, HSA ®R 3% pH FHEENRMWE, B F NEREBR/D. FRIAKKAEZERREN TR P, H
RN, HSA Kphif2fE pH K28 {k#H N pH 9. 0> pH 6. 0> pH 7. 4, X R i1 F HSA 7 pH 7. 4 B & R
&, 2O, M pH 9. 0 R N ##y B, R AR S, R B BEx. FHRER TR
ZW/h. R, 5 FUERE HSA BIRTE K, X R T FUBABGZEE . MEGBTREIF. M ECGH
FEIERT#H— PR, XU ECG M T FU 5 HSA Z RIWMEER, #15 FU B S MBS
FEEGRE, RTH#EX.
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®3 TRARBEMpH T FU+HSA 5 FU+ (ECGHHSA) hRMKHEEE

T(K) 298.2 310.2
pH 6.0 7.4 9.0 6.0 7.4 9.0
HSA 8.394£0.017 8.360+£0.014  9.116=40.138 8.224+0.024 8.173+0.013  8.336=0.056
FU (50) +HSA 8.423£0.022 8.385+0.012
FU (50) +[ECG(2) + HSA] 10.98+0. 17 9.88+0.15
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(=)
T

Intensity
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Size/nm Wavelength/nm
5 HSAZEALSRHEEMpH FTHKIEER 6 HSAME_@Xi¥% (BK d,FUHHSA (BRI
(B2 c.pH 7.4,298.2 K, 4L €% b:pH 7. 4,310.2 K, 50 ¢ 1,414 c;15 ¢ 1,4k @) ,FU+ (ECG+HSA) (EER
#4% d.pH 6.0,298.2 K, 54k a: pH 9.0,298.2 K) B 150 : 2: 1,848 by

2.4 ECGHIET FU 5 HSA &4 MR

B iR MM AEYE PR _AEHNEEFE. HSA MR 4R EELE 6, /H
B 7] WL, HSA #E 208 #1 222 nm AbH WA R4, X & o MR HE MR IEIE, 23 r>n* B o> 5. 48
I T 3R ) 58 BE R, (BT R A , X R o BRI R HSA WEBEH. « BiR S BATEL D TA
b2 T

observed CD (—MRE,;; —4 000)
C, XnX1IX10’ 33 000—4 000

AH MRE,Cpn 17 S HIREZFHREME R, EEWRE, RERIRER 685, BEKE (0.1 cm). it
BRANBEN TR P, BRTH . HSAK «BIeEFEE pH 7.4 RAETHRR, XXP HSAZE pH 7. 4
iR, SSMBS —. WA FUE,«RIREEE, EEBTRIT. M ECG WZEMN I B

B A FU ZER IR, X —HIEH ECG WHFEMH T FU 5 HSA M4 4.
%4 AEpHT HSA, FU+HSA B FU+ (ECG+HSA)k RS HSA M « MRS B

MRE =

ahelix(%) = X100,

FE/R H (Z5%: HSA) BRI/ %
pH 6.0 7.4 9.0
HSA 0 46.2£0.2 48.1+0.3 47.6+0.1
FU+HSA 50 45.8%0.1 47.440.2 46.0+£0.2
150 43.9£0.2 43.3+0.5 44,1£0.3
FU-+[ECG (2)+HSA] 150 44.6£0.3 44,740.4 44,9+0.2

3 ik

A S SR E BGPTSR B AT E — EOLERTSE T ECG Xt FU 5 HSA AR
REEFR pH TESBAMEW, BELA4NE SRR EELARBETNBEE-RARNESEE S
ECG @il FU 5 HSA W&, MR A E TN FU MR AR &P . R, HSA R4
MTES FUSRERET BB, HEASEHRIEAE. BIREREBENERAR RS HE FU BE
BT RIT AR PLHI 4R BL 5 By, O ECG #1 FU WER-8 ZGRUEE AER.
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Thermodynamic Study on the Effect of Epicatechin Gallate on the Binding

of 5-Fluorouracil to Human Serum Albumin
YUAN Li-xia' LIU Min'’?

(1. School of Chemistry and Chemical Engineering, Liaocheng University, Liaocheng 252059, China;
2. Institute of BioPharmaceutical Research, Liaocheng University, Liaocheng 252059, China)

Abstract Objective Combination therapy is beneficial to enhance the efficacy of anti-cancer drugs
and reduce toxic and side effects. The thermodynamics of tea composition affecting 5-fluorouracil (FU)
binding to human serum albumin (HSA) is worth studying. Method Isothermal titration calorimetry
combined with fluorescence spectroscopy, dynamic light scattering, and circular dichroism spectrum
were used to study the interaction of FU with HSA in the presence and absence of epicatechin gallate
(ECG) under different temperaturesand pH levels. Result The thermodynamic constants, including the
number of binding site n, binding constant K,, enthalpy change AH®, entropy change AS°, and Gibbs
free energy change AG®, were obtained after fitting the data. The results indicated that the major forces
for the binding of FU to HSA are hydrophobic, hydrogen bond and Vander Waals force, and the inhibi-
tion of FU by ECG can increase the free concentration of FU and improve the efficiency. Circular dichro-
ism spectrum data showed that the secondary structure of HSA was changed slightly. Conclusion This
study can help to identify the mechanism of tea composition to enhance the clinical efficacy of FU in the
treatment of cancer, and also provide guidance for the combined therapy of ECG and FU.

Key words combination therapy; 5-fluorouracil; human serum albumin; epicatechin gallate; iso-

thermal titration calorimetry; spectrum



