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Fig. 1 Molecular structures of DNR (a) and EGCG (b)
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NI v M & (1 (CHSA, 48 = 98%, 4 F @4 66.5
kDa) , ¥R 415 K (DNR, 4 Jif =>98%), Ifil i & (4l ¥ >
99%) FIPY T A Ak4E (TBAB, 4iE=>99%) Iy [ I i I
AW B AT BRI 5 AR AR (Al B =99 %) FA 3% 2% (4 =
990 [ bt T R BFHE AT BRA Al s 3-(4, 5~ Y SL e me-2-
H)-2,5- TORFE U A MR AL (MTT) W A 36 |8 Sigma 23 H] 5
DMEM #5755t 3 3% [ Thermo Fisher 24w ; A CE #iJE He-
La 4 Motk B 2K 308 983 A dn BB PR |, 3230 B A L
NEw IR R 2 RS 15 Wi R 2 L A s s
Milli-Q 7K b R 48 R 153 0 25 85 7K il 3 i W . S T H
ZE IR N AN RS T B A pH 7. 4 19 Tris-HCL 22 0 i
W (0.05 mol « L™, NIl F&EE MM IAE 4 C T A7
1.2 {38

PN L EE T (F-4600 B, H iz, HA); 40606
BEF (TICS, db e, W ED; 352 6 H S Y (Zetasizer Nano
ZS, SR3C, HEED s B AL (J-810, Jasco, HA) 5 4
i 1% 3245 (HER Acell150i, Thermo, 2 [H); BE§#7{X (Elx 808,
Bio tek, EH),
1.3 Beskyig
L3.1 =A% HE

£ DNR+ HSA —JoiR & p, HSA ¥k R 4 X107°
mol « L™, DNR ¥ & Jy (0, 0.4, 0.8, 1.2, 1.6, 2.0,
2.4,2.8,3.2,3.6,4.0,4.8)X10 °mol « L', M E KK
79 295 nm, A SR FRAETEEEY N 5.0 nm, I &R BN
298.2, 302.2, 306.2 Fl 310. 2 K, [ il i (B¢ i 1E 3 30 min
JE M E 305~420 nm i [l 566 HE . B2 WOR R S5 ) Uk
K 22535124 60 F1 15 nm, A5 EAR M F . % DNR
AR HSA BRI AP 6tiE .
1.3.2 {& 4740

M THiE DNRAEE H EMLE &0 8, Mm%, %
ARFNAG & 5 A ARICEREE . 23053 HSA ® 1 B, TAAITA
iR E e A AR iE S HSA IR & W, Kb rid
Y15 HSA Wk E R 4X107° mol « L', 4 30 min J5 [
AR I ACK R 2 ) DNR %59 , DNR B # ¥ 5 =04k
FYOOCIEE R AR A 1.3 1 Bl S5 S 800 % DNR
+ GRICH + HSA) 26 6 K4
1.3.3 =ZUHFRERLE

EGCG 7£1E F 1 DNR + (EGCG + HSA) Z 5k & i,
EGCG 5 HSA MFE/RIL N 1+ 1, HAb KA 5 ok R
JEOL TG SR — 2
1.4 ZESMRUTSE

HSA (¥R 5X10 % mol « L', DNR [ ¥ & 4 51 4
(0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 FI
6.0)X10 " mol« L™, L pH 7.4 i TrissHCl & i N
Z I, M€ DNR 7E7E F HSA 1£ 245~305 nm ¢ K 75 B 4 1
IR OGE o
1.5 EZ@kit

JIF I W} HSA (2X107° mol » L™'), HSA+ DNR
(HSA: DNR=1 : 58 1: 15), HSA+ EGCG (HSA :
EGCG=1: 2) 5 (HSA + EGCG) + DNR (HSA : EGCG :
DNR=1 : 2 : 15), FH#i# KK 200~250 nm, FHHEE N
200 nm * min ', /¥R K 0.1 nm, WEBTEHY 1 s, 2K
1.6 ZhaEXEs

HSA (¥R £ H 5 1.5X10 ° mol - L', HSA+DNR
“Jeik &, HSA 5 DNR W EE/RLIL 1+ 58 1+ 15,
(HSA+EGCG) +DNR =0k &, HSA : EGCG : DNR
Syl 2 15, WRRLAR AT BT A W R ST 0. 22 pm AYK R i
I8k (Millipore 2 7], 2 ED #4708, MERE N 25 C,
1.7 fE5pAmEHE

It i HeLa 41 g # F I DMEM 55 3% 3% (£ 10 %0 i 4F 1
EA100 U mL™ ' MEHE., #FHH), T37C, 5% CO,
M SRR R SR B 2 R I — R B R, T RS 1k T
A BB ECRA M T MTT 525, DLl Z DNR, HSA
+DNR, EGCG+DNR L) K HSA+EGCG+ DNR & & ¥ %}
HelLa 41 il (4 142 50 40 0 75 1% . 4% HeLa 40 0 2L 3 X 10° 4> -
LAY BRI AE 96 FLAR L. 0. 1 mL & oA I A K5 SR 5
Bf24h REMO 1 mL EHEAYHAYMESYHAETAH
TV (35 35 S 4 JR S B 9 k., Horh HSA : DNR=1: 1,
HSA : EGCG : DNR=1: 1: 1, 4kgEHi3% 48 h, A 20 uL
MTT (PBS Bt il # Bl 5 mg » mL™"), £55% 4 h 5B 4L
W BALINA 150 mL DMSO fif A ###5 AL FE 570 nm KT
W7 WO BE

2 HiR51E
2.1 Bk KEE

2.1.1 DNR xF HSA ¥ R HL% 4 5F 5
WA 2 FrR . TR WK 295 nm i, HSA 7E 338 nm
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Fig. 2 Fluorescence emission spectra of HSA in the presence of
DNR (DNR : HSA=1~12) at 298.2 K, pH 7. 4
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AR % L T DNR 5 HSA 258 HLH R IRIE. A
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Fig. 3 Absorption spectra of HSA in the presence of DNR at
298. 2 K. The inset corresponds to the absorption spec-
tra of HSA only and the difference absorption spectra
between HSA+ DNR and DNR at the same concentra-

tion, ¢usa) = Cpnpy =5X 107 mol « L™*
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Table 1 Quenching rate constants. binding constants, the number of binding sites and Gibbs free energy changes for the interaction
of DNR with HSA at different temperatures
T/K ky/ ) ) K./ ) . AGU/,
(X102 Lemol ™! «s 1) (X10* L« mol™ 1) (kJ « mol™ 1)

298. 2 1.7640.02 2.6040. 06 1. 0440.02 —25.1940. 06
302.2 1.7240.01 3.214+0.33 1.0640.01 —26.0540. 26
306. 2 1. 6440.02 3.9740. 30 1.0740.01 —26.9440.19
310. 2 1.6140.01 4.93%£0. 50 1.104+0.01 —27.85%0. 26

2.1.2 DNR 5 HSA 2 A9 # 5 5 A%
X FESEK, MEERSBRP NS SHBKOMES
7 50 o) AT LA 3R 51 05 745 300

log[ (Fy, — F)/F] = logK, + nlog([Q], —n(F, — F)[Pl,/Fy)

(2)
Hep[Qlo FLPL 4351 259 58 B 0 Bk B . anAs PRSI 20
H T AED Hr ik, 78 Microsoft Excel IR » BFI{E A 1,
log[ (Fy —F)/F 1%t log([QJo —n(Fy, —F)[ P, /FOEE I 4
R ERE —An i, Z2REEET 2 R EHAHEL.
Hi log[ (Fo —F)/F 1} log([QJo —n(Fy —F)[PJ,/Fo) e %
RPEMERIE O, s &8 K, S8E MR n 5T 1

o BRI BUERTIL, BTIREE NS ALE B AR T,
F AR 9656 05 8 B8 DNR 7 HSA A — D E5G 004, WY
AL R S5 S H BB O 101, HL KA TR T i 3
FW DNR 5 HSA W& & AhSmENE S, mRAFT
DNR HY454 .

NNl (W N NN N e = (B P e
WA ] i 298. 2, 302. 2, 306. 2 Fl 310. 2 K PU~3H EEF DNR
5 HSA T AEH B Z5 4 % BOR H Van”t Hoff Jy 20 (3) 3K
[

InK, =— AH°/RT + AS°/R (3)
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Fig. 4 Modified Stern-Volmer plots for DNR-+ HSA

interaction at different temperatures

2.1.3 DNR /& HSA Eejg i &

N T HiE DNR 1E HSA ERYZEG (L E . 16 298. 2 K T 4p
B 2 AR IE AR A SRR AL T B, LA AIITA Y
R PEIREE AT T s S Aric S . PRid A1 T, DNR 5
HSA M EAE IS & WSS A 0GB T4 2. ST
FRICYI M EE . A TEAR AR DNR 5 HSA B9 255 W] 20805 5
A SF LR RATTET . 45 A W RO A jdi /. 2 W] DNR &5
MRS AAEN, M EEAEETE HSA MM A LA 1.

£z 2 298.2K, tRiC¥I7E4E T DNR 5 HSA
LEFEH(K)E5EE LR (n)

Table 2  Binding constants (K,) and the number of binding
sites (n) for the binding of DNR to HSA in the pres-
ence of site markers at 298. 2 K
K./(X10* L« mol™ 1) n
(HSA+# 340 + DNR 0.96+0. 02 0.87+0.01
(HSA+7Tii%75%) +DNR 2.46+0.11 1.0340.01
(HSA-+ Il %) +DNR 2.06£0.01 0.98£0.01

2.1.4 DNR %4 F HSA ¢ R ¥ 3% kb

4 AA g 15 160 nm I, [ 255040 51 O 1 2 RR A (524
PR IR B 2 LR . 18 5 s o DNR 5 HSA 454 Y[ 2658
JEOLIEE . 2 AA=15 nm Fl AA=60 nm I, [F2E 56 K
R WAL, F 8 DNR 5 in AR & fff & & i
I SR ] A A B B R AE B BB A8 4k . DNR X HSA [R] 25 5%
SR K 45 R W] A= 60 nm B 1958 62 K AR AW B & T
AA=15 nm B}, %X FB AA=60 nm K} DNR % HSA [ 85 K &
Wi, H) DNR 7E HSA ©ER45 & 008 30 (0 R ik
2.1.5 EGCG % T DNR 5 HSA % #= 4 65 % h

HI AR IC SRt DNR 254 F HSA 1 IT A {758, SCHRER

Wl EGCG [IRELE AT 11 A 7 55 o it B —Fh 25 9 i 77 78 %
HSA 55 —f 2y M g m, #4717 =0 R 5 4 52
¥ . [ 6 S EGCG f77F F DNR 5 HSA £ 298. 2 K F M HAE
JAR 2 e ig & . B A& L. DNR (A § 2 HSA %€
JEoik BE i — L BEAIL, %] EGCG f£76 F DNR 4k 4L 5 HSA
s A

“H ' o
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Fig. 5 Synchronous fluorescence spectra for the interaction of
HSA (4X107¢ mol + L™') with DNR (0~4.8X107°
mol + L™")
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3| EGCG /77 F DNR 5 HSA M E A Ka: Fln (£ 3D,
H1# 3 WA, DNR 7E EGCG 1772 T 5 HSA 1258 4L
FEE A AR B BRI/ . X £ Rl T EGCG #il DNR 45

EEE R 298.2 K B & 310. 2 K . = 0K R (045 4 % Fo
K, £ EGCG 4 F, DNR 5 HSA [ 45 4175 J W $4 5
. B EGCG f#7£ F » DNR 5 HSA (%) £ 245 H 5 b Eik

A7E HSA By A0 A f7 5 1, EGCG W7 E &£ T DNR 5
HSA By2E M1 )5, TS 20 DNR A9 37 B o 8 hn . oesh, 34

%3 HFEMATEEEGCG T, DNR 5 HSA £ &

e

IEEEB(K)MESAaH(n)

Table 3 Binding constants (K,) and the number of binding sites (n) for
the binding of DNR to HSA in the absence and presence of EGCG

298.2 K 310.2 K
K./(X10* L » mol 1) n K,/(X10" L+ mol 1) n
EGCG+HSA 9.014+0.93 1.0240.01 5.9740. 82 0.98+0.01
DNR-+ HSA 2.60+0.06 1.0440.01 4.93+0. 50 1.1040.01
DNR+ (EGCG+ HSA) 0.37%+0. 04 0.79+0.01 0.57+0. 06 0.83+0.01

2.2 EGCG7FZET DNR 5 HSA &M ZREMTL

HSA, HSA+DNR } (HSA+EGCG)+DNR #[8] — {4,
JET% EITE 208 Al 220 nm Ab L BT AN 0, RUIR R 8
B AR N o R ETY L oM A B R SR (5D At
6) 5™

MRE = observed CD/(c, X n X [X 10) (5)
a-helix( %) = [(— MRE,; — 4 000)/
(33 000 — 4 000)] X 100 (6)

Hr, MRE ZORRIEMIA, o, RAREOMWE, n fL 5
R AR AR I E 8O AL A K (0.1 em), £ 4 P4
22 W] DNR iy fim A HSA 1 o M2 JiE & &0, HBEHE
DNR ¥ B2 3 inaft — 25 /b . 3R DNA W) 45 & 15 HSA (1
TR B R A RS AL . EGCG (A7 TE T HSA 1) o 82 HE &
B, HRTE EGCG 1748 M = D0k & P o B2 e & 2 K T A1
N TR R o BT D i, R AW RS
B EGCG W /7E7E L% T DNR 55 HSA (454,

%4 HFESHAFEE EGCG K, HSA 71 DNR+HSA #
cIERERESKEHE (D)

Table 4 The a-helical contents and hydrodynamic diameters of
HSA and HSA+ DNR in the absence and presence of
EGCG
FEIR L a1 i Dy
(drug : HSA) /% /nm
HSA 0 52.2440.26 8.11440. 021
HSA-+DNR 5 49.4040.16 8. 131£0. 024
HSA-+DNR 15 44.88+0.138.834+0.012
HSA+EGCG 2 47.9140.12 8. 366 +0. 030
(HSA+EGCG(2))+DNR 15 45.374+0.138.454+£0.014

2.3 EGCG 7EZ7ZE T DNR 5 HSA &£ 5 MR AT

HSA, HSA+DNR K (HSA+EGCG) +DNR {£ % i 7k
GRAR(DOEY T3 4 F . FTIERZ 58 8cE 0.1
~0.2ZH, ZHHEAYHELETFTH _TH=TTEGWHR
PRS0 . £ DNR 5 HSA M EAEH G » 0k 542 g
M, RMUHETAY S F5 HSA WS A RBE R WEN

AT, fHJ& HSA : DNR=1 : 15 &}, EGCG [WfF M D, 1y
AR T o RN, £H EGCG 5 DNR fFfE w45 45
EGCG f#i DNR 5 HSA 45655, 5 CD 458 —3.
2.4 FSMVERREMHESE

i3t MTT #:4 DNR, HSA+DNR, EGCG+DNR #i
HSA+EGCG+DNR X A& i Hela 4H i 1) 40 il 55 % . 40
LB P (TR ik A= (7P

Cytotxicity = (A— B)/A X 100% (D)

Hoh, AR B 43 5 O I B B 3R B IR RO 25 82 -
IR A 0 00 15 757 3R B 3% 00 40 M 0 WO B

I o\r
80 - [ HSA+DNR
< 60
.S
2
E 404
20
0-
0.01 0.1 0.5 0.8 1 1.5
Cpne/x10° mol-L™!
(b) I EGCG+DNR
%0 I HSA+EGCG+DNR
< 604
=
2
Z 401
204

0.01 0.1 05 08 1 1.5

Cong/x10° mol-.L™!
# 7 DNR, HSA+ DNR(a), EGCG+ DNR A X% HSA +
EGCG+DNR(b) %t HeLa 28 i1 i 4 5) 40 i 25 14
Fig. 7 In vitro cytotoxicity of DNR, HSA+DNR (a). EGCG
+DNR and HSA+EGCG+DNR (b) in HeLa Cells
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V9 b 24 49 ok [ — 240 i 4 B IR0 A R s 5 (@) 1T
Cl = (D), /(D) + (D) /(D,), €))
Hrp, CIFRAEHEE. (D)) F(D), K —25Y1E ik
B 2w 25 MW BE . Dy A Dy Sy I R 2 L R AR A Ok E
VOB YRR BE . AR S 2o dE 50 Y0 il .

&l 7(a,b)Jy DNR, HSA+DNR, EGCG+DNR % HSA
+EGCG+DNR ¥ A5 Hij Hela 4004 s, hEE
UL, DNR % Hela 20 fifs (9 20 M 35 o4 B A 0 Rk L1 7
()], TTEAR] LR WUA R R B 1Cs, H 43 31 4 (0. 09, 0. 04,
0.07 F10.01)X107°% mol « L', IC;, {5 FH] HSA By Aff
DNR @ 40 il s P3G Ok, Fos R AT gy DNR+ HSA K- 75
B W) A Ty 25 A R S A M, DI B AT R
FEAER .

CI>1, CI=1 1 CI<C1 B4y 5 3278 5 Fh 25 9 /9 Jin A
YA R/E R . EGCG+DNR #l HSA+ EGCG+DNR &
SN CLo{E4r 58 0.82 1 0. 78, ¥/NF 1, £ EGCG 5
DNR Z7E PR VE I, 9F A HSA f£7E T ¥ [F) 48 I 3 — 45
M, X FERH T EGCG 5 DNR 454 16 HSA 1948 7 fif 51
. EGCG WyfE7E 33 DNR Myl g 3 m, JF &9 5
HSAZERII KRG FEEGWERE S N EHE AN, A
AT R AR . g R R W EGCG RE 8 1 5 DNR XF He-
La 20 Jf 09 40 B 35 7k o 1 25 SR 4% o EGCG il DNR I T8 i €
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Spectroscopic and Cytotoxicity Study on the Influence of
(-)-Epigallocatechin-3-Gallate on the Interaction of
Daunorubicin with Human Serum Albumin
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Abstract Tea polyphenols play roles in the augmentation of antitumor effects, the reversal of multidrug resistance, and the
reduction of side effects of antitumor drugs. Tea polyphenols could be used as biochemical modulators in cancer therapy. In this
study, the interaction of daunorubicin (DNR) with human serum albumin ( HSA) and the effect of epigallocatechin gallate
(EGCG) on the binding process under physiological condition were studied by fluorescence spectroscopy, UV-Vis absorption
spectroscopy, circular dichroism (CD) spectroscopy, and dynamic light scattering (DLS). The cytotoxicity of DNR single drug,
EGCG-+DNR combined drug, and their complexes with HSA against human cervical cancer Hel.a cell line was determined by
MTT assay. Fluorescence quenching result and difference spectra of UV-Vis absorption revealed the formation of a static com-
plex between DNR and HSA. Quenching constants, binding constants, the numbers of binding sites, enthalpy and entropy
changes were obtained from fluorescence data. Positive enthalpy and entropy changes indicated that the binding of DNR to HSA
was mainly driven by entropy. The hydrophobic interaction was the main driving force. Site marker competitive experiments
combined with synchronous fluorescence spectra showed that DNR mainly bound to subdomain ITA of HSA and was closer to
tryptophan residues. In HSA+EGCG+DNR ternary system, the fluorescence data processing model of the ternary system was
established. The number of binding sites and binding constants for DNR-HSA interaction in the presence of EGCG obtained by
Matlab fitting were obviously decreased in the presence of EGCG. This indicated that the presence of EGCG might decrease the
binding affinities of DNR to HSA. In addition, in the presence of EGCG, the binding constant of DNR to HSA increased with
the elevation of temperature. This implied that the main driving force for the binding process was still the hydrophobic interac-
tions. CD spectroscopy and DLS studies showed that drug-protein binding could affect the conformation and particle size of the
protein, resulting in a decrease in the o-helical content of HSA and an increase in particle size. The a-helical content in (HSA+
EGCG) +DNR ternary system was greater than that in the corresponding HSA-+DNR binary system, while the hydraulic diame-
ter of the ternary system was smaller than that of the binary system. This indicated the presence of EGCG weakened the binding
of DNR to HSA due to the competitive binding between EGCG and DNR. This conclusion was consistent with the fluorescence
experiment result of the ternary system. Furthermore, the cytotoxicity of DNR and HSA+DNR complex in the presence or ab-
sence of EGCG was discussed, and the results indicated that the combination of DNR with EGCG had the synergistic effect and
HSA can enhance the cytotoxicity of DNR. Obtained results would provide beneficial information on the combination of EGCG
and DNR in the clinic. This study showed that the spectroscopic method could provide strong support for the study of the inter-

action between combined drugs and proteins.
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