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Study on the Interaction between Epirubicin-Cu System and DNA by
Spectroscopic and Electrochemical Methods
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Abstract The interaction of epirubicin-Cu system with calf thymus DNA has been investigated using UV
spectra, fluorescent spectra, viscosity, cyclic voltammetry, etc. Hypochromism was observed in the UV
spectra of the system in the presence of the DNA. The Scatchard plots showed competitive inhibition aganist
ethidium bromide (EB) binding to DNA. The relative viscosity and thermal deformation temperature of
DNA increased with addition of the epirubicin-Cu system. The fluorescence polarization of the DNA-EB
system increased with addition of the epirubicin-Cu system. Determination of cyclic voltammetry showed
that the DNA made the epirubicin-Cu formal potential positively shift. Then the interaction of the epirubi-
cin-Cu system with pBR322 DNA was studied by the method of gel electrophoresis. The result showed that
the epirubicin-Cu system could cleave pBR322 DNA very effectively. So it can be concluded that the bind-
ing mode of the epirubicin-Cu system with CT DNA belongs to intercalation action.
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FUBME . SRR . B BOFOE B16. # 5 il L
Lt 38 4. A CANILEL Y TRIR, (HEY YRR
PO AR (A FODLBE b S DL AR, AR ST Y Dl 12555
FBIFF T R W SR T IR -Cu® R R 5 /N i fiy
DNA [KIE I, B R A i < o i g 28 SR LR T2 R
FUE R RAER 5 DNA KAV, 51— RIIE AL

1 SRIEERS

1.1 EEFRF

Hewlett-Packard 8453 7448 4h 5 & 11 Perkin-
Elmer LS-50B 84511543 ; Ubbelodhe &£ 1H; CHI660
HaAY 2% T AE 3 BECKMAN®S50 pH ./ -1 i DNA(%E
FAEW TREA ), FHAIEE LA Agso nmlAsgo nm>1.8 fij &,
WJELL 260 nm Ak WK B KA i (=6600 Lemol e
cm™Y), T4 CUKFIRLE%F; ZErhiirh 0.1 molsL ™" Tris
WM 0.1 moleL ™t R R MLl (pH=7.2); R4k L
(EB)(FHAE A F]); $hiEzRF L (Epirubicin, Scheme 1)
FH % F B S 25 R AT R A F SR AR Al (7 R =99%),
oAk 22 44 4 (7S:9S)-9-F2 £, Wi Ft-4- 1 46 3%-7,8,9,10- 110
£-6,7,9,11-PU £ 3-7-0-(2,3,6- = £ H-3- & e -a-L-Fil $
EINHER R k) -5,12-28 — I £R 1R £5; pBR322 DNA It H 54
YT REOGE) TR A T, pBR322 DNA Wi ) 1) Fks
DNA, 2% 7RO I EZE A, BRI PAE IR
FRIZHEIR AR, K h 4363 bp, 43154 2.88 X 10° 1 K.
AURSEE T pBR322 DNA 4l 774 N2k (1) 2
70% LA _L- 1 5U% Covalently closed circular form | (RFI); (2)
7E TE Buffer (pH 8.0)41F N, Agso nm/Azgo nm=1.8. FAthix
71350 A B = 43 b 4l ).
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Scheme 1

1.2 RFHLE-CU* KRR BRI B
121 AFIE-Cu® k7 a9 hl & AL FOk k%

¥ CuCl, FI 244 % 22 b AL (Epirubicin) 43 51 Bt Ji&
1X 107 molsL ™ R, SR 5 K 48 3 L S v VR0 i i
N CuCly ¥, 75— @ MREE BN, e
IR, P43 EEXTRYIM] (R R LA, M:
SR EFEEL M2 EEN, 48 R T

BRE. MRS TS, XN Z5P G 2
JTCREMASIE R, B HAMIEEAS A8/, AT AR AL
PRVETELE, X (1) [RY/[IM] LU AR 3 & 3 22 L 2 AR R 11
BeA L n.
122 RFWEARFILE-CU® k%L DNA #9500k
PAZZ s B b 2 OO RO, R s 2 ) Ay R L
SRR R -CU?', W ¢ BIFEE H 15 umoleL ™, 4R
] LERE it PO I DNA ¥, 1675 ConalCepirubicin=
ConalCepinbicin-ciz-=0, 0.1, 0.3, 0.5, 0.7, 0.9, 1.1. 7=
SNV 30 min JE, EAT S AMAH.
1.3 Scatchard Bl &K RIRE
EFEIME T, [ E DNA W 2.5 pmolsL ™, 43
BRI R R EMERZLE -CPTR R, 115
Cepirubicin/CoNA = Cepirubicin-cu?/Cona=0, 0.25, 0.5, 1.0. =ik
NV 30 min JiE, FREF 100 pg/mL EB B Lk
FRWE-CUP AR, WA K 520 nm, $4% Ex=Em=
6 nm, Mok . Kt Scatchard 7 REP b B,
PL ric % r AEE(r /25 DNA 201 BEANZ AT 8 BB 11
EB 7> 1%L, ¢ /&7 5 EB K FE).
TECAm IR M 5E o, [f € EB-DNA KN 2.5
umolsL ™, 43 5132 Vi I # 2 LE 2 AR 2 L AL -Cu® T ik
%, fiifd Cepirubicin/ CeB-DNA = Cepirubicin-cu2+/Ces-ona=0, 3, 6,
9, 12, 15, 18, 21, 24, 27. =ik T <% 30 min J&, FIH %
FAX IR I T GE, BOHOK B 520 nm, k4% Ex=Em=
6 nm, WsE L9 RS Kol R AR
P=(Fw—FuwG)/(F\ww+FyuG) G=Fuv/Fun

1, PO RIREE, By A1 Py 23010 0 38 FL w4 G I0R T
P18 T T i e R S 6 5 S R AT i R S 6 R Py R
Frn 2309 7K 6 SR 1) 3 T O 4 25 55 ' ok J3
TP A S i
1.4 HATHEHR

i ] DNA-EB ¥ ¥ (cona/Ces = 20), DNA-EB-
Epirubicin (Cona/Ces = 20, Ceg = Cepirubicin) 2 DNA-EB-
(Epirubicin-Cu*") (cona/Ces=20, Cea= Cepirubicin-cu2* ) L,
FEAN )L T W L e B
1.5 FENE

[F 52 /N2 i DNA #RE Sk 1 mmoleL ™, 7S A3k
- CUT IR RIS, I EAE(2840.1) °C, )W 30
min 5, JEATIE. Blipino)”® 3£ FHR-CUP R RIK
YEEL. n 482 DNAZER R EL R -CuP R R BRI, nofC 2
DNA SR I PR R
1.6 BUAFITAHRR

BB FLA 2 59 S AR RP AR 0.05 um AlLO5 B



No. 10 R NATA . RFTEE - R 5 DNA VE OGRS R AL 220 51 1183
P A B, ARSI 6 molsL ™ A Ik ZE K Bl 2 v il 4 1 0 32 A SR T2 L AE-Cu IR MR

VL. SCEHA R 50 mmolsL ™t NaCl, 5 mmolsL ™
Tris (PH=7.2); 5 100 mVes Y SRk R A T 45
Fe, VERH 7R FLRR ok 25 ELFANG, A F R A Al D LR
1.7 FEE-CU* hRSHA pBR322 DNA {ERATHE
KRS

fE 20 pL 5 mmol/L Tris-HCI (pH 7.40, 5 mmol/L
NaCl)ZZ i, I — & PRRR(RIAS B [R5 (e 32
ELE . KR E-Cu? F1 pBR322 DNA R, 184, AR5
78 37 “CIER/KE a3 4 h, T8N EDTA R
b RN SR N S BB I L UK 2 M 6 B, Mk
HE L E-CUP VR 1.0X 107> moleL ™ i i) i
S, AR EWR A 450 30 min, 1 h,2h, 4h,6h, 8h.
ARG N B IR EE I UK BT 45 2, JEH 4 h D &I
], ORI [ R BRI S5

2 GRS

2.1 RBCEERR
BAVRIAE pH=T7.4 It} Cu* AT R F LR B 2 :
5 KIFesE AR (LA RE 5 A Epirubicin-Cu system); [l fi

RH, R R B R, SRR R 1, T
Wi CU IR TR 205 MEE KR,
ST BT 4 F R A A B 1 7% th B P 30T
L.

£1 REWEABRINE RS K

Table 1 The parameter of Epirubicin metal system

Apparent molar Apparent stability

absorptivity constant n(metal) -
8/(].04 Cmflomo|’1.|_) K/(109 L-mol’l) n(ligand)
Epirubicin-
Cu system 3.32%0.02 1.16+£0.01 2:5
(PH=17.4)

Bl BRI -Cu A R4

Figure 1 The optimized structure of the Epirubicin-Cu®*" sys-

tem

WO, 1hek 2~7 eI N DNA J& 54RO
W%, I DNA J5 8RR KRR R -Cu??
(1R 85 R W A W8 5 58 ik /I, HL 36 22 b -Cu ™ 1 i KW i
e 55 Ul /NP Sk KRR SCHRARGE™O 2, /N T LU
J5 456 T CT-DNA XU e AL X 2 (a1, Hmfo it
RO, /o1 L 454 T CT-DNA
i, JCURSO G2 0 HH 3 BN BRI, i R T
F-Cu®" 55 CT-DNA 2 [0 (AR B IR AN J7 X0 .
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B2 HRHERERIE-CU* 5 DNA HIESMR I
Figure 2 UV absorption spectra of epirubicin and epirubi-
cin-Cu?" with increasing concentration of DNA
(a) epirubicin, (b) epirubicin-Cu®". cona/Cepirubicin=0 (1), 0.1 (2), 0.3 (3), 0.5
(4), 0.7 (5), 0.9 (6), 1.1 (7). Arrow shows that the absorbance changes with
increasing DNA concentration.

2.2 Scatchard IR X AwIREAR
221 RFWE-Cu® BAZFELEsH DNA-EB 4744k A
KA At
FIFH R LR -CU® AR 7AE T DNA 5 EB 1EH 1
Scatchard &1 7] 34 531 2% 2% FL A -Cu? A4 & =B
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KRR, DNA 5 EB (4 &H 5 R 4281k, iE
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B3 W MR R -Cu™ R R 174E F DNA 145 EB
i Scatchard

Figure 3 The fluorescence Scatchard plots of DNA and EB
with the different concentration of epirubicin-Cu?*

(a) [epirubicin]/[[DNA]=0, 0.25, 0.5, 1.0, respectively from up to down; (b)
[epirubicin-Cu*"]/[DNA]=0, 0.25, 0.5, 1.0, respectively from up to down.
[DNA]=2.5 pmolsL™*

TR, Ve, WmIDOGH; AR id bR
N, IRPRTETETS. LERTE NI AK) R, TN T
FERY BUR DY, FL9e et — MR/, 10 4/N 19
iR N F] DNA fBEst sy, HeEsh2, S8UN T
e ARG, POt iRz A2 KM, ik 4aE
MR R R R -Cu® A R I F DNA-EB /R &
i, PAE BT, R TR R R R R E-CUT R R A
EB %4+, 1if3/b& EB M DNA 77 sk, Mim
i P {8 7t
2.3 CT-DNA gy I5 14508

TR DNA PFAARPERLE (tn) 1T LAX 2> R 2 LE AR
MEFRR-Cu AR5 DNA (R FIB X (itkdd, M
). #ef15 DNA KAEFEAN RN, BiEsae DNA XU
SERL, IFAE ty 2URIETE, SN S DNA RAESNRES
0t b TR0 RN B TR A S A1 R,
DNA [f] t, 4 84 'C. 24 DNA 5ERFZLLEMEHE, Htnh
86 ‘C; X4 DNA SR F LA -CU A R/EH )G, Ht, b 88
C. IXEWRZHE-CERRMIAN, BN T XU et
SRR,
24 FEWR

FLAT 2400 1 e W BEAR AL T 40 A Al

0.21
a /./I/.
"

0.20 — Ul
& 0.19 w

0.18 4+~

0.17 T T T

0.22

0.21 - -

. 0.20 e
0.19 — l/

0.18 4+

0 9 18 27

B4 REHE@MERE-CU (b)/kRX DNA-EB A%
G B K
Figure 4 The fluorescence polarization of DNA-EB system
increased with addition of the epirubicin (a) and epirubicin-Cu®*
(b) system

[EB-DNA]=2.5 pmolsL*

F T LABRAE DA B (A S 78 20 HRIE B D). 7= A%k
PG OL R, BRI E — BN e i e s A e
JIRESE " A 5 I EH, DNA LR A -Cu®"
WRMEAEM G, ®EAET . J X T KRR
WHUK. MERHE-CP RRULHIEA 70 DNA
AHEL A FE B, DNA A AR B3 F Fr) 2 25 45 48 K AR 4 4 A
MRFRE-CU R R T, FE DNA MK, AR
DNA FiEHin. DNA A& —Z R &7, R,
FH 147 F a2 ) (R AH EL R TR, A DNA K> TR
i, TR R -Cu* A R FH 115 DNA i 47 B
Bl TR S B 1 LA RV FH 455 1, DINAA [ 470 HL Ay 4830
TRl S DNA BB, 7 KA/, M. DNA
B, MUk, B 5 RHERHAE-CUP R RLUGHA TS
3055 DNA HTEAEH.
25 HBEAFITHAMR

9478 AR 2 it 2 i 43 00 30 A 1R % Bl mT LA A
Wiy 15 DNA I AR AR, %, oMo
T5 DNA RAFHEANEHE, Ny & d i E 5,
2, WRANE/NS 75 DNA B 48 E s 47 i A
PRl A e AR, IS H A

M 6 AL, e 5 LEAE 1) BH R V6 H ST (E pa) R H 1 068
LA (Epe) 73 3 8 —0.667 Fi1—0.720 V, UHi {742 53
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BI5 R KR I AL-CuP 1k R 6T DNA B (1)
Figure 5 Effect of concentration of epirubicin-Cu?" and epiru-
bicin on the relative viscosity DNA
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Figure 6 Cyclic voltammograms
(a) 1, Epirubicin (1.0 10° moleL " %); 2, Epirubicin+DNA (1.0X 10 * mole
LY. (b) 1, Epirubicin-Cu?" (1.0X 10 ° moleL %); 2, Epirubicin-Cu®" +DNA
(1.0X10"* moleL."%). 5 mmolsL~* Tris, pH=7.2; scan rate: 100 mVes *,

mvV, XA —0.6935 V. LAY DNA 1EHI G
FF) I 452 V6 FELAVT (Expa) A1 BH 52068 FELAST (Epe) 73 53) 9 —0.665 A1l
—0.718 V, WEHLfAR 2 53 mV, UEHA7 2 —0.6915 V,
AR AL IER BN, R A-CU® " Ak 5 11 B A 0 v iz

(Epa) FH I B0 HLAE (B pe) 71 4 —0.676 Fi1—0.719 V, U§H
fiMiZE 43 mv, VRN —0.6975 V, KREE-CU*
R Z L DNA A FH 5 1R BH B 0 HL AT (Epa) FH B B U v A7
(Epe) 73 3 —0.664 Fi1—0.719 V, WEHIfHIZ 55.9 mV,
RN A —0.6915 V, E A IERE K.
2.6 ERRZERIKOH

N TSR RRLELERE-C R R
DNA [AIAH ELAE R CA e AT T FLEE, FeAT 14 T = A
Fb e FRVK 9256, 7F 20 uL 5 mmol/L Tris-HCI (pH 7.40, 5
mmol/L NaCH)ZZiHf, A — & AR T L Ak
T ELEL-Cu* Rl pBR322 ¥, WA, SRJG1E 37 CIHEK
W 4 h, SN EDTA FIVREY 5 210 %, AR5
N B Fe vk o AT g S, 731 7. I Ta AR
AUIE] pBR322DNA e HLIKE; B 7b AERFEL
F-Cu® k2 b1E) pBR322DNA [t vk & B 7c b
R H s BRI AE R R R -Cu® R R TIE

1 2 3 4 5 6

form 11
form 111
form [

form 11
form 111
form I

form 11
form 111

form 1

C

B 7 RRHEREREE-CO RRERNFRAMNKET S
pBR322 DNA 1F ity Ha vk ]

Figure 7 Results of electrophoresis of pBR322 DNA in the
presence of varying concentrations of epirubicin and epirubi-
cin-Cu?" system

(a) electrophorogram of epirubicin with pBR322 DNA. Lane 1: DNA control;
Lane 2~6: [Epirubicin]=5, 10, 20, 30, 50 pmolsL . (b) electrophorogram of
Epirubicin-Cu?" with pBR322 DNA. Lane 1: DNA control; Lane 2~6: [Epiru-
bicin-Cu?"1=5, 10, 20, 30, 50 pmolsL . (c) Cleavage of pBR322 DNA by
Epirubicin-Cu?" in the presence of radical scavengers. Lane 1: DNA control;
Lane 2: 2X10° molsL* Epirubicin-Cu?"; Lane 3: 2X 10 ° moleL * Epirubi-
cin-Cu?" 0.4 molsL ! DMSO; Lane 4: 2X 105 moleL * Epirubicin-Cu®' +0.4
molsL "t glycerol; Lane 5: 2X10 5 moleL ™! Epirubicin-Cu?" +2.5 molsL *
MeOH
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PBR322DNA Kt ik E. HE 7a & H, HEFREL
FERIEXF]0.5X107° moleL I AT £t B, {HAR B &,
I 24 IR T 2X 1075 moleL L I £ Mz Wik 5y, 2 e
DNA (form 1, CCC 4f) XAE&#rig . tl¥ 7b WG, 4
REIE-CU* A ZRIEF] 05X107° moleL ™ A £k 1k
(form 111, linear #7) HiBL, 43 2 b A -Cu® 1A RIA 3
1.0X10°° moleL " L PEIR I, JF FLBHAF R L EL A -
CU" PR RIK K, LVEBWTII N, HIZ)iE DNA WK
AR, BRI LR -Cu® R AR AT B ()
Ki DNA 3% E. i 7c /& H, 24 0.4 molsL ™" ()
DMSO, HHEE 2.5 moleL ™ f FHEE I A\ B 2 b A -Cu®*
L5 DNA [ 5 B A & I & 4 h, DNA BV LT %%
Sem(E VB ZEJe ). T L, RN AR R
Sl gL, DR THEDN, KRR -CU? X Tkl DNA
(R AR AT i K A D) ).

3 4%it

N e KRR, WA SRS AR TR L
SRR FZHE-CUP A RY DNA HIAHEAEH. 44536
Wk-Cu? "S54 Z A g BRI P T2 R TR, i i 4
PEIEJEAE D) E] DNA (U8 (BT PG e, 7E
—ELAMT CUTHIANFEMAR, thag T fE LK gy
DNA. ST HUIRINLEE, @ik [ IR 4 h G,
KRR [ hFEP= k. WTEY, RRHE-CHhRE
DNA Z [WAR AT ReJE T Kl I Y, HBAT R AF b5
PE KRR EZHE-CP AR DNA Z 11 4 fik
FVEH], ARFZHAE-CU® A RAEA 1.0X107° molsL™!
WEE ¥ pBR322 DNA UJEIH B R Zebt. ixLegs
NG T IRV AR 25 J 46 2 E L -Cu Ak R LR
TR AN R R R G DNA A 7 2022 D) Bk 2R 43t
THMEMAGEE. R & B s 20, BIRhU®E2
YRR VB 25 3R AR 4.
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