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Abstract: Three new ternary copper(Il) complexes: [Cu(Gly-L-Val)(Phen)]-3.5H,0(1) .[Cu(Gly-L-Val)(TATP)]-2H,0
(2).and [Cu (Gly-L-Val) (DPPZ)] - 1.5H,0 (3) (phen=1,10-phenanthroline, tatp=1,4,8,9-tetranitrogen, dppz=dipyrido
[3,2-a; 2,3-c|phenazine, Gly-L-Val =Gly-L-Valine) , were synthesized characterized by elemental analysis, molar
conductivity, IR and UV-Vis spectroscopes. In addition, the interaction of the complexes with DNA has been
investigated by electronic absorption spectroscopy, ethidium bromide (EB) fluorescence spectroscopy, viscosity and
gel electrophoresis measurements. The results indicated that the complexes could bind to DNA by intercalative
mode, and cleave pBR322 DNA in the presence of vitamin C as a reducing regent with the order of the binding
ability and cleavage activity of the complexes to DNA: complex 3>2>1.
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L-Val % T 5 mL ZE17K , 3+ T A 5 mL 0.1 mol -
L CuCl, %W, #5012 7 4 mol - L™ NaOH 7K % ¥
73 pH=4.8 BYIEW A, H# 0.5 mmol 2 Mt WE e 14 35 fit
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Table 1 Results of elemental analysis of the complexes

Found (caled.)

Complex
C/l% H/% N/ %
CoHz045N,Cu(1) 47.73(47.60) 5.66(5.68) 11.67(11.70)
C2Hy05N,Cu(2) 52.87(52.95) 5.03(5.08) 11.84 (11.77)
CosHys045N¢Cu(3) 54.91(55.04) 4.57(4.62) 15.37(15.42)
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Table 2 Selected IR data(v/cm™) of the complexes

Compound Vo V:H Vi . Y oo Scn Ve
Complex 1 3426 3264 2926 1605 1389 745 1567
Complex 2 3434 3231 2925 1634 1384 731 1567
Complex 3 3420 3257 2913 1631 1382 765 1573
Gly-L-valine 3426 3179 — 1614 1412 — —
Phen 3397 — — — — 739 1588
TATP 3435 — — — — 740 1581
DPPZ 3423 — — — — 740 1577
x3 BRAEYERERRP LN LLEE
Table 3 UV-Vis data of the complexes in methanol solution
Comples T — 7 d—d
A/ nm (e / (L-mol™-em™))
1 205(46312) 225(39038) 272(38512) 610(58.9)
2 207(20825) 257(27850) 336(2925) 617(92.3)
3 275(22 260) 356(4035) 374(4035) 610(79.0)
BC 5 WAE A X AT 3 S Bm p Wil s b MRB Ve R 7/ DIVE A TINE NG o AR B R

TZMBERNRN mor BT, 5 B B 20k hEBLAARAH
Fb 5 R W WA I 1 67 8 R A B S A A | L i B A o
WS, XA R T 22 e DY I i SRR T R 5 | R
J5 ¥ BT B BRI, 55 Ah D e BE S A T L
X 610~620 nm 76 Bl P4 37 30 T — A4~ 55 171 5 /4 12 0k
W )R TG Cu(DES 19 d—d BRIT

& CANINIS R P S e e TR e JIE |
HE A 0 0 BiF 5 485 S0 HE I E A P T fE Y o - X
4 : [Cu(Gly-L-Val) (Phen)] - 3.5H,0 (1), [Cu (Gly-L-Val)
(TATP)]- 2H,0(2) HI[Cu(Gly-L-Val)(DPPZ)] - 1.5H,0(3).,
R TTLEE 5 2 Mg AR 2 S N
A R 2 AN EF U AR O R
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Arrows show the absorbance changing upon the increase in DNA concentration; plots of Cpny/(g—€.) vs Cpyy for the titration of the complexes with
DNA; Copnien f/(mol - L7): 4x107%, Cpna/(mol <L) : (1) 0, (2) 7.24x10°%, (3) 1.77x107, (4) 3.44x107, (5) 5x107, (6) 6.75%107, (7) 7.88x107, (8) 9.67x107%;
Compie2/(mol - L) :4x107, Cpna/(mol - L7™): (1) 0, (2) 3.64x10°, (3) 1.08x107, (4) 1.77x107, (5) 2.45%107, (6) 3.76x107, (7) 5x107, (8) 6.18%107 Ceppien s
/(mol - L") : 1x107, Cpxa/(mol - L)+ (1) 0, (2) 1.83x107, (3) 3.64x107, (4) 5.45x107%, (5) 7.24x10, (6) 1.08x107, (7) 1.25x107, (8) 1.6x107

2 WA YITEAIR DNA R 49 L IO i
Fig.2  Absorption spectra of the complexes upon addition of DNA

I DNA XFEC A0 7 WSO 1 o S5
REAE AR 45 LU T r BRI LAY 5 DNA I8 &%
;E&[ZZ]:

Conal(e.—€)=Cinil(er—&)+1/K\(&-&))

| Cony 78 DNA WK EE &, &0 Fll &, 5300
IR A g C oy~ 1 BTC G 00 14 E IR W' 3 BEORN 58 42 245
B 5 B TC A P R SR WO FR B (35 US54 e R R
WO AR T G, B ol (s~ ) R Cona TE BT, A}
FHEIE R EE AR S5 DNA #4545 5 4L
K, &% 1,2,3 1 K, H72 50 .2.82x10°,5.20x
10°,8.44x10° L-mol™, HAHXT K/NSE G55+
Z ML WE BCAR 5 38 R/ —B, 53 4h, X EEPC & P xt
DNA 45 & A8 1 B 2 55 T & 84 A EB (EB-
DNA=1.4%10° L. -mol " in 25 mmol -L™" Tris-HC1/40
mmol - " NaCl buffer,pH=7.9), J& Tt & F2 1Y
DNA ffi A,

222 BLAYE DNA EHIMIRI 258 (EB) G5 T

A5 FC A Y5 DNA FEH IR AL 2 58 (EB) %t
g 3 iR,

ME AT LLE 1 B E EB-DNA /K & &9
WG IR R O B A B A K X IF
BCA W74 EB DL EB-DNA Z5 W h#r i, £W
BL &5 DNA Z[HA B8 8946 AEH

i 2 e A P % EB-DNA M 5 5¢ )6 6 3 19 7
SCHG Al LA FHZE 8 Stern-Volmer J7 B2 2R AR HC 5 W
IUCEB 5 DNA A BV K o 80 K2

I/ 1=1+K,r

Horp T A 1y 3 ) 2 7 T RN A T n B A 4 e
EB-DNA & R B2 EE r RORBCA Y5 DNA 19
W, DL IyL & r AR RAS — FR B4 (B 3 i
Ky, HEARRPRE K E, HIRSREY1.2.3
1 K., 16535174 0.38.0.94 F11.92, 5 DNA fEAIK



660 T Hl

525

600 | 18 600 600}
1 >~ 14

. L <13 . |

5 500 | 13 5 500 5 500

< 8 i1 < =

S, 400+ 10) } 400 + > 400} !
E 02 02 0.? 10 14 £ ‘E 00 0_20,4r0.6 0810
5 300 5 300 2 300}
g8 k=] _=

8 200t 8 200 2 200t

8 2 ¢

g 100 | Complex 1 g 100 | ﬂo;) 100f Complex 3
= =} =
T [ =

0 L L ) L L )
540 560 580 600 620 640 660 680
Wavelength / nm

0 s L L s s " )
540 560 580 600 620 640 660 680
Wavelength / nm

0 L L L ' L
540 560 580 600 620 640 660 680
Wavelength / nm

Arrows show the absorbance changing upon the increase in complex concentration; plots of Iy// vs r for the titration of DNA with the complexes; [Cuyen 1/
(nmol -L™: (1) 0, (2) 1.02, (3)1.98, (4) 2.86, (5) 3.68, (6) 4.45, (7) 5.16, (8) 5.84; Coppex /(mol -L7): (1) 0, (2) 1.53, (3)2.96 (4) 4.28, (5) 5.51, (6)
6.67, (7) 7.74, (8) 8.75; Cpmpex #(mol - L7): (1) 0, (2) 0.77, (3) 1.48, (4) 2.14, (5) 2.76, (6) 3.33, (7) 3.87, (8) 4.38]
K3 B PxT EB-DNA K& 29001 Y 52
Fig.3 Effects of the complexes on the fluorescence spectra of EB-DNA system
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Fig4 Effects of increasing amounts of the complexes on
the relative specific viscosity of DNA
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Fig.5 Agarose gel eletrophoresis for the cleavage of pBR322 plasmid DNA by the complexes at

different concentrations in the presence of vitamin C
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DNA 1 & B Wik, 54, G842 0 A Quantity
One-4.4.0 FAEXT DNA T BUAN [T B gk 47 8 B AL A
EIRUNFE 4 s,
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Table 4 Comparison of the DNA cleavage efficiency of the complexes in the presence of vitamin C

Complexes Reaction conditions IFornl ! %H
Complex 1 Lanel DNA control(0.30 pg) 96 4
Lane 2 DNA(0.30 pg)+Vit C(0.2 mmol-L™) 95 5

Lane 3 DNA(0.30 pg)+complex 1(1 pmol - L) 97 3

Lane 4 DNA(0.30 pg)+Vit C(0.05 mmol - L")+complex 1(1pumol - L) 87 13

Lane 5 DNA(0.30 pg)+Vit C(0.15 mmol - L)+complex 1(3 pwmol - L) 77 23

Lane 6 DNA(0.30 pg)+Vit C(0.25 mmol - L™")+complex 1(5 pwmol - L™) 61 39

Lane 7 DNA(0.30 pg)+Vit C(0.35 mmol - L™)+complex 1(7 pmol - L™ 52 48

Lane 8 DNA(0.30 pg)+Vit C(0.45 mmol - L™)+complex 1(9 pmol - L™ 34 66

Complex 2 Lane 1 DNA control(0.30 pg) 97 3
Lane 2 DNA(0.30 pg)+Vit C(0.2 mmol - L") 97 3

Lane 3 DNA(0.30 pg)+complex 2(1 pmol - L™ 96 4

Lane 4 DNA(0.30 pg)+Vit C(0.05 mmol - L™)+complex 2(1 pmol-L™) 81 19

Lane 5 DNA(0.30 pg)+Vit C(0.15 mmol+L"+complex 2(3 pmol -L7) 67 33

Lane 6 DNA(0.30 pg)+Vit C(0.25 mmol - L)+complex 2(5 pmol - L™) 48 52

Lane 7 DNA(0.30 pg)+Vit C(0.35 mmol+L"+complex 2(7 pmol L") 14 86

Complex 3 Lane 1 DNA control(0.3 0 pg) 98 2
Lane 2 DNA(0.30 pg)+Vit C(0.2 mmol -L™) 98 2

Lane 3 DNA(0.300 p.g)+complex 2(1 pmol-L™) 96 4

Lane 4 DNA(0.30 pg)+Vit C(0.05 mmol - L™)+complex 3(1 pmol-L™) 81 19

Lane 5 DNA(0.30 pg)+Vit C(0.10 mmol - L™)+complex 3(2 pmol - L) 68 32

Lane 6 DNA(0.30 pg)+Vit C(0.15 mmol - L)+complex 2(3 pwmol - L) 26 74

Lane 7 DNA(0.30 pg)+Vit C(0.20 mmol - L")+complex 2(4 pwmol - L) 11 90

* The serial number is the same as the lane number shown in Fig.5.

F 4 P EE R R R E R, DIE
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17— ORI S Y U)H pBR322 DNA 1Y
VEFMLIE, FRATE DR S5 2544 F A A i 205 bR
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cal)XF DNA #EA7VIEIY | 5 2 ik e -4 ()29 K L-22 5%
2 - (I0)- 22 ML E Y e & P 2003 piy st 4 00 75E 5 4
X} DNA YI#EI AL F .

5 LAY (Cu()] R R 88 TR R Vit C i R

W [Cu(1)], 75 DNA JE & & [Cu(1)]-DNA .
[Cu(] + e (Vit C)—[Cu(I)]

Form I
m Form [
(Coxa=300 ng, Ceppx=4 pmol *L™", Cocomic it Coompn =501, craso=4
pmol - L7, ¢y =4 pmol - L™, Lane 1: DNA, (2):DNA+ DMSO, (3):
DNA+NaNs, (4): DNA+complex 1+Vit C, (5) : DNA+complex 1+Vit
C+DMSO, (6): DNA +complex 1+Vit C+ NaNs, (7): DNA +complex
2+Vit C, (8): DNA+complex 2+Vit C+DMSO, (9): DNA+complex
2+Vit C+ NaNs, (10): DNA+complex 3+Vit C, (11): DNA+complex
3+Vit C+DMSO, (12): DNA+complex 3+Vit C+ NaN;)
6 IAMEFH DMSO #NaN, J& Al 9 U1 #l
pBR322 DNA 19 5E i H. 7K
Fig.6 Cleavage of pBR322 DNA in the presence of
the complexes and/or inhibitor DMSO/NaNj
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