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Synthesis, Crystal Structure, and DNA Cleavage Activity of
Two Polyamine Copper(I) Complexes

WEN Xiao-Ming HU Hong ZHOU Hong PAN Zhi-Quan™
(Key Laboratory for Green Chemical Process of Ministry of Education, Wuhan Institute of Technology, Wuhan 430073, China)

Abstract: Two functional polyamine copper(Il) complexes, [Cu(amba)Cl,] (1) and [Cu(4,4’-bipy)(amba)(C10,)]C10,
(2), have been obtained easily via evaporation of the mixture of N,N-bis(3-aminopropyl)-4-methoxybenzylamine
(amba) and 4,4'-bipy and cupric salts. The complexes were characterized by IR, ES-MS and X-ray single crystal
diffraction techniques. The interactions of the complexes with calf thymus DNA (CT-DNA) have been measured
by UV-Vis absorption, fluorescent spectroscopy, electrochemical experiment and viscosity experiment. Absorption
spectroscopic investigation reveals that the calculated binding constants (K)}) values for the two complexes are
1.3x10* mol™- L for 1 and 1.7x10* mol™- L for 2, respectively. Fluorescence spectroscopy shows that Stern-Volmer
quenching constants of complexes 1 and 2 are 1.04x10° mol™-L and 1.81x10° mol™-L, respectively. The results
indicate that the binding modes of the two complexes interact with DNA may be not intercalative modes but
electrostatic modes. Moreover, the higher constant value of 2 shows the interaction of 2 with DNA is stronger than
that of 1. The agarose gel electrophoresis studies reveal that both the complexes cleave pBR322 DNA via a
hydrolytic pathway. CCDC: 867405, 1; 867404, 2.
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Polyamines have drawn considerable attention in been made to synthesize a variety of polyamines!. At
the past decade due to their structural and the diver- the same time, many of metal polyamine complexes
sity of coordination modes. So far, many efforts have were obtained for mimicking the active sites of metal-
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loproteins and metalloenzymes, and studying the rela-
tionship between their structures and properties”. On
the other hand, polyamines can be used for construct-
ing multifunctional materials, such as magnetism, op-
tic, catalysis, microporosity, molecular sorption and
recognition®¥. Furthermore, the artificial polyamine
complexes are also applied to facilitate DNA transfec-
tion of cellular fission, biosynthetic enzymes and cure
of neurological illness”.

It is well known that DNA is very sensitive to
oxidative cleavage, so many studies on mimicking en-
zyme have been focused on molecules capable of

M9 Most of these molecules

cleaving DNA oxidatively
can just induce effective oxidative cleavage of DNA in
the presence of UV light, a reducing agent or an ad-
ditive, such as H,0,'*". However, notwithstanding
their high efficiency and versatility, oxidative cleavage
products are not readily manipulative to further enzy-
matic controlling, and thus have limited use in molec-
ular biology. However, hydrolytic cleaving agents do
not have these faults. The synthetic metallohydrolases
follow a mechanistic pathway closed to the phosphate-
diester bonds acting on the nucleosides which leads to
the formation of fragments like endonucleases . So
study on metallohydrolases capable of mimicking the
function of these endonucleases has been paid more
and more attention. Many transition metal complexes
including the polyamine ligands actually have exhibit-
ed the ability of hydrolytic cleavage of DNA!. How-
ever, most of these ligands used were confined to
macrocyclic polyamines and those with an ethoxyl
pendent" and few of the former research works have
been concentrated on tripodal polyamines bearing a
phenoxide pod. The tripods should have some advan-
tages over the macrocyclic polyamines because the
tripodal ligands often construct a trigonal-dipyramidal
environment around the captured metal ion, leaving
the fifth coordination point vacant, which facilitates
the ligation of free solvent molecular or the substrates
in catalytic process, while, comparatively, the macro-
cyclic ligands tends to be more rigid in coordination
modes. Tang reported a zinc(Il) 2-[bis(2-aminoethyl)

amino|ethanol, its hydrolysis of esters are at least as

good as macrocyclic polyamines™. Considering that
the aryl-groups can insert into base-pairs of DNA via
-7 intereaction and alkyloxide can form hydrogen
bonds with base-pairs, we designed and synthesized
the 4-methoxybenzyl functional N'-(3-aminopropyl)
propane-1,3-diamine to serve as ligand to construct
polyamine complexes. Herein, we report the synthesis,
crystal structure and DNA cleavage activity of two
copper(Il) complexes of amba. Although the structures
of ligand and complexes are simple than the macro-
cyclic polyamine ligand and their complexes, present
work shows that these simple Cu(Il) complexes can also

be good models of phosphate-ester hydrolytic enzymes.
1 Experimental

1.1 Materials and characteristication

All solvents and chemicals were of analytical
grade and used as received, excepl methanol that was
purified to absolute one by general method. N,N-bis(3-
chloride
(amba+3HCI) was prepared according to literature!'®.

CT-DNA were obtained from Alfa Aesar and
used as received. Tris (hydroxymethyl)amino-methane
(Tris), bromophenol blue, ethidium bromide (EB), a-
garose gel and plasmid pBR322 DNA were purchased
from TOYOBO Co. The buffer solutions were prepared
with double-distilled water. TAE buffer: 24.2 ¢ tris
base, 5.7 mL acetic acid and 3.72 ¢ EDTA in 100 mL
water, pH=8. BSE solution: 0.25% bromophenol blue
and 40% (W/W) saccharose. EB solution: ethidium
bromide 0.1 g in 100 mL double-distilled water.

Elemental analyses were performed on a Vario
EL III CHNOS elemental analyzer

many). IR spectra were recorded on a vector 22 FI-IR

aminopropyl)-4-methoxybenzyl ~ammonium

(Elementar, Ger-

spectrophotometer using KBr disc. Electronic spectra
were performed on an UV-2450 spectrophotometer to
observe the absorption spectra in the 200 ~500 nm
range. Electrospray mass spectra were determined on
a Finnigan LCQ ES-MS mass spectrograph using
methanol as the mobile phase with a sample concen-
tration of about 1.0 mmol -I.=. The diluted solution
1

was electrosprayed at a flow rate of 5x10° dm?+min~

with a needle voltage of +4.5 kV. The temperature of
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the heated capillary in the interface was 200 °C and a
fuse silica sprayer was used.
1.2 Synthesis of complex [Cu(amba)Cl,] (1)

Amba-3HCI (0.126 g, 0.5 mmol) in 15 mL water
was adjusted to pH=7 with NaOH solution. CuCl, -
H,0 (0.067 g, 0.5 mmol) in 10 mL methanol was
added slowly to the resulting solution. After stirring at
ambient temperature for about 10 h and slowly evapo-
rating at room temperature over 2 d, blue single crystals
suitable for X-ray diffraction were obtained. Yield: 0.22
g (62%). Anal. Calced. for C;H,sON;CLCu (%): C 43.6,
H 6.5, N 10.9. Found (%): C 43.4, H 6.5, N 10.9. IR
(KBr, v/em™):3236,3 118 (N-H), 1248, 1031 (C-0),
817, 751, 704(C-H) (phenyl).

1.3 Synthesis of complex [Cu(4,4’-bipy)(amba)

(C109]1CI0;4 (2)

Amba-3HCI (0.126 g, 0.5 mmol) in 15 mL water
was adjusted to pH=7 with NaOH solution. The result-
ing solution was extracted by dichloromethane. After
separated the water, the solution was dried with anhy-
drous sodium sulfate and solvent was removed under
reduced pressure. The remainder was dissolved in 10
mL anhydrous methanol, and added to Cu(ClO,),-6H,0
(0.185 g, 0.5 mmol) solution (10 mL) of methanol. Af-
ter stirring at room temperature for a moment, 44" -
bipyridine (0.078 g, 0.5 mmol) was added to the solu-
tion. The suspension was filtered. Insoluble product
was dissolved in water. Blue single crystals suitable
for X-ray investigation were obtained by slow evapo-
ration at room temperature over 2 d. Yield: 0.22 ¢
(62%). Anal. Calcd. for C,H3;00NsClL,Cu (%): C 41.1,
H 4.7, N 10. Found (%): C 41.2, H 4.7, N 9.9. IR
(KBr, v/em™): 3256,3315 (N-H), 1081, 624 (ClO,™),
1247,1032 (C-0).

1.4 DNA-binding and cleavage experiments

CT-DNA (20 mg) was dissolved in 100 ml of
Tris-HCI buffer (50 mmol - L™ Tris-HCI, 50 mmol - L™
NaCl, pH=7.4) and keep at 4 °C for less than 4 d.
Ao, Ao of the above solution were determined on
UV-Vis spectrophotometer and Auq/Aa should be
between the ranges of 1.8~2.0. The DNA concentra-
tion was determined via absorption spectroscopy using

the molar absorption coefficient of 6 600 mol™-L-cm™

(260 nm) for CT-DNA™,

The copper complexes were dissolved in double-
distilled water at a concentration of 5.0x10~ mol - L.\
The UV absorption titrations were performed by keep-
ing a concentration of the complex while varying the
DNA concentration. Complex-DNA solutions allowed
to incubate for 30 min before measurements were
made. The intrinsic binding constant K, was calculat-
[15]

ed according to Eq. (1)

Cona__ Cona 1 (1)
le,—&|  le,—g| K, (le,—&])

&., & and g, are the molar extinction coefficients of the
solution containing both complex and DNA, free com-
plex, and the complex bound to DNA, respectively.

Fluorescence quenching experiments were per-
formed by adding the solution of complex (1.5 L) in-
to EB-bound CT-DNA solution (1.5 L) at different
concentrations (from 0 to 200 pwmol-1.™"). All samples
were excited at 520 nm, and emission was recorded at
530~700 nm.

Cyclic voltammograms was measured in DMF, us-
ing tetrabutyl ammonium perchlorate (TBAP) as sup-
porting electrolyte. Scanning scope was in the range of
-1.1~-0.4 V, and scanning rate was 100 mV +s™. E,=
(E.+E, )2, where E, is cathodic peak potential, £, is
anodic peak potential ™.

Viscosily measurements were carried out using a
capillary viscometer at a constant temperature. Data
are presented as (F/F)" versus molar ratio of complex
to DNA™ where F and F, are the viscosity of DNA
bonding with complex and viscosity of DNA, respec-
tively.

The cleavage of pBR322 DNA by the complex was
examined by gel electrophoresis experiments. Negative
supercoiled pPBR322 DNA (0.5 pl, 0.5 pg-pnl™) was
treated with different concentrations of complex (1 L)
in Tris-HCI buffer (1 pL). After mixing, the mixtures
were incubated at 37 °C for 3 h. The reactions were
quenched by the addition of sterile solution (1 pL,
0.25% bromophenol blue and 40% ((W/W) sucrose).
The samples were then analyzed by electrophoresis for
about 1 h at 100 V on agarose gel in TAE buffer (40

mmol + L™ Tris-base, 40 mmol - L' acetic acid and 1
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mmol - L' EDTA, pH=7.4). The gel was stained with
EB

tographed.

(1 pg-pL™) after electrophoresis and then pho-

1.5 Determination of the crystal structure

Diffraction intensity data were collected on a
Bruker Smart Apex CCD area-detector diffractometer
at 293 K using graphite monochromatic mo Ko radia-
tion (A=0.071 073 nm). Cell refinement and data re-
duction were performed by SMART and SAINT pro-
grams''”l. The structures were solved by direct methods
(Bruker SHELXTL) using all unique data!®. The non-
H atoms in the structures were treated as anisotropic.
Hydrogen atoms were located geometrically and re-
fined in a riding mode.

CCDC: 867405, 1; 867404, 2.
2 Results and discussion

2.1 Synthesis and characterization

The complexes were obtained by the reaction
amba in the presence of CuCl,-6H,0 and Cu(ClOy),"
6H,0 in methanol solution. When amba 3HCI served
as starting material, complex 1 was formed with
chemical formula [Cu(amba)Cl,], while amba served as
starting material, complex 2 was formed with chemical
formula [Cu(amba)(4,4"-bipy)C104]C1O,, which were
showed by elemental analyses and X-ray structure de-
terminations. These results indicated that the coordi-
nated small molecules can leave loose of the metals
easily. In IR spectra of the complexes, strong bands
are found at 1 247, 1 032 ¢cm™ for complex 1 and 1 248,
1 031 em™ for 2, which can be attributed to C-O stretch-
ing vibration peak. Also, N-H stretching vibration
peak are observed at 3 256, 3 315 e¢m™ for complex 1
and 3 236, 3 118 ecm™ for 2, respectively. Based the
above two points, it means that the target complexes
have been synthesized.
2.2 Electrospray mass spectra

The ES-MS spectra of complex 1 in methanol so-
lution is dominated by a peak at m/z 349.08, corre-
sponding to [Cu (amba)Cl]* (C,HysCICuN;O, Caled.
349.10), which indicates that coordinated Cl ion can
leave from the metal ion easily. For complex 2, the

peak at m/z 933.25 can be designated the solvated

molecule for six-coordinate copper amine ion
{[Cu(4.4" -bipy),(amba) (C10,)] - 3EtOH - MeOH - 2H,0}*
(C4iHgCICuN,0y,, Caled. 933.03), which is dominant
confirming that Cu* can form mixed coordinated com-
plex, with the ligand, 4,4 -bipy, and perchlorate ion.
The ES-MS spectrum shows that complex 1 is not sta-
ble enough in methanol solution.
2.3 Structure description
2.3.1 Crystal structure of [Cu(amba)Cl,] (1)

Unsymmetrical ellipsoid structural unit of com-
plex 1 is given in Fig.1, together with the atom num-
bering scheme. The crystallographic data and details
about the data collection are presented in Table 1,
and selected bond lengths and angles relevant to the
copper(ll) coordination polyhedron are listed in Table
2. Hydrogen bond lengths and angles relevant to the
two complexs are listed in Table 3.

The complex 1 contains a mononuclear unit
[Cu(amba)Cl,], and the copper(ll) was five-coordinated
displaying a square-pyramidal configuration. In the

structure, the copper atom is coordinated with three N

Fig.1

Unsymmetrical ellipsoid structural unit of

complex 1 with 50% probability level

Symmetry codes: a: x, =14y, z; b: =0.5+«x, 2.5-y, 0.5+z

Fig.2 View of the hydrogen bonding interactions of

complex 1



ER SC/NIAE P 22 M R T 0 ) 3 0 R A R L B DNA DD 45 1 1989

Table 1 Crystal data and structure refinement for complex 1 and 2

1 2
Empirical formula C14,H,5CLCuN;0 C4H3CLCuNsOy
Formula weight 385.81 699.99
System Monoclinie Monoclinic
Space group P2i/n C2/c
a/ nm 1.495 0(2) 3.190 2(3)
b/ nm 0.675 75(11) 1.199 36(10)
¢/ nm 1.838 0(3) 1.523 79(13)
B/ 111.154(2) 100.600(1)
Volume / nm* 1.731 7(5) 5.730 8(8)
A 4 8
D,/ (g-em™) 1.48 1.553
(Mo Ka) / nm 1.572 1.008
F(000) 804 2776
Size / mm 0.22x0.24%0.30 0.22x0.24x0.28
T/K 291 291
Mo Ke radiation / nm’ 0.071 073 0.071 073
0 range / (°) 2.2~26.0 2.2~26.0
Nety Ny 3404, 191 5612, 371
Tot., uniq. data Ry, 9269, 3 404, 0.025 16 318, 5 612, 0.045
Observed data (1>2.00(1)) 2 829 4 389
R, wR», S 0.033 2, 0.088 4, 1.08 0.056 3, 0.142 9, 1.08
Max. and Av. Shift / error 0.00, 0.00 0.00, 0.00

Table 2 Selected bond lengths (nm) and bond angles (°) for complex 1 and 2

1
Cul-Cll 0.252 64(9) Cul-N1 0.198 1(2) Cul-N3 0213 9(2)
Cul-CI2 0.237 33(9) Cul-N2 0.199 2(2)
Cl1-Cul-Cl 107.63(3) C12-Cul-N1 85.49(7) N1-Cul-N3 92.98(9)
Cl1-Cul-N1 98.76(6) C12-Cul-N2 84.70(8) N2-Cul-N3 91.46(9)
Cl1-Cul-N2 94.56(6) C12-Cul-N3 155.52(6)
Cl1-Cul-N3 96.77(6) N1-Cul-N2 165.36(9)
2
Cul-N1 0.199 2(3) Cul-N3 0.199 5(3) Cul-021 0.247 9(3)
Cul-N2 0.209 1(3) Cul-N4 0.203 7(3)
N1-Cul-N3 172.04(14) N3-Cul-N4 86.39(12) 021-Cul-N2 103.73(10)
N1-Cul-N2 94.37(12) N4-Cul-N2 157.69(12) 021-Cul-N4 98.44(10)
N1-Cul-N4 88.35(12) 021-Cul-N1 88.63(11)
N3-Cul-N2 92.76(12) 021-Cul-N3 86.24(11)

atoms and two Cl atoms, which is similar to [CuCl, range of 0.198 1(2)~0.252 64(9) nm. One Cl atom oc-
(CHuN;0)]™. The equatorial positions are occupied cupies the axial position with the elongated Cu-Cl
by three nitrogen atoms and one chloride atom in distance of 0.252 64(9) nm. The crystal packing is
which the Cu-N and Cu-Cl bond lengths fall in the stabilized mainly by intermolecular N-H--- Cl hydro-



1990 Jx Hl fk

-

&
3
gl

Table 3 Hydrogen bond lengths and bond angles for complex 1 and 2

D-H--A d(D-H) / nm d(H-+A) / nm d(D---A) / nm £DHA / (%)
1

Nla-H1Ca-Cll 0.090 0.261 0.350 0(2) 170.0

N2-H2D---CI2 0.090 0.245 0.334 1(2) 170.0

C9-H9---01 0.093 0.250 0.333 0(4) 148.0

C14b-H14Bb---C12 0.096 0.277 0.370 5(3) 164.0
2

Nla-H1Ba--N5 0.090 0.222 0.305 9(4) 155.0

NI-HIA--023 0.090 0.221 0.310 2(4) 172.0

N3-H3A---013 0.090 0.228 0.312 8(4) 157.0

N3-H3B---011 0.090 0.223 0.308 4(4) 160.0

Symmetry codes: 1: a: x, =14y, z; b: =0.5+x, 2.5-y, 0.5+z; 2: a: 1.5—x, -0.5-y, 1-z.

gen-bonding interactions.
2.3.2  Crystal structure of [Cu(4,4’-bipy)(amba)(Cl0,)]
ClO, (2)

Unsymmetrical ellipsoid structural unit of com-
plex 2 is given in Fig.3, together with the atom num-
bering scheme. Complex 2 contains a mononuclear
cation [Cu(4,4-bipy)(amba)(ClO,)]* and one perchlo-
rate anion. This complex is a centrosymmetric dimer,
where each copper atom has a distorted square pyra-
midal geometry. The N1, N2, N3 and N4 are nearly
coplanar, which constitute the base of the pyramid,
whereas 021 occupies the apical position. The copper
atom only deviates from the base plane 0.0163 0 nm.
In the base plane, the four angles N1-Cul-N2, N2-
Cul-N3, N3-Cul-N4 and N4-Cul-N1 are 94.36 (13)°,
92.77(13)°, 86.38(12)° and 88.37(12)°. The two pyri-
dine rings are not on the same plane, the included
angles of which and the benzene ring of the polyamine
are 66.33° and 60.17°. The apical 021-Cul distance
is 0.247 9 (3) nm, which is very near to the Cu-O

Fig.3 Unsymmetrical ellipsoid structural unit of complex
2 with 50% probability level

bond length of 0.2498 nm reported from the literature
I, The values of Cu-N (N1, N2, N3, and N4) distance
range from 1.991 to 0.2091 nm, which is shorter com-
pared with the distance reported from the literature®".
Two molecular units join each other relying on the
role of hydrogen-bond. Fig.4 reveals the connecting of
the two complex molecules. In the figure, pyridine
rings of the two molecules approximately locate in

crisscross parallel position.

Symmetry codes: a: 1.5-x, =0.5-y, 1—z

Fig.4 Hydrogen bond interactions between two molecules

of complex 2

2.4 Absorption spectroscopic studies

Electronic absorption spectroscopy is one of the
most useful methods for DNA-binding studies of metal
complexes. The UV-Vis absorption spectrum of both
metal complexes in double-distilled water is signifi-
cantly perturbed by the addition of increasing concen-
trations of calf thymus DNA, which are shown in Fig.
5 and Fig.6. The spectrum both show a very strong

absorption band at 225 nm and a relatively weaker
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Fig.5 (a) Absorption spectra of complex 1 in double-distilled water upon addition of calf thymus DNA;
(b) Plot of cpn/(e,—&;) versus ¢y for absorption titration of CT-DNA with complex 1
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Fig.6  (a) Absorption spectra of complex 2 in double-distilled water upon addition of calf thymus DNA;

(b) Plot of ¢pna/(g.~€) versus cpy for absorption titration of CT-DNA with complex 2

absorption band at 271 nm, corresponding to 7-7 rel-
ative to aromatic groups and to metal-to-ligand charge
transfer for the two complexes, and hyperchromicity
was observed. With the increasing concentrations of
CT-DNA, the maximum hyperchromism of 9.2% and
34.3% for complex 1, meanwhile, the maximum hy-
perchromism of 19% and 92.4% for complex 2. The
blueshifts of 7 nm (for 1) and 11 nm (for 2) are ob-
served at the secondary peak. The behaviors of the
hyperchromism and blue-shift can be ascribed to the
binding of the complex to the helix by an non-inter-
calative mode™. The extent of the hyperchromism is
commonly consistent with the strength of intercalative
interaction. In order to quantitatively investigate the
binding strength, the intrinsic binding constant K, was

obtained by monitoring the changes in absorbance at

271 nm for the complex as increasing concentration of
CT-DNA using Eq.(1). As are shown in Fig.5 and Fig.
6, the value of K, was obtained from the ratio of slope
to the intercept from the plot of ¢y /(€,—&) versus
cpm™. The calculated binding constants of 1 and 2 are
1.3x10* mol ™ -L. and 1.7x10* mol " - L, respectively,
which are much smaller than those reported for typi-
(e.g. EB-DNA, K;,~10° mol = - L)/,

while are comparable with some reported non-interca-

cal intercalators

lators™.. The low K, values do favor electrostatic modes.
What is more, the higher Kj, value of 2 indicates the
interaction of 2 with DNA is stronger than that of 1.
2.5 Fluorescence spectroscopic studies

It is known metal complexes show no fluores-
cence in solution. Meanwhile,neither EB nor the so-

lutions of the DNA has the fluorescent features™. But
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double-distilled water, the figure shows the intensity changes on increasing the complex concentration;
(b) Stern-Volmer quenching plots of EB bound to DNA by complex 1
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(a) Emission spectra of EB bound to DNA in the absence (1) and presence (2~6) of complex 2 in

double-distilled water, the figure shows the intensity changes on increasing the complex concentration;

(b) Stern-Volmer quenching plots of EB bound to DNA by complex 2

the solutions of DNA with EB show very strongly flu-
orescence emission. If the complexes added to the
EB-DNA system replace the bound EB, the emission
emission will decrease. The emission spectra of EB
bound to DNA in the absence and presence of the
complexes are given in Fig.7 and Fig.8. From the fig-
ures, it can be seen clearly that the fluorescence in-
tensity of the solutions are weaken after the complex
has been added. The results confirm that the interac-
tion activity of the complex binding to DNA enhance
as its concentration increasing. The linear Stern-
Volmer quenching constant of complexes 1 and 2 are
1.04x10* mol™- L. and 1.81x10° mol™-L,, respectively.
Obviously, the two values are smaller than those of
DNA-intercalative complexes™, which suggests that

the interaction of the two complexes with DNA re-

placing of the EB is not a intercalative mode, but a
electrostatic mode. The results are consistent with ab-
sorption spectroscopic experiment.
2.6 Electrochemical studies

The cyclic voltammogram was employed to study
the interaction of the redox active metal complexes in
DMF to DNA at a scan of 100 mv -s™". The cyclic
voltammetry (CV) curves of complexes 1 and 2 in the
absence and presence of CT-DNA are shown in Fig.9
and Fig.10. In the absence of DNA, the cathodic peak
potential (E,) and the anodic peak potential (E,) of
the complex 1 are —0.64 V and —0.82 V, respectively.
Half-wave potentials, £, taken as the average of E,
and £, is —=0.73 V. The separation between the ca-
thodic and anodic peak potential, AE is 0.18 V,

which indicates that the electro chemical behavior of
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the copper complex 1 is a quasi-reversible process.
When CT-DNA was added to the metal complex solu-
tion, which led in a remarkable loss in the cathodic
and anodic peak current, owes to the interaction be-
tween the complex and DNA®. Meanwhile, the CV
curve of complex 2 has a cathodic peak at —-0.59 V
and an anodic peak at —0.835 V. K, is —=0.713 V,
and AE is 0.245 V, which indicates a quasi-reversible
process, a similar result as complex 1.

0.014 b
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1/ mA

-0.02 4

-0.031

-0.04 1

-0.05 T T T T

E/V
50 mmol - L™ Tris-HCI/50 mmol - L.™" NaCl buffer solution (pH=
7.2), Cempr =110 mol - L

Fig.9 Cyclic voltammograms of complex 1 in the
absence (b) and presence (c) of CT-DNA
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-0.01

-0.02
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-0.034

-0.04

-0.05 T T T T

E/V
50 mmol - L™ Tris-HCI/50 mmol -1 NaCl buffer solution (pH=
7.2), Ceomiee =1%107 mol - L

Fig.10 Cyclic voltammograms of complex 2 in the
absence (b) and presence (c) of CT-DNA

2.7 Viscosity study

To further ascertain the interaction mode of the
complex with DNA, a viscosity study was carried out.
In general, non-intercalation like electrostatic bonding
or grooving bonding mode will not affect lengthening
of the DNA helix, leading to a minor change of DNA

[30-31]

viscosity The results of the experiment indicate

that the presence of the complex hardly exerts effect

on DNA viscosity. As can be seen from Fig.11, both
of the viscosity of DNA faintly increase with increas-
ing complexes concentration, suggesting that the bing-
ing modes of the two complexes interact with DNA
may belong to electrostatic mode™*",

1.0104
1.008 4
1.006 - {

1.004 4 :?:—

1.002 4

(F/FO)I/J

1.000 4

02 00 02 04 06 08 10 12 14
r

CT-DNA at 23 (20.1) °C, epny=100 pmol - L, r=c e/ cons
Fig.11 Effects of increasing amounts of complex 1
and 2 on the relative viscosities
2.8 DNA cleavage

In order to evaluate the function of the two com-
plexes to incise DNA, the cleavage reaction of super-
coiled pBR322 DNA was monitored by agarose gel
electrophoresis. All experiments were performed in
TAE buffer solution (pH 7.2). After reaction for 4 h,
the supercoiled form opens to form an open circular
and finally to a linear form (linear DNA). As a result,
the DNA gets degraded into small pieces which can-
not be distinguished in our assay. The cleavage prod-
ucts were subjected to gel electrophoretic separation
and the gels analysed after ethidium bromide staining.

As is shown in Fig.12, both the two complexes
can transform the supercoiled (SC) to nicked circular
(NC) DNA form, and the concentration of the com-
plexes has no distinct effect on the cleavage activity.
Fig.13 shows the time dependence of the cleavage re-
actions of DNA with the complexes after incubation.
With increasing incubation time, the cleavage of DNA
did not change obviously. Comparing with the other

B2 the two com-

copper complexes in the literature
plexes have an efficient cleavage of DNA.

In order to further clarify the DNA cleavage
mechanism, cleavage trials were carried out in the

presence of typical scavengers for singlet oxygen
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(NaNs, 3 mmol - L.7), for superoxide (KI, 3 mmol - L), 3 mmol -L.™"). As can be seen in Fig.14, no obvious
and for hydroxyl radical (DMSO, 3 mmol - L™ and EtOH, change of DNA cleavage activity of the complexes is

(@) From Il

From [

(b) From 1[I

From [

1 2 3 4 5 6
Complexes were incubated in 50 mmol-L™ Tris-HCl/NaCl buffer at 37 °C. Lane 1~5, DNA+complex
(25, 50, 100, 150, 200 pmol - L"), respectively; Lane 6, DNA control; a for 1 and b for 2

Fig.12  Agarose gel electrophoresis of pBR322 plasmid DNA in the presence of different concentrations

(a) From Il

4 From [

1 2 3 4 5 6
(b)
From Il
From |
1 2 3 4 5 6

¢(DNA)=0.5 pg- L™, with the complexes after incubation in 50 m mol- L™ Tris—=HCI/NaCl buffer (pH=7.2) at 37 °C:
Lane 1~5, DNA+complex (100 wmol-L™) for 1 h, 2 h, 3 h, 4 h, 5 h, Lane 6, DNA control; a for 1 and b for 2

Fig.13  Time dependence of the cleavage of pPBR322 DNA

| m
1 2 3 4 5 6
(b) From I
From [
1 2 3 4 5 6

eopn=0.5 g+ L, by the complexes at different scavenging agents in 50 mmol - L™ Tris-HCI/NaCl buffer (pH=7.2) and
37 C for 4 h: Lane 2~5, DNA+complex (100 pwmol - L™)+3 mmol - L™ NaNy; KI; DMSO; EtOH. Lane 1, DNA+complex
(100 pmol - L™); Lane 6, DNA control; a for 1 and b for 2

From II

From [

Fig.14  Gel electrophoresis diagram showing the cleavage of pBR322 DNA
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observed. That is, DNA cleavage promoted by the two
complexes might not occur by an oxidative pathway

but rather by a hydrolytic pathway.
3 Conclusions

In conclusion, two polyamine copper complexes
were prepared and structurally characterized. In the
comparative DNA binding studies, the binding modes
of the two complexes interacting with DNA were con-
firmed to be electrostatic modes, and complex 2 bind-
ing capacity was slight higher than 1. The interaction
occurrence is supported by the following three find-
ings: (i) the binding constants (K,) values are 1.3x10*
mol ™'+ L for complex 1 and 1.7x10* mol™-L for 2; (ii)
the linear Stern-Volmer quenching constants of com-
plexes 1 and 2 are 1.04x10* mol™ -1, and 1.81x10°
(iii) the DNA viscosity of the

two complexes faintly increase with increasing com-

mol™ L, respectively;

plexes concentration, also suggesting that the binging
modes may be not intercalative modes but electrostat-
ic modes.

Finally, the two complexes show an efficient
cleavage activity toward supercoiled DNA (pBR322
DNA) in the DNA cleavage study. We propose the
DNA cleavage promoted by the complexes occur via a

hydrolytic pathway.
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