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Chemical Nuclease Activities of Schiff Base Macrocyclic Copper(Il) Complexes
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Abstract: The chemical nuclease activities of three closely related Schiff base tetraazamacrocyclic oxamido
copper(ll) complexes (Cul.'*)were compared and the result shows that their chemical nuclease activities follow the
order of Cul*>Cul>>Cul.’. Where complexes CuLl.'" are [5,6-d][13,14-d]dibenzo-1,4,8,11 -tetraazacyclotetradecane-
dione-2,3-diene-7,11-di-ethylcarboxylate-7,12 Copper(Il), [5,6-d][13,14-d]dibenzo-10-methyl-1,4,8,11-tetraazacyclo-
tetradecane-dione-2,3-diene-7,11-di-ethylcarboxylate-7,12  Copper (I) and [5,6-d] [13,14-d]dibenzo-[9,10-d] -
cyclehexano-1,4,8,11-tetraazacyclotetradecane-dione-2,3-diene-7,11-di-ethylcarboxylate-7,12 Copper(Il), respectiv-
ely. The interactions of Cul® with DNA were studied in detail, and the results show that the chemical nuclease
activity of this complex is affected by central metal ions, structure of ligands, pH value, ion strength and complex
concentration. DNA cleavage reaction in presence of the copper () complexes is a typical pesudo-first-order
consecutive reaction, and the rate constants of 0.044 0£0.001 5 min™ (k) and 0.003 52+0.000 18 min™" (k,) for the
conversion of supercoiled to nicked DNA and nicked to linear DNA are obtained in presence of 80 wmol - L' Cul.?

and 2 mmol - L™ H,0,, respectively.
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Identifying small molecules capable of binding and catalysts would potentially be valuable tools in biotech-

cleaving DNA has attracted considerable interest over nology, nanotechnology, therapeutic approaches and the

the last few decades". Such inexpensive small-molecule study of nucleic acid conformations. In this regard,
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metal complexes have been found to be particularly
useful because of their potential to bind DNA via a
multitude of interactions and to cleave the duplex”. The
hydrolytic and oxidative cleavage of supercoiled plas-
mid DNA by various metal complexes have been exten-
sively reported™.

Schiff base complexes present suitable biometric
properties that can mimic the structural features of the
active sites, and they have been widely used in vari-
ous fields such as illness treatment, biochemical reac-
tion and biological regulator™. Recently, the oxidative

DNA cleavage by six schiff base tetraazamacrocyclic
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1 Experimental

1.1 Materials and general methods

Supercoiled plasmid DNA (pBR 322 DNA) was
purchased from Dingguo Ltd. (Beijing, P.R. China).
Other materials and solvents were purchased commer-
cially and without further purification before use unless
otherwise noted. Elemental analyses of C, H and N were
carried out on a Perkin-Elmer 240 analyzer. IR spectra
were recorded as KBr discs on a BIO-RAD 3000 in-
frared spectrophotometer in the 4 000~400 cm™ region.
1.2 Synthesis of complexes

The ligand diethyl 2,2-(oxalyldiimino)bis (phenyl-
elyoxylate) and complex Cul)' and Cul.? were prepared
according to the literature method.

The complex Cul’ was synthesized by the same
method. To a suspension of the ligand (2 mmol) in
ethanol (30 mL), Cu(OAc),-H,0(2 mmol), Et;N (0.7 mL)
and +-1,2-cyclohexanediamine (70% , 2 mmol) were

successively added. The mixture was refluxed for 8 h

T X

oxamido nickel(Il) complexes has been reported by us!®.
The results show that all of these complexes can pro-
mote the oxidative cleavage of plasmid DNA at physi-
ological pH value and temperature in the presence of
H,0,, and the reactivity is highly dependent upon the
macrocyclic ligand employed. In this paper, to inves-
tigate the influence of central metal ions on the DNA
cleavage activities of the complexes, we report the
synthesis of three Schiff base tetrazamacrocyclic ox-

amido copper(ll) complexes and the cleavage behavior

of these complexes toward pBR 322 DNA(Scheme 1).
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Schematic structures of the Schiff base tetraazamacrocyclic oxamido copper(Il) complexes and the corresponding ligand

under continuous stirring. The resulted solid was col-
lected by filtration. Then the solid was recrystallized in
ethanol and the brown microcrystal of Cul? was obtained.
Anal. Caled. for CxHxN,O4Cu (M =580.09): C 57.97,
H 4.87, N 9.66; Found: C 57.81, H4.95, N 9.36%. Main
IR bands(KBr, cm™): 1 727s, 8(C=0, ester); 1 655s, 5(C=
0, oxamido); 1 603s and 1 577s, 6(C=N).
1.3 DNA cleavage studies

The reaction mixtures (25 L total volume) con-
tained 10 ng + L™ of supercoiled plasmid (pBR 322
DNA), 10 mmol - L. NaH,PO,-Na,HPO, buffer(pH value
of 7.0), 10 mmol -L™ NaCl, 80 wmol L™

metal complexes and 2 mmol - L™ H,0,. Reaction mix-

individual

tures were incubated at 37 “C for 2 h, and then
quenched by the addition of 5 pL loading buffer(0.25%
bromophenol blue, 0.25% xylene cyanol, 30% glycerol,
10 mmol - L™ EDTA). Samples(20 wL) were loaded onto
a 1% agarose gel containing ethidium bromide (1 pg-
mL™) in TBE buffer (90 mmol - L™ Tris-borate, pH 8.0,
20 mmol - L™ EDTA). The gel was run at 120 V for 1
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h and photographed under UV light. Quantitation of
cleavage products was performed by Glyko BandScan
software, Version 4.30. Supercoiled plasmid DNA val-
ues were corrected by a factor 1.3, based on average
literature estimate of lowered binding of ethidium to

this structure™.
2 Results and discussion

2.1 DNA Cleavage activity comparison of the
three copper(I) complexes

In order to assess the competence of the three cop-
per (I) complexes for DNA strand scission, pBR 322
DNA was incubated with individual copper(Il) complex-
es under identical reaction conditions. The cleavage re-
action can be monitored by gel electrophoresis. When
circular pBR 322 DNA is subjected to electrophoresis,
relatively fast migration will be observed for the intact
supercoiled form (Form I ). If scission occurs on one
strand (nicking), the supercoiled form will relax to gen-
erate a slower-moving nicked form (Form 1II ). If both
strands are cleaved, a linear form (Form Il ) that mi-
grates between Form [ and Form II will be generated.

As shown in Fig.1, all of the examined complexes
are capable of promoting oxidative damage of DNA in
the presence of H,O, under physiological conditions(pH
value of 7.0, 37 °C), but display different cleavage ac-
tivities. Cul? exhibits the highest DNA cleavage activi-
ty. Under the conditions used, it can completely convert
supercoiled DNA (Form 1) to nicked DNA (Form 1I)
and linear DNA(Form III). Cul.'and Cul? can also con-
vert supercoiled DNA to nicked and linear DNA, but
the supercoiled form is still seen. The results show that
the chemical nuclease activity of the three complexes
follows the order: Cul?>>Cul>>CuL’, which is consistent
with the nickel(Il) complexes having the corresponding

ligands. But the copper (I) complexes display higher

1 2 3 4 5] 6

IC=
JUES

[—=—
Lane 1: DNA control; lane 2: Cu*; lane 3: ligand; lane 4: Cul.'; lane 5:
Cul. lane 6: Cul?

Fig.1 Cleavage of pBR 322 DNA by different metal

complexes

chemical nuclease activity than the corresponding
nickel () complexes. At the same concentrations of

metal complexes and HyO05 (¢ e =80 pumol - L7, ¢ 0, =

2 mmol -L.7"), nearly 100% supercoiled DNA can be
converted to nicked or linear forms in the presence of
Cul?, but corresponding nickel(Il) complexes can only
convert around 6% supercoiled DNA to nicked form!,
Under the same condition, both copper(Il) ion and the
ligand show little DNA cleavage activities. The different
cleavage behavior of the copper(ll) complexes and cop-
per(Il) ion illustrates that the cooperativity between cen-
tral copper(Il) ion and appropriate ligand can increase
the DNA cleavage ability of copper(Il) ion. Considering
the highest DNA cleavage activity of Cul? in the three
copper (I) complexes, the DNA cleavage behavior of
Cul? was studied in detail in subsequent experiments.
2.2 Effects of pH buffer and pH value on CuL’-
mediated DNA cleavage

The pH-dependence of Cul*-mediated DNA
cleavage was investigated in two different buffers (Tris-
HCI buffer and NaH,PO,-Na,HPO, buffer). From Fig.2,
one can see that no matter what pH buffer is used, the
DNA cleavage activity of Cul? increases with the in-
creasing of pH value. In addition, the DNA cleavage
activity of Cul? in NaH,P0,-Na,HPO, buffer is a little
higher than that in Tris-HCI buffer. Though Cul.* could
display higher DNA cleavage activity in basic condi-
tions, NaH,PO,-Na,HPO, buffer with pH value of 7.0
was used in subsequent experiments to investigate the
chemical nuclease activity of Cul.’ at physiological pH
value and temperature.
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Lane 1: DNA control; lane 2~6: Na,HPO,-NaH,PO, buffer; lane 7~
10: Tris-HCI. Lane 2: pH=5.0; lane 3, 7: pH=6.0; lane 4, 8: pH=
7.0; lane 5, 9: pH=8.0; lane 6, 10: pH=9.0

Fig.2 Buffer and pH value dependence of Cul’*-mediated
DNA cleavage
2.3 Effects of ion strength on Cul*-mediated DNA
cleavage

Fig.3 shows the results of an ionic strength study
in which pBR 322 DNA is treated with Cul’ under con-
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Lane 1: DNA control; lane 2~13, 0, 5, 10, 15, 20, 40, 60, 80, 100,
120, 140, 160 mmol - L™ NaCl added to the reaction mixture

Fig.3 Tonic strength dependence of Cul-mediated DNA
cleavage
ditions of increasing ionic strength by addition of NaCl.
From this figure one can see that the process of DNA
cleavage is sensitive to the change of ionic strength.
Cul? displays the highest cleavage activities when ap-
propriate amount of NaCl (about 5~10 mmol -L™) is
added. Further increasing the NaCl concentration, both
nicked and linear DNA decrease, and no linear DNA
can be observed above 60 mmol - L. NaCl. These results
indicate that appropriate ion strength will benefit to
DNA cleavage activity of Cul.’. Therefore, 10 mmol - L™
NaCl was added to the reaction mixtures in subsequent
experiments.
2.4  Effects of complex concentration on Cul’-
mediated DNA cleavage

As shown in Fig.4, the cleavage reaction exhibits
obviously metal complex concentration dependence.
With the increase of Cul® concentration, the amount of
supercoiled DNA decreases and that of nicked DNA in-
creases al the same time. When the concentration of
Cul® exceeds 140 pmol - L™, the supercoiled DNA dis-
appears completely and linear DNA can be observed. In
order to avoid over-degradation of DNA into smaller

fragments, the reaction time is set at 30 min.
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Lane 1: DNA control; lane 2~12, 0, 20, 40, 60, 80, 100, 120, 140,
160, 180, 200 pmol - L' Cul? added to the reaction mixture

Fig.4 Complex concentration dependence of Cul*-
mediated DNA cleavage

2.5 Kinetics of Cul’-mediated DNA cleavage

The experiment to explore time dependence of
Cul-mediated DNA cleavage was also carried out at
physiological pH value and temperature. The fragments
produced in the presence of Cul.’ were analyzed by
electrophoresis(Fig.5A) and a plot of the percentage of

either DNA form versus reaction time is obtained by

A)
The reaction time for lane 1~12 is 0, 10, 20, 30, 40, 50, 60, 80,
100, 120, 150, 180 min, respectively
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Scatter: experimental data; line: fitting curves

Fig.5 Reaction time dependence of Cul-mediated DNA
cleavage (A) Gel electrophoresis results; (B) Den-
sitometric quantitative results of the gel electro-
phoresis

using the electrophoresis data(Fig.5B). From these fig-

ures, we can find that treatment of plasmid DNA with

Cul? results in exponential conversion of supercoiled

DNA to nicked DNA. After treatment with Cul.? for 40

min, linear DNA is also observed. Supercoiled DNA

completely disappears after 50 min. This means that

Cul? can convert supercoiled DNA to nicked DNA ,

then to linear DNA in a sequential manner. The experi-

mental data in Fig.5B can be fitted well with the first-
order consecutive kinetic equations as follows!"’:

Form 1 ﬂ>Form 1 Form TI

N3
1

k
Form 1:C'"=C,'e

kl —kt —k,t —kyt
Form H:C,“:C()'k A (e —-e )+Cle
27
k —k,t k —kyt
. m_ ] _ 2 1 I 2
Form II: C" = C,'(1 ho—k, e + ok, e )+

Col(l=e ) + €,

Where C,', C,", and C," represent the concentra-
tion of supercoiled DNA, nicked DNA and linear DNA,
respectively; C,', C,", C," represent the initial concen-
tration of supercoiled DNA, nicked DNA and linear
DNA, respectively; k; and k, represent the rate constant
of conversion of supercoiled DNA to nicked DNA and
nicked DNA to linear DNA, respectively.

The rate constants of 0.044 0+0.001 5 min™(k,) and
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0.003 52+0.000 18 min~'(k,) for the conversion of su-
percoiled to nicked DNA and nicked to linear DNA are
obtained in presence of 80 wmol - ! Cul? and 2 mmol -
L™ H,0,, respectively. Since the rate constant k, is
much larger than k,, the Cul’ complex may be said to
be the single strand cleavage agents, and the cleavage is

nonspecific!''l,
3 Conclusions

DNA cleavage abilities of three closely related
Schiff base macrocyclic oxamido copper () complexes
were compared. The agarose gel electrophoresis studies
show that all of these complexes can promote the oxida-
tive cleavage of plasmid DNA at physiological pH value
and temperature in the presence of H,0,, but the reac-
tivity is highly dependent upon the macrocyclic ligand
and central metal ions employed. The DNA cleavage
behavior of Cul’?, which displays the highest DNA
cleavage activity in the three complexes, has been stud-
ied in detail. The results indicate that the chemical nu-

clease activity of this complex is affected by pH value,

ion strength and complex concentration.
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