BT B Bk 2013 4E 6 145 36 4245 3 44 1

doi:10. 3969/j. issn. 1000-9760. 2013. 03. 002

DNA binding of novel organogermanium sesquioxides
with anthraquinone or naphthalene moiety"
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Abstract: Objective To study the interaction of newly synthesized Gel32 derivatives with DNA and deter-
mine the anticancer mechanism of the compounds. Methods The affinity and mode of interaction of four novel or-
ganogermanium sesquioxides with calf thymus DNA (CT-DNA) and two synthetic oligonucleotides, 22-mers poly
(dA - dT) and 22-mers poly(dG « dC) ,were investigated by a combination of absorption spectroscopy,fluorometric
technique, viscosity,and DNA thermal denaturalization. Results The compounds had moderate affinity with CT-
DNA and two synthetic oligonucleotides.22-mers poly(dA « dT) and 22-mers poly(dG « dC) , with binding constants
on the order of 10° ~10°M" in intercalative mode,and showed different preference for duplexes upon the different
groups introduced to organogermanium sesquioxides. Conclusion The newly synthesized Gel32 derivatives can in-
tercalate into DNA. The results suggest that the same methyl group in different types of compounds plays different
role for the interaction of related compounds with DNA,and they may offer a new important guidance for the syn-
thesis and mechanism on anticancer active organogermanium compounds.
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1 Introduction

Of the physiologically active organogermani-
um compounds,Ge-132 and Ge-132 derivatives or
analogs have been specially paid attention due to
their relatively low toxicities and diversely biolog-

ical activities!"™!

. In fact, much recent work has
concentrated on Ge-132 derivatives or analogs
rather than the parent compound. Ge-132 deriva-
tive are considered to be formed through the re-
placement of one of the ethyl hydrogens by an or-
ganic group, or replacement of the hydroxyl in
carboxyl group by forming ester or amide®*). Ge-
132 analog are the organogermanium sesquioxide
containing Ge-O groups. It has been found that
some of Ge-132 derivatives show stronger antitu-
mor activities than Ge-132 itself”®*, Research re-
sults™ indicate that hybrid compounds of or-
ganogermanium sesquioxides and bioactive moiety
could improved the anticancer activities to a sig-
nificant degree. Encouraged by these promising
results,we synthesized four novel Ge-132 deriva-
tives substituted in carboxyl group with anthra-
quinone or naphthalene moiety,1,2,3,and 4, and
also studied the cytotoxic activities against K562
cell line™!. The results showed that the introduc-
tion of planar aromatic naphthalene or anthraqui-
none moiety to the parent compound, Ge-132, en-
hanced the cytotoxic activity greatly. However,
the anticancer mechanism of the compounds still
remains to be elucidated. In the present work we
investigated the affinity and mode of interaction of
the organogermanium sesquioxides and calf thy-
mus DNA and two synthetic oligonucleotides, 22-
mers poly(dA ¢ dT) and 22-mers poly(dG « dC),
by a combination of absorption spectroscopy, flu-
orometric technique, viscosity, and DNA thermal
denaturalization. The newly synthesized Gel32
derivatives can intercalate into DNA, and the
binding of the compounds to DNA was found to
be modest,with binding constants on the order of
10°~10°M" determined for their binding to calf
thymus DNA and the synthetic oligonucleotides,

respectively.

@]
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2 Experimental Section

All experiments on the interaction of com-

pounds with DNA were carried in BPE buffer
consisting of 6mmol/L. Na, HPO,, 2mmol/L
NaH,PO,,Immol/L. EDTA, pH7. 0. Three kinds
of DNA, calf thymus DNA (CT-DNA), 22-mers
poly (dA « dT) and 22-mers poly (dG « dC) ,were
used to examine the interaction between the com-
pounds and DNA. UV-Vis spectrophotometer
(JASCO V-550) equipped with a ETC-505T ther-
moelectric temperature controller; fluorescence
spectroscopy (FP-6500) and DNA melting were
used to study the compounds binding to CT-
DNA,d(AT),,d(AT)
22 and d(GC),, d(GC),; duplex DNA, respective-
ly. Self-complementary, AT or GC duplex DNA
was prepared by heating the oligomers to 95°C for
3 min, and slowly cooling to room temperature,
and then equilibrating for 48 h at 4°C before use.
DNA solution viscosity in the absence or presence
of the compounds was measured three times at
each binding ratio at 25°C.

Absorption spectroscopy and fluorescence ti-
tration data were recorded at room temperature by
keeping the concentration of the drug constant
while varying the nucleic acid concentration. Fluo-
rescences were measured at an excitation wave-
length of 320nm and at an emission wavelength of
550nm for 1 and 2,at an excitation wavelength of
294nm and at an emission wavelength of 456nm
for 3 and 4. Fluorescence titration data were fit di-

rectly to get binding constants, using a fitting
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function incorporated into the program Fit All
(MTR Software, Toronto) described as ref'"

11]

and"

Viscosity experiments were carried out on a
Cannon-Manning Semi-Micro viscometer at 25°C
in BPE buffer. Flow time was measured with a
digital stopwatch, each sample was measured
three times and the average flow time was calcu-
lated. The CT-DNA concentration was kept con-
stant (300pmol/L in base pair) in all the sam-
ples, but the drug concentration was increased
from 15pumol/L to 90uM. Data are presented as
(n/7’)"* versus the ratio of drug concentration to
DNA concentration, where 1 was the viscosity of
DNA in the presence of drug and 7’ was the vis-
cosity of DNA alone. The values of 3 and 1" were
calculated by the expression (t-tb) / tb,where t is
the observed flow time and tb is the flow time of

buffer alone.
3 Results and Discussion

Absorption Spectra and Melting Temperature Meas-
urements

Addition of ¢t-DNA to 1 and 2 induced
strong hypochromic and bathochromic effects of
the absorption spectrum. The absorption bands at
about 275 and 265nm exhibited hypochromism of
about 33% and 42%, and bathochromic shift of
7nm and 20nm, respectively, reflecting strong in-
teraction between the drug chromophores and the
DNA bases.

effects were also observed in 3 and 4, with 18%

Hypochromic and bathochromic
and 20. 4% hypochromicity,4 and 2nm red shifts,
respectively. The results suggested an intimate as-
sociation of the four compounds with ct-DNA and
it was also likely that these compounds bind to
the helix by intercalation. Figure 1 showed the ab-
sorption spectra of 1 and 3 in the absence and in
the presence of ct-DNA recorded in BPE buffer.
Thermal denaturation measurements of DNA
were further performed to obtain a qualitative e-
valuation of the DNA binding affinity of these
compounds. Support for the intercalation comes

from thermal denaturation measurements as it has

been established that the stacking of intercalation
into the nucleic base pairs can stabilize the double
helix and thereby increase the melting points of
DNA. Three DNA of different base pair composi-
tion[ CT-DNA (which contains roughly equal pro-
portions of A « T and G + C base pairs) , 22-mers
poly(dA + dT),and 22-mers poly(dG « dC) Jwere
used. The variations of the melting temperature
(T.) of helix-to-coil transition of ct-DNA and the
two polynucleotides were presented in Table 1. It
could be seen from the Table 1 that ct-DNA mel-
ted at 66. 7°C in the absence of any drug under the
experimental condition, the Tm of CT-DNA was
increased by 2.6,2.1,6. 3,and 4. 3°C in the pres-
ence of 1,2,3,and 4,respectively. For the 22-mers
poly (dG « dC) and 22-mers poly (dA « dT), the
melting temperatures in the presence of the four

compounds were also increased by 2~7°C.
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Figure 1. Absorption spectra of 1 and 3 (50 pmol/L for 1
and 25 pmol/L for 3) with increasing concentration
of CT-DNA. Panel A for 1,B for 3
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Table 1 UV Melting temperature (Tm) of CT-DNA.,
22-mers poly (dA « dT) ,and 22-mers poly (dG « dC)
in the absence and in the presence of the Compounds

1,2,3,and 4.

Tw”
DNA
1 2 3 4 DNA alone
CT-DNA 69.3 68.8 73.0 T71.0 66.7
22-mers poly(dA + dT)  39.0 39.7 40.5 39.4 37.0
22-mers poly(dG + dC)  81.4 82.6 83.6 82.1 76.5

Tm measurements were performed in BPE buffer (pH 7. 1)
using 20pM DNA and 10uM drug (Curg/Cpna = 1/2) in 500p]
quartz cell at 260nm with a heating rate of 1 °C /min. Each drug was

tested in triplicate,and the results were averaged.

Viscosity To further clarify the interactions be-
tween the compounds and DNA, viscosity meas-
urements were carried out,for hydrodynamic data
provide perhaps the most critical test for interca-
lative binding in the absence of X-ray crystallo-

42 1f a compound

graphic or NMR structural data
binds in a DNA groove, without intercalating, on-
ly modest changes in viscosity are generally ob-
served,since this has little effect on the effective
length of the polymer. Intercalation, on the other
hand, proceeds by unwinding the double helix to
accommodate a compound that becomes inserted
and stacked between the base pairs. This process
results in an effective increase in the DNA con-
tour length™™. When the relative increase in con-
tour length, (7/7 )%, versus the ratio of drug
concentration to DNA concentration,r,is plotted,
the slope m of this plot has different values de-
pending on the DN A-binding affinity of the inter-
calator. Representative intercalators such as ethid-
ium bromide (EB), proflavine, and aminoacridines
usually have values of m between 0. 8 and
1.5015] The data of viscosity measurements
showed that the representative intercalators, EB,
had value of m about 1. 16,and the values of m of
the four compounds were between 0. 85~1. 0, rel-
atively little lower than that of the ‘classic interca-
lating agent, EB. Evidently, the four novel com-
pounds increased the length of CT-DNA,resulting

in an increased viscosity, which suggested that
they bound to DNA by intercalation.

These viscosity data,along with UV-Vis ab-
sorption and melting results,indicated unambigu-
ously that the new compounds did behave as in-
tercalators.

Fluorescence Titration Studies

We exploited intrinsic fluorescence of the
four compounds to evaluate the strength of the in-
teraction of the drug with the three kinds of
DNA. Addition of DNA to the four compounds re-
sult in the fluorescence decrease, and this proper
is very useful for accurate determination of the
DNA binding affinities. Titration data are fit di-
rectly to get binding constants!'®'. The binding
constants (K,,,) of the compounds with ¢ct-DNA
and two synthetic oligonucleotides, 22-mers poly
(dA » dT) and,were presented in Table 2.

The binding of the novel compounds to DNA
was found to be modest (in comparison to classi-
cal intercalators ), with binding constants on the
order of 10° ~10°M'. Generally, the compounds
with naphthalene moiety (3 and 4) bound DNA
more strongly than the compounds with anthra-
quinone moiety (1 and 2),exception for the bind-
ing of 2 with 22-mers poly(dG « dC) with a Kapp
of 1.03X10 *M ', It can also be seen from Table
2 that the compound 1 and 2 had preference for
binding to AT-rich duplexes, whereas the com-
pound 3 and 4 had a little preference for binding
to GC-rich duplexes.

Table 2 The DNA binding constants of compounds
1,2,3,and 4

Kapp X 10 M1

Compd

CT-DNA  22-mers poly(dA « dT)  22-mers poly(dG « dC)

1 0. 55 1.62 1.03
2 0. 54 10. 3 5.26
3 9.51 22.9 27.2
4 2.28 5.08 7.97
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Of the compounds 3 and 4, 3 bound DNA
stronger than 4 (about the 4 times higher of the
K., ) » indicating that the exist of methyl group
was unfavourable to the interaction of the naph-
thalene compounds (3 and 4) with DNA. In con-
trast, for anthraquinone compounds, 1 and 2, the
exist of methyl group enhanced the binding affini-
ties of the compound with DNA (about 5 times
difference) ,except ct-DNA. The results suggested
that the same methyl group in different types of
compounds played different role for the interac-
tion of related compounds with DNA.

The compounds had moderate affinity with
ct-DNA and two synthetic oligonucleotides, 22-
mers poly(dA « dT) and 22-mers poly(dG « dC),
with binding constants on the order of 10° ~
10°M™ in intercalative mode,and showed different
preference for duplexes upon the different groups
introduced to organogermanium sesquioxides. The
results may offer a new important guidance for
the synthesis and mechanism on anticancer active

organogermanium compounds.
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