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Abstract. Designing of improved metal complexes, irreversibly modifying the nucleic acids is
important from chemical and biological point of view. In this regard copper nucleases are of great
significance, since they form an important class of artificial nuclease possessing biologically
accessible redox potentials and high cleavage affinity. Therefore, they are potential reagents for
cleavage of DNA. For the same, coordination compounds using Cu(Il) soap with nitrogen and
sulphur donor ligands in a M:L (1:2) molar ratio of the type Cu,(C;sH3;COO),L, and
Cu,(C;H;5CO0)4L, where L are 2-amino 6- bromo benzothiazole, are synthesized and fully
characterized by elemental and spectral analysis namely 'H NMR, FT-IR, ESR and Mass spectra.
The interaction of complexes with Lactobacillus acidophilus DNA is investigated using agarose gel
electrophoresis measurements and visualization of cleavage pattern has been done on UV trans-
illuminator. The result suggests that copper(Il) complexes bind to DNA via different modes. Gel
electrophoresis study reveals the fact that copper complexes involving nitrogen and sulphur donor
moieties cleaves super coiled DNA to nicked linear forms.

Keywords: DNA binding, DNA cleavage, Copper palmitate, Copper caprylate Substituted
benzothiazole.

Introduction

For a long time DNA is considered solely a carrier of genetic information. Over the past
decades there has been a considerable interest in binding properties of DNA with different metal
complexes acting as artificial nucleases under various physiological conditions'. This may be
due to the variety of potential sites provided by this nucleic moiety to varied chemical agents for
efficient co-ordination and multiple interactions in biological environment™>. Such a synergy
has been a subject of extensive research and investigations as they share an important place for
upcoming genomic researches, forensic sciences, and biotechnology in development of new
valuable, improved drugs, therapeutic agents and metal-based anticancer agents™”.

In the aforesaid context, binding and cleavage ability of the transition metal complexes
depends on many factors like nature of metal ion and the ligands, size, stereo chemical
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properties of the metal complexes®. These factors makes the chemical nucleases lead over
the biological nucleases. This is because chemical nucleases being smaller in size can reach
more sterically hindered regions of complex macromolecules. This great attention can be
continued by manipulating the related ligand species through donor atoms’”.

Relating our literature survey to above scenario studies of Dimroth'’, Eichhorn"', Lippard'?,
Sigman"®, Dervan'* and Barton'” are worth mentioning. The mechanistic chemical studies on
reactions of DNA were provided by Stubbe and Kozarich'®'". Sigman’s studies showed that
metal complexes with nitrogen donor ligands act as artificial nucleases in the presence of
molecular oxygen and reducing agents. Some studies reveals that the mechanism of DNA
scission induced by metallo complexes may also involves reactive oxygen species (ROS)'*".

Therefore, extensive studies are necessary to evaluate and understand the factors that
determine the mode of the binding interaction with DNA. Unfortunately among the
aforesaid stuff, macrocyclic copper (II) complexes have received much less attention. The
exact mode, mechanism and extent of binding and cleavage in this perspective still remain
unknown. This nicking of DNA via different modes like oxidative, electrolytic, photolytic
and hydrolytic may be considered a result of structural differences in macrocycles
understudy. With our concerned metal ligands containing poly functional donors (S, O and
N), also gained tremendous attention in a wide perspective’®*. The bonding may involve
hydrogen bonding, Vander Waals force, hydrophobic interaction or coordination between
the metal ion in the complex and base donor atom in DNA probably the nitrogen which
would provide an opportunity to obtain structural insight into the binding event.

Therefore, in the current research work, we have synthesized and characterized Cu(II)
complexes which are able to induce effective DNA cleavage activity. The chemical and
cleavage reactions that we focus are thematic issues that split the biopolymer by attacking its
backbone. The purpose is to understand the selectivity and efficiency of DNA recognized
and cleaved by different structural macrocyclic copper complexes and to develop new
effective cleaving agents or useful DNA probes.

Experimental

All the chemicals used were of AR/LR grade. The percentage compositions of C, H, S, O
and N of complexes were determined by using micro analytical methods on Perkin Elmer
elemental analyzer. The formation of complexes was confirmed by using IR, NMR, ESR,
Mass techniques and elemental analysis. Melting points were determined on Toshniwal
apparatus and were uncorrected. The purity of compounds was checked on Thin Layer
Chromatography. IR spectra (KBr) were recorded at IIT Mumbai on FT IR
spectrophotometer model 8400 S Shimadzu as nujol mull using KBr pellets in the range of
4000-400 cm”' and 'H was recorded in DMSO-d6 using Bruker DPX-300
spectrophotometers using TMS as internal reference. Mass spectra were also recorded in
DMSO d6 at Therachem laboratories, Jaipur. ESR spectra of the complexes were recorded at
liquid nitrogen temperature in the X band region at IIT, Mumbai, X-band spectrophotometer
equipped with 100 kHz field modulations using Tetracynoethylene (TCNE) as the standard.

Synthesis of ligand

2-Amino 6- bromo benzothiazole was synthesized using thiocyanogenation method. In this
method (0.1 mol) p-bromo aniline was treated with a mixture of (0.1 mol) ammonium
thiocyanate, (0.1 mol) cupric chloride and 80 mL glacial acetic acid in a 250 mL three
necked round bottom flask, with stirrer, dropping funnel and reflux condenser at room
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temperature for one and half hour. The thiocyanogenation of aryl amine takes place in the
presence of thiocynogen gas, which was generated in sifu by the reaction of cupric chloride
and ammonium thiocynate.

After cooling the reaction mixture, 100 mL concentrated HCl was added and heat again
for half an hour, then cooled it and then saturated solution of sodium carbonate (Na,COs)
was added to neutralize it, till the solid was formed. The solid separated out was filtered and
washed with cold water, dried and recrystallised with ethanol (Scheme 1).
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Scheme 1. Synthesis of 2 amino 6-bromo benzothiazole

Synthesis of copper surfactants

Copper palmitate / copper caprylate were prepared by mixing 1 g of palmitic acid / caprylic
acid into 25 mL ethyl alcohol, the mixture was shaken in hot water bath and then one drop
of phenolphthalein was added. A saturated solution of KOH in another beaker was prepared
then it was added into Palmitic acid / Caprylic acid solution drop by drop until the light pink
color appears. Now again in another beaker a saturated solution of CuSO, (about 2-3 g in 5
mL H,0) was prepared and mixed it into above solution with stirring till the blue colored
soap is formed. Filtered and washed with warm water and 10% ethyl alcohol then dried and
recrystallised with hot benzene (Scheme 2).

RCOOH + CuSO, + C,H;OH » (RCOO),Cu
Fatty acids ~ Copper Sulphate Ethanol Copper Surfactants
Here, R= C,5Hj3, for Palmitic Acid and C;H;5 for Caprylic acid

Scheme 2. Synthesis of copper surfactants

Preparation of copper complexes

The complexes of copper palmitate (CP(BTA))/ copper caprylate (CC(BTA)) and
substituted benzothiazole were prepared by adding (0.001 mol) copper palmitate/ copper
caprylate with (0.002 mol) substituted benzothiazoles in 25-30 mL ethyl alcohol and the
mixtures were refluxed for about two hours with constant stirring. After cooling the
precipitate were filtered, dried and recrystallized with hot benzene (Scheme 3).
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Scheme 3. Complexation of copper surfactant with substituted benzothiazole
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[CP(BTA)]: Yield: 2.87 g ] Analysis: Calculated for C;4H;3,05N4S,B1,Cu,: C, 58.33;
H, 8.36; O, 7.97; N, 3.49; S, 3.98; Br, 9.96; Cu, 7.91; Found C, 58.30; H, 8.30; O, 7.95; N,
3.42; S, 3.92; Br, 9.94; Cu,7.88. MS in DMSO d6: m/z (%):722.5 (70), 678.5 (90), 668.3
(70), 634.5 (100), 590.5 (87). IR / cm’™": 3450.00 s, 2950.00 s, 2851 s, 2149.97 s, 1600
m, 1500 m, 1334.50 m, 1180 w, 810 w, 580 w, 450 w. IH NMR (400 Mz, DMSO-d6, §) 0.84
(CHs-, 12H), 1.22 (-CH,-, 112H), 3.80 ( -NH,, 4H), 7.82 ( Ar-H, 6H).

[CC(BTA)]: Yield: 1.79¢g ] Analysis: Calculated for CysH7gOsN4S,Br,Cu,: C, 47.71, H,
6.06; O, 11.06; N, 4.85; S, 5.53; Br, 13.82; Cu, 10.97; Found C, 47.66; H, 6.03; O, 11.05; N,
4.81; S, 5.52; Br, 13.79; Cu, 10.90. MS in DMSO d6: m/z (%): 683.3 (60), 639.3 (75), 595.3
(95), 551.2 (100), 507.3 (90). IR /cm’: 3445.75 s, 2954.31 m, 2853.62 m, 2154.99 s, 1588.78 s,
1527.18 w, 1480.85 w, 1306.00 w, 1118.35 w, 836.94 w, 512.61 w, 481.09 w ; IH NMR (400
Mz, DMSO-d6, 6) 0.96 (CHs- 12 H), 1.21( -CH,- 48 H), 3.99 (-NH,,4 H), 7.82 ( Ar-H, 6H).

DNA cleavage analysis of synthesised compounds on bacterial DNA
The study was conducted in three main steps:

Isolation of genomic DNA

24 h Old culture (primary culture) of Lactobacillus acidophilus was taken growing on nutrient
broth (Peptone- 5g, Beef extract -3 g, Sodium chloride- 5 g, distilled water- 1000 mL, pH- 7.0
autoclaved at 1210 °C, 15 psi pressure and 15 min). The media was inoculated with the ATCC
25922 culture of Lactobacillus acidophilus. The primary culture was transferred to the fresh
nutrient broth (25 mL primary culture and 25 mL fresh medium) to obtain secondary culture.

Isolated bacterial DNA sample was supplemented with of 5 mg/mL of synthesised
complexes. Three flasks were taken (secondary culture) loaded with two different concentrations
of sample A and B respectively. Flask no.1 served as untreated control, Flask no.2 with 5 mg/mL
of [CP(BTA)] as sample A, Flask no.3 with 5 mg/mL of [CC(BTA)] as sample B.

Agarose Gel Electrophoresis and visualization of cleavage pattern on UV
transilluminator. Cultures were incubated for 48 h for DNA cleavage and after 24 h of
incubation the DNA was isolated and the bands were visualized on UV transilluminator.

Protocol for isolation of genomic DNA

1000 pL bacterial culture was taken from secondary cultura and centrifuged at 6000 rpm for
10 min and the pellets were collected and treated with 250 pL cell lysis buffer. Again
centrifuged it at10000 rpm for 10 min. Now, supernatant was collected and treat with 250
pL phenol: chloroform: isoamyl alcohol (25:24:1). Centrifuged for 10000 rpm for 10 min,
the upper aqueous layer was collected. Double amount of chilled ethanol + 50 pL of sodium
acetate was added and inverted once. Incubated at -20 »C for 1 h. Centrifuged and collected
pellet were stored it in 100 pL T.E buffer.

Protocol for agarose gel electrophoresis

0.5X TBE by diluting appropriate amount of 10X TBE buffer were prepared. 0.6 g of
agarose was weighed and added to 50 mL of IX TAE. This gives 1.2% agarose gel. Boiled
till agarose dissolves completely and a clear solution results. Meanwhile the combs of
electrophoresis set were placed such that it is approximately 2 cm away from the cathode.
The agarose solution was poured in the central part of tank when the temperature reaches
approximately 60 °C. Air bubbles are not allowed to generate. The thickness of the gel is
around 0.5 to 0.9 cm.
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The gel was kept undisturbed at room imple ura for the agarose to solidify. 0.5X TBE
buffer was poured into the gel tank till the buffer level stands at 0.5 to 0.8 cm above the gel
surface. The combs were gently lift to ensuring that impl remain intact. The power cord
was connected to the electrophoresis power supply according to the convention red: anode,
black: cathode. The samples were loaded in the impl in the desired order. The imple
was set to 50 V and switched on the power supply. The gel was allowed to run for more

im half the length of gel. The power supply was switched off and visualized Gel under
UV-trans-illuminator for interpretation of the result.

DNA cleavage analysis

After the cleavage of the DNA with the chemical treatment at 5 mg/mL concentration the
banding pattern was analyzed by agarose gel electrophoresis using 1.2% agrose gel. The
cleavage pattern was detected after 48 h and 96 h of incubation; the bands were visualized
on UV-transilluminator. DNA ladder was used 100-1000bp (100 bp step up ladder, Merck).

Results and Discussion

In the aforesaid experiment following lanes were obtained on UV trans-illuminator
iii) Lane 1- uncleaved control Lactobacillus acidophilus Genomic DNA

ii) Lane 2- cleaved DNA with imple A 5 mg/mL

iii) Lane 3- cleaved DNA with imple B 5 mg/mL

From a detail historical background and valuable articles on metal depended cleavage of
nucleic acids, one can probably predict the pathway of this biological event™. Interactions of
transition-metal complexes with nucleic acids have been studied two categories:

(1) Those involving a redox reaction of the metal complex with oxidation of the nucleic
acid.

(i) Those involving coordination of the metal centre to the sugar-phosphate backbone so as
to mediate the cleavage of the nucleic polymers.

The ability of the synthesized complexes to affect DNA cleavage was investigated by
gel electrophoresis using Lactobacillus acidophilus DNA. The complexes were found to
exhibit significant nuclease activity. The cleavage efficiency of the complexes was
compared with that of the control (untreated DNA).

In the present study, the DNA gel electrophoresis experiment was conducted at 35 °C
using our synthesized complexes as oxidants. Control experiment using DNA alone does not
show any significant cleavage of DNA even on longer exposure time. But on treatment of
DNA with synthesised complexes, redox property of the metal complexes mediates
oxidation of nucleic acids and the metal complexes were able to degrade DNA effectively.

On comparing the DNA cleavage by both complexes we see that more effective cleavage
is obtain by CC(BTA) than CP(BTA). This can easily be visualised by cleavage patterns of
DNA (Figure 1). Here, we see that Lane-I represents the untreated DNA. This DNA is not
degraded throughout the lane. Lane-II consists of DNA treated with CP(BTA). Visualizations
predict a bit of smearing in DNA. Lane-II shows DNA cleavage pattern treated by CC(BTA).
We see that here the cleavage is much more effective than that of Lane-II.

The gel electrophoresis images clearly reveal that the intensity of all the treated DNA
samples has vanishes, possibly because of the disruption of the DNA. It shows that the
control DNA alone does not show any apparent cleavage whereas the synthesised complexes
show cleavage.
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Figure 1. Image depicting the cleavage pattern of Lactobacillus acidophilus DNA

A general oxidative mechanism has been suggested for DNA binding and cleavage by
abstraction of a hydrogen atom from sugar units and predicts the release of specific residues
arising from transformed sugars, depending on the position from which the hydrogen atom is
removed. The possible proposed mechanism can take place at two levels:

1. Carbohydrate level 2. Nucleic base level

At carbohydrate level abstraction of one of the hydrogen of deoxyribose can initiate the
cleavage process. At nucleic base level it can occurs probably at guanine™ .

Base metal ion in the complexes may also react and attacks at the C4’ position of the
sugar moiety and finally cleaves the DNA (Figure 2). Due to the cleavage, intensity of DNA
band decreases led to extensive degradations, resulting in the disappearance of bands on
agarose gel, which can be observed in Lane-II & IIT of Figure 1.

Figure 2. Backbone of Lactobacillus acidophilus DNA specifying the site of incision

However, the nature of reactive intermediates involved in the DNA cleavage by the
complexes is not clear. The results indicate that the metal ions play an important role in the
cleavage of isolated DNA. As the compound was observed to cleave the DNA, it can be
concluded that the compound inhibits the growth of the pathogenic organism by
transforming the genome.

Conclusion

Complexes were synthesized using common fatty acids, nitrogen and sulphur donor ligands.
Both the synthesised complexes effectively cleave the Lactobacillus acidophilus DNA. Not
only this, synthesised transition metal complexes possess a number of biological
applications. Among transition metal complexes the activity of copper complexes is
significantly high®**. These compounds show bright path towards pharmaceutical as well as
chemical sciences, showing a significant promise as therapeutics, diagnostic probes and foot
printing agents® 2. But still there is need to explore some of more biological properties for
their wide applicability and significant usage in multiple fields because it is an untapped area



Chem Sci Trans., 2016, 5(1), 117-124 123

with potentially tremendous value. Such a new innovations and inventions may be useful to
foot printing studies, studying specific DNA binding agents, as diagnostic researches in
biotechnology, medicinal applications, and potential applications for genomic research. The
ability of metal complexes to cleave nucleic acids efficiently, in a non-degrading manner
and with high levels of selectivity for a site, sequence will offer many applications for the
manipulation of genes, the design of structural probes and the development of novel
therapeutics.
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