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can serve as carrier structures to deliver alkylating agents and
hence improve potency but with reduced side effects. Minor
groove binders have better ability to discriminate between
DNA sequences than intercalators. DNA intercalators tend to
target major groove regions of the oligonucleotide that are rich
in GC sequences (2). They are also generally more cytotoxic
partly due to their influence on topoisomerase enzyme activity
(2). Intercalators have planar structures and can slide in between
adjoining DNA bases (3). This enables relatively strong binding
by stacking interaction between adjacent base pairs through
electrostatic forces (4). The strong attraction to the DNA
polymer give intercalators potent biological effect making them
an important class of chemotherapeutic agent (4). The binding
interaction can also be enhanced by increasing the chromophore
size and introducing specific structures that can slow down the
dissociation kinetics which will allow the drug longer time
within the DNA vicinity hence improving drug potency (4).
Amongst the many molecular configurations of MGBs, the
arc-shaped conformer has the best structural feature that can
insert itself snugly into the DNA minor groove forming hydrogen
bonds between the available hydrogen bond donors and acceptors (5). A good MGB has positive charge on one or both ends of
its structure which draws it to the negative electrostatic charges
present on the floor of the minor groove region of the DNA (1).
Schiff base compounds (R1R2C=N-R3 where R is aryl/alkyl),
also known as azomethines can form complexes with transition
metals and consequently have wide applications in corrosion
science (5,6). They were reported to have anti-bacterial (7-9)
and anti tumor properties (10). Studies on Schiff base interaction with the nucleic acid is limited with most work focusing on
metal complex of this compound (11,12). Their mode of inter
action with DNA varies depending on the structure, with some
compounds showing good intercalative ability with significant
anti-tumor property (12). A number of these Schiff base metal
complexes were able to penetrate into the groove region (13)
while others caused DNA strand cleavage (14).
Schiff bases can be synthesized from aromatic amines and
carbonyl compounds through nucleophilic addition reaction
forming a hemiaminal via tetrahedral mechanism. This is
further dehydrated to form an imine derivative (15-17). We have
synthesized two bis-Schiff base compounds (2MJ) and (2MH)
and solved their crystal structures (Fig. 1A and B) (15-19). The
rigid C=N structure, the flat aromatic moiety and the presence
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Abstract. Molecules that target the deoxyribonucleic acid
(DNA) minor groove are relatively sequence specific and they
can be excellent carrier structures for cytotoxic chemotherapeutic
compounds which can help to minimize side effects. Two novel
isomeric derivatives of diaminobenzene Schiff base [N,N'-bis
(2-hydroxy-3-methoxybenzylidene)-1,2-diaminobenzene (2MJ)
and N,N'-bis(2-hydroxy-3-methoxybenzylidene)-1,3-diaminobenzene (2MH)] were analyzed for their DNA minor groove
binding (MGB) ability using viscometry, UV and fluorescence
spectroscopy, computational modeling and clonogenic assay.
The result shows that 2MJ and 2MH are strong DNA MGBs with
the latter being more potent. 2MH can form interstrand hydrogen
bond linkages at its oxygens with N3 of adenines. Changing the
2-hydroxy-3-methoxybenzylidene binding position to the 1,3
location on the diaminobenzene structure (2MJ) completely
removed any viable hydrogen bond formation with the DNA and
caused significant decrease in binding strength and minor groove
binding potency. Neither compound showed any significant
cytotoxicity towards human breast, colon or liver cancer cell
lines.

Chemotherapeutic agents that directly target the DNA can do so
in a variety of ways including alkylation, intercalation, groove
binding and disruption of enzymes that govern its topology. The
manner, in which these agents interact, has significant biological
implications that may affect their therapeutic outcome. Agents
that associate non-covalently with the nucleic acid either by
groove binding or intercalation, have been shown to be more
selective towards specific DNA sequences (1). Such agents
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Calf thymus DNA, MgCl 2, NaCl, phosphate buffer, EtBr,
dimethyl sulfoxide (DMSO) solvent, trypsin and Hoechst
33258 were all purchased from Sigma-Aldrich (St. Louis, MO,
USA). For the cytotoxicity work; human breast ductal carcinoma (T-74D), human colon carcinoma (HCT-116), human
hepatocellular carcinoma (HepG2) cells were all sourced from
ATCC (American Type Cell Culture). Fetal bovine serum,
McCoy's 5A, minimum essential medium (MEM) and RPMI1641 medium were acquired from Life Technologies (CA, USA).
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT) was purchased from PhytoTechnology Laboratories
(KS, USA). 2MJ and 2MH were synthesized in our laboratory
according to previous published methods (18-20).
Standard buffer solution containing 0.15 M NaCl, 0.50 mM
MgCl2, and 10.00 mM phosphate buffer (pH 7.3) was used
throughout (20)]. Schiff base compounds were separately
dissolved in ethanol forming 1000 µM stock solutions. Stock
solution of calf thymus DNA was prepared by dissolving 4.57 mg
of the calf thymus in 1.50 ml of the standard buffer solution.
The procedure was performed according to previous published
work (21). Briefly, 30 µl of each drug was added to 500 µl buffer
and the absorption was measured. Thirty µl were taken from
2MJ and diluted to 500 µl using the same standard buffer. UV
absorbance was measured at 200-550 nm wavelengths. The DNA
stock solution was titrated against the respective drug solution.
The absorbance measurement was taken after each addition of
DNA in order to calculate the intrinsic binding constant for each
compound with the nucleic acid. The volumes of DNA added to
2MJ solution were 2, 4, 6, 8, 15, 20, 30, 50, 80 and 130 µl to give
effective DNA concentration of 0.003, 0.006, 0.009, 0.012, 0.022,
0.03, 0.045, 0.075, 0.12, 0.195 mg/ml, respectively. The DNA
was added until no apparent decrease in absorption reading was
observed. This procedure was repeated for 2MH, using the 2,
4, 6, 8, 10, 12, 14, 16, 22 and 30 µl of the DNA stock solution to
give 0.003, 0.006, 0.009, 0.012, 0.015, 0.018, 0.021, 0.024, 0.033,
0.045 mg/ml solution. The UV absorbance values were measured
on a USA Perkin-Elmer Lambda 45 spectrometer.
The drug binding fraction α, and the equilibrium distribution at each titration position is calculated according to the
following formula: Α=Cb/C= (1-Cf/C)=(Af º-A)/(Af º-Abº). A f º
and Abº are the measured absorption for the free and fully
bound drug at the monitoring wavelength. r=α.C/CDNA and
Cf= (1- α).C, where CDNA is the total concentration of DNA
or oligonucleotide titrant at each point. The binding constant

value K, was determined by plotting a scatchard plot of r/Cf
vs r (22).
Competitive binding assay was carried out according to
literature (23-26). The fluorescence displacement assay was
performed using a Perkin-Elmer LS45 luminescence spectro
meter. Emission spectra were measured at 600 nm, using the
excitation wavelength 525 nm. The temperature was fixed at 22˚C
throughout the work. Ethedium bromide and Hoechst 33258
were separately mixed with the calf thymus DNA prior to the
addition of the test compounds. Calf thymus (30 µl) was made up
to 2.0 ml using the standard buffer forming a 0.046 mg/ml prior
to its fluorescence intensity measurement. Ethedium bromide
(30 µl) was then added to it and the fluorescence intensity was
re-measured.
Viscometer experiments were performed using an Ubbelohde
viscometer (Cannon, USA). The temperature was maintained
at room temperature (25˚C) with the aid of a water bath. Calf
thymus DNA solution (10 ml of 240 µg/ml) was placed in the
viscometer and allowed to pass through the small capillary tube.
The time taken for the sample to pass through was measured by
using a digital stop watch. This procedure was repeated but with
the addition of varying concentration of 2MJ and 2MH to the
calf thymus DNA. A volume of 1.3, 2.6, 4.0, 6.6, 9.33 and 13.33 µl
containing 30 mg/ml of the individual compounds were added to
10 ml of the 240 µg/ml calf thymus DNA to give compoundDNA ratio of 1:1, 1:2, 1:3, 1:5, 1:7 and 1:10. Ethedium bromide
and Hoechst 33258 were used as positive control representing
intercalation and minor groove binding compounds, respectively.
The time required for each mixture to pass was recorded. The
procedure was performed in triplicate for each sample ratio.
Compound 2MJ, with concentrations 1.25, 2.5, 6.25, 12.5,
25, 37.5, 62.5, 87.5, 125, 162.5, 200, 250, 287.5 µM, was then
titrated against the calf thymus DNA and ethedium bromide
mixture and the fluorescence intensity reading was taken after
each addition until the initial fluorescence intensity value was
halved. This process was repeated for 2MH using concentrations
0.75, 1.5, 3.75, 7.46, 14.85, 22.33, 36.58, 50.72, 71.42, 91.54, 111.1
and 136.36 µM of the drug, employing Hoechst 33258 as the
competitive substrate in the manner described previously (21,27).
The emission intensity was measured at 490 nm using excitation
wavelength of 360 nm.
All the cell lines used for the cytotocity evaluation were
between passages 5-9. The cells were cultured in their respective growth medium supplemented with 10% fetal bovine serum
and 1% penicillin-streptomycin. The colon HCT-116 cells were
cultured in McCoy's 5A medium while the liver HepG2 cells
were grown in MEM medium. The breast T-47D cells were
developed in RPMI-1641 medium. MTT viability assay was
performed with slight modifications as described by Mosmann
(28). In brief, cells were seeded at 5,000 cell density per well
for each 96-well plates in 180 µl medium. 2MJ was dissolved
in 100% DMSO as the main stock solution. After an overnight
incubation, 2MJ reagent was added into each well to make the
final concentration 100, 50, 25, 12.5, 6.25, 3.12 and 1.56 µg/ml.
The untreated cells received only DMSO as a negative control.
DMSO was serially diluted at concentrations ranging from
1%-0.03%. All cells were treated for 48 h. The experiment was
repeated twice with four replicates for each concentration. MTT
was first prepared as a stock solution in 5 mg/ml of phosphate
buffer saline solution. At the end of the treatment period (48 h),
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of imine moieties in both compounds allow a wide variety of
structural analogues to be prepared.
In this study we analyze the suitability of these two bis-Schiff
base compounds as potential MGBs. We probed the nature of their
binding characteristics so as to understand structural features
that are important for good binding efficiency between diaminobenzene Schiff base and DNA. With this in mind, these two
Schiff base structural analogues, which differ in their 2-hydroxy3-methoxybenzylidene binding position, were employed in this
study. 2MJ (Fig. 1A) has its 2-hydroxy-3-methoxybenzylidene
substructure located at the 1 and 2 positions of its diaminobenzene unit, while 2MH (Fig. 1B), has this moiety located at the 1
and 3 positions making its structure wider than the former.
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Table I. The IC50 ± SD for each cell line after treatment with
different compounds.
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20 µl of MTT solution was added to each well. After 4 h
incubation at 37˚C, the medium was removed and 200 µl
of DMSO was added to the well to dissolve the formazon
crystal. After 1 min of shaking, the optical density was
recorded using a plate reader (Multiskan Ascent) at 570 nm
for absorbance and 650 nm as reference filter. This procedure
was repeated for 2MH.
All molecular docking simulations were performed by using
a PC under Red Hat Linux 9.0 operating system. X-ray crystallographic structure between Hoechst 33258 and a synthetic
B-DNA dodecamer of sequence C-G-C-G-A-A-T-T-C-G-C-G
(pdb: 8BNA) was used as a model (29). The ligand within the
DNA was substituted with 2MJ and 2MH crystal structure
data (15-19). All the water molecules and heteroatoms were
removed from the DNA pdb file. Polar hydrogens were
added using Insight II (30) and the charges were assigned
from AMBER force fields library using Insight II program
(Accelrys Inc.). Each atom was then assigned a solvation
parameter based on the affinity of the atom for solvent, and
a fragmental volume based on the amount of water that the
atom excludes from solvating the surrounding atoms (31).
This step was achieved by using ADDSOL utility. Grid
parameter file (GPF) was then prepared. Each grid point
stores energy of interaction of the corresponding atom type
with the rest of the DNA. The evaluation of the binding
energy is based on a set of interactions, including van der
Waals dispersion forces, electrostatics and hydrogen bonding.
A box with dimension of 80 Å x 80 Å x 120 Å was created, to
include the entire DNA. A grid spacing of 0.375 Å was used
and the pairwise-atomic interaction energy parameters were
taken from AutoDock website (http://autodock.scripps.edu).
Parameters of 12-6 were set for van der Waals forces, while
12-10 for hydrogen bonds. The distance-dependent dielectric
function of Mehler and Solmajer (32) was used. Autodock
program version 3.0.5 (33) was used to perform docking.
A rapid energy evaluation through precalculated grids of
affinity potential was combined with a variety of algorithms
search in order to find a suitable binding position for the
ligands on a given DNA site. The program allows the ligands
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Figure 1. (A) N,N'-Bis-(2-hydroxy-3-methoxybenzylidene)-1, 2-diaminobenzene (2MJ) and (B) N,N'-Bis-(2-hydroxy-3-methoxybenzylidene)-1, 3-diaminobenzene
(2MH).
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HCT- 116
HepG2
T-D47

Compounds
----------------------------------------------------------------------------------------2MJ
2MH
73±1.5
138±2.2
205±1.8

54±0.7
98±0.5
124±1.1

to be flexible while the DNA was set to be rigid. This docking
technique was carried out using the new empirical free energy
function and the Lamarckian Genetic Algorithm parameters
(LGA). The cluster tolerance was set at <1.0 Å and the initial
population was limited to 50 randomly placed individuals while
the energy evaluations was fixed to the maximum number of
15x105 with a maximum number of generations of 2.7x104. A
mutation rate of 0.02 and a crossover rate of 0.80 with elitism
value of 1 were also used. All these parameters are set based on
standard protocols (34).
Results
Spectral results of DNA binding with 2MH and 2MJ are
presented in Fig. 2A and B respectively. They show the various
absorption spectra for compounds 2MH and 2MJ before and
after mixing with the calf thymus DNA. Both spectra show
significant shift and decrease in the UV absorbance spectrum
of the compounds following the addition of DNA. Fig. 2A shows
the bathochromic λmax value shift from 323 to 347 nm, and the
absorption at λmax (hypochromic shift) decrease significantly
upon the addition of DNA to 2MH solution. Fig. 2B shows the
bathochromic λmax value for 2MJ shift from 345 to 351 nm, and
a decrease in absorption reading at λmax (hypochromic shift)
during addition of DNA to 2MJ solution. Fig. 2C and D shows
the drop in absorption level upon the addition of DNA to 2MJ
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Figure 2. (A) Absorption spectra for 2MH before adding DNA and after the addition of various amounts of DNA. The figure shows λmax shifting from 323 to 347 nm
(bathochromic shift) and decrease in absorption at λmax (hypochromic shift) upon the addition of DNA. (B) Absorption spectra for 2MJ before adding DNA and after
the addition of various amounts of DNA. The figure shows λmax shifting from 345 to 351 nm (bathochromic shift) and decrease in absorption at λmax (hypochromic
shift) upon the addition of DNA, (C) Graph showing the decrease in UV absorption at λmax for 2MH during the addition of DNA. (D) Graph showing the decrease in
UV absorption at λmax for 2MJ during the addition of DNA.

Figure 3. (A) Fluorescence spectra for Hoechst 33258-DNA mixture with the addition of 2MH. (B) Fluorescence spectra for Hoechst 33258-DNA mixture with the
addition of 2MJ. (C) Fluorescence spectra for EtBr-DNA mixture with the addition of 2MH. (D) Fluorescence spectra for EtBr-DNA mixture with the addition of
2MJ. (E) Chart showing the increase in viscosity for DNA solution in correspondence to compound addition.
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Figure 4. (A) The saturation curve of DNA binding to 2MJ. (B) The saturation curve of DNA binding to 2MH.

Figure 5. (A) The binding of 2MH (blue), 2MJ (yellow) and Hoechst (white) to the minor groove region of the DNA. (B) The binding of 2MH to the minor
groove region of the DNA. (C) The binding of 2MJ to the minor groove region of the DNA. (D) The two hydrogen bonds between the atoms O4 and O3 from
the compound with N3, Adinosine16. A third hydrogen bond is shown between O2 on the compound and N3, Adenosine 18 and E. Lack of hydrogen bonding
between compound 2MJ and the DNA is demonstrated.

and 2MH, respectively. Scatchard equation was applied to find
the intrinsic coefficient of each compound towards the DNA
and their strength of binding, Fig. 4A and B.
In the competitive binding assay utilizing the fluorescence
technique, each compound caused a decrease in fluorescence
reading of the EtBr-DNA complex. The Q value, a constant
that represents strength of molecule binding, is taken at a
concentration where the initial fluorescent intensity is reduced

by half (21). The Q values were found to be 173 and 229 µM for
2MH and 2MJ, respectively. Both 2MJ and 2MH were able to
displace the Hoechst 33258 molecule with 2MH having slightly
higher displacement ability than 2MJ, with their Q values being
37 and 46 µM, respectively. Fig. 3 (A and B) and (C and D)
show the decrease in fluorescence intensity after the addition
of 2MJ and 2MH on the EtBr-DNA and Hoechst 33258-DNA
mixtures, respectively.
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clearly indicate that 2MH and 2MJ can bind to the DNA with
good binding strength.
In the displacement assay, 2MJ and 2MH were able to
displace Hoechst 33258 from its site of residence within the
DNA, indicating that these agents are able to bind to the nucleic
acid in its minor groove region. However, based on their calculated Q values, 2MH shows to be a better MGB than 2MJ with
its Q value being more than 40% lower than that for 2MJ.
To a limited extent, both compounds were also able to
displace EtBr suggesting a trifling intercalation reaction as well.
The lack of significant intercalation reaction is further evidenced
when comparing their overall Q values at the respective sites.
Both compounds were found to have more than 5-fold affinity
towards the minor groove region compared to the intercalation
sites. This suggests that these agents are better MGBs rather
than intercalators. The poor intercalation reaction exhibited by
2MJ and 2MH; with the latter being more prominent, is not a
surprise. This is because they are short of sufficient number of
flat aromatic structures to form adequate electrostatic attraction
with the bases in the narrow spaces between the adjacent DNA
base pairs (4). The lack of significant cytotoxicity activity by
2MH and 2MJ is a typical characteristic of MGBs given that
this region is not frequented by important enzymes such as DNA
polymerase and topoisomerase. However, taken as a whole, the
extent of cytotoxic activity was significantly higher for 2MH
compared to 2MJ. This may be due to the stronger DNA binding
ability exhibited by 2MH and its minor intercalative reaction
which may interfere with the functioning of the said regulatory
proteins that reside in the major groove region.
The wide angle of curvature of the 2MH has demonstrated
significantly improved binding to the DNA compared to its
isomeric partner 2MJ. The spectroscopic data, viscometry
analysis and molecular modeling study strongly support this
finding. In the modeling data, the result shows that both 2MJ
and 2MH can fit into the minor groove region at the site where
Hoechst 33258 can reside (Fig. 5A). However the finding also
shows that part of 2MJ substructure appears to be protruding
out of the groove region as shown in Fig. 5C. 2MH on the
contrary appears to reside snuggly into the groove with all its
structure lying in parallel within the walls of the minor groove
region (Fig. 5B). The modeling result also shows that 2MH
can form 3 hydrogen bonds at its O4 and O3 atoms with N3 of
adenosine 16 of one DNA strand, and its O2 atom with N3 atom
of adenosine 18 of the complementary DNA strand (Fig. 5D).
Moreover, the modeling data also show that 2MH can form good
hydrophobic contact with the deoxyribonucleotide. However,
apart from hydrophobic interaction with the DNA, 2MJ appears
to lack the ability to form any viable hydrogen linkages with the
nucleic acid (Fig. 5E).
The findings of this work support previous studies
which show that good groove binders are crescent in shape
and the ones that have wider angle of curvature are better
MGBs (36). However, the angle of curvature of the molecule
must complement the DNA curvature. This can allow better
interaction with hydrogen bond acceptors and donors that
exists at the point of contact between both ligand and DNA.
However, if the curve is too narrow, it may prevent the ligand
from penetrating deep enough into the walls of the groove.
This may also limit hydrophobic interaction hence reducing
binding efficiency.
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The results of the viscosity experiment show that 2MH and
2MJ can cause an increase to the DNA solution viscosity. This
indicates a binding interaction between the nucleic acid and the
two compounds. The viscosity was calculated using the following
derived from Poiseuille's law (35). ηsp = ηr - 1 = t - to / to. Where
ηsp represents the specific viscosity and to is the time needed
for elution of the solvent alone and t is the elution time needed
for the solution. By this equation, the viscosity after addition of
each compound was calculated. Fig. 3E shows the result of the
viscometry studies for 2MJ and 2MH. The slope measurement
for 2MH is significantly higher than 2MJ indicating stronger
DNA binding. The data are presented as η/η0 vs compound/DNA
concentration ratio. η presents the viscosity for DNA-compound
mixture, while η0 represents viscosity for DNA solution alone.
The results of the viscosity experiments show that 2MH and 2MJ
do not cause significant increase to the DNA solution viscosity
compared to the well established intercalator ethedium bromide
which acts as the control for this experiment (Fig. 3E). Hoechst
33258 reagent is used as a positive control to represent a minor
groove binder. The viscosity reading for the Hoechst 33258
compound is similar to that of 2MJ and 2MH.
The IC50 for compound 2MJ and 2MH when exposed to
the HCT-116 cell line were 73 and 54 µM, respectively. In the
HepG2 cell line, the IC50 for compound 2MJ and 2MH were 138
and 98 µM, respectively, while in the T-D47 breast cancer cells,
the values were 205 and 124 µM for 2MJ and 2MH, respectively
(Table I).
Molecular docking results confirmed the findings in the
spectroscopy analysis. Fig. 5A-C shows that both compounds
were able to bind at the same location where Hoechst resides.
The free energy of binding were -9.61 and -7.38 kcal/mol for
2MH and 2MJ, respectively, indicating that 2MH has a stronger
affinity for the DNA at this site compared to 2MJ. Fig. 5D and
E shows the result of the docking analysis. The figures reveal
that three hydrogen bonds can be formed between the DNA and
2MH. However, no hydrogen bond formation occurs between
2MJ and the deoxyribonucleotide.

Since the discovery of minor groove binders, a number of
researchers have developed a variety of alkylating groove binders
by anneling classical chemotherapeutic compounds to MGBs.
This has demonstrated improved potency and better selectivity
(36).
The number of MGBs that have been discovered so far is
limited and there is a constant effort to find better MGBs that
can also be easily synthesized. Schiff bases that harbor metal
complexes have been shown to have the ability to interact with
the nucleic acid (11,12). A number of these Schiff bases studied,
can cause DNA strand breaks (14). However, the study of metalfree Schiff base interaction with the nucleic acid is still lacking
and research on their anti-tumor potential is not well established.
2MJ and 2MH are two novel Schiff base structural analogues,
which differ in their 2-hydroxy-3-methoxybenzylidene binding
position. 2MJ (Fig. 1A) has its 2-hydroxy-3-methoxybenzylidene
substructure located at the 1 and 2 positions of its diaminobenzene unit, while 2MH (Fig. 1B) has this moiety located at the
1 and 3 positions making its structure wider than the former.
The results from the UV spectroscopy and viscometery analysis
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Although 2MH and 2MJ are relatively neutral MGBs, they
are still potent enough to cause significant DNA binding. Minor
groove regions that are rich in AT sequences emit strong negative charges due to the presence of phosphate groups. Hence,
positively charged molecules tend to be attracted to the negative
charged AT sequence (37). However, agents that are devoid of
any charge still have the ability to bind to the MGR but the
binding strength is significantly lower (38).
Taken together, this study reveals diaminobenzene Schiff
base compounds that are devoid of metal cations can bind to
the DNA. The site of ligand binding is mainly via the minor
groove and to lesser extent, the major groove. The annular
shape of the molecule and its degree of curvature influences the
DNA-binding affinity particularly to the minor grove region.
The work also shows that the two Schiff bases, 2MJ and 2MH
are non-cytotoxic.
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