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Abstract
We investigate the SDS micelle induced dissociation of a small fluorescent ligand 4',6diamidino-2-phenylindole (DAPI) bound to DNAs of varying sequences. Steady state and time
resolved fluorescence measurements affirm

minor groove binding of DAPI to

poly(dA).poly(dT) and calf thymus DNA while it intercalates in poly(dG).poly(dC). Isothermal
titration calorimetric measurements identify the former mode to be entropy driven while
intercalation is found to be enthalpy driven. Addition of SDS micelles extracts the ligand out
of the DNA and relocates it into the micelle independent of the DNA-ligand binding mode.
This process is found to be endothermic which is compensated by a huge gain in the entropy.
The results have been discussed on the basis of an intricate enthalpy-entropy balance.
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Introduction
The interaction of small molecules (ligands) with DNA is of fundamental importance in
biophysical and pharmaceutical research.1-3 Biological activities of drug-DNA complexes are
essentially governed by the mode of interaction, DNA sequence specificity, kinetics of their
association and dissociation process etc.3-5 While planar or fused-aromatic ligands
preferentially bind DNA through intercalation6 non-planar or curved molecules prefer minor
groove binding.7 While groove binding does not generally require any major conformational
change in the DNA structure, intercalation does include unwinding and lengthening of a DNA
molecule.2,5,8 Both the processes are energetically favourable with intercalation being enthalpy
driven whereas minor groove binding is an entropy driven process.9-10 Micelle induced
dissociation of DNA-ligand complex11-14 is an important phenomenon to explore since ligands
could act as potential mutagens, and successful exclusion of such ligands is pharmaceutically
demanding. There have been growing amount of evidence to support the notion that drug-DNA
dissociation process is an important factor of anticancer activity.15 The implicit simplicity of
detergent sequestration has made it a widely used technique to study the dissociation of DNAligand complexes. It was proposed that micelles shift the DNA-ligand equilibrium by lowering
the concentration of free ligand molecules in the solution.16-17 However, only equilibrium
driven model is found to be insufficient to explain all the energetic parameter of the dissociation
process, one has also to consider the associated kinetics.11-12,14 The kinetics of micelle induced
DNA-ligand dissociation has been found to be sequence dependent with the process being
faster in major groove bound complexes compared to the minor groove ones.18 However, such
manifestation in the corresponding energetic cost has never so far been attempted. In a recent
study our group has concluded that otherwise energetically favourable micelle induced deintercalation of a model drug phenosafranine (PSF) from calf thymus (CT) DNA is
enthalpically forbidden (endothermic), the process is driven by a huge gain in the entropy.13
Despite these handful of experimental and simulation19 efforts the detailed mechanism of such
dissociation process is still not comprehensive and there remains several issues yet to be
addressed: for example, whether the entropy cost of dissociation is DNA base pair sequence
and mode of interaction dependent, the possible contribution of solvent molecules towards the
overall process, the role of hydrophobicity of the surfactants involved etc.. In this contribution
we have studied the energetics of sodium dodecylsulfate (SDS) micelle induced dissociation
of a model ligand 4',6-diamidino-2-phenylindole (DAPI) from DNAs with varying sequences.
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DAPI is a well-known synthetic fluorescent antibiotic20 that efficiently binds to
DNA.21 One of the major reasons of its application in therapy is due to its ability to recognise
specific base pair and ability to target specific genome regions. DAPI exhibits different types
of interactions with DNA with varying strength and specificity.18,22-26 DAPI can bind DNA
through all the possible routes: through the minor groove,21,27 major groove24 or through
intercalation18 depending upon the DNA sequence. Owing to its unique structural features
DAPI shows AT-specific groove-binding ability while it binds strongly at the GC-rich regions
of DNA through intercalation26 with the former being very strong and highly cooperative while
the later mode can fairly be explained on the basis of site exclusion model.18,28 DAPI thus
provides with a unique platform to study both intercalation and minor groove binding keeping
the chemical nature of the ligand unaltered. In this contribution we have tried to investigate
whether the energetics of micelle induced dissociation process is DNA sequence dependent.
We have used two customized DNAs, namely poly(dA).poly(dT) and poly(dG).poly(dC) along
with a natural DNA extracted from calf thymus, which has comparable AT and GC contents
(42% GC and 58% AT). The DNA-DAPI binding and SDS micelle induced dissociation
processes have been examined using steady state fluorescence spectroscopic technique. The
associated hydration dynamics has been extracted using picosecond-resolved fluorescence
spectroscopic technique. The various energetic parameters of the ligand binding and
dissociation process have been obtained using isothermal titration calorimetry measurements.
Materials and Methods

Scheme 1. Molecular structure of DAPI

Calf thymus (CT) DNA, polynucleotide samples: poly(dA).poly(dT) and poly(dG).poly(dC),
4',6-diamidino-2-phenylindole (DAPI, Scheme 1) and sodium dodecylsulphate (SDS) were
purchased from Sigma Aldrich Corporation (MO, USA) and used without further purification.
The stock solutions of DNA were prepared by dissolving solid DNA in a 10 mM phosphate
buffer (pH~7). The concentration of CT DNA and poly(dA).poly(dT) was estimated
4

spectrophotometrically, using the molar absorption coefficient, 𝜀𝐷𝑁𝐴 =6600 and 6000 M-1cm-1
at 260 nm respectively while that of poly(dG).poly(dC) to be 7400 M−1cm−1 at 253 nm in terms
of nucleotides. Concentration of aqueous DAPI solution was determined using its molar
absorption coefficient, 𝜀 DAPI = 21,000 M-1cm-1 in water (measured at 344 nm).29 Circular
dichroism (CD) measurements were performed in a JASCO J815 spectropolarimeter using 1
cm path length cuvettes. All the experiments were carried out at 250C.
Steady state absorption and fluorescence measurements were carried out using a
Shimadzu UV-2450 spectrophotometer and a Jobin Yvon Fluorolog-3 fluorimeter,
respectively. All the steady state emission spectra of DAPI were collected at excitation
wavelength of 375 nm. Time-resolved fluorescence measurements were performed on a
commercially available spectrophotometer (LifeSpec-ps) from Edinburgh Instrument, U.K.
(excitation wavelength 375 nm, 80 ps instrument response function (IRF)). Fluorescence
transients were fitted by using software F900 from Edinburgh Instruments. The details of the
time-resolved measurements could be found elsewhere.30 The time-dependent fluorescence
Stokes shifts, as estimated from TRES (time-resolved emission spectra), were used to construct
the normalized spectral shift correlation function or the solvent correlation function, C(t),
defined as
C (t) 

v(t )  v()
v(o)  v()

(1)

where, (0), (t) and () are the emission maximum frequency (in cm-1) at time zero, t and
infinity. The () values are the emission frequency at a time where we find no more changes.
The C(t) function represents the temporal response of the solvent relaxation process, as occurs
around the probe following its photo-excitation and the associated change in the dipole
moment.
Isothermal titration calorimetry (ITC) was performed on a MicroCal VP-ITC unit
(MicroCal, Inc., Northampton, MA, USA), after electrical and chemical calibrations. DAPI,
DNA, and SDS solutions were degassed on the MicroCal’s Thermovac unit prior to loading in
order to avoid the formation of bubbles during the titration in the calorimeter cell. The details
of the ITC measurements are provided in the supporting information section. We measured the
association constant (Kb), and the enthalpy of binding (ΔHo). The Gibbs free energy (ΔGo) and
entropic contribution to the binding (TΔSo) were calculated using the standard relation,
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G0  RT ln Kb  H 0  T S 0

(2)

Results and Discussion
Figure 1a describes the fluorescence profile of DAPI in presence of different concentrations of
CT DNA. With increasing DNA concentration, fluorescence intensity of DAPI increases
coupled with a ~12 nm blue shift compared to that in the pure buffer advocating the preferential
location of the probe in hydrophobic DNA environment. A similar trend is observed in
poly(dA).poly(dT) DNA, however, in poly(dG).poly(dC) DNA the intensity decreases
gradually with increasing DNA concentration (figure S1a and b, supporting information
section).

Figure 1. (a) Emission spectra of DAPI at different concentrations of CT-DNA. The arrow indicates increasing
DNA concentration. (b) The change in the fluorescence intensity of DAPI as a function of DNA concentration.
(c) Emission spectra of DAPI-CT DNA complex (1:10) at different concentrations of SDS. The arrow indicates
increasing SDS concentration. (d) The change in the fluorescence intensity of DAPI-DNA complex as a function
of SDS concentration.

We plot the relative change in the fluorescence intensity as a function of DNA concentration
in figure 1b. The quenching of DAPI fluorescence in poly(dG).poly(dC) is attributed to the
electron transfer from the DNA base pairs to DAPI.31 The fluorescence maximum (max) (table
1) of DAPI in poly(dA).poly(dT) is 4 nm red shifted while that in poly(dG).poly(dC) it is ~3
nm further blue shifted compared to that in CT DNA. This indicates that the locations of DAPI
in these three DNAs are different; In poly(dG).poly(dC) DAPI is preferentially intercalated in
6

the major groove24 while in poly(dA).poly(dT) it binds in the minor groove.18,25 In CT DNA
the binding could predominantly be in the AT rich minor groove, however, a certain probability
of intercalative binding could not a priori be ruled out.
Table1. Emission maximum (max), salvation relaxation timescales of DAPI in different environments.
max
(nm)
465
456
453
457
450

System
DAPI in buffer
DAPI in SDS (8 mM)
DAPI in CT DNA
DAPI in poly(dA).poly(dT)
DAPI in poly(dG).poly(dC) *
DAPI in poly(dG).poly(dC) **
DAPI_CT DNA + SDS (8 mM)
DAPI_poly(dA).poly(dT) + SDS
DAPI_poly(dG).poly(dC) + SDS

455
455
456

1
(ns)
0.10 (75%)
0.20 (70%)
0.14 (70%)
0.03 (20%)
0.10 (75%)
0.10 (80%)
0.15 (90%)

2
(ns)
1.05 (25%)
1.95 (30%)
2.08 (30%)
0.10 (80%)
0.58
0.50 (25%)
1.20 (20%)
0.50 (10%)

* The dynamics is estimated for the first 0.3 ns.
** The dynamics is estimated in the time window of 0.3-2.0 ns.

Figure 2. (a) Time resolved emission spectra (TRES) of DAPI in CT DNA. The arrow indicates increasing time.
(b) C(t) curves for DAPI in different systems. The solid lines are biexponential fits. (c) The inset shows a
deconvoluted emission curve of DAPI at time t~0. The dotted lines are the two deconvolted Gaussian curves. A
temporal shift of the high frequency curve in 0.3 ns is shown in the other inset. The time resolved decay transient
of this curve is fitted in a single exponential decay in the main figure. (d-f) Area normalized time resolved emission
decay of DAPI in CT DNA (d), poly(dG).poly(dC) DNA (e) and SDS (f).

We measure the fluorescence profile of DAPI in SDS (figure S1c, supporting information
section). The intensity does not change appreciably with increasing SDS concentration prior to
the cmc of SDS, and then increases rapidly at and beyond the cmc (figure S1d, supporting
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information section). The ~10 nm blue shift compared to that in buffer is again indicative of
the hydrophobic exposure of DAPI in the SDS micelles.
The time resolved fluorescence results of DAPI in different environments are
summarized in figure 2 and table 1. DAPI in CT DNA shows wavelength dependent decay
transients (figure S2, supporting information section) which is indicative of the solvation of the
probe.32 We could not obtain such wavelength dependency of DAPI in the pure buffer, the
solvation perhaps is too fast to be resolved with the present instrumental resolution. We
construct the time resolved emission spectra (TRES) of DAPI in CT DNA and a dynamic
Stokes shift of ~450 cm-1 is obtained in 5 ns window (figure 2a). The corresponding solvent
correlation function, C(t) is then plotted and fitted with a double exponential decay model
(figure 2b). The time constants obtained are 0.2 ns (70%) and 1.95 ns (30%), which are in good
agreement with earlier reports.31 For poly(dA).poly(dT), we obtain a larger spectral shift of
~650 cm-1 and the fitted timescales are 0.14 ns (70%) and 2.08 ns (30%), which are comparable
to that obtained in CT DNA. It is now of importance to investigate whether the observed
timescale is due to the different environment experienced by DAPI or involvement of any
associated internal photophysics. To resolve this we construct the corresponding time resolved
area normalized emission spectra (TRANES). The presence of an iso-emissive point in a
TRANES profile concludes the existence of at least two different emitting species in the
system.33 As observed from figure 1d and S4 (supporting information section), no such isoemissive point is evident in these two DNAs, indicating that DAPI resides as a single emitting
species. Subsequently we extend the time resolved study to SDS micelles, in which DAPI
produces a dynamic Stokes shift of ~300 cm-1 with the solvation time constants of ~100 ps
(75%) and 1.05 ns (25%). The shorter time scale of ~100 ps is intriguing, and to get a broader
insight we construct the corresponding TRANES (figure 1f). An iso-emissive point is
unambiguously evidenced indicating that there exists at least two different emitting species of
DAPI in SDS micelles. DAPI is characterized by an ultrafast (~100 ps) intra-molecular proton
transfer process in the excited state which involves the role of the solvent molecules
surrounding the probe molecule.34 The iso-emissive point thus signifies the presence of the
protonated and unprotonated indole moiety of DAPI in the micelles, and the observed timeresolved spectral shift carries significant contribution from the proton transfer process.31 The
major contribution (75%) of the ~100 ps component in the dynamics of micellar solvation
signifies a considerable solvent exposure and hence a relatively weaker penetration of DAPI in
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the micellar interior. In CT DNA and poly(dA).poly(dT), the attachment of the probe to the
DNA perhaps inhibits the proton transfer process, and thus no iso-emissive point is obtained.
We now consider the DAPI binding to poly(dG).poly(dC). The indole moiety of DAPI
can efficiently be intercalated within the GC base pairs and this induces an ultrafast electron
transfer between guanidine base and the indole moiety of DAPI resulting in a quenching of the
DAPI fluorescence (see figure S1b).31,35 We construct the corresponding TRANES and the
result is depicted in figure 2e. It is interesting to obtain two distinct iso-emissive points, one at
a shorter time span (00.3 ns) while the other one in the 0.32.0 ns span, the former one
being induced by the ultrafast36 intermolecular electron transfer process while the later one is
due to the intramolecular proton transfer. It can a-priori be concluded that both electron transfer
and proton transfer occurs simultaneously in GC-intercalated DAPI, which corroborates earlier
studies.31 In order to extract these two ultrafast processes individually, we deconvolute the
emission spectrum at time t=0 into two Gaussian curves (figure 1c, upper inset) assigning the
high frequency peak to be arising out of the electron transfer process. The time-resolved
emission spectra could successfully be deconvoluted only up to 0.3 ns, beyond which the high
frequency curve offers negligible contribution towards the total spectrum indicating the
termination of the electron transfer process. Within this 0.3 ns, a dynamic Stokes shift of ~175
cm-1 is extracted, and the corresponding correlation function could bi-exponentially be fitted
with the corresponding time constants of 30 ps (20%) and 100 ps (80%); the first component
is identified with the electron transfer process while the second one corroborates the proton
transfer dynamics. The further temporal response up to 2 ns yields a Stokes shift of ~400 cm-1
and the corresponding correlation function single exponentially decays with a time constant of
0.58 ns. The time resolved studies thus conclude differing binding modes of DAPI in
consequence to the different base sequence of DNA.
We now discuss the micelle induced dissociation of the DAPI-DNA complexes. With
addition of SDS, specially at cmc, a noticeable increase in the emission intensity coupled with
a red shift of max is observed indicating the relocation of DAPI in SDS micelles (figure 1c).
Similar trends are also observed for both the sequence specific DNAs (figure 1d and S3,
supporting information section). We also measure the time resolved emission profile of DAPIDNA complexes in presence of SDS micelles, and it is found that the correlation function as
well as the time scales strikingly resemble that obtained in SDS micelles (figure 2c and table
1). This result hints towards a possible relocation of the probe from the DNA environment to
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the micellar environment irrespective of the DNA sequence and ligand binding mode. As a
further confirmation, we construct the TRANES of all these three component systems; a
representative TRANES of CT DNA-DAPI-SDS system is provided in figure S5 (supporting
information section). It is found that for all these systems a distinct iso-emissive point is
obtained, similar to that obtained in SDS-DAPI, unambiguously confirming that all the DNADAPI complexes get dissociated in presence of SDS micelles.
Spectroscopic studies thus affirm that DAPI binds to the poly(dA).poly(dT) DNA in its
minor groove while in poly(dG).poly(dC) it exclusively intercalates; in CT DNA it mostly
binds to the minor groove of the DNA. It has also been established that the complex gets
dissociated in presence of SDS micelles. We now investigate the energetic cost of these
processes using isothermal titration calorimetric measurements. The results are summarized in
figure 3 and table 2.
Table 2. Thermodynamic parameters derived from ITC experiment.

ΔH0
(kcal mol-1)

TΔS0
(kcal mol-1)

ΔG0
(kcal mol-1)

DAPI +CT DNA

-5.14  0.14

2.58

-7.72

DAPI +poly(dA).poly(dT)

-4.22  0.06

4.32

-8.54

DAPI+poly(dG).poly(dC)

-6.70 0.01

1.46

-8.16

DAPI+SDS

-4.86  0.12

0.82

-5.68

(DAPI_CT DNA)+SDS

0.19  0.003

5.18

- 4.99

(DAPI_poly(dA).poly(dT)+ SDS

0.12  0.001

6.59

-6.46

(DAPI_poly(dG).poly(dC)+SDS

0.08 0.001

5.99

-5.91

Systems
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The DAPI-SDS binding is energetically favourable (G0 = -5.68 kcal mol-1) with high
exothermicity and only modest entropy gain. Contrary to the DAPI-SDS binding we previously
observed a highly entropy supported micelle binding of an essential DNA intercalator
phenosafranine.13 Another DNA intercalator daunomycin binds SDS micelles

Figure 3. ITC profiles for the binding of DAPI with (a) poly(dA).poly(dT); (b) poly(dG).poly(dC); (c) CT DNA;
(d) SDS. Top panels present raw results for the sequential injection of injectent at 298.15 K. The bottom panels
show the integrated heat results after correction of heat of dilution against the mole ratio.
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with a preferential enthalpy support with only small entropy contribution, while the same
ligand binds a nonionic micelle TX-100 with comparable enthalpy and entropy contribution.37
The ligand-micelle interaction thus appears to be both ligand structure and surfactant charge
specific. The exothermic DAPI-SDS binding is primarily electrostatically driven; the nonplanar shape of DAPI makes the hydrophobic interaction with the micellar interior rather weak,
as has also been evidenced in the solvation dynamics study, resulting in a modest entropy gain
only. The minor groove DAPI binding in poly(dA).poly(dT) is found to be highly favourable
(G0=-8.54 kcal mol-1) with comparable contributions from enthalpy (-4.22 kcal mol-1) as well
as from entropy (4.32 kcal mol-1); the measured free energy change is in good agreement with
experimental21,38 and theoretical estimations.39 Minor groove binding is generally entropy
driven40-41, specially for the homopolymer poly(dA).poly(dT).42-43 It is believed that ligand
binding in DNA minor groove is associated with a melting of the groove hydration (which is
enthalpy-wise challenging and consequently introduces a less overall exothermicity to the
binding process), while the release of the melted water to the bulk induces the increased
entropic effect; the effect being more prominent in homopolyer DNA compared to the
heteropolymers owing to the altered hydration structure in the former.42,44 The intercalative
binding of DAPI in poly(dG).poly(dC) DNA on the other hand is found to be predominantly
enthalpy driven (-6.7 kcal mol-1) with a lesser extent of entropy contribution (1.46 kcal mol-1),
however, with a comparable free energy change (G0=-8.16 kcal mol-1) as compared to
poly(dA).poly(dT). The higher enthalpy and lower entropy contribution in intercalation process
over minor groove binding corroborates earlier experimental8,45 and simulation results.19 It is
also important to note that minor groove ligand binding in GC rich sequences is endothermic
in nature and can only be made energetically favourable by a huge entropy gain.46 The observed
low entropy gain thus unambiguously corroborates the intercalative mode of DAPI binding in
poly(dG).poly(dC). The exact binding mode of DAPI in CT DNA is not very evident as
spectroscopic measurements provides results supporting that majority of the ligand molecules
bind in the minor groove. The overall binding is found to be less favourable (G0=-7.72 kcal
mol-1) obtaining favourable contribution from both enthalpy (-5.14 kcal mol-1) and entropy
(2.58 kcal mol-1).
We now discuss the energetics of the micelle induced dissociation process of DAPI
from the DNAs. The overall dissociation process is found to be energetically favourable
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predominantly governed by overwhelming gain in entropy and interestingly an associated
endothermicity irrespective of the mode of ligand-DNA binding. A similar observation has
previously been reported for a DNA-intercalator dissociation process.13 However, the
comparable endothermicity as observed in both the homopolymer is striking. The relocation of
the ligand from DNA to micelle can be cumulated into a simple two step model, in the first
step the DNA bound ligand dissociates and in the subsequent step is binds to the micelles. The
second step is expected to be independent of the DNA sequence and the associated energetic
could be estimated approximately equivalent to that of the free ligand-micelle association in
buffer, which in turn is enthalpy driven (table 2). So the observed endothermicity is entirely
dominated by the DNA-ligand dissociation process. Considering the DNA-ligand binding
equilibrium we estimate an endothermic cost of 6.7 and 4.22 kcal mol-1 for the DAPI
dissociation process from poly(dG).poly(dC) and poly(dA).poly(dT), respectively (table 2).
For CT DNA, this endothermocity amounts to 5.14 kcal mol-1. The enthalpy contribution of
the subsequent dissociation and association steps taken together estimates +0.28, -0.64 and
+1.84 kcal mol-1 for CT DNA, poly(dA).poly(dT) and poly(dG).poly(dC), respectively. These
calculated values are distinctly different from the observed ones for the respective systems
(table 2). Let us also discuss the entropic contributions. All the DNA-ligand binding processes
are entropically favourable intuiting the corresponding dissociation processes to be entropically
challenging. Also the SDS-DAPI binding entropy is rather small to compensate the dissociation
entropy loss and account for the huge entropy gain associated with the overall process. It can
therefore be concluded that a simple two step dissociation-association model is inadequate to
rationalize the overall thermodynamic parameters associated with the process. In order to get
a further insight we carry out the CD measurements.
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Figure 4. CD spectra of different DNAs in presence of DAPI and DAPI+SDS micelles for different DNAs in the
near-UV and far-UV range.

Figure 4 summarises the CD results of DNA-ligand complex in the absence and in the
presence of SDS micelles. The CD profile in far-UV (200-300 nm) provides information of the
DNA while that in the near-UV (300-400 nm) is associated with the induced CD of DAPI in
DNA. As a control we also measure the CD signals of the DNAs in the presence of SDS
micelles and the results are depicted in figure S6 (supporting information section). The
structures of poly(dG).poly(dC) and CT DNA suffer marginal changes upon binding with
DAPI, however, the change is noticeable in poly(dA).poly(dT).20,42 When SDS micelles are
added into these complexes, the DNA structures revert back to their native form in the former
two DNAs, whereas in poly(dA).poly(dT), the structure undergoes further deformation. This
deformation is surely not induced by the DNA-micelle interaction as the DNA structure
remains unaltered in presence of the micelles irrespective of their sequences (figure S6). It is
also worth investigating the fate of DAPI. The induced CD (as observed in the 300-400 nm
range) clearly identifies DAPI to be dissociated from the DNAs upon addition of micelle, as
has also been concluded from the spectroscopic measurements. The apparent anomaly in the
thermodynamic parameters can now be rationalize by the following considerations: A simple
two step association-dissociation model does not hold good as the DAPI-DNA dissociation
process is not essentially reversible. The DNA structure can suffer considerable perturbation
as a result of ligand dissociation, as evidenced in poly(dA).poly(dT). As a consequence, the
hydration structure around the DNA gets sufficiently altered to overwhelm the intuited loss of
entropy and the calculated exothermicity upon ligand dissociation. However, one should also
take it into consideration that the overall thermodynamics of DNA-ligand binding process is
an intricate balance of entropy and enthalpy42,47-48 and so also in the dissociation process, such
balance could be established by several routes while alteration in the hydration structure
perhaps playing one of the key roles. The universality in the thermodynamic parameters of the
dissociation process irrespective of the mode of ligand binding is intriguing. A detailed and
generalized experimental as well as theoretical approach towards this finding considering the
various factors responsible to bring about the observed universality is of certain demand.
Conclusions
SDS micelles dissociate DNA-DAPI ligand complex irrespective of their mode of binding. The
DNA-DAPI dissociation followed by SDS-DAPI association is predominantly entropy driven
14

with an opposing endothermic contribution. Consideration of a simple two step equilibrium
model seems inadequate to account for the observed thermodynamic costs. CD measurements
indicate that the micelles do not affect the structure of DNAs, however, binding and un-binding
of DAPI can introduce noticeable alteration in the DNA structure and consequently on the
associated hydration, which perhaps plays the key role leading to the overall feasibility of the
dissociation process.
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