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The dynamics of bound water and ions present in the minor groove of a dodecamer DNA has been decoupled
from that of the long-range twisting/bending of the DNA backbone, using the minor groove binder Hoechst
33258 as a fluorescence reporter in the picosecond-resolved time window. The bound water and ions are
essential structural components of the minor groove and are destroyed with the destruction of the minor
groove when the dodecamer melts at high temperatures and reforms on subsequent cooling of the melted
DNA. The melting and rehybridization of the DNA has been monitored by the changes in secondary structure
using circular dichroism (CD) spectroscopy. The change in the relaxation dynamics of the DNA has been
studied with picosecond resolution at different temperatures, following the temperature-dependent melting
and rehybridization profile of the dodecamer, using time-resolved emission spectra (TRES). At room
temperature, the relaxation dynamics of DNA is governed by a 40 ps (30%) and a 12.3 ns (70%) component.
The dynamics of bound water and ions present in the minor groove is characterized by the 40 ps component
in the relaxation dynamics of the probe bound in the minor groove of the dodecamer DNA. Analyses of the
TRES taken at different temperatures show that the contribution of this component decreases and ultimately
vanishes with the destruction of the minor groove and reappears again with the reformation of the groove.
The dynamical behavior of bound water molecules and ions of a genomic DNA (from salmon testes) at
different temperatures is also found to be consistent with that of the dodecamer. The longer component of
≈10 ns in the DNA dynamics is found to be associated with the long-range bending/twisting of the DNA
backbone and the associated counterions. The transition from bound water to free water at the DNA surface,
indicative of the change in the hydration number associated with each base pair, has also been ascertained in
the case of the genomic DNA at different temperatures by employing densimetric and acoustic techniques.

Introduction

The dynamics of a biological macromolecule like DNA is
crucial for its function. A wide variety of functions of the DNA,
like recognition of proteins and small ligands, transcription, and
damage recognition are associated with the structural flexibility
of the polyelectrolyte.1-3 This structural flexibility originates
from the movement of individual bases, sugars, and phosphate
groups along with that of the water bound at the polyelectrolyte
surface. A variety of techniques have been employed to
characterize the dynamics of the DNA molecule over various
time and length scales.4-9 NMR techniques, used to characterize
the internal motions of the DNA,7-9 indicate that the internal
dynamics of the DNA includes both collective long-range
bending/twisting of the helix and local dynamics of the bases
and backbones. The average effective correlation lifetime of
these dynamics has been estimated from NMR studies to be of
a few hundreds of picoseconds. A study,5 based on the
temperature-dependent Stokes shift of the fluorescent probe
Acridine Orange, intercalated inside DNA, showed that a
substantial portion of the DNA dynamics is diffusive and
coupled with the movement of the solvent. Time-resolved
spectral shift (TRSS) of the Coumarin 102 molecule, artificially
inserted as one of the bases of synthesized DNA, has been used
in a number of studies10-14 to investigate the internal dynamics

of DNA. In one of the reports, it is suggested that the dynamics
of DNA is spread over six decades of time, and has been
expressed as a power law.10 Separate studies have shown that
the internal dynamics of the DNA is slowed down in the
presence of bound counterions14 and show a 5 pscomponent
associated with the fraying at the terminal portions of the
DNA.11 The relaxation dynamics of DNA, as observed in the
above-mentioned studies, is smooth and lacks discernible
subcomponents,11 suggesting that the motions of the different
portions of the DNA are strongly coupled. Also, the similarity
in the overall power law dynamics of the environment experi-
enced by the probe molecule, inserted, respectively, in the
middle and at the terminus of the DNA, shows that the relaxation
is due to the immediate environment surrounding the probe and
no long-range dynamics is involved.11

It is important to observe that, in all of the above-mentioned
studies, an intercalated probe has been used to study the
dynamics of the DNA. The artificially intercalated probe is an
ideal choice to study the dynamics in the interior of the DNA.
In another report, another artificially incorporated probe, 2-Ami-
nopurine, replacing one of the adenine bases and situated at
the floor separating the major and minor grooves has also been
used to report the dynamics of the DNA environment, using
femtosecond resolution.15 The probe in the above study15 reports
a relaxation component of 10 ps associated with the dynamics
of bound water. The value agrees well with the time constant
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of 20 ps, corresponding to the dynamics of bound water, using
the minor groove binder Hoechst 33258 (H258), bound to the
same DNA as reported in a separate study.16 A dye, bound to
the minor groove of the DNA, is exposed to the bound waters
of the minor groove.17 In addition, the dye in the minor groove
is in close proximity to the base pairs, and hence can experience
the internal dynamics of the DNA. The relaxation dynamics of
the minor groove, measured with femtosecond resolution, as
reported by the well-known minor groove binder H258,17 shows
a 1 ps component, characteristic of free water and a 20 ps
component characteristic of bound-type water in a 200 ps
window.16 In picosecond resolution, the same dye reports a 50
ps component and an 8.5 ns component, associated with the
slow relaxation of DNA.18 Thus, it is clear that the dynamics
of the minor groove, crucial for the recognition of ligand
molecules in the groove, is composed of contributions from
motions of free water, bound water/ions and that of the DNA
backbone. However, the contributions to the environmental
relaxation coming from the bound water characterizing the
groove have not been decoupled from the relaxation coming
from the collective slow motions of the DNA. To monitor the
changes in the dynamics of the environment, experienced by
the minor groove binder after the collapse of the minor groove
in a dodecamer DNA, in order to decouple the contributions of
groove water and monovalent cations present in the minor
groove from the motions of DNA backbone is the motive of
our work.

In the present communication, time-resolved emission spectra
(TRES) of the fluorescent probe H258 has been used to
characterize a synthesized dodecamer and a genomic DNA
environment at different temperatures along their melting
pathway. The melting and the rehybridization pathways of the
dodecamer have been monitored by the circular dichroism (CD)
spectra. The melting temperatures for the synthesized dodecamer
and the genomic DNA have been estimated from the derivatives
of the melting function.19 The binding of the H258 to the double-
and single-stranded DNA has been characterized by picosecond-
resolved polarization gated spectroscopy in the respective
medium. The results show that the probe H258 binds to both
single-stranded and double-stranded DNA, and hence is suited
to report the dynamics of both native (double-stranded) and
melted (single-stranded) DNA.20 The number of water molecules
binding per base pair in a genomic DNA at different temper-
atures has been estimated by densimetric and acoustic tech-
niques. Our results show that the dynamics of the environment
includes an important contribution from bound water molecules
and cations present in the minor groove of the native DNA.
The contribution decreases with increasing temperature and
ultimately vanishes at high temperatures, where the minor
groove is destroyed as a consequence of DNA melting and the
environmental relaxation is exclusively due to slow motions of
the single-stranded DNA and associated counterions.

Materials and Methods

Salmon sperm DNA and phosphate buffer are purchased from
Sigma. The dodecamer DNA, having the sequence CG-
CAAATTTGCG, is obtained from GeneLink, purified by the
reverse phase cartridge technique and checked by gel electro-
phoresis. The gel electrophoresis result indicated a single spot
consistent with pure DNA. The fluorescent dye Hoechst 33258
is obtained from Molecular Probes. All of the solutions are
prepared in 50 mM phosphate buffer using water from the
Millipore system. The probe DNA solutions are prepared by
adding a requisite amount of the probe in DNA and stirring for

1 h. The circular dichroism (CD) studies are done using a quartz
cell having a path length of 1 cm. The base pair concentrations
of DNA used in the time-resolved and CD experiments are 120
µM for genomic DNA and 70µM for the dodecamer. The
densimetric and acoustic studies are performed using genomic
DNA having a base pair concentration of 4.2 mM.

Temperature-dependent steady-state absorption and emission
are measured with a Shimadzu UV-2450 spectrophotometer and
Jobin Yvon Fluoromax-3 fluorimeter, respectively, with a
temperature controller attachment from Julabo (model F32). The
CD measurements are done in a JASCO 815 spectropolarimeter
with an attachment for the temperature-dependent measurements
(Peltier). The melting temperatures of the DNAs are estimated
as the temperature at which the derivative of the melting function
(the melting function is obtained as a cubic polynomial fit to
the central portion of the melting curve) has a maximum.19

Fluorescence transients are measured and have been fitted by
using a commercially available spectrophotometer (LifeSpec-
ps) from Edinburgh Instrument, U.K. (excitation wavelength
375 nm, 80 ps instrument response function (IRF)), with an
attachment for temperature-dependent studies. The observed
fluorescence transients are fitted by using a nonlinear least-
squares fitting procedure to a function (X(t) ) ∫0

t E(t′) R(t -
t′) dt′) comprised of convolution of the IRF (E(t)) with a sum
of exponentials (R(t) ) A + ∑i)1

N Bie-t/τi) with pre-exponential
factors (Bi), characteristic lifetimes (τi), and a background (A).
Relative concentration in a multiexponential decay is finally
expressed ascn ) Bn/∑i)1

N Bi × 100. The quality of the curve
fitting is evaluated by reduced chi-square and residual data.

To construct time-resolved emission spectra (TRES), we
follow the technique described in refs 21 and 22. As described
above, the emission intensity decays are analyzed in terms of
the multiexponential model:

whereRi(λ) are the pre-exponential factors, with∑Ri(λ) ) 1.0.
In this analysis, we compute a new set of intensity decays, which
are normalized so that the time-integrated intensity at each
wavelength is equal to the steady-state intensity at that
wavelength. ConsideringF(λ) to be the steady-state emission
spectrum, we calculate a set ofH(λ) values using

which for multiexponential analysis becomes

Then, the appropriately normalized intensity decay functions
are given by

where R′i(λ) ) H(λ) Ri(λ). The values ofI′(λ,t) are used to
calculate the intensity at any wavelength and time, and thus
the TRES. The values of the emission maxima and spectral
width are determined by nonlinear least-squares fitting of the

I(λ,t) ) ∑
i)1

N

Ri(λ) exp[-t/τi(λ)] (1)

H(λ) )
F(λ)

∫0

∞
I(λ,t) dt

(2)

H(λ) )
F(λ)

∑
i

Ri(λ) τi(λ)

(3)

I′(λ,t) ) H(λ) I(λ,t) ) ∑
i)1

N

R′i(λ) exp[-t/τi(λ)] (4)
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spectral shape of the TRES. The spectral shape is assumed to
follow a log-normal line shape:

with R ) [2b(νj - νmax)]/b > -1, whereI0 is amplitude,νjmax is
the wavenumber of the emission maximum, and spectral width
is given by

The termsb and ∆ are asymmetry and width parameters.
Equation 6 reduces to a Gaussian function forb ) 0.

The solvation correlation function (C(t)) is constructed
following the equation

whereν(0), ν(t), andν(∞) stand for the wavenumber in cm-1

at the emission maxima at time zero,t, and infinity, respectively.
For anisotropy (r(t)) measurements, emission polarization is
adjusted to be parallel or perpendicular to that of the excitation
and anisotropy is defined as

G, the grating factor, is determined following the longtime tail
matching technique23 to be 1.05. The density and ultrasonic
velocitimetric studies are done on a DSA 5000 instrument from
Anton Paar, with the measurement accuracy and sound velocity
to be 5 × 10-6 g cm-3 and 0.5 ms-1, respectively. The
isoentropic compressibility (κ), which is a second pressure
derivative of the Gibbs free energy, can be precisely obtained
from the from the density (F) and the velocity of sound (u) in
solutions by the well-known Newton Laplace equation:24

In order to compare the changes in the hydration of the DNAs
at different temperatures, the hydration number (nh) has been
calculated from the compressibility data based on the Passynski
model:

where x1 and x2 represent the mole fractions andκ1 and κ2

represent the isoentropic compressibilities of the solvent and
solute, respectively.

Results and Discussion

The B-form of DNA is a right-handed helix. The average
secondary structure of DNA gives a positive peak at 277 nm
and a negative peak around 250 nm in the far UV spectrum.
The melting of DNA is accompanied by structural changes
involving unwinding of the helix, destruction of major and minor
grooves, and finally the separation of the two strands resulting
in the formation of two single strands of complementary
sequence.19 In our model, this is reflected by a change in the
secondary structure of the DNA and the change in molar
ellipticity of the DNA is utilized to construct the melting profile
of the DNA. Figure 1a shows the overall secondary

structure of the dodecamer at different temperatures. It is clear
that the peak at 250 nm is mostly affected by the temperature-
induced melting of the DNA. The change in the molar ellipticity
associated with this peak has been monitored to construct the
temperature-induced melting and rehybridization profiles of the
dodecamer, as shown in Figure 1b. The figure shows that the
dodecamer is rehybridized into the original form accompanied
by a modest hysteresis effect. The melting and rehybridization
temperatures have been estimated to be 50 and 42°C,
respectively, in the dodecamer. In contrast, the melting and
rehybridization of a genomic DNA does not follow the same
pathway and there is a considerable hysteresis loss involved.
This is consistent with the fact that, under our experimental
conditions, the rehybridization of long strands can be erroneous
due to intrastrand loop formation.25 Figure 2a shows the change
in molar ellipticity of the genomic DNA at three different
temperatures, while Figure 2b shows the change in molar
ellipticity at 245 nm with the melting and rehybridization of
the genomic DNA. The melting and the rehybridization tem-
peratures of genomic DNA are found to be 83 and 58°C,
respectively. It is evident from the CD studies that the melting
of the DNA is associated with structural changes in both the
dodecamer and genomic DNA. Since the structure of a bio-
molecule is strongly correlated with its dynamics,26 a change
in the structure of the biomolecule is likely to find a reflection
in the associated dynamics of the molecule. A comparison of
the dynamics of the macromolecule in the native and melted
states brings out the essential dynamics associated with the
structure of the macromolecule.

Figure 1. (a) Circular dichroism spectra of dodecamer DNA (labeled
as Syn DNA in the figure) at various temperatures. (b) The melting
(4) and rehybridization (3) of dodecamer DNA ([DNA]) 70 µM
base pair). Solid lines are the cubic polynomial fit.

I(νj) ) I0 exp{-[ln 2(ln(R + 1)
b )2]} (5)

Γ ) ∆[sinh(b)
b ] (6)

C(t) )
ν(t) - ν(∞)

ν(0) - ν(∞)
(7)

r(t) )
[Ipara- G × Iperp]

[Ipara+ 2 × G × Iperp]
(8)

κ ) 1/Fu2 (9)

nh ) x1/x2(1 - κ2/κ1) (10)
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The solvation dynamics of the environment, constructed from
the TRES measurements is an efficient technique to characterize
the dynamics of a macromolecule.26 To compare the dynamics
of the native and single-stranded DNA, it is essential that the
fluorescence reporter remains an integral part of the DNA
environment under both conditions. The anti-helmentic bisben-
zimide drug H258 has affinity for both single-stranded and
double-stranded DNA20 and hence can effectively be used as a
probe to report the dynamics of DNA all along the melting
profile of the DNA. The drug binds to the minor groove of the
DNA as characterized by X-ray crystallographic and NMR
studies.17,27 The DNA bound drug experiences a rigidity of
environment, as evidenced by an increase in the time constant
associated with the decay of the fluorescence anisotropy of the
drug-DNA complex compared to that of the drug in bulk
buffer.18 Figure 3 shows the temporal decay of fluorescence
anisotropy of the drug bound to genomic and dodecamer DNA
at room temperature and above the melting temperatures. The
fluorescence anisotropy of the drug in bulk buffer is also shown
for comparison. The fluorescence anisotropy of the drug in bulk
buffer (Figure 3a) decays with a time constant of 500 ps
characterizing the twisting motion of the probe in bulk buffer.18

When bound to the dodecamer at 20°C, the absence of any
500 ps component suggests that the twisting motions of H258
are frozen in the dodecamer. The temporal fluorescence ani-
sotropy of the drug at 20°C in the dodecamer (Figure 3b) shows
a long component of 5 ns associated with the restricted motion
of the probe in the DNA. At the higher temperature (65°C),
the time constant associated with the temporal decay of the

fluorescence anisotropy decreases from 5 to 2 ns, consistent
with the faster rotational motions in the single-stranded DNA
at high temperature. The temporal decay of the rotational
anisotropy of H258 bound to genomic DNA at 20°C and at
85 °C also shows similar time constants to that of the
dodecamer. In addition, the temporal decay of fluorescence
anisotropy in the genomic DNA shows a huge residual offset,
indicating the overall motion of the DNA, which does not decay
in the experimental time window. However, at all the temper-
atures in both the dodecamer and the genomic DNA, temporal
decay of fluorescence anisotropy does not show time constants
characteristic of probe in buffer. The result clearly shows that
the probe is associated with the DNA even at higher temper-
atures and, therefore, can report the dynamics of the DNA both
in the native and in the melted state.

Figure 4a shows the temporal decay of the solvation correla-
tion function for the probe in dodecamer DNA at various
temperatures. At 20°C, the solvation correlation function decays
with a time constant of 40 ps (30%) and 12.3 ns (70%). At 45
°C, the temporal decay of the solvation correlation function
shows time constants of 40 ps (11%) and 12.0 ns (89%). On
the completion of melting, the dynamics of solvation reported
by the drug shows only the nanosecond component. The
retention of this component even at high temperatures when
the DNA is single-stranded strongly suggests that this long
component is associated with the bending and twisting motions
of the DNA backbone, and strongly associated water molecules
and counterions which are an integral part of the backbone.12,18

With the increase in temperature, the value of the nanosecond
component decreases from 12.3 to 8.2 ns. The decrease in the
time constant associated with this nanosecond relaxation at
higher temperatures could be rationalized considering the fact
that with the increase in temperature the bending/twisting motion
of the DNA becomes faster.

It should be noted that the short component of 40 ps is not
associated with the local motion of the H258 molecule. The
rotational dynamics of the dye in bulk buffer is associated with
a time constant of 500 ps.18 The time constant of 500 ps is an
order of magnitude greater than the observed time component
of 40 ps. It is also to be noted that, when bound to the
dodecamer, the rotational motion of the dye is completely frozen,
as indicated by the absence of any subnanosecond component
in the decay of the rotational anisotropy in the H28 bound

Figure 2. (a) Circular dichroism spectra of genomic DNA at various
temperatures. (b) The melting (4) and rehybridization (3) of genomic
DNA ([DNA] ) 100µM base pair). Solid lines are the cubic polynomial
fit.

Figure 3. Fluorescence anisotropy of the H258 ([H258]) 1 µM) 50
mM phosphate buffer and in genomic and synthesized DNA (Syn DNA
in the figures) at different temperatures. Solid lines indicate exponential
fitting of the experimental data points.
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dodecamer. The short component of 40 ps is, therefore,
associated with the relaxation dynamics of the DNA environ-
ment at lower temperature, which vanishes at the high temper-
atures, where the DNA is essentially single-stranded. This
component, also, reflects the dynamics unique to the structure
associated with the double-stranded DNA, namely, the base pairs
and the grooves. The results from femtosecond-resolved tran-
sient absorption28 suggest an ultrafast (within 200 fs) inertial
“repolarization” of nuclear degrees of freedom of an Acridine
dye in the DNA pocket. In another recent study, the temperature-
dependent stokes shift of the same Acridine dye intercalated in
the DNA show that the DNA dynamics is essentially diffusive
in nature.5 Thus, the possible contribution of the fast repolar-
ization of base pairs to the 40 ps component in the solvation
correlation function in our study can safely be ruled out. NMR
studies29 have shown that the time scales associated with the
opening of base pairs fall in the millisecond range; therefore,
the contribution due to the opening of base pairs can also be
ruled out. Thus, the observed dynamics is associated with the
minor groove of the dodecamer. The femtosecond-resolved
solvation studies16 of H258 bound to the dodecamer of the same
sequence shows a 1 pscomponent associated with bulk water.
Picosecond-resolved studies, with our instrumental resolution,
on the dye in bulk water show no solvation, indicating that the
experimental window associated with our studies is, indeed,
blind to the dynamics of the bulk water molecules. Thus, the
dynamics of free water makes no contribution to the 40 ps
component in our experimental window. The study16 also reveals
a 20 ps component associated with solvation due to bound water
present in the minor groove. In a recent theoretical study,30

atomistic MD simulations have been employed to determine
the orientational time correlation function of water molecules
bound to the minor groove in a 38mer DNA. The study reveals
that the average orientation time associated with the ordered

water molecules in the minor groove is 25.8 ps. It is to be
considered that the experimental window of 50 ns used in our
studies is chosen to simultaneously report both the fast and slow
dynamics of the DNA. To achieve this, the resolution of the
faster components has been sacrificed. Since femtosecond time-
resolved studies do not report any component in addition to
the 20 ps component in a 200 ps window, it can be concluded
that the 40 ps component is essentially the 20 ps component
associated with the bound waters of the minor groove. Therefore,
the 40 ps component, in our experimental time resolution,
reflects the dynamics of the bound water in the hydration spine
in the minor groove.31 It is worthwhile to mention that although
the binding of the probe to the minor groove results in the
expulsion of 55 water molecules from the groove,32 the spine
of hydration is still present in the dodecamer-probe complex.33

A high resolution crystallographic study31 has demonstrated that
monovalent cations are an intrinsic part of minor groove
structure and solvation. Therefore, the possible contribution from
the reorientation of these cations present in the hydration spine
of the minor groove to this 40 ps component cannot be ruled
out.31

In order to investigate the nature of variation of this
component, it is useful to summarize the changes associated
with the melting of DNA. The melting of the DNA has been a
subject of study for a long time. Various experimental and
computational techniques34-37 have been employed to character-
ize the melting of genomic and synthesized DNAs. It is evident
from these studies that the melting of a DNA duplex is
associated with the unstacking and final separation of the DNA
base pairs and the eventual formation of single-stranded DNA.19

The melting of DNA is associated with a positive∆Cp value of
64.6 cal deg-1 mol-1 and accompanied by loss in the number
of water molecules bound to the DNA.37 In a separate report,34

it has been suggested that that the main contribution to the
enthalpy of the process of heat denaturation of DNA duplex is
the enthalpy of the disruption of the ordered water structure in
the hydration shell of the double helix. The melting of DNA
also results in the destruction of the minor groove and the spine
of hydration associated with it.36 As the DNA melts, the bound
water associated with the 40 ps component to relaxation of DNA
attains bulklike character across an energy barrier of 2.3 kcal
mol-1.26 The observed energy barrier is close to the maximum
value of the activation energy (20 kJ mol-1 (4.7 kcal mol-1))
for the diffusion of bound waters of the minor groove from the
DNA surface, obtained from NMR and molecular modeling
experiments.38 Thus, the initial decrease and subsequent absence
of the 40 ps component at higher temperatures further confirm
that this component is associated with the dynamics of the bound
water and counterions associated with the spine of hydration in
the minor groove. The decrease in the spectral shift (data not
shown), of 200 cm-1, associated with solvation at elevated
temperatures confirms that we are losing a considerable fraction
of solvation due to the conversion of bound water to bulk water.
The time constants associated with the temporal decays of the
solvation correlation function (Figure 4a) at decreasing tem-
peratures following the rehybridization of the dodecamer DNA
show the recovery of the 40 ps component at the onset of
structural changes associated with rehybridization. The loss in
the percentage contribution of the 40 ps component at 20°C in
the rehybridized DNA could be due to the improper formation
(not like the native DNA) of the minor groove due to a bound
dye molecule. It further confirms that the structure of the minor
groove is crucial for the associated dynamics. The observations
show that the 40 ps component associated with the dynamics

Figure 4. Temporal decay of the solvation correlation function at
different temperatures for the synthesized dodecamer (labeled Syn DNA
in the figure) (a) and genomic (b) DNA. The time has been plotted on
a logarithmic scale. Solid lines indicate exponential fitting of the
experimental data points.
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of bound water molecules and monovalent cations is crucial to
the formation of the minor groove and is strongly correlated to
the minor groove structure.

To render an interesting comparison, the same probe in
genomic DNA is used to monitor the dynamics of the environ-
ment with increasing and decreasing temperature. Two widely
different solvation time scales, 100 ps and 8 ns, again character-
ize (Figure 4b) the environment of the minor groove, consistent
with the solvation due to the bound waters and ions present in
the hydration spine and that due to the motion of the DNA
backbone and ion atmosphere. The 100 ps component follows
the same general trend as that followed by the 40 ps component
in the dodecamer DNA. Densimetric and acoustic measurements,
used to estimate the relative change in the number of water
molecules associated with a single base pair of the genomic
DNA at different temperatures, reveal that there is a loss of
four water molecules per base pair from 20 to 70°C, consistent
with other studies.35 The 100 ps component in this case can
also be said to reflect the contribution of bound water molecules,
which are released at high temperatures and reformed at lower
temperatures. This consistency of the trend of the picosecond
component, characterizing the bound water dynamics, in both
synthesized and genomic DNA gives our interpretations a more
general basis. It is interesting to observe that although the
average secondary structure of native and rehybridized genomic
DNA shows a wide disparity (Figure 2b), it is not reflected in
the dynamics reported by the dye in the rehybridized genomic
DNA. The dye reports the same environment in both the native
and rehybridized DNA. This interesting result can be justified
considering the fact that, among the many minor grooves formed
on the rehybridized genomic DNA, the drug chooses a properly
formed minor groove. In the dodecamer, however, only one
minor groove is formed per DNA and the formation of a minor
groove is not perfect due to the bound drug.

Conclusion

In the present communication, the dynamics crucial to the
minor groove and that due to the DNA chain has been
decoupled. The 40 ps component reflects the environmental
relaxation characterizing the minor groove of the dodecamer
DNA and is associated with the relaxation dynamics due to the
bound water molecules and cations present in the hydration spine
associated with the minor groove. The component is distinct
from the longer 12 ns component associated with the twisting/
bending motions of the sugar phosphate backbone and the rigidly
held water molecules and counterions, which are present even
in the single-stranded DNA. The 40 ps component disappears
for the dodecamer DNA with the collapse of the groove and
reappears with its formation, and thus can be used to monitor
the melting and reformation of the minor groove.
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