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Slow relaxation process in DNA at different levels of
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Abstract. There are many speculations about the dynamic transition observed in hydrated
bio- polymers at temperatures T ∼ 200− 230K being an important factor for enabling of their
functions. The transition shows up as a sharp increase of atomic mean–squared displacements
above this temperature. The nature of the dynamic transition is not yet clear. Using inelastic
neutron scattering we show in this Note that the transition in DNA is related to the appearance
of a slow relaxation process. Decrease in the hydration level suppresses the process and the
dynamic transition. It is found that, in terms of dynamics, the decrease in water content is
similar in effect to a decrease in temperature. The obtained results support the idea that the
dynamic transition is mediated by the water of hydration since bulk water has a dynamic
transition around the same temperature.

One key for understanding functions of bio-molecules is the analysis of their motion.
Analysis of the kinetics of chemical reaction shows that many complicated relaxation
processes are involved in enabling the functions [1, 2]. The relaxation processes corres-
pond to conformational changes of the bio-molecules. Various experimental techniques
demonstrate the presence of a dynamic transition in different bio-polymers at temperatures
T ∼ 200− 230 K. In particular, it shows up as a change in the slope of the temperature
dependence of the atomic mean–squared displacements〈x2〉. This onset of anharmonicity
appears around the temperature where functions of bio-polymers slow down significantly.
These results lead to speculations about a relationship between functions and anharmon-
icity of molecular motion [2, 3, 4, 5]. However, it is not clear what types of anharmonic
motions are responsible for the sharp rise of〈x2〉 and how they can be related to bio-
chemical activities of the molecules. The main goal of this Note is the analysis of the
dynamic structure factor of DNA at different temperatures and levels of hydration in order
to find out details of the dynamics that change aroundT ∼ 200− 230 K.

Oriented Li-DNA-fibers were obtained by the wet spinning method [6]. The samples
were hydrated withD2O to different levels by exposing them for several weeks to the vapor
of saturatedKBr (≈ 81% r.h.),NaClO3 (≈ 75% r.h.) andLiCl (≈ 11% r.h., the “dry”
sample) solutions inD2O. The neutron scattering spectra were measured on IN5 time-of-
flight spectrometer at ILL (Grenoble). Two wavelengths of incoming neutrons, 5 Å and 8
Å, were used in order to cover a sufficiently broad energy range. The data were corrected
for the container contribution, for self absorption and multiple scattering in the isotropic
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Figure 1. Dynamic structure factor of DNA at different temperatures for samples with 11%r.h. (symbols),
75% r.h. (solid lines) and 81% r.h. (dashed lines). The spectra are scaled by the Bose factor to 290 K and
averaged over scattering 56}o~ φ ~ 126} (corresponds Q-range� 1 � 3 Å).

approximation. As a consequence the corrected spectra essentially coincided in the high
frequency region and continuity between the 5 Å and 8Å measurements was achieved.

Due to the extremely high incoherent cross-section of hydrogen atom, the neutron spec-
tra reflect essentially the motion of hydrogens. Substitution of theH-atom by deuterium
decreases the scattering contribution by roughly a factor of 40. Thus the neutron scattering
spectra of DNA/D2O reflect the motion of hydrogen atoms of the DNA molecule [7].
The frequency range of our interest (ν � 1 THz) is two orders of magnitude lower than
the frequency of a local hydrogen atom vibrations. Thus the motion of H-atoms at these
frequencies corresponds to cooperative motion of large parts of the molecule.

Figure 1 presents neutron scattering spectra of the three samples at a few temperatures.
The spectra are scaled by the Bose factor,n � ν � T ���u� exp� hν � kT ��� 1 �Y� 1, to T � 290 K
in order to simplify for the trivial temperature dependence. At frequencies above� 1 THz
the scaled spectra do not show significant temperature variations. This corresponds to har-
monic behavior of vibrations at these frequencies. The strong increase of the quasielastic
scattering at frequencies below� 1 THz with temperature is a quite general for soft matter
and corresponds to an activation of a relaxation–like motion. This anharmonic contribution
is evident in the spectra of all samples, but its increase with temperature is much more
pronounced for the samples with high humidity level. Figure 2 shows the temperature
dependence of the integrated quasielastic intensity that can be related to the mean-squared
displacement scaled bykT,

�
x2 � � kT. The data in Figure 2 demonstrate a strong increase

at T above� 200 K for samples with high humidity level and a gradual increase for
the “dry” sample. These results are similar to many previous observations obtained on
bacteriorhodopsin [8], myoglobin [5] and other bio-polymers. Thus they reflect a general
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Figure 2. Temperature variations of the normalized quasielastic intensity integrated in the frequency range
50-300 GHz. The dashed line shows expected harmonic behavior.

trend in the dependence of low frequency dynamics of bio-polymers on temperature and
humidity.

In order to emphasize details of the quasielastic (relaxation-like) spectra, Figure 3
presents them in terms of the imaginary part of the susceptibility. The susceptibility presen-
tation,χ ó óô� q � ν � ∝ S� q � ν �8� n � ν � , has advantages in comparison with the traditionally used
dynamic structure factorS� q � ν � : relaxation process appears as a peak atν �õ� 2πτ �2� 1 (τ
is an average relaxation time). As a result the processes strongly separated in time (or
frequency) appear as separated peaks. A relaxation process with a single exponential de-
cay will haveχ ó óö� ν � ∝ ν at low frequency (2πντ ÷ 1) andχ ó ó]� ν � ∝ ν � 1 at high frequency
(2πντ ø 1).

Analysis of the spectra presented in Figure 3 clearly demonstrates the presence of two
processes: the “fast” one that dominates the spectra atν ù 100 GHz and the “slow” one
that dominates atν � 100 GHz. The latter shows strong dependence on bothT and relative
humidity. The resolution of our spectrometer is not sufficient to resolve the process and
only the high frequency tail is observed. The tail is strongly stretched,χ ó óô� ν � ∝ ν � b, with
b � 0 ú 25 being rather temperature independent. That corresponds either to a complex non-
exponential relaxation process or to a very broad distribution of relaxation times.

Only the fast process is present at the lowest temperature and the quasielastic contri-
bution to the spectrum in dry sample is stronger than in the samples with higher humidity
(Figures 1,3). The result suggests that decrease in water content increases flexibility of the
DNA molecule at lower temperatures.

The spectra of DNA show weak dependence on level of hydration up toT � 210 K
(Figure 2). However, the situation changes at higher temperatures. Distinct differences
develop atT � 250K, e.g. just above the dynamic transition. The result of the presented

SN3



û8ü ý8þ*þ ÿ������

�����

���
	

������ ���

���
�������
�
�
�� 
!�"�#
�
��$

%'&�(�)�*�+,+�-

.�/,0�132�4,/�5

6
7,8�9�:;,<
=

>'?
@�A�BC,D�E

F'G�H�I�J�K�L�M

NOP
QR
SUT
VWYX
Z[ X
\

]_^a`cbedgf

Figure 3. Susceptibility spectra of DNA samples for Q at 11% r.h. (symbols), 75% r.h. (solid lines) and
81% r.h. (dashed line). The dotted line shows the slope of the high frequency tail of the slow process,
χ h hji ν k ∝ ν l 0 m 25.

analysis (Figure 3 demonstrates that at high temperatures,T ù 250 K, a decrease in the
humidity level decreases the flexibility of DNA and is similar to a decrease in temperature.
This conclusion agrees with the analysis of thermodynamic data [9]: it was demonstrated
from enthalpy relaxation measurements that a decrease in the water content accomplishes
the same change in DNA kinetics as a decrease in the annealing temperature atT � 190 K
and has a reverse effect at temperatures above 190 K.

The most important observation in Figure 3 is the absence of the slow process in the
spectra of the “dry” sample. Even at the highest temperatures,T � 320 K, only the tail of
the fast process is evident atν � 100 GHz. The fast process gives anharmonic contribution
to

�
x2 � observed as an increase of the quasielastic intensity (Figures 1-3) even in the dry

sample. However, this anharmonicity is weak. This result suggests that the sharp rise of
�
x2 �

at temperatures above� 210 K for the two “wet” samples is related to the slow process.
Thus the decrease of the humidity level does not suppress anharmonicity in general but
suppresses the particular slow process. The nature of the slow process in bio-polymers
is not known. The authors [10] relate the process to particular jumps of water molecules
on surface of bio-polymers. Their conclusion is based on analysis of dielectric relaxation
spectra that are dominated by contributions from water molecules (due to their large dipole
moment). Strong increase of acoustic modes attenuation with increase in humidity level
was observed in DNA fibers [11]. The attenuation was ascribed to relaxation mode of
water. However, our data clearly indicate that the process is related to an intrinsic relax-
ational motion of DNA molecule (the contribution ofD2O to our spectra is negligible in
comparison with the contribution of DNA protons). This conclusion agrees with results of
NMR investigations that also found the slow process in relaxation spectra of P-atoms of
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DNA [12]. We ascribe that process to cooperative motion of many DNA monomers where
all parts of the molecule, backbone and base-pairs, are involved. Molecules of water of
hydration follow the motion of the DNA surface and in that way the process appears in the
dielectric relaxation spectrum.

The observed dependence of the dynamics upon the level of hydration supports the idea
of strong influence of the solvent on bio-polymer dynamics. In particular, it supports our
previous speculations [13] that the dynamic transition observed around 200� 230 K can be
related to the dynamic transition in bulk water observed at the same temperature range [14].
The dynamic transition in water of hydration makes the DNA molecule more flexible and
enable slow conformational variations. That can be important for opening of base-pairs.
Thus our results suggest a possible explanation for suppression of bio-chemical activities
by changes in the water content: the slow process appears to be strongly suppressed by
decrease in water content and the variations in dynamics appear to be similar to variations
caused by decrease in temperature.
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