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DYNAMICS OF WATER IN DEOXYRIBONUCLEIC ACID STUDIED
BY NEUTRON INELASTIC SCATTERING

V. S. Walder® L. A. Vinhas and R. Fulfaro

ABSTRACT

In order to study the dynamics of water present in biological molecules neutron inelastic scattering
measurements were performed on natural and dehydrated DNA samples, using a cold neutron time-of-flight

spectrometer. The water frequency spectrum obtained by difference from the natural and the dehydrated DNA spectra, .-

indicates that water molecule motions in the helicoidal DNA structure are quite simitar to those in liquid water. -~ '..

| - INTRODUCTION

it is known the interest in the state and role of water in the structure and functions of
biologicat macromolecules'®!. Neutron inelastic scattering may be a valuable tool for further elucidating
the controversy about bound water in hydrated biopolymersf4.17).

In biological matter such as living cells, it is found, to a large extent, a kind of bound water
which does not freeze out on cooling and does not melt on subsequent heating of the solution, although
it can be removed by conventional dehydration technique“’. Nuclear magnetic resonance results and
other studies have demonstrated that the mobility of these H, O molecules, or of a certain fraction of
them, is less pronounced than the mobility in the liquid state. This suggests some form of ice-like
coordination of the H, O close to the surface of the biological molecules!4-17), Several hydration models
were considered as applicable to deoxyribonucleic acid {DNA) as well, giving indication that the water
hydrating DNA would have an “ice-like” stfucmre(2'12’1“. Measurements in NaDNA using neutron
inelastic scattering, which is the technique used in the present paper, also have given results similar to
those metioned (4!,

On the other hand, investigations on the motion of water molecules in samples of polyglutamic
acid, also using neutron inelastic scattering, have given results providing evidence that the water molecule
is tightly bound to the polypeptide with a behaviour similar to that of liquid water' '8 Results from
infrared studies'?’ and from measurements of neutron cross sections of H, O present in DNA, performed
in this Institute, have also given(s’ indications that the water molecules hydrating DNA samples have the
same behaviour.

So, in order to obtain additional informations on the behaviour of water molecules hydrating
DNA samples, the present work was developed using the slow neutron scattering technigue in dry and
wet samples, which provides sensibly different results due to the water presence.

il - EXPERIMENTAL

Measurements were performed with a conventional cold neutron time-of-flight spectrometer“s’

at the IEA-R1 2 Mw swimming pool research reactor. A polycrystalline beryllium filter cooled with

® Presently at the Instituto de Ffsica — USP.
Aproved for publication in June 1980.
Writing, orthography, concepts and final revision are of exclusive responsibility of the Authors.
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liquid nitrogen transmits a neutron spectrum with a sharp cutoff at 3.95 A (5.2 meV) and with 3 mean
energy of 3.5meV and a width of 2meV; a Fb monocrystal filter is used to reduce y-ray background.
Neutrons scattered by the sample at angie §2 are puised by a curved slit slow neutron chopper operated
usually at 13000 rpm and are detected by a bank of JHe detectors after an evacuated flight path of
3.15m. Scattered neutron spectra are recorded with a multichannel time-of-flight analyser and the
time-of-flight resotution is 1.7% for 4 A neutrons and 6.4% for 1 A neutrons.

The sample was a Deoxyribonucleic acid ex-thymus in powder form (from Koch Light
Laboratories Ltd.) with a specified moisture of 6%. Using a conventional technique of dehydration one
can remove the water present in DNA,' including the bound water'®. For the dry sample preparation, a
certain amount of DNA was placed in a vacuum dissecator, containing calcium chloride, for two months;
by this procedure it was possible to eliminate practically all the water (5.9%) present in DNA. Part of
the same sample of powdered DNA was treated so as to become hydrated in order to obtain the wet
sample; a quantity of DNA was exposed for fifteen days to a surrounding atmosphere whose relative
humidity was approximately 85%; through successive weighing, a gradual increase of mass due to the
water presence was observed, until saturation was attained with a final total mass that corresponds to
7.5% of water, which is equivalent to 5.6 water molecules per tetra nucleotide.

The scattering samples, dry and wet DNA, contained each one in siab type aluminum cell, have
a thickness of 0.2 mm, ensuring a 90% transmission to avoid multiple scattering. The samples were
placed at an angle of 45° 1o the incident beam.

i1l — RESULTS AND DISCUSSION

Energy gain spectra corresponding to the neutron inelastic scattering measurements in dry and
wet DNA, were collected at the scattering angle £2=50° with the sample at temperature 298K. After
subtraction of background and sample holder scattering, spectra were corrected for chopper
transmission, air scattering and detector efficiency; all these corrections are energy dependent By
monitoring the incident beam the spectra normalization was performed.

From the corrected and normalized experimental scattered neutron spectra (Figure 1), the
scattering laws were obtained. These data were used to calculate the generalized frequency spectra by
means of the Egelstaff relation!5-6/.

Figure 2 shows calculated generalized frequency spectra for natural {wet) and dehydrated {dry)
DNA; in each spectrum the full fine represents the sum of seven gaussians adjusted to the experimental
points, after peak assignments, as the result of the best fit obtained. The fact that the spectra present a
similar behaviour indicates that the drying process did not cause drastic alterations in the dynamics and
structure of the macromolecules. On the other hand, the differences in intensity and shape of the peaks
observed in the DNA spectra can be interpreted as the result of water presence in natural DNA,
corresponding to 11 hydrogen atoms in addition to the 49 characteristic of the DNA tetranucleotide
unit, in view of the large neutron scattering cross section of hydrogen atoms.

The difference curve corresponding to the bound water frequency spectrum, describing the
water molecule motions in the helicoidal DNA structure, was obtained perfoming a subtraction between
natural and dehydrated DNA spectra. An analysis of the difference spectruin, shown in Figure 3, reveals
the existence of six peaks associated with the following frequencies: 43cm™*, 79em™', 143 cm!,
244cm™', 381 cm™' and 530cm™'. Table | shows the comparison of these values with, an average of

characteristic frequencies for I'quid water and ice, appoinied in the literature in the same frequency
range'1.3.9,10,11,13,15)



4 1
$000
%
600 |-NATURAL  CALF  EX . THYWUS  DNA
[ aa e
-..- L] .
wn . = . []
; » 3000 - - . -t
> . :
3 '
L]
% .
2000 |- ",' . -
- ‘.'.’J'
» . L] ..' .
. -. .\ : ‘e
1000 » s -
] " L) ':.“ * a
v Ju e o v .,
L -« :::-~-
s 1 i bl
0 50 100 1580 200
CHANNEL NUMBER
| | ¥
6000
«000 |-DEHIORATED  CALF  EX THYMUS  ONA .
2 el .. -
= .t
> - ".
8 ‘-l ¥ =
ws '\-
. l.'
2000 L- . . - -
'l-
» Y ]
.
. .f h* b
1000 |- -.. . [ '™ h-‘.-. e -
.- . ':' - N‘.\'l\
- .--.l.-..l. '.' ” [
. L) .I ..-I- 4".
o A l 1 .
Q 50 100 150 200

CHANNEL NUMBER

Figure 1 — Corrected timeof-flight spectra of scattered neutrons at an angle of 50° by natural
and dehydrated DNA as a function of number of 16 usec channels
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Figure2 — Generalized frequency spectra of natural and dehydrated DNA. The full line represents
the sum of seven Gaussian functions fitted to experimental points
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Figure 3 — Frequency spectra of “wet” and ‘‘dry” DNA. The difference spectrum is due to water
in DNA, The assigned frequencies are indicated by the vertical lines in the lower part
of the figure

Table |

Frequencies for water in DNA determined in the present work and literature

data for water and ice (frequencies in cm™!)

Difference Spectrum Water Ice
530 547 600
i 3] - -
244 229 280
143 136 132
79 81 90

43 43 62




Except for the frequency at 381 cm™!, all the frequencies ass.Jned in the ditference curve are
in >greement with thase for liquid water; small differences between frequency spectra can be attributed
to some factors that introduce changes in the experimental curves, such as the resolution that varies
with £3/2 3nd the fitting process that smooths the frequency spectra.

Since the frequency at 381 cm™' is absent in the list of liquid water and ice characteristic
frequencies, the observed peak in the difference curve is probably related to a frequency corresprnding
to a kind of motion resuiting from the influence of the dynamics of DNA bases (adenine, guanine,
cytosine and thymine) on the H; O molecule. The same frequency was observed in a neutron scattering
swdy!'8! of the dynamics of water present in a sodium salt of polyghuitamic acid, Na-PGA, with a
helicoidal structure very similar 10 that of DNA.

Results of the present work indicate that water molecule dynamics in the hast DNA molecule is
more similar to that of liquid water than of ice, mainly with respect to the frequency at 530 cm™! that
corresponds to the literature frequency 547 cm™!. This frequency is related to the fact that the usual
accepted model for liquid water considers that the molecule executes torsional motion around the
oxigen atoms, bending the two hydrogen bonds {each hydrogen atom in one molecule bonded to other
molecule). Thus, through the correspondence between both mentioned frequencies, on? may suspect
that most atoms of the individual water molecules present on wet DNA tend to be tightly bound and
that the molecule executes hindered rotations (torsional motion) much the same as in liquid water. This
conclusion corroborates the results from infrared studies!’! and is in agreement with the results obtained
in a previous work!®) made at this Institute, using neutron transmission technique through dry and wet
DNA sampies.

RESUMO

Lom o objetivo de estudar a dinimica da dgua presente em moléculas bioldgicas, foram realizadss medidas
de espathamento inzlistico de néutrons em amostras de DNA natural e desidratado, usando um espectrometro de tempo
de voo para néutrons lentos. O espectro de frequéncia da dgua obtido por subtracio do espectro do DNA desidratado
daquele natural, indica que 0s movimentos das moléculas de dgua no DNA tem comportamento andlogo aos das
molécuias de dguc no estado liquido.
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