VOLUME 60, NUMBER 15

PHYSICAL REVIEW LETTERS

11 APRIL 1988

Helical Lattice Vibrational Modes in DNA

A recent Letter by Grimm et al.! reported the obser-
vation of umklapp-phonon scattering at subterahertz fre-
quencies in DNA by inelastic neutron scattering. They
found that the nearly linear dispersion of their results did
not extrapolate to zero frequency at zero wave vector as
a simple acoustic mode should and that the data could be
best fitted by a dispersion relation w?=wé+v2(AQ)?
where wo/2n was 0.4 THz. On the other hand, in two
earlier observations®* carried out by Brillouin scattering,
between 5 and 20 GHz, the acoustic mode is seen to
behave normally and extrapolate to zero frequency at
zone center. We explore a lattice-dynamics calculation
that can account for the subterahertz observation and
the lower-frequency acoustic results in a consistent way.
We use refined bonded force constants and reasonable
assumptions about unbalanced charges and dielectric be-
havior of the DNA helix.

The lowest optical mode at zone center in Fig. 1 has
been observed experimentally,* as well as other optical
modes calculated by the lattice theory.® As seen in Fig.
1 the lowest longitudinal acoustic branch does extrapo-
late linearly to zero frequency at zone center. The Bril-
louin observations in the gigahertz region fall on this
branch. The heavy lines indicate the continuation of the
compressional character of the phonons on the successive
branches of the dispersion plot of Fig. 1. The experi-
mental resolution is such that the splitting of the
branches near the crossover cannot be seen. We note
that a feature exists in the experimental data near the
second from bottom optic-acoustic crossover that is con-
sistent with the predicted region of crossover.

The value of the acoustic velocity from this calculation
is 4.5 km/s. To compare with the Brillouin work in the
gigahertz region, we changed the long-range water di-
electric to 45 (from 9) and calculated an acoustic veloci-
ty of 3.1 km/s. This is about what would be expected for
a helix unburdened by water of hydration, based on mea-
surements by Lee et al.®
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FIG. 1. The continuous lines are our helical lattice disper-
sion calculations of the phonon spectrum of DNA. The 6 axis
is displayed in degrees of phase shift from one unit cell of two
DNA base pairs to the next. The central row of stars shows
the reported frequencies from the neutron data and the outer
rows of dashes show the reported FWHM line width. The
heavy lines indicate the continuation of the compressional
character of the phonons on the successive branches of the
dispersion plot.

U. Dahlborg, Phys. Rev. Lett. 59, 1780-1783 (1987).

2G. Maret, R. Oldenbourg, G. Winterling, K. Dransfeld, and
A. Rupprecht, Colloid Polym. Sci. 257, 1017-1020 (1979).

3S. M. Lindsay and J. Powell, in Structure and Dynamics of
Nucleic Acids and Proteins, edited by E. Clementi and R. H.
Sarma (Adenine, New York, 1982), pp. 241-260.

4S. M. Lindsay, J. Powell, E. W. Prohofsky, and K. V. Devi-
Prasad, Structure and Motion: Membranes, Nucleic Acids
and Proteins, edited by E. Clementi, G. Corongiu, M. H. Sar-
ma, and R. H. Sarma (Adenine, New York, 1985), pp.
531-551.

SK. V. Devi-Prasad and E. W. Prohofsky, Biopolymers 23,
1795-1798 (1984).

6S. A. Lee, S. M. Lindsay, J. W. Powell, T. Weidlich, N. J.
Tao, G. D. Lewen, and A. Rupprecht, Biopolymers 26,
1637-1665 (1987).

© 1988 The American Physical Society 1587



