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ABSTRACT

We show that the resonant excitation of localized vibratio-
nal modes by microwaves recently reported in DNA, cannot account
for the enhancement. of the mutation rate observed in viruses ir-
radiated with microwaves of 130 MHz. This conclusion was ob-

tained within the tautomeric shift model of mutations.

PACS: 87.50.Eg, 8750.Ce
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INTRODUCTION

Experiments performed in the sixties [ 1] on bacteriophages
showed that. the number of mutants as a function .of the fre-
quency of the microwave with which they were irradiated dur
ing the reproduction had a resonance around 130 MHz with a
line width of about 30 MHz. This is shown in Fig. 1. The peak
value is about 4 times larger than the background mutatidn rate. .

- At that time, attempts to interpret these results with'.
a model of mutations based on-the induction of tautomeric forms
[}] of the nucleotides were unsuccessful, mainly because the
energy of the microwave photon is too low by several orders
of magnitude to induce the.required transition. Furthermore,
calculationslshowed that during the separatilon of the strands
of DNA the protons of the hydrogen lwnds in the base pairs
become more localized making difficult a tautomeric transfor-
mation ]:3] .

Recently, a series of papers [ 4,5] appeared in which the
resonant absorption of microwave energy by DNA is reported.
This energy excites vibrational modes of the molecule and sug
gests a possible.cdnnexion between the resonant absorption of
microwavesand the rescnance in the mutation rate.

This connexion hecomes particularly plausible considering
that a detailed calculation of the vibrational modes of DNA
chains shows that when exclted with microwaves, localized vi-
brational modes are also excited at the extremes. As a result,
the amplitude of the oscillations of the base pairs linked by
hydrogen bonds at the extremes of DNA may be very large (a

tenth of an Angstrom): EG].But it is precisely at the end
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of the DNA chain where the replication takes place and the
mutations are more likely to happen. Thus, the mutation rate
would probe the localized vibrational modes at the-:&repiica—
tion sites.

Encouraged by these ideas we revisited the old tautomeric
model in a very simplified version and incorporated the vibra
tional modes. Here we show that the localized vibrational modes,
at least in this model with a reasmnable set of parameters, can
not induce either the required rate of tautomeric transfor-

mations.
‘MODEL

Let us consider a double hydrogen bond as cccurs in the
A-T pair of DNA[ 2]. Each proton is in an.asymmetric .. double
well potential. The protons are in a ground state (normal po-
sition) axd from time to time tunnel to the opposite .well - {tauto-
meric form). Fig. 2. Dua to their coulomb charge and proximi-
ty, the motion of the two protons is highly. correlat'ed C(1if
one jumps, the other has to jump also). Thug, we consider the
dynamics of 6n1y_one pﬁoton, The asymmetric double well Po
‘tential will be described by two:.delta functions; admittedly
this is not a fealistic potential but it contains the essential
physical features and it can bé solved analytically. Tte separa-
tion of the potential wells will be considered as an external
dynamical variable driven by the localized modes and treated
by perturbation theory in the adiabatic approximation.'- The

unperturbed Hamiltonian is
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H

fl

.
P - J(l+a)gx-a) +(L=a)s(x+a)} , {1)

where M is the pfoton magss, J is a coupling constant describing
‘the strength of the delta potentials, o is a measure of the
asymmetry of cthe potential and 2a is the separation between the
wells.

Schroedinger's equation Hy = Ey has bounded state solu=-
tions of the form

Ae. for x »a
pix) = B e-kx+c ekx' ’ for l%| <a (2)
D.ekx for x <=-a

with E =- h2?k2?/(2M) . The continuity of ¢ requires that

p-D-ae? c-A-De? (3)
2sinhp ! 2sinhp ’

where p = 2ka. The solution at the singular pointd x = a, -a,

together with Egs. (3), require that [7]]

afef ~(2u/p) (1 +a)sinhg] - D = 0
| (4)
A - [ -(2u/p)€1 =a)sinhp]D = 0

where we defined e dimensionlessiparameter u = 2MJa/¥N%. . Egs.

(4) yield the secular equations for p:
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o = uil +qfaZ + (1 —azle—zr’:li-,z} . (5)

where g = 1 corresponds to the ground state and g =-1 to the
excited state. This system has only two bounded states and
Eqs. (3-5) provide the exact solution. We are, however, inter
ested in the case of large separation between wells, . namely

e-2p << 1, In that limit the normalized solations are

(n/a)g = 1 +a)/(20)]e P8 (6)
/), = [ -a)/(%)]_e“ng N
(c/n), SePfg (8)_
Ay = 7Ky ePg/? (9)
with
BEg = ~du(l +a)2/(4a) -, Py = u(l +a) , {{10)

where the subindex g stands.for ground state. For the excit=-.

ed state (e) one has
(a/D) = - [(1 -a)/(2a)]ePe (11)

(8/Dy, # e Pe (12)
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-5=
(c/oy, =-[11 +a}/ (20)]e 2Pe (13)
oo - P /2 :
2 JE;'e e (14)
with
E, - IJp(l-a)?/(42) , o Zwu(l-a) . (15)
The activation energy is
iE = E, - E, = Jya/a . . (16).

In this approximation both Eg and E, are independent of a.

. PERTURBATION THEORY

The perturbation Hamiltonian is

H, 0y = (3H/8a)a£
= J{{l+a)s'(x-a) - (Ll ~a)s'(x-+a)lE (17)
where £ = § sinat is the varying distance between the po-

tential wells. Since the energy of the localized mode A is
much smaller than the activation energy BE, the adiabatic ap-
proximation is adequate [ 8]. To lowest order the . perburbed

ground state is given by
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= ¥, () o iFgt/h + ok(t)y_(tle” iBzt/n (18)

where wg e =-wg e(x,a(t}hand the time dependence of Eé- and
» » .
E; has been neglected (this is quite accurate in the limit of

large separation). Then, «(t} is given by Eq. (31l.11) of Ref..8:

- K<y, |H:..nt| wg * ‘e lﬂEt/‘ﬁ

k() cosaE-l) . (19)
i(amz

Although y has discontinuous derivatives at x=a and -a, the ma-

trix element can be easily calculated using the. formal rela-

ticon

J fF(x)s'"({x)dx = - %E‘._:_ +f__f_['§ - £Y(0) (20)
where f' and f' are-the derivatives of the function f(x) to

the right and to the left of the point x = 0. If £(x) has con-
tinuous derivatives Eq. (20) yields the usual relation. In

the limit of large .separation, using Egqs. (6-15), it results
<o VH, v ==2 JE@- «2)3/2(u/2a)2e7" sink(u) (21)
e Tintgo o H I

THE TAUTOMERIC STATE

The ratio .of the probabilities of finding the [. tautomeric
state and the normal state is idertified with the ratio, P, of the:
densities of probability.at x = - a and x = a. At finite tem-

peratures, in particular at room temperature, the - main con
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tribution PT’ to P, comes from the thermal population of '.the
exclited state, that is

 _ |weL—a)| _ -aE/T ~ 1l+a -AE/T '
PT = . e -~ i e © . (22)
[y (a) ]2 |
-4
The mixture of wavefungtions due.to vibrations produces the
additiocnal contribution
lp_(-a) |2 =
P = —& e
Loy @)z
g .
~l+a 3 (1-42)3 f -2u(1-
-i-g 16_(_ uc‘ ) G[ﬁo) l-'( o) " (23)
o

where a time average has been taken over |wit)]Z2.
NUMERICAL EXAMPLE

Fig. 3 shows Log_PT and=Log..PL as a function of the ground
state energy of the proton between 0.5 and.l.2 eV and for two
values of the asymmetry o 0.3 and o = 0.5. For this .plot we
used the values a = 0.5 4 , £, = 0.05 A, 9/27=100 MHz. T =
0.025 eV. In this model.PT is related to the natural mutaticn

-G -
rate and it has been estimated to be in range 107~ - 107 ,[2]
CONCLUSIONS

It can be seen in Fig.3 that the value of PL is in every case

several orders of magnitude smaller than P,. Thus, at . least

¥
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- within this model, the vibrational modes cannot account ..for

the amplification factor of 4 in the mutation rate induced by

the microwave energy.
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FIGURE CAPTIONS

‘Fig. 1 - Mutation. rate as a function of the microwave frequency.

Fig. 2 - Pair of nucleotides adenine (A) - thymine (T) showing
the hydrogen bonds and the corresponding asymmetric well
-potential. = (a} Schematic diagram .of the adenine (A)¥
thymine (T} base pair. - (b) Potential .energy correg
ponding to the upper hydrogen bond in a).

Fig. 3 - Mutations rates, P;'due to thermally induced (T) and
vibrationally induced (L} tautomeric shifts as a function

of gkound state energy for two values ©f the asymmetry

parameter.
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