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This work is a continuation of an ESR/ENDOR project aimed at understanding the
nature of radiation damage to purine derviatives. Much of this work has been on
guanine derivatives, because of the role the guanine cation plays in the oriented DNA
work."? The ultimate goal of this work is in understanding the direct effects of ionizing
radiation to DNA. A recent review of this work can be found in ref.}

The first material studied was a single crystal of Guanine:HCI:H,O (Gm) x-
irradiated at temperatures between 10K and 77 K. Three radical species were found
and characterized by ESR and ENDOR spectroscopy.*® All three are primary
products in that they were present immediately following irradiation at T = 10K.
Radical I, which apparently can exist in two slightly different conformations, was
identified as the product of electron gain by the parent molecule, and subsequent
protonation at O6. Radical I is stable on warming to 250 K, where it decays into a
radical formed by net H-abstraction from N9.® Radical I1, the guanine cation, results
from electron loss by the parent molecule, followed by deprotonation at N7.* Radical
IT exhibits a single small nonexchangeable anisotropic hyperfine coupling not cor-
related with any X-H crystallographic directions. Radical 111 has been tentatively
assigned to a product that results from "OH attack at C8 of the parent molecule,
followed by rupture of the C8-N9 bond and ring opeining.’ The "OH radicals thought
to produce Radical III could result from electron loss of the co-crystallized water
molecules. The reaction leading to Radical III, unusual in solid-state radiation
chemistry, is thought to be mediated by the specific hydrogen bonding network in this
crystal. A C8 H-addition is formed by the decay of Radical III at 160K.°

The second set of experiments were on single crystals of Guanine: HC1:2H,0 (Gd)
at low temperatures. This crystal contains the same N7 protonated guanine molecule
with an additional water of hydration. The results, however, are rather different. At
low temperatures we have detected Radical [ (the guanine anion, which also decays
at 250K into the N9 H-abstraction radical), a C8 H-addition radical, and a C8
OH;addition radical. No evidence has been found for the guanine cation or Radical
I1.

Comparisons of the similarities and difference in the radiation chemistry of Gm and
Gd have lead to the following speculations about radical production and stabiliza-
tion. Reduction of the guanine base is rapidly followed by protonation at O6 (to form
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Radical I) even at low temperatures in both crystals. Radical I decays at 250K to yield
an N9 H-abstraction radical.

The oxidation pathway is much more involved. It seems reasonable that the base
is oxidized in both cases. In Gm the deprotonated cation is stable on warming to 80 K.
In Gd the cation is not stabilized because of differences in the H-bonding network
around N7-H, or perhaps because of the involvement of radiolysis products from the
water molecules. Several possibilities will be discussed including results interpreted in
terms of the differences in water coordination around the base.*’

Guanine C8 H-addition products are commonly thought to form as the net results
of the protonation of anions at elevated temperatures.® This is clearly not the case for
these guanine crystals. In Gm the formation of the C8 H-adduct is linked to the decay
of Radical III that itself is formed via an oxidative pathway. In Gd the C8 H-adduct
is stabilized at very low temperatures. The possibility has been considered that both
H-adducts are formed in the same manner, but that only in Gm is the ring-opened
radical precursor to the formamido molecule stabilized.’

The final difference between the radiation response of these two crystals is the
observation of a C8 H-addition radical only in Gd. This is considered to result from
ionization of the water molecule directly over the imidazole ring in the native Gd
crystal (the only water in Gm is in the ring plane). Therefore, in both crystals there
are products that are believed to result from ionization of the water molecules. The
observed differences may then result from the direction from which the "OH arrives.’

It is not likely that studies of only two guanine single crystals will yield much of
relevance to the study of the radiation chemistry of DNA. However, when these
results are considered along with results of our small but growing number of studies
of other purine molecules, the following patterns emerge.

It has been noted that the electronic structure of the guanine cation observed in
Gm* is in good agreement with the structure of the guanine cation in DNA.? A
problem arises, however, when one considers the mechanism of formation. In Gm, N7
is protonated in the native molecule. Therefore, to form the observed cation, the
molecule must rapidly deprotonate at N7 even at 10 K. However, the guanine cation
observed in DNA is observed at 77K, and is still present on warming to 220K.*

Hiittermann and Voit have recently reported a single crystal study of $dGMP.*'
Here, as in DNA, the native guanine molecule is not protonated at N7. They observe
a guanine cation that decays (above 77 K) by deprotonation at N1, and claim that the
same events occur in DNA fibers.” These results conflict with our own ENDOR
results on 5’dGMP conducted at 10K."" Our results suggest a cation deprotonated at
the exocyclic amino group. In our review, oxidation of a guanine molecule results in
rapid deprotonation (to maintain charge balance). Therefore, if the molecule is
initially protonated at N7, the radiation-induced cation will deprotonate at this site.
Otherwise, deprotonation will occur at the amino group. It is reasonable to expect
that this will also occur in DNA.

Finally, we have in addition to Gm and Gd a number of situations under study
where the decay of a base anion is not directly linked to the formation of an
H-addition radical. To test the relevance of these results to the study of DNA, we have
recently investigated a single crystal of 1-Methyl Thymine (IMeT). We see the
expected thymine anion decay between 45-50K, but no trace of the thymine H-
addition radical until the crystal is warmed to above 200 K.
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