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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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"This report was-prepared as an account of Government-sponsored work.
Neither the United States, nor the Energy Research and Development
Administration nor any person acting on behalf of the Commission.

A. Makes any warranty or representation, expressed or implied,

-with respect to the accuracy, completeness, or usefulness
of the information contained in this report, or that the use
~of any information, apparatus, method, or process disclosed
in this report may not infringe privately owned rights; or

B. Assumes any iiablllfles with respect to the use of, or for
damages resulting from the use of, any |nforma+|on, apparatus,
method, or process disclosed in this report. :

As used in the above, 'person acting on behalf of the Commission' includes
any employee or contractor of the Administration or employee of such con-
tractor, to the extent that such employee or contractor of the Administration
employee of such contractor prepares, disseminates, or provides access to,

any information pursuanf to his employment or contract with the Admlnlsfra+|on
or his employmenf with such contractor,"
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ABSTRACT

In this project we have proposed a mechénism for rédia;ion
damage to.DNA and defaiied a series of experiments ufilizing electron
spin resonance spectrometry to test the proposed mechanisms. In this
past year several invéétigations‘have been coﬁpleted or are nearing
‘completion. These iﬁvestigations are: |

1. An ESR study éf the Nl—éubstituted thyﬁine m-cation

radicals

2, .Studies qf electron reactions with amino acid

"anhydrides

3. ESR and pulse radiolytic studies of eleétron transfer

in dinuéleoside phosphate anions. Studies which we
have made significanf progress on in this past year
are:

4. Positive ion radicals of the dinucleosidé phosphates,

'and

5. Reactions of the f-cations of thymine derivatives.

In the first study the spin density distribution in the cation radicals
of thymidine and'thymidine-—sl- moﬁOphosphate have been elucidated.
Couplinés aré found ﬁo the ribose group in these radicals. It is
believed that thése results will aid the identification of ‘cation
radicals in DNA. In study é, the results indicate tﬁat these ;yclic‘
anhydrides can undergo reductive deaminatiqﬁ.' In sfudy 3, the results
shoﬁ the order of electron affinitiés of the DNA bases to be

~ ~

Thymine = Cytosine > Adenine,=,Guanine.




I. Results This Year

During'the past year two articles haﬁe been published and two more have
been prepared for publication. The artic]es published and the papers
prepared are attached as appendices " Below we briefly describe this wbrk-
and other work which is not yet completed |

A. ESR Study of N1 Substituted Thymine - Cation Radicals

N—Cation radicals of DNA bases have been identified in y-irradiated
crystalline_thymine,‘thymidine; cytosine, as well as Y—irradiated DNA.
It is our purpose to a1d in the characterizat1on of these radicals and
to understand their chemistry by produc1ng them individually in aqueous
glasses In our previous studies the . m-cation radicals of several DNA
bases were 1dent1f1ed and their further reactions studied The present
work extends the 1nvest1gat10n to several Nl-substituted thymine deriva-
tives and the nucleot1de, thymidine-sl-monophosphate (TMP)
m-Cation radicals produced by photoionization of thymidine Sl-mono-
.phosphate, thymidine, 1-methylthymine, 1 ethylthymine and thymine in
ba51c 8 M NaClO4 D,0 glasses at 77° K were investigated by ESR -spectro-
scopy. Analysis of the spectrum of each Nl-substituted thymine shows
coupling to the S—methyl group (21G), to,thelnitrogen at position 1
(A’|= 13G, alsdé with glvf é||= 0.002) and to B—protons on substituents
at Ny. Analyses were confirmed by computer simulations. The '"experimental"
spin density distribution was calculated and compared to McLachlan MO
d predictions. Parameters of the interaction of the 1-position B-protons
'mere determined (pm = 0.21, B, = 79).and used to evaluate the conformations

of the Ny substituent: groups Results found'here are compared to

previous results in. aqueous glasses and 51ngle crystals



B. Electron Reactions with Amino Acid Anhydrides

The structure of glycine anhydride (2,5 diketopiperazine) are of
interest since they have two peptide bonds'and no terminal amine groups.
A number of investigations have established that N-terminal amine groups
in beptides are readily deéaminated after electron atfachment. Since the
amino acid anhydrides have no termiﬁal amine groups the possibiiity‘of
secondary amine deamination by electron attachmeﬁt can be investigated.

In th;s work we have produced the aniéﬁs 6f gl&cine‘énhydride (GA) ~
and alanine anhydride (AA) in an aqueous glass and sfudied their sﬁbsequent
reactions. Electron attachment to glycine anhydride (GA) at 77°k in 12M
LiCl results in an anion wﬁich remains sfabié to 175°K. At 175°%K a
second radical is found which.is suggested to 5e the species produced by
abstfactibn!of a hydfbgen atom frém a methylené groub iﬁ GA. This
suggestion is verified by the production of this éame épecies by attack
of 0 on GA in 8M<NaC104~DZOAg1as§es.' Electron attachment to D,L alanine
énhydride at 77°K results in a stable anion which showed no further reaction
on warming. The results found for GA are compared to previous studies of
Y-irradiated GA single crystais and a study of y-irradiated polycrystalline
GA reported in this work. A possible mechanism for the production of the

second radical from GA anion is discussed

C. Electron Réactions with Dinucleoside Phosphate Anions

During this past summer we completed this work. Most of the details
of the iﬁvéstigatioﬁ were'd?jzzi?ed in our last progress report and are
included in Appendix A'with this repért.

In this year's work we completed our investigation of mixtures of
the individual nucleosides.. We found evidence for electron transfef only

in the case of dG and T. In this case there was evidence for the reaction




i

dG- + T » T + dG
However, results for dA and T did ﬁotAgive clear evidence for a

similar transfer reaction.
A joint pulse radiolysis study of electron transfer in TdA

anion with R.A. HolroydAandgM. Pettei was also completed this past

- summer (see Appeﬁdixﬁ. These pulse radiolysis studies show that

in the TdA anion electron transfer occurs from adenine to. thymine;
whereas, no electron transfer is found for mixtures of:individual

nucleotides. These results. correspond nicely to those found for

'the dinucleoside phosphate anions in aqueous glasses.

D. Reactions of the g-Cations of Tﬁymine Derivatives

We have been investigating the results of -anealing samples of"
w-aﬁionsof N-substituted thyminee in 8M NaClO4 glasses. Thus far
we have found that the decay product is the same for n—catiohs of
1-methylthymine or thymidine-5'-monophosphate. The-radical formed
is of the form R - CH,- produced by ioss of a proton trom the
S5-methyl group. .In each'case a third radical species is produced

of the form.

This spec1es was thought to arlse from *OH attack on the parent
compound, however addition of 0.1M sodlum formate has no effect on

its yield. Further work will be necessary to determine whether the

. deprotonated radical could react to form this third species. Results

thus far do not show any evidence for a reaction on the ribose group

as we proposed last year.



E. Dinucleoside Phosphate Positive Ion Radicals’

The catibn fadicals of a number dinucieoside phosphates (DNP)
havé been genefated. At 77°%K fqr thymidylyl{3',SlQZdeoxyodensine
(TdA) we find the positive ion on dA at éH? and on both T and dA at
pH 12. Warming'glasses of TdA cation at pH 12 to 165°K we find the.

loss of the T* signai} This suggests the possibility of the-transfer
of posipive charge from T to dA in the DNP*, |

Warming solutions of tﬁese DNP cations has of‘yef providéd no

evidence for transfer of spin to the ribose group.

II. Co60 Y—irradiation Sourcé
quing the next year we e%pecf'to have a 360 curie Co60 Y-irradiatioh.~
soufce at Oakland. Pfofessor Larry Kévah at Wayne State Univérsity has
kindly_offeréd to transfer this soﬁrce'to Oakland. We have accepted this
offer and are'presently applying to the National kegulatory Commission
for a license for this sealed source. |
It'is~exﬁectéd-thaf this séurﬁe will greatly‘aid our research effort.
The budget (see proposal) includes'the cost of moving the source as well as
periodic testing required by the'Nuclear'Regulatory Comﬁissioh.

II1I, ' Effort of the Principal Investigator

THe present téfm of this contract began Aﬁgdst 1, 1975. Since then
20% of his time during the aéédemic yéar hés been‘spent on this work. ‘The
principal investigator Qill &evote.ll weeks of the spring summer sessions
to this projéétﬂ The remainiﬁg portidn of the sﬁmﬁer will be spent on

rélated work funded by the PRF.




