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I.  MAIN RESEARCH ACCOMPLISHMENTS

Over the past three years, the major research accomplished

realizes originally stated objectives.  These objectives have

centered on the study of chemical natures of radiation induced

damage to nucleic acids and their components. Significant prog-

ress had been made in several aspects. The following will be a

summary of three main ones: (1) Isolation and characterization

of thymine glycols, (2) Isolation and characterization of a thymine

hydroperoxide (TOOH), and (3)  chemical synthesis of radiation pro-

ducts of thymine. Furthermore, (4) a preliminary study of the

effect of TOOH on chemical compounds, transforming DNA, and chromo-

somes was carried out with the collaboration of biochemists and

biologists at Hopkins. This added aspect would allow the evalua-

tion of the potential importance of TOOH in the study of radiation

biology.

(1) . Isolation and characterization of thymine glycols

(manuscript enclosed):

Since the discovery by Muller in the late twenties that x-rays

cause mutagenic effects, the radiation chemistry of nucleic acids

has receivdd considerable attention. Thus, it is not surprising

that the study of radiation effects on thymine has been in the
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forefr6nt.  Although 5,6-dihydroxy-5,6-dihydrothymine of trans (I)

and cis (II) configurations have been indicated as thymine radiation

products, it is surprising that the actual isolation and identifica-

tion of (I) had not been previously accomplished.  We have succeeded

in the isolation of (I) in sufficient quantity for its characteriza-

tion by uv, ir and nmr spectra..  Apparently, (I) is unstable when

stored in a desiccator and slowly converts to (III).

With the purified (I) on hand, the chemistry of (I) and (II)

were examined.  One important. finding that the general notion, i.e.

isomerization of (I) and (II) can be achieved easily, is untenable.

While our finding clears up this misconception, it also serves as a

crucial foundation for further study of the radiation chemistry of

thymine, (See below).

I am very happy to quote a comment that we have received con-

cerning the manuscript: "This paper effectively resolves a large

mass of inferential and incomplete evidence accumulated over the

past 50 years."

(2)      Isolation and characterization  of a thymine hydroperoxide

(manuscript submitted for publication).

It was shown earlier that radiolysis of aerated aqueous so-

lutions of nucleic acids and their components results in the for-

mation of hydroxy-hydroperoxides, among others. In the late fifties,

the major product from thymine irradiation was suggested to be a
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mixture of cis-(IV) and trans- 5-hydroperoxy-6-hydroxy-5,6-

dihydrothymine(V).  However, our isolation and characterization
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study on the irradiation of thymine in aerated aqueous solutions

shgwed that 5-hydroxy-6-hydroperoxy-5,6-dihydrothymine(VI) instead

is the major product, and that earlier conclusions are again erro-

neous.  This may not be unexpected since their conjecture was based

on their unsound chemistry of thymine glycols. From our isolation

study, it was noted that while (VI) is highly reactive, (VI) was

relatively stable thus allowing further experimentations.

'

(3) Syntheses of Radiation Products

Irradiation of thymin€ in aerated aqueous solutions results in

the formation of more than 20 radiation products.  Many of these have

been characterized by uv, ir, nmr and mass spectra.  However, in

order to further identify these compounds, their syntheses by unam-

biguous routes have also been carried out.  Among these, the most

important are trans-thymine glycol(I) and cis-5-hydroxy-6-hydroperoxy-

5,6-dihydrothymine(VI).  These new syntheses not only permit us with

characterization of these radiation products but also provide us
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with sufficient quantities for biochemical, biological as well as

chemical studies.

(4)  Preliminary study of the effect of TOOH on chemicals

and biological materials and systems.

It is a general belief that radiation causes drastic effects

in biological systems and also may generate secondary reactive

species which can act to produce changes in molecules that have          I

not encountered the radiation themselves. Hydroperoxides of

pyrimidines are considered to be among these species. Therefore,

TOOH was used to test this possible "indirect" effect with trans-

forming DNA (in collaboration with Dr. R.M. Herriott) and chromo-

somes (in collaboration with Dr. T. Merz).  Similarly, TOOH reacts

with adenine, quanine, cytosine, uracil or thymine when mixed in

aqueous solutions at room temperature. Some of these reactions

produce m6re than 10 products.  It is reasonable to assume that          I

results from more detailed studies should provide some valuable

information for the insight of radiation chemistry and biology of

nucleic acids.

II. PLANS FOR CONTINUATION OF WORK

In general, our plan will be a continued study of various

areas explored in the past.  In particular, we are extremely ex-

1
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cited about our preliminary results of the "thymine peroxide effect"

and thus wish to expand our effor.ts in this aspect. However, at

least one biochemist or biologist should be added to our group in

order to further investigate this effect.  This necessity arises

from the fact that TOOH .is quite unstable and somewhat difficult to

synthesize, and therefore various experiments should be carried out

soon after TOOH is prepared. The immediate attention required for

this study calls for a full time personnel.

Thus, we plan to continue our present studies: (1) the isola-

tion and identification of radiation products from thymine, cytosine,

uracil, etc., (2) the syntheses of the identified radiation produdts,

(3) the determination of the mechanisms of their formation, (4) the

study of the chemistry of new radiation products, and (5) the study

of the effects of TOOH on derivatives of purines and pyrimidines,

nucleic acids and cellular systems.

Whenever a student or a postdoctoral worker becomes interested

in this area of research, the following aspects will be investigated:

The radiation chemistry of DNA
The radiation chemistry of RNA
The radiation chemistry of adenine derivatives
The radiation chemistry of quanine derivatives
The radiation chemistry of cytosine derivatives
The radiation chemistry of uracil derivatives
The radiation chemistry of 5-bromouracil derivatives
Radiation chemistry in a frozen state.

L
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Hopefully, the knowledge gained in our present study of the

chemistry and biology of the "peroxide effect" will enable us to

make a long stride toward the final understanding of. radiation

biology.

III. POST DOCTORALS

Past:

Name Former Advisor Present Location

Dr. A. Rafi Prof. J. J. Weiss Balto Gas and Electric Co.

Present:

Name Former Advisor Previous Experience

Dr. B. S. Hahn Prof. E. H. White Post doctoral Assoc.
Department of Chemistry
The Johns Hopkins University
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V.  REMARKS

Although studies on the harmful effects of x- or y-rays on

biological systems have been conducted for almost half a century,

it is fair to state that the progress of radiation chemistry of

nucleic acids has been rather unproductive. The difficulty arises

from the fact that radiation of pyrimidine and purine derivatives

often yields a great number of radiation products with similar

characteristics. Not only are their separations troublesome but

also their quantities present in experiments are minute in com-

parison with ordinary chemical reactions. The plight is further

complicated by the fact that radiation products of biological im-

portance may be metastable and thus elusive for isolation and

study.

Comprehending this circumstance, my initial request for sup-

port and thus our effort, with an untried approach, has been rather

limited. The first year's budget was spent mainly for the purchase

of a radiation source.  As a result, the actual operation of our

project has been limited to less than 2 years. I must say that our

accomplishments   thus   far  have been beyond my original expectations.

While   I   am very· pleased  with our achievements,   one  must   take   into

account that inexact conclusions based on insufficient experimental

data from various laboratories have made our results much more per-

tinent than they might have otherwise been. This also strengthened
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my earlier belief that laborious procedures and tedious efforts are

necessary in the isolation of sufficient quantities of radiation

products which are essential for further chemical and biological

studies.  Our initial success indicated that this approach may be

unqiue for the chemical study of radiation biology and merits an

increase in the level of support.

It is well-known that there are three factors which influence

radiation sensitivity in biological systems. One is the presence

of the dissolved oxygen in the medium in Which radiation takes

place.  A second factor is temperature.  At elevated temperatures,

the sensitivity, generally speaking, is high. The third is the

presence in the medium or in the cells of SH containing substances

which sharply reduce the sensitivity. In considerihg thymine hydro-

peroxide (TOOH), its formation requires the presence of oxygen.

TOOH is more reactive at 37' than at lower temperatures.  It reacts

with SH containing compounds to form thymine glycols.  Thus,.the

,       isolation and characterization of cis and trans thymine glycols not

only are required for the understanding of the chemistry of TOOH but

also are needed for the interpretation of the molecular biology of

radiation.  Further more, due to the above discussed characteristics

and due to its possible formation as a radiation product, TOOH could

o        be used as a vehicle to study the radiation effects on molecular as

well as cellular levels.

· 3
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Indeed, we have succeeded in the preparation of TOOH in

sufficient quantities for various studies.  On one hand, TOOH

reacts with purines, pyrimidines, nucleosides, nucleotides, etc.

to yield oxidative products. On the other hand, TOOH reacts with

transforming DNA, chromosomes, etc., to cause inactivation 
and

possible aberrations. Although these results are preliminary,

they clearly suggest that TOOH not only could serve as a v
ehicle

for the study of the radiation effects but also allows these ex-

periments to be carried out in more defined and controll
able con-

ditions.  We think further results may bring a giaht step f
orward

for the understanding of the molecular basis of radiation bi
ology.

Thus, the characterization and the isolation in sufficient quan-

tities of TOOH may provide a breakthough in radiation chemistry of

nucleic acids. This reminiscences a comparable situation in photo-

chemistry of nucleic acids about a decade ago.  An article written

by Deering, then at Oak Ridge National Laboratory, appeared in

Scientific American in 1962. He wrote: "...About three years ago

a breakthrough in the photochemistry of DNA came when R. 
Beukers,

J. Ijlstra and W. Berends of Technology University of Del
ft in

Holland and Shih Yi Wang, now of the The Johns Hopkins University

discovered that although in a liquid solution, thymine is n
ot par-

ticularly sensitive to ultraviolet, a concentrated frozen aqueous

solution causes thymine molecules to combine and form two-molecule
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chains, or dimers..."  Hopefully, TOOH will occupy a similar position

as thymine dimer in the photochemistry of nucleic.acids.

VI. FEDERAL SUPPORT

A contract AT (11-1)-3276, formerly AT.(30-1)-2798, with the

Division of Biology and Medicine is in effect. No other
research        

support besides that of AEC is being sought.
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