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UNIVERSITY OF FLORIDA FOLDER
CONTRACT NO, AT-(L0-1)-4155
For the contract period September 1, 1973 through August 31, 1974

ARTICLE A-I. RESEARCH TO BE PERFORMED BY CONTRACTOR

The Contractor will conduct studies on the
photohydration of DNA.

The Principal Investigator, Dr. P. A. Cerutti,

expects to devote approximately 20% of his time
or effort to the project,

ARTICIE A-II. WAYS AND MEANS OF PERFORMANCE

(2) Items included in total estimated cost:
(1) Seleries and wages and fringe benefits: $22,183

(2) Equipment to be purchased or fabricated
by the Contractor: $ 1,3L0

& Equipment estimated to cost less
than $1,000:

None
b Equipment estimated to cost in
excess of $1,000:
Density gradient fractionator
(3) Travel: $ 1,000
Domestic-=mmm=m== $1,000
Foreign----===n- $ 0
(4) Other direct costs: ‘ $10, 51k

(5) Indirect costs (based on a predetermined
rate of 49.42% of selaries and wages and
fringe benefits): $10,963

1039188



_— L e e i et e ot i

UNIVERSITY OF FLORIDA

ARTICLE A-III.
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CONTRACT NO. AT-(40-1)-4155

(b) Items, if any, significant to the performance of
this contract, but excluded from computation of
support cost and from consideration in proportion-
ing costs: :

(1) TItems to be contributed by the Contractor:

A1l costs of the Principel Investigator
including salary, fringe benefits, and "
- releted overhead.

(2) 1Items to be contributed by the Government:
None

(¢) Time or effort of Principal Investigator(s) con-
tributed by Contractor, but excluded from computa-
tion of support cost and from consideration in
proportioning costs:

None unaer this paregraph.

The totel estimated cost of items under A-II (a) ebove for
the contract period stated in this Appendix "A" is $46,000;
the Commission will pay 100% of the actusl costs of these
items incurred during the contract period stated in this

. Appendix "A", subject to the provisions of Article III

and Article B-XXIX. The estimated AEC Support Cost for the
contract period stated in this Appendix "A" is $46,000.

The estimeted AEC Support Cost is funded as follows:

(2) Estimeted unexpended belance from the
prior period(s): $ 207

(b) New funds for the current period: $L5,793

The new funds being added in A-III (b) constitute the
basis for edvance payments provided under Article B-XI.
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ABSTRACT

During the coming year we plan to continue our studies on the
formation and repair of thymine damage induced by y-rays 1n the DNA
of bacterlal and mammalian cells.

The following problems concerning the radiochemical reactivity of
thymine in DNA in vitro and in vivo will be investigated. (1) Is there an
oxygen effect for production c¢f thymine damage in free E. coli DNA?

(2) Is the formation of thymine damage in native DNA preceded by local
denaturation of the polymer? (3) What are the molecular reasons for
the pronounced protection of the thymine residues to Y-ray induced
damage in the DNA in situ in mammalian cells? The radiochemical
reactivity of thymine in isolated native and reconstituted Hela
chromatin will be investigated.

A major effort will be made to improve our present methods for the
determination of radiation induced thymine damage. If methods of
sufficient sensitivity can be developed the molecular mechanism of
‘the excision from the DNA of y-ray damaged thymlne in mammallan cells

will be investigated.
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I. Introduction

During the second year of this project we plan to continue our
studies on the formation and repair of y-ray induced thymine damage
in bacteria and mammalian cells.

The following questions concerning the efficiency of formation of
thymine damage will be studied. (1) Is there an oxygen effect for
the formation of thymine demage in free DNA and in DRA in situ in
E. coli? (2) Does the formation of thymine damage in native DN
require local denaturation? (3) What is the radiochemical reactivity
of thymine in native mammalian chromatin? How much radioprotection
is supplied by the histones, how much by the acidic chromosomal
proteins? Does the radiosensitivity of thymine differ for native and
fully reconstituted chromatin? In addition to the obvious radio-
biological interest in these studies with mammalian chromatin information
may be obtained about the structural similarity or dissimilarity of
native and reconstituted chromatin.

As discussed in the "Progress Report" we have demonstrated the
release from the DNA of y-ray damaged thymine from Chinese hamster
ovary cells during postirradiation incubation. (See section IIC).
Large amounts of cells and high levels of radioactivity were needed in
these experiments mostly due to the limited sensitivity of the
reductive assay. Improved methods for the detection of y-ray damaged
residues have to be developed before a detailed study of the molecular
steps of the repair process becomes feasible. A major effort in this
direction will be made during the coming year. If successful, studies-
on the cell cycle dependence of the excision of y-ray damaged residues,
on the effect of metabolic inhibitors, on the .excision process in
cells with a possible defect in DMNA repair, etc. will become pcssible. -

II. Radiochemical Reactivity of Thymine in Free DNA, Hela Chromatin
and DJA in situ in Bacterial and Mammalian Cells.

A. Experiments on free E. coli DNA.

1. Efficiency of formation of thymine damage by y-rays under
aerobic and anoxic conditions: An oxvgen enhancenent factor of 2.4
- was observed for the formation of [ h]HZO from thywlnc—methyl[ H] in
the DNA in situ in CHO cells (Roti Roti and Cerutti, 1973). - This
result is difficult to interpret from a chemical point of view. It
will therefore, be of interest to investigate whether an oxygen'effect
can be observed in vitro for the formation of thymine damage in free
E. coli DNA under protective and non-protective conditions both for
the formation of products of the 6-(hydroxy or hgdropeloxy) -5,6~dihydro-
thymine-type and of [3H]H20 from thymine-methyl[-H It should be
pointed out in this connection that the oxygen eLfect observed for
DNA single strand breakage in bacteria and mammalian cells has recently
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been shown to be due to differences in the efficiency of repair rather
than of formation of breaks under anoxic relative to aerobic conditions
(Dean et al, 1969; Town et al, 1972).

2. Efficiency of formation of thymine damage in native and
denatured E. coli DNA: In our previous studies a significantly lower
initial efficiency for the formation of thymine damage was observed
for native E. coli DNA than for single stranded ¢X174-DNA (Swinehart,
Lin and Cerutti, 1873). At doses above about 20 Krads where partial
denaturation of the native structure has undoubtedly occurred due to
strand breakage and disruption of hydrogen bonds the efficiency of
product formation is close to that for single stranded DNA. The
lowest .doses used in these experiments were 10 Krads. The question
arises whether loczl disruption of the helix always preceds formation
of base damege. An indication that the nucleic acid bases may be
strongly protected in a native double stranded helix has also recently
been obtained by Ward and his collaborators (Ward and Kuo, 1970). On
the other hand the presence of endonuclease sensitive sites in Y-
irradiated break-free PH2-DNA has been observed by Carrier and Setlow
(1973) and by Brent (1973) and it has usually been assumed that these
sites correspond to base damaged residues. _ ..

A series of low dose experirents is, therefore, planned
with double stranded circular DNA from Pseudomonas phage P¥-2. The
number of single strand breaks produced will be compared to the amount
of thymine damage at doses below 5 Krads. Single strand breakage in
PM-2-DNA can readily be determined by the filter assay of Vander Schans
et al (1973) and by alkaline sucrose gradient sedimentation while
thymine damzge will be determined with our standard assays. It will
be particularly interesting to compare at low dose the efficiency of
the formation of products of the 6~(hydroxy or hydroperoxy)-5,6-
dihydrothymine type which occurs in the center of the double stranded
hellx with the reaction of the thymlne—methyl group (i.e., formation
of [3 H]H,0 from thymine-methyl[3H]) taking place at the helix periphery.

B.. Exveriments with intact E. coli cells: Comparision of
efficiencv of formation of thvmine damaze under aerobic and
anoxic conditions.

As mentioned in the preceding section the chemical basis for
the oxygen effect for the formation of thymine damage in CHO cells is
not understood, in particular since it has been shown that the damage
is mostly caused by OH-radicals (Roti ‘Roti and Cerutti, 1973). We
plan to extend these studies to E. coli and hope to obtain clues about
the basis of the oxygen effect. :

C. Experiments with Hela chromatin.

" The factors responsible for the much lower radiosensitivity
of DNA 1n situ in the cell relative to free DNA in solution have not
been clearly identified. Even under very strongly protective conditions



thymine in free DNA was approximately twice as reactive as in intra-
cellular DNA (Swinehart, Lin and Cerutti, 1973). The availability of
procedures for the isolationof mammalian chromatinin a form in which

it retains at least part of its functional integrity allows an approach
to this problem. We plarn to compare the radiochemical reactivity of
thymine in native chromatin to partially and fully reconstituted
chromatin. Part of these studies will be carried out in collaboration
with Dr. G. Stein of our department.

1. Efficiency of formation of thymine damage in native Hela
chromatin: Dose response curves for the formation of products of the
6~ (hydroxy or hydroperoxy)-5,6-dihydrothymine type and the release of
[3H]H20 from thymine-methyl[3H] will be determined for native Hela chromatiin
prepared according to Stein and Farber (1972). A special effort will
be made to obtain data in the low dose range (i.e., below 10 Krads).
The results will be compared to those obtained from Hela DNA prepared
under mild conditions from chromatin. Characteristic dose reponse
curves were obtained for mnative chromatin in preliminary experirments
and it is hoped that the radiochemical reactions of thymine which are
being determined can be used as a probe for chromatin structure.

2. Efficiency of formation of thymine damage in partially
and fully reconstituted Hela chromatin: Chromatin will be partially
reconstituted by incubating histones or acidic chromosomal proteins with
Hela DRA in the proportions present in native chromatin. Complete
reconstitution will be carried using DNA and all chromosomal proteins.
The conditions for reconstitution and the procedures for the preparation
of chromosomal proteins will be according to Stein and Farber (1972).
Special attention will again be focused on "initial" efficiencies at
low doses where the difference in the radiochemical reactivity of the
preparations are expected to be at a maximum. The results will be compared
to those obtained by Ansevin (1973) who compared radiation induced helix
denaturation, single strand breakage and double strand breakage for free
DNA and reconstituted chromatin from rat thymus nuclei. Our results may
also shed some light on the validity of some recent chromatin models
(seé e.g., Clark and Felsenfeld, 1972; Paul, 1972).

I1I. Excision of y-ray Dzmaged Thyvmine from the DNA in Marmalian Cells.

Recently we have demonstrated the removal from the DNA of damaged
thymine following Y-irradiation in bacterial and manmalian cells (see
Progress Report, Section II). The reductive assay for products of the
6~ (hydroxy or hydroperoxy)-5,6-dihydrothymine. type was used in these
studies (Hariharan and Cerutti, 1971; 1972). The sensitivity of this
assay, however, is limited. Micrococcus radiodurans was chosen as
bacterial system since rather high doses can be used with this organism
without loss of viability. Most of our experiments on mammalian cells
were done with Chinese hamster ovary cells. Large amounts of cells
and high levels of radioactivity had to be used in these experiments
(e.g., at a dose of 25 Krads approximately 5 x 107 cpm in DNA-
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thymine—methyl[3H] and 108 cells in monolayers were required per
experimental point to be able to measure the released radiation products
in the cytoplasm and medium. For a systematic study of the molecular
steps of excision repair of y-ray damaged residues in mammalian cells
(and E. coli!) a more sensitive assay for radiation products will have to
be developed.

A. Attempt to develop a more sensitive assavy for the determination
of thymine damage. .

Ideally assays should be available allowing the determination
of specific radiation products in the DNA before their rexoval by a
repair process and in the cytoplasm and culture medium after excision
has occurred. The reduction assay for products of the 6-(hydroxy or
hydroperoxy)-5,6-dihydrothymine type (tT) can be used for both purposes
but its sensitivity is insufficient to detect tT in DNA extracted from
cells which were irradiated with moderate doses. These are two
alternatives for chemical methods for the determination of radiation
products of the DNA bases. (1) The radiation products can be isolated
and quantitated in their original form by chromatographic methods.
Mild digestion is necessary for the determination of products in
irradiated DNA. (2) A characteristic derivative of a radiation product
can be isolated and used as a quantitative measure. This alternative
is especially attractive if digestion of the irradiated polymer can
be avoided. The reductive assay for products of the 6-(hydroxy or
hydroperoxy)-5,6-dihydrothymine type is an example of this second
approach. S

During the coming year we will attempt to develop a more
sensitive assay for Yy-ray induced thymine damage. Promising pre-
liminary results have been obtained with a procedure using a cycle of
base and acid treatmernts of the irradiated thYmine—methyl[3H] labeled
DNA or the acid soluble material contained in the cytoplasm and the
culture medium. Labeled acetol is isolated as a specific degradation
products of 6-(hydroxy or hydroperoxy)-5,6-dihydrothymine. A
systematic study on a molecular level of the steps involved in the
excision of y-ray damaged residues in mammalian cells (and E. coli)
may become feasible with this procedure. o

B. The molecular mechanism of the excision from the DHA of
Yy-ray damaged thvnine in memmalian cells.

If it is possible to substantially increase the sensitivity
of our methods for the determination of thymine damage experiments
on the cell cycle dependence of product excision may become possible.
This would be of particular interest since it has so far npot been
possible to relate the changes in the radiosensitivity of mammalian
cells with the cell cycle (see e.g., Terasima and Tolmach, 1961;
Sinclair and Morton, 1963) to the efficiency of the production or
repair of a particular type of DNA damage. ' Pulse labeling of the
following type may be most promosing: Chinese hamster ovary cells
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(CHO) or human embryonic lung fibroblasts WI-38 w1ll be pulse labeled :
for a short time period (e.g., one hour) with [ h]thymldlne and chased ‘
with cold thymidine (e.g., for one~half to ome hour). The kinetics

of product excision will be studied for the' case where irradiation

immediately folloved termination of the labeling procedures (mestly

S—-phase cells will be irradiated under these conditions with .
approximately 207 G, contamination for a 10-hour S-period). Alternatively,
irradiation will be carried ocut after a lag period -comparable to the

length of § (a mixture of G2 H, 'Gl cells will be irradiated under

these conditions (for the assay for damaged tﬁynlne, see introductory

paragraph to Section III).

Studies on the effect of metabolic 1nh1b1tors on excision repair
may become possible with the help of a more sensitive assay for base
damage. Especially interesting would be inhibitors of protein
synthesis (e.g., cycloheximide; e.g., Terasima and Yasukama, 1967;
Doida and Okada, 1972), RRA-synthesis (actinomycin D (qne e.g., Tooey
et al, 1966; Doida and Okada, 1972) and D¥A-synthesis (e.g s hydroxy-

) urea and fluorodeo;vurldlne)
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for publication.

J. L. Roti Roti and R. B. Pzinter, Equations for Estimating DNA Chain
Growth Using an Equlllbrlum Den51ty Gradlent Method, manuscrlpt in
preparation. .

J L. Roti Roti and P. A, Ceruttl, Radlocagﬂlcal React1v1ty of Thymine

“in the DNA in Chinese Hamster Ovary Cells "in situ", manuscript in
preparation.
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Chi Beta Phi, 1964

Sigma Xi, 1972

American Association for Advancement of Science, 1965
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© 1973 - Postdoctoral Associate with Dr. P. A. Cerutti,

Department of Biochemistry, University of Florida,
Gainesville, Florida :

7/1968 - 8/1968 Research Technician, Emory University, Atlanta,
Georgia.

6/1965 - 9/1965 Research Technician, Oak Ridge Associated University,
Oak Ridge, Tennessee,

6/1964 ~ 8/1964 Student Research, ARC Summer Student Research, Oak
Ridge In<titute of Nuclear Studies, Oak Ridge,
Tennessce

6/1963 - 8/1963 Student Research, NSF Summer Student Research at
Southwestern at Memphis, Memphis, Tennessee

6/1962 - 9/1962 Research Technician, Department of Clinical Physiology,

University of Tennessee Medical School, Memphis,
Tennessee
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-RESPONSIBILITY IN THE PROPOSED PROJE&T AND PER CENT TIME DEVOTED TO IT.

Wlll carry out the major portlon of our study of thymine damage (Section
ITI). She will devote 1007 of her time to this project.

SELECTED PERSONAL PUBLICATIONS INWAQEAS RELATED TO PRESENT PROPOSAL.

F. Sayder and R. Wright, Efféct of Locali,éq Irradiation on the Metabolism
of Bone-Marrow Lipids. Radiation. Res. 23, 417 (1965).

F. Binkley, N. King, E. Miiikin, R. K. Wright, C. H. O'Neal and I. J.
Wundrum, Brush Border Particulates of Renal Tissue, Sciénqg_;&ﬂc'10Q9

(1968). ' : : BT e
» o . . "f. s . M

V. Ziboh, R. Wright and S. L. hsia'»E*’“'fects of Insdlin on the Uptake

and Metabolisam of Glucose by Rat Skin in vitro. Arch. Biochem. Biophys.

146, 93 (1971).

R. K. Wright and S. L. Hsia, Effccfs of Insulln, Prostaglandln Ey and
Epinephrine on the ForraL101 of Cyclic AMP by Human Skin. Fed. Proc.
30, 1205Abs (1971).

S. L. Hsia, R.'Wright, S. H. Mandy and K. M.’Halprin. Abnormalities in
Adenyl Cyclase of Psoriatic Skin. Joint Meeting of the Society for
Investigative Dermatology and European Society for Dermztological Research,
Amsteldam, Netherland, pp. 10- 11Ab>, May l7~l9 1972.

R. K. Urlght S. H. Mandy, K. M, Halprin and S. L. Hsia, Defects and
Deficiency of Aden,l Cyclas; in pso*latlc Skln Arch. Dermatol. 107,
47 (1973).

S. L. Hsia, R. Wright, S. H. Mandy and.h M. Halprln, Adenyl Cyclase
in Normal and 'Psoriatic Skin. J. Iavest. Derm. 5%, 109 (1972).
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NAME : Maria Vigo McMacken
TITLE: ‘ Research Assistant
BIRTHDATE/BIRTHPLACE: QS Ponce of Puerto Rico
PRESENT NATIONALITY: UsA :
SEX: ' Female
SOCIAL SECURITY NUMBER: JN
EDUCATION:
Institution Degree  Year Speciality

RESEARCH AND/OR PROFESSIONAL EXPERIENCE:

1973 - Research Assistant with Dr. P. A. Cerutti, Department
of Biochemistry, University of Florlda, Gainesville,
Florida.

1970 - 1971 Research Associate, Yale University, New Haven,
Connecticut,

1968 ~ 1969 Research Assistant, University of Wisconsin, Madison, -
Wisconcin.

1965 ~ 1966 Research Assistant, University of Wisconsin, Madison,
Wisconsin.

RESPONSIBILIIY IN THE PROPOSED PROJECT AND PER CENT TIME DEVOTED TO IT:

Ms. McMacken's major responsibility will be the routine culturing of
mammalian cells and will assist in our experiments on the repair of
thymine damage in Chinese hamster ovary cells and WI-38 cells. 50% of
her time will be devoted to this project.

SELECTED PERSONAL PUBLICATIONS IN AREAS RELATED TO PRESENT PROPOSAL.
D. R. Wilken, M. McMacken and A. Rodriguez - Choline and Betaine

Aldehyde Oxidation by Rat Liver Mitochondria. Biochim. Biophys.
Acta 216, 305 (1970).
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P. V. Hariharan, Ph.D. Associate Scientist and
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Miss J. Swinehart Graduate Student
' (terminates in Fall, 1973)

Mr. M. Mattern : Graduate Student
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B. Publications resulting from work supported by A.E.C.

1. Papers published or in press:

P. V. Hariharan and P. A. Cerutti, Repair of Strand Breaks
in Gamma- 1rrad1ated Micrococcus radjodurans. Int. J. ,Radiat. Biol. 22,

301 (1972).

J. Y. Vanderhoek and P. A. Cerutti, The Stability of
Deoxycytidine Photohydrates in the Monorucleotide, 011goaucleot1des and
DNA. Biochem. Biophys. Res. Commun., in press.

P. A. Cerutti, "Dase Damage in DA Induced by Ionizing
Radiation", Chapter VI in Photochemistry and Photobiolocy of Nucleic '
Acids, (S. VWang and M. Patrick, eds.), Gordon Breach Science Publishers,
New York, in press. - ‘

P. A. Ceruttl, "Deoxycytidine Photohydration in DNA",
Chapter IC in Photochemistrv and Photobioloey of Nucleic Acids, (S
Wang and M. Patrick, eds.), Gordon Breach Science Publlshers, Hew York,
in press, —

..’/

2. Pavers submitted for publication:

J. Roti Roti and P. Ceruttl, Gamna—ray Induced Thymine
Damage in Mammalian Cells.

M. Mattern, P. V. Harlnaran, B. E. Dunlap and P. A.
. Cerutti, DNA-Degradation and Ekc151on Repair in- Y—lrradlated Chlnese
Hamster Ovary Cells

3. Papers communicated at national meetinzs:

‘ P. A. Cerutti, Repalr of Ganma-ray Induced Thymine Damage
in Chinese Hamster Ovary Cells, IV International Congress of Biophysics,
Moscow, 1972.

J Roti Roti and P. A. Cerutti, Radlocnen1cal Reactivity of
Thymine in DNA of Chinese Hamster Qvary Cells in situ, Rad Res. Soc.
Annuazl Meeting, St. Louis, 1973 Abstr. EC-1.

J. Sv1nehart W-S. Lin and P. A. Cerutti, Gamma—ray
Induced Thymine Damage in the Mononucleotide and Single and Double
Stranded DRA, Biophysical Society 7th Annual Meetlng, Columbus, ‘Ohio,
1973, Abstr WP-F3.

P. A, Cerutti, Ultraviolet and Gamma—ray Induced Pyrimidine
Damage in Polynucleotides in vitro and 1n v1vo, Gordon Conference on
Nucleic Acids, New Hampshlre, 1973.
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C. Support received from other federal agencies.

Support is obtained from the National Institutes of Health
(Grant No. 5 ROl G 18617-03) for a project entitled "Structure and
Function of Ritonucleic Acid" in the amount of $36,431 (direct costs)
for the current year,
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VII. Financiel Statement for the Present Contract Period i

1. .Tota; actual project cost to date for the _ $ 22,213.29
‘current period.

2. Estimated total cost for remainder of . $ 23,786.71
period. .

3. Total actual and estimated cost chargeable - $ 46,000.00
to AEC for current period based on percentage
of cost agreed upon as contained in A-III of
Appendix "A" to Contract.

4. Accumulated costs chargeable to AEC . $115,001.64

5. Accunmulated AEC Support Ceiling as stated $115,209.00
in Article III of Contract. :

6; Total estimated AEC funds remaining - $ 207.36

under Contract. T
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SUMMARY

During the third year period of this project, we plan to
continue our studies on the radiation chemistry of DNA. In parti-
cular, the stability of products of the 5,6-dihydroxy~dihydrothymine
type in DNA and the formation of apyrimidinic sites will be inves-~
tigated. The presence of significant amounts of apyrimidinic- and
possibly apurinic sites in y-irradiated DNA could explain the well
known similarity between the biological effects exerted by ionizing
radiation and certain alkylating agents which are known to produce
apurinic sites.

Major emphasis in our program will, however, be placed on
studies of the excision repair of products of the 5,6-dihydroxy-
dihydrothymine type in-bacteria and in normal and diseased mammalian
cells. "Open systems' will be used, i.e. crude E. coli extracts
on one hand, and isolated nuclei from cultured mammalian cells on
the other, and the excision of damaged residues from an exogenous,
damaged DNA ‘substrate will be investigated.

Some of the questions which will be asked in our experiments
with E. coli extracts are: (1) What are the functions of the rec-
genes in the repair of Y-ray induced thymine damage in E. coli?

(2) What is the role of the exr-gene in repair of y-ray induced
‘thymine damage in E. coli? (3) Is polynucleotide ligase responsible
for the joining of the ends following the removal from the DNA of
ring damaged thymine? Is it possible to learn more about the
incision step with the help of ligase mutants or ligase inhibitors? -

In our studies of prereplication incision repair of y-ray
damaged thymine in mammalian cells, we plan to concentrate on two
major questions: (1) Are there differences in the y-ray excision
repair capability of normal and transformed human and rodent
cells? (2) What is the Y-ray excision repair capability of nuclei’
fromnormal human skin~-fibroblasts and nuclei from Xeroderma plgmen-
tosum skin fibroblasts?
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I. Introduction

During the third year period of this project, we plan to
continue our studies on the radiation chemistry of DNA. 1In parti-
cular, the stability of products of the 5,6-dihydroxy-dihydrothymine
type in DNA and the formation of apyrimidinic sites will be inves-
tigated. The presence of significant amounts of apyrimidinic- and
possibly apurinic sites in y-irradiated DNA could explain the well
known similarity between the biological effects exerted by ionizing
radiation and certain alkylating agents which are known to produce
apurinic sites (cf. radiomimetic effects of methylmethanesulfonate
or ethylmethanesulfonate).

Major emphasis in our program will, however, be placed on
studies of the excision repair of products of the 5,6-dihydroxy-
dihydrothymine type in bacteria and in normal and diseased mammalian
cells. "Open systems' will be used, i.e. crude E. coli extracts
‘prepared according to Wickmer et al. (1972) on one hand, and isolated
nuclei from cultured mammalian cells (Remsen and Cerutti, unpublished
results) on the other, and the excision of damaged residues from
an exogenous, damaged DNA substrate will be investigated. These
open .systems have a number of attractive features: unirradiated
extracts or nuclei are used with damaged, well-defined DNA specimens
or in certain experiments with selectively modified synthetic
polydeoxynucleotides; complementation and reconstitution experiments
can be carried out in case repair deficiencies are discovered, etc.
Both the bacterial and the mammalian system are presently success-
fully being used in our laboratory. The selective excision of

" products of the 5,6-dihydroxy-dihydrothymine type from irradiated

viral DNA and from OsO4-oxidized polyd(A-T) by crude E. coli
extracts and by isolated mammalian nuclei has been demonstrated
(Hariharan and Cerutti, 1974 a & b; Remsen and Cerutti, 1974).

Some of the questions which will be asked in our experiments
with E. coli extracts are: (1) What are the functions of the rec-.
genes in the repair of y-ray induced thymine damage in E. coli?

(2) What is the role of the exr-gene in repair of y-ray induced
thymine damage in E. coli? (3) Is polynucleotide ligase responsible
" for the joining of the ends following the removal from the DNA of
ring damaged thymine? Is it possible to learn more about the
incision step with the help of ligase mutants or ligase inhibitors?

In our studies of prereplication incision repair of y-ray
damaged thymine in mammalian cells, we plan to concentrate on two
major questions: (1) Are there differences in the Y-ray excision
repair capability of normal and transformed human and rodent
cells? (2) What is the y-ray excision repair capability of nuclei
for normal human skin-fibroblasts and nuclei from Xeroderma pigmen-
tosum skin fibroblasts?
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1I. Apyrimidinic-Sites in y-Irradiated DNA

As pointed out in the introductory paragraph and in section
I(5) of the "Progress Report'", the discovery that ring damaged
thymine residues are in part "spontaneously" released from y-irra-
diated DNA has important implications for our understanding of the
relationship between Y-ray repair and repair of DRA lesions induced
by alkylating agents such as MMS and EMS, The further chemical
characterization of the damage introduced into DNA by ionizing
radiation may allow a structural definition of the DNA lesions
which are recognized by the various 'repair-endonucleases'". Such
studies are a prerequisite for the characterization of the damage
recognized by y-endonuclease from M. luteus ("endonuclease semsitive
sites,"), Y-endonuclease from E. coli (Wallace, 1974), endonuclease II
from E. coli (Friedberg and Gold, 1969), apurinic site enzymes from
various bacterial, plant and mammalian sources (Verley et al., 1973).

We propose to continue our studies on the formation of apyrimi-
dinic- and possibly apurinic sites in y-irradiated DNA. Gamma-
irradiated pseudomonas phage PM-2 DNA labeled by thymlne—methyl[ H]
and 0sQy-oxidized synthetic polyd(A-T)-thymine-methyl| 3H] are being
used in our studies. (Note: O0s0, selectively oxidizes thymine in
polyd (A~T) to 5,6-dihydroxy-dihydrothymine. Products of the
5,6-dihydroxy-dihydrothymine type (t') represent a major class of
lesions produced by ionizing-radiation in DNA. 0s0,-oxidized
polyd (A-T)}, in contrast to y-irradiated DNA, does not contain
adenine damage and, most importantly, does not contain radiation-
induced strand breakage. O0s0,-oxidized polyd(A-T) in contrast to
Y-irradiated PM-2 DNA, therefore, represents a chemically well defined
DNA substrate). We plan to analyze the low molecular weight
material released at neutrality from y-irradiated PM-2 DNA and
0s04-oxidized polyd(A-T) upon incubation at 37° by ion-exchange
chromatography on Dowex 50(H') and DEAE-Sephadex columns. - Authentic
thymine, thymidine and thymidylic acid will be cochromatographed
as markers. A second series of samples will be pretreated with
bacterial alkaline phosphatase before application to the columms.
Appropriate portions of the eluates will be pooled and analyzed for
their content in t' by the alkali-acid degradation assay (Hariharan
and Cerutti, 1974, see Section I(1) of "Progress Report"). These

- experiments will show whether t' is indeed released from the DNA as

free base under formation of internal apyrimidinic sites. At the
same time, it will be interesting to see how much intact thymine,
thymidine and thymidylic acid is released from irradiated DNA
under mild, physiological conditions (a measure of 'latent” damage
of the DNA backbone ). For the case of-0sOy-~oxidized polyd(A-~T),
the chromatographic analysis of the low molecular weight fraction
will be complemented by sedimentation analysis of the polymeric

material on alkaline sucrose gradients or on neutral ‘sucrose gradlents

under denaturlng conditions.
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Depending on the progress in these experiments the generality
of our findings concerning "athyminic sites" in y-irradiated PM-2
DNA will be tested. The question whether apurinic sites are formed
in y-irradiated DNA will be studied in an analogous series of
experiments using DNA specifically labeled in adenine instead of
thymine. The preparation of DNA specifically labeled in adenine is
straightforward. However, the development of an assay for y-ray
induced adenine damage along the line of our assay for t' may
require a considerable amount of work.

ITI. Repair of y-Ray Damaged Thymine by Crude E. Colji Extracts

A. The role of the rec~genes in repair of y-ray induced
thymine damage.

The involvement of the recombination enzyme systems in
the repair of UV- and Y-ray induced DNA damage in E. coli was
implicated when it was found that recA-mutants which can perform all
the steps of zygote formation but are unable to link DNA molecules
to form recombinants are much more sensitive to UV-light and
ionizing radiation (2.5 to 5-fold more sensitive) than the wild
type strains (Clark and Margulies, 1965; Howard-Flanders and Boyce,
1966; Howard-Flanders and Theriot, 1966). For the case of UV~
induced damage which escaped excision repair, it was shown that
the recombination enzymes are involved in reconstituting the integrity
of the genome following DNA replication by sister strand exchange -
(postreplication repair; Rupp and Howard-Flanders, 1968; Ganesan
and Smith, 1972; Rupp, et al., 1971).

The molecular steps in which the rec-enzymes participate in
Y-ray repair have not been elucidated. There is considerable
evidence that the recA, recB and recC functions participate in the
slow, growth dependent resealing of radiation induced DNA strand
breakage in E. coli first described by McGrath and Williams (1966) -
("type III" repair of single strand breaks according to the nomen-
clature of Smith and his collaborators, see in Town, et al., 1973).
While recA-mutants are completely deficient in this slow i reseallng
process (Kapp and Smith, 1970) some residual resealing appears to
occur in recBrecC-mutants (Town et al., 1973 ). It may be
speculated that the recBrecC-enzyme (exonuclease V) may be needed
for end-preparation, i.e removal of damaged or undamaged residues
at the breaks. From studies of the effects of certain drugs on
slow break repair in wild type E. coli and rec”-mutants it was
suggested by Town et al. (1973) that the rec-functions may
additionally part1c1pate in other repair processes, e.g. the repalr
of damage at nucleic acid bases (cf. in analogy to the recA-
controlled repair of UV-base damage; Rupp and Howard-Flanders,
1968; Smith and Meun, 1970).
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During the coming year we plan to investigate the role of the
rec—-gene products in the excision repair of y-ray induced thymine
damage. Our "open E. coli system™ will be used. Crude extracts
will be prepared essentlally according to Wickner, et al. (1972)
from E. coli endo I” recA™, E. coli recA “recB”. The capacity of
these extracts to excise products of the 5,6-dihydroxy~dihydrothymine
type (t') from y-irradiated PM-2 DNA and from OsO;-oxidized polyd(A-T)
will be studied. (As mentioned in the introductory paragraph y-
irradiated PM-2 DNA contains a variety of lesions in addition to t'
while 0s0,-oxidized polyd(A-T) only contains 5,6-dihydroxy-dihydro-
thymine and some apyrimidinic sites). Special attention will be
given to the selectivity of the excision process by the extracts
from the different mutants (i.e. the number of non-damaged residues
removed from the DNA per ring damaged residue t').

B. The role of the exr- gene in rgpalr of y-ray induced
thymnﬂe damage.

E. coli mutants deficient in the exrA (lexA)-gene are 2
to 4 times more sensitive to X-rays than the corresponding wild type
strain. The exrA-gene product is required for the slow resealing
of radiation-induced DNA strand breaks ("type III" repair, Youngs
and Smith, 1973) and may be responsible for error-prone repair
leading to radiation induced mutagenesis in E. coli,
As for the rec-genes it has been speculated that the exr-function
may participate in repair processes other than strand resealing

(Towm, et al., 1973).

We plan to carry out a study of the excision repair
capability of E. coli exrA~ using the "open E. coli system" and
the exogenous DNA substrates described in the preceeding section.

C. The role of polynucleotide ligase in Y-ray excision
repair; single strand breaks associated with the excision
of damaged thymine residues from OsO4-oxidized polyd(A-T).

The role of polynucleotide ligase in the final resealing
step in excision repair of UV-photodimers in bacteria has been
clearly demonstrated (see e.g. Grossman, 1974). Corresponding
experiments have not been carried out for y-ray excision repair.
We are planning to study the involvement of polynucleotide ligase
of E. coli in the excision repair of 5,6-dihydroxy-dihydrothymine
(t ) in Ost 0sO4-oxidized poly(A-T). The removal from the polymer of
t' by crude extracts of E. coli endo I lig4 at the permissive and
non-permissive temperature will be measured by our standard .
"techniques and the completion of the repair process, i.e. gap-
filling and resealing, will be followed by alkaline sucrose gradient
sedimentation (Note: mno degradation of 0sO,-oxidized polyd(A-T)
occurs on the alkaline sucrose gradients carried out in a SW 50.1
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rotor at 20° for 12 hrs at 45,000 rpm). An analogous series of
experiments will be carried out in the presence and absence of the
ligase~-inhibitor nicotinamidemononucleotide (NMN). These experi-
ments will show whether polynucleotide ligase is responsible for .
the last resealing step in Y-ray excision repair. If strand
rejoining is indeed deficient at the non-permissive temperature of
the ligy-mutant or in the wild type in the presence of NMN as
suggested by some preliminary experiments the correlation of the
product excision data with those obtained by sedimentation analysis
should allow an estimate of the endonucleolytic breaks introduced
into the polymer per ring damage thymine residue. Some experiments
along these lines are presently being carried out and look rather
promising.

IV. Excision Repair of y-Ray Damaged Thymine by Isolated Nuclei

From Normal and Diseased Mammalian Cells.

As mentioned in the "Introduction", we have developed an
"open system" using isolated nuclei preparations for the study of
excision repair of Y-ray or 0sO4-induced thymine damage of the
5 6-dihydroxy-d1hydrothymlne type (t') and some of the advantages
and disadvantages of our experimental design have been mentioned.
This system is presently successfully being used in preliminary
studies. Selective excision of t' from y-irradiated bacteriophage
PM-2 DNA or OsOgu-oxidized polyd(A-T) has been demonstrated by
nuclei from human carcinoma Hela S-3 cells and human embryonic
lung fibroblasts WI-38 (Remsen, Mattern and Cerutti, unpublished
results). Approximately 257 of t' was removed from acid precipitable
DNA within 30 min. of incubation with Hela or WI-38 nuclei
preparations complemented by an ATP generating system and the four
deoxynucleosidetriphosphates. Only 6% undamaged thymine was )
rendered acid soluble during the same time period. We are presently
optimalizing the conditions of our system and we are establishing
some of its basic properties: e.g. determination of optimal pH,
ionic milieu, nuclei concentration; what is the effect of free21ng
of the nuclei preparations (Mammallan endonucleases appear to be
extremely sensitive to freezing!)? What is the effect of SH-
inhibitors? 1In what form are the damaged residues removed from the
DNA by the nuclei?, etc.

During the coming year we are planning to concentrate on
(a) a comparison of the y-ray repair capability of nuclei from-
normal and virally transformed mammalian cells; (b) studies of the
Y-ray repair capability of nuclei from normal human skin fibroblasts
-and from Xeroderma pigmentosum skin fibroblasts. Most of the
experiments proposed below will be carried out in parallel with
Y-irradiated PM~2 DNA and OsO,-oxidized polyd(A-T). The comparison
of results obtained with the two substrates allows an assessment of
the effect of DNA damage other than t', in particular, of radiation -
induced strand breaks, on the excision repalr process.
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A. The y-ray excision repair capability of muclei from normal
and virally transformed mammalian cells.

Ionizing radiation remains to be the most successful tool
for the therapy of cancer. The discovery of significant differences
in the repair capabilities of normal and malignant cells could
suggest new avenues for the improvement of radiotherapeutic proce-
dures. No deficiencies in the repair of radiation-induced single
strand breaks, unscheduled synthesis or repair replication was
observed in malignant cells (see e.g. in Painter, 1970, 1972). An
increased rate of rejoining of single strand breaks was observed
in chronic lymphocytic leukemic cells (Huang et al., 1972).

Except for our preliminary results with Hela S-3 cells, no data is
avalialble on the y-ray excision repair capacity of transformed
relative to normal cells. :

We plag to compare the capability for excision repair of
Y-ray products of the 5,6-dihydroxy-dihydrothymine type (t') of
isolated nuclei from normal and virally transformed cells. Our
standard isolated nuclei system will be used with y-irradiated PM-2
DNA and OsOy-oxidized polyd(A-T) as exogenous substrates. We also
plan to carry out experiments concerning the gap filling step of
the excision repair process. The following cells will be used as
" sources for the preparation of nuclei: human embryonic lungfibro-
blasts WI-38 >< SV-40 transformed WI-38; mouse embryo 3T3 cells ><
§V-40 and polyoma transformed 3T3; ts-3 3T3 (tsPy) at the permissive
and non-permissive temperature (ts-3 3T3 is a polyoma transformed
cell line which exhibits all the characterics of a transformed line
at the permissive temperature but has normal growth properties
at the non-permissive temperature; the temperature sensitivity in
ts-3 3T3 has been shown to reside in the virus (Eckhart et al., 1971);
ts sptr 3T3 at the permissive and the non-permissive temperature
(ts sptr 3T3 is a spontaneously transformed 3T3 line which is
temperature sensitive. for the expression of the transformation
characteristics) obtained from Dr. K. Noonan of our Department).

B. The y-ray repair capability of nuclei from normal human
skin-fibroblasts and from Xeroderma pigmentosum skin-
fibroblasts.

There are a number of hereditary diseases in humans which
are characterized by an increased frequency for the development of
leukemia and systemic cancer (e.g. Fanconi's Anemia, Bloom's Syndrome,
Louis-Bar Syndrome, Xeroderma pigmentosum). The possibility has to
‘be considered that a deficiency in DNA repalr may form the molecular
basis for some of these diseases.
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