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IX. SPECIFIC AIMS

: Y.
A, FORMATION AND REPAIR OF y-RAY AND NEAR-ULTRAVIOLET - <::;
| INDUCED DNA DAMAGE IN HUMAN CELLS

(1) The involvement of superoxide radicals in radiation . 707849

induced DMNA damage in mammalian cells

(a) Ionizing radiation:

There is much evidence that Oll-radicals are important
intermediates in the induction of DNA damage by ionizing radiation
(Johansen and Howard-Flanders, 1965; Roots and Okada, 1972; RotiRoti and
Cerutti, 1974; Remsen and RotiRoti, 1977). ‘OH-radicals are primary
products of the radiolysis of water but the possiblity has to be con-
sidered that they are also formed in secondary reactions via the
intermediacy of superoxide radicals (07). It is postulated that 0
is formed by the recaction of solvated &lectlons and hydrogen atom
with molecular oxygen. The reaction of 02 ‘'with hydrogen peroxide then
leads to the formation of OH~radicals (0 + H,0,» DH + O + 0,)
(Gregory et al, 1974)." The involvement of 02 in the oxygeq enhance
ment of kllllnc of E. coli by X-rays (Misra and Fridovich, 1976).
and the cytotoxic effects .of y-rays in various mammalian systems is
indicated by the fact that superoxide dismutase exerts a protective
effect. Superoxide dismutase dismutates 0; to hydrogen-peroxide and
molecular oxygen .(207 + 2H +H?0 + 0_) Fridovich, 1975). The following
central questions arise (1) Does nuclear DNA represent an important
target for radiation induced 0,7 (2) Is intra- and/or extracellularly
formed O involved in DNA damage format10n° .

We are attempting to answer the first question by
measuring the efficiency of the formation of thymine damage by aerobic
Y-rays in human carcinoma Hela S5-3 cells in the presence and absence of
exogenous superoxide dismutase and/or catalase. The following experi-
mental design will be used. Hela cells will be prelabeled in their DNA
with thymine-methyl [3q] and the effect of the addltlon of these enzymes
on-the formation of tritiated water (by abstraction of tritium from the
thymine-methyl substituent byOH-radicals) and of products of the 5,6-
dihydroxy-dihydrothymine type will be investigated. The m;tho&ology
developed in our laboratory for the determination of radiation induced
thymine damage will b; used. -(see e.g. Swinehart et al, 1974)

The questnon whether intracellular levels of O

affcct the efficiency of DNA damage formation by aerobic ionizing radla—
tion will be investigated in human skin fibroblasts. As mentioned above
it is postulated that DNA damage is produced by OH-radicals which are
formad by the reaction of 02 with H,0,. Therefore, removal of H,0,by

catalase is expected to decrease the amount of Ol-radicals which is
produced by this pathway. It should be mentioned that biological results

with bacteria argue against the importance of intracellular dismutase
and catalase for the formation of lethal radiation damage induced by
ionizing radiation (Misra and Fridovich, 1976). No biological or bio-
chemical data of this type is avaiTable for mammalian cells. We are
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Dr, P. A, Ceruttl C.-3- | July 28, 1977

5. Voucher for Concluding Payment. In the event the Contract is renewed,
- The remaining ten percent payment for the current period will be added
to funds to be provided under the Letter of Credit for the renewal
period. Therefore, submission of a2 voucher cover1ng this payment is
not necessary.

The renewal proposal should be s1gned by the principal 1nvest1gator and

by an official authorized to sign for the institution, and the expenditure
statement should be endorsed by the proper adm1n15;rat1ve officials and

six copies of each, together with six copies of the progress report and
four copies of the 200 word sumﬂary should be submitted at the same time to:

U S Energy Research and Deve]opment Adm1n1strat1on
Contract Division -

Post Office Box E

Oak Ridge, Tennessee 37830

If you do not contemplate request1ng renewal, we shall appreciate your
advising us as soon as possible. In addition, we should 1ike to invite
your attention to Paragraph (b) of Article B-XX, which provides for sub-
mission of a final technical report upon expiration date of the Contract.

The certified expend1ture statement required by Article B-XXIX, follewing
the format set forth in Appendix "C" to the Contract, is to be submitted,

in triplicate, within three months after the exp1rat1on of the current
contract period. It is 1mportant that we receive the certified expenditure
statement on time. If it is not recetl ved on time, payment may be withheld.

A1l references to the U. S. Atomic Energy Commission ("AEC" or "Comm1ss1on")
in the Contract have been changed to Energy Research and Development
Administration (ERDA). v

Your cooperation and assistance in this matter are appreciated.

Sincerely,

A.°H. Frost, Jr. jef .
- Research Contracftd, Procedures
. and Reports Br¥nch '
ACR: VLB Contract Division

Enclosures:

1. Guide

2. MNotice of Research Project Form (5)
3. Form ERDA- h27 (2)

CC: Dr, lorry II, 3icler, U of Florida
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

- OAK RIDGE OPERATIONS v . . )
P.0.BOXE . AREA CODE 615

OAK RIDGE, TENNESSEE 37830 : TELEPHONE 4B3-861!
July 28, 1577

: \
Dr. P. A, Cerutti . '
Department of Biochemistry , .
Univercity of Flerida
Gainesville, Florida 32611

RENEWAL OF CONTRACT NO. EY=70-805=1155 = UHIVERSITY OF FLCRIDA
Dear Dr, Cerutti:

Your ettention is invited to Article B-XX of Appendix "B" of the
Contract pertaining to the submission of a renewal proposal and
progress report whlch will be due September 1, 1977.

- The renewal proposal and progress report may be submitted at any time
after six months of performance under the current contract period. 1In
eny event, they should reach us ro later then the due dete. ZLater sub-
mission will, in all probability, result in our receipt of the decision
on renewal after the current contract period khas expired. Therefore, we
urge you to submit any renewal proposal no later than the above date.
The informaticn to be submitted is as follows: -

1. Progress Revort. Include information requested in Paregraph (z) of
Article B-XX of Appendix B". As indiceted therein, the progress -
report should briefly describé the scépe of the 1nVest=gau10ns '
underteken and the significant results obtzined. Technical reports,
preprints, eand articles prepared for publicaziion during the curreat
period should be listed with bibliographic references. Renrlnts of
ell such mzterial not previously submitted should be appended and
meterial contained therein need not be duplicated in the report.
Progress reports and preprints should be mumbered consecutively usi_g
a system based on the Iormat "ORO ~ last fou. digits of the contract
nuber - report number"

The submission of a completed Form ERDA-427, "Contractor's Recommend-
etion for Disposition of Research Document! is required with respect
to Annual Progress Renorts, Snec1al Tonlcal Renorts, and the Flnal '

~ Report.

%’/"5 1039090
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Renewel Prooo;al
for the Submissi

Include information outlined i uhe enclosed "Guide
Yof Research Proposals from Edusional Institutions,”

revised May, 1975;}unle°s the information is alre.dy contained in
earlier provosals or in the accompanying preogress report. Careful

ettention should be given to including the pecessary information in the

budget for the next period.

Finencial State=ent. Include in the renewal proposal & financial

statement for the present contract pericd., The statement should be
based on the estimated total costs ofthe projeet including support
by both the institution and ERDA as shown in A-IT (a) of Appendix
"A" to the Contract covering the current ner‘od The statemen

showld reflect:

(1) Total actual project cost to date for the

current period , $

(2) Estimated total cost for remainder of period $

(3) Total actuval and estimeted cost chargesble to
ERDA for current period based on percentege of
cost agreed upon as contained in A-III of

Appendix "A" to Contract _ $

(%) Accumulated costs chargeeble to ERDA (include

costs reported in certified statement for

preceding veriod(s) and the costs stated in

Item (3) above) : . 3

(5) Accumlated ERDA Support Ceiling as stzted in - :

Article III of Contracs $

(6) Totel estinated ERDA funds remaining under
Contract {subtract Item (U) from (5)) which mey
be used to reduce emount of new furds reguired
from ERDA for proposed renewal period $

200-VWord Surmary.

The enclosed form "Notice of Reseerch Project"

should be completed in 200 words or less summarizing the proposed
research. Four copies of the completed form should be forwarded
to us together with the renewal proposel and progress report.
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AUTHORIZED OO - . SMITHSONIAN INSTITUTION

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION | ERDA CONTRACT

SUPPORTING DiV.OR OFFICE: __ CCLLEGE QF MEDICINE

NAME & ADDRESS OF CONTRACTOR OR lNSTlTUTlON {S1ate the division, departmeni, or protessional school, medical, graduate
or other, with which this project should be identified.)
. Department of Biochemistry and Molecular Biology

J. Hillis Miller Health Center, Box J-245

University of Florida

Gainesville, Florida 32610

TITLE OF PROJECT:
FORMATION AND REPAIR OF PHYSICALLY AND CHEMICALLY INDUCED DNA DAMAGE IN HUMAN CEL

MAMES, DEPARTMENT, AND OFFICIAL TITLES OF PRINCIPAL INVESTIGATORS AND OTHER PROFESSIONAL SCIENTIFIC
PERSONNEL: (not inciuding graduate students) engaged on the project, and fraction of man-year devoted 1o the project by each person.

P. A. Cerutti, Professor and Chairman, Principal Investigator 207
J. F. Remsen, Research Assistant Professor, Co-Principal Invest1gator3OA
M. S. Netrawali, Postdoctoral Research Fellow 607

NO.OF GRADUATE STUDENTS ON PROJECT: 1 NO. OF GRADUATE STUDENT MAN-YEARS: __* 60

SUMMARY OF PROPOSED WORK: {200-300 words, omit Confidential Datal. Summaries are exchanged with government and private
agencies supportmg reszatch, are supplied 10 lnvesng.ncrs upon request, and may be published in documents. Make summaries sub-
stantive, giving initially and for each annual revision the foliowing: OBJECTIVE;SCIENTIFIC BACKGROU‘JD FOR STUDY;PRO-

POSED PROCEDURE; TEST OBJECTS AND AGENTS.
Qur program concentrates on studies of the formatlon and repalr of DNA damage
induced in human cells by energy-related physical and chemical carcinogens.
An important goal is the development of a functional classification of DNA
damage which should allow predictions about the biological effects of a given cla
.of lesions on the basis of their structural characteristics.

We are attempting to answer the question whether superoxide radicals are inter-
mediates in the formation of DNA damage in mammalian cells by these forms of
radiation. The molecular mechanism of repair of near-ultraviolet induced DNA
damage will be investigated in normal human skin fibroblasts and skin fibroblasts
from patients with the genetic dlseases Xeroderma plgmentosum and Ataxia
telanglect351a. :

Our studies with chemical DNA damaging agents concentrate on the energy-related
ubiquitous pollutant benzo(a)pyrene. We are planning to continue our studies
of the repair of covalent benzo(a)pyrene-DNA adducts in the human alveolar
tumor line A549 and skin fibroblasts from normal individuals and patients with

Xeroderma pigmentosum and Ataxia telangiectasia.

RESULTS TO DATE:
Excision repair of thymine products of the 5,6- dlhydroxy—dlhydrothymlne type
which are induced by ionizing radiation and ultraviolet light has been
demonstrated in normal human skin fibroblasts and skin fibroblasts from
- Xeroderma pigmentosum and Ataxia telangiectasia patients. The removal from
DNA of covalent benzo(a)pyrene-purine adducts was studled in baby hamster
kidney cells and mouse embryo fibroblasts.

PROGRAM CATEGORY NO. j v/ //\ oL /(/4

BUDGET . : o Signature of Principal Investigator P. A. CERUTTT
‘PRIMARY ' q / /
SECONDARNY DATE: L0 /177

INVESTIGATOR - DO NOT USE TH!IS SPACE
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{Sec Instructions on Reverse Side)

TITLE

}. ERDA REPORT NO. : 2. , A
. FORMATION AND REPAIR OF PHYSICALLY AND
CHEMICALLY INDUCED DNA DAMAGE IN HUMAN CELLS

3. TYPE OF DOCUMENT (Check one}:

[ a Scientific and technical report

D b. Conference paper:

Title of conference

Date of conference

Exact tocation of conference

Sponsoring organization

D c. Other (Specify)

&, RECOMMENDED ANNOUNCEMENT AND DISTRIBUTION (Check one):

D a. ERDA's normat announcement and distribution procedures may be followed.
@ b. Make available only within ERDA and to ERDA coniractors and o*hef U.S. Government agencies and their contractors.

5. REASON FOR RECOMMENDED RESTRICTIONS:

Privileged scientific informaticn

6. SUBMITTED BY: NAME AND POSITION (Please print or type)
P. A. CERUITI, M.D., Ph.D., Professor and Chairman

Dept. of Biochemistry and Molecular Blology
University of Florida
Gainesville, Florida 32610

Organization

University of Florida

. . Date

Signature / ‘
(\) ¢ e A__P. A. CERUTTI September 26, 1977

N
g FOR ERDA USE ONLY

7. ERDA CONTRACT ADIMINISTRATOR'S COMMENTS, IF ANY, ON ABOVE ANNOUNCEMENT AND DISTRIBUTION
RECOMMENDATION:

CbObED]

8. PATENT CLEARANCE:

D -3. ERDA patent cl°arance has been granted by responsibie ERDA patent group.
D b. Report has bezn sent to responsible ERDA patent group for clearance

D ¢c. Patent clearaqce not required.
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SUICIARY

During the period of Dcc.'l, 1977 to Nov. 30, 1978 of our E.R.D.A.
contract, we are planning to continue our studies of the formation and
-repair of DNA damage induced in human cells by energy-related physical
and chemical carcinogens. An important goal of our program is the
development of a functional classification of DNA damage which should
allow predictions about the biological effects of a given class of
lesions on the basis of their structural characteristics.

In our studies with physical carcinogens we will focus on the
mechanism of action of zerobic Yy-rays and near-ultraviolet light. We
will attempt to answer the question whather superoxide radicals are
intermediates in the formation of DNA damage in mammalian cells by
these forms of radiation. The molecular mechanism of repair of near-
uvltraviolet induced DNA damage will be investigated in normal human
skin fibroblasts and skin fibroblasts from patients with the genetic
diseases Xeroderma pigmentosum and Ataxia telangiectasia.. These diseases
are characterized clinically by increased susceptibility for the forma-
tion of malignancies and on a2 cellular-molecular level by deficiencies
in DNA repair. '

Our studies with chemical DNA damaging agents concentrate on the
cnergy-related ubiquitous pollutant benzo(a)pyrene. In mechanistic
studies we are attempting to demonstrate that benzo(a)pyrene induces
radical-type damage in metabolizing cells by indirect acticn in addition
to covalent adducts between the polycylic hydrocarbon moiety and the .
purine bases. :

Ve are planning to continue our studies of the repair of covalent
benzo(a)pyrene~-DNA adducts in the human alveolar tumor line A549 and
skin fibroblasts from normal individuals and patients with Xeroderma
pigmentosum and Ataxia telangiectasia. Different facets of the repair
of these lesions will be studied. (1) removal of covalent benzo(a)pyrene~
DNA adducts by direct chromatographic analysis (2) breakage and resealing
of benzo(a)pyrene damaged parent DNA (3) effect of benzo(a)pyrene damage
on the synthesis of daughter strands (4) effect of the chromosomal
distribution of benzo(a)pyrene lesions on their repairability.

1039095
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OUTLINE L

Introduction
Specific Aims

A. Formation and repair of y-ray and near-ultraviolet

induced DNA damage in human cells.

(1) The involvement of superoxide radicals in radiation-
induced DNA dzmage in mammalian cells .

a. Jonizing radiation
b. Near ultravielet light

(2) Repair of DNA damage induced by near-ultraviolet light
in Xeroderma pigmentosum and Ataxia telangiectasia

a. Study of the repair of near-ultraviolet damage in
XP- and AT- skin fibroblasts by the alkaline-elution
method. ,

b. Study of the repair of near-ultraviolet damage in XP-
and AT- skin flbroolasts disappearance of endonuclease
sensitive sites. . ' '

B. Formation and repair of benzo(a)pyrene induced DNA damace
I /D g

in mammalian cells.

(1) Induction of DNA damage by oxygen radical species as a
consequence of benzo(a)pyrene metabolism.

(2) Excision repglr of covalent benzo(a)pyrene-purine aJducLs
in human alveolar tumor cells.

(3) Chromosomal distribution of covalent benzo(a)pyrene-purine
adducts in human alveolar tumor cells A549 and in secondary
"mouse cmbryo fibroblasts. :

(4) Formation of covalent benzd(a)ﬁyrene—purine adducts in
cultured explants cof peripheral human lung.

(5) Repair of covalent benzo(a)pyrene-purine adducts in XP-
and AT- skin fibroblasts.

a. Study of the repair of benzo(a)pyrene-purine adducts in
XP~ and ATl- skin fihroblasts by alkaline~elution method.

b. Study of the repair of benzo(a)pyrene-purine adducts in -
XP~ and AT- skin flbroblasts disappearance of endonucleasc
sensitive sites. '



I1I. References

IV. Supporting Data
A. Personnel
B. Support received from other federal agencies
C. Facilities

D. Budget for period of Dec. 1, 1977 to Nov. 30, 1978.
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I.  INTRODUCTION

Over the last decade it has become evident that human cancer is
to a large part caused by exogenous environmental factors. While mankind

" has always been exposed to ultraviolet light, ionizing radiation and cer-

tain natural toxins, the amounts and types of agents in our environment
have been steadily increasing with industrialization, urbanization and
"modernization™ of our life style which are accompanied by extraordinary
needs for energy. Not in the least, the development of organic, nutri-
tional, pharmaceutical and agricultural chemistry, etc.; with all their
recognized blessings has often led to exposure to chemicals which had not
been sufficiently tested for detrimental side effects. Great efforts are
being made to identify and eliminate such health hazards and to evaluate
the risk and benefit of important chemicals.such as drugs, food additives,
herbicides, pesticides, etc. Our program concentrates on the elucidation
of the cellular and molecuvlar mechanisms of malignant transformation of

human cells by energy-related chemicel and physical agents. Emphasis is

"placed on two major aspects of this general topic. o

(1) Identification and classification of carcinogen—induced

chromosonal damage in human cells:

Many physical and chemlcal agents in the environment
that are hazardous to human health have been demonstrated to produce
danage in the chromosomal DNA. The characterization of DNA damage
induced by important energy-related human carcinogens represents a
major goal in our studies. A first class of lesions under investigation
are produced by active oxygen radical species. Such radicals, wmost
importantly hydroxyl radicals, are foimad in the cell by ionizing radia-
tion and ultraviolet light and 1nd1reptly as a consequence of polycycllc
hydrocarbon metabollsm.

A second class of DNA lesions which are under investi-
gation in cultured human tissues are induced by ubiquitous environmental
polycyclic hydrocarbon carcinogens such as benzo(a)pyrenea. Several
research teams including our own have identified benzo(a)pyrene netabolites
whlch act as potent proximate mutagens and carcinogens in rodent cells and
are intermediates in the covalent binding of benzo(a)pyrene to DNA. A
major aim in our work with these and other carcinogens is to develop 2
classification of DNA damage which allows predictions about the biologzical

‘effects of specific lesions on the basis of their structural properties.

(2) Cellular mechanisms of DNA repair and their relationship

to mutagenesis and carcinogzenesis:

In mammalian cells damaged residues can be removed and
the structure of the INA totally reconstituted by error-free repair path-
ways which operate with high fidelity. “The capacity of a cell to remove
a particular lesion by an error-free pathway to a large degrece determings
the magnitude of the biological effects. “Lesions vwhich are not excised in
time before DNA replication reaches the danaged segment - persistent
lesions - may lead to cell death, wmutation, initiation of nalignant. traas—
formation or possibly cellular aging. :



* . )/ | \4-:-/

In our program we are attempting to elucidate the
mechanisms of DNA repair and the rclationship of DNA repair to muta-
genesis and carcinogencsis in human cells. Attention is focused on
the repair of DNA lesions induced by active oxygen radical intermediates
(produced mostly by physical carcinogens) and by polycyclic hydrocarbon
carcinogens. The molecular biology of the repair of DNA lesions produced
by these agents is being investigated in epitheloid cells and fibroblasts
from normal individuals and patients with the heredicary diseases Xero-
derma pigmentosum and Ataxia telangiecctasia. These discases are
characterized by predisposition for cancer and evidence has been obtained
on the cellular and molecular level for deficiencies in DNA repair. They
promise to be extremely interesting for the elucidation of the relation-
ship between chromosomaldamage induced by environmental factors, damage
repair and carcinogenesis in man. :

103‘1-8_qu
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planning to study this question by comparing the efficiency of the
formation of thymine damage by aerobic Yy-rays in normal skin fibro-
blasts and fibroblasts from patients with Acatalasemia (Aebi and Suter,
1972). The general experimental design described in the previous
paragraph will be used.

(b} Near-ultraviolet-light

We have denonstrated (see Section I(2) of Progress Report)
that monomeric r1n°—saturated thymine products of the 5,6-dihydroxy-
dihydrothymine type (t V) are formed by near-ultraviolet light in Hela
cells with an efficiency which is comparable to -cyclobutane-type
pyrimidine dimerization (Hariharan and Cerutti, 1977). The wechanism
of t°Y formation has not been investigated. The possibility that 0
and OH radicals are formed as intermadiates in these reactions has to
be considered ( Rosenthal, 1975). Therefore, we are proposing to carry
out a series of experiments of the type described above for y-rays with
near~ultraviolet light. These e\perlﬂcnts are of practical relevance
for health and energy research since t v—productlon relative to pyrimi~
dine dimerization reaches a maximum in that part of the solar spectrum
vhich is suspected to be most effective for the induction of skln cancer
in man (Hariharan and Cerutti, 1977).

(2) Repair of DNA damage induced by near-ultraviolet light

in Xeroderwa pigmentsoum and Ataxia telangiectasia

Numerous reviews have been written about Xeroderma
picsmentosum (XP) and Ataxia telangiectasia (AT) (Cleavar, 1974; Robbins
et al, 1974; Kraemer, in press) and the relevance of these diseases to
cancer research. Aspects of special importanceto our research program
have been discussed in last year's renewal proposal and in our publica-
tions and are not repeated here.(Remsen and Cerutti, 1976; Remsen and

. Cerutti, 1977; Cerutti and Remsen, in press).

Most of the photcbiology of XP has been carried out with .
light of wavelengths below 300nm (far uv). This is mostly due to the ready
availability of monochromatic light sources at 254nm and to the fact that
most of the bacterial photobiology and photochemistry has been carried out
in this wavelength range.- However, the solar irradiation reaching the
surface of the earth does not contain significant amounts of radiation
below 300nm. In contrast, near ultraviolet of wavelengths 300-380nm
represents a portion of the sun spectrum which is of particular importance
to energy and health research, e.g. a tentative action spectrum for the
induction of actinic cancer in man has its maximum between 305 and
315 nm (Hariharan and Cerutti, 1977; Setlow, 1974). ' ¥ar- and
ncar ultraviolet photochemistry and photobiology may be quite different,
"e.g. we have shown that photolesions other than cyclobutanc-type photo-
dimners are formed in significant yields by 313nm light. Therefore, it
is of obvious importance to study the ncar ultravieolet photobiology of
normal skin fibroblasts and of XP cells. Ve are planning to qtuay‘the
molecular mechanisms of the repair of DNA lesions 1ntroduced by mono—
Lh*OmQtlu ll?ht at 313nm in normal and XP-skin fibroblast :

1039100
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In contrast to XP, AT skin fibroblasts are not
sensitive to (far) ultraviolet light in culture and according to the

limited amount of data available, they repair UV-endonuclease

sensitive sites normally (Kraemer, in press). A number of AT-lines
have been shown to be deficient in the repair of anoxic y-ray damage
measured by the determination of repair replication and the removal

of M. luteus y-endonuclecase sensitive sites, on the other hand
(Paterson et al, 1976). In vitro excision of products of the 5,6-
dihydroxy-dihydrothymine type from y-ray irradiated DNA or chromatin
by AT-preparations was normal (Remsen and Cerutti, 1977). These
findings do not allow the construction of a molecular model for the
(repair) deficiency in AT, indeed the situation is confusing. We hope
to clarify the situation by a comparative study of the repair of y-ray
and near-ultraviolet induced DNA lesions in intact AT-skin fibroblasts.
Note that both y-rays and necar-ultraviolet induce products of the 5,6-
dihydroxy-dihydrothymine type. The following experimental design will be
used in our experiments with XP and AT fibroblasts.

(a) Study of the repair of near-ultraviolet damage

in XP- and AT- skin fibroblasts by the alkaline-

elution method:

Skin, fibroblasts will be grown in petri dishes and
labeled in their DNA with ~ C-thymidine. They will then be irradiated
vith a small dose of 313nm light from cur Schoffel High Intensity Mono-
chromator and incubated for different time periods at 37°._Tefore the
cells are harvested, they will be pulsed for 30 min. with “H-thymidine
and chased with fresh non-radioactive media for 60 min., The cells will
then be harvested by trypsinization and collected on a filter disc.- The
size distribution of the parental and newly synthesized DNA will then be
analysed by the very sensitive alkaline elution procedure developed by
Kohn and collaborators (1976). A similar protocol is successfully being
used in our laboratory for tha study of the repair of benzo(a)pyrens damage
on daughter strand synthacls { H-label) and -the overall DNA synthetic
capacity of the cultures ( H/ C ratios) as 'a function of the duration of .
postirradiation incubation (human alveolar tumor line A549).

(b) Study of the‘repair of near—ultraviolet démage in

XP- and AT- skin fibroblasts: disappearance of

endonuclease sensitive sites.

The following approach will be taken to investigate
the removal of specific classes of near-ultraviolet lesions from the DXNA
in XP and AT cells. The cells will be grown, labeled, irradiated and
applicd on filter discs as described in_the preceding pavagraph with the
exception that they will not reccive a “H-thymidine pulse before the
termination of posttreabtment incubation. After the cells have been .

‘lysed on the filter, they will be treated with repair-endonucleasc before

their DA is analyzed by the alkaline elution procedure, The retentien _
time and the quantity of the DNA fragments which are eluted from the filter
will depend on the number of Jesions in the DNA which are rccognized by a
specific endonuclease. This combination of the endonuclease-sensitive site

 ﬂssay with the hohn—alk)llnc clution procedurc promises to yield an
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extremely sensitive tool for the study of excision repair in intact
cells. The following endonucleases will be used in our studies:

(1) Uv-endonuclease from M. lutcus which recognizes cyclobutane-type
pyrimidine dimers (2) pezk III endonuclease from M. luteus which '
apparently recognizes products of the 5,6- dlhydroxy—dlhydrothymlne type
introduced into DNA by osmium tetroxide oxidation or y-irradiation

(3) apurinic site enzyme from E. coli. All these enzymes have becn bio-
chemically characLer17ed and will be supplied to us in highly purified
form by Dr. L. Crossman's laboratory, Johns ‘Hopkins, (1974), (Gates and

S. Lion, 1977).

B. FORMATION AND REPAIR OF BENZC(A)PYRENE INDUCED DNA

DAMAGE IN MAMMALIAN CELLS

(1) Induction cf DNA damage by oxygen radical species as

a consequence of benzo(z)pyrene metabolism

Most of the stable, and therefore readily identifiable
metabolites of polyecyclic hydrocarbons have been shown to be products of
two-electron oxidation reactions. However, there is considerable evidence
wvhich indicates that one-electron oxidations alsc take place in these
metabolic processes. The one-electron oxidations are known to produce
organic free radicals. If the oxidant is molecular oxygen, reactive
oxygen species such as the super-oxide radical anion, the hydroxyl
radical, and/or hydrogen peroxide can be produced as side products in
these reactions. These reactive reduced oxygen species can cause cell

~injury and are known to be involved in radiation damage (Rot1R0t1 and

Cerutti, 1974; Remsen and RotiRoti, 1977).

One of the major metabolites of B(a)P metaolism is 6-
hydroxy-benzo(a)pyrcne and its degradation product, the 6-oxo-benzo(a)pyrene
radical. The 6-oxo-benzo(za)pyrene radical is then rapidly oxidized to three
major diones, 6,12~ B(a)P dione (15%, 1,6-B(a)P dione (41%), and 3,6- B(a)P
dione (447%) (Lesko et al, 1975). In this oxidation process, it is most

- likely that hydrogen per0V1de (B,0,), SuperOdee radlcals, and hydroxyl

radicals are transiently formed.

Incubation of B(a)P-diones with T_ DA produces DNA

- strand breakage as measured by alkaline sedimentation. This ability to
. damage DNA is inhibited by removing oxygen and by the presence of either

super-oxide dismutase or EDTA. Alternately, it is increased by the presence
of a cellular reducing agent, NADPH, or a transition metal ion, cutt (Ts'o,
in press). Thus it has been suggested that DNA strand scission is caused
by reactive reduced oxygen species produced in a one-electron redoX re-
action involving B(a)? diones.. In addition to strand breaks, hydrogen
peroxide or peroxide and hydroxyl radical'generators are known to cause
DNA strand breaks, buse modifications, crosslinking, and inactivation of
transforming activity of DNA (Lorentzen, et al. 1975; RotiRoti and Cerutti,
1974; Remsen and RotiRoti, 1977).  We arc attempting to establish that

the active oxygen species formed as a consequence of this E(a)P mutaboll
leads to DVA—iHyn:ne damage in intact mawﬂallan cclls.



The basic experimental design will involve double
labeling of BHK cells with both tritium and carbon-14 (the 3H will be
on the thymine methyl group and the 14¢ w11l be on the 2-position of
the thymine ring) at about a 16 to 1 ratio respectively. The double-—
labeled cells will then be incubated with concentrations of B(a)P in the
range of 2jigs/ml to 10 pgs/ml. After an incubation period sufficient for
metabolism of the B(a)P to take place (approx. 20-60 hrs). The cells will
be harvested by trypsinization (0.05% Trypsin), treated with TCA,
neutralized in NaOil, and an aliquot cgunted direétly in aquasol. Hydrogen
izactloﬂ from the thymine-methyl { H] and concomitant decrease ‘in the
C ratio can be taken as indirect ev1dence of B(a)P radical -attack at
that point on the DNA. In additionm,  the [ H]H20 produced by the attack of
OH-radicals at the thymine-methyl group will be followed by analyzing a
portion (approx. 1/3 of the total amourt of the mediun) of the TCA soluble
fraction according to the column chromatography procedure detailed by
Swinehart et al (1974).

(2) Excision repair of covalent benzo(a)pyrene-purine adducts in

"human alveolar tumor cells-

This project represents a contlnuatloﬂ of our work
with rodent cells which is described in last year's Renewal Proposal and
the Progress Report for 1976/77 which is enclosed. The human alveolar
tumor line A549 (Lieber et al, 1976) bas retained some differentiated
functions in culture, e.g. it produces surfactant and metabolizes poly-
cyclic aromatic hydrocarbons. Alveolar lung cells may rcpresent an
important target in human lung carcinogencsis. While bronchogenic
carcinomas are the major form of lung cancer in humans, a minor but sig-
nificant fraction of cancer originates from alveolar cells. Tnerefore, it
seemed particularly interesting to us to study the molecular steps of
excisions repair of benzo(a)pyrene lesions in A549 cells. The experi-
mental design is the same a2s in our studies with rodent cells (Shinohara
and Cerutti, 1977) and 1t is not further discussed here.

(3) Chromosomﬁl distribution of covalent ben7o(a)py*eﬂeﬁpur1ﬂe

adducts in human alveolar tumor cells A549 and in secondary

mouse cmbryo fibroblasts

The effect of local chromatin structure on the
reactivity of DNA towards the attack by damaging agents and the repair-
ability of lesions in different parts of the chromnosomes may play an
important role in physical and chemical carcinogenesis. With the recent
progress in the understanding of chromatin structure (Kormberg, 1977) and
the development of simple methods for the distinction of nucleosomal and
spacer DNA, it has become possible to approach this problem experimentally.
Several studies on the distribution of alkylation and arylalkylation
‘damage in the chromosomal DNA have been carried out (Cooper et al, 1975;
Metzger et al, 1977; Metzger et al, 1977; Jalin and Litman, 1977) .

Higher d&ﬂa"e levels have uquallj y been detected in the spacer DNA relative
to nucleosomal DNA. In most studies in vitve component systems and directly
acting proximate cavcinogens weve used. In order to better simulate the
conditions of polycyclic avomatic hydrocarbon carcinogencsis in the animal
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and in man we are analyzing the chromosomal distrihution of covalent
benzo{a)pyrcne-purine adducts in the actively metabolizing alveolar
tumor line A549 and in sccondary mouse embryo fibroblasts which had
been exposed to benzo(a)pyrene. Additlonally we are comparing the
relative rates of the removal of benzo(a)pyrenc adducts in nuclcosomal
and spacer DNA durlng posttreatment incubation. : :

Growth, labeling and carcinocgen treatment of the cultures
bave been described by Shinohara and Cerutti (1977). Following different
lengths of incubation, nuclei are prepared and trecated with micrococeal
nuclease under the conditions of Sollner-Webb and Felsenfeld (1975). The
nuclease resistant, nucleosomal DNA is prec1p1tated with alcohol 2nd
further analyzed for its content in benzo(a)pyrene-purine adducts by
Sephadex LH 20 chromatography as described by Shinohara and Cerutti (1977a).
The initial damage level and the kinetics of product removal are ccmpared
between total DNA and nuclcosomal DNA. (Co-sponosred by N.I.H.) -

(4) Formation of covalent benzo(a)pyreme-purine adducts in

cultured explants of peripheral human'luug

Ve .are 1nvest1°at1ng the formation of covalent benzo(a)-
pyreqe ~DNA adducts in organ-cultured specimens of peripheral human lunz ob-
tained from surgery. ' The culture media and the growth condition$ developed
by Harris and collaborators for bronchial explants are being used (Barret et
al, 1976) and the protocol the 1*C thymidine labeling; the treatment. with
3E;bcnzo(a)pyrene, DNA-extraction, DNA-digestion and chromatographic analysis
are similar to our published methods (Shinohara and Cerutti, 1977a). Evi-
dence for the formation of diasteromeric deoxyguanosine adducts (25-(10-
{78,88,92~ and 9p-trihydroxy-7,8,9,10-tetrahydrobenzo(a)pyrenelyl)deoxy-
guanosina) was obtained in all six lung speciwens which have so far been
investigated. The 7B,8c,%u-diastereoner represents the major adduct. This
work is being continued. In particuler, we are attempting to further
corroborate the structural assignments by High Pressure Liquid Chromato-
graphy in collaboration with Dr. Don Jerina at the N.T.A.M.D. A
preliminary report of this work is in press (Shinohara and Cerutti, 1977b).

(5) Repair of covalent benzo{a)pyrene-purine adducts in Xeroderma
Cp: P

pigmentosum and Ataxia telangicctasia skin fibroblasts.

It can be safely concluded that XP~fibroblasts are
deficient in excision repair of ecyclobutane type pyrimidine dimers (Clezver,
1974; Robbims et al, 1974; Kraemer, in press) and data from Paterson and
collaborators suggest that some AT-fibroblasts are deficient in the excision
of anoxic radiation lesions (Paterson et al , 1976). One of the majox
goals in our laboratory reminds to deve]on a classification of DNA damage
vhich allows predictions about the biological effects of a structurally re-
lated group of lesions (Cerutti, 1974; Cerutti, 1975). One possibility is
to organize lesions according to their repairability by cells with genetic
DNA repair defects. This approach has been taken by a number of investiga-
tors (Clecaver, 1974; Regan and Sctlow, 1973). It should ulso be kept in
mind that the clinical symptoms in patients with genetic DNA repair defects
may be due to their inability to repailr an entire class of related lesions
rather than a single prototype. Therefore, the study of the repair of a °
variety of structurally related and unrelated DNA lesions in cells wzth
genctie repair defects should yield valuable 1nformJL10n
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We are planning to investigate the repair of benzo(a)-
pyrene adducts in skin fibroblasts from XP and AT patients. Since
cultured human skin fibroblasts have essentially lost their ability to
metabolize polycyclic aromatic hydrocarbons the highly reactive diol-
epoxide metabolites of benzo(a)pyrene, i.e. 78,8u-dihydroxy-9«,10u-~
epoxy—7,8,9,10—tetrahydrobenzo(a)pyrcne and the corresponding-93,103-
jsomer, will be used (Remsen et al, 1977).

(a) Study of the repair of benzo(a)pyrene-purine

adducts in XP- and AT- skin fibroblasts by the

alkaline-elution method:
The design of these experiments will be as
described above for our studies of the repair of near-ultraviolet damage

(see Section IFA(2a)).

(b) Study of the fepair of benzo(a)pyréne-purine

adducts in XP- and AT- skin fibroblasts: dis-

.appearance of endonuclease sensitive sites:

‘The design of these expefiments will be as
described above for our studies of the repair of near-ultraviolet damage
(see Section II-A(2b)). ot
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products of the 5,6-dihydroxy~dihydrothyrmine type by nucleic preparations
of Xeroderma pigmentosum cells. Biochim. Biophys. Acta 447 375 (1976).

K. Shinohara and P. Cerutti.. Excision of benzo(a)pyrenendeoxyguanosiﬁe
Adducts in Baby Hamster Kidney 21/C13 Cells and in Secondary Mouse Embryo
Fibroblasts C57 B1/6J. Proc. RNatl. Acad. Sci. USE, 74 979 (1977).

J. Remsen, D. Jerina, H. Yagi and P, Cerutti - In vitro reaction of radio-
active 7R,8x-Dihydroxy-%x,10a~Epoxy-7,8,9,10-Tetrahydrobenzo(a)pyrene and
78,82-Dihydroxy-93,108-Epoxy-7,8,9,10-Tetrahydrobenzo(a)pyrene with DNA.
Biochem. Biophys Res. Cowmun., 74 934 (1977). .

P. V. Hariharan, P. M. Achey, and P. A. Cerutti - Biologicél Effect of
Thymine Ring Saturation in Coliphage ¢X174-DNA. Rad. Res. 69 375 (1977).

J. Remsen aﬂd P. Cerutti -~ Excision of gamna ~ray induced thynine lesions by.

preparations from Ataxia telangiectasia f1broblasts Mutation Research,
43, 139 (1977).
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P, V. Hariharan and Y. A, Cerutti. Farmatign of P:oduc'ts pf the }
5,6-dihydroxy-dihydrothynine type by ultrayiolet light in Hela cells,
Biochemistry, l§_2791»(1977)ﬂ ) _

P. .Cerutti, K. Shinohara, and J. Remsen. Repair of DNA damage induced

by ionizing radiation and benzo(a)pyrcne in mamfalian cells, J. of
Toxicology and Environmental Health, 2, 1375 Qs7n.
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P, Cerutti -~ The Select*vc Mocification of Uridine in Ribonucleic Acid:
Methods in Enzymology (Sidney P. Colowick and N. O. Kaplan, eds.),
Vol. XII, Nucleic Acids, Part B. (L. Grossman and K. Moldave, eds.),
P. 46]): Acadenlc Press, 1968. .

P, Ccruttl - Sleum Lorohydride Reduction of Transfer RﬁA, Methods in -
Enzymology, Vol. XX, Nucleic Acids and Protein Synthesis, Part C
(L. Grossman and K. Moldave, eds.), p. 135; Academic Press, 1971.

M.G. Pleiss and p. Cerutti — Photochemical Transformation of 4-Thiouridine -
in Escherichia coli Transfer Ribonucleic Acid; Methods in Enzymology,
Part C (L. Grossman and K. Moldave, eds.), p. 1l&4; Academic Press, 1971

P. A. Cerutti, “Deoxycy lelnePhotohydratlonnn DNA,Y in
Photochemistry and Photobiology of Nucleic Acids, Vol. 2 .
Contribution to Chapter 2 (Ed. S. Wang, M. Patrick, coordinator)
Academic Press, New York (1976).

P. A. Cerutti, "DNA Base Damage Induced by Ionizing Radiation,”
in Photochemistry and Photobiolozy of Nucleic Acids, Vol. 2, .
Chapter 9 (Ed. S. Wang, M. Patrick, coordinator) Academic Press,
New York (1976).

P, A. Cerutti, "Structural Classification of DNA Base Damage," in
Molecular Mechanisms for the Repair of DNA, Part A, p. 3 (Eds. P. C
Hanavalt and R. B. Setlow) Plenum Press, New York (1975).

P. V. Harlharan,-J. F. Remsen, and P. A. Cerutti, "Exc151on Repair
of Gamma-Ray Damaged Thymine in Bacterial and Mammalian Cells,"” in
Molecular Mechanisms for the Repair of DXA, Part A, p.51 (Eds. P..C.
Hanawalt and R. B. Setlew) Plenum Press, New York (1975).

P. A. Cerutti and J. Remsen, "Gamma-Ray Excision Repair in Normal and
- Diseased Human Cells," p. 93 in Biology of Radidtion Carcinogenesis (eds.
T. Yuhas, R. Tennant,. and J. - Regan) Raven Press, New York. '

P. A. Cerutti, "Photochemische Reaktionen der Nucieinsauren' in Houben-
Weyl Methoden der Orgoanischen Chemie Band 4/5 Photochenmie, Kapitel VII
(Ed. E. Muller) Georg Thieme Verlag, Stuttgart (1976) in German.

J. Vanderhoek and P. A. Cerutti, "Isomerisierungen und Umlagerunger vom-
Iminen." in Houben-Weyl Methoden der Organischen Chemie Band 4/5
Photochemie, Kapitel VII (Ed. E. Nuller) George Thieme Verlag,

Stuttgart (1976) (in German). .
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P. Cerutti, K. Shinohara, Y. Ide and J. Remsen, “Formation and repair
of Benzo(a)pyrene induced DNA damage in mammalian cells" in Polyeyclic
Hydrocarbons and Cancer: Chemistry, Molecular Biology and Favironment

(Eds. P. O. P Ts'o and H. Gelboin) Academic Press, Nev York, (in press).

P. Cerutti nnd J. Remsen, “"Repair of DNA Damage Induccd by Oxygen Radical
Species" - Cellular Senescence and Somatic Cell Genetics DNA Repair Processes
. (Eds. W. Nichols and D. Murphy, Symposia Speclalists, Miami)1977, in press.
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2, Joyce F, Remsen

NAME: : . - Joyce R. Remsen, Ph.D. -
TITLE: Research Assistant Professor o
BIRTHDATE/BIRTHPLACE:  \puuuygiiiheensseunsalld
PRESENT . NATIONALITY: usa -
SEX: Female
social SECURITY NurEER: YN
EDUCATION: - _ .
Institution o Degree . Year Speciality

PROFESSIONAL ACTIVITIES: American Association for the Advancement of Science
American Institute of Biological Scientists
Anerican Society for Photobiology '
‘Radiation Research Society.

"ESEARCH AND/OR PROFESSIONAL EXPERIENCE: :
1975-Present -Research Assistant Professor
‘University of Florida, Gainesville, Fla.

1971-1975 Instructor, University of Florida
Gainesvilie, Florida

1960-1964 Information Scientist, E.R. Squibb-&
Sons, New Brunswick, New Jersey
1957-1958 Téchnician,"Boycc Thompson Institute
for Plant Research, Yonkers,
New York

RESPONSIBILITY IN THE PROPOSTD PROJECT AND PER CENT TIME DEVOTED TO IT:

Co-vrincipal investigator: 30% of time devoted to project.
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1. Cerutti, P. A., Miller, N., Pleiss, M. G., Remsen, J. F., and Ramsay,
W. J., Pno;oh)dratlon of uridine in the RNMA of coliphage R17. 1I.
Reductive assay ‘for uridine photohydration. Proc. Natl. Acad. Sci.

64 731 (1969).

2. Remsen, J. F., Miller, N., and Cerutti, P. A., Photohydration of"
uridine in the RNA of collpha"e R17. II. The relationship between
‘ultraviolet inactivation and uridine photohydration. Proc. Natl..
Acad. Sci. 65: 460 (1970). '

3. Remsen, J. F., Mattern, M., Miller, N., and Cerutti, P. A., Photo-
hydration of uridine in the RNA of coliphage R17. III. Lethality
of uridine photohydrates and nonlethality of cyclobufane—type
photodimers. Biochemistry 10: 524 (1571). .

4. Remsen, Joyce F., and Cerutti, Peter A., Ultraviolet inactivation and
miscoding of irradiated R17-RNA in v1tro Biochem. Biophys. Res. . .. = .|
Comnun. 48:430 (1972). : - . .

5. Reosen, Joyce F., Matéushiua Tatsuo, Chirikjién, Jack G. » and Davis
" - Frank F., Enzynatic synthesis. of deoxypsnudourldylzx:ac1d and 2 study
of certain of its propertles .Biochim. Blophys. Acta 281: 481 (1972)

6. Reosen, Joyce. F., Mattern, M., and Cerutti, P. A., Excision of damaoed
thymine from y-irradiated poly d (A-T) by isolated nuclel from cultur=d
~ human cells. Radiat. Res. 59:177 (1974). Abstr. - .

7. Rensen, J. F., Selective excision from DNA of gamma-ray damaged thymine
by nuclear sonicates from HelLa cells. Radiat. Res. 62:553 (1975)
Abstr. o

8. Harihafan, P. V., Reﬁsen, J. F., and Cerutti, P. A., "Excision repair of
Y-ray-damaged thymine in bacterial and mammalian systems', ini Molecular
Mechanisms for the Repair of DNA. Plenum Publishing Corp. (1975).

9. Cerutti, P.A.-and Rcmsen, J. F., "Gamma~Ray Excisian Repair in Normal and
Diseased Human Cells" in Biology of Radiation Carcinogenesis (editors:
J.M. Yuhas, R.W. Tennant, and J.B. Regan. Raven Press, New York) 1976.

p. 93-101. . '

10. Remsen, J.F. and Cerutti, P. A., Deficiency of garma-ray excisibn repair
in skin fibroblasts from patients with Fanconi's anemia. Proc. Natl.
Acad. Sci., USA 73 2419 {1976).

11. Remsen, J. P., Hariharan, P. V. and Cerutti P.C., Excision repair of

_ mononeric, ring-saturated thymlne damage in human cells., Radiat. Res, -
67 514 (1976) Abst. :
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12. Remsen, J., Jerina, D., Yagi, H. and Cerutti, P., In vitro reaction .
of radioactive 78,8a-dihydroxy-9¢,10a~epoxy-7,8,9,10-tetrahydrobenzo=
(a)pyrene and 78,8nx-dihydroxy-98,103-epoxy-7,8,9,10-tetrahydrobenzola)-
pyrene with DNA. Biochem. Biophys. Res. Commun. 74 934 (1977).

13. Remsen, J.F. and Cerutti, P.A., Excision of gamma-ray induced thymine
lesions by preparations from Ataxia telangiectasia fibroblasts.

Mutation Res. 43 139 (1977).

14. Cerutti, P., Shinohara, K. and Remsen, J., Repair of DNA damage induced
by ionizing radiation and benzo(a)pyrene in wammalian cells. J. Toxicol.
and Environmental Health 2 1375 (1977).

15. Remsen, J. F. and RotiRoti, J. L., Formafion of S;6—dihydroxydihydrothymine
type products in DNA by hydroxyl radicals. Int. J. Radiat. Biol. 32
191 (1977). . ‘ .

'16. Cerutti, P., Shinohara, K., Ide, M. L., and Remsen, J. “Formation and

- repair of benzo(a)pyrene-induced DNA damage in mammalian cells", in:
Polycyclic Hydrocarbons and Cancer: Chenistry, Molecular Biology and
Environment (in press). .

-

17. Cerutti, P. A. and Remsen, J. F., "Formation and repair of DNA damage
induced by oxygen radical species in hunan cells", in: DNA Repaix
Processes: - Cellular Senesence and Somatic Cell Genetics (eds.: W. W.
Nichols and D. Murphy. Symposium Specialists, Miami) 1977 (in press).
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3. M. §. Netrawali

NAME: M.S. Netrawali, Ph.D
TITLE: Postdoctoral rescarch fellow
BIRTHDATE/BIRTHPLACE: “ 
PRESENT NATIONALITY: India
SEX: - Male
EDUCATION:
Institution Degree . .. Year Specialty

Free University of Brussels, Govt. of Belgium 1964~
Prof. J. Brachee's Laboratory Scholar for higher 1967
' research in nuclear
sciences -
French Atomic Energy Commission " one of the 20 1963
Saclay, France selected partici-

pants in the Ad-
vanced course in
radiotiology

RESEARCH AND/OR PROFESSIONAL EXPERIENCE:

1970-Present  Senior Scientist and Group Leader
Nucleic acids structure-function
Biochemistry & Food Technology Div.
Bhabha Atomic Research Centre, Trombay
Bombay, India

Worked for 6 months in the Radiobiology
Laboratory, Atomic Energy Research Centr

Moi, Belgium.

Research Guide for the post—graduate
degree of the University of Bombay.

RESPONSIBILITY IN THE PROPOSED PROJECT AND PERCENT TIME DEVOTED TO IT:
Studies on the excision repair of DNA base damage induced by chemical

carcinogens in normal and diseased human cells; 60% of time devoted
to project. ‘

1039111 2s-



| ! o
SELECTED PERSQNAL PURLLCATIONS IN AREAS RELATED TQ PRESENT PROPOSAL:

K. Pasupathy, M.S. Netrawali, D. S. Pradhan and A. Sreenlvasan Re- -
joining of single-strand scissions in nuclear and mltochondrlal DNAs
in Tetrahymena pyriformis. Radiat. Res. 66, 147-157, 1976.

HOE I

R. K. Prakah, M.S. thrawall, D. S. Pradhan. Rifampicin sén51t1v1ty of
residual RMNA synthesis in E. coli cells exposed to ultraviolet vadiation
and, combination of ultraviolet and gamna radiations. Photochen. Photo-
biol. 24, 295-297, 1976. : - ’

K. G Chetty, M.S. Netrawali, D. S. Pradhan; Mechanisms underlying decreaged
protein and RNA synthesis in the rat spleen follow1ng whole-body x-~irradiation.
Strahlentheranie, 151, 228 235, 1976

S. B. Kulkarni, M. S. Netrawali, D. S. Pradian, and A.'Sreenifasan. Action
of hydrocortisone at translational level in rat liver. Mole. Cell
Endocrinol. 4, 195-202, 1976.

M.N.S. Rao, M.S. Netrawali, D. S.:Pradhan. Regulation of transcription in
eukaryotic cells. Proc. Symp. on 'Regulation and growth of differentiated
function in eukaryotlc cells, (ed. G. P. Talwar, Raven Press) pp. -129-138,
1975. ~ .

R. K. Prakash, M. S. Netrawali, D. S. Pradhan and A. Sreenivasan. Ineffective-
ness of rifampicin in inhibiting RNA synthesis in Escherichia’ coli and T4~
infected Escherichia coli cells after exposure to ultraviolet radiation.
Biochim. Bloph,s Acta, 383, 435-440, 11975, '

M.~. Netrawali, K. Pasupathy and D. S Pradhan. Repairs of nuclcar and
mitochondrial DMAs in Tetrahymena by nucleocytoplasmic relationships.
Elsevier Scientific Publishing Co., The Netherlands, pp. 139-143, 1575.

" K. Pasupahty, M. S. Letrcuéll and D. S. Pradhan. Oxidative phosphorylation
by Tetrahymena pyrlforvws mitochonria exposed to gamma radiation in vivo
and in vitro. Int. J. Radlat . Biol., 28, 593-597, 1975.

"M.N.S. Rao, M.S. Netrawali, and D. S. Pradhan. Changes at traﬁscriptioﬁal
level in the rat liver following whole-body x-irradiation.: FEuS Letts.
48, 160-163, 1974.

S. G Satav S. S. Kafyare, M.S. Retrawali, P. fatt01pa&er The significancé
of prom:tochondrlal structures in rat llver for m1tochondr1al biogenesis.
Biochem. J., 134, 687-695, 1973. :

M. S. Netrawali. Chemlcal radloprétcction in the absence of the nucleus in
Acebatularia mediterranca. Radiation Botany. 10, 365—370. 1970.

M. S. Netrawali. On the presence of histones in Eug]ena_&_;c:lls var.
bacillaris. Fxptl lell. Res., 63, 422-4206, 1970. :
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Biochem. J,, 96, 552-556, 1965.
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M. S. Netrawali, Radiolysi and radioprotective effect of glutathione.
Int. J. Radiat. Biol., 15, 275-277, 1970.
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- B. Support received from other Federal Agenices;

A Support is obtained from the National Institute of General
‘Medical Sciences-Grant No. 2R01-GiM-18617-07 at 2 level of $55,931
(direct costs for current year).

Our NIH program concentrates on:

(1) Molecular biology of the repair of y-ray-, near-
violet- and benao(a)pyrene induced DVA damage in
Fanconi's Anenmia.

(2) Distinction of different excision repair pathways in
human alveolar tumor cells: excisability of different
guanine lesions. :

(3) Modulation of DNA repair: effects of growth conditions
and viral infection on DNA repzir in monkey and human

cells.

C. Facilities available

: A 2,000 square-ébot area of laboratory space on the third floor
of the Medical Sciences Building (J. Hillis Miller Hezlth Center) has bee
renovated for my research group. Most of the equipment necessary to carr
out this project is already available to us, including three tissue-cultuy
hoods, microscopes, Coulter counter, roller apparatus, CO, incubators, -
source, a Schoffel high intensity Ultraviolet Honochromator, centrifuges,
etc. A special NCB-hood recommended by the National Cancer Institute for
the handling of biohazards is presently being installed in one of my
laberatories. Additionally, the Department of Biochemistry and Molecular
Biology possesses all the usual communal facilities such a2s cold rooms,
constant temperature rooms, autoclaves, etc. Office space, secretarial
services, the dcpartﬁcntal library, and the Health Center Library are
avallable
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. BUDGET FOR PERIOD OF DECEMBER 1, 1977 to NOVEMBER 30, 1978.

1. Salaries

TOTAL

Name Title/ %Z of Time Amount
M. Netrawali ~ Ph. D., Post-doctoral Associate 607 $ 5,862.
‘E. Walker - Laboratory Technician I 75% 6,669. _
A. Lusby " Assistant-In Biochemistry 75% 7,850. '
Fringe Benefits (M. Netrawali).0065 U.C. 38.
: (E. Walker) 15.5% & Health Ins. 1,196.
(A. Lusby) 15.5% & Healthk Ins. 1,379.
Total Salary, Wages & Fringe Benefits $ 22,994.
. ( MJ('CV.iL}(L
T s At
. N A gl
2. Permanent Equipment ;di -7 ——
. /] L//‘MQ R
Unspecified $ 2 000-/51 3 J::ifv
F SO
3. Supplies .
Chemicals $ 4,252.
Radioisotopes 3,000.
Biochemicels . 2,000.
Tissue Culture Media 6,000.
Glass and Plastic Ware 4,000.
Total Supplies $ 19,252.
4. Travel
Domestic $ 2,000.
5. Other Expenses
Instrument Service Contracts $ 3,000.
Publication Costs 2,000.
Personnel Assessment $8. per FTE per Quarter til 6/30/77 27.
$9. per FIE per Quarter as of 7/1/77 )
Total Other Expenses $ 5,027.
6. Indirect Costs (51% of Salaries, Wéges and
: Fringe Benefits) $ 11,727.

$ 63,000.

*The State University System is pursuing the development of an everhead rate for a

statewide cost allocation agreement.
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Progress Report for the Period of September 1, 1976 to
November 30, 1977 of Contract EY-76-5-05-4155 of the

United States Encrgy Research and Development Administration

Title: Formation and Repair of Physically and
Chemically Induced DNA Damage in Human

. Cells.

P. A. Cerutti, Principal Investigator

Department of Biochemistry and Molecular Biology
University of Florida

Gainesville, Florida 32610

Preparcd for the United States Energy Research and Development
Administration under Contract EY-76-S-05-4155.
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SUMMARY

During the period of Sept. 1, 1976 to Nov. 30, 1977 of our E.R.D.A.
contract, we have continued our studies of the formation and repair of
chromosomal damage which is induced in memmalian cells by energy-related
carcinogens. We have focused our attention on the physical carcinogens -
Y-rays and ultraviolet light and the chemical carcinogen benzo(a)pyrene.

We have investigated the formation of momomeric thymine damage of the
5,6~dihydroxy-dihydrothymine type in the DNA of human carcinoma Hela cells
by the action of aerobic Y-rays and ultraviolet light. Our studies with
specific radical scavengers demonstrate that aerobic Y-rays induce such
lesions predominently by indirect action via the intermediacy of hydroxyl
radicals. The formation of products of the 5,6-dihydroxy-dihydrothymine
type in addition to pyrimidine photodimers is also observed upon irradia-
tion of Hela cells with ultraviolet light. While photodimers represent
the major DNA lesions in the far.ultraviolet,comparable amounts of photo-
dimers and monomeric, ring- saturated thynine lesions are formed in the
near-ultraviolet (313nm).

Excision repair of Y-ray products of the 5,6-dihydroxy-dihydrothymine
type was studied in cells from patients with the genetic disease Ataxia
telangiectasia (AT). AT-patients possess increased susceptibility for the
development of malignancies. Cells obtained from AT patients show increzsed
frequencies of chromosonal aberrations and are highly sensitive to ionizing
radiation in culture. Ve have studied the capacity of sonicates of AT
skin fibroblasts for the excision of y-ray products from irradiated DHA

_and chromatin. For preparations from five different AT cell lines and
under a variety of experimental conditions, the excision capacity was
comparable to preparations from normal human skin fibroblasts.

We studied the formation and repair of covalent benzo(a)pyrene-purine
adducts in actively metabolizing rodent and human tissues. Adduct formation
was observed in baby hamster kidney cells (BHK 21/C13), seacondary mouse
enbryo fibroblasts, human alveolar tumor cells A549 and cultured explants of
peripheral human lung. The benzo(a)pyrene-purine adducts were characterized
chromatographically. Adduct removal during posttreatment incubation was
studied in baby hamster kidney cells and mouse embryo fibroblasts.
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QUTLINE
I. Tormation and repéir of y-ray and ultraviolet induced DNA damage
in human cells.
(1) Hydroxyl radlcgls are intermediates in the formation of products
of the 5,6-dihydroxy-dihydrothymine type by aerobic y-rays in
Hela 83 cells. :

(2) TFormation of products of the 5,6-dihydroxy—dihydrothymine type
by ultraviolet light in Hela S3 cells.

(3) In vitro excision of y-ray induced thyrine lesions by prepara-
tions from Ataxia telangiectasia skin fibroblasts is normal.

I1I1. Formation and repair of benzo(a)pvrene1nched DNA damage in rodent
and human cells. :

(1) Excision repair of benzo(a)pyrene-purine adducts in baby hamster.
kidney cells and secondary mouse embryo fibroblasts.

(2) TFormation of benzo(a)pyrene-purine adducts .in human alveolar
tumor cells and in explants of perlpheral human lung.

ITII. References

IV. Publications resulting from work supported by E.R.D.A. Contract AT-
(40-1)-4155 from September 1, 1976 to November 30, 1977.

V. TFinancial statement of exp81ded funds from Dncember 1, 1976 to
November 30, 1977 :

(note: - financial statement for the period of September 1, 1976 to

November 30, 1976 was submitted and approved in the
Spring of 1977)..
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Formatlon and r0pa1r of y-ray and u1trav1olpt 1nduced DNA

damage in human cells

) Hyaroxyl radicals are intermediates in the formation of pro-
ducts of the 5,6- dlhydroxy—dlhydrothymlne type by aerobic Y—rays
in Hela S3 cells

The formation in DA of ring-saturated products of the 5,6-
dihydroxy-dihydrothymine type (t') after gamma-ray irradiation
of intact cells has been established in a number of mawmalian
cell-lines (Mattern; Hariharan, Dunlap and Cerutti, 1973, Mattern,
Hariharan and Cerutti, 1975). The mechanism By which these prod-
ucts are formed in DNA can be studied by the use of specific
radical scavengers, a method introduced by Johansen and Howard-
Flanders (1965) for E. coli. The hydroxyl radical has been
shown to be responsible for the formation of [3H]H20 by hydrogen
abstraction from the methyl group of thymine in pre-labeled CHO
cells (RotiRoti and Cerutti, 1974) as well as for the production of
single-strand breaks in DA (Roots and Okada, 1972; Achey and
Duryea, 1974). The purpose of this study was to determine
whether t' in purified DNA and intact cells results from direct
or indirect action and if indirect, which radical species is
primarily responsible. Our data clearly indicates that products
of the 5,6-dihydroxy-dihydrothymine type are primarily formed
by indirect radiation action via the intermediacy of hydroxyl
radicals (Remsen and RotiRoti, 1977).

(2) Formation of products of the 5,6-dihydroxy-dihydrothymine

type by ultraviolet light in Hela S3 cells -

We have undertaken a study of the formation of thymine
photodimers (TT) and -monomeric, ring-saturated thymine lesions
of the 5,6-dihydroxy-dihydrothymine type (t V) in human carcinoma
Hela S3 cells upon irradiation with monochromatic light at 240,
265, 280, and 313 nm under aerobic conditions. We have also
measured the formation of tritiated water from [methyl~3H]
thymidine-labeled cells which gives a measure of the photochemical
reactivity of the methyl group of thymine. The efficiency of the
formation of all three products was maximal at 280 nm and dropp;d
towvards longer and shorter wavelengths. The efficiency of TT
formation dropped more strongly towards longer and shorter wave-
lengths than the efficiency of tYVW formation (comparison at a dose
of 5\103 J m2). Total moaomeric thymine ring saturation (tg,.)
was estimated from the tYW data. It was calculated that 0.06 tg,.
was formed for each TT at 280 nm, but 0.73 tg at Per TT at 313 nm.
It follows that monomeric thymine ring saturatlon represents a
minor photochemical reaction relative to pyrimidine dimerization
in the far—ultrav§olet but a major reaction in the near~ultraviolet.
The formation of “H,O by ultraviolet light from [methyl—3ﬂ] thymidine-
labeled Hela cells umost likely indicates the attack of hydroxyl '
radicals on the cellular DNA; S5-methylencuracll radicals formed as
a conscquence of the reaction may be important intermediates in
ultraviolet-induced DNA-DNA and DNA-protein crosslinking.
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Epidemiological data indicates that sunlight plays a major
role in the ctiology of skin cancer in man (see, e.g., Epstein,
1970). No experimental data is available which allows the
definition of an action spectrum for skin cancer. However,
from the sun spectrum at the surface of the earth and an action
spectrum for ultraviolet-induced DA damage and its lethal and
nutagenic effects in bacterial systems, Setlow (1974) speculated

 that light in the 300-30% nm region should possess maximal
effectiveness for the induction of skin cancer. It is interesting
to note in this context that the ratio of tUYV over TT increased
dramatically in this region of the spectrum. (Hariharan and -
Cerutti, 1977). : . ’

(3) In vitro excision of y-ray induced thvmine lesions bv oprepara-
tions from Ataxia telanciectasia skin.fibroblasts is normal.

Ataxia telangiectasia (AT) is an autosomal recessive disease of
man with increased - frequencies of spontaneous and X-ray induced
chromsomal aberrations and cancer. (Taylor et al, 1975).

Cultured skin fibroblasts from AT patients exhibit increased
sensitivity to killing by gamma-rays delivered under aerobic condi-
tions and to the chemical mutagen actinomycin D and, possibly, to
methyl methanesulphonate and mitomycin C (Hoar and Sargent, 1976;
Taylor et al, 1975). While the resealing of radiation induced DNA
single- and double-strand breaks was normal in AT cells (Paterson
et al, 1976; Vincent et al, 1975), Paterson et al, 1976, observed
a decreased ability of some AT strains to undergo repair replication
following exposure to gamma-rays delivered under anoxic conditions.
The same investigators also observed a decreased rate of removal
from DNA of M. luteus gamma—-endonuclease. sensitive sites in line
AT32I which had been irradiated under anoxic conditions. The
damage recognized by M. luteus gamma-endonuclease most likely
involves the heterocyclic DNA bases.

The capacity of whole cell sonicates of skin fibroblasts of
normal individuals and patients with the autosomal recessive
disease Ataxia telangiectasia (AT) to remove aerobic gamma-ray prod-
ucts of the 5,6-dihydroxy-dihydrothymine type (tg ) from exogenous
DNA substrates was investigated. All five AT strains (AT CRL-1312,
AT CRL 1343, AT GM 367, AT 4BI, AT 3BI) possessed normal capzbilities
to excise tz from irradiated bacteriophage DNA and irradiated
chromatin isolated from normal and AT-skin fibroblasts (Remsen and
Cerutti, 1977). '
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II. Formation and repair of bénzo(a)pyrene-purine adducts in baby

hamster kidﬁey cells and secondary mouse embryo fibroblasts.

It is estimated that approximately 1300 tons of B(a)P are
‘emitted into the air of the United States per year by combustion
engines, heating systems, electrical power plants, etc. B(a)P
is also one of the major procarcinogens contained in tobacco
smoke. Vork by several groups including our own has identified
the disasteromeric metabolies 7,8-dihydroxy-9,10~epoxy-tetra-
hydrobenzo(a)pyrenes (B(a)P-diol-epoxides) as potent proximate
mutagens in rodent cells and as intermediates in the covalent
binding of B(a)P to DNA in intact mammalian cells. The major DNA
adducts are substitgtion products involving the exocyclic amino-
group of guanine, N'-(10-{78,8a,9c or 93-trihydroxy-7,8,9,10-tetra-
hydrobenzo(a)pyrenclyl) deoxyguanosine (dGua-B{a)P I and II).

Minor adducts are also formed to adenine and possibly cytosine.

In vitro reaction of highly purified bacteriophage DNA with
chemically synthesized, radioactive B(a)P-diol-epoxide corroborates
these structural assignments (Remsen Egiél) 1977; Shinohara and
Cerutti, 1977a and refs.. therecin). We have studied the formation
and excision repair of these covalent benzo(a)pyrene adducts in

a number of rodent and human tissues.

(1) Excision repait of benzo(a)pyrene-purine adducts in baby

hamster kidney cells (BHX) and secondary mouse embryo

fibroblasts (MEF)

The formation and excision of benzo(2)pyrens-deoxyguanosine
.2dducts in metabolizing baby hamster kidney cells (21/Cl3) and
secondary mouse embryo fibroblasts (C57BL/6J) was investigated.

Both diastereomericadducts, NZ-(10~{73,Sa,9ortrihydroxy~7,8,9,10—
tetrahvdrobenzo(a)pyrenel}yl)deoxyguanosine and NZ—(lO—{78,8a,9B-
trihydroxy-7,8,9,10—tetrahYdrobenzo(a)pyrene}yl)deoxyguanosine, vere
detected in both cell.lines and both cell lines were capable of ex-
cising these lesions, -albeit with low efficiency. Approximately 80%
of the benzo(a)pyrene guanine adducts had been removed from the

DNA in BHK cells in 72 hours posttreatment incubation at an
approximate initial damage level 1.1 adducts per 106 undanaged
nucleotides. The corresponding data for MEF was 39% adduct removal
in 72 hours at an initial adduct level of 1.2 per 10” undamaged
nucleotides. This difference in the initial level of darmage may
explain the difference in the degree of completion of the excisioen
process during the same time period for the two cell types.
(Shinohara and Cerutti, 1977a).
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(2) Formation of bénzo(a)gzrehe—purige-§gducts'in human_alveolar

AN . .
tumor cells and in explants of peripheral human lung

Evidence for formation of DNA-B(a)P adducts in cultured human
bronchus (Yang et al, 1977) and peripheral lung has been obtained
(Harris et al, 1976). Considerable interindividual vaviation in
the level of B(a)P binding to bronchial explants was observed
(Yang et a2l, 1977) and may represent a factor determining suscepti-
bilicy to lung cancer in the gencral population. Most primary
malignancies of the human lung originate from the bronchial epithelium.-
In addition to the bronchogenic carcinomas a small fraction of the
primary neoplasms of the lung derives from alveolar cells (Adamson
and Senior, 1976; Coalson et al, 1970; Dobbins et al, 1973). We have
studied the formation of covalent benzo(a)pyrene-purine adducts,
in the DNA of alveolar tumor cells A549 (Lieber et al, ) and
cultured explants of peripheral human lung obtained from surgery.
The lung explants were cultured according to Barret et al (1976)
From the chromatographic analysis of digests of DNA extracted
from these tissues, it was concluded that both the lung specimens
and A549 cells metabolized benéé(a)pyreneLto diastereomeric 7,8-
dihydroxy-9,10-epoxy-tetrahydrobenzo(a)pyrene intermediates which
most%y reacted with the exocyclic amino-groups of deoxyguanosine
to N°-(10-{78,8c,%u~ and 98-trihydroxy-7,8,9,10-tetrahydrobenzo(a)~
pyrene}yl)deoxyguanosine (dCua-B(a)P I and II). While comparable
amounts of dGua-B(2)P I and II were formed in A549 cells, dGua-
‘B(a)PI represeuts :the -predominant adducts in the DNA of lung
specimens- from six different donors (Shinohara and Cerutti,
1977b). ) : :
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P. Cerutti, K. Shinohara, M. Ide and J. Remsen, Formation and
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Biology and Environment (eds. P. 0. P. Ts'o and l. Gelboin)
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V. FINANCIAL STArLNEVT 0F EXPENDED FUNDS FROM DLC 1‘]976 to Nov. 30 1977

[

pEN

ERDA FUNDS EXPENDED

December 1, 1976 through Novermber 30, 1977

> Costs - Anticipated Total | - Monies Baianc
Allocation ‘through Costs Costs Transferred
' 9/20/77 ' to Expense *

Salary & s | xp

Vages $ 20,784, - $7,831.76 = $7,214.41 $15,046.17 -$5,508.46 $ 22%

Fringe ’ ' .

Benefits 1,603. ° £01.80 732. 1,533.80  _=0- 69

Equipment 4,484, T 4,422.84 ~0- 4,622.8,  -0- 61

Travel " 2,000. 819.20 -0- £€19.25 -~ 1,180.75 -0

Other Direct . - :

Costs 22,695 27,000.£0 ~0- - 27,006.60 ©  ~0- 5.192

32,193.44% _ C

Indirect —_—

Costs 11,434, 4,405.11 4,052.66 8,457.77 ~ 2,809.23 167
' Total 63,000. ©  45,281.36 . _11,999.07 57,280.43  ——-mmmm- 5,719

*Includes $9,498.44 transferred from Salary & Wages, Travel and Indirect Costs.

##¥ote: All balances appearlng at this time will be spent out by the end of the grant
period, Novenber 30, 1977.

The financial xeport fbr the period of Septerber 1, 1976 through November 30, 1976
-has already been submitted in thé Spring of 1977. :
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