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APPEM) Z ”A” 
/ 

For the contract period: Segtl.3cber 1, 15’75 through August 31, 1976 

ARl’IcfE A-1. RESEARCH TO BE PERFCIRKED BY CONTRACTOR 

The Contractor  will conduct studies on the  
photobiology and photohydration of DNA. 

The h i n c i p a l  Inves t iga to r ,  D r .  P. A. Cerutti expect8 
t o  devote approximately 2@ of h i s  time or effort t o  
the p r o j e c t .  

AKTfCU A - I I .  WAYS AND W S  OF m R M A N C E  

(1) Salaries arad wages and fringe bene f i t s :  $21,680 

(2) E q u i p - n t  to be purchased o r  f26ricated 
by the  Contractor: 

a Equipent e s t b a + A  t o  cast less 

$ 2,904 

- 
*%hall $l,OOo: 

Liquid Nitrogen Ref r ige ra to r  
with sccessories 

b Equipaent estimated to c o s t  in - excess of $I.,OOO: 

Dou3le-door C02 - incubator  



UNITED STATES 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

OAK RIOGE OPERATIONS 
P.  0. BOX E 

OAK RIDGE. TENNESSEE 37830 

We are submitting for pur review and appropriate action 
information concerning the contract which vill expire on 

1. RenaralPmposal (4) 
2. ~rogress  ~ e p o r t  (1) 
3. Financial Statement (4) =rWnf. 
4. Form SI-SIE-78a (200-Word Summary) (3) 

We shall appreciate your advising us of your decision 80 that we may 
proceed with the necessary contract action at the earliest possible 
date. 

and Reports Branch 
Contract Division 

,9-> - .. 

Rcp&R BR 
A/~?EDLM: e jk 

6/19/75 
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THE J. HILLIS MILLER HEALTH CENTER 
UNIVERSITY OF FLORIDA 

Department of Biochemistry Phone: 904-392-3361 
6 a  i ne, v i  I le, 3% 1 0 

June 12, 1975 

D r .  Lamar Medley 
Con t r ac  t Divis ion  
U. S .  Atomic Energy Commission 
Post  Off ice  Box E 
Oak Ridge, Tennessee 37830 

Dear Dr. Medley, 

Enclosed is  the  renewal f o r  t h e  period of September 1, 1975 t o  
August 31, 1976 of con t r ac t  AT-(40-1)-4155 e n t i t l e d  "Formation and Repair 
of y-ray Induced Nucleic Acid Base Damage i n  Bacter ia  and Mammalian Cells". 
Your cons idera t ion  i n  gran t ing  a time extension t o  m e  was appreciated.  
Thank you very  much. 

Sincerely yours, 

P @id er A. C e r u t t i  c L i 4 L  
Pr inc ipa l  Inves t iga to r  

PAC : mb 
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I .  Introduct ion.  

Exposure of c e l l s  t o  c e r t a i n  chemical and physical  agen t s  can l ead  
to impairment of t h e i r  b i o l o g i c a l  funct ions and u l t ima te ly  t o  c e l l  death.  
While de t r imen ta l  effects can resul t  from damage to va r ious  c e l l u l a r  
components, chromosomal DNA r e p r e s e n t s  a p a r t i c u l a r l y  s e n s i t i v e  t a r g e t  
due t o  i t s  high molecular weight ,  i ts  chemical make-up, and due t o  the  
f a c t  t h a t  each c e l l  c o n t a i n s  only  one or a t  t h e  most a few cop ies  of each 
chromosome. DNA damage can be l e t h a l ,  mutagenic, o r  carcinogenic  and may 
lead t o  c e l l u l a r  aging. Important phys i ca l  agen t s  causing DNA damage are 
u l t r a v i o l e t  l i g h t ,  i o n i z i n g  r a d i a t i o n ,  and h e a t ;  important chemicals are 
a l k y l a t i n g  and a r y l a l k y l a t i n g  agents ,  po lycyc l i c  aromatic systems wi th  a 
tendency t o  i n t e r c a l a b  k tween the DNA bases  and b i f u n c t i o n a l  r eagen t s  
leading t o  i n t r a -  or i n t e r s t r a n d  c ross l ink ing  . 

In our program w e  are addressing o u r s e l v e s  to  t h e  fol lowing fundamental 
questfons concerning t h e  chemical and b i o l o g i c a l  e f f e c t s  of DNA damaging 
agen t s  i n  mammalian and p a r t i c u l a r l y  i n  human cells: (1) 
f a c t o r s  which determine why c e r t a i n  DNA damaging agents are p o t e n t  mutagens 
b u t  weak carcinogens and vice versa? (2) What are the  reasons f o r  t h e  high 
o r  low k i l l i n g  e f f i c i e n c i e s  of d i f f e r e n t  agen t s?  (3) What determines 
whether c e r t a i n  l e s i o n s  are removed e f f i c i e n t l y  from t h e  DNA by r e p a i r  
processes  while  o t h e r s  remain i n  t h e  DNA, some apparent ly  wi thou t  adverse 
b i o l o g i c a l  e f f e c t s ?  (4) How many d i f f e r e n t  exc i s ion  r e p a i r  "pathways" 
does a human c e l l  possess? We are approaching these  ques t ions  by s t u d i e s  
of t h e  formation and e x c i s i o n  r e p a i r  of DNA damage induced by i o n i z i n g  
r a d i a t i o n ,  u l t r a v i o l e t  l i g h t  and s e l e c t e d  chemical carcinogens i n  normal 
human cells and c e l l s  from p a t i e n t s  w i t h  t h e  he red i t a ry  d i s e a s e s  
Xeroderma pigmentosum and Franconi 's  Anemia, 

What are t h e  



11. Comparison of Repair Capacity of Normal and V i r a l l y  Transformed 
Mammalian Ce l l s .  

We are planning t o  cont inue our  comparative s t u d i e s  of the  r e p a i r  
capac i ty  of ''normal and transformed" mammalian c e l l s  ( f o r  an account of 
t h e  p re sen t  s t a t e  of t h i s  work, see sec t ion  111 B of the  "Progress Report"). 
I n  p a r t i c u l a r ,  v i r a l l y  transformed ce l l  l i n e s  are being used which a r e  
temperature s e n s i t i v e  f o r  t h e  phenotypic expression of t h e  transformed 
growth state. 
which possess  i d e n t i c a l  chromosomal configurat ions.  A mutant simian v i r u s  
40 transformed mouse f i b r o b l a s t  3T3 l i n e  (SV 3T3 ts H6-15) w i l l  be s tud ied  
vhich  expresses  t h e  transformed phenotype a t  32', but n o t  a t  39" (see 
Renger and Bas i l i co ,  1972). These phenotypic changes are f u l l y  r eve r s ib l e .  
In c o n t r a s t  t o  t h e  tempera ture-sens i t ive  polyoma transformed 3T3 (ET 3T3 
ts-3)  which we have s tud ied  dur ing  t h e  last s i x  months, t he  SV 3T3 ts H6-15 
line appears  t o  owe its behavior t o  a c e l l u l a r  r a t h e r  than a v i r a l  alter- 
a t i o n .  The v i r u s  rescued from t h e s e  transformed cells seems t o  be com- 
p l e t e l y  normal wi th  r e s p e c t  t o  both  growth-and transforming a b i l i t y .  

This  a l lows  the  comparison of the two growth states of c e l l s  

We w i l l  s tudy t h e  capac i ty  of whole cel l  son ica t e s  and nuclear  soni-  
cates prepared from SV 3T3 ts Hd-15 cells grown e i t h e r  a t  32' or a t  39' 
t o  e x c i s e  gamma-ray products  of t h e  5,6-dihydroxy-dihydrothymine type (t ') 
from a n  exogenous DNA s u b s t r a t e .  
be prepared as descr ibed  by Mattern and C e r u t t i  (1975) and C e r u t t i  and 
Remsen (1975). As damaged s u b s t r a t e s  y- i r rad ia ted  bacteriophage 1 DNA and 
thymidine-methyl[ 3H] l abe led  sonica ted  HeLa nuc le i  vi11 be  used. The f o l -  
lowing comments j u s t i f y  t h e  u s e  of t h e  l a t t e r  subs t r a t e .  D r .  Bariharan, 
i n  our l abora to ry ,  has  r e c e n t l y  discovered t h a t  heavi ly  y- i r rad ia ted  HeLa 
n u c l e i  are unable t o  remove t'-type products  from t h e i r  DNA. Excision of 
t', however, w a s  observed upon a d d i t i o n  of un i r rad ia ted  whole c e l l  soni- 
cates o r  nuc lear  son ica t e s .  This observat ion i n d i c a t e s  t h a t  t' l e s i o n s  
are removed no t  only from naked DNA, bu t  a l s o  from chromatin. 

The son ica t e s  i n  t h e s e  experiments w i l l  

The capac i ty  for e x c i s i o n  of photodimers is much lower i n  rodent cells  
relative t o  human cells (see e.g. in Cleaver, 1974). S imi l a r ly ,  we have 
found t h a t  t h e  i n  v i t r o  c a p a c i t y  of whole ce l l  son ica t e s  and nuclear  soni- 
cates from 3T3 is on ly  approximately ha l f  t h a t  of analogous prepara t ions  
fr& human cells.  It should be i n t e r e s t i n g  t o  extend our comparative 
s t u d i e s  of t h e  repair  c a p a c i t i e s  of t h e  transformed and normal growth 
s t a t e  t o  a human system. 
a t u r e  s e n s i t i v e  f o r  t h e  expres s ion  of t he  transformed state are a v a i l a b l e  
from Dr. J. B u t e l  (Baylor Un ive r s i ty ) ,  and extension of t h e  program is 
planned depending on the  a v a i l a b i l i t y  of t ime and resources .  

V i r a l l y  transformed human cel ls  which are temper- 

It i s  c l e a r  t h a t  t h e  open system used i n  our experiments is uniquely 
s u i t e d  f o r  biochemical a n a l y s i s  i n  case d i f f e rences  i n  r e p a i r  capac i ty  are 
discovered between the  normal and transformed growth states. 

111. The Molecular Basis for the U l t r a v i o l e t  Repair Deficiency i n  Xeroderma 
P_irrmentoswa. 

The presen t  s t a t u s  of Xeroderma pigmentosum (XP) r e sea rch  has r e c e n t l y  
been summarized i n  excellent reviews and t h e  important lmplicatf i jhs  of this 



disease to human carcinogenesis have been discussed (Cleaver, 1974; Robbins - et al., 1974). 
unable to perform excision repair of DNA containing UV-induced pyrimidine 
dimers at a normal rate. 
in dimer removal, host cell reactivation, and repair replication (as re- 
flected in equilibrium density gradient centrifugation, bromodeoxyuridine 
photolysis, and unscheduled synthesis). 
strand breaks, X-ray induced unscheduled synthesis, and the removal of 
products of the 5,6-dihydroxy-dihydrothymine type from exogenous DNA 
(Hariharan and Cerutti, 1975) are normal in W. Complementation experi- 
ments, using cell fusion, indicate that the disease cannot be due simply 
to a single gene mutation. 
Cleaver (1969) had originally speculated that a deficient W-endonuclease 
vas responsible for XP, but considerable doubt has recently arisen concern- 
ing this conclusion. The lesions responsible for the DNA repair deficiency 
in XP have not been Identified in molecular terms. Excision of photodimers 
from bacteriophage T7 DNA by crude extracts of human lymphocytes WIL-11 
(Duncan et al., 1975), normal human skin fibroblasts, and XP sk in  fibro- 
blasts of complementation group A has been demonstrated (E. Friedberg, 
personal communication). 
between the excision capacity of the preparations derived from XP (group A) 
and normal cells. Similar results were obtained by Duker and Teebor (1975) 
who used crude extracts of XP cells of four different complementation 
groups. 
irradiated superhelical pseudomonas phage PM2 DNA (cf. Brent, 1972). Their 
results are in qualitative agreement with those of Bacchetti et al. (1972). 

It suffices to say that cells from most XP patients are 

The repair deficiency manifests itself by defects 

Resealing of X-ray induced single 

Five complementation groups have been defined. 

Surprisingly, no difference could be detected 

These authors measured the capacity of the extracts to incise UV- 

In our program, ve plan to compare the photodimer excision capacity 
of nuclear sonicates and whole cell sonicates of normal skin fibroblasts 
and XP skin fibroblasts of complementation groups A, B, and C. 
bility has to be considered that an excision deficiency can be demonstrated 
in nuclear preparations, but not in whole cell preparations. 
mentioned In this context that the deficiency for the excision of y-ray 
damaged thymine from exogenous DNA, in Fanconi's Anemia, is more pronounced 
in nuclear sonicates than in whole cell sonicates. In order to avoid 
duplication of work, we will remain in communication with Dr. E. Friedberg 
about progress made in this part of our program. 

The poSSi- 

It should be 

A. Development of an "Open System'' for Studies of Photodimer Repair 
inXeroderma-. 

We are planning to study the excision of cyclobutane-type photdimers 
from ultraviolet-irradiated bacteriophage A-DNA by whole cell sonicates 
and nuclear sonicates prepared from normal and XP skin fibroblasts. The 
experimental design will be similar to that presently being used for the 
study of the repair of pray induced thymine damage in XP cells, Fanconi's 
Anemia cells, normal skin fibroblasts, human diploid lung fibroblasts, and 
HeLa cells (Mattern and Cerutti, 1975; Cerutti and Remsen, 1975; "Progress 
Report"). Bacteriophage X DNA, labeled with thymine-methyl[ 3H], will be 
irradiated with monochromatic light of 280 nm and the dimer content mea- 
sured according to Goldman and Friedberg (1973). The irradiated DNA will 
be incubated with 5 x lo6 nuclear or cellular-equiyalents in the presence 
of ATP, an ATP-generating system, bovine serum albmln, dlthiothreltol, 
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and the four deoxynucleosidetriphosphates. 
maining in the acid-precipitable fraction of the bacteriophage DNA and the 
total amount of thymine radioactivity rendered acid soluble will be mea- 
sured as a function of the length of incubation. 
capacity of normal skin fibroblasts and WI-38 cells, and later of XP cells, 
will be investigated. We are planning to f irst  concentrate on the XP lines 
CRL 1223 (<2% excision), CRL 1199 (3-7X excision), and CRL 1166 (15-252 
excision) from the American Type Culture Collection corresponding to the 
complementation groups A, B, and C. These cell lines are presently cul- 
tured in our laboratory. excision of y-ray products of the 5,6-  
dihydroxy-dihydrothyine type, but not of photodimers, by whole cell and 
nuclear sonicates from human tissue has been demonstrated in our laboratory. 
Duncan et al. (1975) have shown excision of photodimers from W-irradiated 
T7 DNA which had been pretreated vith TI, W-endonuclease by crude extracts 
of human lymphocyte cells WIL-11. 
these cells a180 removed psr t  of the photodimers from their own DNA.) 

The amount of photodimers re- 

The photodimer excision 

(Note: 

UV-irradiated whole cell extracts of 

B. Attempts to Reconstitute Excision Repair Capacity of XP 
Preparations and Preparations from Other Repair-Deficient Cells. 

This part of our program will be carried out In collaboration with 
Dr. L. Grossman, Department of Biochemical and Biophysical Sciences, Johns 
Hopkins University, Baltimore, Maryland. 

A prerequisite for the proposed experiments is the detection of 
deficiencies for the excision of photodimers from exogenous, UV-irradiated 
DNA by nuclear preparation (or whole cell sonicates) from XP cells. 
later state in this program, reconstitution experiments will also be at- 
tempted with preparations from other repair-deficient cells. 
mental design outlined in the preceding paragraph will be used. 

At a 

The experi- 

1. Mixing experiments: Attempts will be made to reestablish 
the XP complementation groups which were defined by somatic cell hybrld- 
ization. Nuclear preparations (or whole cell sonicates) prepared from XP 
cells of the different complementation groups vi11 be mixed and assayed 
for their photodimer excision capacity. 

2. Reconstitution of excision capacity of XP preparations by 
addition of repair enzymes: 
the study of DNA repair of mammalian cells developed in our laboratory are: 
(a) chemically and physico-chemically well-defined exogenous, damaged DNA 
substrates can be used; and (b) cellular fractions or highly purified bac- 
terial or mammalian repair enzymes with well-defined biochemical charac- 
teristics can be added in attempts t o  resupply a deficient excision repair 
function. 
characterize the deficient steps in cells obtained from patients with re- 
pair diseases, such as XP,  Fanconi's Anemia, and, possibly also, Hutchinson- 
Gilford Progeria and senescent diploid human skin fibroblasts WI-38 
(Mattern and Cerutti, 1975).  

The major advantages of the "open system" for 

If successful, this approach will allow It to pinpoint and 

The purified repair enzymes (correndo- and correxonucleases) will be 
prepared by Dr; Grossman's laboratory, who is a leader in this field. 
There is little doubt that .much can be gained by this collaboration. It 



would be d i f f i c u l t ,  time consuming, and expensive f o r  ou r  laboratory t o  
attempt the p u r i f i c a t i o n  of r e l a t i v e l y  l a r g e  amounts of t hese  enzymes and 
t o  independently r e e s t a b l i s h  optimal c o n d i t i o n s  f o r  t h e i r  use. D r .  . 

Crossman has agreed t o  supply t h e  fol lowing enzymes f o r  t h i s  purpose: 
Micrococcus l u t e u s  correndonuclease I1 (peak I and XI), correndonuclease 
I11 ( s p e c i f i c  f o r  a lkylated and y - i r r ad ia t ed  DNA), t he  apur in i c  s i t e  en- 
zyme, the c o r r e c t i o n a l  exonucleases from E. l u t e u s ,  1. c o l i  and placenta ,  
and the g. l u t e u s  DNA polymerases. 

IV. Excision Repair of DNA Damage Induced by C h d c a l  Carcinogens. 

Up t o  now, a l l  attempts t o  t ransform c u l t u r e d  human cells by chemicals 
have f a i l e d  (cells from a p a t i e n t  w i t h  t h e  h e r e d i t a r y  d i sease ,  Fanconi's 
Anemia, may r e p r e s e n t  a f i r s t  exception; C. Heidelberger ,  personal commun- 
i c a t i o n .  It h a s  been speculated,  on t h e  o t h e r  hand, t h a t  between 60-80% 
of  human cancer  may be d i r e c t l y  o r  i n d i r e c t l y  induced by environmental 
chemical and phys ica l  carcinogens.) .  I n  c o n t r a s t ,  chemical and physical  
t ransformation of rodent cel ls  has been demonstrated i n  many l a b o r a t o r i e s  
and is very a c t i v e l y  being i n v e s t i g a t e d .  The p o s s i b i l i t y  has t o  be con- 
s ide red  t h a t  d i f f e r e n c e s  i n  t h e  mode of r e p a i r  of DNA damage between rodent 
and human ce l l s  may, in part ,  be r e s p o n s i b l e  f o r  t h e i r  d i f f e r e n t  transform- 
a b i l i t y  by chemical carcinogens. 

Impressive evidence f o r  a d i r e c t  r e l a t i o n s h i p  between repair of DNA 
Good examples are damage and carcinogenesis  has r e c e n t l y  been obtained. 

t h e  s t u d i e s  of the hered i t a ry  d i s e a s e ,  Xeroderma pimentosum (see previous 
s e c t i o n s ,  and reviews by Cleaver, 1974, and Robbins e t  a l . ,  1974), t he  
s t u d i e s  of ul t raviolet- induced tumor formation i n  t h e  f i s h  poecelia formosa 
by Hart and Setlow (1973), t h e  work of Roberts  et a l .  (1974), and Ikenaga 
et a l .  (1975). The f i r s t  part of ou r  working hypothesis ,  within the  frame- 
work of the somatic mutation theo ry  of cancer ,  is: 
exc i s ion  r e p a i r  pathways which o p e r a t e  w i t h  high accuracy (e.g., human 
cells) are less suscep t ib l e  t o  t r ans fo rma t ion  by chemical and physical DNA 
damaging agen t s  than cel ls  with i n e f f i c i e n t  e x c i s i o n  r e p a i r  which process 
DNA damage most ly  by the  less a c c u r a t e  postrepl icat ion-recombinat ion path- 
ways. 
Panconi's Anemia cells which can be chemical ly  transformed, according t o  
Heidelberger 's  preliminary r e s u l t s ,  are d e f i c i e n t  i n  exc i s ion  r e p a i r  of 
y-ray induced thymine damage of t h e  5,6-dihydroxy-dihydrothymine type 
(Ceru t t i  and Remsen, 1975). The second p a r t  of our  working hypothesis is: 
DNA l e s i o n s  which are excised i n e f f i c i e n t l y  in human cells and exh ib i t  low 
k i l l i n g  e f f i c i e n c y  may be p a r t i c u l a r l y  active in t ransformation e i t h e r  by 
d i r e c t  miscoding o r  by induct ion of error-prone r e p a i r .  

c e l l s  with e f f i c i e n t  

It is i n t e r e s t i n g  t o  note ,  i n  suppor t  of t h i s  hypothesis,  t h a t  

The list of chemical and p h y s i c a l  Carcinogens is v e r y  long, and it 
appears more l i k e l y  t h a t  classes of l e s i o n s  w i t h  comqron s t r u c t u r a l  f e a t u r e s  
are repa i r ed  by common r e p a i r  pathways than that s p e c i f i c  r e p a i r  enzymes 
ex i s t  f o r  each ind iv idua l  l e s i o n  or f o r  a s p e c i f i c  DNA damaging agent. 
S t r u c t u r a l l y  r e l a t e d  l e s i o n s  are also expected t o  have s imi l a r  b i o l o g i c a l  
e f f e c t s  r e g a r d l e s s  of t he  agent r e s p o n s i b l e  f o r  t h e i r  formation. Rather 
t h a n  t h e  s t r u c t u r a l  f e a t u r e s  of t h e  damaged bases, t h e  e f f e c t  of t h e  
l e s i o n s  on t h e  local conformation of t h e  DNA h e l i x  may l a r g e l y  determine 
t h e i r  b i o l o g i c a l  e f f e c t s ,  The e x t e n t  and type of the helfx d i s t o r t i o n  are 



expected to differ for different types of lesions. Comparable conforma- 
tional changes will result from structurally related base modifications, 
regardless of the agent responsible for their formation. 
proposed (Cerutti, 1975) to distinguish three classes of DNA base damage 
on this basis: 

We have recently 

CLASS I: Monofunctional lesions causing negligible helix distortion 
(products with essentially unaltered base pairing and base stacking 
capacity). 

CLASS 11: Monofunctional lesions causing minor helix distortion (products 
with only slightly altered base pairing and base stacking properties, such 
as ring-saturation, ring-contraction, ring-fragmentation, and ring-elimi- 
nation products). 

CLASS 111: Lesions causing major helix distortion (monofunctional lesions 
with bulky substituents or substantially altered base pairing properties; 
intercalation damage; intra- and interstrand crosslinks; crosslinks be- 
tween DNA and other cellular components). 

Animportant goal in this part of our program will be to distinguish 
the repair pathways which accomplish the removal of different types of 
DWL lesions in human cells. 
studies to two carcinogens, N-ethyl-N-nitroso-urea (ENUA) and N-acetoxy-2- 
acetyl-aminofluorene (N-acetoxy-AM), which produce DNA damage of all three 
major classes distinguished above. 
chemical carcinogenesis. 
need to be metabolically activated. 

Initially, we are planning to limit our 

Both carcinogens are widely used in 
They represent ultimate carcinogens which do not 

ENUA ethylates the purine bases by the SN1 and SN2 substitution mech- 
anisms, the major products in DNA being N7-ethyl-guanine, N3-ethyl-adenine, 
O~-ethyl-guanine, and apurinic sites. 
guanine over N7-ethyl-guanine is 0.7 which is higher than for any of the 
other simple alkylating agents (Lawley, 1974; Lawley, 1975; Lawley and 
Warren, 1975). There is considerable evidence that the mutagenic and car- 
cinogenic potential of alkylating agents in rodent cells is related to the 
extent of 06-alkyl-guanine formation (Loveless, 1969; Lawley, 1974; Frei 
and Joshi, 1974; Maitra and Frei, 1975). 
shown to miscode in an -- in vitro RVA polymerase system (Gerchman and Ludlum, 
1973). 
acity of human cells to excise 06-ethyl-gUanhe. 
introduced by ENUA may partially produce radiomimetic and partially ultra- 
violet-mimetic biological effects. 

For ENUA, the ratio of 06-ethyl- 

06-methyl-guanine has also been 

It will, therefore, be particularly interesting to study the cap- 
The ethylation lesions 

The pro-carcinogen 2-acetylaminofluorene (AAF) and its metabolic acti- 
vation bas been studied extensively, in particular by E. and J. Miller 
(see e.g. Miller and Miller, 1974). N-acetoxy-AAF represents a synthetic 
derivative which produces the same type of lesions in DNA without activa- 
tion as AAF in vivo (Miller et al., 1966; Krick et al., 1967); that is, 
predominantly the "Ce-arylalkylation" product of guanine. 
the bulky AAF residue into DNA is expected to cause major distortion of 
the DNA helix (Class 111 A according to our classification scheme; Cerutti, 
1975; see e.g. Fujimura et al., 1972; Weinstein and Grunberger, 1974). 

Introduction of 

rl , .  
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Cg-AAF-guanine i s  expected t o  produce ul t raviolet-mimetic  b i o l o g i c a l  
e f f e c t s .  
"long" t y p e  r e p a i r  i n  normal d i p l o i d  human s k i n  f i b r o b l a s t s  (Regan and 
Setlow, 1974). 
unscheduled DNA s y n t h e s i s  by N-acetoxy-AAF was observed i n  Xeroderma pig- 
mentosum c e l l s  (Regan and Setlow, 1974; S t i c h  e t  a l . ,  1973). 

It  has  been shown t h a t  N-acetoxy-AAF induces u l t r a v i o l e t - t y p e ,  

A d e f i c i e n c y  i n  t h e  induct ion  of "long" type repair and 

The fol lowing g e n e r a l  research plan  wil l  be followed: 

A. Development of an "Open System" f o r  t he  Study of t h e  Excis ion of 
DNA Damage Induced by Chemical Carcinogens. 

Whole c e l l  s o n i c a t e s  and nuc lear  p repa ra t ions  from c u l t u r e d  human 
cells w i l l  be used (human carcinoma ReLa S-3; d ip lo id  human lung  f ib ro -  
b l a s t s  WI-38; normal human skin f i b r o b l a s t s ) .  Chemically- and physico- 
chemically-defined exogenous DNA s u b s t r a t e s  which were t r e a t e d  w i t h  radio- 
a c t i v e l y  l abe led  ENUA or N-acetoxy-AAF wi l l  be prepared. (Chromatographic 
a s says  f o r  t h e  a n a l y s i s  of t h e  damaged DNA are a v a i l a b l e  from t h e  litera- 
t u r e ,  see e.g.  Kritikar and Goldthwait ,  1974; t he  cellular p repa ra t ions  
and the  incubat ion  c o n d i t i o n s  wi l l  be developed using our s t u d i e s  on the  
exc i s ion  r e p a i r  of y-ray induced thymine as a s t a r t i n g  po in t ;  see previous 
s e c t i o n s ,  and C e r u t t i  and Remsen, 1975). Excision k i n e t i c s  and exc i s ion  
capac i ty  are the  major parameters  t o  be determined. 

B. Repair of ENUA and N-acetoxy-AAP Induced DNA Damage by Prepara- 
t i o n s  from Xeroderma p i g m m u  (XP) and Fanconi 's  Anemia (FA) 
Skin F i b r o b l a s t s .  

The s tudy of t h e  e x c i s i o n  capac i ty  of XP and FA c e l l s  f o r  t h e  var ious  
l e s i o n s  produced by ENUA and N-acetoxy-AAF which f a l l  i n t o  a l l  t h r e e  
c l a s s e s  of base damage according t o  our c l a s s i f i c a t i o n  ( see  s e c t i o n  IV; 
C e r u t t i ,  1975) may h e l p  t o  d i s t i n g u i s h  d i f f e r e n t  exc is ion  r e p a i r  pathways 
in human cells. While XP c e l l s  are d e f i c i e n t  i n  photodimer e x c i s i o n  
(Class  I11 type damage), a de f i c i ency  f o r  t h e  exc is ion  of y-ray induced 
thymine damage (Class 11 type damage) was detec ted  i n  FA p repa ra t ions  
( C e r u t t i  and Remsen, 1975) .  

A f i r s t  i n d i c a t i o n  t h a t  a de f i c i ency  i n  t h e  r e p a i r  of chromosomal 
damage may e x i s t  i n  Fanconi ' s  Anemia comes from the d e t e c t i o n  of an in-  
creased e f f i c i e n c y  of formation of chromosomal abe r ra t ions  by i o n i z i n g  
r a d i a t i o n  (Higurashi  and Conen, 1971) and DNA cross- l ink ing  a g e n t s  (Sasaki 
and Tonomura, 1973) i n  FA lymphocytes and skin f i b r o b l a s t s .  Enhanced sen- 
s i t i v i t y  t o  c e l l  k i l l i n g  w a s  observed f o r  mitomycin C, bu t  not for y-rays 
and ethylmethane-sulfonate  (Finkelberg e t  al.,  1974). A d e f i c i e n c y  i n  t h e  
exc is ion  of photodimers w a s  r e c e n t l y  descr ibed f o r  the FA s k i n  f i b r o b l a s t  
l i n e  CC1 122 from ATCC (Poon et al., 1974); an independent l abora to ry ,  
however, has  n o t  been a b l e  t o  reproduce these  r e s u l t s  (J. Regan, personal  
communication). The preliminary results on chemical t ransformat ion  of 
cells obtained by C. Heidelberger  (see above) make i t  p a r t i c u l a r l y  i n t e r -  
esting t o  s tudy carc inogen  exc i s ion  r e p a i r  in FA. 
analogous t o  t h o s e  o u t l i n e d  above f o r  Xeroderma pigmentosum w i l l  be  c a r r i e d  
out i n  t be  case that deficiencies for t h e  exc i s ion  of s p e c i f i c  chemical _ _  
l e s i o n s  are observed. 

Recons t i t u t ion  experiments 

P a r t i a l l y  p u r i f i e d  fractim; from n a G y & b  
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fibroblasts and highly purified bacterial and mammalian repair enzymes 
will be used in collaboration with Dr. L. Crossman whose laboratory will 
supply the purified repair enzymes. It is clear that this extensive pro- 
gram cannot be completed within the next budget period, but it is hoped 
that a good start can be made. 

C. Excision - Competition Studies. 
Characterization and distinction of excision repair pathways in 

human cells will be attempted by excision-catnpetition studies. The effect 
of one type of DNA damage on the excision of a second type of damage, by 
human cell preparations, will be investigated. For example, the effect of 
the addition of unlabeled UV-irradiated bacteriophage A-DNA on the excision 
of products of the 5,6-dihydroxy-dihydrothymine type (t’) fram labeled, y- 
irradiated A-DNA and vice versa will be investigated, 
removal of t’ is expected if the same pathways are used for the excision 
of ultraviolet products and t’. 
comparison of different chemical carcinogens and chemical carcinogens with 
radiation (ionizing radiation, ultraviolet). It is a prerequisite f o r  the 
interpretation of results obtained in such studies that the excision kin- 
etics and the repair capacity for each individual type of lesion which is 
being compared is known (see above, I V  B), and a detailed research plan 
cannot be given at the present time. 

Suppression of the 

The same approach will be used for the 



V. References. 

Bacchet t i ,  S., Vander P laas ,  A , ,  and Veldhuisen, C.  (1972) Biochem. 
Biophys. Res. Commun. 48, 662. 

Brent,  T. (1972) Nature N e w  Biol.  - 239, 172. 

C e r u t t i ,  P. (1975) i n  "Molecular Mechanisms f o r  t h e  Repair of DNA" 
(Us. P. C. Hanawalt and R. B. Setlow) Plenum Press ,  New York; I n  
Press .  

Cerutti, P. and Remsen, J. (1975) Proceedings of the  Gatlinburg 
Symposium on the  "Biology of Radiation Carcinogenesis"; Gat l inburg,  
Tennessee; A p r i l ,  1975. 

Cleaver, J. (1969) Proc. Natl. h a d .  Sei. (U.S.) 63, 428. 

Cleaver, J. (1974) Adv. Radiat. Biol. 4, 1. 

Duker, N.  and Teebor, G. (1975) Nature 255, 82. 

Duncan, J., S l o r ,  H., Cook, K., and Friedberg,  E. (1975) i n  "Molecular 
Mechanisms f o r  t h e  Repair of DNA" (Eds. P, C. H a n a w a l t  and R. B. 
Setlow) Plenum P r e s s ,  New York; I n  P res s .  

Pinkelberg,  R., Thompson, M., and Siminovitch, L. (1974) Am. J. Human 
Genetics 26, A30. 

F r e i ,  J. and J o s h i ,  V. (1974) Chem.-Biol. I n t e r a c t i o n s  g, 131. 

Fujimura, S., Grunberger, G . ,  Caravajal ,  G., and Weinstein, I. (1972) 
Biochemistry ll, 3629. 

Gerchman, L. and Ludlum, D. (1973) Biochim. Biophys. Acta. 308, 310. 

Goldmann, 8.  and Friedberg,  E. (1973) Analyt. Biochem. 53, 124. 

Hariharan, P. and C e r u t t i ,  P. (1975) In  preparat ion.  

Hart, R. and Setlow, R. (1973) Abstr. TPM-El; 1st Annual Meeting of 
Am. SOC. f o r  Photobiol . ;  Sarasota ,  F lo r ida .  

Rigurashi,  M. and Conen, P. (1971) Blood 38, 336. 

Ikenaga, M., Yutaka, I., Tada, H., Kalcunaga, T., Takebe, H., and 
Kondo, S. (1975) i n  "Molecular Mechanisms f o r  t he  Repair of DNA" 
(Eds. P. C. Hanawalt and R. B. Setlow) Plenum Press,  New York; In 
Press.  

Krick, E., Miller, J.,  J u h l ,  U., and Miller, E. (1967) Biochemistry . 
- 6 ,  177. 



Kritikar, D. and Goldthwait, D. (1974) Proc. Natl. Acad. Sci. (U.S . )  
- 71, 2022. 

Lawley, P. (1974) Mutat. Res. 23, 283. 

Lawley, P. (1975) Proceedings of the Gatlinburg Symposium on the 
"Biology of Radiation Carcinogenesis"; Gatlinburg, Tennessee; 
April, 1975. 

Lauley, P. and Warren, W. (1975) Chem.-Biol. Interactions; In Press. 

Loveless, A. (1969) Nature 223, 206. 

Ultra, S. and Frei, J. (1975) Chem.-Blol. Interactions IO, 285. 

Hattern, M. and Cerutti, P. (1975) Nature 254, 450. 

Miller, E., Juhl, U., and killer, J. (1966) Science 153, 1125. 
Poon, P., O'Brien, R., and Parker, J. (1974) Nature 250, 223. 

Regan, J. and Setlow, R. (1974) Cancer Res. 34, 3318. 

Renger, H. and Basillco, C. (1972) Proc. Natl. Acad. S c i .  (U.S.)  - 69, 109. 

Robbins, J., Kraemer, L., Iutzner, M., Festoff, B., and Coon, H. . 

(1974) Ann. Intern. Med. 80, 221. 

Roberts, J., Sturrock, J., and Ward, K. (1974) In "Chemical Carcino- 
genesis" Part A (Eds. P. 0. Ts'o and J .  A. DiPaolo) Marcel-Dekker, 
Inc., New York. 

Sasaki, M. and Tonomura, A. (1973) Cancer Res. 33, 1829. 

Stich, H., Kleser, D., Lalshes, B., and Sans R. (1973) Proc. Canad. 
Cancer Conf . 10, 125. 
Weinstein, I. and Grunberger, D. (1974) in "Chemical Carcinogenesis" 
Part A (Us. P. 0. Ts'o and J. A. DiPaolo) Marcel-Dekker, Inc., 
New York. 



VI. Supporting Data 

A. Personnel 

Biolographical sketches, respo3sibility in the proposed project, 
per cent of time devoted to project and selected personal publications 
related t o  present proposal. 

1. Peter A. Cerutti 

WE: 
TITLE: 
BIRTHDATE/BIRTHPLACE: 
PRESENT NATIONALITY: 
SEX: 
SOCIAL SECURITY hWER:  

Peter A. Cerutti, M . D . ,  Ph.D. 

'i EDUCATIOX : 

Institution Degree Year Specialty 

RONORS : 

First Prize, University of Zurich, 1957, for Xedical Research. 
Fellowship of "Swiss Foundation for Chemistry and Pharmacy", 1957-60. 
Fellowship of Swiss National Science Foundation, 1960-63. 
Member of Honorary Society of Sigma Xi. 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: 

19.71 - Professor and Chairman, Department of Biochemistry, 
University of Florida, Gainesville, Florida 

Assistant Professor, Department of Biochemistry Sciences, 
Princeton University, Princeton, Hew Jersey. 

1966 - 1970 

1964 - 1966 Research Associate NIXW and MI1 (with Drs. Nirenberg, 
Witkop and Udenfried), National Institutes of Health, 
Bethesda, Maryland. . 

RESPONSIBILITY IN THE PSOPOSED PROJECT AS3 PER C E k  TIXE DEVOTED TO IT: 

Principal Investigator; 20% of time devoted t o  project .  



.. 

SELECTED PERSONAL PUBLICATIONS IN AREAS RELATED TO PRESENT PROPOSAL 
G 

P. Cerutti and H. Schmid - Photoreaktionen von Yethanol mit N-Hetero- 
cyclen (1. Flitteilung) Helv. Chim. Acta - 4 5 ,  1992 ( 1 9 6 2 ) .  

P. Cerutti and H. Schmid - Photoreaktionen von Methanol mit N-Hetero- 
cyclem (2. Flitteilung) Helv. Chim. Acta - 47, 203 (1963). 

P. Cerutti, K. Ikeda and B. Witkop - The Selective Photoreduction of 
Uridine in Polynucleotides. J. Am. Chem. SOC.  87, 2505 (1965). 
R. Goeth, P. Cerutti and H. Schmid - Photoreaktionen von Acridine und 
Acridinabkoemmlingen sowie von Arylketonen mit Plethanol. Helv. Chlm. 
Acta 48, 1395 (1965). 

P. Rottman and P. A. Cerutti - The Template Activity of Uridylic Acid - 
Dihydrouridylic Acid Copolymers. Proc. Natl. Acad. Sci. 7 55, 960 (1966). 

0 

C. Balle', P. Cerutti and B. Witkop - Selective Photoreduction of 
Nucleotides and Nucleic Acids. 11. Mechanism of the Two-step Reduction 
of Thymine. J. Am. Chem. SOC. 88, 3946 (1966). / 

0. Yonemitsu, P. Cerutti and B, Witkop - Photoreductions and Photo- 
cyclizat-ions of Tryptophan. J. Am. Chem. SOC. 88, 3941 (1966). 

P. Cerutti and N. Miller - The Selective.Reduction of Yeast Transfer 
Ribonucleic Acid with Sodium Borohydride. 

P. Cerutti, P. Kondo, W. B. Landis and B. Witkop - Photoreduction of 
-Uridine and Reduction of Dihydrouridine with Sodium Borohydride. J. 
Am. Chem. SOC. 90, 771 (1968). 

J. NOS.. Biol. 26, 55 (1967). 

N. Miller and P. Cerutti - The Structure of the Photohydration 
Products of Cytidine and Uridine. 
34 (1968). 

P. Cerutti, J. W. Holt and N. Miller - Detection and Determination of 
5,6-Dihydrouridine and 4-Thiouridine in Transfer Ribosnucleic Acid 
from Different Sources. 

Proc. Natl. Acad. Sci. U S A X ,  

J. Mol. Biol. a, 505 (1958). 

M. Pleiss, H. Ochiai and P. Cerutti - Photochemically Induced Transition 
of 4-Thiouridine to Uridine and Cytidine in E. coli Transfer RNA. 
Biophys. Res. Commun. 34, 70 (1969). 8 

A. H. Bobst, P. A. Cerutti and F. Rottman - The Structure of Poly 2'4- 
Methyladenylic Acid at Acidic and Neutral pH. 
1246 (1969). 

J. Am. Chem. SOC.  -' 91 

A. M. Bobst, F. Rottman and P. A. Cerutti - Role of the Ribose 2'- 
hydroxyl Groups for the Stabilization of the Ordered Structures.of 
P3A. -uraz-. J. Am. Chem. SOC. - 91, 4603 (1969). 

1 0 3 5 0  



P. A. Cerutti, N. Miller, M. G. Pleiss, J. F. Remsen and W .  3. Ransay - 
Photohydration of Uridine in the R U  of Coliphage R17. I. Reduction, c . Assay for Uridine Photohydration. Proc. Natl. Acad. Sci. 64, 731 (1969). 

A. M. Bobst, F. Rottman and P. A. Cerutti - The Effect of the Methylation 
of 2'-Hydroxyl Groups in Polyadenylic Acid on its Structure in Weakly 
Acidic and Neutral Solutions and on its Capability to Form Ordered 
Complexes with Polyuridylic Acid. J. Mol. Biol. - 4 6 ,  221 (1969). 

Q 

J. F. Remsen, N. Hiller and P. A. Cerutti - Photohydration of Uridine 
in the RXX of Coliphage R l 7 .  
Inactivation and Uridine Photohydration. - 65, 460 (1970). 

TI. The Relation Between Ultraviolet 
Proc. Hatl. Acad. Sci. USA 

P. V. Hariharan and P. A. Cerutti - Repair of Radiation Damaged Thymine 
in Micrococcus radiourans. Nature New Biology 229, 247 (1971). 
J. F. Remsen, M. Yattern, N. Hiller and P:A. Cerutti - Photohydration 
of Uridine in the Ribonucleic Acid of Coliphage Rl7. 
Uridine Photohydrates and Nonlethality of Cyclobutane-type Photodimers. 
Biochemistry - 10, 524 (1971). 

Lethality of 

M, G. Pleiss and P. A. Cerutti - Phototransformation of 4-Thiouridine in 
Escherichia coli Valine Transfer Ribonucleic Acid to Uridine, Cytidine 
and N4-Hethylcytidine. 

J. Swinehart, A. Bobst and P. Cerutti - The Effect of Saturated 
Pyrimidine Bases on RHA Conformation. 

P. V. Hariharan and P. A. Cerutti - Formation and Repair of y-ray 

Biochemistry l.0, 3093 (1971). 
c 

FEBS Letters - 21, 56 (1972). 

Induced Thymine Damage in Micrococcus radiourans. 
(197 2) . 

J. Mol. Biol. 66, 65 

M. Mattern, R. Binder and P.. A. Cerutti - Cytidine Photohydration in Rl7-  
RNA. J. Mol. Biol. - 66, 201 (1972). 

M. R; Mattern, P. V:Hariharan, D. E. Dunlap and P. A. Cerutti. 
DNA Degradation and Excision Repair in Ganma-Irradiated Chinese Hamster 
Ovary Cells. Nature h'ew Biol. E, 230 (1973). 
P. A. Cerutti. 
Naturwissenschaften _. 61, 51 (1974). 

Effects of Ionizing Radiation on Mammalian Cells. 

J.  L. Roti Roti, G. S. Stein and P. A. Cerutti. Reactivity of Thymine 
to Gamma-ray in HeLa Chromatin and Nucleoprotein Prbparation. - 13, 1900 (1974). 

Biochemistry 

J. L. Swinehart, W. S. Lin and P. A. Cerutti. Gamma-ray Induced Danage 
in Thymine in Yononucleotide Yixtures and in Single- and Double-Stranded 
DNA. Rad.. Res. 58, 166 (1974). - .'1 

-** - - 



J. L. Roti Roti and P. A. Cerutri. Gamma-Ray Induced Thymine Damage in 
Mamnalian Cells. Int. J. Radlat. Biol. 3, 413 (1974). 
P. V. Hariharan and P. A. Cerutti. Excision of Damaged Thymine Residues 
from Gamma-Irradiated Polyd(A-T) by Crude E. coli Extracts. 
Acad. Sci. 2, 3532 (1974). 

P. V. Hariharan and P. A. Cerutti. The Incision and Strand Rejoining Step 
In the Excision Repair of 5,6-Dihydroxy-Dihydrothymine by Crude E .  coli 
Extracts. 

Proc. Natl. 

Biochem. Biophys. Res. Commun. 61, 375 (1974). 

J. L. Swinehart and P. A. Cerutti. Gama-Ray Induced Thymine Damage In 
the DNA in Coliphage 9x174 and i n x .  coli. 
83 (1975). 

Int. J. Radiat. Biol. 27, 

B. Dunlap and P. A. Cerutti. 
FEBS Letters 2, 188 (1975). 
P. V. Hariharan and P. A. Cerutti. Excision of Damaged Thymine Residues 
from Gamma-Irradiated Polyd(A-T) by Crude E. coli Extracts. Proc. Natl. 
Acad, Sci. (U.S.) 71, 3532 (1974) 

Apyrhidinic Sites in Gannna-Irradiated DNA. 

P. A. Cerutti. Excision Repair of DNA Base Damage. Life Sciences 2, 
1567 (1974). 

M. R. Mattern and P. A. Cerutti. Age-Dependent Excision Repair of Damaged 
Thymine from y-Irradiated DNA by Isolated Nuclei from Human Fibroblasts. 
Nature 254, 450 (1975). 

M. R. Mattern, P. V. Hariharan, and P. A. Cerutti. Selective Excision of 
Gamma-Ray Damaged Thymine from the DNA of Cultured MaJnmalian Cells. Bio- 
chim. Biophys. Acta.; In Press. 

P. A. Cerutti, '*Deoxycytidine Photohydration in DNA," in Photochemistry 
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2. Kunio Shinohara 

NAME: Kunlo Shinohara, Ph.D. 
TITLE Postdoctoral Associate 
BIRTHDATE : 
PRESENT NATIONALITY: 
SEX: . Male 
SOCLAL SECURITY NO.: 

 
Japan 

-I- 

EDU CAT1 ON : 

Insti tu t ion Degree Year Specialty 

Waseda University B.S. 1966 Engineering 
Waseda University H.S. 1968 Physics 
Tokyo University Ph.D. 1969-1972 Biochemistry 
Tokyo University 1972-1975 Radiation Biology 

RESEARCE AND/OR PROFESSIONAL EXPERIENCE: 

Research Official, Division of Biology, National Institute of Radio- 
logical Sciences; Since 1972. 

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; 100% of time devoted to 
project . 
PUBLICATIONS: 

Shinohara, K. and Okada, S. Radiosensitivities of Murine Lymphoma L5178Y 
Cells in a Multi-Cellular Colony System. J. Radiat. Res. 2, 109 (1972). 

Okada, S. and Shinohara, K. An Automatic Synchronizer for Suspension 
Culture of L5178Y Cells. Cell Tissue Kinet. 1, 195 (1974). 
Shinohara, K. and Matsudaira, H. Effects of Methylazoxymethanol Acetate 
on L5178Y Cells. -Caffeine Sensitization- In preparation. 

3. Two graduate students, Hr, Farrel Fort and Mr. George 
Feldman, will participate In this program. 
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8 .  P u b l i c a t i o n s  of Work Supported by E.R.D.A. (See "Progress Report"). 

C. Support Received from Other Fede ra l  Agencies. 

Support is obtained from the National  I n s t i t u t e  of General Medical 
Sciences (Grant No. 2R01-GM-18617-05) f o r  ou r  s t u d i e s  on t h e  r e p a i r  of y- 
r ay  induced DNA base damage (thymine and cy tos ine )  i n  human carcinoma HeLa 
cel ls ,  Fanconi's Anemia, Bloom's Syndrome, and Louis-Bar Syndrome sk in  
f i b r o b l a s t s .  Direct c o s t s  f o r  the c u r r e n t  year:  $48,784. 

1 0 3 5 0 3 2  



' V I I .  Budget and Budget J u s t i f i c a t i o n .  

A. Budget f o r  t h e  Period of Septem,er 1, 

1. S a l a r i e s  

Name T i t l e / %  of Time 

K. Shinohara 
M. Bravo 

Ph.D., Postdoctoral  Associate/100% $ 9,000 
Research Assistant/100% 10 , 828 

a) Fringe Bene f i t s  
H. Bravo 15.5% 

K. Shinohara .6% 
Eea l th  Insurance 

2. Permanent Equipment 

Double-door C02-incubator; Nat ional  Model 3321 
Liquid Nitrogen Ref r ige ra to r  w i t h  accesso r i e s ;  

Union Carbide LD-40 

3. Suppl ies  

Chemicals 
Radioisotopes 
Biochemicals 
T i s sue  Cu l tu re  Media 
Glass and P l a s t i c  Ware 

4. Travel 

Domes t i c  
Foreign 

975 t o  August 31, 1976. 

1 0 3 5 0 3 5  
_. : . I: . ;F&- .. . . . - , .  

$ 2,150 
7 54 

2,904 
- 

$ 3,500 
3 , 000 
2,000 
6,000 

$1,000 
997 

$ 1,997 

5. Other Expenses 

Instrument Se rv ice  Contracts 
P u b l i c a t i o n  Costs 

6 .  I n d i r e c t  Costs 

51% of S a l a r i e s ,  Wages, and F r inge  Bene f i t s  

1,678 
120 

54 
$21,680 

$ 2,000 
1 , 500 

$ 3,500 



-- 
Dr. P. A. Cerutti -2- yay 1, 1975 

2. Renewal Prorosal. Include information outlined on pages 8 through 16 
of t he  enclosed " h i d e  for the  S~bzdssion of Research PI-O~OSP_~S fro3 
Educational Insti;uticns," revised S e p t d e r ,  1972, uiless the infoma- 
t i o n  is already contained i n  ear l ie r  proposals or i n  the  acconpanfing 
progress r e p r t .  
necessary information in t h e  budget for the next period. 

Caref'ul a t tent ion should be given to including the 

3. Financial  Statement. Include i n ' t h e  renewal pro?osal a financial 
statement f o r  the  preseat contxact period. m e  s t a t m e n t  should be 
baaed on the e s t k t e d  t o t a l  costs of the p m j e c t  including support 
by both the  ins t i tu t ion  and the O D A  as shown in A - I 1  ( E )  of ApFendix 
"A" t o  the Contract, co*Jerhg the current period. 
should r e f l ec t :  

The ststemezt 

(1) 
current period $ 30,532.66 

(2) Estimated t o t a l  cost for remainder of period $ 15,467.34 

(3) Total actual and e s t h a t e d  cost chargeable t o  
EFu3A for  current period basecl on ?ercer,tage of 
cost  agreed upon as contained in A-111 of 
Appendix "A" t o  Contract 

Total actual  project  cost  t o  date for the  

$ -- 46,000.00 
(4) Accumulated costs chwgeable t o  EFDA (include 

costs  reported i n  c e r t i f i e d  statment f o r  
preceding period(s) and the  costs stated in 
Item (3) above) $ 207,002.00 

( 5 )  Accumulated ERDA Support C e i l i w  as s ta ted  i n  
A r t i c l e  111 of Contract $ 207,002.00 

(6) Total estimated ERDA f'unds rP?rninin& under 
Contract [sut t rac ,~,  Item (4) frm ( 5 ) )  w ~ c h  m y  
be use9 t o  r e e x e  m m t  of ne" r'ur,ds ;.eq&red 
frcnn ERDA for proposed renewal period $ -0- 

' 4. 200-word s i m w y  . The enclosed form "Notice of Research Project" 
should be coq le t ed  i n  200 words or l e s s  sumarizing the proposed 
research, 
t o  us together wi%h t he  renewal proposal a?d progress report. 

Four copies of t.he completed form should be for-mded 

' I  1035034 




