
We a r e  submitting for your review and appropriate action the followin 
information concerning the contract which will expire on krch 31, j f l k l  

1 .  Renewal Proposal 
2. Progress 
3 .  Financial 
4 .  200-Uord 

We shal l  appreciate your advising us o f  your decision so that we may 
proceed with the necessary contract action a t  the e a r l i e s t  possible 
d a t e .  

0LE:OY) 

#+&uuAAkcL< 
Herman M. Roth, Director 
laboratory and University D i  v i  5 
Oak Ridge Operations 

Enclosures: 
As Listed Above 

... . +.. 



U N I T E D  STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P O  BOX E 

OAK RIDGE, T E N N E S S E E  37830 

F t A  1 4  E72 

Ralph Elson, Director, Contract Division 

REQUEST FOR CONTRACT A C T I O N  

I t  i s  requested tha t  you take the  necessary steps to  process the 
following described contract action ( C A ) :  

7 .  Nature of Action Requested: 

[ 3 Selection o f  New Contractor and/or Negotiation of Contract 
Number: 
Contractor: 

[ x ]  Modification o f  contract 
Number: At-(40-1 )-M6 
Contractor:Thr Unlven l ty  o f  tavww 

2 .  Nature of Services To Be Covered by Contract: Research 

r r t h  S t d y  of hdlrtfon,  Chmlcrl rnd A g b g  Effects om 
Ti t'e: VInl 'A % n r f o m t l ~ "  

3.  Type o f  Contract: 
[ X 3 Support Agreement [ 3 Cost Type [ 3 Other 

Amount o f  A E C  Funds To Be Obligated by t h i s  CA: 

A E C  Percentage of Est. Total Cost To Be Shown by t h i s  CA: 1001 

Description o f  Other 

W t f y  the contract to pr0vMe for the perfomme o f  rdd!tfonrl 
mswrch to be wnductd durt thr psrtod April 1, 19?2 thraugb 
krrh 31. 1973. r n C l w S 8  
$76,714, 'IItla to equlpent shall vert f a  tho Contnctor und+r 
ruMority o f  Pt 85-934. 

4 .  

5. 

6, 

~ 9 ~ ~ 2  

Chanqes To Be Covered by t h i s  CA: 

"R c SUPpOfl hfIll99 h 8 1  $47,652 

7. Authority: 
fom IIEC-481 (U) tm 3. R 

8 dtd z/W2 



U N I V E R S I T Y  OF TENNESSEE CONTRACT NO. AT-(40-1)-3646 

APPEND1 X " A "  

For the  C o n t r a c t  Pe r iod  A p r i l  1, 1972 through p a r c h  31, 1973. 

A R T I C L E  A - I  RESEARCH TO BE PERFORMED BY CONTUCJOR 

The Con t rac to r  w i l l  con t i nue  s t u d i e s  o f  r a d i a t i o n ,  chemical End aging 
e f f e c t s  on v i r a l  t ransformat ion,  i n c l u d i n g  a s tudy o f  oncogenic v i r u s  
t ransforma t i o n  o f  p r imary  mama1 i a n  c e l l  s and i t s  s t i m u l a  t i o n  by i o n i z i n g  
r a d i a t i o n ,  w i t h  emphasis on the m o l e c u l a r  processes l e a d i n g  t o  c e l l  
t r ans fo rma t ion .  D e s c r i p t i o n  w i l l  be made' o f -  t he '  s p e c i f i c  m o l e c u l a r  
a s s o c i a t i o n  between v i r a l  DNA and t h e -  t ransformed c e l l  DNA and to  
determine mechanisms by which r a d i a t i o n  o r  rad iomimet ic  agents  promote 
t h i s  a s s o c i a t i o n ,  

The P r i n c i p a l  I n v e s t i g a t o r ,  Dr. J. H. Coggin, Jr,, expects  t o  devote 
approx ima te l y  30% o f  his t i m e . o r  e f f o r t  to  the  p r o j e c t .  

ARTICLE A-11 WAYS AND MEANS OF PERFORMANCE 

( a )  I tems Inc luded i n  T o t a l  Est imated Cost :  

( 1 )  S a l a r i e s  and Wages: 

2 Research Ass i s tan ts  
Laboratory  A i  de 
Labor 

( 2 )  Suppl ies and M a t e r i a l s :  

Chemicals , isotopes , an ima ls ,  media and sera,  
and t i s s u e  c u l t u r e  p l a s t i c  ware. 

Equipment t o  be Purchased or Fabr i ca ted  
bv t h e  Con t rac to r :  

( 3 )  

$ 9,100 

2,625 

- a Equipment Est imated t o  Cost  Less than $1,000: 

Gradient  prep u n i t ,  c e n t r i f u g e  head , t i s s u e  
homogenizer and p r e p  equipment. 

- b EQu ipWnt  Est imated t0 @ s t  i n  Excess o f  $1,000: 

F r a c t i o n  Coll e c t o r  uj th drop- counter . - \  

. '&%-e- 
( 4 )  Trave l :  

( 5 )  P u b l f c a t i o n s :  
# .  

500 

300 
c &: 

.. . . 

550 
- -  

( 7 )  Reprints,  Equipment Repalr, and Serv l ce  Con t rac t  
Costs:  * --  't w* -.& - 

1 0 3 4 l l b  



(8) Indirect  Costs(Fixed a t  61 .4% of Salaries & Wages): $5,587 

( b )  Items, i f  any, S i q n i f i c a n t  t o  the Performance of th is  
cont rac t ,  b u t  Excluded from Computation o f  Support Cost 
a n d  from Consideration i n  Proportioning Costs: 

( 1 )  Items t o  be Contributed by the Contractor: 

All costs of the Principal Investigator including 
sa la ry ,  related overhead a n d  fringe benefits .  

Items t o  be Contributed by the Goverment: ( 2 )  

No ne 

Time or Effort  of  Principal. Investiqator(s).Contributed 
by Contractor, b u t  Excluded from Computation of Support 
Cost and from Consideration i n  Proportioning Costs: 

None under t h i s  paragraph  

ARTICLE A-I11 The to ta l  estimated cost  of i t e m  under A-I1 ( a )  above 
for the contract  period s t a t ed - in  th i s  Appendix "AR i s  
$29,062; the Conission will pay 100% o f  the actual costs 
of  these items incurred during the contract period s ta ted 
i n  t h i s  Appendix "A",  subject to* the. provisions o f  Article 
111 and Art ic le  B - X X V I I .  The estimated AEC Support Cost 
for  the contract  period stated i n  t h i s  Appendix "A' i s  
$29,062. 

. .1 



8 .  

0 NEW CONTCIACf 8 R E N E W A L  0 OTHER ___- .- 
8 .  R E C O W M E N D E D  T Y P E  OF CONTRAeT:  

0 AEC 
C O N T R A C T O R  

o oinEn 

6 .  T C R Y  OC CONTRACT 7.  CONTRACT Nunem 
4-1-72 thrr S31-73 AT (CO-1) 3646 
0 .  EOUIPHLNT TITLE TO VEST IN: 1 IO. SECURITY CLASSIFICATION: 

Work to bc performed u under catcgoryf 
as  defined by AEC Manual Appcndii 3401. 

11. PROJECT TITLC 

mA Corpu &ti- I tady et R a u t l - S  U n i s a l r r J A g t 4  K h t a  01 V i d  Tr&ufo=J 
t t .  h E A O Q U A R J L R S  TLCHNICAL COKTACT 

c+orf. t. $ u p  1.- 
1s. C lNANClNO 

A OPERATING EXPENSES 

N ~ W A E C F ~ W I S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $29,- 
Estimated AEC B l l a n e  From Prior Term, if any . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 

Estimated Contractor Contri iut ion.  O n  Proportionate Sh- Brris, if my . . . . . . . . . . . . . . . .  I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2*,061 

Estimated Project Cost,  For Pertinent Budget Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Budget and Reportmg W t a b o a :  
AUolmcnt Transfer: 

Budget urd Reporting C k i k a -  
AIlolment frmsfer. 

01 03 
06-4 1-91(24) 

P L A N T  AND C A P I T A L  EOUIPMENT .................................. -$ . 8 

14. SPECIAL PROVISIONS AND INSTRUCt lOWS:  

T h e  icchnical atpcrrr d the p w  wort. have hecn rcvkwucd and arc apprcvcd. A nccd mrcatly uuu for the wdt~ d tk research (X 0th- 

h a w  krcp us i n f o r d  a s  10 any pr&kmi encountrrcd h your nc;rJ.&!h.ns. as rdl a $  the &te of e lccutbn of thb bontrrct and the amount d 
funds o b l i p w d .  I[ the  b d g m  a i  n ~ ~ g m i a t d  differs substantially Irom that  VI the pcoprri prUv lorwdrd L copy d the rev*& bdgct  IO Head- 
quarters. 
I f  net already auhrnitwd, a 2IlO-md summary d the pro& work rbould be forru&d by ~ h c  cwiracm IS LQO(I 18 @k dta oc+btbn  d 
tbc coniraci. 

work that u to be undcnaken. None d the AEC fundi shall he u 4  IO coder a fc'lowship .. 

1 .  ....... 
* .  

s 

b 
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For COhWCT No. AT- (40- 1) -3646 

1. Total actual  project  cost  t o  date for  the 
current period $ 1 3 , 5 2 4 . 7 4  

2 .  Estimated t o t a l  cost for remainder of period 8 , 1 4 2 . 2 4  

3. Total acutal  and estimated cos t  chargeable t o  
AEC fo r  current period based on percentage of 
cost agreed upon as contained in  A-I11 of 

Accumulated costs  chargeable to AEC (include 
costs reported i n  c e r t i f i e d  statement f o r  pre- 
ceding period(s) and the  cos ts  s t a t ed  i n  Item 
3 above) 

Accumulated AEC Support Ceiling as stated i n  
Article 111 of contract  

Appendix "A" t o  contract  - L;l,  t-c&* 

4 .  

5 .  

6, Total estimated AEC funds remaining under con- 
t r ac t  (subtract  Item 4 f run Item 5) which may 
be used t o  reduce amount of new funds required 
from AEC for  proposed renewal period $ n i t  L3y' 

25 -jetted I:'!* 

-,- . 

1 0 3 4 1 2 1  
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SMI THSON IAN INSTI  TUTl ON 

U S  ATOMIC ENERGY COMMtSlON 

SClEYCE INFORMATION EXCHANGE PUBLICA1 ION 
8 v  A E C  
A U T H O R I Z E 0  o/ 1 S l S l E  784 I - -  '- 

AEC CONTRACT NO 

4444-3445- 
SUPPORTING OIV OR OFFICE. 
N4ME & A D O R E S  OF CONTRACTOR OR INSTITUTION. ISlalm thr division. dcorrtmrnt. w wofeslonal school. m d i c r t .  g r d ~ r t c  
or Other.  with which thts prolect s h w M  b0 dWtuf*d. i  

Un I vers I ty of Tennessee 
Daparhnent of Glcroblolcgy 
Knoxvf I le, Tennessee 37916 

A Compara.tIve Study of Radiation!, Chemlcal and h t w  Affects 011 V i r a l  
TITLE OF PROJECT: 

- -  
T r a n s f o r n t h  In vitro 

-_I_ 

NAMES, DEPARTMENT, AND OFFICIAL TITLES OF PRlNClPAL INVESTlGATDa AND OTHER PROFESSIONAL SCIENTIFIC 
PERSONNEL: (not including godwte md.na) .n9egsd on the project. a d  fnctiOn Of W y W  drvotod to the &Kt by auh pcnon. 

Joseph H. Coggln, Jr. ,  Ph.D., AsSXfate  Professor 
bpartment of t4lcroblology 

3 
NO. OF GRADUATE STUOENTS ON PROJECT: I_ NO. OF GRADUATE STUDENT MAN-YEARS: 

SUMMARY OF PROPOSED WORK: 11ooxX, w d r .  omit Confidential Datal. Summaria we e x c h a m  with p c r n m r n l  and privale 
w n c i c s  wpponing research. ~a mpolied to imatSpsten upon,requ&. end m y  be pvblimed in AEC documents. Make mummaris rub 
nantive. giving initially and for emh ~MUJ rmkion the following; OBJECTIVE; X l E N T l F  IC BACKGROUND FOR STUDY; PRO- 
POSED PROCEDURE; TEST OBJECTS AND AGENTS. 

The parmeters of v l r u s  Induced t m f  product?on wlll contlnue b be evaluated i 
p r i m a r y  c e l l  culture system. 
Involved i n  v i rus-col t  Interactton leadlng to malignant conversion w l l l  be conductec. 
radfatlon, certain pyrlmldtne a n a l s u e s  and cel I aglng harrccdly senrltlze hamster 
Onbryo cells t o  SV40 and a&novIrus transforrietlon. 
sensltlzfng normal cells to v l rus  transfomtlon are observed to render feslons In 
the target cell DhA subSestlng t h a t  a camon rnecnanlsn may be Involved I n  enhancenen- 
Disclosure of the mecnanfsds) for enhancing vtrus transformatJon Is a prlmary obJsc: 
of thls study, Metabol IC, phys ica l ,  s t r u d u r a l  and regulatory changes*occurrlng 
prtor to, during and af te r  infection w l t h  SV40 in pre-lrradlated hamster cslls wlll 
continue i o  be Investfgsted I n  an orderly fashlon. Locallzed radfatlon has mu been 
observed t o  Increase the  hucorlgenlclty of SY40 I n  neonatally Infected hamsters when 
virus Is admlnlstered In the area of low-level x-ray exposurn. fne radiation levels 
wgloyed to Increase t w r  appearance In liarnsters by 505 Is -arable to dosages 
del  fvered In certain dlqnoct I C  x-ray procedures In ~ u . w ~ s .  RadIatlon type and d0sa.r 
w i l l  be evaluated t o  detemlne the usefulness of ffre radIat!on sens1tIzstfon technlqi 
to d e t e d  oncoenlcity amma v + s  In 9 
ge*tlpeBwtk~l. i o  weakly onoogenf c agents. 

Quantitatlve lnvesilgatlons of fundamental rnechanlwrts 

A l l  tnree metnods employed for 

f 
. I  

.*Te?wQ -- - 1  

- 
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Renewal Proposa: 

Sixth leaf 

Contract 

AT (40-1 1 - 3646 

University o i  Tennessee 

Department o f  Microbiology 

Principai lnvestigaror 

Joseph H. Coggin, Jr., Ph. 0. 

Associate Protessor OT 

M i  crob i o  I o g y  

December 30, i971 

<.%'. i . 

*, .: 
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I .  T i t l e  of  Prc-.ect 

W 
5 

h, 
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2. 

A Comparative Study of R a d i a t i o n ,  

Chemical and Aging Effects on Viral 

Transformation. 

I n s t i t u t i o n  

University of Tennessee 

Department of  Microbiology 

Knoxvit l e ,  Tennessee 37916 

Telephone: 615 - 974 - 3441 

.-. . - .  - .. 



J.  Protect Abstract 

Radiation, pyrimidine analogues and cel I "aging" -- in vitro markedly se* ,s i t . :e  

hamster embryo cells to simian virus 40 (SV40)  and adenovirus 31 - stimulated tr3ns- 
formation, All three methods employed for sensitizing normal cells to virus 

transformation are observed to render lesions in the target cell DNA suggesting 

that a c m n  mechanism may be involved In the enhancement of viral tumorigenesis 

both in vitro and in vivo. 

- v i v o .  

plastic transformation by these viruses is the primary objectlve of this research 

Radiation similarly potentiates SV40 oncogenesis - in -- -- 
Disclosure of the mechanism(s) for ( I )  effecting and ( 2 )  enhancing neo- 

eftort. Approaching the problem o f  how virus promotes specific malignant con- 

version of normal cells with both biochemical and immunologic techniques, several 

significant observations have been described and confirmed in this laboratory. 

Recent data suggest that the virus specifically positions a l i  or a portion of its 

genome into unique segments (non-repetitive regions) of the cellular DNA. One 

significant result of the incorporation of viral genome I S  to specifically and 

reproducibly alter the compositional synthesis ot cell membrane. The regulatory 

changes in cell metabolism associated with viral integration remain to be deter- 

mined. Insertion of the viral genme leads not only to specific antigenic 

changes in the membranes of the cell but significantly, to the acquisition of 

behavioral properties constituting the malignant state. A remarkable similarity 

between phase specific changes &,the normal developing fetal membrane of rodents 

and humans and parallel changes Induced by the viruses In the they transform 
++&?&@.- 7' - -vv , "  , =a?, '-i 

.. . 1 

has been documented In our laboratory. We have establlshed strong evidence for 

specific regulatory and m c r m l e c u l a r  changes which occur In the transforned 
*A'- &-%e+ .L *.,.&a 

tumor cell and i n  the ew I 
Ssy? . - w 



Techniques. The mechanism by which irradiation potentiates the viral transforrz- 

tion process to initiate cellular retrogression is a prime ccncern in our 

present study p I an. 

4 .  Scientific Background 

literature, please) 

(See previous applications for consideration of the older 

A .  Status of information regarding SV40 integration into cellular DNA 

Stoker ( 1 )  ci 

virus genome in stab 

ed four lines of evidence to suggest The presence of the 

e, transformed cells. 

a) Covalently linked to the chromosomal DNA is a fraction of DNA which 
hybridizes with purified viral nucleic acid and contains identical 
base sequences to those of the infecting virus ( 2 - 4 ) .  

b )  Rapidly labelled RNA (rnRNA) which hybridizes with purified viral D M  
i s  found in the transformed cell ( 5 - 7 ) .  

c) Virus specific antigens may usually be found in the transformed cell. 
(T, TSTA). 

d )  Fusion studies and mitomycin C treatment can result in virus “ re lezse “  
from stably transformed SV40 tumor cells (8, 9). 

Added to this list one would now include the observations that difterent trans- 

formed cel I I i r e s  may possess different amunts of virus DNA (genome equivalents) 

associated with their chromosomal L3-U (2-4, IO). Only transformed Cell lines 

contalnlng T antigen were observed to actively synthesize vfral RNA suggesting 

that S or surface antigen is not a dlrect virus specific function ( I l l .  
.v- - *= -,??--;* r 

.. 
Integration of virus DNA i n  the cellular DNA (nuclear DNA) has only been 

- :..-\- -.eu-,-~- L -  - , - * Q y . -  .**. -_ . .. .I. ; --2.-&-- .r. A 1 

shown to occur to date In the SV40  transformed 3T3 mouse cell, strain SV 3T3 (4 ,  

1 2 ) .  Aloni, et a i  CIS, 16) warned sgalnst the use of SV40 DK4 preparations to 
i; --y*d I .. D ’7 :*.‘ -- 

at-:. -. .. ~ 

conduc atlon studies 
4 . 7  ._ s,2@g--+ 

3 - -  -- 
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C e l l u l s r  DNA packaged i n  v i r i o n s  w i t h  SV40 DNA can produce confusing data. 

i s  not known whether such in tegra t ion  or f i x a t i o n  occurs i n  other t ranStOrNd 

l i n e s  or i n  pr imary c e l l s  t rans for red  c e l l s  al thobgh t h i s  might genera l ly  be t h e  

case (IO). 

e s t a b l i s h  the  u n i f o r m i t y  o f  the  mechanism involved. 

t o  be invo lved i n  a t  l eas t  two systems examined t o  date (13, 1 4 ) .  

I t  

The problem i s  t o  i d e n t i f y  t he  s i t e  o r  s i t e s  o f  i nse r t i on  and t o  

Cer ta in  chromosomes Seem 

I n  l y t l c  I n fec t i on ,  three t o  four  of t h e  supposed t e n  v i r u s  genes are 

t ransc r ibed  i n  the  e a r l y  phase of i n f e c t i o n  as mRNA ( p r i o r  t o  v i rus  DNA rep l i ca -  

t i o n ) .  About one - th i rd  of  the v i r u s  MA i s  apparent ly  t ranscr ibed i n  the t rans- 

tormed c e l l  bu t  on ly  p a r t  of the mRNA i s  i d e n t i c a l  t o  tha t  t ranscr ibed i n  ear ly  

i n f e c t i o n .  I r r a d i a t i o n  of v i r a l  p a r t i c l e s  suggest t h a t  on ly  two t o  three v i r a l  

genes seem requ i red  for transformat ion,  

Occupy about 3 t o  4 v i r a l  genes and these genes seem t o  be unimportant i n  t rans- 

formation. These and o ther  f ind ings  suggest t h a t ,  a t  m s t ,  on ly  one or two 

v i r u s  senes seem t o  be i n t imate ly  involved i n  inducing t ransformat ion (12).  

a d a i t i c n a l  v i r u s  gene seems re la ted  t o  the  induc t ion  of c e l l u l a r  DNA synthesis 

Occurr ing a t  t h e  same t ime as v i rus  DNA r e p l i c a t i o n  i s  i n i t i a t e d  ( 1 2 ) .  

Late func t ions  i n  v i r u s  maturat ion 

one 

Several recent  repo r t s  have been m s t  en l i gh ten ing  regarding the number 

O f  v i r a l  equ iva len ts  per genome. Employing complementary ( c )  RNA proauced - i n  

- v i t r o  from SV40 or polyoma DNA tenplate,  Westphal and Oulbecco (31 examined a 

number of polyomaiand SY40 transformed tumor * I i nes t o  determl ne the  number Of 

*. .- 

equ iva len ts  of Sf46 per I type. Results using'ithe c W * ? ~ % y a ' r l d l z a f i o n  

technique ind i ca ted  t h a t  each 

of "Lira1 equ?valents" ranging from 5 to  60 equ iva len ts  w l t h t n  the nucleus of 

I ***. ine of -w--*.-*> t w r -  I cel I contained$, -. + number-,,, -.-, ...a A -.<.e ... ' <* 

t h e  cells. These workers asserted t h a t  no b i o l o g i c a l  slgnif ican could be 4. 

-. 

1 0 3 4 1 2 8  



respect t o  being "mre"  transformed,' 

large number of v i r a l  equ iva len ts  ex is ted  i n  SV40 tumor c e l l s  us ing a cRNA:DNA 

h y b r i d i z a t i o n  technique a t  24' fo r  18 hours i n  formmide. 

Ta i  and O'Br ien ( I O )  conf i rmed t h a t  a 

G e l b ,  Kohne, and M a r t i n  (personal communication, 17) have devised a 

DNA h y b r i d i z a t l o n  technique which i s  s u f f i c i e n t l y  sens i t i ve  t o  de tec t  one 

or less o f  v i r a l  DNA per  genome of the transformed c e l l  using hydroxyapat 

ra the r  The h i g h  number o f  v than DNA trapped on n i t r o c e l l u l o s e  f i l t e r s .  

DNA : 

molecule 

t e  

ra  I 

equ iva len ts  per genome repor ted  above f o r  d i f f e r e n t  9 4 0  tumor I ;neS employing 

t h e  cRNA:DNA technique Seems t o  be erroneous. Results using t h i s  technique 

(RNA:DNA) depend on the  ''f i d e l  i ty and completeness" o f  SV40 DNA t r a n s c r i p t i o n  

by k. p c o l i  polymerase and t h e  method o f  c a l c u l a t i n g  the number o f  v i r a l  equi- 

va len ts  ( 1 7 ) .  Background reac t i ons  between SV40 cRNA and normal Cel 1, DNA were 

subtracted rou t i ne l y  t o  o b t a i n  t h e  reported resu l t s .  A lon i ,  -- e7 a i  ( 1 5 )  

observed the p u r i  f ied form I SV43 DNA reacted w i  t h  normal ce l  I DNA f rm several 

species. 

SV40 is prepared was one-tenth as e f f i c i e n t  as label led SV40 DNA in reac t i ng  

GeIb e t  a l  p o i n t  ou t  that %-label led green monkey DNA i n  which the -- 

w i t h  9/90 DNA trapped on f i l t e r s ;  a f a c t  suggesting the u n l i k e l y  prospect t ha t  

thousands o f  copies of v i r a l  DNA sequences were present in monkey kidney DNA. 

Empio l ing proper v i r a l  DNA w i t h  no homology for monkey kidney or hamster or 

m u s e  c e l l  WA, DNA:DNA h y b r l d i z a t l o n  s tud ies  were conducted and hybr ids  were 

t rapped on hydroxyapat f te  a f t e r  the  technique of h l b ,  e t  at.. . The-perantage 

from r e s u l t s  obtained by sampllng the reac tan t  DNA i n  s o l u t i o n  a t  60' and 

noting the nuc le ic  

time, t: Cot = 00 x hours/2.  The Cot 1/2 obtained from seven experiments 

hybrf d i  z i  6 

. - 'a> -5-.....*+.-, -*.& . - -,<+ I ' . -+W+.FtY . r -  -.-#&$&@p. 
concentrat ton,  Co (0.0. a t  260 mv) for 8 glvenvrsac;tfon 

#,-. 

.*. r - L '  

-; < ~ ; ~ ~ *  *-* v-? 

cfoi I t t y .  

x 
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The effect of test preparations of  normal a n d  transformed -- cel I Cr,4 on the 

reassociation of known equivalent concentrations of 32P-SV40 DNA are Lsed to 

determ;ne the concentrations of S V 4 0  DNA sequences in the preparaticns. Resulfs 

using the technique of  Gelb, Kohne and Martin indicate that SV40 transformed 

clones actually contain an average of - one SV40 genome perocell. 

efforts with two SV40 transformed cell lines we have observed a similar result 

(0.9 to 1.4 SV40 equivalents per genome). 

hydroxyapatite method for all determinations for 0NA:ONA association experiments 

described in Section 5 ,  

In preliminary - 

We are currently employing the 

Martin (18)  examined the possibility that SV40, polyoma or adenovirus 12 

might alter 

agents. As 

of the cello 

niques, no s 

he normal pattern of RNA synthesis in cells transformed by  these 

n m s t  differentiated mammalian cells, only a stnail fraction ( 5 % )  

ar DNA i s  transcribed. Employing competition hybridization tech- 

gnificant alteration in randomiy labelled RNA f r o m  transformed 

hamster tumor lines was noted suggesting that virus transformarion did not 

produce a change in the pattern of DNA transcription. Some ambiguity arose, 

however, since control DNA was not representative of the same tissue type as 

the tumor cells. Under the conditions employed only RNA from repetitive DNA was 

examined and no data are available on changes srimulated among unique, non- 

repetitive DNA by transformation. . .  

Unti I very recently the traditional techniques for conducting hybridization 
a-. -+- 

with actual fy nly a spectal class of 

of related gene families, Britten and Kohne (19) have  shorn that  about 70% of the 
m^Tnsp 1. .+<-+A% i+wr;t;16F. ."-* - * '. --- .A - -wy. 
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These unique PNA t r a n s c r i p t s  r e q u i r e  500 t i n e s  as long t o  f i n d  t h e i r  complement 

i n  RNA:DNA hybr id i za t i on  as do RNA copies from t h e  h igh ly  r e p e t i t i o u s  sequences 

( 2 0 ) .  B r i t t e n  and Kohne can o b t a i n  reassoc ia t ion  0 1  t h e  s i n g i e  copy genes by 

incubat ing h igh concent 

r e l a t i o n  e x i s t s  between 

reassoc ia t ion  or anneal 

t i m e  of incubat ion (sec 

a t i o n s  o f  sheared DNA over long per iods o f  t ime, A 

genome s i z e  ( r e p e t i t i o u s  t o  unique) and the r a t e  o f  

ng f o r  t h e  DNA as a f u n c t i o n  of Cot: [Cot = product  of 

1 and concent ra t ion  (moles nucleot ide per I t e r ) ] .  

-.I 

The 

p rec i s ion  o f  gene r e p e t i t i o n  i s  i npe r fec t  and members of a fami ly  o f  repeated 

DNA are  c lose ly  re la ted  r a t h e r  than  i d e n t i c a l .  

I t  would be ot i n t e r e s t  t o  kncw whether the  Same r e s u l t s  obta ined by M a r t i n  

(18) f o r  r e p e t i t i v e  DNA t r a n s c r i p t i o n  could have been obtained wiTh unique DNA 

copies which c o n s t i t u t e  the  rnajori+y of the DNA. Reason and a la rge Dody of 

evidence suggests t h a t  a l l  c e l l s  o f  a g iven metazcan species i n  the  same s t a t e  o f  

p i o i 6 y  conta in  t h e  Sam complement o f  DNA (20). I t  i s  important t h a t  in fo rmat ion  

be r a p i d l y  c o l l e c t e d  t o  show whether, i n  fac t ,  tumor c e l l s  t ransc r ibe  t h e  same 

Unlque DNA sequences as do t h e i r  p rogen i to r  Tissues. We are c u r r e n t i y  seeking TO 

aiscoker i f ,  indeed, the SV40 genome(s1 present  i n  transformed c e l l s  i s  (are)  

located among the  unique DNA sequences. Such srudies are p laus :b le  a f t e r  tech- 

niques described by B r i t t e n  and Kohne (191, McCarthy, e t  a1 i20) and GeIb, e t  a i  

( ; 7 ) .  The 

DNA Is sheared or depurinated i n t o  Una1 I fragments, d i s s o c l a t e P s ; q y ~ ~ a t i n g  and 

h e l d  i n  formamide (40-48%) a t  37OC (ZJ) ,  samples are re 

di l u ted  t o  reduce the  formamide concent ra t ion  to less t h  

-- -- 
Nuclei  a re  co l ;ec ted  f rom the desi red t i ssues  and the  O M  W+racted. ., 

D 
7; 

a I,%l?w$fp s : . ,  

.a,:' * ,.- 'r ' . 
Rescrirs are p l o t t e d  as shown below: 



0 

0.5 

I .oi 

Redundant gene sequences reassociate at a rate reflecting their extent of 

repetition and the total plot reflects the sun of  all The families of DNA 

(frequency spectrum); a given Cot "cut" can be selected by collecting a sample 

fraction from any segment of the reassociation plot. These fractions, especially 

those representing unique DNA, can subsequently be examined for homology with R N A  

or DNA. 

For some eight years, researchers have conducted a large number of investi- 

gations emplaying hybridization techniques. McCarthy and Church ( 2 2 )  have recently 

reviewed many aspects 

a marked lack of spec 

elevated temperatures 

petitlon experiments. 

of the proper conduct of these techniques and has suggested 

ficity which can be obtained using high RNA:ONA ratios, 
..- 

~ - 2. 
and other conditions which introduce amblgulty Into corn 

A new stringency assay for  conducting reliable cmpet i t lon  
*kW .&p#immn :-7Y 

1 0 3 4 - I  3 2  f .  



C. Fetal E x p r e S S i o q  in Cancer Cel I S  

A growing I i s +  of human cancers are known to possess fetal components not 

expressed in homologous adult tissues (colonic, hepatic and lung cancers 23, 24, 

2 5 ) .  

fetal 

virus 

(TSTA 

We recently demonstrated (26, ON-3646-1 I )  that hamster, m u s e  and human 

cells contain surface membrane antigens cross-reactive with SV40, adeno- 

31 and certain chemically-induced tumor specific transplantation antigens 

in syngeneic hamsters. Fetal cells a l s o  induced a specific antibody 

reactive with the TSTA present in the tumor cell membrane, termed cytostatic or 

c antibody. The role of  C antibody in tumor progression or rejection has been 

characterized in our laboratory under a research program supported in part by the 

A .  E. C. (27, 28, 2 9 ) .  Soluble extracts of 72 different m u s e  tumors have recently 

been examined and found to be cross-reactive with antiserum produced i n  rabbits 

against m u s e  embryo cells confirming, indirectly, that a parallel situation to 

That found in hamsters exists i n  the m u s e  ( 3 0 1 .  Recently P. Dierlam of our  

laboratory has shown that fetal membranes are masked i n  t h e  latter stages of 

gestation by a three-fold increase in sialic acid content and these membranes 

( 1 4  day fetal c e l l s )  do not induce transplantation imnunity. 9 4 0  transformed 

kidney tumor cells were observed to have one-third less sialic acid than normal 

ad d i t  kidney cells. 

iacts regarding feta 

( a i  Mounting ev 
spectrum of 
changes are 

These and other findings suggest the to1 lowing sumnarial 

antigen and cancer antigens: - - . .?A*- ’* 1 .  <* -*s. :-- .--“.+*&f. - - _  c#&&A 
den- Indicates that a l l  neoplastic conversion r e s u l t s  I n  a 
measurab1.e changes i n  the cancer celJs and some of the 
assoclated’wtth the expresston of fetal antigens.” 



t c )  SV40 produces the  same T S T A  i n  muse, hamster and hL?.an c e l l s  transformed 
by t h e  v i r u s  and embryo c e l l s  from a l l  three species of  f e tus  have a n t i -  
gens cross-react ive w i t h  t h i s  t ransp lan ta t ion  antigen. 

( d )  I t  seems reasonable t h a t  SV40 must be in tegrated inti? t h e  c e l l u l a r  DNA 
O f  the transformed c e l l  and the  r e s u l t  of t h i s  i n t e r a c t i o n  is t o  
s p e c i f i c a l l y  promote t h e  a l t e r e d  synthesis o f  surface membrane (d imin i -  
shed s i a l i c  ac id  d e p o s i t i o n ) .  We an t i c ipa te  t h a t  the v i r u s  may s p e c i f i -  
c a l l y  produce a r e g u l a t o r y  change by producing a regu la to ry  product or,  
a l t e r n a t i v e l y  i n s e r t  i t s  genome i n  a s p e c i f i c  s i t e  among unlque c e l l u l a r  
genes "destroying" an important cel I func t ion  r e l a t i n g  t o  membrane 
synthesis. The search for an answer t o  these questions i s  a prime 
concern o f  our immediate research e f f o r t .  

0. Uniqbe Macromolecular Synthesis i n  Tumor C e l l s  

Cassingena and Tourn ier  ( 3 3 )  have I so la ted  a " repressor- l ike"  e x t r a c t  from SV40 

t ransformed c e l l s  which i n h i b i t s  t h e  r e p l i c a t i o n  of SV40 i n  permissive c e l l s  (s i n h i -  

D i l i o n J ,  The e x t r a c t  entered the  c e l l s  on ly  when combined w i t h  po ly-L- lys ine.  Ex t rac ts  

tram control t i ssues  o r  from hetero logous tumors were not s i m i l a r l y  ac t i ve .  The componen 

trom SV40 tumors was nuclease i n s e n s i t i v e  and protease sens i t i ve .  "Repressor" was fourd 

i n  S m i ~  q u a n t i t i e s  i n  p roduc t ive  or permissive c e l l s  (monkey) b u t  appear l a te  i n  the 

i n t e c t i o u s  cyc le ;  i n  a b o r t i v e l y  i n f e c t e d  c e l l s  more repressor was ev ident  and appeared 

q u i t e  e a r l y  fo l l ow ing  v i r a l  adso rp t i on  and penetrat ion.  

crnintected c e l l s  might con ta in  a f a c t o r  which counteracts the  "repressor" and indeed, 

These data  suggested tha t  

such a f a c t o r  was observed, This  f a c t o r ,  termed FER, could enhance v i r u s  plaque forma1;c 

i n  permiss ive  ce l  Is i n d i c a t i n g  i t s  ab1 l i t y  t o  neut ra l i ze  "repressor" i n  normal ce l  I S .  

The "repressor" does not f n t e r f e r e  w i t h  v l  r a  I adsorpt ion or penetrat  Ion nor prevent 

v i r a l  D M  sykhes1.s. 
.. i ' s -  _. . .v ?.-+*-A. *A#$@&> ++ah * .G&*. -*a*p% 

I n  recent  d lscuss lons  (October, 1971) w I t h  Casslngena 1 was dlsap- 

o i  n t e d  
,?LX -*e &gpp+A&-. 

t o  lea"& t h a t  little n e w  informatTon regarding t h e  i so la t  on or c h a r e c t e r t t a t i m  

o f  the repre  

: a t 4  i n  act 

e f  t o f f s  I n  their laboratory  centered  on trying t6%peat thelr f n i t f a l  obse;-ivattons'vfth ap ' . 
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re2resSc'r from a d i f f e r e n t  type o f  permiss ive c e l l ,  

i s o l a t i o n  becomes a v a i l a b l e  i t  w i l l  be i n t e r e s t i n g  +o determine whether hamster, 

m u s e  and human f e t a l  t i s s u e s  have a s i m i l a r  repressor  which increases and decreases 

When t h e  d e t a i l e d  method f o r  

m r d i n a t e  w i t h  sur face  a n t i g e n  (SV40 TSTA)  appearance d u r i n g  d i f f e r e n t i a t i o n ,  

Many new s t u d i e s  have been repor ted  i n  t h e  p a s t  year on t h e  

v i r a l  i n f o r m a t i o n  I n  t ransformed c e l l s  p r i o r  t o  and f o l l o w i n g  SV40 

and Carp ( 3 4 )  have conf i rmed t h e  i n i t i a l  observa t ions  o f  M a r t i n  and 

p o l y c i s t r o n i c  RNA t r a n s c r i p t s  of SV40 I N A  a r e  present  i n  t h e  nuc le i  

i n f e c t e d  monkey c e l l s  ( l a r g e r  than DNA o f  SV40) l a t e  i n  i n f e c t i o n .  

r a n s c r i p t i o n  of 

n f e c t i o n .  Soko 

Byrne ( 3 5 )  t h a t  

o f  p r o d u c t i v e l y  

These large 32- 

50s RNA t r a n s c r i p t s  a r e  degraded o r  fragmented b e f o r e  pass ing i n t o  t h e  cytoplasm (285 ) .  

S W e  ev idence suggests t h a t  t ransformed c e l  I s  have WA l a r g e r  than t h e  28s cytoplasmic 

9 4 0  which I s  synonymous w i t h  RNA t r a n s c r i b e d  from the  v i r a l  genome i n  p r o d u c t i v e  

i n f e c t i o n .  C h a r a c t e r i z a t i o n  of t h i s  SV40 RNA i n  t ransformed c e l l s ,  der ived from t h e  

; f i t e g r a t e d  SV40 genome i s  o f  major concern t o  us i n  our  study o f  t h e  s i m i l a r i t i e s  and 

i a e n t i t y  between c e r t a i n  f e t a l  RNA species and SV40 RNA produced i n  tumor ce l  IS. 

L a t e  v i r a l  f u n c t i o n s  i n  c e l l s  t ransformed by SV40 a r e  c u r t a i l e d .  Gerhard Sauer 

iJb) c o n t i r m e d  t h a t  SV40 DNA s y n t h e s i s  was e s s e n t i a l  t o  " i a t e "  SV40 mRNA t r a n s c r i p t i o n  

a5 ; S  O o w  known t o  be t r u e  for DNA v i r u s e s  i n  general .  S u r p r i s i n g l y ,  Sauer observed 

m a t  l a t e  v i r a l  ndzNA synthesis I n  SV40 t ransformed c e l l s  does not r e q u i r e  D M  s y n t h e s i s  

tara-C inhibition f a i  l e d  t o  ,haI$ l a t e  v i r a l  t r a n s c r i p t  production). 1 .  
These f i n d i n g s  

Show t h a t  t h e  " n o m i "  r e g u l a t o r y  p a t t e r n  of v i r a l  R M  synthes is  ev ldent  i n  r e p r o d u c t i v e  -. .I -,.'--i ;*%$.- - &y':".-"-- ?$? .a';: .. . 
I n f e c t i o n  i s  not o p e r a t i o n a l  when t h e  v i r a l  genome becomes in tegra ted  i n t o  t h e  h o s t  

i s  t h e  normal r e p l i c a t i n g  DNA m l e c u l e  I n  SV40 reproduct ion.  Perhaps l inear I n s e r t i o n  
-*w--t 



c r i p t i o n a l  con t ro l  o f  SV40 DNA synthes is  i n  transformed c e l l s .  TPe img l i ca t i ons  of 

t h i s  c o n t r o l  change i n  r e l a t i o n  t o  t h e  t ransforming p roper t i es  o f  t he  v i r u s  and 

tumor i nduc t i on  are unclear a t  present.  

mRNA synthes is  can proceed i n  c e r t a i n  t u m r  c lones l a te  p r o t e i n  synthes is  (capsid 

Produc t ion)  s t i l l  does not occur suggest ing y e t  another defect  i n  normal c o n t r o l  i n  

9440 transformed cel  Is, t h i s  a t  the t r a n s l a t i o n a l  leve l .  Lindberg and Darnel I also 

I t  should be noted t h a t  CiTnocrgh ;a te  v i r a l  

observed t h a t  lengths o f  v i r a l  RNA I n  t h e  nucleus o f  the transformed c e l l s  were longer 

than the  lengths of a normal v l r a l  genome (39). 

equ iva len ts  might be in tegrated a t  a g iven s i t e  accounting for  these p o l y - v i r a l  RNA 

t r a n s c r i p t s .  

They proposed t h a t  severa l  v i r a l  

E'tidence by GeIb, e t  a1 i n  the  previous sec t ion  c l e a r l y  showed t h a t  m s t  

SV40 transformed tumor l ines  conta ined approximately 0.5 t o  2 genome equiva lents  per 

C e l l .  Several inves t iga tors  have r e p o r t e d t h a t  SV40 DNA r e p l i c a t i o n  proceedes v i a  

c i r c u l a r  concatenate formation. 

i n t o  c e l l u l a r  DNA dur ing t ransformat ion.  

Perhaps such s t ruc tu res  a r e  opened and ; nserted 

Only by  working w i t h  c loned derivatives o f  

these l i n e s  w i th  uniform amounts o f  v i r a l  DNA per  c e l l  ( i f  t h a t  i s  the  case) can t h i s  

Probiem be solved. Nevertheless, t h e  cons is ten t  data forthcoming from these s tud ies 

enables subsequent i nves t i ga t i on  t o  be forewarned of the  he terogen ic i ty  a n d  fragmenta- 

*;on Of v i r a l  RNA i n  tumor cells and such in fo rmat ion  1s p a r t i c u l a r l y  use fu l  to  our 

work. 

Koprmski  (40) recent ly  reviewed t h e  usefulness of cel  I hybr id  studies .in-.?'* 

characterlzlng the association between the v f r a l  genome and the celtuler w. 
WeVW et al (41)  proposed the  follonlng sequence of v i r u s  productfon,L# 

formed between permissive cel Is and non-v i rus producing, t rans fo r  

A f t e r  f uslon wl%h' ppeared 

-. 

-4nssp-%-* : . *;** 

by t he  appy*;?nce of mature SY40 vlrlms I n  the nucleus. Vfrus remained conffned t o  
.+-'."*- ,- 5 . %. 

t 
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a f ter  s i x  days. 

H i r a i  ( 4 2 )  e t  a1 recen t l y  demnstrated tha t  the SV40 Genome becomes in tegrated 

i n t o  the hamster genom w i t h i n  15 hours a f t e r  i n f e c t i s n  p a r a l l e l i n g  c e l l u l a r  DNA 

synthes is  and T ant igen synthesis.  

c i r c u l a r  S V 4 0  or polyoma genome ( fo rm I )  can induce c e l l u l a r  D N A  synthes is  and t h i s  

may indeed be p re - requ is i t e  t o  successful v i r a l  in tegra t ion .  Rabovsky has recen t l y  

w r i t t e n  an exce l e n t  review o f  the  problems of v i r a l  i n s e r t i o n  i n t o  the  chromosomes 

O f  F a m a I i a n  ce Is ( 4 5 )  and many a r t i c l e s  have appeared conf i rm ing  t h e  in t imate 

assac ia t l on  of 

Numerous s tud ies  ( e . g . ,  43,  4 4 )  have shown the  

he v i r a l  DNA w i t h  t h e  host DNA (e .g. ,  46, 4 7 ) .  

E .  Surface Changes Associated w i t h  V i r a l  Transformed Tumors 

Several recent repor ts  (48, 49)  have suggest-ed t h a t  s a w  tdmr c e l l s  t r a n s f o r m d  

b y  oncodnaviruses conta in  Forssman ant igen a t  the  c e l l  SJrface ;n  agreement uath the 

e a r l i e r  f i nd ings  of  o thers (50, 5 1 ) .  

b u s c h e r  v i r u s  and spontaneously transformed tumors or the hamster or muse  conta in  

surface ant igens ( f e t a l  ant igens)  present on hamster, m u s e  and human t e t a l  c e l l s  

d u r i n g  t h e  normal course of d i f f e r e n t i a t i o n .  

t o r m i y  disappear i n  the  l a t t e r  p e r i o d  of ges ta t i on  and are rot reexpressed normal ly 

i n  neonate or adu l t  cells. Vi ra l  t ransformat ion ac t i va tes  these ant igens. 

We have demonstrated t h a t  SV40, adenovirus, 

These ant igens i n  f e t a l  membranes un i -  

resu I tedd?. ce I 1 wth, f -@p-..S$!? 
+:z- 

.= &-D. 

o f  normal cell behavlor when t r e a t e d  wi th  a d e r i v a t  

t a n t  I n  cellular control In some as yet obscure way, i s  not'known. Virslslnduced 



act~vities of the plesma membrane o f  the cell w a r r a r t  intensive iF8dostigaticn and 

a f f o r d  the best approach to understanding the specific mechanisms i n v o l v e d  in neoplastic 

conversion. 

.... 
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5 .  S c i e n t i f i c  Scclpe 

The research e f f o r t  i s  designed t o  inves t iga te  t h e  prec ise  con0:r ions and 

Parameters o f  enhanced v i r u s  t r a n s f o r r a t i o n  of normal c e l l s  s t imulated b y  rad ia t ion ,  

radiomimet ic chemicals and associated natura l  processes ( ce l  I ag ing) .  As before, 

the  program invo lves  a q u a n t i t a t i v e  examination of  r a d i a t i o n  or chemically- 

induced a l t e r a t l o n s  i n  cells which sens i t i ze  them t o  the  t ransforming po ten t i a l  

of SV40 and adenoviruses. An important r e s u l t  t o  be simultaneously gleaned from 

the  present approach w i l l  be in format ion about the mechanism f o r  v i r u s  transforma- 

t i o n  o f  c e l l s  under cond i t i ons  of normal in fec t ion .  Prev ious ly  we have erphasized 

t h e  importance o f  us ing normal c e l l s  f o r  these studies.  Cells which possess none 

o f  t he  " u n i t  characters"  of tumor progression inc lud ing  loss o f  contact  i n h i b i t i o n ,  

changes i n  ce l  I and c u l t u r e  mrphology, an t igen ic  a l - te ra t ions ,  karo log ic  changes, 

growth characters  and malignancy. Researchers i n  o ther  l abo ra to r ies  employ Ce l l  

Systems which have a l ready undergone ce r ta in  spontaneous changes t o  study v i rus  

t rans format ion  (eg., 3T3 c e l l s ) .  These changes make the  es tab l i shed c e l l s  useful  

for  the  study of c e r t a i n  aspects o f  t ransformat ion b u t  always w i t h  q u a l i f i c a t i o n  

s ince  they are no t  normal c e l l s .  A system has been developed In T h i s  iaboratory 

which permi ts  the  study of t ransformat ion mechanisms us ing hamster ce l ; s  from 

pr imary t i s s u e  w i t h  no u n i t  character  o f  the transformed c e l l  p r i o r  t o  ;nfeCfiOn 

w l t h  the oncogenic agent. 

SV40 t umor lgen lc l t y  a f * p  cel lular leve&,.. hamsters para1 le1 ing Our: i n  vitro 

We have recent ly  d m n s t r a t e d  t h a t  r a d i a t i o n  StlmUlateS 

c 5 - . .  - -- 
find ings .  

w t h h  rad  I b t  
r a d  i omi met i c agents p r m e  ,$hls,~ assoc I a t  Ion. F1 na I IyF we have overnhe I d  ng -- . .  -. i. 



is to aripent chemical composition of the normal cell membraqe causing +he cell 

membranes to have antigenic qualities identical to those of fetal cells. Associated 

w i t h  this change are the multitude of  characters c o m n  to cancer cells. 

O f  our effort in the coming contract period w i l l  be devoted to establishing this 

point by  comparing the transcriptional products of tumr cells and fetal cells. 

A porticn 

A. Rationale 

The present and proposed research i s  designed to investigate the precise 

mechanism by  which radiation, radiomimetic chemicals and cell aging processes 

pot e n t i a te neop I as t i c t r a  ns for mat i on s t i mu I at e d by DNA-con t a i n i ng oncoge n i c 

agents, Huebner and Todaro (Proc. Natl. Acad. Sci., - 64, 1969) have proposed 

that a l l  malignant conversion i s  the result of genetic xpression of RNA turn 

viruses equipped with "virogenes" to permit the product on of a virus parfic 

(C-type virus) containing "oncogenes" for p r m t i n g  mal gnant changes in cel 

The RNA t u m r  viruses are suggested to have :fie genetic capacity to promote 

r 

e 

S. 

or code for the synthesis of a reverse transcriptional enzyme capable of forming 

a DNA-copy of the RNA genom. It i s  also feasible that the true primrdal- 

virus is the vertically transmitted, DNA oncogene which may be an innate genetic 

corrponent of the cell, occasionally activated by transcription to an RNA Copy 

- 

or C-type particle (Huebner, et. al., Proc. Nat I .  Acad. Sci., - 67, 1970). 

i s  growlng support that a reverse transcriptase enzyme, in fact, exists in the 
4nc. RN4 vlrlon-and In the Infected or transformed cellk?&!irb;drIng or releasing C- 

There - -  

+ype:pa_rtIcIes. Thus,,RNA viruses could theoreticalt~fleslde as a DNA-tw&ate 
I _  - *  " a  .a. I*- r p..+ . 

the cell whether or not that c e l l  Is 

DNA vlruses and physlcal mutagens are, by inference, believed t o  functlo 
-aA*, z- -I - -  ?%%& &* I- 
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; -  

in fo rmat ion  s tored i n  normal c e l l s  as c e l l u l a r  gere':c in fo rmat ion .  

This theory cannot r e a d i l y  be confirmed a t  the present t ime since any 

neop las t ic  c e l l  could p o t e n t i a l l y  be s t imulated t o  express on ly  oncogene i n f o m a -  

t i o n  and no t  virogene in fo rma t ion  and hence would not be expected t o  have 

detectable v i r a l  s p e c i f i c  p r o t e i n s  or  capsid mater ia l .  

experimental way a t  present t o  e s t a b l i s h  t h a t  a l l  cancer Is not t h e  t o t a l  

r e s u l t  o f  the  a c t i v a t i o n  of c r y p t i c  "oncogene" in fo rmat ion  innate  or stored i n  

the c e l l u l a r  DNA and t ransmi t ted  v e r t i c a l l y  t o  progeqy. Th is  theory  w i l l  and, 

i n  f a c t  has, promoted in tens i ve  research t o  show t h a t  RNA v i ruses  can undergo 

That i s ,  t he re  i s  no 

reverse t r a n s c r i p t i o n  t o  a DNA s t a t e  and secondly, t h a t  a l l  n o r m 1  c e l l s  have 

segments o f  DNA which a r e  homologous w i th  C-type v i r a l  RNA. 

Our e f f o r t  f o r  f i v e  years i n  t h i s  A .  E .  C. sponsored program has been 

o r ien ted  t o  de f ine  the mechanism by which DNA-viruses produce a cons is ten t  form 

O f  neoplasia i n  several  species of  c e l l  transformed by exposure t o  these agents; 

cons is ten t  i n  t h a t  t he  pathology o f  the v i rus  tumors are i d e n t i c a l  i n  a given 

t i s s u e  system and t h a t  t h e  neoantigens expressed by the  tumor a re  c m n  or 

i d e n t i c a l  f o r  a l l  transformed c e l l  types; even across species b a r r i e r s  ( tumor  

s p e c i f i c  t r a n s p l a n t a t i o n  antigen-TSTA, and T ant igen) .  Secondly, we have sought 

t o  account f o r  the observa t ion  t h a t  low-level r a a i a t i o n  and o the r  tac to rs  which 

produce les ions i n  the  t a r g e t  c e l l  ONA enhance t h e  t rans format ion  process. 
* '  

' "4%- '3=: . . -.. . .*=.*w* . A-L-2. - FXgr -~~*S  

poten t la1  v a l i d i t y  o f  the  "oncogene hypothesis" for malignancy should be evident  



the DNA from the DNA-oncogenic viruses, S V S O  atld polysma, exhibits specif 

homology with the DNA of t u m r  cells transformed by these viruses and tha 

viral C\A is actually incorporated into the DbiA of the transformed cell. 

Describing the mechanism for the insertion of this DNA would provide inva 

clues for exploring the mechamisms of activation and insertion of the DNA 

C 

the 

uab le 

form 

of "oncogenes" and "virogenes" for RNA cancer viruses. 

(DNA) for such a study with RNA cancer viruses are  impossible to acquire at 

Appropriate materials 

present, 

to a DNA storage form consists a valid picture of malignant conversion or 

expression, we are still faced with the real problem of how and where the onco- 

genic information i s  integrated and stored in the genetic complement of the 

cell and by what means it promotes neoplasia. Disclosure of the regulatory 

interplay between viral expression and host cell expression must be characterized. 

In short whether or not reverse transcription of oncogenic Ru9 genomes 

bnce, it seems fruitful and worthwhile to continue to investigate this problem 

with the well-characterized SV40 system, a virus which can promote neoplasia by 

insertion of its DNA into the host chromosome. 

Further, we have observed that low-level radiation and subtoxic chemical 

exposure potentiate the oncogenic qualities of SV40 and adenovirus both -- in vitro 

and in vivo presumably by damaging the cellular DNA (in either a physical sense 

producing a gap or by impairing a regulatory gene) and facflftatlng lnsertlon of 

the v i r a l  genome Into host cel I gehetfc M t e r ; a l ; 7 ~ , - T h l ~ ~ ~ ~ n l t m  must be under- 

stood because of the ui despread appl Icatlon of.. f a  

stry and because of the strong 
a>:, ~ &*ma. - . w-u--FI.- x**w-' 
and DNA-conta I n I ng herpes vl  ru 

-- 

usstions and 
--.*x& 2 - -  pared ourre%s to conduct the proper experiments to answer . - - *-- ~ . .  

ess 
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F i n a l l y ,  and perhaps most impor tan t ly ,  we h a v e  re:ently shown t h a t  an 

i d e n t i t y  e x i s t s  between membrane components expressed in the  fe tuses o f  the 

hamster, muse and human dur i r ,3  the normal courze of  fe+al de.telapment and 

tumor antigens present as  s p e c i f i c  t ransp lan ta t i on  ant isens on SV40 and adenovirus 

31 hamster tumor c e l l  membranes, chemical ly- induced hamster tumor c e l l s ,  and i n  

mouse spleen c e l l s  i n fec ted  w i t h  Rauscher leukemia v i rus .  Other i nves t i ga to rs  

have subsequently shown s i m i l a r  an t igens  i n  muse lymphomas, chemical ly -  

induced r a t  sarcomas and i n  o t h e r  tumors, These observat ions prov ide  s t rong 

evidence t h a t  both chemical and b i o l o g i c a l  carcinogenic agents a c t  t o  promote 

the expression o f  c e l l u l a r  products  i n  a d u l t , c e l l s  which are normal ly  r e s t r i c t e d  
. 

t o  f e t a l  I i f e .  A t  l eas t  f o u r  major types of human malignancy are  now known t o  

possess f e t a l  antigens, p r e s e n t l y  we are  seeking t o  e s t a b l i s h  t h a t  c lasses of 

R N A ,  unique t o  f e t a l  t i s s u e s  or absent i n  these t issues du r ing  ges ta t i on  are 

a l s o  uniquely present, or conversely absent, i n  SV40-transformed c e l l s  when 

compared t o  t h e  RNA present  i n  normal c e l l s .  These s tud ies a r e  being conducted 

H i t h  RNA and DNA from i n d i v i d u a l  t i ssues  of hamsters represent ing normal t a rge t  

c e l l s  f o r  SV40  t ransformat ion,  i n  v i t r o  der ived transformed c lones  from those 

normal t issues,  and f e t a l  t i s s u e s  g i v i n g  r i s e  t o  the  adu l t  t a r g e t  c e l l s  employing 

s t r i n g e n t  competetion h y b r i d i z a t i o n  procedures. The techniques developed for 

t h i s  work are i n  use i n  our  l abo ra to ry  and w i l l  a f t o r d  no t  only a c l a r i f i c a t i o n  

o f  the s ign i f i cance  and charac ter  of f e t a l  expresslon i n  cancer i n  our h a g t e r  

human ma I Ignancy. 
-. . .. . : 

- .. . - . .  
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8. Speci f i c  s t u d i e s  : lanned or on test 

Particdlar e-phasis in the coming year wil I be given to the conduct of a 

mlecular and biochemical examination of SV40 transformed cell clones, fetal 

tissues and radiation-sensitized SV40 tumor clones in an effort to: 

discover whether radlatlon pretreatment of hamster target cells results 
in the insertion of several or many copies of the SV40 genome Into the 
host DNA cmpared to the one to two copies of viral genome observed in 
SV40 transformed clones not sensitized by pre-irradiation. 

discover the location of the SV40 genomels) in the 
clone phenotypes; specifically, is the 9 4 0  genome 
the repetitious or - non-repetitious (unique) D N A  of 
of these tumor clones? 

determine if the RNA uniquely present or  absent i n  
identical t o  that uniquely present or absent in IO 

DNA of the various 
incorporated within 
the host cell in each 

9 4 0  tumor celis i s  - 12 day fetal t i s s u e  
by RNA cometition experiments performed under conditions of stringency, 

characterize the quantitative changes i n  sialio-ampounds i n  the memb?anes 
of radiation sensitized, vlrus-infected target cells undergoing trans- 
formation to correlate the neoplastic changes (debelopment of neoantigens 
and lass G' contact inhibition) observed in rembranes of premai ignant cel Is 
with recently observed maturational chanses noted .- i n  feral membranes. 

In previous work sponsored by this Contract we have characterized temporal 
"' 

and biological factors which affect the usual interaction between several onco- 

genic agents and Sarget cel I s  transformed by these giruses, and the enhancement 

of this transformation by radiatlon. The parameters examined to date include 

rad i at i on dosage, v i  rus concentrat Ion, radiation repair ef fe$?s': rad i at ion effects 

6n%&noIecuIar syn'ihesls I n  - the target cel Is, radiatian3t~muIated oncogenesis .:= d. 

-- 1. . I . -  

between the v l r a l  genome and the cellular genome I n  an'effort to specifically 

locate thQ'v7rsl genome, to monltor i t s  genetic expressi'on I n  s l h ,  an .r&LyJ d*s- _- -- 
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( d )  Do SV40 transformed c e l l s  t r e a t e d  w i t h  x-ray prior t o  i n f e c t i o n  w i t h  SV40 
have more v i r a l  equ iva len ts  of D N A  per c e l l  genome equiva lent  than non- 
i r r a d i a t e d  transformed c lones and, i f  so,  amcn3 what c lass of  c e l l  DNA 
(unique or  r e p e t i t i o u s )  a r e  these in tegra ted  segments obserkea? 

We have pre l im inary  d a t a  which Suggests t h a t  indeed,  r a d i a t i o n  sens i t i zed  

clones do con ta in  an increased number o f  SV40 equivalents per genome compared 

t o  the small number o f  equ lva len ts  observed i n  clone #I i n  the above t a b l e  

(0.9 - 1.4). P a r t l c u l a r  care w i l l  be taken t o  avoid the technica l  problems 

encountered by other  Inves t i ga to rs  which have led t o  erroneous conclusions 

regard ing the number of v i r a l  equ iva len ts  per c e l !  as discussed i n  a prev ious 

sec t i on  o f  t h i s  proposal. 

( 2 )  Immunologic s tud ies completed i n  our laboratory (0R0-3646-11, ORo-3646- 
12) have establ ished t h a t  f e t a l  C e l l s  have membrane antigens i d e n t i c a l  
or c ross- reac t ive  w i t h  v i rus- induced neoantigens on several types ot 
tumors. We now wish t o  determi ne whether SV40 transformat ional  processes 
r e s u l t  from a s p e c i f i c  a c t i v a t i o n  of  f e t a l  genes repressed i n  t h e  l a t t e r  
stages of  d i f f e r e n t i a t i o n  and n o t  expressed i n  the normal a d u l t  c e l l ,  o r  
ra ther ,  r e f l e c t  s p e c i f i c  v i r a l  in te r fe rence with normal pa t te rns  of 
fwmbrane synthesis.  The r e s u l t  of the  l a t t e r  e f fec t  could, amng o ther  
p o s s i b i l i t i e s ,  prevent t h e  normal deposi t ion or  arrangement of s i a l i c  
ac id  residues i n  tumor membranes, exposing substructure membranes. These 
basement membranes might norma I l y  be "exposed" d u r  i ng embryogenes i s  and 
f e t a l  development. 

Several approaches a r e  be ing  used to resolve these quest ions.  
F i r s t ,  t h e  chemical ccmpos i t ion  of membranes of  each tumor clone, adu l t  
t i s s u e  and embryo t i s s u e s  have been prepared and are being analyzed 
exhaust ive ly  f o r  comparat ive purposes. Secondly, we are seeking t o  
determine whether one oncogenic e f f e c t  of 9 4 0  transformat ion of hamster 
embryo c e l l s  i n  c u l t u r e  is to cauSe the  c e l l  to maintain an embryonic 
ant igen d isp lay  i n  the  t ransformed ce l  I-membrane, prevent ing normal 
(chemlcal and an t i gen ic )  ma tu ra t i on  of t he  cel I t o  a n b d u l t  "statet1. 
Third, we are comparing the FWA present i n  embryo or fe ta l  tissues w i t h  
t h a t  present-a-Fr@gp,..pI Is by the vety ,sensttlve,..~-~~,eti.53on *, 
assays developed r e c e n t l y  i n  Or. B r lan  McCarthy's laboratory  by Doctors 

(ProblentsJn Blology: RE19 In Ddy2Jopment, ,+: 

Press, 1969 p.  285-3131, This technfque, 
termed t h e  s t r ingency c o m p e t i t i o n  assay, for measurlng RE19 s p e c i f i c i t y  

c r ibed i n  f e t a l  and a d u l t  cells w e  intend t o  set about cornparlng those 
RHA sequences onlque to fetal cel Is t o  ' those unlque l y  p w n t  In- 5V40 

1034148 



discover that tumor cells are, in fact, devoid of RNA classes or sequences 
present in normal adult tissues we shall alternatively attempt to deter- 
mine i f  these RNAs are also absent in normal fetal tissues displaying the 
cross-reactive tumor neoantigens. 

( 3 )  we wish to determine whether or not an array of female hormones are capable 
(a) normal transformation of adult hamster target cel IS b y  

transformation of adult hamster cel I S  
b y  SV40, 
observation that adult, female hamsters, but not males, can augment or 

The rationale for these experiments is found in our recent 

a i  antigens i n  her tlssues. The dlscrlmtnate agalnst the expression of fe 
establishment of this fact can readily be 
posed experiment. It i s  significant here 
O f  many forms of  human neoplasia i s  signi 
in males and this experiment should facil 
fact. 

determined in vitro in the pro- 
to note that the overall  incidences 

-- 
icantly loner in fernares than 
tate an explanat:on f o r  this 
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Senior Research VirologTst. 1965 - 1966. 
I n s t i t u t e  for Therapeut ic Research (Merck, Sharpe a o d p % L a b o r a t o $ I  es) 0%' 

Planned and superv ised research fn"'cancer vlrofogy an mmuno1ogy In conjunct10n7 
c i  r h  D r .  Maurice HI Ilefrtan. 
of tumor ant igen assay en&purI f 1catIon,~~?_~~j~~~_et~tplogy of, can-r, rYp",- 
of vt ruses f r o m r " r a n s a d ' b l  Is*6n2 - .  'finnrrne 2- orec~anT,ssms *-. -:- * opera?f"e .. .? ' I n  <.c ham . - ers 
i n fec ted  wi th  oncogenlc viruses. 

U. S. Public Heal th  ServIce Predoctoral Trainee. .+ 1962-1965. UntvefSl ty  Of *-% 

Ch icam.  DeDartment of Mlcrobloloqy. 

4, 4?&&y- - .1c- -"-.e 
V i r u s  and Cel l  6 ~ l o g y  OlvlSI 

The program involved experimentation rnt? p r o b l m s  

Investigated the mode of actlon and mechanism 



ReSeJrch Associate, 1961 - 1962. K e t t e r i n g - k y e r  Cancer Laboratory. Birmingham, 
A l a h m .  
w i t h i n  group of  35 j u n i o r  personnel and admin is t ra t i ve  responsibi  I i t y .  

Responsibi l i t i e Z . a s  group leader included coord ina t icn  of research 

Senior M ic rob io log i s t ,  1959 - 1960. 
Health, Nashvl I l e ,  Tennessee. 

S ta te  of Tennessee Department o f  P u b l i c  

Pe r t i nen t  Pub1 i ca t i ons :  

I n t e r r u p t i o n  of  SV40 Oncogenesis w i th  Human Fetal Antigen. NafJre. - 233, 194 - 
195. 1971. J .  H, Coggin, K. R. Ambrose and N. G. Anderson. 

SuPPresslve E f f e c t  o f  lmnunizat ion wi th Mouse Feta l  A n t i g m  on Growth of Cells 
I n f e c t e d  w i th  Rauscher Leukemia Vi rus and on Plasm - Celt  Tumors. Proc, Na t i .  
Acad. Sc i .  68, 1748-1752. 1971. M. G. Hanna, R. W. Tenna.37 and J ,  H. Coggin, J r .  - 
%c@IS o f  D i f f e r e n t i a t i o n ,  Retrogression and Cancer. 
b 9 9 i n ,  J r .  
t i o n  Extension, USAEC. Oak Ridge, Tennessee. 1971. p .  3-38. 

N. G. Anderson and J .  H. 
- I n  Embryonic and Feta l  Antigens i n  Cancer. D iv .  of Technical Informa- 

I m u n i r a t i o n  Against Tumors w i t h  Fe ta l  Antigens. J .  H. Coggin, J r . ,  K. R. 
Amrose and N. G. Anderson. In F e t a l  and Embryonic Antigens i n  Cancer, D i v i s i o n  
of Tecfmica l  In format ion Extension, USAEC. Oak Ridge, Tennessee. 1971. p. 185-202: 

‘ m b n i 2 a t i o n  Against T u m r s  w i t h  Fe ta l  Antigens: 
Colon) i n h i b i t i o n  Test and by Adoptive Transfer.  
J -  H- w i n ,  J r .  I n  Fe ta l  and Embryonic Antigens i n  Cancer. D i v i s i o n  ot 
Technica l  I n f o r m a t l ~  Extension, USAEC. Oak Ridge, Tennessee. I971 ‘ P o  203-214 

Detec t i on  of immunity by the  
P. Dierlam, N. G. Anderson and 
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Proceedings of t h e  F i r s t  Conference and Workshc; on Embryonic and Fetal  Antigens 
i n  Cancer, D i v i s i o n  Technical In format ion Extension, Oak Ridge, Tennessee. 1971, 
ed. N, G. Anderson and J .  H. Coggin, J r .  

Cy tos ta t i c  Antibody and SV40 Tumors. K .  R .  Ambrose, N. G. Anderson and J .  H. 
Coggin, J r .  Nature, E, 321-327, 1971. 

In t roduc tory  Microbiology. 
MacMi l l ian and Company. (New York, 1971). 

Radiation-Enhanced Oncogenesis by SV40. 
1109-1111. 

R. G. Krueger, J. H. Coggin, Jr . ,  and N. Gi l l iam.  

Proc. Soc. Exp. Biol .  and MBd., - 134, 
1970. Coggin, J .  H., Harwood, S. E. and Anderson, N. G. 

Fe ta l  Antigen Capable o f  Inducing Transplantat ion 1mnunit-y Against SV40 Hamster 
T u m r  Ce l l s ,  J .  Imn., )05, 524-526. 1970. (oR0-3646-11), Coggin, J .  H., J r . ,  
Ambrose, K. R. and Anderson, N. G. 

Detect ion o f  C y t o s t a t i c  Antibody Against SV40 T u m r  i n  l m u n i z e d  and Tumor 
Bearing Hamsters. K. R. Ambrose and J .  H. Coggin, Bacterial. Proc., - 70, 187, 
1970. 

Enhanced Vi rus Trans'formation o f  Hamster Embryo Cel I s  -- i n  V i t r o .  
458-462, 1969. J. H. b g g i n ,  J r .  

J .  Virology - 3, 

Induc t ion  of  Tumor S p e c i f i c  Transplantat ion l m u n i t y  i n  D i f f u s i o n  Chambers i n  
V i t r o .  Proc. SOC. Exp t l .  B i o l .  Med., - 132, No 1 ,  328-336. 1969. 3 .  H, CogFn, 
Jr., L. H. Elrod, K. R. Ambrose and N. G.  Anderson. 

Charac ter iza t ion  of Tumor Spec i f i c  Transplantat ion Immunity I n  D i f f u s i o n  Chambers 
i n  g i t r o .  Proc, Soc. E x p t l .  B i o l .  M e d . ,  - 132, No 2, 1969. J .  H. Coggin, J r . ,  
and K. R. Ambrose. 

A Rapid i n  V ivo Assay f o r  SV4- T u m r  Immunity I n  Hamsters. Proc. Soc. Expt l .  
B i o l .  Med.IX), 246-252. 

Radia t ion  Responses o f  Embryonal and S V 4 0  T r a n s f o m d  Hamster Cells I n  Cul ture.  
Proc. SOC. Expt l .  Bioi. Med. 129, 609-620. 1968. R .  E. Kouri and J. H. Coggin. 

Prevention of SV40 V i rus  Tumr lgenes is  by Irradlated, Disrupted and 5-ldodeoxy- 
u r i d i n e  Treated T u m r  C e l l  Antigen. 
1 9 6 7 a J  H. Coggi n,*,$-f., V. M. Larson and M. - -  ,fi. -.i Hi I leman.. 

lmnunologic bsponses i n  Hamsters to l-ionologous Turaor,Antiw s 
and I n  Vivo. Proc. SOC. Expt l .  8101. Med., 3, 1295-1302, 
Jr., V .  M. Larson and M. R. Hlllernan. 

-- 
- -.-* . >* 

1969. J .  H. Coggin, Jr and K. R. h b r o s e .  - 
- 

Proc. Soc. Exp t l .  Biol .  Med. -# 124 774 - 784. 

-- 
asur d i n . Y f t r o ,  

-- 

Hi  I leman. 
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Metabol ism of 5-Mercaptopurine by Res is tan t  Escher ich ia  coli. - 92, 446-454. 

6-Diazo-5-OXC-L-norleucine I n h i b i t i o n  of Escher ich ia  - c o l i .  - 89, 1348-1353, 

J .  Bacter io logy.  
1966, J .  H. Coggin, J r . ,  M. Loosemore, and R. R. Mar t in .  

J .  Bacter io logy,  
1965. J .  H, Coggin, J r  and W. R. Mar t in .  

Associate Inves t iga tors :  

E. R. Rogan, Ph, O., Research Associate. 
Nat ional  Cancer I n s t i t u t e  Contract  FS-7. 

100% t i m e  on p ro jec t .  Supported by 

H. Schafer, M. S., Laboratory Technician. 
t u t e  Contract  FS-7, 

S .  G. Winslow, 8. S. Graduate Student. 

Supported by Nat ional  Cancer I n s t i -  
100% t ime on p r o j e c t .  

50% t ime on p r o j e c t .  

W .  A.  Rutala, 8. S. Graduate Student. 50% t i m e  on p ro jec t  

C. Babelay, B. S. Research Ass is tant .  50% t i m e  on p r o j e c t  

Other Personnel: 

I Laboratory Aide - Mrs  Cindy Smith - 50% t ime 
I Glassware Washer - Miss Sarah Frazer - 20% t ime  
I Animal Caretaker - M r ,  Steve Pershing - 25% t ime 

8. Other F inanc ia l  Assistance 

AEC alone sponsors our study of v i r u s  t rans format ion  described here. 

A new cont rac t  w i t h  Union Carbide (MAN P r q r a m )  under subcontract  No. 3379 t o  
study "Immune Reactions i n  Virus-Induced T - w r & j e c t i o n "  has been I n  progress 
s ince  J u l y  1970 and i s  funded a t  t h e  present  l eve l  of 5106,000 per year. T h i s  
program i s  sponsored by The Nat ional  Cancer I n s t i t u t e  as a segment o f  con t rac t  FS-7. 
The ob jec t i ves  of t h i s  research are  t o  develop immunotherapeutic techniques for  
c o n t r o l  l i ng  human cancer. 

The Un ive rs i t y  provides $1200 i n  supp l ies  and serv ices t o  t h e  AEC p r o j e c t  

K. R. Ambrose devotes 10% t i m e  t o  the p r o j e c t  I n  cell prepara.ffcon procedures 

9. Premises, Facl  Iitles, Equipment snd Materials yg$g!g! -% 

These remain essen t ia l  l y  t h e  sam as i n  prev ious years. Our research 
f ac t  Icfites have recently been expanded fm ~ ~ & # p Y ! $ . f p ~ ~ ~ & ~ $ ~ f ~ ~ *  
Of t h i s  newly expanded area two new rool~s have been added t o  VlmIoglC-rescwrCh 
Increas ing t h e  t o t a l  research area t o  5000 square feet exc lus ive  of anlmal f s c l l i t l e s  
Some $25,000 have been expenced I n  the. 
research area p r l v l d f n  
i mprovements2,rt Ad, 

24 aonths t o  general l y  upgcade our 
- b a s l i ~ e a  f6ci lltfes snd an&! roaa 
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f o r  hybridization studles were obtained. 
recently been given to me f o r  the conduct of research in my laboratory fr3m the 
Naticnal Institute of Allergy and Infectious Diseases, Additionally, the MAN 
Program recently provided me with $7,000 in special equipment to make the preliminary 
hybridization studies feasible. 

An  electron microscope (RCA-EML'-4) has 

I034 I54 
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A p r i l  I ,  1972 to March 31, 1973 

1 .  Salarles and Wages: 

Two Graduate Assistants - 50% time at 53,)OO each 
Laboratory Aide (Glassware washer) - 50% time 
Student Assistants 

f r i nge benef its 

Salaries and Wages Subtotal - $9,100.00 
Overhead - Indirect Costs - 61.4% of Salarles and Wages 

2. Supplies and Materials: 

Chemi ca Is 
I sotopes 
Animals 
Media and Sera 
Expendable (tissue culture plastic ware) 

Supplies Subtotal - 68,000.00 
3. Equipment: 

Fraction collector with drop counter 
Gradient prep u n i t  
Replacement H50 centrifuge head - less trade-in 
T i s s u e  Homogenizer and prep equipment 

Equipment Subtotal - $2,625.00 
4. Publlcation Costs 

5 .  T r a v e l  - Principal Investigator 

6. b h e r  - Reprints, repair costs, share of service contract, animal 
r m  housi ng costs* - I00 cages per month at $2.00 per cage x I2 
m n t h s  

$6,60O.00 
1,500.00 

-0- 
1,000.00 

5,587.40 

I,500.00 
I,500.00 
I,000.00 
I ,500.00 
2,500.00 

I,250.00 
550.00 
400.00 
425.00 

m.00 

500.00 

550.00  

2,400.00 

R e q u e s t e d  A E C  Contri but 1 on $h, 062.40 

The Unlverstty proposes to release?Sf?Jace of -.the prlnclpal lnvestlgator during 
*he acadamic year so that 335 of hls effort w l l l  be devoted to t h l s  research progtam. 
This contrlbutlon includes salary, ov,eehead, fringe benef i ts  and, fn addltlon, general ly  
const i tutes I I ,  206:&7n'&pendab le  suppl  18s and se'sf css.'fi-n\fSTf-~esents &8 %iif%%nt I a I 

shbrlng by the University of Tennessee. 



1 I ,  Authentication 

Principal Investigator 

For t h e  University 

Associate Professor 

-~ 
~ 

Hilton A. S m i t h ,  Ph.D. 
Vice Chancel lor for Graduate 
Studies and Research 
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