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I 
TO 

FROM : 

Ralph Elson, Director 
Contract Div is ion  

Herman M. Roth, Director 
Laboratory and University Div 

REQUEST FOR CONTRACT ACTION 

OLE : LM 

SUBJECT: 

I t  i s  requested tha t  you take 
following described contract 

1. 

2, 

3, 

4, 

5. 

6, 

Nature o f  Action Requested: 

- Selection o f  New Contractor and/or 
Negotiation o f  Contract I 

Number: , 

Contractor: 

I - A T  Modification o f  Contract 
Number: kT-(40-1)-364.6 
Contractor: Unfvet-4 ty o f  Tennessee 

Yaoxvl 1 I e, Tennessee 

Nature o f  Services t o  be Covered by Contract: Research 

T i t l e :  " A  Ccrnparatfvc. Study o f  Rs.Alation, Chemfci.tl ani  &fng Effects 

IJ.pe P of Contract: a_ /l7 Support Agreement L7 Cost Type 17 Other 

A m o u n t  of  AEC Funds t o  be Obligated by this Contract Action: $21,34geCfj 

AEC Percentage o f  Estimated Total Cost t o  be Shown by t h i s  C/A: 76% 

or1 Viral Transformation L- I n  v i t r o "  

Description of Other Changes t o  be Covered by Contract Action: 
Mudify contract t o  provide for the performance of additional 
research t o  be coiapleted during the perfod April 1, 1968 through 
March 31 1969, The AEC support cel l i n g  for the extended period 
i s  $21,349. Title t o  equipment shall vest in the contractor 
under authority o f  the Atomic Energy Act o f  1954 since the 
contractor's contribution i s  expected to equal or exceed the 

-Form AEC-481 (Contract Authorization) from John R, Totter t o  
S. R e  Saplrie dated Mar 

l#HErpfy f;he equ'Wen'* 

o [ -A  
(e3?>""- **/? d J 

y- [-&I" 
G k 4  kA/ 

Herman M. Roth 

. 



UNIVERSITY OF TENNESSEE CONTRACT NO AT- (40-1 )-3646 
APP EN DI X "A" 

For the Contract Period April 1 ,  1968 through March 31, 1969. 

A-I RESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor will  continue s tudies  of the e f fec ts  of ionizing 
rad ia t ion ,  chemical e f f ec t s ,  and aging on the viral  transforma- 
t ion o f  c e l l s  -- i n  v i t r o  t o  include especial ly  factors  t h a t  
potent ia te  c e l l u l a r  transformation by SV40 virus, par t icu lar ly  
i n  hamster embryo ce l l s .  
roles  of X-irradiation, DNA antagonistic chemicals, aging, e t c .  
Tissue cul ture  methods will be used as  well as other appropriate 
systems a 

s t a t e s ,  and other aspects of conversion of normal c e l l s  into 
neoplastic c e l l s  i n  embryonic ce l l  populations will be q u a n t f -  
t a t i ve ly  studied. 

Clar i f icat ion will  be made of the 

Changes i n  DNA synthesis,  virus concentrations, metabolic 

A-I1 WAYS AND MEANS OF PERFORMANCE 

( a )  Items Included i n  Total Estimated Cost: 

( 1 )  Sa la r ies  and Wages: $1 0,550.00 

Dr. J .  H. Coggin, Principal Investigator 

Research Assistant (85% of time) 
Laboratory Assistant (50% of time) 
Anima! Maintenance Helper (20% of time) 

(40% of time) 

1934036, 

( 2 )  Empl oyee Benefits : 

(3)  Mater1 a1 s and Suppl i es : 
Chemicals, isotopes,  cages and racks, 
animals, animal food and bedding, 
media and serum, cul ture  dishes,  
tubes, gas, and animal t i s sues ,  

(4 )  Equipment: 
Analyti cal bal ance, t o p  1 oadi ng balance, 

centrifuge,  blender, and two t i s sue  
cul ture  r o l l e r  drum assembly. 

480.00 

8,650 e 00 

.5,380?00 

(5 )  Pub1 i ca t i  ons and Communications : 320 00 

(6)  Travel: 500 00 

(7) 
Excluding Principal Invest igator 's  salary)  : 2,419,OO 

Indirect  Costs (50.4% o f  Salar ies  and Wages 



. . CI . .  
r t  

UNIVERSITY OF TENNESSEE - 2 -  CONTRACT NO, AT-(40-1)-3646 

(b) Items Signif icant  t o  the Performance o f  This Contract, 
B u t  Excluded From Computation o f  Total Cost and From 
Consideration i n  Proportioning Costs: 

None 

A - I 1 1  The t o t a l  estimated project cost  o f  A - I 1  ( a )  above f o r  the 
contract  period s ta ted above i s  $28,2990000 



korm ALL481 
(6-67) - 

AECPR 0-4.111 1. DATE U. S. ATOMIC ENERGY COMMISSION 

CONTRACT AUTHORIZATION 

~ ~~ 

A.A. CONTRACTOR (Nnnr, dddnrr, D r p a r t m r ~ l ,  rtc . )  

f3limmsm Dp 
lclsmuh*-sm ml.6 
mq$wtaea% & mm2wUl~ 

5. 

NEW CONTRACT pf RENEWAL 0 OTHER 

8. RECOMMENDED TYPE OF CONTRACT: 

0 FIXED PRICE OTHER 

0 COST REIMBURSEMENT 

8 S P E C I A L  RESEARCHSUPPORT AGREEMENT.(SRSA) 

"a talwkraem S%ay 0 11.  PROJECT TITLE 

4.8. PRINCIPAL INVESTIGATOR(S1 

iFusz% It, 43xms# sa. 
6. TERM OF CONTRACT 

BlVa - ?IN69 
9. PROPERTY TITLE TO VEST I N :  

7. CONTRAC~ NUMBER 

aM4w 
10. SECURITY CLASSIFICATION: 

Work to be performed is under c a t e g o r y 3  
as dcfined by AEC hlanual Appendix 3401. 

tmiiiha fw lzfacta CIB h i x  T€awsf-tloaa Xn ass" 
12. HEADQUARTERS TECHNICAL CONTACT 

13. F INANCING 

A.  OPERATING EXPENSES 

New AEC F u n d s  (Initial AEC Support ceil ing,  i f  SRSA). . . . . . . . . . . . . . . . . . . . . . . .  $ =,w 
Tota l  A F E  Funding (If SRSA, -76% of T o t a l  Cos t ,  up to Maximum of ) . . . . . . . . . . .  .$ a,* 

B,m 
T o t a l  Est imated Project  C o s t .  $ 33'99 

R Estimated AEC Ba lance  From Prior Term, if a n y .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 

Estimated Contractor Contribution, i f  any . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .$ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Budget and Reporting s f ica t i  6 @ 
Allotment Transfer :  6&&-91@4) 

8. PLANT AND CAPITAL EQUIPMENT .................................. .$ 

Budget and Reporting Classification: 
Allotment Transfer: ___.I_ 

14. SPECIAL PROVISIONS AND INSTRUCTIONS: 

The technical aspects of the proposed work have been reviewed and are approved. A need currently exists for the results of the research or other 
woik that  is to be undertaken. None of the AEC funds shall be used to confer a fellowship. 
Piease keep us informed as to any  problems encountered in your negotiations, as well as the date of execution of this contract and the amount of 
funds obligated. If the budget as negotiated differs substantially from that in the proposal, please forward a copy of the revised budget to IIead- 
quarters. 
If not already submitted, a 200-word summary of the proposed work should be forwarded by the contractor as soon as pcssible after negotiation of 
the contract. 

I O 3 4 0 3 8  



L am pleased t o  sdvlse you tbat the Tcssesrcb C a m i t t e e  has 
a-oved renew&. of your ~ ~ e a r ~ h  Contract EO. ~~(40-1)3& 
entitled mA Canpamttve Study of Radiation, Chemical and Aging 
Bffects on V i r a l  Transformation In Yitro" for an additional 
year at sxrproximately the Xevel of research support requested. 

You ell be contacted by goIllEiooe from the Oak Ridge Operatioas 
Office l a  the near future regarding negotiation of the renewal 
Contract 

Sincerely yours, 

David Pittman 
Geneticist, Biology Branch 
Division of Biology and Medicine 

cc: Hilton A. Wth, FkD. 
Vice President for Graduate 
Studies and Research 

J o J 4 0 3 9  . . .. 
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THE UNIVERSITY OF TENNESSEE 
KNOXVILLE 37916 

DEPARTMENT OF MICROBIOLOGY 

March 26, 1968 

D r .  C. S. Shoup, Chief 
Research Contracts Branch 
Laboratory and University Division 
United States Atomic Energy Commission 
Post Office Box E 
O a k  Ridge, Tennessee 37830 

Subject: RENEWAL OF CONTRACT NO. AT-(40- - 36 5 
Final Budget Statement fo r  Contract period ending 
March 31, 1968 

Dear D r .  Shoup: 

AT-(40-1)-3646 w i l l  have been expended. 
As of March 31, 1968, a l l  funds available fo r  Contract 

Sincerely, 

\ 
Joseph H. Coggin, Jr. , Ph.D. 
Assistant Professor 

1034040 
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OPTIONAL FORM NO. 10 
WO-101 

UNITED STATES GOVERNMENT 

Mem o ran dum 
DATE: January 5, 1968 

TO : John R. Totter, Director 
Dfvision o f  Biology and Medicine, HQ 

FROM : Herman M. Roth, Director 
Laboratory and University Division, OP 

OF TENNESSEE (DR. JOSEPH H. COGGIN, JR,) 
SUBJECT: RENEWAL OF CONTRACT NO. AT- (40-1 ) - 3646 WITH ME UfUIVERSI'fY 

OLE: LM 

We are  submitting f o r  your review and apprmria te  action the 
following information concerninu the contract  which will expire 
on March 31, 19t8: 

1. Renewal Proposal (4) 
2 .  Proaress Report 
3 .  F i  nanci a1 Statement 
4.  200-!4!ord Summary 13 

We shall  appreciate your advising us o f  y o u r  decision so t h a t  
we may proceed w i t h  the necessary contract  action a t  t h e  
e a r l i e s t  possible date.  

+hlkW erman 11. Poth 

Enclosures : 
As Listed Above 

BC: C. S. Shoup, w/cy encls.  
D. S. Zachry, w/cy progress report  
Alice Brown 
R. L. Shannon, DTIE 
w/cy progress report  & Forms AEC-427 



THE UNIVERSITY OF TENNESSEE 
KNOXVILLE 37916 

DEPARTMENT OF MICROBIOLOGY 

December 28,1967 

C.S. Shoup, Chief 
Research Contracts Branch 
U.S. Atomic Energy Commission 
Laboratory and University Division 
Post Box E 
Oak Ridge, Tennessee 37830 

Subject: Renewal of Contract No. AT(40-1)-3646 
Dear Dr. Shoup: 

Enclosed please find a renewal proposal for Contract No, AT(40-1)3646, 

and an expenditure statement for the present year as well as seven copies 

of progress report 0R0-3646-1, three copies of the ten percent voucher and 

four copies of a 200 word summary of the project. 
. I  

We look forward to another year of research association with the Atomic 

Energy Commission. 

Respectfully yours, 

Joseph H. Coggin,Jr., Ph.D 
Assistant Professor of 

Microbiology 

1034042 
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Expend i tu re  Repor t  
AEC C o n t r a c t  No, AT(40-1)3646 

March 15, 1967 t o  December 15, 1967 

c\rh,h,[-) L$( nJ R 
h H. Cogbin,\Jr., Ph. 0 .  

P r i n c i p a l  I n v e s t i g a t o r  

Original Signed By 
IIII.TCN A .  SSIITH 

H i l t o n  A .  Smith, Ph. D. 
V i  ce Pres i dent  f o r  Graduate 
Stud i es and Research 

I 0 3 4 0 4 3  
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I .  T i t l e  of P r o j e c t .  

A Comparat ive Study of  Rad ia t ion ,  Chemical 
and Aging E f f e c t s  on V i r a l  T r a n s f o r m a t i o n  I n  V i t r o  -- 

2. I n s t i t u t i o n .  

U n i v e r s i t y  of Tennessee 
Department of M i c r o b i o l o g y  
K n o x v i l l e ,  Tennessee 37916 

Telephone: 615- 974-5466 



. *  

3. P r o j e c t  A b s t r a c t .  

A s tudy  of  SV40 t r a n s f o r m a t i o n  was i n i t i a t e d  i n  t h i s  l a b o r a t o r y  e leven 
months ago i n  an e f f o r t  t o  d e f i n e  t h e  sequence of  molecu la r  events  which 
r e s u l t  i n  t h e  convers ion  o f  normal hamster embryo c e l l s  t o  n e o p l a s t i c  
c e l l s  -- i n  v i t r o .  A un ique system has been developed fo r  t h i s  purpose. 
v i r u s  t r a n s f o r m s  normal hamster embryo c e l l s  i n  c u l t u r e  w i t h i n  an e f f i c i e n c y  
range o f  0. I t o  0.4%. 
senescent (15 t o  17 passages i n  v i t r o  o r  87 days) and then i n f e c t e d  w i t h  
SV40 v i r u s ,  t h e  e f f i c i e n c y  of  t r a n s f o r m a t i o n  increased t o  14.3%. P r e t r e a t -  
ment of young embryo c e l l s  wi-fh 150R o f  x - ray  j u s t  p r i o r  t o  i n f e c t i o n  w i t h  
SV40 r e s u l t e d  i n  r a p i d  t r a n s f o r m a t i o n  of  s u r v i v i n g  c e l l s  w i t h  an e f f i c i e n c y  
of 27.85. 
rad iomimet ic  t h y m i d i n e  andlogue. The s i m i l a r i t i e s  between t h e  r e p o r t e d  
b i o l o g i c a l  e f f e c t s  (chromosome damage) of x - i r r a d i a t i o n ,  t h y m i d i n e  analogue 
exposure and ag ing  suggested t h a t  a common mechanism i n  enhancing t h e  v i r a l  
t r a n s f o r m a t  i o n  "process" may be o p e r a t  i ng f o r  a I I t h r e e  t r e a t m e n t s .  

t h e  r o l e  of  x - i r r a d i a t i o n ,  DNA a n t a g o n i s t s  (5 - iododeoxyur id ine)  and ag ing  i n  
p o t e n t i a t i n g  SV40 t r a n s f o r m a t i o n  o f  hamster c e l l s  -- i n  v i t r o .  
have been d i r e c t e d  t o  a d e f i n i t i v e  examinat ion  of t h e  parameters o f  t h e  
i r r a d i a t e d  c e l l  t e s t  system which e x h i b i t s  enhanced t r a n s f o r m i n g  e f f i c i e n c y .  
A t i t r a t i o n  of x - ray  exposure on embryonal c e l l  s u r v i v a l  has been completed 
and exper iments a r e  
r a d i a t i o n  exposure on t h e  frequency o f  t r a n s f o r m a t i o n .  
method has been developed f o r  p e r f o r m i n g  a l l  s t u d i e s  w i t h  c e l l s  from p r i m a r y  
exp lan t ,  a v o i d i n g  t h e  use of  s u b c u l t u r e d  c e l l s  and e l i m i n a t i n g  many s e l e c t i o n  
events .  P e r i o d s  of a c t i v e  DNA s y n t h e s i s  p o s t - i r r a d i a t i o n  have been d e f i n e d  
and s t u d i e s  a r e  now i n  p rogress  t o  c o r r e l a t e  t h e s e  p e r i o d s  w i t h  s e n s i t i v i t y  
t o  SV40 t r a n s f o r m a t i o n .  An e v a l u a t i o n  of severa l  DNA a n t a g o n i s t s  ( o t h e r  
than IUDR) for  p o t e n t i a l  t o  enhance SV40 t r a n s f o r m a t i o n  has been i n i t i a t e d  
and c y t o t o x i c  t i t r a t i o n s  of these agents a r e  n e a r l y  completed. A d d i t i o n a l l y ,  
t h e  r o l e  of v i r u s  c o n c e n t r a t i o n  and type,  m e t a b o l i c  s t a t e  of c e l l s  and o t h e r  
parameters of  t h e  t e s t  system a r e  be ing  i n v e s t i g a t e d  as t i m e  p e r m i t s .  

s tand ing  of many o f  t h e  c o n d i t i o n s  which e x i s t  and events  which occur  i n  t h e  
convers ion  of normal c e l l s  t o  n e o p l a s t i c  c e l l s  f o l l o w i n g  exposure t o  
oncogenic v i r u s e s .  
can be performed on pr imary  embryonal c e l l  p o p u l a t i o n s  w i t h  g r e a - t l y  increased 
" r e s o l u t i o n "  o f  o n c o g e n i c i t y  s i n c e  t r a n s f o r m a t i o n  occurs  as a f r e q u e n t  event  
i n  s u b l e t h a l l y  i r r a d i a t e d  c e l l s  r a t h e r  t h a n  as t h e  r a r e  event,  o f t e n  observed 
i n  many non-tumor c e l l - v i r u s  model systems. 

SV40 

I f  t h e  c e l  I s  were s u b c u l t u r e d  u n t i  I t h e y  became 

S i m i l a r  r e s u l t s  were o b t a i n e d  by p r e t r e a t m e n t  o f  c e l l s  w i t h  a 

The exper imenta l  approach s e l e c t e d  f o r  t h i s  program seeks t o  c l a r i f y  

O u r  f i r s t  e f f o r t s  

p r e s e n t l y  underway t o  e v a l u a t e  t h e  e f f e c t s  of  i n c r e a s i n g  
A t i s s u e  c u l t u r e  

The planned s tudy  w i l l  make it p o s s i b l e  t o  g a i n  a q u a n t i t a t i v e  under- 

The unique f e a t u r e  of t h e  system i s  t h a t  these s t u d i e s  

103404b 
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4 .  S c i e n t i f i c  Backaround. 
IC 

A. C u r r e n t  Review. An examinat ion  of t h e  r e c e n t  l i t e r a t u r e  i n -  
d i c a t e s  t h a t  severa l  l a b o r a t o r i e s  a r e  a c t i v e l y  i n v e s t i g a t i n g  r m l e c u l a r  mech- 
anisms o f  mammalian v i r u s  t r a n s f o r m a t i o n  -- i n  v i t r o .  
s t u d i e s  a r e  most e n l i g h t e n i n g  and c o r r e l a t e  w e l l  w i t h  o u r  research  f i n d i n g s  
and program o f  i n v e s t i g a t i o n .  

Todaro and Green c o n t i n u e  t o  g a i n  i n c r e a s i n g  i n s i g h t  i n t o  t h e  mech- 
anism of SV40 t r a n s f o r m a t i o n  o f  t h e  spontaneously t rans formed 3T3 mouse 
f i b r o b l a s t  l i n e .  Ex tend ing  t h e  e a r l i e r  o b s e r v a t i o n  ( 1 )  t h a t  non-growing 
c e l l s  were n o t  SusceDt ib le  t o  SV40 t rans fo rma t ion ,  t h e y  r e c e n t l y  repo r ted  
t h a t  i n t e r f e r o n  or s t a t a l o n  p r o t e c t e d  t h e  mouse I i ne  a g a i n s t  SV40 t r a n s f o r -  
ma t ion  i n  r e p l i c a t i n g  c u l t u r e s  (2 ) .Exponent ' ia I  l y  g r o w i n g c u l t u r e s  became 
i n c r e a s i n g l y  more t s e n s ' i t i v e t o  SV40 t r a n s f o r m a t i o n  ' i n  t h e  presence of i n t e r -  
f e r o n  and t h e  r e s u l t s  i n d i c a t e d  t h a t  an i r r e v e r s i b l e  s t e p  i n  v i r a l  t r a n s -  
fo rma t ion  occu r red  i n  c e l l s  a c t i v e l y  s y n t h e s i z i n g  DNA. Todaro and Green 
conc lude t h a t  r e p l i c a t i n g  c e l l u l a r  DNA i s  t h e  t a r g e t  f o r  v i r a l  a c t i o n  i n  
n e o p l a s t i c  convers ion ,  
which complement t h e  f i n d i n g s  ob ta ined  w i t h  i n t e r f e r o n .  Employ ingpr imary  
hamster embryo c e l l s  i n  s u b c u l t u r e  w i t h  a 3.5 t o  7.5% c l o n i n g  e f f i c i e n c y  
300 r of x- ray produced a 2.5% t r a n s f o r m i n g  frequency. The percentage o f  
t rans formed c o l o n i e s  dropped r a p i d l y  when t h e  c e l l s  were passaged p r i o r  
t o  i r r a d i a t i o n  and no t rans formed c lones  were observed a f t e r  t h r e e  sub- 
passages. Thus, o n l y  a s e l e c t  p o r t i o n  of  t h e  embryonal p o p u l a t i o n  (growing 
c e l l s )  was s u s c e p t i b l e  t o  t r a n s f o r m a t i o n .  The c o n c l u s i o n  drawn f rom t h e i r  
i n v e s t i g a t i o n  was t h a t  r a d i a t i o n  induced t r a n s f o r m a t i o n  i s  an event  
" f i x e d "  d u r i n g  a c t i v e  DNA syn thes i s ,  and t h a t  DNA i s  t h e  a f f e c t e d  c e l l u l a r  
c o n s t i t u t e n t .  

r e p a i r e d  i f  DNA r e p l i c a t i o n  i s  postponed u n t i l  t h e  e r r o r  c o r r e c t i o n  mech- 
anism has s u f f i c i e n t  t i m e  t o  e f f e c t  r e p a i r .  
and sub - le tha l  x - i r r a d i a t i o n  appear t o  be e q u i v a l e n t  ( 5 ) .  S i m i l a r l y ,  t h e  
requ i rement f o r  DNA syn thes  i s t o  " f  i x"  SV40 t r a n s f o r m a t  i o n  can b e s t  be 
exp la ined  by t h e  need t o  i n c o r p o r a t e  t h e  v i r a l  genome or  some f u n c t i o n a l  
d e r i v a t i v e  d u r i n g  t h i s  pe r iod .  Otherwise, de lay  i n  i n c o r p o r a t i o n  may 
lengthen exposure of t h e  v i r a l  genome t o  enzymat ic  deg rada t ion  i n t r a -  
c e l l u l a r l y  and r e s u l t  i n  permanent i n a c t i v a t i o n  of  t h e  v i r u s  genome. 

exposures of  150 R have never been observed t o  produce t rans formed f o c i  
-- i n  v i t r o ,  whereas, i n f e c t i o n  of  these  c e l l s  w i t h  SV40 immediate ly  pos t -  
i r r a d i a t i o n  r o u t i n e l y  produces 25 o r  more t rans formed c lones  pe r  100 
i n f e c t e d  c lones  examined. 
produced any d e t e c t a b l e  r a d i a t i o n - i n d u c e d , t r a n s f o r m e d '  c lones .  No feeder  
l a y e r  was used i n  o u r  procedures and t h e  c o n d i t i o n s  a r e  n o t  i d e n t i c a l  t o  
those  o f  Borek and Sacks p o s s i b l y  account ing  f o r  t h e  f a i l u r e  of x-ray- 
induced t rans formed c lones  t o  develop. 

R e s u l t s  from these 

Borek and Sachs (3-4)  ob ta ined  r e s u l t s  r e c e n t l y  

Borek and Sachs proposed t h a t  r a d i a t i o n  induced e r r o r  can be 

Repa i r  mechanisms t o  l e t h a l  

I n  numerous exper'imenTs performed i n  o u r  l abo ra to ry ,  x- ray 

H igher  exposures t o  2500 R have s i m i l a r l y  never 

* 
January 1967-December, 1967. For  genera l  rev iew of  s c i e n t i f i c  back- 

ground t o  t h i s  system see p a r t  % t h i s  s e c t i o n .  
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S i n c l a i r  r e p o r t e d  t h a t  when Chinese hamster c e l l s  i n  t h e  GI  p e r i o d  
were i n h i b i t e d  from f u r t h e r  growth, t h e y  became more s e n s i t i v e  t o  x - t r r a -  
d i a t i o n  and, f o l l o w i n g  apparent  r e p a i r ,  r e s i s t a n c e  t o  r a d i a t i o n  re tu rned  
(6). C u l l e n  ( 7 )  observed t h a t  t h e  t r a n s i t i o n  of  mouse a s c i t e s  c e l l s  from 
i n  v i v o  t o  i n  v i t r o  c u l t u r e  c o n d i t i o n s  caused an immediate inc rease i n  
r a d i a t i o n  s e n s i t i v i t y .  Along w i t h  o t h e r  i n v e s t i g a t o r s  we observed t h a t  
normal c e l l s  i n  c u l t u r e  became i n c r e a s i n g l y  s e n s i t i v e  t o  SV40 t r a n s f o r -  
mat ion  w i t h  ag ing  and s u b c u l t u r e  -- i n  v i t r o .  

v i r u s  i n  t h e  presence of  p e r s i s t e n t  i n t e r f e r o n  t r e a t m e n t  ( 8 ) .  P r e t r e a t -  
ment o f  normal 3T3 c e l l s  w i t h  i n t e r f e r o n ,  however, p revented  T a n t i g e n  
syn thes i s .  These f i n d i n g s  suggest t h a t ,  f o l l o w i n g  i n c o r p o r a t i o n  of t h e  
SV40 genome i n t o  some s t a b l e  form, i n t e r a c t i o n  and s t a b l e  a s s o c i a t i o n  
between h o s t  and v i r a l  genomes leads t o  t h e  t r a n s c r i p t i o n  of  RNA which i s  
i n t e r f e r o n  i n s e n s i t i v e  ( a  h o s t  c e l l  c h a r a c t e r i s t i c )  and i s  p o s s i b l y  t h e  
p r o d u c t &  a h y b r i d  temp la te .  A s i m i l a r  i n t e r f e r o n  i n s e n s i t i v i t y  of T 
a n t i g e n  s y n t h e s i s  was observed t o  adenovirus-SV40 h y b r i d  v i r u s e s  ( 9 ) .  

Calc ium i o n  c o n c e n t r a t i o n  has r e c e n t l y  been found t o  d i r e c t l y  
e f f e c t  adenov i rus  12 t r a n s f o r m a t i o n  of  r a t  embryo c e l l s  -- i n  v i t ro - -more  
f o c i  appeared i n  0.1 mM Ca++ t h a n  i n  medium c o n t a i n i n g  1.8 mM Ca++ ( I O ) .  
I n  a r e c e n t  s tudy  o f  t h e  e f f e c t s  o f  x- ray p re t rea tmen t  on t h e  t r a n s f o r m a t i o n  
frequency o f  hamster embryo c e l l s  by adenovi rus 31, we no ted  t h a t  i n  c u l t u r e  
medium w i t h  h i g h  c a l c i u m  i o n  c o n t e n t  a genera l i zed  c y t o p a t h i c  e f f e c t  was 
observed. T h i s  CPE d i d  n o t  occu r  i n  lower c a l c i u m  i o n  medium. The r e l a -  
t i o n s h i p  o f  c a l c i u m  t o  adenov i rus  p r o l i f e r a t i o n  i n  t r a n s f o r m a t i o n  induc- 
t i o n  i s  unc lear ,  b u t  seems h i g h l y  r e l a t e d  t o  t h e  "choice"  s i t u a t i o n  t h a t  
may e x i s t  i n  b a c t e r i a l  c e l l s  i n f e c t e d  w i t h  some l ycogen ic  phage. 

demonstrated t h a t  puromycin i n h i b i t e d  c e l l s  were two t o  t h r e e  t imes  more 
s e n s i t i v e  t o  t r a n s f o r m a t i o n  t h a n  were n o n - i n h i b i t e d  c e l l s .  The e f f e c t  of  
t h e  p r o t e i n  i n h i b i t o r  was e n t i r e l y  dependent on t h e  t i m e  of  a d d i t i o n  of t h e  
drug, suggest ing  t h a t  i n h i b i t i o n  of t h e  syn thes i s  o f  some c e l l u l a r  p r o t e i n  
enhanced t h e  p o t e n t i a l  of t h e  v i r u s  t o  ach ieve  i n t e r g r a t i o n  o r  t o  escape 
i n a c t i v a t i o n .  

A s e r i e s  of r e c e n t  r e p o r t s  by F u j  i naga and Green ( 12-14) demonstrate 
t h e  i n t i m a t e  i n t e r a c t i o n  between tumor v i r u s  and h o s t  c e l l  i n  t h e  t r a n s -  
formed s t a t e .  Employing a s e r i e s  o f  e l e g a n t  h y b r i d i z a t i o n  procedures, these 
workers have i n d i c a t e d  t h a t  adenovi rus t rans formed hamster c e l l s  which do n o t  
shed i n f e c t i o u s  v i r u s  produced mRNA which i s  complementary t o  t h e  o r i g i n a l  
i n f e c t i n g  adenov i rus  DNA. 
i s  n o t  p resen t  i n  normal hamster c e l l s  and, thus ,  p r o v i d e s  a c l e a r  i n d i c a -  
t i o n  o f  t h e  p e r s i s t e n c e  o f  v i r a l  g e n e t i c  m a t e r i a l  i n  t rans formed c e l l s .  
Other  da ta  show t h a t  t h e  new c l a s s  o f  mRNA occu rs  i n  t h e  nuc leus of t h e  
t rans formed c e l l  as w e l l .  The techn iques  descr ibed by these  workers shou ld  
g r e a t l y  f a c i l i t a t e  o u r  own s t u d i e s  o f  SV40 t r a n s f o r m a t i o n  i n  t h e  system we 

These r e c e n t  f i n d i n g s ,  c o r r e l a t e d  w i t h  numberous o t h e r s  n o t  c i t e d ,  
demonstrate t h a t  many in roads  a r e  c u r r e n t l y  be ing  made i n t o  t h e  obscure 
b iochemical  events  of v i r a l  t r a n s f o r m a t i o n .  The i n t e r a c t i o n  between tumor 
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SV40 t rans formed 3T3 m u s e  c e l l s  produced T a n t i g e n  induced by t h e  

I n  a polyoma v i rus-hamster  c e l l  l i n e  system ( 1 1 )  Mar in  and B a s i l i c o  

T h i s  new species o f  po lyr ibosome-associated mRNA 

- . a r e  employ ing.  



v i r u s  and " s u s c e p t i b l e "  c e l l  lead ing  t o  t r a n s f o r m a t i o n  i s  an e v e n t  occur -  
r i n g  r a p i d l y  a f t e r  v i r a l  p e n e t r a t i o n  i n  many o f  t h e  models examined - i n  
v i t r o  and DNA s y n t h e s i s  i s  r e q u i r e d  to " f i x "  t h e  t r a n s f o r m i n g  event.  
F i n d i n g s  and ideas advanced by these r e c e n t  r e s u l t s  from o t h e r  l a b o r a t o r i e s  
s h o w ' t h a t  t h e  enhancing p r i n c i p a l  6 f  x'irradiation,analogue-induced dam- 

~ age and ag ing  i n  SV40 t r a n s f o r m a t i o n  under i n v e s t i g a t i o n  i n  o u r  l a b o r a t o r y  
r e l a t e  d i r e c t l y  t o  t h e  mechanism o f  t r a n s f o r m a t i o n  o p e r a t i n g  i n  o t h e r  
DNA tumor v i r u s  systems and a r e  most encouraging. 

4.A References. 

I .  Todaro, G. J.  and H. Green. 1966. C e l l  g rowth  and t h e  i n i t i a t i o n  of 
t r a n s f o r m a t i o n  by SV40. Proc. N a t l .  Acad. Sci.,"U. S., - 55: 302-308. 

2. Todaro, G. J .  and H. Green. 1967. Semian v i r u s  40 t r a n s f o r m a t i o n  
and t h e  p e r i o d  of  c e l l u l a r  DNA s y n t h e s i s .  J .  V i r o l o g y ,  1:115-119. 

3. Borek, C. and L. Sachs. 1967. Cell s u s c e p t i b i l i t y  t o  t r a n s f o r m a t i o n  
by x - i r r a d i a t i o n  and f i x a t i o n  of t h e  t rans formed s t a t e .  
Sci . ,  U. S., - 57: 1522-1527. 

Proc.  N a t l .  Acad. 

4. Borek, C .  and L. Sachs. 1966. -- I n , v i t r o  c e l l  t r a n s f o r m a t i o n  by x- 
i r r a d i a t i o n .  Nature,  - 210: 276-278. 

5. E l k i n d ,  M. M., S u t t o n - G i l b e r t ,  H., Moses, W. B. and C. Kamper. 1967. 
Sub- le tha l  and l e t h a l  r a d i a t i o n  damage. Nature,  - 214: 1088-1092. 

6. S i n c l a i r ,  W. K. 1967. X-ray s u r v i v a l  and DNA s y n t h e s i s  i n  Chinese 
hamster c e l l s  I .  The e f f e c t  o f  i n h i b i t o r s  added b e f o r e  x - i r r a d i a t i o n .  
Proc.  N a t l .  Acad. S c i . ,  U. S., - 58: 115-122. 

7. C u l l e n ,  B. 1967. T r a n s i e n t  changes i n  t h e  r a d i o - s e n s i t i v i t y  o f  mammal- 
i a n  c e l l s  on t r a n s f e r  f rom i n  v i v o  t o  i n  v i t r o  c u l t u r e  c o n d i t i o n s .  Nature -- -- 
213: 1268-1270. 

8. Oxman, M. N., Baron, S. ,  Black,  P. H., Takemoto, K. K. Habel, K. and 
W. P. Rowe. 1967. The e f f e c t  o f  i n t e r f e r o n  on SV40 T a n t i g e n  p r o d u c t i o n  
i n  SV40 t rans formed c e l l s .  V i ro logy ,  - 32: 122-127. 

9. Oxman, M. N., Rowe, W.  P. and P. H. Black.  1967. S tud ies  of  adeno- 
v i rus-SV40 h y b r i d  v i r u s e s ,  VI .  D i f f e r e n t i a l  e f f e c t s  o f  i n t e r f e r o n  on 
SV40 and adenov i rus  T a n t i g e n  f o r m a t i o n  i n  c e l l s  i n f e c t e d  w i t h  SV40 v i r u s ,  
adenovirus,  and adenovirus-SV40 h y b r i d  v i r u s e s .  Proc.  N a t l .  Acad. S c i .  
U, S. 57: 941-948. - 

. .  
I O .  Freeman, A .  E., B lack,  P. H., Wolford,  R. and R. J .  Huebner. 1967. 
Adenovirus t y p e  12- ra t  embryo t r a n s f o r m a t i o n  system. J .  V i r o l o g y ,  - I :  
362-367. 

5 



I I .  Marin, G. and C. B a s i l i c o .  E f f e c t  o f  t h e  i n h i b i t  
s y n t h e s i s  on t h e  es tab l i shment  of t r a n s f o r m a t i o n  by PO 
J .  V i r o l o g y ,  - I :  120-127 

12. Fuj inaga,  K. and M. Green. 1967. Mechanism o f  v 
bv DNA mammalian v i r u s e s .  IV. Re la ted  v i r u s - s p e c i f i c  

on  o f  p r o t e i n  
yoma v i r u s .  

r a  I ca r c  i nogenes i s 
RNA i n  tumor c e l  I s  

induced by h i g h l y  oncogenic adenovi rus t y p e s  12, 18 and 31. J .  V i ro logy ,  
I : 576-582. - 
13. Fuj inaga,  K. and M. Green. 1967. Mechanism of  v i r a l  carc inogenes is  
bv DNA mammalian v i r u s e s  I t .  V i r a l  s p e c i f i c  RNA i n  tumor c e l l s  induced 

u .  s .  by weakly oncogenic human adenoviruses. Proc.  N a t l .  Acad. Sci., 
57: 806-812. - 
14. Fuj inaga,  K. and M. Green. 1966.1 Mechanism of v i r a l  speci  
c inogenes is  by DNA mammalian v i r u s e s .  I .  V i r a l  s p e c i f i c  RNA i n  
o f  adenovi rus tumor and t ransformed c e l l s .  Proc.  N a t l .  Acad. Sc 
55: 1567-1573. - 

IC car -  
po I ysomes 
., u .  s . ,  

6 



. , . ,,, .,. . . ..... -- ~. 

B.  General Review of  S c i e n t i f i c  Background. (From O r i g i n a l  Proposa I 1 

The t r a n s f o r m a t i o n  of  mammalian c e l l s  by oncogenic v i r u s e s  has been 
shown t o  be e i t h e r  d i r e c t  and r a p i d  o r  i n d i r e c t  and s low depending on t h e  v i r u s  
and t y p e  o f  c e l l  s e l e c t e d  f o r  s tudy .  I n  r e c e n t  years  c o n c l u s i v e  i n v e s t i g a t i o n s  
have demonstrated t h a t  c e r t a i n  v i r u s e s  which produce tumors -- i n  v i v o  can a l s o  
induce -- i n  v i t r o  a l t e r a t i o n s  and n e o p l a s t i c  t r a n s f o r m a t i o n  of c e l l s .  Rodent 
t i s s u e  c u l t u r e  c e l l s  i n f e c t e d  w i t h  polyoma v i r u s  undergo a sequence of changes 
r e s u l t i n g  i n  t h e  u n i f o r m  t r a n s f o r m a t i o n  of normal c e l l s  t o  n e o p l a s t i c  c e l l s  
(1-2) .  SV40 induced t h e  t r a n s f o r m a t i o n  of human ( 3 )  and hamster (4-5) rena l  
c e l l s  -- i n  v i t r o .  
f o r  s t u d y i n g  n e o p l a s t i c  convers ion  o r  t r a n s f o r m a t i o n .  
achievements made from t h e s e  s t u d i e s  a r e  t h e  s u b j e c t  m a t t e r  of  r e c e n t  reviews; 
[MacPherson ( 6 ) ,  Temin (71, Defendi  (81, Defendi and Lehman ( 9 )  and Habel and 
Axe l rod  ( I O ) ] .  

The t h r e e  DNA-containing oncogenic v i r u s e s  SV40, polyoma, and adenovi rus 
have been used e x t e n s i v e l y  f o r  -- i n  v i t r o  t r a n s f o r m a t i o n  s t u d i e s .  T h i s  proposal  
o u t l i n e s  r e s u l t s  o b t a i n e d  for SV40 v i r u s  t r a n s f o r m a t i o n  and t h i s  v i r u s  w i l l  be 
d iscussed i n  some d e t a i l  a l t h o u g h  contemplated work i n  t h e  second and t h i r d  
year  of t h i s  s tudy  would employ polyoma and c e r t a i n  s t r a i n s  of adenovi rus 
as t e s t  agents .  

p r o g r e s s i v e  tumor development which serve as an e x c e l l e n t  d e f i n i f i o n  of neo- 
p l a s t i c  change t h a t  may occur i n  c e l l s  i n f e c t e d  w i t h  tumor- inducing v i r u s e s .  
These n e o p l a s t i c  changes have been used as i n d i c e s  of -- i n  v i t r o  t r a n s f o r m a t i o n  
f o r  t h e  SV40-hamster c e l l  model system. F o u l d ' s  " u n i t  c h a r a c t e r s "  of t u m o r  
p rogress ion  i n c l u d e  c e l l  morphology, c u l t u r e  morphology as expressed by t h e  
p r o p e r t y  of  c o n t a c t  i n h i b i t i o n ,  a n t i g e n i c  changes, k a r y o l o g i c  changes, growth 
c h a r a c t e r i s t i c s  and mal ignancy 
i s  devoted t o  a c i t a t i o n  of  those f a c t s  from t h e  a v a i l a b l e  l i t e r a t u r e  which 
p o i n t  t o  t h e  use fu lness  o f  SV40 v i r u s  and embryonic hamster c e l l s  as an i d e a l  
model system f o r  s t u d y i n g  c e l l u l a r  t r a n s f o r m a t i o n  -- i n  v i t r o .  

r e g u l a r i t y  when i n o c u l a t e d  i n t o  newborn hamsters ( 1 4 ) .  I n  o r d e r  t o  examine 
and d e f i n e  t h e  changes induced by SV40 v i r u s  i n  t h e  hamster c e l l  -- i n  v i t r o  
so as t o  be a b l e  t o  r e c o g n i z e  any t y p e  of s p e c i f i c  e f f e c t  d i r e c t l y  a t t r i -  
b u t a b l e  t o  t h e  v i r u s ,  i t  i s  d e s i r a b l e  t h a t  t h e  h o s t  c e l l  p o p u l a t i o n  be 
s t a b l e .  That  is, i d e a l l y  t h e  c e l l s  should n o t  spontaneously  demonstrate 
any " u n i t  c h a r a c t e r "  of  t h e  t ransformed c e l l  i n  t h e  absence of v i r u s  
inducement. 

was f i r s t  made us ing  c e l l  p o p u l a t i o n s  ob ta ined from r e c e n t l y  d isaggregated 
t i s s u e s  of mammalian o r i g i n .  These c e l l  p o p u l a t i o n s  have t h e  c h a r a c t e r -  
i s t i c s  o f  c e l l  s t r a i n s  descr ibed by H a y f l i c k  ( 1 5 ) ;  t h a t  i s ,  t h e y  have r e l a -  
t i v e l y  s h o r t  c u l t u r e  l i f e - t i m e s  (50 passages or l e s s ) ,  l o w - p l a t i n g  e f f i c i e n c y ,  
and a r e  composed o f  heterogenous types  of  c e l l s .  C l o n i n g  i s  achieved w i t h  
t h e  g r e a t e s t  o f  d i f f i c u l t y  and q u a n t i t a t i v e  s t u d i e s  o f  t h e  events  of t r a n s f o r -  
mat ion  a r e  n o t  easy t o  per fo rm.  T h i s  f a c t  a lone has l i m i t e d  t h e  use fu lness  
of embryonic or  a d u l t  hamster c e l l s  f o r  d e f i n i t i v e  s t u d i e s  of  t h e  t r a n s -  
fo rming  process. 

C e l l  c u l t u r e - v i r u s  systems have become w i d e l y  used as models 
The methods used and 

Moorhead and Weins te in  ( 1 1 )  r e c e n t l y  r e s t a t e d  F o u l d ' s  concept  (12) o f  

The remainder of  t h i s  s e c t i o n  o f  t h e  proposal  

SV40 v i r u s  i s o l a t e d  by Sweet and H i l l e m a n  (13)  produces tumors w i t h  

The d i s c o v e r y  t h a t  t h e  oncogenic v i r u s e s  produce t r a n s f o r m a t i o n  -- i n  v i t r o  

7 
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When p r i m a r y  f i b r o b l a s t s  a r e  c u l t u r e d  and r e p e a t e d l y  s u b c u l t u r e d  i n  
v i t r o ,  t h e i r  eventual  f a t e  depends on t h e  spec ies  of mammal from which t h e y  
a r e  d e r i v e d ,  Explanted mouse embryo f i b r o b l a s t s  undergo an i n i t i a l  phase 
o f  growth d e c l i n e  and t h e n  u n i f o r m l y  g i v e  r i s e  t o  e s t a b l i s h e d  t ransformed 
c e l l  l i n e s  (16-171. Mouse-cel ls are,  t h e r e f o r e ,  cons idered t o  be h i g h l y  
unstable,  undergoing p r e d i c t a b l e  spontaneous t r a n s f o r m a t i o n .  The 3T3 e s t a -  
b l i s h e d  mouse embryo c e l l  l i n e  has been used r e c e n t l y  t o  s tudy  t h e  SV40 
t r a n s f o r m a t i o n  process (18-20). 
c e l l  l i n e s  i s  t h a t  they  u s u a l l y  a r e  s u b j e c t e d  t o  c l o n i n g  w i t h  reasonable 
e f f i c i e n c y  (30-40 p e r  c e n t ) .  

Todaro, Green and B l a c k  showed severa l  o t h e r  advantages i n  u s i n g  3T3 
mouse c e l l s  r e c e n t l y  (19-20) and r e p o r t e d  t h e  h i g h e s t  r a t e  o f  t r a n s f o r m i n g  
e f f i c i e n c y  ever  a t t a i n e d  w i t h  DNA-containing tumor v i r u s .  
t rans formed 3T3 c e l  I e x h i b i t s  c o n t a c t  i n h i b i t i o n  "normal I y "  and v i r a l -  
t r a n s f o r m a n t s  can e a s i l y  be de tec ted  w i t h i n  t h e  c e l l  p o p u l a t i o n  as f o c i  of 
p i l e d - u p  e p i t h e l o i d  c e l l s  on a c o n f l u e n t  monolayer c e l l  background or as 
C e l l s  capable of growing i n  agar o v e r l a y .  They achieved t h i s  h i g h  r a t e  of 
t r a n s f o r m a t i o n  by employing h i g h  t i t e r ,  p u r i f i e d  SV40 p r e p a r a t i o n s  ( 2 2 )  
c o n t a i n i n g  3 x I O i i  TCID50 o f  v i r u s  and found t h e  number of t r a n s f o r m a t i o n s  t o  
be p r o p o r t i o n a l  t o  t h e  v i r u s  dose th rough v i r u s  c o n c e n t r a t i o n s  of 5 x I08 
TCID5 ' s  ( v i r u s :  c e l l  m u l t i p l i c i t y  o f  600) (20). The h i g h e s t  e f f i c i e n c y  of  
t rans?ormat ion  o b t a i n e d  was 50 p e r  c e n t  and t h e  e f f i c i e n c y  advantage o f  
t h e  SV40 - 3T3 c e l l  system o v e r  t h e  polyoma-rat  embryo c e l l  system was t e n -  
f o l d .  The 3T3 l i n e  i s  h e t e r o p l o i d ,  has a h i g h  -- i n  v i t r o  p l a t i n g  e f f i c i e n c y  
(12-60 p e r  c e n t )  as mentioned p r e v i o u s l y  b u t  r e t a i n s  i t s  "normal" c a p a c i t y  
t o  show c o n t a c t  i n h i b i t i o n .  Twelve t o  e i g h t e e n  days were r e q u i r e d  t o  d e t e c t  
SV40-transformed c e l l s  ( 2 0 ) .  A l though c o n c l u s i v e  evidence i s  lack ing ,  it 
would appear t h a t  t r a n s f o r m a t i o n  does n o t  occur  i n  3T3 c e l l s  un less  they  a r e  
a c t i v e l y  s y n t h e s i z i n g  DNA (23). Green p o s t u l a t e s  t h a t  t r a n s f o r m a t i o n  may 
be " f i x e d "  i n  t h e  c e l l  as e a r l y  as one g e n e r a t i o n  a f t e r  v i r u s  exposure ( 2 3 ) .  

f o r m a t i o n  i n  v i t r o  ( 8 ) .  ' I n  c o n t r a s t  t o  mouse c e l l s ,  hamster embryo c e l l s  
a r e  q u i t e  s t a b l e  and s u r v i v e  th rough 40-50 g e n e r a t i o n s  as do human c e l l s  i n  
c u l t u r e  making f o r  an a t t r a c t i v e  exper imenta l  analogy,  Pr imary  Syrian1 hamster 
c e l l s  have low c l o n i n g  e f f i c i e n c y  (one p e r  c e n t  o r  l e s s ) ,  demonstrate c o n t a c t  
i n h i b i t i o n ,  remain d i p l o i d  u n t i l  t h e  c u l t u r e  becomes senescent (9, 24) and 1 

v e r y  ra re1  y produce spontaneous t r a n s f o r m a n t s .  Severa I r e p o r t s  employi  ng 
e s t a b l i s h e d  hamster c e l l s  i n  c u l t u r e  descr ibed t h e  morphologica l  t r a n s i t i o n s  
observed f o r  these c e l  I s  a f t e r  i n f e c t i o n  w i t h  unconcentrated SV40 p r e p a r a t i o n s  
and suggest ive  ev idence was found f o r  t h e  p e r s i s t e n c e  o f  v i r a l  i n f l u e n c e  
( a n t i g e n )  i n  t h e  absence of  i n f e c t i o u s  v i r u s  (25-28).  

The p l a t i n g  e f f i c i e n c y  o f  t h e  C-13 c l o n e  of  t h e  BHK/21 hamster c e l l  l i n e  
was 19-24 p e r  c e n t  (27). SV40-infected p r i m a r y  hamster lung and k idney c e l l s  
showed p r o g r e s s i v e  changes i n  metabol ism and morphology and one t o  t h r e e  months 
p o s t - i n f e c t i o n  demonstrated g r e a t l y  enhanced p l a t i n g  e f f i c i e n c y  (40-60 p e r  
c e n t )  (28). 

The use o f  e s t a b l i s h e d  mouse and hamster l i n e s  possessing a t  l e a s t  one 
o r  more of t h e  " u n i t  c h a r a c t e r s "  of t h e  t rans formed c e l l  descr ibed above t o  
s tudy SV40 t r a n s f o r m a t i o n  has been done o u t  o f  n e c e s s i t y .  The low p l a t i n g  
e f f i c i e n c y  o f  p r i m a r y  c e l l s  has been one o f  t h e  main drawbacks t o  a q u a n t i t a t i v e  

One a t t r a c t i v e  f e a t u r e  i n  u s i n g  e s t a b l i s h e d  

The spontaneously 

Hamster c e l l s  i n  c u l t u r e  o f f e r  s u i t a b l e  tools for  a s tudy  o f  SV40 t r a n s -  
-- 

a 
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s tudy  of  t r a n s f o r m a t i o n  mechanisms i n  "normal" c e l l s  and fo r  t h i s  reason 
i n v e s t i g a t o r s  have t u r n e d  t o  e s t a b l i s h e d  c e l l  l i n e s  where t h e  t r a n s f o r m i n g  

' even t  can be observed w i t h  g r e a t e r  r e g u l a r i t y .  Transformed l i n e s  have 
been s e l e c t e d  fo r  use based upon t h e i r  r e t e n t i o n  of  a t  l e a s t  one or more 
c h a r a c t e r s  o f  t h e  normal c e l l .  The loss of t h i s  u n i t  c h a r a c t e r  of  t h e  
normal c e l l  f o l l o w i n g  exposure t o  v i r u s  i s  t hen  taken  as an index of  v i r u s  
induced t r a n s f o r m a t i o n .  Moorhead and We ins te in  ( 1 1 )  r e c e n t l y  issued a 
s tatement  of c a u t i o n  concern ing  conc lus ions  t h a t  can be drawn f rom t r a n s -  
f o r m a t i o n  s t u d i e s  u s i n g  e s t a b l i s h e d  c e l l  l i n e s  r a t h e r  t h a n  p r imary  c e l l  
e x p l a n t s :  
f o r  s t u d i e s  o f  " t rans fo rma t ion " ,  bu t ,  i t  must be k e p t  i n  mind t h a t  each has 
[a l ready ]  acqu i red  c e r t a i n  o f  t h e  " u n i t  cha rac te rs "  which d e f i n e  t r a n s f o r m a t i o n  
i n  o t h e r  systems and i n  some ins tances  even i n  hamster and mouse systems". 
I d e a l l y  then, one would d e s i r e  t o  s tudy  t r a n s f o r m a t i o n  i n  p r i m a r y  embryonic 
c e l l s  i n  c u l t u r e  w i t h  t h e  hope t h a t  t hese  c e l l s  would possess none of t h e  " u n i t  
cha rac te rs "  of t h e  t rans formed c e l  I p r i o r  t o  exposure t o  SV40. 

The s tudy  o f  SV40- t ransformat ion o f  t h e  human f i b r o b l a s t  has rece ived  
much a t t e n t i o n  i n  t h i s  rega rd  i n  r e c e n t  yea rs  (29-35, 4, 5 ) .  Embryonic o r  
a d u l t  human f i b r o b l a s t  c e l l  c u l t u r e s  have t h e  advantage o f  a ze ro  r a t e  of  
-- i n  v i t r o  spontaneous m u t a t i o n  under t h e  usual c o n d i t i o n s  of  c u l t u r e  and a 
low background o f  chromosome a b e r r a t i o n s  (34)  d u r i n g  most o f  t h e i r  l i f e t i m e  
i n  v i t r o .  Embryonic hamster c e l l s  have a s i m i l a r  -- i n  v i t r o  c u l t u r e  p r o f i l e ;  
Chinese hamster c e l l s  excepted ( I l l .  

degenera t ion  and v i r u s  i s  shed c o n s t a n t l y  (30, 35-36) by up t o  IO0 pe r  c e n t  
of t h e  c e l l s .  
degenera t ion  may have been s e l e c t e d  f o r  by t h e  c y t o p a t h i c  g rowth  of t h e  
v i r u s  and a r e  subsequent ly  t rans formed by t h e  v i r u s .  Hamster c e l l s ,  
co r respond ing ly ,  show no ev idence o f  d e s t r u c t i o n  f o l l o w i n g  i n f e c t i o n  w i t h  
SV40 (4-5, 8 )  making these  C e l t s  ve ry  d e s i r a b l e  for  s t u d y i n g  t h e  t r a n s f o r m i n g  
process i f  t h e  e q u a l l y  impor tan t  problem of p l a t i n g  and t r a n s f o r m i n g  e f f i c -  
iency cou ld  be c i rcumvented.  Defendi s t a t e s  ( 8 )  t h a t  l a r g e  amounts o f  v i r u s  
a r e  needed t o  ach ieve  one t r a n s f o r m i n g  event  and t h a t  o n l y  a f r a c t i o n  of 
t h e  c e l l  p o p u l a t i o n  i s  s u s c e p t i b l e  t o  t r a n s f o r m a t i o n  when exposed t o  a maximum 
amount of  v i r u s .  The e f f i c i e n c y  o f  t r a n s f o r m a t i o n  i s  ve ry  low u s i n g  e i t h e r  
p r imary  o r  e s t a b l i s h e d  c e l l s .  Genera l l y  accepted va lues  f rom numerous r e p o r t s  
i n  t h e  l i t e r a t u r e  i n d i c a t e  t h a t  one t o  t e n  m i l l i o n  f u n c t i o n a l  v i r u s  p a r t i c l e s  
a r e  r e q L i r e d  t o  t r a n s f o r m  one normal c e l l  t o  t h e  n e o p l a s t i c  s t a t e .  T h i s  means 
t h a t  one must " p l a t e "  and c l o n e  2,000 i n f e c t e d  c e l l s  t o  o b t a i n  I O  t o  12 
t rans formed c lones .  The problem i s  even more fo rm idab le  when it i s  recognized 
t h a t  t h e  usual  c l o n i n g  e f f i c i e n c y  by t h e  agar  techn ique  f a l l s  i n  t h e  range 
o f  0.5 t o  I per  c e n t .  The r a r i t y  w i t h  which t h e  v i r a l  induced t r a n s f o r m i n g  
event  occurs  has g r e a t l y  l i m i t e d  any pragmat ic  a n a l y s i s  o f  t h e  mechanisrn(s) 
i nvo l ved  or t h e  sequen t ia l  s tages of t h e  t r a n s f o r m i n g  process, i f  indeed such 
a sequence e x i s t s .  

one can produce t r a n s f o r m i n g  e f f i c i e n c i e s  as h i g h  as 30-50 p e r  c e n t  us ing  
h i g h  t i t e r s  o f  SV40 v i r u s  b u t  t h e  c e l l  system (3T3 mouse l i n e )  i nvo l ves  t h e  
use o f  c e l  I s  hav ing  a l r e a d y  undergone a c e r t a i n  "degree" of t r a n s f o r m a t i o n  
( h e t e r o p l o i d y  and i n f i n a t e  g rowth  c h a r a c t e r i s t i c s ) .  Severa l  a t tempts  have 
been made t o  mod i f y  t h e  s u s c e p t i b i l i t y  o f  c e l l s  t o  t r a n s f o r m a t i o n  and some 
success has been ob ta ined .  

9 

"Each of  these  con t inuous  l i n e s  p rov ides  an e x c e l l e n t  assay system 

-- 
Human c e l l s  i n f e c t e d  w i t h  SV40 i n  c u l t u r e  demonstrate e x t e n s i v e  c u l t u r e  

T h i s  leads t o  t h e  p o s s i b i l i t y  t h a t  c e l l s  which s u r v i v e  t h i s  

The r e c e n t  f i n d i n g s  o f  Todaro and Green (21)  and B l a c k  (20) show t h a t  
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Aged human c e l l s  i n  c u l t u r e  n e a r i n g  t h e  degenera t ive  phase o f  growth 
show an enhanced e f f i c i e n c y  o f  t r a n s f o r m a t i o n  by SV40 (32-34).  
s t u d i e s  have shown t h a t  these c e l l s  r e t a i n  t h e  d i p l o i d  s t a t e  u n t i l  t h e  37th-  
4 1 s t  s u b c u l t u r e  a f t e r  which t i m e  spontaneous aneup lo idy  was noted (32). 
S i m i l a r  r e s u l t s  were o b t a i n e d  w i t h  hamster embryo c e l l s  ( 9 ) .  Chromosome 
breaks have f r e q u e n t l y  been assoc ia ted  w i t h  ag ing  and SV40 or polyoma i n f e c -  
t i o n  [see Moorhead and Weins te in  ( I  I ) ] .  

t i a b i l i t y  of  c e l l s  t o  t r a n s f o r m a t i o n .  
doses of x - i r r a d i a t i o n  and subsequent ly  i n f e c t e d  w i t h  polyoma v i r u s  ( 3 8 ) .  
Al though t h e  doses of i r r a d i a t i o n  used d imin ished t h e  s u r v i v i n g  p o p u l a t i o n  
r a p i d l y ,  S toker  was a b l e  t o  observe an apparent  two t o  t h r e e - f o l d  enhancement 
i n  t h e  percentage o f  t rans formed c e l l s  de tec ted  o u t  of  t h e  s u r v i v i n g  p o p u l a t i o n  
which had been reduced by approx imate ly  one log.  
t o  suggest t h a t  i r r a d i a t i o n  favored t h e  s u r v i v a l  o f  t rans formed c e l l s .  
One p o s s i b i l i t y  S toker  suggests t o  e x p l a i n  t h e  enhancement of  t r a n s f o r m a t i o n  
p o s t - i r r a d i a t i o n  was t h a t  t h e  damaged chromosomes which r e s u l t e d  f rom 
r a d i a t i o n  exposure m i g h t  be more s u s c e p t i b l e  t o  t h e  i n t e r g r a t i o n  o f  t h e  v i r a l  
genome. R a d i a t i o n  i n a c t i v a t i o n  s t u d i e s  r e c e n t l y  showed t h a t  when i r r a d i a t e d  
polyoma v i r u s  i s  used t o  t r a n s f o r m  BHK/21 c e l l s ,  t h e  r a d i a t i o n  t a r g e t  of  
t h e  v i r u s e s  t r a n s f o r m i n g  a b i l i t y  i s  about one h a l f  t h e  s i z e  of t h e  t a r g e t  
f o r  t h e  v i r u s e s  l y t i c  a c t i v i t y  ( 3 9 ) .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  hypothes is  
t h a t  p a r t  of  t h e  v i r a l  genome i s  i n c o r p o r a t e d  i n t o  t h e  genome of  t h e  t r a n s -  
formed c e l l .  
f a c i l i t a t e  t r a n s f o r m a t i o n  i f  t h e  " i n t e r g r a t i o n "  hypothes is  i s  v a l i d .  

i r r a d i a t e d  c e l l s  may r e s u l t  f rom t h e  combined v a r i a t i o n s  i n  t h e  e f f i c b n c y  
o f  t h e  radiat ion-damage r e p a i r  mechanism f o r  each c e l l  (40-42).  I t  i s  known 
t h a t  f o r  each c y t o l o g i c a l l y  observed chromosome break  induced by i r r a d i a t i o n  
as many as 100 breaks may have healed ( I l l .  

of t h e  3T3 mouse l i n e  by 5- iododeoxyur id ine  ( I U D R )  and 5-bromodeoxyuridine. 
They o b t a i n e d  an enhancement f a c t o r  o f  f i v e - f o l d  inc rease i n  t r a n s f o r m i n g  
frequency when 3T3 c e l l s  were exposed t o  5 pg/ml of IUDR f o r  24 hours p r i o r  
t o  i n f e c t i o n  w i t h  SV40. The drug was o n l y  i n c o r p o r a t e d  i n t o  growing c e l l s  
(43-44).  M o r r i s  and Crammer ( 4 4 )  r e p o r t e d  t h a t  IUDR i s  i n c o r p o r a t e d  i n t o  
t h e  DNA double he!-ix and t h i s  s u f f i c e s  t o  i n j u r e  t h e  chromosome and thus, 
t h e  c e l l .  T r e c e n t l y  we observed chromosome breaks which were induced by 
exposure of  SV40-transformed hamster tumor  c e l l s  t o  IUDR i n  v i t r o  (45)  

The e f f e c t i v e n e s s  o f  a l l  these t rea tments  seems l i m i t e d  t o  a b r i e f  p e r i o d  
of  t i m e  preced ing  t h e  i n t e r a c t i o n  of t h e  v i r u s  w i t h  t h e  c e l l .  I f  t h e  t r e a t -  
ments descr ibed above and r e l a t e d  phenomena o c c u r r i n g  i n  senescent c e l l s  
r e s u l t  i n  or i n v o l v e  chromosome breaks, t h e  p o s s i b i l i t y  c l e a r l y  remains t h a t  
t h e  v i r a l  genome or some f r a c t i o n  of  it may be i n t e r g r a t e d  i n t o  t h e  chromosome 
o f  t h e  c e l l  b e f o r e  t h e  onset  o f  t h e  morphologic  o r  p h y s i o l o g i c  events  o f  
t r a n s f o r m a t i o n  can begin.  Recent f i n d i n g s  (18)  suggest a two-step r e a c t i o p  
i n  t h e  t r a n s f o r m i n g  process s u p p o r t i n g  t h e  i n i t i a t o r - p r o m o t o r  phenomenon i n  
carc inogenes is  p o s t u l a t e d  by Berenblum (46). 

Chromosomal 

The hamster l i n e  BHK/21 has been used i n  a t t e m p t s  t o  a l t e r  t h e  suscep- 
The c e l l s  were p r e t r e a t e d  w i t h  i n c r e a s i n g  

No ev idence was apparent 

Treatments which s t i m u l a t e  chromosome breaks should g r e a t l y  

The v a r i a b i l i t y  i n  t r a n s f o r m i n g  e f f i c i s n c y  observed by Stoker  ( 3 8 )  u s i n g  

Todaro and Green (42)  r e p o r t e d  t h e  enhancement of  SV40 t r a n s f o r m a t i o n  

-- 
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Defendi ( 8 )  p o i n t s  o u t  t h a t  i n  SV40-infected c e l l s  it i s  d i f f i c u l t  t o  
avoi,d t h e  c o n c l u s i o n  t h a t  t h e  p r i m a r y  event  i n  t h e  p o s s i b l y  long s e r i e s  of 
s teps  l e a d i n g  t o  t r a n s f o r m a t i o n  o f  normal c e l l s  must n e c e s s a r i l y  i n v o l v e  
chromat id  o r  chromosome l e s i o n s .  Chromosome damage may be t h e  pr imary  
event  i n  t r a n s f o r m a t i o n .  Whether t h i s  event  must occur  n a t u r a l l y ,  by 
v i r u s  i n d u c t i o n ,  by processes r e l a t e d  t o  aging, or i s  induced by p h y s i c a l  
f a c t o r s  i s  a q u e s t i o n  t h a t  needs d e f i n i t i v e  s tudy .  

Two l i n e s  of  ev idence suppor t  h i s  c o n t e n t i o n  a l though c e r t a i n l y  t h e y  
do n o t  by any means prove it. F i r s t ,  SV40 v i r u s  induced chromosome damage 
and normal human c e l l s  i n  t h e  degenera t ive  phase a r e  very  prone t o  t r a n s -  
f o r m a t i o n  when compared t o  "young c e l l s " .  Second, t r e a t m e n t s  o r  compounds 
( 4 7 )  which produce DNA i n s t a b i l i t y  o r  chromosome change enhance t h e  
frequency of  t r a n s f o r m a t i o n .  

The s i g n i f i c a n c e  o f  t h i s  l i t e r a t u r e  rev iew is t h a t  c i r c u m s t a n t i a l  b u t  
f a c t u a l  ev idence suggest t h a t  chromosome damage, i f  n o t  necessar i  l y  a 
p r i m a r y  s t e p  i n  n a t u r a l  SV40 t r a n s f o r m a t i o n ,  s t i l l  leads t o  enhancement of  
t r a n s f o r m i n g  e f f i c i e n c y  i n  v i t r o .  
o b t a i n  a t e s t  system w h e E  t r a n s f o r m a t i o n  i s  a f requent  r a t h e r  t h a n  a r a r e  
occurrence u s i n g  p r i m a r y  hamster c e l l s .  Such a system can t h e n  be used t o  
make a q u a n t i t a t i v e  i n v e s t i g a t i o n  o f  t h e  t r a n s f o r m a t i o n  process w i t h  t h e  
advantage t h a t  normal c e l l s  r a t h e r  t h a n  c e l l s  which have undergone c e r t a i n  
"degrees" of t r a n s f o r m a t i o n  can be used.as p a r t  of t h e  t e s t  system. 
a system has been developed i n  t h i s  l a b o r a t o r y  and i s  t h e  subject: of t h e  
f o l l o w i n g  s e c t i o n .  

Advantage of  t h i s  f a c t  can be taken t o  

Such 
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5. S c i e n t i f i c  Scope. 

of an enhanced t r a n s f o r m a t i o n  phenomenon r e c e n t l y  observed i n  t h i s  labora-  
t o r y .  The unusual aspec t  o f  t h e  s tudy  i s  t h a t  it i n v o l v e s  a q u a n t i t a t i v e  
i n v e s t i g a t i o n  of v i r u s  t r a n s f o r m a t i o n  i n  normal c e l l s .  
by o t h e r  i n v e s t i g a t o r s  which deal w i t h  v i r a l  t r a n s f o r m a t i o n  have, df neces- 
s i t y ,  i nvo l ved  c e l l  systems which have a l r e a d y  undergone some degree of 
n e o p l a s t i c  change i n  t h a t  t h e y  c lone  r e a d i l y  and u s u a l l y  e x h i b i t  abnormal 
karyo type b e f o r e  exposure t o  v i r u s .  Recent exper iments  i n  t h i s  l a b o r a t o r y  
demonstrate t h a t  t h e  p l a t i n g  e f f i c i e n c y  o f  p r imary  hamster embryo c e l l s  
can be g r e a t l y  inc reased by employing m o d i f i e d  c u l t u r e  techniques and t h a t  
SV40-transformed embryo c e l l s  e x h i b i t  good c l o n i n g  e f f i c i e n c y  i n  agar ove r -  
lay.  
hamster c e l l s  w i t h  x - i r r a d i a t i o n ,  5 - iododeoxyur id ine  (IUDR) or aging en- 
hances t h e  e f f i c i e n c y  of SV40 t r a n s f o r m a t i o n  o f ' p r i m a r y  hamster c e l l s .  
immediate o b j e c t i v e  i n  t h i s  regard  w i l l  be t o  d e f i n e  t h e  c o n d i t i o n s  o f  ' 

c u l t u r e ,  v i r u s  dose e f f e c t s ,  r a d i a t i o n  dose responses, pe r iods  o f  DNA syn- 
t h e s i s ,  and m e t a b o l i c  c o n d i t i o n s  of t h e  c e l l  which r e l a t e  t o  t h e  phenomenon 
o f  t r a n s f o r m a t i o n  enhancement. 

T h i s  research  e f f o r t  i s  designed t o  i n v e s t i g a t e  t h e  p r e c i s e  parameters 

Q u a n t i t a t i v e  s t u d i e s  

I n  o u r  l a b o r a t o r y  we have observed t h a t  p re t rea tmen t  o f  embryonic 

Our 

A .  R a t i o n a l e .  * 
Stoker  (38 )  , Todaro and Green (43)  and o t h e r s  (32-34) have dem- 

o n s t r a t e d  t h a t  e s t a b l i s h e d  c e l l  l i n e s  o r  d i p l o i d  human c e l l s  i n  c u l t u r e  
a r e  rendered more s u s c e p t i b l e  t o  v i r a l  t r a n s f o r m a t i o n  by x - i r r a d i a t i o n ,  
analogue exposure o r  by s imp ly  ageing t h e  c e l l s  t o  a degenerate stage p r i Q r  
t o  'i n f  e c t  ion w i t h  oncogen i c v i  ruses. 
se rva t i on ,  f o r  a l l  t h r e e  types  o f  t rea tment ,  t o  normal hamster embryo lung 
and k idney  c e l l s  i n  c u l t u r e .  

- i n  v i t r o  u s i n g  a c e l l  system w i t h  no u n i t  c h a r a c t e r  of t h e  mal ignant  o r  
t ransfdrmed c e l l  p r i o r  t o  v i r u s  exposure cannot be over-emphasized. Grea t  
s t r i d e s  -in o u r  unders tand ing  o f  v i r a l  t r a n s f o r m a t i o n  a r e  indeed being 
made w i t h  systems such as t h e  3T3 c e l l  l i n e  system, b u t  it i s  impera t i ve  
t o  c o r r e l a t e  these  obse rva t i ons  w i t h  n e o p l a s t i c  conve rs ion  o c c u r r i n g  i n  
normal c e l l s .  Such a c o r r e l a t i o n  i s  one o f  t h e  major  o b j e c t i v e s  of t h e  
present  l i n e  of research  i n  t h i s  dabora to ry  u s i n g  normal embryonal c e l l s  

We have r e c e n t  I y extended t h  i s ob- 

The importance o f  s tudy ing  t h e  mechanism of v i r a l  t r a n s f o r m a t i o n  

* 
Reference numbers r e l a t e  t o  s e c t i o n  4 ,  p a r t  B l i s t i n g .  
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rendered s u s c e p t i b l e  t o  SV40 t r a n s f o r m a t i o n  by -agen ts  which damage DNA. 
Two f a c t o r s  make t h e  system, p r e s e n t l y  i n  use, s u r f a b l e  f o r  t h e  

F i r s t ,  by employing new methods o f  c e l l  s tudy o u t l i n e d  i n  t h i s  p roposa l ,  
ha rves t  and by c a r e f u l l y  c o n t r o l i n g  c u l t u r e  c o n d i t i o n s  (Please see 1967 
progress r e p o r t  Appendix A f o r  d e t a i l s ) ,  h i g h  p l a t i n g  and c l o n i n g  e f f i -  
c iency  of embryonal c e l l s  has been achieved. 
and Sachs i n v e s t i g a t e d  x - i r r a d i a t i o n - i n d u c e d  t r a n s f o r m a t i o n  o f  embryonal 
c e l l s  us ing  p r e p a r a t i o n s  w i t h  a c l o n i n g  e f f i c i e n c y  o f  3.4 t o  7.2%. Our 
method y i e l d s  p l a t i n g  e f f i c i e n c i e s  up t o  95% and c l o n i n g  e f f i c i e n c i e s  as 
h igh  as 63%. 

Second, employing c e l l s  w i t h  good p l a t i n g  e f f i c i e n c y ,  we ob- 
t a i n  15 t o  50 - fo ld  increases i n  SV40 t r a n s f o r m a t i o n  of embryonal c e l l s  
( taken d i r e c t l y  as e x p l a n t  c e l l s )  when c e l l s  a r e  exposed t o  150 R o f  
x-ray j u s t  p r i o r  t o  i n f e c t i o n .  

Employing t h i s  system where 25-30 percent  o f  i n f e c t e d  c e l l s  
produce t rans formed c lones  we have i n i t i a t e d  an i n v e s t i g a t i o n  o f  t h e  para-  
meters and c o n d i t i o n s  of enhanced SV40 t rans fo rma t ion .  

The r e s u l t s  c i t e d  below and t h e  research p lanned w i  I I c l a r i f y  
and d e f i n e  a number of c o n d i t i o n s  which a f f e c t  t h e  t r a n s f o r m a t i o n  mechan- 
ism -- i n  v i t r o .  Planned s t u d i e s  should a l s o  p r o v i d e  a b e t t e r  understanding 
of t h e  b iochemical  sequence o f  events  i n  t r a n s f o r m a t i o n .  F i n a l l y , ’ a n  
increased understanding o f  t h e  b i o l o g i c a l  e f f e c t s  o f  r a d i a t i o n  and r a d i o -  
mimet ic  chemicals  shou ld  be fo r thcoming from t h i s  s tudy.  

I n  a r e c e n t  r e p o r t  Borek 

B. Recent Resu l t s .  

S p e c i f i c  f i n d i n g s  i n  t h e  pas t ,  n i n e  months show: 
( I  1 SV40 t rans formed embryo 8ceI 1s g i v e n  I50 R of x- ray p r i o r  

t o  i n f e c t i o n  do n o t  appear t o  be unique t rans formants ;  
t h a t  i s ,  t h e  m a j o r i t y  of c e l l s  were found t o  produce c lones  
c o n t a i n i n g  T an t i gen .  
p l a n t  i n t o  syngeneic hamster s t r a i n s  and were g e n e r a l l y  v i r u s -  
f r e e  a f t e r  severa l  subpassages -- i n  v i t r o .  

The r o l e  of r a d i a t i o n  dose ( e x t e n t  and degree o f  x-ray damage) 
i n  s t i m u l a t i n g  enhancement i s  under i n v e s t i g a t i o n  and a t i t r a -  
t i o n  o f  r a d i a t i o n  exposure on c e l l  v i a b i l i t y  has been comple- 
t e d .  
t o t i c  exponent ia l  k i l l i n g  and we a r e  p r e s e n t l y  de termin ing  
t h e  e f f e c t s  o f  t h i s  dose range on t r a n s f o r m a t i o n  f requency. 

(3) Per iods  o f  a c t i v e  DNA syn thes i s  and d i m u n i t i o n  have been de- 
f i n e d  i n  X - i r r a d i a t e d  embryo c e l l s .  

( 4 )  SV40 was n o t  observed t o  a l t e r  t h e  s u r v i v a l  p l o t s  o f  l e t h a l -  
l y  i r r a d i a t e d  embryo c e l l s  i n  p r e l i m i n a r y  s t u d i e s ,  

Most c lones  were ma l ignan t  upon t r a n s -  

(2 )  

Doses t o  750 R were n o t  observed t o  s t i m u l a t e  post-mi-  

C. S p e c i f i c  S tud ies  Planned o r  on Test .  

( 1 )  The t i t r a t i o n  o f  r a d i a t i o n  dose and c e l l  v i a b i l i t y  i s  com- 
p l e t e d  and t h e  e f f e c t s  of i nc reas ing  r a d i a t i o n  exposure on 
t h e  observed frequency of SV40 t r a n s f o r m a t i o n  i s  now be ing  
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eva lua ted .  These s t u d i e s  a r e  t i m e  consuming and each ex- 
per iment  must be repeated severa l  t i m e s  t o  o b t a i n  t h e  proper  
conf idence l e v e l s .  A l l  da ta  a r e  be ing  s t a t i s t i c a l l y  e v a l -  
uated by computer a n a l y s i s  t o  determine i n t e r a c t i o n  l e v e l s  
and l i m i t s .  (Est imated t i m e  t o  comple t ion  o f  t i t r a t i o n  i s  
6 t o  8 months).  

Chromosome k a r y o l o g i c  s t u d i e s  a r e  under way i n  embryo c e l l s  
t o  c o r r e l a t e  numerical  a b e r r a t i o n s  induced by exposure t o  
x-ray w i t h  t r a n s f o r m i n g  frequency. P r e l i m i n a r y  r e s u l t s  show 
t h a t  no change i n  p l o i d y  i s  e v i d e n t  i n  c e l l s  g i v e n  r a d i a t i o n  
doses as h i g h  as 2500 R. 

We a r e  p r e p a r i n g  h i g h l y  p u r i f i e d  v i r u s  p o o l s  o f  SV40 and enu- 
m e r a t i n g  i n f e c t i o u s  p a r t i c l e s  by t h e  p l a q u i n g  f e c h n i q i e ' i n  an 
e f f o r t ' t o  c o r r e l a t e  v i r u s  m u l t i p l i c i t y  o f  i n f e c t i o n  w i t h  
t r a n s f o r m i n g  frequency i n  c e l l s  p r e t r e a t e d  w i t h  150 R of  x- ray.  

A p r e c i s e  e v a l u a t i o n  of  t h e  t i m e  of  v i r u s  a d d i t i o n  pos t -  
i r r a d i a t i o n  which has t h e  most s t r i k i n g  e f f e c t  on t r a n s -  
f o r m a t i o n  e f f i c i e n c y  i s  planned. Such a s tudy  should g i v e  
c o n s i d e r a b l e  i n s i g h t  i n t o  t h e  r o l e  of  DNA r e p a i r  mechanisms 
i n  t h e  t r a n s f o r m a t i o n  phenomenon. 
DNA and RNA s y n t h e s i s  w i l l  be employed t o  f u r t h e r  c h a r a c t e r -  
i z e  r e p a i r  mechanism and t h e i r  i n f l u e n c e  on SV40 t r a n s f o r -  
m a t  ion.  

( 5 )  Having c h a r a c t e r i z e d  p e r i o d s  of DNA s y n t h e s i s  and suppres- 
s i o n  p o s t - i r r a d i a t i o n ,  exper iments a r e  now planned t o  c o r -  
r e l a t e  i n f e c t i o n  sequence w i t h  c e l l  r e p l i c a t i o n  p e r i o d s  i n  
X - i r r a d i a t e d  embryo c e l l s .  

A Beckman Tm ana lyzer  has been made a v a i l a b l e  f o r  o u r  use 
and p l a n s  a r e  b e i n g  made t o  determine a l t e r a t i o n s  i n  G:C 
c o n t e n t  o f  c loned SV40 t ransformed c e l l s  which were i r r a -  
d i a t e d  p r i o r  t o  i n f e c t i o n .  The thermal m e l t i n g  p a t t e r n s  
o f  DNA f rom these t ransformed c e l l s  w i l l  be compared w i t h  
those o f  DNA from normal c e l l s  and SV40 DNA i n  an e f f o r t  
t o  d e t e c t  t h e  presence of t h e  SV40 genome i n  t h e  n e o p l a s t i c  
c e l l  by a l t e r e d  Tm p l o t s .  T h i s  s tudy  i s  a d e v i a t i o n  from 
t h e  o r i g i n a l  o u t l i n e ,  b u t  w i l l  n o t  i n t e r f e r e  w i t h  planned 
work o u t l i n e d  above and may produce v a l u a b l e  r e s u l t s .  

These s t u d i e s  w i l l  occupy t h e  m a j o r i t y  of o u r  e f f o r t s  i n  t h e  n e x t  

( 2 )  

( 3 )  

( 4 )  

I n h i b i t o r s  o f  p r o t e i n ,  

( 6 )  

year.  A d d i t i o n a l l y ,  however, we w i l l  i n v e s t i g a t e  t h e  f o l l o w i n g  parameters 
i n  t h e  t h i r d  year  of t h e  s tudy as t i m e  and f a c i l  i t i e s  p e r m i t .  

( a )  Eva lua te  r a t e s  of h o s t  c e l l  and v i r a l  DNA s y n t h e s i s  a f t e r  t r e a t -  
ment w i t h  i r r a d i a t i o n  or IUDR u s i n g  i s o t o p i c  procedures a l r e a d y  
worked o u t  i n  d t t a i l .  C h a r a c t e i i z e  t h e  t y p e s  o f  DNA s y n t h e s i s  
o c c u r r i n g  i n  c e l l s  d u r i n g  t r a n s f o r m a t i o n ,  Methods a v a i l a b l e  
from t h e  f o l l o w i n g  sources: 
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Black,  P. and W. Rowe. 19651 Proc. Nat.  
1126-1133. 

Gershon, D., P. Hausen, L. Sachs and E. W 
Nat .  Acad. Sci., - 54:  1584-1592. 

Acad. Sci., - 54: 

ncour.  1965. Proc.  

Fuj inaga,  K. and M. Green. 1966. Proc.  , \ a t .  Acad. Sci., - 55: 
1567-1574. 

Wincour, E. 1965. V i r o l o g y  - 24: 276-288. 

Wincour, E.  1965. V i r o l o g y  - 27: 520-527. 

Reich, P., P. Black, S. Weissman. 1966. Proc.  Nat. Acad. Sci., 
56: 78-85. 

Dulbecco, R., L. H a r t w e l l  and M. Vogt. 1965. Proc.  Nat. Acad. 
Sci., - 53: 403-410. 

Compare t h e  e f f e c t s  of s p e c i f i c  a n t i m e t a b o l i t e s  and i n h i b i t o r s  
of  DNA s y n t h e s i s  and f u n c t i o n  on r a d i a t i o n  and IUDR-damaged c e l l s  
i n  an a t t e m p t  t o  d e f i n e  any p o s s i b l e  Sequence of events  l e a d i n g  
t o  t r a n s f o r m a t i o n .  

E v a l u a t e  o t h e r  i n h i b i t o r s  of DNA a c t i v i t y  f o r  t h e  enhancement 
phenomenon. 

U l t r a v i o l e t  i r r a d i a t i o n  
Mi tomycin C 
Hydroxylamine 
Bromouraci I 
Bromodeoxyur id ine 
C o l c h i c i n e  
Cytos ine  a r a b i n o s i d e  r e f :  NdchoIs e t  a l .  H e r e d i t a s  

52 : IO I -T8TI 965. 
F I  uorodeoxyur id ine  r e f :  

Other  i n h i b i t o r s  of p r o t e i n  t r a n s c r i p t i o n  o r  t r a n s l a -  
t i o n .  

T a y l o r  -- e t  a l  . Proc.  N a t  Acad. 
Sei., 55: 1141-1 148, 1966. 

E v a l u a t e  t h e  e f f e c t s  o f  s u b l e t h a l  i r r a d i a t i o n  and chemical t r e a t -  
ment on o t h e r  t y p e s  of  c e l l s  which demonstrate r e s i s t e n c e  t o  SV40 
polyoma or  adenovi rus t r a n s f o r m a t i o n .  
m a t i o n  of  i r r a d i a t e d  monkey k idney  c e l l s  which normal ly  do n o t  
demonstrate t r a n s f o r m a t i o n  by adenovi rus.  

eg. Adenovirus t r a n s f o r -  

The r o l e  of low l e v e l s  o f  v i r u s  m u l t i p l i c a t i o n  i n  c e l l s  i n f e c t e d  
w i t h  oncogenic v i r u s e s  can now be i n v e s t i g a t e d .  The long ” l a t e n t ”  
p e r i o d  i n  o t h e r  systems and t h e  low number o f  t rans formants  ob- 
t a i n e d  p r e s e n t s  a problem i n  be ing  a b l e  t o  d e t e c t  t h e  presence 
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of smal l  numbers of  v i r u s  p a r t i c l e s  harbored i n t r a c e l l u l a r l y .  
I n  t h e  new system where t r a n s f o r m a t i o n  occu rs  i n  a h i g h  pro-  
p o r t i o n  of t h e  i n f e c t e d  c e l l s  and more r a p i d l y  than  i n  o t h e r  
systems (7-10 days as compared w i t h  18-60 days r e p o r t e d  f o r  
o t h e r  systems) c e l  I s  can be "analyzed" f o r  i n t r a c e l  l u l a r  v i r u s  
m u l t i p l i c a t i o n  employing s o n i c a t i o n  and p l a q u i n g  techn iques .  

( f )  I n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  SV40 rescue of l e t h a l l y  i r r a -  
d i a t e d  c e l l s .  The premise fo r  t h i s  s tudy  would be t h a t  s i n c e  
i n c o r p o r a t i o n  of  v i r a l  genome may lead t o  r a p i d  t r a n s f o r m a t i o n  
c e l l s  exposed t o  sub le tha l  i r r a d i a t i o n ,  it migh t  a l s o  lead t o  
t r a n s f o r m a t i o n  and u l t i m a t e l y  "rescue" i n  c e l  I s  g i v e n  l e t h a l  
i r r a d  i a t  i on. 

( g )  Determine l e v e l s  of  i n t e r f e r o n  p r o d u c t i o n  i n  normal and i r r a -  
d i a t e d  c e l l s  t o  eva lua te  t h e  r o l e  of r a d i a t i o n  i n  p o s s i b l y  . 
i n h i b i t i n g  i n t e r f e r o n  p r o d u c t i o n  the reby  l ead ing  t o  r a p i d  
t r a n s f o r m a t i o n .  Ref: Todaro and Green.Proc. Nat .  Acad. Sci., 

- 54: 752-756, 1965. 

( h )  Eva lua te  t h e  e f f e c t s  of low l e v e l  i r r a d i a t i o n  on t h e  a b i l i t y  of  
non-oncogenic o r  p o o r l y  oncogenic v i r u s e s  t o  ach ieve  t r a n s -  
f o r m a t i o n  eg. Adenovirus t y p e  7 c u l t u r e d  i n  s u b l e t h a l l y  i r r a -  
d i a t e d  hamster c e l l s .  

' 

( i )  Eva lua te  t h e  e f f e c t s  o f  c e l l  s y n c h r o n i z a t i o n  a t  t h e  t i m e  of 
i r r a d i a t i o n  on t h e  enhancement phenomenon i n  t h e  hope o f  de- 
f i n i n g  t h e  phase o f  c e l l  d i v i s i o n  which m igh t  be i nvo l ved  i n  t h e  
t h e  i n i t i a l  s t e p  i n  v i r a l  t r a n s f o r m a t i o n .  

(j) Eva lua te  t h e  e f f e c t s  o f  r a d i a t i o n  and s p e c i f i c  chemical t r e a t -  
ments (mutagens) on t h e  r e v e r s i o n  o f  v i rus - induced  n e o p l a s t i c  
t i s s u e  t o  t h e  nommal s t a t e  as expressed p h e n o t y p i c a l l y .  eg. 
r e i n s t i t u t e  o r i e n t e d  growth, o r  c o n t a c t  i n i i b i t i o n  i n  neoplas- 
t i c  c e l l s .  

( k )  T e s t  f o r  p o s s i b l e  s y n e r g i s t i c  e f f e c t s  o f  r a d i a t i o n  and chemical 
t rea tmen t  on t h e  enhancement phenomenon. eg. IUDR + x - l r r a -  
d i a t  i on .  

D. Develooment o f  Oncoaenic V i r u s  Research Proaram. 

T h i s  study, c u r r e n t l y  i n  p rogress  and sponsored by AEC, is an i n t e -  
g r a l  p a r t  of a deve lop ing  program o f  v i r u s  and cancer  research  a t  t h i s  
i n s t i t u t i o n .  These -- i n  v i t r o  i n v e s t i g a t i o n s  of v i r a l  oncogenesis comple- 
merit i n  v i v o  s t u d i e s  of  v i r u s  tumor igenes is  i n  p rogress  i n  o u r  l a b o r a t o r y  
which a r e  sponsored by t h e  NIH. A s i g n i f i c a n t  change has been e f f e c t e d  i n  
t h e  r a p p o r t  between t h i s  department and t h e  Oak Ridge N a t i o n a l  Labora to r ies  
s i n c e  t h e  i n i t i a t i o n  of t h i s  g r a n t  and t h i s  program o f f e r s  a v i t a l  o u t -  
l e t  f o r  g raduate  t r a i n i n g  o f  Oak Ridge personnel i n t e r e s t e d  i n  oncology.  
Fu r fhe r ,  t h e  program a f f o r d s  s tuden ts  i n  t h e  r a d i a t i o n  b i o l o g y  program a t  
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. t h i s  i n s t i t u t i o n  a research  o u t l e t .  Three graduate  s tuden ts  supported 
by t h e  r a d i a t i o n  b i o l o g y  t r a i n i n g  program a r e  c u r r e n t l y  working o r  p l a n n i n g  
t o  a c t i v e l y  p a r t i c i p a t e  i n  t h i s  research  program. 
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6. s c i e n t i f i c  Personnel .  P r i n c i p a l  I n v e s t i g a t o r .  

Joseph H. Coggin, J r ;  SOC. Sec. No. 424-44-4749. Ph. D, A s s i s t a n t  
Pro fessor  of M i c r o b i o l o g y .  
t h i s  p r o j e c t  f o r  t h e  ent,kre year.  

D r .  Coggin w i l l  spend 40 percent  t i m e  on 

( a )  Exper ience,  Consu l tsn t  V i r o l o g i s t  t o  B i o p h y s i c a l  Separa t ion  L.abwatol-s. 
V i r o l o g i s t  and A s s i s t a n t  Pro fessor .  1966-Present. U n i v e r s i t y  

of Tennessee, L e c t u r e r  i n  v i r o l o g y  and molecu la r  b i o l o g y  a t  graduate and 
undergraduate l e v e l .  P r i n c i p a l  Invest igator-AEC c o n t r a c t  No. AT(40-113646 
P r i n c i p a l  I n v e s t i g a t o r  N I H  Grant-CA-10429-01. N a t i o n a l  Cancer I n s t i t u t e .  

D i v i s i o n ,  Merck I n s t i t u t e  f o r  Therapeut ic  Research (Merck, Sharpe, and 
Dohme Labora tor ies l -P lanned and superv ised research  i n  cancer v i r o l o g y  
and immunology i n  c o n j u n c t i o n  w i t h  D r .  Maur ice H i  I leman. The program i n -  
v o l v e d  e x p e r i m e n t a t i o n  i n t o  problems of tumor a n t i g e n  assay and p u r i f i c a -  
t i o n ,  t h e  v i r a l  e t i o l o g y  of cancer, recovery  o f  v i r u s e s  from t raqsformed 
cells and immune mechanisms o p e r a t i v e  i n  hamsters i n f e c t e d  w i t h  oncogenic 
v i r u s e s .  

U n i v e r s i t y  of Chicago, Department of  M i c r o b i o l o g y .  
of a c t i o n  and mechanism of c e l l u l a r  r e s i s t a n c e  t o  an t i - tumor  drugs. 

s a b i l i t i e s  i n c l u d e d  s u p e r v i s i o n  and p l a n n i n g  of research  f o r  l a b o r a t o r y  
personnel  i n  a b iochemical  i n v e s t i g a t i o n  o f  6-mercaptopur ine degradat ion  
by leukemic c e l l s  and E s c h e r i c h i a  c o l i .  

o r a t o r y .  Birmingham, Alabama, R e s p o n s i b i l i t i e s  as group leader  inc luded 
c o o r d i n a t i o n  of research  w i t h i n  i n  group o f  35 j u n i o r  personnel  and 
a d m i n i s t r a t i v e  r e s p o n s i b i l i t y .  

U n i v e r s i t y  of  Tennessee. 
St reptococcus f a e c a l i s  on p l a n t  t i s s u e s  as graduate  s tudent .  

of  P u b l i c  Hea l th ,  N a s h v i l l e ,  Tennessee. 

Sen ior  Research V i r o l o g i s t .  1965-1966. V i r u s  and C e l l  B i o l o g y  

U. S. P u b l i c  H e a l t h  S e r v i c e  P r e d o c t o r a l  T ra inee.  1962-1965. 
I n v e s t i g a t e d  t h e  mode 

A c t i n g  P r i n c i p a l  Inves t iga tor , l965 .  N I H  Grant  CA-07525. Respon- 

Research Associate.  1961-1962. K e t t e r i  ng-Meyer Cancer Lab- 

U. S.  P u b l i c  H e a l t h  Serv ice  T r a i n e e  (Premasters) 1960-1961. 
I n v e s t i g a t e d  growth and p r o l i f e r a t i o n  o f  

Sen ior  Microbiologist,l959-1960. S t a t e  o f  Tennessee Department 

( b >  P e r t i n e n t  P u b l i c a t i o n s .  

P r e v e n t i o n  of  SV40 V i r u s  Tumorigenesis by I r r a d i a t e d ,  D is -  
rupted,and 5- iodeoxyur id ine  Treated Tumor Cel I Ant igen.  1967. J .  H. 
Coggin, V.  M. Larson, and M. R. H i l l e m a n .  Proc.  SOC. Expt.  B i o l .  Med., 

Immunologic Responses i n  Hamsters ' to  Homologous Tumor Ant igens 

I 24, 774-784. 

- 
Measured I n  V i t r o  and -- I n  Vivo,  1967. J .  H.  Coggin, V .  M. Larson, and 
M. R. H i l leman.  Proc.  S O ~ .  Expt.  B i o l .  Med., 124, 1295-1302. 

-- 

SV40 Tumor Ant igen P u r i f i c a t i o n .  1966. C i t e d  i n  Recent R e s u l t s  
i n  Cancer Research. 
V .  M. Larson, J .  H. Coggin and M. R. H i l leman.  

Ma l ignant  Trans format ion  by Vi ruses,  Vl,.142. 
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Metabol ism of 6-mercaptopurine I .  by R e s i s t a n t  E s c h e r i c h i a  - c o l i  
c e l l s .  1966. J .  H. Coggin, M. Loosemore and W ,  R. M a r t i n .  J .  Bacter-  
i o l . ,  92, 446-454. - 

6-Diazo-5-oxo-L-norleucine I n h i b i t i o n  of E s c h e r i c h i a  - c o l i .  1965. 
J .  H. Coggin and W .  R. M a r t i n .  J .  B a c t e r i o l , ,  - 89,1348-1353. 

Submit ted fo r  P u b l i c a t i o n .  

R a d i a t i o n  Responses of Normal and SV40 Transformed 
C e l l s .  J .  H. Coggin and R. E. K o u r i .  1967, Proc.  SOC. Exp 

Hamster . B i o l .  Med. 

Enhanced SV40 Trans format ion  of  Hamster C e l l s  i n  v t r o  By 
I r r a d i a t i o n ,  Thymidine Analogue Exposure and Aging. 1967. J .  H. Coggin. 
J .  V i r o l o g y .  

-- 

M e t a b o l i c  S t u d i e s  i n  Anucleate E s c h e r i c h i a  c o l i  c e l l s .  1967. 
D. J .  S i lverman and J .  H. Coggin. J .  B a c t e r i o l .  

Growth Responses o f  E s c h e r i c h i a  c o l i  C u l t u r e s  Producing Anu- 
c l e a t e  C e l l s ,  1967. J .  B a c t e r i o l .  

6. A J u n i o r  I n v e s t i g a t o r s .  

T ra inee.  

p e r c e n t  t i m e  t o  p r o j e c t .  

p r o j e c t .  

R ichard  E .  K o u r i .  M. S. Graduate Student.  R a d i a t i o n  B i o l o g y  
75 p e r c e n t  t i m e  t o  p r o j e c t .  
F r e d e r i c k  M i l l e r .  Graduate Student .  A .  E. C .  Supported. 85 

Kath leen R. Ambrose. Graduate Student .  20 p e r c e n t  t i m e  t o  

7. Other  Personnel .  

Labora tory  A s s i s t a n t s .  Four  Undergraduate Students.  20 hours 
p e r  week, each. Work-Study Students.  

Animal Room Worker-one graduate s tudent ,  40 hours per  week. 
Work Study-NIH sponsored. 

Labora tory  Aide-Miss L inda M u l l i n s .  
A.  E. C. Sponsored. 

25 hours p e r  week. 

8. Other  F i n a n c i a l  Ass is tance.  

t r a i n e e s h i p  th rough t h e  R a d i a t i o n  B i o l o g y  T r a i n i n g  Program. 

N I H  Grant  No, CA-10429-01. S ince some of her  d u t i e s  on t h i s  p r o j e c t  over -  
lap  s i m i l a r  d u t i e s  f o r  t h e  A. E .  C .  Program ( p r e p a r a t i o n  of v i r u s  p o o l s  
f o r  bo th  p r o j e c t s ,  e tc . , ) ,  i t i s  es t imated  t h a t  she c o n t r i u u t e s  20 per -  
c e n t  o f  h e r  t i m e  toward A.  E .  C. r e l a t e d  work. 

M r .  R. E .  Kour i  i s  supported by a U. S. P u b l i c  H e a l t h  Serv ice  

Miss  K. R. Ambrose i s  sponsored as l a b o r a t o r y  a s s i s t a n t  by 
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Most of t h e  Labora tory  A s s i s t a n t s  l i s t e d  i n  ( 7 . )  above a r e  devot-  
i n g  f u l l - t i m e  (20  hours each p e r  week) t o  AEC r e l a t e d  p r o j e c t s ' a n d  
a r e  sponsored by funds a v a i l a b l e  th rough t h e  U. S. O f f i c e  of Educat ion 
under t h e  Work-Study Program. 

9. Premises, F a c i l i t i e s ,  Equipment-and M a t e r i a l s  Furn ished by C o n t r a c t o r .  

The Department of M i c r o b i o l o g y  has a 6000 square f o o t  l a b o r a t o r y  
f a c i l i t y  devoted t o  research  purposes i n  H e s l e r  B i o l o g y  B u i l d i n g .  T h i s  
area has been newly c o n s t r u c t e d  w i t h  matching funds from t h e  U n i v e r s t i y  
and t h e  N a t i o n a l  Sc ience Foundat ion.  2500 square f e e t  of t h i s  area a r e  
g i v e n  t o  v i r o l o g i c  research  i n c l u d i n g  new t i s s u e  c u l t u r e  h a n d l i n g  f a c i l -  
i t i e s ,  animal i s o l a t i o n  f a c i l i t i e s ,  v i r u s  research  l a b o r a t o r i e s ,  con- 
s t a n t  temperature rooms, w a l k - i n  c o l d  rooms and incubators ,  inst rumenta-  
t i o n  room, media p r e p a r a t i o n  area and g lassware washing f a c i l i t y .  

microscopes, c e n t r i f u g e s ,  CO2 incubator ,  water  baths,  f l u o r e s c e n t  mic ro-  
scope, 
An e x c e l l e n t  s c i e n c e  l i b r a r y  f a c i l i t y  w i t h  necessary c u r r e n t  j o u r n a l s  e r e  
c o n v e n i e n t l y  a v a i l a b l e  i n  t h e  b i o l o g y  b u i l d i n g .  

Funds made a v a i l a b l e  i n  t h e  p a s t  year  ($57,175.00) th rough t h e  
AEC, NIH, NSF, NASA and U n i v e r s i t y  have enabled us t o  o b t a i n  t h e  
f o l l o w i n g  i tems f o r  v i r o l o g i c  research:  Beckman DB-G spect rophotometer  
DU-2 spectrophotometer,  LS-100 l i q u i d  s c i n t i l l a t i o n  system, r e c o r d i n g  
spectrophotometers,Tm thermal  m e l t i n g  ana lyzer ,  C02 i ncubators ,  Revco 
U l t r a c o o l  s t o r a g e  box, t i s s u e  c u l t u r e  incubators ,  a new4OC walk - in  
f a c i l i t y ,  U l t r a c e n t r i f u g e ,  4 r e f r i g e r a t e d  c e n t r i f u g e s  and f r a c t i o n  c o l l e c -  
t i o n  dev ices.  The U n i v e r s i t y  has prov ided many smal I i tems of equipment 
as t h e y  have been needed o v e r  t h e  p a s t  year.  

O u r  research  c a p a b i l i t y  has been s i g n i f i c a n t l y  increased i n  one 
y e a r ' s  t i m e  w i t h  t h e  a v a i l a b i l i t y  of t h i s  new i n s t r u m e n t a t i o n ,  enab l ing  
us t o  c a r r y  o u t  t h e  planned research more adequate ly  t h a n  b e f o r e  and a t  
a c o n s i d e r a b l e  sav ing  of t i m e ,  
f o r  t h e  second year  of t h e  research program, i s  no longer  needed. Instead, 
we bad ly  need t h e  f o l l o w i n g  i tems which a r e  e i t h e r  n o t  a v a i l a b l e  o r  a r e  
i n  s h o r t  supp ly :  

The v i r o l o g y  l a b o r a t o r y  i s  newly equipped w i t h  t i s s u e  c u l t u r e  

r a d i a t i o n  s c a l e r s ,  sero logy  equipment, and e s s e n t i a l  g lassware. 

The spect rophotometer  o r i g i n a l l y  requested 

I - M e t t l e r  A n a l y t i c a l  Balance Model H6T- None A v a i l a b l e  
I - M e t t l e r  PI200 Top load ing  Balance- None A v a i l a b l e  
I -N 'kon Phase T issue C u l t u r e  Scope- Only  one a v a i l a b l e  

and i n  c o n s t a n t  use 
I-PR2 R e f r i g e r a t e d  C e n t r i f u g e .  One i n s t r u m e n t  o b t a i n e d  

t h i s  p a s t  year  from AEC f o r  p r e p a r i n g  c e l l s  fo r  c u l t u r e  
i s  n o t  s u f f i c i e n t  for t h e  c u r r e n t  work load and de lays  
a r e  c r e a t e d  f r e q u e n t l y .  
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I O .  Budget. (Renewed P r o p o s a l )  
Second Year: From March 15, 1967 t o  March 14, 1968 

Es t imated Requirements 
I .  S a l a r i e s  and Wages: Second Year 

P r i n c i p a l  I n v e s t i g a t o r ,  Joseph H. Coggin, 
A s s i s t a n t  Pro fessor .  40% t i m e  fo r  12 months 
($14,375. y e a r l y  i n c l u d i n g  summer). $5,750.00 
Graduate A s s i s t a n t ,  M r .  F r e d e r i c k  M i l l e r ,  
85% t i m e  for  12 months. 2,800.00 

Animal Maintenance Helper ,  M r .  Roy T y l e r ,  
20% t i m e  800.00 
S o c i a l  S e c u r i t y  and Ret i rement  
(10% o f  S a l a r i e s  and Wages e x c l u d i n g  Coggin) 480.00 

Lab A s s i s t a n t ,  M i s s  L inda M u l l i n s ,  50% t i m e  I,200.00 

2. Supp l ies  and M a t e r i a l s :  

Chem i ca 1 s 1,400.00 
I sotopes 1,250.00 

Animals, food and bedding 750.00 
Media and Serum 1,500.00 

T issues  (Monkey k idney  c e l l s ,  e t c . )  1,750.00 

Cages and Racks I,000.00 

Expendib les ( c u l t u r e  dishes, tubes, gas) I,000.00 

3. Equ i pment : 

M e t t l e r  A n a l y t i c a l  Balance 4T6 Model 950.00 
M e t t l e r  Top Loading Balance Model PL 1200 550.00 
I n t e r n a t i o n a l  PR 2 C e n t r i f u g e  2,980.00 
S o r v a l l  Ornnihixer B lender  450.00 
2 T i s s u e  C u l t u r e  R o l l e r  Drum Assembly ( L o b l i n e )  450.00 

4. P u b l i c a t i o n s  125.00 

5. T rave l  ( D r .  Coggin, two annual n a t i o n a l  meet ings)  500.00 

195.00 6. Other- te lephone and m a i l i n g  c o s t s  

7. I n d i r e c t  Charges-50.4g s a l a r i e s  and wages overhead 
r a t e ,  ( e x c l u d i n g  s a l a r y  f o r  J .  H. Coggin which i s  
p a r t  of  t h e  U n i v e r s i t y ' s  c o n t r i b u t i o n )  

* 
2,419.20 

T o t a l  P r o j e c t  Cost  $28,299.20 

Percentage and amount t o  be c o n t r i b u t e d  
by t h e  U n i v e r s i t y  of  Tennessee-24.56'$ 
( P r i n c i p a l  I n v e s t i g a t o r ' s  s a l a r y  p l u s  
$1200 i n  s u p p l i e s  c a t e g o r y )  6,950.00 

Percentage and Amount Requested from 
AEC-75 -44% 21,349.20 

* 
50.4% of s a l a r i e s  and Wages Overhead Rate. T h i s  i s  a new t e n t a t i v e  overhead 

r a t e  based on f i s c a l  year  1966 o p e r a t i o n .  Formal a p p l i c a t i o n  i n  suppor t  of 
t h i s  r a t e  has been made t o  t h e  Department o f  Defense ( D C A A ) ,  and approval  i s  
expected i n  t h e  near  f u t u r e .  
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The i tems l i s t e d  i n  t h e  equipment category cannot  be s u p p l i e d  by t h e  
U n i v e r s i t y  d u r i n g  1968-69 f i s c a l  year.  

The amount of funds t o  be requested f o r  t h e  t h i r d  year  o f  t h e  program 
cannot  be a c c u r a t e l y  e s t i m a t e d  a t  t h e  present  t i m e  b u t  should approximate 
t h e  amount requested f o r  t h e  second year.  

I I .  A u t h e n t i c a t i o n .  

P r i n c i p a l  I n v e s t i g a t o r  

For  t h e  U n i v e r s i t y  

Ask i s t a n t  P r o f e s s o r  
Originat Signed BY 
IIILTON A. S N T H  
H i l t o n  A. Smith, Ph. 0 .  
Vice  P r e s i d e n t  f o r  Graduate 
Stud ies  and Research 
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