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Career Summary 

Like  many o t h e r  phys i c i ans  who now p r a c t i c e  molecular  b io logy ,  I w a s  a 
relative late-comer t o  t h e  l abora to ry .  When I entered  c o l l e g e  twenty y e a r s  
ago, I assumed, ou t  o f . f i l i a 1  devot ion  t o  my f a t h e r ' s  p ro fes s ion ,  t h a t  I would 
u l t i m a t e l y  p r a c t i c e  medicine.  I w a s ,  however, soon seduced ou t  of my good 
i n t e n t i o n s  i n t o  t h e  s tudy  of Engl i sh  l i t e r a t u r e  and phi losophy;  a l though I 
managed t o  complete my pre-medical requirements ,  I spent  most of  my t i m e  
reading  Dickens and running t h e  c o l l e g e  newspaper, w i th  l i t t l e  t i m e  o r  pa t i ence  
f o r  l a b o r a t o r y  sc i ence .  During my f i r s t  post-graduate  y e a r ,  as a g radua te  s tuden t  
i n  Eng l i sh  l i t e r a t u r e  a t  Harvard, I developed a nagging sense  t h a t  I w a s  l eav ing  
something(s)  important  behind by f a i l i n g  t o  go t o  medical  school  - a connect ion 
w i t h  a more e x c i t i n g  wbrld,  whatever t a l e n t  I had f o r  s c i ence ,  a concept ion of 
work as an  a l t r u i s t i c  endeavor. So, w i t h  t h e  a i m  of merging my v e r b a l  and 
s c i e n t i f i c  i n t e r e s t s ,  presumably i n  psych ia t ry ,  I en te red  medica l  school  t h e  
f o l b d n g  yea r ,  on ly  t o  d i scove r  t h a t  I w a s  as enchanted by t h e  "hard" s c i e n c e s  
of t h e  cur r icu lum ( e s p e c i a l l y  neuroanatomy and biochemistry)  as  by t h e  "softl ' .  
By t h e  time of my t h i r d  yea r ,  I w a s  f e e l i n g  q u i t e  committed t o  a career i n  
academic i n t e r n a l  medicine,  w i t h  r e s e a r c h  i n t e r e s t s  i n  endocrinology o r  hematology, 
a l though my l a b o r a t o r y  exper ience  w a s  s t i l l  confined t o  a couple  of r a t h e r  
u n s a t i s f a c t o r y  summers (e .g . ,  r e f .  111). 

My a t t i t u d e  w a s ,  however, s h i f t e d  once a g a i n  s h o r t l y  a f t e r  my arr ival  a t  
t h e  N I H  i n  1968. I had planned, l i k e  many i n  my medical  school  gene ra t ion ,  
t o  p repa re  f o r  a c l i n i c a l l y - o r i e n t e d  academic career a s  a Pub l i c  Heal th  Se rv ice  
trainee a t  NIH.  Before s t a r t i n g  my two y e a r s  as a medical  house s t a f f  o f f i c e r  
a t  P resby te r i an  Hosp i t a l ,  I had been happi ly  matched t o  work w i t h  Ira Pas tan ,  
presumably on r e g u l a t i o n  of s e c r e t i o n  of t hy ro id  hormones. However, by t h e  t i m e  
I w a s  ready t o  move t o  Bethesda, Pas t an  and Perlman had d iscovered  t h a t  c y c l i c  
AMP reverses g lucose  r e p r e s s i o n  of be t a -ga lac tos idase  s y n t h e s i s  i n  E.  c o l i .  
As a consequence, I i n a d v e r t a n t l y  en tered  one of t h e  most e x c i t i n g  areas i n  
molecular  b io logy  i n  t h e  l a t e  1 9 6 0 ' ~ ~  t h e  mechanism of p o s i t i v e ,  p l e i o t r o p i c  
r e g u l a t i o n  of genes by c y c l i c  AMP. This  meant t h a t  I had t o  l e a r n  a l a r g e  amount 
of enzymology, n u c l e i c  a c i d  biochemistry,  :and b a c t e r i a l  g e n e t i c s  r a t h e r  qu ick ly ,  
an  e f f o r t  rewarded by experiments which showed t h a t  t h e  r e g u l a t i o n  occurred a t  
t h e  level  of t r a n s c r i p t i o n  of DNA i n t o  RNA, bo th  -- i n  v ivo  and i n  a r econs t ruc t ed  
system (see r e f s .  2-12). To my s u r p r i s e ,  I loved working i n  t h e  l a b o r a t o r y ,  
was e x c i t e d  by ansqe r s  t o  prob'lems I had known noth ing  about  a year  ear l ier ,  
and found my i n t e r e s t  i n  c l i n i c a l  medicine dwindling r a p i d l y .  

Never the less ,  I f e l t  my background and p r o c l i v i t i e s  were more a p p r o p r i a t e  
t o  t h e  s tudy  of animal  ce l l s .  S t imula ted  by accounts  i n  cour ses  taken a t  N I H  
of t h e  d i s o r d e r l y  concept ion of how RNA tumor v i r u s e s  r e p l i c a t e ,  I sought a 
p o s t d o c t o r a l  p o s i t i o n  i n  animal v i ro logy .  I r o n i c a l l y ,  j u s t  as I w a s  moving i n  
t h e  summer of 1970 t o  j o i n  t h e  new group formed by Leon Levintow, Mike Bishop, 
and Warren Levinson i n  San Franc isco ,  r e v e r s e  t r a n s c r i p t a s e  w a s  discovered by 
Bal t imore  and Temin. Thei r  d i scovery ,  however, no t  on ly  i n j e c t e d  some o r d e r  
i n t o  t h e  f i e l d ,  i t  a l s o  infused  i t  w i t h  money, compet i t ion ,  and (most impor tan t ly)  
exper imenta l  p o s s i b i l i t i e s .  

For t h e  p a s t  seven yea r s ,  working p r i n c i p a l l y  wi th  t h e  av ian  sarcoma and 
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mouse mammary tumor v i r u s e s ,  I have watched t h e s e  p o s s i b i l i t i e s  grow, r a t h e r  
than  wi the r .  Although many have t r i e d  (gene ra l ly  unsuccess fu l ly  (cf r e f . 3 8 ) )  
to  u s e  RNA tumor v i r u s e s  as models t o  s e a r c h  f o r  human tumor v i r u s e s ,  I have 
been more i n t e r e s t e d  iil e x p l o i t i n g  t h e i r  u t i l i t y  f o r  t h e  i n v e s t i g a t i o n  of 
several fundamental  problems i n  c e l l  b io logy  - DNA s y n t h e s i s ,  i n t e g r a t i o n ,  
t r a n s c r i p t i o n a l  r e g u l a t i o n ,  evo lu t ion ,  t h e  o r i g i n  of v i r u s e s ,  and even t h e  
g e n e t i c  b a s i s  of human d i s e a s e .  
t o  t h e  ques t ions  surrounding t h e  s y n t h e s i s  and i n t e g r a t i o n  of p r o v i r a l  DNA; 
we  have shown t h a t  v i r a l  DNA i s  made i n  t h e  cytoplasm i n  i n f e c t e d  cel ls ,  t h a t  
it enters a cova len t ly  c losed  form i n  t h e  nucleus;  and t h a t  i t  i n t e g r a t e s  co- 
v a l e n t l y  i n t o  t h e  h o s t  c e l l  genome. These obse rva t ions  and c l o s e l y  r e l a t e d  
work w i t h  s e v e r a l  v i r u b e s  are recorded p r imar i ly  i n  r e f e r e n c e s  14,20,28,36,41,  
42,43,49,58,59,66, 71,80,85,88,and 89. I have been i n t e r e s t e d  i n  t h e  expres s ion  
of v i r a l  genes ( r e f s .  27,61,65,83,84,87,90),  p a r t i c u l a r l y  i n  non-permissive 
cel ls  i n f e c t e d  by av ian  sarcoma v i r u s  ( r e f s .  40,43,67) and i n  t h e  r e g u l a t i o n  
of mouse mammary tumor v i r u s  genes by g lucocor t i co id  hormones ( r e f s .  50,54,70, 
8 6 ) .  
DNA ( r e f s .  14,18,31,56,60,69,72) and t o  underctand t h e  o r i g i n  and func t ion  of v i r a l  
genes,  p a r t i c u l a r l y  t h e  t ransforming gene of a v i a n  sarcoma v i r u s  ( r e f s .  53,55, 
,64,75, and 82) have been r e l e v a n t  t o  t h e  new f i e l d  of, molecular  evo lu t ion .  
Some'of t h e  technology r equ i r ed  f o r  t h e s e  s t u d i e s  has ,  i n  a d d i t i o n ,  r e tu rned  
m e  t o  o l d  hematological  i n t e r e s t s ,  and I have c o l l a b a r a t e d  wi th  Y.W. Kan and 
h i s  co l l eagues  on t h e  a n a l y s i s  of t h e  g e n e t i c  bases  of t h e  tha lassemias  ( r e f s .  
47,51, and 6 3 ) .  

A l a r g e  p o r t i o n  of my wo7rk. has .been devoted 

Our e f f o r t s  t o  fo l low t h e  e v o l u t i o n  of v i r a l  genes endogenous t o  normal 

A s  t h e  scope of my work has  grown, so  has  t h e  s i z e  of our  l a b o r a t o r y  group 
and t h e  e f f o r t  involved i n  s u s t a i n i n g  i t s  momentum. Between u s ,  Mike Bishop 
and I now c l o s e l y  supe rv i se  t h e  a c t i v i t i e s  of about 16  pos tdoc to ra l  f e l l o w s  
and s t u d e n t s  and 4 t echn ic i ans .  I a m  t h e  p r i n c i p a l  i n v e s t i g a t o r  f o r  two 
r e s e a r c h  g r a n t s  (from N I H  and ACS), and co - inves t iga to r  f o r  another  r e s e a r c h  
g r a n t  and two t r a i n i n g  g r a n t s .  Beyond t h e s e  r e s p o n s i b i l i t i e s ,  my o b l i g a t i o n s  
t o  t h e  medical  campus have involved m e  i n  s e v e r a l  areas o u t s i d e  my immediate 
r e s e a r c h  i n t e r e s t s  - as a t eache r  of medical  microbiology (bac te r io logy  and 
immunology, as w e l l  as v i ro logy)  and as a committee member ( f o r  l e c t u r e  series, 
s tuden t  r e s e a r c h ,  b i o s a f e t y ,  t h e  M.D.-Ph.D. program, curr iculum, promotions,  
and o t h e r s ) .  My l i f e  has been f u r t h e r  complicated by ex t ramura l  f u n c t i o n s  - 
as a speaker  a t  
of manuscr ip ts  ( o f f i c i a l l y  f o r  - C e l l  and Virology, u n o f f i c i a l l y  f o r  s e v e r a l  o t h e r  
j o u r n a l s ) ;  and, most exhaus t ing  of a l l ,  as a reviewer of g r a n t  a p p l i c a t i o n s  
( p a r t i c u l a r l y  as a member of t h e  NIH Virology Study S e c t i o n ) .  When I review 
my c u r r e n t  way of l i f e  i n  t h i s  p e c u l i a r  f a sh ion ,  I a m  amazed t h a t  I can s t i l l  
read  books, f i s h  f o r  t r o u t ,  p l ay  t h e  oboe, t a l k  wi th  my fami ly ,  and, yes ,  work 
a t  t h e  bench. But sometimes I do. 

611 too  f r ehuen t )  meet ings and on many campuses; as an  e d i t o r  
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Proposa l  

My p r i n c i p a l  o b j e c t i v e s  i n  planning a s a b b a t i c a l  year  are n o t  unusual:  
t o  work i n  a new s c i e n t i f i c  and c u l t u r a l  environment, a f t e r  e i g h t  y e a r s  i n  
t h e  same one; t o  shed, even temporar i ly ,  an  inc reas ing  number of d i s t r a c t i o n s  
from l a b o r a t o r y  work; and t o  l e a r n  experimental  approaches t h a t  w i l l  permit  a t  
least modest readjus tments  of my long-range g o a l s  i n  r e sea rch .  S ince  I do no t  
wish t o  make fundamental changes i n  t h e  kind of r e s e a r c h  I do, and s i n c e . t h e  
experiments I wish t o  do involve  s c i e n t i f i c  r i s k s ,  p o l i k i c a l  r u l e s ,  and prag- 
matic b a r r i e r s  t o  t h e  a c q u i s i t i o n  of r eagen t s ,  I have decided t o  p l an  s e v e r a l  
k inds  of experiments and t o  a f f i l i a t e  myself w i th  a m u l t i - d i s c i p l i n a r y  group 
t h a t  could s a t i s f y  my needs w i t h  any of t hose  experiments.  I w i l l ’  t h e r e f o r e  
be working a t  t h e  I C R F  i n  London, under t h e  d i r e c t  sponsorsh ip  of D r .  Michael 
S toker ,  w i t h  D r s .  Mike F r i e d ,  Bob Kamen, and/or  Alan Smith, depending upon t h e  
success  I have i n  prepar ing  f o r  t h e  v a r i o u s  experiments.  

I n  the main, I wish t o  extend o u r  on-going s t u d i e s  of t h e  r e p l i c a t i o n  of 
a v i a n  sarcoma and mouse mamary tumor v i r u s e s  i n  new d i r e c t i o n s ,  us ing  new 
t o o l s  of g e n e t i c  engineer ing ( c r e a t i o n  of d e l e t i o n  mutants  and DNA c lon ing ,  i n  
p a r t i c u l a r ) ,  and t o  begin t o  s tudy  t h e  g e n e t i c  o r g a n i z a t i o n  and r e p l i c a t i o n  of 
h e p a t i t i s  B v i r u s .  
t h e  s a b b a t i c a l  year  are desc r ibed  below. 

Three p r o j e c t s  on which I hope t o  make some p rogres s  dur ing  

1. Genet ic  o rgan iza t ion  of h e p a t i t i s  B v i r u s  (HBV). I have r e c e n t l y  
decided t o  commit a p o r t i o n  of my l a b o r a t o r y ’ s  e f f o r t s  t o  t h e  s tudy  of HBV, a 
medica l ly  important  v i r u s ,  as y e t  ve ry  incompletely desc r ibed ,  which promises 
t o  be  amenable t o  t h e  s o r t s  of techniques  w e  have employed i n  t h e  s tudy  of RNA 
tumor v i r u s e s .  My immediate o b j e c t i v e s  are t o  p repa re  r ad io l abe led  HBV DNAand t o  
u s e  i t  i n  t h e  a n a l y s i s  of v i r u s - s p e c i f i c  n u c l e i c  a c i d s  i n  i n f e c t e d  l i v e r  c e l l s .  

Because of l o g i s t i c a l ,  e t h i c a l ,  and biohazard c o n s i d e r a t i o n s ,  I a m  a t tempt ing  
t o  g a t h e r  t h e  a p p r o p r i a t e  r eagen t s  f o r  t h e s e  experiments p r i o r  t o  my depa r tu re .  
Th i s  w i l l  r e q u i r e  p r e p a r a t i o n  of v i r a l  DNA from a s u i t a b l e  donor who produces 
Dane p a r t i c l e s  ( t h e  p u t a t i v e  i n f e c t i o u s  v i r u s ) ;  ampl i f i ca t ion  of v i r a l  DNA in 
v i t r o  us ing  a DNA r e p l i c a t i o n  system, der ived  from T4 bac ter iophage ,  which w e  are 
us ing  f o r  s t u d i e s  of RNA tumor v i r u s - s p e c i f i c  DNA i n  c o l l a b o r a t i o n  wi th  D r .  Bruce 
Albe r t s ;  and e x t r a c t i o n  of both DNA and RNA from e i t h e r  (a) l i v e r  b i o p s i e s  obta ined  
from exper imenta l ly- infec ted  chimpanzees, o r  (b) l i v e r s  ob ta ined  a t  autopsy from 
p a t i e n t s  w i th  a c t i v e  h e p a t i t i s  B. I f  some o r  a l l  of t h e s e  r e a g e n t s  can be  
assembled, I w i l l  proceed dur ing  my s a b b a t i c a l  t o  develop a more s a t i s f a c t o r y  
r e s t r i c t i o n  map of Dane p a r t i c l e  DNA; t o  f u r t h e r  d e f i n e  t h e  s t r u c t u r e  and he tero-  
gene i ty  of t h e  molecule (which now appears  t o  be a gapped double-stranded c i rc le  
wi th  
d a l t o n s ) ;  t o  measure t h e  amount and s t r a n d  of o r i g i n  of t h e  v i r u s - s p e c i f i c  RNA 
i n  cel ls ;  t o  c h a r a c t e r i z e  and t r a n s l a t e  t h e  RNA synthes ized  from v i r a l  DNA in 
v i t r o  by va r ious  RNA polymerases; t o  t r a n s l a t e  RNA from i n f e c t e d  cel ls ,  us ing  
p r e p a r a t i v e  h y b r i d i z a t i o n  t o  e n r i c h  f o r  v i r a l  RNA and a p p r o p r i a t e  a n t i s e r a  t o  
test f o r  s y n t h e s i s  of known v i r a l  a n t i g e n s ;  and t o  ‘examine c e l l u l a r  DNA f o r  t h e  
existence of i n t e g r a t e d  v i r a l  DNA and f o r  t h e  s p e c i f i c i t y  o f ’ a n y  i n t e g r a t i o n  
s i tes  (us ing  r e s t r i c t i o n  endonucleases and t h e  DNA t r a n s f e r  procedure,  w i t h  DNA 
l abe led  i n  v i t ro_  as h y b r i d i z a t i o n  r e a g e n t ) .  
w i t h  s e v e r a l  of t h e  t e c h n i c a l  procedures  involved,  t h e r e  are areas (e .g . ,  d e t a i l e d  

a t  least  moderate sequence he te rogene i ty  and a weight of about  1 . 6  x l o 6  

Although I am obviously f a m i l i a r  
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r e s t r i c t i o n  mapping, i n  v i t r o  s y n t h e s i s  of RNA and p r o t e i n s ,  immunoprecipi ta t ion)  
i n  which I expect  t o  be helped a g r e a t  d e a l  by my new col leagues .  Obviously, 
l i m i t a t i o n s  on materials a r e l i k e l y  to rest r ic t  t h e  number of ques t ions  I can 
s a t i s f a c t o r i l y  answer i n  t h i s  area; f o r  t h a t  reason ,  I expect  t o  work on t h e  
problems d i scussed  below as w e l l .  

2. Charac te r i za t ion  of t h e  s i tes  of i n t e g r a t i o n  of RNA tumor v i r u s  DNA. 
A major g o a l  of my l a b o r a t o r y  f o r  t h e  p a s t  few y e a r s  has  been a d e t a i l e d  charac- 
t e r i z a t i o n  of t h e  mechanism of s y n t h e s i s  and i n t e g r a t i o n  of v i r a l  DNA i n  cells  
i n f e c t e d  by RNA tumor v i r u s e s .  Recent ly , '  u s ing  r e s t r i c t i o n  endonucleases ,  
h y b r i d i z a t i o n  r eagen t s  s p e c i f i c  f o r  v a r i o u s  p o r t i o n s  of t h e  v i r a l  genomes, and 
t h e  DNA t r a n s f e r  procedure developed by Southern,  w e  have descr ibed  t h e  l o c a t i o n  
and o r i e n t a t i o n  of i n t e g r a t e d  ( p r o v i r a l )  DNA i n  s e v e r a l  k inds  of cel ls  i n f e c t e d  
by a v i a n  sarcoma v i r u s  (ASV) and mouse mammary tumor v i r u s  (MMTV); i n  a d d i t i o n ,  
we have s i m i l a r l y  s t u d i e d  t h e  ASV- and MNTV-related DNA endogenous t o  av ian  
and murine c e l l s .  I n  both  systems, w e  g e n e r a l l y  f i n d  p r o v i r a l  DNA t o  be co- 
l i n e a r  w i t h  t h e  v i r a l  RNA genome, r a t h e r  than  permuted; i n  some cases ( e .g . ,  
some s t r a i n s  of ASV i n  chicken cel ls)  w e  have found p r e f e r r e d  c e l l u l a r  s i t e s  
f o r  i n t e g r a t i o n ,  whereas, i n  o t h e r  cases, p r e f e r r e d  s i tes ,  i f  they  e x i s t ,  have 
y e t  t o  b e  def ined .  I n  a l l  cases, however, tife are now a b l e  t o  i d e n t i f y  fragments 
of c e l l u l a r  DNA con ta in ing  only  a few v i r u s - s p e c i f i c  n u c l e o t i d e s  (corresponding 
t o  a terminus of t h e  v i r a l  genome) p l u s  t h e  ad jacen t  c e l l u l a r  sequences.  For 
purposes  of understanding both  t h e  i n t e g r a t i o n  mechanism and t h e  r e g u l a t i o n  of 
v i ra l  gene express ion  a t  t h e  t r a n s c r i p t i o n a l  l e v e l ,  i t  i s  necessary  t o  de te rmine  
t h e  n u c l e o t i d e  sequence of t h e  a d j a c e n t  c e l l u l a r  DNA. This  approach r e q u i r e s  
t h e  p r e p a r a t i o n  of c e l l u l a r  DNA enr iched  f o r  t h e  a p p r o p r i a t e  fragments (us ing  
reverse phase chromatography o r  R-loop formation i n  conjunct ion  wi th  p r e p a r a t i v e  
g e l  e l e c t r o p h o r e s i s ) ,  followed by c loning  and d e t e c t i n g  t h e  fragment i n  a 
su i tab le  v e c t o r  and hos t .  I hope t o  develop such c lones  (though n o t  t o  sequence 
t h e  sites) dur ing  my s a b b a t i c a l  year .  S ince  t h e  experiments  involve  t h e  u s e  of 
recombinant DNA, I a m  i n  t h e  process  of applying t o  t h e  committee which governs 
such r e s e a r c h  i n  B r i t a i n  f o r  permission t o  do them. A l a r g e  number of p o s s i b l e  
combinations w i l l  be  o f f e r e d  €or  cons ide rq t ion ;  i n  gene ra l ,  t h e  experiments  
emphasize t h e  i n c l u s i o n  of ve ry  s m a l l  5 '  t e rmina l  r eg ions  of t h e  v i r a l  genomes, 
o u t s i d e  t h e  gene t i ca l ly -de f ined  areas and d i s t a n t  from known t ransforming  genes;  
t h e  u s e  of d e f e c t i v e  polyoma DNA as  a v e c t o r ;  and t h e  s tudy  of endogenous v i r a l  
sequences.  The ICGF is  well-equipped wi th  f a c i l i t i e s  f o r  such experiments (wi th  
a containment area more s t r i n g e n t l y  designed than  our  P 3  f a c i l i t i e s )  and Mike 
F r i ed  would be a n  expe r t  gu ide  f o r  m e  i n  conducting t h e s e  s t u d i e s  s i n c e  he is  
c u r r e n t l y  us ing  h i s  polyoma mutants  as c lon ing  v e h i c l e s .  Obviously,  however, 
execut ion  of t h e s e  experiments i s  dependent upon f a v o r a b l e  a c t i o n  on my a p p l i c a t i o n s .  

3.  Generat ion of new d e l e t i o n  mutants  of av ian  RNA tumor v i r u s e s  f o r  d i s -  
s e c t i o n  of oncogenic func t ions .  The use  of d e l e t i o n  mutants has been a powerful 
t o o l  i n  v i ro logy ,  p a r t i c u l a r l y  w i t h  t h e  recent development of methods t o  produce 
s m a l l  d e l e t i o n s  i n  de f ined  r e g i o n s  of papova v i r u s  genomes. 
v i r u s - s p e c i f i c  DNA is  a v a i l a b l e  i n  much smaller q u a n t i t i e s ,  w e  have i d e n t i f i e d  
and prepared c losed  c i r c u l a r  v i r a l  DNA from ASV-infected cel ls  i n  amounts s u i t a b l e  
f o r  r e s t r i c t i o n  endonuclease mapping and f o r  i n f e c t i v i t y  s t u d i e s ,  and my reading  
of t h e  l i t e r a t u r e  sugges ts  t h a t  c r e a t i o n  and i s o l a t i o n  of d e l e t i o n  mutants  should 
be f e a s i b l e .  This  approach has  obvious u t i l i t y  i n  confirming t h e  g e n e t i c  map of 
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ASV and i n  a t t empt ing  t o  i d e n t i f y  new genes.  Although t ransformat ion  of cu l -  
t u red  f i b r o b l a s t s  (and product ion  of sarcomas) appears  t o  be  c o n t r o l l e d  by a 
s i n g l e ,  wel l -s tudied gene ( c a l l e d  3 1 ,  t h e r e  is  thus  f a r  no g e n e t i c  assignment 
for  t h e  c a p a c i t y  of many RNA tumor v i r u s e s  t o  cause leukemias.  Leukemogenesis could 
be dependent upon a known gene ( e .g . ,  env),lpmanas y e t  undiscovered gens  o r  upon 
some consequence of t h e  p o s i t i o n i n g  of t h e  l e u k o s i s  v i r a l  DNA i n  t h e  h o s t  c e l l  
genome. I would l i k e  t o  begin t o  i n v e s t i g a t e  t h i s  ques t ion  by prepar ing  a 
series of d e l e t i o n  mutants of an a v i a n  l e u k o s i s  v i r u s  (ALV). A . r e s t r i c t i o n  
endonuclease map of an  ALV s t r a i n  w i l l  have been prepared p r i o r  t o  my d e p a r t u r e ,  
as w e l l  as a n  adequate  amount of c losed  c i r c u l a r  DNA from ce l l s  acu te ly - in fec t ed  
wi th  t h e  p a r e n t a l  s t r a i n .  
wi th  enzymes shown t o  pave a s i n g l e  r e c o g n i t i o n  s i t e  i n  v i r a l  DNA (o r  w i th  
o t h e r  enzymes i n  t h e  presence  of i n t e r c a l a t i n g  dyes which prevent  more than  
one s c i s s i o n  pe r  molecule) ;  t h e  ends of t h e  r e s u l t a n t  l i n e a r  DNA w i l l  be  trimmed 
w i t h  an  a p p r o p r i a t e  exonuclease; and t h e  DNA w i l l  be  used t o  i n f e c t  permiss ive  
c u l t u r e s ,  i n  t h e  presence and absence of a non-oncogenic h e l p e r  v i r u s  ( e .g . ,  
Rous a s s o c i a t e d  v i rus-0) .  
r e s t r i c t i o n  mapping and cloned,  i f  necessary .  My o b j e c t i v e  dur ing  t h e  s a b b a t i c a l  
year  w i l l  be  t h e  development of a series of such mutants ,  w i th  emphasis upon 
mutat ions i n  t h e  unmapped r eg ions  of t h e  genome, p a r t i c u l a r l y  t h e  r eg ion  between 
the ,env  gene and t h e  3 '  terminus.  
t e s t e d  f o r  leukemogenic a c t i v i t y  by any of several i n v e s t i g a t o r s  who have helped u s  
w i t h  such problems i n  t h e  p a s t .  Any mutants which have l o s t  t h e i r  leukemogenic 
p o t e n t i a l  w i l l  be  subjec ted  t o  d e t a i l e d  a n a l y s i s  of t h e i r  s i tes  of i n t e g r a t i o n  
i n  v a r i o u s  ce l l  types ,  and w e  w i l l  a t tempt  t o  gene ra t e  mutants  w i th  s i m i l a r  
phenotypes by making l e s i o n s  i n  t h e  same and neighboring sequences.  Th i s  p r o j e c t  
could thus  l ead  t o  new d i r e c t i o n s  i n  t h e  con tex t  of our  p r e s e n t  r e s e a r c h  program. 
There would be several advantages t o  s t a r t i n g  such work a t  t h e  ICRF: Mike F r i ed  
has  had remarkable success  i n  producing a n d k s c r i b i n g  a wide v a r i e t y  of d e l e t i o n  
mutants of polyoma v i r u s ;  i n  a d d i t i o n ,  Robin Weiss, John Wyke and t h e i r  co l l eagues  
would be a v a i l a b l e  f o r  c o n s u l t a t i o n  on t h e  g e n e t i c s  and biology of av ian  l e u k o s i s  
v i r u s e s .  

- 

To make t h e  mutants ,  c i r c u l a r  DNA w i l l  be  c leaved 

Newly-acquired mutant v i r u s e s  w i l l  be  confirmed by 

I would then  arrange. t o  have t h e s e  mutants  


