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UnfOrr Carbide CorpaMtfOtl 
Nucl mr Dlvision 
A T W  Or. Heraun Portma, Director 

Post Offlee Box X 
brk Ridge, T a m s e e  37830 

OIL: Ridge Natlonrl Laboratory .-  

mtts#n: 

The Olrprrkmt o f  Energy and the I(atIonr1 Cancer Snstltut+ have executed 
the enclosed subJect r g m t  owtrlng Dr. Y. R. Yang't research prajcc 
8s W c r i b d  tn the proposal trcrnsmltted by your t t t t w  o f  h l y  21, 1978 
This 1s a three-year project tor uhlch KI has funded the ffrst elght w 
through frptmbcr 30, 1979, t n  tJn~ asKHInt of $113,010. 

Please conflm your vlll lngnsrt to conduct this mu work f o r  XI as lnci 
OF mlrkd to tk approved DOE p m g r a  a t  O R N l  pursuant to Art icle 111. 
Paragraph (e) o f  Contract h. Y-7405-eng-26 by stgntng a d  drtlng a copy 
of this letter ard returning f t  to us. 

- 1 .  1 ;y ' c: :  : - <  a 

Slmcrcly, 

ER-13:URB 
Enclosure: / 
Agreement 
ec w l s n c l :  
R. F. Hibbs, UCtND I, 
6. Y. Horde, UCaCD 
3. K.  Denton, UCCW 
Y. T. krtar, UCmD 

H. S. OS-, O K I  

pi 

1 25 , : 3  C. W. Hill, OMl i , T. Y. Uhttr (2).  OR3 

DOE F O R M  AD-0 (12-77) 

Jotqh A. Lenhrd,  Astlrtrnt M M ~ W  
f o r  Energy Recearth and Devclopaanl 



D E P A R T M E N T  CF H E A L T H  E D U C A T I O \ ( .  A V O  W E L F A R E  
PUBLIC H E A L T H  S E R V l C f  

N A - I O N A L  INS- ITU’E:  OF H E A L T H  

B L ’ w E  OS, UnDk,A- .C  - ‘ 2  

CeDruary 15 ,  197r  

Our Iieference: Contract  No. NO1 CP  90503 

Department o f  Energy 
Oak Ridge Operat ions 
P. 0. Box E 
Oak Ridge, Tennessee 37830 

At ten t ion :  i k .  Joseph A. Lenhard, D i r e c t o r  
Research and Technical  Support Div is ion  

Dear X r .  Lenhard: 

k e  are enc los ing  an executed copy o f  t h e  s u b j e c t  agreement f o r  
your r e t e n t i o n .  I f  you have any ques t ions  r ega rd ing  i t s  
a d s i n i s t r a t i o n ,  please c o n t a c t  t n e  undersigned.  

S ince re ly  yours ,  

J .  Illonas Lewin 
Cont rac t ing  O f f i c e r  
VOFSCS, RCri ,  OD, N C I  
Landow Bui ld ing ,  Room C439 
7 9 10 Woodmont Avenue 
N I k i ,  Bethesda,  hary land  20014 

Enc 1 os ure 



1 8 1  , ,  

S ' U 6 L  IC H C A L l h  5 t . k V I C E  

! l f . ' l ' I ' '~~~,7: ,  :,, .?I.Y<'1':'', r.J-'  ,..",:.':':; 
I?(TE RAGENCY XGKZC?E:.T 

261 790503 - 7-- 
1s5u ikC GC F l C L  

I ia t iona l  Cancer I n s t i t u L e  

Lantiow B u i l d i n s !  Room 4939 
79 10 Woodmori t Avenue 
N I H ,  k t h c s d a ,  >!aryland 20014 

Dcpartnent  o f  Enerzy 
@2k K i d s ?  Opera t ions  
P. 0. Box E 
Oak Ridge, Tennessee 37830 

VOFSCS, r.m, 03 

Agency {Name ~d Address:  

* L A C E  O F  P E R F O R U A N C E  

Oak Ridge, Tennessee 

;conorny A c t  of  1932, 3s 
i:ncndl.ll t 3 1  C S C  S C 5 )  

See Billing Instructions ( A r t i c l e  I V )  

C c s t ? : i :..? '2 :-: : - I ?. : 

E F F E C T I V E  DATE 

February 1, 1979 

A C C O U N T I N G  AND A P P R O P R I A T I O H  D A T A  

E X P I R A T I O N  D A T E  

- Septezber  30, 1979 

Department of Energy 
NAME OF Agency 

BY -- 
. ICNATURT. O F  r U T w O b I Z E D  I N D I V I D U A L  

Tie Agency a g r e e s  t o  f u r n i s h  and d e l i v e r  a l l  t h e  s u p p l i e s  and per form a l l  t he  s e r v i c e s  
set f o r t h  i n  t h e  a t t a c h e d  S p e c i a l  P r o v i s i o n s ,  for t n e  c o n s i d e r a t i o n  s t a t e d  h e r e i n .  
r i g h t s  and ob; . iga t ions  of t h e  p a r t i e s  of t h i s  Agreeucnt s h a l l  be s u b j e c t  t o  and gov- 
erned by the  S p e c i a l  P rov i s ions .  
S p e c i a l  P r o v i s i o n s  and any s p e c i f i c a t i o n s  o r  o t h e r  p rov i s ions  which a r e  made a p a r t  of 
t h i s  c o n t r a c t ,  by r e f e r e n c e  o r  o t h e r w i s e ,  t h e  S p e c i a l  P rov i s ions  s h a l l  cor , t ro l .  

' a e  

To t h e  e x t e n t  of any incons i s t ency  between the  

. Nat iona l  Cancer I n s t i t u t e  , NIH 

0 Y  

IN WITNESS THEREOF, t h e  p a r t i e s  h e r e t o  have executed  t h i s  Agreement on the  day and 
year l a s t  s p e c i f i e d  below. 

I 

J. Thomas Lewin 
TI PED N A M E  I X. !A. Haythorn, Director 

~ w g y  r'ro-s andsupport DIV;S;C,. 
February 15,  1979 

D A T E  I FEB 3 t979 
TITLE 



ATrcemeni No.  

Y O 1  C P  90503 I 
CONTENTS. OF Agreement  

THIS COSTR.4CT COXSISTS OF: 

1. COVER P A C E  H E P - 5 5 4  

2. CONTENTS @F C@Nl.RACT HEK-SS5 

3. SPECIAL PROVISIONS HEW556 

A R T  I C  LE I 

A R T I C L E  I1 

A R T I C L E  I11 

A R T I C L E  I V  

A R T I C L E  V 

A R T I C L E  V I  

D E S C K I P T I O N  OF WORK 

P E R I O D  OF P E U O R W N C E  

CONS 1DERATIc)N 

B I L L I N G  PROCEDURES 

PROJECT O F F I C E R  

KEY PERSONNEL 



- -7 _ _  _------ I d 1  

Agii :men: No. 
yo1 cr 90503 SPECIAL PR0V;SIONf P A C E  3 OF 5 PACES -- - 

A. Thc Deppnrt;ient of Energv ( I i c r e i n a f t c r  r e f e r r e d  t o  as the  "A<ency") 
s h a l l  f u r n i s h  s e r v i c e s ,  q u a l i f i e d  p e r s o n n e l ,  and I.latcria1, s q u i ~ a e n t ,  
and f a c i l i t i e s ,  not o t h c r x i s e  provided by the  National Cancer I n s t i t u t e  
under the  t e r n s  of t h i s  agreement,  as needed t o  perforn t h e  work set  
f o r L: h be 1 ow. 

1. I s o l a t i o n  of poly(A) t:;As f r o u  v a r i o u s  hurian nor;Jal and s i n c e r  
ce l l s ;  q u a n t i t a t i v e  and q u a l i t a t i v e  conparison of t h e i r  c a p a c i t y  
t o  bind s e l e c t i v e  tRSA s p e c i e s ;  assessment of t h e  primer p r o p e r t y  
of t h e  bound t R N A s  by r e v e r s e  t r a n s c r i p t i o n  r e a c t i o n ;  and d e t e r -  
mina t ion  of whether d i f f e r e n t  t y p e s  of hunan cance r s  c o n t a i n  pol::(A) 
RKA of d i f f e r e n t  t R N A  binding s p e c i f i c i t y .  

2.  S t r u c t u r e  ana lys i s  of t R N A  poly(A) RNA b ind ins  n u c l e o t i d e  sequences 
as w e l l  as r e v e r s e l y  t r a n s c r i b a b l e  5 '  end sequences of the tRNA- 
b inding s i t e  i n  t he  poly(A)R:iA, by enploying n x l e o t i d d  sequence 
de te rmina t ion  and molecular h y b r i d i z a t i o n .  

3 .  P u r i f i c a t i o n  of t he  s p e c i f i c  poly(A)RNAs by using the  unique " p r i n e r  
tRNA" binding s p e c i f i c i t y .  

4. C h a r a c t e r i z a t i o n  of t h e  specific poly(A)RI?As , i n c l u d i n a  rnessenger K . A  
a c t i v i t y  by p r o t e i n  s y n t h e s i s  a s s a y  and poss ib l e  changes of l e v e l  
du r ing  n e o p l a s t i c  p rocess .  

B. R e ~ o r t i n a  Reauirenents  

1. 

2 .  

3 .  

4. 

The Agency s h a l l  s u b n i t  an  annual  progress  r e p o r t  four  aon ths  be fo re  
'the ann ive r sa ry  d a t e  of t h e  agreement ,  i nc lud ing  a s h o r t  s u m a r y  
(NIH-2198), a n a r r a t i v e  d e s c r i p t i o n  by t a s k  of work acconpl ished and 
a s t a t c n e n t  of t he  i n p o r t a n c e  of t h e  f ind ings .  

The Agency sha l l  a l s o  s u b n i t  sen iannr ia l ly  ( 2  nonths a f t e r  t h e  an- 
n i v e r s a r y  d a t e )  a b r i e f  s u m a r y  of p rogres s  (NII1-2198) du r ing  t h e  
previous s i x  zonths .  P. f i n a l  r e p o r t  w i l l  be d u e  30 days a f t e r  con- 
p l e t i o n  o r  t e m i n a t i o n  of t h e  ag reenen t .  

Send a l l  progress  r e p o r t s  t o  t h e  Nat ional  I n s t i t u t e s  of Hea l th ,  XI ,  
B i o l o g i c a l  Carcinogenesis  Branch I n f o r n a t i o n  Uni t ,  Landow Bui ld ing ,  
Roon 9x22, k t h e s d a ,  %ryland 20014. A reminder w i l l  be s e n t  by t h e  
Unit s p e c i f y i n g  t h e  number of c o p i e s  required and d a t e  r e p o r t  i s  d u e .  

In  a l l  p u b l i c a t i o n s  res i l l t ine ;  f r o n  r e sea rch  performed under the  
ag reenen t ,  t h e  Azency s h a l l  acknowledge support  of t he  i J iv i s ion  o f  
Cancer Cause a.:d Prevcn t ion ,  X i t i o n n l  Csnccr I n s t i t u t e ,  :::!I, DrlE:;, 
under .4grcenent No. Y O 1  CP 90503. 



The Agency s h a l l  complete an annual ?Inn?ower Repor t ,  f o r i  X1.1- 
1749 (Kev. 1 / 7 7 ) ,  i n  accordance with the  i n s t r u c t i o n s  coo:;rir.ed 
t h e r e i n .  The  p a r t i e s  agree t h a t  t h i s  r e p o r t  s h a l l  no t  be us?d  f o r  
any r e c o n c i l i a t i o n s  with o t h e r  f i s c a l  r e p o r t s  o r  €or  any o t h e r  
f i s c a l  or  accounting purposes.  

C. All work p e r f o n d  undzr t h i s  agreeinent nust be conducted i n  accordance 
with t h e  Nat ional  Cancer I n s t i t u t e  Sa fe ty  S tanda rds  f o r  Research Involvind 
Oncogenic Viruses  [ D H W  P u b l i c a t i o n  No. ( E N )  75-7901 and National Cancer 
I n s t i t u t e  Sa fe ty  Standards f o r  Research Invo lv ing  Chemical Carcinogens 
[DHEW P u b l i c a t i o n  No. ( N I H )  76-9001. 

ARTICLE XI 
PERIOD OF PERFOR.?lANCE 

The period of perfornance of t h i s  agreement s h a l l  be from February 1, 1979, 
through September 3U, 1979. 

ARTICLE 111 
CONSIDERATION 

1. The p r e s e n t l y  e s t ima ted  c o s t  of t he  work under t h i s  agreement i s  
$113,070.C0. 

ARTICLE I V  
BILLING PROCEOYRES 

The Agency s h a l l  s u b n i t  vouchers f o r  cos t  re imbursenent  on Governnent Stan2ard 
Form 1080 (Voucher f o r  T r a n s f e r s  Between Appropr ia t ions  a n d / o r  Funds) on a 
q u a r t e r l y  b a s i s .  An o r i g i n a l  and f i v e  ( 5 )  c o p i e s  of a l l  such vouchers s h a l l  be 
s e n t  t o  the  fol lowing address:  

Con t r a c  t i n g  Of f i c er  
V i ra l  Oncology and Fie ld  S tud ie s  Con t rac t s  S e c t i o n  
Research Con t rac t s  Branch 
National Cancer I n s t i t u t e  
Landow Buildino,, Room 4C17 
7 9 10 Wood r,i on t Av e n ue 
N I H ,  Berhesda, Maryland 20014 

ARTICLE V 
PROJECT O F F I C E R  

The followinq P r o j e c t  O f f i c e r  w i l l  r ep resen t  t h e  Nat ional  Cancer h s t i  t u t e  
f o r  the purpctse o f  t h i s  .?;:rcc?c?:: 

Dr. Charles  J. Sherr 

MEW-556 

A '  



The Pro jec t  O f f i c e r  i S  responsible f o r :  (1) ::OnitOriil:: t h e  ; \cei icv's  
t e c h n i c a l  p r o c r e s s  inc lud ing  t h e  su rve i l l . i nce  and a s s c s m e n t  of wr fo r7 -  
ance  and rccon;.w?ding t o  t h e  Cont rdc t ing  O i i i c e r  chanxt3s i n  requird,>eq:s;  
( 2 )  i n t e r p r e t i n g  scope of work; ( 3 )  perforXing tech!i ical  eva1uat io . l  JS re- 
q u i r e d ;  ( 4 )  p e r i o r n i n g  t e c h n i c a l  i n s p e c t i o n s  and accep tances  r e q u i r e d  o? 
t h i s  a g r e e n e n t ;  and ( 5 )  a s s i s t i n j  t h e  agency i n  t h e  r e s o l u t i o n  of technics !  
problems encountered du r ing  perfornance.  The Con t rac t ing  O f f i c e r  i s  
r e s p o n s i b l e  f o r  d i r e c t i n g  o r  n e g o t i a t i n g  any changes i n  t e rns  c o n d i t i o n s .  
o r  amounts c i t e d  i n  t n e  agreement. 

ARTICLE VI 
KEY PER S 0 N N E L 

The i n d i v i d u a l ( s )  c i t e d  below are  cons idered  t o  be key pe r sonne l  e s s e n t i a l  
t o  t h e  work and services t o  be perforned under t h i s  Agreement and i n  t h e  
even t  t h a t  such personnel  i eave  t h e  Agency's eap loy  o r  are reassi;ned t o  
o t h e r  programs, t he  Agency s h a l l  n o t i f y  t h e  Nat ional  Cancer I n s t i t a t e ' s  
Con t rac t ing  O f f i c e r  reasonably  i n  advance, and s h a l l  s u b n i t  t h e i r  proposzd 
rep lacement (s1  wi th  q u a l i f i c a t i o n s ,  i n  s u f f i c i e n t  d e t a i l  t o  permi t  e v a l u a t i o n  
of t h e  impact on t h e  progran. No d i v e r s i o n  o r  r ep lacenea t  s l ia l l  be s d e  b y  
t h e  Agency wi thout  t h e  w r i t t e n  consent  of t h e  Cont rac t ing  O f f i c e r .  

Wen K. Yang, M . D . ,  Ph.D. P r i n c i p a l  I n v e s t  i g a  t o r 

HEW-SSC 



OAK RIDGE NATIONAL LABORATORY 
O P E R A T E D  B Y  

UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 

POST OFFICE BOX X 

OAK RIDGE, TENNESSEE 37830 

J u l y  2 4 ,  1978 
OFFICE OF THE DIRECTOR 

, --: 

Department of Energy 
Oak Ridge Operat ions 
A t t e n t i o n :  Mr. J. A. Lenhard, D i r e c t o r  
Research and Technical  Support D i v i s i o n  
P o s t  O f f i c e  Box E 
Oak Ridge, Tennessee 37830 

_ .  

Gentlemen: 

In t e ragency  Agreement Proposal  t o  N C I  
" R e t r o v i r a l  Genet ic  Expression i n  Human Cancers" 

Enclosed f o r  your review and approval  i s  an  In t e ragency  Agreement r e sea rch  p roposa l  
b e i n g  submit ted t o  t h e  Na t iona l  Cancer I n s t i t u t e  by D r .  W. K. Yang, Biology Div i s ion .  
This p roposa l  r e q u e s t s  a t h r e e  y e a r  performance w i t h  t o t a l  funding i n  t h e  amount of 
$593,200, w i t h  $169,600 r e q u i r e d  f o r  t h e  i n i t i a l  twelve-month per iod.  

It is  reques t ed  t h a t  t h i s  p roposa l  be exempt from any added c o s t  f a c t o r s  because of 
t h e  programmatic r e l a t i o n  w i t h  DOE A c t i v i t y  GK 01 02 02 1, "Health E f f e c t s  Research 
i n  B i o l o g i c a l  Systems - Carcinogenesis." 

After your approval  and approval  of t h e  D i v i s i o n  of Biomedical and Environmental 
Research,  p l e a s e  forward f o r t y  (40) c o p i e s  of t h e  t e c h n i c a l  proposal  and f i v e  ( 5 )  
c o p i e s  of t h e  bus iness  proposal  t o  Mr. C h a r l e s  F a f a r d ,  Chief Contract S p e c i a l i s t ,  
Research Contract  Branch, V i r a l  Oncology Program, Na t iona l  Cancer I n s t i t u t e ,  
Landow Building,  Room 9A-04, Woodmont Avenue, Bethesda, Maryland 20014. 

I f  you have any ques t ions  r e l a t i n g  t o  t h i s  p r o p o s a l ,  p l e a s e  con tac t  C. R. Richmond, 
Ext. 3-1477. 

U Herman Postma 
D i r e c t o r  

HP:VBI:nt 
Enc losu re  

cc: R. J. M. Fry 
R. F. Hibbs 
W. R. Ragland 

C. R. Richmond 
J. B. S t o r e r  
F i l e  - RC 

-. 

I O 1 8 8 0 2  
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Business Proposal 

NCI-DOE Cancer Research Program 

Retroviral Genetic Expression in Human Cancers: 

Analysis by Primer tRNA Binding Approach 

Principal Investigator: Wen K. Yang, M.D., Ph.D. 

Biology Division, Oak Ridge National Laboratory 

Oak Ridge, Tennessee 

Proposed Addition to Interagency Agreement: 

Department of Energy and 

National Cancer Institute 

Proposed Period - October 1, 1978 - September 30, 1981 

1 0 1 8 8 0 3  



2 

PROPOSED BUDGET 

Proposed Addition t o  NCI-DOE Interagency Agreement 

No. YO1 CP 60500 
"Retroviral Genetic Expression in Human Cancers: Analysis by 

Primer tRNA Binding" (Yang) 

FY 1979 FY 1980 FY 1981 

W. K. Yang 
D. L. Hwang 
Total Ph.D. 

D. J. Price 
C. D. Stringer 
D. M. Yang 
Total Technicians 

DIRECT COSTS: 

Salaries 
Fringe Benefits 
Materials 6 Supplies 
Travel 
Shop 6 Maintenance 
Glassware Washing 

Total Direct Costs 

INDIRECT COSTS : 

Division Administration 
Utilities 
ORNL General C Admini- 

Total Indirect Costs 

s t rat ive 

MY 

0.25 
1.00 

1.25 

1.00 
0.50 
0.50 

2.00 

- 

3.25 

MY 
0.50 
1.00 

1.50 

- $ 

- 

1.00 
0.50 
0.50 

2.00 

59 , 200 
15 , 500 
17 , 000 
1,200 
800 

6 , 000 
99,700 3.50 

16 , 600 
12 , 000 
41,300 

69 , 900 

$ 

67,700 
17 , 600 
26,000 
1,200 
1,200 
7,000 

120 , 700 

19 , 600 
13 , 000 
49 , 100 
81 , 700 

TOTAL $169,600 $202,400 

MY 

0.50 
1.00 

1.50 

1.00 
0.50 
0.50 
2.00 

- 

- 

3.50 

S 

71,700 
19 , 300 
30,000 
1,200 
1 , 200 
7,700 

131 , 100 

20,800 
14 , 500 

54.800 

90,100 

$221,200 



3 

COST ELEMENTS 

a. 

b. 

C. 

d. 

e. 

f .  

h. 

F r inge  B e n e f i t s .  26% of d i r e c t  salaries. 

Div i s ion  Adminis t ra t ion.  Inc ludes  a d m i n i s t r a t i v e  and c e n t r a l  c o s t s  

a s s o c i a t e d  w i t h  management of t h e  Biology Divis ion such as s e c r e t a r i a l ,  

purchasing,  e d i t o r i a l ,  f i n a n c i a l ,  l i b r a r y ,  r a d i a t i o n  s a f e t y  and monitor- 

i n g ,  and g e n e r a l  maintenance items. 28% of d i r e c t  s a l a r i e s .  

ORNL MA. 

personnel ,  wage and s a l a r y ,  h e a l t h  s e r v i c e s ,  f i r e  and s e c u r i t y  depart-  

ments, s t o r e s ,  r e c e i v i n g ,  accounting and o t h e r  c e n t r a l  services and 

s t a f f  f u n c t i o n s .  31% of t o t a l  c o s t s .  

Travel .  

a t  least  one s c i e n t i f i c  meeting (American Associat ion f o r  Cancer Research, 

American S o c i e t y  of Microbiology, Fede ra t ion  Meeting, Cold Spring Harbor 

Laboratory RNA Tumor Virus  Meeting, e t c . )  each y e a r ,  t o  t h e  annual 

review of t h e  Vi rus  Cancer Program, and o c c a s i o n a l l y  t o  Bethesda f o r  

c o n s u l t a t i o n  w i t h  N C I  s t a f f .  

Suppl ies .  I n c l u d e s  c o s t  of non-capi ta l  equipment, glassware,  i s o t o p i c  

and o t h e r  chemicals ,  t i s s u e  c u l t u r e  glassware,  media, and sera, etc.  

Estimate i s  based on previous usage of t h e s e  i t e m s .  

Shops and Maintenance. These services are provided and charged as 

r equ i r ed  t o  r e p a i r  i n s t rumen t s ,  l a b o r a t o r y  f a c i l i t i e s ,  and f o r  f a b r i -  

c a t i o n  of s p e c i a l  i t e m s  i n  glassblowing and machine shops. 

i s  based on p rev ious  usage of t h e s e  s e r v i c e s .  

Glassware Washing. 

p r e p a r a t i o n  of basic media; c o s t s  of l a b o r  and materials a s soc ia t ed  

wi th  t h i s  are c o l l e c t e d  he re .  Es t ima te  i s  based on previous use of 

t h i s  service (one-third of a l a b o r  union person p e r  yea r ) .  

Ut i l i t i es .  Cost of e l e c t r i c i t y ,  h e a t ,  a i r - cond i t ion ing ,  i nc lud ing  

monitoring and maintenance of t h e s e  u t i l i t i e s ,  are charged t o  each 

r e sea rch  a c t i v i t y  on a square f o o t  b a s i s .  Space f o r  t h i s  a c t i v i t y  i s  
est imated t o  b e  1270  sq.  f t .  ( p re sen t  ra te  $9.00 p e r  sq.  f t . ) .  

Supports  g e n e r a l  s t a f f  of OWL such as management o f f i c e s ,  

Funds are reques t ed  t o  support  t r a v e l  of each i n v e s t i g a t o r  t o  

Estimate 

Washing and s t e r i l i z a t i o n  of glassware as w e l l  as 
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I. INTRODUCTION 

Th i s  document p r e s e n t s  a t e c h n i c a l  p roposa l  generated by t h e  Viral 

Oncology component of t h e  Molecular Carcinogenesis  Unit  a t  t h e  Biology 

Div i s ion  of t h e  Oak Ridge Na t iona l  Laboratory.  Proposed f o r  support  

through t h e  in t e ragency  agreement between t h e  Na t iona l  Cancer I n s t i t u t e  

and t h e  Department of Energy are r e s e a r c h  p r o j e c t s  employing a unique 

experimental  approach t o  i n v e s t i g a t e  g e n e t i c  changes i n  human cancer  cel ls .  

Recent advances i n  animal model s t u d i e s  by many i n v e s t i g a t o r s  c l e a r l y  

i n d i c a t e  an i n t i m a t e ,  i f  no t  i n s e p a r a b l e ,  r e l a t i o n s h i p  between oncogenic 

information of RNA tumor v i r u s e s  and s p e c i f i c  genomic components of t h e  

cells. Also, i t  i s  known t h a t  t h e s e  v i r u s e s  may c a r r y  genes f o r  carcinoma 

induction--an important  f i n d i n g  r e l e v a n t  t o  human cancers .  

t r ans fo rma t ion  of t h e  cel l  by RNA tumor v i r u s e s  g e n e r a l l y  invo lves  p a r t i a l  

(oncogene) r a t h e r  than t o t a l  (v i rogene )  g e n e t i c  expression.  For t h e  p a s t  

several yea r s ,  t h e  cancer  r e s e a r c h  team at t h e  Oak Ridge Na t iona l  Labora- 

t o r y  has  s t u d i e d  v a r i o u s  a s p e c t s  of g e n e t i c  i n t e r a c t i o n s  between h o s t  ce l l s  

and RNA tumor v i r u s e s  w i t h  p a r t i c u l a r  emphasis on cancer prevent ion.  

p a r t i c u l a r  a s p e c t  i s  t h e  phenomenon of h o s t  ce l l  tRNA molecules be ing  

u t i l i z e d  as pr imers  f o r  t h e  i n i t i a t i o n  of v i r a l  genomic RNA-directed DNA 

s y n t h e s i s  ( r e v e r s e  t r a n s c r i p t i o n )  i n  t h e  l i f e  c y c l e  of t h e s e  tumor v i r u s e s .  

Our e f f o r t ,  i n  t h i s  a s p e c t  of s tudy ,  has  r e s u l t e d  i n  a unique expe r imen ta l  

methodology f o r  d e t e c t i o n  of s p e c i f i c  oncogenic expression i n  t h e  c e l l  

Neop las t i c  

One 

(messenger RNA molecules c o n t a i n i n g  " leader"  sequences wi th  primer tRNA 

binding p r o p e r t i e s ) .  T h i s  methodology would be p a r t i c u l a r l y  u s e f u l  f o r  

t h e  s tudy of human cance r s ,  where RNA tumor v i r u s  involvement might b e  

l i m i t e d  t o  oncogene e x p r e s s i o n  only.  
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A. SCOPE AND OBJECTIVES 

The ultimate impact of an environmental carcinogenic agent (be it 

chemical, radiation, o r  virus) is an altered expression and/or composition 

of specific genomes which determine the neoplastic phenotype. In the study 
of carcinogen-cell genome interaction in animal model systems, investiga- 

tors working on RNA tumor viruses have the advantage that recently advanced 

concepts and techniques of molecular biology can be readily employed and 

thus have achieved rapid progress. However, such an approach to the 
problem of human cancers appears to be difficult because of a lack of 

authentic human RNA tumor virus isolates. Research attempts to isolate 
human RNA tumor viruses have been unsuccessful; this is presumably due 
to the fact that human beings cannot be genetically manipulated and experi- 

mentally controlled like laboratory animals. Also, human cells presumably 

have a strong repression mechanism to prevent complete RNA tumor virus 
expression. Further, transforming RNA tumor viruses are usually replica- 
tion-defective. As clearly revealed in animal model systems, neoplastic 
transformation of the cell by RNA tumor viruses only involves the onco- 

genic portion, rather than the whole, of the integrated viral genome. 

Thus, it is important to consider alternative experimental approaches, 

other than virus isolation, aiming specifically at the "oncogenes" and/or 
the defective transforming "virogenes" present in human cancer cells. 

The particular experimental approach, which forms the basis of the 
present research proposal, is to use the property of 'primer-tRNA' 
binding as a marker to identify the presumed virus-related specific RNA 

molecules in human cancer cells. It is now well established that reverse 
transcription of viral genome is initiated with the incorporation of the 
first deoxyribonucleotide onto a primer which is a tRNA molecule of cellu- 

lar origin. The primer tRNA is bound to the viral RNA genome by base- 
pairing of 15-20 nucleotides at the initiation site. A l l  RNA tumor 

viruses examined have been found to contain such primer-tRNA binding 

sequences in their genomes. 
the viral gene is apparently essential for the survival of RNA tumor 
virus, since without primer binding no reverse transcription, nor subse- 

quent steps of virus life cycle may take place. Also, RNA tumor viruses 

This characteristic sequence property of 
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of d i f f e r e n t  phy logene t i c  o r i g i n  appear t o  u t i l i z e  d i f f e r e n t  primer-tRNA 

molecules ,  t h u s  p rov id ing  a u s e f u l  marker f o r  t h e  g e n e t i c  i d e n t i f i c a t i o n  

of t h e s e  v i r u s e s .  Furthermore,  i n  view of t h e  r e c e n t l y  discovered "gene- 

s p l i c i n g "  mechanism of messenger RNA p rocess ing ,  i t  i s  p o s s i b l e  t h a t  

messenger RNA r e p r e s e n t i n g  t h e  oncogenic p o r t i o n  of virogene may con ta in  

a s p l i c e d  " leader"  sequence w i t h  primer tRNA b ind ing  p rope r ty .  

The re fo re ,  t h e  primary purpose of t h e  p r e s e n t  proposed r e sea rch  is  

t o  examine v a r i o u s  human cance r s  f o r  t h e  presence of RNA molecules which 

c a r r y  t h e  tRNA b ind ing  n u c l e o t i d e  sequences. 

b e  p l aced  on c e l l u l a r  poly(A) RNAs of human c a n c e r s ,  such as b r e a s t  cancers  

and leukemias,  which have been sugges t ive  of RNA tumor v i r u s  a s s o c i a t i o n .  

The s p e c i f i c i t y  of t h e  tRNA binding sequences can be determined by using 

non-cancer human c e l l s  as t h e  c o n t r o l  and a l s o  by performing reverse 

t r a n s c r i p t i o n  r e a c t i o n  t o  determine t h e  primer a c t i v i t y  of t h e  bound tRNA. 

Secondar i ly ,  w i t h  t h e  p a r t i c u l a r  human cance r s  i n  which s p e c i f i c  v i r a l  

primer-tRNA b ind ing  sequences are d e t e c t e d ,  a t t e m p t s  w i l l  be  made t o  i s o l a t e  

t h e  c e l l u l a r  RNA s p e c i e s  c a r r y i n g  such sequences. 

of t h e  i s o l a t e d  RNA molecules  w i l l  i n c l u d e  a s say  of messenger RNA a c t i v i t y  

by c e l l - f r e e  p r o t e i n  s y n t h e s i s  and p r e p a r a t i o n  of copy DNA f o r  c l i n i c a l  

s t u d i e s .  

P z r t i c u l a r  emphasis w i l l  

F u r t h e r  c h a r a c t e r i z a t i o n  

B.  BACKGROUND 

B r i e f l y  desc r ibed  and d i scussed  i n  t h e  fol lowing are f i v e  s e c t i o n s  of 

background in fo rma t ion  r e l a t e d  t o  t h e  theme of t h e  p r e s e n t  r e sea rch  pro- 

posa l .  
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a. Direct RNA tumor virus studies in human cancers 

For the past decade, available virological methods have been 

extensively employed by many laboratories around the world in an attempt 

to isolate RNA tumor virus from human cancers. Among the early well-noted 

virus isolates were the ESP-1 virus, which was presumably of murine origin, 

and the RD-114 virus (l), which has turned out to be an endogenous virus 
of the domestic cat ( 2 ) .  While subsequent findings about some of these 

isolates (e.g., RD-114) are of considerable scientific significance, the 
fact that they are unrelated to human cancers has caused great disappoint- 

ment. Recent reports of virus isolation from human leukemia and lymphoma 

cell cultures (3-5) and non-cancer cell cultures (6,7) have been received 
generally with caution; it is expected that these investigators have yet 

to characterize unequivocally the genetic identity of their virus isolates 

and also to provide strong evidence relating these viruses to human cancers. 
Thus, up to now no single isolate has been recognized as an authentic human 

RNA tumor virus by most of the concerned scientists. This indicates that there 

exists in human cells a strong genetic mechanism to prevent the complete 

expression of RNA tumor viruses. This also implies that neoplastic trans- 

formation of human cells--like that of many animal cells--may involve only 

the expression and/or occurrence of "oncogenic" gene portion, and not 
necessarily complete genome, of an RNA tumor virus. 

Considerable effort has been directed towards the search f o r  gene 

products, or "footprints", of RNA tumor virus in human cancer cells. 

Gallo and co-workers reported finding reverse transcriptase-like DNA 

polymerase activity in human leukemic cells (8,9). This polymerase activity 

was found to be immunologically related to the reverse transcriptase of 
Simian leukemia/sarcoma virus isolates (10). An extensive study by Spiegel- 
man and co-workers with an elegant technique (11) has concluded that virus- 
like polymerase/70S RNA complexes may be detected in tissues of human 

leukemias, breast cancers and other malignancies (reviewed in 12); that 

human breast cancers may contain mouse mammary tumor virus-related gene 

sequences and human leukemia cells may contain Rauscher murine leukemia 

virus-like gene sequences; and that these gene sequences appear to be of 

1 0 1 8 8 1  I 
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exogenous o r i g i n  (13).  

human leukemias have reached g e n e r a l l y  s imilar  conc lus ions  (review i n  

14) .  

Independent s t u d i e s  of G a l l o  and co-workers on 

Although s e n s i t i v e  and s p e c i f i c  radio-immunological methods have 

been a v a i l a b l e  f o r  d e t e c t i n g  v i r a l  a n t i g e n s ,  r e l a t i v e l y  few r e p o r t s  have 

been pub l i shed  wi th  p o s i t i v e  f i n d i n g s  of t h e  v i r u s  expres s ion  i n  human 

cancers .  She r r  and Todaro (15) de t ec t ed  a baboon endogenous v i r u s - r e l a t e d  

p30 a n t i g e n ,  a l though i n  low i nc idence ,  i n  some human tumors. Metzgar 

and c o l l a b o r a t o r s  (16) r e p o r t e d  t h a t  sera of p r ima tes  immunized a g a i n s t  

human leukemic c e l l s  r e a c t e d  w i t h  t h e  g l y c o p r o t e i n  gp70 of Friend murine 

leukemia v i r u s .  

r e a c t i v e  w i t h  p r o t e i n  components of some pr imate  v i r u s e s ,  i n  normal human 

s u b j e c t s  (17-19); however, i n  a s imilar  s tudy  Stephenson and Aaronson 

d e t e c t e d  no such human n a t u r a l  a n t i b o d i e s  (20) .  

cel l -mediated immunity, Black and c o l l a b o r a t o r s  (21) observed r e a c t i v i t y  

t o  mouse mammary  tumor v i r u s  extracts i n  some human b r e a s t  cancer p a t i e n t s .  

A l l  t h e s e  f i n d i n g s  suggest  t h a t  t h e r e  may be par t ia l  expression of RNA 
tumor v i r u s e s  i n  some human cance r s ;  however, s i n c e  almost a l l  of t hese  

p r e v i o u s  s t u d i e s  concerned gene products  o t h e r  t han  expression of the 

oncogenic in fo rma t ion  of RNA tumor v i r u s e s ,  t h e  p o s i t i v e  f i n d i n g s  were 

o f t e n  of a spo rad ic  n a t u r e  and could n o t  b e  g e n e r a l l y  confirmed. 

Three groups r e p o r t e d  t h e  p re sence  of n a t u r a l  a n t i b o d i e s ,  

Employing an a s say  f o r  

b. 

Based on r e s u l t s  from ear l ier  s t u d i e s ,  t h e  oncogene-virogene hypothesis  

of Huebner and Todaro (22) and t h e  p r o t o v i r u s  hypo thes i s  of Temin (23) were 

developed t o  e x p l a i n  t h e  o r i g i n  of RNA tumor v i r u s e s .  Since t h e  p u b l i c a t i o n  

of t h e s e  hypotheses,  several important  expe r imen ta l  f i n d i n g s  have been made. 

F i r s t ,  t y p e  C v i r u s e s  can be induced from appa ren t ly  normal cells .  This  

w a s  f i r s t  discovered i n  mouse cells  (24,25),  t hen  e l e g a n t l y  demonstrated 

i n  baboon p l a c e n t a  (26 ) ,  and h a s  been a c t i v e l y  pursued i n  va r ious  primate 

c u l t u r e  ce l l s  ( e .g . ,  27,28) presumably i n c l u d i n g  human cells.  Successful  

v i r u s  i s o l a t i o n  i s  e v i d e n t l y  dependent on a p p r o p r i a t e  gene p e r t u r b a t i o n  f o r  

i n d u c t i o n  and s o p h i s t i c a t e d  means of v i r u s  propagat ion.  Second, determina- 

t i o n  by rnolecular h y b r i d i z a t i o n  has  shown t h a t  DNA cop ies  of RNA tumor 

v i r u s  may b e  p re sen t  i n  c e l l u l a r  DNA of bo th  normal and tumor c e l l s  of t h e  

Genet ic  o r i g i n  and e v o l u t i o n  of RNA tumor v i r u s e s  

I t  II 
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animal (endogenous), or may be present only in cellular DNA of virus- 

infected and transformed cells (exogenous). Examples are murine RNA 

tumor virus isolates (29) for the former and feline leukemia virus and 

simian leukemia/sarcoma viruses for the latter (30). Third, trans- 
species transmission of RNA tumor viruses may occur in the evolution 
of animal species. The ingenuous ideas and experimental evidence for 

this evolution concept have been contributed solely by Todaro and his 

co-workers (reviewed in 31). Thus, anRNA tumor virus (either endogenous 

or  exogenous) may have its origin from an evolutionally distant species 

of animal. Fourth, genetic recombination of different viral genes may 

frequently occur (32) and the oncogenic property may thus be generated. 

This has been suggested by Hartley and collaborators (32a) in the study 

of AKR mouse leukemogenesis and also by Scolnick and co-workers (33) 
in the study of Kirsten and Harvey sarcoma viruses. 

tumor virus may have a recombinant type of genome with components of 
different genetic backgrounds. All of these findings have revealed that 

genetic origin and evolution of RNA tumor viruses are closely associated 

with, if not inseparable from, phylogenetic evolution of cell genes. 

Therefore, an R I A  

On the basis of these recent findings, it may be expected that an 
authentic human endogenous RNA tumor virus will eventually be isolated. 

However, it is also expected that RNA tumor viruses related to human 

cancers would be very heterogenous and complex in terms of phylogenetic 
origin and genetic composition. In other words, to study the presumed 

oncogenes" of human cancers by the experimental approach of virus iso- 

lation, one would have to set a goal for multiple species rather than a 

single species of human RNA tumor viruses. 

II 

c. Oncogenes and replication-defective oncogenic RNA tumor viruses 

Many genetic analyses (34-37) and an extensive molecular and genetic 
study by Duesherg, Vogt, Wang and their co-workers (38) have established 

the fact that the neoplastic transforming function of avian sarcoma 
viruses is dependent on the presence of a specific gene sequence, termed 

the "src" gene, in the viral genome. 

workers (39) have elegantly demonstrated that the "src" gene is expressed 

as a putative transforming protein of 60,000 dalton size, which is found 
in the virus-transformed cells but not in the virion; two laboratories 

Recently, Erickson and his co- 

1 0 1 8 8 1 3  
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(40,41) subsequent ly  r epor t ed  d a t a  confirming t h i s  f i n d i n g .  T h i s  i s  

important because i n  t h i s  case oncogenic func t ion  can now be de f ined  i n  

terms of s p e c i f i c  molecules and oncogenes may thus  r e p r e s e n t  p h y s i c a l  

gene e n t i t i e s  i n  a d d i t i o n  t o  f u n c t i o n a l  meanings. Furthermore,  an  exami- 

n a t i o n  of t h e  l i t e r a t u r e  (42) c l e a r l y  i n d i c a t e s  t h e  e x i s t e n c e  of av ian  

RNA tumor v i r u s e s ,  which cause carcinomas and leukemias i n  chicken;  t h e s e  

carcinomas-causing and leukemia-causing v i r u s e s  are ve ry  d i f f e r e n t  from 

t h e  sarcoma-causing Rous v i r u s  i n  terms of v i r a l  genome composition (42b).  

( I n  mammalian systems, mammary tumor v i r u s e s ,  leukemia v i r u s e s  and sar- 

coma viruses, r e s p e c t i v e l y ,  a s s o c i a t e d  w i t h  d i f f e r e n t  neoplasms are 

recognized t o  be d i s t i n c t  g e n e t i c  e n t i t i e s . )  Thus, t h e  genes r e s p o n s i b l e  

f o r  n e o p l a s t i c  t r ans fo rma t ions  , t e rmed  "oncll by Duesberg and Bal t imore ( 4 3 ) ,  

can be s u b c l a s s i f i e d  i n t o  "src" , 'Icarc" , and "leuk" genes.  T h i s  i m p l i e s  

t h a t  RNA tumor v i r u s e s  may be r e l a t e d  a l s o  t o  cance r s  of e p i t h e l i a l  c e l l  

o r i g i n  (carcinomas),  which c o n s t i t u t e  t h e  m a j o r i t y  of human malignant  

d i seases .  

I n v e s t i g a t o r s  working w i t h  mammalian sarcoma-causing RNA tumor v i r u s e s  

have long nociced t h a t  t h e s e  v i r u s e s  are gene ra l ly  r e p l i c a t i o n - d e f e c t i v e  

and hence r e q u i r e  h e l p e r  v i r u s e s  f o r  propagat ion i n  c e l l s  (e.g.  44-47). 

Upon i n f e c t i o n  w i t h  sarcoma v i r u s e s  a l o n e ,  t h e  c e l l  i s  n e o p l a s t i c a l l y  

transformed b u t  does n o t  subsequent ly  produce i n f e c t i o u s  sarcoma v i r u s  

progeny. The sarcoma v i r u s  genome i n  t h e s e  non-producer cel ls ,  o r  S L 

c e l l s  (48) can be rescued by a d d i t i o n a l  i n f e c t i o n  w i t h  "helper" v i r u s .  

The replication-defectiveness w a s  a l s o  found i n  t h e  a v i a n  carcinoma- 

causing'MH2 v i r u s ,  as w e l l  as t h e  a v i a n  leukemia-causing MC29 v i r u s  ( 4 2 ) ,  

and t h e r e f o r e  could be a common phenomenon among RNA tumor v i r u s e s  t h a t  

c a r r y  on "one" gene. And y e t ,  t h e s e  r e p l i c a t i o n - d e f e c t i v e  "onc" gene 

ca r ry ing  RNA tumor viruses are g e n e r a l l y  t h e  r e s u l t  of l a b o r a t o r y  r e s e a r c h  

which r e p r e s e n t s  an e x t e n s i v e  a r t i f i c i a l  s e l e c t i o n .  Such r e s u l t s  have 

been obtained by Rapp and Todaro ( 4 9 ) ,  who made long serial  passages of 

apparent ly  non-oncogenic and weakly oncogenic murine type C v i r u s e s  i n  

mouse cancer ce l l s  and observed s u c c e s s i v e l y  i n c r e a s i n g  oncogenic poten- 

t i a l s  i n  these  v i r u s e s .  Thus, "onc" genes might e x i s t  i n  n a t u r e  ( o r  i n  

human cancer c e l l s )  as s e l f - s u f f i c i e n t  g e n e t i c  u n i t s  w i th  rare p r o b a b i l i t y  

+ -  
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of evo lv ing  i n t o  the  r e p l i c a t i o n - d e f e c t i v e  RNA tumor v i r u s e s ,  which i n  

t u r n  r a r e l y  evolve i n t o  a helper-independent RNA tumor v i r u s .  

Another important f i n d i n g  p e r t a i n s  t o  t h e  b i o l o g i c a l  n a t u r e  of the 

" s rc"  gene sequences. 

Harvey sarcoma v i r u s e s ,  Scolnick and co-workers (50,51,33) have discovered 

t h a t  t h e s e  viruses c o n t a i n  i n  t h e i r  genomes some gene sequences der ived 

from r a t  g e n e t i c  information and t h a t  t h e  oncogenic p o t e n t i a l  of t hese  

v i r u s e s  are apparent ly  a s s o c i a t e d  w i t h ,  i f  n o t  de r ived  from, t h e  acquis i -  

t i o n  of t h e  r a t  gene sequences. The presumed "src" sequences are expressed 

i n  r a t  c e l l s  as RNA molecules having c h a r a c t e r i s t i c  p r o p e r t i e s  of an endoge- 

nous RNA tumor v i r u s  (52,53) ,  and appear t o  be well-conserved I n  t h e  evolu- 

t i o n  of rodent  species ( 5 4 ) .  Working on t h e  av ian  sarcoma v i r u s e s ,  and 

employing s p e c i f i c  cDNA from "src'l gene sequence, S t a e h l i n ,  Spec to r ,  Varmus, 

Bishop and co-workers ob ta ined  evidence t h a t  t h i s  gene, named "m", 
i s  p r e s e n t  i n  the  chicken c e l l  DNA genome (55) and appears  t o  be expressed 

t o  t h e  same ex ten t  i n  normal and chicken tumor c e l l s  (56,57); t h i s  apparent ly  

p a r a d o x i c a l  f i nd ing  might be due t o  t h e  p a r t i c u l a r  methodology used by t h e s e  

i n v e s t i g a t o r s  f o r  t h e  p r e p a r a t i o n  of cDNA probes.  Thus, t h e  r e s u l t s  of all 

r e s e a r c h  teams have agreed on one p o i n t ,  namely, t h a t  t h e  'lsrcl' gene sequences, 

d e f i n e d  by molecular h y b r i d i z a t i o n ,  are normal c e l l  gene components. The 
r e s u l t s  of Scolnick and co-workers f u r t h e r  imply t h a t  t h e  normal c e l l  gene 

sequences have undergone some r a t h e r  s u b t l e  mod i f i ca t ion ,  presumablv toward 

r e t r o v i r u s  form, t o  ga in  t h e  oncogenic p rope r ty .  The n a t u r e  of t he  gene 

m o d i f i c a t i o n  remains t o  be e l u c i d a t e d .  

Gene s p l i c i n g  and t h e  " leader"  sequences i n  RNA tumor v i r u s -  

Working on t h e  genome s t r u c t u r e  of K i r s t e n  and 

d. 

s p e c i f i c  messenger RNAs 

The phenomenon of gene s p l i c i n g  w a s  f i r s t  discovered i n  t h e  t r a n s c r i p -  

t i o n  products  of adenovirus i n  i n f e c t e d  c e l l s  (58-59), and h a s  now been 

e s t a b l i s h e d  t o  be commonly t a k i n g  p l a c e  du r ing  gene expres s ion ,  such as 

i n  t h e  s y n t h e s i s  and formation of hemoglobin W A ,  innnunoglobin mR!GA, 

r ibosomal  RNA, and even t r a n s f e r  RNA (reviewed i n  58).  

mRNA cases, t h e  DNA coding sequences which w i l l  u l t i m a t e l y  be t r a n s l a t e d  

i n t o  amino ac id  sequences of a p r o t e i n  product  are no t  cont inuous as a 

whole b u t  gene ra l ly  c o n s i s t  of two p a r t s  i n t e r r u p t e d  by some i n s e r t i o n  

DNA sequence. 

I n  a l l  of t hese  
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The phenomenon of gene s p l i c i n g  is  impor t an t  for RNA tumor v i r u s e s  

mainly i n  two ways. F i r s t ,  t h e  genomic RNA of 30-35s s i z e  found wi th in  

t h e  v i r i o n  of RNA tumor v i r u s e s  is, s t r u c t u r a l l y  speaking,  a messenger 

RNA wi th  a poly(A) sequence a t  3 '  end and capping a t  5'  end. Second, 

v i r u s - s p e c i f i c  W A S  found i n  t h e  c e l l  are of d i f f e r e n t  s i z e s  represent-  

i n g  B / p o l / e n v / o n c ,  env/onc, and % genes of t h e  v i r u s ,  such as i n  the  

s tudy  of Rous sarcoma v i r u s - i n f e c t e d  c e l l s  ( 6 0 ) .  The exact s t r u c t u r e  of 

t h e s e  v i r u s - s p e c i f i c  W A S  i s  s t i l l  unknown. Recent evidence has indi-  

ca t ed  t h a t  gene s p l i c i n g  may occur du r ing  t h e  p r o c e s s i n g  of t h e s e  mRNAs. 

Weiss, Varmus and Bishop (61) r epor t ed  t h a t  cDNA t o  t h e  5 '  end of Rous 

sarcoma v i r u s  genomic RNA hybridized w i t h  a presumed E - c o n t a i n i n g  mRNA 

i s o l a t e d  from t h e  i n f e c t e d  c e l l s .  Mellon and Duesberg (62) r epor t ed  t h a t  

f i n d i n g  that "sub-genomic, c e l l u l a r  Rous sarcoma v i r u s  RNAs c o n t a i n  

o l i g o n u c l e o t i d e s  from t h e  3' h a l f  and t h e  5 '  terminus of v i r i o n  RNA.'' 

Working on murine leukemia v i r u s  by t h e  t echn ique  of heteroduplex mapping 

w i t h  long copy DNA, Rothenberg, Donohue and Bal t imore (63) observed t h a t  

a t  t h e  5' end of t h e  21s g lycopro te in  mRNA from v i r u s - i n f e c t e d  ce l l s  t h e r e  

w a s  a s t r e t c h  of 500-600 n u c l e o t i d e s  which were mapped a t  t h e  5' end of 

t h e  v i r a l  genome RNA. The " leader"  sequence of 500-600 n u c l e o t i d e s  may 

t h u s  be s p l i c e d  o n t o  t h e  5 '  s i d e  of s t r u c t u r e  gene proper  of t h e  E during 
t h e  processing of t h i s  v i r u s - s p e c i f i c  mRNA. It is  t h u s  v e r y  important t o  

determine whether or n o t  t h e  5' " leader"  sequence i s  p r e s e n t  i n  t h e  mRNA 

molecules which c o n t a i n  t h e  "one"-specific in fo rma t ion  and, furthermore,  

whether o r  n o t  t h i s  kind of gene s t r u c t u r e  o r g a n i z a t i o n  is  re spons ib l e  f o r  

t h e  gene ra t ion  of n e o p l a s t i c  f u n c t i o n  i n  a normal c e l l  gene component. 

e. Primer tRNAs 

P o s s i b l e  involvement of c e l l u l a r  tRNAs i n  g e n e t i c  f u n c t i o n s  of RNA 

tumor v i r u s e s  w a s  f i r s t  implied by t h e  f i n d i n g  of Erikson and Erikson ( 6 4 )  

t h a t  4s RNA molecules ,  w i t h  sequence c h a r a c t e r i s t i c s  of t R N A s ,  are con- 

s t i t u e n t s  of t h e  70s RNA complex w i t h i n  v i r i o n  p a r t i c l e s .  I n  a s tudy of 

reverse t r a n s c r i p t i o n ,  Verma and co-workers (65) observed t h a t  t h e  f i rs t  

deoxyribonucleot ide inco rpora t ed  was c o v a l e n t l y  l i n k e d  t o  a priming RNA 

of small size.  Canaani and Duesberg (66) subsequen t ly  r e p o r t e d  t h a t  t h e  

primer i s  a unique 4s RNA molecule which d i s s o c i a t e d  from v i r a l  genomic 

t e m p l a t e  RNA w i t h  a d i s t i n c t  m e l t i n g  temperature .  Bishop and co-workers 
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suspected t h a t  t h e  primer w a s  a tRNA,  b u t  i t  was by Dahlberg and co- 

workers '  c o l l a b o r a t i o n  w i t h  them t h a t  tRNAtrP was revealed t o  be t h e  

primer i n  Rous sarcoma v i r u s  ( 6 7 ) .  

Employing a ve ry  d i f f e r e n t  expe r imen ta l  approach, Waters, Yang and 

co-workers demonstrated t h a t  tRXAtrp  a l s o  served as t h e  primer f o r  r e v e r s e  

t r a n s c r i p t i o n  i n  a v i a n  m y e l o b l a s t o s i s  v i r u s  ( 6 8 ) .  I n  an -- i n  v i t r o  hybridi-  

z a t i o n  r e a c t i o n  i n c l u d i n g  v i r a l  genomic RNA and t o t a l  c e l l u l a r  tRNA 

mixture ,  only s e l e c t i v e  tRNA s p e c i e s  became as soc ia t ed  w i t h  t h e  v i r a l  

RNA ( 6 9 ) ;  t h i s  i m p l i e s  a s t r e t c h  of complementary sequence between v i r a l  

genomic RNA and t h e  primer tRNA. 

sequences of t h e  primer tRNA s t r u c t u r e  from 3'  CCA end t o  t h e  T4CG loop 

( 7 0 ) .  
s i d e  of t h e  v i r a l  genomic RNA ( 7 1 ) .  

copy DNA product  from "strong-stop" reverse t r a n s c r i p t i o n  i n d i c a t e s  t h a t  

i t  i s  approximately 200 b a s e s  away from t h e  5 '  terminus ( 7 2 ) .  

T h i s  i s  now known t o  i n v o l v e  1 7  base 

The s i t e  of primer tRNA b i n d i n g  w a s  found t o  be a t  t h e  5' end 

P r e c i s e  measurement by t h e  s i z e  of 

From t h e  above-mentioned r e s u l t s ,  two p o i n t s  are p a r t i c u l a r l y  important :  

F i r s t ,  RNA tumor v i r u s e s  g e n e r a l l y  i n i t i a t e  the r e v e r s e  t r a n s c r i p t i o n  of 

t h e  RNA genome by t h e  u t i l i z a t i o n  of a unique h o s t  ce l l  RNA molecule,  

which normally s e r v e s  t o  r e c o g n i z e  a s p e c i f i c  g e n e t i c  code and mediates  

t h e  i n c o r p o r a t i o n  of amino a c i d  i n t o  p r o t e i n .  Second, and more s i g n i f i -  

c a n t l y ,  t h e  primer t R N A  b i n d i n g  sequence i s  e v i d e n t l y  included i n  t h e  

" leader"  sequence a t  t h e  5' end o f  v i rus - spec i f i ed  messenger RNA molecules.  

C. CURRENT RELATED RESULTS OF PRIMER tRNA STUDIES I N  THIS LABORATORY 

For more than a decade up t o  1 9 7 2 ,  t h e  Macromolecular S e p a r a t i o n  Program 

of t h e  Biology Div i s ion  of Oak Ridge Na t iona l  Laboratory w a s  w e l l  noted f o r  

i t s  t e c h n o l o g i c a l  development i n  the s e p a r a t i o n  of t r a n s f e r  RNAs. The 

v a r i o u s  reversed-phase chromatographic systems developed h e r e  have been 

app l i ed  widely ( 7 3 ) .  

our  l a b o r a t o r y  took advantage of t h i s  development and d i d  s t u d i e s  on iso-  

accep t ing  tRNAs i n  mammalian tumor cel ls  and t i s s u e s  (e.g.  74-78) .  

t h e s e  s t u d i e s  u s e f u l  t e c h n i q u e s  were a l s o  devised f o r  c h a r a c t e r i z a t i o n  of 

tRNAs i n  mammalian systems ( 7 9 ) .  

of primer tRNAs of RNA tumor v i r u s e s  has  t h u s  u t i l i z e d  t h e  methodology 

based on ou r  past  r e s e a r c h  e x p e r i e n c e  on eukaryot ic  tRNAs. 

Through t h e  c o o r d i n a t i v e  e f f o r t  of G. David N o v e l l i ,  

From 

Our r e c e n t  i n v e s t i g a t i o n  i n t o  t h e  problem 

We have 

1 0 1 8 8 1 1  
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encountered v a r i o u s  t e c h n i c a l  d i f f i c u l t i e s ,  which are unique t o  the  RNA 

tumor v i r u s e s ,  and a t t e m p t s  t o  s o l v e  t h e s e  d i f f i c u l t i e s  have r e s u l t e d  i n  

t e c h n i c a l  and concep tua l  m o d i f i c a t i o n s  of t h e  i n v e s t i g a t i o n s .  These 

r e s u l t s  are very b r i e f l y  desc r ibed  and d i scussed  he re .  

( i )  Candidate p r i m e r  tRNAs of v a r i o u s  RNA tumor viruses 

I n  t h i s  l a b o r a t o r y  we determine t h e  i d e n t i t y  of primer tRNA for a RNA 

tumor v i r u s  on t h e  b a s i s  of t h r e e  c r i t e r i a  -- namely, t h a t  i t  i s  the  last  

tRNA s p e c i e s  t o  be h e a t - d i s s o c i a t e d  from v i r a l  70s RNA complex, t h a t  t h e  

tRNA can s e l e c t i v e l y  form duplex w i t h  v i r a l  30-358 genomic RNA i n  an & 
v i t r o  h y b r i d i z a t i o n  r e a c t i o n ,  and t h a t  a f t e r  forming duplex with i t  t he  

v i r a l  genomic RNA r e g a i n s  t empla t e  a c t i v i t y  w i t h  reverse t r a n s c r i p t a s e .  

This i s  d i f f e r e n t  from an  approach taken by Dahlberg and o t h e r s ,  who d e t e r -  

mine t h e  i d e n t i t y  of pr imer  t R N A  by b r i e f  r e v e r s e  t r a n s c r i p t i o n  using 
32 [ PI-labeled v i r u s  p r e p a r a t i o n s ,  i s o l a t e  t h e  primer wi th  s h o r t  nascent 

DNA p i e c e s ,  and perform sequences a n a l y s e s .  Whereas t h e s e  i n v e s t i g a t o r s  

ob ta ined  d e f i n i t e  answers t o  t h e  sequence p r o p e r t y  of t h e  p r imer ,  our 

expe r imen ta l  approach more r e a d i l y  i d e n t i f i e d t h e  amino a c i d  accept ing 

p r o p e r t y  of t h e  tRNAs.  I n  o u r  s t u d i e s  a l l  t h r e e  c r i t e r i a  of a primer 

tRNA have been f u l f i l l e d  by tRNAtrP i n  a v i a n  mye lob la s tos i s  v i r u s  (68) 

and a l s o  by tRNApro i n  AKR and Rauscher murine leukemia v i r u s e s  (80).  

A s  an example, Table 1 shows t h e  r e s u l t s  of d i f f e r e n t i a l  thermo-dissocia- 

t i o n  of tRNAs from genomic RNA of AKR murine leukemia v i r u s ,  r evea l ing  

t h a t  tRNAPro i s  t h e  "candidate" primer tRNA of  t h i s  v i r u s .  

experiments  of s e l e c t i v e  duplex formation and reverse t r a n s c r i p t i o n  as 

w e l l  as 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  (81) have e s t a b l i s h e d  the  authen- 

t i c i t y  of tRNAPro as t h e  primer tRNA of murine leukemia v i r u s e s .  

r e s u l t s  have a l s o  i n d i c a t e d  t h a t  t h e  d i f f e r e n t i a l  thermo-dissociation 

experiment is  r a t h e r  dependable f o r  de t e rmina t ion  of t h e  primer tRVA 

cand ida te .  Table 2 l ists  t h e  i d e n t i t y  of cand ida te  primer tRNAs of 15 
d i f f e r e n t  RNA tumor v i r u s e s ,  determined mainly by d i f f e r e n t i a l  thermo- 

d i s s o c i a t i o n  of t h e  v i ra l  70s RNA. These v i r u s e s  appear t o  form t h r e e  

classes according t o  t h e  cand ida te  primer tRNA i d e n t i f i e d :  

( a v i a n  v i r u s e s )  ; tRNAPro (murine v i r u s e s ,  woolly monkey v i r u s  and f e l i n e  

leukemia v i r u s e s )  and tRNAg1' (RD114 cat v i r u s  and baboon M 7  v i r u s ) .  We 

are a t  p r e s e n t  s t u d y i n g  a v i a n  r e t i c u l o e n d o t h e l i o s i s  v i r u s  ( i n  col labora-  

Our subsequent 

These 

tRNAtrP 
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TABLE 2. PRIMER tRNA DETERMINATION 

Retrovirus Step 1 Step 2 Step 3 

Avian myeloblastosis virus 

Rous Sarcoma Virus  
- ~ ~~~ 

XR-2.IuLI' 

?lo l o  ne y -PluLV 

Rauscher-MuLV 

Gross IC-tropic MuLV 

US 1802 B-tropic MuLV 

Balb/c Aqhotropic MuLV (CCL64) 

FeLV-Rickard 

FeLV-Theilen 

SiSv-Wooley monkey P =0 

--- 
Pro 

Pro 
--- 
Pro 
--- 

RD 114 (TE'385) 

RD 114 (CCL 6 4 )  

BsV (M7 A204) 

Step 1. Heat denaturation of Viral 60-70s RNA at Various temp- 

eratures in  a s t e p w i s e  fashion and identFf icat ion of the 

amino a c i d  accepting properties of  the re leased  tRNA 

frac t ions  (the m o s t  tenaciously bound tIWA species '. 

is  the  candidate primer) -. .- . 
Step 2. Pur i f i ca t ion  of the tRNA spec ies  and demonstration 

that i t  can hybridize with viral 30-40s RNA 

In v i t r o  reac t ion  using an i so la ted  reverse trans- 

criptase preparation t o  demonstrate that the 30-40s 
RNA regains its template activity after hybridization 

vith the pur i f i ed  tRlU species. 

Step 3. 
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t i o n  wi th  C. Y .  Kang) i n  view o f  t h e  f a c t  t h a t  t h e s e  v i r u s e s  appear 

t o  have cons ide rab le  sequence homology w i t h  mammalian RNA tumor v i r u s e s  

a t  t h e  5 '  end of t h e  genome. The d a t a  c o l l e c t e d  thus  f a r  are  s t i l l  in-  

complete; however, t hey  have c l e a r l y  i n d i c a t e d  t h a t  RNA tumor v i r u s e s  of 

d i f f e r e n t  phylogenet ic  o r i g i n  may u t i l i z e  d i f f e r e n t  c e l l u l a r  tRNA s p e c i e s  

as t h e  primer f o r  reverse t r a n s c r i p t i o n .  Th i s  i m p l i e s  t h a t  pr imer  tRNA 

b ind ing  sequences may d i f f e r  acco rd ing  t o  g e n e t i c  and e v o l u t i o n a l  cha rac t e r -  

i s t i c  of t h e  RNA tumor v i r u s e s .  

(ii) P o s s i b l e  c e l l u l a r  o r i g i n  of primer tRNA b ind ing  sequences 

One of t h e  experimental  s t e p s  f o r  pr imer  tRNA c h a r a c t e r i z a t i o n  i n  

t h i s  l abora to ry  has  been t o  i n c u b a t e  v i r a l  genomic RNA wi th  t o t a l  tRNA 

mix tu res  i n  an i n  v i t r o  h y b r i d i z a t i o n  r e a c t i o n  t o  demonstrate s p e c i f i c  

duplex formation (69) .  I n  performing c o n t r o l  s t u d i e s  f o r  t h i s  experi-  

men ta l  s t e p ,  we  made an unexpected f i n d i n g  which has  become s i g n i f i c a n t  

( 8 4 ) .  
a c t i v i t y  i n  t h e  h y b r i d i z a t i o n  r e a c t i o n  (F ig .  1). RPC-5 chromatography 

r evea led  t h a t  selective tRNA s p e c i e s  were involved i n  t h e  h y b r i d i z a t i o n  

(Fig.  2 ) .  The bound t R N A  w e r e  incubated i n  an aminoacylation r e a c t i o n  

and t h e  amino a c i d s  accepted by t h e  tRNA w e r e  t hen  i d e n t i f i e d  by an amino 

a c i d  analyzer ;  as shown i n  Fig.  3B, mouse c e l l u l a r  28s  RNA b inds  pre- 

dominantly tRNApro which a l s o  serves as t h e  primer f o r  a l l  murine leu- 

kemia v i r u s e s .  28s  Non-poly(A) w a s  prepared by phenol e x t r a c t i o n ,  ol igo-  

dT c e l l u l o s e  chromatography and suc rose  g r a d i e n t  sedimentat ion;  such 

p r e p a r a t i o n s  from l ivers  and embryos of d i f f e r e n t  mouse s t r a i n s  a l l  showed 

t h e  same s e l e c t i v e  b ind ing  of tRNAPro. 

w i t h  28s RNA prepared from i s o l a t e d  60s ribosome subun i t s .  

Mouse c e l l  28s  non-poly(A) RNA showed h y b r i d i z a t i o n  of tRNA radio-  

Also,  similar r e s u l t s  w e r e  ob ta ined  

Even wi th  

l a r g e  excesses  of tRNAs inc luded  i n  t h e  h y b r i d i z a t i o n ,  only 0 .1  t o  0.5 

molecules of tRNAPro w a s  bound p e r  molecule  of 285 RNA. 

i t  i s  l i k e l y  t h a t  selective tRNAPro b i n d i n g  i s  due t o  a subpopulat ion of 

28s  ribosomal RNA, t h e  p o s s i b i l i t y  t h a t  i t  i s  due t o  some RNA s p e c i e s  

contaminating t h e  28s  rRNA p r e p a r a t i o n  h a s  no t  been excluded. Mouse 

18s  ribosomal RNA appea r s  t o  s e l e c t i v e l y  bind d i f f e r e n t  tRNA s p e c i e s  

l i ke  tRNAglU,  tRNAIYs and tRNAgLY (Fig.  3D). Melt ing temperature  of 

28s  RNA.tRNApro duplex (Fig.  4 )  i s  v e r y  similar t o  murine leukemia 

Thus, a l though 

1 0 1 8 0 2  I 
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Figure 1 . Sucrose gmdient sedimentation of a mixture of 285 RNA and [32P]tkNA (A pone! 
and f32pJ tRNA a lone  (B panel) after i n  vitro hybridization reaction .. The reaction mixture 
(0.2 ml )  of 4.8 A260 units of 285 RNA and 5.0 A260 units of L32P3tRNA (both from NIH 
3T3 cells) was loyered onto a 3.8-ml 10-3056 sucrose l i n e a r  gradient containing 1 .O mNt 
frisC1 (pH 7.6), 10 m M  NoCl, 1 m M  EDTA, and 0.05% sodium dodecyl sulfate. 
centrifugation in  a S p i n a  SW 56 rotor at 50,000 rpm for 4.5 hr, 0.2 ml fmctions were 
collected from the bottom of the gradient. 
mi nation of absorbance ot 260 nm and of radioactivity by Cerenkov counting . 

After 

The fractions were diluted i o  1 ml for deter- 
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Figure 2, Revetscd-phase chromatography of the 285-associated 4s RNA (32P) and the total 
tRNA (3H) preparations derived from NIH 3T3 cells. The a m p l e  containing approximately 
10 pg of tRNA was applied to a 0.6 X 30-cm RPC-5 column and eluted at 20°C with 200 ml 
of 0.5-0.7 M NaCI linecrr gradient containing 10 m M  Nalrcetate  (pH 4,5), 10 m M  
MsC12, 1 mM EDTA, and 2 m M  2-mercaptocthanol. Acid precipitable radioactivities of 
1-ml fractions were rneusured (8). 
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F i g u r e  3.  P r o f i l e s  of 3H-labeled amino a c i d s  r ep resen t ing  amounts of 
i n d i v i d u a l  t R N A s  i n  t o t a l  t R N A  of BALB/c mouse l iver  (A), i n  p o o l 2  
g r a d i e n t  f r a c t i o n  of 28s rRNA.tRNA complexes (B),, i n  p o o l =  f r a c t i o n  
of 18s rRNA*tRNA complexes ( D ) .  
d i s s o c i a t e d  ( s o l i d  l i n e )  o r  w i thou t  heat d i s s o c i a t i o n  (dot ted l i n e )  
and aminoacylated w i t h  17 3H-labeled amino a c i d s .  
by tRNAs w e r e  subsequent ly  discharged and chromatographed i n  an amino 

The RNA f r a c t i o n s  were e i t h e r  heat-  

Amino ac ids  accepted 

a c i d  a n a l y z e r  column. 

1 0 1 8 8 2 4  
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3 Fisure 4 .  1 H’)urjdine-labelcd tRNA released from 285 rRNA-tRNA complex (8) and 
165 r%NA*tRNA complex (A) at various temperatures in 0.1 c M NaCI, 0.01 7 M TrisCI 
(PH 7.6), ond 0.001 c M EDTA. 
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v i r u s  genomic RNA*tRNAPro duplex which i s  known t o  invo lve  a complementary 

sequence os 17 nuc leo t ides .  

mouse c e l l  28s RNA*tRNAPr0 i s  being i n v e s t i g a t e d  ( i n  c o l l a b o r a t i o n  with 

J. E. Dahlberg) . 

The exact  s t r u c t u r e  of binding sequences of 

We have extended t h e  s tudy t o  t h e  l iver  18s and 28s RNAs of v a r i o u s  

v e r t e b r a t e  s p e c i e s  (Table 3 ) .  Although s t i l l  p re l imina ry  i n  n a t u r e ,  t h e  

r e s u l t s  r evea led  a few p o i n t s  of i n t e r e s t .  F i r s t ,  t h e  RNA p r e p a r a t i o n  

from each animal s p e c i e s  c o n s i s t e n t l y  showed s e l e c t i v e  tRNA b ind ing .  

Second, t h e  predominant tRNA s p e c i e s  bound by t h e  28s RNA of a n  animal 

s p e c i e s  seem t o  correspond t o  t h e  primer tRNA of endogenous RNA tumor 

v i r u s e s  of t h i s  animal s p e c i e s  (67,68,80,81,84). 
s p e c i f i c a l l y  bound by chicken ce l l  28s RNA, tRNAPro by mouse c e l l  tRNA, 

and tRNAe1’ by baboon c e l l  285 RNA. 

tRNA seems t o  v a r y  i n  animal s p e c i e s  according t o  phylogenet ic  e v o l u t i o n .  

I n  t h i s  a s p e c t ,  f i s h ,  amphibian, r e p t i l e s ,  b i r d s ,  and mammals seem t o  

form d i s t i n c t  tRNA binding p a t t e r n s .  

Thus, tRNAtrP i s  

Third,  t h e  s e l e c t i v e  b ind ing  of 

D e f i n i t e l y  much more work i s  needed t o  determine whether or n o t  t h e s e  

p re l imina ry  r e s u l t s  of tRNA b ind ing  by c e l l u l a r  RNA r e p r e s e n t  molecular 

o r i g i n  of primer tRNA binding sequences found i n  the  RNA tumor v i r u s  

genomes and, t h u s ,  whether o r  n o t  t h e s e  f i n d i n g s  can be employed t o  pre- 

-diet t h e  primer tRNA of endogenous RNA tumor v i r u s e s  of an animal.  This 

would b e  of cons ide rab le  p r a c t i c a l  va lue  e s p e c i a l l y  i n  t h e  s tudy  of human 

RNA tumor v i r u s e s .  

(iii) Primer tRNA binding of poly(A) RNA from c e l l s  i n f e c t e d  w i t h  o r  

transformed by RNA tumor v i r u s e s  

I d e n t i f i c a t i o n  of cand ida te  primer tRNA of an RNA tumor v i r u s  by t h e  

d i f f e r e n t i a l  t he rmod i s soc ia t ion  experiment gene ra l ly  r e q u i r e s  50 pg or 

more of i n t a c t  70s RNA sample ,  which i s  o f t e n  d i f f i c u l t  t o  o b t a i n  wi th  

poor ly  reproducing RNA tumor v i r u s e s .  

toward i n t r a c e l l u l a r  v i r u s - s p e c i f i c  RNAs, which have been r e p o r t e d  t o  be 

p r e s e n t  i n  cons ide rab le  q u a n t i t y  i n  v i rus - in fec t ed  and/or-transformed 

cells (e.g.  84,85). It would be i n t e r e s t i n g  t o  see i f  t h e s e  i n t r a c e l l u l a r  

v i r u s - s p e c i f i c  RNAs are s i m i l a r  t o  v i r i o n  70s RNA i n  c o n t a i n i n g  t h e  primer 

tRNA. Mouse cells  i n f e c t e d  w i t h  murine leukemia v i r u s  were used f o r  prepa- 

Our a t t e n t i o n  w a s  hence drawn 
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TABLE 3 - PREDOMINANT tRNAS BOUND TO 18s AND 285 RNAs I N  I N  V I T R O  
HYBRIDIZATION REACTION 

AMINO A C I D  ACCEPTANCE OF t R N A  BOUND TO 
Animal Species 18s RNA 28s RNA 

F i s h  ( t r o u t )  
Amphibian ( f r o g )  

Rept i  l e  (snake) 
B i  r d  (chicken) 

Mammals 

Mouse 

Rat 
Chinese hamster 

Rabbi t  

Cat 

Dog 
P i g  

Baboon 
Rhesus monkey 

HlJman (Azo4) 

(HT1080) 

a 
Resul ts from one experiment performed and needed t o  be confirmed. 

b 
Apparent correspondence t o  t h e  pr imer  tRNA of endogenous RNA tumor 

v i ruses  o f  the  animal species. 

1 0 1 8 8 2 1  
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TABLE 4 .  

Proline tRNA Released by Thermodissociation 
From MuLV RNA and Cellular RNAs 

Sources of "melted-out" 4s RNA Proline Accepting Activity 
pmoles /A260 

AKR MuLV 70s RNA 640 

AKR producer fibroblasts 

>28S poly(A)-RNA 

28s RNA 

t R N A  

<0.5 

<0.5 

4 3  

Balb/c mouse liver 
>28S poly (A)-RNA <0.5 

28s RNA <0.5 

tRYA 29 

1 0 3 3 8 2 8  
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r a t i o n  of poly(A) RNA. S ince  tRNAPro i s  known t o  be t h e  primer of murine 

leukemia v i r u s e s ,  release o f  tRNAPro by h e a t  t r ea tmen t  of t h e  poly(A) RNA 

p r e p a r a t i o n  would i n d i c a t e  t h e  presence of duplex forms of i n t r a c e l l u l a r  

v i r u s - s p e c i f i c  RNA and pr imer  tRNA. As shown i n  Table 4 ,  1-ery l i t t l e  o r  no 

tRNAPro was r e l e a s e d  from a s i n g l e  35s s i z e  poly(A) RNA p r e p a r a t i o n  from 

t h e  i n f e c t e d  cel ls  whereas s i g n i f i c a n t  tFUUpro w a s  r e l e a s e d  from v i r i o n  70s 

RNA by t h e  same h e a t  t r e a t m e n t .  These r e s u l t s  would sugges t  t h a t  duplex 

formation between t h e  pr imer  tRNAPro and genomic RNA of murine leukemia 

v i r u s e s  occurs  e x t r a c e l l u l a r l y  a f t e r  v i r u s  budding. 

Next, w e  performed t h e  s t e p  2 experiment ( s e e  Table  2 legend)  wi th  

poly(A) RNA p r e p a r a t i o n s  o f  v a r i o u s  mouse c e l l s ,  t o  examine t h e  con ten t  

of RNA s p e c i e s  which w e r e  capab le  of binding t h e  p r i m e r  tRNA. I n  t h i s  

s tudy ,  poly(A) RNA p r e p a r a t i o n s  were r e s p e c t i v e l y  incubated w i t h  l abe led  

tRNAPro i n  an i n  v i t r o  h y b r i d i z a t i o n  r e a c t i o n .  

poly(A) RNAs w i t h  t h e  bound tRNAPro were i s o l a t e d  from f r e e  tRNAPro by 

o l igo (dT) -ce l lu lose  chromatography. As shown i n  Table 5 ,  poly(A) RNA 

i s o l a t e d  from SC-1 c e l l s  i n f e c t e d  wi th  a B-tropic r e t r o v i r u s  bound con- 

s i d e r a b l y  more tRNApro t h a n  poly(A) RNA p r e p a r a t i o n s  from non-infected 

mouse cel ls .  However, i t  appeared t h a t  poly(A) RNA from non-infected 

SC-1 cel ls ,  transformed non-producer K-BALB ce l l s  and A c e l l s  i n f e c t e d  

w i t h  M baboon endogenous v i r u s  a l s o  showed s i g n i f i c a n t  b i n d i n g  of tRNA 

The s i z e  of tRNAPro b i n d i n g  poly(A) RNAs w a s  obscured by c o n s i d e r a b l e  

aggregat ion of poly(A) RNA from h y b r i d i z a t i o n  r e a c t i o n .  For t h i s  reason,  

poly(A) RNAs were f i r s t  s e p a r a t e d  i n t o  d i f f e r e n t  s i z e  f r a c t i o n s  by sucrose 

g r a d i e n t  sedimentat ion.  Each f r a c t i o n  w a s  t hen  t e s t e d  f o r  tRNAPro binding 

A f t e r  h y b r i d i z a t i o n ,  

pro.  204 

7 

a c t i v i t y  i n  the  i n  v i t r o  h y b r i d i z a t i o n .  R e s u l t s  of such an experiment 

r evea led  t h a t  tRNAPro-binding poly(A) RNAs were of a t  least t h r e e  apparent 

s izes  (20-22S, 28-30s and 35-38s) i n  t h e  B-tropic v i r u s  i n f e c t e d  SC-1 cel ls ,  

on ly  one s i z e  (28-308) i n  t h e  non-infected SC-1 c e l l s ,  and two appa ren t  

s i z e s  (28-30s and 33-358) i n  t h e  transformed non-producer K-A31 cells .  

Although more work i s  needed t o  c h a r a c t e r i z e  t h e  b i n d i n g  i n t e r a c t i o n  

of ce l lu la r  poly(A) RNAs and t h e  primer tRNA, t h e  above p r e l i m i n a r y  r e s u l t s  

demonstrated t h a t  t h e r e  exist i n  r e t r o v i r u s - i n f e c t e d  and -transformed t h e  ce l l s  

c e r t a i n  poly(A) RNA molecules  which resemble t h e  genomic RNA of RNA tumor 

v i r u s e s  i n  t h e  c o n t e n t  of a pr imer  tRNA binding sequence. A t  p r e s e n t  we  are 
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d e f i n i n g  the  h y b r i d i z a t i o n  c o n d i t i o n s  o p t i m a l  f o r  poly(A) RNAs and a l s o  

examining t h e  a b i l i t y  of t h e  poly(A) RNA-tRNAPro duplexes t o  serve as 

s u b s t r a t e  f o r  i n  v i t r o  r e v e r s e  t r a n s c r i p t i o n .  

TABLE 5. Binding of tRNAPro by v a r i o u s  c e l l u l a r  poly(A) RNA prepa ra t ion  

i n  v i t r o  h y b r i d i z a t i o n  r e a c t i o n .  

[ 3 H]tRNAPro Bound (cpm) Poly(A) RNA C e l l  Source 

SC-1 c e l l s  i n f e c t e d  w i t h  WN 1802B v i r u s  16 , 860 

SC-1 cells  ( n o t - i n f e c t e d )  5,477 

K-MSV transformed K-A31 cells (non-producer) 6 , 145 

BALB/c 3T3 ce l l s ,  c l o n e  A31, n o t  i n f e c t e d  1,930 

BALB/C mouse l i v e r  2 , 222 

Human A rhabdomyosarcoma c e l l s  1,435 

i n f e c t e d  w i t h  M7 v i r u s  3,620 
*204 ' 
None (tRNAPro a lone )  1 , 716 

204 

Ten A260 u n i t s  of poly(A) RNA w a s  i ncuba ted  w i t h  100,000 cpm ( ~ 0 . 5  pg) of 

[ H-uridine] l a b e l e d  tRNApro i n  0.5 m l  of h y b r i d i z a t i o n  s o l u t i o n  (10 mM 

T r i s  C 1  pH 7.6, 500 mM N a C 1 ,  1 mM EDTA, and 0.1% SDS) a t  60°C f o r  18 h r s .  

After h y b r i d i z a t i o n ,  t h e  i n c u b a t i o n  mix tu res  were d i r e c t l y  a p p l i e d  t o  

o l igo (dT) -ce l lu lose  column. 

e l u t e d  by t h e  b u f f e r  s o l u t i o n  c o n t a i n i n g  10 mM N a C l  from t h e  column w a s  

determined. 

3 

3 The [ H] tRNAPro bound and subsequently 
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11. TECHNICAL PROPOSAL 

A. Ra t iona le  f o r  t h e  Proposed Research 

Generation of t h e  p r e s e n t  r e sea rch  proposal  i s  based on our considera- 

t i o n  of t h r e e  p a r t i c u l a r l y  p e r t i n e n t  ques t ions :  Why RNA tumor v i r u s  

r e s e a r c h  i s  important  f o r  human cancer problems? Why t h e  experimental  

approach of pr imer  tRNA a n a l y s i s  i s  e s p e c i a l l y  u s e f u l  f o r  t h i s  a spec t  

of RNA tumor v i r u s  r e s e a r c h ?  And, whether o r  n o t  t h e  t e c h n i c a l  develop- 

ment of this l a b o r a t o r y  f o r  t h e  primer tRNA work i s  s u f f i c i e n t  t o  ob ta in  

unambiguous and u s e f u l  answers. 

A s  desc r ibed  i n  t h e  Background s e c t i o n ,  r e c e n t  r e s e a r c h  has e s t a b l i s h e d  

t h r e e  important p o i n t s  abou t  RNA tumor v i r u s e s :  

v i r u s e s  are g e n e r a l l y  endogenous and s t a y  a s s o c i a t e d  w i t h  t h e  c e l l  genome. 

This i n d i c a t e s  t h a t  t h e  classical concepts of i n f e c t i o u s  d i s e a s e s  cannot 

be app l i ed  t o  RNA tumor v i r u s e s  and thus ep idemio log ica l  d a t a  of human 

cance r s  r e v e a l i n g  no h o r i z o n t a l  t r a n s m i s s i b l e  e t i o l o g i c a l  a g e n t s  i s  not 

n e c e s s a r i l y  incompa t ib l e  w i t h  t h e  idea  of RNA tumor v i r u s e s  being important 

t o  human cancers .  ( i i )  Almost a l l  RNA tumor v i r u s e s  capable  of causing 

n e o p l a s t i c  t r ans fo rma t ion  of t h e  c e l l  a r e  "defect ive";  t h i s  exp la ins  the  

d i f f i c u l t y  of i s o l a t i n g  an a u t h e n t i c  human RNA tumor v i r u s  w i t h  both 

i n f e c t i o u s  and t r ans fo rming  p o t e n t i a l s .  ( i i i )  These v i r u s e s  are g e n e t i c a l l y  

heterogenous on t h e  oncogene component ( s r c ,  carc, leuk)  and a l s o  i n  other  

gene components. 

carcinomas a s  w e l l  as f o r  sarcomas. From t h e s e  experimental  f i n d i n g s ,  

a unique and novel  concept  of onco-pathogenesis h a s  evolved. This concept 

i m p l i e s  that endogenous RNA tumor v i r u s e s  are u s u a l l y  under s t r i c t  gene t i c  

c o n t r o l i n  t h e  c e l l  and t h a t  t h e  n e o p l a s t i c  t ransforming p rope r ty  i s  

expressed e i t h e r  by a change i n  v i ra l  gene c o n s t i t u t i o n  (e.g.  g e n e t i c  

recombination) o r  by impaired c e l l u l a r  c o n t r o l  mechanism. This  i s  

important s i n c e  from e v o l u t i o n a l  po in t  of view t h e  b a s i c  g e n e t i c  mecha- 

nism would be similar i n  man as i n  experimental  animals ,  and a l s o  s i n c e  

t h e  genes and unique gene expres s ion  of endogenous RNA tumor v i r u s e s  could 

b e  t h e  s p e c i f i c  t a r g e t s  f o r  chemical carcinogens as w e l l  as cancer-causing 

p h y s i c a l  i n s u l t s .  

i t  i s  necessary t o  de t e rmine  whether or n o t  endogenous RNA tumor v i r u s  are 

( i )  I n  n a t u r e  these  

This s u g g e s t s  t h a t  RNA tumor v i r u s e s  may be important for 

However, b e f o r e  t h i s  concept i s  a p p l i e d  t o  human cancers ,  

1 0 7 8 8 3 2  
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p r e s e n t  i n  normal human cells,  and a l s o  whether or no t  a l t e r e d  expres s ions  

of t h e s e  endogenous v i r u s  occur  i n  human cance r  c e l l s .  

The most d i r e c t  approach t o  t h e  problem of human endogenous R?JA tumor 

v i r u s e s  i s  of course by i n d u c t i o n ,  i s o l a t i o n  and i n  v i t r o  propagat ion of 

t h e s e  v i r u s e s .  However, such approach has  had obvious t e c h n i c a l  d i f f i -  

c u l t i e s ,  as c l e a r l y  r evea led  by many p rev ious  works. 

d i f f i c u l t i e s ,  one a l t e r n a t i v e  approach i s  t o  look f o r  v i r a l  genomic RNAs 

i n t r a c e l l u l a r l y .  I n  t h i s  r e g a r d ,  t h e  b a s i c  c r i t e r i o n  f o r  recognizing t h e  

v i r a l  genomic RNAs would b e  t h e i r  c a p a c i t y  t o  be r e v e r s e l y  t r a n s c r i b e d .  

S ince  r e v e r s e  t r a n s c r i p t i o n  i s  i n i t i a t e d  from a primer tRNA, t h i s  means 

t h a t  t h e  i n t r a c e l l u l a r  v i r a l  genomic RNA molecules should be capab le  of 

b ind ing  primer tRNA. 

pr imer  tRNA approach t o  t h e  s t u d y  of human cancers.  F i r s t ,  t h e  heteroge- 

n e i t y  and e v o l u t i o n a l  r e l a t i o n s h i p  of endogenous RNA tumor v i r u s e s  may be 

a s s e s s e d  by both q u a l t i t a t i v e  and q u a n t i t a t i v e  measurement of t h e  bound 

pr imer  t R N A s ,  t h e  m u l t i p l i c i t y  of which ( i n c l u d i n g  i soaccep t ing  tRNAs) 

h a s  been w e l l  c h a r a c t e r i z e d  and hence d i s t i n g u i s h a b l e .  Second,an RNA 

molecule wi th  a bound primer tRNA can be r e v e r s e l y  t r a n s c r i b e d  t o  ob ta in  

copy DNA product f o r  f u r t h e r  s t r u c t u r a l  and molecular h y b r i d i z a t i o n  analy- 

sis. Third,  t h e  complementary n u c l e o t i d e  sequence r e spons ib l e  f o r  t h e  

b ind ing  of primer tRNA may p rov ide  a means f o r  t h e  i s o l a t i o n  of v i r a l  genomic 

RNAs from o t h e r  c e l l u l a r  RNA molecules.  Since i t  i s  now known t h a t  t h e  

To circumvent t h e s e  

There are mainly t h r e e  advantages f o r  adopt ing t h e  

" leader"  sequence, which i n c l u d e s  t h e  primer tRNA binding si te,  i s  

s p l i c e d  onto t h e  subgenomic s i zes  v i r u s - s p e c i f i c  messenger RNAs, t h e  

primer tRNA approach may t h u s  d e t e c t  subgenomic as w e l l  as t h e  genomic 

RNA of RNA tumor v i r u s e s .  I n  o t h e r  words, t h i s  experimental  approach 

may d e t e c t  not  only complete b u t  a l s o  p a r t i a l  expression of r e t r o v i r u s e s  

i n  the c e l l .  

I n  t ak ing  t h e  experimental  approach of primer tRNA binding t o  study 

human cancer c e l l s ,  t h e r e  are two major t e c h n i c a l  cons ide ra t ions .  One 

relates t o  t h e  s e n s i t i v i t y  of t h e  d e t e c t i o n .  

endogenous r e t r o v i r u s - s p e c i f i c  RNA molecules may be p re sen t  only i n  a 

f e w  cop ie s  p e r  c e l l ,  t h u s  r e q u i r i n g  a h i g h l y  s e n s i t i v e  method f o r  t h e i r  

d e t e c t i o n .  

It i s  l i k e l y  t h a t  t h e  

With p r e s e n t l y  a v a i l a b l e  l a b e l e d  amino a c i d s  of h igh  s p e c i f i c  

1 0 1 8 8 3 3  
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a c t i v i t y  f o r  a s say ing  tRNA by aminoacylat ion and [y-32P]ATP f o r  5 '  end 

l a b e l i n g  of tRNA, t h e  r equ i r ed  h igh  s e n s i t i v i t y  of d e t e c t i o n  has become 

p o s s i b l e .  Also, t h e  copy number of i n t r a c e l l u l a r  endogenous r e t r o v i r u s -  

s p e c i f i c  RNA molecules may be s t i m u l a t e d  t o  i n c r e a s e  under c e r t a i n  c e l l  

growth c o n d i t i o n s  and a f t e r  v i r o l o g i c a l  and chemical t r e a t m e n t s  of t he  

cel l .  

primer tRNA binding.  

The o t h e r  major t e c h n i c a l  c o n s i d e r a t i o n  is  t h e  s p e c i f i c i t y  of 

It i s  now known t h a t  endogenous r e t r o v i r u s e s  of 

d i f f e r e n t  phylogenet ic  o r i g i n  may u t i l i z e  d i f f e r e n t  tRNAs as t h e  primer. 

Therefore ,  human endogenous r e t r o v i r u s - s p e c i f i c  RNA may b ind  a tRNA 

s p e c i e s  o t h e r  than tRNAtrP o r  tRNAPro. 

on t h e  p o s s i b l e  c e l l u l a r  o r i g i n  of primer tRNA b ind ing  n u c l e o t i d e  

sequence would favor  t h e  c o n s i d e r a t i o n  of tRNAg1' and t R N A g l U  as 

p o s s i b l e  cand ida te s  of primer tRNA f o r  human endogenous r e t r o v i r u s  and, 

f u r t h e r ,  provide a b a s i s  f o r  t r a c i n g  t h e  phy logene t i c  o r i g i n  of t h e  

p o s s i b l e  exogenous r e t r o v i r u s e s  i n  human cancers .  

most puzz l ing  facts noted i n  v i r a l  ca rc inogenes i s  i s  t h a t  t h e  gene t i c  

sequence ( s r c )  r e s p o n s i b l e  f o r  c e l l  n e o p l a s t i c  t r ans fo rma t ion  is  found 

i n  comparable levels i n  normal ce l l s  as i n  transformed c e l l s  (by molecular 

h y b r i d i z a t i o n  approach).  

I n  t h i s  r e g a r d ,  our  r ecen t  s tudy 

Recent ly ,  one of t h e  

The s p e c i f i c i t y  and t h e  sens i t iv i ty  of t h e  

primer tRNA b ind ing  approach would b e  a b l e  t o  determine whether or not  

t h e  a p p a r e n t l y  similar "onc" RNAs of normal c e l l s  and of n e o p l a s t i c a l l y  

transformed ce l l s  are d i f f e r e n t  i n  t h e  " leader"  sequences,  t hus  causing 

d i f f e r e n t  b i o l o g i c a l  e f f e c t s .  

IO18834 
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B. SPECIFIC AIMS 

a. To i s o l a t e  poly(A) RNAs from v a r i o u s  human normal and cancer  c e l l s ;  

t o  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  compare t h e i r  c a p a c i t y  t o  bind s e l e c t i v e  

tRNA s p e c i e s ;  t o  assess t h e  primer p rope r ty  of t h e  bound tRNAs by r e v e r s e  

t r a n s c r i p t i o n  r e a c t i o n ;  and t o  determine whether d i f f e r e n t  t ypes  of human 

c a n c e r s  c o n t a i n  poly(A) RNA of d i f f e r e n t  t R N A  b ind ing  s p e c i f i c i t y .  

b. S t r u c t u r e  a n a l y s i s  of tRNA.poly(A) RNA b ind ing  n u c l e o t i d e  sequences 

as w e l l  as r e v e r s e l y  t r a n s c r i b a b l e  5 '  end sequences of t h e  tRNA-binding 

s i t e  i n  the  poly(A)RNA, by employing n u c l e o t i d e  sequence de te rmina t ion  and 

molecular h y b r i d i z a t i o n .  

c. To p u r i f y  t h e  s p e c i f i c  poly(A)RNAs by u s i n g  t h e  unique "primer 

tRNA" binding s p e c i f i c i t y .  

d. C h a r a c t e r i z a t i o n  of t h e  s p e c i f i c  poly(A)RNAs, i n c l u d i n g  messenger 

RNA a c t i v i t y  by p r o t e i n  s y n t h e s i s  a s s a y  and p o s s i b l e  changes of level 

du r ing  n e o p l a s t i c  p rocess .  

C. METHODS OF PROCEDURE 

( i )  I n v e s t i g a t i o n s  on selective tRNA binding t o  poly(A)+ RNAs of 

human cancer  c e l l s .  

( a )  The g e n e r a l  s t r a t e g y  f o r  e s t a b l i s h i n g  selective and s p e c i f i c  

binding of tRNAs w i l l  i n c l u d e  t h r e e  major k inds  of experiments.  F i r s t ,  

poly(A) RNA i s  incubated w i t h  t o t a l  mixture  of tRNA i n  an  i n  v i t r o  

h y b r i d i z a t i o n  r e a c t i o n ;  t h e  hybr id i zed  poly(A)RNA'tRNA complexes are 

i s o l a t e d ;  and t h e  bound tRNAs are i d e n t i f i e d  by t h e  amino a c i d  accept ing 

a c t i v i t y .  Second, t h e  s p e c i f i c i t y  of tRNA binding i s  a s c e r t a i n e d  by 

employing p u r i f i e d  tRNA s p e c i e s  and poly(A) RNA of de f ined  s i z e  and 

a l s o  by de te rmina t ion  of t h e  me l t ing  temperature  of t h e  duplex. 

t h e  poly(A)RNA-tRNA duplex i s  incubated i n  a r e v e r s e  t r a n s c r i p t i o n  reac- 

t i o n  t o  examine t h e  priming a c t i v i t y  of t h e  bound tRNA. These t h r e e  

k i n d s  of experiments are i n  p r i n c i p l e  similar t o  t h e  experiments  w e  

have devised f o r  t h e  de t e rmina t ion  of primer tRNAs of v i r a l  70s RNA 

( s e e  Table 2 legend) except  t h a t  t h e  v i r i o n  70s RNAs a l r e a d y  c o n t a i n  

t h e  primer tRNA molecule whereas poly(A) RNAs of t h e  c e l l  need t o  be 

hybr id i zed  f i r s t  t o  t h e  primer tRNA b e f o r e  subsequent experiments.  

Third,  
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(b) Human c e l l  materials: 
- Fibrosarcomas (e.g.  HT1080, 8387 cel ls)  and normal f i b r o b l a s t s  

(e .g .  HSBP and W138 c e l l s )  

- Pa i red  c e l l  c u l t u r e  of b r e a s t  cancer  and normal t i s s u e s  

(mainly f i b r o b l a s t s ) ;  e s t a b l i s h e d  l i n e s  of b r e a s t  c a n c e r s  

(e.g.  ALAB c e l l s ) ;  and f rozen  s u r g i c a l  b r e a s t  cance r  

s pe c imen 

- Cultured l i n e  of myelogenous leukemias (e .g .  K562); and 

lymphocytic leukemias (T- and B-lymphocyte t y p e s ) ;  f r e s h  

leukemic cel ls  from l eukophores i s ;  sp l een  of normal human 

donor 

- Lung cance r s ,  specimen from s u r g i c a l  sou rces ,  and e s t a b l i s h e d  

lung cancer  ce l l  c u l t u r e  (e.g.  A549) 
- Other human cancer  c u l t u r e d  cel ls  ( o p t i o n a l )  such as 

rhabdomyosarcomas (TE31 and A z O 4 ) ,  os teogen ic  sarcomas 

(TE85), c e r v i c a l  carcinomas (HeU)  and malignant melanomas 

- Hepatocarcinoma and normal l iver  t i s s u e  from s u r g i c a l  sou rces  

( o p t i o n a l ) .  

The above six k inds  of human c e l l  materials ( l a s t  two o p t i o n a l )  are s e l e c t e d  

f o r  t h e  p r e s e n t  s tudy  on t h e  b a s i s  of one o r  more of t h e  fo l lowing  c r i t e r i a :  

a v a i l a b i l i t y  of normal c e l l  c o u n t e r p a r t s  as a c o n t r o l ;  i n d i c a t i o n  of p o s s i b l e  

r e t r o v i r u s  involvement by p rev ious  s t u d i e s ;  h igh  inc idence  i n  human popu- 

l a t i o n ;  and p o s s i b i l i t y  of growing i n  l a r g e  q u a n t i t y  by c e l l  c u l t u r e  f a c i l i t y  

and manpower of t h i s  l a b o r a t o r y .  

a s s i s t a n c e  would b e  expected from t h e  O f f i c e  of Resources and L o g i s t i c s  of 

VOP-NCI and t h e  c o n t r a c t o r s ,  who have c o l l e c t e d  v a r i o u s  human cance r  t i s s u e s  

i n  f rozen  state. For human cance r  c e l l  l i n e s ,  t h e  Naval Research Laboratory 

a t  Oakland, CA (Drs. Nelson-Rees and Hacket) is  a v a l u a b l e  sou rce  because 

of t h e i r  c o l l e c t i o n  of p a i r e d  ce l l  c u l t u r e s  from cancerous and normal t i s s u e s  

of same p a t i e n t s  (same g e n e t i c  background) and, more impor t an t ly ,  because 

of t h e i r  c a r e f u l  c y t o g e n e t i c  c h r a c t e r i z a t i o n  of c e l l  l i n e s .  

w i t h  designated names are a l r e a d y  c o l l e c t e d  i n  t h i s  l a b o r a t o r y  and can be 

grown i n  l a r g e  q u a n t i t y  e i t h e r  as monolayers or as suspensions.  

leukemic cel ls  and cancer  t i s s u e  materials may a l s o  b e  ob ta ined  l o c a l l y  

For t h e  c e l l  and t i s s u e  materials,  h e l p f u l  

The ce l l  l i n e s  

Fresh 
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through t h e  h e l p  of o n c o l o g i s t s ,  h e m a t o l o g i s t s ,  surgeons and p a t h o l o g i s t s  

(e .g .  a t  The Un ive r s i ty  of Tennessee-Memorial Research Hosp i t a l ,  Knoxvil le) .  

I f  n e c e s s a r y ,  s u r g i c a l l y  removed hepatocarcinomas and normal human l i v e r  

materials can be obtained from Na t iona l  Taiwan U n i v e r s i t y  Medical School 

because o f  PI'S p a r t i c u l a r  academic connec t ion  t h e r e .  

The q u a n t i t y  of c e l l  or t i s s u e  materials needed f o r  t he  s tudy w i l l  

depend l a r g e l y  on the  content  of presumed r e t r o v i r a l  s p e c i f i c  poly(A)RNA 

i n  t h e  cel l .  

RNA p e r  c e l l  (on t h e  b a s i s  of e s t ima ted  minimal numbers i n  r e t r o v i r u s -  

t ransformed non-producer c e l l s ) ,  t h e n  about  100 grams of w e t  c e l l  material 

w i l l  b e  needed f o r  a dependenable a n a l y s i s  by our  method. (See s e c t i o n  of 

tRNA i d e n t i f i c a t i o n  below. ) 

I f  t h e r e  are f i v e  c o p i e s  of a s p e c i f i c  tRNA binding poly(A) 

(c) RNA p repa ra t ions :  T o t a l  c e l l u l a r  RNA w i l l  b e  i s o l a t e d  mainly 

by t h e  combined use of sodium dodecyl  s u l f a t e  and phenol/chloroform 

e x t r a c t i o n  ( 8 2 ) ,  e i t h e r  w i th  o r  w i t h o u t  p r i o r  s u b c e l l u l a r  f r a c t i o n a t i o n  

t o  o b t a i n  post-nuclear  supe rna tan t  f o r  t h e  i s o l a t i o n .  

are p a r t i c u l a r l y  r i c h  i n  t h e  c o n t e n t  of r i b o n u c l e a s e s  (both a c i d  and 

a l k a l i n e  t y p e s ) ,  which degrade RNA r a p i d l y ;  RNA e x t r a c t i o n  of t h e s e  c e l l s  

may r e q u i r e  d i r e c t  e x t r a c t i o n  wi thou t  s u b c e l l u l a r  f r a c t i o n a t i o n  i n  combi- 

n a t i o n  w i t h  v a r i o u s  measures f o r  i n h i b i t i n g  r i b o n u c l e a s e s ,  such as hepa r in ,  

n a t u r a l  r i bonuc lease  i n h i b i t o r s ,  p r o t e i n a s e  K and/or  di-ethylpyrocarbonate 

t r e a t m e n t .  I f  necessary,  guanidine t h i o c y a n a t e  method of RNA e x t r a c t i o n  

w i l l  a l s o  be employed. T o t a l  c e l l u l a r  RNA w i l l  be  sepa ra t ed  i n t o  poly(A) 

and poly(A)- RNA f r a c t i o n s  by r e p e a t e d  o l igo (dT) -ce l lu lose  chromatography 

(83). 
r ibosomal  RNAs) w i l l  be s e p a r a t e d  by p r e c i p i t a t i o n  i n  high sa l t  s o l u t i o n .  

T r a n s f e r  RNA w i l l  be i s o l a t e d  from h igh  s a l t  s o l u b l e  p o r t i o n  of t h e  poly(A)- 

RNA f r a c t i o n  by DEAE-cellulose chromatography (79 ) .  

Leukemia cel ls  

+ 

From poly(A)- RNA f r a c t i o n ,  l a r g e  molecular  weight RNA ( inc lud ing  

+ 
(d)  -- I n  v i t r o  h y b r i d i z a t i o n :  T o t a l  tRNA mix tu re  and poly(A) =!A, 

i s o l a t e d  from t h e  same c e l l  material, w i l l  b e  mixed and incubated under 

a p p r o p r i a t e  r e a c t i o n  cond i t ion  f o r  a l lowing molecular hybr id i za t ion .  

p r e l i m i n a r y  s t u d i e s  have r evea led  two t e c h n i c a l  complications i n  performing 

poly(A) RNA-tRNA hybr idza t ion .  F i r s t ,  c o n s i d e r a b l e  self-aggregat ion of 

poly(A) RNA g e n e r a l l y  occurs  d u r i n g  h y b r i d i z a t i o n ,  t h u s  making i t  d i f f i c u l t  

t o  estimate t h e  s i z e  of tRNA-binding poly(A) RNA. Therefore ,  w e  w i l l  f i r s t  

Our 

+ 
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s e p a r a t e  t h e  poly(A) RNA i n t o  d i f f e r e n t  s i z e  f r a c t i o n s  (by s u c r o s e  g rad ien t  

sedimentat ion under d e n a t u r a t i o n  cond i t ions )  and perform t h e  i n  v i t r o  hybri-  

d i z a t i o n  r e a c t i o n  w i t h  tRNAs.  Second, poly(A) RNAs appear  t o  be more 

f r a g i l e  t han  poly(A)- RNA and may be degraded cons ide rab ly  d u r i n g  hybridi-  

z a t i o n .  For t h i s  r eason ,  we have r e c e n t l y  developed a phenol emulsion 

procedure of h y b r i d i z a t i o n ,  which causes  minimal damage t o  poly(A) RNA 

and o b t a i n  s a t i s f a c t o r y  h y b r i d i z a t i o n  of poly(A) RNA and t R N A s .  After  

h y b r i d i z a t i o n ,  poly(A) RNA and poly(A) RNA- tRNA duplexes can be separated 

from unreacted f r e e  tRNA e i t h e r  by o l igo (dT) -ce l lu lose  chromatography (with 

a modified chromatographic procedure) o r  by suc rose  g r a d i e n t  sedimentation. 

+ 

+ 
+ 

+ + 

( e )  I d e n t i f i c a t i o n  of tRNA: A method f o r  q u a l i t a t i v e  and q u a n t i t a t i v e  

de t e rmina t ion  of t R N A s  i n  RNA duplexes have been publ ished (68 ,84a ,84 ) .  

t h i s  method, RNA dup lexes  are  i s o l a t e d  and hea t -d i s soc ia t ed  t o  r e l e a s e  t h e  

tRNAs, which are determined by enzymatic aminoacylation r e a c t i o n  and subse- 

quent a n a l y s i s  of t h e  tRNA-accepted amino a c i d s  i n  a s i n g l e  column amino 

a c i d  ana lyze r .  To o b t a i n  dependable r e s u l t s  by t h i s  method, several f a c t o r s  

are important .  

a l l  20 aminoacyl-tRNA s y n t h e t a s e s  i n  s u f f i c i e n t  act ivi t ies .  When c a r e f u l l y  

performed, t h i s  can o b t a i n  s a t i s f a c t o r y  enzyme p r e p a r a t i o n  according t o  t h e  

publ ished procedures  of Yang and Nove l l i  (79). 

tRNA s y n t h e t a s e  p r e p a r a t i o n  should b e  w e l l  c h a r a c t e r i z e d  of t h e  enzyme a c t i v i t i e s .  

Second, r e a c t i o n  c o n d i t i o n  f o r  aminoacylation and procedures  of subsequent i so l a -  

t i o n  of t h e  aminoacyl-tRNAs should be performed w i t h  p recau t ion  t o  minimize non- 

enzymatic h y d r o l y s i s  of t h e  ester bonds between amino a c i d s  and t R N A s .  

D i f f e r e n t  aminoacyl-tRNAs (e .g .  glycyl-tRNAs vs. valyl-tRNAs) have very 

d i f f e r e n t  rates of chemical  h y d r o l y s i s  a t  s l i g h t l y  a l k a l i n e  pH. Third,  t h e  

l a b e l e d  amino a c i d s  from commercial sou rces  should b e  of s u f f i c i e n t l y  high 

s p e c i f i c  a c t i v i t y  and,  more impor t an t ly ,  o f  dependable q u a l i t y  c o n t r o l .  

t h i s  a s p e c t ,  methionine,  t ryptophan,  phenylalanine,  glutamine and asparagine 

w i l l  need p a r t i c u l a r  a t t e n t i o n .  Also, a l l  l a b e l e d  amino a c i d s  from commercial 

supply are of d i f f e r e n t  s p e c i f i c  a c t i v i t y  and no t  s u f f i c i e n t l y  concentrated i n  

r a d i o a c t i v i t y .  Thus, s p e c i a l  p r e p a r a t i o n s  of l a b e l e d  amino a c i d s  are o f t e n  

r equ i r ed .  Fourth,  c o n t r o l  experiments should be c a r r i e d  out  t o  d i f f e r e n t i a t e  

non-hybridized tRNA contaminants  from hybr id i zed  tRNAs. T h i s  i s  p a r t i c u l a r l y  

important i f  t h e  q u a n t i t y  of hybr id i zed  tRNAs a re  very s m a l l .  

I n  

F i r s t ,  one should use an enzyme p r e p a r a t i o n  which con ta ins  

Thus, b e f o r e  u s e  an aminoacyl- 

I n  

To d i f f e r e n t i a t e  

t 0 1 8 8 3 8  
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t h e  hybr id i zed  tRNA from t h e  non-hybridized t&VA contaminants,  aminoacylat ion 

i s  c a r r i e d  ou t  w i t h  t h e  duplex b e f o r e  and a f t e r  hea t -d i s soc ia t ion .  

a t R N A  i n  t h e  hybr id i zed  s t a t e  does n o t  accept  amino a c i d  i n  the  syn the ta se -  

c a t a l y z e d  r e a c t i o n .  F i f t h ,  amino a c i d  ana lyze r  ope ra t ion  i s  c r i t i c a l .  Some 

amino a c i d s  such as t ryptophan may n o t  b e  recovered 100% i n t a c t  from t h e  

column. 

each amino a c i d  can be expected. 

General ly ,  

Under s tr ict  c o n t r o l  of t h e  column ope ra t ion ,  cons t an t  recovery of 

Based on t h e  amino a c i d  s p e c i f i c  r a d i o a c t i v i t y  of 20-50 Ci/mmol, t h e  

aminoacylat ion method i s  a b l e  t o  d e t e c t  as low as 2-5 x 

T h i s  i s  approximately e q u i v a l e n t  t o  4 x 10' c e l l s  which con ta in  f i v e  s p e c i f i c  

tRNA-binding poly(A) RNA molecules .  

An a l t e r n a t i v e  method of tRNA i d e n t i f i c a t i o n  i s  by employing two dimen- 

mol of tRNA. 

s i o n a l  g e l  e l e c t r o p h o r e s i s  ( 6 7 ) o r  reversed-phase chromatography (73) of t h e  

hybr id i zed  tRNA. 

prope r ty  of t h e  tRNA can only b e  determined i n d i r e c t l y .  

t a g e  of t h e  method i s  t h a t  t h e  i n c r e a s e d  s e n s i t i v i t y  of t h e  d e t e c t i o n  can 

be improved. 

1000-5000 C i / m o l  s p e c i f i c i t y .  

phosphate of tRNA b e f o r e  h y b r i d i z a t i o n ,  i t  would be p o s s i b l e  t o  d e t e c t  down 

t o  % mol of tRNA-binding poly(A) RNAs. 

Th i s  method has t h e  disadvantage t h a t  t h e  aminoacylation 

However, t h e  advan- 

Recent ly  [y-32P]-labeled ATP i s  a v a i l a b l e  i n  t h e  range of 

By us ing  t h i s  reagent t o  l a b e l  t h e  5 '  end 

Both t h e  aminoacylat ion method and t h e  [5 '32P]-labeled tRNA method w i l l  

be app l i ed  i n  t h e  p r e s e n t  proposed r e s e a r c h .  

( f )  Reverse t r a n s c r i p t i o n  a s s a y  o f  primer a c t i v i t y :  It is p o s s i b l e  t h a t  

some tRNA molecules may bind t o  poly(A) RNA but  do no t  s e r v e  as primer f o r  

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

c o n s i d e r a b l e  amounts of tRNA o t h e r  than t h e  primer tRNA. One simple method 

f o r  d i f f e r e n t i a t i n g  p r i m e r  from non-primer tRNA i s  t o  m e l t  t h e  RNA duplexes 

a t  d i f f e r e n t  temperatures ,  s i n c e  a t  least  i n  two cases  ( av ian  and murine 

r e t r o v i r u s e s )  t h e  primer tRNA is t h e  l a s t  tRNA d i s s o c i a t e d  from v i r a l  

genomic RNA by d i f f e r e n t i a l  h e a t  t r ea tmen t .  

h y b r i d i z a t i o n  r e a c t i o n  would a l s o  e l i m i n a t e  the  binding of non-primer tRNA 

t o  poly(A) RNA. However, t h e  most convincing evidence would be priming 

a c t i v i t y  i n  t h e  reverse t r a n s c r i p t i o n  a s say .  

duplexes w i l l  be incubated i n  a r e a c t i o n  mixture  containing a l l  f o u r  deoxy- 

n u c l e o t i d e  t r i p h o s p h a t e s  and reverse t r a n s c r i p t a s e  using inco rpora t ion  of 

This  i s  t r u e  w i t h  v i r i o n  70s RNA, which c o n t a i n s  

A s t r i n g e n t  cond i t ion  f o r  

I n  t h i s  assay,  poly(A)RNA*tRNA 
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l a b e l e d  deoxynucleotide i n t o  a c i d - p r e c i p i t a b l e  form as an  i n d i c a t i o n  of 

DNA s y n t h e s i s .  I n  t h e  case of poly(A) RNA from human cancer  c e l l s ,  t h e r e  

w i l l  be  no isologous r e v e r s e  t r a n s c r i p t a s e  f o r  t h e  assay. P u r i f i e d  

reverse t r a n s c r i p t a s e  from a v i a n  mye lob la s tos i s  v i r u s  w i l l  t h e r e f o r e  be 

used i n  our  s tudy.  We have found t h a t  t h i s  enzyme can c a t a l y z e  DNA syn- 

t h e s i s  w i t h  tRNAPro primer and murine r e t r o v i r u s  35s RNA as e f f i c i e n t l y  

as, ( i f  n o t  b e t t e r  than) t h e  isologous r e v e r s e  t r a n s c r i p t a s e  p repa ra t ion .  

(g) S i z e  of pr imer  tRNA binding poly(A) RNAs: I n  our prel iminary 

experiments ,  w e  have found t h a t  poly(A) RNAs tend t o  aggregate  considerably 

d u r i n g  h y b r i d i z a t i o n .  This  phenomenon may complicate t h e  s tudy i n  two ways. 

F i r s t ,  ha i r -p in  formation as w e l l  as inter-molecular  duplex formation may 

create si tes f o r  r e v e r s e  t r a n s c r i p t a s e  t o  a c t ,  t h u s  i n c r e a s i n g  t h e  "back- 

ground" i n c o r p o r a t i o n  of deoxynucleotide i n t o  DNA form ( t h i s  could be 

c o r r e c t e d  by a p p r o p r i a t e  c o n t r o l  s t u d i e s  and modifying h y b r i d i z a t i o n  condi- 

t i o n s ) .  Second, t h e  sizes of primer tRNA binding poly(A) RNA cannot be 

a c c u r a t e l y  determined a f t e r  h y b r i d i z a t i o n .  For t h i s  reason poly(A) RNA 

i s o l a t e d  from a given cancer  ce l l  material w i l l  b e  f i r s t  s epa ra t ed  i n t o  

d i f f e r e n t  sizes by using dimethylsulfoxide-sucrose g r a d i e n t  sedimentation 

o r  by us ing  p r e p a r a t i v e  polyacrylamide g e l  e l e c t r o p h o r e s i s .  

men ta t ion  h a s  t h e  advantage of easy recovery of RNA samples whereas g e l  

e l e c t r o p h o r e s i s  g ives  b e t t e r  r e s o l u t i o n  of RNA s i z e s .  The information 

about  t h e  s i z e  of primer tRNA poly(A) RNAs i s  important n o t  only t h a t  i t  

would p rov ide  a parameter for comparing d i f f e r e n t  c e l l  samples ( e . g . ,  

normal vs. cancer) b u t  a l s o  t h a t  i t  would i n d i c a t e  t h e  p o s s i b l e  n a t u r e  

of t h e  poly(A) RNA. Above 30s s i z e  would suggest  t h e  f u l l - l e n g t h  genome 

of endogenous r e t r o v i r u s ,  whereas less than  30s s i z e  would suggest t h e  

subgenomic components. 

Gradient s ed i -  

( i i )  

( a )  

C h a r a c t e r i z a t i o n  of poly(A)RNA-primer tRNA binding sequences: 

Three k inds  of experiments w i l l  be  included i n  t h i s  p r o j e c t :  

s t r u c t u r e  de t e rmina t ion  of t h e  complementary n u c l e o t i d e  sequence involved 

i n  t h e  binding,  sequence a n a l y s i s  of t h e  copy DNA made from tRNA-primed 

reverse t r a n s c r i p t i o n ,  and ( e s p e c i a l l y  i f  t h e  copy DNA i s  of "short-stop" 

n a t u r e ) ,  t h e  primer a c t i v i t y  of t h e  copy DNA f o r  t h e  pa ren t  poly(A) RNA 

t o  d e t e c t  t h e  p o s s i b l e  redundant sequence. These s t u d i e s  a r e  t h e  n a t u r a l  

1 0 1 8 8 4 0  
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e x t e n s i o n  of t h e  experiments l i s t e d  i n  p rev ious  ( ) s e c t i o n ,  e s p e c i a l l y  i f  

c e r t a i n  human cance r  ce l l s  would be found t o  c o n t a i n  s p e c i f i c  poly(A) RNA 

molecules w i t h  "primer tRNA" binding a c t i v i t y .  

(b)  RNA sequence a n a l y s i s :  Priming f u n c t i o n  of t h e  hybr id i zed  tRNA 

i s  provided by a 3 '  OH n u c l e o t i d e  which i s  a t t a c h e d  t o  t h e  template  by 

hydrogen bonds. The tRNAtrP b inding t o  a v i a n  r e t r o v i r u s  genomic RNA and 

t h e  tRNAPro b i n d i n g  t o  murine r e t r o v i r u s  genomic RNA a l l  i nvo lve  a 15-20 

base  sequence from 3 '  end of t h e  tRNA molecule. Thus, t o  determine t h e  

primer p r o p e r t y ,  one has  t o  f i n d  out i f  a given "primer tRNA"binds t o  

poly(A) RNA of human cel ls  i n  a similar f a sh ion .  [ PI-labeled tRNA w i l l  

b e  prepared,  s e p a r a t e d  by reversed-phase chromatography, and used t o  form 

duplex w i t h  t h e  poly(A) RNA. The duplex w i l l  be  i s o l a t e d ,  s u b j e c t e d  t o  

r ibonuc lease  A and T 1  d i g e s t i o n  under cond i t ions  which do n o t  hydrolyze 

t h e  duplex RNA p o r t i o n .  The undigested [ PI-labeled tRNA fragment can 

then  be analyzed by o l i g o n u c l e o t i d e  f i n g e r - p r i n t i n g  technique.  By compar- 

i s o n  w i t h  t h e  t o t a l  sequence information of whole tRNA molecules,  i t  would 

b e  p o s s i b l e  t o  l o c a t e  t h e  s t r e t c h  of t h e  tRNA sequence involved i n  t h e  

binding.  

e s t a b l i s h e d  (85,86). 

32 
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Standard methods f o r  RNA sequence ana lyses  have been w e l l  

The s i t e  of pr imer  tRNA binding i s  known t o  b e  nea r  t h e  5 '  end of 

r e t r o v i r u s  genomic RNAs. Thus, i t  would b e  important t o  determine i f  

such i s  t h e  case w i t h  "primer tRNA" binding poly(A) RNAs of human cancer  

c e l l s .  For t h i s  r eason ,  t h e  experimental  approach of Taylor and I l lmensee 

(71) w i l l  b e  a p p l i e d .  

a l k a l i n e  t r ea tmen t .  D i f f e r e n t  s i ze  fragements w i t h  3'  poly(A) ends w i l l  

b e  i s o l a t e d  by o l igo (dT) -ce l lu lose  chromatography. Primer tRNA binding 

w i l l  b e  performed w i t h  t h e s e  d i f f e r e n t  s i z e  poly(A) RNA fragments.  

Poly(A) RNA w i l l  be  p a r t i a l l y  fragmented by mild 

( c )  DNA sequence a n a l y s i s :  Recently,  t h e  DNA sequencing has  become 

p o s s i b l e  w i t h  t h e  a p p l i c a t i o n  of Maxam and G i l b e r t ' s  method (87) .  This  has  

been e l e g a n t l y  a p p l i e d  by Hase l t i ne  and co-workers i n  the s tudy  of 5 '  end 

sequence of RNA tumor v i r u s e s .  Thus, i t  w i l l  be p o s s i b l e  t o  c h a r a c t e r i z e  

t h e  i n  v i t r o  s y n t h e s i z e d  copy DNA from reverse t r a n s c r i p t i o n  of poly(A) 

RNA-primer tRNA. 

g e l  e l e c t r o p h o r e s i s  and t h e  def ined band w i l l  t hen  be used f o r  t h e  a n a l y s i s .  

DNA sequencing w i l l  be  performed wi th  t h e  i n i t i a l  he lp  from D r .  Dorothy Skinner 

I n  t h i s  s tudy ,  cDNA produc t s  w i l l  be  f i r s t  s epa ra t ed  by 
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(Biology Div i s ion ,  ORNL), who h a s  ob ta ined  e x c e l l e n t  r e s u l t s  w i t h  h e r  c r a b  

s a t e l l i t e  DNA s t u d i e s  by employing Maxam-Gilbert's method. 

(d) Molecular h y b r i d i z a t i o n :  Recent experimental  ev idences  have 

i n d i c a t e d  t h a t  subgenomic s i z e  mRNAs of RNA tumor v i r u s e s  may c o n t a i n  a 

" leader"  sequence which is  d e r i v e d  from 5 '  end of t h e  v i r a l  genome. 

s h o r t  cDNA from tRNA-primed s y n t h e s i s  i s  complementaryto t h e  5 '  end 

" leader"  sequence and, t h e r e f o r e ,  a b l e  t o  hybr id i ze  t o  v i r a l  subgenomic 

RNAs. 

poly(A) RNAs of human c e l l s ,  namely, whether o r  no t  a given cDNA prepara-  

t i o n  can hybr id i ze  wi th  d i f f e r e n t  s i z e  poly(A) RNAs of t h e  same c e l l .  

Furthermore, by u s i n g  presumably " leader"  sequence-specific cDNAs from 

d i f f e r e n t  cel ls  and cance r s ,  i t  would be poss ib l e  t o  determine i f  " leader t '  

sequences are t h e  same or d i f f e r e n t  i n  normal vs. cancer  ce l l s  o r  i n  

d i f f e r e n t  cancer  cells .  One convenient  method f o r  such a s tudy i s  molecular 

hybr id i za t ion .  For t h i s ,  a phenol  emulsion technique modified from t h e  

PERT method of Kohne, Levinson and Byer (88) has  been used i n  t h i s  labora-  

t o r y  w i t h  s a t i s f a c t o r y  r e s u l t s .  

The 

This w i l l  b e  examined w i t h  t h e  cDNAs obtained from tRNA-primed 

( e )  Priming p r o p e r t i e s  of cDNA complementary t o  t h e  " l eade r "  sequences: 

A redundant sequence of about 20 n u c l e o t i d e s  l eng th  i s  p r e s e n t  b o t h  a t  t h e  

5 '  terminus and a t  t h e  3 '  poly(A)-adjoining r eg ion  of RNA tumor v i r u s  genomic 

RNA (89,90). 

c r i p t i o n  from t h e  5 '  end t o  t h e  3 '  end of v i r a l  genomic RNA. Thus, copy DNA 

complementary t o  t h e  ''leader'' sequences should be a b l e  t o  h y b r i d i z e  wi th  t h e  

3 '  end of v i r a l  genomic RNA a t  t h e  redundant sequence. I n  t h e  p r e s e n t  s tudy 

of i n t r a c e l l u l a r  "primer tRNA"-binding poly(A) RNAs of human cancer  c e l l s  , 
it would be i n t e r e s t i n g  t o  examine whether such redundant sequences are 

p r e s e n t  or  not .  This can b e  most convenient ly  demonstrated by t e s t i n g  t h e  

priming p rope r ty  of t h e  " leader"  sequence s p e c i f i c  cDNA f o r  t h e  p a r e n t  poly(A) 

RNA f r a c t i o n .  Such experiments w i l l  n o t  only answer t h e  q u e s t i o n  of redundan: 

sequences bu t  a l s o  provide a means t o  syn thes i ze  the  f u l l - l e n g t h  copy DNA 

of t h e  "primer-tRNA" binding poly(A) RNAs. 

Th i s  provides  a molecular  b a s i s  f o r  continuous reverse t r a n s -  
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( i i i )  P u r i f i c a t i o n  of "primer tRNA"-binding poly(A) RNAs from 

human cancer cel ls  : 

( a )  General  expe r imen ta l  design:  I n  p r i n c i p l e ,  t h e  s p e c i f i c  poly(A) 

RNA can  be s e p a r a t e d  from o t h e r  poly(A) RNA s p e c i e s  by t h e  u s e  of p a r t i c u l a r  

tRNA molecules a t t a c h e d  t o  s o l i d  ma t r ix  i n  a f f i n i t y  chromatography. I n  

p r a c t i c e ,  t h i s  w i l l  i nvo lve  p u r i f i c a t i o n  of t h e  p a r t i c u l a r  tRNA i n  l a r g e  

q u a n t i t y ,  con juga t ion  of t h e  tRNA t o  t h e  Sepharose g e l ,  and a f f i n i t y  

chromatographic procedures .  

i nc lude  conven t iona l  RNA s e p a r a t i o n  methods us ing  binding of t h e  l abe led  

tRNA f o r  a s say ing  t h e  s e p a r a t e d  RNA f r a c t i o n ,  and t h e  "R loop" formation 

between long copy DNA and t h e  poly(A) RNAs f o r  subsequent s e p a r a t i o n  by 

cesium c h l o r i d e  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .  

V a r i a t i o n  of t h e  p u r i f i c a t i o n  procedure w i l l  

(b) Large-scale  p u r i f i c a t i o n  of tRNA: The primary s t r u c t u r e  of an 

amino ac id  tRNA i s  g e n e r a l l y  well-conserved, o r  even i d e n t i c a l  from animal 

s p e c i e s  t o  animal s p e c i e s .  

pr imer  t R N A  f o r  a v i a n  RNA tumor v i r u s e s  as w e l l  as tRNAtrP from chicken 

cel ls .  Since human c e l l  tRNAs cannot b e  ob ta ined  i n  l a r g e  q u a n t i t i e s ,  

t h e  p u r i f i c a t i o n  experiment w i l l  u se  tRNA mixture  prepared from beef l i v e r .  

Although a v a i l a b l e  from commercial sou rces ,  20 grams of beef l i v e r  tRNA 

w i l l  c o s t  a c o n s i d e r a b l e  amount of money. 

and economical method f o r  p repa r ing  tRNA from beef l i v e r  (Yang, -- e t  a l . ,  

unpublished o b s e r v a t i o n ) .  

as a s t a r t i n g  mater ia l  f o r  p u r i f i c a t i o n  of i n d i v i d u a l  t R N A  spec ie s .  

p u r i f i c a t i o n  w i l l  b e  c a r r i e d  out  by success ive  chromatography i n  Sepharose 

g e l  (hydrophobic a d s o r p t i o n  chromatography) and i n  reversed-phase RPC-5 

and RPC-6 columns. Successive chromatography i n  t h e  same RPC column wi th  

d i f f e r e n t  b u f f e r  pH and sa l t  g r a d i e n t  would a l s o  b e  h e l p f u l  i n  the  separa- 

t i o n .  P u r i t y  of t h e  i s o l a t e d  tRNA s p e c i e s  w i l l  be  a s ses sed  by t h e  amino 

a c i d  accep t ing  a c t i v i t y .  

For example, tRNAtrP from mouse serves as 

We have r e c e n t l y  devised a s imple 

With t h e  method, 20 grams of tRNA may b e  prepared 

tRNA 

(c )  tRNA-Sepharose g e l  p r e p a r a t i o n :  tRNA-Sepharose g e l  has been 

employed mainly f o r  t h e  p u r i f i c a t i o n  of aminoacyl-tRNA syn the ta ses  ( e .g . ,  

91-93). I n  t h e s e  s t u d i e s ,  tRNA w a s  a t t a c h e d  t o  Sepharose 4B through 

a d i p i c  a c i d  d ihydraz ide  o r  hydrazine l inkage.  For t h e  p r e s e n t  work, 

similar methods may be used f o r  p r e p a r a t i o n  of a f f i n i t y  g e l  w i th  p u r i f i e d  
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tRNA samples. The use  of l i nkage  between Sepharose g e l  ma t r ix  and tRNA 

i s  impor t an t  p a r t i c u l a r l y  f o r  poly(A) RNA s e p a r a t i o n  purposes,  because 

t h e  c o n j u g a t i o n  of tRNA i s  a t  t h e  3' OH end. T h i s  may al low t h e  3 '  end 

r e g i o n  of t h e  conjugated tRNA t o  f r e e l y  i n t e r a c t  w i th  t h e  poly(A) RNAs 

d u r i n g  a f f i n i t y  chromatography. 

tRNA-Sepharose g e l  w i l l  be used f o r  a f f i n i t y  chromatography of poly(A) 

RNAs i s o l a t e d  from cancer  t i s s u e s ,  which may be obtained i n  l a r g e  q u a n t i t i e s  

through c o l l e c t i o n  of s u r g i c a l l y  removed specimens. Conditions of chroma- 

tography w i l l  f o l low those opt imal  f o r  poly(A) RNA-tRNA i n t e r a c t i o n .  

( d )  A l t e r n a t i v e  methods of s p e c i f i c  poly(A) RNA i s o l a t i o n  w i l l  i nc lude  

t h e  use  of R-loop formation w i t h  subsequent cesium c h l o r i d e  d e n s i t y  g r a d i e n t  

c e n t r i f u g a t i o n ,  t h e  use of convent ional  n u c l e i c  ac id  s e p a r a t i o n  methods, 

and t h e  a p p r o p r i a t e  a p p l i c a t i o n  of oligo(dT)-cDNA-cellulose p r e p a r a t i o n s  

from human cancer  ce l l s  and from human normal cells  ( 9 4 ) .  Assay of sepa- 

r a t e d  poly(A) RNA f r a c t i o n s  by t h e s e  methods w i l l  u t i l i z e  t h e  [5'32P]- 

l a b e l e d  "primer tRNA" f o r  t h e  binding.  

( i v )  B i o l o g i c a l  C h a r a c t e r i z a t i o n  of "Primer tRNA"-Binding Poly(A) 

RNAs ( B r i e f  Prospectus)  

( a )  Messenger RNA a c t i v i t y  of t h e  i s o l a t e d  "p r imer  tRNA"-binding 

poly(A) RNAs can be determined e i t h e r  by mic ro - in j ec t ion  i n t o  Xenopus 

laevis o o c y t e s  (95) o r  by c e l l - f r e e  p r o t e i n  s y n t h e s i s  i n  t h e  micrococcal 

n u c l e a s e - t r e a t e d  c e l l  l y s a t e  systems (e.g.  96).  A b i l i t y  of t he  RNA t o  

s t i m u l a t e  amino ac id  inco rpora t ion  i n t o  p r o t e i n  can b e  q u a n t i t a t i v e l y  

determined. P r o t e i n  products  can then  b e  analyzed by two dimensional 

i s o e l e c t r i c  focusing/polyacrylamide e l e c t r o p h o r e s i s  g e l  method (97,981. 

Immune-precipitation tes tsmay a l s o  be c a r r i e d  o u t  w i th  t h e  l abe led  c e l l -  

f r e e  s y n t h e s i z e d  p r o t e i n  and t h e  sera of cance r  p a t i e n t s  a t  va r ious  s t a g e s  

of d i s e a s e ;  t h i s  may provide a means f o r  d e t e c t i n g  s p e c i f i c  immune response 

a g a i n s t  human cancers.  

(b)  App l i ca t ion  of copy DNAs r e p r e s e n t i n g  "leader" sequences, 3 '  end 

sequence and t o t a l  poly(A) sequence w i l l  be  p o s s i b l e  i n  pa tho log ica l  and 

c l i n i c a l  s t u d i e s ,  e s p e c i a l l y  i n  r e l a t i o n  t o  morphological types of a 

given cance r  and d i s e a s e  progression o r  r e g r e s s i o n .  Such s t u d i e s  w i l l  



11.1, 

38 

involve molecular hybridization to detect the expression of these 

sequences into RNA molecules. 

Gene location may be studied by using the methods of restriction (c) 
endonuclease, agarose gel electrophoresis with Southern's bloating 

technique (99) and labeled purified poly(A) RNA as the probe (100). 
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A. Supported Personnel  

Wen K .  Yang, M.D., Ph.D., P r i n c i p a l  I n v e s t i g a t o r  (252) 

W i l l  d i r e c t  a l l  a s p e c t s  of t h e  proposed r e s e a r c h  and be r e spons ib l e  f o r  

implementat ion of an awarded c o n t r a c t  through t h e  NCI-DOE interagency 

agreement. With academic background i n  medicine and biochemistry,  D r .  

Yang's r e s e a r c h  experience i n c l u d e s  r i b o f l a v i n  metabolism i n  human and 

expe r imen ta l  hepatocarcinomas, h o s t  de fense  mechanisms i n  Chagas' d i s e a s e ,  

n u c l e i c  a c i d  enzymology and b iochemis t ry  of tRNAs and p r o t e i n  bio- 

s y n t h e s i s .  

p r e p a r a t i o n  from mammalian t i s s u e s  and c e l l s  have been widely app l i ed .  

For t h e  p a s t  seven y e a r s  h i s  major r e s e a r c h  has  been on h o s t  c e l l  c o n t r o l  

of r e t r o v i r u s  expres s ion ,  p a r t i c u l a r l y  t h e  mechanism of Fv-1 locus r e s t r i c -  

t i o n  of murine e c o t r o p i c  r e t r o v i r u s e s  and t h e  primer tRNA func t ions .  

The methods t h a t  he devised f o r  tRNA i s o l a t i o n  and syn the ta se  

David L. Hwang, Ph.D. Biochemist (100%) Nuc le i c  a c i d  enzymology and 

tRNA i d e n t i f i z a t i o n .  With p a s t  t r a i n i n g  i n  p r o t e i n  p u r i f i c a t i o n  and 

c h a r a c t e r i z a t i o n ,  Dr. Hwang h a s  been working w i t h  rRNA*tRNA i n t e r a c t i o n  

f o r  t h e  p a s t  two y e a r s ,  and h a s  accumulated c o n s i d e r a b l e  experience r e l a t e d  

t o  t h i s  a s p e c t  of t h e  s tudy.  

Dan ie l  J. P r i c e ,  B.S. Biochemistry A s s i s t a n t  (100%). Mr. P r i c e  w i l l  

be  r e s p o n s i b l e  f o r  p r e p a r a t i o n  and i s o l a t i o n  of RNA from human cancer 

cel ls  and t i s s u e s  and a s s i s t a n c e  of v a r i o u s  biochemical  ope ra t ions .  

Claude D. S t r i n g e r ,  M.S. Biochemistry Research A s s i s t a n t  (50%). 

M r .  S t r i n g e r  o p e r a t e s  t h e  amino a c i d  a n a l y z e r  and w i l l  be r e spons ib l e  f o r  

i d e n t i f i c a t i o n  of l abe led  amino a c i d s  charged t o  tRNAs. He w i l l  a l s o  

check t h e  p u r i t y  of commercially l a b e l e d  amino a c i d s  t o  be used f o r  t h e  

aminoacylat ion.  

Den-Mei Yang, B.A. T i s sue  C u l t u r e  and C e l l  Biology Research A s s i s t a n t  

(50%). 

r e t r o v i r u s  r e sea rch .  

of human cance r  c e l l s  i n  v i t r o ,  maintenance of t h e  c e l l  l i n e s  and assay 

of v i r u s  i n f e c t i o n .  

Ms. Yang has  over f o u r  y e a r s  of expe r i ence  i n  t i s s u e  c u l t u r e  and 

She w i l l  b e  r e s p o n s i b l e  f o r  l a r g e - s c a l e  propagation 

1 0 1 8 8 5 0  
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B. Personnel Supported by Other Sources 

Fred C. Hartman, Ph.D. Biochemist. Collaborat-Dn on utilization of 

amino acid analyzer for identification of charged labeled aminoacyl-tRNAs 

and pep tide analysis. 

Davis K. Lin, M.D., Ph.D. (University of Tennessee-Memorial Hospital). 

Collaboration on characterization of cell-free synthesized proteins and 

assistance in securing biopsy cancer materials. 

G. David Novelli, Ph.D. Biochemist. Collaboration and consultation 

on large-scale purification of individual tRNAs by reversed-phase 
chromatography. 

Grace Shiao, M.S., Ph.D. Candidate (University of Tennessee-Oak Ridge 

Graduate School of Biomedical Sciences). 
poly(A)RNA.tRNA hybridization by employing human breast cancer cells. 

Full-time investigation on 

Chin-Yih Ou, M.S. Graduate Student (University of Tennessee-Oak Ridge 

Graduate School of Biomedical Sciences). 
in the expression of cell-genome integrated retroviral genes. 

Full-time research participation 

In addition, this laboratory generally attracts research participation 

by undergraduate premedical students (average two per year) from the Oak 

Ridge Science Semester programs of the Great Lakes College Association, 

Southern College and University Union and Oak Ridge Associated Universities- 

Summer Research Fellowship Program. 

1 0 7 8 8 5  I 
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PROPOSED BUDGET 

Retroviral Genetic Expression in Human Cancers: Analysis by I 1  

Primer tRXA Binding Approach (Yang) 

Proposed Addition to NCI-DOE Interagency Agreement 

FY 1979 FY 1980 FY 1981 
01 02 03 

- MY $ MY $ - MY $ 

W. K. Yang 0.25 
1.00 D. L. Hwang 

Total Ph.D. 1.25 
- 

D. J. Price 1.00 
C. D. Stringer 0.50 

0.50 D. M. Yang 
Total Technicians 2.00 

- 

0.50 0.50 
1.00 1.00 

1.50 1.50 
- - 

1.00 1.00 
0.50 0.50 

0.50 0.50 

2.00 2.00 
- - 

DIRECT COSTS: 

59,200 67,700 71 700 Salaries 
Travel 

17 000 26,000 30,000 Materials b Supplies 
Shop h Maintenance 
Glassware Washing (Kitchen) 6,000 7,000 7,700 
Total (3.25) $84,200 (3.5) $103,100 (3.5)$111,800 

1,200 1,200 1,200 

800 1,200 1,200 



4 6  

FACILITIES AND EQUIPMENT: 

The 2923 sq. f t .  of space occupied by t h i s  group i n c l u d e s  ( a )  two 

biochemical  l a b o r a t o r i e s  with necessary f a c i l i t i e s  f o r  advanced biochemical 

r e s e a r c h  i n  n u c l e i c  a c i d  enzymology and p r o t e i n  b i o s y n t h e s i s ;  (b) a t i s s u e  

c u l t u r e  f a c i l i t y  s u f f i c i e n t  f o r  s p e c i f i c  work of RNA tumor v i r u s e s  with 

r e s p e c t  t o  biohazard p r o t e c t i o n  and l a rge - sca l e  c e l l  growth; (c )  a 4°C 

c o l d  room; (d) a walk-in 37°C i ncuba to r  and ( e )  l i q u i d  n i t r o g e n  f r e e z e r s .  

One-third of t h e  space and f a c i l i t y  i s  proposed f o r  u se  i n  t h e  present  

proposed re s e a r c h  . 
I n  a d d i t i o n ,  h igh ly  s o p h i s t i c a t e d  amino a c i d  ana lyze r  and pep t ide  

sequencer  f a c i l i t i e s  are generously a v a i l a b l e  f o r  t h i s  r e sea rch  from 

D r .  Fred Hartman’s l a b o r a t o r y  (Biology Div i s ion ,  O W ) .  
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EWERZMENTS W I T H  HUMAN SUBJECTS - EXPERIMENTS WITH RECOMBINANT DNA 

No such experiments are anticipated and will not be carried out in 

the present proposed research. 

1 0 1 8 8 5 4  
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RELATED RESEARCH ACTIVITIES AND PARTICULAR CONSIDERATION : 

Cur ren t ly  t h e r e  are two budgetary suppor t s  f o r  t h i s  l a b o r a t o r y :  

A Department of Energy-supported "Carcinogen-Cell Genome I n t e r a c t i o n "  

p r o j e c t  and an NCI-supported "Host C e l l  Control  of R e t r o v i r u s  Expres- 

- sion' '  p r o j e c t  . 
The DOE-supported p r o j e c t  i n v o l v e s  r e s e a r c h  a c t i v i t i e s  r e l a t e d  t o  

t h e  e f f e c t  of environmental  ca rc inogens  on i n t e g r a t i o n  of exogenous 

oncogenic ( r e t r o v i r a l )  i n fo rma t ion  i n t o  c e l l  genome and a l s o  on enzyme 

mechanisms of c e l l  DNA r e p l i c a t i o n  and r e p a i r .  

The NCI-supported p r o j e c t  i s  through an in t e ragency  agreement.  The 

major r e s e a r c h  a c t i v i t y  c e n t e r s  on "The mechanism of Fv-1 l o c u s  r e s t r i c -  

t i o n  of murine leukemia v i r u s e s " ,  a j o i n t  r e sea rch  e f f o r t  i n v o l v i n g  

R. W. Tennant 's  group ( C e l l  Biology and Virology) and t h i s  l a b o r a t o r y  

(Biochemistry).  Included i n  t h i s  p r o j e c t  is a l s o  a minor a c t i v i t y  on 

t h e  i d e n t i f i c a t i o n  of primer t R N A s  of RNA tumor v i r u s e s .  

budgetary l i m i t a t i o n s ,  t h e  d i s t r i b u t i o n  of t h e  YO1 CP6-0500 budget t o  

t h e  primer tRNA r e s e a r c h  is c u r r e n t l y  1 .00 man yea r  (FY 1978).  With an 

a n t i c i p a t e d  d e c l i n e  of t h e  Y O 1  CP6-0500 budget,  t h e r e  w i l l  be  a f u r t h e r  

c u r t a i l m e n t  on t h e  primer tRNA r e s e a r c h  p o r t i o n  i n  FY 1979 t o  0.5 man 

year .  The primer tRNA r e s e a r c h  f o r  t h e  YO1 CP6-0500 c o n t r a c t  mainly 

concerns i d e n t i f i c a t i o n  of pr imer  t R N A s  i n  known r e t r o v i r u s  i s o l a t e s  

and p o s s i b l e  c e l l u l a r  o r i g i n  of t R N A  b ind ing  sequences ( s e e  Background 

Sec t ion ) .  The r e s u l t s  from t h e s e  works have con t r ibu ted  t o  t h e  i d e a  f o r  

gene ra t ing  t h e  p r e s e n t  r e s e a r c h  p roposa l ;  t h e  two p r o j e c t s  do n o t  dup l i -  

cate i n  r e s e a r c h  c o n t e n t ,  nor  i n  manpower e f f o r t .  However, i f  t h e  p r e s e n t  

r e sea rch  p roposa l  i s  awarded w i t h  a c o n t r a c t  through NCI-DOE in t e ragency  

agreement, t h e  primer tRNA r e s e a r c h  a c t i v i t y  i n  t h e  Y O 1  CP6-0500 should 

n e v e r t h e l e s s  be terminated i n  FY 1980. Th i s  is  r e f l e c t e d  i n  t h e  budget 

p roposa l  i n  which t h e  p r i n c i p a l  i n v e s t i g a t o r ' s  e f f o r t  w i l l  i n c r e a s e  from 

0.25 MY i n  FY 1979 t o  0.50 MY i n  FY 1980. 

Because of t h e  
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came to  U.S. i n  1963, o b t a i n e d  U.S. permanent 
became a U.S. c i t i z e n  i n  1974; marr ied t o  

E3GCATIONXL AND PROFESSIONAL BACKGROUND: 

- -  

1961-1962 R o t a t i n g  I n t e r n s h i p ,  N a t i o n a l  Taiwan U n i v e r s i t y  H o s p i t a l ,  T a i p e i ,  
Taiwan - -- 

196 3 Second L i e u t e n a n t  Medical O f f i c e r ,  Chinese A i r  Force a 

1966-1968 Damn Runyon Fellow for Cancer Research,  V i s i t i n g  I n v e s t i g a t o r ,  
Biology D i v i s i o n ,  Oak Ridge N a t i o n a l  Labora to ry  

1968-1973 S t a f f  Biochemist ,  Ca rc inogenes i s  Program, Biology D i v i s i o n ,  
Oak Ridge N a t i o n a l  Labora to ry  

I 

1973-pres.  Croup Leader ,  Enzymology of C a r c i n o g e n e s i s  Group, Biology 
D i v i s i o n ,  Oak Ridge Na t iona l  Labora to ry  

HOSORS, NEBERSHIPS AND OTHER POSITIONS: 

Frank Hsu S c h o l a r s h i p  f o r  N a t u r a l  Sc iences  (1956) 

Chong-Me€ hiedical S c h o l a r s h i p  (1958) 

Sigra Xi. Award, Tulane (1967) 

32-on Runyon X e n o r i a l  F e l l c v s h i p  for Cancer Research (1966-1968) 

7 d l  rnenber, Sigma X i  S o c i e t y  (1966-present)  

A c t i v e  menber, G e r o n t o l o g i c a l  S o c i e t y  (1970-present)  
I 0 S;btive rnc&er, American A s s o c i a t i o n  for Cancer Research (1972-prcsent )  



Act ive  member, American S o c i e t y  of B i o l o g i c a l  Chemists (1973-present) 

Nenher, American A s s o c i a t i o n  fo r  Advancement o f  Sc ience  (1965-present) 

L e c t u r e r  i n  Biomedical  S c i e n c e s ,  U n i v e r s i t y  of Tennessee-Qak Ridge 
Graduate School  of Biomedical Sciences (1969-present) ; t e a c h  advanced 
c o u r s e s  "Biochemical Concepts i n  Medical Sciences"  (3 c r e d i t  hours) and 
"Medical Gene t i c s "  (3  c r e d i t  hour s )  once e v e r y  two y e a r s .  

. 

Regular  r ev$eye r  o f  s c i e n t i f i c  pape r s  for Cancer ReSearch, Arch ives  O €  

Biochemistry a n d  B iophys ic s ,  Journal of Diolop,ical  Chemistry and Journal 
n c e r  I n s t i t u t e  

'f 
f 
1 
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Yang, W. K. 
8. M. Thesis, National Taiwan University College o f  Bedicine (1961). 

Riboflavin metabolism in liver diseases, especially hepatoma, 59 pp. 

Yang, W. K. and Sung, J. L. Riboflavin metabolism in liver diseases, especially 
hepatoma I. Blood flavin levels in liver diseases, 11. Flavin adenine dinucleo- 
tide (FAD) loading on the liver disease patients, 111. Flavin contents of the 
liver and other tissues of p-dimethylaminoazobenzene (DMAB)-fed rat and human 
livers, IV. Enzymatic splitting and synthesis o f  FAD in the DMAB induced rat 
liver carcinoma tissues, V. Clinical studies of the serum enzymatic splitting 
of FAD. Journal of Formosan Medical Assoc. - 65: 282-286, 287-293, 294-298, 299- 
305, 306-31 1 (1 966). 

Yang, W. K., Yaeger, R. G. and Miller, 0. N. Quantitative consideration on 
imunoelectrophoretic analysis. Bull. Tulane Univ. Med. Faculty 25: 73-81 (1966)- 
Yang, W. K. Immuno-biochemical studies in rats infected with Tr anosoma cruzi. 

Yang, W. K. and Novelli, G. 0. 
cell tumor. 

Yang, W. K. and Novelli, G .  D. Isoaccepting tRNAs in mouse plasma cell tumor:. 
that synthesize different myeloma protein. 

215 p. Ph.D. Dissertation, Tulane University Graduate School (1966 -*-- 
Multiple isoaccepting tRNAs in a mouse plasma 

Proc. Natl. Acad. Sci. U.S.  7 59, 208-215 (1968). 

Biochem. Biophys. Res. C m .  - 31: 
534-539 (1968). 

Yang, W. K. and Novelli, G. D. Studies on the nlultiple isoaccepting transfer 
RNAs in mouse plasma cell tumors in Nucleic Acids in Imnunology (ed. Plescia 
and Braun) p. 644-659, Springer-Verlag, New York (1969). 

Yang, W. K., Hellman, A., Martin, D. H., Hellman, K. B. and Novelli, G. 0- 
Isoaccepting transfer RNAs o f  L-M cells in culture and after induction in C3tl 
mice. 

Yanq, W. K. and Novelli, G. D. Analysis of isoaccepting tRNAs in mamalian 

Proc. Natl. Acad. Sci. U.S .  - 64: 1411-1418 (1969)- 
I 

tisiues and cells. 
p. 44-55, Academic Press, New York (1971). 

Methods in Enzymology, Vol. 20 (ed.-Moldave and Grossman) 

Yang, W. K. 
tumor tissues. 

Isoaccepting transfer RNAs in manalian differentiatied cells and 
Cancer Research 7 31: 639-643 (1971). 

Yang, W. K., Koh, C. K. and Waters, L.  C. Preparation of RNA-direct DNA 

Biochem. Biophys. Res. Corn. - 47: 505-511 (1972). 

Frazer, J. M. and Yang, W. K. Isoaccepting transfer ribonucleic acids in 'liver 
and brain of young and old BC3F1 mice. Arch. Biochem. Biophys. - 153: 610 (1973). 

I polymerase from spleens of B a W c  mice infected with Rauscher leukemia virus, 
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d e  Leon, W. K. Yang, and J. L. S i r l l n .  Mouse histldyl-tRNAs dur ing  
pregnancy. 
between organs.  D i f f e r e n t i a t i o n  4: 65-72 (1975).  

D i f f e r e n t i a t i o n  of a c t i v i t y  p r o f i l e s  w i t h i n  and 

W. Hsu, D. S. Davis, C. H. Wei and W. K. Yang. Temperature e f f e c t  on 
a f f i n i t y  chromatographic s e p a r a t i o n  of two p r o t e i n  f r a c t i o n s  from t h e  
s e e d s  of R i c i n u s  communis. Anal. Biochem. 73: 513-521 (1975). 

D.  G r i f f i n ,  W. K. Yang and G. D. Novel l i .  T r a n s f e r  RNA s p e c i e s  i n  human 
lymphocytes s t i m u l a t e d  by mitogens and i n  leukemic cel ls .  ARch. Biochem. 
Biophys.  176: 187-196 (1976). 

K.  Yang, R. L. Tynda l l  and J. C. Daniel ,  Jr. DNA- and RNA-dependent 
DNA polymerases.  P r o g r e s s i v e  changes i n  r a b b i t  endometrium at pre- 
i m p l a n t a t i o n  s t a g e  of pregnancy. B io l .  Reprod. 15: 604-613 (1976). 

B. Lozzio, B. B. Lozzio,  W. K.  Yang, A. T. I c h i k i  and E, G. Bamberger. 
Absence of thymus-derived lymphocyte markers i n  myelogenous leukemia 
(Ph+) c e l l  l i n e  K-562. Cancer Res. 36: 4657-4662 (1976). 

IJ. Tennant,  B. S c h l u t e r ,  F. E. Myer, J .  A. Otten, W. K. Yang and A. Brown. 
G e n e t i c  ev idence  f o r  a product  of t h e  Etr-1 locus t h a t  t r a n s f e r s  r e s i s t a n c e  
t o  mouse leukemia viruses. J. V i r o l .  29: 589-596 (1976). 

C. Hsu and W .  K. Yang. DNA t r a n s f e c t i o n  of e c o t r o p i c  murine leukemia v i r u s e r  
i n  mouse c e l l  c u l t u r e s .  Cancer R e s .  37: 1709-1714 (1977). 

'iJ. F o u n t a i n  and W. K. Pang. I s o l e c t i n s  from soybean (Glycine m a . )  
Acta Bioch. Bioph. 492: 176-185 (.1977). 

k'. Foun ta in ,  D. E. Foard,  W. D. Replogle and W. K. Yang. L e c t i n  release 
by soybean seeds .  Science 197: 1185-1187 (1977).  

L. R. Hwang, K.-T. D. Lin,  W .  K. Yang and D. E. Foard. P u r i f i c a t i o n ,  
p a r t i a l  c h a r a c t e r i z a t i o n ,  and immunological r e l a t i o n s h i p s  of m u l t i p l e  
l o w  molecu la r  weight  p r o t e a s e  i n h i b i t o r s  of soybean. A c t .  Biochim. 
Biophys. 495: 369-382 (1977). 

L. R. Hwang, W. K. Yang, D.E. Foard and K.-T. D. Lin.  Rapid release of 
p r o t e a s e  i n h i b i t o r s  from soybeans. 
w i t h  l ec t ins .  P l a n t  Phys io l .  61: 30-34 (1978).  

Immunochemical q u a n t i t a t i o n  and p a r a l l e l s  

K .  Yang, D. L. R. Hwang, J. 0. Kiggans, D. M. Yang, C. D. S t r i n g e r ,  D. J. 
Moore, and F. C. Hartman. I n  v i t r o  a s s o c i a t i o n  of s e l e c t i v e  tRNA s p e c i e s  
w i t h  28s RNA of mouse c e l l s .  Biochem. Biophys. Res .  Corn. 80: 443-450 (1978). 

-- 

W. Tennant ,  W. K. Yang, R. J .  Rascati, I. C. Hsu and A. Brown. S p e c i f i c  
c e l l  RNA m e d i a t o r s  and t h e  mechanism of Fv-1 gene r e s t r i c t i o n .  
I n t e r n a t i o n a l  Seminar on Genetic Aspects of F r i e n d  Virus and Friend Cells. 
Academic P r e s s ,  N. Y., i n  p r e s s  (1978). 
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I. C. Hsu, W .  K. Yang, R.W. Tennant and A. Brown. T r a n s f e c t i o n  of Fv-1 
p e r m i s s i v e  and r e s t r i c t i v e  mouse c e l l s  w i t h  i n t e g r a t e d  DNA of n n r i n e  
leukemia v i r u s e s .  Proc.  Nat. Acad. S c i .  U.S.A. 75:1451-1455 (1978). 

R. W. Tennant,  S. C. J o n e s ,  J .  A. O t t en ,  W. K. Yaw, and A. Brown. Fv-1 
l o c u s  r e s t r i c t i o n  of mouse r e t r o v i r u s e s  i n  g l u c o c o r t i c o i d - t r e a t e d  
cells .  Virology 83: I n  p r e s s  (1978). 

R. E. Hand, Jr., R. W. Tennant,  W. K. Yang and G. C. Lavelle. Inmruno- 
f l u o r e s c e n t  a n a l v s i s  of murine leukemia v i r u s - i n f e c t e d  cells  bv flow 
microf luorometry.  J. Immunol. Methods, i n  press (1978).  

W. K.  Yang, R.W. Tennant ,  R. J .  Rascati, J. A. O t t en ,  B. S c h l u t e r ,  J. 0 
K i m a n s ,  Jr., F. E. Mver and A. Brown. T r a n s f e r  of hr-1 l o c u s - s p e c i f i c  
r e s i s t a n c e  t o  murine N-tropic and B-tropic r e t r o v i r u s e s  by cytoplasmic 
RNA. J .  V i r o l . ,  i n  p r e s s  (1978). 

D.  I,. R. Hwang, W. K. Yang, J. 0. Kiggans, Jr. and C. D. S t r i n g e r .  In v i t r o  
b ind ing  of selective tRNAs t o  18s and 28s r ibosomal  RNAs of m u s e  ce l l s .  
Nuc le i c  Acid Res. submit ted (1978). 

S.  N. Huang and W. K. Yang. On t h e  DNA polymerase a c t i v i t y  of rat  sp leen .  
I. P a r t i a l  p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  of t h r e e  DNA polymerases.  
Arch. Biochem. Biophys. submit ted (1978) . 

S. M. Huang and W. K. Yang. On t h e  DNA polymerase a c t i v i t y  of rat sp leen .  
11. Age-associated d e c r e a s e  of DNA polymerase a c t i v i t y .  Arch. Biochern. 
Biophys. submi t t ed  (1978). 

W. K. Yang, L. R. Boone, D. M. Yang, I. C. Hsu, R. W. Tennant and A. Brown. 
I n f e c t i o u s  a c t i v i t y  of un in t eg ra t ed  p r o v i r a l  DNAs of murine N-tropic 
and B-tropic r e t r o v i r u s e s .  E f f e c t s  of Fv-1 locus  r e s t r i c t i o n .  Proc.  
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