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Nuclear Structure 

oo(l0 

Prokaryotes and eukaryotes have remarkable d i f f e r e n c e s  i n  the  s t r u c t u r e  and l o c a l i z a t i o n  o f  
t h e i r  gene t i c  i n fo rma t ion ,  and i n  the  mechanisms invo lved  i n  i t s  express ion .  The DNA o f  
p rokaryo tes  i s  naked, i t s  t r a n s c r i p t i o n  produces RNA t r a n s c r i p t s  whose process ing  i s  
s imp ler ,  and t r a n s p o r t  across membranes i s  n o t  requ i red .  On the  o the r  hand, eukaryotes have 
segregated the  gene t i c  i n fo rma t ion  i n  a phospho l i p id  b i l a y e r  w i t h  s p e c i a l i z e d  p e r f o r a t i o n s ,  
t he  i n i t i a l  t r a n s c r i p t s  a re  processed/spl  i c e d  and an a c t i v e  t r a n s p o r t  process i s  requ i red  
f o r  t h e i r  egress t o  the  cytoplasm where they  become f u n c t i o n a l .  
p r o t e i n  and RNA's f rom the  cy top lasm t o  the  nucleus occurs and may p a r t i c i p a t e  i n  r e g u l a t i o n .  
Th is  conference w i l l  exp lo re  some o f  these b i o l o g i c a l  phenomena. 

NUCLEOCYTOPLASMIC COMMUNICATION. E. A. Smuckler and G. A. Clawson, Department 
o f  Pathology, U n i v e r s i t y  o f  C a l i f o r n i a ,  San Francisco. 

A d d i t i o n a l l y ,  a f l o w  o f  

0001 THE NUCLEAR ENVELOPE AND RELATED STRUCTURES, Gerd Maul, The Wis ta r  I n s t i t u t e  o f  

The nuc lear  envelope represents  t h e  i n t e r f a c e  between t h e  two major compartments o f  t h e  
c e l l ,  t h e  nucleus and t h e  cytoplasm. S t r u c t u r a l  ana lys i s  has progressed f rom l i g h t - m i c r o -  
scop ic  guessing o f  i t s  r e a l i t y  (1 )  t o  ana lyz ing  t h e  molecu la r  s t r u c t u r e  o f  i t s  components and 
t h e i r  i n t e r a c t i o n s .  Besides t h e  double membrane, t h e  te rm nuc lea r  envelope began t o  encom- 
pass t h e  pore complexes and assoc ia ted  f i b r o u s  lamina (2 ) .  The major s p e c i a l i z a t i o n  o f  t h e  
nuc lear  envelope i s  t h e  pore complex (3 ) ,  t h e  obvious ga te  th rough which macromolecules are  
exchanged. Cen t ra l  f o r  b u i l d i n g  models t h a t  e x p l a i n  a c t i v e  t r a n s p o r t  i s  t h e  u l t r a s t r u c t u r e  
o f  t h e  80 nm membrane-rimed pore complex. It has a t  i t s  wa is t  and p a r a l l e l  t o  t h e  nuc lea r  
membranes r a d i a l  f i b r i l s  and f i b r o u s  r i ngs ,  i n t e r p r e t e d  as t h e  s i e v i n g  s t r u c t u r e  t h a t  
r e s t r i c t s  d i f f u s i o n .  Perpend icu la r  t o  t h e  pore complex, e i g h t  t ransve rse  f i b r i l s  pass t h e  
membranous ho le  f o r  a v a r i a b l e  d i s tance  i n t o  t h e  nucleus and cytoplasm. Th is  m a t e r i a l  e i t h e r  
c a r r i e s  t h e  produc t  t o  be t ranspor ted  ( r a i l  c a r  hypo thes i s )  o r  i s  i t s e l f  t r anspor ted  w i t h  t h e  
produc t  a t tached (cab le  c a r  hypo thes i s )  ( 4 ) .  S igna ls  f o r  s e l e c t i v e  t r a n s p o r t  i n t o  t h e  
nucleus are  p r e s e n t l y  be ing  i d e n t i f i e d  i n  severa l  l abo ra to r ies .  The lamins  (5 )  form, i f  i s o -  
l a ted ,  a s t r o n g l y  c ross l i nked  s t r u c t u r e  which may n o t  necessa r i l y  e x i s t  as such i n  v ivo .  
Dur ing  m i tos i s ,  chromosomes condense, b u t  t h e  nuc lea r  envelope w i t h  t h e  lamins  s tay  i n t a c t .  
Another s e t  o f  t h r e e  p r o t e i n s  loses  i t s  nuc lea r  envelope l o c a l i z a t i o n  and envelopes t h e  con- 
dens ing  chromosomes before  t h e  nuc lea r  envelope d i s in teg ra tes .  The concept e v o l v i n g  i s  t h a t  
t hese  p r o t e i n s  a re  e s s e n t i a l  f o r  t h e  at tachment o f  chromat in  i n  i n te rphase  and t h e  o r d e r l y  
re lease  o f  chromosomes d u r i n g  m i tos i s .  Such a concept was cha l lenged by t h e  r e p o r t  (6 )  t h a t  
t h e  lamins are  absent d u r i n g  spermatogenesis. However, both lamin  B and lam in  A C are p re-  
sent as de tec ted  by monoclonal and human autoimnune an t ibod ies .  It was found t h a t  c e r t a i n  
a n t i s e r a  o r  monoclonal an t i bod ies  recogn ize  lamins i n  somat ic  c e l l s ,  bu t  do n o t  necessa r i l y  
recognize them i n  t h e  germ c e l l s .  The s t r u c t u r a l  d i f f e r e n c e s  o f  nuc lear  envelopes, germl ine  
c e l l s ,  embryonic o r  somat ic  c e l l s  w i l l  be e l u c i d a t e d  e v e n t u a l l y  by c r o s s l i n k i n g  s tud ies  and 
sequence ana lys i s  o f  t h e  p r o t e i n s  invo lved.  These s tud ies  shou ld  y i e l d  t h e  i n f o r m a t i o n  t o  
understand t h e  i n t e r a c t i o n  o f  chromat in  w i t h  t h e  nuc lea r  envelope as w e l l  as t h e  t r a n s p o r t  
process th rough t;e pore complex. 
(1 )  Hertwig,  O., D ie  Z e l l e  und d i e  Gewebe". F i s c h e r  Verlag. Jena (1893). 
(2 )  Fawcett, D. W . ,  Amer. J .  Anat. 119:129 (1966). 
(3 )  Maul, G. G., I n t .  Rev. Cy to l .  s z l .  6:75 (1977). 
(4 )  Maul, G. G., "The Nuc lear  Envelope and t h e  Nuc lear  Ma t r i x " .  A lan  R. L i ss ,  Inc., 1982. 
(5 )  Gerace, L. and B lobe l ,  G. ,  Cold Spr ing  Harbor Symp. Quant. B i o l .  %:967 (1980). 
(6 )  S t i ck ,  R. and Schwarz, H., C e l l  D i f f e r e n t i a t i o n  c : 2 3 5  (1982).  

Anatomy and 8iOlOgy, 36 th  S t r e e t  a t  Spruce, Ph i l ade lph ia ,  PA, 19104 
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0002 EXTRACHROMATIN NUCLEAR COMPONENTS AND STRUCTURAL CHANGES I N  NUCLEI, George 
S e t t e r f i e l d ,  T. Bladon, N.  Chaly,  R .  H a l l ,  K .  Brasch, E. Jones-V i l leneuve,  and D.L. 
Brown. Departments o f  B i o l o g y ,  C a r l e t o n  U n i v e r s i t y  and U n i v e r s i t y  o f  Ottawa, 
Ottawa, Canada, K1S 586 and U n i v e r s i t y  o f  Tu lsa ,  T u l s a ,  OK. 

l : ' i th in 24 h o f  t r e a t m e n t  w i t h  mi togens ,  p r i o r  t o  DNA r e p l i c a t i o n ,  lymphocytes show s t r i k i n g  
changes i n  n u c l e a r  morphology. Nuc lear  volume i n c r e a s e s  s e v e r a l - f o l d ,  l a r g e  chromat in  clump 
p a r t i a l l y  d i s a g g r e g a t e  and r e d i s t r i b u t e  and c o n s i d e r a b l e  amounts o f  i n t e r c h r o m a t i n i c  m a t e r i a  
accumulate.  These changes a r e  i n h i b i t e d  by cyc lohex imide  and a r e  accompanied by appearance 
o f  newly  s y n t h e s i z e d  s t a b l e  p r o t e i n s  i n  t h e  i n t e r c h r o m a t i n i c  r e g i o n s  o f  t h e  nuc leus  ( 1 ) .  
Nuc lear  m a t r i c e s  i s o l a t e d  f rom s t i m u l a t e d  mouse and bov ine  lymphocytes show m o r p h o l o g i c a l  
changes wh ich  p a r a l l e l  those o f  t h e  i n  s i t u  i n t e r c h r o m a t i n i c  r e g i o n s .  Two-dimensional g e l  
a n a l y s i s  o f  i s o l a t e d  m a t r i x  f r a c t i o n r ( 2 ) h o w s  q u a n t i t a t i v e  changes i n  a number o f  m a j o r  an 
m i n o r  p r o t e i n s  d u r i n g  s t i m u l a t i o n  b u t  no m a j o r  q u a l i t a t i v e  s h i f t  i n  compos i t ion .  Nuc lear  
m a t r i c e s  f r o m  u n s t i m u l a t e d  lymphocytes were used as immunogens t o  produce monoclonal  
a n t i b o d i e s  wh ich  s t a i n  non-chromat in r e g i o n s  o f  n u c l e i  o f  mouse 3T3 c e l l s  ( 3 ) .  One a n t i b o d y  
s t a i n s  t h e  n u c l e a r  p e r i p h e r y  (P i ) ,  two s t a i n  t h e  n u c l e a r  i n t e r i o r  of t h e  nuc leus  ( I ,  and I , )  
and two s t a i n  b o t h  p e r i p h e r y  and i n t e r i o r  ( P I 1  and P I ? )  t o  v a r y i n g  degrees. The a n t i g e n s  t o  
P, and I ,  a s s o c i a t e  w i t h  chromosomes d u r i n g  m i t o s i s  and c o u l d  be i n v o l v e d  i n  o r d e r e d  ar range-  
ments o f  c h r o m a t i n .  
w h i l e  I ,  c o a t s  t h e  s u r f a c e  o f  a l l  i n d i v i d u a l  chromosomes. Both  P I  a n t i g e n s  d i s p e r s e  t o  t h e  
cy top lasm d u r i n g  m i t o s i s  .with PI, showing a s s o c i a t i o n  w i t h  t h e  s p i n d l e  p o l e s .  
gave i n c r e a s e d  s t a i n i n g  o f  lymphocytes as n u c l e a r  s i z e  inc reased f o l l o w i n g  mi togenen ic  
s t i m u l a t i o n .  
a n t i b o d i e s  r e a c t  p o s i t i v e l y  w i t h  p l a n t s  and green a lgae.  
a n t i b o d i e s  was seen i n  s e v e r a l  d i f f e r e n t i a t i n g  c e l l  systems. Cons iderab le  d i v e r s i t y  i n  
s t a i n i n g  r e a c t i o n  was seen however, w i t h  d i f f e r e n t  lymphoma samples. The non-chromat in  
components o f  t h e  nuc leus  show complex number, d i s t r i b u t i o n  and f u n c t i o n  wh ich  must be 
e l a b o r a t e d  b e f o r e  gross  s t r u c t u r e  and i n t e g r a t e d  f u n c t i o n s  o f  t h e  nuc leus  can be unders tood.  
T h i s  work was suppor ted  by g r a n t s  f rom t h e  N a t u r a l  Sciences and E n g i n e e r i n g  Research Counc i l  
o f  Canada and t h e  Med ica l  Research Counc i l  o f  Canada. 

1. S e t t e r f i e l d  e t  a l .  J. U l t r a s t r u c t .  Res. 82, 264 (1983) .  
2. S e t t e r f i e l d  e t  a l .  i n  I n t e r c e l l u l a r  Communication i n  Leucocyte F u n c t i o n .  Ed. J.W 

3. Cha ly  e t  a l .  J .  C e l l  B i o l .  3, 661 (1984) .  

P, a n t i b o d y  s t a i n s  o n l y  t h e  p e r i p h e r y  o f  t h e  e n t i r e  chromosome mass 

A l l  a n t i b o d i e s  

P,, I ,  and b o t h  P I  a n t i b o d i e s  s t a i n e d  i n s e c t  n u c l e i . w h i l e  t h e  P, and I ,  
L i t t l e  change i n  s t a i n i n g  w i t h  t h e  

P a r k e r  and R.L. Obr ien .  J. Wi ley  and Sons. pp. 387-394 (1983) .  

The NTJCLEAR LAMINA IN GEFUI CELLS AND EARLY DEVELOPMENT,Reimer Stick, OOo3 Flax-Planck-Institut fur Entwicklungsbiologie, Tubingen, F.R.G. 
The nuclear lamina together with the nuclear membranes and the pore-complexes 
is a constituent of the nuclear envelope of eucariotic cells. It is a protein 
sceleton,which is in close contact with both the inner nuclear membrane and 
the peripheral chromatin. In our attempt to elucidate the function of the nu- 
clear lamina we have followed the fate of the lamina structure adits protein 
components,the lamins,in gametogenesis and early development,because extensive 
variation in structure and function of nuclei is found in these developmental 
stages. 
A lamina structure is absent in specific stages during the meiotic prophase 

(yachytene)in oocytes of amphibians and birds(1)as well as in primary and se- 
condarv spermatocytes and in sperm nuclei(2). 

In XENOPUS cell-type-specific lamins have been described(3):The L G ~  lamin 
as the onlv lamina constituent of the giant oocyte nucleus(germina1 vesicle) 
and lamins L( and LII of erythrocyte nuclei. The participation of these three 
lamins in the composition of the lamina structure changes in the course of 
develoyrcent. LGV is found in pronuclei and embryonic nuclei up to tailbud sta- 
ges hut decreases in amount from neurula onwards. It is the only lamin consti- 
tuent in early cleavage nuclei up to mid-blastula. The LGV of the oocyte la- 
rrina structure serves as a lamin pool in these stages of development. The lami- 
na is desaggregated in the course of the germinal vesicle breakdown during 
egg maturation and the lamin protein is reutilized for the formation of embry- 
onic nuclei. L, appears in nuclei from mid-blastula onwards,it increases in 
amount relative to LGV and reaches normal levels in gastrula. The third lamin, 
L ~ I  ,does not appear before gastrula. From gastrula to tailbud stages all three 
lamins are found in the same nuclei. 
The appearance of L1 is due to de novo synthesis. The time of its appearan- 

ce coincides with the onset of the mid-blastula transition(MBT),but its syn- 
thesis as well as the synthesis of LGV at that time is independent of trans- 
cription,which starts at MBT. The correlation in time of the appearance of 
L I  as a corvponent of the nuclear sceleton with the changes of nuclear struc- 
ture and function such as the change in DNA loop domain organisation and the 
onset of transcription will be discussed. 

(1)R.Stick and H.Schwarz(l983)Cell:33,949-958(2)R.Stick and H.Schwarz(l982) 
Cell Diff.:II,235-243(3)C.Krohne et a11.(1981)J.Ilol.Biol.:151,121-141 
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Nuclear Structure and Nuclear Envelope 

THE NUCLEAR RCTICULE, Gerard Andlauer, Molec R io  Research, 
Kundel heim, France 

oO04 

The nuc lea r  envelope i s  thought  t o  be a pavement o f  po lygona l  
subun i ts  t h a t  i n c l u d e  polyr ibosomal r o s e t t e s  s p e c i f i c  o f  t he  
NPCs - nuc lea r  pore complexes. These a re  the  s i t e s  o f  p r o t e i n  
syn thes is  and p l e n t i f u l  i n  the  a c t i v e  c e l l s .  They regu la te  the  
exchanges between the  nuc lea r  sap and the  cytoplasm. 

NUCLEAR R1NGS:A NOVEL CELL ORGANELLE AT THE NUCLEAR CORTEX,Juan Arechaga and Gunter 
Bahr ,Un ivers i ty  o f  Granada (SPAIN) and AFIP,Washington,O.C.20306 (USA) 

Dur ing  t h e  l a s t  t h i r t y  years  specu la t i on  about the  s t r u c t u r e  o f  t h e  
nuc lea r  c e l l  pe r iphe ry  has developed a s e r i e s  o f  proposed a r c h i t e c -  
t u r a l  elements 1 i ke nuc l  ear-pores,nucl ear- lamina ,nucl ear -mat r ix  and 
m u l t i p l e  synonims o f  each 0ne.A new assessment. , f  t he  nuc lea r  c o r t e x  
u t i l i z i n g  h i g h  vacuum t ransmiss ion  e l e c t r o n  microscopy o f  whole mo- 
u n t  and f r e e z e - f r a c t u r e  p repara t i ons  has l e d  t o  two novel  concepts:  
t he  c o n t i n u i t y  o f  t h e  c i s t e r n a  karyothecae and t h e  ex i s tence  o f  nu- 
c l e a r - r i n y s , t h e  s o l e  s t r u c t u r e  t h a t  we observed between t h e  chroma- 
t i n  network and t h e  nuc lea r  membranes us ing  these techn iques .0ens i -  
t omet r i c  t r a c i n g s  and count ings  by u n i t  o f  a rea , in te rpherence con- 
t r a s t  and i n t e g r a t e d  photometry conf i rmed t o  us t h a t  t h e  o p t i c a l  den 

s i t i e s  and d r y  we igh t  de te rm ina t ions  i n  so -ca l l ed  "nuc lear -pores ' '  a r e  s i m i l a r  t o  o r  h ighe r -  
-no t  l e s s -  than i n  non "pore  " reg ions  o f  t h e  nuc lea r  membranes. Nuc lea r - r i ngs  a r e  a t tached t o  
t h e  i n n e r  nuc lea r  membrane a t  "pore"p laces ,apparent ly  anchored a t  e i g h t  p o i n t s  ( o r i g i n  o f  ear 
1 ie r "oc togona1 i t y " a n d " e i g h t  p o i n t s  o f  symet ry " f i nd ings )and  conected l q i t h  s i x  chromat in  f i b e r s  
t o  t h e  chromat in  ne twork .Mic ro f i lament  anchor ings,probably o f  a c t i n  nature,were de tec ted  on 
t h e  o u t e r  nuc lear  membrane a t  t h e  r i n g  areas fo rming  pseudor ings . Iso la ted  nuc lea r - r i ngs  w i t h -  
o u t  chromat in  f i b e r s  o r  m i c r o f i l a m e n t  anchor ings were a l s o  observed(seee1ectromicrograph a t  
300.000 X magn i f i ca t i on ) .The  ocur rence o f  chromat in  f i b e r s  o r  i n i c ro f i l amen t  connect ions  may 
correspond t o  va r ious  f u n c t i o n a l  s t a t e s  o f  t h e  c e l l  nucleus. 

LAMIN A I S  SYNTHESIZED AS A PRECURSOR I N  BHK CELLS, V iv iane Bibor-Hardy. Andre 
Dagenais and Ren6 Simard, I n s t i t u t  du Cancer de Mont rga l ,  1560 es t ,  rue  Sherbrooke. 
Montrgal ,  Qu6bec. Canada, H2L 4M1. 

Lamins a re  s t r u c t u r a l  p r o t e i n s  found i n  the  f i b r o u s  lamina u n d e r l i n i n g  the  nuc lear  enve- 
lope. I n  v i t r o  t r a n s l a t i o n  o f  nRNAs fo l l owed  by i nmunoprec ip i t a t i on  w i t h  a serum r a i s e d  
aga ins t  BHK nuc lear  m a t r i x  p r o t e i n s  showed t h a t  l am in  A (72 Kd) i s  syn thes ized as a h i g h  
molecu la r  we igh t  p recu rso r  (74 Kd). These r e s u l t s  prompted us t o  i n v e s t i g a t e  i f  i n  the  c e l l  
l am in  A i s  p resent  i n  a p recursor  form and i f  o the r  nuc lear  m a t r i x  p r o t e i n s  behave s im i -  
l a r l y .  We have thus  analyzed the  k i n e t i c s  o f  nuc lea r  m a t r i x  p r o t e i n s  du r ing  pu lse  and chase 
exper iments by i n  v i v o  l a b e l l i n g  and imnunoprec ip i t a t i on  o f  l am in  p ro te ins .  Only lam in  A i s  
syn thes ized i n  a precursor .  Th i s  molecule has an i d e n t i c a l  MW as the  precursor  pre- 
v i o u s l y  d e s c m n d  possess a h a l f - l i f e  o f  60 min. I n  2-D ge l ,  t he  i s o v a r i a n t s  o f  t he  74 
Kd a re  more a l k a l i n e  than t h e i r  coun te rpa r t s  i n  lamin  A. The c e l l u l a r  p rocess ing  and func- 
t i o n s  o f  nuc lear  m a t r i x  lamins  a re  a l o t  more complexe than once thought.  Immunoprecipi ta-  
t i o n s  o f  BHK c e l l  l y s a t e  a l s o  p o i n t  o u t  t h a t  a 63 Kd p r o t e i n  imnuno log ica l l y  r e l a t e d  t o  
lamins  c o e x i s t s  w i t h  the  62 Kd lam in  C. The presence o f  many i s o v a r i a n t s  f o r  t he  63 Kd and 
t h e  62 Kd on 2-D g e l s  and t h e i r  s i m i l a r i t y  w i t h  the  p a r t i a l  d i g e s t  o f  lamin  C argue f o r  a 
same o r i g i n .  However, they do n o t  share a p recursor -p roduc t  r e l a t i o n s h i p  s ince  bo th  a r e  
always present  even a f t e r  l o n g  p e r i o d  o f  chase, t he  63 Kd be ing  t h e  most abundant c e l l u l a r  
form. The f a c t  t h a t  t he  63 Kd p r o t e i n  i s  n o t  p resent  i n  t r a n s l a t e d  produc ts  o f  BHK mRNAs 
suggest t h a t  i t  o r i g i n a t e s  f rom a p o s t - t r a n c r i p t i o n a l  m o d i f i c a t i o n  o f  t he  62 Kd p ro te in .  
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ENZYMATIC MODIFICATION OF NUCLEAR LAMINA PROTEINS I N  NOVIKOFF HEPATOMA, J u d i t h  A. 
Briggs ,  William F. Glass 11, Michael J .  Meredith,  Robert C .  Br iggs ,  and Lubomir S.  
H n i l i c a ,  Depts.  o f  Biochemistry and Pathology, School of Medicine, Vanderb i l t  
UniversiLy, Nashv i l l e ,  TN 37232 

A Caw dependent upward s h i f t  (by approx. 2Kd) i n  t h e  molecular weight of lamin C and t o  a 
lesser e x t e n t ,  lamin A, can be induced i n  whole c e l l  homogenates or i s o l a t e d  t o t a l  chromatin 
of  Novikoff hepatoma a s  w e l l  a s  o t h e r  rodent  a sc i t e s - type  tumor c e l l s  bu t  no t  i n  s i m i l a r  
p repa ra t ions  from normal rat  l i v e r .  Th i s  phenomenon has  been v i s u a l i z e d  and quan t i t a t ed  
us ing  t h e  immuno-blot technique  wi th  a po lyc lona l  an t i se rum which recognizes  only  lamins  A 
and C .  The s p e c i f i c  i n  v i t r o  r equ i r enen t s  i n d i c a t e  t h a t  t h i s  i s  an enzymat ica l ly  mediated 
r e a c t i o n  a c t i v a t e d  by?a- a pH optimum of 8.0-8.5 and i s  i n h i b i t e d  by su l fhydry l  b inding  
agen t s  a s  we l l  a s  by Cu-bleomycin. It i s  a l s o  i n h i b i t e d  compet i t ive ly  by pu t r e sc ine .  &<r 
r e s u l t s  sugges t  t h a t  t h e  
Since no a s s o c i a t i o n  o f  “C-putrescine wi th  the  lamins ( a f t e r  Ca 
d e t e c t e d ,  w e  b e l i e v e  t h a t  t he  lamins may se rve  a s  t he  amine donors i n  the  r e a c t i o n  whi le  t he  
y-glutamyl a c y l  group i s  be ing  con t r ibu ted  by a low molecular weight moiety.  
N C I  Grant CA 27338. 

nzyme involved i n  t h i s  r e a c t i o n  is  a f g m  of t ransglu taminase .  
a c t i v a t i o n )  could be 

Supported by 

THE NUCLEAR MATRIX I N  TWO HORMONE RESPOiJSIVE TISSUES, Klaus brascli ,  Keith P e t e r s  
and Ann Jensen ,  Facul ty  of U io log ica l  Sc iences ,  Un ive r s i ty  of Tulsa ,  Tulsa ,  OR 74104 

The hormonal c o n t r o l  of v i t e l l o g e n e s i s  i n  i n s e c t s  and oviparous  v e r t e b r a t e s  are prime 
models of gene r egu la t ion .  In chicken  l i v e r  t he  process  i s  under e s t rogen ic  c o n t r o l  and 
males can be induced, whi le  i n  l o c u s t  f a t  body i t  i s  j u v e n i l e  hormone ( X I )  dependent and 
males cannot be induced. We have examined l a rge - sca l e  nuc lea r  even t s  a s soc ia t ed  wi th  the  
response  i n  both spec ie s  wi th  emphasis on s t r u c t u r a l  changes and the  nuc lea r  matrix.  In f a t  
body, JH a f f e c t s  a l l  a s p e c t s  of nuc lea r  development inc lud ing ,  enlargement,  DNA s y n t h e s i s  
and po lyp lo id i za t ion ,  e l a b o r a t i o n  of i n c l u s i o n  bodies  (NU) and p r o l i f e r a t i o n  of the  nuc lea r  
mat r ix .  While a l l  nuc lear  responses  are f a r  more pronounced i n  females ,  none can be l i nked  
exc lus ive ly  wi th  the  sex  l i m i t e d  induc t ion  of Vg syn thes i s .  l iepatocyte n u c l e i  en la rged  SO% 
a f t e r  i nduc t ion  wi th  sharp  r i s e s  i n  t o t a l  p r o t e i n  and R??A content .  
i nc ludes  p a r t i a l  d i saggrega t ion  of chromatin,  p r o l i f e r a t i o n  of  in te rchromat in  components and 
of  prominent iqB. Q u a n t i t a t i v e  f l u c t u a t i o n s  i n  nucleoplasmic and ma t r ix  p r o t e i n s  occured, 
no tab ly  the  l a n i n s ,  Hn-RiP polypept ides ,  ani175 kll component. F u l l  d i f f e r e n t i a t i o n  w a s  
ev iden t  2411 pos t  hormone and p e r s i s t e d  f o r  s e v e r a l  days before  g radua l ly  r eg res s ing .  A l l  
major i nduc t ive  e f f e c t s  had passed by 4 wks, bu t  s e v e r a l  key nuc lea r  mod i f i ca t ions  p e r s i s t e d ,  
i nc lud ing  enlargement,  e l e v a t e d  NHP con ten t  and modified ma t r ix  p ro te ins .  
c o n s t i t u t e  p a r t  of t h e  i r r i v e r s i b l e  “priming“ e f f e c t  common t o  s t e r o i d  t a r g e t  cells ,  whereby 
a second, more pronounced r e a c t i o n  can  be t r i gge red  a f t e r  r eg res s ion  of t he  primary 
response.  

Major r e s t r u c t u r i n g  

These may 

TEMPORAL AND SPATIAL RELATIONSHIPS OF NUCLEAR MATRIX ANTIGEN REORGANIZATIONS AND 
SPINDLE FORMATION’ N .  Chaly and D.L. Brown, Department of Biology, Un ive r s i ty  of 
O t t a w a ,  Ottawa, C n t .  K1N 6N5 

We have examined t h e  r e l a t i o n s h i p  between s p i n d l e  micro tubule  assembly and nuc lea r  ma t r ix  
an t igen  r e d i s t r i b u t i o n  dur ing  m i t o s i s  i n  mouse 3T3 f i b r o b l a s t s ,  us ing  a n t i b o d i e s  a g a i n s t  in -  
d i v i d u a l  nuc lea r  mat r ix  a n t i g e n s ,  as w e l l  as a n t i - t u b u l i n ,  an t i -cent romere  and t h e  DNA-speci- 
f i c  f luorochrome Hoechst 33258. Nuclear ma t r ix  a n t i b o d i e s  P1 and P I1  were used t o  monitor 
m i t o t i c  s t a g e s  and t h e  3-dimensional o rgan iza t ion  of n u c l e i  and m i t o t i c  f i g u r e s .  P1  s t a i n s  
t h e  pe r iphe ry  of n u c l e i  and m i t o t i c  f i g u r e s .  PI1  s t a i n s  both  p e r i p h e r a l  and i n t e r n a l  compo- 
n e n t s  of i n t e r p h a s e  n u c l e i ;  a t  prophase t h e  i n t e r n a l  component d i s p e r s e s  and two invo lu t ions  
a r e  r evea led  a t  t h e  nuc lea r  per iphery .  Double imunof luo rescence  l a b e l l i n g  wi th  a n t i - t u b u l i n  
and P I 1  shows t h a t  t h e  s p i n d l e  po le s  a t  prophase a r e  loca t ed  a t  t h e  nuc lea r  i nvo lu t ions  d e f i -  
ned by PI1. With nuc lea r  envelope breakdown t h e  condensing chromosomes become ordered  i n t o  a 
c h a r a c t e r i s t i c  prometaphase conf igu ra t ion  which enc loses  t h e  sp ind le .  A t  t h i s  s t a g e  cent ro-  
meres are ordered  a t  t h e  s u r f a c e  of t h e  s p i n d l e  and k ine tochore  micro tubules  a r e  f i r s t  ev i -  
den t .  The chromosomes are then  reordered  i n t o  a c l a s s i c  metaphase p l a t e .  The d a t a  sugges t  
t h a t  chromosome o rde r ing  a t  t h e  metaphase p l a t e  i s  a two-step p rocess  c o n s i s t i n g  of 1 )  t h e  
t r a n s l a t i o n  of in t e rphase  chromatin i n t o  an  ordered  prometaphase chromosome conf igu ra t ion  
wi th  minimal i n t e r v e n t i o n  of t h e  m i t o t i c  sp ind le ,  and 2) t h e  format ion  of t h e  metaphase p l a t e  
a f t e r  t h e  appearance of k ine tochore  micro tubules .  (Supported by MRCC and NSERC). 
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0010 THE NUCLEAR MATRIX POSSESSES BINDING SITES FOR SPECIFIC DNA SEQUENCES. 
Cockerill and W.T. Garrard, Department of Biochemistry, The University of Texas 

Health Science Center at Dallas, Dallas, TX. 75235. 
We have developed an in vitro DNA-binding assay to investigate specific interactions 

between the nuclear matrix and segments of cloned genes. Nuclear matricefZ prepared by 
DNase I digestion and 2M salt extraction of isolated nuclei, are mixed with P-end labeled 
restriction fragments in the presence of unlabeled, competitor Eschericia & DNA. After 
centrifugation, bound and unbound DNA fragments are electrophoretically resolved and 
visualized by autoradiography. Using this assay, matrices prepared from cultured murine 
plasmacytoma cells exhibit specific binding of a 254 bp AluI fragment of the mouse 
K-immunoglobulin gene. This fragment resides immediately upstream of the K-enhancer, 
between the J and C regions. DNA fragments containing this region are also specifically 
retained by nuclear matrices prepared from cultured murine mastocytoma and fibroblast 
cells. Similar analysis of the SV40 genome reveals specific binding of Taq I-linearized 
SV40 DNA to murine nuclear matrices and the DNA sequences responsible for this binding are 
localized primarily on a 306 bp BstNI-HinfI fragment within a T-antigen exon. 
Interestingly, limited sequence homology exists between the 254 bp Alu I fragment of the 
K-gene and the 306 bp BstNI-HinfI fragment of SV40 DNA. A limited survey of other,genes 
reveals specific b1nding"the Drosophila histone gene repeat unit and the human 6-globin 
gene but not the human al-globin gene. (Supported by NIH and The Robert A. Welch 
Foundation). 

P.N. 

0011 v-m c AND c-m c ENCODED PROTEINS ARE ASSOCIATED WITH THE NUCLEAR 
M A A X ,  R.N.%;senman, C.Y. Tachibana, H.D. Abrams, and S.R. Hann, 

Division of Basic Sciences, Fred Hutchinson Cancer Research Center, Seattle, 
WA 98104 

We have applied a series of extraction procedures to avian nuclei which 
have allowed us to define three types of association of v-myc and c - w  
encoded proteins with nuclei: 1) a major fraction (60-90%)which is retained 
in DNA- and RNA-depleted nuclei following low and high salt extraction, 2 )  a 
small fraction (1%) released during nuclease digestion of DNA in intact 
nuclei in the presence of low salt buffer, and 3 )  a fraction of myc protein 
( < l o % )  extractable with salt o r  detergents and found to have affinity for 
both single- and double-stranded DNA. Immunofluoresence analysis using 
a n t i - w  peptide sera on cells extracted sequentially with nucleases and 
salts confirmed the idea that w proteins are associated with a complex 
residual nuclear structure (matrix/lamin fraction) which also contains avian 
nuclear lamin protein. Dispersal of w proteins into the cytoplasm was 
found to occur during mitosis. Both c - w  and v - w  proteins are associated 
with the matrix/lamin, suggesting that the function of may relate to 
nuclear structural organization. 

0012 FORMATION OF NUCLEUS-LIKE STRUCTURES AROUND BACTERIOPHAGE DNA MICROINJEC?;ED INTO 
XENOPUS EGGS, Douglass J. Forbes! Marc W. Kirschner, and John W. Newport:, 

= Univ. of Calif. at San Diego, La Jolla, CA, 92093, + = U.C,S.F., S.F., CA 94143 
The major structural elements of the eucaryotic nucleus appear to form independently of speci- 
fic DNA sequence information. We find that injection of bacteriophage lambda DNA into unfert- 
ilized Xenopus eggs causes the assembly around the DNA of structures resembling typical eucar- 
yotic cell nuclei. These spherical structures begin to form 60-90 minutes after injection. 
They contain lambda DNA and are bounded by a phase-dense envelope. Imunofluorescent stain- 
ing of the lambda-DNA-containing structures with anti-lamin antibody reveals the presence of 
the lamin nuclear proteins at the periphery of the structure, a pattern identical to that of 
embryonic nuclei. Electron microscopy reveals that the injected DNA is surrounded by a double 
hilayer nuclear membrane containing nuclear pore complexes. The "nuclei" containing lambda 
DNA respond to modulators of the Xenopus cell cycle in a manner that mimics the response of 
embryonic nuclei to these modulators during mitosis., These results suggest that: 1) many of 
the structural features of the nucleus are not dependent of the presence in the DNA of speci- 
fic eukaryotic sequences, 2) the response of the rmcleus to cell cycle signals is also inde- 
pendant of specific DNA sequences, at least in some cases, and 3) the Xenopus egg contains a 
Stored pool of all the structural components (with the exception of DNA) necessary to form 
hundreds to thousands of nuclei. 
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0013 Kath leen 8 e c h t o l  

Lamins A. 8 and C c o n s t i t u t e  t h e  b u l k  o f  t h e  n u c l e a r  enve lope i n  t h e  v e r t e b r a t e  somat ic  c e l l  
nucleus. K e c e n t l y ,  another  s e t  o f  t h r e e  p r o t e i n s  has been d e s c r i b e d  t h a t  i s  l o c a l i z e d  on 
t h e  n u c l e a r  enve lope d u r i n y  i n t e r p h a s e ,  b u t  t h a t  envelopes t h e  f o r m i n g  chromosomes d u r i n y  
prophase b e f o r e  t h e  n u c l e a r  enve lope d i s i n t e g r a t e s  and t h e  lamins  d i s p e r s e .  I t  was pos tu-  
l a t e o  t n a t  t h e s e  p r o t e i n s  a re  e s s e n t i a l  f o r  c h r o m a t i n  a t tachment  i n  i n t e r p h a s e  and f o r  t h e  
o r d e r l y  r e l e a s e  o f  t h e  chromosomes d u r i n g  m i t o s i s .  T h i s  concept  was c h a l l e n g e d  by r e p o r t s  
( S t i c k  and Schwarz, Cell U i f f e r e n t i a t i o n  11:235, 1982; C e l l  33:949, 1983) t h a t  t h e  lamins  
a r e  absent  d u r i n y  spermatoyenesls and 1 n pachytene d u r i n g o g e n e s i s .  
l a m i n  8 d u r i n g  mouse spermatoyenesis u s i n y  human autoimmune a n t i b o d i e s ,  a l t h w y h  n o t  i n  
e l o n u a t i n u  soermat ids .  E o i t o o e s  o f  lamins  A and C a r e  recoan ized bv a human autoant ibodv  

PKkSENCE UF LAMINS DUKING SPERMATOGENESIS I N  M I C E ,  Bernhard  French 
and t ie rd  ti. Maul, The W i s t a r  I n s t i t u t e  of Anatomy and B i o l o g y ,  36t; S t r e e t  a t  
Spruce, P h i l a d e l p h i a ,  PA 191U4 

We have d e t e c t e d  

p r e s 6 n t  on ly '  i n  t h e  S e r t o i i  c k l l s .  However, a monoclonal  a n t i b o d y  prepared against rat 
l i v e r  a n t i g e n s  and d e t e c t i n y  t h e  l a m i n  A C e p i t o p e  snows s t r o n g  r e a c t i v i t y  w i t h  most s p e r -  
matoyen ic  ce l l s  i n  c r y o s e c t i o n s .  
matoyenesis b u t  no t  i n  t h e  mature sperm head. 
t h o u y h t  t o  i n t e r a c t  w i t h  t h e  n u c l e a r  envelope and chromat in ,  a re  p r e s e n t  u n t i l  t h e  n u c l e d r  
envelope i s  r e p l a c e d  w i t h  a s p e c i a l i z e d  membrane c o v e r i n g  t h e  sperm head. 
t i l i z a t i o n ,  t h e  sperm a c q u i r e s  bo th  lamin  A C and 8 as w e l l  as t h e  p e r i p h e r a l  p r o t e i n s  I n  
t h e  e a r l y  p r o n u c l e a r  s taye .  

The p e r i p h e r a l  p r o t e i n s  a r e  seen i n  a l l  ce l l s  d u r i n y  sper -  
Thus, t h e  lamins  and t h e  p e r i p h e r a l  p r o t e i n s ,  

A f t e r  f e r -  

0014 THREE-DIMENSIONAL CHROMOSOME PACKAGING AND TRANSCRIPTIONAL ORGANIZATION IN SALIVARY 
GLANDS NUCLEI OF DROSOPHILA, Yosef Gruenbaum, David Mathog, Mark Hochstrasser, 
Harald Saumweber, David Agard 6 John Sedat, Dept. Biochem., UCSF, San Francisco, CA 
94143 (YG,DM,MH,DA,JS) Max-Planck-Institut fur Entwicklungsbiol., D7400 Tubingen, 
FRG (HS) 

We have focused on the polytene nucleus of Drosophila melanogaster salivary glands in our 
initial investigations of the three-dimensional organization of interphase chromosomes. 
This data base now includes over 20 nuclei from several different animals. The primary 
observations can be summarized as follows: 1) Each of the five major chromosome arms 
lies within its o m  restricted spatial domain, 2) Chromosomes usually extend from one 
.*ole of the nucleus to the other through a series of irregular right-handed coils, 3)  The 
chromocenter is always and the telomeres are usually at the nuclear envelope, 4) A number 
of specific chromosomal loci are consistently located at the nuclear surface, 5) These 
loci correlate very strongly with a subset of intercalary heterochromatin sites, 6) The 
arms are non-randomly arranged with respect to one another. We have also been assaying 
the spatial organization of gene activity both by pulse-labeling glands with tritiated 
uridine and by imunofluorescent staining of specific RNP structures by use of monoclonal 
antibodies. Both approaches have revealed close associations of several active loci which 
appear as bridges of grains or antibody stain between puffs. On the other hand, 
transcriptional activity is not concentrated as first approximated in either the interior 
or periphery of the nucleus; the distribution of grains with respect to nuclear radius 
roinrides almost exactly with that of the chromosomes. 

0015 STUDIES ON THE MECHANISM OF NUCLEAR PROTEIN LOCALIZATION IN YEAST, 
Dept. of Biochemistry and Biophysics, UCSF, San Francisco, CA 94143 

Michael N. Hall, 

In order to identify determinants governing nuclear protein localization, we have 
constructed a set of gene fusions coding for hybrid proteins containing varying amounts of 
the yeast nuclear protein a2 (a DNA-binding, regulatory protein) at the amino terminus and 
a constant, active portion of 8-galactosidase (LacZ) at the carboxy terminus. (Targeting 
of E. coli 8-galactosidase to the nucleus in yeast. Cellx, 1057-1065, 1984) The 
properties of these hybrid proteins are summarized in the following table. 

LETHAL TO HOST 
HYBRID a2 AA's LOCALIZATION BINDS DNA WHEN OVERPRODUCED 

3a2-Lac2 3 cyto. - - 
13a2-LacZ 13 nuc . n.d. + 
25a2-Lac2 25 nut . - + 
67a2-Lac2 61 nut . - - 

2 1Oa 2-Lac2 210 nut . + - 
The above results argue that nuclear protein localization is not by passive diffusion 

through nuclear pores with subsequent retention by binding to a non-diffusible intra- 
nuclear substrate. Proteins may be selectively translocated across the nuclear envelope. 
I am selecting mutants to identify presumed components of a selective translocation 
apparatus in the nuclear envelope. 
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0016 DETERGENT EXTRACTS OF NUCLEI AS A SOURCE FOR NUCLFAR QRUG-METABOLIZING ENZYMES 
David E. Moodyl9’,Gary A. Clawson’,Bruce D. Hammock’, and Edward A Smucklerl  

Un ive r s i ty  of Cal i forn ia , ’School  of Medicine, San F ranc i sco ,  CA 94143, and *Davis,  CA 95616 

The s i m i l a r i t y  of t h e  nuc lea r  envelope  t o  t h e  endoplasmic r e t i cu lum n e c e s s i t a t e s  cons ider -  
a t i o n  of  nuc lea r  enzymes as s i tes  of a c t i v a t i o n  and d e t o x i f i c a t i o n  of carc inogens ,  d rugs ,  
and o t h e r  xenob io t i c s .  A method f o r  t h e  r a p i d  p repa ra t ion  of a nonturb id  suspens ion  of 
nuc lea r  enzymes i s  now desc r ibed  a long  w i t h  some p e r t i n e n t  a p p l i c a t i o n s  of t h i s  procedure.  
P u r i f i e d  n u c l e i  were incubated  f o r  15  min. w i th  buf fered  0.6% sodium c h o l a t e  a t  4OC and 
then  cen t r i fuged  t o  p rov ide  t h e  d e t e r g e n t  e x t r a c t .  From l i v e r s  of un-, phenobarbital(PB)-,  
and 3-methylcholanthrene(3-MC)-treated rats p r o t e i n  and cytochromes P-450 and b5 were ex- 
t r a c t e d  wi th  equal  e f f i c i e n c y  over  a broad range  of s t a r t i n g  nuc lea r  p r o t e i n .  The a c t i v i t i e s  
of NADPH cytochrome P-450 r educ ta se ,  NADH cytochrome b5 r educ ta se ,  epoxide hydro lase ,  and 
NAD(P)H menadione r educ ta ses  i n  e x t r a c t s  were p ropor t iona l  t o  p r o t e i n  added t o  t h e  a s says .  
DT d i aphorase  a c t i v i t y  was a l s o  found i n  t h e  nuc lea r  e x t r a c t s .  The response  of t h e s e  enzymes 
t o  t r ea tmen t s  w i th  PB and 3-MC w a s  q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  found i n  microsomes wi th  
3-MC having a s i n g u l a r  i n d u c t i v e  e f f e c t  on cytochrome P-448, wh i l e  PB increased  P-450, b5, 
NADPH cytochrome c r educ ta se ,  and epoxide  hydro la se .  The q u a n t i t y  of nuc lea r  and microsomal 
polypept ides  of 45-60 k i l o d a l t o n s  was a l s o  inc reased  by both  t r ea tmen t s .  Detergent  e x t r a c t s  
of n u c l e i  o f f e r  a r ap id  procedure  f o r  prepar ing  nuc lea r  enzymes wi th  5-10 t imes  t h e  recovery  
and s i m i l a r  s p e c i f i c  a c t i v i t y  t o  nuc lea r  membrane p repa ra t ions .  

017 NUCLEAR ASSEMBLY IN VITRO, Donald D. Newmeyer, John M. Lucocq, 
Denice Smith and Eddy M. De Robertis, Biocenter, University of 
Basel, Switzerland 

Studies of Forbes, Kirschner and Newport (Cell 4, 1 3 - 2 3 ,  1 9 8 3 )  have 
demonstrated that nucleus-like structures are formed around bacteriophage 
DNA injected into Xenopus eggs. Lohka and Masui (Science 220, 7 1 9 - 7 2 1 ,  
1 9 8 3 )  have shown that demembranated sperm nuclei are remodeled into 
structures resembling pronuclei in extracts of Rana pipiens eggs. 
Stimulated by these observations, we have begun to study the assembly & 
vitro of artificial nuclei made from exogenous DNA added to Xenopus egg 
extracts. Electron microscopic evidence suggests that these structures 
are formed through accretion of membrane vesicles around a core of DNA 
(presumably already assembled into chromatin) and subsequent flattening 
and fusion of the vesicles into a bilaminar envelope. Pore complex 
assembly need not accompany this process, since it is possible to form 
artificial nuclei which contain few pores, if any. Some of the nuclei 
assembled in vitro are able to accumulate radiolabeled nucleoplasmin added 
to the extract. With this system we intend to explore some of the 
mechanisms of nuclear assembly and protein migration into nuclei. 

0018 THERE ARE AT LEAST TWO DISTINCT PATTERNS OF LOCALIZATION FOR NUCLEAR ENVELOPE 
ANTIGENS THROUGH THE MITOTIC CYCLE, Michael R. Paddy, Harald Saumweber, and 
John W. Seda t ,  Dept. Biochem., UCSF, San Franc isco ,  CA 94143 (MRP and JWS) and 
Max-Planck-Insti tut  f u r  Entwicklungsbio l . ,  APB, 07400 Tubingen 1, FRG 

Using i n d i r e c t  immunofluorescence, we have c a r e f u l l y  c h a r a c t e r i z e d  t h e  i n t r a c e l l u l a r  
l o c a l i z a t i o n  of two of  our n u c l e a r  envelope  s p e c i f i c  monoclonal a n t i b o d i e s  through t h e  
m i t o t i c  c y c l e  of Drosophi la  e a r l y  embryos. One monoclonal i s  d i r e c t e d  a g a i n s t  a n t i g e n s  
wi th  molecular  weights  of 74 and 76 kD, wh i l e  t h e  o t h e r  i s  d i r e c t e d  a g a i n s t  a n  an t igen  
wi th  molecular  weight 176  kD. Both monoclonals y i e l d  b r i g h t  pa t ches  of s t a i n i n g  on t h e  
nuc lea r  envelope  du r ing  i n t e r p h a s e ,  b u t  have d i s t i n c t l y  d i f f e r e n t  s t a i n i n g  p a t t e r n s  
through t h e  rest of t h e  m i t o t i c  c y c l e .  I n  prophase ,  t h e  s t a i n i n g  observed from t h e  74/76 
kD a n t i g e n  invag ina te s  and b reaks  i n t o  many sma l l  p a r t i c l e s  which remain excluded from t h e  
nuc lea r  r eg ion  throughout  m i t o s i s  . The s t a i n i n g  from t h e  176 kD an t igen ,  on t h e  o t h e r  
hand, l o s e s  i t s  p a r t i c u l a t e ,  r i n g - l i k e  s t a i n i n g  p a t t e r n  i n  prophase and then  appears  t o  
f i l l  t h e  e n t i r e  nuc lea r  r eg ion  throughout  m i t o s i s .  
p a r t i c u l a t e  r i n g  of s t a i n i n g  i n  e a r l y  in t e rphase .  The d i f f e r e n t  s t a i n i n g  p a t t e r n s  from 
t h e  two a n t i g e n s  a r e  p a r t i c u l a r l y  c l e a r  when t h e  t h r e e  d imens iona l  s t a i n i n g  p a t t e r n s  a r e  
computa t iona l ly  r econs t ruc t ed  from o p t i c a l  s e c t i o n s  of embryos l a b e l e d  s imul taneous ly  wi th  
both  monoclonals.  
a n t i g e n s  i n  t h e  nuc lea r  envelope  us ing  EM and 50A gold  bead conjugated  secondary an t ibody.  

Both a n t i g e n s  aga in  produce a 

We are c u r r e n t l y  de te rmining  t h e  u l t r a s t r u c t u r a l  l o c a l i z a t i o n  of t h e s e  
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0019 PROSTATEIN GENE ASSOCIATION WITH NUCLEAR MATRIX Valerie E. Quarmby, David H. 
Viskochil Elizabeth M. Wilson and Frank S .  Frehh, Laboratories for 
Re roductlve Biology, University of North Carolina, Chapel Hill, North Carolina 
27814 

Certain transcriptionally active genes have been reported to be closely 
associated with the nuclear matrix, and it has been proposed that the matrix may 
be involved i n  the regulation of gene transcription. 

In the rat ventral prostate, androgen stimulation results in the synthesis 
and secretion of prostatein. Transcription of the mRNA's coding for the C1, C2 
and C3 subunits of prostatein is under androgenic regulation. 

We have examined the association of the C3 gene with nuclear matrix of 
ventral prostate cells following androgenic stimulation and withdrawal. Dot 
blot analysis of nuclear and matrix associated DNA from ventral prostates of 
castrated animals did not show any preferential association of the C3 gene with 
the matrix. However, analysis of corresponding samples from intact o r  intact 
androgen stimulated animals showed that the C3 gene was enriched two to three 
fold on the matrix. In the liver, where the C3 gene is not transcribed, it does 
not appear to be preferentially associated with the nuclear matrix. Experiments 
are in progress to determine whether there may be multiple attachment sites for 
these C3 genes on the matrix. 

OOzo NUCLEAR2TARGETING AND TRAN$CRIPTIONAL ACTIVITY 3F ADENOVIRUS Ela, Joel Richter', 
Blair Ferguso 
Shrewsbury HA', Smith, Kline, and French, Philadelphia, PA , and Purdue Univ., W. 
Lafayette,  IN^ 
The adenovirus Ela gene product is a positively acting transcription factor required for the 
transcription of certain other adenovirus genes (e.g., E3). We recently have undertaken 
studies to examine the mode of action of Ela (MCB 3:2131, 1983; Science 224:1343, 1984). To 
obtain sufficient amounts of the protein for biochemical analysis, Ela was overproduced in 
E. u. This protein was shown to be active as assessed by its ability to enhance 
transcription of cloned E3 in microinjected -u oocytes. 
determinants of Ela which specify nuclear localization and transcriptional activity are 
examined. When Ela is injected into the cytoplasm of oocytes, it undergoes a post- 
translational modification such that its apparent molecular weight increases by about 2000 
daltons. ,Only the high molecular weight form of the protein is found i n  the nucleus. In an 
attempt to localize the site of the modification, several DNA deletion mutants were 
constructed and the resulting truncated peptides were overproduced, isolated and injected 
into oocytes. These peptides, which lack carboxy terminal, amino terminal, and internal 
residues, all are modified, enter nuclei, and enhance E3 transcription in injected oocytes. 
These experiments, together with further deletion studies, suggest that the modification is 
required for mclear localization and perhaps also transcriptional activity. 

, Martin Rosenberg , and Nicholas Jones , W9rcester Foundation, 

In this report, 

0021 CHANGES IN THE NUCLEAR LAMINA DURING SPERMATOGENESIS IN XENOPUS LAEVIS. Michael 5 .  

The presence of a nuclear lamina in developing male germ cells has been controversial. Data 
is presented here to demonstrate that a distinct nuclear lamina is a constituent of sperma- 
tocyte nuclei and nuclearmatrices that are isolated under conditions which minimize 
proteolysis. Cells from different stages of spermatogenesis were collagenase dissociated 
and isolated following unit gravity sedimentation and density gradient centrifugation. 
Nuclei were isolated at -2OOC and demembranated with Triton X-100. Nuclear matrices were 
isolated by DNAse I digestion and extraction with 2M NaCl or polyanions. Matrices from 
spermatogonia and spermatocytes, but not sperm had distinct nuclear laminas which, in some 
spermatocytes, were directly associated with the termini of synaptonemal complexes. Nuclei 
and nuclear matrices contained two proteins which comigrated electrophoretically with 
Lamins I and I 1  of erythrocytes, but were present in low abundance relative to erythrocyte 
lamins. Erythrocyte Lamin I and presumptive spermatocyte Lamin I yielded similar V8 protease 
peptide maps. lmmunofluorescence microscopy of isolated nuclei (unfixed) reacted with LS-1 
serum demonstrated strong reactivity with spermatogonia, spermatocytes and spermatids. but 
not metaphase chromosomes or sperm. The results strongly suggest that a delicate nuclear 
lamina is present in spermatogonia and spermatocytes but disassembles during maturation 
of  spermatids into sperm. 

Risley, Cornell University Medical College, New York, NY 10021 
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0022 MODIFICATION O F  NUCLEAR MATRIX P R O T E I N S  BY AD]’-RIBOSYLATION. 
ASSOCIATION O F  l’OLY(AD1’-RIBOSEISYNTHETASE WITH THE NUCLEAR 

MATRIX. G.  S a u e r m a n n  and  J. W e s i e r s k a - C a d e k .  In s t i t u t e  of T u m o r b i o l o g y - C a n c e r  R e  
s e a r c h ,  Un ive r s i ty  of V ienna ,  A -  1090 Vienna,  A u s t r i a .  

A n u m b e r  of A D P - r i b o s y l a t e d  p r o t e i n s  in t h e  r a n g e  of 40 t o  300 kd e x i s t  in n u c l e a r  
m a t r i c e s  i s o l a t e d  f r o m  H e L a  c e l l s .  The  mod i f i ed  p r o t e i n s  w e r e  found in  two e x p e r i m e n t a l  
a p p r o a c h e s .  T h e y  w e r e  iden t i f i ed  a f t e r  i so l a t ion  of t h e  A D P - r i b o s y l a t e d  p r o t e i n s  of t h e  
n u c l e a r  m a t r i x  i n  a m i n o p h e n y l - b o r o n a y  c o l u m n s .  T h e i r  f o r m a t i o n  w a s  also d e t e c t e d  a f t e r  
incubat ion of p e r m e a b i l i z e d  c e l l s  w i th  

A por t ion  of t h e  n u c l e a r  poly(ADP-rib0se)synthetase ( abou t  1 - 2  p e r  c e n t )  w a s  t ight ly  

’P-NAD. 

a s s o c i a t e d  wi th  t h e  i s o l a t e d  n u c l e a r  m a t r i x .  N u c l e a r  m a t r i x  i s o l a t e d  f r o m  un labe led  c e l l s  
c a t a l y z e d  t h e  f o r m a t i o n  of ( A D P - r i b o s e )  p r o t e i n  con juga te s  in  a t i m e - d e p e n d e n t  a m i n o -  
benzamide - inh ib i t ed  r e a c t i o n .  O t h e r  d a t a  s u g g e s t  t ha t  t h e  e n z y m e  i s  d i r e c t l y  a s s o c i a t e d  
wi th  the  n u c l e a r  m a t r i x  a n d  not  i n d i r e c t l y  bound by f ixat ion t o  t h e  r e s i d u a l  DNA a t t a c h e d  
to  the  m a t r i x .  

0023 
The nuc lea r  su r face  o f  i s o l a t e d  r a t  l i v e r  o r  Xenopus l a e v i s  oocy te  n u c l e i  when viewed by 
scann ing  e l e c t r o n  mic roscopy  (SEM) appears as a canp lex  landscape o f  r ibosanes, membrane 
fragments,  b i t s  o f  chromat in  and po re  canplexes. Small r i b o s o m a l - l i k e  p a r t i c l e s  termed 
annu la r  subun i t s  d e f i n e  t h e  nuc lea r  po re  canp lex  pe r iphe ry .  SEM at tempts  a t  v iewing  t h e  
submembranous a r c h i t e c t u r e  o f  t h e  nuc lea r  s u r f a c e  canpr ised  o f  nuc lea r  lamina and t h e  pore  
canplexes have g e n e r a l l y  r e l i e d  on t h e  use o f  non - ion i c  de te rgen ts ,  s p e c i f i c a l l y  T r i t o n  
X-100, t o  remove l i p i d  components. T h i s  r e s u l t s  i n  a v iew o f  nuc lea r  c y t o s k e l e t a l  sur faces  
w i t h  bound de tergent .  The advent o f  non - ion i c  de te rgen ts  o f  h i g h  c r i t i c a l  m i c e l l e  concen- 
t r a t i o n  t h a t  can be  e a s i l y  removed from p r o t e i n s  by  a s h o r t  p e r i o d  o f  d i a l y s i s ,  e.g., 
B -oc ty lg lucos ide  and oc ty lpo l yoxye thy lene  have p rov ided  a means f o r  e x m i n i n g  t h e  nuc lea r  
s u r f a c e  devo id  o f  l i p i d  and de tergent .  Th i s  o f f e r s  t h e  p o s s i b i l i t y  o f  an enhanced view o f  
f i n e  s t r u c t u r e  t h a t  may be masked by de te rgen t  b ind ing .  Exper iments t o  be repo r ted  u s i n g  a 
d i a l y z a b l e ,  non - ion i c  de tergent ,  oc ty lpo l yoxye thy lene  (POE) i n  c o n j u n c t i o n  w i t h  scanning 
e l e c t r o n  microscopy present  a v iew o f  r a t  l i v e r  nuc lea r  su r faces  q u i t e  d i f f e r e n t  t han  pre- 
v i o u s l y  observed by T r i t o n  X-100 t rea tment .  A h i g h l y  pebbled su r face  i s  exposed c o n s i s t i n g  
o f  an i n t e r l o c k i n g  a r r a y  o f  c i r c u l a r  p a r t i c l e s  w i t h  d iameters  o f  80-100 nm w i t h  a su r face  
d e n s i t y  approx imate ly  2-3 t imes  t h a t  o f  s i m i l a r  s t r u c t u r e s  observed i n  T r i t o n  X-100 t r e a t e d  
nuc le i .  Many o f  t hese  p a r t i c l e s  have ho les  i n  t h e i r  cen ter .  T h e i r  appearance suggests pore  
canp lexes  w i t h o u t  t h e  octagonal  bonnet o f  annu la r  subuni ts.  ( T h i s  work was supported by N I H  
Grant  GM 30158). 

SURFACE MORPHOLOGY OF L IPID AND DETERGENT FREE RAT LIVER NUCLEI. 
Department o f  B iochemis t ry ,  M ich igan S t a t e  Un ive rs i t y ,  Eas t  Lansing. M I  48824 

M e l v i n  Sch ind le r ,  

0024 CYCLOSPORIN A CHANGES THE NUCLEAR MORPHOLOGY OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES 
AND CLONED HUMAN OK-T4 LYPPHOCYTES, Jonathan W .  Simons, Steven Noga, Donald S .  
Coffey and Allan Hess, Oncology Center ,  Johns Hopkins Univ. Sch. of  Med., 
Baltimore,  MD 21205. 

Cyclosporin A i s  a n a t u r a l  e leven amino ac id  c y c l i c  pep t ide  wi th  powerful immunosuppresive 
p r o p e r t i e s  when adminis tered t o  humans and experimental  animals.  It i s  used widely to  pre- 
vent  a l l o g r a f t  r e j e c t i o n  i n  bone marrow and organ t r a n s p l a n t a t i o n .  Cyclosporin A ,  a t  
immunosuppressive dosages,  causes  dramatic  -~ i n  vivo a l t e r a t i o n s  i n  the  nuc lea r  volume and 
morphology of a s e l e c t  group of human p e r i p h e r a l  blood lymphocytes. Using cloned human 
OK-T4 lymphocytes i n  v i t r o ,  similar changes occur  i n  35-40% of the  nuc le i .  Nuclear volume 
i s  d rama t i ca l ly  increased 6 t o  8 fo ld .  Nuclear morphology is  changed from ovoid shape t o  
d i s t i n c t  splayed lobu la t ions .  These nuc lea r  changes occur wi th in  90 minutes of cyclosporin 
A t reatment  a t  37OC and a r e  r ap id ly  reversed by c e s s a t i o n  of  t reatment  without  l o s s  of 
v i a b i l i t y .  Af t e r  lymphocyte incuba t ion  with a dansylated d e r i v a t i v e  of cyclosporin A ,  t he  
drug is  bound to  i s o l a t e d  lymphocyte n u c l e i  and t h e  nuc lea r  matr ix .  The mechanism of t h i s  
drug induced a l t e r a t i o n  i n  nuc lea r  morphology w i l l  be discussed.  
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0025 N U C L E A R  E N V E L O P E  L O C A L I Z A T I O N  OF AN ADENOVIRUS TUMOR A N T I G E N  

S t i l l m a n ,  Cold S p r i n g  Harbor  L a b o r a t o r y ,  Cold S p r i n g  H a r b o r ,  N Y  11724 .  
The a d e n o v i r u s  e a r l y  r e g i o n  1B 1 9 , 0 0 0 - m o l e c u l a r  w e i g h t  tumor 
a n t i g e n  i s  r e q u i r e d  f o r  o n c o g e n i c  t r a n s f o r m a t i o n  of c e l l s  by a d e n o v i r u s .  
We have  d e m o n s t r a t e d  t h a t  t h i s  tumor a n t i g e n  is l o c a t e d  i n  t h e  n u c l e a r  
e n v e l o p e  of i n f e c t e d  and t r a n s f o r m e d  c e l l s  and t h a t  w i t h i n  t h e  n u c l e a r  
e n v e l o p e ,  a f r a c t i o n  o f  t h e  p r o t e i n  i s  a s s o c i a t e d  w i t h  t h e  n u c l e a r  l a m i n a .  
D u r i n g  c e l l  o i v i s i o n  i n  t r a n s f o r m e d  c e l l s ,  t h e  n u c l e a r  e n v e l o p e  c o n t a i n i n g  
t h e  tumor a n t i g e n  is d i s s o c i a t e d  a t  m e t a p h a s e  and t h e n  r e f o r m s  a r o u n d  t h e  
s e p a r a t e d  d a u g h t e r  chromosomes a t  t e l o p h a s e .  A d e n o v i r u s  m u t a n t s  c a r r y i n g  
l e s i o n s  i n  t h e  gene  e n c o d i n g  t h i s  tumor a n t i g e n  a r e  d e f e c t i v e  f o r  
t r a n s f o r m a t i o n  and c a u s e  d e g r a d a t i o n  of  h o s t  c e l l  chromosomal  D N A .  I n  
t h e s e  m u t a n t s ,  t h e  i n t r a c e l l u l a r  l o c a l i z a t i o n  of  t h e  1 9 , 0 0 0  d a l t o n  p r o t e i n  
i s  a l t e r e d .  These  r e s u l t s  d e m o n s t r a t e  t h a t  components  of t h e  n u c l e a r  
e n v e l o p e  f u n c t i o n  i n  t h e  o r g a n i z a t i o n  of c h r o m a t i n  i n  i n f e c t e d  and 
t r a n s f o r m e d  c e l l s  and t h a t  a v i r u s  encoded  p r o t e i n  p l a y s  a c r i t i c a l  r o l e  i n  
t h i s  p r o c e s s .  

MAINTAINS THE I N T E G R I T Y  OF CELLULAR D N A ,  E i l e e n  Whi te  and B r u c e  W .  

0026 DEVELOPMENTAL REGULATION OF XENOPUS RIBOSOMAL PROTEIN GENES, Michael Wormington, 
Ellen Baum, Janet Oonahue & Helen Romanczuk, Rosenstiel Center, Brandeis University, 

Walthan, MA 02254 
The massive synthesis  of ribosomes during anphibian oogenesis represents  a develop- 

mental process amenable to study at  the molecular level .  Our research i s  focused on the  
coordinate regulat ion of the genes encoding the cytoplasmic ribosomal proteins  ( r p s ) .  
have isolated f u l l  length cDNAs complementary t o  10 rp-mRNAs encoding ribosomal proteins  
f o r  both 605 and 40s subunits. 
quant i ta t ive  and qua l i ta t ive  pat terns  of rp-mRNA synthesis  a t  d i f fe ren t  developllental 
s tages ,  as well as to  i so la te  and determine the s t ruc tura l  organization of genomic clones 
encoding these proteins .  In order to  e lucidate  the regulat ion of rp-gene expression and 
ribosome assembly d u r i n g  oogenesis, we are  u t i l i z i n g  a novel approach in which oocytes are 
injected with "antisense" RNAs ,  complementary to  rp-mRNAs, synthesized in v i t r o  w i t h  sp6 
RNA polynerase. 
oocyte rp-mRNAs, precluding their expression. 
individual or groups of rp-mRNAs we ant ic ipa te  determining whether coordinate expression i s  
achieved at  post- t ranscr ipt ion,  t rans la t ion ,  or a t  the level of subunit assembly. 
using the sp6 t ranscr ip t ion  system to synthesize pure rp-mRNAs in v i t r o  which, upon 
t rans la t ion ,  yield primary t rans la t ion  products to  f u n c t i o n a l l y T e m n e ,  upon 
microin 'ect ion into oocytes, the sequences responsible f o r  target ing ribosomal proteins  to  
the nucleus and subsequently within the nucleolus to  the appropriate subunit. 

We 

These clones have been used as probes t o  measure 

These t ranscr ip ts  can form spec i f ic  and s tab le  hybrids w i t h  endogenous 
By inject ing antisense t ranscr ip ts  for  

We are 

(lo27 N U C L E A R  STRUCTURAL CHANGES PRECEEDING CELL DIFFERENTIATION, Andrew Yen, University 
of Iowa, Iowa City, I A  52242 

Different ia t ion o f  HL-60 promyelocytic leukemia c e l l s  along the myeloid lineage due t o  
re t ino ic  acid ( R A )  involves a precommitment memory s t a t e .  Preconmitment r e s u l t s  a f t e r  a n  
RA exposure of duration corresponding to  one ce l l  divis ion cycle. Cel ls  in pre-conmit- 
ment require  only an abbreviated subsequent exposure t o  RA t o  d i f f e r e n t i a t e .  This pre- 
commitment, memory of RA exposure i s  l a b i l e .  The precomnitment memory s t a t e  i s  associated 
w i t h  a change in nuclear s t ruc ture  detected by reduced narrow angle l i g h t  s c a t t e r  inten- 
s i t y  measured by flow cytometry. This nuclear s t ruc tura l  change i s  not ce l l  cycle phase 
spec i f ic ,  does not involve loss  of nuclear protein,  and apparently r e f l e c t s  a change 
in nuclear membrane conformation. This a l t e r a t i o n  p e r s i s t s  only f o r  as  long a s  pre- 
commitment memory e x i s t s .  
anionic proteins  observed in the cytosol .  

I t  i s  associated w i t h  changes i n  spec i f ic  calcium b i n d i n g ,  
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Nuclear Structure 

0028 
Medicine, One Baylor Plaza, Houston, Texas, 77030, U.S.A. 

expression are complex. Our studies and the studies of others on steroid hormone regulation 
of egg-white protein synthesis in the chick oviduct suggest that the following major struc- 
tural determinants are required for induction of gene expression: (1) steroid receptor is 
the obligatory and active intermediate to transmit the informational signal inherent in the 
hormone to the regulatable gene; work on the molecular structure and synthesis of steroid 
receptors will be presented; ( 2 )  the primary or linear sequence of the gene itself contains 
the "promoter" and "hormone control element" sequences which together allow preferential 
binding of receptor and determine its maximal rate of expression; these regions have been 
defined by deletion and linker-scan mutations; ( 3 )  inducible genes are located within "giant" 
chromosomal domains (distinguished on the basis of DNase 1-sensitivity) which are a product 
(or cause) of molecular differentiation and which are responsible for maintaining the 
"capacity" of genes to respond to inductive influences; these domains have been defined and 
potential regulatory DNA sequences and proteins have been identified; and ( 4 )  the expressible 
genes within these domains are selectively attached to the nuclear matrix, thereby preventing 
their packaging into higher order chromatin and enhancing their interaction with the 
transcriptive apparatus. The matrix appears to provide the structural skeleton for transcrip- 
tion in these cells. 

Structural Considerations for Gene Expression. Bert W. O'Malley, Baylor College of 

It is clear that the cellular forces involved in steroid hormones induction of gene 

0029 HORNONAL XEGULATION OF INDUCIBLE AND CONSTITUTIVELY EXPRESSZD GENES, 
Jamshed R. Tata, Alan P. Wolffe, Wee Chit Ng and Andrew J. Perlman, 
National Institute for Medical Research, Will Hill, London N W 7  lAA, U.K. 

Many processes of transcription, RNA maturation and 3NA synthesis involved in hormonal 
regulation of gene expression are thought likely to be associated with structural elements of 
the nucleus, including nuclear matrix and envelope. For example, it has recently been 
reported that the nuclear receptor for steroid hormones, the processing of steroid-induced 
transcripts and the intranuclear distribution of hormone-activated genes may all somehod be 
linked to t:he nuclear matrix. The disruption of several nuclear activities, particularly 
transcription, is known 'LO be associated with xhe nuclear uptake of heat shock proteins and 
their intranuclear distribution. In this ?resentation, the following aspects of transcription 
of specific hormone-activated and -deinduced genes and overall DNA synthesis during estrogen 
induced vitellogenesis in Xenopus hepatocyte culture, studied in the our laboratory, will be 
reviewed. 

1. The differential activation of individual gene members of the vitellogenin multigene 
family during development and in adult hepatocytes. 

2. How estradiol added to primary cultures of hormonally naive male Xenogus hepatocytes 

transcription of vitellogenin genes de novo. 

3. The transient paralysis of hoL-,nonal response of ihese cells by heat and culture shocks 

causes the upregulation of its own receptor and n o w  the latter is tightly coupled to the 

which produce a loss of hormone receptors. 

4. The rapid de-induction of the constitutively ex?ressed albumin genes and the 

in cultured hepatocytes by estrogen. 

5. The reciprocal relationsnip between I)NA synthesis and inducibility of vitellogenin genes 

destabilization of their mRNA during the early phase of activation of vitellogenin Ltnes 

in short-term cultures. 

These findings will be discussed in the context of the structural organization of nuclear 
activities . 
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Transcription and Processing 

0030 
Tomcsanyi. and Ned Watson, Department o f  M i c r o b i o l o g y  and Imnunology. Washington U n i v e r s i t y  
Med ica l  School ,  S t .  L o u i s ,  NO 63110. 

endor ibonuc leases  i n v o l v e d  i n  these processes, RNase 111, RNase E and RNase P w i l l  be 
d iscussed.  W h i l e  RNase I11 and RNase E seem t o  be p u r e  p r o t e i n s .  RNase P i s  an RNP p a r t i c l e  
where t h e  RNA m o i e t y  can, under c e r t a i n  c o n d i t i o n s ,  c a r r y  o u t  i n  v i t r o  t h e  r e a c t i o n  per fo rmed 
by  t h e  whole enzyme ( 1 ) .  I n  t h e  o t h e r  extreme, a t  l e a s t  i n  some o f  t h e  r e a c t i o n s ,  t h e  RNA 
possess t h e  c a p a c i t y  t o  c l e a v e  i t s e l f  ( 2 ) ,  however, i n  t h e  c e l l  t h e r e  i s  a p r o t e i n  f a c t o r ( s )  
t h a t  a c c e l e r a t e  t h e  r e a c t i o n  ( 3 ) .  Whi le  t h e  ev idence i s  overwhelming t h a t  RNase P recogn izes  
p r i m a r i l y  secondary and t e r i t a r y  s t r u c t u r e  i n  i t s  s u b s t r a t e s ,  i t  seems, on t h e  o t h e r  hand, 
t h a t  i n  t h e  r e a c t i o n s  c a r r i e d  o u t  by  RNase I11 and RNase E an element o f  sequence r e c o g n i t i o n  
i s  i n v o l v e d .  I n  o r d e r  t o  d e a l  w i t h  these issues ,  min igenes  p r o d u c i n g  s u b s t r a t e s  f o r  RNase E 
were prepared.  These minigenes c o n t a i n  a t r u n c a t e d  rRNA t r a n s c r i p t i o n  u n i t ,  t h e y  i n c l u d e  t h e  
promoters  t e r m i n a t o r s  and t h e  complete 5s rRNA gene. When RNase E was i n a c t i v a t e d ,  i n  an 
mutant ,  such a p lasmid  gave r i s e  t o  75 RNA ( 4 )  wh ich  c o n t a i n s  5s rRNA and t h e  t e r m i n a t i o n  
stem. T h i s  75 RNA i s  a s p e c i f i c  s u b s t r a t e  f o r  b o t h  enzymes RNase E and RNase 111. T h e i r  
c leavage s i t e s  a r e  o n l y  e i g h t  n u c l e o t i d e s  a p a r t  ( 5 ) .  
m a n i p u l a t i o n  v i a  s i t e  s p e c i f i c  mutagenesis.  and t h e y  shou ld  h e l p  t o  de termine what i s  
necessary  and s u f f i c i e n t  i n  an RNA molecu le  t o  become a s u b s t r a t e  f o r  t h e  RNA p r o c e s s i n g  
enzymes RNase I11 and RNase E .  Whi le  t h e  enzymes RNase I11 and RNase P have a f a i r  number o f  
n a t u r a l  s u b s t r a t e s ,  t h u s  f a r ,  RNase E had a s i n g l e  s u b s t r a t e ,  9s rRNA,  t h e  p r e c u r s o r  t o  55 
rRNA. R e c e n t l y  we found t h a t  RNA I ,  t h e  RNA t h a t  i s  i n h i b i t i n g  DNA r e p l i c a t i o n  o f  t h e  c o l E l  
p lasmid .  i s  a s u b s t r a t e  f o r  RNase E .  RNase E i n t r o d u c e s  a c leavage a t  t h e  5 '  end o f  t h i s  
mo lecu le .  T h i s  c leavage i n a c t i v a t e  t h e  b i o l o g i c a l  a c t i v i t y  o f  t h e  molecu le ,  and i n  t h e  
absence o f  RNase E RNA I i s  s t a b i l i z e d  i n  p l a s m i d - c o n t a i n i n g  s t r a i n s .  Remarkably, t h e r e  a r e  
n i n e  i d e n t i c a l  n c u l e o t i d e s  i n  t h e  two s u b s t r a t e s  around t h e  c leavage s i t e s .  I n  o r d e r  t o  
o b t a i n  l a r g e  q u a n t i t i e s  o f  these two RNA p r o c e s s i n g  enzym-s, t h e i r  genes have been c loned.  
RNase 111 i s  overproduced i n  a p lasmid  c o n t a i n i n g  s t r a i n .  The RNase 111 gene i s  encod ing  a 
p r o t e i n  o f  about  25.000 d a l t o n s .  I t  has been l o c a l i z e d  t o  a 1 .3  kb  o f  DNA t h a t  c o n t a i n s  i t s  
own promoter .  
1.  Gur r ie r -Takeda.  C .  fi c. (1983).  E, 35. 849-857. 
2.  Watson, N. fi d. (1984) .  3. Mol.  B i o l .  2, 301-323. 
3 .  G u r e v i t z  fi a. (1982) .  E .  J .  B i o c h g .  124, 553-559. 
4 .  Szebereny i ,  J .  and A p i r i o n ,  0 .  (1983) .  J .  Mol .  B i o l .  m, 525-561. 
5 .  Szebereny i ,  J .  fi ~ 1 .  (1984) .  E i o c h e m i s t r y  X-, 2952-2957. 

RNA PROCESSING I N  A PROKARYOlIC CELL, Dav id  A p i r i o n ,  Geza Dallmann. Michae l  
G u r e v i t z ,  Andras Miczak, Be la  Praga i ,  Makam N. Subbarao. Jozef  Szeberenyi ,  Tihamer 

A s h o r t  overv iew o f  RNA p r o c e s s i n g  i n  E s c h e r i c h i a  w i l l  be presented .  The known 

These minigenes a r e  v e r y  s u i t a b l e  f o r  
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0031 MECHANISM OF SELF-SPLICING OF THE RIBOSOMAL RNA PRECURSOR OF Tetra- 
hymena, Thomas R. Cech, Brenda L. Bass, Michael D. Been, Tan Inoue, 
Francis X.  Sullivan and Arthur J. Zaug, Department of Chemistry, 
University of Colorado, Boulder, CO 80309 

The ribosomal RNA precursor of the ciliated protozoan, TetrdhjmeRa 
themophila,  undergoes accurate RNA splicing i n  vitru in the absence of any 
protein. Splicing is initiated by covalent addition of a guanosine 
nucleotide to the 5'-end of the intervening sequence (IVS) in a transester- 
ification reaction. Ligation of the exons is accomplished by a second 
transesterification reaction. These cleavage-ligation reactions are mediated 
by the folded structure of the RNA molecule. 

We have identified three specific things that the IVS does to accomplish 
its own splicing. (1) It provides a binding site for the guanosine nucleo- 
tide in proximity to the 5' splice site. Evidence for guanosine binding has 
come from comparison of kinetic parameters (KM and Vmqx) with different 
guanosine analogs.' Recently competitive inhibition experiments at 42OC have 
provided further evidence for this idea; 2f,31-cyclicGMP, dGTP and ddGTP at 
high molar excess inhibit the reaction of guanosine with the IVS. (2) The 
IVS provides a binding site for the last three nucleotides of the 5' exon or, 
in the case of the IVS cyclization reaction, the last three nucleotides of 
the fragment that is released upon cyclization. Miniexons as short as UpUpU 
or CpU, when added to the pre-rRNA in the absence of guanosine, act as 5 '  
exons and become ligated to the 3 '  exon. Recombinant DNA manipulations have 
been used to alter the sequence of the IVS near the cyclization site. Analy- 
sis of the cyclization reaction with these mutants provides additional 
evidence for the importance of tripyrimidine sequences preceding sites of 
cleavage-ligation. (3) The IVS makes the phosphates at the reaction sites 
particularly susceptible to hydrolysis and, presumably, to nucleophilic 
attack in general. The lability of the phosphodiester bond at a splice site 
was first seen with the circular IVS RNA,Z and has more recently been 
observed at the 3 '  splice site of the pre-rRNA. We propose that the combina- 
tion of specific binding interactions and activation of phosphates at the 
reaction sites largely explains how the IVS RNA structure accelerates the 
rate of such specific transesterification reactions. 

2Zaug, A. J., Kent, J. R. and Cech, T. R., Science 224, 574-578 (1984). 
'Bass, B. L. and Cech, T. R., Nature 308, 820-826 (1984). 

0032 I N  VITRO SPLICING OF mRNA PRELURSORS, Go ldenberg ,  C a r l o s  J. ,  D i M a r i a ,  
P e t e r  R. and K a l t w a s s e r ,  Gustavo Wash ing ton  U n i v e r s i t y  Schoo l  o f  M e d i c i n e  
Depar tmen t  o f  P a t h o l o g y ,  660 8. E u c l i d  Avenue, S t .  L o u i s ,  M i s s o u r i  63110 

The pre-mRNA s p l i c i n g  a c t i v i t y  p r e s e n t  i n  n u c l e a r  e x t r a c t s  p r e p a r e d  f r o m  
MOPC-315 mouse myeloma c e l l s  was c h a r a c t e r i z e d  and p a r t i a l l y  p u r i f i e d .  
P r e c u r s o r  RNA s u b s t r a t e s  f o r  s p l i c i n g  r e a c t i o n  were s y n t h e s i z e d  i n  v i t r o  f r o m  
a p l a s m i d  DNA i n  wh ich  t h e  e a r l y  r e g i o n  2 gene o f  a d e n o v i r u s  2 was f u s e d  t o  an 
e f f i c i e n t  b a c t e r i o p h a g e  p r o m o t e r  ( S a l m o n e l l a  phage 6 ) .  The pre-mkNA s p l i c i n g  
a c t i v i t y  was p a r t i a l l y  p u r i f i e d  1 0 8 - f o l d  b y  t h r e e  c h r o m o t o q r a p h i c  s t e p s .  The 
-- i n  v i t r o  s p l i c i n g  r e a c t i o n  c a t a l i z e d  by t h e  p a r t i a l l y  p u r i f i e d  f r a c t i o n s  was 
e f f i c i e n t  and a c c u r a t e  a t  t h e  n u c l e o t i d e  l e v e l .  The r e a c t i o n  o c c u r  w i t h o u t  
any d e t e c t a b l e  l a g  and n u c l e o t i d e s  (ATP o r  GTP) were a b s o l u t e l y  r e q u i r e o .  
Monoc lona l  anti-Srn a n t i b o d i e s  t o t a l l y  i n h i b i t  t h e  s p l i c i n g  a c t i v i t y  o f  t h e  
p u r i f i e d  f r a c t i o n s  i n d i c a t i n g  t h a t  U 1  snRNPs c o p u r i f y  w i t h  t h e  a c t i v i t y  and 
a r e  a b s o l u t e l y  r e q u i r e d  f o r  t h e  s p l i c i n g  r e a c t i o n .  C o n s i s t e n t  w i t h  t h i s  
r e s u l t ,  we have d i r e c t l y  d e t e c t e d  U 1  snRiuAs and p r o t e i n s  c a r r y i n g  Sm 
d e t e r m i n a n t s  i n  t h e  p u r i f i e d  f r a c t i o n s  w i t h  s p l i c i n g  a c t i v i t y .  
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0033 ULTRASTRUCTURAL ANALYSIS OF RNA SYNTHESIS AND PROCESSING, Ann L. Beyer and Yvonne 
N .  Osheim, Dept.  of Microbio logy ,  Univ. of V i r g i n i a ,  C h a r l o t t e s v i l l e ,  VA 22908 

Using t h e  " M i l l e r "  chromat in  s p r e a d i n g  t e c h n i q u e  t o  v i s u a l i z e  a c t i v e  g e n e s ,  we have  shown 
t h a t  r i b o n u c l e o p r o t e i n  assembly on n a s c e n t  t r a n s c r i p t s  i s  s i t e - s p e c i f i c  and t h a t  t h e  r e s u l -  
t a n t  RNP complex a p p a r e n t l y  m e d i a t e s  a n  e a r l y  RNA p r o c e s s i n g  e v e n t .  Our c u r r e n t  g o a l  i s  t o  
v i s u a l i z e  s p e c i f i c  a c t i v e  genes i n  o r d e r  t o  c o r r e l a t e  RNP s t r u c t u r e  w i t h  known p r o c e s s i n g  
pathways on n a s c e n t  t r a n s c r i p t s  o f  d e f i n e d  s e q u e n c e .  To d a t e  we have  a n a l y z e d  t h e  t r i p a r t i t e  
l e a d e r  r e g i o n  of t h e  Adenovirus major  l a t e  t r a n s c r i p t  and two o f  t h e  c h o r i o n  genes of 
D r o s o p h i l a .  I n  a d d i t i o n ,  w e  a r e  d e v e l o p i n g  a s y s t e m  t o  v i s u a l i z e  s p e c i f i c  genes on p lasmid  
v e c t o r s  a f t e r  m i c r o i n j e c t i o n  i n t o  D r o s o p h i l a  embryos. 

The Ad l e a d e r  r e g i o n  h a s  t h r e e  s h o r t  exons (40-90 bp)  and two l o n g e r  i n t r o n s  (1-2.4 k b ) ,  
w h i l e  t h e  1 .6  kb s 3 8  c h o r i o n  gene h a s  a s h o r t  i n t r o n  ( 2 2 7  bp)  l o c a t e d  n e a r  t h e  5 '  t e rminus  
(B. Wakimoto, L .  Kal fayan ,  J .  Levine ,  A .  S p r a d l i n g ,  p e r s .  c o r n . ) .  Large RNP p a r t i c l e s  essen-  
t i a l l y  c o v e r  t h e  s h o r t  exons i n  t h e  Ad t r a n s c r i p t ,  w h i l e  i n  t h e  c h o r i o n  t r a n s c r i p t s ,  1-2 
l a r g e  p a r t i c l e s  c o v e r  t h e  s h o r t  i n t r o n  r e g i o n .  Taken t o g e t h e r ,  t h e s e  d a t a  s u g g e s t  t h a t  RNP 
p a r t i c l e s  may b e  a s s o c i a t e d  w i t h  s p l i c e  j u n c t i o n  s e q u e n c e s ,  w h i l e  i n t r o n s  and  exons OCCUK i n  
a smoother  RNP f i b r i l l a r  form. C a r e f u l  a n a l y s i s  o f  t h e  s 3 8  t r a n s c r i p t s  r e v e a l s  t h a t  two 
p a r t i c l e s  (25-30 nm) form a t  o r  n e a r  t h e  donor and a c c e p t o r  s p l i c e  j u n c t i o n s  soon  a f t e r  t h e  
sequences  a r e  t r a n s c r i b e d  a n d ,  i n  some c a s e s ,  a p p a r e n t l y  c o a l e s c e  t o  form one  p a r t i c l e  
(40 nm) on t h e  more mature  n a s c e n t  t r a n s c r i p t s .  S i n c e  a l l  o f  t h e  p a r t i c l e s  s e e n  a r e  l a r g e r  
t h a n  e x p e c t e d  f o r  snRNP complexes,  t h e y  a r e  e i t h e r  d i f f e r e n t  t h a n  snRNPs o r  a r e  snRNPs w i t h  
a d d i t i o n a l  (hnRNP?) p r o t e i n s .  

The D r o s o p h i l a  embryo m i c r o i n j e c t i o n  s y s t e m  w i l l  a l l o w  v i s u a l i z a t i o n  of s p e c i f i c  genes on 
mul t i -copy ex t rachromosomal  p lasmids .  S i n c e  we i n t e n d  t o  u s e  t h e  h s p  70 ( h e a t  shock)  promo- 
ter t o  t u r n  on f u s e d  g e n e s ,  w e  a r e  c u r r e n t l y  d e t e r m i n i n g  t h e  f e a s i b i l i t y  of s p r e a d i n g  h e a t -  
shocked embryos and a r e  i n v e s t i g a t i n g  t h e  s t a t e  of RNP s t r u c t u r e  d u r i n g  h e a t  shock .  S u r p r i s -  
i n g l y ,  w e  have  o b s e r v e d  no obvious  d i f f e r e n c e s  between h e a t  shocked  (37' ,30')  and c o n t r o l s  i n  
non-nucleo lar  t r a n s c r i p t i o n a l  l e v e l s  O K  i n  RNP assembly on n a s c e n t  hnRNA t r a n s c r i p t s .  Due t o  
t h e  h i g h  l e v e l  of t r a n s c r i p t i o n a l  a c t i v i t y ,  we have  been  u n a b l e  t o  i d e n t i f y  s p e c i f i c  h e a t  
shock  l o c i .  We do o b s e r v e  a d i f f e r e n c e  i n  n u c l e o l a r  genes a f t e r  h e a t  shock .  Most, b u t  n o t  
a l l ,  d i s p l a y  a lower  polymerase  d e n s i t y  t h a n  c o n t r o l  i-pRNA genes a s  w e l l  a s  more ex tended  
n a s c e n t  RNP f i b r i l s .  T h i s  d i f f e r e n t  RNP s t r u c t u r e  may c o r r e l a t e  w i t h  t h e  well-documented 
breakdown i n  rpRNA p r o c e s s i n g  a f t e r  h e a t  shock .  It i s  a l s o  i n t e r e s t i n g  t h a t  t h e  r e p o r t e d  
d e c r e a s e  i n  rpRNA s y n t h e s i s  d u r i n g  h e a t  shock  i s  n o t  averaged  o u t  o v e r  a l l  t h e  gene c o p i e s ,  
b u t  i s  r a t h e r  a g e n e - s p e c i f i c  phenomenon. (Suppor ted  by NSF PCM-83-09131 and subawards from 
ACS IN-149A and N I H  5 SO7 RR05431-21.) 

0034 
Rouston ,  Texas 77030. 

l i n k e d  t o  s p l i c i n g  o f  ore-messen-er 9NA t r a n s c r i q t s ,  t r a n s o o r t  o f  hnP.Pl? o a r t i c l e s  and t o  a u t o -  
immune d i s e a s e s .  The " e x c i s i o n  ' h y n o t h e s i s  o f  T>erner and S t e i t z  i s  t h a t  U1-snP.MP "ouides"  
b i n d  t o  t h e  "GU-AG" consensus  s e s u e n c e  by i t s  UCCA and a d j a c e n t  5 '  i n t r o n  s e q u e n c e s ,  i . e .  t h e  
ACL; 5' p o r t i o n  of U1 ?&A. The enzymat ic  c l e a v a q e  mechanisms a r e  n o t  d e f i n e d  b u t  more con- 
v i n c i n z  d a t a  f o r  t h i s  o o s s i b l e  r o l e  of t h e  UI-snWP have  been n r e s e n t e d  by S h a m  and S t e i t z .  
Other  U-snRNPs may be  involved  i n  t r a n s D o r t  o r  o t h e r  p r o c e s s i n g  e v e n t s .  

The s e a u e n c i n g  and c h a r a c t e r i z a t i o n  of t h e  U-snlNAs have  been completed f i r s t  by RNA s e -  
quencing  and l a t e r  w i t h  recombinant  DI:A sequencing .  A f t e r  t h e  s i x  U-snXNA s n e c i e s  were iden-  
t i f i e d ,  no new "canned" s m a l l  ?,NAs have  been  i d e n t i f i e d  r e c e n t l y .  S i m i l a r  t y p e s  of  C - s n R X A s  
and o t h e r  snq?i,\s have  been  found i n  D i c t y o s t e l i u m  and d i n o f l a g e l l a t e s .  The Sm a n t i g e n  of  t h e  
U-snRNPs i s  a l s o  e v o l u t i o n a r i l y  c o n s e r v e d .  

from t h a t  of mP."A b:; i t s  2 ,  2 '  d i m e t h y l  g r o u o s .  The s m a l l  n u c l e a r  Y N A s  s o e c i f i c a l l y  l o c a l i z e  
t o  t h e  nuc leoplasm (1.1 ,U2,U4,US,1:6 RNA) o r  t!?e n u c l e o l u s  (U3 !??:A). 

:!any o t h e r  sn?NAs a r e  of i n t e r e s t ,  i n c l u d i n o  t h o s e  r e c o g n i z e d  by La a n t i b o d i e s  (KE:A P o l  
111 t r a n s c r i c t s )  and Ro a n t i b o d i e s .  ?he 75 RNA o r i g i n a l l y  seauenced  by u s  and t h e n  by DI:A 
seouencing  b\r C l l u  and : : e l l i ,  i s  i n  a n  sn?SP s i g n a l  r e c o o n i t i o n  ? a r t i c l e  found by \ : a l t e r  and 
S l o b e l .  

f o r  U 1 ,  112, U 3 ,  4.55, and J S  RNA s n e c i e s .  A s u n r i s i n g l y  l a r g e  number of  genes  have  been 
found t o  he  "nseudogenes",  some o: which a r e  remarkably  s i m i l a r  t o  t h e  " t r u e  genes" .  The 
" t r u e "  genes  r a n g e  from 1-10 i n  t h e  h a p l o i d  Senorne and l a c k  "TA'TA" boxes .  The c o n t r o l s  and 
r a t e s  o f  t h e i r  t r a n s c r i p t i o n  by  R::A P o l  I1 a r e  n o t  d e f i n e d .  In  t h e  c a s e  of 4 .55  14'A (Saba ,  
Reddy and Buscli) ,  one o f  t h e  z e n e s  i s  c o l i n e a r  wi th  a l l  h u t  s i x  of  t h e  n u c l e o t i d e s  i n  t h e  
4 . 5 5  QNA. I n  L'3 nseudogenes ,  c o l i n a r i t y  h a s  been found f o r  s e v e r a l  oseudoaenes  w i t h  minor 
i n s e r t i o n s ,  d e l e t i o n s  and b a s e  s u b s t i t u t i o n s .  The r e q u l a t i o n  o f  t h e s e  oenes  i s  an a r e a  of 
c o n s i d e r a b l e  i n t e r e s t  which w i l l  become a o p r o a c h a b l e  as more genes  a r e  c l o n e d  a n d  senuenced .  

S n Z J A s ,  KUCLEA7. ?P.OTEI?:S AND CE:IE REGULATION. H .  Busch, K. Reddy, J. Saba ,  D .  
Hennino, and 9. K .  Busch. Department of ?harmacology, Baylor  C o l l e o e  of : i e d i c i n e ,  

The s m a l l  n u c l e a r  r i b o n u c l e o n r o t e i n s  found i n  " i n t e r c h r o m a t i n  d e n s e  g r a n u l e s "  have  been 

The most remarkable  cominon f e a t u r e  of t h e  s m a l l  PPIAs i s  t h e  5 '  m3G can  which d i f f e r s  

l fany genes  Lor s m a l l  n u c l e a r  RNAs are h e i n g  c loned  and sequenced .  Amono t h e s e  a r e  genes  
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RNA Modification 

0035 POST-TKANSCKIPTIONAL MODIFICATION OF KNA: KNP ASSEMBLY OF PKE-MESSENGEK KNA AND 
SMALL NUCLEAR KNA's, Thoru Pederson, Cell Biology Group, Worcester Foundation for 
Experimental Biology, Shrewsbury, EL4 01545. 

Two obstacles in the study of pre-mKNP (hnKNP) have been the inability to isolate 
particles containing a single pre-mKNA and the lack of  an assay for hnKNP function. he 
have investigated the KNP packaging of a pure pre-mKNA in vitro. Polyadenylated human 
8-globin pre-mKNA was transcribed using Salmonella phage SP6 RNA polymerase and its promoter. 
The pre-mKNA was capped and added to a HeLa cell nuclear extract under conditions permis- 
sive for mRNA splicing (Krainer et al., Cell 36,  993-1005, 1984).  This resul ed in the 
formation of a ribonucleoproteincomplex.he KNP has a density of 1.35 glcm in Cs SO 
the same as native hnKNP, and reacts with a monoclonal antibody against hnRkP core p?ot$ins. 
The extent of RNP assembly appears to reach a maximum at approximately 30 minutes of 
incubation, and decreases thereafter. Intron-lacking B-globin KNA transcripts show a 
different pattern of KNP assembly. 

in mRNA processing reactions. We have mapped the localizations of snKNP's by indirect 
immunofluorescence with polyclonal and monoclonal antibodies in polytene chromosomes of 
Chironomus tentans. Both U1 and U2 snRNP's are present at all sites of transcription, and 
are promptly released when gene transcription ceases, indicating that nascent pre-mKNA is 
the major chromosomal binding site of snKNP's. The co-localization of U1 and U2 snKNP's 
at loci producing a single mKNA (eg. B K 2 )  is of particular interest. The retention of 
snKNP antigens when Ul and U2 RNA's are associated with pre-mKNA confirms our recent 
biochemical demonstration of this point, using psoralen-mediated U1 snKNP:pre-mKNA cross- 
linking (Calvet and Pederson, = 26, 363-370, 1981; Setyono and Pederson, J.  Nol. 
- Biol. 174, 285-295, 1984). 

conserved protein binding sites on U1 RNA (Wieben, Madore and Pederson, m. Nat. Acad. 
Sci. 80,  1217-1220, 1983).  We have now studied snKNP assembly in vivo. Precursors of U1, 
U 2  and U4 small nuclear RNA's have been identified in HeLa cells by hybrid-selection of 
pulse-labeled RNA. These precursor molecules contain trimethylguanosine caps and are 1 t o  
approximately 12 nucleotides longer than the mature species. The precursors are found in 
snRNP complexes soon after transcription, but additional experiments indicate that nascent 
U1 KNA is not complexed with snKNP proteins. Thus, unlike hnRNP which assembles on nascent 
pre-mKNA, snRNP assembly appears to be post-transcriptional. Finally, an in vitro system 
has been developed in which pre-U2 KNA:snRNP complexes are accurately processed $p mature 
U2 snKNP. The reaction involves 3 '  processing, is ATP-dependent and requires Mg , and in 
these respects resembles the processing of histone mRNA's. 

5 . '  

The small nuclear KNA's and their associated proteins (snKNP's) have been implicated 

U1 and U2 snKNP complexes can be assembled in vitro and this has been used to define 

- 

RNA Transcription, Processing, Modification and Transport 

0036 UI RNP SECONDARY STRUCTURE DETERllINED BY LOCALIZATION OF ANTIGENIC SITES. Paul F.  
Agr i s ,  Andra Boak, S h i r l e y  Kovacs, and Theodore Munns, U n i v e r s i t y  o f  M issour i ,  Columbia, 
MO. 65211 and Washington U n i v e r s i t y ,  S t .  Lou is ,  MO. 63110. 
U I  RNP has been shown t o  be i n v o l v e d  i n  mRNA process ing  by i t s  removal f rom i n  v i t r o  p ro-  
cess inq  systems w i t h  a d d i t i o n  o f  t h e  autoimmune an t ibod ies  RNP o r  Sm. We had p r e v i o u s l y  
shown t h a t  t h e  two a n t i g e n i c  de terminants  f o r  these an t i bod ies  a re  con fe r red  by d i f f e r e n t  
pept ides  and a re  bo th  p a r t  o f  t he  UI RNP complex. 
l a t i o n s h i p  between nuc leo t i des  40-90, o f  t he  165 n u c l e o t i d e  UI RNA, and t h e  p r o t e i n  a n t i -  
gen ic  de terminant  f o r  RNP an t ibody ,  Others demonstrated t h e  l o c a l i z a t i o n  o f  t he  Sm 
de terminant  a t  t he  3 '  t e rm ina l  n u c l e o t i d e  sequence. We have now de f ined  by two indepen- 
dent  methods t h e  s t r u c t u r a l  p o s i t i o n s  o f  these a n t i g e n i c  de terminants  r e l a t i v e  t o  each 
o t h e r  and two o t h e r  s t r u c t u r a l  p o s i t i o n s .  
de f i ned  the  t h i r d  l o c a l e ;  and an t i body  d i r e c t e d  aga ins t  m7G de f ines  the  f o u r t h  p o s i t i o n  
t h a t  o f  t he  5 ' - cap  o f  UI RNA w i t h i n  t h e  complex. Th is  approach has demonstrated t h e  
closeness o f  t h e  Me and Sm pept ides  a t  t h e  3 ' - t e tm inus  o f  t h e  RNA w i t h  each o t h e r  and t h e  
5 ' -cap ,  and the  d i s tance  o f  t he  RNP de terminant .  A two dimensional  p i c t u r e  o f  UI RNA 
and UI RNP pep t ides  r e s u l t s .  

We had a l s o  shown t h e  s t r u c t u r a l  re -  

A newly recogn ized autoimmune ant ibody ,  Me 
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0037 R.D. Armstrong 

S t u d i e s  were i n i t i a t e d  t o  examine t h e  e f f e c t  o f  abnormal base s u b s t i t u t i o n ,  e.g. 5 - f l u o r o -  
u r a c i l  (FUra), on mRNA and SnRNA. S t u d i e s  o f  mRNA were completed u s i n g  cDNA-mRNA h y b r i d i z -  
a t i o n  methods t o  s p e c i f i c a l l y  examine d i h y d r o f o l a t e  r e d u c t a s e  (DHFR) mRNA. C3-L5178Y c e l l s  
were exposed t o  FUra, t h e  n u c l e a r  and c y t o p l a s m i c  RNA i s o l a t e d ,  and DHFR-mRNA l e v e l s  d e t e r -  
mined f o l l o w i n g  h y b r i d i z a t i o n  w i t h  32P-DHFR-cDNA. FUra produced a dose-dependent i n c r e a s e  
i n  n u c l e a r  DHFR-mRNA l e v e l s .  Exper iments u s i n g  3H-Cyt p u l s i n g  t o  a l l o w  measurement o f  o n l y  
mRNA s y n t h e s i z e d  d u r i n g  FUra exposure,  showed a marked i n c r e a s e  i n  n u c l e a r  DHFR-mRNA w i t h  
a cor respond ing  decrease i n  c y t o p l a s m i c  DHFR-mRNA. These r e s u l t s  suggest t h a t  FUra produces 
e i t h e r  an i n h i b i t i o n  o f  mRNA p r o c e s s i n g  o r  an i n h i b i t i o n  o f  n u c l e a r - c y t o p l a s m i c  t r a n s p o r t .  
We a r e  c u r r e n t l y  assess ing  n u c l e o s i d e - t r i p h o s p h a t a s e  med ia ted  t r a n s p o r t  o f  FUra a1 t e r e d  mRNA. 
SnRNA a r e  known t o  be i n v o l v e d  i n  RNA process ing ,  and i f  a l t e r e d  by abnormal base i n c o r p o r -  
a t i o n ,  may be unab le  t o  f u n c t i o n  i n  t h a t  r o l e .  
a1 t e r a t i o n s  o f  SnRNA r e s u l t i n g  f r o m  FUra. The m i g r a t i o n  p a t t e r n  o f  t h e  U4 and U6 SnRNA i n  
nondenatur ing  e l e c t r o p h o r e s i s  i s  a1 t e r e d  w i t h  FUra i n c o r p o r a t i o n ,  suggest ing  2" s t r u c t u r e  
d i f f e r e n c e s .  A l s o  observed was an accumula t ion  o f  t h e  U1 SnRNA s y n t h e s i z e d  d u r i n g  exposure 
t o  FUra. 
i n h i b i t i o n  o f  mRNA o r  r R N A  p r o c e s s i n g  t h a t  appears t o  r e s u l t  i n  c e l l s  t r e a t e d  w i t h  c y t o t o x i c  
c o n c e n t r a t i o n s  o f  FUra. 

ALTERED mRNA AND SnRNA RESULTING FROM FLLOROLRACIL INCORPORATION. 
and E.C. Cadman, Cancer Research I n s t . ,  Univ.  o f  C a l i f . ,  San Franc isco ,  CA 94143 

Our s t u d i e s  have i d e n t i f i e d  3 p o t e n t i a l  

S t u d i e s  a r e  underway t o  a t t e m p t  t o  de termine i f  t h e s e  changes c o n t r i b u t e  t o  t h e  

0038 POST-TRANSCRIPTIONAL REGULATION OF CASEIN GENE EXPRESSION, T e r r y  L. Brown, John R .  

The g o a l  of t h i s  r e s e a r c h  is t o  d e t e r m i n e  t h e  co- and p o s t - t r a n s c r i p t i o n a l  mechanisms by 
which t h e  hormones p r o l a c t i n  and h y d r o c o r t i s o n e  r e g u l a t e  t h e  e x p r e s s i o n  of a-, 5- and y- 
c a s e i n  in d e v e l o p i n g  mammary g l a n d .  T r a n s c r i p t i o n  r a t e s  and mRNA s t a b i l i t y ,  a long  wi th  
p o t e n t i a l  pre-mRNA p r o c e s s i n g  pathways,  have been examined. We have q u a n t i f i e d  t h e  
i n d u c t i o n  and d e i n d u c t i o n  of  c a s e i n  mRNAs i n  mammary e x p l a n t  c u l t u r e s ,  f o l l o w i n g  p r o l a c t i n  
s t i m u l a t i o n  and w i t h d r a w a l .  Nuclear  run-off t r a n s c r i p t i o n  e x p e r i m e n t s  and pulse-chase  d a t a  
have  s u g g e s t e d  t h a t  t r a n s c r i p t i o n  rates and c y t o p l a s m i c  mRNA s t a b i l i t i e s  a r e  only  minimal ly  
i n v o l v e d  i n  t h e  p r o l a c t i n  induced  e x p r e s s i o n  of t h e s e  genes.  R a t h e r ,  t h e  s t a b i l i t y  of 
n u c l e a r  c a s e i n  t r a n s c r i p t s  a p p e a r s  t o  be markedly i n f l u e n c e d  by p r o l a c t i n  s t i m u l a t i o n .  To 
f u r t h e r  pursue  t h e  molecular  mechanism of  t h i s  a c t i o n ,  t h e  r o l e  of n u c l e a r  p r o c e s s i n g  has 
been i n v e s t i g a t e d .  D i s t i n c t  p a t t e r n s  of n u c l e a r  p r e c u r s o r  R N A s ,  a f t e r  s i z e  s e p a r a t i o n  and 
d e t e c t i o n  w i t h  d i f f e r e n t  genomic and cDNA probes ,  have c o n s i s t e n t l y  been observed .  Compari- 
s o n  of t h e  p u t a t i v e  n u c l e a r  pre-RNA p a t t e r n s  r e v e a l e d  by t h e  v a r i o u s  p r o b e s ,  s u g g e s t s  t h a t  
t h e r e  a r e  major d i f f e r e n c e s  i n  t h e  s t e a d y - s t a t e  l e v e l s  of t h e  pre-RNAs, and i n  t h e  
complexi ty  of  t h e  p r o c e s s i n g  pathways.  F i n a l l y ,  u s i n g  computer a n a l y s i s ,  e v o l u t i o n a r y  
comparison of a -case in  sequences  from s e v e r a l  s p e c i e s  have sugges ted  t h a t  t h e r e  a r e  p o s s i b l e  
common secondary  s t r u c t u r a l  f e a t u r e s  i n  t h e s e  mRNAs,  e s p e c i a l l y  i n  the  3 '-noncoding r e g i o n s .  
To s t u d y  t h i s  p o s s i b l e  f u n c t i o n a l  r o l e  of t h e s e  sequences ,  gene t r a n s f e r  exper iments  u s i n g  
s e v e r a l  mammary c e l l  l i n e s  have been i n i t i a t e d .  (Suppor ted  by N I H  f e l l o w s h i p  GM-09392 and 
g r a n t  CA-16303) 

Rodgers,  J e f f r e y  M. Rosen, Baylor C o l l e g e  of Medic ine ,  Houston, T X  77030 

0039 IDENTIFICATION AND cDNA CLONING OF PROTEINS INVOLVED I N  SN-RNA PROCESSING, 
J a s e m i n e  Choy Chambers ,  M i c h a e l  G . K u r i l l a  a n d  J a c k D . K e e n e ,  Duke U n i v e r s i t y  
M e d i c a l  C e n t e r ,  Durham, NC 27710 

We a r e  i n v e s t i g a t i n g  t h e  p r o c e s s i n g ,  assembly  and t r a n s p o r t  of s m a l l  RNAs by b l o c k i n g  
t h e s e  p r o c e s s e s  w i t h  v i r a l  i n f e c t i o n  and by c l o n i n g  of t h e  snRNA-binding p r o t e i n s .  
The e a r l i e s t  e v e n t  d e t e c t e d  f o l l o w i n g  i n f e c t i o n  w i t h  v e s i c u l a r  s t o m a t i t i s  v i r u s  is  a 
d i s r u p t i o n  o f  c e l l u l a r  snRNA ( P o l  I1 a n d  P o l  I11 t r a n s c r i p t s )  p r o c e s s i n g  a n d  
a s s e m b l y .  S u b s e q u e n t  t o  t h i s  e f f e c t ,  c e l l u l a r  R N A  a n d  p r o t e i n  s y n t h e s i s  a r e  s h u t  
o f f .  We h a v e  used  human l u p u s  a n t i b o d i e s  t o  i d e n t i f y  p r o t e i n s  bound t o  t h e  p r e c u r s o r  
a n d  m a t u r e  f o r m s  o f  t h e s e  snRNAs. I n  a d d i t i o n ,  we h a v e  o b t a i n e d  cDNA c l o n e s  o f  
s e v e r a l  o f  t h e s e  snRNA-binding  p r o t e i n s  u s i n g  l u p u s  a n t i b o d i e s  a s  p r o b e s .  One o f  
t h e s e  p r o t e i n s ,  La, a s s o c i a t e s  w i t h  a v a r i e t y  of P o l  I11 and v i r a l  t r a n s c r i p t s  and 
may p l a y  a r o l e  i n  t h e  t r a n s c r i p t i o n  or p r o c e s s i n g  of s m a l l  RNAs. We h a v e  n w  mapped 
a n  a n t i g e n i c  s i t e  o f  t h e  La p r o t e i n  a t  t h e  t e r m i n a l  1 5 %  o f  t h e  c a r b o x y l  e n d  o f  t h e  
m o l e c u l e  and are p r e s e n t l y  mapping t h e  RNA-binding domains by s u b c l o n i n g  f ragments  of 
t h e  La-cDNA i n t o  e x p r e s s i o n  v e c t o r s .  
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0040 IN VITRO PROCESSING OF MOUSE PRECURSOR RIBOSOMAL RNA, Nessly Craig and Barbara 

Accurate transcriptional initiation of cloned rRNA genes in vitro using a S-100 extract 
was first accomplished several years ago by Miller and Sollner-Webb (Cell =:165). This 
work also identified a previously undetected primary rRNA processing site at position 
+650 for mouse rRNA and showed that this processing could occur in vitro. This processing 
occurs very efficiently in vivo, and thus the majority of cellular '45s' rRNA has its 
S'tenninus at position +650.  We are using this coupled transcriptionlprocessing S-100 
system to study the mechanism of this rRNA processing in terms of its biochemistry and 
the sequences specifying the cleavage site. Experiments conducted so far have demonstrated 
that: (1) concurrent transcription is not necessary for processing. ( 2 )  the required optinial 
concentration of available Mg++ is lower for processing than it is for transcription, 
( 3 )  processing requires a ribonucleoside triphosphate. (4) processing occurs steadily 
over a 45' period without an obvious lag in the coupled system, and ( 5 )  the rate and extent 
of processing appear to be independent of the amount of transcribed rRNA, suggesting a 
limiting amount of a component(s) needed for processing. Construction and testing of 3 '  
deletions of cloned rRNA genes indicate that sequences extending 150-200 nucleotides 3' 
of the processing site are required for efficient cleavage; the sequences of this region 
(but not flanking regions) are highly conserved between mouse and human rDNAs.(Supported 
by a grant from March of Dimes) 

SollnerWebh. Johns Uopkins School of Medicine, Baltimore,LlD 21205. 

0041 CHARACTERISATION OF RNA 3 ' -TERMINAL PHOSPHATE CYCIASE FRPM HeLa CELLS, 
W.Filipowicz+* ,K.Strugala+,M. Konarska+ and A .J. Shatkin4, Friedrich Mie- 
scher Inst.,4002 Basel,+Inst. of Biochem. & Biophys.,Polish Academy of 
Sciences,Warsaw and ARoche Inst. of Molecular Biology,Nutley,N.J.07110. 

RNA 3lterminal phosphate cyclase, an enzyme that catalyses conversion of the 
3' phosphate to the 2:3'-cyclic phosphodiester at the end of RNA, has been 
identified previously in extracts of HeLa cells (Filipowicz et al.NAR g:1405, 
1983). Because no processes other than RNA ligation are presently known to 
require terminal cyclic phosphate, it is likely that cyclase functions to ge- 
nerate and/or maintain cyclic forms at the 3' ends of ligation substrates. 

The cyclase, partially purified from HeLa cell extract, requires ATP and 
14g+2 fo r  activity.The mechanism of 3'phosphate cyclisation was studied with 
oligonucleotides containing terminal 2ldeoxy or 210-methylribose.Incubation of 
these substrates with cyclase and ATP results in formation of adenylylated 
intermediates with terminal dN(3')pp(5')A and @(3')pp(5 ')A, respectively. It 
is proposed that transfer of the adenylyl group from ATP to the 3' phosphate 
of RNA is an intermediate step in cyclisation. It is normally followed by 
attack of the adjacent 2'-0H, resulting in elimination of AMP and formation 
of cyclophosphate. Cyclase preparations can be labeled with [fX-32P]ATP sugge- 
sting that an earlier step is formation of an AMP.protein intermediate. 

0042 REGULATION OF HUMAN HISTONE GENE EXPRESSION IN VITRO AND IN VIVO, Nathaniel 
Heintz, Olga Capasso and Sarah Hanly. Rockefeller University New York, NY 10021 

The major objective of the current studies in my laboratory is to understand the mechanisms 
governing the transcription and stabilization of histone mRNA during the mammalian cell 
cycle. Previous studies of transcription of a human histone H4 gene in extracts from 
synchronized HeLa cells (Heints and Roeder, 1984) established that the limiting activity 
for transcription of this gene is present at elevated levels in S phase nuclear extracts, 
is specific for the H4 gene, and can be specifically sequestered by the H4 template DNA in 
a competition assay. To assess whether this trans-acting H4 specific transcription factor 
is involved in cell cycle regulation in vivo, we have used a nested series of promoter 
deletion mutants to determine whether the sequences required for cell cycle regulation in 

The results of 
these studies clearly indicate that upstream promoter elements in the H4 gene are necessary 
for intereactions of the H4 specific transcription activity in vitro, and that these same 
sequences are also utilized in vivo. 
Heintz, N. and Roeder, R.G. 1984, Proc. Nat. Acad. Sci. s, 2713-2717. 

are similar to those necessary for regulated H4 expression in vivo. 
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0043 
Nagashima and Gerhard Schre iber .  B iochemis t ry  Department, U n i v e r s i t y  o f  Nel  bourne, 
P a r k v i l l e ,  V i c t o r i a  3052, A u s t r a l i a .  

A cDNA l i b r a r y  f o r  r a t  l i v e r  po lyadeny la ted  RNA has been c o n s t r u c t e d  u s i n g  the  express ion  
v e c t o r  Agt l l .amp3. 
f e r r i n ,  t r a n s t h y r e t i n  (p rea lbumin) ,  ma jor  a c u t e  phase a l - p r o t e i n  and a l - a c i d  g l y c o p r o t e i n  
have been i s o l a t e d  and t h e i r  i d e n t i t y  e s t a b l i s h e d  e i t h e r  b y  r e s t r i c t i o n  mapping o r  by 
n u c l e i c  a c i d  and p r o t e i n  sequencing. 
possesses a presegment r i c h  i n  hydrophobic amino a c i d s  b u t  l a c k s  a prosegment. 
l a b e l e d  d e r i v a t i v e s  o f  t h e  above cDNA c lones  have been used t o  q u a n t i t a t e  t h e  t i s s u e  l e v e l s  
o f  mRNA and t o  c o n f i r m  t h a t  t h e  l i v e r  i s  t h e  major  organ f o r  t h e  s y n t h e s i s  o f  these pro te ins .  
A n a l y s i s  o f  mQNA l e v e l s  f o l l o w i n g  t h e  i n d u c t i o n  o f  i n f l a m m a t i o n  by t h e  subcutaneous 
i n j e c t i o n  o f  t u r p e n t i n e  i n d i c a t e s  t h a t  a lbumin  mRNA decreases o v e r  a p e r i o d  of  48 h t o  
approx imate ly  25% o f  t h e  normal l e v e l  w h i l s t  t h e  mRNA f o r  a ] - a c i d  g l y c o p r o t e i n  inc reases  
2 5 - f o l d  i n  36 h. For  t r a n s f e r r i n  t h e r e  i s  l i t t l e  change i n  t h e  mRNA l e v e l  f o r  24 h f o l l o w e d  
by a t h r e e - f o l d  i n c r e a s e  a f t e r  48 h. The maximal changes i n  t h e  mkNA l e v e l s  d u r i n g  
i n f l a m m a t i o n  a r e  s i m i l a r  i n  magnitude b u t  occur s l i g h t l y  e a r l i e r  than t h e  changes i n  t h e  
i n c o r p o r a t i o n  r a t e  o f  r a d i o l a b e l e d  amino a c i d s  p r e v i o u s l y  r e p o r t e d  ( S c h r e i b e r  e t  a l .  (1982) 
J .  B i o l .  Chem. 257, 10271-10277). 

THE ACUTE-PHASE RESPONSE OF PLASMA PROTEIN SYNTHESIS I N  THE RAT. 
H o l l l e t t ,  Tu Guo-Fen, Angela A ld red ,  P h i l l i p  Dickson, Tim Cole, Helen B i r c h ,  Flar iko 

Geof f rey  J .  

Clones express ing  a n t i g e n i c  de terminants  f o r  r a t  serum albumin, t r a n s -  

The sequence da ta  i n d i c a t e s  t h a t  r a t  t r a n s f e r r i n  
Radio- 

0044 O R I G I N  OF THE BRANCHES I N  POLY(ADP-RIBOSE). Miyoko I k e j i m a  and D. Michael  G i l l  
Department of Molecular  Bio logy  and M i c r o b i o l o g y ,  T u f t s  U n i v e r s i t y  School  o f  
P led ic ine ,  Bos ton ,  Mass. 02111. 

Poly(ADP-ribose),  t h e  n u c l e a r  po lvmer ,  i s  s y n t h e s i z e d  a t  DNA b r e a k s  and may be  
i n v o l v e d  i n  DNA r e p a i r  and DNA r e c o m b i n a t i o n .  I ts  t u r n o v e r  i n  s i t u  i s  r a p i d ;  newly 
s y n t h e s i z e d  poly(ADP-ribose) h a s  a h e t e r o g e n e o u s  s i z e  d i s t r i b u t i o n  and is branched .  
P u r i f i e d  poly(ADP-ribose) po lymerase  seems t o  ADP-ribosylate s e v e r a l  n u c l e a r  p r o t e i n s  
i n c l u d i n g  i t s e l f  and b o t h  t o  i n s e r t  o c c a s i o n a l  b r a n c h e s .  Most workers  have  assumed t h a t  
new r e s i d u e s  a r e  added a t  t h e  e n z y m e - d i s t a l  e n d s  of  growing c h a i n s .  Although t h r e e  
d i f f e r e n t  c a t a l y t i c  s i t e s  on t h e  polymerase  have been e x p e c t e d  f o r  d i f f e r e n t  r e a c t i o n s ,  
namely ADP-r ibosyla t ion  of p r o t e i n s ,  e l o n g a t i o n  and b r a n c h i n g ,  t h o s e  s i t e s  have  n o t  
been i d e n t i f i e d .  

poly(ADP-ribose) a t  t h e  middle  of  c h a i n s .  T h i s  non-enzymic r e a c t i o n  was s low,  h u t  t h e  
p r o d u c t  was i d e n t i c a l  t o  t h a t  found i n  v i v o .  We s u g g e s t  t h a t  n a t u r a l  b ranch  p o i n t s  may 
be  c r e a t e d  non-enzymically.  T h i s  r e s u l t  f i t s  w i t h  an a l t e r n a t i v e  mechanism of  poly(ADP- 
r i b o s e )  s y n t h e s i s ,  a ping-pong mechanism, a d d i n g  new ADP-ribose a t  t h e  proximal e n d s  o f  
growing c h a i n s .  

R e c e n t l y  we found t h a t  b r a n c h e s  can  be formed by non-enzymic ADP-r ibosyla t ion  of 

RNA is a l s o  s p o n t a n e o u s l y  ADP-r ibosyla ted ,  b u t  n o t  DNA. 

0045 
TRANSPORT.  I. K indas -  Mugge, G .  Saue rn , ann ,  Inst  fo r  r u n i o r b i o l o a ,  Univ Vienna,  A u s t r i a .  

An in v i t r o  a s s a y  s y s t e m  f o r  a n a l y s i s  of I$-globin n ,RNA t r a n s p o r t  is d e s c r i b e d  N u c l e i  i s o -  
l a t e d  f r o m  m u r i n e  F r i e n d  e r y t h r o l e u k e m i a  c e l l s  induced to  s y n t h e s i z e  globin njRNA, a r e  irr 
cuba ted  in  m i c r o  a s s a y s  u n d e r  cond i t ions  exc lud ing  RNA d e g r a d a t i o n .  The  RKA r e l e a s e d  
f r o m  the  nuc le i  w a s  hybr id i zed  with a p l a s m i d  containing a f r agn .en t  f r o n ,  the m u r i n e  8-  
globin gene  
globin n , - R N A .  

The  r a t e  of U-globin mRNA r e l e a s e  f r o m  i so la t ed  nuc le i  w a s  d e t e r m i n e d  by t h e  "dot h y b r i -  
d i za t ion  m e t h o d "  of White  and Banc ro f t  The inducibi l i ty  of t he  t r a n s p o r t  of M-globin mRNA 
by A T P  and  o t h e r  a g e n t s  c o r r e s p o n d e d  to  tha t  of t h e  r e l e a s e  of r ap id ly  l abe led  RNA in 
o t h e r  n u c l e a r  s y s t e n , s  p r e v i o u s l y  r e p o r t e d  by v a r i o u s  a u t h o r s .  

Low c o n c e n t r a t i o n s  of an  oxidizing su l fhydry l  r e a g e n t  inhibi ted t h e  r e l e a s e  of &globin 
mRNA f r o n .  n u c l e i  of e r y t h r o l e u k e n J i a  c e l l s  as we l l  a s  t ha t  of r ap id ly  l abe led  RNA f r o m  r a t  
l i v e r  n u c l e i  i n  n u c l e a r  co lunm e x p e r i n , e n t e  The  inhibi t ions could be r e v e r s e d  by pos t incu -  
bation of the n u c l e i  with a r e d u c i n g  agent  T h e  poss ib l e  r o l e  of di thiol-disul i ' ide  i n t e r c h a n -  
ges  in t r a n s p o r t  p r o c e s s e s  is d i s c u s s e d  

TRANSPORT OF U-GLOBIN n.RNA F R O M  NCCLEI  O F  MURINE F R I E N D  E R Y T H R O  
LEUKEMIA C E L L S .  REVERSIBLE R E D O X - D E P E X D E N T  INHIBITION O F  n&NA 

T h e  s i z e  of t h e  hybr id i z ing  RNA w a s  the  s a n , e  as that  of the  cy top la sn . a t i c  M -  
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0046 
of Nor th  C a r o l i n a ,  Chapel  H i l l ,  NC 27514; *Duke U n i v e r s i t y ,  Durham, NC 27710 
We have  s c r e e n e d  sera from p a t i e n t s  w i t h  s y s t e m i c  l u p u s  e r y t h e m a t o s u s  a g a i n s t  RNAs t r a n s -  
c r i b e d  i n  v i t r o  i n  HeLa whole c e l l  e x t r a c t s .  We f i n d  t h a t  s e r a  from 6 o u t  of 70 p a t i e n t s  
p r e c i p i t a t e  RNA polymerase  111 t r a n s c r i p t s  d e r i v e d  from t h e  Alu f a m i l y  sequence  l o c a t e d  
u p s t r e a m  from t h e  human t G - g l o b i n  gene .  
anti-Sm, anti-RNP o r  an t i -Ro a n t i b o d i e s .  P r o t e i n  is  r e q u i r e d  f o r  a n t i g e n i c i t y .  T h i s  pro-  
t e i n  seems t o  be  Alu s p e c i f i c  s i n c e  a d e n o v i r u s  VA RNAs a r e  n o t  p r e c i p i t a t e d  by t h e  same 
s e r a .  I n  c o n t r a s t  t o  La a n t i g e n  which b i n d s  a t  t h e  3 '  end o f  t h e  RNA polymerase  I11 t r a n s -  
s c i p t s ,  Alu-ant igen  b i n d s  w i t h i n  200 n u c l e o t i d e s  from t h e  5' end.  

TRANSCRIPTS OF ALU FAMILY DO NOT B I N D  LA ANTIGEN I N  VITRO, Ryszard Kole ,  L u l u  
Fresco* ,  P h i l i p  L. Cohen, Rober t  A.  E i s e n b e r g  and P h y l l i s  Golden Andrews, U n i v e r s i t y  

These  t r a n s c r i p t s  are n o t  p r e c i p i t a t e d  by  a n t i - L a ,  

0047 SPLICING OF m R N A  PRECURSORS I N  V I T R O :  STRUCTURE OF INTERMEDIATE A N D  
PRODUCT R N A s ,  M a r i a  M . K o n a r s k a ,  P a u l a  J . G r a b o w s k i .  R i c h a r d  A . P a d g e t t  
a n d  P h i l l i p  A . S h a r p ,  Center  f o r  C a n c e r  R e s e a r c h  a n d  D e p a r t m e n t  o f  
B i o l o g y .  M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y ,  C a m b r i d g e ,  M A  02139  

P r e c u r s o r  R N A  o f  A d e n o v i r u s  2 m a j o r  l a t e  t r a n s c r i p t i o n  u n i t  i s  e f f i c i e n t l y  
s p l i c e d  when a d d e d  e x o g e n o u s l y  t o  a HeLa w h o l e  c e l l  o r  n u c l e a r  e x t r a c t .  T h e  
f i r s t  c h a r a c t e r i z e d  s t e p  i n  t h e  r e a c t i o r :  i s  a c l e a v a g e  o f  t h e  p r e c u r s o r  R N A  
a t  t h e  5 '  s p l i c e  s i t e  p r o d u c i n g  a b i p a r t i t e  i n t e r m e d i a t e  c o n s i s t i n g  of a 5 '  
e x o n  t e r m i n a t i n g  i n  a 3 '  h y d r o x y l  g r o u p  a n d  a l a r i a t  s t r u c t u r e  c o n t a i n i n g  
t h e  r e m a i n i n g  p a r t  o f  t h e  R N A .  A t  a l a t e r  s t a g e  o f  t h e  r e a c t i o n  t h e  t w o  
e x o n s  a r e  j o i n e d  v i a  a 3 l - 5 '  p h o s p h o d i e s t e r  b o n d  u t i l i z i n g  a p h o s p h a t e  
g r o u p  f r o m  t h e  3 ' s p l i c e  s i t e .  T h e  e x c i s e d  i n t e r v e n i n g  s e q u e n c e  t e r m i n a t e s  
i n  a 3' h y d r o x y l  g r o u p .  T h e  b r a n c h  i n  t h e  l a r i a t  R N A s  r e s u l t s  f r o m  a 
j o i n i n g  o f  t h e  5 '  t e r m i n a l  g u a n o s i n e  o f  t h e  i n t e r v e n i n g  s e q u e n c e  t o  t h e  2 '  
h y d r o x y l  g r o u p  o f  a n  a d e n o s i n e  r e s i d u e  p o s i t i o n e d  2 4  n u c l e o t i d e s  u p s t r e a m  
o f  t h e  3' s p l i c e  s i t e .  T h e  p h o s p h a t e  g r o u p  i n  t h e  2 ' - 5 '  p h o s p h o d i e s t e r  b o n d  
o f  t h e  b r a n c h  s t r u c t u r e  o r i g i n a t e s  f r o m  t h e  5 '  s p l i c e  s i t e .  I n t e r e s t i n g l y ,  
t h e r e  i s  a d i s t i n c t  c o m p l e m e n t a r i t y  b e t w e e n  t h e  s e q u e n c e s  p r e c e d i n g  t h e  
a d e n o s i n e  a t  t h e  b r a n c h  s i t e  a n d  t h e  5' t e r m i n u s  o f  t h e  i n t e r v e n i n g  
s e q u e n c e .  A m o d e l  o f  m R N A  s p l i c i n g  i n c o r p o r a t i n g  t h e s e  f i n d i n g s  w i l l  b e  
p r  e s e n  t e d  . 

0048 TRANSCRIPTION OF U 1  SMALL NUCLEAK RNA I N  ISOLATED NUCLEI, G.  R. Kunkel and 
T. Pederson ,  C e l l  Bio logy  Group, Worces te r  Foundat ion  f o r  E x p e r i m e n t a l  Bio logy ,  
Shrewsbury, EIA 01545. 

We have  p r e v i o u s l y  d e s c r i b e d  p r e c u r s o r s  of U I  s m a l l  n u c l e a r  RNA (Madore et&. ,J_ .  C e l l  Biol .  
98,  188, 1 9 8 4 ) ,  which a r e  1-12 n u c l e o t i d e s  l o n g e r  t h a n  mature  U 1  RNA (165 n u c l e o t i d e s ) .  
These p r e c u r s o r  m o l e c u l e s  a p p e a r  prompt ly  i n  t h e  c y t o p l a s m i c  f r a c t i o n  of pu lse-kheled  HeLa 
c e l l s  and a r e  complexed w i t h  s m a l l  n u c l e a r  RNP p r o t e i n s  a s  r e v e a l e d  by t h e  u s e  of  snKNP- 
s p e c i f i c  a n t i b o d i e s .  To examine t h e  more t r a n s c r i p t i o n - p r o x i m a l  s t a g e s  of U1 small n u c l e a r  
KNA b i o s y n t h e s i s ,  w have  now i n v e s t i g a t e d  t h e  i n  v i t r o  t r a n s c r i p t i o n  of U1 RNA i n  i s o l a t e d  
HeLa c e l l  n u c l e i .  '2P-labeled RNA was h y b r i d i z e d  n t r o c e l l u l o s e - i m m o b i l i z e d ,  s i n g l e -  
s t r a n d e d  MI3 DfjA s u b c l o n e s  c o r r e s p o n d i n g  t o  s e v e r a l  r e g i o n s  w i t h i n  and  f l a n k i n g  a human U 1  
RNA gene. No h y b r i d i z a t i o n  was d e t e c t e d  t o  DNA immedia te ly  a d j a c e n t  t o  t h e  5 '  end of 
mature  U1 RNA (-6 t o  -105 n u c l e o t i d e s ) ,  i n d i c a t i n g  t h a t  t r a n s c r i p t i o n  s t a r t s  a t  o r  v e r y  
n e a r  t h e  U1 RNA c a p  s i t e .  I n  c o n t r a s t ,  we  f i n d  t h a t  some t r a n s c r i p t i o n  c o n t i n u e s  w e l l  
beyond t h e  3 '  end of mature  U 1  RNA. S i g n i f i c a n t  h y b r i d i z a t i o n  was observed  t o  UNA f r a g m e n t s  
as f a r  a s  a p p r o x i m a t e l y  400-500 n u c l e o t i d e s  beyond t h e  3 '  end  of mature  U1 RNA. The 2 
- v i t r o  t r a n s c r i p t i o n  is markedly  s e n s i t i v e  t o  a -amani t in  a t  1 pg p e r  m l ,  c o n s i s t e n t  w i t h  
p r e v i o u s  e v i d e n c e  t h a t  U1 RNA i s  t r a n s c r i b e d  by RNA polymerase  11. Nascent  U1 t r a n s c r i p t s  

"P-labeled U1 RNA i s  n o t  immunoprec ip i ta ted  w i t h  Sm o r  KNP a u t o a n t i b o d i e s .  T h i s  r a i s e s  
t h e  p o s s i b i l i t y  t h a t  snRNP assembly  i s  p o s t - t r a n s c r i p t i o n a l .  

t h e s e  n u c l e i  a r e  n o t  assembled  w i t h  t h e  major  s e t  of s m a l l  n u c l e a r  RNP p r o t e i n s  a s  t h e  
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0049 ALTERNATIVE RNA PROCESSING OF RAT CALCITONIN GENE TRANSCRIPTS: A TRANSFECTIONAL AN- 
ALYSIS I N  LYMPHOID CELLS. S t u a r t  L e f f ,  Susan Amara, C h a r l e s  Nelson ,  Ronald Evans and 

Michae l  G .  R o s e n f e l d ,  Univ.  o f  C a l i f . ,  San Diego and The S a l k  I n s t i t u t e ,  La J o l l a ,  CA 92093. 
The r a t  c a l c i t o n i n  gene i s  comprised o f  s i x  exons .  I n  t h y r o i d  C - c e l l s ,  s p l i c i n g  o f  t h e  f i r s t  
f o u r  exons  and usage  o f  a n  ups t ream p o l y a d e n y l a t i o n  (A ) s i t e  produces  mature  c a l c i t o n i n  mRNA 
A l t e r n a t i v e  p r o c e s s i n g  i n  s e v e r a l  n e u r a l  and endocr ine"ce l1s  y i e l d s  predominant ly  mature  c a l -  
c i t o n i n  gene r e l a t e d  p e p t i d e  (CGRP) mRNA. T h i s  mRNA c o n t a i n s  t h e  f i r s t  t h r e e  exons  s p l i c e d  t o  
t h e  f i f t h  and s i x t h  e x o n s ,  and t h u s  i t  u s e s  a downstream A 
d e r i v e d  p l a s m i d s  c o n t a i n i n g  t h i s  gene and several de1et ion"mutants  i n t o  B-lymphomas e x p r e s -  
s i n g  e i t h e r  h i g h  o r  low r a t i o s  of membrane-bound v s  s e c r e t e d  IgM ( p  and p r e s p e c t i v e l y ) .  
S i n c e  W A S  e n c o d i n g  p u t i l i z e  a downstream s p l i c e  a c c e p t o r  and A m s i C e ,  Ce t e s t e d  whether  
p r o c e s s i n g  o f  calciton%/CGRP t r a n s c r i p t s  might  be  c o o r d i n a t e  withnIgM p r o c e s s i n g  i n  t h e s e  
c e l l  l i n e s .  Our r e s u l t s  i n d i c a t e  t h a t  a l l  lymphocyte l i n e s  t r a n s f e c t e d  w i t h  c a l c i t o n i n  DNA 
accumula te  p r e d o m i n a n t l y  c a l c i t o n i n  mRNA and p a r t i a l l y  p r o c e s s e d  p r o d u c t s .  E e l e t i o n  o f  t h e  
f o u r t h  exon s p l i c e  a c c e p t o r  p r e v e n t s  t h e  accumula t ion  of mature  c a l c i t o n i n  mPYA w h i l e  mature  
and immature s p e c i e s  p o l y a d e n y l a t e d  a f t e r  t h e  CC-RP exon accumula te .  C e l l s  t r a n s f e c t e d  w i t h  a 
c a l c i t o n i n  A s i t e  d e l e t i o n  mutant  y i e l d  o n l y  a t r a c e  of mature  CGRF mRNA b u t  accumula te  i m -  
mature  s p e c i z s  p o l y a d e n y l a t e d  a f t e r  t h e  CGRP exon.  These d a t a  s u g g e s t  t h a t  p u t a t i v e  f a c t o r s  
r e g u l a t i n g  RNA p r o c e s s i n g  d u r i n g  B - c e l l  development may n o t  c o o r d i n a t e l y  r e g u l a t e  c a l c i t o n i n f  
CGW RNA p r o c e s s i n g .  D e l e t i o n  m u t a t i o n  e x p e r i m e n t s  s u g g e s t  t h a t  a l t e r n a t i v e  s p l i c e  c h o i c e s  a s  
w e l l  a s  A 

siLe. Wc have  i n t r o d u c e d  pSV2gpt 

s i t e  c h o i c e  may b o t h  be  r e l e v a n t  i n  r e g u l a t i n g  RNA p r o c e s s i n g  f o r  t h i s  gene .  

0050 S I T E - S P E C I F I C  CLEAVAGE A N D  POLYADENYLRTION OF EUKARYOTIC m R N A  I N  A 
CELL-FREE SYSTEM, C l a i r e  L .  M o o r e  a n d  P h i l i p  A .  S h a r p ,  M a s s a c h u s e t t s  
I n s t i t u t e  o f  T e c h n o l o g y ,  C a m b r i d g e ,  M a s s .  0 2 1 3 9  

We h a v e  d e v e l o p e d  a c e l l - f r e e  s y s t e m  u s i n g  HeLa n u c l e a r  e x t r a c t  w h i c h  
a c c u r a t e l y  c l e a v e s  e x o g e n o u s l y - a d d e d  R N A  a t  t h e  L 3  ( h e x o n )  s i t e  o f  
a d e n o v i r u s  R N A ,  a n d  a d d s  a t r a c t  o f  a p p r o x i m a t e l y  2 0 0  a d e n i n e  r e s i d u e s .  
T h e  r e a c t i o n  r e q u i r e s  A T P  a n d  e x h i b i t s  a 1 5  m i n u t e  l a g  b e f o r e  a p p e a r a n c e  o f  
p r o d u c t .  The  r e a c t i o n  p r o c e e d s  i n  t h e  p r e s e n c e  o f  1 m M  EDTA, a n d  u n d e r  
t h e s e  c o n d i t i o n s ,  a n  R N A  s p e c i e s  c o r r e s p o n d i n g  i n  s i z e  t o  s e q u e n c e s  down-  
s t r e a m  o f  t h e  p ( A )  s i t e  c a n  b e  d e t e c t e d ,  s u g g e s t i n g  t h a t  a n  e n d o n u c l e a s e  
r a t h e r  t h a n  a n  e x o n u c l e a s e  i s  r e s p o n s i b l e  f o r  t h e  s i t e - s p e c i f i c  c l e a v a g e .  
U n d e r  n o r m a l  c o n d i t i o n s ,  p o l y a d e n y l a t i o n  i s  t i g h t l y  c o u p l e d  t o  c l e a v a g e .  
T h e r e  i s  n o  a c c u m u l a t i o n  o f  c l e a v e d  b u t  n o t  p o l y a d e n y l a t e d  p r o d u c t  u n l e s s  
t h e d - 6  a n a l o g  o f  ATP i s  a d d e d  t o  t h e  r e a c t i o n .  T h e  s t r u c t u r e  o f  t h e  e n d s  
o f  t h e s e  t w o  c l e a v a g e  p r o d u c t s  i s  now u n d e r  i n v e s t i g a t i o n  a n d  s h o u l d  y i e l d  
i n s i g h t  i n t o  t h e  m o l e c u l a r  m e c h a n i s m s  o f  t h i s  p r o c e s s .  The  i n  v i t r o  s y s t e m  
w i l l  b e  u s e d  a s  a n  a s s a y  i n  t h e  p u r i f i c a t i o n  o f  t h e  e n z y m a t i F a m t i e s  
i n v o l v e d  a n d  i n  c h a r a c t e r i z a t i o n  o f  t h e  s p e c i f i c  R N A  s e q u e n c e s  w h i c h  s e r v e  
a s  s i g n a l s  f o r  c l e a v a g e - p o l y a d e n y l a t i o n  i n  v i t r o .  

0051 REVISED M O D E L  F O R  T H E  NUCLEOSIDE TRIPHOSPHATASE-MEDIATED P O L Y ( A ) ( + )  
m R N A  EFFLUX F R O M  NUCLEUS T O  CYTOPLASM, W e r n e r  E . G .  M U l l e r ,  H . C .  S c h r o -  
d e r ,  M .  B a c h m a n n  a n d  A .  B e r n d ,  U n i v e r s i t a t ,  6500  M a i n z ,  W e s t  G e r m a n y .  

The  a c t i v i t i e s  o f  n u c l e a r  e n v e l o p e - a s s o c i a t e d  p r o t e i n  p h o s p h o k i n a s e  a n d  p r o -  
t e i n  p h o s p h a t a s e  w e r e  d e t e r m i n e d  i n  n u c l e a r  g h o s t s  f r o m  l i v e r  a n d  o v i d u c t  o f  
q u a i l s .  The  p r o t e i n  k i n a s e  w a s  f o u n d  t o  b e  i n h i b i t e d  by  p o l y ( A )  by  7 5 % .  T h e  
p h o s p h o p r o t e i n  p h o s p h a t a s e  f r o m  l i v e r  w a s  s t i m u l a t e d  by  1 9 0 %  b y  p o l y ( A ) ,  
w h e r e a s  o n l y  a s l i g h t  e n h a n c i n g  e f f e c t  by  t h i s  p o l y m e r  w a s  d e t e r m i n e d  w i t h  
t h e  o v i d u c t  e n z y m e  ( t o  1 2 5 % ) .  C o m p a r a t i v e  d e t e r m i n a t i o n s  o f  t h e  n u c l e a r  g h o s t -  
a s s o c i a t e d  e n z y m e  a c t i v i t i e s  r e v e a l e d  t h e  f o l l o w i n g  v a l u e s  ( i n  n m o l  P , / m i n  
p e r  l o 8  g h o s t s ) ;  o v i d u c t :  p h o s p h o k i n a s e ,  0 . 0 1 5 ;  p h o s p h a t a s e ,  0 . 0 0 4  a n d  n u c l e o -  
s i d e  t r i p h o s p h a t a s e ,  3 9 . 4 .  T h e s e  d a t a  i n d i c a t e  t h a t  p h o s p h o r y l a t i o n / d e p h o s p h o -  
r y l a t i o n  p r o c e e d s  i n d e p e n d e n t l y  o f  t h e  n u c l e o s i d e  t r i p h o s p h a t a s e  c y c l e .  T h i s  
a s s u m p t i o n  i s  s u p p o r t e d  b y  a n a l y t i c a l  r e s u l t s  r e v e a l i n g  t h a t  n o  m a r k e d  d e -  
p h o s p h o r y l a t i o n  o c c u r s  a f t e r  p o l y ( A )  b i n d l n g  t o  t h e  n u c l e a r  e n v e l o p e .  M o r e -  
o v e r ,  s t o i c h i o m e t r i c a l  d a t a  s h o w e d  a n e a r l y  1:1 m o l a r  r a t i o  b e t w e e n  A T P - b i n -  
d i n g  a n d  p h o s p h o r y l a t i o n  o f  n u c l e a r  e n v e l o p e  p r o t e i n .  From t h e s e  f i n d i n g  a 
new m o d e l  for t h e  n u c l e o s i d e  t r i p h o s p h a t a s e - m e d i a t e d  p o l y ( A ) ( + ) m R N A  e f f l u x  
f r o m  n u c l e i  i s  d e d u c t e d ,  p r o p o s i n g  p h o s p h o k i n a s e  a n d  p h o s p h a t a s e  o n l y  t o  mo- 
d u l a t e  t h e  a f f l n l t y  o f  t h e  " c a r r i e r  s t r u c t u r e "  f o r  p o l y ( A ) ( + ) m R N A ,  b u t  n o t  
t o  c o n s t i t u t e  t h e  n u c l e o s i d e  t r i p h o s p h a t a s e .  ( s u p p o r t e d  b y  D F G )  
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0052 PURIFICATION OF THE NUCLEAR POLY(A) B I N D I N G  ACTIVITY FROM RAT LIVER,  Alan B. Sachs 
and Roger D. Kornberg, S tanford  Un ive r s i ty ,  S tanford ,  CA 94305. 

The exchange of p ro te ins  on mRNA is a key f e a t u r e  of mRNA matura t ion .  In  p a r t i c u l a r ,  the  
nuc lea r  poly(A) b inding  p r o t e i n ( s )  are exchanged for the  75,000 da l ton  cytoplasmic poly(A) 
b inding  p ro te in .  A s  a f i r s t  s t e p  i n  ana lyz ing  t h i s  exchange, we have begun t o  c h a r a c t e r i z e  
the  major nuc lea r  poly(A) b inding  a c t i v i t y  from r a t  l i v e r .  A 150-fold p u r i f i c a t i o n  of t h i s  
a c t i v i t y ,  which y ie lded  a double t  of 53,000 and 55,000 d a l t o n s  on SDS-polyacrylamide g e l  
e l e c t r o p h o r e s i s ,  was achieved by apply ing  a hnRNP nuclear  e x t r a c t  t o  o l igo  (dT)-ce l lu lose  
and a f f i - g e l  b lue  chromatography. The p u r i f i c a t i o n  w a s  monitored us ing  a n i t r o c e l l u l o s e  
f i l t e r  b inding  assay  based on t he  a c t i v i t y ' s  s p e c i f i c i t y  f o r  b inding  poly(A). The double t  
could be exc ised  from an uns ta ined  g e l ,  r ena tu red ,  and shown t o  con ta in  g r e a t e r  than 90% of 
the  o r i g i n a l  a c t i v i t y .  The a c t i v i t y  showed a t  least  a 100-fold h igher  a f f i n i t y  f o r  poly 
r iboadeny l i c  ac id  over  poly deoxyadenylic a c i d ,  p l y  (Z'-O-methyl) adeny l i c  a c i d ,  and poly 
(1,N6-ethenoadenylic a c i d ) .  These two p r o t e i n s ,  which may or may not be encoded by a 
s i n g l e  gene, a r e  d i s t i n c t  from the  cy toplasmic  poly(A) b inding  p r o t e i n  i n  t h e i r  chromato- 
g raph ic  c h a r a c t e r i s t i c s ,  molecular mass,  and c e l l u l a r  compar tmenta l iza t ion .  

0053 DEVELOPMENT OF AN SV40-BASED SHUTTLE VECTOR WHICH EFFICIENTLY EXPRESSES THE SV40 
LATE REGION I N  TRANSIENT EXPRESSION ASSAYS, Nancy J .  So0 and L u i s  P. V i l l a r r e a l ,  
U n i v e r s i t y  o f  Colorado Hea l th  Sciences Center,  Denver, C O  80262 

lllhen compared t o  SV40 DNA, an  SV40-based s h u t t l e  vec to r  s i m i l a r  i n  des ign  t o  commonly used 
v e c t o r  expresses t h e  SV40 l a t e  r e g i o n  p o o r l y  i n  t r a n s i e n t  express ion  assays. 
t h i s  d i f f i c u l t y .  we cons t ruc ted  a new vec to r .  pSVPiC, which c o n t a i n s  t h e  885 base-pa i r  
p lasmid,  PiAN7, and d u p l i c a t e  SV40 o r ig in /p romote r  elements. T rans ien t  express ion  o f  t h e  
9 4 0  l a t e  r e g i o n  o f  pSVPiC i s  as e f f i c i e n t  as t h a t  o f  SV40 DNA and more e f f i c i e n t  t han  
t h a t  of commonly used vec to rs .  Nuclease S1 a n a l y s i s  shows t h a t  t h e  s p l i c e  acceptor  s i t e s  
and t h e  s i t e  o f  3 '  t e rm ina l  c leavage a re  i d e n t i c a l  i n  l a t e  RNAs made f rom pSVPiC and 
SV40 templa tes ;  t h e r e f o r e ,  pSVPiC i s  u s e f u l  i n  t h e  gene t i c  a n a l y s i s  o f  t h e  process ing  o f  
t h e  SV40 l a t e  RNAs. The gene f o r  r a b b i t  ' ' -g lob in  i s  a l s o  expressed a t  h i g h  l e v e l s  when 
p laced i n  t h e  l a t e  r e g i o n  o f  pSVPiC, i n d i c a t i n g  t h a t  t h i s  v e c t o r  i s  g e n e r a l l y  useful  f o r  
express ing  f o r e i g n  genes. 

To c i rcumvent  

0 0 5 4 B A S E  PAIRING BETWEEN NUCLEAR CAD RNA AND U 1  SMALL NUCLEAR RNA I N  V I V O  
Joseph Sper l ing+,  Fanny Szafer",  Perah Spann* and Ruth Sper l ing* ,  +The Weizmann I n s t i t u t e  
of Sc ience ,  Rehovot. *The Hebrew Unive r s i ty  of Je rusa lem,  Jerusa lem,  ISRAEL 

Syr i an  hamster  c e l l s  were t r e a t e d  w i t h  s o l u b l e  d e r i v a t i v e s  of p so ra l en  and i r r a d i a t e d  
w i t h  long-wave UV l i g h t  i n  o r d e r  t o  induce  c r o s s l i n k s  i n  double-stranded r eg ions  of 
t h e i r  n u c l e i c  ac ids .  
homologous t o  CAD RNA (CAD mRNA encodes t k e w n z y m a t h  a c t i v i t i e s  of  sarbamyl-p-synthetase 
- Aspar t a t e  trans-carbamylase and @hydro-ocotase on a s i n g l e  po lypep t ide  cha in)  r evea led  
t h e  format ion  of  c ros s l inked  s p e c i e s  of t h a t  RNA. Cmss l inked  CAD RNA products  were 
formed i n  a dose  dependent f a sh ion .  Discrete c ross l inked  bands of  CAD RNA are of lower 
m o b i l i t i e s  than  mature CAD mRNA and may r e p r e s e n t  en t raped  p rocess ing  in t e rmed ia t e s .  
The presence  of  U1 s m a l l  nuc lea r  RNA (U1 snRNA) i n  c ros s l inked  t o t a l  RNA has  been 
demonstrated by probing  t h e  b l o t s  w i t h  a cloned U 1  DNA probe ,  and i t s  presence  i n  
c ros s l inked  CAD RNA has  been demonstrated by h y b r i d i z a t i o n  t o  p u r i f i e d  c ros s l inked  
CAD RNA. These r e s u l t s  i n d i c a t e  t h a t  U 1  snRNA is b a s e  p a i r e d  t o  CAD RNA, as w e l l  as 
t o  he t e ronuc lea r  RNA, i n  vivo. They are a l s o  compat ib le  w i t h  o u t  obse rva t ion  t h a t  
U1 snRNP is  a s s o c i a t e d  w i t h  CAD RNP i n  v ivo  and suppor t  t h e  no t ion  t h a t  U1 snRNA has  
a r o l e  i n  s p l i c i n g  of n u c l e a r  RNA. 

Hybr id i za t ion  o f  Northern b l o t s  of  n u c l e a r  RNA w i t h  a cDNA probe  
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0055 
U1 snRNP IS ASSOCIATED WITH CAD NUCLEAR RNP 
Ruth Sperling+, Perah Spann+, Dan Offen* and Joseph Sperling*, +The Hebrew University of 
Jerusalem, *Weizmann Institute of Science, Rehovot, Israel 

Nuclear RNA transcripts are complexed with proteins to form ribonucleoprotein complexes 
(PUUP) on which nuclear RNA processing occurs. We have focused our investigation on mutant 
Syrian hamster cell line in which the gene for a multifunctional enzyme abbreviated CAD 
(for Carbamyl-p-synthetase, &partate transcarbamylase, gihydro-orotase) is amplified 
200 fold, this cell line overproduces CAD RNA. We have previously shown that CAD nuclear 
RNP can be released from nuclei as particles that sediment at ZOOS in a sucrose gradient. 
In this study we have shown that U1 small nuclear RNP (U1 snRNP) is tightly associated 
with the ZOOS CAD nuclear RNP. This was demonstrated by: 1) the presence of U1 RNA in 
the 2005 region. 2) immunoprecipitation of 200s nuclear CAD RNP along with U 1  snRNP by 
anti-U1 RNP antibodies from patients with systemic lupus erythematosus (SLE). These 
results are in accord with the proposed role of U1 RNA in splicing and suggest that 
the 200s nuclear RNPs are structurally and functionally close to the native particles 
on which RNA processing OCCUKS. 

0056 FORMATION OF TRYPANOSOME CALMODULIN mRNAs REQUIRES FUSION OF 
NON-CONTIGUOUS SEQUENCES, Christian Tschudi, Alexander S. Young and 
Frank F. Richards, Yale University, School of Medicine, New Haven, CT 06510. 

The calmodulin genes of Tr panosoma brucei arnbiense are  arranged in three tandem repeats. We 
have determined the DNA&za:modulin locus which covers 2.5 kb of genomic DNA.  
One repeat unit of 843 bp contains 450 bp of coding and 393 bp of intergenic sequences. By 
comparing the primary structure of the three repeats, w e  note only three base changes which are 
located in  the intergenic region. Northern analysis revealed a transcript of 840 nucleotides. To 
analyse t h e  5’ end(s) of the calmodulin mRNA(s), we determined the nucleotide sequence of primer 
extended calmodulin mRNA. Our data showed a 35 nt. leader sequence a t  the 5’ end of the 
calmodulin mRNA. Originally, t h i s  leader sequence was identified as an essential component for the 
expression of variant specific surface glycoproteins. This leader is not encoded by DNA contiguous 
to  the calmodulin locus. In  addition, we note two different recognition sites for the fusion of th i s  
leader to the mRNA. Our experiments indicate that trypanosome m R N A s  are not produced by 
conventional splicing mechanisms. 

0057 
Mild ribonuclease digestion or autolysis of mammalian nuclei releases 405 pre-messenger ribo- 
nucleoprotein complexes OK monoparticles which contain nascent RNA and 6 major (nucleus- 
restricted) polypeptide species termed A1 (mol. wt. 32K), A2 (34K), B I  (36K), B2 (37K), C 1  
(42K) and C2 (44K), respectively (Beyer et al, Cell 1, 127ff, 1977). We have used biochem- 
ical methods and electron microscopy to begin a structural characterization of monoparticles 
(from HeLa cells) and also other RNP complexes derived from monoparticles. Gel filtration 
data and mass analysis by scanning transmission electron micoscopy (in collaboration with 
Joseph Wall, BNL)  indicate that the mass of RNP monoparticles is about 2 million.Thus there 
is a high copy number for the 6 major structural polypeptides, and of the order of 50 poly- 
peptides per RNP monoparticle from the protein stoichiometry (below). This suggests an 
internal symmetry to the monparticle, that is, that there is an oligomeric protein structure, 
repeated several times, which serves to fold the RNA. Densitometric analysis of SDS gels 
suggest that Al, A2 and C1 are equimolar and are 3-fold more abundant than B 1 ,  B2 and CZ. In 
addition, Al,A2 and C1 can be readily crosslinked by two different reagents (one a “zero- 
length crosslinker) up to homotrimers; (A1-AZ)n complexes are also formed. Other studies 
support the existence of (A2) Bl tetramers free in solution and as building blocks in RNP 
assembly; similarly, C1-C2 coitacts with each other and with RNA are indicated. RNP 
architecture appears to be built from complex oligomeric protein interactions that may have 
important implications for RNA processing and transport. 

ARCHITECTURE OF PRE-MESSENGER RIBONUCLEOPROTEIN (RNP) MONOPARTICLES,John C. Wooley, 
Su-yun Chung and Wallace LeStourgeon, NSF, NIH and Vanderbilt, Nashville, TN 37235 
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RNA Modification 

oo58 
R e i l l y .  Dept. o f  B i o l o g i c a l  Sciences. U n i v e r s i t y  o f  P i t t s b u r g h ,  

Branched RlJA i n  t h e  Nucleus o f  HeLa (:ells, Mary Edmonds, J.C. Wallace and J.D. 

The branched s t r u c t u r e s  found i n  polyadenylc i ted n u c l e a r  RNA mo lecu les  o f  HeLa c e l l s  
(Na l lace ,  J.C. and Edmonds, PI. (1983) PNAS 3. 950) shown below a r e  a p p a r e n t l y  p r e s e n t  i n  
s p l i c i n g  i n t e r m e d i a t e s .  

Such i n t e r m e d i a t e s  a r e  genera ted  by t h e  e s t e r i ; i c a t i o n  o f  t h e  c leaved 5 '  phosphory la ted  end 
o f  an i n t r o n  t o  t h e  2 ' h y d r o x y l  group o f  an i n t r r n a l  n u c l e o t i d e  w i t h i n  t h e  same i n t r o n ,  
r e s u l t i n g  i n  t h e  l a r i a t  s t r u c t u r e s  r e c e n t l y  recovered f r o m  s p l i c i n g  e x t r a c t s  (Ruskin,  B., 
e t  a l . ,  (1984) C e l l  3&, 317; Padget t ,  R.A., e t  a l . ,  (1934) Science 225, 89. Examinat ion  o f  
t h e  l o c a t i o n  o f  branches w i t h i n  p o l y a d e n y l a t e d  n u c l e a r  RNA o f  HeLa c e l l s  has shown t h e y  a r e  
n o t  e x c l u s i v e l y  a s s o c i a t e d  w i t h  3 '  o r  5 '  reg ions ,  b u t  c o u l d  be e i t h e r  c e n t r a l l y  l o c a t e d  o r  
randon ly  d i s t r i b u t e d  i n  RNA molecules.  A n a l y s i s  o f  t h e  number o f  branches i n  d i f f e r e n t  s i z e  
c l a s s e s  o f  p o l y a d e n y l a t e d  n u c l e a r  RNA shows t h r t  i n  a l l  s i z e  c lasses  about one molecu le  i n  
e l e v e n  i s  branched. T h i s  observed s t o i c h i o m e t r i c  d i s t r i b u t i o n  i m p l i e s  t h a t  a smal l  mo lecu le  
i s  as l i k e l y  t o  bear  a branch as a l a r g e  one. These r e s u l t s  w i l l  be d iscussed i n  r e l a t i o n  
t o  t h e  l a r i a t  s t r u c t u r e s  i s o l a t e d  f r o m  i n  v i t r o  s p l i c i n g  r e a c t i o n s .  Branches have a l s o  been 
d e t e c t e d  i n  adenov i rus  s p e c i f i c  p o l y a d z y l a t e d  RNA recovered f r o m  t h e  nuc leus  o f  HeLa c e l l s  
a f t e r  adenov i rus  i n f e c t i o n .  The p r o p e r t i e s  o f  these v i r a l  branches w i l l  be compdred w i t h  
t h e  branches found i n  h o s t  c e l l  n u c l e a r  RNA. 

INTERSTRAND DUPLEXES IN NUCLEAR RNA, A. Oscar Pogo, Kenton S. 
Miller, Shelley A. Grubman, Valerie Zbrzezna, Julie Rosenbaum. L.F. Kimball Research 

0059 
Institute of the New York Blood Center, New York, New York 10021. 

Native RNA-RNA complexes were studied in nuclei isolated from mouse erythroleukemia cells 
(MEL) , human leukemia cells (K562) and Drosophila Kc embryonic cells. These complexes were 
obtained by a procedure that yields protein-free RNA without the use of phenol, guanidinium 
isothiocynate or cesium chloride. The procedure consists of obtaining DNA-depleted nuclei un 
der conditions in which endogenous RNAases are fully inhibited and of lysing the nuclear 
structure with lithium dodecylsulfate. By using this procedure, we have discovered intermo- 
lecular duplexes among large nuclear RNAs and between small nuclear RNA (snRNA) and hetero- 
geneous nuclear RNA (hnRNA). We observed that the bulk of hnRNA in MEL and K562 formed large 
RNA networks having a sedimentation coefficient larger than 45s. Thermal denaturation reduce 
the sedimentation coefficient to between 185 and 2 8 s .  In Drosophila Kc cells, however, the 
bulk of hnRNA sediments between 185 and 2 8 s .  Only a small fraction (%lox) sediments greater 
than 45s  and is sensitive to thermal denaturation. Proof of the existence of interstrand du- 
plexes prior to deproteinization was obtained by the introduction of interstrand 4'-amino- 
methyl-4,5',8'-trimethylpsoralen (AMT) cross-links. On the basis of oligo(dT) chromatography, 
sucrose gradient centrifugation and reannealing experiments, we were able to define two dis- 
tinct classes of nonpolyadenylated hnRNA. The first or class I poly(A)-RNA represents approx- 
imately 10% of the total hnRNA and it is tightly bound to polyadenylated RNA. It is present 
in mouse, human, and Drosophila cells. The other, or class I1 poly(A) RNA, represents the 
bulk of hnRNA, does not interact with polyadenylated RNA, but interacts with snRNA in the 
three cell types. In MEL cells, the hybrids included all the U-rich snRNA 4.5S, 4.5SI and a 
novel species designated W. In mouse and human cells, most of  the class I1 poly(A) RNA forms 
multiple molecular complexes but in Drosophila cells, only a small fraction has this feature. 
Therefore, the small number of RNA-RNA complexes vis-a-vis the size of RNA networks in DKOSO- 
phila nuclei is correlated with the small number of short-period interspersed repetitive se- 
quences in the Drosophila genome. By using a HIND 111 fragment of the mouse B-globin gene 
which was hybridized to fractions of the sucrose gradient, we observed that mature globin 
mRNA yielded a dispersed profile across the gradient. However, its precursor only sedimented 
in the 15s region of the gradient. These studies have uncovered a novel aspect of intermolec- 
ular interactions of nuclear RNA, i.e. these RNAs not only form complexes with proteins but 
with other RNA molecules. The further characterization of these two classes of poly(A) RNA 
is in progress using recombinant techniques. 
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RNA Transport Systems: Basic Properties 

0060 RNA PROCESSING HNA TRANSPORT AND NUCLEAR STRUCTURE, Paul S. Agutter, 
Ikpt. Eiological Sciences, Napier College, Edinburgh E H l O  5DT, U.K. 

An overview of nuclrocytoplasmie mRNA traneport i u  presented including 
an attempt to relate existing knowledge of RNA modification and nuclear 
structure to this process(l.2). It is argued that functional mRNAs and 
precursors are not diffusible in vivo but exist on1.y in a solid-phase state. 
Given this view, the trnnsport process minimally comprjses three stages: --- release of RNA from its intranuclear solid-phase support, translocation 
through the nuclear-envelope pore-complexes and cytoskeletal bindin . 
To understand release we require (i) detailed mechanistic understanfiing of 
RNA splicing and its control, (ii) the relationship between nuclear RNP 
structure and its attachment to the matrix. Translocation is more fully 
characterised: its energy requirements, the r o l e  of the poly (A) tail and 
the mechanism of action o f  the cytoplasmic factor described by Webb's 
group ( 3 )  are discussed. Cytoskeletal binding, less well understood, may 
be less crucial for an understanding of transport. Methods for studyin 
mRNA transport are reviewed briefly with emphasis on in vitro models (17. 

(1) Agutter, P. S. (1984). Subcellular Eiochem 10, 271-355. 
(2) Agutter, P. S. & Thomson, I. (19841, Membrane Structure & Function 

( 3 )  Moffett, R. B. & Webb, T. E. (1983)' Eiochim. Eiophrs. Acta 
V (ed. Eittar, E. E.), Academic Press, in press. 

74C, 291-242. 

0061 RNA TRANSPORT STUDIES UTILIZING THE ACUTE PHASE RESPONSE. G. A. Clawson and E. A. 

The a c u t e  phase response o f  r a t  l i v e r  t o  subcutaneous a d m i n i s t r a t i o n  o f  t u r p e n t i n e  i n v o l v e s  
d r a m a t i c a l l y  i n c r e a s e d  p r o d u c t i o n  o f  a number o f  " a c u t e  phase" p r o t e i n s ,  w i t h  a lOOX i n c r e a s e  
i n  abundance o f  message f o r  a - a c i d  g l y c o p r o t e i n  (aAGP). T h i s  seemed an admi rab le  model t o  
s t u d y  t h e  r e g u l a t i o n  o f  RNA t f a n s p o r t .  I n  s p i t e  o f  t h e  i n c r e a s e  i n  message f o r  a c u t e  phase 
r e a c t a n t s ,  message f o r  a lbumin  and o t h e r  "maintenance" p r o t e i n s  decreases, and we measured 
decreases i n  t o t a l  RNA t r a n s p o r t  i n  v i t r o ,  and i n  n u c l e a r  envelope and n u c l e a r  m a t r i x  
nucleosidetr iphosphatase a c t i v i t y .  T h i s  caused us t o  r e i n v e s t i g a t e  t r a n s p o r t  systems and t o  
e s t a b l i s h  c o n d i t i o n s  a p p r o p r i a t e  f o r  s t u d y  o f  RNA t r a n s p o r t .  Our assay i n c l u d e s  a d e t e r g e n t -  
r i n s e  f o r  removal o f  nuc leus-absorbed RNA sequences, i n c l u s i o n  o f  50 pM p o l y v i n y l p y r r o l i d o n e  
(PVP), and s u b s t i t u t i o n  o f  p u r i f i e d  RNase i n h i b i t o r  f o r  c e l l  sap. I n c l u s i o n  o f  PVP r e s u l t e d  
i n  80-90% decreases i n  t r a n s p o r t .  N o r t h e r n  b l o t s  o f  electrophoretically-separated 
t r a n s p o r t e d  RNA were h y b r i d i z e d  t o  n i c k - t r a n s l a t e d  aAGP sequences c u t  f r o m  p lasmid  pAGP633. 
H y b r i d i z a t i o n  o c c u r r e d  o n l y  t o  a p p r o p r i a t e l y - s i z e d ,  p o l y ( A ) +  RNA t r a n s p o r t e d  f r o m  n u c l e i  f rom 
t u r p e n t i n e - t r e a t e d  r a t s .  I f  PVP was o m i t t e d ,  o r  i f  c y t o s o l  r e p l a c e d  RNase i n h i b i t o r ,  most 
h y b r i d i z a t i o n  o c c u r r e d  t o  t r a n s p o r t e d  p o l y ( A ) -  RNA o f  smal l e r ,  more heterogeneous s i z e .  
M i x i n g  exper iments  q u a l i t a t i v e l y  documented c o n t a m i n a t i o n  o f  p u r i f i e d  n u c l e a r  p r e p a r a t i o n s  by 
nucleus-absorbed sequences, wh ich  amount t o  20-757; o f  t r a n s p o r t e d  RNA, depending upon n u c l e a r  
i s o l a t i o n  and i n c u b a t i o n  c o n d i t i o n s .  

Smuckler, Department o f  Patho logy ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  San Franc isco ,  CA.  

26 



Nuclear Envelope Structure and RNA Maturation 

00@ ALTERED PROCESSING AND TRANSPORT OF NUCLEAR RNA DURING CHEMICAL CARCINOGENESIS. 
V i k t o r  Holoubek, Department o f  Human B i o l o g i c a l  Chemistry and Genet ics,  U n i v e r s i t y  

o f  Texas Medical  Branch, Galveston, TX 77550. 
A f t e r  t h e  a p p l i c a t i o n  o f  hepatocarcinogens some RNA sequences which i n  normal a d u l t  l i v e r  

c e l l s  a re  r e s t r i c t e d  t o  t h e  l i v e r  c e l l  n u c l e i  a re  re leased  i n t o  the  cytoplasm. I n  ou r  labo-  
r a t o r y  we i n v e s t i g a t e d  a 3'-methyl-4-dimethylaminoazobenzene induced re lease  o f  sequences o f  
smal l  nuc lea r  RNA ( f r  3-RNA) which a re  t r a n s c r i b e d  f rom midd le  r e p e t i t i v e  DNA (1 ) .  I n  l i v e r  
o f  c o n t r o l  animals t h e  same sequences a re  p resen t  o n l y  i n  the  n u c l e i  and can be i s o l a t e d  as 
m e t a b o l i c a l l y  h i g h l y  a c t i v e  29 nuc leo t i des  l ong  RNA assoc ia ted  w i t h  nonh is tone chromosomal 
p ro te ins .  Th is  RNA o r i g i n a t e s  by s p l i t t i n g  f rom l a r g e  t r a n s c r i p t s  o f  hnRNA. Th is  RNA i s  n o t  
t i s s u e  s p e c i f i c  and i s  conserved i n  e v o l u t i o n  s ince  the  same RNA can be i s o l a t e d  f rom the  
chromat in  o f  ch icken r e t i c y l o c y t e s .  
i s o l a t e d  from r a t  l i v e r  t he  minimal number o f  cop ies  o f  sequences o f  fr 3-RNA i n  r a t  genome 
must be a t  l e a s t  7,800. I n  s a t u r a t i o n - h y b r i d i z a t i o n  exper iments fr 3-RNA h y b r i d i z e d  w i t h  
1.63% o f  r e p e t i t i v e  DNA. H y b r i d i z a t i o n  o f  fr 3-RNA w i t h  b l o t s  o f  t o t a l  genomic DNA estab- 
l i s h e d  t h a t  some sequences homologous o f  t h i s  RNA a re  d ispersed th rough the  genomic DNA and 
o the rs  p resent  on one Eco R 1  r e s t r i c t i o n  fragment, which i s  approx imate ly  6,000 base p a i r s  
long. Genomic DNA o f  f o u r  randomly se lec ted  c lones  which h y b r i d i z e d  w i t h  fr 3-RNA conta ined 
complex assemblage o f  sequences homologous t o  fr 3-RNA, each v a r i a b l e  i n  s i ze ,  and surrounded 
by d i f f e r e n t  r e s t r i c t i o n  s i t e s  (2 ) .  
a lbumin and a - f e t o p r o t e i n  genomic c lones ,  DNA sequences complementary t o  t h i s  RNA were 
l o c a t e d  approx imate ly  1800 bp downstream f rom the  te rm ina t ion  exon o f  t he  albumin gene and 
10 kbp downstream from t h e  l a s t  exon o f  t he  a - f e t o p r o t e i n  gene (3 ) .  I n  t h i s  3 'end f l a n k i n g  
reg ions  o f  bo th  genes DNA sequences complementary t o  the  fr 3-RNA a re  preceded by a 542 bases 
l o n g  conserved sequence and surrounded by va r ious  s h o r t e r  repeats .  A f t e r  t h e  a p p l i c a t i o n  o f  
t he  carc inogen the  sequences o f  fr 3-RNA a re  re leased f rom the  nucleus as p a r t  o f  l a r g e r  RNA 
molecules.  The re lease  o f  t r a n s c r i p t s  c o n t a i n i n g  sequences complementary t o  fr 3-RNA i s  n o t  
random, and sequences o f  fr 3-RNA o r i g i n a t i n g  f rom d i v e r s  t r a n s c r i p t s  and combined w i t h  
d i f f e r e n t  sequences a re  re leased,  depending on t h e  d u r a t i o n  o f  t he  a p p l i c a t i o n  o f  t he  ca r -  
c i  nogen. 

1. Pa te l ,  N.T., Folse,  D.S., Holoubek, V.; Cancer Res. 39, 4460, 1979. 
2. Holoubek, V., Deacon, N.J., Buckle,  D.W., Naora, H.; Eur. J. Biochem, 137, 249, 1983. 
3. Hwu, H.-R., Papaconstantinou, J., Holoubek, V.; Biochim. Biophys. Ac ta  782, 164, 1984. 

From t h e  screen ing  o f  r a t  genomic l i b r a r y  w i t h  fr 3-RNA 

By Southern a n a l y s i s  o f  r e s t r i c t i o n  f ragments o f  r a t  

RNA Transport Systems: Regulation 

REGULATION OF 3JA TRANSPORT BY CYTOPLASMIC FACTORS, D o r o t h y  E. Schumm a n d  Thomas E .  
Webb, D e p a r t m e n t  o f  P h y s i o l o g i c a l  C h e m i s t r y ,  The Oh io  S t a t e  U n i v e r s i t y ,  Columbus,  
Oh io  43210  

0063 

Two RNA t r a n s p o r t  f a c t o r s ,  wh ich  i n d u c e  t h e  re lease o f  m e s s e n g e r  RNA f r o m  i s o l a t e d  
n u c l e i ,  h a v e  b e e n  i d e n t i f i e d  i n  t h e  c y t o p l a s m  o f  mammalian ce l l s .  A 35Kd p h o s p h o p r o t e i n  is  
i n v o l v e d  i n  m e s s e n g e r  RNA t r a n s p o r t  i n  n o r m a l  a d u l t  c e l l s  ( 1 ) .  A 60 Kd o n c o f e t a l  f o r m  o f  
t h i s  f a c t o r  is r e s t r i c t e d  t o  f e t a l  a n d  n e o p l a s t i c  c e l l s  a n d  t i s s u e s  ( 2 ) .  The t r a n s p o r t  o f  
m e s s e n g e r  RNA i n  r e s p o n s e  t o  t h e s e  f a c t o r s  is e q u a l l y  e f f i c i e n t  f rom i n t a c t  a n d  membrane- 
denuded  n u c l e i  ( 3 ) .  D e s p i t e  t h e  p r e s e n c e  of r i b o s o m e - l i k e  s t r u c t u r e s  w i t h i n  t h e  n u c l e a r  
p o r e  c o m p l e x ,  t h e  f a c t o r - m e d i a t e d  t r a n s p o r t  o f  m e s s e n g e r  RNA d o e s  n o t  a p p e a r  t o  i n v o l v e  a 
t r a n s l a t i o n - l i k e  mechanism s i n c e  release i s  n o t  a f f e c t e d  b y  a u r i n t r i c a r b o x y l i c  a c i d ,  
pu romyc in  or c y c l o h e x i m i d e ,  w h i c h  a r e  p o t e n t  i n h i h i t o r s  o f  e u c a r y t i c  O K  p r o c a r y o t i c  t r a n s -  
l a t i o n .  Even i n s u l i n  s t i m u l a t i o n  o f  m e s s e n g e r  RNA t r a n s p o r t  w h i c h  r e q u i r e s  i n t a c t  n u c l e a r  
membranes,  i s  n o t  a f f e c t e d  b y  i n h i b i t o r s  o f  p r o t e i n  s y n t h e s i s .  F u r t h e r m o r e ,  a n  ac t ive  
r e t i c u l o y c t e  l y s a t e  c o u l d  n o t  s u b s t i t u t e  f o r  t h e  RNA t r a n s p o r t  f a c t o r s .  D u r i n g  a se r ia l  
i n c u b a t i o n  e x p e r i m e n t  i n  wh ich  n u c l e i  a r e  f i r s t  i n c u h a t e d  i n  t h e  a b s e n c e  o f  t r a n s p o r t  
f a c t o r s ,  f o l l o w e d  b y  i n c u b a t i o n  i n  t h e i r  p r e s e n c e ,  a l l  o f  t h e  p r e d i c t e d  RNA was t r a n s p o r t e d  
d u r i n g  t h e  s e c o n d  i n c u b a t i o n ,  i n d i c a t i n g  t h a t  t h e  f a c t o r s  d o  n o t  m e r e l y  p r o t e c t  t h e  
t r a n s p o r t e d  RNA, h u t  r a t h e r  i n d u c e  i t s  t r a n s p o r t .  C o m p e t i t i v e  h y b r i d i z a t i o n  s t u d i e s  show 
t h a t  t h e  60 Kd f a c t o r  f rom embryon ic  a n d  tumor  t i s s u e  e l i c i t s  t h e  t r a n s p o r t  o f  s imi la r  
r e p e t i t i v e  s e q u e n c e s  f rom n o r m a l  l i v e r  n u c l e i .  T h e s e  s e q u e n c e s  are  d i f f e r e n t  f rom t h o s e  
t r a n s p o r t e d  by t h e  35 Kd f a c t o r .  N e i t h e r  t h e  35 Kd n o r  t h e  60 Kd f a c t o r s  p o s s e s s  ATPase 
a c t i v i t y ,  t h u s  o t h e r  p r o t e i n s  must  u t i l i z e  t h e  ATP i n  t h e  t r a n s p o r t  p r o c e s s .  However ,  l i k e  
t h e  p i i t a t i v e  RNA-dependent ATPases,  t h e s e  p r o t e i n s  may a s s o c i a t e  w i t h  t h e  R N A .  T h e s e  d a t a  
t o g e t h e r  w i t h  d a t a  f r o m  e a r l i e r  s t u d i e s  s u g g e s t  t h a t  t h e  35 Kd f a c t o r  i s  a s i n g l e  phospho-  
p r o t e i n  w i t h  a s i n g l e  s p e c i f i c i t y ,  wh ich  is  f o r  m e s s e n g e r  RNA t r a n s p o r t .  

(1) M o f f e t t ,  R .  B .  a n d  Webb, T .  E .  Biochem. 2 : 3 2 ( 1 9 8 1 ) .  
( 2 )  W a l a s z e k ,  Z. ,  Hanausek-Walaszek ,  M . ,  Schumm, D .  E .  and  Webb, T .  E .  C a n c e r  L e t t e r s  

( 3 )  P a t t e r s o n ,  R . ,  L y e r l y ,  M .  a n d  S t u a r t .  S .  C e l l  B i o l .  I n t e r n a t .  R e p o r t s .  5 : 2 7 ( 1 9 8 1 )  
- 20:  2 2 7 ( 1 9 8 3 ) .  
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0070 ISOLATED NUCLEI AS A MODEL TO STUDY RNA TRANSPORT, R .  J. Patterson, J.  D. 
Fetherston, R. M. Denome, E. A. Werner, Department of Microbiology and Public Health, 
Michigan State University, East Lansing, MI 48824-1101 

we have studied the transport of kappa light chain mRNA from isolated myeloma nuclei 
(1). BY hybridizing transported and retained RNA to exon- and intron-specific probes, we 
have established that more than 70% of kappa light chain mRNA exons are transported, while 
greater than 80% of kappa intron-specific sequences are retained within the nucleus. 

Because the myeloma system lacks an easily detected nuclear restricted RNA, we have 
used adenovirus-infected HeLa cells as an alternative model for RNA transport studies. 
Flint and collaborators (2,3) have shown that, late in infection, HeLa cells transport only 
adenovirus-specific sequences from the nucleus, even though transcription and processing of 
cellular sequences appear normal. Recombinant probes for human actin mRNA, rRNA, and 
adenovirus RNA were employed to assess the distribution of these sequences following 
transport in vivo and from isolated nuclei. 

By 20 hrs. after infection, there was a dramatic inhibition of actin-specific mRNA 
transport in both the in vivo and in vitro systems. Ribosomal RNA transport in both systems 
was reduced by about 50%. Adenovirus-specific sequences were transported at high levels in 
both systems. These data indicate that the in vitro transport model mimics the in vivo 
system faithfully. 

Studies are in progress to assess the intranuclear distribution of the various RNAs in 
infected and uninfected cells. DNA-depleted nuclei were fractionated into matrix-associated 
and salt-extractable RNA pools and examined with actin, ribosomal, pHe 7 (4), and adenovirus 
probes. While matrix-associated RNA is a mixture of precursor and mature species, only 
mature species can be detected in the salt-extractable pool. This RNA is being analyzed by 
northern and dot blot hybridization techniques. 

References: 
1. Ortegui, C., and A. J. Patterson. 1981. Nuc. Acids Res. 9:4767-4781. 
2. Beltz, G. A., and S. J. Flint. 1979. J. Mol. Biol. 131:353-373. 
3. Castiglia, C. L., and S. J. Flint. 1983. Mol. Cell Biol. 3:662-671. 
4. Babich, A., L. T. Feldman, J. R. Nevins, J. E. Darnell, C. Weinberger. 1983. 

Mol. Cell Biol. 3:1212-1221. 

Nucleoc ytoplasmic Regulation: I 

0064 
Cambridge CB2 3EJ, England. 
Nucleoplasmin is a pentameric, acidic protein from eggs of Xenopus laevis wpich assembles 
nucleosome cores in vitro by binding histones and transferring them to DNA. Nucleoplasmin 
migrates rapidly into the nucleus after introduction into oocyte cytoglasm. 
carboxyterminal domain of nucleoplasmin is responsible for migration. One such domain is 
sufficient to carry a pentamer of the amino terminal core into the nucleus by allowing entry 
across the nuclear envelope rather than retention after diffusion into the nucleus. The 
properties and structure of this domain will be considered and compared with other proteins 
which enter the nucleus including the carboxyterminal doma'n of histone H1. This domain 
also contains information for accumulation in the nucleus. 
The role in nucleosome assembly of nucleoplasmin and other acidic proteins which bind 
histones will be discussed, together with the possibility that nucleoplasmin could be 
involved in the transport of other proteins into the nucleus. 
1. Laskey, R.A., Honda, B.M., Mills, A.D., and Finch, J.T. (1978). Nucleosomes are 

TRANSPORT AND ASSEMBLY OF NUCLEAR PROTEINS, R.A. Laskey and C. Dingwall, CRC 
Molecular Embryology Group, Department of Zoology, University of Cambridge, 

A 

4 

assembled by an acidic protein which binds histones and transfers them to DNA. Nature 
275, 416-420. 

specifies migration of nucleoplasmin into the nucleus. Cell 30, 449-458. 
of histone HI in the Xenopus oocyte nucleus. EMBO J1. 9, 1933-1937. 

- 
2. Dingwall, C., Sharnick, S . V . ,  and Laskey, R.A. (1982). A polypeptide domain that 

3. Dingwall, C. and Allan, J .  (1984). Accumulation of the isolated carboxyterminal domain 

28 



Nuclear Envelope Structure and RNA Maturation 

Nucleoc ytoplasmic Regulation: 11 

0065 NUCLEAR ENVBLOPE NTPase AND RNA EFFLUX, Paul S. A g u t t e r ,  Dept.  
B i o l o g i c a l  S c i e n c e a ,  N a p i e r  College, Edinhurgb  S I I l O  5DT, U . K .  

The e v i d e n c e  f o r  t h e  r o l e  of t h i s  exzyme i n  mRNA t r a n s l o c a t i o n  a c r o s s  
mammalian l i v e r  n u c l e a r  e n v e l o p e s  i s  now v e r y  s t r o n g  (1). fiowcvcr (a) 
i t  i n c l u d e s  k i n e t i c  o t u c ' i e s  a b o u t  which  t h e r e  a r e  d i s e g r c a m c n t s  i n  t h e  
l i t e r a t u r e ;  ( b )  i t  is riot c l ea r .  which o f  t h e  p h o s p h o r y l a t e d  p o l y p e p t i d e s  
of t,he n u c l e a r  enve lope  a r e  r e l e v a n t  t o  t h e  enzyme o r  t o  t r a n s l o c a t i o n .  
An i n v e s t i g a t i o n  o f  t h e s e  i s s u e s  i s  d e s c r i b e d  and  t h e  main c o n c l u s i o c s  
a r c  as f o l l o w s .  The g e n e r a l  k i n e t i c  b e h a v i o u r  depends  on t h e  enve lope  
i s o l a t i o n  p r o c e d u r e  and on t h e  a s s a y  c o n d i t i o n s ,  p a r t i c u l a r l y  on t h e  
Ig/ATP r a t i o .  ( b )  The Mg/ATP r a t i o  a l s o  a f f e c t s  t h e  p h o s p h o r y l a t i o n  
o f  c e r t a i n  p o l y p e p t i d e s ,  n o t a b l y  ones  o f  110 KDa and 6 8  K D a ,  a l s o  d e s c r i b e d  
by Mtlller 's group ( 2 ) .  The 68 KDa seems,  on a n t i b o d y - i n h i b i t i o n  ev fdencc ,  
t o  be a n  i n t e r m e d i a t e  i n  t h e  NTPase r e a c t i o n .  The 110 KDa component 
shows p o l y  ( A ) - s e n s i t i v e  p h o s p h o r y l a t i o n  and may r e g u l a t e  t h e  NTPase. 
F i n a l l y ,  t h e  e f f e c t  on t h e  "TPase o f  t h e  c y t o p l a s m i c  r e g u l a t o r y  f a c t o r  
d e s c r i b e d  by Webb's g roup  ( 3 )  i s  d i s c u s s e d .  

(a) 

(1) A g u t t e r ,  P.  S. ( 1 9 e 4 ) ,  S u b c e l l u l a r  Biocbem. 10, 271-355. 
( 2 )  Bachmarm, Id,, Eernd ,  A . ,  SchrUder ,  H-C., Zahn, R .  F. & Mflller, 
1. E. G . ,  ( 1 9 8 4 ) ,  B ioch in .  B iophr s .  A c t a  773, 308-316. 
( 3 )  M o f f e t t ,  R. E.  & Webb, T .  E. (19871, Eiochim Biouhys.  Ac ta  
740, 231-242. 

0066 N U C L E A R  R E G U L A T I O L  O F  A T H Y R O I D  HORIqONE RESPONSIVE G E N E  AT A P ~ S T - T R A N S C R I P T I O N A L  
LEVEL, Howard C .  Towle, Prema Narayan, Teh-Yi Tao and  Julie Engle, Department of 
Biochemistry, University of Minnesota, flinneapolis, M N  55455. 

Administration of triiodothyronine (T3) t o  a hypothyroid ra t  results in a rapid and  
dramatic increase in the level of hepatic mRNA codin? for spot 1 4  - a polypeptide with a Mr 
of 17000 and a P I  of - 4 . 9 .  
increase with a lag time of less t h a n  20 min a f te r  hormone treatment a n d  by 4 hr reach a 
maximal level which i s  8-12 fold higher t h a n  in the hypothyroid animal ( 1 ) .  We have recently 
found t h a t  the relative level of nuclear precursor t o  spot 1 4  m R N A  increased with a lag time 
of less t h a n  10 min. The increase in nuclear precursor preceding t h a t  for cytoplasmic mRNA 
suggested t h a t  th i s  gene i s  regulated a t  l eas t  in p a r t  a t  the nuclear level ( 1 ) .  To further 
investigate the actual s i t e  o f  T3 regulation, we have compared the effects of T on relative 
levels of spot 14 cytoplasmic m R N A ,  nuclear precursor and  gene transcription. iuclear pre- 
cursor RNA levels were measured by the RNA "dot  b l o t "  procedure using a probe t o  a unique 
region of the single intervening sequence of the spot 14 p n e .  I n  a l l  situations t h a t  we 
have examined, the relative levels of nuclear precursor chanqe proportionally with altera- 
tions in cytoplasmic m R N A .  Thus, the regulatory s i t e  must orecede accumulation of the 
nuclear precursor. Fleasurements of spot 14  gene transcription by the "nuclear run-on" 
procedure yielded unexpected results.  The hepatic spot 14 gene was transcribed actively even 
in the hypothyroid animal. 
2-fold was found within 30 min. However, the relative rate of y n e  transcription then 
leveled off and  began t o  fa l l  by 1 hr. I n  chronically-treated animals, the relative tran- 
scription rate was no  qreater t h a n  1.6 times t h a t  of hypothyroid animals a n d ,  thus, could n o t  
account for the 8- t o  12-fold changes seen i n  nuclear and  cytoplasmic R N A  levels. The 
authenticity of the spot 14 gene transcripts measured in the transcription assay was 
indicated by the sensit ivity of the i r  appearance t o  a low concentration o f  a-amanitin a n d  
the i r  ab i l i ty  t o  hybridize t o  only the template strand of the spot 14 gene. I n  addition, 
simultaneous measurements of a2u-globulin, another T3 responsive mRNA in r a t  l iver ,  indicated 
t h a t  changes in transcription rate could account for a large portion of the changes observed 
in the mRNA levels o f  th i s  Cene product. Thus, these d a t a  suggest t h a t  the primary s i t e  of 
regulation of spot 14 mRNA i s  a t  the level of s tab i l i ty  of the nuclear precursor. I n  other 
words, the rate of production of primary transcripts i s  roughly the same under a l l  condi- 
t ions,  b u t  in the presence of T3, a Greater proportion of primary transcripts are processed 
and transported t o  the cytoplasm t h a n  in the absence of T Control a t  this level could 
represent another major pathway by which eucaryotic ce l l s3~egula te  the i r  genetic expression. 

1 )  

Thus, relative levels of spot 14 cytoplasmic mRNA begin t o  

Following injection of T3, a transient increase of approximately 

Nara~an, P . ,  Liaw, C .  a n d  Towle, H . c . ,  Proc. Natl. Acad. sci USA 31, 4632-4691 (1984). 
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Department of Pharmacological Sciences, S.U.N.Y. at Stony Brook, Stony Brook, NY 11794, and 
lDepartment of Biochemistry, Vanderbilt University School of Medicine, Nashville, TN 37232. 

A subcellular fraction prepared from isolated Drosophila embryo nuclei by nuclease 
digestion followed by extraction with 2 % Triton X-100 and 1 M NaCl has been shown to contain 
morphologically identifiable remnants of nuclear pore complexes, peripheral lamina, and 
internal matrix. It has therefore been termed the nuclear matrix-pore complex-lamina (NMF'CL) 
fraction. SDS-PAGE analyses have shown this fraction to be heterogeneous. Major polypep- 
tides ranging in mass from 15-kD to nearly 200-kD have been identified by one-dimensional 
procedures. Two of these polypeptides, with apparent molecular weights of 74-k and 76-k, 
have been shown to be immunochemically related to each other as well as to the three verte- 
brate nuclear lamina polypeptides, lamins A ,  B, and C. Indirect immunofluorescence analyses 
of larval cryosections have shown these two Drosophila polypeptides to be restricted to the 
nuclear periphery in situ. Developmental analyses performed in conjunction with in vitro 
translation experiments have shown the 76-kD polypeptide to be a specific precursor of the 
74-kD form. A third polypeptide, identified as a glycoprotein with an apparent molecular 
weight of 188-k, has also been shown to be a specific component of the Drosophila nuclear 
periphery. Ir. this respect, as well as several Others, this Drosophila polypeptide appears 
to be homologous to a 190-kD glycoprotein (gp 190) found to be a specific component of the 
rat liver nuclear pore complex ( 1 ) .  A fourth polypeptide, identical in SDS-PAGE mobility to 
the putative pore complex glycoprotein, has been shown to be the active-site containing sub- 
unit of the major ATPase activity associated with the NMPCL fraction. lmmunochemical anal- 
yses have shown this polypeptide to be a Corm of myosin heavy chain. I n  situ localization 
studies are currently in progress. Finally, a fifth major polypeptide component of the 
Drosophila NMPCL fraction with an apparent molecular weight of 166-k has been identified as 
the enzyme, DNA topoisomerase 11. Indirect immunofluorescence analyses have shown this 
polypeptide to be a specific component of the nuclear interior (i. e. internal nuclear 
matrix). Thus, in summary, we believe we have identified major polypeptide markers for each 
of the three architectural "subdomains" of the Drosophila XWCL fraction. 

1. Gerace, L., Ottaviano, Y., and Kondor-Koch, C. (1982) J. Cell Biol. 95, 826-837. 

THE :IOLECULAR ARC3ITECTURE OF THE DROSOPHILA NUCLEUS, Paul A .  Fisher, Miguel 
Berrios, David E. Smith, Adele J. Filson, Neil Osheroffl, and Kathleen Doyle, 
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Gene Expression and Altered Regulation in Disease 

0067 TISSUE SPECIFIC DEVELOPMENTAL AND HORMONAL REGULATION OF SUBSETS OF 
THE ALPHA 2U GLOBULIN GENE FAMILY, P. Feigelson, R. M. Gubits, M. 
McLaughlin, A. Kulkarni, and P. Hollander-Unger, Institute of 
Cancer Research, Columbia University, New York, N. Y. 1 0 0 3 2  

Our laboratory has been exploring tissue specific developmental and 
endocrine control of gene expression. The alpha 2u globulins are 
isoproteins encoded by a family of highly homologous rat genes, which have 
been shown to be expressed in the liver, the submaxillary salivary gland 
and the lachrymal gland. In each tissue they are subject to complex 
developmental and endocrine control. Isofocusing gels of heterologous 
translational products, S 1  nuclease analysis and cDNA sequencing 
demonstrate that different subsets of the alpha 2u globulin gene family are 
expressed in these tissues. Dot blot and Northern analysis indicate tissue 
specific developmental and endocrine control of alpha 2u globulin RNA 
levels. Nuclear runoff studies, using nuclei derived from animals in 
varying developmental and endocrine states, confirm transcriptional 
control. In addition to the cDNAs, one of the alpha 2u globulin genes and 
its flanking regions has been sequenced. The gene contains within intron 3 
an alternating GT pair repeated 27 times. It remains to be determined 
whether this region of potential Z DNA configuration affects the 
transcription of this highly transcribed gene. This cloned alpha 2u 
globulin gene has been transfected into L cells, where it is transcribed, 
generating RNA capable of directing heterologous synthesis of alpha 2u 
globulin. Sequence analysis of alpha 2u globulin cDNAs indicates the 
presence of sequences of varying lengths at a specific locus within the 3 '  
noncoding region. Comparison with the gene sequence indicates that these 
segments are derived from the 3' end of the last intron. Since the 
translational termination signal is in the preceding exon, this genetic 
heterogeneity is not reflected in the protein structure, and hence 
presumably is not subject to selective pressure. 
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The express ion  o f  a n e o p l a s t i c  phenotype i s  c u r r e n t l y  w i t h o u t  e x p l a n a t i o n .  M a l i g n a n t  c e l l s  
f r e q u e n t l y  show s u r f a c e  phenomena and c o n s t i t u e n t  enzymes t h a t  a r e  n o t  u s u a l l y  expressed i n  
t h e i r  mature  normal c o u n t e r p a r t .  The i d e n t i f i c a t i o n  o f  n u c l e a r  r e s t r i c t e d  RNA sequences, an 
a c t i v e  and s e l e c t i v e  t r a n s p o r t  mechanism, and t h e  apparent  l a c k  o f  s t r i n g e n c y  i n  r e s t r i c t i o n  
o f  n u c l e a r  RNA suggest b o t h  a h e u r i s t i c  e x p l a n a t i o n  o f  t h e  a l t e r e d  phenotype and t h a t  t h e  
t r a n s p o r t  process i s  d i s r u p t e d  i n  neop las ia .  ATP-independent t r a n s f e r  o f  RNA t o  a s u r r o g a t e  
cy top lasm was found i n  m a l i g n a n t  c e l l s  and l i v e r  c e l l s  exposed t o  carc inogens.  Enhanced 
NTPase a c t i v i t y  and increased t r a n s p o r t  a r e  a s s o c i a t e d  w i t h  carc inogen exposure. The changes 
precede appearance o f  m a l i g n a n t  c e l l s ,  suggest ing  t h a t  t h i s  change may be r e l a t e d  t o  an event  
a s s o c i a t e d  w i t h  development o f  a p e r m i s s i v e  gene express ion  and carc inogenes is .  

ALTERED REGULATION OF TRANSPORT I N  NEOPLASIA. E.A. Smuckler and G.A. Clawson, 
Department o f  Pathology, U n i v e r s i t y  o f  C a l i f o r n i a ,  San Franc isco ,  CA. 

THE MOLECULAR BASIS O F  HUMAN G E N E T I C  DISEASE - DELETION, 0069 
MISPROCESSING, TERMINATION, Robert W i  1 l i a m s o n ,  Depar tment  o f  
B i o c h e m i s t r y ,  S t .  Mary ' s  H o s p i t a l  M e d i c a l  S c h o o l ,  U n i v e r s i t y  of 
London, W2 1PG. England .  

T h e r e  are o v e r  t h r e e  t h o u s a n d  d i f f e r e n t  i n h e r i t e d  d i s e a s e s  o f  man, t h e  
m a j o r i t y  o f  which  a r e  d u e  t o  d e f e c t s  i n  a s i n g l e  gene .  Us ing  r e c o m b i n a n t  
DNA t e c h n i q u e s ,  o v e r  200 human g e n e s  h a v e  now b e e n  i s o l a t e d ,  m o s t  o f  which  
cause g e n e t i c  d i s e a s e  when muta ted .  T h e s e  g e n e s  c a n  b e  u s e d  a s  d i s e a s e -  
s p e c i f i c  p r o b e s ,  and  c a n  i d e n t i f y  the  l e v e l  o f  d y s f u n c t i o n  which  o c c u r s  i n  
a p e r s o n .  

There a r e  t h r e e  b r o a d  c l a s s e s  o f  d y s f u n c t i o n :  a s t r u c t u r a l  g e n e  
d e l e t i o n :  a p o i n t  m u t a t i o n  which  c a u s e s  a n  amino  a c i d  s u b s t i t u t i o n :  and  a 
p o i n t  m u t a t i o n  which  c a u s e s  a f a i l u r e  o f  t r a n s c r i p t i o n ,  p r o c e s s i n g  or 
t r a n s l a t i o n .  T h i s  l a s t  c l a s s  o f  d e f e c t ,  which  i n c l u d e s  m i s p r o c e s s i n g  of  
n u c l e a r  RNA t o  mRNA, is s u r p r i s i n g l y  common, and a c c o u n t s  f o r  many o f  t h e  
d e f i n e d  m u t a t i o n s  c a u s i n g  d i s e a s e ,  i n c l u d i n g  C y p r i o t  b e t a - t h a l a s s a e m i a .  

A g e n e  p r o b e  t h a t  is d i s e a s e - s p e c i f i c  c a n  b e  u s e d  a s  a d i a g n o s t i c  
t o o l ,  e i t he r  w i t h  p a t i e n t s  o r  a n t e n a t a l l y .  F o r  d e l e t i o n s ,  a r e s t r i c t i o n  
f r a g m e n t  w i l l  b e  a b s e n t  or r e d u c e d  i n  s i z e .  A p p r o x i m a t e l y  o n e - t h i r d  o f  
s i n g l e  b a s e  c h a n g e s  a l t e r  r e s t r i c t i o n  s i t e s ,  and  t h e s e  c a n  b e  i d e n t i f i e d  
e a s i l y  u s i n g  S o u t h e r n  b l o t s .  Any o t h e r  s i n g l e  b a s e  change  c a n  be 
d i s t i n g u i s h e d  by d i f f e r e n t i a l  m e l t i n g  of a n  o l i g o n u c l e o t i d e  probe .  
A d d i t i o n a l l y ,  e a c h  p r o b e  c a n  be used  t o  s t u d y  t h e  i n h e r i t a n c e  o f  v a r i a n t s  
i n  a f a m i l y ,  e i t h e r  d i r e c t l y  or b y  l i n k a g e .  W i t h  t h e  c r e a t i o n  o f  a t o t a l  
human g e n e  map, i t  w i l l  become p o s s i b l e  t o  d e t e r m i n e  t h e  i n t e r a c t i o n  o f  
s e v e r a l  g e n e s  w i t h  e a c h  o t h e r ,  a n d  w i t h  the  e n v i r o n m e n t ,  i n  t h e  c a u s a t i o n  
o f  complex  c o n d i t i o n s  s u c h  a s  c o r o n a r y  h e a r t  d i s e a s e  and  h y p e r t e n s i o n .  
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