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Cellular Aspects of Myogenesis 

0490 REQUIREMENTS FOR MUSCLE GENE ACTIVATION BY WTATIVE TRANS-ACTING 

Department o f  Pharmacology, Stanford University School o f  Medicine, Stanford, CA 94305 
We init ial ly reported that muscle gene expression could be induced in fibroblasts. This was achieved 
by producing heterokaryons, stable multinucleated somatic ce l l  hybrids formed by the fusion o f  mouse 
muscle cells (C2) wi th  human amniotic fibroblasts. This heterokaryon system is particularly 
advantageous for analyzing requirements for  ce l l  specialization, since the chromosomes and cyto- 
plasmic regulatory molecules o f  both ce l l  types remain present. 

We examined the requirements for  muscle gene activation in heterokaryons using four dif ferent strains 
of  human fibroblasts (primary cells from amniotic fluid, fe ta l  and adult skin and MRC-5 fibroblasts 
from feta l  lung), chondrocytes and keratinocytes. Eight distinct human muscle gene products were 
detected including two sarcomeric actins (a-cardiac and a -skeletal), fwr myosin light chains (LCI,, 
LCZ,, LCZf, and LCemb), the M-subunit o f  the contractile enzyme creatine kinase, and a cel l  surface 
antigen, 5.1Hll. A single ce l l  analysis revealed that the efficiency o f  activation was high; as many as 
95 f 1% of heterokaryons containing a t  least one human fibroblast nucleus expressed human muscle 
5.1Hll. This activation did not require significant DNA synthesis. Muscle gene activation occurred 
regardless of gene dosage, is., the rat io  o f  the nuclei o f  the two cel l  types contained inside a 
heterokaryon. The induction of  expression of  two human muscle genes was detectable a t  the 
transcriptional level. Finally, muscle gene expression could be induced in a previously non-responsive 
cel l  type, by pre-treatment w i th  5-azacytidine. 

We conclude that the expression of  differentiated functions characteristic o f  muscle can be induced in 
several different specialized nonmuscle cells and that this activation occurs in the absence o f  a round 
of DNA replication. This suggests that alterations in chromatin structure requiring significant DNA 
synthesis are not necessary for muscle genes in these cells t o  be accessible to  and respond t o  putative 
trans-acting regulatory factods) present in differentiated muscle cells. In contrast, in a t  least one 
ce l l  type, muscle genes or the genes that regulate their expression, are not receptive to  muscle 
regulatory factors, unless the cells are pretreated wi th  5-azacytidine which presumably results in a 
reduction i n  the level of DNA methylation. Finally, contrary to expectation, an excess of  mouse 
muscle nuclei was not required for activation. We conclude that the nuclei o f  a number of  cel l  types 
exhibit considerable plasticity i n  response to  putative trans-acting regulators and are capable o f  being 
reprogrammed to express muscle functions. 
Supported by NIH grants HD18179 and GM07149 and the Muscular Dystrophy Association. 

REGULATORS, Helen M. Blau, Choy-Pik Chiu, Grace K. Pavlath, and Edna Hardeman, 

0491 
o f  Biochemistry,  U n i v e r s i t y  o f  Washington, Sea t t l e ,  I IA 98195. 

The te rm ina l  d i f f e r e n t i a t i o n  o f  HM14 mouse myoblasts i s  regu la ted  by a rep ress ion  mechanism 
mediated by f i b r o b l a s t  growth fac to r  (FGF). FGF, bu t  n o t  o t h e r  mitogens such as EGF and PDGF, 
p revents  d i f f e r e n t i a t i o n  and s t imu la tes  p r o l i f e r a t i o n .  
d i r e c t l y ,  r a t h e r  than i n d i r e c t l y  v i a  p r o l i f e r a t i o n ,  because the  cont inuous  exposure o f  non- 
c y c l i n g  myoblasts t o  FGF prevents  t h e i r  d i f f e r e n t i a t i o n .  Vhen depr i ved  o f  FGF l o g  phase MM14 
c e l l s  con t inue t o  t rave rse  the  c e l l  c y c l e  a t  t h e i r  normal ra te ;  b u t  a f t e r  a 2-3 h l a g  they 
cease en te r ing  S phase and accumulate i n  the  G1 compartment. GI phase c e l l s  depr ived  o f  FGF 
f o r  l o n g e r  than 3 h commit t o  te rmina l  d i f f e r e n t i a t i o n  and w i l l  n o t  re -en te r  t he  c e l l  c y c l e  
when FGFis  res to red .  Proo f  t h a t  c e l l s  comni t  t o  te rm ina l  d i f f e r e n t i a t i o n  i n  GI and t h a t  t he  
commitment process does n o t  r e q u i r e  DNA syn thes is  f o l l o w i n g  exposure t o  a d i f f e r e n t i a t i o n - i n -  
duc ing  environment i s  based on the  obse rva t i on  t h a t  m i t o t i c  c e l l s  p l a t e d  i n t o  FGF-free medium 
d i f f e r e n t i a t e  w i t h o u t  f u r t h e r  r e p l i c a t i o n .  5-6 h a f t e r  FGF removal (2 -3  h a f t e r  t he  i n i t i a t i m  
of  comnitment) myocytes accumulate de tec tab le  M-crea t ine  k inase mRNA, and w i t h i n  another 1-3 h 
they  s t a i n  p o s i t i v e l y  f o r  AChR, MHC, CK and a-ac t in ,  concu r ren t l y  EGF recep to r  and TK d i s -  
appear. Loss o f  s p e c i f i c  mi togen recep to rs  would p rov ide  an a t t r a c t i v e  mechanism f o r  main- 
t a i n i n g  myocytes i n  a permanent p o s t - m i t o t i c  s t a t e .  

To determine whether the  p o s t - m i t o t i c  myocyte phenotype i s  mediated v i a  a d i f f u s i b l e  reg- 
u l a t o r ,  myocytes were fused w i t h  G1 myoblasts o r  w i t h  va r ious  non-myogenic c e l l s ,  exposed t o  
FGF-r ich medium, and assayed f o r  DNA syn thes i s .  (Nyocyte x GI myoblast)  heterokaryons f a i l e d  
t o  r e p l i c a t e  DXA even a t  myocyte:myoblast nuc lea r  r a t i o s  o f  1:3. The p o s t - m i t o t i c  phenotype 
i s  thus s t r o n g l y  dominant t o  the  p r o l i f e r a t i o n  phenotype o f  GI myoblasts.  I n  c o n t r a s t ,  (myo- 
c y t e  x non-myogenic c e l l )  heterokaryons r e p l i c a t e d  DNA and cou ld  be shown t o  reexpress the  
normal ly  i n a c t i v e  myocyte TK gene. 
t o  the  p r o l i f e r a t i o n  phenotype o f  non-myogenic c e l l s .  
heterokaryons were main ta ined i n  FGF-free nedium f o r  6-18 h p r i o r  t o  the  a d d i t i o n  o f  FGF, i n -  
c reas ing  percentages o f  t h e  heterokaryons e x h i b i t e d  dominance o f  t he  p o s t - m i t o t i c  phenotype. 
The component respons ib le  f o r  caus ing  the  p o s t - m i t o t i c  s t a t e  o f  myocytes i s  thus a l s o  capable 
o f  e s t a b l i s h i n g  t h i s  phenotype i n  non-myogenic c e l l s  i f  pe rm i t ted  s u f f i c i e n t  t ime  p r i o r  t o  
the  a c t i v a t i o n  o f  p r o l i f e r a t i o n  s igna ls .  These s tud ies  suggest a model f o r  t he  normal regu la -  
t i o n  o f  myogenic d i f f e r e n t i a t i o n  i n  which a component f rom the  FGF-mediated r e p l i c a t i o n  pa th-  
way represses myoblast  d i f f e r e n t i a t i o n ;  whereas i n  the  absence o f  FGF, d i f f e r e n t i a t i o n  i s  
a c t i v a t e d  and a d i f f u s i b l e  f a c t o r  i s  produced which counterac ts  the  m i  togen ic  response system; 
thus c o n f e r r i n g  the  p o s t - m i t o t i c  myocyte phenotype t o  the  commit ted c e l l .  

MITOGENIC REGULATION OF SKELETAL MUSCLE DIFFERENTIATION, S .  Hauschka, C .  Clegg, R .  
Lirc, J .  Chamberlain, J .  Jaynes, C .  B u l i n s k i ,  T.  L inkhar t ,  and G.  M e r r i l l ,  Dept. 

FGF represses muscle d i f f e r e n t i a t i o n  

The p o s t - m i t o t i c  myocyte phenotype i s  thus n o t  dominant 
However, i f  (myocyte x non-myogenic) 
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0492 S O M A T I C  CELL GENETIC ANALYSIS OF MYOGENESIS, Woodring E. Wright, Department o f  
C e l l  Biology, Un ive rs i t y  o f  Texas Health Science Center, Dallas, Texas 75235 

A v a r i e t y  o f  s tud ies from our and other l abo ra to r ies  (1-4) i nd i ca te  tha t  d i f f e ren -  
t i a t e d  ske le ta l  muscle c e l l s  conta in  t rans a c t i n g  f a c t o r s  capable o f  i n d u c i n g  muscle 
s t r u c t u r a l  gene expression i n  non-muscle c e l l s  fo l lowing the fusion o f  the two c e l l s  t o  
form a heterokaryon. C e l l s  thus continue t o  express a t  l e a s t  some o f  t h e  r e g u l a t o r y  
mo lecu les  c o n t r o l l i n g  myogenesis even a f t e r  d i f f e r e n t i a t i o n  has occurred, arid these 
molecules are capable o f  ac t i va t i ng  prev ious ly  s i l e n t  muscle genes i n  non-muscle c e l l  
t ypes  i n  the  absence o f  DNA syn thes i s .  C e l l  hybr id  studies between d i f f e r e n t i a t i o r i  
competent L6 myoblasts (65% o f  the c e l l s  d i f f e r e n t i a t e  under s tandard  c o n d i t i o n s )  and 
d i f f e r e n t i a t i o n  d e f e c t i v e  L6  myoblast v a r i a n t s  (0.05% d i f f e r e n t i a t e  under standard 
condi t ions)  demonstrate t h a t  t h e  h y b r i d s  express an i n t e r m e d i a t e  2% p r o b a b i l i t y  o f  
d i f f e r e n t i a t i o n .  A mo lecu la r  model des igned t o  exp la in  these r e s u l t s  requi red tha t  
d i f f e r e n t i a t i o n  de fec t i ve  myoblasts produce reduced l e v e l s  o f  t h e  r e g u l a t o r y  f a c t o r s  
c o n t r o l l i n g  the  d e c i s i o n  t o  d i f f e r e n t i a t e  (5 ) .  Since d i f f e r e n t i a t i o n  de fec t i ve  c e l l s  
are generated w i th  h igh frequency, unless there i s  ail i n t r i n s i c  d i r e c t i o n a l i t y  t o  t h l s  
process t h i s  a l so  impl ied that  var iants  overexpressing the factors  should be spontane- 
ously generated. Gene dosage heterokaryon exper iments i n v o l v i n g  myob1ast.s grown i n  
5-bromodeoxyuridine (RUdR) (6)  suggested that  c e l l s  overexpressing these factors  should 
be able t o  d i f f e r e n t i a t e  i n  higher than normal concentrat ions o f  BUdR. M u l t i p l e  c y c l e s  
o f  se lec t i on  i n  the presence o f  increas ing concentrat ions o f  BUdR resul ted i n  the i so la -  
t i o n  o f  L6 va r ian ts  ab le  t o  d i f f e r e n t l a t e  i n  30 t imes  t h e  normal  c l o n a l  i n h i b i t o r y  
concentrat iori  o f  BUdR (7 ) .  The density s h i f t  o f  DNA 011 cesium ch lo r i de  gradients showed 
t h a t  these c e l l s  were incorporat ing BUdR r e l a t i v e l y  no rma l l y .  As p r e d i c t e d  from o u r  
t h e o r e t i c a l  model, c e l l  hybr ids formed between these c e l l s  and d i f f e r e r i l i a t i o r i  de fec t i ve  
c e l l s  exh ib i t ed  very h igh (>80%) p r o b a b i l i t i e s  o f  d i f f e r e n t i a t i o n .  Ce l l s  overexpress i r lg  
these f a c t o r s  would be expected t o  d i f f e r e n t i a t e  ra ther  than d i v i d e  once the i n h i b i t o r y  
in f luence o f  BUdR was removed. BUdR-res is tant  c e l l s  c loned  i n  t h e  absence o f  BUdR 
formed ve ry  small colonies, o f ten  conta in ing 20 nuc le i  of which h a l f  were already fused 
t o  form a myotube. The a v a i l a b i l i t y  o f  va r ian ts  having ari ampl i f ied expression f o r  the 
fac to rs  regu la t i ng  the dec is ion t o  d i f f e r e n t i a t e  should g r e a t l y  f a c i l i t a t e  the molecular 
c lon ing o f  those factors .  

1. J. C e l l  B io l .  98:427 (1984) 2 .  Exp. C e l l  Res. 151:55 (1984) 3. C e l l  32:1171 (1983) 
4. C e l l  37:879 (1984) 5. J. C e l l  B io l .  98:436 (1984) 6. 3 .  C e l l  B io l .  96:157'1 (1983) 
7. J. C e l l  Biol . ,  i n  press (1985) 

Cell Biology of Myogenesis 

0493 MULTIPLICATION STIMULATING ACTIVITY,  OVINE SOMATOMEDIN AND INSULIN PROllOTE 
SATELLITE CELL PROLIFERATION I N  VITRO,  Ronald E .  Al len,  M .  V. Dodson and 
K .  L. Hossner, Universi ty  of Arizona, Tucson, AZ 85721 .  

The a b i l i t y  of ra t  s k e l e t a l  muscle s a t e l l i t e  c e l l s  t o  p r o l i f e r a t e  i n  response t o  
i n s u l i n ,  m u l t i p l i c a t i o n  s t imu la t ing  a c t i v i t y  (MSA) and ovine somatomedin (osm) was eval-  
uated i n  v i t r o .  I n  the presence of medium containing 3% horse serum and dexamethasone, 
a l l  t h r e e  polypept ides  s t imu la t ed  p r o l i f e r a t i o n  i n  a dose-dependent manner; i n  t he  absence 
of dexamethasone, however, only i n s u l i n  w a s  a b l e  t o  s t imu la t e  p r o l i f e r a t i o n .  I n  add i t ion ,  
s a t e l l i t e  c e l l  p r o l i f e r a t i o n  w a s  examined i n  serum-free medium, and half-maximal stimu- 
l a t i o n  w a s  achieved a t  concentrat ions of 6 ng/ml, 1 5  ng/ml and 1295 ng/ml of oSm, MSA 
and i n s u l i n ,  r e spec t ive ly .  Furthermore, a t  half-maximal concentrat ions of t h e  r e spec t ive  
polypept ides ,  i n s u l i n  and oSm s t imula t ed  g r e a t e r  c e l l  p r o l i f e r a t i o n  than MSA. In  the 
presence of s a t u r a t i n g  concentrat ions of i n s u l i n  i n  serum-free medium, oSm d i d  not  stimu- 
l a t e  f u r t h e r  p r o l i f e r a t i o n ;  however, a dose-dependent s t imu la t ion  of p r o l i f e r a t i o n ,  over  
and above maximal i n s u l i n  s t imu la t ion ,  was observed w i t h  MA. These experiments demon- 
s t r a t e  a d i r e c t  a c t i o n  of i n s u l i n - l i k e  growth f a c t o r s  on s a t e l l i t e  c e l l s  and provide 
i n d i r e c t  evidence f o r  a c t i o n  through both IGF receptor  types.  
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CHARACTERIZATION OF MUSCLE CELL CLONES DEFECTIVE I N  EXPRESSING THE ACETYLCHOLINE 
RECEPTOR, Roy A .  Black and Zach W. H a l l ,  U .  of C a l i f . - S a n  F r a n c i s c o ,  0494 

San F r a n c i s c o ,  CA 94143 
We have  i s o l a t e d  v a r i a n t s  of t h e  C2 muscle c e l l  l i n e  which a r e  d e f e c t i v e  i n  e x p r e s s i n g  t h e  
a c e t y l c h o l i n e  r e c e p t o r  (PNAS, i n  p r e s s ) .  Clone 23 shows only  about  15% of t h e  wi ld- type  
s u r f a c e  l e v e l  o f  r e c e p t o r  b u t  accumula tes  an i n t r a c e l l u l a r  pool  about  f i v e - f o l d  g r e a t e r  than  
t h a t  o f  t h e  w i l d  t y p e .  I n  p u r s u i n g  t h e  n a t u r e  of t h e  d e f e c t  i n  t h i s  c l o n e ,  we have  found 
t h a t  i t s  a c e t y l c h o l i n e s t e r a s e  i s  e x t e r n a l i z e d  n o r m a l l y .  Moreover,  c o - c u l t u r i n g  t h e  c e l l s  
w i t h  e i t h e r  of two r e c e p t o r - d e f i c i e n t  c l o n e s  f a i l s  t o  c o r r e c t  t h e  d e f e c t .  I t  t h e r e f o r e  
a p p e a r s  t h a t  t h e  d e f e c t  i s  i n  t h e  a c e t y l c h o l i n e  r e c e p t o r  i t s e l f .  
The two d e f i c i e n t  c l o n e s  we have  i s o l a t e d  f a i l  t o  complement each  o t h e r .  S u r p r i s i n g l y ,  i n  
a c o - c u l t u r e  w i t h  80% of t h e  c e l l s  from a d e f i c i e n t  c l o n e  and 20% from t h e  w i l d  t y p e ,  t h e  
l e v e l  of  r e c e p t o r  i s  t h e  same a s  t h a t  e x p r e s s e d  by a 100% wi ld- type  c u l t u r e .  The l e v e l  of 
r e c e p i o r  t h u s  i s  n o t  de te rmined  s imply  by t h e  number o f  wi ld- type  n u c l e i  i n  t h e  c u l t u r e .  
( T h i s  work was s u p p o r t e d  by F e l l o w s h i p  DRG-612 of  t h e  Damon Runyon-Walter Winchel l  Cancer 
Fund and by g r a n t s  from NIH and MDA.) 

0495 
During mouse embryogenes is ,  d i f f e r e n t i a t e d ,  myosin p o s i t i v e  c e l l s  a p p e a r  i n  t h e  s o m i t e  a: 
9 .5  days  p . c .  ( Jockusch  e t  a l .  Exp B i o l  Med 9 ,  121 ,  ' 8 4 ) .  C u l t u r e s  from s o m i t e s  of 9.5 days  
o r  o l d e r  mouse embryos c o n t a i n  many myosin (or desmin)  p o s i t i v e  c e l l s .  However no myosin 
p o s i t i v e  c e l l s  e v e r  a p p e a r  i n  c u l t u r e s  from s o m i t e s  o f  8 .5  days  embryos.  Thus pre-myogenic 
c e l l s  from t h i s  s t a g e  do n o t  s u r v i v e  or f a i l  t o  d i f f e r e n t l a t e  i n  c u l t u r e .  We i n v e s t i i w e d  
p o s s i b l e  mechanisms which c o n t r o l  t h e  t r a n s i t i o n  from a pre-myogenlc t o  a myogenic c e l l .  
C e l l s  from s o m i t e s  o f  8 . 5  days  embryos were c u l t u r e d  i n  t h e  p r e s e n c e  of 1mM CAMP, o r  i n  
c o n d i t i o n e d  medium from a m y o t u b e - - f i b r o b l a s t  c u l t u r e ,  or i n  t h e  p r e s e n c e  of e x p l a n t s  of 
s p i n a l  c o r d  or  b r a i n  e x t r a c t  fr.om 15 days  o l d  mouse embryos.  The a d d i t i o n  o f  b r a i n  e x t r a c t  
d r a s t i c a l l y  d e c r e a s e d  t h e  s u r v i v a l  oi s o m i t i c  c e l l s  w h i l e  a l l  t h e  o t h e r  c o n d i t i o n s  s t i m u l a -  
t e d  s e v e r a l  f o l d  t h e l r  p r o l i f e r a t i o n .  However o n l y  t h e  p r e s e n c e  o f  s p i n a l  c o r d  caused  t h e  
appearence  of myosin p o s i t i v e  c e l l s .  I n  t h e  c o n d i t i o n s  u s e d ,  no outgrowth  o f  axons had y e t  
been observed  and t h e r e f o r e  no c o n t a c t  c o u l d  o c c u r  between n e r v e  and  muscle.  We conclude  
t h a t  t h e  t r a n s i t i o n  ir.or? a pre-myogenic t o  a myogenic c e l l  from e a r l y  s o m i t e s  is dependent  
upon t h e  p r e s e n c e  oi f a c t o - s  r e l e a s e d  from t h e  n e r v e ,  namely t h e  s F i n a l  c o r d  i n  v i t r o  and 
l i k e l y  t h e  c o n t i g u o u s  n e u r a l  t c b e  i n  v i v a .  

'GXV'! ?)ZPEI.ID/IiLE OF WYOBLAST DIFFERENTIATION I N  CULTURES OF SOMITIC CELLS. G i u l i o  
Cossu and E l i s a b e t t a  V i v a r e l l i ,  I n s t i t u t e  o f  H i s t o l o g y ,  U n i v e r s i t y  o f  Rome, I t a l y .  

0496 EFFECT OF MONENSIN ON MYOBLAST FUSION. H. Den, Columbia U n i v e r s i t y  Co l lege o f  
Phys ic ians  and Surgeons, New Y o r k  NY 10032 

Monensin, a t  a c o n c e n t r a t i o n  o f  0.5-10 uM, comple te ly  (100%) and r e v e r s i b l y  i n h i b i t s  f u s i o n  
o f  embryonic c h i c k  myob las ts  i n v i t r o .  A t  t h e  same time, monensin a d m i n i s t r a t i o n  leads  t o  
a markka!! accumula t ion  o f  g l y c o p e p t i d e s  i n s i d e  t h e  c e l l s  and a decrease o f  those secre ted  
i n t o  t h e  medium. Chromatography o f  t h e  i n t r a z c e l  l u l a r l y  r e t a i n e d  g l y c o p e p t i d e s  on Con A-  
Sepharose shcws t h a t  t h e  i n c r e a s e  i s  most nronounced i n  t h e  high-mannose f r a c t i o n . 1  i 
M i l d  p r o t e o l y s i s  o f  c e l l s  l a b e l e d  w i t h  [2 -3H]  mannose re leases  less r a d i o a c t i v i t y  frm t h e  
s u r f a c e  o f  monens in - t rea ted  than from c o n t r o l  c e l l s ,  a l t h o u g h  t h e  amount o f  t o t a l  r a d i o -  
a c t i v i t y  i s  a lmost  f o u r  t imes h i g h e r  than i n  t h e  c o n t r o l  c e l l .  S ince  i t  has now been 
e s t a b l i s h e d  t h a t  monensin i n t e r f e r e s  w i t h  t h e  i n t r a c e l l u l a r  t r a n s p o r t  o f  newly syn thes ized 
b i y c o p r o t e i n s  i t  i s  assumed riidC i t s  i n h i b i t o r y  e f f e c t  i s  t h e  r e s u l t  o f  t h e  i n a b i l i t y  o f  
g l y c o p r o t e i n ( s )  e s s e n t i a l  f o r  myob las t  f u s i o n  t o  reach t h e  c e l l  sur face .  
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0497 
It is widely believed that mitogens inhibit the differentiation of myoblasts by forcing them 
to reenter the cell cycle rather than remain in the G I  phase at which fusion OCCUKS. 
apparent disagreement with this view, we have reported that the Insulin-like Growth Factors 
(IGFs) are highly mitogenic for myoblasts and are also potent stimulators of their differen- 
tiation; we have shown that this is not a simple result of the greater cell density in IGF- 
treated cultures. Recently completed concentration dependency studies now offer a possible 
explanation for this apparent discrepancy. We find that the somatomedins IGF-I and IGF-11, 
as well as insulin, all stimulate the differentiation of L6 myoblasts at relatively low 
concentrations, and exhibit a concentration-dependent decrease in this stimulation at higher 
levels. 
(200 nM) gave half-maximal concentration for inhibition of differentiation (quantitated 
as units of creatine kinase per mg cell DNA) at 500 nM IGF-11. The half-maximal concentra- 
tions for stimulation of differentiation are: IGF-I, 1 nM; IGF-11, 25 nM, and insulin, 
13 nM. On the down side of the biphasic curve, 50% of maximal differentiation occurred at: 
IGF-I, 13 nM; IGF-11, 500 nM, and insulin, 2000 nM. Our current view of these results is 
that stimulation of differentiation may result from the general increases in anabolic pro- 
cesses stimulated by these hormones, while the decreased differentiation at higher concen- 
trations may be attributed to shortening of the G1 phase of the cell cycle as part of their 
mitogenic actions. (Supported by grants from the USPHS and the Muscular Dystrophy Assoc.) 

STIMULATION AND INHIBITION OF MYOBLAST DIFFERENTIATION BY SOMATOMEDINS. by J. R. 
Florini, D. 2. Ewton, and S. L. Falen. Biology Dept., Syracuse Univ., Syracuse, NY. 

In 

Treatment of myoblast cultures with IGF-I1 in the presence of saturating insulin 

SPINAL MOTOR NEURON CELL DEATH AND DEVELOPMENTAL CHANGES IN MYOSIN EXPRESSION, 
J.A. Hall, R.W. Oppenheim and F.H. Schachat, Departments of Ahatomy, Duke 0498 

University Medical Center, Durham, N.C. 27710 and Bowman Gray Medical School, Winston- 
Salem, N.C. 27103 
Between days 10 and 19 in chick embryonic development there is a transition in myosin 
expression in pectoralis muscle. The pattern of myosin light chain expression switches 
from expressing both fast and slow light chains to expressing only the fast light chains 
characteristic of the muscle in the adult. There is also a change in myosin heavy chain 
expression. This change occurs during a major event in the maturation of the motor system, 
the death of half the spinal motor neurons which participate in the polyneuronal in- 
nervation of skeletal muscle. In order to determine whether there is a causal 
relationship between these two events, transitions in myosin expression have been studied 
in chick embryos treated with curare which prevents spinal motor neuron cell death by 
reducing neuromuscular synaptic activity. Using monoclonal antibodies and SDS-PAGE 
to analyze changes in heavy and light chain expression, respectively, we have found that 
curare treatment does not interfere with the changes in myosin expression. Because 
removal of spinal motor neurons at day 2 results in complete atrophy of most embryonic 
muscles by day 8, it is t o o  simple to conclude that the myosin transition is independent of 
neuromuscular interaction. Rather it appears that either a trophic interaction or a low 
residual level of synaptic activity is sufficient to induce the change in myosin expression. 

0499 HEPARIN INHIBITION OF MY03NESIS IN CLTLnlIlE AND 
SELECIED WSCILE OR NFXa EXlTWXS,Elissavet K a r d d  ard Richard C. S t m h , U . C .  
Berkeley,DeparWnt of zoOlogy,Berkeley,Ca 94720. 

In the process of investigating the factors which m y  nrxlulate nuxle gene expression ard 
growth during developwnt ard reqsxration,we exanhe3 the effect  of various proteoglycans 
on chicken skeletal mscle primary cell cultures,in the presence of mnplete yravth d i m ,  
on coll?.gen coated p1ates.W results have s h  that c b d r o i t i n  &fate ard hyaluronic acid 
a t  59-500 ug/ml,do mt significantly affect  grmth,while heparin,at 90 ug/ml,inhibits mscle 
cell CJrOwth by 50-80%,if added to the cells w i t h i n  24 h fran the tim of platirlg.Heparin has 
rn effect  on 6-8 day old myotubes.ard does mt inhibit  the attaclrment of w b l a s t s  or fibro- 
blasts to the collagen substrate.Chicken ALD nuscle,dystrophic breast nuscle ard sciatic 
nervs extracts reverse heparin inhibition i f  added to the cells w i t h i n  3 days fran the tim 
of plating,while mnral breast nuscle extracts have significantly lower heparin reversal 
ptential .The heparin reversal activity (HRA) is dis t inct  fran other nuscle affecting acti-  
vi t ieshhich are also present in the extracts) ard can be selectively r-ed by heparin- 
-Sephrose aff ini ty  chrmtography.Heparin-like substames can occur i n  viv0,ard i n  ambina- 
t ion w i t h  HRAmy have a physiological role 
develoyrent or regeneration following injury.- 

REYEEAL OF THE INHIBITION By 

i n  controlling muscle grcuth during mscle 
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0500 NERVE AN0 LXOWTH FACTOR REGULATION OF MJSCLE OD/ELOPFENT. Reid S. Compton, Peter 
Mer r i f ie ld  and I rw in  R. Konigsberg, Dept. o f  Biology, Univ. o f  Virginia. 

The development o f  muscle from a determined myoblast t o  a physiologically a d u l t  
muscle f i be r  involves two d i s t i nc t  processes - d i f fe ren t ia t ion  and maturation. Although 
pure populations o f  myoblasts d i f fe ren t ia te  normally i n  v i t r o  they do not accunulate the 
adult-specific pattern o f  con t rac t i le  protein i so fon r iKZ 'FCt ing  that these two processes 
are d i f f e ren t i a l l y  regulated. I n  the past, we have demonstrated that primary cultures o f  
qua i l  myocytes down-regulate contract i le protein synthesis as they reenter the c e l l  cycle 
i n  response t o  a mitogenic stimulus. Using an established l i n e  o f  mouse myoblasts which i s  
temperature sensitive fo r  p ro l i fe ra t ion  (ts-361, we have now shown that the 
dowrcregulation o f  contract i le protein synthesis i n  ts-36 can occur without reentry i n t o  
the c e l l  cycle and that t h i s  down-regulation can be induced by FGF but not EGF. Since 
muscle maturation cannot be mimiced i n  v i t ro ,  we have used a monoclonal antibody t o  myosin 
fast  a l k a l i  l i @ t  chain t o  analyse tKaevelopmentally regulated expression o f  KC3f i n  
qua i l  limb buds grafted onto the chorioallantoic membrane o f  chick embryo hosts. Since 
aneural l imb bud gra f ts  accumulate only K C l f  while innervated graf ts accunulate both 
the K C l f  and KC3f i s o f o n s  character ist ic o f  adult muscle, we conclude that the 
accumulation o f  KC3f i s  nerve-dependent. Thus, while muscle d i f fe ren t ia t ion  i s  d i rec t l y  
regulated by growth factors l i k e  FGF, muscle maturation i s  regulated by some influence o f  
the nervous system. (This work was supported by grants t o  I R K  from NIH (HO 07083) and M A .  

GENETIC DETERMINANTS OF THE MUSCLE CELL LINEAGE, Andrew B. Lassar and 
0501 Harold Weintraub, Hutchinson Cancer Center ,  S e a t t l e ,  WA 98104 

I have been a t tempt ing  t o  develop an assay  t o  d e t e c t  genes r e spons ib l e  fo r  
the  es tab l i shment  and maintenance of the  muscle c e l l  l ineage .  
I have been working with a l i n e  of m u s e  c e l l s  (C3H 10 t1 /2 )  which conver t  
i n t o  myoblasts,  ad ipocytes ,  o r  chondrocytes fo l lowing  t rea tment  with 
5-azacyt id ine .  Presumably 5-azacyt id ine  t rea tment  e f f e c t s  the  s t a b l e  
hypomethylation of  genes which determine these  th ree  mesenchymal c e l l  
l ineages .  In an a t tempt  t o  i d e n t i f y  genes which determine the muscle c e l l  
l i neage  I am i n v e s t i g a t i n g  whether muscle DNA ( i s o l a t e d  from an azacy t id ine  
der ived  myoblast)  when t r a n s f e c t e d  i n t o  the pa ren ta l  C3H 10t1/2 c e l l s  w i l l  
e s t a b l i s h  a muscle phenotype i n  the  absence of azacy t id ine  t rea tment .  In a 
complementary s tudy ,  I am c lon ing  sequences which a r e  expressed  in  the C3H 
10t1 /2  myoblasts ye t  a r e  absent  i n  the  p a r e n t a l  C3H 10t1 /2  c e l l s ;  the  hope 
being t h a t  such sequences are important in e s t a b l i s h i n g  the muscle c e l l  
l ineage .  

I n  p a r t i c u l a r  

0502 
Med., St.  Louis,  MO 63110. h *Research Labs, Merck Sharp 6 Dohme. Rahway. N J  07065. 
The r egu la t ion  of c r e a t i n e  phosphokinase (CPK) express ion  by polypept ide  growth f a c t o r s  was 
examined i n  the  c l o n a l  mouse muscle BC,H1 c e l l  l i n e .  Af t e r  c e l l  growth is a r r e s t e d  by low 
serum concen t r a t ions ,  t h e s e  c u l t u r e s  expres s  a v a r i e t y  of muscle-specific p ro te ins .  When 
induced cells  are exposed t o  h igh  l e v e l s  (20%) of f e t a l  c a l f  serum, s y n t h e s i s  of muscle- 
s p e c i f i c  p r o t e i n s  is repressed  wi th  a concomitant r e i n i t i a t i o n  of ce l l  growth. P i t u i t a r y -  
der ived  f i b r o b l a s t  growth f a c t o r  (FGF) w a s  found t o  cause  s u b s t a n t i a l  cell  growth and t o  
r e p r e s s  the  rate of CPK s y n t h e i s s  t o  the  same e x t e n t  as serum when added t o  qu ie scen t ,  
d i f f e r e n t i a t e d  cu l tu re s .  Although p i tu i t a ry -de r ived  FGF was mitogenic f o r  BC3H1 c e l l s ,  t he  
r a t e  of cell  growth d id  no t  c o r r e l a t e  wi th  the  e x t e n t  of repress ion .  Highly p u r i f i e d  b r a i n  
FGF (Thomas e t  a l .  (1984) PNAS 81:357-361) was a l s o  found t o  r e p r e s s  the  rate of CPK syn- 
t h e s i s .  
g r e a t e r  ex ten t  than 20% serum when added t o  qu ie scen t ,  d i f f e r e n t i a t e d  cu l tu re s .  Notably,  
b ra in-der ived  FGF showed no mitogenic a c t i v i t y  f o r  BC3H1 cells under these  condi t ions .  These 
r e s u l t s  demonstrate t h a t  t he  express ion  of CPK can be regula ted  by def ined  polypept ide  
growth f a c t o r s  and t h a t  mitogenic a c t i v i a t i o n  is no t  necessary  f o r  r ep res s ion  of CPK syn- 
t h e s i s .  Supported by GMl8405. 

CONTROL OF CREATINE PHOSPHOKINASE SYNTHESIS BY FIBROBLAST GROWTH FACTORS. Brian 
Lathrop, K.  Thomas*, L. Glaser, Dept. of Bio l .  Chem., Washington Univ. Sch. of 

A t  r c z c e n t r a t i o n  of r n g / m l ,  b r a i n  FGF rep res sed  the  r a t e  of CPK s y n t h e s i s  t o  a 
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0503 DEVELOPWEATAL B X P R E S S I O A  OF TEPEE A C T I A  E P I T O P E S  I A  TEE RAT,  
James L. Lessard and Thomas Sadler*,  Ch i ld ren ' s  H o s p i t a l  Resea rch  Founda t ion ,  

C inc inna t i ,  OH 45229, *University of  North Carolina.  Chapel H i l l ,  NC 27514 
The d e v e l o p m e n t a l  and c e l l u l a r  e x p r e s s i o n  of  t h e  e p i t o p e s  f o r  t h r e e  monoc lona l  
a n t i b o d i e s  (C4, B4, HUC 1-31 t o  a c t i n  have  been  i n v e s t i g a t e d  i n  t h e  r a t .  I n  
immunoblots, C4 r e a c t s  w i t h  a l l  s i x  known v e r t e b r a t e  i s o a c t i n s  wh i l e  B4 and HUC 1-3 r e a c t  
s e l e c t i v e l y  wi th  only  t h e  muscle i soforms of t h i s  pro te in .  B4 b inds  p r e f e r e n t i a l l y  t o  
smooth muscle gamma a c t i n  but  a l s o  r e a c t s  w i t h  an a lpha  a c t i n  p re sen t  i n  vascu la r  smooth 
muscle,  ca rd iac  muscle and s k e l e t a l  muscle. HUC 1-3 r e a c t s  weakly, but s i m i l a r l y ,  w i t h  
a l l  fou r  muscle i soac t in s .  I n d i r e c t  immunofluorescence was c a r r i e d  out  us ing  Carnoy's 
f i x e d  embryos. no s p e c i f i c  s t a i n i n g  of e i t h e r  t h e  p r i m i t i v e  hea r t  
or g u t  t u b e  was e v i d e n t  u n t i l  a b o u t  day  11 when t h e  myoep ica rd ium shows a g r e a t e r  
f l u o r e s c e n c e  t h a n  t h e  s u r r o u n d i n g  t i s s u e s .  By day 1 5 ,  f l u o r e s c e n c e  i n  t h e  h e a r t  
muscula ture  i s  i n t e n s e  and w e l l  de f ined  t o  t h e  myocardium surrounding t h e  v e n t r i c l e s  and 
t h e  w a l l s  of t h e  a t r i a .  S t a in ing  i s  a l s o  observed i n  t h e  t h e  w a l l s  of t h e  blood v e s s e l s  
and t h e  g u t  a s  w e l l  a s  i n  t h e  r e g i o n  of  t h e  lung  buds.  I n t e r e s t i n g l y ,  HUC 1-3 s t a i n s  
presumpt ive  muscle c e l l s  i n  t h e  l imb bud a t  t h i s  t ime  but B4 does not. The d i s p a r i t y  
i n  t h e  express ion  of t h e  ep i tope  f o r  B4 and HUC 1-3 i n  s k e l e t a l  muscle sugges ts  t h a t  t he  
b inding  s p e c i f i c i t y  f o r  t h e s e  two an t ibod ie s  i s  d i s t i n c t  and t h a t  t h e r e  i s  an  a c t i n  form 
(p resumab ly  sn a l p h a  a c t i n )  t h a t  i s  d e t e c t a b l e  w i t h  H U C  1-3 b u t  n o t  B4. C4 shows a 
g e n e r a l  r e a c t i v i t y  w i t h  a l l  r a t  t i s s u e s  a t  t h e s e  s t a g e s  of  deve lopmen t  w i t h  enhanced  
f luo rescence  i n  presumpt ive  muscle c e l l s .  

Using B4 or HUC 1-3, 

Supported by NIH g r a n t s  HD 17000 and 17381. 

0504 DIVEKSlTY IN MYOSlN HEAVY CHAIN EXPKESSION I N  CULTURED ILIYOTUBES. 
Jeffrey B. Miller and Frank E. Stockdale. Stanford Medical School, Stanford, CA 94305. 

Both fast  and slow isoforms of myosin are  found in embryonic day (ED)  8 to 14 chick muscles, 
but only the fast isoforms are  found in myotubes formed in cultures of E D  8 to  14 mvoblasts. In 
a study of early muscle development, however, we found a population of myoblasts that  form mvotubes 
which contain myosin with slow heavy chain (SHC) epitopes. Presumptive pectoral muscle of different 
ages of embryos was dissociated into myoblasts which were grown on collagen-coated plates. After 
2 to 13 days in culture, myosin was assayed by irnmunostaining of myotubes. and by immunoblotting 
of extracted myosin using monoclonal antibodies specific to fast myosin light chains 1 and 3 (FLC), 
fast heavy chains (FHC), slow light chain 1 (SLC), or SHC. 

About 1 0 %  of myotubes formed in myoblast cultures from ED 5 or E D  6 breast muscle svnthesize 
a myosin heavy chain with SHC epitopes. No  SHC was found in myotubes in cultures from ED 8 
or later breast muscle. SLC was found in most mvotubes from rnvoblast cultures of E D  5 or 6,  and 
some myotubes of E D  8 myoblast cultures, but not in myotubes from myoblasts of cultures ED 1 2  
or later.  FLC and FHC were found in most 0 9 0 % )  myotubes regardless of the embryonic age o f  
the mvoblasts donor. The proportion of rnyotubes that expressed SHC appeared to remain constant 
during two weeks in  culture, but SLC positive mvotubes appeared to  decrease in  number af ter  one 
week in culture. Conditioned medium did not significantly affect  isoforms of myosin expressed 
in these mass cultures. These results show that myosin with SHC epitopes can be synthesized bv 
cultured mvotubes, and suggest that  two populations of myoblasts inhabit early pectoralis major 
with one population disappearing by mid-embrvonic development. (Supported by N I H  grants AG 
02822  and H D  16740 and MDA). 

0505 
and *OSaoko Atsumi. *Division of Cell Biology, National Center for Nervous, 
Mental and Muscular Disorders, Tokyo, 1 8 7 ,  Japan, and 'Department of Ana- 
tomy, Yamanashi Medical College, Yamanashi, 409-38, Yamanashi, Japan. 
We have shown that Fe-Tf is required not only to myoblasts but also myotubes 
for their growth and maintenance. Inorganic Fe ion can replace Fe-Tf in 
these regards, suggesting that protein moiety of Fe-Tf serves as a vehicle 
of Fe entrance into the cells. Although reports from other laboratories 
support this idea, there are reports suggesting that Tf protein molecule 
may play other roles. Therefore, we studied whether Fe can support myodif- 
ferentiation similarly to Fe-Tf and whether Tf protein serve to modify the 
process. Since apoTf did not support cell growth, the effects of Fe-Tf and 
Fe were compared. 
Myogenic cells isolated from 11th day chick embryo breast muscles were cul- 
tured in a medium composed of 8 5 %  Eagle's MEM and 15% horse serum containing 
either Fe-Tf from chick egg white (0.2pM) or FeCl (100pM). (We have report- 
ed that horse Fe-Tf was inert to chick myogenic chis.) 
differentiated in each medium to almost the same extent in morphological, 
physiological and biochemical respects. We conclude what is essential in 
myodifferentiation is Fe and not Tf protein. 

MYODIFFERENTIATION IS SUPPORTED BY INORGANIC ION AS BY IRON-BOUND 
TRANSFERRIN(Fe-Tf). *Eijiro Ozawa, *Koji Saito, *Yasuko Hagiwara 

The cells grew and 
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0506 HEPARANSULFATE PROTEOGLYCAN A N D  SKELETAL MYOGENESIS, D o u g l a s  Noonan 
a n d  R o n a l d  J .  P r z y b y l s k i ,  D e p a r t m e n t  o f  D e v e l o p m e n t a l  G e n e t i c s  a n d  

Anatomy a n d  The D e v e l o p m e n t a l  B i o l o g y  C e n t e r ,  C a s e  W e s t e r n  R e s e r v e  
U n i v e r s i t y ,  C l e v e l a n d ,  O h i o  4 4 1 0 6 .  

We a r e  s t u d y i n g  t h e  g l y c o s a m i n o g l y c a n s  (GAG) a n d  p r o t e o g l y c a n s  (PG)  i n  
p r i m a r y  c u l t u r e s  a n d  c e l l  l i n e s  of s k e l e t a l  m u s c l e  a s  t h e y  p r o g r e s s  t h r o u g h  
a p r o l i f e r a t i v e  p h a s e  f o l l o w e d  by c e l l - c e l l  r e c o g n i t i o n ,  a l i g n m e n t  a n d  
f u s i o n  t o  f o r m  m u l t i n u c l e a t e d  m y o t u b e s .  The GAGS o f  t h e  e n t i r e  c e l l s  a n d  a 
s u b - f r a c t i o n  o f  t h e i r  c e l l  s u r f a c e s ,  n a m e l y ,  t h e  s u b s t r a t u m  a t t a c h m e n t  
s i t e s  c o n s i s t  o f  h e p a r a n  s u l f a t e  (HS), c h o n d r o i t i n - 4  a n d  -6  s u l f a t e ,  
h y a l u r o n a t e  a n d  d e r m a t a n  s u l f a t e .  C-6-S i s  t h e  m a j o r  c o m p o n e n t  much o f  
w h i c h  i s  s e c r e t e d  i n t o  t h e  medium.  The HS of  t h e  c e l l  f r a c t i o n  c h a n g e  
r e m a r k a b l y  a n d  a p p e a r  d e v e l o p m e n t a l l y  r e g u l a t e d .  SAM H S  c h a n g e s  l i t t l e  w i t h  
m y o t u b e  f o r m a t i o n  w h i l e  t h e  c e l l u l a r  H S  i n c r e a s e s  a p p r o x i m a t e l y  2 f o l d .  
C e l l u l a r  HS e x i s t s  i n  two  f o r m s  ( b a s e d  o n  s e n s i t i v i t y  t o  a l k a l i n e  
b o r o h y d r i d e  r e d u c t i o n  a n d  n i t r o u s  a c i d  d e a m i n a t i o n ) ;  a s  a P G  a n d  a s  a 
s m a l l e r  G A G ,  b o t h  o f  w h i c h  i n c r e a s e  w i t h  t i m e  i n  c u l t u r e .  Though  l i t t l e  H S  
G A G  i s  f o u n d  i n  a 6 h r  p u l s e  w i t h  r a d i o  s u l f a t e ,  n o  c l e a r  p r e c u r s o r -  
p r o d u c t  r e l a t i o n s h i p  b e t w e e n  t h e  PG a n d  t h e  G A G  was  n o t e d .  The c e l l u l a r  
HSPG h a s  a Kav o f  . 1 2  o n  S e p h a r o s e  CL-6B w h e r e a s  t h e  GAG c h a i n s  l i b e r a t e d  
f r o m  t h i s  P G  h a v e  a Kav of  . 3 3 ,  i n d i c a t i n g  t h e  H S P G  c o n s i s t s  of 2 -4  G A G  
c h a i n s  a n d  a s m a l l  p r o t e i n  c o r e .  

0507 CHICK SKELETAL MUSCLE CELLS ARE GENERATED IN COHORTS OF SIXTEEN FROM STEM CELLS, 
LeBr is  Smith Qu inn  and Mark Nameroff, U n i v e r s i t y  o f  Washington, Sea t t l e ,  WA 98195 

P i r e r t  evidence suppor t ing  a c e l l  cycle-dependent l i neage  model f o r  myogenic d i f f e r e n t i a t i o n  
has been ob ta ined from an ana lys i s  o f  l a r g e  myogenic c lones. Such clones t y p i c a l l y  con ta in  
bo th  c y c l i n g  precursors  and p o s t - m i t o t i c ,  t e r m i n a l l y  d i f f e r e n t i a t e d  muscle c e l l s .  We counted 
the  t o t a l  number of  c e l l s ,  and the  number o f  t e r m i n a l l y  d i f f e r e n t i a t e d  c e l l s ,  i n  i n d i v i d u a l  
myogenic c lones  by means o f  imunocy tochemica l  s t a i n i n g  f o r  t he  M isozyme o f  c r e a t i n e  k inase.  
We found t h a t  t he  number o f  t e r m i n a l l y  d i f f e r e n t i a t e d  c e l l s  i n  each c lone was u s u a l l y  equal 
t o ,  o r  j u s t  s h o r t  o f ,  an exac t  i n t e g e r  m u l t i p l e  o f  s i x teen ,  f a l l i n g  away i n  an exponent ia l  
fash ion .  
un i fo rm random a t  t he  0.001 l e v e l .  These f i n d i n g s  a re  n o t  cons i s ten t  w i t h  t h e  model of  
myogenesis i n  which a homogeneous popu la t i on  o f  d i f f e ren t i a t i on -compe ten t  p recursor  c e l l s  i s  
pos tu la ted .  Rather, t he  r e s u l t s  i n d i c a t e  t h a t  a se l f - renewing stem c e l l  e x i s t s  i n  the  
ve r teb ra te  s k e l e t a l  muscle c e l l  l i neage ;  t h i s  c e l l  can generate committed precursor  c e l l s  
by means o f  symnet r ic  and asymmetric c e l l  d i v i s i o n s .  
cohor ts  o f  e x a c t l y  16 t e r m i n a l l y  d i f f e r e n t i a t e d  muscle c e l l s  by means o f  f o u r  determined, 
symmetric d i v i s i o n s .  These data s t r o n g l y  support  t he  idea t h a t  normal myogenic p recursor  
c e l l s  a re  "count ing"  the  number o f  c e l l  d i v i s i o n s  p r i o r  t o  te rm ina l  d i f f e r e n t i a t i o n .  
observa t ions  c o n t r a s t  sharp ly  w i t h  those made on myogenic c e l l  l i n e s ,  and a re  of  obvious 
importance i n  understanding the  molecu la r  and gene t i c  bases of  muscle d i f f e r e n t i a t i o n .  

A ch i -squared t e s t  showed t h i s  d i s t r i b u t i o n  t o  be s i g n i f i c a n t l y  d i f f e r e n t  f rom 

C o m i t t e d  c e l l s  then g i v e  r i s e  t o  

These 

0508 RELATIONSHIP BETWEEN RNA METHYLATION AND DIFFERENTIATION I N  L5 MYOBLAST LINE, 
S i g f r i d o  Scar  a'>', Serg io  Agos t in i '  
Roberto Strom? and Giu l io  L .  Can ton i j .  

Rome, I t a l y ;  LGCB, NIW, Bethesda, MD 20205 

C r i s t i n a  Morganti1*2, Ar turo  Sa la l .Z ,  

Human Biopathology Dept., Un ive r s i ty  of Rome and C e l l  B io l .  Lab., I .S .S . ,  

D i f f e r e n t i a t i o n  of L5 myoblasts i s  s t imu la t ed  by admin i s t r a t ion  of DZA (P.N.A.S. 81 ,  3064, 
1984) and i n h i b i t e d  by Con A .  The e f f e c t  of DZA i s  probably r e l a t e d  t o  i n h i b i t i o n  of one 
o r  more methyl - t ransfer  r e a c t i o n s ,  whereas the  mechanism of a c t i o n  of Con A i s  not known. 
In T-lymphocytes Con A has  been shown t o  inc rease  RNA methyla t ion  (Exp. C e l l  R e s .  140, 137, 
1982) .  It was of i n t e r e s t  t o  compare the  e f f e c t  of t h e s e  two compounds on NA methyla t ion  
i n  myoblasts i n  fus ing  and non-fusing cond i t ions .  C e l l s  were l a b e l l e d  wi th  'HC3-Mthionine 
and t o t a l  RNA was e x t r a c t e d .  Under both cond i t ions  inco rpora t ion  of t he  methyl group of 
methionine i n  RNA was increased  by Con A a s  compared t o  c o n t r o l s ,  whereas t rea tment  with 
DZA had t h e  oppos i t e  e f f e c t ,  namely i t  decreased  t h e  inco rpora t ion  of t he  methyl of methio- 
n ine  i n  RNA by approximately 50%. We t e n t a t i v e l y  conclude t h a t  RNA methyla t ion  appears  t o  
be i n v e r s e l y  r e l a t e d  t o  t h e  induc t ion  of d i f f e r e n t i a t i o n .  
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0509 COOPERATIVE EFFECTS OF AZACYTIDINE AND HORSE SERUM IN RESTORING TT CAPACITY FOR 
DIFFERENTIATION IN NON-FUSING L6 MYOBLASTS, Robert J. Smith, Suzanne Mrozak, and 
Francesco Beguinot, Harvard Medical School, Boston, MA 02215 

Cells of the L6 myoblast line progressively lose their capacity for differentiation with in- 
creased passage in culture. By subculturing L6 myoblasts continuously for approximately one 
year in Eagle's MEM with 10% bovine serum (BS), we obtained a sub-line that had lost all 
capacity for differentiation as evidenced by fusion index = 0, creatine kinase c 1 nmol/minl 
mg protein, and myosin heavy chain undetectable. The capacity for differentiation in these 
cells can be restored by culturing them in ?EM with 10% horse serum (HS) and 10-6M 5-azacy- 
tidine (AZA): fusion index = 83%, creatine kinase = 69 nmol/min/mg, myosin heavy chain posi- 
tive. The effect is evident after z 25 population doublings and requires both HS and AZA. If 
AZA is subsequently eliminated from the medium, cells grown with HS maintain the capacity 
for differentiation for > 40 population doublings, whereas HS-AZA cells transferred to MEM 
with BS cease differentiating (50% decrease in fusion index after 15 population doublings). 
Growth of L6 myoblasts from the fusion-competent parent line in HS-AZA medium results in in- 
definite persistence of the capacity for differentiation. We conclude that loss of differen- 
tiation capacity in L6 cells with increased passage in culture is an epigenetic phenomenon 
that can be prevented or reversed by the combined effects of HS and the DNA methylation in- 
hibitor AZA. The ability to reversibly alter differentiation capacity with these two agents 
provides a powerful tool for studies on the control of differentiation and on the impor- 
tance of coordinate expression of differentiated functions in muscle cells. 

0510 
During early postnatal development when muscle fibers are undergoing transitions in the 
contractile proteins they are expressing, the innervation of these fibers is also changing. 
By the process of "synapse elimination", fibers change from being polyneuronally innervated 
to the single innervation seen in the adult. Since a large body of evidence indicates that 
innervation has a large role in determining the differentiation of muscle fibers both in the 
adult and during development, it is important to know how the differentiating fiber types 
are innervated. As a first step toward this goal, I have utilized the glycogen depletion 
technique to investigate the type identity of the fibers in single motor units in neonatal 
rat soleus muscle. 
fibers are present in the muscle at 8 days after birth. Motor units at this time contain 
predominantly fibers of one of these two types. This result shows that, even at a time when 
motor neurons innervate 2-3 times the number of fibers they do in the adult and all fibers 
are polyneuronally innervated, one can identify two types of motor neurons which segregate 
their innervation to two, largely different populations of these fibers. 
could provide a means by which individual muscle fibers receive unambiguous instructions 
from the nervous system as to the type differentiation they should assume. 
explanations include a selective synaptogenesis between predetermined types of motor neurons 
and muscle fibers. In any case, this finding implies that some type of recognition occurs 
during synaptogenesis by the different types of motor neurons: either motor neurons 
recognize each other or they recognize somehow disparate muscle fibers. 

INNERVATION OF FIBER TYPES DURING POSTNATAL DEVELOPMENT OF RAT SOLEUS, Wesley J. 
Thompson, Department of Zoology, University of Texas, Austin, TX 78712 

Employing conventional ATPase histochemistry, two distinct types of 

Such a segregation 

Alternative 

0511 
Neurology, Queen Square, London WClN 3BG. 
We have produced a panel of antibodies that define muscle differentiation antigens in an 
attempt to produce antigenic markers of each of the main muscle cell lineages. Now we wish 
to determine whether the myoblast lineage can be subdivided further. Four antibodies that 
react with myoblasts were studied in detail. These were two monoclonal antibodies (McAbs) 
named 24.1D5 and 5.1H11 and rabbit anti Thy-1 and rabbit anti N-CAM. The test systems cho- 
sen for analysis were cell cultures of human muscle that contain myoblasts, fibroblasts and 
myotubes and cryostat sections of control and myopathic human muscle. All four antibodies 
were found to react with myoblasts in cell culture. Anti Thy-1 was the only reagent of the 
four to react with fibroblasts. McAb 5.1Hll and anti N-CAM were similar as they reacted 
with both myoblasts and myotubes but not fibroblasts. The most specific reagent found was 
McAb 24.1D5 which reacts with myoblasts only. Cryostat sections of normal and diseased 
muscle were used to characterise these reactivities further. The only antibody to react 
with adult skeletal muscle was McAb 24.1D5. Here reactivity was restricted to the small 
satellite cells that reside beneath the basal lamina of myofibres. Myopathic muscle that 
contained histochemically identifiable regenerating fibres were found to be reactive with 
McRb 5.1Hll and anti N-CAM only. Muscle satellite cells are believed to be the source of 
myoblasts for regeneration in muscle injury. The above data reports the first demonstration 
that satellite cells are antigenically distinct from myoblasts. 

MUSCLE SATELLITE CELLS ARE ANTIGENICALLY DISTINCT FROM MYOBLASTS. Frank S. Walsh, 
Stephen E. Moore and Ramesh Nayak, Molecular Neurobiology Laboratory, Institute of 
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0512 DESMIN IS EXPRESSED I N  D I V I D I N G  CELLS I N  SKELETAL MUSCLE MASS CULTURES AND CLONES, 
Z ipora  Yablonka-Reuveni and Mark Nameroff, U n i v e r s i t y  o f  Washington, S e a t t l e ,  WA 

Desmin i s  found i n  bo th  smooth muscle and s k e l e t a l  muscle c e l l s .  In t h e  s k e l e t a l  muscle 
l i n e a g e ,  i t  i s  commonly b e l i e v e d  t h a t  desmin appears o n l y  i n  p o s t - m i t o t i c  myoblasts and 
myotubes. Using a combina t ion  o f  [3H]thymidine au torad iography  and immunof luorescent 
s t a i n i n g  w i t h  an a n t i b o d y  a g a i n s t  c h i c k  g i z z a r d  desmin, we examined i n d i v i d u a l  c e l l s  i n  b o t h  
p r i m a r y  mass c u l t u r e s  and p r i m a r y  c lones  e s t a b l i s h e d  f rom t h e  p e c t o r a l  muscles o f  10- and 
18-day c h i c k  embryos. 
desmin were o n l y  observed o c c a s i o n a l l y .  
about 5% o f  t h e  r a d i o - l a b e l e d  c e l l s  were desmin p o s i t i v e .  
d o u b l y - l a b e l e d  c e l l s  were i n  t h e  s k e l e t a l  myogenic o r  another  l i n e a g e ,  s i m i l a r  s t u d i e s  were 
c a r r i e d  o u t  on myogenic c lones  e s t a b l i s h e d  from b o t h  10- and 18-day embryos. 
few desmin p o s i t i v e ,  t h y m i d i n e  l a b e l e d  c e l l s  were observed i n  c lones  f rom 18-day muscle.  
S k e l e t a l  myosin was n o t  d e t e c t e d  i n  such c e l l s  when t h e y  were immunof luorecent ly  s t a i n e d  
w i t h  an a n t i b o d y  a g a i n s t  s k e l e t a l  myosin heavy cha in .  
e x p l a n a t i o n s  f o r  these f i n d i n g s  a r e :  
c e l l  p o p u l a t i o n .  2.  S k e l e t a l  myogenic stem c e l l s  may more f r e q u e n t l y  g i v e  r i s e  t o  o t h e r  
c e l l  t ypes  ( i . e . ,  smooth muscle c e l l s  and/or f i b r o b l a s t s )  as a f u n c t i o n  o f  embryonic age. 
[ T h i s  work was suppor ted  by g r a n t s  f rom t h e  American H e a r t  A s s o c i a t i o n  Washington A f f i l i a t e  
and from t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  (#AM28154).] 

In mass c u l t u r e s  f rom 10-day embryos, d i v i d i n g  c e l l s  c o n t a i n i n g  
However, i n  mass c u l t u r e s  f rom 18-day embryos, 

To determine whether these 

Again, very  

Among t h e  number o f  i n t r i g u i n g  
1.  S k e l e t a l  myogenic stem c e l l s  may be a heterogeneous 

Membranes and Matrix 

05 13 THE ROLE OF PROTEOGLYCANS I N  FUSCLE DEVELOPMENT. Arno ld  I .  
Caplan, David G .  Pechak, Pary  J. Kujawa, David A. Carr ino .  B i o l .  Dept., Case 

Western Reserve Univ. ,  Cleveland, OH 44106. 

temporal s teps  i n  b o t h  i n  v i t r o  and i n  v i v o  s i t e s .  S i n g l e  c e l l s  committed t o  t h e  myogenic 
l i n e a g e ,  myoblasts,  p r o l i f e r a t e  and then fuse  one i n t o  t h e  o t h e r  t o  form m u l t i n u c l e a t e d  
myotubes. The myotubes i n c r e a s e  i n  g i r t h  as more and more molecu les  a r e  added t o  t h e  
organ ized macromolecular c o n t r a c t i l e  assembl ies.  Both myob las ts  and myotubes s y n t h e s i z e  a 
un ique and u n u s u a l l y  l a r g e  c h o n d r o i t i n  s u l f a t e  p ro teog lycan which i s  depos i ted  o u t s i d e  t h e  
c e l l s .  U l t i m a t e l y ,  t h e  s y n t h e s i s  o f  t h i s  muscle p r o t e o g l y c a n  i s  n o t  observed i n  a d u l t  muscle. 
F i b r o b l a s t s  can i n h i b i t  t h e  s y n t h e s i s  o f  muslce p r o t e o g l y c a n  as demonstrated when a d d i t i o n a l  
f i b r o b l a s t s  a r e  added t o  myogenic c u l t u r e s  a t  v a r i o u s  stages o f  development. We have charac- 
t e r i z e d  t h i s  p ro teog lycan i n  m o l e c u l a r  d e t a i l  and b e l i e v e  t h a t  i t  f u n c t i o n s  t o  s t r u c t u r e  
water o u t s i d e  t h e  deve lop ing  myogenic c e l l s  i n  an e f f o r t  t o  r e s e r v e  space f o r  t h e  p h y s i c a l  
expansion o f  muscle.  T h i s  mo lecu le  i s  3 -5  m i l l i o n  d a l t o n s ,  has 40-60 c h o n d r o i t i n  s u l f a t e  
cha ins  o f  70,000 d a l t o n s  which a r e  s u l f a t e d  i n  t h e  & p o s i t i o n  t o  t h e  90 p e r c e n t i l e ,  can form 
a l i n k - s t a b i l i z e d  aggregate w i t h  hya lu ronate ,  has bo th  N- and 0 - l i n k e d  o l i g o s a c c h a r i d e s ,  b u t  
does n o t  c o n t a i n  kera tan  s u l f a t e .  A monoclonal a n t i b o d y  t o  c a r t i l a g e  p r o t e o g l y c a n  c o r e  
p r o t e i n  c ross  r e a c t s  w i t h  t h e  muscle p ro teog lycan and shows d i f f u s e  immunof luorescent s t a i n i n g  
over  bo th  myob las ts  and myotubes i n  muscle c u l t u r e s .  Cur ren t  s t u d i e s  a t tempt  t o  i d e n t i f y  t h e  
e p i t o p e  f o r  t h i s  a n t i b o d y  on t h e  muscle p ro teog lycan.  A d e t a i l e d  model w i l l  be presented t o  
e x p l a i n  t h e  r o l e  o f  t h i s  p r o t e o g l y c a n  d u r i n g  muscle development. 

I n  t h e  deve lop ing  c h i c k  embryo, muscle development proceeds v i a  a s e r i e s  o f  d i s c r e t e  

Supported by g r a n t s  f rom MDA and N I H .  

0514 MY9ELAST FUSION: THE P,EQUIP,EHENT OF A HETAL DEPENDENT ENDOPROTEASE, Warren J. 
S t r i t t m a t t e r  and C h r i s t i n e  B. Couch, Department o f  Neurology, Program i n  Neuro- 
science, B a y l o r  Co l lege o f  I l e d i c i n e ,  Houston, Texas 77030 

The c a l c i u m  dependent f u s i o n  o f  c u l t u r e d  r a t  myob las ts  t o  m u l t i n u c l e a t e  myotubes appears t o  
r e q u i r e  t h e  a c t i v i t y  o f  a n e u t r a l  meta l loendopro tease a t  t h e  t i m e  o f  f u s i o n .  
endoprotease i n h i b i t o r s  and s y n t h e t i c  d i p e p t i d e  s u b s t r a t e s  p r e v e n t  myob las t  f u s i o n  when 
added t o  f u s i o n  competent myob las ts  a t  t h e  t i m e  o f  f u s i o n .  l le ta l loendopro tease a c t i v i t y  
has been i d e n t i f i e d  and p a r t i a l l y  c h a r a c t e r i z e d  w i t h  a f l u o r o g e n i c  p ro tease s u b s t r a t e  ( C e l l  
32:257-265). 
and these pro teases  have d i f f e r e n t  i n h i b i t o r  s p e c i f i t i e s .  Several  i n h i b i t o r s  which b l o c k  
myob las t  f u s i o n  i n h i b i t  o n l y  s o l u b l e  and n o t  membrane-associated meta l loendopro tease a c t i v -  
i t y  i n  r i yob las ts .  One meta l loendopro tease i n h i b i t o r  has no e f f e c t  on myob las t  f u s i o n  and 
i n h i b i t s  o n l y  t h e  membrane-associated pro tease.  These observa t ions  t h e r e f o r e  i m p l i c a t e  a 
s o l u b l e  meta l loendopro tease i n  myob las t  f u s i o n .  Two s o l u b l e  meta l loendonro teases  can be 
demonstrated by column chromatofocusing, w i t h  PI va lues  o f  5.9 and 4.8. 
meta l loendopro tease e l u t e d  a t  pH 5 . 9  i s  n o t  i n h i b i t e d  by an i n h i b i t o r  which b l o c k s  f u s i o n ,  
w h i l e  t h e  s o l u b l e  meta l loendoprc tease e l u t e d  a t  ptl 4.8 i s  i n h i b i t e d .  
endoproteases i d e n t i f i e d  i n  myob las ts ,  t h e  meta l loendopro tease r e q u i r e d  i n  myob las t  f u s i o n  
appears t o  be t h e  s o l u b l e  meta l loendopro tease w i t h  a PI o f  4 .8  (J.B.C. 259:5396-5399). 
T h i s  p ro tease i s  now be ing  p u r i f i e d  f rom myob las ts  t o  f u r t h e r  s tudy  i t s  r o l e  i n  f u s i o n .  

f l e t a l l o -  

f l yob las ts  c o n t a i n  b o t h  s o l u b l e  and membrane-associated meta l loendopro teases ,  

The s o l u b l e  

O f  t h e  t h r e e  m e t a l l o -  
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0515 

c h a i n  i s o f o r m s ,  A and B, a t  a c o n s t a n t  r a t i o  o f  1 :4 ,  t h a t  f o r m  homodimeric myosins.  
E l e c t r o n  m i c r o s c o p y  o f  n e g a t i v e l y  s t a i n e d  complexes o f  i s o f o r m - s p e c i f i c  a n t i b o d i e s  w i t h  
t h i c k  f i l a m e n t s  shows t h a t  t h e  s u r f a c e  o f  t h e  9.7 
zones w i t h  r e s p e c t  t o  myos in  c o n t e n t :  
f l a n k i n g  0.45 pm zones c o n t a i n i n g  b o t h  myos ins  A and B and two  p o l a r  4 .4  um zones c o n t a i n -  
i n g  myos in  B o n l y .  

m e d i a l  a l l - m y o s i n  A r e g i o n  rema ins  wi.th n o v e l  c o r e  s t r u c t u r e s  e x t e n d i n g  i n  a p o l a r  
f a s h i o n ,  whereas myos in  B and pa ramyos in  a r e  s o l u b i l i z e d .  
f i l a m e n t  s t r u c t u r e  sugges ts  a s e q u e n t i a l  model f o r  i t s  assembly.  Myos in  A and B wou ld  be 
i n v o l v e d  i n  t h e  i n i t i a l  and t e r m i n a l  phases o f  assembly.  . 

E l 9 0  
(E-54 I )  t h i c k  f i l a m e n t s  c o n t a i n  myos in  A o n l y  and have normal l e n g t h .  
m u t a n t s  p roduce  no pa ramyos in ,  and t h e i r  t h i c k  f i l a m e n t s  a r e  composed o f  a m e d i a l m y o s i n  
A r e g i o n  and p r o t r u d i n g  p o l a r  c o r e  s t r u c t u r e s .  
I 1  mutan t  SUZOO and t h e  %-3 V E l407  m u t a n t  where t h e  m o l a r  r a t i o  o f  A : B  i s  1:2. The 
m e d i a l  myos in  A r e g i o n s  i n c r e a s e  t o  2.2 um i n  SUZOO and 3 . 2  urn i n  E1407. B o t h  k i n d s  o f  
m u t a n t  t h i c k  f i l a m e n t s  have normal l e n g t h ,  and i n  E1407, t h e  m y o f i b r i l l a r  s t r u c t u r e  i s  
no rma l .  The m o l e c u l a r  s o r t i n g  o f  t h e  myos in  i s o f o r m s  i s  n o t  necessa ry  f o r  e i t h e r  f i l a -  
ment assembly o r  arrangement.  
u n d e r l y i n g  s u b s t r u c t u r e  a r e  d e t e r m i n a n t s  o f  t h e  myos in  d i s t r i b u t i o n .  
has shown by g e n e - s p e c i f i c  h y b r i d i z a t i o n  e x p e r i m e n t s  t h a t  mRNA l e v e l s  f o r  A and B c h a i n s  
d i f f e r ,  s u g g e s t i n g  p o t e n t i a l  mechanisms f o r  t h e  r e g u l a t i o n  o f  i s o f o r m  b i o s y n t h e s i s .  

t h e  two heavy c h a i n s  i s o f o r m s  c o n t r o l s  t h e  i n i t i a t i o n  and t e r m i n a t i o n  o f  t h i c k  f i l a m e n t  
assembly by  t h e  d i f f e r e n t i a l  i n t e r a c t i o n s  o f  t h e  myos in  isozymes. The r e s e a r c h  was 
s u p p o r t e d  by g r a n t s  f r o m  t h e  N a t i o n a l  I n s t i t d t e  o f  Ag ing ,  N a t i o n a l  I n s t i t u t e  o f  General  
K e d i c a l  Sc iences ,  and t h e  M u s c u l a r  D y s t r o p h y  A s s o c i a t i o n .  

DIFFERENTIAL ROLES OF M Y O S I N  ISOFORMS I N  FILAMENT ASSEMBLY, Henry F.  E p s t e i n ,  
Department o f  Neuro logy ,  B a y l o r  C o l l e g e  o f  M e d i c i n e ,  Houston, Texas 77030. 

W i l d - t y p e  body w a l l  musc le  c e l l s  o f  C a e n o r h a b d i t i s  e l e g a n s  p roduce  two myos in  heavy 

l o n g  f i l a m e n t  i s  d i v i d e d  i n t o  5 
a m e d i a l  0.9 um zone c o n t a i n i n g  myos in  A o n l y ,  two  

B iochemica l  and e l e c t r o n  m i c r o s c o p i c  s t u d i e s  show t h a t  a t  0.45 M KC1, pH 6.35, t h e  

T h i s  d i f f e r e n t i a t i o n  o f  t h i c k  

A n a l y s i s  o f  m u t a n t  t h i c k  f i l a m e n t s  c l a r i f i e s  t h e  r o l e s  o f  t h e  myos in  i s o f o r m s .  
E l214  (unc -15  I )  

Or. L a u r e l  T r a e g e r  has s t u d i e d  t h e  E-52 

The c o n c e n t r a t i o n s  and m o l e  r a t i o s  o f  A and B and t h e  
O r .  Sandra Honda 

The b i o c h e m i c a l  and  s t r u c t u r a l  r e s u l t s  sugges t  t h a t  t h e  r e g u l a t e d  b i o s y n t h e s i s  o f  

0516 MYOSIN ISOZYME TRANSITIONS IN EMBRYONIC CHICKEN PECTORALIS MUSCLE, Susan 

Ann W. Hobbst, *Rosenstiel Center, Brandeis University, Waltham, MA 02254 and 
?Department of Anatomy, University of Massachusetts Wdical School, Worcester, HA 01605 

development: embryonic, neonatal and adult myosin (1). Although differences in primary 
structure have been demonstrated by biochemical and immunological methods, these myosins 
have the same overall structure, show extensive sequence homology and display similar 
enzymatic activities (2 ) .  It has generally been assumed that one major "fast type" myosin 
heavy chain is expressed during embryonic development in OVO, and that this same embryonic 
myosin is expressed in cultured cells. The reactivity--day embryonic pectoralis 
muscle with polyclonal antibodies against slow [ALD] myosin has been ascribed, in part, to 
a minor "slow type" component in embryonic myosin ( 3 ) .  By day 18 of incubation, this 
"slow" myosin has diminished considerably (4). 
prepared against adult chicken pectoralis myosin to analyze in greater detail the 
composition of embryonic pectoralis muscle at various stages of development. 

strongly with adult and 18-day embryonic myosin, but not with 11 day posthatch myosin (5). 
Another antibody [5C3], specific for the C-terminal end of the rod, reacts only with adult 
myosin and not with any of the developmental isozymes, whereas an antibody specific for the 
LC2f light chain [7C10] reacts with all variants throughout myogenesis ( 5 ) .  These 
findings support the hypothesis that three classes of myosin isozymes exist during 
development. Unexpectedly, radioimmunoassay showed that anti-Sl [12C51 reacted weakly with 
myosin purified from 10-day chick embryos. Cryosections of 10-day pectoralis muscle also 
reacted poorly with fluorescein-labeled anti-Sl [L2C5] compared to 18-day embryos, which 
showed strong immunofluorescence. Two other monoclonal antibodies, specific for the 25 kD 
[10H10] and the 50 kD (13E11 peptides of the heavy chain, reacted poorly o r  not at all with 
10-day embryonic myosin compared to strong reactivity with 18-day embryonic myosin. Cells 
grown in culture also showed differential binding of antibodies: whereas all myotubes 
reacted with antibodies to LC2f and ALD, only some cells were stained with antibody 
against S1 (12C5). These results suggest that at least two "fast type" myosins are 
expressed during the embryonic stages of avian myogemsis, and that these isozymes are 
developmentally regulated both in vivo and in vitro. 

1) Whalen, et al., Nature 292, 805, 1981. 2) Lowey et al., J. Musc. Res. Cell Motility 4, 
695, 1983. 
al., J .  Cell Biol. 2, 471, 1982. 5 )  Winkelmann et al., Cell z, 295, 1983. 

Lowey*, Saverio Sartore*, Geraldine F. Gauthier?, Guillermina Waller* and 

Three classes of myosin isozymes appear sequentially during skeletal muscle 

Here we have used monoclonal antibodies 

An antibody [12C5] specific for the N-terminal 25 kD peptide of the heavy chain reacts 

3 )  Benfield e t x . ,  J .  Musc. Res. Cell Motility 5,  717, 1983. 4) Gauthier eF 
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0517 EXPRESSION OF C-PROTEIN ISOFORMS DURING CHICKEN STRIATED MUSCLE 
DEVELOPMENT AND ITS DEPENDENCE ON INNERVATION, Takashi Obinata, Maho 

Kawashima and Osamu Saitoh, Pepartment of Biology, Chiba University, Yayoi-cho 
Chiba 260, Japan. 

Distinct three C-protein isoforms, called fast muscle type, slow muscle 
type and cardiac muscle type, have been distinguished in adult chicken 
striated muscles by immunochemical analysis using monoclonal antibodies 
(Reinach et al., 1982; Kawashima et al., 1984). In this study, we describe 
the transition of C-protein isoform expression occurring in developing chicken 
striated muscles by immunocytochemistry. 

first detected in all striated muscles including cardiac, slow skeletal (ALD) 
and fast skeletal (PLD and pectoralis) muscles. In cardiac muscle, only 
cardiac type C-protein was continuously expressed through developmental 
stages. However, during striated muscle development, C-protein isoform 
transition characteristic to each muscle type has been observed: during ALD 
muscle development, only one transition from cardiac isoform to slow muscle 
isoform, and during pectoralis muscle development, two step transitions 
namely, from cardiac isoform to slow muscle isoform + fast muscle isoform, 
occurring during late embryonic development, and then finally to fast muscle 
isoform alone, occurring postnatal development. The pattern of C-protein 
isoform expression in cultured striated muscle cells was similar to those in 
the embryonic muscle tissues and the remarkable C-protein isoform transition 
as observed during in vivo development was not detected in muscle cultures. 

The transition of C-protein isoform expression during postnatal 
development of pectoralis muscle was markedly affected by muscle denervation. 
When neonatal muscle was denervated just after hatching, slow C-protein 
isoform persists, whereas denervation of adult muscle causes the reappearance 
of slow C-protein within two weeks after surgery. Cardiac type C-protein was 
scarcely detected in the denervated muscles. In contrast, regenerating 
muscle cells induced in adult pectoralis muscle by focal cold injury expressed 
not only two skeletal muscle C-protein isoforms but also cardiac C-protein. 
These observations indicate that the C-protein expression in pectoralis muscle 
without innervation goes back to neonatal state but not to embryonic state. 

During chicken embryonic development, cardiac type C-protein isoform was 

0518 CONTROL OF MYOSIN EXPRESSION DURING RODENT MUSCLE DEVELOPMENT 
R. Whalen, J. Ajioka, G. Butler-Browne, C. Laurent, D. McCormick, C .  

Pinset, M. Toutant, G. Riley and S. Watkins 
DGpartement de Biologie Moleculaire, Institut Pasteur, 25 Rue d u  Dr. Roux, 
75724 Paris, France 

Two types of changes i n  myosin expression occur during skeletal muscle 
development. The first i n v o l v e s  the induction of embryonic myosin as 
myoblasts differentiate into myotubes. The second type involves transitions 
between myosin isoforms as muscle tissue matures. 

We have developed a tissue culture system in which rat L6 myoblasts can 
be obtained as quiescent, undifferentiated cells which can subsequently be 
induced to fuse in serum-free medium. We can demonstrate th a t  the induction 
of myosin expression (measured as protein synthesis or accumulation of mRNAs) 
does n o t  require D N A  synthesis. Studies of DNAse I sensitivity have been 
carried out to determine if changes in the chromatin conformation of muscle- 
specific genes also occur in the absence of DNA synthesis. 

The second type of change in myosin expression is illustrated by the 
sequential appearance of different myosin isoforms throughout the fetal and 
postrnatal development of skeletal muscle. The appearance of adult fast 
myosin is regulated, at least i n  part, by levels of thyroid hormone since 
chemically-induced hypothyroidism in young rats blocks the transition from 
neonatal to a d u l t  fast myosin. To investigate further the endocrinological 
factors controlling this transition, we have examined mutant mice manifesting 
a syndrome of hereditary pituitary dwarfism. I n  these animals the myosin 
isozyme transitions of both skeletal and cardiac muscles are affected. These 
two tissues differ however, i n  that the transition in skeletal muscle takes 
place more slowly t h a n  i n  normal mice while the cardiac transition is 
completely i n h i b i t e d  u p  to at least 75 days after birth. Injections of 
thyroxine induce accumulation of the adult isozymes and lead to disappearance 
of the developmental forms i n  b o t h  tissues within 11-12 days. The 
characteristics of the dwarf mutation suggest the conclusion that lack of 
thyroid hormone rather than growth hormone is responsible for the alteration 
of myosin isozyme transitions. This mouse mutant may be a useful model for 
further study of the control of myosin isozyme transitions. 
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Protein Polymorphism and Gene Organization 

0519 

We have i d e n t i f i e d  a novel chicken a c t i n  gene by sequence analys is  o f  an a c t i n  gene i so la ted  
from a chicken genomic l i b r a r y .  The a c t i n  p ro te in  deduced from the nuc leot ide sequence o f  
t h i s  gene very c lose ly  resembles the ver tebrate cytoplasmic act ins;  accordingly, we c l a s s i -  
f i e d  t h i s  gene as a nonmuscle type. We have adopted the convention o f  Vandekerckhove ct 
(1981) f o r  i n d i c a t i n g  the nonmuscle act ins o f  amphibia, and denoted t h i s  gene as type 5 .  
RNA b l o t  analys is  demonstrated t h a t  the type 5 mRNA t r a n s c r i p t s  accumulate i n  adu l t  t issues 
i n  a pat tern i n d i c a t i v e  o f  a nonmuscle a c t i n  gene. Southern b l o t  analys is  ind icated t h a t  
the type 5 a c t i n  gene i s  a d i s t i n c t  member o f  the chicken a c t i n  mult igene fami ly .  Inspection 
of the nuc leot ide sequence revealed many unexpected features t h a t  d is t inguished the type 5 
gene from a l l  o f  the other  ver tebrete a c t i n  genes examined t o  date. 
t e r i s t i c s  included: 1) an a lan ine codon fo l l ow ing  the i n i t i a t i o n  methionine codon, 2 )  a 
s i ng le  i n t r o n  was found w i t h i n  the 5 '  untrans lated region, but no i n t r o n  i n te r rup t i ons  oc- 
cured i n  the coding po r t i on  o f  the gene, and 3) a a typ i ca l  Goldberg-Hogness box (ATAGAA) 
proceeded the mRNA i n i t i a t i o n  terminus. 
t i ons  f o r  a c t i n  gene d i v e r s i f i c a t i o n  dur ing evolut ion.  

A THIRD NONMUSCLE ACTIN GENE TRANSCRIBED I N  CHICKEN, Derk J. Bergsma, Kun Sang 
Chang and Robert J. Schwartz, Baylor College o f  Medicine, Houston, TX 77030 

These unique charac- 

These unusual features have i n t e r e s t i n g  impl ica-  

0520 

o f  muscle s p e c i f i c  genes occurs. 
c u l t u r e  have been mostly devoted t o  genes coding f o r  c o n t r a c t i l e  prote ins.  

induct ion o f  t r a n s c r i p t i o n  o f  the myoglobin gene (Mb) a f t e r  d i f f e r e n t i a t i o n  o f  myoblast t o  
myotubes. I n  order t o  study the expression of a gene coding f o r  a muscle s p e c i f i c  so lub le 
prote in ,  we have i s o l a t e d  the funct ional  mouse Mb gene from a 68 c e l l  l i n e  l i b r a r y  using 
the 3 d i f f e r e n t  seal Mb exons as probes. 

Although the length o f  the gene i s  shor ter ,  the exon/ in t ron organisat ion o f  the G8 Mb 
gene i s  s i m i l a r  t o  t h a t  found i n  human and seal. 
expression system w i t h  pRSV-Cat vector  we hope t o  in t roduce the mouse M T p x e r  - Cat 
fus ion  i n t o  these c e l l s  i n  order  t o  study the expression and regu la t i on  o f  t r a n s c r i p t i o n  o f  
the endogenous gene dur ing embryonic muscle d i f f e r e n t i a t i o n .  

EXPRESSION OF MOUSE MVOGLOBIN GENE I N  G8 CELL LINE. 
Jef f reys,  A.J. 

Blanchetot, A., Price, M., 
Genecics Department, Un ive rs i t y  o f  Le icester ,  England. 

During muscle c e l l  d i f f e r e n t i a t i o n  myoblasts fuse t o  form myotubes i n  which a c t i v a t i o n  

Using a 68 c e l l  l i n e  (mouse embryonic myoblast c e l l  l i n e )  we have recent ly  found an 

Up u n t i l  now the s tud ies on gene expression i n  muscle c e l l  

Using 68 c e l l s  as an i n  v i t r o  t rans ien t  

0521 
H. Schachat. Department o f  Anatomy, Duke Un ive rs i t y  Medical Center, Durham, K 27710. 

I m u n o b l o t  analys is  o f  m y o f i b r i l s  from the i n t r i n s i c  rmsculature o f  r a b b i t  tongue revealed 
a fami ly  o f  four  species of fast  t roponin T (TnT). Two of them have been character ized pre- 
v ious ly .  One, TnT2f ( M I  37,0001, i s  the predominant form i n  f a s t  rmscles o f  the r a b b i t  back 
and has been sequenced (Pearlstone e t  al., J. Bio l .  Chem. (1977) 252, 983-989). The other, 
T n T l f  (M  37,500), has been p u r i f i e d  and shown t o  d i f f e r  from T n T F i n  the N-terminal CNBr 
pept ide SBriggs e t  al., J. Bio l .  Chem. (1984) 259, 10369-10375). The two newly- ident i f ied 
species are designated TnTcf (Mr 39,000) and TnT3f (Mr 35,000). 
detected only  i n  tongue, and may be r e s t r i c t e d  t o  c r a n i o f a c i a l  rmscles, bu t  TnTjf i s  a l so  
present i n  the trunk, h ind l imb and diaphragm rmscles. 
cated t h a t  TnTcf and TnT3f do not  a r i s e  from proteolys is ,  and the molecular bases o f  the 
heterogeneity were fur her invest igated.  

Tongue t roponin was tT2P1 -labeled with TnT kinase t o  he lp  i d e n t i f y  the N-terminal reg ion 
o f  each TnT. 
autoradiographed SDS-PAGE pept ide maps o f  the four labeled TnT species showed t h a t  each one 
has a d i f f e r e n t  N-terminal CNBr pept ide (CB3). There was no apparent d i f f e rence  i n  the CB2 
peptides on SDS-PAGE. The four  f a s t  TnT species may thus be members o f  a fami ly  o f  homlo -  
gous p ro te ins  t h a t  d i f f e r  i n  the N-terminal region. 

TROPONIN T HETEROGENEITY: FOUR FAST TROPONIN T SPECIES I N  RABBIT SKELETAL MUSCLE 
THAT DIFFER I N  THE N-TERMINAL REGION. Margaret M. Br iggs and Freder ick 

TnTcf has so f a r  been 

Time course degradation s tud ies i n d i -  

By comparison with CNBr peptides p u r i f i e d  from T n T l f  and TnT2f, s ta ined and 
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I L .  60637. 
H i g h l y  d i ve rgen t  reg ions  o f  myosin heavy cha in  (HC) cDNA c lones  have been used t o  d i r e c t l y  
i s o l a t e  the  corresponding genes by  homologous recombinat ion.  
300 bp f rom the  3 '  reg ion  o f  p251, which encodes the  COOH terminus o f  an embryonic HC i so -  
form, and another  300 bp segment f rom the  5'-most r e g i o n  o f  p60, which encodes the  5-2 
p o r t i o n  o f  a d i f f e r e n t  embryonic HC i so fo rm were used t o  screen a ch icken genomic l i b r a r y .  
Two genomic c lones, nh251 and nh60, were i s o l a t e d  and charac ter ized .  The 16 kb i n s e r t  o f  
~ ~ 2 5 1  has been examined by r e s t r i c t i o n  endonuclease mapping and Southern b l o t  ana lys i s .  
Furthermore, e l e c t r o n  mic roscop ic  e v a l u a t i o n  o f  p251 -nX251 heteroduplexes revea ls  t h a t  
1.2 kb o f  t he  mRNA cod ing  sequences a re  l oca ted  w i t h i n  a c e n t r a l  4 kb reg ion  o f  t he  phage. 
When t h i s  r e g i o n  o f  t h e  ch icken gene i s  compared t o  the  r a b b i t  ca rd iac  a-myosin HC gene, the  
s i z e  and number o f  i n t r o n s  appear sma l le r  i n  t h e  chicken; conversely,  2-3 exons of t he  
r a b b i t  gene cou ld  correspond t o  a s i n g l e  ch icken exon. Since about 6 kb o f  genomic i n s e r t  
extends 5 '  o f  those sequences t h a t  h y b r i d i z e  t o  p251, i t  i s  l i k e l y  t h a t  a d d i t i o n a l  coding 
reg ions  l i e  w i t h i n  t h i s  genomic c lone.  
p o r t i o n  o f  t h e  gene i s  be ing  used t o  con f i rm  the  i d e n t i t y  o f  c lone nX251. 

CHARACTERIZATION OF EMBRYONIC MYOSIN W A V Y  C H A I N  GENES FROM CHICKEN. Gabr ie le  E. 
Bugaisky, Smi l j a  Jakovcic,  and P a t r i c k  K. Umeda. U n i v e r s i t y  o f  Chicago, Chicago, 

A f ragment con ta in ing  about 

DNA sequence a n a l y s i s  o f  t he  h i g h l y  d i ve rgen t  3 '  

0523 ISOLATION AND PRELIMINARY CHARACTERIZATION OF AN APPARENT f1UPlAN CREATIIX PZOSPO- 
KINASE B-ISOZYME GENE, Ghaleb H .  Daouk, Scott Putney, and Lulu Pickerinv,Nassacll- 

nsetts Institute of Technology, Cambridge, MA 02139. 

Zreatine Kinase (CK) is a major enzyme involved in the energy metabolism of the cell. It 
exists in two major isozymes: M(flusc1e) isozyme, found in striated muscle predoninantly, 
and B(Brain) isozyme, found in brain and other non-striated muscle tissue. The heterodimer 
CKMR exj sts predominantly in the myocardium. 

Complementary DNA (cDNA) for several CK genes have heen isolated and sequenced. In 
particular the rabbit CKM and CKB isozymes cDNAs have heen cloned and sequenced in our 

reactive cysteine ("Active site") region as a probe to screen a human qenomic library. 
Seve'ral genomic clones hyhridized to the probe, and further DNA sequence analysis of a 
segment of one of our clones has almost complete homology of amino-acid codons to the 
corresponding rabbit CKB cDNA sequence. Furthermore, most of the predicted amino-acid 
substitutions between the rabbit M and B isozymesj in the residues that flank the reactive 
cysteine, were also 
and architecture of this clorle.are presented. 

'Laboratory. We have-used a 180 bp rabbit CKlZ cDNA subclone encoding the highly concerved 

opserved in our human genomic clone. The' preliminary restriction map 

DEVELOPMENTAL ALTERATIONS OF 6-PHOSPHOFRUCTO-1-KINASE ISOZYMES I N  RAT HEART AN0 0524 SKELETAL MUSCLE, George A. Ounaway and Thomas P. Kasten, Southern I l l i n o i s  
U n i v e r s i t y  School o f  Medicine, S p r i n g f i e l d ,  I L  62708 

The a l t e r a t i o n s  i n  t h e  homotetrameric and he te ro te t ramer i c  isozymes o f  6 -phosphof ruc to- l -  
k inase  (PFK) have been s tud ied  i n  f e t a l ,  neonatal ,  and a d u l t  hea r t  and s k e l e t a l  muscle. 
The na tu re  o f  these isozymes was i n v e s t i g a t e d  b chromato raph ic  and immunological charac- 
t e r i z a t i o n  o f  t he  n a t i v e  i s o z  es and by p a r t i a l  p u r i f i c a f i o n  o f  t he  PFK isozymes i n  each 
t i s s u e  a t  d i f f e r e n t  s t a  es o T m a t u r a t i o n .  From t h e  p a r t i a l l y  p u r i f i e d  prepara t ions ,  t h e  
l e v e l s  o f  each o f  t he  t%-ee PFK subun i ts  were determined by r e s o l u t i o n  by sodium dodecyl 
su l fa te -po lyac ry lam ide  gel e lec t rophores i s  on 7.5% s l a b  ge ls ,  v i s u a l i z a t i o n  by s i l v e r  
s t a i n i n g .  and q u a n t i f i c a t i o n  by scanning gel  dens i tomet ry  w i t h  a l a s e r  densi tometer i n t e r -  
faced w i t h  a computer. From t h e  amounts o f  each o f  t h e  3 o s s i b l e  subun i ts  i n , t h e  p u r i f i e d  
PFK isozymes, t h e  t h e o r e t i c a l ,  d i s t r i b u t i o n s  o f  each o! t h e  15 poss ib le  isozymes was 
p r e d i c t e d  by s t a t i s t i c a l  ana lys i s  assumin t h e  approp r ia te  polynomial  p r o b a b i l i t y  d i s t r i b u -  
t i o n .  PFK a c t i v i t i e s  i n  a d u l t  hea r t  Q15.3 u n i t s / g ) ,  and a d u l t  s k e l e t a l  muscle (80.2 
u n i t s / g )  were 2.3-fold and 27 - fo ld  r e a t e r  than found i n  f e t a l  hea r t  and muscle, respec- 
t i v e l y .  Chromatographic and immuno?ogical s tud ies  suggested t h a t  f e t a l  hea r t  and muscle 
c o n t a i n  a l l  o f  t he  t h r e e  poss ib le  PFK subun i ts .  Dur ing  ma tu ra t i on  o f  ske le ta l  muscle, two 
o f  t he  subun i ts  were p rog ress i ve l y  l o s t  and t h e  muscle-type subun i t  was increased dramat i -  
c a l l y .  Ma tu ra t i on  o f  s k e l e t a l  muscle was cha rac te r i zed  by a s h i f t  from t h e  complex m ix tu re  
o f  homotetrameric and h y b r i d  PFK i s o z r e s  which were present i n  f e t a l  muscle t o  a s i n g l e  
homotetrameric form i n  a d u l t  muscle w i c h  i s  composed o f  t he  muscle-type subun i t .  Heart 
ma tu ra t i on  was accompanied by an inc rease i n  t h e  muscle subun i t  and a decrease i n  the  o ther  
t y p e  o f  subun i ts ,  l i v e r - t y p e  and C-type. The r e s u l t  i n  a d u l t  hea r t  1s a complex m ix tu re  Of 
PFK isozymes which appears t o  be d i f f e r e n t  f rom t h a t  found i n  f e t a l  hea r t .  
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THE EXPRESSION OF MYOSIN HEAW C S A I N  ISOFORYS I N  A NERVE-MUSCLE CLLTURE SYSTEM 
Marion S. Ecob & Rober t  G .  Whalen, Muscular Dystrophy Research  L a b o r a t o r i e s ,  
Newcastle & I n s t i t u t  P a s t e u r ,  P a r i s .  

625 

When a d u l t  mouse musc le  f i b e r s  a r e  c o c u l t u r e d  w i t h  embryonic mouse s p i n a l  c o r d ,  t h e  muscle 
r e g e n e r a t e s  t o  form myotubes which d e v e l o p  c r o s s - s t r i a t i o n s  and c o n t r a c t i o n s .  The a d u l t  
i s o f o r m  o f  f a s t  myosin i s  p r e s e n t  i n  c u l t u r e s  which have been c o n t r a c t i n q  f o r  a t  l e a s t  
10 days  (Ecob e t  al., D i f f e r e n t i a t i o n  25 ,  84-87, 1983). We have now shown t h a t  t h e  a d u l t  
f a s t  i s o f o r m  was n o t  p r e s e n t  i n  youns myotubes,  b u t  t h a t  i t s  appearance  was c o i n c i d e n t  wl th  
t h e  development o f  c r o s s - s t r i a t i o n s  a n d  c o n t r a c t i o n s ,  b o t h  o f  which a r e  cord-dependent 
phenomena. Moreover,  t h e  a d u l t  i soform was never  found i n  myotubes o f  a s i m i l a r  a g e  i n  
c u l t u r e ,  which had r e g e n e r a t e d  i n  t h e  absence  o f  s p i n a l  cord .  The e x p r e s s i o n  of t h e  a d u l t  
i soform t h e r e f o r e  appeared  t o  r e q u i r e  t h e  s p i n a l  cord .  

When c u l t u r e s  were e s t a b l i s h e d  and  main ta ined  i n  t h e  c o n t i n u o u s  p r e s e n c e  of d - t u b o c u r a r i n e ,  
t h e r e  was a f i v e - f o l d  d e c r e a s e  i n  t h e  p e r c e n t a g e  o f  f i b e r s  which c o n t a i n e d  t h e  a d u l t  f a s t  
myosin. One i n t e r p r e t a t i o n  of t h e s e  r e s u l t s  i s  t h a t  nerve  t r o p h i c  e f f e c t  c r e a t e s  a n  e n v i r o n -  
ment in which t h e  muscle can e x p r e s s  t h e  a d u l t  f a s t  i soform o f  myosin,  b u t  t h a t  f u l l  e x p r e s -  
s i o n  may r e q u i r e  a c t i v i t y  i n  t h e  muscle f i b e r s .  We cannot  e x c l u d e  t h a t  a n e u r o t r o p h i c  e f f -  
e c t  i s  t h e  s o l e  requi rement  f o r  t h e  e x p r e s s i o n  o f  f a s t  myosin,  t h e  accumula t ion  of which may 
have been impai red  by t h e  p o t e n t i a l  secondary  e f f e c t s  of t h e  d - t u h o c u r a r i n e .  I t  i s  u n l l k e l y  
t h a t  t h e  l o w  l e v e l s  o f  f a s t  myosin were t h e  r e s u l t  o f  spontaneous  c o n t r a c t i o n s ,  b u t  f , x t h e r  
d r u g  s t u d i e s  and t h e  e l e c t r i c a l  s t i m u l a t i o n  of myotubes c u l t u r e d  w i t h o u t  nerve  may c l a r i f y  
t h e s e  i s s u e s .  

0526 i l Y g S I ?  LISHT CI-141'4 I S O Z Y V E S  I N  DROSDPHILA DEVELOPI,4EE'.IT,,Scott Fa1 k e n t h a l ' a n d  

A321Or, Dept.  o f  Chem. Cal Tech, Pasadena, CA 
The t o t a l  sequence o f  t h e  n r o s o p h i l a  me lanogas te r  myos in  a l k a l i  l i g h t  c h a i n  
(YLC-ALK) gene has been de te rm ined .  Gy sequence comparisons w i t h  an MLC-ALK 
cDPii4 c l o n e  and by  S1  n u c l e a s e  ana lyses  t h e  p a t t e r n  o f  i n t r o n s  and exons w i t h i n  
t h e  gene has been deduced. There a r e  m u l t i p l e  p o l y a d e n y l a t i o n  s i g n a l s  wh ich  can 
accoun t  f o r  most o f  t h e  obse rved  h e t e r o g e n e i t y  i n  t h e  l e n g t h s  o f  t h e  rnPhIAs. I n  
t h e  3 '  h a l f  o f  t h e  gene, t h e r e  i s  deve lopmen ta l  r e g u l a t i o n  o f  two a l t e r n a t i v e  
s p l i c i n g  p a t t e r n s  wh ich  r e s u l t  i n  mPNAs t h a t  t r a n s l a t e  t o  g i v e  p r o t e i n s  w i t h  
two  a l t e r n a t i v e  14 amino a c i d  c a r b o x y - t e r m i n a l  sequences. One s p l i c i n g  p a t t e r n  
produces an m P ! A  wh ich  t r a n s l a t e s  i n t o  a p r o t e i n  used f o r  b o t h  l a r v a l  and a d u l t  
m u s c u l a t u r e ,  whereas t h e  o t h e r  s p l i c i n g  p a t t e r n  i s  used f o r  t h e  l a t t e r  s t a q e  o n l y .  
Comparison o f  t h e  gene s t r u c t u r e  o f  t h e  D r o s o p h i l a  MLC-ALK t o  t h a t  o f  c h i c k e n  
r e v e a l s  s t r i k i n g  s i m i l a r i t i e s  i n  terms o f  i n t r o n  p o s i t i o n  and number. 

kbrman Oav idson7 ,7ep t .  o f  G e n e t i c s ,  Ohio S t a t e  U n i v e r s i t y .  Columbus. Ohio,  
91125'. 

0527 TORPEDO ACETYLCHOLINESTERASE: ISOLATION OF CDNA CLONES WITH ANTIBODIES RAISED 
AGAINST AN AChE ACTIVE SITE SYNTHETIC DECAPEPTIDE, Sandra M. Gaston ,  John Tamkun, 
S t e v e  Burden, and P h i l l i p s  W .  Robbins,  The M a s s a c h u s e t t s  I n s t i t u t e  of Technology, 
Cambridge, MA 02139, and Richard  Lappin ,  The R o c k e f e l l e r  U n i v e r s i t y ,  New York, 
NY 10021 

A lambda g t l l  l i b r a r y  g e n e r a t e d  from Torpedo e l e c t r i c  o r g a n  poly  A+ RNA h a s  been 
s c r e e n e d  w i t h  a p o l y c l o n a l  a n t i s e r a  d i r e c t e d  a g a i n s t  t h e  a c t i v e  s i t e  of  E l e c t r o p h o r u s  
AChE. The a n t i s e r a  was p r e p a r e d  by immunization w i t h  a s y n t h e t i c  d e c a p e p t i d e  whose 
sequence  c o r r e s p o n d s  to t h e  a c t i v e  s i t e  s e r i n e  r e g i o n  of  E l e c t r o p h o r u s  AChE ( S c h a f f e r  
e t  a l . ,  Biochemis t ry  1 2 :  2946,  1973) .  The s y n t h e t i c  p o l y p e p t i d e  p r e p a r a t i o n  w a s  
c r o s s l i n k e d  t o  t h y r o g l o b u l i n  c a r r i e r  p r i o r  t o  i n j e c t i o n .  The r e s u l t i n g  a n t i - d e c a p e p t i d e  
a n t i s e r a  r e a c t s  w i t h  a 6 8 K  MW p o l y p e p t i d e  i n  Western b l o t s  of Torpedo e l e c t r i c  organ  
t o t a l  p r o t e i n ,  Three  independant  recombinant lambda g t l l  c l o n e s  have been i s o l a t e d  
w i t h  t h i s  a n t i s e r a ,  w i t h  cDNA i n s e r t s  of  a p p r o x i m a t e l y  170 ,  290 and 350 b a s e  p a i r s .  
These cDNA i n s e r t s  a r e  b e i n g  f u r t h e r  c h a r a c t e r i z e d  p r i o r  t o  t h e i r  u s e  as m o l e c u l a r  
probes .  
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0528 Genomic Myoglobin Genes. David A .  Konkel, Gregory R. A l s i p ,  and Roy Pugh. 
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. 

Myoglobin (mb) i s  t he  monomeric heme-binding g l o b i n  super tami l y  p r o t e i n  i nvo l ved  i n  
muscular oxygen s to rage and t ranspor t .  The syn thes i s  o f  mb i n  r e d  s k e l e t a l ,  smooth, and 
ca rd iac  ( b u t  n o t  f a s t  wh i te )  muscle appears under c o n t r o l  o f  nerve-muscle i n t e r a c t i o n .  To 
a l l ow  s tudy  o f  these r e g u l a t o r y  processes, we p r e v i o u s l y  repo r ted  i s o l a t i o n  o f  f i v e  unique, 
p a r t i a l l y  ove r lapp ing  clones f rom a ch icken genomic l i b r a r y  by p rob ing  w i t h  t h e  sea l  mb exon 
two. Southern b l o t t i n g  and r e s t r i c t i o n  map a n a l y s i s  suggests t h a t  one c lone,  hCM13.1, spans 
most o f  two d i s c r e t e  mb- l i ke  genes, w h i l e  the  o t h e r  c lones may represent  pseudogenes. DNA 
sequence ana lys i s  o f  XCM13.1 i s  now w e l l  underway, us ing  d i r e c t e d  ove r lapp ing  Bal  31  de le -  
t i o n  f ragments f o r  d ideoxy sequencing. 
i d e n t i f i e d  the  mb-coding reg ions ,  so i t  remains unc lea r  which gene i s  expressed. 
sequencing revea ls  t h a t  i n  a d d i t i o n  t o  the  two mb- l i ke  genes, XCM13.1 conta ins  an as y e t  
u n i d e n t i f i e d  pseudogene marked by a l ong  polyA t r a c t  c l o s e l y  preceded by two 5/6 matches t o  
the  canon ica l  AATAAA polyA a d d i t i o n  s i g n a l .  

p repar ing  t o  extend our  s tud ies  i n t o  t h a t  system t o  p rov ide  a bas is  o f  comparison w i t h  
r e s u l t s  f rom our ch icken system. 

Ana lys is  o f  about 1/3 o f  t h e  c lone has n o t  comple te ly  
The 

We have a l s o  i s o l a t e d  p u t a t i v e  mb-containing clones f rom a mouse genomic l i b r a r y ,  and a re  

(Supported by NIH g r a n t  NS17026) 

0529 R E P E T I T I V E  SEQUENCES I N  THE M Y O S I N  HEAVY C H A I N  GENES OF WHITE LEGHORN 
CHICKENS K e i t h  E. Kropp and J e f f r e y  Robbins, U n i v e r s i t y  o f  M issour i -  
Columbia, Columbia, MU 65212 

Recent ly,  two fas t -wh i te  myosin heavy cha in  promoter reg ions  have been sequenced from 
White Leghorn Chicken (1). 
downstream from t h e  s t a r t  o f  t r a n s l a t i o n  was found t o  be h i g h l y  conserved between the  
two clones. We have at tempted t o  determine t h e  s i g n i f i c a n c e  and poss ib le  f u n c t i o n  o f  
a 24 bp r e p e t i t i v e  sequence found w i t h i n  t h e  conserved i n t r o n .  
( 2 4  bp) was used t o  probe f o r  t h e  presence o f  t h e  sequence i n  t h e  o the r  MHC genes and 
t o  determine i t s  approximate l o c a t i o n  w i t h  respec t  t o  t h e  s t a r t  o f  t r a n s l a t i o n .  A 
genomic southern was performed t o  determine t h e  r e i t e r a t i o n  frequency. F i n a l l y ,  a 
no r the rn  was done t o  see i f  t h e  24 bp sequence was t r a n s c r i b e d  i n t o  mRNA. 
r e s u l t s  showed t h a t  t h e  24 bp sequence i s  h i g h l y  repeated i n  the  genome, and i s  
located w i t h i n  t h e  s t r u c t u r a l  sequences o f  o the r  myosin heavy cha in  genes. The 
c o r r e l a t i o n  o f  t he  presence o f  t h i s  sequence w i t h  respec t  t o  t h e  t i s s u e s  and develop- 
mental stages a t  which the  genes a re  t ransc r ibed  i s  be ing  explored. 

1. Gu l ick ,  J.D., Kropp, K.E. and Robbins, J .  (submi t ted) .  

When t h e  sequences were compared, t h e  second i n t r o n  

The o l i g o n u c l e o t i d e  

P re l im ina ry  

0530 CARDIAC M Y O S I N  GENES: STATISTICAL ANALYSIS OF MOLECULAR EVOLUTION, James 
E .  L e v i n  and P a t r i c k  K .  Umeda, U n i v e r s i t y  o f  Chicago, Chicago, I L  60637 

The e v o l u t i o n  o f  myosin heavy cha in  ( H C )  genes has been s t u d i e d  by  examining t h e  
d i s t r i b u t i o n  o f  DNA sequence d i f f e r e n c e s  between c l o s e l y  r e l a t e d  isoforms. I n  
bo th  t h e  r a b b i t  and t h e  r a t ,  s t a t i s t i c a l  ana lys i s  o f  v e n t r i c u l a r  a lpha and b e t a  
cDNA sequences revea ls  t h a t  d i f f e r e n c e s  tend  t o  accumulate i n  c l u s t e r s  r a t h e r  
than  be ing  s c a t t e r e d  a t  random. Even t r a n s l a t i o n a l l y  s i l e n t  d i f f e rences  are 
c l u s t e r e d  when two genes f rom a s i n g l e  species are compared, bu t  t hey  a re  
randomly d i s t r i b u t e d  i n  cross-species comparisons. Th is  r e s u l t ,  as w e l l  as t h e  
ana lys i s  o f  c l u s t e r i n g  i n  over 100 comparisons o f  cod ing  sequences f rom o the r  
gene f a m i l i e s ,  suggests t h a t  gene conversion or  s i m i l a r  events  have acted on 
p a r t s  o f  t he  myosin HC genes. Heteroduplex ana lys is ,  S1 nuclease p r o t e c t i o n  
s tud ies ,  and DNA sequencing have been used t o  l o c a l i z e  seve ra l  exon boundar ies 
w i t h i n  the  r a b b i t  genes. I n d i v i d u a l  exons e x h i b i t  w i d e l y  v a r i a b l e  l e v e l s  o f  
sequence divergence, b u t  w i t h i n  each exon, t r a n s l a t i o n a l l y  s i l e n t  changes appear 
t o  be sca t te red  a t  random. Thus, t he  o v e r a l l  sequence divergence probab ly  does 
no t  accu ra te l y  r e f l e c t  t h e  length  o f  t ime s ince  these genes have d iverged f rom 
t h e i r  common ances tor .  Instead, i n d i v i d u a l  exons may have t h e i r  own 
evo lu t i ona ry  h i s t o r y .  Because o f  t h i s ,  it i s  d i f f i c u l t  t o  determine whether 
h i g h l y  homologous reg ions  are  conserved due t o  f u n c t i o n a l  c o n s t r a i n t s  on the  
p ro te ins ,  or  a re  t h e  r e s u l t  o f  chance homogenization o f  t h e  genes. 
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0531 ACCWLATION OF MYOSIN LIW CHAIN 3 IN DEVELQPING LIMB M J S ~ J L A ~  IS NERVE- 
DEPENDm. Peter A. Merrifield and Irwin R. Konigsberg, University of Virginia. 

In the chick, myosin alkali light chains (NLC and MLC ) are both transcribed from the 
same gene, however this transcription is diffh6entially3~egulated during development (Nature 
308, 333. 1984). MLC 
MLC 
pro?&in isoform switches reportedly occur (J. Cell Bio1.95, 763. 1982; J. Biol. Gem. 257, 
545. 1982.). We have used a monoclonal antibody to an epitope common to both alkali light 
chains to map the accumulation of MLC 
embryos and in aneural and innervated'&ail ldfbuds grafted onto the chorioallantoic (CAM) 
of chick embryos. Using imrmnoblot analysis, we demonstrate that MLC is present in the 
limb throughout early development and that MLC is first detected a$fday 11. Limb buds from 
three day old quail donors (without neural tuba$ grafted onto the CAM of seven day old 
chick hosts to a chronological age of 15 days develop only embryonic muscle - in that MLClf 
accumulates exclusively. When limb buds are dissected to contain neural tube and grafted 
under identical conditions, they develop mature muscle as indicated by the accumulation of 

This is the first positive evidence that innervation is essential to 

the hscular Dystrophy Association of America.) 

accumulates exclusively in the limb muscle of the early chick embryo; 
is first detect& at day 16 at approximately the time at which other contractile 

and MLC in the limb muscle of developing quail 

in vivo. ( Supported by grants to IRK from NIH ( HD 07083 ) and 

0532 sup-3: A MUTATION WHICH ELEVATES MYOSIN LEVELS IN NEMATODE MUSCLE IS CLOSELY 
LINKED TO A MYOSIN HEAVY CHAIN GENE, David M. Miller, MRC Laboratory of Molecular 
Biology, Cambridge, CB2 2QH, England. 

FOUK different types of myosin heavy chain (MHC) are produced in g. elegans: MHC A and MHC 
B in the body wall muscle; MHC C and MHC D in the pharyngeal muscle. The complete nucleo- 
tide sequence of the MHC B (unc-54) gene and partial sequences of three homologous MHC 
genes (myo-1, myo-2, myo-3) have been determined (Karn al. PNAS 80:  4253, 1983). The MHC 
isoforms encoded by these additional genes have now been identified. Hind I11 fragments 
from each MHC gene were ligated into the plasmid pUR 288 and expressed as fusion peptides 

-galactosidase. The reactivity of the hybrid proteins with monoclonal antibodies was 
with teste f on western blots. The reactivity of MHC B specific antibodies verified the assign- 
ment of the - gene. Antibody 5-6, which is specific to MHC A, reacts with the fusion 
peptide encoded by a 460 bp fragment from the S-2 region of myo-3 but not with fusion 
peptides from homologous regions of the other three genes. Similar experiments have sug- 
gested that & and myo-2 encode MHC D and MHC C. In situ hybridization data have loca- 
lized myo-3 to a region of chromosome Y encompassing the sup-3 gene (D. Albertson, unpub.). 
Mutations in the sup-3 locus result in a 2-3 fold elevation of MHC A (Waterston et al. in 
Diseases of the Motor Unit p747, 1982). To test the possibility of linkage between these 
two loci, restriction digests of sup-3 deficiency DNA (enfl/+) were probed on Southern 
blots with cosmids containing the myo-3 gene. The &DNA exhibitshl5 kb Pst I andh8 kb 
Bcl I fragments that are not present in wild type DNA. These results favor the hypothesis 
that sUp-3 is a &-acting DNA sequence that modulates the expression of the myo-3 gene. 

0533 THE EFFECT OF THE S E  SUPPRESSOR ON MUSCLE LATTICE STRUCTURE AND MYOSIN HEAW 
CHAIN ACCUMLILATION, Anthony Otsuka, Department of Genetics, University of California 
at Berkeley, Berkeley, Ca. 94720 

The ~ sup-3 suppressor improves the locomotion of several paramyosin (PM) , null myosin heavy 
chain B (MHCB) and 5 mutants in Caenorhabditis elegans. Our analysis of muscle sections 
from suppressed PM mutants demonstrated regions of improved muscle lattice structure. Short- 
ened myosin-containing filaments present in PM mutants appeared to elongate to normal length 
in the presence of sup-3. Studies by R. Waterston and his colleagues have shown that accumu- 
lation of a second body-wall myosin heavy chain, MHCA, is increased in suppressed MHCB mu- 
tants. We have found that the MHCA to MHCB ratio is increased in PM mutants (2.0 fold), as 
might be expected from the localization of MHCA to the midlength region of wild type thick 
filaments. In suppressed PM mutants, the ratio is increased even further (3.1 fold), sug- 
gesting that MHCA is preferentially incorporated into thick filaments. I n  strains containing 
only the sup-3 suppressor, the MHCA to MHCB ratio is increased relative to wild type (2.3 
fold), demonstrating that sup-3 has a direct effect on  the accumulation of MHCA. In suppres- 
sed MHCB null mutants, suppression may result from an increase in the number of thick fila- 
ments containing only MHCA. In suppressed PM mutants, suppression may be due to elongation 
of shortened thick filaments, although it is not clear how MHCA accumulation is involved in 
this process. 
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otjg MYOSIN H E A V Y  CHAIN GENE PROMOTERS, Je f f rey  Robbins, James Gulick, Keith 
Kropp and Nancy Valente, University of Missouri-Columbia, Columbia, MO 
65212 

A comparative study of the chicken myosin heavy chain gene promoters and the  5 ' -  
flanking squences i s  underway. 
isoform spec i f ic  probes prepared f ran  t h e  5 -nontranslated regions. Although there  
a r e  limited homologies present in  the  5'-flanking sequences of some of the  genes, 
the use of probes derived from t h e  non-conserved regions allow detect ion of spec i f ic  
isoform expression a t  the  R N A  level and unambigious ident i f ica t ion  of the  corresponding 
gene. These 5' flanking sequences a re  being analyzed in terms of t h e i r  homologies and 
d i f fe rences ,  and subsequently correlated w i t h  t h e  genes' pat terns  of t ranscr ip t ion  
during development and d i f fe ren t ia t ion  i n  the  d i f fe ren t  muscle types. 

A t o t a l  of t 8  myosin promoters have been i so la ted  and  

0535 C L O N I N G  OF A SEA U R C H I N  M Y O S I N  HEAVY C H A I N  GENE, Sam J. Rose,  Marvin J. Rosenberg,  
Diane Chen, Cathy S h a p i r o ,  E r i c  H. Davidson and Roy J. B r i t t e n ,  C a l i f o r n i a  I n s t i t .  
of Technology, Pasadena ,  Cal i f .  91125 

Usin2 a Drosophi la  p r o b e ,  a coding  r e g i o n  f o r  s e a  u r c h i n  ( S t r o n g y l o c e n t r o t u s  p u r p u r a t u s )  
myosin heavy c h a i n  h a s  been  i s o l a t e d  from a genomic Charon 4 l i b r a r y .  
i s  v e r y  n e a r  t h e  carboxy t e r m i n u s  o f  t h e  coding  r e g i o n  and r e p r e s e n t s  75% n u c l e o t i d e  
sequence and 70% amino a c i d  sequence  c o n s e r v a t i o n  between Drosophi la  melanogas te r  and 
- S. p u r p u r a t u s .  I i y b r i d i z a t i o n  of t h e s e  sequences  can b e  observed  a t  h i g h  c r i t e r i o n  and 
o c c u r s  i n  a n  a r e a  n o t  y e t  i m p l i c a t e d  as c o n t a i n i n g  a s p e c i f i c  f u n c t i o n a l  r o l e  i n  t h e  
p r o t e i n  product .  

?he a r e a  o f  homology 

0536 C H A R A ~ E R I Z A T I O N  OF DEVELOPMENTAL AND DISEASE-RELATED MYOSIN HEAVY 
CHAIN ISOZYMES BY HPLC. Rushbrook, J.I., Weiss, C., Wadewitz, A.G. and Stracher, A., 
Department of Biochemistry, SUNY-Downstate Medical Center, 450 Clarkson Ave., Brooklyn, N.Y. 
U203. 

We have identified an atypical heavy chain in the myosin of the affected fast white muscle fibers 
of genetically dystrophic chickens which is clearly unrelated to  the normal embryonic isoform (1,Z). 
Bandman has recently presented evidence that it is, in fact, the later-appearing neonatal isofon. 

In order to  further characterize both developmental and disease-related variants we have 
developed HPLC procedures for the purification and study of myosin and various of i ts  proteolytic 
fragments. Using a reverse-phase system separating the major tryptic fragments of S-1, we have 
identified 50kDa species characteristic of normal and neonatal myosins. HPLC analysis of 
thermolysin digests of these fragments indicates minimal sequence differences between adult and 
neonatal heavy chains. 

By these procedures, the atypical dystrophic heavy chain is found to  resemble strongly the 
neonatal isoform. Surprisingly, it constitutes as  much as 40% of the heavy chain quotient in adult 
chickens. (Supported by 1 RO1 NS 843801 to A.S.) 

(1) Rushbrook, J.1, and Stracher A. (1979) N.atl && A US& 16, 4331-4334. (2 )  
Rushbrook, J.I., Yuan A. I and itracher, A. (1981) Cell. M W  399-416. (3) Bandman (1984) 
M& anP N w  & 312-326. 

0537 

been i so la ted  and character ized.  
t o t a l  of 9 non-overlapping human genomic MHC clones. T h i s  includes t h e  4 clones we 
previously described (Leinwand e t  a l ,  1983). 12 MHC cDNA clones were i so la ted  from a human 
ske le ta l  muscle cDNA l i b r a r y  ( p z v v e d  by L.  Kedes). A t  l e a s t  8 of these appear d i f f e r e n t  
by r e s t r i c t i o n  endonuclease analysis .  Two were selected f o r  f u r t h e r  ana lys i s .  DNA sequence 
and hybridizat ion analyses demonstrate t h a t  pHMHC A3 and pHMHC 22 represent  two d i f f e r e n t ,  
but c l o s e l y  re la ted ,  MHC mRNAs t h a t  a r e  expressed i n  adul t  human ske le ta l  muscle. These 
two cDNA clones contain 2000 and 2600 nucleotides of the 3 '  ends of these mRNAs, 
respect ively.  
of homology w i t h  the  protein sequences of the carboxy terminal port ions of ske le ta l  and 
cardiac muscle MHCs from chicken, r a t  and nematode. T h i s  homology extends i n t o  the 3' 
untranslated region of the mRNAs from human, chicken and r a t .  The human ske le ta l  muscle 
MHC sequence is  more homologous t o  the  chicken ske le ta l  muscle sequence than i t  is  t o  the 
r a t  card iac  muscle sequence ind ica t ing  t h a t  these  t i s sue-spec i f ic  forms have evolved 
independently. 

ANALYSIS OF HUMAN SKELETAL MUSCLE MYOSIN HEAVY CHAIN GENES. Lino J .  Saez and 
Lesl ie  A. Leinwand, Albert Einstein College of Medicine, New York, N . Y .  10461. 

cDNA and genomic clones encoding human ske le ta l  muscle myosin heavy chains ( M H C )  have 
Using the human MHC cDNAs a s  probes, we have i so la ted  a 

The amino ac ids  encoded i n  the  DNA sequence of pHMHC A 3  show a high degree 
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0538 HETEROGENEITY OF CONTRACTILE PROTEINS AM) THE NATURE OF SKELETAL MJSCLE FIBER 
DIVERSITY. F. H. Schachat, M. M. Briggs, G. E. Moore, M. S. Diamond and P. W. Brandt, 
Oepts. o f  Anatomy, Duke Univers i ty ,  Durham, tC 27710 and Columbia Univers i ty ,  New York, New 
York 10032. 
E lect rophoret ic  analys is  o f  m y o f i b r i l l a r  prote ins from several rabb i t  f as t  ske le ta l  rmscles 
l e d  t o  the i d e n t i f ' c a t i o n  o f  n u l t i p l e  fas t  t roponin Ts. B io l .  Chem., 
- 259, 103975 ( 1 9 8 4 j  two species o f  r a b b i t  f as t  ske le ta l  rmscle troponin T (TnT), TnTlf and 
TnT2f, were characterized. Here, the d i s t r i b u t i o  o f  these fas t  TnT species and the a2 and 
a6 tropomyosin ( m )  species found i n  fas t  nuscle k ronson  and Schachat, J. Bio l .  Chem., 
- 257, 3937 ( 1 9 8 2 j  i s  characterized i n  fas t  rmscles and i n  s ing le rmscle f ibers .  

presence o f  a d i f f e r e n t  Tm dimer: Comparison o f  
f i b e r  type d i s t r i b u t i o n s  with the pat terns o f  expression o f  the f a s t  TnT-Tm combinations 
shows t h a t  they cannot be explained by d i f ferences i n  the d i s t r i b u t i o n  o f  type I I A  and type 
I I B  f ibers .  
o f  the t h i n  f i lament Ca+2-regulatory complex i s  mre apparent i n  i nd i v idua l  f as t  rmscle 
f i b e r s  where both fas t  TnT-Tm combinations are expressed i n  a continuum. This continuum o f  
expression i s  inconsis tent  with the concept o f  d i s t i n c t  f i b e r  types. But, i t  appears t o  be 
re la ted  t o  d i f ferences i n  the Ca'2-cooperativity of f as t  f i b e r s  as revealed by phys io log ica l  
s tud ies o f  skinned f ibers. 

I n  Briggs e t  a l .  [J. 

SOS-PAGE analys is  shows tha t  the presence o f  each fas t  TnT species i s  associated with the 
TnTlf with a6 Tm and TnT2f with a2 Tm. 

The absence o f  a co r re la t i on  between histochemical typ ing and the composition 

0539 A NEW CALCIUM DEPENDENT SWITCH DURING MURINE MUSCLE DEVELOPNFNT 
5.P.Scordilis. M.T.Anderson, E.B.Goodwin. E.A.Rowland, M.H.Cole and 

A.tulle, Dept. Biol. Sci., Smith College, Northampton, Mass. 01063 
A major metebolic change of some calcium dependent proteins involved 

in verioua aspects of actomyosin regulation occurs between one and two weeks 
after birth in murine skeletal muscle. Myosin. myoein light chain kinase 
(MLCK), a CaZ*dependent neutral protease (CDNP) and calmodulin (CaM) were 
characterized in mice from 18 days gestation to 8 weeks after birth. Myosin 
exhibited two isoforma. embryonic and adult: the light chain patterns 
(p1.n~) were identical, wherees the heavy chain CNBr peptides were 
different. Concomitant with this structural chenge, the actin-activated 
ATPaae ectivity of the embryonic isomyosin depended on P-light chain 
phoaphorylation. whereas that of the adult did not. Over the same time 
course the MLCK goes from a Ce2+ Independent form t o  a Ca>*/CaM dependent 
one. Using myosin heevy chain aa 8 aubstrate, CDNP was first detected 2 
weeks after birth. Thia CDNP hea s pCa for hslf maximal activetion of 6.5 
and is inhibited by trifluoperezine. Similarly, the amount of CaM increases 
from the embryo to a peek at birth and then decreases to adulthood. These 
reeulta demonatrete that e concerted chenge (awitch) occur6 in aeverel 
calcium ion dependent proteins which function in actomyosin regulation. 

This work was supported by grents to SPS from the Musculer Dystrophy 
Association and the Blakeslee Fund of Smith College. 

0540 STRUCTURE AND EXPRESSION PF HUMAN AND RAT HEART MYOSIN LIGHT CHAIN GENES, Leanne 
C r l b b s l ,  Pamela Delaney , Glo r la  Leon3. Charmalne Mendolal, Manuel Krauskopf3, 
I v  n Balazs4 and M.A.Q. S ldd lqu i l ,  Roche I n  t l t u t e  o f  Molecular Blology, Nutley, 

d l v la ,  Chile3, Actagene, Inc., Elmsford. NY4. 
Us lng t h e  codlng sequence o f  chicken hear t  myosln l l g h t  chain (MLC2) cDNA as probe, we 

have I s o l a t e d  cDNA clones from the human and r a t  heart cDNA l i b r a r i e s  constructed i n  our 
l a b o r a t o r y .  The e n t i r e  base sequence o f  the clones, pHLC419 and pRLC249, spec i f l c  f o r  
human and r a t  h e a r t  r e s p e c t i v e l y  was determined. Northern hyb r ld l za t i on  analysis o f  RNA 
probed w i t h  pRLC249 Ind icated no s l g n i f l c a n t  dlf ferences between normal and spontaneously 
hyper tense r a t  hear t  MLC2 M N A  during the r a t  embryonic developnent. A human chromosomal 
gene f o r  MLC2 was a lso i so la ted  by screenlng the human DNA recombinant l i b ra ry .  The human 
MLC2 gene Is represented I n  one copy per genome and appears t o  be located on chranosome 8. 
The gene st ructure and organizatlon o f  human MLC2 gene 1s cu r ren t l y  under Invest igat ion.  

NJe, Montc la i r  State College, Montclair,  NJ t , Unlversidad Austral de Chlle, Val- 
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0541 TWO HUMAN FETAL MYOSIN ISOZYMES RECOGNIZED BY MONOCLONAL ANTIBODIES, 
Laura Silberstein and Helen M. Blau, Department of Pharmacology, Stanford University School 

of Medicine, Stanford, Ca 94305. 
The existence of multiple myosin isozymes in the development of mammalian striated muscle has been 
previously documented biochemically, immunologically, and most recently a t  the molecular level. Yet, 
the precise number of isoforms based on gene number may well be an underestimate of the total  and 
l i t t le is known regarding the expression and distribution of these proteins during muscle development. 
We describe here two monoclonal antibodies which recognize distinct human skeletal myosin heavy 
chain isozymes detectable only during early development in human skeletal muscle. The specificity of 
these antibodies was verified by ELISA assay, Western blots, and in cryostat  sections of human 
quadriceps muscle. Monoclonal antibody F.16 recognizes fetal ,  but not neonatal or adult, myosin. 
Monoclonal antibody F.33 reacts strongly with fetal, weakly with neonatal, and not a t  all with adult 
myosin. The distribution of the two myosins recognized by these antibodies is quite distinct in 
immunohistochemical studies of tissue sections. W e  conclude that  there a re  a t  least two distinct 
myosin heavy chains with different fiber distributions present early in human muscle development. 
This work was supported by awards from the  Muscular Dystrophy Association and the National Institutes 
of Health. 

ACTIN GENES IN DIFFERENT DROSOPHILA SPECIES, Ann Sodja, h a  M. Mildner, Laura 
Elsenboss, Dept. of Biological Sciences, Wayne State University, Detroit, MI 48202 0542 

In order to gain a deeper understanding about the evolution of actin gene structure and 
function, we have initiated a comparative study of actin genes in different Drosophila 
species. Southern blottinglhybridization experiments suggest that the number andlor 
organization of these genes differs in other species from that in Drosophila melanogaster 
(@). Several actin containing recombinant phages from the respective genomic libraries 
have been isolated and are being analyzed, among others, with respect to their coding, 
intervening and adjacent sequences. 
The similarities and differences observed in their structure and expression will be 
related to our existing data on the actin genes of Drosophila melanogaster. This data 
should enable us to identify structurally and functionally important features in actin 
gene expression and evolution. 

0543 MODULATION OF MYOFIBRILLAR ATPASE ACTIVITY ASSOCIATED WITH TRANSlTIONS 
IN ISOFORMS OF TROPONIN I IN DEVELOPING DOG HEART WITH NO CHANGE IN ISO- 

MYOSIN COMPOSlTION. Solaro, RJ., Kumar, P., Blanehard, E.M. and Martin, kP. The University of 
Cincinnati, College of Medicine, Cmcinnati, OH 45267 

Developmental changes in the expression of isoforms of thick filament proteins in striated muscle 
have been identified in a number of animal species. We have examined the myosin Ca2+-ATPase 
activity, the actomyosin &+-dependent Mg-ATPase activity and the protein composition in myofibrils 
isolated from hearts of adult and perinatal dogs. Although there were no differences in the V m m  Of the 
ATPase activit ies between myofibrils from adult and perinatal hearts, the  preparations showed 
significant differences in their response to acidic pH. Reductions in pH from 7.0 to 6.5 significantly 
reduced the sensitivity t o  Ca2+ of the adult heart  myofibrils, whereas the same change in pH had 
essentially no effect  on the  perinatal heart  preparations. We found, using pyrophosphate gels, no 
difference in ventricular myosin isomyosin composition between adult and young animals. Examination 
of the myofibrillar proteins by SDS-PAGE indicated the presence of two forms of TnI in dog ventricle. 
The relative proportions of these isoforms of TnI changed substantially during development, suggesting 
that  alterations in thin filament regulation may be the  factor responsible for the difference in response 
t o  acidic pH. This was confirmed by filament displacement studies in which a ten fold excess of 
skeletal  myosin was mixed with adult perinatal  hear t  actomyosin preparations. These hybrid 
preparations showed the Same differential response to acidic pH as the native preparations, indicating a 
lack of thick filament involvement in this effect. Thus, changes in TnI isoforms may play a significant 
role in modulating myofibrillar properties during cardiac develoornent. 
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0544 VARIATION I N  ACETYLCHOLINESTERASE ACTIVITY AND ITS LOCALIZATION I N  A SUBSYNAPTIC 
GRADIENT ACCORDING TO TWITCH CHARACTER. Heather  R.  S tephens  and V i c t o r  G i s i g e r ,  
Dept d ' h a t o m i e ,  U n i v e r s i t e  de  Montrea l ,  Mont rea l  H3C 357 Quebec 

I n  compar ison  t o  i ts  f a s t - t w i t c h  c o u n t e r p a r t s ,  t h e  s o l e u s  musc le  of t h e  normal mouse and 
r a t  e x h i b i t s  a d i s t i n c t  c o n t e n t  i n  a c e t y l c h o l i n e s t e r a s e  (AChE) c h a r a c t e r i z e d  by a low 
a c t i v i t y ,  a low p r o p o r t i o n  i n  t h e  molecular  form G4 and a r e l a t i v e  i n c r e a s e  i n  A8. 
a d d i t i o n , t h e  s o l e u s  n e r v e  showed a s i g n i f i c a n t  r e d u c t i o n  i n  b o t h  t o t a l  AChE a c t i v i t y  and G4 
c o n t e n t  a s  compared t o  n e r v e s  of f a s t - t w i t c h  musc les  ( G i s i g e r  & S t e p h e n s ,  J. P h y s i o l o g i e . ,  
- 78: 720 ,  1982-3).  I n  t h e  d y s t r o p h i c  129/ReJ mouse, t h e  f a s t  musc les  e x h i b i t  an AChE 
c o n t e n t  t y p i c a l  o f  t h e  s o l e u s  musc le  and t h e  AChE c o n t e n t  of  t h e  n e r v e s  t o  f a s t  musc les  
is  s i m i l a r  t o  t h a t  t o  t h e  normal s o l e u s .  Thus,  t h e r e  i s  a p r e c i s e  c o r r e l a t i o n  between AChE 
p r e s e n t  i n  a motor n e r v e  and i t s  musc le ,  a s  w e l l  a s  between t h e  l e v e l  of enzyme a c t i v i t y  i n  
t h e s e  s t r u c t u r e s  and t h e i r  t w i t c h  p r o p e r t i e s .  Moreover, t h i s  nerve-muscle c o r r e l a t i o n  i s  
m a i n t a i n e d  i n  t h e  d y s t r o p h i c  c o n d i t i o n .  To s e a r c h  f o r  s u b - c e l l u l a r  c o r r e l a t e s  o f  t h e  AChE 
m o l e c u l a r  forms ,  we used  two approaches .  The f i r s t  was a c o r r e l a t e d  biochemical-cytochemi- 
c a l  a n a l y s i s  of c o r r e s p o n d i n g  s e r i a l  musc le  s e c t i o n s ,  which r e v e a l e d  t h a t  most of  t h e  G4 
was c o n c e n t r a t e d  i n  s e c t i o n s  c o n t a i n i n g  motor e n d p l a t e s  and t h a t  t h e  AChE e n d p l a t e  r e a c t i o n  
was accompanied by p e r i j u n c t i o n a l  a c t i v i t y  w i t h i n  t h e  f i b e r  a t  t h e  l i g h t  microscopic  l e v e l .  
The second approach ,  an u l t r a s t r u c t u r a l  cy tochemica l  s t u d y ,  showed r e a c t i o n  product  w i t h i n  
t h e  s a r c o p l a s m i c  r e t i c u l u m  of  e n d p l a t e  zones; i t  was maximal s u b s y n a p t i c a l l y  and d e c r e a s e d  
r a p i d l y  i n  a symmetr ica l  manner d i s t a l  t o  t h e  e n d p l a t e .  The i n t e n s i t y  and s p r e a d  o f  t h i s  
g r a d i e n t  were g r e a t e r  i n  f a s t - t w i t c h  musc les ,  s u g g e s t i n g  t h a t  G4 may be found i n  t h i s  r e g i o n .  

In  

0545 DIFFERENTIAL CONTROL OF THE EXPRESSION OF SLOW AND FAST MYOSIN ISO- 
ENZYMES IN ADULT RODENT SKELETAL MUSCLE, D.B. Thomason, R.W. Tsika, 
and K.M. Baldwin, University of California, Irvine, CA 92717 

Four myosin isoenzymes can be identified in rodent skeletal muscle based 
primarily on their light chain composition: one associated with slow fibers 
and three with fast fibers. Both the absolute and relative amounts of the 
isoenzymes change in ankle extensor synergists depending on the pattern of 
stress applied to the muscle. Chronic weight bearing or its elimination 
predominantly affects slow myosin expression, while phasic use patterns 
(e.g., running) have greatest impact on fast myosin expression. In normal 
muscles containing a spectrum of slow and fast isoenzymes, steady-state 
levels of mRNA coding for the myosin light chains (as determined by in 
vitro translation) correlate with the myosin isoenzyme profile. These 
results indicate transcriptional or post-transcriptional, pre-translational 
control of myosin isoenzyme expression. In addition, the differential 
response of the isoenzymes to combinations of stress patterns (e.g., chronic 
disuse coupled with phasic use) is indicative of different mechanisms for 
the control of slow and fast myosin expression. 

STRUCTURAL AND FUNCTIONAL CHARACTERIZATION OF MYOSIN ISOZYME SPECIFIC EPITOPES, 
Donald A. Winkelmann and Susan Lowey, R o s e n s t i e l  Research C e n t e r ,  Brandeis  
U n i v e r s i t y ,  Waltham, MA 02254 

0546 

The a n a l y s i s  o f  myosin wi th  monoclonal a n t i b o d i e s  has  he lped  t o  e s t a b l i s h  t h e  d i v e r s i t y  o f  
myosin isozymes i n  deve loping  muscle t i s s u e s  and to d e t e c t  t r a n s i t i o n s  i n  myosin e x p r e s s i o n .  
We have a p p l i e d  t h i s  approach to t h e  s t u d y  of a v i a n  f a s t  s k e l e t a l  muscle myosin by p r e p a r i n g  
monoclonal a n t i b o d i e s  which r e a c t  wi th  e p i t o p e s  i n  t h e  head and rod r e g i o n s  of t h e  myosin 
heavy c h a i n  (HC) and wi th  myosin LC2f (Winkelmann e t  a l . ,  C e l l  34 295, 1983) .  A group of 
a n t i b o d i e s  whict r e a c t  wi th  t h e  25Kd (12CS,lOH10,4H7,6EZ) and tG 50Kd (13E1,13F6) t r y p t i c  
f ragments  of t h e  myosin head have been mapped on myosin by e l e c t r o n  microscopy o f  r o t a r y  
shadowed ant ibody-myosin  complexes.  The s i t e s  f o r  t h r e e  e p i t o p e s  i n  t h e  25Kd f ragment ,  
i n c l u d i n g  one w i t h i n  5Kd o f  t h e  N-terminus o f  t h e  myosin HC, a r e  c l u s t e r e d  on t h e  head 
145t20A from t h e  head-rod j u n c t i o n .  
f u r t h e r  o u t  on t h e  head .  The a c c e s s i b i l i t y  of t h e s e  e p i t o p e s  on S-1 bound t o  a c t i n  was 
probed wi th  Fab f r a g m e n t s ;  
head and a c t i n .  Two a n t i b o d i e s  (12C5 6 4H7) have d i s t i n c t i v e  e f f e c t s  on t h e  K'EDTA- and 
Ca2+-ATPase a c t i v i t i e s  o f  myosin which mimic t h e  e f f e c t s  on a c t i v i t y  o f  m o d i f i c a t i o n  o f  the  
r e a c t i v e  s u l f h y d r y l ,  SH-1. 12C5 a l s o  i n h i b i t s  the  a c t i n - a c t i v a t e d  ATPase. None o f  t h e  
o t h e r  a n t i b o d i e s  t o  t h e  head a f f e c t  myosin ATPase a c t i v i t y .  Anti-LMM (5C3) i d e n t i f i e s  an 
a d u l t  s p e c i f i c  e p i t o p e  on t h e  C-terminus o f  t h e  rod .  This a n t i b o d y  markedly a f f e c t s  myosin 
f i l a m e n t  format ion .  These r e s u l t s  i d e n t i E y  e p i t o p e s  l o c a t e d  i n  f u n c t i o n a l l y  impor tan t  
r e g i o n s  on myosin which change on isozymes e x p r e s s e d  d u r i n g  development.  

An e p i t o p e  i n  t h e  5OKd fragment (13F6) maps even 

none o f  t h e s e  s i t e s  a r e  on t h e  c o n t a c t  s u r f a c e  between t h e  
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0547 The Structure of cDNA clones from Rabbit Skeletal Muscle 

F. Wittinghofer, K. Maeda, G. Sczakiel 
a t .  Biophysik, Max-Planck-Institut fur Med. Forschung, Heidelberg, Germany 

cDNA clones corresponding to the C-terminal end of myosin heavy chain mRNA 

from rabbit adult skeletal muscle have been obtained using cDNA synthesis 

primed with oligo(dT). cDNA clones corresponding to the internal sequence 

of MHC were obtained with specific primers. The primary structure of these 

cDNA clones was determined and compared to the DNA sequence of MHC cDNA clones 

from other sources and to the protein sequence data available. 

Gene Organization 

0548 A C T I N  AND !?YOSIN GENES : THEIR EXPRESSION DURING MYOGENESIS I N  THE MOUSE 
Margaret  Buckingham, Serge Alonso, Paul Barton, A r l e t t e  Cohen, P h i l i p p e  Daubas, 
I an  Garner, Beno i t  Robert  and Andre Weydert, Pasteur I n s t i t u t e ,  Pa r i s  (France) 

Dur ing  the  ma tu ra t i on  o f  s k e l e t a l  muscle f i b r e s  i n  v i v o  genes encoding d i f f e r e n t  s t r i a t e d  
muscle i so fo rms a re  expressed. I n  the  mouse, t r a r , s c r i p t s  o f  a f o e t a l  s k e l e t a l  myosin heavy 
cha in  (MHC) gene a re  rep laced a t  b i r t h  by those cod ing  f o r  an a d u l t  s k e l e t a l  MHC ( 1 ) .  A c t i n  
and myosin a l k a l i  l i g h t  cha in  (MLC) mRNAs and p ro te ins ,  c h a r a c t e r i s t i c  o f  a d u l t  h e a r t  muscle 
accumulate w i t h  s k e l e t a l  i so fo rms i n  l a t e  f o e t a l  s k e l e t a l  muscle. The ca rd iac  (ac )  a c t i n  gene 
cont inues  t o  be expressed i n  new born  s k e l e t a l  muscle w h i l e  o n l y  the  a d u l t  f a s t  s k e l e t a l  MLC 
mRNAs a re  de tec tab le  a f t e r  b i r t h .  P r i o r  t o  t h i s  the  ca rd iac  a t r i a l  MLC~A and the  f a s t  ske l -  
e t a l  MLC~F a re  the  major f o e t a l  i so fo rms ( 2 ) .  Each o f  these mul t igene f a m i l i e s  t h e r e f o r e  
f o l l o w s  a d i s t i n c t  and non-synchronous developmental s t ra tegy .  I n  mammalian muscle c e l l  l i n e s  
(C2, T984, L6),  t he  types o f  s t r i a t e d  muscle MLC and a c t i n  genes expressed vary  w i t h  the  l i n e .  
I n  v i v o  the  express ion  o f  genes encoding ca rd iac  i so forms i s  n o t  con f ined  t o  deve lop ing  s k e l -  
e t a l s c l e  ; MLCl o f  a d u l t  soleus i s  encoded by the  same gene as the  ca rd iac  MLCl i so fo rm.  

Using a gene t i s  approach we have looked a t  t he  l i n k a g e  r e l a t i o n s h i p s  and chromo?!omal 
l o c a l i z a t i o n  o f  a c t i n  and myosin genes i n  the  mouse. 
d iac  o r  s k e l e t a l ,  o r  f o e t a l  s k e l e t a l ,  muscle phenotypes a re  n o t  l i n k e d .  The a c t i n s  and MLCs 
a re  encoded by d ispersed mul t igene f a m i l i e s .  Cardiac and s k e l e t a l  MHC genes a re  a l s o n c t l i n k e d .  

For s tud ies  on the  s t r u c t u r e  and r e g u l a t i o n  o f  muscle genes we have concent ra ted  on the  
s k e l e t a l / c a r d i a c  i n t e r p l a y  o f  gene express ion  i n  the  a c t i n  and CLC f a m i l i e s .  MLCIF and MLC3F 
a re  encoded by a s i n g l e  nene ( 3 ) ;  two mRNAs a re  generated by i n i t i a t i o n  a t  d i f f e r e n t  5 '  prom- 
o t e r s  fo l l owed  by d i f f e r e n t i a l  s p l i c i n g  o f  exons cod ing  f o r  t he  d i s t i n c t  -NH2 t e r m i n i  o f  t he  
two p r o t e i n s .  Sequencing o f  t he  K L C ~ A  (MLClemb) gene ( 2 )  i s  i n  progress,  and should p rov ide  
the  f i r s t  amino a c i d  sequence o f  t h i s  p r o t e i n .  Comparison o f  t he  cod ing  sequences o f  mouse 
ac, a$k  and D a c t i n  mRNAs i n d i c a t e s  d i f f e r e n c e s  i n  codon usage, w i t h  conserva t i on  o f  p a r t  o f  
t ne  5 
ced. I n  the  former a (TS)24 s t r e t c h  o f  p o t e n t i a l  
CAAT box. I n  some mus 1 mouse l i n e s ,  t he  whole 5 '  end o f  t h i s  gene i n c l u d i n g  upstream promoter 
sequences i s  d u p l i c a t e d  r a i s i n g  ques t ions  on r e g u l a t i o n  s ince  the  two n r o m t e r s  a re  p o t e n t i a l  - 
l y  f u n c t i o n a l .  D i f f e r e n t  a c t i n  and MLC gene promoter reg ions  have been in t roduced  i n t o  SVoCAT 
vec to rs  and a re  c u r r e n t l y  be ing  used i n  t r a n s f e c t i o n  exper iments i n  muscle c e l l  l i n e s  i n  o rde r  
t o  examine sequences necessary f o r  t he  r e g u l a t i o n  o f  i n d i v i d u a l  genes d u r i n g  myoblast  d i f f e r -  
e n t i a t i o n ,  and t o  compare r e g u l a t o r y  phenomena between these ca rd iac /ske le ta l  gene p a i r s .  
(1 )  Weydert e t  a l .  (1983) J.B.C. 258, 13867-13874 ; ( 2 )  Bar ton  e t  a l .  (1984) J. Muscle Res. & 
Ce l l  M o t i l i t y ,  i n  press ; ( 3 )  Rober t  e t  a l .  (1984) Ce l l  2, 129-140. 

Genes expressed i n  t h e  same a d u l t  ca r -  

cod ing  reg ion .  The 5 '  promoter reg ions  o f  t he  aC and ask a c t i n  genes have been sequen- " 2 "  fo rming  DNA i s  found upstream from the  
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0549 FlGLECULAP, GIOL0FY OF HUMAN MYOGENESIS, L a r r y  Kedes, Peter  Gunning, A d r i a n  M i n t y ,  
Robert  Wade, W i l l i a m  Ba ins ,  Har ry  Erba, Department o f  Hed ic ine ,  Veterans 

A d m i n i s t r a t i o n  Med ica l  Center and S t a n f o r d  Medical  School, Palo A l t o ,  CA 94304, and Edna 
Hardeman, Department o f  Pharmacology, S t a n f o r d  Med ica l  School ,  S tan ford ,  CA 94305. 
D i f f e r e n t  i s o f o r m s  o f  c o n t r a c t i l e  p r o t e i n s  accumulate d u r i n g  t h e  f o r m a t i o n  o f  s k e l e t a l  muscle 
f i b e r s  and t h e i r  d i f f e r e n t i a t i o n .  We and o t h e r s  have examined t h e  k i n e t i c s  o f  t r a n s c r i n t i o n  
and a c c u w u l a t i o n  o f  mRNAs f o r  a number o f  muscle s p e c i f i c  c o n t r a c t i l e  o r o t e i n s .  
w i l l  c o n s i d e r  t h e  mechanisms t h a t  r e g u l a t e  these t i s s u e  s p e c i f i c  events  and Dresent  da ta  t h a t  
extends t h e  o b s e r v a t i o n s  t o  20 abundant human a d u l t  s k e l e t a l  muscle mRNAs. Usino cDNAs 
i s o l a t e d  f r o m  a human muscle cDNA l i b r a r y  we have observed t h a t  most o f  these abundant 
t r a n s c r i 7 t s  a r e  marked ly  d i f f e r e n t ,  e i t h e r  i n  o u a n t i t y  o r  s i z e ,  f rom those expressed i n  non- 
muscle c e l l s  o r  i n  myob las ts .  These c lones  do n o t  code f o r  c o n t r a c t i l e  p r o t e i n s  f o r  which 
h y b r i d i z a t i o n  probes a r e  a v a i l a b l e .  The yenera1 n a t u r e  and i m p l i c a t i o n s  o f  these f i n d i n g s  
w i l l  be d iscussed.  
oenes by r e i n t r o d u c i n g  them i n t o  b o t h  muscle and non-muscle c e l l s .  A d e s c r i p t i o n  o f  these 
exper iments  w i l l  p r e s e n t  ev idence f o r  muscle s p e c i f i c  f a c t o r s  t h a t  i n t e r a c t  w i t h  r e g i o n s  
upstream f r o m  t h e  human c a r d i a c  a c t i n  gene. 

Th is  t a l l :  

We have i n v e s t i g a t e d  t h e  t i s s u e  s p e c i f i c  r e p u l a t i o n  o f  c o n t r a c t i l e  o r o t e i n  

0550 C L J ; I i A G  l.!USC;B RELATED GENdS OF CASNORHABDITIS CLEGANS, Rober t  H .  W a t e r s t o n ,  
Donald G .  lloerman, Guy Benian ,  G .  Ross F r a n c i s  and Rober t  B a r s t e a d ,  Department of  
G e n e t i c s ,  Washington U n i v e r s i t y ,  S t .  L o u i s ,  110 63110 

i i u t a n t  a l l e l e s  of  more t h a n  25 g e n e s  a f f e c t i n g  musc le  s t r u c t u r e  have  been i d e n t i f i e d  i n  
C a e n o r h a b d i t i s  e l e g a n s .  The p r o t e i n  produced  f o r  f o u r  of t h e s e  g e n e s  h a s  been  d i s c o v e r e d  and 
t h e  DNA sequence  of t h e  g e n e s  f o r  t h e  myosin heavy c h a i n s  and  f o r  a c t i n s  have  been  
d e t e r m i n e d .  Sequence  a n a l y s i s  of mutant  g e n e s  combined w i t h  o t h e r  s t u d i e s  i s  p r o v i d i n g  new 
i n s i g h t  i n t o  t h e  f u n c t i o n  of  t h e s e  p r o t e i n s  and  t h e i r  r e g u l a t i o n .  

The p r o t e i n  p r o d u c t s  of t h e  o t h e r  g e n e t i c a l l y  i d e n t i f i e d  g e n e s  i s  as  y e t  unknown. Mono- 
c l o n a l  a n t i b o d i e s  produced  t o  a v a r i e t y  of musc le  components h a v e  r e v e a l e d  s i g n i f i c a n t  new 
f e a t u r e s  of C .  e l e g a n s  musc le  s t r u c t u r e .  We are now t r y i n g  t o  r e c o v e r  t h e  g e n e s  t h a t  encode 
t h e s e  p o l y p e p t i d e s  t h r o u g h  t h e  u s e  of cDNA and  genomic l i b r a r i e s  i n  e x p r e s s i o n  v e c t o r s .  
These  c l o n e s  w i l l  t h e n  b e  used  t o  d e t e r m i n e  t h e  chromosomal l o c a t i o n  of t h e  g e n e s  t h r o u g h  
l i n k e d  polymorphorisms o r  i n  s i t u  h y b r i d i z a t i o n s .  T h i s  p o s i t i o n  w i l l  b e  used  t o  i n v e s t i g a t e  
t h e  r e l a t i o n s h i p  of t h e s e  g e n e s  t o  t h e  g e n e t i c a l l y  d e f i n e d  e l e m e n t s .  

~~ 

Our r e c e n t  i d e n t i f i c a t i o n  of a t r a n s p o s o n  based  m u t a t o r  sys tem i n  g. e l e g a n s  p r o v i d e s  a n  
a l t e r n a t i v e  a p p r o a c h  t o  e s t a b l i s h i n g  g e n e : p r o d u c t  r e l a t i o n s h i p s  f o r  a d d i t i o n a l  g e n e s .  iJe 
have shown t h a t  t h e  r e p e t i t i v e  e lement  TcL t r a n s p o s e s  a t  u s e f u l  f r e q u e n c i e s  i n  t h e  Bergerac  
s t r a i n  of C .  e l e  a n s .  A f a v o r e d  t a r g e t  i s  t h e  mu c l e  r e l a t e d  gene e, which m u t a t e s  
s p o n t a n e o u s l y  i n g t h i s  background a t  a ra te  of l d .  Using T c l  as a probe  a g a i n s t  f i l t e r  
t r a n s f e r s  of mutant  DNA we have  been  a b l e  t o  i d e n t i f y  and  t o  c l o n e  t h e  unc-22 f ragment  
c o n t a i n i n g  t h e  newly i n s e r t e d  T c l .  The f l a n k i n g  u n i q u e  sequence  DNA h a s  been  used  t o  r e c o v e r  
a b o u t  50 kb of DNA from t h e  r e g i o n .  F o u r t e e n  independent  s p o n t a n e o u s  unc-22 m u t a t i o n s  have 
been a n a l y s e d  and each  a p p e a r s  t o  b e  due t o  t h e  i n s e r t i o n  of a T c l  e lement  b u t  t h e  s i t e  of  
i n s e r t i o n  i s  d i f f e r e n t  f o r  e a c h  a l l e l e  examined. The s i tes  are s c a t t e r e d  o v e r  a r e g i o n  of 
a b o u t  15-20 k b ,  i n d i c a t i n g  t h a t  unc-22 may encode  a l a r g e  p o l y p e p t i d e .  R e s u l t s  from 
N o r t h e r n  a n a l y s i s  are c o n s i s t e n t  w i t h  t h i s  n o t i o n ,  and i n d i c a t e  t h a t  unc-22 produces  a n  m R M  
of >10,000 n t s .  

~ 

Recovery of s p o n t a n e o u s  m u t a t i o n s  i n  o t h e r  g e n e s  h a s  been  p o s s i b l e  and we a r e  c u r r e n t l y  
d e t e r m i n i n g  i f  T c l  t r a n s p o s i t i o n  i s  t h e  b a s i s  f o r  some of  t h e s e  m u t a t i o n s .  I f  s o  i t  s h o u l d  
b e  f e a s i b l e  t o  r e c o v e r  DNA from t h e s e  g e n e s  as  w e l l  by u s i n g  TcL as  a t a g  and t h e r e b y  t o  
d e t e r m i n e  t h e  p r o t e i n  p r o d u c t  of a d d i t i o n a l  g e n e t i c  e l e m e n t s  i n v o l v e d  i n  s p e c i f y i n g  
C .  e l e g a n s  musc le  s t r u c t u r e .  ~ _ _  
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0551 MUSCLE GENE EXFRESICW IN ~ I I A  AND IN ~RIEMES. N. midson, 
B.J. BondI S. Falkenthal, V.P. Wrker12, C. a d  S.B. sharp, 
Department of chenistry, California Institute of Technology, Pasadena, 
CA 91125 

Several different mechanism have been adapted by for the 
generation of diversity in the isofom of nuscle proteins that are expressed in 
different developaental stages and tissues. %re are six actin genes and they 
are dispersed in the genome. Each gene codes for a slightly different protein 
and each exhibits a unique tissue and temporal pattern of expression during 
develo-nt. In contrastI there is only one myosin heavy chain gene (mC), one 
myosin alkali light chain gene (MLC-AM), and one myosin DTNB light chain gene 
(EILC-2). There are developrental differences in splicing patterns at the 3' ends 
of the M C  and MX-AM genes; in both cases, differing splicing choices result in 
different amino acid sequences at the carboxy termini of the isoforms. There 
appears to be only one MLC-2 peptide used in muscles in a l l  developpental stages. 
Some developrental differences in polyedenylation sites, of m!mm significance, 
are also &served. IQsults will also be reported on the application of gene 
transfer methods for the study of regulated expression of vertebrate actin genes 
in myogenic cell lines. 

Present addresses: 1) Department of Genetics, Ohio State University, ColLmsxls, 
CH 43210; 2) Amgen, Thousand Oaks, CA 9l320; 3) Department of Biology, Case 
Western Reserve University, Cleveland, CH 44106. 

SARCOMERIC MYOSIN HEAVY CHAIN GENE FAMILY ORGANIZATION AND 
PATTERN OF EXPRESSION. V-Mahdavi, E.E. Strehler, M. Periasamy, D. Wieczorek, S.Izumo, 
S.Grund, A.P.Chambers, M.A.Strehler, and B. Nadal-Ginard. Dept. of Cardiology, 
Children's Hospital and Dept. of Pediatrics, Harvard Medical School,Boston,MA 02115. 

0552 

The sarcomeric myosin heavy chains (MHCs), which exhibit different levels of ATPase activity 
are encoded by a closely related multigene family from which 7 numbers have been identified 
and characterized by the isolation of cDNA and genomic recombinant clones, DNA sequencing, 
blot analysis and S1-nuclease mapping. 
specificity of these seven genes is as follows: embryonic (fetal), perinatal, fast oxydative 
(type IIA), fast glycolytic (type IIB) and super-slow (extraocular muscle) skeletal; fetal 
(5) and adult ( a )  cardiac. Interestingly, the fetal cardiac (3) and slow skeletal muscle 
(type I) MHCs are encoded by the same gene. A similar identity is found between the adult 
ventricular ( a )  and atrial MHC mRNAs which are also encoded by the same gene. 

B- cardiac, are closely linked in the genome (1). Each of these genes is %25kb long and 
their coding sequences are interrupted by many introns (40 in the case of embryonic gene, (2) 
whose location is highly conserved among MHC genes. Interestingly, each gene contains a 
unique and specific sequence that comprise the COO- terminal peptide and 3' untranslated 
region of the mRNA in a separate exon (3). These and other gene-specific sequences have 
been used to study the expression of the seven MHC genes by the S1-nuclease mapping tech- 
nique. Each MHC gene displays a pattern of expression that is tissue-specific and develop- 
mentally regulated, with more than one MHC gene expressed in each muscle and developmental 
stage. Moreover, with the exception of the super-slow gene that has a very specific pattern 
of expression, the other genes are all expressed in more than one tissue. 

mone, presumably at the transcriptional level (4). Surprisingly, however, the same gene 
expressed in different muscles responds differently to the hormone. In hypothyroid animals 
the expression of the a-cardiac MHC gene is repressed in the ventricles but not in the atria. 
Hyperthyroid states repress the expression of the fetal cardiac gene in the ventricle but not 
in slow skeletal muscle. This behavior of the MHC genes provides an interesting model in 
which to study the DNA sequences which are responsible for the developmental, hormonal and 
tissue-specific regulation of these genes. 
(1) Mahdavi, V. et al. (1984) Proc.Natl.Acad.Sci. U.S.A. 81, 2626-2630. (2) Strehler, E.E. 
et al. (1984) J.Biol.Chem., in press. (3) Nadal-Ginard, B. et al. (1982) in Muscle 
Development: Molecular and Cellular Control (Pearson, M.L., and Epstein, H.F.,eds.), pp. 143- 
168. (4) Lompre, A.M. et al. (1984) J.Biol.Chem. 259, 6437-6446. 

In the rat, the main tissue and/or developmental 

The MHC genes appear to map to a single chromosome and at least two of them a- and 

The expression of cardiac and skeletal MHC genes can be modulated by thyroid hor- 
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Evelyn Dizon. and Siml ja  Jakovcic, Departments o f  Medicine. and Molecular Cenetics and Cel l  
Biology, ,Un ive rs i t y  o f  Chicago, Chicago, I L  60637. 

Cardiac and ske le ta l  muscles contain m u l t i p l e  molecular forms of  myosin heavy chains 
(HCs) tha t  are encoded by a mult igene fami ly .  The expression o f  these genes fo l lows a 
c h a r a c t e r i s t i c  pat tern dur ing development, and may be a l te red  by phys io log ic  and environmental 
s t i m u l i .  To determine the m l e c u l a r  mechanisms tha t  regulate the expression of  i nd i v idua l  
myosin HC genes, we have i s o l a t e d  genomic clones speci fy ing the high ATPase HCa and the  low 
ATPase HCB o f  r a b b i t  ven t r i c l es .  A gene l i b r a r y  was screened w i t h  probes from cDNA clones 
speci fy ing a and B myosin HCs. and 7 s t rong ly  hyb r id i z ing  clones were studied i n  d e t a i l .  
overlapping clones contained over 25 kbp o f  the a HC gene. 
microscopic heteroduplex analysis and DNA sequencing i d e n t i f i e d  a t  l eas t  32 exons encoding 
approximately 90% of the mRNA. A 6 HC genomic clone containing 20 exons from the 5 '  region o f  
t he  gene has also been characterized. HC genes are s i m i l a r  
i n  size, but  the i n t rons  showed marked d i f ferences i n  t h e i r  length and sequence divergence. A 
s i m i l a r  organization of exons i n  human as we l l  as chicken HC genes suggests tha t  t h i s  complex 
gene s t ruc tu re  i s  a general cha rac te r i s t i c  of HC genes from higher eukaryotes. By DNA 
sequence analysis, several exons from the 5' por t ions o f  both rabb i t  genes have been p rec i se l y  
determined. Between the two card iac HC genes, t h i s  reg ion shows greater ove ra l l  as w e l l  as 
s i l e n t  s i t e  sequence divergence than the 3 '  po r t i on  coding f o r  t he  l i g h t  meromyosin pa r t  o f  
the HC. I n  both genes, the 5 '  exon i d e n t i f i e d  by heteroduplex analysis encodes 67 amino acids 
of  the N-terminus of the prote in .  S1 nuclease mapping using an end-labeled probe from the  
N-terminal exons ind icates t h a t  the coding sequences extend 9 and 12 nucleotides ( n t )  upstream 
o f  the N-termini o f  the beta and alpha HC genes, respect ive ly .  A t  the 5' boundary of  t h i s  
exon. both genes contain consensus sp l i ce  acceptor sequences. Furthermore, primer extension 
experiments us ing a synthet ic  o l igonucleot ide complementary t o  the  f i r s t  seven codons of  t he  B 
HC gene, reveals a major cDNA o f  approximately 120 n ts  w i th  the HC mRNA. A s im i l a r  s ize 
product was not observed w i t h  e i t h e r  a HC mRNA, or r a t  l i v e r  po ly(A)  RNA. The resu l t s  
i nd i ca te  tha t  the 5' untrans lated region o f  the B HC gene i s  i n te r rup ted  by in tervening 
sequences, and a l so  suggests the presence of  a corresponding i n t r o n  i n  the  a HC gene. 
Experiments are now underway t o  de l ineate the t r a n s c r i p t i o n a l  i n i t i a t i o n  s i t e s  of  both genes 
and pu ta t i ve  5' f l ank ing  regu la to ry  regions. I n  addit ion, the coding and in tervening 
sequences i d e n t i f i e d  from our sequence analysis are being used t o  examine the t ransc r ip t i on  o f  
the a and B HC genes i n  i so la ted  nuc le i .  

MOLECULAR ANATOMY OF MYOSIN HEAVY CHAIN GENES, Pa t r i ck  K. Umeda, James E. Levin. 
Achyut M. Sinha, Leanne L. Cribbs, Douglas Darl ing, David J. Ende. Huey-Juang Hsu, 

Two 
Within t h i s  region. e lect ron-  

Corresponding exons of  the a and 

Gene Expression 

0554 MYOSIN POLYMORPHISM DURING MUSCLE DEVELOPMENT, MATURATION, AND DISEASE, 
Everet t  Bandman, Un ive rs i t y  o f  Ca l i f o rn ia ,  Davis, CA 95616 

My laboratory  has s tud ied the myosin heavy chain isoform composition o f  normal and 
diseased ske le ta l  muscle dur ing d i f f e r e n t i a t i o n  and maturation i n  order t o  determine 
the fac to rs  which regulate myosin expression. 
techniques we have produced numerous monoclonal antibodies, many o f  which are 
monospecific f o r  f a s t  and slow developmental isoforms. 
myosin heavy chain peptide maps w i t h  these monoclonal ant ibodies y i e l d s  
"innnunofingerprints" cha rac te r i s t i c  o f  each myosin isoform. 
considerable heterogeneity i n  the sequence o f  myosin expression dur ing development of 
f a s t  muscle f i be rs .  
cha rac te r i s t i c  o f  the pec to ra l i s  major muscle i s  no t  observed i n  other f a s t  t w i t c h  
muscles such as the pos te r io r  l a t t i s s i m u s  dors i  and the l a t e r a l  head o f  the 
gastrocnemius. 
r e s u l t i n g  i n  the expression o f  myosins cha rac te r i s t i c  o f  i m a t u r e  muscle. Uh i l e  
o f ten  t h i s  i s  the r e s u l t  o f  regeneration r e s u l t i n g  i n  the i nduc t i on  o f  embryonic 
myosin, avian dystrophy appears t o  a c t u a l l y  i n h i b i t  the neonatal t o  a d u l t  t r a n s i t i o n  
i n  the pec to ra l i s .  Thus determining the primary l e s i o n  o f  avian dystrophy may y i e l d  
important clues t o  the regu la t i on  o f  myosin expression dur ing normal development. 

To complement our biochemical 

Reacting western b l o t s  o f  

Our r e s u l t s  reveal 

The embryonic t o  neonatal t o  a d u l t  myosin t r a n s i t i o n  

Muscle pathology c l e a r l y  a l t e r s  myosin expression, most o f ten  

Other experiments studying 
i nvo l v ing  antibodies t o  mas3catot-y muscle myosins w i l l  be described. 

os in  expression i n  v i t r o  and a unique autoimmune disease 
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0555 MRWN LIm CliAlN QME EXPRESSIOW IN CARDIAC AND SEUTAL I4WXZ.E Paul J R Barton, 
Mark Fiszman, Benoit Robert & Margaret E Buckingham. Institut Pasteur Paris FRANCE. 

We have isolated clones f r o m  a cDNA library of mouse cardiac mRNA, that encode part of the 
adult atrial (LCIA) and ventricular (LClV) myosin liglit chain mRNAs. One of these clones 
(pC6) containing part of the atrial LC1A mRNA sequence shows hybridization to a mRNA in 18 
day fetal skeletal muscle that is of the same size and which shows the same thermal 
stability of hybridization as the atrial LClA mFWA. Plasmid pC6 also hybdridizes to RNA 
from cultured myotubes and the in vitro translation product of this RNA comigrates with 
the fetal isoform LClemb expreszdxhese cells. Two dimensional gel analysis of adult 
atrial and fetal skeletal proteins show LClA and LClemb to be indistinguishable in the 
mouse. Hybridization of pC6 to mouse genomic DNA indicates the presence of a single 
genomic locus and we conclude that the atrial light chain LClA and the fetal isoform 
LClemb are encoded by the same gene and are probably identical. 
The ventricular type cDNA clone pA29 has been identified as containing part of the LClV 
mFWA sequence by hybrid selected in vitro translation. Hybridization of this clone to 
other adult muscle RNAs shows LClV-m be present in soleus muscle which contains a 
mixture of fast and slow fibre types but is absent from RNA of fast skeletal muscle. 
Analysis at the protein, FWA and gene level indicates that the ventricular form LClV and 
the slow skeletal muscle form LC1S in soleus muscle are encoded by the same gene and are 
probably identical. Genetic analysis in the mouse shows that the genes coding for LC1A 
(LClemb), LClV (LClS) and the fast skeletal muscle LClF/LCY gene are located on separate 
mouse chromosomes. We are currently sequencing the genes encoding these cardiac isoforms. 

0556 
K.Mogami+, T.R.F.Wright+, and C.P.Emerson,Jr.f, *Biology Dept., San Diego State University, 
San Diego, CA 92182 and +Biology Dept., University of Virginia, Charlottesville, VA 22901 
Drosophila has a single myosin heavy chain (MHC) gene which maps to a chromosomal region 
known to contain several dominant flight muscle mutations (Bernstein et&., Nature 302: 393 ,  
1983) .  
abnormalities in their MHC gene. Each of these mutations is lethal when homozygous. Death 
occurs at the late embryonic or larval stage of development. The most severe mutation 
(-)has a 100 bp deletion near the 5' end of the gene. 
-/+ pupae, but the level of thoracic MIK protein is reduced to half that of wild-type. 
The three other mutations result from DNA insertions in introns near the 5 '  end of the gene. 
The DNA insertions possess transcription termination sites that result in the production of 
truncated MHC transcripts. Since mutant/+ pupae accumulate levels of MHC protein intermedi- 
ate between that of and wild-type, we hypothesize that transcription sometimes proceeds 
to the normal termination site and that introns (including the transcribed DNA insertion) are 
spliced out. This would result in the production of some normal MHC mRNA. Our results prove 
that the single MHC gene of Drosophila is required for both larval and adult development. 

(Supported by grants from NIH to S.I.B. and C.P.E. and from the Muscular Dystrophy Associa- 
tion to K.M. and S.I.B.) 

MUTATIONS IN THE MYOSIN HEAVY CHAIN GENE OF DROSOPHILA INDICATE THIS GENE IS 
REQUIRED FOR BOTH LARVAL AND ADULT DEVELOPMENT, S,I.Bernstein*, P.T.O'Donnell*, 

We have analyzed the DNA of several of these mutants and found four  which possess 

No abnormal MHC RNA is detected in 

0557 

F i x a t i o n  o f  t he  h ind l imbs o f  r a t s  i n  p l a s t e r  o f  p a r i s  r e s u l t s  i n  t h e  a t rophy  o f  t he  
gastrocnemius muscle, which has been i m b i l i z e d  a t ,  o r  l e s s  than, r e s t i n g  l e n g t h .  
Dur ing  the  f i r s t  6 hours o f  l i m b  immob i l i za t i on ,  syn thes i s  ra tes  o f  mixed p ro te ins ,  
a c t i n  and cytochrome c i n  the  muscle a re  s i g n i f i c a n t l y  decreased. The conten ts  o f  
a a c t i n  mRNA and cytochrome c mRNA i n  the  gastrocnemius a re  n o t  s i g n i f i c a n t l y  changed 
a t  t h e  6 t h  hour  o f  h ind l imb  immob i l i za t i on .  These r e s u l t s  suggest t h a t  a decrease i n  
muscle s i z e  because o f  d isuse i s  n o t  i n i t i a t e d  by a decrease i n  mRNA conten t .  

GENE EXPRESSION I N  STRIATED MUSCLE OF IMMOBILIZED LIMBS OF RATS, Frank W .  Booth, 
U n i v e r s i t y  o f  Texas Medical  School, Houston, Texas 77225 
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0558 A SINGLE TROPONIN T GENE GENERATES MULTIPLE PROTEIN ISOFORMS BY A NOVEL PATTERN OF 
ALTERNATIVE SPLICING. R.E.Breitbart,H.T.Nguyen,R.M.Medford,V.Mahdavi, and B.Nada1- 
Ginard, Dept. of Cardiology, Children's Hospital and Dept. of Pediatrics, Harvard 
Medical School, Boston, MA 02115. 

Alternative splicing of primary RNA transcripts has been shown to be an important mechanism 
for the generation of protein diversity from single genes for myosin light chain, a-tropo- 
myosin, and troponin T. 

The troponin T gene, in particular, expresses at least four mRNA sequences, differing 
in their inclusion or exclusion of five separate mini exons located in the 5' portion of 
the gene. The detailed splice junction pattern of these exons, in fact, demonstrates the 
potential for multiple additional combinatorial arrangements, and several of them are evi- 
dent on S1 mapping analysis. Moreover, there are another two duplicated mini exons further 
downstream, coding for aa 229-242, which are incorporated in a mutually exclusive fashion, 
effectively doubling the number of protein isoforms which could be produced from this gene. 
The pattern of alternative splicing evidenced here rules out a processive scanning model 
of splice site recognition. 

A minimum of two of the troponin T mRNAs share 5' untranslated sequence, suggesting 
that a common promoter may initiate transcription of more than one mature message. If 
this is the case, then --acting factors must be involved in the control of alternative 
splicing of the primary transcript. 

0559 DEVELOPMENTAL REGULATION OF TISSUE SPECIFIC ISOFORMS OF TROPONIN T MEDIATED BY 
DIFFERENTIAL SPLICING PATHWAYS, Elizabeth Bucher, Kenneth Hastings, and Charles 
P. Emerson JK. 

Two cDNAs and a genomic clone of the muscle regulatory protein, troponin T, are 
being characterized by DNA sequence analysis and S 1  mapping of RNA transcripts during 
quail muscle development. Comparison of two cDNA clones isolated from a quail 
embryonic myofiber library reveals that their nucleotide sequences are identical except 
for 38 nucleotides encoding amino acids 228 to 2 4 2 ,  near the troponin T carboxy 
terminus. 
of a single gene transcript. 

S 1  mapping demonstrates developmental transitions of two Tn-T mRNAs that these two 
cDNAs represent. Cultured myofibers, embryonic pectoralis, and embryonic leg coexpress 
the transcripts. In contrast, +¶ult leg and adductor preferentially express one mRNA 
trdscript over the other, while adult pectoralis exculsively expresses one form. 
This transition of isoforms implies a mechanism involving precise developmental control 
of internal splice choices during muscle maturation. 

Characterization of the Quail Tn-T genomic clone is consistent with a single 
gene encoding these troponin T isoforms. Continued analysis of the gene shnuld be 
oseful in determining the molecular basis fo r  troponin T isoform generation. 

The cDNA data is consistent with a mechanism involving alternative splicing 

0560 CLONING AND CHARACTERIZATION OF A FULL-LENGTH MOUSE MUSCLE CREATINE K I N A S E  cDNA, 
J.N. Buskin,  J.B. Jaynes, J . S .  Chamberlain, and S.D .  Hauschka, Department o f  

$e i i av f  p r e v i o u s l y  r e p o r t e d  c l o n i n g  p a r t i a l  cDNAs f o r  t h e  mouse muscle isozyme o f  
B iochemis t ry ,  U n i v e r s i t y  o f  Washington, S e a t t l e ,  Washington 96195 

c r e a t i n e  k i n a s e  ( M - C K ) .  These c l o n e s  were used t o  i s o l a t e  cDNAs which, i n  composi te,  
extend f r o m  t h e  5 '  u n t r a n s l a t e d  r e g i o n  of t h e  mRNA th rough t h e  3 '  p o l y  A t a i l .  The 
e x a c t  5 '  end o f  t h e  mRNA has been de termined by p r i m e r  e x t e n s i o n .  The e n t i r e  cDNA, -1400 
bp e x c l u d i n g  p o l y  A, has been sequenced. P o r t i o n s  o f  t h e  gene have a l s o  been sequenced; 
ercn sequences cor respond e x a c t l y  t o  t h e  cDNA sequence. Comparison o f  genomic and cDNA 
sequences has been used t o  de termine t h e  e x a c t  l o c a t i o n  o f  s p l i c e  s i t e s .  The mouse M-CK 
DNA sequence and t h e  deduced amino a c i d  sequence o f  t h e  p r o t e i n  have been compared t o  
sequences r e p o r t e d  f o r  o t h e r  spec ies .  C o n s i s t e n t  w i t h  i m n u n o l o g i c a l  and DNA h y b r i d i z a t i o n  
exper iments,  these comparisons have demonstrated t h e  h i g h  degree o f  c o n s e r v a t i o n  between 
t h e  M-CKs o f  v a r i o u s  v e r t e b r a t e  spec ies .  
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6 6 1  INDUCTION OF MUSCLE CREATINE KINASE I S  TRANSCRIPTIONALLY REGULATED FOLLOWING 
MITOGEN WITHDRAWAL FROM MOUSE MYOBLASTS, J.S. Chamberlain, J.B. Jaynes, J.N. Buskin, 

and S.D. Hauschka, Oept. o f  B iochemis t ry ,  U n i v e r s i t y  o f  Washington, Sea t t l e ,  WA 98195. 
We have examined the  r e g u l a t i o n  o f  c r e a t i n e  k inase (CK) i n d u c t i o n  i n  d i f f e r e n t i a t i n g  

MM14 mouse myoblasts.  Trace amounts o f  t h e  BB isozyme o f  CK a re  p resen t  i n  p r o l i f e r a t i n g  
myoblasts, b u t  mitogen w i thdrawal  f rom t h e  c u l t u r e s  t r i g g e r s  a r a p i d  i n d u c t i o n  o f  bo th  FM- 
and MB-CK. An t ibod ies  r a i s e d  aga ins t  mouse MM-CK c ross - reac t  w i t h  M- and BB-CK f rom human, 
r a b b i t ,  chicken, and mouse, suggest ing  t h e  presence o f  h i g h l y  conserved sequences i n  these 
enzymes. However, a cDNA c lone  con ta in ing  o n l y  the  3 '  non - t rans la ted  r e g i o n  was i d e n t i f i e d  
w i t h  C K  an t i bod ies  and i s  s p e c i f i c  t o  mouse M-CK as judged by s o l u t i o n  h y b r i d i z a t i o n  and d o t  
b l o t  ana lys i s .  Th i s  c lone was t h e r e f o r e  used t o  q u a n t i t a t e  M-CK mRNA l e v e l s  d u r i n g  myoblast  
d i f f e r e n t i a t i o n  and t o  i s o l a t e  the  M-CK gene. P r o l i f e r a t i n g  myoblasts con ta in  l e s s  than 10 
molecules p e r  c e l l  o f  M-CK mRNA. 
p r o t e i n  and i s  f i r s t  de tec tab le  5 h a f t e r  mi togen w i thdrawal  (2 -3  h a f t e r  t h e - f i r s t  c e l l s  
commit t o  te rm ina l  d i f f e r e n t i a t i o n  and 7 h be fo re  f u s i o n  beg ins) .  Message l e v e l s  peak 24 h 
a f t e r  mitogen w i thdrawal  a t  1100 molecules pe r  nucleus, and then dec l i ne .  H y b r i d i z a t i o n  o f  
nuc lea r  r u n - o f f  t r a n s c r i p t s  f rom i s o l a t e d  myoblast  and myocyte n u c l e i  t o  M-CK c lones 
demonstrates t h a t  t he  inc rease i n  mRNA l e v e l s  i s  accompanied by an inc rease i n  the  r a t e  o f  
t r a n s c r i p t i o n  o f  t h e  M-CK gene. 

I n d u c t i o n  o f  t he  message precedes the  i nc rease  i n  M-CK 

0562 
(JRC) and Department of Anatomy, UCSF, San Franc isco ,  CA 94143 (CPO), USA 

Sequences from cDNA clones  coding f o r  ch icken  muscle p r o t e i n s  have been i n s e r t e d  i n t o  
v e c t o r s  con ta in ing  t h e  bac ter iophage  promoter SP6 and t r ansc r ibed  t o  gene ra t e  32P- and 3H- 
l a b e l l e d  RNA probes of h igh  s p e c i f i c  a c t i v i t y  f o r  u se  i n  RNA b l o t  and i n  s i t u  hybr id i za t ion  
ana lyses .  Sequences i n s e r t e d  t o  d a t e  inc lude  t h e  3 ' -un t rans la ted  end of s k e l e t a l  a - a c t i n  
(260 bp) ,  t h e  3 ' -un t r ans l a t ed  end of c a r d i a c  t roponin  T (140 bp) ,  and a coding sequence 
from t h e  5' end of M-creatine k inase  (240 bp).  
o r i e n t a t i o n s  and t r a n s c r i p t s  of both DNA s t r a n d s  were made us ing  SP6 RNA polymerase. Blo t  
hybr id i za t ion  ana lyses  us ing  poly(A)+ RNA demonst ra te  t h a t  a l l  t h r e e  genes are a c t i v a t e d  
dur ing  s k e l e t a l  muscle c e l l  d i f f e r e n t i a t i o n  & E. Cardiac t roponin  T express ion  ceases  
i n  s k e l e t a l  muscle a s  development progresses ,  bu t  con t inues  i n  c a r d i a c  muscle, confirming 
t h e  f ind ings  of Cooper and Ordahl (Science,  In Press ) .  I n  s i t u  hybr id i za t ion  ana lyses  of 
the  c e l l u l a r  p a t t e r n s  of gene express ion  dur ing  s k e l e t a l  muscle d i f f e r e n t i a t i o n  i n  v i t r o  
are i n  p rogres s .  (Supported by N I H  Grant [EM-32018 t o  CPO and NSF Grant bPCH-82-15972 t o  
J R C  ) 

RNA PROBES TO DEVELOPMENTALLY REGULATED MUSCLE GENES, John R. Coleman and Char les  P. 
Ordahl, D iv i s ion  of Biology and Medicine, Brown Unive r s i ty ,  Providence, R I  02912 

Sequences were i n s e r t e d  i n t o  v e c t o r s  i n  both 

0563 
Thoms A .  Cooper and C h a r l e s  P. Ordahl  
U n i v e r s i t y  of  C a l i f o r n i a  a t  San F r a c i s c o ,  San F ranc i sco ,  CA 94143 

muscle development ( C l a s s  B mRKA-106A4; Ordahl e t .  a l .  PSAS 77:4516, 1980) h a s  been  
found t o  encode  a c a r d i a c  i so fo rm o f  t ropon in  T by amino a c i d  sequence  a n a l y s i s .  
c o n t r a s t  t o  i t s  r e g u l a t i o n  i n  s k e l e t a l  muscle development 106A4 is s t r o n g l y  
up - regu la t ed  d u r i n g  c a r d i a c  development i n d i c a t i n g  t h a t  i t  is a c a r d i a c  i so fo rm of 
t ropon in  T. 
Ordah l ,  S c i e n c e ,  i n  p r e s s ) .  We have i s o l a t e d  t h e  c loned  gene and  i d e n t i f i e d  a l l  exons  
by n u c l e o t i d e  sequencing .  
i n i t i a r e s  t r a n s c r i p t i o n  i n  bo th  t issues w i l l  b e  p re sen ted .  
s r q u e n ; e  of cDNA c l o n e s  i n d i c a t e s  t h a t  t h i s  gene  g e n e r a t e s  two mRl\'As i n  c a r d i a c  musc le  
Yia deve lopmen ta l ly  r e g u l a t e d  a l t e r n a t e  s p l i c i n g  near  t h e  5' end of t h e  m R K A .  I n  
ContTas t  t o  r a t  s k e l e t a l  muscle t ropon in  T (Fledford e t .  a l . ,  C e l l  38: 409.1984).  w e  
have found no a l t e r n a t i v e  s p l i c i n g  wi th in  t h e  3' end of t h e  mRh'A. We a r e  c u r r e n t l y  
c h a r a c t e r i z i n g  t h e  s p l i c i n g  p a t t e r n s  i n  both c a r d i a c  a n d  s k e l e t a l  musc le .  Toyota  and  
Shimada ( C e l l  33 :297 ,1983)  have shown t h a t  down-regula t ion  of c a r d i a c  t r o p o n i n  T 
e x p r e s s i o n  i n  c u l t u r e d  embryonic s k e l e t a l  muscle i s  under neu rogen ic  c o n t r o l .  We are 
des ig ; l ing  expe r imen t s  t o  i d e n t i f y  t h e  gen ic  components r e s p o n s i v e  to i n n e r v a t i o n .  

A SINGLE CARDIAC TROPOKIN T GENE I S  GOVERNED BY TWO DIFFERENT REGULATORY 
PROGRAMS A N D  GEKERATES TWO m R N A s  V I A  ALTERVAATE SPLICING 

A cDNA c l o n e  of  a low-abundance mRWA expressed  t r a n s i e n t l y  d u r i n g  e a r l y  s k e l e t a l  

I n  

The mRKA i n  both  t i s s u e s  i s  t h e  product  of  a s i n g l e  gene  (Cooper and 

Work i n  p rogres s  t o  de te rmine  whether a s i n g l e  promoter  
I n  a d d i t i o n ,  n u c l e o t i d e  
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SPEZiFlC EFFECT OF COLLAGEN INHldITlON ON MYOGENESIS, J. James Donady a n d  
Sar i f l v  Tinnerman, i3iology l k p t . ,  Wesleyan Universit.y, Middletown, C T  0645i 

Pririilrv rLi!tiires of l ~ r @ s @ P h l  l a  rnvriblasis a re  inhibit,ed fron completing r.iyogenesis, iricliu- 
i n c  i ivoruhe fusinil,  bv ce l l - suhs t ra te  contact. wirh verteDrate collagen (type I ) .  rne 
t rca tc imt ,  which CBIISPS t,he cells t o  f l o a t ,  i s  revers ible .  ihe analysis of t w n  muscle- 
coecific aeries, act in  ( 5 7 A )  and nvosin heavy chain (368), shows differen1 resDonses t o  the 
ahsence o f  substrate  attaclirnent. The act in  gene a c t i v i t y  i s  riot affecteo by collageri 
treatment. livhrifl17at.ion clf a 3 '  gene-specific probe t o  dot b l o t s  of D o l v ( A ) t  KkA f r o m  
t rea tec  c e l l s  shows no detecrahle decrease i n  t ranscr ip ts  compared t o  cotitrol c e l l s  of the 
w i p  aqii (riyotube fusion s r a y e ) .  However, the mvosin heavy chain gene acr ivi ty  shows a 
vramatIc wcrease  i n  p o l y ( A ) ~  RNA i n  t reated cells. 
i s  affected hy a l te ra t ion  of ce l l - subs t ra te  adhesion and/or c e l l  shape. l n e  ef fec ts  o f  
t h i s  a l t e r a t i o n  on t.ranscription or  RNA processinq, as well as on ot.her coorainately 
reiriilat.eo flenes, are  under invest igat ion.  

Therefore, specif ic  gene ac t iv i iy  

0565 
and Bruce M. Pa t e r son ,  Nat iona l  Cancer I n s t i t u t e ,  Nat iona l  I n s t i t u t e s  of Heal th ,  Bethesda, 
MD 20205 

The e n t i r e  nuc leo t ide  sequence of t he  chicken a-card iac  a c t i n  gene has been determined. 
This i s  the  f i r s t  complete sequence of a ca rd iac  a c t i n  gene t h a t  inc ludes  the  promotor 
reg ion ,  a l l  t h e  i n t r o n s ,  and t h e  polyadenyla t ion  s i t e .  The a -card iac  a c t i n  gene i s  the  
major isoform expressed  i n  developing embryonic av ian  s k e l e t a l  muscle. 
i n t r o n s ,  5 of which i n t e r r u p t  t he  coding reg ion  a t  amino a c i d s  41, 150, 204, 267, and 327. 
The f i r s t  i n t r o n  i s  i n  t h e  5 '  noncoding reg ion  and i s  438 base p a i r s  i n  length .  

The a -card iac  a c t i n  gene encodes an mRNA of approximately 1400 base  p a i r s  w i th  a 5 '  and a 
3 '  un t r ans l a t ed  reg ion  of 59 and 184 nuc leo t ides ,  r e spec t ive ly .  Like the  chicken a - ske le t a l  
a c t i n  gene, t h e  a -card iac  a c t i n  gene has the  Cys codon between the  i n i t i a t o r  ATG and the  
codon f o r  t h e  N-terminal amino ac id  (Asp) of t h e  mature p ro te in .  There a r e  no major 
sequence homologies from the  CAAT t o  t h e  TATA reg ions  between the  chicken s k e l e t a l  and 
ca rd iac  a c t i n  genes;  however, t h e  3' reg ion  con ta ins  a s h o r t  sequence homology, TCAGGATGAC, 
repor ted  f o r  o t h e r  a c t i n  genes. This  sho r t  sequence does not  appear t o  be muscle s p e c i f i c  
when compared t o  sequences i n  t h e  Nat iona l  Sequence Data Base. 

THE NUCLEOTIDE SEQUENCE OF THE C H I C K  ALPHA-CARDIAC ACTIN GENE: THE MAJOR ISOFORM 
EXPRESSED I N  EMBRYONIC A V I A N  SKELETAL MUSCLE, J u a n i t a  Eldr idge ,  Zendra Zehner, 

The gene con ta ins  6 

0566 
Pauling I n s t i t u t e ,  Palo A l to ,  CA 94306, R. Eddy and T. Shows, Roswell Park Memorial I n s t i t u t e ,  
Buf fa lo ,  N.Y. 14263. 
The genes f o r  human y-cytoplasmic and a-skeleta l  a c t i n s  have been character ized i n  order t o  
study t h e i r  expression i n  v i t r o .  We have detected va r ia t i ons  i n  ste.ady-state l eve l s  o f  y and 
B a c t i n  mRNAs i n  various t i ssues .  I n  one case, a 5 - fo ld  e leva t i on  o f  y a c t i n  mRNA l eve l s  
accompanied spontaneous t ransformat ion o f  r a t - 2  f i b r o b l a s t s .  The complete sequences o f  two y 
a c t i n  cDNAs, i s o l a t e d  from a human f i b r o b l a s t  l i b r a r y ,  have been determined. These two cDNAs 
d i f f e r  by on ly  two s i l e n t  subs t i t u t i ons  i n  the codons f o r  amino acids 305 and 309. An iso-  
type-speci f ic  probe from the 3'UTR o f  the y-cytoplasmic a c t i n  cDNA hybr id izes t o  14 EcoRI 
fragments i n  the human genome a t  low str ingency, b u t  t o  a s i n g l e  25 Kbp EcoRI fragment a t  
50C below the Tm. The EcoRI fragments o f  lower homology have been cloned i n  3 vectors and 
appear by r e s t r i c t i o n  enzyme mapping t o  be processed pseudogenes. Hybr id i za t i on  o f  the y- 
s p e c i f i c  probe t o  muse-human synkaryons i nd i ca tes  d ispers ion o f  the pseudogenes i n  the 
human genome. A s i n g l e  pseudogene maps between q21 and p l l  o f  the human X chromosome. The 
a-skeleta l  gene has been i s o l a t e d  from a human genomic l l b r a r y  by i n  v i vo  recombination 
w i t h  a nVX plasmid con ta in ing  the 3'UTR o f  the a -ske le ta l  a c t i n  cDNA. The sequence o f  the 
human a-skeleta l  gene and i t s  5 '  f l ank ing  reg ion has been determined. 

HUMAN ACTIN GENE ORGANIZATION AND DIFFERENTIAL EXPRESSION, H.P. Erba, P. Gunning, L. 
Kedes, Dept. o f  Medicine, Stanford Un ive rs i t y ,  Stanford, CA 94305, J .  Leav i t t ,  Linus 
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Labora to i re  de Bio logie  de l a  O i f f e renc ia t ion  C e l l u l a i r e ,  LA CNRS 1 7 9 ,  Facul t6  des Sc iences  
de L u m i n y  - 13288 MARSEILLE CEDEX 9 - France. 

I n  o rde r  t o  understand t h e  v a r i a t i o n s  of t he  te rmina l  d i f f e r e n t i a t i o n  programme of muscle 
c e l l s  dur ing  r egene ra t ion  of two spec ie s  [ a  Polychae te  Annelid : Dwenia fus i fo rmis ,  and an 
Amphibian : Pleurodeles  w a l t l i i l  we c lone  t h e i r  a c t i n  genes.  From Owenia we obta ined  10 
genomic c lones  and two cDNA c lones  from Pleurodeles  muscle RNAs. By determining t h e  sequen- 
ce  of P leurodeles  a a c t i n  cDNA c lones  we not iced  an important concerva t ion  of t h e  s k e l e t a l  
a a c t i n  3 'non coding sequence, w i t h  t he  corresponding genes of binds and mammals (P leu ro -  
de l e s  i s  an a n c e s t r a l  form of  lower v e r t e b r a t e ] .  T h i s  conserva t ion  occurs  i n  a s p e c i a l  
s t r u c t u r e  (b lock  of 100 nuc leo t ides  GC r i c h  region fo l loded  by a 130 nuc leo t ides  AT r i c h  
reg ion  : an average conserva t ion  of  80 % occurs  mainly i n  AT r i c h  blocks of z 20 nucleo- 
t i d e s ) .  We assume from t h i s  result t h a t  3 '  non coding reg ion  may p lay  a r o l e  i n  t e rmina l  
d i f f e r e n t i a t i o n  processes .  D i f f e ren t  poss ib l e  models w i l l  be d iscussed .  Using these  probes 
we have determined t h e  v a r i a t i o n s  of express ion  of t hese  genes dur ing  t raumat ic  regenera- 
t i o n .  P a r a l l e l  s t u d i e s  a r e  done i n  t he  l ab .  on t h e  s t r u c t u r e  and evolu t ion  of i n v e r t a b r a t e s  
myosin heavy cha in  genes.  

STRUCTURE A N D  EXPRESSION OF A C T I N  GENES O U R I N G  T R A U M A T I C  R E G E N E R A T I O N .  
Michel FONTES, Michel KHRESTCHATISKI, Norbert EAKALARA and Cec i l i a  R O O R I G U E Z .  

0568 ENHANCER ACTIVITY ASSOCIATED WITH THE CYTOPLASMIC B-ACTIN GENE. Nevis L. 
Fregien and Norman Davidson, C a l i f o r n i a  I n s t i t u t e  of Technology, Pasadena, CA 
91125. 

When Myoblasts i n  c u l t u r e  a r e  induced t o  d i f f e r e n t i a t e  i n t o  myotubes, a number of  
muscle s p e c i f i c  genes are ac t iva t ed .  A t  t h e  same t i m e  s e v e r a l  genes ,  i nc lud ing  t h e  cyto- 
plasmic 5-ac t in  gene, a r e  turned  o f f .  We have examined t h e  6 -ac t in  gene f o r  enhancer 
sequences which may be u t i l i z e d  f o r  t h e  c o n t r o l  of express ion  of  t h e  5 -ac t in  gene i n  myo- 
b l a s t s  and myotubes. Fragments of t h e  ch ick  B-actin gene w e r e  i n s e r t e d  a j acen t  t o  t h e  
b a c t e r i a l  neomycin r e s i s t a n c e  gene which uses  a weakened herpes  s implex  v i r u s  thymidine 
k inase  gene promoter. The r e s u l t a n t  plasmids a r e  assayed  f o r  t h e i r  a b i l i t y  t o  t ransform 
myoblasts (BC3H-1 and C2IC12 c e l l s )  t o  6 4 1 8  r e s i s t a n c e  Increased  t r ans fo rma t ion  f requencies  
w e r e  observed when t h e  e n t i r e  5-ac t in  gene O K  c e r t a i n  fragments of i t  are p laced  next  t o  t h e  
weakened promoter. The enhancing a c t i v i t y  does not appear t o  be myoblast s p e c i f i c  s i n c e  i t  
i s  a l s o  observed i n  f i b r o b l a s t s  (Ltk- c e l l s ) .  Measurements of t h e  amount of RNA i n  myo- 
b l a s t s  and myotubes showed t h a t  t h e  thymidine h inase  promoter is  not  shu t  o f f  i n  myotubes. 
The b e s t  r e s u l t s  were ob ta ined  when the  5 '  end of  t h e  5-ac t in  gene, i nc lud ing  the  promoter 
and t h e  f i r s t  i n t r o n ,  was p laced  i n  p a r a l l e l  o r i e n t a t i o n  t o  t h e  thymidine k inase  promoter. 
This cons t ruc t ion  gave the  h ighes t  t r ans fo rma t ion  e f f i c i e n c y  and showed marked reduct ion  
of  express ion  dur ing  d i f f e r e n t i a t i o n .  

0569 GENE EXPRESSION SURROUNDING THE SINGLE MYOSIN HEAVY CHAIN GENE OF DROSOPHILA: 
A REGION OF SEVERAL FLIGHT MUSCLE MUTATIONS, 
Char les  P. Emerson, Jr., Un ive r s i ty  of V i rg in i a ,  C h a r l o t t e s v i l l e ,  VA 22901 

Seve ra l  dominant muta t ions  t h a t  d i s r u p t  myof ib r i l s  of t h e  i n d i r e c t  f l i g h t  muscles of 
Drosophila have been i s o l a t e d  by Mogami and Ho t t a  (1981). These muta t ions  c l u s t e r  a t  two 
l o c i  i n  t h e  genome, one of which is t h e  s i te  of t h e  s i n g l e  copy myosin heavy cha in  gene 
(Berns te in ,  et al . ,  1983).  More p r e c i s e  g e n e t i c  mapping sugges t s  t h a t  t h e s e  muta t ions  map 
o u t s i d e  of t h e  MHC gene. We have cloned 75 kb of genomic DNA sur rounding  t h e  MHC gene, 
and s e v e r a l  d i s t i n c t  RNA's i n  t h i s  r eg ion  are s p e c i f i c  t o  embryonic muscle. Some of t hese  
genes expres s  m u l t i p l e  t r a n s c r i p t s  accord ing  t o  developmental  s t a g e ,  i nc lud ing  two genes 
wi th  an a d d i t i o n a l  myof iber -spec i f ic  t r a n s c r i p t .  We a r e  c u r r e n t l y  i n v e s t i g a t i n g  these  
genes f u r t h e r  t o  de te rmine  i f  they  a r e  the  s i t e  of any of t h e  f l igh t -musc le  muta t ions .  

E l i zabe th  L. George and 



Molecular Biology of Muscle Development 

0570 ISOLATION AND CHARACTERIZATION OF THE RAT SARCOMERIC MYOSIN HEAVY CHAIN GENE FAMILY. 
S.H. Grund, M. Periasamy, E. Strehler, D .  Wieczorek, D. Bois, V .  Mahdavi, and B. 
Nadal-Ginard. Dept. of Cardiology, Children's Hospital, Dept. of Pediatrics, 
Harvard Medical School, Boston, MA 02115. 

In order to understand the molecular mechanisms underlying developmental- andtissue-specific 
expression of the sarcomeric myosin heavy chain (MHC) multiqene family, we have isolated and 
characterized MHC genomic clones from a rat genomic library. Comparison of qenomic clone 
sequences with those from previously characterized MHC cDNAs indicates that we have isolated 
MHC genomic clones specific for embryonic, adult types IIA and IIB fast, an MHC qenomic 
clone uniquely expressed in the rat extraocular eye muscle, and the cardiac ventricular a- 
and 6- myosin heavy chains. S1 mapping analysis demonstrates that these individual MHC 
qenomic clones are expressed in a developmental and/or tissue specific manner consistent 
with their assigned specificity. However, the 6-cardiac MHC gene is also expressed in adult 
soleus muscle. The embryonic MHC gene, which has been completely sequenced, spans approxi- 
mately 25kb and is composed of 39 exons and 40 introns. To try to define sequences necessary 
for regulated expression of MHC, we have compared 5 '  flanking sequences of the embryonic, 
adult fast red and two cardiac MHC genes. We have reported previously that the sarcomeric 
MHC gene family is located on a single chromosome in the mouse and humans and that the two 
cardiac ventricular MHC genes are located 4kb apart. Preliminary evidence suggests that at 
least two of the skeletal MHC genes are also closely linked ( -4kb). 

0571 

Syn the t i c  o l i gonuc leo t i des  complementary t o  the  mRNA cod ing  f o r  two chicken f a s t -  
wh i te  myosin heavy cha in  genes are  being used t o  study t h e  process o f  d i f f e r e n t i a l  
t r a n s c r i p t i o n .  The o l i gonuc leo t i des  (15-mers) correspond t o  t h e  5 '  non-coding reg ion  
o f  t he  two genes. When used i n  "do t -b lo t ' '  analyses w i t h  genomic c lones con ta in ing  
d i f f e r e n t  MHC promoter sequences they demonstrated iso form s p e c i f i c i t y  i n  the  d i f f e r e n t  
muscle types. Southern t r a n s f e r s  o f  chicken genomic DNA were used t o  v e r i f y  t he  
abso lu te  s p e c i f i c i t y  o f  each probe. Each o l i gonuc leo t i de  was annealed t o  a d u l t  and 
embryonic b reas t ,  l e g  and ca rd iac  mRNA, extended w i t h  reverse  t r a n s c r i p t a s e  and the  
products analyzed on a sequencing ge l .  
determine when and a t  what l e v e l  these genes are  expressed i n  the  d i f f e r e n t  muscle 
types. 

M Y O S I N  GENE EXPRESSION I N  C H I C K  MUSCLES. 
U n i v e r s i t y  o f  M issour i ,  Columbia, MO 65212 

James Gu l ick  and J e f f r e y  Robbins, 

The r e s u l t i n g  ex tens ion  products a l l ow  us t o  

0572 
Departments of  Medicine1 and Pharmacology2, S tan ford  U n i v e r s i t y ,  Stanford,  CA 94305 and 
Department o f  Pharmacology3, U n i v e r s i t y  o f  V i r g i n i a ,  C h a r l o t t e s v i l l e ,  V A  22908 
We have u t i l i z e d  novel  f ea tu res  o f  t he  Okayama-Berg cDNA c l o n i n g  veh ic le  t o  i s o l a t e  cDNA 
clones encoding abundant human s k e l e t a l  muscle mRNAs. The method a l lowed us t o  i s o l a t e  
these clones w i thou t  us ing  rad io labe led  RNA o r  DNA probes and s imu l taneous ly  enr iched f o r  
f u l l - l e n g t h  cDNAs. Twelve cDNAs encode mRNAs which a re  sarcomeric muscle s p e c i f i c  ( h e a r t  
p lus  s k e l e t a l  muscle) whereas s i x  encode mRNAs which a re  s k e l e t a l  muscle s p e c i f i c .  
cDNAs a re  expressed i n  non-muscle and muscle c e l l s .  
sequences du r ing  human myogenesis revea led  a v a r i e t y  o f  r e g u l a t o r y  programs. 
c lones recogn ize  RNAs which a re  expressed a t  s i m i l a r  l e v e l s  i n  f i b r o b l a s t s ,  myoblasts,  
myotubes and a d u l t  s k e l e t a l  muscle. 
down regu la ted  i n  steady s t a t e  l e v e l s  by over 10 - fo ld  du r ing  myogenesis. A s u r p r i s i n g  
number (13) cDNAs recogn ize  m u l t i p l e  t r a n s c r i p t s  o f  d i f f e r e n t  s izes  and a t  l e a s t  s i x  o f  
these d e t e c t  mRNAs whose t r a n s c r i p t  s i z e  changes du r ing  myogenesis. Genomic b l o t  ana lys i s  
i n d i c a t e s  t h a t  some o f  these changes r e f l e c t  d i f f e r e n t  t r a n s c r i p t s  generated by a s i n g l e  
gene. 

ISOLATION AND ANALYSIS OF EXPRESSION OF cDNAs ENCODING ABUNDANT HUMAN SKELETAL MUSCLE 
mRNAs, P. Gunningl, E. Hardemanz, J .  Garr ison3, R .  Wadel, H. Blau2 and L. Kedesl, 

Twelve 
Ana lys is  o f  t he  express ion  o f  these 

Only f o u r  

The remainder recognize mRNAs which a re  e i t h e r  up o r  
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C h a r l o t t e s v i l l e ,  VA 22901 

A kev f e a t u r e  i n  the  developmental r e a u l a t i o n  o f  s k e l e t a l  muscle nene exnress ion  i s  t he  
coo rd ina te  a c t i v a t i o n  o f  a d i ve rse  set o f  s k e l e t a l  muscle c o n t r a c t i l e  p r o t e i n  oenes 
du r ina  myob las t  f u s i o n .  We have used a cDNA c lone  a n a l v s i s  t o  ask whether the  homolooous 
ca rd iac  muscle nene s e t  may be i nc luded  i n  t h i s  process. cnNA c lones  corresnondino t o  15 
d i f f e r e n t  mRNAs whose abundance increase du r inq  o u a i l  s k e l e t a l  mvob las t  d i f f e r e n t i a t i o n  
were probed w i t h  h o t  cDNA made from a d u l t  o u a i l  hea r t  o r  l i v e r  PNA. Three o f  t he  cnNA 
c lones  hvb r id i zed  e x t e n s i v e l y  and e x c l u s i v e l v  w i t h  the  ca rd iac  RNA seouence nrobe. 
Ana lvs i s  bv Nor thern  b l o t t i n s ,  S1 nuclease and DNA seouencino technioues i d e n t i f i e d  
these th ree  c lones  as encodinq ca rd iac  i so forms o f  mvosin heavv cha in ,  a c t i n  and t r o n o n i n  
C .  Thus, a t  l e a s t  t h ree  "hea r t "  nencs a re  a c t i v a t e d  du r ino  s k e l e t a l  muscle mvoblast  
f us ion .  We propose t h a t  t he  c o a c t i v a t i o n  o f  hornoloqous s k e l e t a l  and ca rd iac  muscle 
qenes i s  a s imp le  conseouence o f  t h e i r  o r i s i n a l  c r e a t i o n  bv qene d u p l i c a t i o n .  

ACTIVATION OF HEART GENES DURING SKELETAL Mll5CLE MYOBLAST DIFFERENTIATION, Pat L. 
Ha l l aue r  and Charles P. Emerson, J r . ,  B io loqv  Denartment, U n i v e r s i t v  of  V i r o i n i a ,  

0574 TRANSCRIPTIONAL ACTIVATION OF SARCOMERIC ACTINS I N  STABLE HETEROKARYONS. E.C. 
Hardeman, C.-P. Chiu and H.M. Blau. Department of Pharmacology, Stanford Universi ty  

School of Medicine, S t an fo rd ,  CA 94305. 
We p rev ious ly  r epor t ed  t h a t  t h e  syn thes i s  of human muscle p r o t e i n s  can be induced i n  hetero-  
karyons formed by t h e  PEG-mediated fus ion  of mouse muscle and human nonmuscle c e l l s .  To d a t e ,  
we have de tec t ed  t h e  syn thes i s  of s i x  human muscle-specif ic  p r o t e i n s  i n  t h e s e  s t a b l e  somatic 
c e l l  hybrids .  
t h e  p o s t - t r a n s c r i p t i o n a l  l e v e l ,  we examined t h e  accumulation of messenger RNAs from two 
human sarcomeric  genes, those encoding t h e  a-cardiac and a - ske le t a l  muscle a c t i n s .  
two a c t i n s  c o e x i s t  i n  h e a r t  and s k e l e t a l  muscle t i s s u e s  i n  vivo,  b u t  a-cardiac a c t i n  i s  t h e  
major sarcomeric  a c t i n  i n  embryonic s k e l e t a l  muscle and a - ske le t a l  a c t i n  is t h e  major sar-  
comeric a c t i n  i n  a d u l t  s k e l e t a l  muscle. Using a c t i n  i so type  and spec ie s - spec i f i c  cDNA probes 
toge the r  with Northern b l o t  ana lys i s  we monitored t h e  t imecourse and r e l a t i v e  amounts of t h e  
two muscle-specif ic  t r a n s c r i p t s  i n  heterokaryons.  
both human muscle a c t i n  gene messenger W A S  w a s  induced i n  heterokaryons and both t r a n s c r i p t s  
accumulated wi th  t ime a f t e r  heterokaryon formation. No human-specific sarcomeric a c t i n  t r an -  
s c r i p t s  were de t ec t ed  i n  e i t h e r  p a r e n t a l  c e l l  type p r i o r  t o  fusion.  
a c t i n  w a s  t h e  predominant of t h e  two a c t i n  t r a n s c r i p t s  which i s  i n  agreement with expression 
du r ing  i n  v i t r o  myogenesis. 
i n  mouse muscle x human nonmuscle heterokaryons occurs  a t  t h e  t r a n s c r i p t i o n a l  l e v e l  and t h a t  
t h e  expression of t h e s e  muscle-specif ic  genes p a r a l l e l s  t h a t  of pure myoqenic c u l t u r e s .  

In orde r  t o  determine whether a c t i v a t i o n  occurs a t  t h e  t r a n s c r i p t i o n a l  o r  a t  

These 

Our r e s u l t s  showed t h a t  t h e  syn thes i s  of 

In add i t ion ,  a-cardiac 

W e  conclude t h a t  a c t i v a t i o n  o f  bo th  human sarcomeric  a c t i n  genes 

675 
A subclone containing t h e  3 '  terminus of t h e  f a s t  isoform of myosin heavy chain (MHC) gene 
obtained from a dystrophic  chicken l i b r a r y  was used t o  s e l e c t  a 20 kb downstream genomic 
fragment from normal chickens.  It w a s  found t h a t  an overlapping r e s t r i c t i o n  fragment from 
t h e  dystrophic  DNA f a i l e d  t o  hybr id i ze  t o  pCMtcRNA102 (a  cDNA clone of tcRNAlOg, one of 
s eve ra l  s m a l l  RNAs found t o  be a s soc ia t ed  with MHC-mRNA i n  an mRNP p a r t i c l e )  while  t h e  down- 
stream overlapping r e s t r i c t i o n  fragment of t h e  DNA from normal chicken contained sequences 
hybridizing t o  pCMtcRNA1O2. 
chicken DNA and compared t o  i t s  homologous DNA from t h e  dys t roph ic  chicken. R e s t r i c t i o n  map 
a n a l y s i s  suggests  t h a t  both t h e  dys t roph ic  DNA and the  normal chicken DNA a r e  from the  same 
a rea  of t h e  genome; however, s i g n i f i c a n t  d i f f e r e n c e s  a r e  observed i n  t h e  s i z e  of some of t h e  
r e s t r i c t i o n  fragments.  These da t a  suggest  t h a t  a coding sequence f o r  tcRNA102 is  located 3'  
d i s t a l  t o  t h e  fast-MHC gene i n  normal chickens.  On the  con t r a ry ,  t h i s  a r ea  of t he  genome i s  
per turbed and l acks  t h i s  sequence i n  t h e  DNA of dys t roph ic  chickens.  Although these  genomic 
a l t e r a t i o n s  a r e  observed i n  cloned D N A ,  major d i f f e r e n c e s  have not  been detected i n  genomic 
b l o t s  of normal and dys t roph ic  DNA. This  may r e s u l t  from mul t ip l e  cop ie s  of tcRNA102 genes 
present  i n  t h e  genome. An a n a l y s i s  of t h e  RNAs a s soc ia t ed  with MHC-mRNA i n  t h e  MHC-mRNP 
from normal and dys t roph ic  chick muscle suggests  t h a t  t hese  d i f f e r e n c e s  observed i n  the  DNA 
can a l s o  be de t ec t ed  i n  t h e  t r a n s c r i p t i o n  products .  This work supported by N I H  grant  
#HD03316-1.6. 

DNA FROM NORMAL AND DYSTROPHIC CHICKEN IS  NOT IDENTICAL 3 '  DISTAL TO THE FAST-MHC 
GENE. S. Heywood and D. Zezza, The Un ive r s i ty  of Connecticut,  S t o r r s ,  CT 06268 

A 4 . 1  kb subclone w a s  subsequently i s o l a t e d  from t h e  normal 
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0576 REGULATION OF NYOSIN HEAVY C H A I N  GENE EXPRESSION I N  CAENORHABDITIS ELEGANS, 
Sandra Honda and Henry F. Epstein, Baylor College o f  Medicine, Houston, TX 77030 

The mode o f  ac t i on  o f  two pu ta t i ve  regulatory  l o c i  a f f e c t i n g  myosin heavy chain (MHC) 
synthesis i s  being invest igated i n  order t o  understand the re la t i onsh ip  between the two 
body w a l l  myosins during t h i c k  f i lament  assembly. E - 5 2  I1  mutants d i sp lay  a phenotype 
o f  progressive para lys is  due t o  retarded sarcomere construction. 
mutants synthesize lower l eve l s  o f  MHC B (unc-54 gene product) dur ing l a t e  l a r v a l  stages 
r e l a t i v e  t o  w i l d  type. 
genomic clone, i t  appears t h a t x e s e  decreased leve ls  o f  MHC B r e f l e c t  lower amounts o f  
steady s ta te  unc-54 mRNA by Northern b lo ts .  
c r i p t i o n a l ,  a x c l e a r  r u n o f f  t r a n s c r i p t i o n  system has been established. 
70-80% o f  the ~ ~ ~ ~ P - U T P - i n c o r p o r a t i n g  a c t i v i t y  o f  i so la ted  nuc le i  can be a t t r i b u t e d  t o  RNA 
polymerase I 1  i n  a-amanitin i n h i b i t o r  studies. 
gene a c t i v i t y  i n  unc-52 mutants. 
regulatory  mutant,%-3 V, which suppresses E-54 I mutations be e levat ing l eve l s  of 
MHC A. 

Biochemically, these 

Using unc-54 s p e c i 5  probes from the c o i l - c o i l  region o f  a myosin 

To assess whether such d i f ferences are trans- 
Approximately 

Work i s  i n  progress t o  determine c - 5 4  
S i m i l a r  studies are now under way t o  examine a second 

0577 
t r y ,  Un ive rs i t y  of.Washington, Seat t le ,  Washington 98195. 

The gene coding f o r  the muscle-specif ic i so fo rm o f  creat ine kinase (M-CK) i n  mouse has 
been cloned and i t s  t ransc r ip t i ona l  u n i t  analyzed. A minimum o f  s i x  i n t rons  are excised 
from the primary t r a n s c r i p t  (which i s  a t  l e a s t  12 kb i n  length) ,  one from the 5 '  non- 
t rans la ted  po r t i on  o f  the mRNA and the others from i t s  p ro te in  coding region. The gene 
contains sequences w i t h i n  i n t rons  which are r e i t e r a t e d  t o  vary ing degrees i n  the genome, 
and some o f  these are h igh l y  t ranscr ibed i n  nuc le i  i s o l a t e d  from 3T3 ce l l s ,  from myoblasts, 
and from myotu bes. 

Por t ions o f  the p r o t e i n  coding sequence o f  the mRNA are homologous t o  human M-CK as 
judged by cross-hybr id izat ion o f  cDNA subclones w i th  human genomic DNA. 
a l so  cross-hybr id ize w i t h  mRNA o f  the mouse b ra in -spec i f i c  isozyme (6-CK) as judged by dot 
b l o t  analysis, wh i l e  the 3 '  non-translated region o f  M-CK does n o t  cross-hybridize. 
ern b l o t  analys is  o f  mouse muscle and b ra in  RNAs shows t h a t  1) the M-CK and B-CK messages 
are s i m i l a r  i n  s i ze  (1600-1700 bases), and 2 )  no cross-hybr id izat ion w i t h  d i f f e r e n t  sized 
RNAs i s  detected w i t h  probes from e i t h e r  the p ro te in  coding region or  the 3 '  non-translated 
region o f  M-CK cONA. 

Experiments are underway t o  determine which por t ions o f  the gene are essent ia l  f o r  i t s  
regulated expression during d i f f e r e n t i a t i o n  o f  MM14 mouse myoblasts i n  cu l tu re .  

CLONING AND CHARACTERIZATION OF THE MOUSE MUSCLE CREATINE KINASE GENE, J.B. Jaynes, 
J . S .  Chamberlain, J.N. Buskin, J.E. Johnson, and S.D. Hauschka, Oept. o f  Biochemis- 

Port ions o f  M-CK 

North- 

0578 

ONA-mediated t ransfect ion experiments were undertaken t o  examine the molecular mechanisms 
which coordinate c o n t r a c t i l e  p r o t e i n  gene expression dur ing s k e l e t a l  muscle determination 
and d i f f e r e n t i a t i o n .  
l ead  t o  the formation o f  rnyogenic l ineages are essen t ia l  f o r  the a c t i v a t i o n  o f  the 
c o n t r a c t i l e  p r o t e i n  genes or whether these genes can be proper ly  ac t i va ted  so le l y  as a 
response t o  the d i f f e r e n t i a t i v e  event i t s e l f .  
gene, conta in ing on ly  530 bp o f  5 '  and 1.5 kb o f  3 '  f l ank ing  sequences, was s tab ly  
t ransfected i n t o  the mouse m u l t i p o t e n t i a l  c e l l  l i n e ,  10T1/2, and i n t o  a myogenic c e l l  l i n e  
der ived by 5-azacyt id ine conversion o f  10T1/2 c e l l s  (Konieczny and Emerson, C e l l  38:791-BOO, 
1984). 
increase i n  q u a i l  TnI t ransc r ip t s  cunpared t o  the low TnI l e v e l s  found i n  myoblast and 
10T1/2 cu l tures.  
a c l o n a l  l i n e  o f  determined myoblasts a l so  e x h i b i t  a 100 f o l d  accumulation o f  TnI trans- 
c r i p t s  i n  myofiber cu l tu res  only. 
message accumulation i s  due t o  d i f f e r e n t i a l  a c t i v a t i o n  o f  t r a n s c r i p t i o n  dur ing d i f f e ren -  
t i a t i o n .  
t o  the d i f f e r e n t i a t i o n - s p e c i f i c  a c t i v a t i o n  o f  c o n t r a c t i l e  p r o t e i n  genes. I n  addi t ion,  they 
suggest t h a t  myof iber-speci f ic  factors ,  which i n t e r a c t  with c is-act ing in format ion res id ing  
w i t h i n  the q u a i l  TnI  gene i t s e l f ,  so le l y  are responsible f o r  t h i s  developmental ac t i va t i on .  

PRCPER OEVELOWNTAL ACTIVATION OF A WAIL TRCPONIN I GENE INTROOUCEO INTO 
MJLTIPOTENTIAL AN0 MYCGENIC MOUSE E L L  LINEAGES, Stephen F. Konieczny and Charles 
P. Emerson, Jr., Un ive rs i t y  o f  V i rg in ia ,  Char lo t tesv i l l e ,  VA 22901 

The questions o f  i n t e r e s t  are whether the d e t e n i n i t i v e  events which 

A q u a i l  t roponin I (TnI) c o n t r a c t i l e  p r o t e i n  

D i f f e r e n t i a t e d  myofiber cu l tu res  o f  t ransfected clones e x h i b i t  up t o  a 100 f o l d  

Transfected m u l t i p o t e n t i a l  10T1/2 c e l l s  converted w i t h  5-azacytidine i n t o  

Nucle i  run-on assays show t h a t  the myofiber-specif ic TnI 

These r e s u l t s  demonstrate t h a t  the myogenic determinative events are not  essen t ia l  
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0579 ACTIPI GENE TRANSCRIPTION IN REVERTANTS OF C. ELEGANS ACTIN MUTANTS, 
Michael Krause and David Hirsh, University-of Colorado, Boulder 
Colorado 80309 

The extensive molecular biology available for Caenorhabditis elegans muscle 
in conjunction with feasible biochemistry has made the worm a-ctive 
system for the study of muscle development. We have chosen to look at one 
aspect of muscle development; the regulation of actin gene expression. C. 
elegans has four actin genes and each has been cloned and sequenced. In- 
addition, actin mutants and revertants have recently been identified. By 
comparing actin gene transcription in wild-type, mutant and revertant 
animals, we hope to gain insight into the molecular events regulating these 
genes. !Je have focused our analysis on four revertants of actin mutants in 
which reversion was accompanied by gross rearrangements in one or more of 
the actin genes. 
All four revertants have an abnormal pattern of actin gene transcription 
during post-embryonic development. These differences predominantly result 
from fluctuations in the relative abundance of actin transcripts. In a t  
least two revertants there is also a temporal change in actin message abund- 
ance in contrast to the temporally invariant wild-type pattern. Furthermore, 
we have been able to demonstrate that either of two actin genes compensates 
transcriptionally in response to alterations in the level of transcription of 
the other gene. 

0580 V-MOS TRANSFORMATION OF NIH 3T3 CELLS INDUCES AN ALTERED CHROMATIN STRLICUTRE IN 
THE q ( I )  COLLAGEN PROMOTER, G. Liau and B. de Crombrugghe, NIH Bethesda MD 20205 

The collagens are structural proteins involved in extracellular matrix formation in ani- 
mal tissues. We have isolated the a2(I) and q(II1) collagen genes and have used as 
a model system to examine the developmental regulation of these genes, the inhibition of 
their synthesis after oncogenic transformation of cultured fibroblasts. There is good 
evidence to suggest this inhibition is transcriptionally mediated. We have examined the 
chromatin structure around the transcriptional start site of the u2(I) collagen gene in 
control and V-% transformed mouse fibroblasts. NIH 3T3 cells contain a DNase I hyper- 
sensitive site mapping between -250 to +loo. Restriction enzyme sites within this region 
are readily accessible to digestion in isolated nuclei. Dde 1, Mnl 1, and Hinf 1 sites, 
which are dispersed throughout the 3 Kb region probed, are only accessible in the -350 to 
+45 region. An Xba 1 site at -505 and a Bgl I1 site at -350 are also accessible. Nuclei 
isolated from V-mas transformed fibroblasts contain open sites from -101 to -114 when 
probed with Apa 1, Hinf 1, and Dde 1 respectively and is, in addition, accessible to 
Hinf 1 at -250. However, the Bgl I1 site at -350 and the Xba site at -505 are now almost 
completely protected from digestion. An Sph 1 site at +58 is also substantially less 
accessible than in NIH 3T3 nuclei. 
transformation induces an alteration in chromatin structure around the promoter of the 
q(1) collagen gene. The protection of the upstream re ion could be due to binding of a 
protein which may in turn alter the transcriptional efffcacy of the @(I) collagen gene. 

Our in vivo restriction enzyme map suggests that V-mas 

0581 Walsh, Molecular Neurobiology Lab, Inst Neurology, London and Kathleen Talbot and 
Alexander R. MacLeod, Ludwig Inst, Cambridge. 
Human a and 6-TM clones were isolated from a human skeletal muscle cDNA library. Positive 
clones were identified by hybridisation with rabbit a and 6-TM clones. Three specific pro- 
files of hybridisation were found. These were fragments that reacted with the rabbit a-TM 
probe, fragments that were a, 6 cross-reactive and fragments that were 6-specific. A 1.2% 
P W  11-Hind I11 fragment from a 6-TM specific clone was isolated and subcloned into M13mp8 
and sequenced by the Sanger procedure. Extensive amino acid sequence homology was found 
with the known sequence of rabbit 6-TM and the human cDNA contains sequence information 
from amino acid 150 to the polyA tail. A 0.6% PW 11-Hind 111 fragment of the a-TM clone 
is being sequenced. Southern analysis of Hind 111 digested human DNA revealed 6 bands 
of 16, 14, 8.5, 6 . 5 ,  3 and 0.6% for a-TM and 4 bands of 16, 4 . 2 ,  3 and 0.6% for 6-TM. 
To attempt to analyse the structure of these genomic sequences further a Hind 111 genomic 
library of human DNA cloned in h z s s e  was screened with the a and 6-TM cDNA fragments. A 
number of clones have been isolated and are being analysed. Southern analysis of Hind I11 
digested human and mouse DNA showed that different bands are detected across species sug- 
gesting that these genes may be assigned to a specific human chromosome and to determine 
whether the a and 6 genes are linked. These studies are now in progress. 

STRUCTURE OF THE HUMAN MUSCLE TROPOMYOSIN GENE FAMILY. Girish Modi and Frank S .  
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0582 TRBOMYOSIN GENE EXFRESSION IN WAIL MYOFIBERS AND FIBROBLASTS, 
Sonia H. Pearson-White, Patricia Hal lauer ,  and Charles  P. Emerson, Jr., 
Universi ty  o f  Virginia ,  C h a r l o t t e s v i l l e ,  VA 22901. 

We a r e  i n v e s t i g a t i n g  t h e  molecular b a s i s  for t h e  r egu la t ed  expression of t h e  
muscle-specific c o n t r a c t i l e  p ro te in  oenes i n  t h e  qua i l .  
i s o l a t e d  from a q u a i l  myofiber l i b r a r y  by d i f f e r e n t i a l  hybr id i za t ion  with 
myofiber and myoblast aNA. 
suggests  t h a t  cClOl i s  a muscle-specific alpha-tropomyosin, while  cC102 is a 
f i b r o b l a s t  tropanyosin.  Is t h e  f i b r o b l a s t  isoform gene ra l ly  expressed i n  
myofibers t oge the r  with t h e  muscle-specific form? These c lones  sha re  a 
region o f  sequence i d e n t i t y  of more than 350 nucleot ides .  00 these  two forms 
a r i s e  by d i p f e r e n t i a l  spl ic img of a s i n g l e  gene, or do the s e v e r a l  
tropomyosin genes suggested by a genomic Southern b l o t  produce s i n g l e  
t r a n s c r i p t s  w i t h  long i d e n t i c a l  r eg ions  maintained by gene conversion or 
n a t u r a l  s e l e c t i o n ?  New myofiber and f i b r o b l a s t  fu l l - l eng th  cMJA l i b r a r i e s  
were cons t ruc t ed  and t h e  nuc leo t ide  sequence o f  c lones  homologous t o  cClOl 
and cC102 i s  being determined. Regions s p e c i f i c  t o  each isoform w i l l  be used 
a s  s p e c i f i c  probes t o  i d e n t i f y  which isoforms are expressed i n  which c e l l  
types.  

Two cMJA c lones  were 

C a p a r i s o n  with publ ished nucleot ide sequences 

0583 MECHANISMtS) OF ALTERNATIVE SPLICING OF MLC l/3f GENE PRIMARY TRANSCRIPTS. 
M. Periasamy, E.E. Strehler, and B. Nadal-Ginard. Dept. of Cardiology, Children's 
Hospital, Dept. of Pediatrics, Harvard Medical School, Boston, MA 02115. 

In fast skeletal muscle a single gene locus encodes two different developmentally regulated 
alkali myosin light chain isoforms (MLC 1 and 3). 
gene implies alternative splicing of the primary transcript in order to produce either 
MLClf or MLC3f mRNAs. 
has two transcriptionally active promotors specific for MLCl and 3. 
promotors are S l O k b  apart and can give rise to two mRNA precursors of significantly 
different primary structure both in size (%lOkb and s20kb) and sequence. S o  it may well be, 
the selective use of a specific promotor could determine a particular splicing pathway 
secondary or tertiary structure of the primary transcript. In order to elucidate the role 
of RNA structure and conformation on RNA processing, we have constructed MLClf and MLC3f 
minigenes with several structural modifications. These minigene constructs are currently 
being studied for their ability to produce correctly spliced MLCl or 3 mRNAs when 
introduced into different mammalian cells. 
between cis - and trans-acting mechanisms involved in alternative splicing. 

The structural organization of MLC 1/3 

By in vitro transcription analysis, we have shown that M ~ c 1 / 3 ~  gene 
Structurally these 

These experiments will allow to distinguish 

STRUCTURE AND ORGANIZATION OF THE a-TROPOMYOSIN GENE: DIFFERENTIAL SPLICING OF "ISO- 
TYPE-SWITCH EXONS" INVOLVING ALTERNATIVE SPLICING PATHWAYS ACCOUNTS FOR EXPRESSION 
OF THREE DEEMPMENTAL- AND TISSUE-SPECIFIC a-TM ISOFORMS. N. Ruiz-Opazo and B. 
Nadal-Ginard, Dept. of Cardiology,Children's Hospital, Dept. of Pediatrics, Harvard 
Medical School, Boston, MA 02115. 

0584 

a-tropomyosin (a-TM)is composed of two subunits, with approximate MW of 33,000 daltons each. 
This protein in conjunction with the troponin complex plays a central role in the Ca2+-de- 
pendent regulation of muscle contraction. Two previously characterized a-TM cDNA clones 
isolated from smooth and skeletal muscle were completely sequenced and used as probes in S 1  
nuclease mapping studies to assess the developmental and tissue-specific expression of the 
a-TM gene. These studies have defined the molecular structure of three distinct a-TM mF2iA 
isofoms each being shown to have common as well as amino-proximal- and carboxy-terminal 
isotvTe specific regions. Common and isotype-specific cDNA sequences were then utilized as 
probes to isolate genomic recombinant clones spanning approximately 60 kb of the rat genome. 
Southern blots of genomic DNA and a-TM A-genomic recombinant clones have revealed that the 
common and isotype-specific sequences are present in a single copy per haploid genome. 
Further analysis has shown that the a-TM gene is approximately 50kb long. The common region 
comprises only a small portion of the genomic sequences (%5kb). In marked contrast, the iso- 
type-specific regions are encoded in multiple exons(upstream and downstream from the common 
reqion)spanning the remaining 45kb of the a-TM gene. These results demonstrate that three 
a-TM mRNA isoforms identified are produced from the same gene by differential splicing of a 
set of exchangeable "isotype-switch exons" involvino complex alternative splicing pathways. 
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0585 METHYLATION: A POTENTIAL REGULATOR OF GENE EXPRESSION DURING MYOCYTE 
DIFFERENTIATION, R ichard  L. Sabina, N a l i n i  Desai ,  and Edward W .  Holmes, Duke 
U n i v e r s i t y  Medical  Center,  Durham, NC 27710 

L-6 i s  an es tab l i shed  c e l l  l i n e  which can d i f f e r e n t i a t e  i n t o  myotubes under the  
approp r ia te  c u l t u r e  cond i t i ons .  The s tud ies  descr ibed here  have tes ted  severa l  c lasses  o f  
compounds as p o t e n t i a l  modulators o f  d i f f e r e n t i a t i o n  i n  the  L-6 model. 
assessed by morphology and express ion  o f  t he  muscle s p e c i f i c  p ro te ins ,  c r e a t i n e  k inase (CK) 
and AMP deaminase (AMP-0). 

Resu l ts :  
myogenesis. 
appeared e a r l i e r  i n  azaCR-treated c e l l s  compared t o  un t rea ted  c e l l s .  
a c t i v i t i e s  increased e a r l i e r  and reached h igher  l e v e l s  - 55 and 500- fo ld  increases, 
respec t i ve l y ,  i n  azaCR-treated vs 10 - fo ld  lower  inc reases  i n  un t rea ted  c e l l s .  
concen t ra t i on  o f  azaCR which max imal ly  s t imu la tes  myogenesis i s  10-6M. 
concent ra t ions  a r e  t o x i c  and lower  concent ra t ions  a r e  i n e f f e c t i v e .  3 )  DNA i s  
hypomethylated i n  azaCR-treated r e l a t i v e  t o  c o n t r o l  c u l t u r e s .  
suppresses the  inc rease i n  C K  and AWP-D a c t i v i t i e s .  
a c e t y l c h o l i n e  d i d  n o t  a f f e c t  d i f f e r e n t i a t i o n .  

d i f f e r e n t i a t i o n ,  w h i l e  agents which lead' t o  hypermethy la t ion  ( c y t o s i n e  a rab inos ide )  suppress 
d i f f e r e n t i a t i o n .  
r e g u l a t e  express ion  o f  genes encoding f o r  muscle s p e c i f i c  p r o t e i n s .  

F'yogenesis was 

1 )  5 -azacy t id ine  (azaCR) and i t s  deoxyr ibose analog a r e  po ten t  inducers  o f  
The development o f  i n t a c t  m y o f i b r i l s  and onset o f  spontaneous con t rac t i ons  

C K  and AMP-D 

2 )  The 
Higher 

4 )  Cy tos ine  arab inos ide  
I n s u l i n ,  epinephr ine, and 

Conclusions: 1 )  Agents which l ead  t o  hypomethylat ion (azaCR) o f  DNA enhance 

2 )  I n  c e l l s  a l ready  committed t o  myogenesis, me thy la t i on  o f  DNA may 

0586 
Boston Biomedical Research Institute, Boston, MA 02114. 
The mRNA and protein levels for the developmentally regulated fast myosin light chain LC3 
show a noncoordinate relationship during chick embryonic breast muscle development (FEBS 
Lett., l&, 22, 1982). In our attempts to probe for possible "regulatory" macromolecules 
involved in LC synthesis, we have isolated and characterized a novel cytoplasmic 
translation iniibitory 10 S RNP (iRNP) containing a 4 S RNA (iRNA) species from chick 
embryonic muscle (JBC, 2, 5077, 1981). Both iRNA and iRNP are potent inhibitors of &I 
vitro translation of a variety of mRNAs. The inhibition is due to a specific effect on 
mRNA binding to the 43 S preinitiation complex (Met-tRNA .40 S ribosome .eIF2) (JBC, 258, 
15141, 1983). 
novel class of cytoplasmic macromolecules. 
(136, 110 and 76 nucleotides respectively) show that they are distinct from other 
eukaryotic small RNAs. 
are bonafide gene transcripts. The iRNA subspecies hybridize with muscle mRNAs in "dot blots". 
The iRNA and iRNP exert a negative control on the translation process by inhibiting a rate 
limiting step in protein synthesis i.e., selection of specific mRNA for ribosome loading. 
The relevance of these results to the regulation of myogenesis in vivo, and in particular 
LC mRNA translation will be discussed. 

A NOVEL CYTOPLASMIC TRANSLATION INHIBITORY RNA & RNP OF CHICK PIBRYONIC MUSCLE: 
PROPERTIES AND POSSIBLE ROLE IN MYOGENESIS, S .  Sarkar, C. Jayabaskaran & S .  Dasgupta, 

- 
The biochemical properties of iRNA and iR6P indicate that they represent a 

The nucleotide sequence of three iRNA subspecies 

Several iRNA subspecies contain 5'-ppp termini indicating that they 

3 

0587 REGULATION OF INTACT AND HYBRID a AND 6 ACTIN GENES INSERTED INTO MYOGENIC CELLS. 
S .  B. Sharp, Caltech, Pasadena, CA 91125; To  A. Kost, Norden Labs, L inco ln ,  NB 
68501; S .  H. Hughes, Freder ick  Cancer Research F a c i l i t y ,  F reder ick ,  MD 21701; C. P. 
Ordahl, UCSF, San Francisco, CA 94143; N. Davidson, Cal tech, Pasadena, CA 91125. 

I n  o r d e r  t o  determine which reg ions  o f  cy top lasmic  and s k e l e t a l  muscle ch icken a c t i n  genes 
con ta in  c i s - a c t i n g  sequences impor tan t  i n  r e g u l a t i n g  t h e i r  deve lopmenta l l y  t imed  expression, 
we have t r a n s f e r r e d  i n t a c t  and h y b r i d  genes i n t o  a myogenic c e l l  l i n e  and mon i to red  t h e i r  
expression. Each o f  f o u r  genes, i n t a c t  8 - a c t i n ,  i n t a c t  s k e l e t a l  a -ac t i n .  a 5 I a - 3 ' ~  hy- 
b r i d ,  and a 5'6-3'a hybr id ,  was i n s e r t e d  i n t o  a p lasmid  con ta in ing  t h e  gene f o r  6418 re- 
s is tance.  and t r a n s f e r r e d  i n t o  t h e  mouse myob las t - l i ke  c e l l  l i n e ,  BC3H-1 e T r a n s f o n a n t  
co lon ies  f r o m  each o f  t h e  t r a n s f e r s  were poo led  and expanded. 
d i f f e r e n t i a t e d  and d i f f e r e n t i a t e d  s t a t e s  was mon i to red  by  RNA gel  b l o t s  us ing  gene s p e c i f i c  
probes f r o m  t h e  3' un t rans la ted  reg ions  o f  t h e  c h i c k  a and 6 genes. The i n t a c t  a and 6 
genes were d i f f e r e n t i a l l y  regu la ted .  6 mRNA was present  i n  uninduced c e l l s ,  and j u s t  as f o r  
t he  endogenous m u s e  6 mRNA,was s u b s t a n t i a l l y  reduced i n  d i f f e r e n t i a t e d  c e l l s .  Chicken a 
message was n o t  a p p r o p r i a t e l y  upregu la ted  upon induc t i on .  It, l i k e  6 ,  was present  i n  un in -  
duced c e l l s ,  b u t  u n l i k e  8, showed no dramat ic  decrease i n  abundance upon d i f f e r e n t i a t i o n .  
P re l im ina ry  r e s u l t s  w i t h  t h e  h y b r i d  genes i n d i c a t e  t h a t  t h e  6 promoter i s  s t r o n g e r  than t h e  
a promoter i n  u n d i f f e r e n t i a t e d  c e l l s ,  and t h a t  most o f  t he  i n fo rma t ion  f o r  down-regulat ion 
upon d i f f e r e n t i a t i o n  res ides  i n  t h e  3' h a l f  o f  t h e 6  gene, 

Gene express ion  i n  the  un- 
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Two ca lmodu l in  genes e x i s t  i n  the  ch icken genome. 
u l i n  p r o t e i n  t h a t  i s  expressed i n  a l l  t i ssues  of t he  chicken. 
be a processed copy o f  CLI, s ince  i t  conta ins  no i n t r o n s  and i s  f l anked  by 9 bp d i r e c t  
repeats.  
f rom o t h e r  ve r teb ra te  calmodul ins,  some o f  which a re  l oca ted  i n  res idues  c r i t i c a l  f o r  c a l -  
c ium b ind ing .  The poss ib le  f u n c t i o n ( s )  o f  t h i s  p r o t e i n  i s  c u r r e n t l y  under i n v e s t i g a t i o n .  
I n t e r e s t i n g l y ,  t he  CM1 gene i s  expressed o n l y  i n  ca rd iac  and s k e l e t a l  muscle t i ssue ,  a l b e i t  
a t  a s i g n i f i c a n t l y  lower  l e v e l  than the  au then t i c  (CL1) ca lmodu l in  gene. 500 bp upstream 
from the  AUG i n i t i a t o r  codon i s  a 200 bp i n t e r n a l l y  r e p e t i t i v e  sequence, made up p r i m a r i l y  
of  m u l t i p l e  repeats of  t he  t e t r a n u c l e o t i d e  sequence TGGA. Th is  repeat  sequence appears t o  
be unique i n  the  ch icken genome. We are  c u r r e n t l y  t e s t i n g  i t  f o r  poss ib le  enhancer a c t i v -  
i t y .  The reasons f o r  t he  musc le -spec i f i c  expression o f  t h i s  i rocessed ca lmodu l in  S m e  a re  
be1 ng i nves t i ga ted .  

TISSUE-SPECIFIC EXPRESSION OF A PROCESSED CALMODULIF! GENE, Joseph P. Stein,  D i v i -  
s i o n  o f  Endocr lnology, i l n i v e r s i t y  o f  Texas Medical School, Houston, Texas 

One, CL1, codes f o r  an au then t i c  calmod- 

CM1 codes f o r  a ca lmodu l i n - l i ke  p r o t e i n  (CaML) t h a t  has 19 amino a c i d  d i f f e rences  

The o ther ,  C M I ,  appears t o  

IDENTIFICATION OF A cDNA REPRESENTING A HUMAN X-LINKED MUSCLE SPECIFIC SEQUENCE, R .  0589 
School o f  Med ic ine l ,  S tan ford ,  CA 94305, U n i v e r s i t y  o f  V i rg in iaz ,  C h a r l o t t e s v i l l e ,  VA 22908, 
Roswell Park Memorial I n s t i t u t e 3 ,  Bu f fa lo ,  N.Y. 14263. 
We have sought t o  i d e n t i f y  and l o c a l i z e  musc le -spec i f i c  genes a long the  human X chromosome. 
Clones i s o l a t e d  from a human a d u l t  cDNA l i b r a r y  ( s e e  a b s t r a c t  by Gunning e t  a l )  were used as 
probes aga ins t  Southern b l o t s  o f  DNA from human c e l l  l i n e s  con ta in ing  e i t h e r  a s i n g l e  X 
chromosome (1X) o r  f o u r  X chromosomes (4X) (p rov ided by L. Kunkel and S. L a t t ,  Harvard) .  
The cDNA clones were scored f o r  d i f f e r e n t i a l  h y b r i d i z a t i o n  t o  r e s t r i c t i o n  fragments o f  4X 
over  1 X con ta in ing  DNA. I n  t h i s  manner, a number o f  p o t e n t i a l l y  X- l inked cDNA clones were 
se lec ted  f o r  f u r t h e r  ana lys i s  u t i l i z i n g  Southern b l o t s  o f  DNA from human/rodent h y b r i d  c e l l  
l i n e s  c o n t a i n i n g  de f i ned  p o r t i o n s  o f  t he  human X chromosome. A muscle cDNA c lone has been 
found t o  share homology w i t h  a sequence loca ted  a long the  s h o r t  arm o f  t he  X chromosome. 
Nor thern  b l o t s  o f  t o t a l  RNA from human f i b r o b l a s t s ,  myoblasts,  and a d u l t  muscle de tec t  a t  
l e a s t  s i x  d i s t i n c t  t r a n s c r i p t s  t h a t  h y b r i d i z e  w i t h  t h e  cDNA probe, some o f  which are  muscle- 
s p e c i f i c .  Southern b l o t  ana lys i s  o f  human DNA i n d i c a t e s  t h a t  t he  sequence, w h i l e  p resent  i n  
a t  l e a s t  two l o c i ,  i s  n o t  rep resen ta t i ve  o f  a l a r g e  mul t igene fam i l y ,  suggest ing t h a t  t he  
v a r i e t y  o f  t r a n s c r i p t s  a re  due t o  complex t r a n s c r i p t i o n a l  o r  p o s t - t r a n s c r i p t i o n a l  processes. 
The na tu re  o f  these processes i s  under i n v e s t i g a t i o n .  A d d i t i o n a l l y ,  t he  p o t e n t i a l  value o f  
t h i s  c lone as a probe f o r  t he  de tec t i on  o f  r e s t r i c t i o n  f ragment l eng th  polymorphisms (RFLPs) 
use fu l  as cosegregat ing  markers o f  X- l inked d i so rde rs  i s  be ing  pursued. 

Wadel, P. Gunning1, J .  Garr isonz, T. Shows3 and L.H. Kedesl, S tan ford  U n i v e r s i t y  

0590 CHARACTERIZATION OF THE MYOSIN HEAVY CHAIN GENE FAMILY IN RAT EXTRAOCULAR 
MUSCULATURE. D.F. Wieczorek, M. Periasamy, and B. Nadal-Ginard, Dept. of Cardiology, 
Children's Hospital, Dept. of Pediatrics, Harvard Medical School, Boston, MA 02115. 

Myosin heavy chain (MHC), the main component of the thick filament of the sarcomere, is 
encoded by a highly conserved multigene family of 7-10 members which in mouse and human 
appears to be clustered onto a single chromosome. Each of the different SarcomericMHCgenss 
displays a pattern of expression that is tissue specific and developmentally regulated. 

We have isolated and characterized an MHC genomic clone, designated A10B3 which was found 
to be expressed solely in the extraocular musculature of the rat. DNA sequencing analysis 
indicates this clone contains sequence which codes for amino acid 1697 to the carboxyl- 
terminal amino acids, which corresponds to the rod portion of the light meromyosin molecule. 
S1-nuclease mapping experiments have shown that this gene is induced in the first month of 
post-natal life and is expressed through adult life. Additionally, the extraocular muscle 
fibers in the adult were found to simultaneously accumulate a minimum of 6 different MHC 
mRNAs transcribed from different genes, including embryonic, neonatal, adult skeletal and 
cardiac muscle isoforms. This coexpression of multiple transcripts corresponding to 
embryonic, neonatal, and adult MHC isoforms in the extraocular musculature offers new 
insights into the phenotypic expression of the MHC multigene family. 
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U n i v e r s i t y  Med ica l  C o l l e g e ,  New York ,  N . Y .  10021 
A l i b r a r y  o f  DNA c lones  was prepared f rom mRNA i s o l a t e d  f rom embryonic c h i c k  h e a r t .  F i l t e r  
h y b r i d i z a t i o n  w i t h  pMHC-25, a MHC cDNA developed by  Hedford  e t  a l .  (PNAS 77:5749, 1980), 
was used t o  i d e n t i f y  MHC recombinants.  One o f  these,  des ignated  pCHHC-I, had been i d e n t i f i e d  
and c h a r a c t e r i z e d  by sequence a n a l y s i s ,  r e s t r i c t i o n  mapping and Southern h y b r i d i z a t i o n .  
Southern b l o t s  o f  pCMHC-1 w i t h  pMHC-25 c o n f i r m  t h e  i n s e r t  c o n t a i n s  MHC cod ing  sequences. 
Endonuclease d i g e s t i o n  w i t h  v a r i o u s  nucleases produces r e s t r i c t i o n  f ragments i d e n t i c a l  w i t h  
those p r e v i o u s l y  r e p o r t e d  f o r  an embryonic c h i c k  s k e l e t a l  muscle HHC cDNA (Kav insky  e t  a l . ,  
J.B.C. 258:5196, 1983).  Sequence a n a l y s i s  shows exac t  n u c l e o t i d e  homology between these 
cDNAs i n  t h e  cod ing  r e g i o n  near  t h e  COOH t e r m i n u s .  Dot b l o t s  and n o r t h e r n  h y b r i d i z a t i o n  
s t u d i e s  i n d i c a t e  t h a t  t h e  mRNAs o f  embryonic v e n t r i c l e  and s k e l e t a l  muscle d i s p l a y  s i m i l a r  
h y b r i d i z a t i o n  w i t h  pCMHC-1. These exper iments  demonstrate t h a t  exac t  n u c l e o t i d e  homology 
e x i s t s  i n  t h e  COOH te rminus  cod ing  r e g i o n  o f  t h e  v e n t r i c u l a r  and s k e l e t a l  muscle flHC mRNA 
i n  t h e  c h i c k  embryo. F u r t h e r  s t u d i e s  a r e  necessary,  however, t o  de termine t h e  degree o f  
homology i n  o t h e r  cod ing  r e g i o n s  and i n  t h e  non-coding r e g i o n s  o f  these mRNAs. 

NUCLEOTI OE HOMOLOGY BETWEEN C H I C K  EMBRYONIC SKELETAL AN0 CARDIAC MHC cDNAs, 
B a r r y  J. Zadeh, A r l e n e  Gonzalez-Sanchez, Tomoh Masaki and David Bader, C o r n e l l  

0592 
Previously, we have reDorted on the  character izat ion of the  s ingle  CODV vimentin eene. In 
chicken t h i s  vene nmduces multinle functional mRNA's from the  d i f f e r e n t i a l  u t i l i z a t i o n  of 
several polyadenylylation s i t e s .  
u t i l i z e d  i n  i n  vivo RNA i so la ted  from several  t i s sues  whereas s i t e  1 is not functional. This 
maxi be due t o  the  f a c t  t h a t  s i t e  1 lacks a downstream sequence cauable of forming a hairpin 
s t ructure  with the  p l y  A consensus sequence as postulated by Nevins e t  a l .  
a re  completing the sequence of the chicken v h n t i n  gene (approxirrately 1850 n t s  of coding) 
comprised of 9 exons covering 8 Kb of DNA. A comparison of the chicken and hamster gene re- 
veals a marked conservation of nucleotide (80%)  and amino acid (90%) sequence. This r e m r k -  
able  homology i s  fur ther  exemplified both i n  the conservation of exon s i z e  and preference f o r  
ccdon unt i l iza t ion  with valine being the  only exception. 
Bv comuaring the  nmdicted amino acid senuence of chicken vimentin and desmin. we have syn- 
thesized two oligonucleotides t o  areas unique t o  desmin. 
screen a g izmrd  cENA l ibrary .  
and we a r e  current ly  examining t h e i r  sequence by the dideoxy chain termination method. 
Bv Northen analysis  we have compared the  expression of these intermediate filament genes i n  
various muse  and r a t  cell l ines  during myogenesis. 
t i v e  rryoblacts and di f fe ren t ia ted  mvotiih-s f o r  the  emTp4sinn of several  oncoyenes during 
d i f fe ren t ia t ion .  

INTERMEDIATE FILAMENT GENE EXPRESSION DURING MYOGENESIS, Zendra Zehner, Tom Pavelitz, 
John Ning, Ruth Real and Rita Colella, Medical Collepe of Virginia, Richmond, VA 23233 

We have shown t h a t  three of the four  possible s i t e s  are 

Currently, we 

These probes have been used t o  
A t  l e a s t  two clones hybridize spec i f ica l ly  t o  both probes 

In addition w e  have analyzed prol i fera-  

71 



Molecular Biology of Muscle Development 

Gene Expression 

0593 EXPRESSION OF HUMAN CYTOSKELETAL TROPOMYOSIN GENES, Alexander R .  MacLeod, 
Ludwig I n s t i t u t e  f o r  Cancer Research, Cambridge, England, CB2 2QH. 

Cytoske le ta l  e x t r a c t s  of human f i b r o b l a s t s  conta in  f i v e  polypept ides  wi th  
the phys ica l  and chemical c h a r a c t e r i s t i c s  of tropomyosin. These have been 
c a l l e d  the  hea t  s t a b l e  cy toske le t a l  p r o t e i n s  (hscp) and numbered accord ing  
to  t h e i r  apparent  molecular weight of 30,000 (hscp30pl and hscp30nm), 
32,000 (hscp32),  34,000 (hscp34),  and 36,000 (hscp36) [ 1 1 .  cDNA c lones  
corresponding t o  hssp3Op1, hscp30nm and hscp36 have been i s o l a t e d  by 
c ross -hybr id i za t ion  to  a v a r i e t y  of cloned he tero logous  tropomyosin 
sequences.  Analys is  of these cDNA's i n d i c a t e s  t h a t  hscp30pl and hscp30nm 
a r e  isoforms of the  247 amino-acid non-muscle type tropomyosin. They a r e  
coded f o r  by l a r g e  W A ' s  of 3.0 kb and 2.5 kb, which show very l i t t l e  
c ros s -hybr id i za t ion .  The l a rge  s i z e  of these  mRNA's i s  accounted f o r  by 
very long 3 '  non-coding reg ions .  By comparison hscp36 i s  a 284 amino-acid 
muscle-type tropomyosin s imi l a r  i f  not i d e n t i c a l  t o  a tropomyosin 
expressed in  smooth muscle [ > I .  The mRNA encoding hscp36 i s  s t r i k l n g l y  
d i f f e r e n t  from the non-muscle type tropomyosin mRNA's being 1 . 1  kb in 
length  and having a 3 '  non-coding reg ion  of only 80 bp. cDNA sequences 
corresponding t o  hscp32 and hscp34 have not  ye t  been i so l a t ed  and i t  
remains t o  be determined whether these  r ep resen t  genuine non-muscle 
tropomyosins. Each of the three  mRNA's f o r  which cloned cDNA probes a r e  
a v a i l a b l e  a r e  encoded by sepa ra t e  func t iona l  genes. Each of these  
func t iona l  genes i s  a s soc ia t ed  with a fami ly  of pseudogenes mostly of the 
RNA-copy type. The func t ion  of tropomyosin in  the cy toske le ton  i s  unknown 
but is  now of cons iderable  i n t e r e s t  i n  view of the a l t e r e d  express ion  of 
tropomyosin in  transformed c e l l s .  The occurrence of both muscle and non- 
muscle-type tropomyosins sugges ts  a t  l e a s t  two sepa ra t e  func t ions  f o r  
tropomyosin i n  the cy toske le ton .  An a n a l y s i s  of these  func t ions  us ing  in  
v i t r o  mutagenesis i s  now being undertaken. 

I .  Talbot ,  K.  and MacLeod, A.R. (1983) J. Mol.  B io l . ,  164: 159-174. 
2 .  Giometti ,  C.S. and Anderson, N . L .  (1984) J. Mol. B i o l . ,  173: 109-123 

- 

0594 A 5'-FLANKING SEQUENCE FROM THE HUMAN CARDIAC ACTIN GENE DIRECTS HIGH-LEVEL TRANSCRIP- 
TION SPECIFICALLY I N  CELLS OF MYOGENIC ORIGIN, Adr ian  J .  Minty and La r ry  Kedes, Dept. 

o f  Medicine, S tan ford  Un ive rs i t y ,  Stanford,  CA 94305 
We have cha rac te r i zed  sequences sur round ing  t h e  t r a n s c r i p t i o n  s t a r t  s i t e  o f  the  human ca rd iac  
a c t i n  gene. The 5 ' -un t rans la ted  reg ion  o f  t h i s  gene i s  I n t e r r u p t e d  by an i n t r o n  o f  approx. 
600 base-pairs and the  f i r s t  exon o f  t he  gene shows a very  h igh  CpG conten t .  The promoter 
a c t i v i t y  o f  t h e  reg ion  o f  450 base-pa i rs  upstream f rom the  cap s i t e  has been analyzed by us ing  
t h i s  sequence t o  rep lace  the  SV40 e a r l y  promoter i n  the  plasmid pSV2CAT. The l e v e l s  o f  t ran -  
s i e n t  CAT express ion  f rom t h i s  vec tor ,  r e l a t i v e  t o  those from pSVZCAT, a re  s i g n i f i c a n t l y  
h ighe r  i n  the  muse C2 myogenic c e l l  l i n e  than i n  the  mouse L f i b r o b l a s t i c  c e l l  l i n e  o r  t he  
r a t  pCG2 neuronal c e l l  l i n e .  The increased t r a n s c r i p t i o n a l  a c t i v i t y  i n  C2 c e l l s  can be seen 
even a t  t he  p r o l i f e r a t i n g  myoblast  stage and can be e l im ina ted  by co - t rans fec t i on  w i t h  in -  
c reas ing  amounts o f  t h e  ca rd iac  a c t i n  gene. We thus  conclude t h a t  a p o s i t i v e l y  a c t i n g  regu la -  
t o r y  f a c t o r  i n  muscle c e l l s  i n t e r a c t s  w i t h  a reg ion  near the  s t a r t  o f  t he  gene t o  promote 
h igh - leve l  t r a n s c r i p t i o n ,  and t h a t  t h i s  f a c t o r  can be present  be fo re  the  t ime o f  maximal 
ca rd iac  a c t i n  expression. Experiments a re  i n  progress t o  develop assays f o r  t he  gene encoding 
the  p u t a t i v e  regu la to ry  f a c t o r .  When the  human ca rd iac  a c t i n  gene i s  s t a b l y  in t roduced i n t o  
muse C2 c e l l s  by t r a n s f e c t i o n  o f  a plasmid con ta in ing  the  gene i n s e r t e d  i n  the  vec to r  pSV2ne0, 
t h i s  gene shows a h igh - leve l  c o n s t i t u t i v e  expression. No inc rease i n  express ion  I s  seen on 
myoblast  d i f f e r e n t i a t i o n ,  a l though t h e  endogenous muse cs rd iac  a c t i n  gene i s  up-regulated. 
Th is  suggests t h a t  t he  endogenous gene i s  sub jec t  t o  a second l e v e l  o f  r e g u l a t i o n  which 
represses i t s  a c t i v i t y  i n  myoblasts. 
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Eldr idge ,  Labora tory  of Biochemistry,  Na t iona l  Cancer I n s t i t u t e ,  Bethesda, MD 20205 

During myogenesis, syn thes i s  of t h e  6-cytoplasmic a c t i n  isoform is g r e a t l y  reduced whereas 
expres s ion  of t h e  a-sarcomeric a c t i n s  begins wi th  the  onse t  of d i f f e r e n t i a t i o n .  We have 
i s o l a t e d  and cha rac t e r i zed  t h r e e  of the  s i x  a c t i n  genes i n  t h e  chicken: t h e  6-cytoplasmic 
gene, t h e  a -card iac  gene, and the  a - s k e l e t a l  gene. The genes have been unambiguously 
def ined  by nuc leo t ide  sequence. U t i l i z i n g  a s p e c i f i c  r e s t r i c t i o n  enzyme fragment from 
t h e  5' coding exon of each  gene a s  a primer.  w e  have developed a primer ex tens ion  assay  
t h a t  i s  d i a g n o s t i c  f o r  t h e  s t eady  s t a t e  t r a n s c r i p t  l e v e l  from each  of t he  a c t i n  genes. 
a -card iac  a c t i n  is  t h e  predominant sa rcomer ic  i soform expressed  i n  embryonic ch ick  b r e a s t  
muscle both  i n  v ivo  and i n  v i t r o  ( g r e a t e r  t han  90%). F ive  weeks pos t  ha t ch  t h e r e  a r e  no  
d e t e c t a b l e  c a r d i a c  a c t i n  t r a n s c r i p t s  i n  b r e a s t  muscle: t h e  only  measurable sarcomer ic  a c t i n  
t r a n s c r i p t s  r ep resen t  a - ske le t a l  a c t i n .  Low l e v e l s  of be t a  a c t i n  mRNA are s t i l l  de tec t ab le .  
Thus, t h e r e  is  a sarcomer ic  a c t i n  i soform swi t ch  du r ing  t h e  embryonic t o  a d u l t  muscle 
t r a n s i t i o n .  In  o rde r  t o  de f ine  those  reg ions  i n  t he  sequence of each  gene r e spons ib l e  f o r  
t h e  r e g u l a t i o n  dur ing  d i f f e r e n t i a t i o n  and t h e  sarcomer ic  i soform swi t ch ,  t h e  t h r e e  a c t i n  
genes were in t roduced  i n t o  t h e  C2 murine myogenic ce l l  l i n e .  i n t o  L-ce l l s ,  and i n t o  the  
rat  L-6 myogenic ce l l  l i n e  us ing  t h e  SV-40 de r ived  v e c t o r ,  PSVZ-gpt. 
S1 a s says  were used t o  determine l e v e l s  of a c t i n  gene expres s ion  i n  the  va r ious  l i n e s .  Data 
w i l l  be p re sen ted  on pre l iminary  r egu la t ion  s t u d i e s  wi th  emphasis on the  ce l l  background 
and i t s  e f f e c t  on the  l e v e l s  of r e g u l a t i o n  and express ion  of the  va r ious  a c t i n  genes. 

EXPRESSION AND REGULATION OF THE CHICKEN ACTIN GENES I N  HETEROLOGOUS MYOGENIC AND 
NONMYOGENIC CELL LINES, B. M. Pa te rson ,  A. Seiler-Tuyns,  R. Bil leter,  and  J.D. 

Primer ex tens ion  and 

0596 
i n s t i t u t e  of  Sc ience ,  P.O. Box 26 ,  76100, ISRAEL. 

dur ing  myogenesis t h e  r a t  myosin l i g h t  cha in  2 gene w a s  in t roduced  i n t o  mice v i a  micro in jec-  
t i o n  i n t o  f e r t i l i z e d  eggs.  Four t r ansgen ic  m i c e ,  c a r ry ing  va r ious  copy numbers of t h e  in- 
j e c t e d  DNA were obta ined .  Three of t hese  m i c e  t r ansmi t t ed  the  i n s e r t e d  gene t o  about 50% 
of the  progeny, wh i l e  t h e  f o u r t h  so f a r  d id  no t  and is  probably a mosaic. 

e i g h t  t i s s u e s  of t h r e e  of  t hese  mice was analyzed f o r  t he  presence  of t he  r a t  t r a n s c r i p t s .  
I n  the  o f f s p r i n g  of two o u t  of  t he  t h r e e  t r ansgen ic  mice, t h e  in t roduced  gene was expressed 
s p e c i f i c a l l y  only  i n  s k e l e t a l  muscle. These r e s u l t s  i n d i c a t e  t h a t  t h e  i n s e r t e d  cloned gene 
inc ludes  c i s - ac t ing  sequences t h a t  are s u f f i c i e n t  t o  spec i fy  t h e  c u r r e n t  express ion  of t h i s  
gene. 

EXPRESSION OF THE RAT SKELETAL MUSLEMYOSIN LIGHT CHAIN 2 GENE I S  DEVELOPMENTALLY 
RETULATED I N  TRANSGENIC MICE.  Moshe Shani ,  Department of C e l l  Biology, The Weizmann 

To s tudy  t h e  c o n t r o l  elements involved  i n  t i s s u e  and s t a g e  s p e c i f i c  expres ion  of genes 

To determine whether t h e  in t roduced  gene was developmentally r egu la t ed ,  RNA i s o l a t e d  from 
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THE GENE(S) C O O I N G  FOR SMOOTH AND SKELETAL a TROPOMYOSIN: 0597 
E X P R E S S I O N  DURINf E M B R Y O N I C  DEV€+OPMENT A N D  S T R U C T U R I L  

RGANIZATION. Marc Y. Fiszman , Elissavet Kardami and M a r  uerite Lemonnier , 
'Mol. Biol. Oept., P a s t e u r  I n s t i t u t e  .Paris. France, 'Zool. Oept..Univ. 
California, Berkeley, C A  94720 

A f f i n i t y  purified antibodies against a t r o p o m y o s i n  f r o m  chicken 
Pectoralis ma'or muscle (aF-TM) recognize specifically the 43 000  daltons 
tropomyosin-& gizzard, hereafter denominated a gizzard tropomyosin ( a  - 
T M )  according to a r e c e n t l y  proposed n o m e n c l a t u r e  (1). L i m i t e d  trypk:c 
cleavage provide evidence that these antibodies recognize sites located on 
t h e  - C O O H  half o f  t h e  a and the a~~ tropomyosins. Using a c D N A  w h i c h  
represents the 3' untransfated region and 90% of the coding sequence of the 
mRNA coding for a~ tropomyosin (2). w e  have characterized the mRNA coding 
for a. tropomyosin which is a 2.0kb molecule. The 1.2kb mRNA (aF:TM) and 
the 2.05% mRNA show greater than 90% homology over 500 nucleotides in their 
3' c o d i n g  sequence. H o w e v e r ,  the t w o  m R N A  have totally distinct 3 '  
untranslated regions. We will show that during skeletal muscle development 
t h e  t w o  m R N A  are being synthesized at the s a m e  time. H o w e v e r  the r a t e  at 
which they are expressed is modulated so that in young embryos (5-8 days in 
ovo) the two messengers are present in equal amount while in older embryos 

mRNA corresponding to the skkeletal muscle tropomyosin is the major form. 
It is interesting to note that this phenomenon does not exist during gizzard 
development since only the 2.0kb mRNA can be detected. On the other hand. the 
1.2kb mRNA is the only mRNA to be accumulated when myoblasts differentiate to 
form myotubes in vitro. To try to gain more information on the mechanisms 
w h i c h  govern tres-tterns o f  expression w e  have started to isolate and 
a n a l y z e  t h e  gene(s) w h i c h  code(s) f o r  t h e s e  mRNAs. By screening a c h i c k e n  
genomic library in XCharon 4A, w e  have isolated a recombinant phage which 
carries a genomic sequence which corresponds to the common region of the two 
mRNAs and which also corresponds to the two different 3' untranslated regions 
of the t w o  messengers. Such a structure is compatible with either two genes 
which are intermingled or a single gene which codes for the two messengers by 
differential splicing. This alternative will be solved when the 5 '  end of 
the gene(s) will be analyzed. 
1) E. KARDAMI & M.Y.  FISZMAN (1983) FEBS Letters, 163, 250-256. 
2 )  A. McLEOD (1981) Nucl. Acids Res., 2, 2675-2689. 
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0598 GENETIC AND MOLECULAR ANALYSES OF DROSOPHILA ACTIN GENE FUNCTION, Eric A. Fyrberg, 
The Johns Hopkins University, Baltimore, Maryland 21218. 

Drosophila melanogaster, in addition to lending itself well to genetic investigations, 

Much of the thoracic volume of adult flies is occupied by a 
provides an excellent system of muscle fibers in which to systematically analyze mutations 
affecting sarcomere formation. 
series of 26 muscle fibers which vibrate the wings rapidly during flight. These fibers, 
referred to as the indirect flight muscles (Deak, 1982) are required only for flight, not 
for viability or fertility. 
muscles can frequently be propagated as homozygotes, thereby facilitating their investiga- 
tion. 

of a flight muscle-specific actin gene, termed act88F, which is expressed only within 
developing flight muscle fibers. 
transcription of this gene we are conducting three related lines of inquiry: (1) We are 
defining the 5 '  flanking sequences requisite for proper regulation. This involves deleting 
appropriate regions of the cloned gene and assessing function after reintroduction into 
germline DNA. (2) We are characterizing the molecular lesion in a cis-acting, down-regulated 
act88F allele recovered from the flightless mutant -. (3) We are beginning genetic 
screens for trans-acting loci which disrupt the developmental regulation of the act88F gene, 
using gene fusions which confer easily recognized nullo-activity phenotypes (Bonner et al., 
1984) 

We are also characterizing the molecular nature of several act88F alleles isolated 
previously as dominant flightless mutants (Mogami et al., 1961)- By correlating alterations 
in the encoded aberrant actin isoform with the observed defects in flight muscle myofibrils 
we hope to learn more about actin assembly and function (see Karlik et al., 1984). 

1. Deak, I. I. et al., (1982). J. Embryol. exp. Morph. 69, 61-81. 
2. Bonner, J. J. et al., (1984). Cell 37, 979-981. 
3. Mogami, K. and Hotta, Ye (1981). Mol. Gen. Genet- 183, 409-417. 
4. Karlik, C. C. et al., (1984). Cell, October issue. (in the press). 

For this reason mutations which specifically disrupt flight 

Our recent efforts have focussed on more precisely defining the regulation and function 

To learn more about the molecular mechanisms governing 

0599 ACTIN GENE REGULATION DURING AMPHIBIAN EXBRYOGENESIS, Tim Mohun, S .  Brennan, 
J.B. Gurdon. MRC Molecular Embryology Group. Department of Zoology. University of 
Cambridge, Downing Street, Cambridge CB2 3EJ, UK. 

Firstly, those genes encoding cytoskeletal actin proteins are transcribed during oogenesis to 
provide a maternal store of oRNA. Secondly, muscle-specific actin genes are activated in the 
early embryo in those cells destined to form embryonic muscle. 
muscle tissues are formed, muscle actin gene expression is restricted according to muscle 
type. 

To study the molecular mechanisms of such controls we have isolated five fragments of 
genomic frog DNA each containing a different actin gene. These have been characterised by 
DNA sequencing and examined for putative regulatory sites that determine the differing 
patterns of actin gene expression. Microinjection of cloned genes into frog eggs has been 
used to study the regulatory activity of these sites. We have also studied the regulation of 
the actin gene family using embryological techniques. Cells in the early embryo destined to 
contribute to the mesoderm tissue (and hence embryonic muscle) are able to activate the 
muscle-specific actin genes at the appropriate time after egg fertilisation irrespective of 
whether the normal embryonic cell interactions are maintained. By removing various portions 
from early embryos and examining the activity of the actin genes in the remaining "partial" 
embryos we have found that the ability to activate muscle actin genes is localised to a 
particular region of cells from the earliest times. Indeed, by ligating fertilised eggs 
along various planes with respect to the egg axis and examining the transcriptional activity 
of the nucleated egg fragments during their subsequent development, we have found that all 
the requirements for activation of muscle actin genes in later development appear to be 
localised in a sub-equatorial region of the fertilised frog egg. 

Gurdon, J.B., Brennan, S . ,  Fairman, S., and Mohun, T. ( 1 9 8 4 ) .  Early commitment to a-actin 
gene transcription in Xenopus development. a, in press. 

Mohun, T.J., Brennan, S. .  Dathan, N., Fairman, S., and Gurdon, J.B. ( 1 9 8 4 ) .  Cell 
type-specific activation of actin genes in the early amphibian embryo. 
press. 

Gurdon, J.B., Mohun, T.J., Fairman, S., and Brennan, S.  ( 1 9 8 4 ) .  All components required for 
the eventual activation of muscle-specific actin genes are localized in the 
subequatorial region of an uncleaved Amphibian egg. Proc. Nat. Acad. Sci. USA, in 
press. 

The actin gene family is regulated in three distinct ways during frog embryogenesis. 

Thirdly, by the time adult 

Nature, in 

75 



Molecular Biology of Muscle Development 

ALTERNATIVE SPLICING: A COMMON MECHANISM FOR THE GENERATION OF 
CONTRACTILE PROTEIN DIVERSITY FROM SINGLE GENES. B.Nada1-Ginard, R.E.Breitbart, E.E. 
Strehler, M. Periasamy, N.Ruiz-Opazo. Dept. of Cardiology,Children's Hospital and 
Dept. of Pediatrics, Harvard Medical School, Boston, MA 02115. 

0600 

Three different contractile protein genes that are members of multigene families-myosin light 
chain 1 and 3,MlCl/3 troponin T, and a-tropomyosin, (a-TM)-have been shown to generate 
multiple mRNAs by a process of alternative splicing. Each of these mRNAs encodes different 
tissue-specific and developmentally regulated protein isoforms. I n  the case of MLC1/3 gene, 
two different promoters, spaced %lOkb apart generate primary transcripts widely different at 
their 5' end whose secondary structure could be involved in determining the splicingspattern 
for MLCl and MLC3 mRNAs. The troponin T gene generates a minimum of 4 proteins with different 
aa sequences upstream from aa 40. In addition, there are two duplicated mini exons, coding 
for aa 229 to 242, that could double the number of protein isoforms produced by this gene. 
Some of the mRNAs share 5' untranslated sequences strongly suggesting that they aregenerated 
from the same primary transcript. If this is the case, trans-acting factors must be involved 
in the tissue and developmental regulation of the splicing pathways. 

skeletal and cardiac. All three proteins are identical between aa 81 and 257,while the re- 
mainder of the sequence is produced by alternative splicing of "isotype switch exons" in 
different combinations. These exons code for "isotype switch peptides" that,with theexception 
of the carboxyl terminal sequences,precisely correspond to single actin-binding domains ofTM. 

The nature of the splicing events involved in the production of nultiple mRNAs fromthese 
three genes conclusively rules out a processive scanning model of splice site recognition. 
The use of different promoters could,in principle,predetermine a particular splicing pathway 
via secondary or tertiary structure of the primary transcript. This mechanism,however,does 
not explain alternative pathways of splicing of transcripts from the same promoter site. 

belongs to a multigene family, highly increases the potential for myofibrillar diversity that 
most likely plays a significant, but as yet poorly understood, role in muscle physiology. 

A single a-TM gene encodes for three different a-TM molecu1es:one smooth andtwo striated 

The ability to generate subtly different proteins from a single gene that,in turn, 

0601 CONTROL OF EXPKESSION OF MUSCLE-SPECIFIC GENES: ANALYSIS BY THE DNA- 
MEDIATED GENE TRANSFER TECHNIQUE, Uri Nudel, Danielle Melloul, David 

Grinberg and David Yaffe, Deaprtment of Cell Biology, The Weizmann Institute 
of Science, Rehovot 76100, Israel 
We have previously demonstrated that the expression of fused genes containing 
about 2/3 of the skeletal muscle actin gene plus 730 bp 5 '  flanking DNA is 
developmentally regulated in transformed myogenic cells. A DNA fragment ex- 
tending from 730 bp upstream from the cap site to the beginning of the first 
intron of the skeletal muscle actin gene spliced to the structural gene cod- 
ing for chloramphenicol acetyl transferas (CAT) is sufficient to confer the 
tissue- and stage-specific expression of the CAT gene (1). Likewise, a chimer- 
ic gene containing 1 kb DNA, including the cap site and upstream sequences of 
the fast muscle myosin light chain 2 gene fused to the bacterial CAT gene, is 
developmentally regulated in transfected myogenic cells. At least 10-fold in- 
crease in CAT activity during differentiation of the transfected myogenic cul- 
tures was observed. On the other hand, the expression of a fused mouse/human 
8-globin gene (which is developmentally regulated in murine erythroleukemic 
cells (2)) decreased 2-4-foldupon differentiation of  most of the transformed 
myogenic clones. 

To test the evolutionary conservation of the DNA sequences specifying the 
developmentally regulated expression of the skeletal muscle actin gene, a re- 
combinant plasmid containing the chick skeletal muscle actin gene (obtained 
from Dr. C. Ordahl) was introduced into rat myogenic cells. In a significant 
number of isolated clones, the accumulation of chick actin mRNA increased 
greatly during differentiation. This demonstrates that the control mechanism 
of expression of muscle-specific genes has been conserved for at least 300 
million years. 

A detailed map of the regulatory region of the skeletal muscle actin gene 
and of the myosin light chain 2 gene, constructed by insertion of various de- 
letions in the 5 '  upstream region, will be presented, and the molecular mech- 
anism for regulation of muscle-specific genes will be discussed. 
(1) Melloul D, Aloni B, Calvo J, Yaffe D, Nudel U (1984) EMBO J 3:983-990 
(2) Chao MV, Mellon P, Charnay P, Maniatis ' r ,  Axel R (1983) Cell 32:483-499 
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Myo fibrillar Assembly and Morphogenesis 

0602 REGULATION OF ACTIN AND MYOSIN SYNTHESIS DURING REGENERATIVE GROWTH OF MUSCLE 
GRAFTS, David A. Essig,  George H. Jones, and Timothy P. White. The U n i v e r s i t y  o f  

Michigan, Ann Arbor,  M I  48109. 
The r e g u l a t i o n  o f  t h e  syn thes i s  o f  whole muscle and c o n t r a c t i l e  p r o t e i n s  was s tud ied  dur -  
i n g  regenera t i ve  growth induced by a u t o g r a f t i n g  o f  t h e  r a t  soleus muscle. An inve rse  r e -  
l a t i o n s h i p  between polysome concen t ra t i on  and muscle p r o t e i n  mass was observed throughout 
growth w i t h o u t  a change i n  polysomal t r a n s l a t i o n a l  a c t i v i t y .  Exe rc i se  c o n d i t i o n i n g  i n -  
creased muscle p r o t e i n  mass a t  42 and 56 days p o s t g r a f t i n g  and was assoc ia ted  w i t h  an e l e -  
va ted  polysome concen t ra t i on  .w i thout  a change i n  polysome a c t i v i t y .  These da ta  were con- 
s i s t e n t  w i t h  p r e t r a n s l a t i o n a l  c o n t r o l  o f  o v e r a l l  syn thes i s  r a t e s .  From 14 t o  56 days pos t -  
g r a f t i n g ,  polysomal a c t i n  syn thes i s  o f  g r a f t s  was s i m i l a r  t o  c o n t r o l  va lue  and was c o r r e l a -  
t ed  w i t h  mRNA con ten t  measured by d o t  b l o t t i n g .  
g r a f t s  was depressed r e l a t i v e  t o  c o n t r o l  va lue .  
muscles, syn thes i s  was i n  p r o p o r t i o n  t o  mRNA con ten t  and suggested t h a t  depressed r a t e s  of  
MHC synthes is  i n  g r a f t s  was mediated by mRNA a v a i l a b i l i t y .  A t  56 days, syn thes is  of  MHC 
was n o t  i n  p r o p o r t i o n  t o  mRNA l e v e l s  and was cons is ten t  w i t h  t r a n s l a t i o n a l  c o n t r o l .  MHC 
and a c t i n  syn thes i s  du r ing  regenera t i ve  growth o f  g r a f t s  was n o t  coord ina ted  and con t ras t -  
ed w i t h  pa t te rns  p r e v i o u s l y  observed d u r i n g  normal myogenesis. 

Myosin heavy cha in  (MHC) syn thes is  i n  
I n  14 and 28 day g r a f t s  and i n  c o n t r o l  

0603 THE ASSEMBLY OF T l T l N  OURIHG MYOFIBRILLOGENESIS I N  CULTURED SKELETAL MUSCLE CELLS, 
Marion L. Greaser, Seu-Mei Wang, and Edward Schul tz,  U n i v e r s i t y  o f  Wisconsin, 
Madison, WI 53706 

Mononucleated myogenic c e l l s  were ob ta ined from the  l eg  musc?es o f  14 day o l d  r a t s  and 
main ta ined i n  c e l l  c u l t u r e  f o r  f o u r  t o  s i x  days. The l o c a t i o n  o f  t i t i n  i n  these c e l l s  and 
i n  deve lop ing  myotubes was determined us ing  a monoclonal an t ibody  and i n d i r e c t  imnuno- 
f luorescence. Th is  p a r t i c u l a r  an t i body  s ta ined  the  A - I  j u n c t i o n  reg ion  o f  a d u l t  r a t  myo- 
f i b r i l s .  The an t i body  s ta ined  t h e  m a j o r i t y  o f  p o s t - m i t o t i c  myoblasts and a l l  myotubes, but 
d i d  no t  s t a i n  f i b r o b l a s t s .  T i t i n  was observed t o  occur i n  mixed pa t te rns  o f  f i l amentous ,  
f i b r i l l a r ,  and d i s t i n c t  "doublet"  banding ( two perpend icu la r  s ta ined  bands per sarcomere). 
The f i b r i l l a r  p a t t e r n  showed s t a i n i n g  o f  bundles p a r a l l e l  t o  the  long a x i s  o f  t h e  c e l l .  
Double-label-imnunofluorescence i nd i ca ted  t h a t  t5esebund les  a l s o  conta ined a c t i n ,  myosin, 
t ropon in ,  and a -ac t i n in .  A t r a n s i t i o n  between an obscure banding and a c lean  "doublet"  
p a t t e r n  was o f t e n  found a t  t he  tapered ends o f  nascent m y o f i b r i l s .  The "doublet"  arrange- 
ment predominated i n  mature myotubes and was i d e n t i c a l  t o  t h a t  found i n  mature muscle myo- 
f i b r i l s .  The present  s tud ies  suggest t h a t  t i t i n  assembly occurs  w i t h  the  f o l l o w i n g  sequence: 
( 1 )  newly syn thes ized t i t i n  i s  d i s t r i b u t e d  i n  d i f f u s e  f i l amen ts  throughout the  c e l l ,  (2 )  the  
f i l amen ts  coalesce i n t o  o r i e n t e d  bundles w i t h  f a i r l y  un i fo rm s ta in ing ,  ( 3 )  an i r r e g u l a r ,  
patchy s t a i n i n g  on the  bundles appears, suggest ing some l o n g i t u d i n a l  rearrangement, ( 4 )  the  
t i t i n  molecules a re  a l i gned  i n  the  mature "doublet"  pa t te rn .  The f a c t  t h a t  t i t i n  p e r i o d i c -  
i t y  i n  some bundles preceeded the  appearance o f  a c t i n  banding suggests t h a t  t i t i n  may p l a y  
an impor tan t  r o l e  i n  sarcomere assembly. 

1WlUNOCHEMICAL ANALYSIS OF'MYOSIN GENE EXPRESSION I N  CAT TEMPORALIS 
MUSCLE TRANSPLWTED INTO FAST AND SLOW L I M E  MUSCLE BEOS 0604 

S .  Huqhes .  C. Chow, P .T .  H a l e .  R.E. F i t z s i m o n s  a n d  S .  S c h i a f f i n o .  
U n i v e r s i t y  of S y d n e y .  N.S.W. 2006. A u s t r a l  i a  
C a t  j a w  m u s c l e s  c o n t a i n  a s u p e r f a s t  m y o s i n  w h i c h  i s  s t r u c t u r a l l y  d i s t i n c t  
from m y o s i n s  f o u n d  i n  1 i m b  m u s c l e s .  S i n c e  n e r v e s  t o  1 i m b  m u s c l e s  c o n t r o l  
t h e  e x p r e s s i o n  of f a s t  and s l o w  m y o s i n  a e n e s ,  we e x a m i n e  t h e  q u e s t i o n  o f  
w h e t h e r  t h e s e  n e r v e s  a r e  c a p a b l e  o f  i n d u c i n q  t h e  s y n t h e s i s  o f  f a s t  o r  slow 
m y o s i n s  when t h e  t e m p o r a l  i s  m u s c l e  i s  t r a n s p l a n t e d  i n t o  1 i m h  m u s c l e  b e d s .  
M u s c l e s  w e r e  e x a m i n e d  i n w n u n o h i s t o c h e m i c a l l y  us ina a . n t i h o d i e s  r e a c t i n a  
s D e c i f i c a l l r  aaainst s u p e r f a s t .  s l o w ,  f a s t  o r  f o e t a l  m y o s i n  h e a v y  c h a i n s .  
E a r ' l y  r e q e n e r a t e s  o f  M a r c a i  n e  t r e a t e d  tempora.1 i s  i n  e I t h e r  b e d  r e a c t e d  ~i t h  
a n t i b o d i e s  aaa ins t  f o e t a l ,  s l o w .  s u p e r f a s t  but n o t  f a s t  m y o s i n s .  I n  t h e  
fas t  m u s c l e  b e d ,  t h e  r e a c t i v i t y  o f  t h e  t r m s p l a n t  a q a i n s t  f o e t a l  and s l o w  
m y o s i n s  D r o a r e s s i v e l y  d e c r e a s e  s u b s e a u e n t l y ,  so t ha t  by I 1  weeKs m o s t  of 
t h e  m u s c l e  f i b r e s  c o n t a i n  o n l y  s u p e r f a s t  m y o s i n .  I n  c o n t r a s t ,  t e m p o r a l  I S  

m u s c l e  r e a e n e r a t i n q  i n  t h e  slow m u s c l e  b e d  s h o w e d  a p r e d o m ~ n a n c e  ,of slow 
m y o s i n  r e a c t i v i t y  a t  10 w e e k s  p o s t - o p e r a t i v e l y .  L i m b  m u s c l e s  t r a n s p l a . n t e d  
l n t o  l i m b  m u s c l e  b e d s  do no t  s y n t h e s i z e  s u p e r f a s t  m y o s i n .  T h e s e  e x p e r i m e n t s  
SUQQeSt t ha t  s a t e l l i t e  c e l l s  f r o m  t e m p o r a l  i s  m u s c l e  a r e  DPeDPO9ranwned t o  
e x p r e s s  s u p e r f a s t  m y o s i n .  and t h a t  t h i s  p a t t e r n  o f  m y o s i n  qene  e x p v e s s i o n  
c a n  b e  a l t e r e d  by a slow 1 i m b  n e r v e  b u t  n o t  by a f a s t  n e r v e .  

J .F .Y .  Hoh.  
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v a n i a ,  P h i l a d e l p h i a ,  P A  19104. 

and s2 u s i n g  2 D  SDS-PAGE. 
dominant ly  L C i f ,  LCiemb, L C z f ,  and t r a c e s  o f  LC3f. f 2  c o n t a i n s  L C l f  + LCiemb i n  e q u a l  pro- 
p o r t i o n s  t o  LC3f. f l  is  a homodimer o f  LC3f. The p r o p o r t i o n s  o f  f l  and of LC3f i n c r e a s e  
w i t h  development.  I n  t h e  s o l e u s  a t  b i r t h ,  f l - f 4  have  t h e  same m o b i l i t y  a s  i n  t h e  diaphragm 
but  have  d i f f e r e n t  LC.;. 
a n o t h e r .  
p r o p o r t i o n  o f  LC3f i s  i n c r e a s e d ,  and t h i s  is  f u r t h e r  i n c r e a s e d  i n  f l .  f l  and LC3f a r e  el-imi- 
n a t e d  by 15 days .  F a s t  isozymes i n  a d u l t  s o l e u s  a l s o  c o n t a i n  combina t ions  o f  f a s t  and s low 
LCs.  
s m a l l e r  p r o p o r t i o n s  o f  L C l f ,  LClemb. L C z S ,  and LC2f. F a s t  L C s  a r e  r a p i d l y  e l i m i n a t e d  and a r e  
n o t  found i n  t h e  a d u l t  slow isozymes. A s i n g l e  slow band, SMI, is found i n  t h e  diaphragm a t  
a l l  s t a g e s .  
LClf and LC2f d e c l i n e  s l o w l y  w i t h  development;  and i n  t h e  a d u l t  o n l y  t r a c e s  o f  L C l f  remain.  
I n  t h e  a d u l t  s t e r n o m a s t o i d ,  s i g n i f i c a n t  p r o p o r t i o n s  o f  LCif and  LC2f remain i n  SM1, a s  i f  
t h e  long- te rm p r o c e s s  of myosin remodel l ing  and s p e c i a l i z a t i o n  i s  l e s s  complete t h a n  i n  
o t h e r  musc les .  

L i g h t  Chain D i s ’ r i b u t i o n  of t h e  Developmental  ‘f)o,;in Isozymes i n  t h e  Rat. Alait 11. 
K e l l y  and Neal A. Rubins ic i r , ,  I2.iL1sylvar,ia !iuscl.f I n s t i t u t e ,  U n i v e r s i t y  o f  Pennsyl- 

We have  examined t h e  LC complement o f  e a c h  o f  t h e  deve lopmenta l  isozymes f l - f 4  and sl 
I n  t h e  diaphragm at  b i r t h ,  f 3  and f 4  have  t h e  same L C s :  p re -  

A l l  f o u r  isozymes have  L C l s  + LClf i n  e q u a l  p r o p o r t i o n s  t o  one 
f 3  and f 4  a d d i t i o n a l l y  c o n t a i n  LClemb and LC2f p l u s  t r a c e s  of LC3f. I n  f 2  t h e  

In  t h e  s o l e u s  a t  b i r t h ,  s low isozymes s l  and s2  c o n t a i n  a predominance o f  L C l s  w i t h  

A t  b i r t h ,  SM1 has  approximate ly  e q u a l  p r o p o r t i o n s  of L C l S / L C z s  and L C l f / L C z f .  

IDENTIFICATION OF A NEW H I G H  MOLECULAR WEIGHT Z LINE PROTEIN INVOLVED I N  MYOFIBRIL- 
LOGENESIS. Pamela A. Maher, Gera ld  Cox and S . J .  S i n g e r ,  U n i v e r s i t y  of C a l i f o r n i a  
a t  San Diego, La J o l l a ,  CA. 

0606 

We have  g e n e r a t e d  a number of monoclonal a n t i b o d i e s  (Mcab) t o  a p u r i f i e d  p r e p a r a t i o n  of  t h e  
f a s c i a  a d h e r e n s  domains of t h e  i n t e r c a l a t e d  d i s k  membranes of c h i c k e n  c a r d i a c  musc le .  Among 
t h e s e  Mcab were s e v e r a l  which by immunofluorescence and immunoelectron microscopy l a b e l e d  
t h e  i n t e r c a l a t e d  d i s k  membranes and t h e  Z l i n e s  i n  c a r d i a c  musc le ,  t h e  2 l i n e s  of s k e l e t a l  
musc le ,  and t h e  dense  b o d i e s  and dense  p l a q u e s  of g i z z a r d  smooth muscle.  Two of  t h e s e  a n t i -  
b o d i e s  (Mc 20 and Mc 284) were d i r e c t e d  a g a i n s t  t h e  same m u s c l e - s p e c i f i c  a n t i g e n  t h a t  ap- 
peared  a s  a p a i r  of p o l y p e p t i d e  bands of 340 kd and 325 kd on SDS-polyacrylamide g e l s .  With 
c u l t u r e s  of d e v e l o p i n g  s k e l e t a l  muscle myotubes from 12-day c h i c k  embryos, immunofluorescent 
l a b e l i n g  w i t h  Mc 20 o r  Mc 284 showed l o n g  narrow s t r e t c h e s  of Z l i n e - l i k e  p e r i o d i c i t y  j u s t  
under t h e  s u r f a c e  of  t h e  myotube w i t h i n  24 h r  a f t e r  p l a t i n g ,  c o r r e s p o n d i n g  t o  a n  e a r l y  s t a g e  
of  m y o f i b r i l  f o r m a t i o n  b e f o r e  c r o s s - s t r i a t i o n s  were c l e a r l y  v i s i b l e  by phase  c o n t r a s t  o r  
Nomarski o p t i c s .  A t  t h i s  same e a r l y  s t a g e ,  immunofluorescent l a b e l i n g  f o r  a - a c t i n i n  showed 
no such  Z l i n e - l i k e  p e r i o d i c i t y .  Only a f t e r  4-6 days  i n  c u l t u r e  d i d  b o t h  a - a c t i n i n  and 
Mc 20 (and 284) immunofluorescent l a b e l i n g  c o - l o c a l i z e  t o  t h e  Z l i n e s  of wel l -deve loped  
m y o f i b r i l s .  W e  p ropose  t h a t  t h i s  new p r o t e i n  i s  a component of t h e  Z l i n e s  and may f u n c t i o n  
more c r i t i c a l l y  t h a n  a - a c t i n i n  d u r i n g  t h e  embryonic o r g a n i z a t i o n  of t h e  m y o f i b r i l .  W e  have  
s u g g e s t e d  t h e  name zeugmatin(<Euyua I y o k i n g ) f o r  t h i s  p r o t e i n  because  of i t s  a s s o c i a t i o n  
w i t h  t h e  end-on a t t a c h m e n t  of m i c r o f i l a m e n t  bundles  a t  t h e  Z l i n e .  

(3,507 HEAT SHOCK INDUCES RAPID CHANGES IN CELL MORPHOLOGY IN MYOGENIC CELLS IN C U L T U R E .  
Dianne M. Rausch, Richard  I .  Morimoto, and Sidney  B. Simpson, J r . ,  Department 

of B i o c h e m i s t r y ,  M o l e c u l a r ,  and  C e l l  Bio logy ,  Nor thwes tern  U n i v e r s i t y ,  Evans ton .  I L .  60201. 
C u l t u r e s  of musc le  p r o g e n i t o r  c e l l s  i s o l a t e d  from l i z a r d  (e c a r o l i n e n s i s )  t a i l  regen- 
e r a t e s  were examined f o r  t h e i r  r e s p o n s e  t o  e l e v a t e d  t e m p e r a t u r e s  d u r i n g  myogenesis.  
These c e l l s  p r o l i f e r a t e  i n d e f i n i t e l y  i n  c u l t u r e  a t  31’ C i f  main ta ined  a t  a sub-conf luent  
d e n s i t y .  I f  t h e  cells  grow t o  h i g h  d e n s i t y ,  t h e y  withdraw from t h e  c e l l  c y c l e  and  
s y n t h e s i z e  myosin, a marker of musc le  c e l l  d i f f e r e n t i a t i o n .  Exposure of p r o l i f e r a t i n g  
and d i f f e r e n t i a t i n g  c e l l s  t o  41’ C r e s u l t s  i n  a r a p i d  and d r a m a t i c  change i n  c e l l  morphology. 
The c e l l s  become h i g h l y  a d h e s i v e  t o  t h e  p l a s t i c  c u l t u r e  d i s h e s ,  and  assume a f l a t t e n e d ,  
f i b r o b l a s t - l i k e  morphology. T h i s  change i n  c e l l  s h a p e  is most a p p a r e n t  w i t h  c e l l s  i n  
advanced s t a g e s  of myogenesis,  where a g g r e g a t e s  of rounded, p r e - d i f f e r e n t i a t i v e  c e l l s  
a s  w e l l  a s  t h e  b i p o l a r ,  e l o n g a t e d  myotubes a l s o  f l a t t e n  and  assume a shape  c h a r a c t e r i s t i c  
of e a r l y ,  p r o l i f e r a t i n g  myoblas t s .  T h i s  change i n  morphology is  i n i t i a t e d  w i t h i n  t e n  
minutes  a f t e r  t h e  t e m p e r a t u r e  s h i f t ,  a n d  i s  r e v e r s i b l e  w i t h  s i m i l a r  k i n e t i c s .  A n a l y s i s  
of p r o t e i n  s y n t h e s i s  by l a b e l i n g  w i t h  35S-methionine and SDS-PAGE r e v e a l s  t h e  i n d u c t i o n  
of h e a t  shock p r o t e i n s  w i t h  no a p p a r e n t  change i n  t h e  p a t t e r n  of p r e - e x i s t i n g  p r o t e i n  
s y n t h e s i s .  
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Myofibrillar Assembly 

0608 STRUCTURE-FUNCTION RELATIONSHIPS OF 'MINOR PROTEINS' OF THE MYCFIBZIL. 
Hans M.Eppenberger,Martin BYhler,ard Then Wallimann, Pept. of Cell 
Biology, Swiss Fed. Inst. of Technology, CH-8093 Zurich, Switzerland. 

The A-band of a myofibril consists of thick myosin filaments and a number of 
additional elements obviously made up by minor proteins like C-protein, H-pro- 
tein (1) and M-band proteins (2-4) as well as a 86 kD protein recently identi- 
fied by us (5). Some of these 'minor proteins' are believed to be involved in 
the assembly and maintenance of the thick filament arrays and/or may have en- 
zymatic and regulatory activities. In a first survey A-segments, native thick 
filaments, frayed filaments, bare zone assemblages, repolimerized bare zone 
assemblages as well as completely disassembled and again reassembled thick 
filaments were investigated for the presence of the 3 known M-band proteins 
(6) by the colloidal gold labelling technique. Incubation with anti-M-protein 
and anti-myomesin antibodies resulted in heavy labelling of all thick filament 
types mentioned with the exception of the completely disassembled and again 
reassembled thick filaments. MM-creatine kinase, an integral component of the 
intact M-band structure, was detectable on isolated native thick filaments 
with lower frequency and to a variable extent. ;.;-protein and myomesin are con- 
sidered important for the assembly and structural maintenance of thick fila- 
ments as well as for anchoring additional M-band proteins like MM-creatine 
kinase. Such a role of the 2 high MW M-band proteins receives additional sup- 
port on the one hand from experiments performed with myogenic cell cultures in 
the presence of phorbol ester, where myofibrils break up with time ( 7 ) ,  on the 
other hand from microscopic studies on the myofibril status in hereditary myo- 
pathic hamsters ( 8 ) .  In both cases, the A-bands seem to resist disintegration 
as long as the M-band proteins can be shown by antibody reaction to still be 
present in the M-band. 
Ref. (1)Starr and O f f e r , J . M o l . B i o l . l 7 0 : 6 7 5 ( 1 9 8 3 ) .  (2)Turner et al.PNAS 2:702 
(1973). (3)Masaki and Takaiti,J.Biochem.(Tokyo)s:367(1974). (4)Eppenberger et 
al.J.Cel1 Biol.89:185(1981). (5)Bahler et al.J.Muscle Res.Cel1 Mot. (1984) in 
press. (6)Grove et al.J.Cel1 Bio1.=:518(1984). (7)Doetschman and Eppenberger, 
Europ.J.Cel1 Bio1.2:265(1984). (E)Eppenberger,M. et al.Muscle and Nerve 7: 
304(1984). 

IMMLTNOCYTOCB%MICAL ANALYSIS OF THICK FILAElENT ISOFON4 TRANSITIN4 
IN REGENERATING AVIAN MUSCLE, Donald A. Fischman and Anuradha D. Saad, Department of 

0609 
Cell Bioloey and Anatomy, Cornell University Medical College, New York, NY 10021. 
The posterior and anterior latissimus (PLD and ALD) muscles of adult chickens were focally 
cold injured with a steel rod cooled in liquid nitrogen. Contralateral muscles received sham 
operations. At 2,5, and 8 days after freeze injury, control and injured muscles were dissect- 
ed, frozen in liquid N2-cooled isopentane and transversely, serial-sectioned for immunocyto- 
chemistry using the avidin-biotin-horseradish peroxidase procedure. Myosin heavy chain iso- 
forms were examined with monoclonal antibodies (McAbs) MF20, MF30 and ALD58: C-protein iso- 
forms with ALD66 and MF1. The results of our previous work on the developing pectoralis mus- 
cle are shown in Table I (Bader et al., J. Cell Biol. E:763, 1982). Antibody MF20 stained all 
muscle fibers (fast and slow) at all stapes of regeneration and development. MF30, which did 
not react with 12dE pectoralis muscle, did stain fibers of the PLD and ALD at all stages of 
regeneration we examined. MF14, which is adult fast-twitch-specific, did not stain 5-day-old 
PLD regenerates, but did transiently stain the ALD muscle. Thus, regenerating PLD muscle un- 
dergoes a myosin heavy chain antigenic transition analogous to developing pectoralis muscle 
but this transition occurs precociously. The slow-specific McAb, ALD58, did not stain control 
or regenerating PLD muscle. Early in ALD regeneration, at stages when the MF14 epitope was 
clearly evident, staining with ALD58 was quite weak. At this same period in ALD regeneration, 
our results suggest the synthesis of fast-type C-protein (MF1 positive staining) but under- 
production of slow-type C-protein (weak ALD66 staining). These results show that during the 
regeneration of slow (ALD) muscle, there occurs a period (5th-8th day) in which fast-type MHC 
is expressed. The present study indicates that, additionally, a fast-type C-protein i s  also 
expressed at this period. Only late in the second week of regeneration are the mature, slow 
MHC and C-protein fiber-type characteristics observed. Our investigation complements the Dare 
llel experiments of Toyota and Shimada (Cell and Tissue Res. 236:549, 1984) with troponin isc- 
forms and clearly demonstrate that regenerating adult muscle undergoes sequential changes in 
gene expression which resemble those transitions during normal development. 

12dE l6dE Id 7d 14d Adult __ _ _ _ _ - - - -  TABLE r: Antibody Antigen 
MF20 MHC + + + + + + 
MF30 MHC 
MF14 MHC 
ALD58 C-Pr 
ALD66 C-Pr 
MF1 c-rr 
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0610 USING A COCARCINOCEN (TPA) AND A CARCINOGEN (~11s)  TO PROBE PIYOFIBRILLOGENESIS, 
H. H o l t z e r ,  P. A n t i n ,  A .  Dlugosz ,  S.  For ry-Schaudies ,  J. Eshlemen, V. Nachmias, 

Department of Anatomy, School  o f  I l e d i c i n e ,  U n i v e r s i t y  o f  P e n n s y l v a n i a ,  P h i l a d e l p h i a ,  PA 19134 

The c a r c i n o g e n  EMS and t h e  co-carcinogen TPA r e v e r s i b l y  and s e l e c t i v e l y  a l t e r  t h e  
morphology and l i n e a g e  s p e c i f i c  s y n t h e t i c  program o f  d e f i n i t i v e  myogenic c e l l s  i n  c u l t u r e .  
t iyogenic c e l l s  m a i n t a i n e d  i n  t h e  p r e s e n c e  o f  t h e s e  a g e n t s  f u s c  t o  form v a s t ,  h i g h  l y  Ela t -  
t e n e d ,  i s o d i a m e t r i c  m u l t i n u c l e a t e d  myosheets.  Immunofluorescence,  EIl and b iochemica l  
a n a l y s i s  r e v e a l  t h a t  myosheets f a i l  t o  s y n t h e s i z e ,  o r  t o  accumula te  mRNAs coding  f o r ,  
myosin heavy c h a i n ,  L C 1 ,  LC2, a l p h a  and b e t a  tropomyosin o r  t r o p o n i n  C .  S y n t h e s i s  and 
accumula t ion  o f  desmin, v i m e n t i n  and t u b u l i n  a r e  u n a f f e c t e d :  m i c r o t u b u l e s  and i n t e r m e d i a t e  
f i l a m e n t s  a r e  p r e s e n t  i n  a meshwork throughout  t h e  myosheets.  Prominent ,  w e l l  s e p a r a t e d  
stress f i b e r - l i k e  s t r u c t u r e s  (SFLS) s u b t e n d  t h e  upper  plasma membrane o f  myosheets and 
can be  g r e a t e r  t h a n  3 .5  mm i n  l e n g t h .  These SOLS b i n d  p h a l l o i d i n ,  a n t i - a l p h a - a c t i n i n ,  
and a n t i - b r a i n  myosin i n  p a t t e r n s  s i m i l a r  t o  SFLS i n  normal f i b r o b l a s t s .  

s p e c i f i c  c o n t r a c t i l e  p r o t e i n s  and assemble  them i n t o  f u n c t i o n a l  m y o f i b r i l s .  Immuno- 
f l u o r e s c e n c e  and El l  s t u d i e s  r e v e a l  t h a t  t h e  e a r l i e s t  assembly o f  m y o f i b r i l s  o c c u r s  i n  
a s s o c i a t i o n  w i t h  t h e  submembranous SFLS: a n t i - b r a i n  myosin and anti-1181 o v e r l a ?  t h r o u g h o u t  
long  s t r e t c h e s  o f  t h e s e  SFLS-myofibril s t r u c t u r e s :  a t  t i m e s  one end of a n h a l l o i d i n  p o s i t i v e  
s t r u c t u r e  may e x h i b i t  s t a i n i n g   ropert ties of SFLS, a t  t h e  o t h e r  end o f  a s t r i a t e d  m y o f i b r i l .  
The e a r l y  forming SFLS-myofibril  complexes r a p i d l y  l o s e  t h e i r  i n t i m a t e  a s s o c i a t i o n  w i t h  
t h e  upner  plasma membrane and a r e  d i s p l a c e d  i n t o  s a r c o p l a s m  where newly assembled t h i c k  and 
t h i n  f i l a m e n t s  a r e  added p e r i p h e r a l l v  t o  t h e  emerging n a s c e n t  m y o f i b r i l s .  With f u r t h e r  
m a t u r a t i o n ,  t h e  p r e v i o u s l y  prominent SFLS d i s a p p e a r  o v e r  t h e  b e l l y  o f  t h e  myotube and remain 
o n l y  i n  t h e  growth t i p s  and pseudopodia l  e x t e n s i o n s  of myosheets.  A s imilar  tempora l  and 
t o p o g r a p h i c a l  r e l a t i o n s h i p  between SFLS and emerging m y o f i b r i l s  has  been observed  i n  
s k e l e t a l  and c a r d i a c  myoblas t s .  Based on t h i s  d a t a ,  a complex, m u l t i s t a g e  m o l e c u l a r  model 
is  p r e s e n t e d  f o r  m y o f i b r i l l a r  assembly and m a t u r a t i o n .  

When TPA o r  EIlS a r e  removed from t h e  c u l t u r e  medium, myosheets r e s y n t h e s i z e  muscle- 

0611 TRANSITION OF HEAVY CHAIN OF GIZZARD SMOOTH MUSCLE MYOSIN ISOFORMS 
DURING DEVELOPMENT AND THEIR THICK FILAMENT GENESIS AS COMPARED WITH 
SKELETAL MUSCLE, Tomoh Masaki, Reiko Suzuki, Hiromi Takano-Ohmuro, 
Takeshi Tanaka, Institute of Basic Medical Sciences, The University of 
Tsukuba, Niihari-Gun, Ibaraki-Ken 305, Japan 

Myosin heavy chain molecules undergo isoforms transitions during striated 
muscle development (1). 

To study further on this change of myosin molecule, adult chicken cardiac 
myosin epitopes in embryonic skeletal muscle, which were not detected in adult 
skeletal myosin, were examined during myogenesis. These adult cardiac myosin 
epitopes in embryonic skeletal myosin molecule distributed in both head and 
tail region of molecule, and disappeared during development. 

differ from each other ( 2 , 3 ) .  The pattern of peptide fragments of embryonic 
myosin heavy chain produced by a-chymotryptic digestion in the presence of SDS 
was similar but distinguishable from that of adult myosin heavy chain. It was 
different from that of brain or fibroblast myosin. One of the monoclonal 
antibodies against the myosin heavy chain of adult chicken gizzard muscle, 
G17-6, barely binds embryonic myosin. However, its epitope rose gradually 
during development of gizzard smooth muscle. In addition, size of the 
embryonic peptide containing this epitope is different from that of adult 
peptide. These results suggest that transition of gizzard myosin isoform 
occurs at least three steps during development. 

smooth muscle was studied as compared with that of the skeletal myosin. 

References 
1. T. Masaki, D.M. Bader, F.C. Reinach, T. Shimizu, T. Obinata, S. Shafiq and 

Heavy chain of embryonic and adult gizzard smooth muscle myosin was also 

The in vitro assembly of myosin purified from embryonic and adult gizzard 

D.A. Fischman; pp.405 Pluscle Development, Molecular and Cellular Control 
(1982) 

2. H. Takano-Ohmuro, T. Obinata, T. Mikawa and T. Masaki J. Biochem 93 903 
(1983) 

3 .  R. Suzuki, H. Takano-Ohmuro, T. Tanaka and T. Masaki; Abstract of 22th 
Annual Meeting of Japanese Biophysical Society. (1984) 
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EXPRESSION OF M-BAND PROTEINS DURING MYOGENESIS, J.C.Perriard, 
Institute for Cell Biology, Swiss Fed. Inst. Technology,CH-8093 Zurich,Switzerland. 

Three components of the m-band of the sarcomere have been identified: the 185 kd myomesin (l), 
the 165 kd M-protein and the MM-isoenzyme of creatine kinase (MM-CK). Myomesin and M-protein 
were shown to be expressed in cross-striated muscle of chicken, but not in smooth muscle and 
non-muscle tissue. The kinetics of accumulation of myomesin and M-protein in developingbreast 
and heart muscle as well as in myogenic cell cultures was investigated by immunoblotting and 
ELISA techniques. Myomesin was detectable in early stages of muscle development, the express- 
ion of M-protein,however,appears to have a delayed occurence. These newly expressed proteins 
were found in the m-bands of the nascent myofibrils of differentiated myogenic cells. 

Creatine kinase exists in multiple molecular forms, the BB-CK is found in embryonic 
tissue and in a number of adult tissues including chicken heart. The MM-CK,however,is found 
exclusively in tissues containing skeletal muscle cells. During muscle development and "in 
vitro" myogenesis, CK isoenzymes switch from BB-CK to M-CK containing isoenzymes until in 
adult muscle all of the non-mitochondria1 CK activity is MM-CK. The CK subunits are products 
of at least 2 different genes and are regulated by changing transcriptional activity. The 
isoenzyme switch can be first characterized by an increase in the rate of B-CK synthesis. As 
cells reach terminal differentiation, B-CK synthesis is repressed and M-CK expression is in- 
duced (2). The regulation of this isoprotein switch was further investigated usingrecombinant 
DNA techniques. The cDNA for M-CK was cloned using conventional techniques(3) and analysis of 
the nucleotide sequence allowed the elucidation of the amino acid sequence(4). B-CK cDNA 
clones were identified in a h gtll cDNA expression library using specific anti-BB-CK anti- 
bodies. The nucleotide sequence derived amino acid sequence for B-CK was compared to M-CK and 
extended homologies were found. The cloned cDNA sequences were used as probes to follow the 
expression of the CK genes in differentiating myogenic cells. In order to understand the re- 
gulation of these genes, detailed knowledge of the CK gene structures will be necessary and 
studies to this end are in progress. 

m-band of the sarcomere,capable of regenerating "in vitro" the ADP that is produced during 
muscle contraction to ATP(5). The B-CK isoprotein cannot replace M-CK in this structure. The 
primary structure of M-CK appears to define the properties that allow organelle specific 
association. Using microinjection methods to transfer isolated M-CK mRNA as well as"invitro" 
generated transcripts of M-CK cDNA into chicken heart cells, devoid of endogenous M-CK, or 
into hetero-specific muscle cells, this isoprotein specific association is being studied. 
(1)Grove et al. J.Cell Biol 98,518(1984). (Z)Perriard,J.C. 3. Biol. Chem. 254,7036 (1979). 
(3)Rosenberg et al., PNAS 79, 6589(1982). (4)Ordahl,C.P.,Evans,G.L.,Cooper,T.A.,Kunz,G. and 
Perriard,J.C. J.Biol.Chem.,in press(1985). (5)Wallimann et al. J.Biol.Chem.259,5238 (1984). 
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MM-CK is found exclusively in chicken skeletal muscle and part of it is bound to the 
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The 

CYTOSKELETAL ORGANIZATION IN EMBRYONIC MUSCLE CELLS IN VITRO REVEALED BY THE 
FREEZE-DRY REPLICA ELECTRON MICROSCOPY, Yutaka Shimada and Yuji Isobe, Department 
of Anatomy, School of Medicine, Chiba University, Chiba 280, Japan. 

cells arises as a result of the regular assembly of contractile and regulatory proteins. 
Major parts of these muscle proteins are now recognized as the most commonly encountered 
elements in nonmuscle cytoskeletons. Thus, myofibrils can be regarded as a specialized form 
of cytoskeletons differentiated especially for cellular contraction. In this study, we have 
attempted to examine the spatial cytoskeletal organization relating to myofibril formation 
in embryonic chick skeletal muscle cells; such a study appears to be essential for a better 
understanding of the phylogeny of the cellular motile systems. 

were used for the present experiment. These cells were extracted alive with 0.5% Triton, 
fixed with 2% glutaraldehyde and, then, immersed in 70% ethanol. Some samples were treated 
with heavy meromyosin (HPIM) before the fixation step. On these coverslips over the cells, 
other coverslips without adhering cells were placed. The entire "sandwiches" were frozen 
by plunging into Freon 22 cooled by liquid nitrogen and, then, were peeled off under liquid 
nitrogen. Some samples were similarly frozen in Freon 22 without making "sandwiches". 
After samples were freeze-dried for 60-180 min, replicas were made in a freeze-fracture 
device. 

Two ultrastructurally distinct cytoskeletal domains could be distinguished within devel- 
oping myotubes, i.e., dense subsarcolemmal and loose endoplasmic filamentous networks. The 
most predominantly found components in the subsarcolemmal cytoskeletal domain were filaments 
measuring 8-10 nm in diameter in replicas. They were identified as actin filaments by their 

characteristic cross-striated appearance of myofibrils in skeletal and cardiac muscle 

Embryonic chick skeletal muscle cells cultured for 6-7 days on carbon-coated coverslips 
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ability to be decorated with HMM. Nearly all the filaments in the endoplasmic domain mea- 
suring 12-14 nm were regarded as intermediate filaments by their unique diameter and inabil- 
ity of binding with HMM. In the latter domain, microtubules with a diameter of 22-24 nm 
were also found. In addition to these two filament classes and microtubules, another type 
of cytoskeletal component was seen in both the subsarcolemmal and the endoplasmic domains. 
It was 2-5 nm in diameter and up to 40 nm in length, and crosslinked these cytoskeletal ele- 
ments with each other and with developing myofibrils. In the latter area, intermediate fil- 
aments ran longitudinally as well as obliquely and formed intermyofibrillar filament lattice. 
Obliquely running intermediate filaments interlinked adjacent myofibrils at and near Z band 
levels. Some of these intermediate filaments were anchored to the subsarcolemmal actin fil- 
ament network. We suggest that intermediate filaments found in embryonic muscle cells are 
an early stage of an apparatus of tension-transmission and anchoring of myofibrils to each 
other and to the sarcolemma. 

0614 INTERMEDIATE FILAMENTS IN DEVELOPING MYOTUBES IN VIVO, I:. T. Tokuyasu, P. A. Maher, 
A .  H. Dutton and S. J. Singer, Department of Biology, University of California at 
San Diego, La Jolla, CA 92093.  

whether o r  not desmin is in a non-filamentous form in mature myotubes was a subject of 
serious dispute for several years. The main reason for raising this question was the diffi- 
culty in recognizing intermediate filaments (IF) at the level of the Z band where desmin 
labeling occurred (e.g., 1). We showed by immunoelectron microscopic and ultrastructural 
studies of chicken striated muscles that IF are indeed present at the level of the Z band 
and that desmin is largely if not entirely in the form of IF (2, 3 ) .  In the developing myo- 
tubes, vimentin is present in addition to desmin. Whether vimentin is absent ( 4 )  or present 
( 5 )  in mature myotubes was another matter of dispute. 
antibodies cross-absorbed with the heterologous antigen, we showed that vimentin is gradual- 
ly reduced in concentration as the embryonic nyotubematures -~ in vivo and becomes undetectable 
at the time of hatching ( 6 ) .  We also showed by immunoelectron microscopy that vimentin and 
desmin coexist in the same IF in developing myotubes ( 7 ) .  In developing myotubes of the 11 
day chick embryo, IF are wavy but as a whole, longitudinally directed ( 7 ) .  It has been pro- 
posed that longitudinally aligned IF are depolymerized during development and newly gene- 
rated IF are formed bridging the Z band to the Z band and causing the Z bands to come into 
lateral registry (1). However, we showed that in some myotubes of the prenatal embryo, myo- 
fibrils are already in lateral register but desmin is still widely distributed around the 
Z line, and that the distributions of desmin and vimentin are gradually confined toward the 
2 hand level during development ( 6 ) .  The labeling of these proteins occurs exclusively in 
IF ( 7 ) .  
during the development of myotubes, and that the confinement of IF to the Z band occurs 
subsequent to, not simultaneously with or  preceding, the lateral registration of myofibrils 
in vivo. 

1. Lazarides, E., Granger, B.L., Gard, D.L., O’Conner, C.M., Breckler, J., Price, M. and 

2. Tokuyasu, K.T., Dutton, A.H. and Singer, S.J. ( 1 9 8 3 )  J. Cell Biol. 96 :1727-1735 .  
3 .  Tokuyasu, K.T., Dutton, A.H. and Singer, S.J. ( 1 9 8 3 )  J. Cell Biol. 96:1736-1742.  
4 .  Bennett, G . S . ,  Fellini, S.A., Toyama, Y. and Holtzer, H. ( 1 9 7 8 )  J. Cell Biol. 82 :577-584 .  
5 .  Granger, B.L. and Lazarides, E. (1979)  Cell 18 :1053-1063 .  
6 .  Tokuyasu, K.T., Maher, P.A. and Singer, S.J. ( 1 9 8 4 )  J. Cell Biol. 98 :1961-1972 .  
7 .  Tokuyasu, K.T., Maher, P.A. and Singer, S.J. J. Cell Biol. in press. 

of Health. 

Using anti-vimentin and anti-desmin 

These findings indicate that IF remain in the filamentous form but change direction 

-- 

Danto, S.I. ( 1 9 8 2 )  Cold Spring Harbor, Symp. Quant. Biol. 46 :413-429 .  
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0615 ARCHITECTURE OF THE TITININEBULIN CONTAINING CYTOSKELETAL LATTICE OF THE 
STRIATED MUSCLE SARCOMERE -- EVIDENCE OF ELASTIC AND INELASTIC LKMINS OF THE 
BIPOLAR FILAMENTS, K.  Wang, J .  Wright, R .  Ramirez-Mitchell, Clayton Foundation 
Biochemical I n s t i t u t e ,  Department of Chemistry,  and C e l l  Research I n s t i t u t e ,  The 
Universi ty  o f  Texas, A u s t i n ,  TX 78712 

We have prepared a l i b r a r y  of monoclonal an t ibod ie s  d i r e c t e d  to  fou r  d i s t i n c t  
ep i topes  of r a b b i t  t i t i n  and u t i l i z e d  f luo rescen t  techniques and  c o l l o i d a l  gold 
e l e c t r o n  microscopy techniques t o  s tudy t h e  d i s p o s i t i o n  of these  d i s t i n c t  ep i topes  
i n  the sarcomere.  We observed t h a t  each of f o u r  monoclonal an t ibod ie s  s t a i n e d  a 
pair of d i s t i n c t  t r ansve r se  bands w i t h i n  e i t h e r  t he  A band o r  the  I band. 
Furthermore, each pair of bands were centered a t  t h e  M l i n e .  These s t a i n i n g  d a t a  
confirmed our  e a r l i e r  conclusion t h a t  t i t i n  domains a r e  indeed wider than t h e  A 
band. I t  can be i n f e r r e d  t h a t  t i t i n - c o n t a i n i n g  f i l amen t s  are c e n t r a l l y  
symmetric t o  t h e  M l i n e ,  and t h a t  t hese  p a r a l l e l  l ong i tud ina l  f i l amen t s  a r e  a l igned  
t r ansve r se ly  wi th in  t h e  sarcomere.  Furthermore,  we observed t h a t  t he  a x i a l  
d i s p o s i t i o n  of some, bu t  no t  a l l ,  ep i topes  va r i ed  wi th  t h e  sarcomere l eng th .  The 
ep i topes  wi th in  the  I band exh ib i t ed  an e l a s t i c  stretch-dependence; whereas those 
wi th in  the  A band remained f i x e d  i n  pos i t i on .  These d a t a  suggest  t h a t  i n  i n t a c t  
sarcomeres,  t h e  e l a s t i c  c y t o s k e l e t a l  f i l amen t s  a r e  s t r e t c h a b l e  only i n  t h e  I band 
domain. The f i l amen t  domains wi th in  t h e  A band may be prevented from s t r e t c h i n g  by 
c e r t a i n  as y e t  undefined anchoring mechanisms. Supported i n  p a r t  by N I H  AM20270, 
American Heart Associat ion,  Texas A f f i l i a t e ,  and an American Heart Associat ion 
Es tab l i shed  Inves t iga to r sh ip .  

1 .  K .  Wang i n  C o n t r a c t i l e  Mechanisms i n  Muscle, 1984, Plenum Press:285. 

Human Muscle Genetics; Cardiac Muscle 

I N  V I T R O  DEVELOPMENT OF VENTRICULAR AND ATRIAL MYOCYTES FROM FETAL RABBIT AND RAT. 

During i n  vivo ca rd iac  muscle development both the  rat and r a b b i t  pass c e r t a i n  morphogenic 

0616 

landmarks a t  similar t imes.  We have now compared t h e  growth c h a r a c t e r i s t i c s  of a t r i a l  and 
v e n t r i c u l a r  myocytes i n  c u l t u r e  from both these  animals t o  determine the  r e l a t i o n s h i p  i f  any, 
between i n  v i t r o  bea t ing  r a t e s ,  c e l l  p r o l i f e r a t i o n  and myosin isozyme composition. Cellswere 
grown from 20-21 day f e t a l  rats and 22-23 day f e t a l  r a b b i t s  i n  Ham's F-12 + 5% newborn c a l f  
serum. Pe r iod ic  Acid-Schiff s t a i n i n g  ind ica t ed  a higher  percentage of v e n t r i c u l a r  myocytes 
i n  rat  than r a b b i t  c u l t u r e s  throughout t he  f i r s t  f i v e  days. 
of rat  than r a b b i t  v e n t r i c u l a r  c e l l s  were observed t o  l a b e l  with H-Thymidine ( H-Tdr) 
following a 1 .5  hour pulse  during t3e  same f i v e  days. 
v e n t r i c u l a r  myocytes l a b e l l e d  with H-Tdr. For the  e n t l r e  per iod inves t iga t ed ,  a t r i a l  c e l l s  
from both r a b b i t  and r a t  had h ighe r  bea t ing  r a t e s  than v e n t r i c u l a r  c e l l s  from the same 
hea r t s .  During a t  l e a s t  the f i r s t  t h ree  days v e n t r i c u l a r  c e l l s  from both r a b b i t  and rat had 
s i m i l a r  bea t ing  r a t e s  a s  d id  the a t r i a l  c e l l s .  This w a s  i n t r i g u i n g  i n  l i g h t  of t he  f a c t  t h a t  
t he  maximum i n  vivo h e a r t  r a t e s  f o r  the two a d u l t  animals may vary as  much as 100%. 
Add i t iona l ly ,  we have observed by immunofluorescence a highly organized m y o f i b r i l l a r  network 
i n  a t r i a l  c e l l s  from rat and r a b b i t .  Analysis of  myosin by n a t i v e  g e l  e l ec t rophores i s  has 
ind ica t ed  t h a t  both the r a t  and r a b b i t  v e n t r i c u l a r  c e l l s  do not  undergo major changes i n  
t h e i r  isozyme composition during the f i r s t  week i n  c u l t u r e .  

g z s k y  and R. Zak. Universi ty  of Chicago, Dept. of Medicine, Chicago, Ill. 

I n  g?neral ,  a high r percentage 5 
Addit ional ly ,  fewer rat a t r i a l  than 

0617 PHYSIOLOGICAL AND BIOCHEMICAL CHARACTERIZATION OF DYSTROPHIC MUSCLE REVEALS 
ALTERATIONS OF COLLAGEN by Howard F e i t ,  Univ. Tx. Hlth.  Sc i .  C t r . ,  Dal las ,  Tx 
75235. Masataka K a w a i ,  Columbia Univ., N.Y. ,  N.Y. 10032 

The r e s t i n g  s t i f f n e s s  of chemically skinned avian dys t roph ic  myofiber bundles 
( s u p e r f i c i a l  p e c t o r a l ,  Line 413, 4 weeks a f t e r  onse t  of t h e  d i sease )  as a func t ion  of 
muscle l eng th  was much l a r g e r  t han  normal. 
i some t r i c  t ens ion  and cross-br idge k i n e t i c s  ( s inuso ida l  l eng th  changes),  were unal tered.  
The excess  s t i f f n e s s  of dys t roph ic  muscle was no t  removed by e x t r a c t i o n  wi th  0.6 M K I  or 
with 5 M guanidine HC1 mixed wi th  1 4  mercaptoethanol.  Exposure t o  b a c t e r i a l  col lagenase 
d id  n o t  a f f e c t  t h e  s t i f f n e s s  of dys t roph ic  muscle under d iges t ion  cond i t ions  adequate t o  
des t roy  t h e  s t i f f n e s s  of tendon. 
s t i f f n e s s  of dystrophic  muscle depends on an  abnormal form of col lagen which is 
col lagenase- insensi t ive by v i r t u e  of excess ive  c ros s l ink ing .  
muscle has  been f u r t h e r  cha rac t e r i zed  by amino a c i d  composition, CNBr d iges t ion  and 
immunocytochemistry. 
b iosyn thes i s  by s k e l e t a l  muscle of an abnormal form of col lagen r e s u l t i n g  i n  a mismatch 
of compliance between t h e  e x t r a c e l l u l a r  ma t r ix  and t h e  myoplasm. This  abnormal form of 
co l l agen ,  which we have named dystrophin,  can be e a s i l y  demonstrated by h i s t o l o g i c a l  
techniques app l i ed  t o  CNBr-treated muscle. Applicat ion of t h e s e  techniques t o  a muscle 
biopsy from a p r e c l i n i c a l  ca se  (10.5 months) of Duchenne dystrophy has  revealed t h e  
presence of a s i m i l a r  anomalous form of col lagen.  

C o n t r a c t i l e  p rope r t i e s .  as cha rac t e r i zed  by 

Biochemical evidence suggests  t h a t  t h e  increased 

The col lagen i n  dys t roph ic  

The r e s u l t s  suggest  t h a t  muscular dystrophy may involve t h e  
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Changes i n  myosin expression were analyzed by SDS PAGE i n  s i n g l e  f i b e r s  from human myoto- 
n i c  dystrophy rmscle. 
dystrophy b iops ies inc lude slow f i b e r  atrophy, hypertrophy and negative disproport ion. For 
these reasons a t t e n t i o n  was focused on the slow f i b e r  populat ion with the development o f  
histochemical techniques t o  pretype s i n g l e  f i b e r s  i n  teased bundles. 
succinate dehydrogenase a c t i v i t y  t he  f i b e r s  can be d i v ided  i n t o  two d i s t i n c t .  groups1 the 
f a s t - g l y c o l y t i c  f ibers ,  and the fast-oxidative-glycolytic and slow-oxidative f i be rs .  These 
s ta ined f i b e r s  can then be analyzed by SDS PAGE. The pathogenesis o f  myotonic dystrophy 
appears t o  be character ized by an increase i n  the nunber o f  promiscuous f i b e r s  (those 
f i b e r s  t h a t  express both f a s t  and slow myosins). This promiscuity i s  r a r e  i n  normal 
muscle. By p re typ ing  the rmscle f i b e r s  t h i s  promiscuity was, i n  3 out  o f  4 cases, found 
t o  be l i n k e d  t o  f i b e r s  t h a t  have h igh  ox ida t i ve  capacity. 
c o n t r o l  samples was l e s s  than 1% whereas promiscuity i n  6 myotonic dystrophy samples was 
10 t imes greater. Although the observed promiscuity i s  not necessar i ly  a primary e f f e c t  
o f  the disease, i t  appears t o  be d i r e c t l y  l i n k e d  t o  the pathogenesis o f  the myotonic 
dystrophy as demnstrated histochemical ly. With regard t o  t h i s  and o f  i n t e r e s t  i s  the 
a d d i t i o n a l  observation t h a t  two o f  three fami ly  members a t  r i s k  f o r  myotonic dystrophy 
a l so  show h igh  l e v e l s  o f  promiscuous expression. 

EVIDENCE FOR FROMISCWUS EXPRESSION I N  HUMAN MUSCLE FIBERS AFFECTED BY MYOTONIC 
DYSTROPHY, Gudrun E. Moore, Freder ick H. Schachat and A l l e n  0. Roses, Duke 
Un ive rs i t y  Medical Center, Durham, NC 27710. 

Histochemical changes observed i n  cross-section o f  myotonic 

Using a s t a i n  f o r  

The l e v e l s  o f  promiscuity i n  4 

0619 -SKELETAL ACTIN GENE TRANSCRIPTS ACCUMULATE I N  HYPERTROPHIED ADULT RAT HEARTS, 
Ket ty  Schwartz', Anne-Marie Lompre', P ie r re  Bouveret: Claudine Wisnewsky: P a t r i c i a  

01 iviero., Serge Alonscand Margaret Buckingham:' U 127 INSERM'& I n s t .  Pasteur:' Paris, France 
Recently i t  has been shown that ,  i n  r a t  and mouse, a t  the t ime o f  b i r t h ,  t ransc r ip t s  o f  the 
cardiac a c t i n  gene are accumulated i n  ske leta l  muscle, whereas conversely, t ransc r ip t s  o f  
the ske le ta l  a c t i n  gene are accumulated i n  cardiac t i ssue  (1,2). To determine i f  the two 
genes are a l so  co-expressed dur ing the a c t i v e  growth o f  a d u l t  t issues, we s tud ied cardiac 
hypertrophy o f  the a d u l t  hear t .  Hypertrophy was produced by c o n s t r i c t i n g  the abdominal 
aor ta  i n  male r a t s  a t  6-8 weeks o f  age. The animals were s a c r i f i e d  2,4,8,15 and 30 days 
a f t e r  the operation, and compared t o  age-matched sham-operated contro ls .  The t o t a l  amount 
0: a c t i n  message was quan t i f i ed  by Northern b l o t  analys is  using a coding sequence probe 
derived from cardiac a c t i n  mRNA, and the l eve l  o f  ske le ta l  a c t i n  mRNA was determined w i t h  
the 3 '  non coding reg ion o f  the corresponding mRNA. Both cDNA probes have been prev ious ly  
characterized (1) .  We observed t h a t  t ransc r ip t s  o f  the ske le ta l  a c t i n  gene are accumulated 
a t  low l eve l ,  if a t  a l l ,  i n  normal hearts, but  a t  s i g n i f i c a n t  l eve l s  (x2 t o  16) 2,4 and 8 
days a f t e r  a o r t i c  banding. A t  15 days, ske le ta l  a c t i n  mRNA returned t o  undetectable l eve l s .  
This f i n d i n g  show t h a t  ske le ta l  and cardiac a c t i n  genes are co-expressed i n  a d u l t  hyper- 
t rophied r a t  hearts ( c f  the r e p o r t  on an a d u l t  human hear t  (3 ) ) ,  which might suggest t h a t  
dur ing periods o f  f a s t  growth o f  muscle t issue, a s ing le  gene i s  no t  s u f f i c i e n t  f o r  the 
synthesis o f  enough ac t i n .  1)Minty e t  a l .  Cel l ,  1982, 30,185 ; 2) Mayer e t  a l .  Nucl. Acids 
Res. 1984, 12, 1087 ; 3) Gunning e t  a l .  Mol. Cel l .  B i o l .  1983, 3, 1985. 

0620 ANALYSIS OF STRUCTURE AND EXPRESSION OF HUMAN SARCOMERIC MYOSIN 
HEAVY CHAIN GENES, Hans-Peter Vosberg and P e t e r  L i c h t e r ,  Max-Planck- 
I n s t i t u t  f u r  med iz in i sche  Forschung, Heidelberg (FRG) 

Myosin heavy c h a i n  (MHC) genes e x i s t  as  mult igene f a m i l i e s  which according 
t o  c u r r e n t  estimates comprise 8 t o  10 non-a l le l ic  genes f o r  sarcomeric 
m u s c l e  i n  mammalian organisms. We are focuss ing  on t h e  human myosin gene 
f ami ly .  We i s o l a t e d  a 1 4 . 2  kb long genomic sequence from a lambda genomic 
DNA l i b r a r y  us ing  a r a b b i t  myosin cDNA (Sinha e t  a l .  PNAS 2, 5847, 1982) 
as a probe. Th i s  human gene (des igna ted  gMHC1) c o n t a i n s  about  70% of t h e  
coding sequence r e q u i r e d  f o r  a complete myosin cha in .  The sequence i n c l u d e s  
a t  i t s  5 '  end t h e  r e g i o n  of t h e  "active t h i o l s " ,  organized i n  a s e p a r a t e  
exon, and a t  i ts  3 '  end a s h o r t  C-terminal  exon coding f o r  t h e  5 C-terminal 
amino a c i d s  and u n t r a n s l a t e d  sequences.  DNA sequence d a t a  and comparison 
w i t h  myosins and myosin genes of o t h e r  mammalian s p e c i e s  sugges t  t h a t  gMHCl 
codes f o r  t h e  human I3 myosin cha in .  The expres s ion  of  t h i s  gene i n  d i f f e r e n t  
human muscle t i s s u e s  i s  c u r r e n t l y  i n v e s t i g a t e d .  So f a r  w e  have found one 
genomic l o c u s  f o r  sarcomeric myosin on t h e  s h o r t  a r m  of t h e  human chromosome 
17 ( 1 , 2 - p t e r )  by i n  s i t u  h y b r i d i s a t i o n  (Rappold and Vosberg Hum.Gentics 65, 
195, 1983) .  
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Genet ics,  Yale U n i v e r s i t y  School o f  Medicine, New Haven, CT 06510. 

DEVELOPING GENETIC MARKERS BASED ON RESTRICTION FRAGMENT LENGTH POLYMORPHISMS NEAR 
THE LOCUS FOR X-LINKED MUSCULAR DYSTROPHY, Uta  Francke, Department o f  Human 

Wi th  knowledge o f  t h e  pr imary  molecu la r  de fec t  l ack ing ,  t h e  gene f o r  X - l i nked  muscular 
dys t rophy  (Duchenne type, DMD) has been mapped t o  band Xp21 based on the  occurrence o f  t he  
disease phenotype i n  female p a t i e n t s  who c o i n c i d e n t a l l y  have de novo balanced r e c i p r o c a l  
t r a n s l o c a t i o n s  between an X chromosome and an autosome. w i t h  the7re-oints c o n s i s t e n t l y  i n  
chromosome band Xp21 and assoc ia ted  w i t h  gene t i c  i n a c t i v a t i o n  o f  t he  s t r u c t u r a l l y  normal X. 
Wi th  the  goal  o f  deve lop ing  DNA based gene t i c  markers near the  DMD locus ,  we have i d e n t i f i e d  
two p a t i e n t s  w i t h  minor i n t e r s t i t i a l  d e l e t i o n s  o f  p a r t s  o f  band Xp21, a female (1) and a male 
( 2 ) .  We have i s o l a t e d  the  abnormal X chromosomes i n  somat ic c e l l  hyb r ids  on a Chinese hamster 
background. The hyb r ids  were screened, by Southern b l o t  ana lys is .  w i t h  20 s ing le -copy  c loned 
sequences de r i ved  from human X chromosome c lone banks by o the r  i n v e s t i g a t o r s  and p r e v i o u s l y  
l o c a l i z e d  t o  t h e  X s h o r t  arm (3) .  S ix  sequences were mapped t o  one o f  3 d i f f e r e n t  reg ions  
w i t h i n  band Xp21; 4 o f  these ( 2  on each s i d e  o f  t he  DMD locus ,  as de f i ned  by the  
t r a n s l o c a t i o n  b reakpo in ts )  recogn ize  DNA polymorphisms and a re  s u i t a b l e  f o r  l i n k a g e  s tud ies  
(2.3). As revea led  by the  molecu la r  h y b r i d i z a t i o n  s tud ies .  t h e  d e l e t i o n  i n  the  male p a t i e n t ,  
who s u f f e r e d  from DMD and from two o the r  X- l inked d isorders .  was e n t i r e l y  conta ined w i t h i n  
the  l a r g e r  d e l e t i o n  i n  t h e  female p a t i e n t .  Only 1 o f  t h e  20 DNA sequences t e s t e d  was mapped 
w i t h i n  h i s  de le ted  segment (2) .  DNA from t h i s  p a t i e n t  w i l l  be use fu l  f o r  s u b t r a c t i o n  c l o n i n g  
s t r a t e g i e s  w i th  t h e  goal  o f  i s o l a t i n g  more probes from t h i s  smal l  reg ion  and o f  even tua l l y  
i d e n t i f y i n g  t h e  sequences i nvo lved  i n  these d isorders .  
1. Francke U: Random X i n a c t i v a t i o n  r e s u l t i n g  i n  mosaic nu l l i somy  o f  r e g i o n  Xp21.1-.p21.3 
assoc ia ted  w i t h  he te rozygos i t y  f o r  o r n i t h i n e  t ranscarbamylase d e f i c i e n c y  and f o r  ch ron ic  
granulomatous disease. Cytogenet. C e l l  Genet. (1984, i n  press) .  
2. Francke U, Ochs HD, de M a r t i n v i l l e  B. Giacalone J,  L indgren V, D is teche C, Pagon RA, 
Hofker MH, van Omen G-JB. Pearson PL, Wedgwood RJ: Minor  Xp21 chromosome d e l e t i o n  i n  a 
male assoc ia ted  w i t h  express ion  o f  Duchenne muscular dystrophy, ch ron ic  granulomatous 
disease, r e t i n i t i s  pigmentosa and McLeod syndrome. Am. J. Hum. Genet. (1985, i n  p ress)  
3. De M a r t i n v i l l e  B. Kunkel LM, Bruns G, Mor le  F, Koenig M, Mandel JL, Horwich A. L a t t  
SA, Guse l la  JF, Housman D, Francke U: L o c a l i z a t i o n  o f  DNA sequences i n  reg ion  Xp21 o f  
t he  human X chromosome: Search f o r  mo lecu la r  markers c lose  t o  the  Duchenne muscular 
dys t rophy  locus .  Am. J. Hum. Genet. (1985, i n  p ress)  

0622 GENETIC ANALYSIS OF X-LINKED NEUROMUSCULAR DISEASE. Louis M. Kunkel, Anthony P. 
Monaco, William Middlesworth and Samuel A. Latt, Harvard Medical School, Boston, 
MA 02115 

At least three neuromuscular diseases are known to be X-linked; the most common being 
Duchenne muscular dystrophy (DMD).  For these and many other human genetic diseases, no 
known defective genetic ptoduct has been identified. We have undertaken a genetic 
approach to the understanding of DMD. The locus for DMD is presumed to lie in the area of 
Xp21 (Jacobs et al. 1981; Davies et al. 1983). Genetic analysis of various RFLP detecting 
cloned X chromosome DNA ftagmenta has been utilized in families segregating DMD. An 
accurate map of these fragments and DMD is starting to emerge from numerous genetic 
studies in our laboratory and others. To date no randomly isolated cloned probe has been 
shown to be closer than 5 cM to DMD. 
We have recently initiated a more direct approach to obtaining cloned DNA fragments 
nearby DMD. We have utilized a method which allows specific cloning of DNA fragments 
absent from patients homozygous or hemizygous for chromosomal deletions. The method 
exploits phenol-dependent accelerated (Kohne et al. 1977) subtractive DNAfDNA 
reassociation followed by molecular cloning of appropriately reassociated molecules. Five 
percent of unique sequencs segments (4/81) escaping such a competition have been 
identified as missing from the DNA of a male patient with DMD, Retinitis Pigmentosa, 
chronic granulomatous disease and a small deletion in the short arm of the human X 
chromosome. Each fragment has potential to be a diagnostic reagent for one of the 
diseases affecting this boy. 
as the necessary start points in the eventual cloning of DMD and these other X-linked 
disease loci. 
1. Jacobs PA, Hunt PA, Bart RD. Duchenne muscular dystrophy (DMD) in a female with an 
Xfautosome translocation: further evidence that the DMD locus is at Xp21. Am J Hum 
Genet. 33:531 (1981). 
2. Davies KE,  Pearson PL, Harper PS, Hurray JM, O'Brien T. Linkage analysis of two 
cloned DNA sequences flanking the Duchenne muscular dystrophy locus on the short a m  of 
the human X chromosome. Nucl Acids Res. 11:2303-2312 (1983). 
3. Kohne DE, Levinson SA, Byers M.J. Room temperature method for increasing the rate of 
DNA reassociation by many thousandfold: the phenol emulsion reassociation technique. 
Biochemistry 16:5329-5341 (1977). 

Each, among others obtainable by this approach, may serve 
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C .  Logan,  P.N. Ray, V .  Kean, J. S y l v e s t e r  and  R . D .  S c h m i c k e l ,  The R e s e a r c h  
I n s t i t u t e ,  H o s p i t a l  f o r  S i c k  C h i l d r e n ,  T o r o n t o ,  and Dept .  of  Human G e n e t i c s ,  
U n i v e r s i t y  of  P e n n s y l v a n i a ,  P h i l a d e l p h i a .  
Dhc'ienne m u s c u l a r  d y s t r o p h y  (DMD), t h e  most  s e v e r e  and  most common of t h e  
d y s t r o p h i e s  i s  a n  X- l inked  g e n e t i c  d i s o r d e r  n o r m a l l y  a f f e c t i n g  o n l y  m a l e s .  
S e v e r a l  f e m a l e s  have  been  d e s c r i b e d  whose d i s e a s e  is  t h e  resu1 . t  of an X-  
au tosome t r a n s l u c d t i o n  w i t h  t h e  exchange  n o i n t  i n  band p21 a t  o r  n e a r  t h e  
s i t e  of  t h e  @ l o c u s .  Tn one of  t h e s e  n a t i e n t s  t h e  autosome i n v o l v e d  i s  71. 
w i t h  a n  exchange  p o i n t  t h r o n g h  band p 1 2 ,  t h e  s i t e  of  a b l o c k  of  tandnmly  
r e p e a t e d  g e n e s  e n c o d i n g  18s and 28s r R N A .  J n  t h e  t r a n s l o c a t e d  chromosomes 
"rDNA" must  be a d j a c e n t  t o  t h e  DMD r e g i o n  o f  t h e  X ,  a l l o w i n g  s u b c l o n e s  of 
r D N A  t o  be  u s e d  a s  p r o b e s  i n  s c r e e n i n g  f o r  a j u n c t i o n  f r a g m e n t .  We have  
i s o l a t e d  t h e  two t r a n s l o c a t i o n  chromosomes i n  s o m a t i c  c e l l  h y b r i d s ,  f r e e  of  
t h e  o t h e r  r D N A  c o n t a i n i n g  human chromosomes, and  b y  S o u t h e r n  b l o t t i n g  have  
i d e n t i f i e d  t h e  p u t a t i v e  j u n c t i o n  n e a r  t h e  5 end of  t h e  28s r R N A  g e n e .  
L i b r a r i e s  of  g e l  p u r i f i e d  f r a g m e n t s  a s  w e l l  as p a r t i a l  d i g e s t .  l i b r a r i . o s  o f  
h y b r i d  c e l l  DNA have  been  c o n s t r u c t e d  a n d  a r e  b e i n g  s c r e e n e d  f o r  t h e  j u n c t i o n  
f r a g m e n t .  P r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e  t h a t  t h e  j n n c t i o n  f r a g m e n t s  may 
c o n t a i n  " p o i s o n  s e q u e n c e s "  as t h e y  a r e  n o t  p r e s e n t  i n  t h e  l i b r a r i e s  a t  t h e  
e x p e c t e d  f r e q u e n c i e s .  O t h e r  s t r a t a g i e s  i n c l u d i n g  "jump l i b r a r i e s "  and 
cosmids  a r e  now b e i n g  e x p l o i t e d  i n  a n  a t t e m p t  t o  overcome t h i s  d i f f i c u l t y .  
I t  is  a n t i c i p a t e d  t h a t  c l o n i n g  o f  t h e  j u n c t i o n  f r a g m e n t  w i l l  p r o v i d e  a new 
a p p r o a c h  t o  t h e  DMD gene  i t s e l f ,  and a t  t h e  v e r y  l e a s t  s h o u l d  p r o v i d e  new 
p r o b e s  t i g h t l y  l i n k e d  t o  t h e  DMD l o c u s  f o r  u s e  i n  c a r r i e r  i d e n t i f i c a t i o n  and 
p r e n a t a l  d i a g n o s i s .  
(1) Vere l len-Dumoul in  Ch. ,Freund M.,DeMeyer R . , L a t e r r e  C h . , F r e d e r l c  J ,  
Thompson M.W.,Markovic V . D .  and  Worton R . G .  E x p r e s s i o n  of  a n  X - l i n k e d  
m u s c u l a r  d y s t r o p h y  i n  a fern2'le 8i:c t o  t r a n s l o c a t i o n  i n v o l v i n g  X p Z l  and  non- 
random i n a c t i v a t i o n  of t h e  normal  X chromosome. Hum.Genet.(1984)57:115-119. 
( 2 )  Worton R.G.,Duff C . , S y l v e s t e r  J . E . , S c h m i c k e l  R . D .  and W i l l a r d  H . F .  
Duchenne Muscular  Dys t rophy I n v o l v i n g  T r a n s l o c a t i o n  o f  t h e  dmd Gene Next t o  
Ribosomal  RNA Genes. S c i e n c e ( 1 9 8 4 ) 2 2 4 : 1 4 4 7 - 1 4 4 9 .  

APPROACHING T H E  DUCHENNE MUSCULAR DYSTROPHY G E N E  THROUGH A 
TRANSLOCATION I N V O L V I N G  RIBOSOMAL RNA GENES. R . G .  Worton,  C .  D u f f ,  

Cardiac Muscle Development 
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H.H. Arnold, B.Winter, H.GLaser, and K.Wiebauer, Dept.of Toxicology, Medical School,  Uni- 
v e r s i t y  of Hamburg, Gr inde la l l ee  1 1 7 ,  2000 Hamburg 13. FRG. 
The gene coding f o r  ca rd iac  myosin l i g h t  cha in  (MLCZ-A) has  been i s o l a t e d  from a ch icken  ge- 
nomic cosmid l i b r a r y ,  which was cons t ruc t ed  i n  our labora tory .  The MLC2-A gene spans about 
4.5 Kb of DNA and con ta ins  5 i n t rons .  The 5 '  and 3 ' t e rmin i  have been determined by nuc leo t ide  
sequence a n a l y s i s ,  which revea led  two e x t r a  codons f o r  methionine and a l an ine  a t  t he  N-termi- 
nus of t he  p r o t e i n  (1) .  The express ion  of t he  gene was analyzed in  seve ra l  t i s s u e s  and dur ing  
the  embryonic development of chicken. RNA i s o l a t e d  from h e a r t s  of ch icken ,  r a t ,  and human a s  
we l l  as from chicken ALD muscle hybr id ized  s p e c i f i c a l l y  t o  a gene probe, whereas f a s t  muscle 
d id  no t  show any hybr id i za t ion .  
The methyla t ion  p a t t e r n  of MLCZ-A DNA was examined i n  express ing  ( h e a r t )  and non-expressing 
t i s s u e  ( l i v e r )  by d i g e s t i o n  wi th  methyla t ion  s e n s i t i v e  r e s t r i c t i o n  enzymes. No d i f f e r e n c e s  
of methyla t ion  could be de t ec t ed  i n  e i t h e r  t i s s u e .  
The i n v e s t i g a t i o n  of chromatin s t r u c t u r e  by l imi t ed  d i g e s t i o n  of i n t a c t  n u c l e i  wi th  DNAse I 
exh ib i t ed  a merely margina l ly  increased  s e n s i t i v i t y  of t he  MLC2-A gene, compared t o  the  pre- 
sumably s i l e n t  lysozyme gene. Hypersens i t ive  r eg ions  around t h e  5 'end of the  gene could be 
de t ec t ed  i n  h e a r t  and l i v e r  t i s s u e s .  P a r t i c u l a r l y  i n  the  3 ' f l ank ing  sequences,  however, we 
found two a d d i t i o n a l  t i s s u e  s p e c i f i c  hype r sens i t i ve  s i t e s  i n  h e a r t  compared t o  the  one found 
i n  l i v e r .  
Cons t ruc ts  between the  dominant s e l e c t a b l e  marker plasmid ( g e n i t i c i n - r e s i s t a n c e )  and the  
complete MLCZ-A gene inc lud ing  about 2 Kb o f  f l ank ing  sequences a t  e i t h e r  s i t e  were t r ans -  
f e c t e d  i n t o  CZ mouse myoblasts and RNA from s e l e c t e d  c lones  was analyzed f o r  t r a n s c r i p t s .  The 
gene appeared t o  be expressed  t o  a low steady s t a t e  l e v e l  of RNA i r r e s p e c t i v e  of the  s t a t e  of 
c e l l u l a r  d i f f e r e n t i a t i o n .  The - a c t i n  gene, s p e c i f i c  f o r  s t r i a t e d  muscle,  and the  (3-actin 
gene, expressed  i n  a l l  c e l l s  were in t roduced  i n t o  LTK mouse f i b r o b l a s t  t oge the r  wi th  the  
cloned Herpes thymidine k inase  gene. Whereas the  cytoplasmic a c t i n  mRNA could  be seen on RNA 
b l o t s ,  the  - a c t i n  mRNA was inde tec t ab le  i n  t h e s e  c e l l s .  The impl i ca t ions  of c e l l u l a r  and 
gene s p e c i f i c  requi rements  f o r  t h e  express ion  of muscle genes w i l l  be d iscussed  i n  the  l i g h t  
of O U T  r e s u l t s .  
References:  
1 )  Winter,  B . ,  Klapthor,  H . ,  Wiebauer, K . ,  De l ius ,  H . ,  and Arnold, H.H.  ( 1 9 8 4 )  J.Biol.Chem. 

2) Fornwald, J . A . ,  Kuncio, G . ,  Peng, J . , and  Ordahl,  Ch.P. 

S t r u c t u r a l  and Funct iona l  Fea tures  of Cloned Chicken Muscle Genes: T rans fec t ion  i n  
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0625 E x p r e s s i o n  o f  Myosin Heavy C h a i n s  i n  A t r i a l ,  V e n t r i c u l a r ,  and  
P u r k i n j e  F i b e r  Myocytes  of  t h e  Chicken  Hear t .  D. Bader ,  A. Sanchez ,  B. 
Zadeh, M.A. Matheson ,  N. Toyota .  C o r n e l  1 U n i v e r s i t y  M e d i c a l  C o l l e g e ,  
N.Y.,N.Y. T o  examine  myosin h e a v y  c h a i n  h e t e r o g e n e i t y  i n  t h e  a d u l t  and 
d e v e l o p i n g  c h i c k e n  h e a r t ,  m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  myosin f rom t h e  
a d u l t  c h i c k e n  w e r e  g e n e r a t e d  and  t h e i r  s p e c i f i c i t i e s  c h a r a c t e r i z e d .  The 
r e a c t i v i t i e s  of  f o u r  s u c h  a n t i b o d i e s  w i t h  myosin i s o l a t e d  f rom a d u l t  and  
d e v e l o p i n g  c h i c k e n  a t r i a l  and  v e n t r i c u l a r  myocard ia  were a n a l y z e d  by 
immunoautoradiography,  rad io immunoassay ,  and  immunof luorescence  
microscopy.  The f o l l o w i n g  s p e c i f i c i t i e s  were o b s e r v e d :  A t r i a l  myocytes  
r e a c t e d  w i t h  a n t i b o d y  B1, v e n t r i c u l a r  myocytes  w i t h  A19, c a r d i a c  myocytes  
o f  t h e  c a r d i a c  c o n d u c t i v e  s y s t e m  w i t h  ALD58, and  a 1  1 s t r i a t e d  m u s c l e  c e l  Is 
o f  t h e  h e a r t  w i t h  MF20. Immunoautoradiography and  i m m u n o p r e c i p i t a t i o n  
d e m o n s t r a t e d  t h e  s p e c i f i c i t y  o f  t h e s e  a n t i b o d i e s  f o r  t h e  h e a v y  c h a i n .  
Using a n t i - v e n t r i c u l a r  a n d  a n t i - a t r i a l  a n t i b o d i e s ,  t i s s u e  s p e c i f i c  
e x p r e s s i o n o f  m y o s i n h e a v y  c h a i n w a s  f i r s t o b s e r v e d a t o r  n e a r  t h e  o n s e t  o f  
r e g i o n a l  d i f f e r e n t i a t i o n  i n  t h e  h e a r t ( s t a g e  1 0  and  1 5  r e s p e c t i v e l y ) .  I n  
c o n t r a s t ,  t h e  h e a v y  c h a i n  e p i t o p e  r e c o g n i z e d  ALD58 i n  t h e  h e a r t  c o n d u c t i v e  
s y s t e m  was n o t  d e t e c t e d  u n t i l  t h e  l a t e r  s t a g e s  ( s t a g e  3 2 )  o f  embryonic  
d e v e l o p m e n t .  Once e s t a b l i s h e d  i n  a t r i a l ,  v e n t r i c u l a r  and  c o n d u c t i v e  s y s t e m  
myocytes ,  t i s s u e  s p e c i f i c  e x p r e s s i o n  o f  myosin h e a v y  c h a i n  was m a i n t a i n e d  
t h r o u g h o u t  d e v e l o p m e n t  and  a d u l t  l i f e .  To d e t e r m i n e  w h e t h e r  o r  n o t  t i s s u e  
s p e c i f i c  e x p r e s s i o n  o f  myosin h e a v y  c h a i n  was r e t a i n e d  i n  i s o l a t e d  myocytes  
- i n  ___ v i t r o ,  m o n o l a y e r  c u l t u r e s  w e r e  p r e p a r e d  from a t r i a  and  v e n t r i c l e s  a t  
s e l e c t e d  s t a g e s  o f  d e v e l o p m e n t  a n d  a s s a y e d  f o r  myosin h e a v y  c h a i n  c o n t e n t  
u s i n g  s p e c i f i c  a n t i b o d i e s .  The a t r i a l  s p e c i f i c  h e a v y  c h a i n  r e c o g n i z e d  by B 1  
was n o t  d e t e c t e d  i n  7d c u l t u r e d  myocytes  d e r i v e d  f rom 7, 11, and 19d 
embryonic  a t r i a .  W h i l e  s t a g e  s p e c i f i c  v a r i a b i l i t y  w a s  o b s e r v e d ,  t h e  
m a j o r i t y  o f  c u l t u r e d  v e n t r i c u l a r  myocytes  l o s t  s p e c i f i c  r e a c t i v i t y  w i t h  t h e  
v e n t r i c u l a r  s p e c i f i c  a n t i b o d y  A19. S t i l l ,  b o t h  a t r i a l  and v e n t r i c u l a r  
c u l t u r e s  c o n t a i n e d  c r o s s - s t r i a t e d  myocytes  which  w e r e  r e a c t i v e  w i t h  MF20 
i n d i c a t i n g  t h e  p r e s e n c e  o f  s a r c o m e r i c  myosin.  The r e s u l t s  d e m o n s t r a t e  t h a t  
t h e  immunochemical h e t e r o g e n e i t y  of  h e a v y  c h a i n s  d e r i v e d  f rom a t r i a l ,  
v e n t r i c u l a r  and  c o n d u c t i v e  s y s t e m  myocytes  i n  t h e  i n t a c t  h e a r t  a r e  n o t  
r e t a i n e d  i n  a t r i a l  and  v e n t r i c u l a r  myocytes  i n  monolayer  c u l t u r e .  

0626 CONTROL AND EXPRESSION O f  CARDIAC MUSCLE W S ,  M.A.Q. Siddtqui, Aaa &ria Zarraga, 
Chandrika Saidapet, Dianuid Nicholson, Chamaine M l a  and Manuel Krauskopf, Roche 
Institute ?f Molecular Biology, Department of Biochemistry. htley, NJ 07110 

Me have previously constructed several recambinant pLas- 
mids containing the collA sequences for dryonic chicken cardiac muscle n(yosin light (Cucz) and 
heavy chain (MHC) &NAs. Using defined sequences from these DNAs that exhibit tissue speci- 
ficity, the appearance of cardiac MLC and W ISM during early chick blastodema1 develqment 
was monltored. Transcripts coding for cardiac WLC and MJC co-accmlate.in amounts sufficient 
for detection by Northern blot analysis, at about 60 hr of developaent significantly earlier 
than the appearance of M A S  f o r  skeletal rsuscle isofom of these proteins, butbern blot 
analysis of restriction digests of chicken W i c  DWA suggests tbatMC2 gene ts present as a 
single copy, whereas the MHC sequences are multicopy genes. F o r  further understanding tbe 
structure and organization of these genes, geDmic clones for HLQ and W were isolated and 
characterized. In the case of MLCz, a genaaic clone was isolated which contains almost the 
entire coding sequence and about a 6.0 kb region corresponding +.o tbe 5'-terminus region of the 
gene. The expression and regulation of these genes is currently being investigated using 
transfect i on and W-i njecti on experlmts. 

isolatla of Mditimal kcltSpcctfic Clones: Me have used the DNA libraries from husan 
aod rat heart tissues to isolate HLC and W cDNA clones and the corresponding genanic clones. 
In the case of human, the MLCz gene is represented in one copy per genome and appears to be 
localized on chranosane 8. 

Models on eukacyotic gene control envisage a role for 
repetitive DNA sequence regulated by tissue specific RNA and/or protein. Ye bave recently 
described the isolation and characterization of a low molecular weight RN& (75 RNA) from en+ 
bryonic chick heart tissue. The hybridlzation of 75 RNA specific cloned DNA (pSS48) to chicken 
DNA suggests that 75 RNA is the product of repetitive chicken genoop. However, pSS48 ONA se- 
quence appears to identify several single copy gene transcripts in chicken heart nuscle. Se- 
quence analysis of recombinant plasmids contataing c W  for HLC and W indicates that short 
nucleotlde stretches c~lll~n to pSS48 D)IA reside in the 3'-untranslated regions of the respec- 
tive DNAs. Hybridlzation experiments utilizing the NLCz and W g e m i c  clones shQled that ad- 
dltlonal sequences hybridizable to pSS48 are located both downstrean and upstream to, but not 
within, the codlng region of the respective genes. A developmental study utiliziag Bbll\s f r m  
blastodermal cells indicates that 7s RNA is transcribed in &ryonic cells preferentially 
earller than the onset of transcription of genes for W. MLC. and actin. These results, taken 
together, suggest that 75 =night be involved tn control of muscle gene transcription. That 
7s-like sequences in MLC and MHC genes are indeed crucial to transcription is being tested 
with artiflcial gene constructs free of these sequences. 

U d i a c  Muscle 6ene Expression: 

Coordhate Control of (curdc6cmes: 
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The change i n  i somyos in  p r o f i l e  o f  a v i a n  and mammalian h e a r t s  was examined d u r i n g  embry- 

o n i c  p e r i o d ,  i n  p r i m a r y  c u l t u r e  and i n  s e r i a l  s e c t i o n s  o f  t h e  e n t i r e  v e n t r i c u l a r  w a l l  o f  a d u l t  
h e a r t ,  Two methods have been used t o  c l a s s i f y  myocytes:  immunof luorescent s t a i n i n g  w i t h  Mc Abs 
s p e c i f i c  f o r  heavy c h a i n s  o f  V 1  and V3 isomyosins and cy tochemica l  s t a i n i n g  f o r  La2+ a c t i v a t e d  
myosin ATPase. 

The c h i c k e n  v e n t r i c l e  showed s t r o n g  r e a c t i v i t y  w i t h  a n t i  V3 Ab th roughout  a l l  s tages  o f  
embryonic and a d u l t  development. The a t r i u m  a l s o  r e a c t e d  w i t h  a n t i  V3 Ab from i t s  i n i t i a l  
s tage o f  i n c o r p o r a t i o n  i n t o  t h e  h e a r t  ( s t . 1 2 )  t h r o u g h  t h e  4 t h  day o f  i n c u b a t i o n  ( s t . 2 4 ) .  The 
a t r i a l  r e a c t i v i t y  t h e n  d e c l i n e d  so t h a t  f rom 6 t h  day ( s t . 2 9 )  t h r o u g h  t h e  remain ing  embryonic 
and a d u l t  l i f e  t h e r e  was no s i g n i f i c a n t  a t r i a l  r e a c t i v i t y  w i t h  a n t i  V3 Ab. These da ta  a r e  
c o n s i s t e n t  w i t h  o u r  p r e v i o u s  o b s e r v a t i o n  t h a t  t h e  V3 isomyos in  i s  t h e  f i r s t  t o  appear i n  a l l  
c r o s s - s t r i a t e d  muscles.  

I n  c o n t r a s t  t o  b i r d s ,  mammalian h e a r t  c o n t a i n s  m i x t u r e  o f  V 1  and V3 isomyosins w i t h i n  
b o t h  chambers. Us ing  c u l t u r e d  c e l l s  we have examined whether myocytes a r e  synchron ized w i t h  
r e s p e c t  t o  myosin express ion .  We have examined t h e  isomyos in  p r o f i l e  o f  c e l l s  d e r i v e d  from 
16 d.  o l d  r a t  embryonic v e n t r i c l e s  grown i n  a s y n t h e t i c  medium i n  t h e  absence o r  presence o f  
p h y s i o l o g i c a l  c o n c e n t r a t i o n  o f  t h y r o i d  hormone (T4) .  Myocytes grown i n  T4 f r e e  media f o r  7 
days c o n t a i n e d  m a j o r i t y  o f  c e l l s  showing b r i g h t  f l u o r e s c e n c e  a f t e r  s t a i n i n g  w i t h  a n t i  V3 Ab 
as w e l l  as weak ATPase a c t i v i t y .  A smal l  p o p u l a t i o n  o f  c e l l s ,  however, r e a c t e d  s t r o n g l y  w i t h  
a n t i  V 1  Ab and had h i g h  ATPase a c t i v i t y .  Myocytes grown i n  T4 supplemented c u l t u r e s  conver ted ,  
a f t e r  7 days,to a predominance o f  V 1  c o n t a i n i n g  c e l l s .  Never the less ,  a smal l  p o p u l a t i o n  o f  
c e l l s  remained wh ich  was s t r o n g l y  r e a c t i v e  t o  V3 isomyosin.  These da ta  a r e  c o n s i s t e n t  w i t h  t h e  
e x i s t e n c e  o f  two p o p u l a t i o n s  o f  myocytes w i t h  d i f f e r e n t  respons iveness  t o  T4. 

The h e t e r o g e n e i t y  i n  myocyte p o p u l a t i o n  was examined i n  v e n t r i c u l a r  w a l l  o f  a d u l t  (1 y r )  
r a b b i t .  The isomyos in  p o p u l a t i o n  v a r i e s  t h r o u g h  t h e  e p i -  t o  endocardium o f  t h e  r i g h t  v e n t r i c -  
u l a r  w a l l  w i t h  V 1  p redominat ing  i n  t h e  o u t e r  e p i c a r d i a l  t h i r d  o f  t h e  w a l l  and l o w e s t  amount i n  
t h e  m i d d l e  t h i r d  o f  t h e  w a l l .  A m i x t u r e  o f  s t a i n e d  and u n s t a i n e d  myocytes i s  seen i n  t h e  endo- 
and subendocardial  r e g i o n s .  Myocytes w i t h  s i m i l a r  s t a i n i n g  p r o p e r t i e s  appear i n  l a r g e  c l u s t e r s  
l o n g  s t r a n d s  and major  anatomica l  r e g i o n s .  However, heterogeneous myocytes a r e  a l s o  seen t o n -  
nec ted  by an i n t e r c a l a t e d  d i s c .  The h e t e r o g e n e i t y  between two a d j a c e n t  c e l l s  express ing  d i f -  
f e r e n t  i somyos in  m i g h t  depend on a s tage o f  g e n e t i c  reprogramming r e f l e c t i n g  t h e  d i f f e r e n t  
p o p u l a t i o n  o f  myocytes. 
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