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calcium sens i t iv i ty  in th is  case was lower a t  20 ~ t h a n  for 
fish myofibr i ls  a t  0 ~ 

I t  is now clear t h a t  t he  speed of con t rac t ion  of a muscle 
is no t  necessar i ly  re la ted  to  redness  of the  fibres, t h o u g h  
there  does appear  to be a good corre la t ion be tween  the  
speed of con t rac t ion  and  myos in  ATPase  a6tivity13. Pre-  
pa ra t ions  of myos ins  f rom ei ther  red or whi te  muscles of 
d i f ferent  species of f ish have  given widely differing values 
for the  Ca2+-activated ATPase  1a-is. 

In  m a n y  cases low act ivi t ies  have  been a t t r i b u t e d  to the  
a p p a r e n t  ins tab i l i ty  of f ish myos ins  ~4, ~6, ~s - 30. Var ia t ion  
in the  s tab i l i ty  of myos in  p repara t ions  could obscure any  
intr insic  differences in enzymic  act ivi ty .  However ,  the  
resul ts  ob ta ined  in th is  s tudy  using myofibr i I  p repara t ions  
clearly show t h a t  the  ATPase  ac t iv i ty  under  these condi- 
t ions is s table  and  differs cons iderably  be tween  red and 
whi te  muscle  fibres. I t  the re fore  seems f rom th is  work  
t h a t  the  whi te  muscle  has  the  b iochemical  proper t ies  of 
fas t  muscle  whereas  t he  red muscle has the  biochemical  
p roper t ies  of slow muscle.  

I t  has  been shown t h a t  t he  slow tw i t ch  muscles  of mam-  
mals  are efficient  in ma in ta in ing  tension,  while the  fas t  
muscles  are efficient  when  con t rac t ing  isotonical ly and  
doing ex te rna l  work  2~-23. I t  is, however,  diff icult  to under-  
s t and  w h a t  a d v a n t a g e  it is to the  fish, f rom the  efficiency 
poin t  of view, to  have  slow muscles for swimming,  as 
swimming  requires  isotonic con t rac t ions  r a the r  t h a n  the  
m a i n t e n a n c e  of tension.  If  the  red muscle  is used for slow 
cruising it m a y  be t h a t  th is  is bes t  achieved by  a slow 
muscle, r a the r  t h a n  a heavi ly  loaded fas t  muscle  or an ta -  
gonistic fas t  muscles.  The division of labour  be tween  
these  d i f fe rent  t ypes  of muscle a t  d i f ferent  swimming  
speeds  requires  fu r the r  s tudy.  

Zusammen/assung. Die Ca ++- und  nicht-Ca++-abh~ngige 
ATPase-Akt iv i t / i t  yon isolierten Myofibri l len der ro ten  
und  weissen Muskeln yon  drei Meerf ischen wurde  gemes- 
sen und festgestel l t ,  dass die weissen Muskeln eine h6here  
Aktivi tAt  besi tzen.  
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I n i t i a t i o n  a n d  S p r e a d i n g  o f  C o x s a c k i e v i r u s  A 1 I n f e c t i o n  i n  M u s c l e s  o f  N e w b o r n  M i c e  1 

His topa tho log ica l  changes  induced by  coxsackievirus  
in muscles of t he  newborn  mouse  are  charac te r ized  by  the  
so-called ' s egmenta l  i nvo lvemen t '  of ind iv idua l  muscle 
fibers 2,3. The t e r m  ' s egmenta l  i nvo lvemen t '  is used to  
describe the  obse rva t ion  t h a t  in coxsackievirus  infected 
muscles  one or several  d i s t inc t  pa r t s  of the  muscle ce l l  
seem to be a l tered and  o the r  pa r t s  remain  intact .  This  is 
due to  an asynchrone  cy topa th i c  effect  4 wi th in  one muscle 
cell. The  p resen t  pape r  deals w i th  th is  p h e n o m e n o n  of 
a synch rony  and  e lucidates  the  mechan i sms  by  which the  
infect ion spreads  in vivo f rom one cell to  another .  More- 
over, the  resul ts  r epo r t ed  earlier on mechan i sms  of virus  
release f rom an infected celI 5 and on the  local izat ion of 
viral  R N A  synthes is  6 are confirmed.  

Materials and methods. Newborn  mice be tween  12 and  
24 h af ter  b i r t h  received an in ject ion of 0.1 ml  (10 6 to 10 7 
LDs0 ) coxsackievirus  A 1 suspension in one foreleg. To 
d e m o n s t r a t e  viral  R N A  synthes i s  the  animals  were in- 
jec ted  wi th  2.5 y ac t inomyc in  D (Merck, Sharp  and  
Dohme)  to  s top  cellular R N A  synthes i s  before admin i s t ra -  
t ion  of 100 ~zCi uridine-3H (The Rad iochemica l  Centre,  
Amersham,  England) .  Uninfec ted  contro l  animals  were 
t r ea ted  in exac t ly  the  same manner .  Af te r  f ixat ion,  the  
muscles  were e m b e d d e d  in the  usual  w a y  in E p o n  812. 
L igh t  microscopic  (LM) and electron microscopic  (EM) 
au to rad iographs  were m a d e  f rom the  same blocks.  We  
used essent ia l ly  t he  au to rad iograph ic  t echn iques  given by  
STEVENS 7. For  technica l  detai ls  of our au torad iographic  
m e t h o d s  see e. 

Results and conclusions. Up to 8 to  10 h p . i ,  viral R N A  
is synthes ize  d to  a very  smal l  e x t e n t  wi th in  or in close 
p r o x i m i t y  to the  nuclei of infec ted  muscle  cells% As soon 
as typ ica l  small  bodies  s are formed,  ur idine is also in- 
co rpora ted  in these  regions. F igure  1 shows an EM auto-  
r ad iograph  of an ac t inomyc in  and  uridine-~H t rea ted ,  
coxsackievirus  infected muscle  abou t  5 h p.i .  The nucleus 
is lobed and  i ts  ch roma t in  is condensed.  These are the  first  
signs of a coxackievi rus  infect ion ~. In  the  zone around the  
nucleus, the  f i rs t  smal l  bodies are seen. As  indica ted  by  
t h e  si lver  grains,  viral  R N A  syn thes i s  t akes  place in the  
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Fig. 1. EM autoradiograph of a coxsaekievirus infected, actinomycin D treated muscle cell. Viral RNA synthesis is found in the region around 
the nucleus (N). It is the same region (surrounded by a dotted line) which shows morphological signs of a coxsackievirus infection (SB = small 
bodies), whereas the remainder of the cell is unaltered. • 7700. 

Fig. 2. Electronlnicrograph, showing a fiber with the typical 'segmental involvement ' .  Around nucleus 1 (N1), the cytoplasm is strongly destroyed 
(about 12 h p.i.). Nucleus 2 (N2) lies in a part  of the fiber which must  have been infected about 7 h later than the part  around nucleus 1. 
• 7500. 

Fig. 3. The LM autoradiograph shows the spreading of infection from 
one fiber to another. The fiber A in the centre is freshly infected, 
presumably by the adjacent, partially destroyed fibers (B+C).  The 
silver grains around the nucleus (N) of fiber A indicate viral RNA 
synthesis. • 780. 

s a m e  zone .  T h e  r e m a i n d e r  of  t h e  c y t o p l a s m ,  o u t s i d e  t h e  
d o t t e d  l ine ,  is e s s e n t i a l l y  u n a l t e r e d .  W e  c o n c l u d e  f r o m  t h i s  
a n d  s i m i l a r  p i c t u r e s  t h a t  t h e  v i r u s  i n f e c t i o n  in  m u s c l e  
cel ls  s t a r t s  in  a n d / o r  a r o u n d  t h e  n u c l e u s .  

O b v i o u s l y ,  if o n e  o r  s e v e r a l  r e g i o n s  a r o u n d  t h e  n u c l e i  ill 
t h e  s a m e  f i b e r  a re  i n f e c t e d  a l m o s t  a t  t h e  s a m e  t i m e ,  t h e  
r e s u l t i n g  loca l  c y t o p a t h i c  e f f ec t s  g i v e  r i se  t o  t h e  p i c t u r e  
o f  a ' s e g m e n t a l  i n v o l v e m e n t ' .  T h i s  p h e n o m e n o n ,  k n o w n  
f r o m  L M  s t u d i e s  2-~, is s h o w n  in  F i g u r e  2 in  a n  E M  m i c r o -  
g r a p h  w i t h o u t  a u t o r a d i o g r a p h y .  A p p a r e n t l y ,  t h e  f ibe r  in  
t h e  c e n t r e  o f  t h e  p i c t u r e  h a s  b e e n  i n f e c t e d  a t  t h e  s i t e  o f  
t h e  n u c l e u s  1 in  t h e  c e n t r e  of  t h e  cell .  T h e  c y t o p l a s m  
a r o u n d  t h i s  n u c l e u s  is  d e s t r o y e d  a n d  r e p r e s e n t s  a s t a g e  
of i n f e c t i o n  of  a b o u t  12 h p. i .  T h e  a d j a c e n t  p a r t  a t  t h e  
r i g h t ,  a p p a r d n t l y  b e l o n g i n g  t o  n u c l e u s  2, s h o w s  a l t e r a t i o n s  
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Fig. 4. Electron micrograph, showing fiber 
A with strongly altered nucleus (N) and 
cytoplasm (SB = small bodies), about 12 h 
p.i. Infection spread to fiber B. which 
shows a stage of infection of about 2 to 
3 h p.i. with some vacuoles (V) around the 
condensed nucleus (N). Above fiber A lies 
another fiber (C). • 7500. 

cor responding  to a t ime  p.i. of abou t  5 h a and  the  same 
holds  t rue  for the  left  pa r t  of t he  fiber. 

F r o m  such p ic tures  i t  is concluded t h a t  the  virus  
syn thes i s  in muscles  is in i t i a ted  by  a nucleus and  af ter  
t h a t  t he  cy topa th i c  effect  remains  res t r ic ted  to  a r a the r  
smal l  area of cy top la sm a round  this  nucleus. The reason 
for th is  local res t r ic t ion  is no t  clear, as we do no t  know 
mechan i sms  in the  nucleus or in t he  cy top l a sm which  can 
res t r ic t  an infect ion to  l imi ted  areas wi th in  a cell. 

F u r t h e r  areas in t he  same f iber  can be infected by  o the r  
virions. Such vir ions m a y  have  been  re leased f rom pa r t s  
of t he  same or o ther  f ibers in a la ter  s tage of infectionS. 
F igure  3 is a LlV[ au to rad iograph ,  which  shows such a 
sp read ing  of infect ion f rom one cell to  another .  In  t he  
middle  of t he  picture,  there  is a f iber  (fiber A) in an early 
s tage of infect ion wi th  rad ioac t iv i ty ,  t hus  viral  R N A  
synthes is ,  a round  the  nucleus. The cell shows a s tage of 
3 to 5 h p.i. I t  has  a p p a r e n t l y  been infected by  one or b o t h  
ad j acen t  cells (fibers B + C), b o t h  being in a late  s tage of 
infect ion.  Especia l ly  f iber  13 shows i tself  also the  'seg- 
men t a l  i nvo lvemen t ' .  I t s  mos t  severely af fec ted  pa r t  lies 
in close p r o x i m i t y  to  the  newly  infected area of f iber  A. 

In  F igure  4 an ear ly  s tage of the  sp read ing  of infect ion 
is shown in an EM micrograph.  A des t royed  f iber  (fiber A) 
w i t h  numerous  smal l  bodies  and  a sh runken  and  lobed 
nucleus (approx.  12 h p.i.) is ly ing n e x t  to  a f reshly  in- 
fec ted  cell (fiber B). The cy top la sm of the  l a t t e r  cell is no t  
al tered,  excep t  for some vacuoles in a smal l  area a round  the  
nucleus. The nucleus i tself  shows clearly the  f i rs t  signs of a 
virus  infec t ion  such as condensa t ion  of ch romat in ,  inva-  
g ina t ion  of the  nuclear  m e m b r a n e  and  beg inn ing  of 
swelling of the  pe r inuc lea r  space 9. These a l te ra t ions  
cor respond  to  a s tage of abou t  2 to 3 h p.i. Therefore,  
f iber  B was  infec ted  when  f iber  A was in a s tage of 9 to  

10 h p.i. This  is t he  t ime  when  the  f irs t  newly  synthes ized  
viruses are released f rom an infected muscle  cell 5. 

The da t a  p re sen ted  lead us to the  general  conclusion 
t h a t  in vivo the  spread ing  of coxsackievirus  infect ion in 
muscles  is like a ' j ump ing '  f rom one nucleus to another .  
This  m a y  h a p p e n  wi th in  t he  same f iber  or f rom one 
muscle cell to another .  Such a spread ing  is possible because, 
over  a considerable  per iod  of t ime  (between 8 and  15 h 
p.i.), newly syn thes ized  vir ions are cont inuous ly  released 
f rom infected cells t h ro u g h  m e m b r a n e o u s  channels  5. 

The view t h a t  a nucleus is t he  s t a r t ing  po in t  for t he  
infect ion is also suppor t ed  by  previous ly  repor ted  observ-  
a t ions  : the  f i rs t  signs of an infect ion are a lways seen in the  
nucleus 5 and  in ear ly  stages of infec t ion  there  is a weak, 
bu t  cons i s ten t ly  found  viral  R N A  synthes is  in t he  nuclei ~. 

Zusammenfassung. Mittels  l icht-  und  e lek t ronenmikro-  
skopischer  Auto rad iograph ie  wird  die Ausbre i tung  der  
Coxsackievi rus infekt ion  in vivo gezeigt : Die Viren 
befal len einzelne Abschn i t t e  yon  Muskelfasern,  wobei  sich 
die Kerne  als Ausgangspunk te  der  In fek t ion  erweisen. Im 
zugeh6rigen C y t o p l a s m a a b s c h n i t t  werden  neue Viren 
synthe t i s ie r t ,  welche for t laufend  ausgeschleust  werden  
und  ihrersei ts  neue Abschn i t t e  der  gleichen oder  anderer  
Muskelfasern befallen.  D a m i t  erkl~Lrt sich das b ek an n t e  
Bild des asynchronen ,  segmenta len  Zerfalls der  inf iz ier ten 
Muskelzellen.  
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