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is r ead i ly  a p p a r e n t  t h a t  t he  s um  of G2, S, and  M (mitosis) 
is g rea te r  t h a n  t he  t o t a l  gene ra t ion  t i m e  as d e t e r m i n e d  
f rom the  P L M  curve,  G~ no t  considered.  The  a s s u m p t i o n  
t h a t  t h e  G~ phase  m a y  b e  l ack ing  is s u p p o r t e d  b y  s imi la r  
obse rva t ions  on  Eh r l i ch  asci tes  t u m o r  cells6, ~, r a b b i t  
ame lob la s t s  8, and  Chinese h a m s t e r  l ung  cells% Never-  
theless,  i t  is no t  expec t ed  t h a t  t he  r e m a i n i n g  phases  
shou ld  exceed t he  ca lcu la ted  T c. 

The  in i t ia l  wave  of t h e  p r e s en t  cu rve  is nea r ly  iden t i ca l  
to  those  r epo r t ed  for opossum s t o m a c h  cells 1~ As a 
result ,  t h e  ca lcu la t ions  for  G2 and  S of opossum l ym pho-  
cytes  in  v i t ro  can  mos t  l ikely be  accep ted  w i t h  some degree 
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PLM curve for opossum lymphocytes in vitro. Each dot between 1 
and 18 h represents the mean value for 2-5 animals; vertical lines 
represent the range of labeled mitoses observed at each interval. 

of accuracy .  On the  o the r  hand ,  t he  r ap id  a p p e a r a n c e  of 
s u b s e q u e n t l y  d a m p e d  ou t  peaks  suggests  cons iderab le  
v a r i a b i l i t y  in  cycle t imes  a n d  phases  of i n d i v i d u a l  cells. 
I t  is suggested  t h a t  th i s  v a r i a t i o n  exis ts  p r i m a r i l y  in  t he  
l eng th  of G 1 of p e r h a p s  two  or more  func t i ona l l y  d iverse  
popu l a t i ons  of lymphocytes11.  

Rdsumd. La  courbe  P L M  (pourcen tages  ind iqu6s  de 
mitoses)  pou r  les l y m p h o c y t e s  d ' o p o s s u m  in v i t ro  a fa i t  
p r e u v e  d ' u n  T c ( t emps  g6n6rateur)  que n ' a t t e i g n a i t  pas  
la s o m m e  de G2, S, e t  M (mitosis).  T a n d i s  que  les calcula-  
t ions  p o u r  les phases  de G~ e t  S son t  repr6sent6es  avec  
e x a c t i t u d e  sur  la courbe,  i l y  a des v a r i a t i o n s  dans  le G1 
p a r m i  les p o p u l a t i o n  de l y m p h o c y t e s  au  f o n c t i o n n e m e n t  
d ivers  (au n o m b r e  de deux  0u peu t -6 t r e  p lus  p a r m i  celles- 
ci) qui  son t  r esponsab les  de ce d6saccord  a p p a r e n t .  
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Substructure of Paramyosin Filaments Prepared 

Cer ta in  mol lusc  muscles  - t he  so-called ' c a t c h  musc les '  - 
h a v e  t h i c k  f i l amen t s  w i t h  v e r y  large  d imens ions .  These  
f i l a m e n t s  con t a in  t h e  un ique  p ro te in ,  p a r a m y o s i n  1, wh ich  
forms  t h e  core of t h e  f i l amen t ,  a n d  m y o s i n  w h i c h  is 
p r o b a b l y  p r e sen t  a t  t he  surface  2,~. Smal l  angle  X - r a y -  
d i f f r ac t ion  revea led  t h a t  t h e  t h i c k  f i l amen t s  of t h e  c a t c h  
musc les  h a d  a 725 A axia l  pe r iod ic i ty  w i t h  a p r o m i n e n t  
145 ~k r e p e a t  4,s. E l ec t ron  m i c r o g r a p h s  of i s o l a t e d  a n d  
n e g a t i v e l y  s t a ined  or shadowed  f i l a m e n t s  showed  a 
surface  ne t  p a t t e r n  f rom w h i c h  ELLIOTT and  LowY 6 
p roposed  a mode l  of a he l icoidal  s t r u c t u r e  of t h e  pa ra -  
m y o s i n  f i l aments .  I n  l o n g i t u d i n a l  sec t ions  of t he  oys te r  
a d d u c t o r  muscle,  ELLIOTT 7 obse rved  t h i c k  f i l a m e n t s  
w i t h  a v a r i e t y  of b a n d  p a t t e r n s  w h i c h  he  i n t e r p r e t e d  in 
t e r m s  of a p a r a m y o s i n  f i l a m e n t  cons i s t ing  of a s t ack  of 
l o n g i t u d i n a l  lamellae .  A v e r y  clear  s u b s t r u c t u r e  of 
p a r a m y o s i n  f i l a m e n t s  can  be  obse rved  in f reeze-subst i -  
t u t e d  p r e p a r a t i o n s  of c a t c h  muscles ,  as d e m o n s t r a t e d  in 
th i s  s tudy .  

Material and methods. T he  muscle  emp loyed  was t he  
a n t e r i o r  byssus  r e t r a c t o r  musc le  (ABRM) of Mytilus 
edulis which  was f rozen w i t h  i sopen tan ,  s u b s t i t u t e d  w i t h  
glycol a t  -50~ s, e m b e d d e d  w i t h o u t  a n y  f i xa t i on  in 
Ara ld i t e  resin,  sec t ioned  a n d  s t a ined  w i t h  u r a n y l  a ce t a t e  
a n d  lead c i t ra te .  

Results and discussion. Figure  1 shows a l o n g i t u d i n a l  
sec t ion  t h r o u g h  a musc le  f ibre  of t h e  A B R M .  T he  fila- 
m e n t s  p r e s e n t  a com p l ex  a n d  v a r i a b l e  f ine  s t ruc tu re .  
Most  obv ious  is a la t t ice- l ike  p a t t e r n  p roduced  b y  two  
sets  of b a n d s  be ing  p laced  ob l ique ly  to  t h e  axis.  A t  o n e  
side, consecu t ive  b a n d s  ( th ickness  100 _~) are 720 ~ a p a r t  

by Freeze-Substitution Technique 

a n d  h a v e  a n  angle  of a b o u t  15 degrees  in  t he  d i r ec t ion  of 
t he  f i l a m e n t  axis. On t he  o t h e r  side, t h e  b a n d s  ( th ick-  
ness 160 A) show a 360 A pe r iod ic i ty  a n d  an  angle  of 
45-50  degrees.  The  d imens ions  of t h e  per iodic  m a r k i n g  s 
a p p e a r  to  be  iden t ica l  in  bo th ,  t he  exac t  l o n g i t u d i n a l l y  
sec t ioned  f i l amen t s  as well  as in  those  cu t  obl iquely .  
A t  a h ighe r  magn i f i ca t i on  each  b a n d  can  be  seen to  
compr ise  series of sho r t  d a r k  l ines or  spots ,  s t aggered  to  
each  o the r  (Figure  2). P r e l i m i n a r y  resu l t s  o b t a i n e d  w i t h  
t he  MARKHAM t e c h n i q u e  sugges t  t h a t  t he  l ines a n d  spo ts  
are  composed  of such  a geomet r i ca l  p a t t e r n  t h a t  e ach  
la t t i ce  p o i n t  gives r ise to  a 725 A per iodic i ty ,  

A n o t h e r  t yp i ca l  p a t t e r n  obse rved  in t h e  l o n g i t u d i n a l l y  
sec t ioned  f i l a m e n t s  Consists of a r e p e a t  of 5 d a r k  cross 
lines, s e p a r a t e d  b y  a wide u n s t a i n e d  gap:  The  l e n g t h  of 
one  r e p e a t i n g  u n i t  is aga in  a r o u n d  725 A .  The  cross 
s t r i a t i on  can  e x t e n d  over  a g r ea t  p a r t  of t h e  f i l a m e n t  
d i a m e t e r  (Figure  3), 9 r  i t  m a y  occur  on ly  a t  t he  f i l a m e n t  
pe r iphe ry ,  whereas  t he  ne t - l ike  p a t t e r n  is p r e sen t  in  t he  
midd le  p a r t  (Figure  1). The  va r ious  p a t t e r n s  observecl 
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in longi tudina l ly  sect ioned f i l aments  m a y  reflect  the  
d i f fe rent  d i rec t ions  and  th icknesses  in which  the  fila- 
m e n t s  h a v e  been cut.  A cross-sect ioned f ibre is i l lus t ra ted  
in Figure  4. Here,  a l though  exac t ly  round  f i l ament  
profiles do no t  show any  regular  pa t t e rn ,  s o m e w h a t  skew 
cut  f i l aments  are seen to  be crossed by  2 or 3 curved  dark  
lines, which  are a lways a t  a r igh t  angle to  the  grea t  
ell ipse axis. These da rk  lines p robab ly  represen t  projec-  
t ions  of the  obl ique bands ,  seen in the  longi tudina l ly  
sect ioned f i laments .  

The f i l ament  p a t t e rn s  descr ibed here could no t  be 
found in muscles  which  were f ixed af ter  the  freeze 
subs t i tu t ion  had  been performed~ indica t ing  t h a t  there  
are differences of preferent ia l  a t t a c h m e n t  of heavy  s ta ins  
in the  f ixed and fresh prepara t ions .  Al though  there  is 
some evidence abou t  s ta in ing proper t ies  in f ixed tissue, 
it  is no t  possible a t  t he  m o m e n t  to decide the  na tu re  of 
th is  a t t a c h m e n t  ill t he  f reeze-subs t i tu ted  prepara t ions .  
Ne i ther  can we c o m m e n t  as to w h e t h e r  i t  is due to  the  
chemical  b ind ing  or only  t o - t h e  s ta in  filling holes in the  

Fig. 1. Longitudinal section of ABRM of My. 
tilus which had been freeze-substituted with 
glycol and stained with uranyl acetate and 
lead citrate. 

Fig. 2. Paramyosin filament showing a net-like 
appearance. 

Fig. 3. Filament with a periodic cross band- 
ing. 

Fig. 4. Transverse section. Filaments with in- 
ternal layering. 
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s t ruc tu re .  I n  a n y  case, however ,  t h e  s t a in ing  p a t t e r n  
m u s t  p rov ide  some i n f o r m a t i o n  on  t he  local p a c k i n g  
re la t ions  of t he  molecules  in  t he  f i l amen t .  Fo r  s t u d y i n g  
t he  s u b s t r u c t u r e  of p a r a m y o s i n  f i l aments ,  t he  freeze- 
s u b s t i t u t e d  p r e p a r a t i o n s  h a v e  a d v a n t a g e s  over  t h e  isola- 
t ed  f i l aments ,  s ince here  no t  on ly  t h e  surface  b u t  t h e i r  
in t e r io r  compos i t i on  can  also be  revealed.  Moreover ,  i t  is 
also possible  b y  t h i s  t e c h n i q u e  to  get  va r ious  views f rom 
the  same  f i l a m e n t  b y  e x a m i n i n g  ser ia l ly  sec t ioned  or 
t i l t ed  f i l aments .  A mode l  of t he  t h r e e  d i m e n s i o n a l  
r e c o n s t r u c t i o n  of t h e  p a r a m y o s i n  f i l aments ,  e m p l o y i n g  
these  t e c h n i q u e s  will be  p r e sen t ed  sho r t l y  (HEUMANN, in 
p r e p a r a t i o n ) .  

Zusammen/assung. I n  d en  P a r a m y o s i n f i l a m e n t e n  des 
B y s s u s r e t r a k t o r s  y o n  Mytilus edulis wurde  eine kompl i -  
z ier te  S u b s t r u k t u r  b e o b a c h t e t ,  w e n n  das  Gewebe  n i c h t  
f ixier t ,  sonde rn  ge f r i e r subs t i tu i e r t  wurde.  L/ tngsgetrof-  
fene F i l a m e n t e  zeigen e in  ne t za r t i ge s  oder  quergeb / inder -  
tes  Aussehen,  q u e r g e s c h n i t t e n e  F i l a m e n t e  weisen h/ iuf ig 
eine sche ibena r t ige  S t r u k t u r  auf :  
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La synthbse de I'ADN pr6mitotique et pr6m6iotique dans les cellules germinales de l 'embryon fe- 
melle de la caille japonaise (Coturnix coturnix japonica) 

Dans  des t r a v a u x  pr6c6dents  1,2 nous  avons  6tudi6 la 
syn th6se  de I ' A D N  pr6m6io t ique  dans  les cellules germi-  
nales  de l ' ova i re  e m b r y o n n a i r e  de poulet .  Nous  avons  
ef fec tu6  une  6 tude  semblab le  chez la caille japonaise .  La  
d i f f e r en t i a t i on  sexuelle de la gonade  gauche  y dev i en t  
v is ib le  sous la loupe  b inocula i re  A peu  pros 6 jours  apr~s le 
d 6 b u t  de l ' i ncuba t ion .  D a n s  des 0eufs f6cond6s de caille 
j apona i se  ( type sauvage) ,  incub6s  p e n d a n t  6 k 12 jours  
une  t e m p 6 r a t u r e  de 39,5 ~ on  d6coupe une  pe t i t e  fen6tre  
dans  la coquille,  au n iveau  de la c h a m b r e  ~ air. Les oeufs 
son t  fix6s en pos i t ion  ver t ica le  avec  la fen~tre  dirig6e vers  
le hau t .  Sur  la m e m b r a n e  de la poche  k air  10[zCi d ' u n e  
so lu t ion  aqneuse  de t h y m i d i n e - 3 H  (10 Ci /mM,  lmCi /ml )  
son t  d6pos6s. Apr~s 2 h ou apr~s 24 h, les ova i res  gauches  
des e m b r y o n s  femelles son t  fixes dans  l 'a lcool  ac6t ique  
(3 v : l  v) p e n d a n t  1 h. Les ova i res  son t  inclus  dans  la  
pa ra f f ine  et  coup6s t~ 5 am.  Apr~s d6para f f inage  les coupes  
son t  color6es p a r  la r6ac t ion  nucl6ale  de Feu lgen  et  
contre-color6es  au  ~fastgreen,~. P o u r  l ' 6 tude  cy to log ique  
p r 6 a u t o r a d i o g r a p h i q u e  des r6gions du  cor tex  de l ' ova i re  
son t  pho tog raph i6es  avec  l ' ob jec t i f  k immers ion  ( • 63) de 
l ' u l t r a p h o t  Zeiss. Une  i conograph ie  auss i  comple te  que  
possible  de ce r ta ines  pa r t i e s  des coupes est  fa i te  k l ' a ide  de 
d iapos i t ives  en  couleurs  et  de dessins  avec  u n  m a x i m u m  
de d6ta i ls  cytologiques .  Alors  la l ame couvre -ob jec t  es t  
enlev6e et  les coupes  son t  r ehydra t6es .  Elles son t  enf in  
6muls ionn6es  p a r  immers ion .  L '6muls ion  nucl6aire  em- 
ploy6e est  du  t y p e  L4 de Ilford.  Apr~s expos i t ion  d '~  peu 
pros u n  mois  et  le d 6 v e l o p p e m e n t  de l '6muls ion,  les coupes 
son t  recolor6es ~ l ' h6matoxyl ine-6os ine .  

Rdsultats. Chez l ' e m b r y o n  de 6 jours  on  vo i t  dans  
l ' ova i re  des cellules germina les  encore  peu  nombreuses .  
L e u r  n o y a u  c o n t i e n t  de n o m b r e u x  p e t i t s  granules  de 
c h r o m a t i n e  Feu lgen  positifs,  li6s p a r  des f i l amen t s  tr~s 
fins. Chez l ' e m b r y o n  ~g6 de 7 ~ 8 jours  on  vo l t  dans  la 

pa r t i e  cen t ra le  du  cor tex  ova r i en  des oogonies en  mitose.  
On observe  aussi  des oogonies  en  i n t e r p h a s e  avee  u n  gros 
nucl6ole cen t r a l  e t  dans  son vois inage  i m m 6 d i a t  que lques  
areas  a r rond i s  de c h r o m a t i n e  Feu lgen  pos i t ive  (Figure  1). 
Chez l ' e m b r y o n  de 8 jours  ~ 9 j0urs  on  vo l t  a p p a r a l t r e  
dans  la pa r t i e  cen t ra l e  du  cor tex  un  n o u v e a u  t y p e  de 
cellule germinale .  Son nuc l6op lasme  est  b e a u c o u p  plus  
clair  que celui de l 'oogonie.  Sa c h r o m a t i n e  est  condens6e  
en que lques  v o l u m i n e u x  areas  Feu lgen  posi t i fs  pa ra -  
nucl6olaires.  La  m e m b r a n e  nucl6ai re  est  t r~s f ine ma i s  
n e t t e m e n t  t r anch6e  (Figure 3). Le n o y a u  c o n t i e n t  u n  gros 
nucl6ole cen t r a l  color6 en  v e r t  p a r  le <~ fas tg reen  ~>. Quelques  
t rbs  f ins granules  c h r o m a t i n i e n s  se t r o u v e n t  appl iqu6s  
con t re  la p a r t i e  i n t e rn e  de la m e m b r a n e  nucl6aire .  Des  
f i l amen t s  trSs f ins color6s en v e r t  p a r  le ~ fas tg reen  ~> re l i en t  
le nucl6ole ou les masses  parauuc l6o la i res  Feu lgen  pos i t ives  
avec  la m e m b r a n e  nucl6aire .  Ce dern ie r  t y p e  de cellule 
ge rmina le  p r6sen te  donc  ui~e ce r t a ine  analogie  avec  la 
cellule ge rmina le  ~ n o y a u  r6ticu163, �9 de l ' e m b r y o n  de 
poulet .  Le nucl6ole et  s u r t o u t  les amas  de c h r o m a t i n e  
sont  au  con t r a i r e  b e a u c o u p  plus  v o l u m i n e u x  que  chez le 
poulet .  Chez l ' e m b r y o n  de caille de 9 jour s  on vo i t  appa -  
ra l t re  dans  la pa r t i e  cen t ra l e  du  cor tex  ova r i en  en t r e  les 
cellules germina les  dn  t y p e  p r6c6den t  les p remi6res  
cellules germina les  au  s t ade  pr61eptot~ne (Figure  4). Chez 
ces pr6m6iocytes  la m e m b r a n e  nucl6aire  est  inv is ib le  ou a 
d i spa ru  c o m m e  il en  est  le cas chez le poulet .  Des masses  
de c h r o m a t i n e  Feu lgen-pos i t ives  de forme et  de v o l u m e  
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Fig. 1. Aspect d'une oogonie de caille japonaise en phase S pr6mito- 
tique color6e au Feulgen ~ fastgreen~, avant autoradiographie (6chel- 
le : 5 [lin). 

Fig. 2. L'oogonie de la Figure 1 apr~s autoradiogTaphie. 


