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are: 1. lack of a calcium source, normal ly  ob ta ined  f rom 
the  eggshell~; 2. the  much lower carbon  dioxide concen- 
t ra t ion  as compared  with the  normal  egg, where the  CO 2 
is known to  reach a very  high level towards  the  end of 
incubat iong;  and 3. the  al tered geomet ry  of the  chorio- 
al lantoic membrane .  

Cul tured embryos  were motor ica l ly  responsive  to 
tact i le  s t imula t ion ,  and  also d isplayed ' spon taneous '  
mot i l i ty  which  was  qui te  s imilar  in charac te r  to  t h a t  
descr ibed in ovo ~o Most of the  oldest  p repa ra t ions  in fact  
were in a lmos t  cont inuous  movement ,  as is no rmal  for 
t h a t  s tage of d e v e l o p m e n t a l  

The chorio-al lantoic  m e m b r a n e  was p repa red  for 
graf t ing of isolated neural  t issues according to  the  
s t an d a rd  procedure  3. In  mos t  of the  expe r imen t s  to  date,  
spinal  cord segments  of 1 or 2 somites  in l eng th  were  
d issec ted  out  f rom donor  embryos  of abou t  the  same age 
as the  hos t  (4-7 days).  The neural  t issue was cleaned of 
adher r ing  mesode rm and  then  placed onto  the  membrane .  
The graf ts  became  quickly vascular ized and  usual ly 
surv ived  for as long as did the  hos t  embryo.  E x p l a n t e d  
t issues were f ixed in si tu af ter  va ry ing  periods of cul ture  
(up to  12 days) and  then  si lver s ta ined  ~n to to  using the  
Bodian  method .  Despi te  the  absence  of any  readi ly  
recognizable h i s to typ ic  o rgan iza t ion  in these  f l a t t ened  
pieces of spinal  cord, an extens ive  neuri t ic  ou tg rowth  was 
found to have  t aken  place and  nerve  cells in var ious  
stages of d i f ferent ia t ion  could be ident i f ied  (Figure 2). 

Rdsumd. On ddcri t  une t echn ique  pour  obten i r  la 
survie prolongde des embryons  du poule t  in vitro,  et  son 
emploie pour  cul t iver  des t issus isolds du syst~me ne rveux  
centrale.  
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Fig. 2. An abundant, well-fasciculated, outgrowth of nerve fibres from 
a monolayer cluster of neurons and neuroblasts in various stages of 
development (lower left). Isolated at 6 days of incubation and cul- 
tured for 10 days on the chorio-aliantoic membrane (background 
cells) in vitro. Bodian's protargol-silver staining method, magnified 
x 500. 
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Cel l  Cyc l e  D e t e r m i n a t i o n  of  P h y t o h e m a ~ g l u t i n i n - S t i m u l a t e d  L y m p h o c y t e s  f r o m  t h e  O p o s s u m ,  D i d -  
e l p h i s  v i r g i n i a n a  

Due to a n u m b e r  of r emarkab le  cy togene t ic  character-  
istics, t he  opossum (Didelphis virginiana) has  been uti l ized 
recent ly  to inves t iga te  chromosomal  morphology,  nucleic 
acid metabol i sm,  and sex ch roma t in  phys io logy  1 4. The 
l y m p h o c y t e  cul ture t echn ique  was employed  exclusively 
in these  inves t iga t ions  due to  the  ease of ob ta in ing  large 
number s  of d ividing cells in a very  shor t  per iod of t ime.  
Since inves t iga t ions  of nucleic acid syn the t i c  p a t t e r n s  
require  a knowledge of the  cel t  cycle and  its c o m p o n e n t  
par ts ,  a genera t ion  t ime  (PLM) curve was cons t ruc ted  for 
opossum lymphocy te s  in vitro.  

Materials and methods_ L y m p h o c y t e s  ob ta ined  f rom 
ei ther  thoracic  duc t  l y m p h  or cardiac blood of 8 opossums 
(7 males and  i female) were cul tured  according to  modif ica-  
t ions of the  t echn ique  of MOORHEAD et a l )  (see SCHNEI- 
DER a n d  RIEKE 2, for details).  FollOwing 36 h of incuba-  
t ion,  the  cul tures were pulse-labeled for 30 rain w i th  
1 tzC/ml of H~- thymidine  (spec. act.  6.05 C/mM, New 
Eng land  Nuclear).  The ceils were subsequen t ly  washed  
and  replaced in fresh med ia  conta in ing  120 t imes  excess 
n o n - r a d i o a c t i v e  thymid ine .  Cultures were ha rves t ed  a t  
in tervals  from 0-28 h. Slides were coated wi th  l iquid 
K o d a k  NTB 2 emulsion,  exposed  1-3 days  a t  4~ 
developed and  stained.  Be tween  100 and  600 mi to t ic  
f igures  were scored at  each interval .  

Results and discussion. The Figure  is t h e  PLM curve 
der ived  f rom opossum l y m p h o c y t e s  in t issue culture.  
Labeled  mi to t ic  figures f i rs t  a p p e a r e d  1.5 h af ter  admin-  
i s t ra t ion  of H3-thymidine.  The ascending l imb of the  first  
peak  approached  100% labeled mi to t ic  figures at  7 h. Tile 
descending l imb, which  was skewed s o mew h a t  to  the  
r ight ,  d ipped  only s l ight ly below 50% labeled mitoses  
before immed ia t e ly  giving rise to  a second similar,  b u t  
m u c h  lower, peak. A th i rd  peak appeared  at  ap p ro x i ma t e l y  
22 h af ter  in t roduc t ion  of isotope, followed by  a general  
t rai l ing off of the  curve to  28 h. Bo th  thoracic  duc t  and  
blood l ymphocy te s  p roduced  the  same basic cul~ve 
configurat ion.  

The following cycle t imes  m a y  be der ived f rom the  
curve:  mean  T c (generat ion t ime) = 10.5 h, mean  G~ = 
2.75 h and  mean  S = 9.5 h. T m (mi to t ic  t ime),  calcula ted 
f rom the  mi to t ic  index,  was ap p ro x i ma t e l y  30 rain. I t  
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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 

1 A.J.  HODGE, Proe. natn. Acad. Sci. USA 38, 85 (1952). 
J. HANSON and J. Lowg, Proc. R. Soc. B I5d, 173 (1961). 

3 A. G. SZENT-GYORGYI, C, COHEN and J. I~ENDRICK-JONES, .[. 
molee. Biol. 56, 239 (1971). 

* R. S. BEAR, J. Am. chem. Soc, 66, 2043 (1944). 
5 C. E. HALL, M. A. JACKUS and F. O. SCHMITT, J. appL Phys. 76; 

459 (1945). 
6 A. ]~LLIOTT an~t J: LowY, J. molee. Biol. 53, 181 (1970). 
7 G. F. ELLIOTT, J. molec: B!ol. 70, 89 (1964). 
s D.C. PEASE, J. Ultrastruct. Res. 23, 280 (1968). 


