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Table II. MuLV production following SV40 infection of MuLV-producing cells 
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MuLV-producing ceiIs 

Passage MuLV-specific Interference units Celisper 
in vitro fluorescence per 60 mm dish 60 mm dish 

SV40-infected MuLV-producing cells 

Interference MuLV-specific Interference units 
units per cell fluorescence per 60 mm dish 

Cells per Interference 
60 mm dish units per ceil 

2 + 10 ~ 2 • 10 e 
7 + 105 6 • 10 s 

10 + 106 1.2 • 106 
14 + n.d., n.d. 

0.5 
0.2 
0.8 + 103 1.5 • 10 B 0.001 
n.d. + 108 1.5 • 106 0.001 

�9 n.d., not determined. 

The sources of wi ld- type  SV40 and  MSV (Moloney) 
have  been desc r ibed~ , t  Moloney leukaemia  virus  was  
ob ta ined  f rom Dr. R. J. HUEBNER as infect ious t issue 
cul ture  fluids. The virus was subsequen t ly  passaged in 
mouse  embryo  cells and  infect ious 24 h cul ture  fluids 
were s tored  at  - 70 ~ 

Moloney leukaemia  virus  was assayed b y  in ter ference  5 
wi th  MSV (Moloney). Tissue cul ture  fluids f rom MuLV- 
infected cul tures-were  inocula ted  onto  BALB/c  p r i m a r y  
cul tures  a t  di lut ions ranging  down to 10 -a. Af te r  21 days  
incuba t ion  the  cells were  t ryps in ized  and  chal lenged b y  
infect ion w i t h  MSV. Dupl ica te  cul tures  were inspec ted  
3 days  la te r  for evidence  of MSV t rans fo rma t ion .  An inter-  
ference uni t  is def ined as the  g rea tes t  di lut ion of infec ted  
t issue cul ture fluids able to  p r e v e n t  MSV t rans fo rmat ion .  

An t i -MuLV an t i s e rum prepared  in C57BL mice (by 
Dr. J. MOLONEY) was used in a sandwich  t echn ique  wi th  
f luoresce in-conjugated  r abb i t  an t i -mouse  IgG. Simian 
virus 40 nuclear  T an t igen  was de t ec t ed  wi th  a f luores- 
ce in -con juga ted  an t i s e rum p roduced  in h a m s t e r s  bear ing 
an SV40-induced t u m o u r  (Microbiological Associates).  

Results and discussion. Mouse cells have  been  previous ly  
shown to undergo senescence in v i t ro  4. In  this  repor t ,  a 
s imilar  cu r t a i lmen t  of division is d e m o n s t r a t e d  in MuLV- 
infected cells by  passages  6-7 (Table I). A l though  contro l  
ceils r ema ined  quiescent  up to  passage 14, cells infected 
w i t h  M u L V  r e c o m m e n c e d  g rowth  as an es tab l i shed  Iine 
b y  passages  9-12. The in t roduc t ion  of SV40 to  un in fec ted  
senescent  cul tures  resul ted  in even more  rapid  cell division 
and  emergence  of p e r m a n e n t  cell lines. Super infect ion 
by  SV40 of an MuLV-produc ing  line failed to  enhance  
the i r  g rowth  to  t he  same ex ten t ,  a l t hough  T an t igen  
f luorescence was de t ec t ed  in the i r  nuclei. Table  I I  shows 
t h a t  MuLV produc t ion  remained  a lmos t  cons t an t  th rough-  

out  the  in v i t ro  l ife-span of MuLV-infec ted  cells b u t  
SV40 infect ion caused a m a r k e d  reduc t ion  in MuLV 
outpu t .  

The fact  t h a t  MuLV-produc ing  cells cont inue  ex t rud ing  
virus dur ing  senescence con t ra s t s  wi th  the  failure of MSV 
to p roduc t ive ly  infect  cells a l ready  in senescence ~". This  
confi rms t h a t  senescent  cells, once infected,  are capable  
of suppor t ing  R N A  t u m o u r  virus repl icat ion,  w i t h o u t  
fu r the r  cell division. 

The decline in p roduc t ion  of M u L V  af ter  infect ion wi th  
SV40 virus is a t  var iance  wi th  o the r  reports .  SIMONS ~ 
showed t h a t  ceils infected wi th  b o t h  MSV and  SV40 grew 
rapidly,  assumed an  MSV - t r an s fo rmed  morpho logy  and  
l ibera ted  increased a m o u n t s  of MSV into  the  c u l t u r e  
medium.  Nei ther  has in ter ference  been d e m o n s t r a t e d  
be tween  SV40 and R N A  t u m o u r  viruses in o ther  cell 
systems 8-10. 
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U l t r a s t r u c t u r e  o f  S y n a p s e s  o f  t h e  M e t a e e s t o d e  o f  Hymenolepis rnicrostoma 

R. A. W~BB* 

Department o/Biology, University o / N e w  Brunswick, Fredericton (N.B.,  Canada E3B 5A3), 26 February 7975. 

Summary. The u l t r a s t ruc tu re  of t he  synapses  of t he  me taces tode  of Hymenolepsis microstoma is described.  Many  fea- 
tures  observed are similar to those  of m a n y  inve r t eb ra t e  and v e r t e b r a t e  synapses  where  mechanica l  s t r en g t h  is of 
impor tance .  These observa t ions  indicate  an ear ly  phy logene t i c  origin for th is  t y p e  of synapse .  

Numerous  s tudies  have  cen t red  on the  fine s t ruc tu re  of 
t he  nervo~s  t issue of p t a t y h e l m i n t h s  (see t for references). 
While  synap t ic  con tac t s  have  been  observed,  l i t t le  
a t t en t ion  has  been  given to the  detai led morpho logy  of t he  
synapse.  In  t he  p resen t  s tudy,  the  numerous  synapses  of 
the  me taces tode  of Hymenolepis microstoma are shown 
to  con ta in  m a n y  of the  morphologica l  fea tures  observed 
in ve r t eb ra t e  synapses  following specialized f ixa t ion  and  
s ta in ing  t echn iques  2 ~, 
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Methods. Cultures of cysticercoids of H. microstoma 
were mainta ined as described previously  1. Cysticercoids 
were fixed in situ 5, and prepared for electron microscopy 
as described previously  1. Contrasted sections were viewed 
in a Phill ips ]?;M 200 at  60Kv. 

Results  and discussion. The synapt ic  contacts  of H.  
microstoma consist of paral lel  membranes  of ad jacent  
nerve  processes, separated by  a cleft of approx imate ly  
200 A (Figure 1). The  d e f t  conta ined mater ia l  of h igh 
electron opacity.  The  plasma membrane,  on ei ther  side of 

the synapt ic  cleft, appeared as single 60 A lines. The 
membranes  bounding  the  synapt ic  cleft, however,  were 
t r i laminar  uni t  membranes ,  where the  cytoplasmic  side 
(inner leaflet) of each pre- and pos t -synapt ic  membrane  
appeared th ickened (Figure 2). The t rHaminar  appearance  
of the  synapt ic  membranes  is similar to the  s i tuat ion 
observed in both  Leech and Octopus synapsesS, 7.o 

Dense projections,  app rox ima te ly  300 •  A, were 
associated wi th  the  presynapt ic  tuner leaflet  of the  p lasma 
membrane  (Figures 1 and 2). Occasionally, these pro-  

Fig. 1. Complex synaptic configuration illustrating the synaptic cleft (small arrows), the presynaptic network (large arrows) and the post- 
synaptic density (psd). Note the presynaptic dense projections (arrow heads) appear fused, dev, dense cored vesicle. • 150,000. Inset. Note 
the trilaminar appearance of the postsynaptie membrar~e (arrow). • 137,000. 

Fig. 2. Synaptie contacts illustrating single presynaptic dense projections (arrows) and numerous round synaptie vesicles. Note the trilaminar 
appearance of the synaptia membranes (arrow heads). • 83,000. 

Fig. 3. Synapse showing a single presynaptie dense body (arrow), the presynaptie network (arrow head) and an adjacent complex vesicle (ev). 
• 79,000. 
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j ec t ions  appea red  fused. Associa ted  w i t h  t he  dense  projec-  
t ions  were e lec t ron-dense  s t r a n d s  ly ing deeper  in  t he  pres-  
y n a p t i c  t e r m i n a l  t h a t  some t imes  appea red  to  fo rm d i rec t  
con t ac t s  w i t h  t he  p l a s m a  m e m b r a n e .  This  s t r u c t u r a l  aggre-  
gat ion,  wh ich  re sembled  t h e  f inger- l ike processes  obse rved  
in synapses  of Dugesia dorotocephalaS, ~ is s imi la r  to  t he  
p r e s y n a p t i c  n e t w o r k  of v e r t e b r a t e  synapses  t~ In  obl ique  
sect ions  t h r o u g h  t he  synapses  of H. microstoma, t h e  dense  
pro jec t ions  a p p e a r e d  few in n u m b e r ,  a n d  did  no t  show a 
regu la r  a r r a n g e m e n t .  This  is in c o n t r a s t  to  t he  s i t ua t i on  
obse rved  in v e r t e b r a t e  synapses  4, ~0, ~ 

The  p r e s y n a p t i c  t e r m i n a l s  were filled w i t h  n u m e r o u s  
s y n a p t i c  vesicles (200-450 ~_ diam.) ,  i n t e r spe r sed  w i t h  
t he  occas ional  smal l  dense-cored  vesicles (450-750 ~_ 
diam.).  Complex  vesicles, f rom wh ich  dense  p ro jec t ions  
are bel ieved to be  der ived  12, were  obse rved  in t h e  pre-  
synap t i c  t e r m i n a l  (Figure 3). 

P o s t - s y n a p t i c  densit ies,  e m a n a t i n g  f rom t he  inne r  
t h i c k e n e d  leaf let  of t h e  p o s t s y n a p t i c  m e m b r a n e s  (Figure 
1), were a c o n s t a n t  f ea tu re  of t h e  synapses .  These  s t ruc-  
tures ,  wh ich  were up  to  300 A wide, usua l ly  e x t e n d e d  t he  
l e n g t h  of t h e  synap t i c  cleft. W h i s p y  p ro jec t ions  were 
observed ,  e x t e n d i n g  f rom t he  p o s t s y n a p t i c  dens i t y  in to  
t he  p o s t s y n a p t i c  space. T h u s  t h e  p o s t s y n a p t i c  dens i t ies  
are s imi la r  to  those  obse rved  in v e r t e b r a t e  synapses .  
Whi l e  t he  v a r i a t i o n  in w i d t h  of t he  p o s t s y n a p t i c  dens i ty  of 
v e r t e b r a t e s  is usua l ly  assoc ia ted  w i t h  e x c i t a t o r y  or 
i n h i b i t o r y  synapses  ~, such  cor re la t ion  was  no t  possible  in  
t h e  p r e sen t  s t u d y  where  f l a t t e n e d  s y n a p t i e  vesicles h a v e  
n o t  been  observed .  

The  p r e sen t  resu l t s  the re fo re  show t h a t  t he  synapses  
of H. microstoma possess a l m o s t  all those  fea tu res  found  

in m a n y  h ighe r  i n v e r t e b r a t e  and  v e r t e b r a t e  synapses ,  
a n d  a t t e s t  to  an  ear ly  phy logene t i c  or igin of th i s  t y p e  of 
synapse .  Severa l  of these  features ,  however ,  h a v e  n o t  
been  obse rved  in o t h e r  p l a t y h e l m i n t h s  or in  coelentera tes .  
Fo r  example ,  whi le  smal l  p r e s y n a p t i c  dense  p ro jec t ions  
a n d  p o s t s y n a p t i c  t h i eken ings  h a v e  been  obse rved  in 
severa l  coe len te ra tes  la, ~*, ne i t he r  complex  vesicles n o r  
p r e s y n a p t i c  ne tworks  h a v e  been  descr ibed.  M a n y  of 
these  fea tures  observed,  however ,  m a y  app ly  on ly  to  
ce r t a in  types  of synapses  where  m e c h a n i c a l  s t r e n g t h  is 
of i m p o r t a n c e ~ .  Such  m a y  be  t he  case w i t h  t he  p r e s e n t  
mate r ia l ,  where  ,under  di f fer ing e x p e r i m e n t a l  condi t ions ,  
t he  ex t race l lu la r  space be tween  neur i t e s  m a y  be  var iab le ,  
t he  synap t i c  cleft  is of c o n s t a n t  d imens ions  ~6. F u r t h e r  
research  is r equ i red  to  al low d i f f e ren t i a t ion  be tween  
those  s t r u c t u r e s  assoc ia ted  w i t h  synap t i c  m e m b r a n e  
adhes ion ,  and  those  s t r u c t u r e s  associa ted  w i t h  chemica l  
t r an smi s s ion  a t  synapses .  
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The  Fine  S truc ture  of the C o n i c a l - H e a d e d  S p e r m  of the Crinoid  Antedon bifida 
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Summary. Scann ing-  a n d  t r a n s m i s s i o n  e lec t ron  mic roscopy  show t h a t  t h e  spe rm h e a d  of Antedon bi/ida is conical  and  
t h u s  d i f fe ren t  f rom th e  spher ica l  s p e r m  h e a d  t h a t  is typ ica l  of cr inoids.  The  h e a d  consis ts  of t he  ac rosome a n d  t he  
nucleus.  The  pos te r io r  f i b rog ranu l a r  c o m p o n e n t  of t h e  ac rosome is housed  in a t ubu l a r ,  ax ia l  i n v a g i n a t i o n  r u n n i n g  
f rom the  an t e r i o r  pole a l m o s t  to  t he  pos te r io r  pole of t he  nucleus.  The  midd le  piece inc ludes  a m i t o c h o n d r i o n  a n d  a 
pa i r  of centr ioles.  One of t he  cent r io les  is a basa l  body,  wh ich  gives rise to  t he  ta i l  f lagel lum. 

I n  t he  e c h i n o d e r m  class Crinoidea,  t he  spe rm is d ivis ible  
in to  a head ,  a midd le  piece a n d  a tai l .  The  s p e r m  head  is 
a p p r o x i m a t e l y  spher ica l  in m a n y  species of s t a lked  and  
u n s t a l k e d  cr inoids  1 5. B y  con t ras t ,  a conical  spe rm head  
was r epo r t ed  for t he  c r i n o i d / i  ntedon bi/ida b y  CHADWICK s 
in 1907. I once  suspec ted  s t h a t  CHADWICK h a d  m i s t a k e n  
a spher ica l  h e a d  for a conical  head .  However ,  m y  r e c e n t  
e lec t ron  mic roscopy  h a s  shown  t h a t  CHADWICK w a s  
correc t  a n d  t h a t  I h a v e  been  t h e  m i s t a k e n  one, since t he  
spe rm h e a d  of Antedon bi[ida is indeed  conical .  The  
p r e s e n t  r e p o r t  descr ibes  t h e  f ine s t r u c t u r e  of spe rm f rom 
r ipe  male  spec imens  of Antedon bi/ida col lected a t  P ly-  
m o u t h ,  E n g l a n d  ~. The  m e t h o d s  for  t h e  scann ing-  a n d  
t r a n s m i s s i o n  e lec t ron  mic roscopy  h a v e  a l r eady  been  
p u b l i s h e d  e lsewhere  s. 

The  s c a n n i n g  e lec t ron  m i c r o g r a p h  (Figure 1) shows t he  
s p e r m  head ,  t he  midd le  piece a n d  t he  p r o x i m a l  p a r t  of 
t he  tail .  The  conical  spe rm h e a d  is 2 [zm in l e n g t h  b y  
1.1 ~m in m a x i m u m  wid th .  The  midd le  piece is 0.7 Fm 
long b y  1.3 ~m wide.  T he  tail ,  as measu red  f rom whole  
m o u n t s  of f resh ly  ki l led sperm,  is r o u g h l y  50 tzm long. 

T ransmi s s ion  e lec t ron  mic rog raphs  (Figure 2, a a n d  b) 
show t h a t  t he  spe rm h e a d  is m a d e  up  of an  acrosome a n d  
a nucleus.  The  ac rosome cons is t s  of a spher ica l  ac rosomal  
g ranu le  a n d  t h e  s u r r o u n d i n g  f i b r o g r a n u l a r  ma te r i a l .  T h e  
ac rosomal  g ranu le  is a b o u t  0.5 ~m in d iamete r ,  a n d  t h e  
pos te r io r  pole of t he  g ranu le  ha s  a smal l  c o n c a v i t y  0.05 ~m 
deep (Figure 2b).  The  granu le  is filled w i t h  a m o r p h o u s  
c o n t e n t s  of m o d e r a t e  e lec t ron  dens i ty .  The  f i b ro -g ranu l a r  
ac rosomal  m a t e r i a l  ou ts ide  of t h e  g ranu le  is d iv ided  in to  
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