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diplotene.  Never the less  the  nucleolus, if it  persis ts  a t  th i s  
stage, canno t  be labelled la. 

Our observa t ions  approach  those  of I~IERSZtgNBAUM 
and TRES 14 who s tudied  nucleolar  fo rma t ion  in mouse  
spe rma tocy te s  dur ing  zygotene and  pachy tene .  In  effect,  
r ibosomal  R N A  synthes is  occurs in con tac t  w i th  t he  
'basal  knobs '  in a pa racen t romer ic  region corresponding  
to  the  nucleolar  organizer  of several  autosomes.  

Using brief  incorpora t ion  t imes,  grains are essent ial ly  
localized on the  chromosomes ,  few grains if any  are visible 

be tween  the  chromosomes .  This  explains  t h a t  dur ing  our  
condi t ions  of incorpora t ion  the  nuclear  sap does no t  pre-  
sen t  a n y  radioac t iv i ty ,  as opposed  to  t he  observa t ions  of 
GALL 15 on Amphib ians  using more  prolonged labell ing 
t imes.  

13 S. A. HENDERSON, Chromosoma 15, 345 (1964). 
14 A. L. KIERSZENBAVM and L. L. TRES, J. Cell Biol. 60, 39 (1974). 
15 j .  G. GALL, Natn. Cancer Inst. Monograph 23, 475 (1966). 
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Summc~ry. Mouse cells p roduc t ive ly  infected wi th  Moloney leukaemia  virus (MuLV) u n d e r w e n t  senescence in a m a n n e r  
similar  to contro l  cells, a l though  t h e y  recovered more  readi ly  as an es tab l i shed  line. Rap i d l y  growing cell lines were 
also ob ta ined  following s imian virus 40 (SV40) infect ion of senescent  cells. However ,  super infec t ion  of senescent  
MuLV-produc ing  cells by  SV40 led to  slower growing cells w i th  a reduced  o u t p u t  of infect ious  MuLV. 

Simian virus 40 (SV40) has  been  shown to  s t imula te  
D N A  synthes is  in senescent  mouse  cells 1 which  also regain 
the i r  suscept ib i l i ty  to  mur ine  sarcoma virus (MSV). The 
e n h a n c e m e n t  of MSV repl icat ion b y  SV40 appears  to be 
due to  dependence  of MSV on hos t  cell D N A  synthes is  
for successful init ial  infect ion 2, a. W i t h o u t  SV40 infect ion 
senescent  cells re ta in  l i t t le D N A - s y n t h e t i c  or mi to t ic  
ac t iv i ty  a. 

In  t he  p resen t  inves t iga t ion  p r i m a r y  mouse  ceils were 
infected wi th  Moloney leukaemia  virus (MuLV) and serially 
subcul tured  t h rough  senescence unt i l  es tabl ished as a 
p e r m a n e n t  line. Studies  were conduc ted  on MuLV 
produc t ion  dur ing senescence and  on the  effect  of SV40 
super infec t ion  on cell g rowth  and  leukaemia  v i rus  
synthesis .  

Materials and methods. Cell cul ture  procedures  have  
been descr ibed previous ly  ~. Briefly,  BALB/c  mouse  
embryo  cells were  t ryps in ized  every  3 days  and passed 

a t  a concen t ra t ion  of 3 X 104 cells pe r  cm ~ of plas t ic  dish. 
The g rowth  med i u m was Eagle ' s  Min imum Essen t ia l  
Medium (Gibco Powder  Medium F15) s u p p l e m e n t e d  wi th  
10% inac t iva ted  calf serum. Cell g rowth  was moni to red  
by  count ing  the  cells on days  1 and  3. 

P r i m a r y  embryo  ceils were  infec ted  wi th  MuLV and  
held, w i th  accompany ing  contro l  cells, for 21 days  before 
subcul tur ing  5. A cont inuous  line was der ived f rom MuLV- 
infected cells, which  were carried a t  reduced densi t ies  
f rom passage 10 onwards,  as descr ibed for t he  ' low line'  2. 
Uninfec ted  cells were carr ied t h ro u g h  to  passage 14 at  t he  
same t ime.  The MuLV-produc ing  and  un in fec ted  B A L B / c  
cells to  be t r e a t ed  wi th  SV40, were infected 24 h af ter  
t ryps in iza t ion ,  in the i r  e igh th  in v i t ro  passage.  Cells a t  
1.567<106 per  100 m m  Falcon plas t ic  dish were  in- 
ocula ted  wi th  108." TCIDs0 SV40 in 1 ml for 60 min a t  
37 ~ Growth  med i u m was t h e n  added  and  the  cells were  
incuba ted  for a fu r the r  3 days  before subcul ture .  

Table I. Growth rates* of uninfected, MuLV- and SV40-infected cell lines 

Passage Control Control Control Control 
in vitro line 1 line 3 line 4 line 10 

Control 
lille 5 
+SV40 

3guLV-producing 
line 10 

MuLV-produeing 
line 10 
+ SV40 

1 n.d. b 2.2 2.5 2.8 
2 3.7 3.8 4.3 3.5 
3 2.4 3.1 2.1 1.7 
4 1.5 2.4 2.0 1.7 
5 0.9 2.4 2.0 1.1 
6 1.3 1.0 1.4 1.0 
7 0.9 1.0 0.9 0.9 
8 0.9 0.8 0.8 1.0 
9 0.8 0.9 0.9 0.8 

10 0.6 0.7 1.0 0.6 
11 0.6 0.6 0.6 0.8 
12 0.9 1.0 0.9 0.8 
13 0.8 0.7 1.1 1.0 
14 0.8 1.0 1.1 0.9 

1.8 
2.3 
4.0 
5.0 
5.0 
n.d. 
n.d. 

n.d.  
3.2 
2.1 
1.2 
1.0 
1.1 
0.9 
1.0 
1.5 
1.6 
n.d. 
2.0 
2.0 
3.8 

1.4 
2.8 
2.2 
2.0 
1.7 
2.0 
1.6 

~number of ceils per dish on day 3 . bn.d., not determined. 
number of cells per dish oit day 1 
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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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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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