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Table 3. List of blood samples and plasma which initiated activity 
in inseminated spermatozoa 

Source pH txg 
ammoniuln-N 
ml-1 

Barnacles 
Balanus balanoides Blood - - 
B. crenatus Blood - 
Chthamalus montagui Blood - 
Elminius modestus Blood 
B. hameri Plasma 7.4 3.1-5.8" 

Crabs 
Carcinus maenas Plasnla 7.6 6.4-7.8* 
Cancer pagurus Plasma 7.7 9.0-14.2" 
Bivalves 
Mytilus edulis Blood - 
Pecten maximus Blood 

Fish 
Dab (Limanda ~imanda) Plasma 6.9 3.2-4.1" 

Bird 
Quail ( Coturnix 
coturnix japonica) Plasma 8,2 3.2* 

Human Plasma 7.4 2.8-8.0 
(normal range 
for human 
plasma) 

* Determined by Conway diffusion method s. 

for signs of ac t iv i ty .  I n a c t i v e  i n s e m i n a t e d  s p e r m a t o z o a  
on ly  were used in t h e  t e s t s  ( table  2). 
The  resu l t s  show t h a t  i n s e m i n a t e d  s p e r m a t o z o a  are more  
suscept ib le  to  a m m o n i u m  ions  t h a n  ves icula  spe rma tozoa ,  
since a c t i v i t y  is i n i t i a t ed  a t  lower levels of a m m o n i u m - N .  
I n s e m i n a t e d  s p e r m a t o z o a  k e p t  ill sea w a t e r  for 3 -4  h 
r e m a i n e d  inac t ive ,  so passage  t h r o u g h  t he  penis  does no t  
i n i t i a t e  a c t i v i t y  2; a t  t he  end  of th i s  t i m e  the  i n s e m i n a t e d  
s p e r m a t o z o a  could no  longer  be induced  to  b e c o m e  ac t ive  
a n d  were p r e s u m e d  to be  dead.  
F lu id  col lected b y  m i c r op i pe t t e  f rom t he  ov iduca l  g l ands  
did  n o t  a c t i v a t e  ves icula  s p e r m a t o z o a  b u t  r ead i ly  act i -  
v a t e d  i n s e m i n a t e d  spe rma tozoa .  A n  i n s t a n t  ' exp los ion '  
of a c t i v i t y  was obse rved  w h e n  a po r t i on  of the  i n s e m i n a t e d  
s p e r m a t o z o a n  mass  was p laced  in a d rop  of ov iduca l  
g l and  fluid.  Such  a c t i v a t e d  s p e r m a t o z o a  h a d  a m e a n  speed 
of 159 ~xm/sec (range 105-200 txm/sec) a t  12~ The  
e p i t h e l i u m  l in ing each  of t he  ov iduca l  g lands  p roduces  a n  
elast ic  sac in to  w h i c h  t he  eggs pass  a t  ov ipos i t ion  6. W h e n  
a n  ' a c t i ng  female '  is in  a recep t ive  s t a t e  t he  ov iduca l  
g lands  are  i n v a r i a b l y  swollen w i t h  fluid. H ow  th i s  f luid 

arises is n o t  k n o w n  a t  p resen t ,  b u t  a clue to i ts  or igin lies 
in t he  f ac t  t h a t  t he  b lood of B.  balanoides i n i t i a t e s  h igh  
a c t i v i t y  in i n s e m i n a t e d  spe rma tozoa .  The  e p i t h e l i u m  
l in ing  the  ov iduca l  g lands  a t  t he  t ime  of i n s e m i n a t i o n  is 
r educed  in size a n d  t h e  u n d e r l y i n g  b a s e m e n t  m e m b r a n e  
is v e r y  t h i n  6, so f i l t r a t ion  of t he  b lood  across t he  l in ing  
could  give rise to  t he  ov iduca l  g land  fluid.  
The  d i scovery  t h a t  t he  b lood  of B. balanoides a c t i v a t e s  
i n s e m i n a t e d  s p e r m a t o z o a  s t i m u l a t e d  t he  t e s t i ng  of t he  
b lood  of o t h e r  an ima l s  ( tab le  3). A l t h o u g h  all t he  samples  
t e s t e d  i n i t i a t ed  a c t i v i t y  in i n s e m i n a t e d  spermatozoa ,  the  
b lood  of Cancer pagurus  was t he  mos t  effective.  None  of 
t he  b lood samples  a c t i v a t e d  ves icula  s p e r m a t o z o a .  The  
h i g h  levels of a c t i v i t y  i n i t i a t ed  b y  b lood could n o t  be  
m i m i c k e d  b y  t he  a m m o n i u m  ion so lu t ions  alone, even  
w h e n  a d j u s t e d  to blood p H  values.  I t  is concluded t h a t  a 
f u r t h e r  f ac to r  m n s t  be  p r e s e n t  in t he  b lood (and ov iduca l  
g l and  fluid). 
As on ly  a smal l  a m o u n t  of b lood  can  be col lected f rom 
B. balanoides, tile b lood f rom e i the r  B. hameri or Cancer 
was used in t he  f u r t h e r  expe r imen t s .  A n  u l t r a f i l t r a t e  of 
B. hameri  p l a s m a  (Amicon  UM 20 m e m b r a n e ,  wh ich  
accord ing  to  the  m a k e r s  ha s  a tool. w t  cut-off  a t  20,000) 
was  st i l l  ac t ive  a n d  i n i t i a t ed  h igh  a c t i v i t y  in i n s e m i n a t e d  
spe rmatozoa .  Boi l ing the  f i l t r a te  for severa l  m in  so t h a t  
i ts  a m m o n i u m - N  level  becomes  negl igible  comple t e ly  
des t roys  t he  ac t iv i ty .  I n  a more  de ta i led  e x p e r i m e n t  
p l a s m a  f rom Cancer was boi led for d i f fe ren t  l eng ths  of 
t i m e  a n d  s u b s a m p l e d  for b ioassay .  The  ac t i v i t y  progres-  
s ively  decreased  as t he  a m m o n i u m - N  level  fell f rom 9.0 
~xg m1-1 to 2.8 ~g m1-1. 
A l t h o u g h  t he  ev idence  is p a r t i a l l y  c i r cums tan t i a l ,  t he re  
is r eason  to bel ieve t h a t  t h e  a c t i v a t i o n  of i n s e m i n a t e d  
B. balanoides s p e r m a t o z o a  is in i t i a t ed ,  in par t ,  b y  am-  
m o n i u m  ions;  a f u r t h e r  f ac to r  n o r m a l l y  p re sen t  in  the  
b lood  (and ov iduca l  g land  fluid) is necessa ry  for m a x i m u m  
ac t iv i ty .  Oviduca l  g land  f luid is u n d o u b t e d l y  t he  act i -  
v a t i n g  f luid and  is re leased j u s t  p r io r  to oviposi t ion~.  
The  in i t i a t i on  of a c t i v i t y  of t he  s p e r m a t o z o a  is synchro -  
n ized  for once a c t i v a t e d  t he  game tes  r e m a i n  so for on ly  
5-6 min.  Oviduca l  g land  f luid also appea r s  to  cause t he  
progress ive  b r e a k d o w n  of t h e  gelled mass  of i n s e m i n a t e d  
s p e r m a t o z o a ;  b r e a k d o w n  m a y  be t he  resu l t  of enzymic  
a n d / o r  p H  effects, or i t  m a y  s imply  be  t h a t  the  s p e r m a t o -  
zoa once a c t i v a t e d  are able  to  swim clear  of the  mass .  
This  is i m p o r t a n t  because  i t  m e a n s  t h a t  the re  is c o n t i n u o u s  
release of a c t i v a t e d  s p e r m a t o z o a  t h r o u g h o u t  t he  ovi- 
pos i t ion  per iod,  so ensur ing  successful  fer t i l izat ion.  

9 E . J .  Conway, in: Microdiffusion analysis and volumetric error. 
Crosby Lockwood and Son Ltd, London 1950. 

Resolut ion  of smal l  G 1 and G 2 populat ions  of L1210 l e u k e m i a  by  f low micro f luorometr i c  analys i s  
aided by ve loc i ty  s ed imenta t ion  1 
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S u m m a r y .  L1210 leukemic  cells g rown in v i t ro  were sub jec t ed  to k ine t ic  ana lys i s  us ing  a flow microf luorometer .  A 
single b r o a d  p e a k  was found  for the  D N A  c o n t e n t  d i s t r i b u t i o n  if u n f r a c t i o n a t e d  cells were used;  p r io r  f r a c t i o n a t i o n  
us ing  lg ve loc i ty  s e d i m e n t a t i o n  al lowed t he  s e p a r a t i o n  of smal l  peaks  w i t h  smal ler  (Ga) a n d  larger  (G~) D N A  c o n t e n t s  
f rom t h e  d o m i n a n t  S phase  p e a k  w i t h  i n t e r m e d i a t e  D N A  con ten t .  

I n i t i a l  k ine t ic  ana lys i s  of our  in  v i t ro  L1210 l eukemia  a p r e p o n d e r a n c e  of cells in  t he  S-phase  of cell cycle could 
l ine us ing  f low mic ro f luo rome t r i c  t e c h n i q u e s  fai led to  m a s k  t he  iden t i f i ca t ion  of smal le r  n u m b e r s  of cells in 
d e m o n s t r a t e  t he  t yp i ca l  doub le  peaked  D N A  c o n t e n t  the  G t a n d  G 2 phases  of cycle. The  va l i d i t y  of th i s  
d i s t r i b u t i o n  seen for o t h e r  L1210 leukemias ,  usua l ly  e x p l a n a t i o n  is r epo r t ed  here.  
g rown  in v ivo  4. One e x p l a n a t i o n  for our  r e su l t  was  t h a t  
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Materials and melhods. Our L1210 leukemia  was ob ta ined  
in 1969, and a d a p t e d  to  grow in l iquid med ium in 1973. 
Al t e rna te  in v ivo/ in  v i t ro  passage has  been ma in t a ined  
since then .  The in v i t r o  cul ture  med ium consis ts  of 
F i scher ' s  m e d i u m  (Flow Laborator ies)  supp l emen ted  wi th  
horse  se rum (10% v/v) ob ta ined  wi th in  the  ins t i tu te ,  
and  con ta in ing /%mercap toe thano l  a t  a final concen t ra t ion  
of 60 Fmoles/1. Cul tures  are grown in a to ta l  vo lume of 
5 ml  of m e d i u m  in t issue cul ture  flasks (Falcon Plastics) 
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Fig. 1. Number of L1210 cells versus velocity gradient fraction 
number. 9 fractions were collected and counted electronically. Open 
points connected with solid line represent actual data, dashed lines 
are fit on the basis of DNA content distributions discussed in the 
text. 
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Fig. 2. Analysis of the relative DNA contents of L1210 cells from 
each of 8 velocity gradient fractions. The cell fractions in figure 1 
were used, except for fraction 9 which contained too few cells for 
analysis. 

ini t ia l ly conta in ing  3 • leukemic cells. These cells 
grow to  a dens i ty  of ap p ro x i ma t e l y  1.5 • 10 ~ cells/ml 
in 3 days,  when  t h e y  are subcul tured .  Separa t ion  on the  
basis of cell size was pe r fo rmed  using a ' s t ap u t '  ve loc i ty  
s ed imen ta t ion  g rad ien t  wi th  a vo lume of 500 ml. 10 ml  
of 0.10~ 0.35% a n d  0.70% bovine  serum a lbumin  (BSA) 
in Hanks '  buffer  were added  sequent ia l ly  to 10 ml of 
Hanks '  buffer  con ta in ing  the  cells f rom a single culture,  
immed ia t e ly  af ter  which  a 1-3~o B S A  grad ien t  was 
cons t ruc ted  5, 6. Cells were  al lowed to  sed imen t  for 2.5 h, 
the  cone volume discarded,  and 30 ml  f ract ions  collected. 
F rac t ions  were spun,  r e suspended  in Tyrodes  buffer,  
counted,  and then  f ixed in fo rma ldehyde  for 24 h a t  4 ~ 
After  f ixat ion,  1 ml  samples  of each f rac t ion were s ta ined 
wi th  100 ~1 of a 1 m g / m l  acridine orange solution, and 
DNA co n t en t  d i s t r ibu t ions  ob ta ined  using a Cytofluoro-  
g raph  | (Biophysics Corp.). 
Results and discussion. After  ve loc i ty  sed imenta t ion ,  9 
f rac t ions  were ob ta ined  af ter  d iscarding  the  cone volume.  
A plot  of cell n u m b e r  versus f rac t ion  n u m b e r  is seen in 
figure 1. The d i s t r ibu t ions  ind ica ted  by  the  dashed  lines 
are assigned on the  basis  of the  D N A  c o n t e n t  in format ion  
discussed below. Peaks  cor respond  to  f rac t ion  2 (curve A), 
f ract ions 3 and 4 (curve B) and f rac t ion 7 (curve C). The 
D N A  co n t en t  d i s t r ibu t ions  of each of the  f ract ions  is seen 
in figure 2. By  placing all the  d i s t r ibu t ions  on one axis, 
3 p a t t e r n s  can be d is t inguished  wi th  f ract ions  5,6,7 and 8 
(curve C), grouped toge the r  w i th  a low (G1) DNA conten t ,  
f ract ions  3 and  4 (curve B) wi th  an in t e rmed ia te  (S) D N A  
conten t ,  and f rac t ions  1 and 2 (curve A) wi th  a h igh (G2) 
conten t .  By  reference to  the  n u mb er s  of cells in d is t r ibu-  
t ions  A, B and C the  d i s t r ibu t ion  of cells in the  var ious  
cell cycle phases  can be ca lcula ted  to be app rox ima te ly  
20% in G I, 60% in S and 20% in G 2. We  have  prel imi-  
nar i ly  evidence which  suggests  t h a t  the  cell cycle dis t r ibu-  
t ion  ob ta ined  is d e p e n d e n t  on the  leng th  of t ime be tween  
subcul tur ing,  wi th  increasing n u mb er s  of ceils in G 1 as the  
cul ture  ages. This  is in accord wi th  o ther  cul ture  sys tems  
in which  cells reach p la teau  phase.  In  exponen t ia l ly  
growing cul tures  in v i t ro  the  vas t  ma j o r i t y  of ceils appear  
to  be in S-phase,  mak ing  it imposs ible  to discern small  
G 1 and  G~ popu la t ions  w i t h o u t  pr ior  separa t ion  and thus  
conf i rming our  predic t ion .  
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