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t h a t  followed were, f i rst ly,  t he  appea rance  of a nuc lea r  
m e m b r a n e  a r o u n d  t he  newly  consol ida ted  'nuc leus '  and,  
secondly,  the  ou t l ine  of the  microspheres  a s s um ed  a n  
amoebo id  i r regular i ty .  YVhile mos t  of the  cell-free micro-  
spheres  g r adua l l y  d i s in tegra ted ,  those  wh ich  a t t a i n e d  t he  
above  s tage e v e n t u a l l y  t r a n s f o r m e d  in to  m i n i a t u r e  
a m o e b a e  (Diamete r  15-25 ~zm) (Figure d). These  a m o e b a e  
s u b s e q u e n t l y  u n d e r w e n t  e n c y s t m e n t .  T h e y  would  per-  
p e t u a t e  w i t h  an  a l t e r n a t i n g  cys t - t roph ic  cycle t h r o u g h  
successive sub-cul tures .  T h e y  h a d  no morpho log ica l  
s imi la r i ty  w i th  t he  pa ramaec ia .  

The  p r e l i m i n a r y  f indings  descr ibed  above  raised a 
n u m b e r  of s ea rch ing  ques t ions  r a t h e r  t h a n  p r o v i d i n g  
answers.  Based  on  t he  l imi ted  da ta ,  t he  exac t  m e c h a n i s m  
b e h i n d  t he  p h e n o m e n a  observed  defies analysis .  Never -  
theless,  two  essent ia l ly  i m p o r t a n t  issues h a v e  been  raised.  

Firs t ,  t h e  f indings  s u p p o r t  the  v iew t h a t ,  a t  t he  lower 
g rade  of o rgan iza t ion ,  t he  cells h a v e  i n n u m e r a b l e  genet ic  
e n d o w m e n t s  a n d  d e v e l o p m e n t a l  possibi l i t ies  t h a n  are 
expressed  u n d e r  t he  n o r m a l  e n v i r o n m e n t a l  set  up  a. These  
possibi l i t ies  m a y  be  as pa radox ica l  as has  been  descr ibed  
above  a n d  as versa t i l e  as well. A l t h o u g h  t he  basis  of 
a r g u m e n t  m a y  be slim, i t  is conce ivab le  t h a t  t he  macro-  
nuc leus  of p a r a m a e c i u m  is a r epos i to ry  of wider  (but  

h idden)  possibi l i t ies .  The  amino  acid, b y  some h i t h e r t o  
obscure  m e c h a n i s m ,  poss ib ly  qu i te  indirect ,  i nduced  a 
p a t h w a y  t h a t  b l i nd ly  'sl iced ou t '  a n u m b e r  of gene loci. 
These  gene loci were e x p o r t e d  ou t  of t he  ci l iate  b o d y  
a long w i t h  the  microspheres .  Somet imes  (not  always),  
t he  microspheres  car r ied  self-suff icient  genet ic  conste l -  
l a t ions  w h i c h  would  t r a n s f o r m  in to  smal l  amoebu le s  
fol lowing a nove l  p a t h w a y .  All  microspheres  could n o t  
t r a n s f o r m  in to  amoebules ,  since all  of t h e m  did  no t  h a v e  
t he  genet ic  c a p a b i l i t y  to  do so. 

Secondly,  the  ceil-free microspheres ,  wh ich  bore  dis- 
t i n c t  m a r k s  of p roka ryo te - l i ke  o rgan iza t ion ,  t r a n s f o r m e d  
in to  amoebu le s  of e u k a r y o t i c  make-up .  This  p h e n o m e n o n  
p rov ides  a un ique  o p p o r t u n i t y  to  t race  the  evo lu t ion  of 
euka ryo t i c  cells from. p roka ryo t i c  predecessors.  This  is 
poss ib ly  a s imula t ion  of the  phase,  or, r a t h e r  a succession 
of phases  wh ich  r ep re sen t  t he  miss ing  l inks  of t he  g rea t e s t  
single e v o l u t i o n a r y  d i s c o n t i n u i t y  to  be found  in t he  
p r e sen t  d a y  l iv ing world,  namely ,  p r o k a r y o t e  to  e u k a r y o t e  
evolu t ion .  

3 E. N. WILLMER, in Cytology and Evolution (Academic Press, New 
York 1960), p. 399. 
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S~mmary.  Freeze f r ac tu r ing  of azurophi l  and  specific granules  f rom r a b b i t  p o l y m o r p h o n u c l e a r  l eukocytes  revea ls  
unusua l l y  h igh  n u m b e r s  of i n t r a m e m b r a n e  part icles .  B o t h  granules  h a v e  s igni f icant ly  h igher  par t ic le  densi t ies  on t he  
B t h a n  on  the  A f rac tu re  face. 

M e m b r a n e  fumon is a select ive process which  is l ikely 
to be in i t i a t ed  b y  the  m u t u a l  recognitio11 of t he  merg ing  
m e m b r a n e s .  The  molecula r  basis  of t he  recogn i t ion  e v e n t  
is u n k n o w n ,  i t s  exp lo ra t ion  would  ideal ly  requi re  molec-  
n la r  i n t e r ac t i on  s tud ies  be tween  m e m b r a n e  c o n s t i t u e n t s  
whi l s t  p re se rv ing  the i r  topograph ica I  a r r a n g e m e n t .  A 
promiz ing ,  if indirect ,  a p p r o a c h  is the  morpholog ica l  
f reeze-f rac ture  ana lys i s  of t he  m e m b r a n e s  involved.  So 
far, two sys tems  h a v e  been  s tud ied  w i th  th i s  t echn ique ,  
d ischarge  of mucocys t s2  or t r i chocys t s  a in p ro tozoa  and  
secre t ion in t he  B-cell  of t he  endocr ine  pancreas .  I n  

Numbers of intramembrane particles in the granule and plasma 
membraties of rabbit polymorphonuclear leukoeytes 

Type of Numbers of intramembrane Difference 
membrane particles per [~m e of membrane between A and B 

surface (mean • SEM) 

A Face B Face (p-value 
from t-test) 

Azurophil 
granules 542 • 32 813 • 92 <0.01 

Specific 
granules 630 • 25 1002 • 62 <0.001 

Plasma 
membra~te 989 • 30 757 i 38 <0.001 

Tetrahymena 2 and  Paramecium ~, granule  fusion is pre-  
ceded b y  t he  fo rma t ion  of a rose t t e  of i n t r a m e m b r a n e  
par t ic les  in the  p l a s m a  m e m b r a n e .  I n  t he  B-cell,  how-  
ever,  no  such  re a r r a n g e m e n t  of m e m b r a n e  s t r u c t u r e s  
can  be  seen a t  the  p r e s u m p t i v e  sites of fusion, wh ich  ap-  
pea r  as c i rcular  m e m b r a n e  areas  a lmos t  t o t a l l y  devoid  
of i n t r a m e m b r a n e  par t ic les  4,5. The  a p p a r e n t  differences  
be tween  these  two cases seemed to jus t i fy  the  s t u d y  of 
a n o t h e r  sys tem,  the  p o l y m o r p h o n u c l e a r  leucocyte  (PMN), 
in which  two d i s t i nc t  types  of granules  6 11 fuse w i t h  t h e  
a rea  of t he  p l a sma  m e m b r a n e  which  becomes  in t e rna l i zed  
as a phagocy t i c  vacuole  12. Th i s  s t u d y  has  disclosed some 
v e r y  u n u s u a l  fea tures  of t he  P M N  granule  m e m b r a n e s ,  
wh ich  we wish to r epo r t  briefly.  

Methods. R a b b i t  P M N s  were o b t a i n e d  f rom glycogen-  
i nduced  pe r i tonea l  e x u d a t e s  1~ and  were s tud ied  as such  
or f r a c t i ona t ed  by  zonal  d i f fe rent ia l  s ed imen ta t ion ,  as 
descr ibed  prev ious ly  s. All samples  were p repa red  for 
f reeze- f rac tur ing  a f t e r  f i xa t ion  in 1.5% g l u t a r a l d e h y d e  
buffered  w i t h  sod ium cacody la te  0.1 M a t  p H  7.4. Freeze-  
f r ac tu r ing  was pe r fo rmed  accord ing  to p rocedures  de-  
scr ibed p rev ious ly  1~. F r o m  each  p r e p a r a t i o n  3 repl icas  
were made ,  and  20 r a n d o m l y  selected micrographs ,  to-  
ge the r  w i t h  a m l c r o g r a p h  of a ca l ib ra t ion  la t t ice ,  were  
t a k e n  f rom each replica.  On each mic rograph ,  in t r a -  
m e m b r a n e  par t ic les  in a t o t a l  a rea  of 1/8 to 1/4 p.m 2 of 
f la t  surface  were counted ,  us ing  a coun t ing  la t t ice .  I n  
whole  PMNs,  granules  were d i f f e ren t i a t ed  accord ing  to 
size. D i a m e t e r  ranges  of 350 to  700 n m  and  of 170 to  
240 n m  were  t a k e n  for azuroph i l  a n d  specific granules ,  
respect ively .  I n t r a m e m b r a n e  par t ic les  were c o u n t e d  on  
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comple te  profiles only. The  m e m b r a n e  f r ac tu re  faces are 
des igna t ed  as A a n d  B, respect ive ly .  T h e y  cor respond  to 
t he  P and  E faces of the  newly  proposed n o m e n c l a t u r e  ~5. 

Results and discussion. The  resu l t s  are s u m m a r i z e d  in 
t he  Table .  I n  azuroph i l  and  specific granules ,  freeze- 
f r a c t u r i n g  revea led  v e r y  h igh  n u m b e r s  of i n t r a m e m b r a n e  
par t ic les  on b o t h  m e m b r a n e  f r ac tu re  faces. The  average  
par t ic le  densi t ies  were s l igh t ly  h igher  in  t he  specific 
g ranu le  m e m b r a n e  t h a n  in t he  azurophi l ,  b u t  t he  differ- 
ence  was no t  found  to be s ignif icant .  In  c o n t r a s t  to  the  

f indings  in mos t  m e m b r a n e s  e x a m i n e d  so far  ~6, we found  
in b o t h  P M N  granules  more  i n t r a m e m b r a n e  par t ic les  on  
t h e  B t h a n  on t h e  A f r ac tu re  face. This  u n u s u a l  par t ic le  
d i s t r i b u t i o n  was obse rved  b o t h  in i sola ted granules  an d  
in granules  which  were e x a m i n e d  in whole  cells. This  
seems to rule ou t  t h e  poss ib i l i ty  of a p r e p a r a t i o n  ar te fac t .  

In  t h e  P M N  p l a s m a  m e m b r a n e ,  we found  s imi lar  
densi t ies  of i n t r a m e m b r a n e  par t ic les  as in  t h e  two types  
of granules .  As expected ,  t h e  i n t r a m e m b r a n e  par t ic les  on 
t h e  cy top lasmic  (A) f r ac tu re  face s ign i f ican t ly  o u t n u m -  
be red  those  on  the  t3 face, a l t h o u g h  the  difference in 
par t ic le  densi t ies  b e t w een  the  two faces appea r s  to  be  
m u c h  less p r o n o u n c e d  t h a n  in mos t  o the r  cells ~6. 

Our  resul t s  ind ica te  t h a t  the  P M N  differs in a n u m b e r  
of fea tures  f rom o the r  cells w i th  c o m p a r a b l e  exocy to t i c  
funct ions .  The  m e m b r a n e s  of t h e  azuroph i l  and  specific 
g ranules  of r a b b i t  P M N s  are m u c h  r icher  in i n t r a m e m -  
b r a n e  par t icIes  t h a n  those  of secre tory  granules  of the  
p a n c r e a t i c  B-cell 4,a, m a s t o c y t e  granules,  an d  zymogen  
granules  of the  exocr ine  pancreas*~. Calcula t ions  show 
t h a t  t h e  i n t r a m e m b r a n e  par t ic le  densi t ies  in B-cell  4,5 
a n d  m a s t o c y t e  granules  are 2 to 4 t imes  lower (A face), 
a n d  up  to 25 t imes  lower (B face) t h a n  in P M N  granules  
(A~HERDT et  al., u n p u b l i s h e d  observa t ions ) .  These  d a t a  
also ind ica te  t h a t  t h e  granules  of m a s t o c y t e s  and  of B- 
cells, in c o n t r a s t  to  P M N  granules,  h a v e  a co n v en t i o n a l  
i n t r a m e m b r a n e  par t ic le  d i s t r ibu t ion ,  i.e. more  par t ic les  
on t h e  A t h a n  on  t h e  B face. A f u r t h e r  i m p o r t a n t  differ- 
ence be tween  the  P M N  a n d  secre tory  cells an d  m a s t o c y t e  
is t h a t  in t h e  fo rmer  t h e  par t ic le  densi t ies  of granule  and  
p l a s m a  m e m b r a n e s  are similar .  

As a l r eady  men t ioned ,  charac te r i s t i c  morpholog ica l  
m e m b r a n e  d i f f e ren t i a t ions  are seen in t h e  B-cell of the  
panc rea s  a t  the  p r e s u m p t i v e  sites of fusion ~,~. Such  
s t r u c t u r a l  changes  could reflect  the  need for the  fusing 
m e m b r a n e s  to ' a d a p t '  to  each  o the r  before fusion since 
t h e  i n t r amembra .ne  par t ic le  dens i t ies  of granule  a n d  
p l a s m a  m e m b r a n e  differ  cons iderably .  I n  t h e  PMN, how- 
ever,  in  wh ich  granu le  a n d  p l a s m a  m e m b r a n e s  h a v e  a 
s imi la r  f reeze- f rac ture  appearance ,  s t r u c t u r a l  d i f ferent ia-  
t ion  a t  t h e  s~tes of fusion m a y  no t  be  required .  A s t u d y  of 
t h e  fusion of P M N  grann ies  w i t h  phagocy t i c  vacuoles  
should  give f u r t h e r  ins igh t  in to  th i s  p rob lem.  

Freeze - f rac tu re  rep l icas  of i so la ted  specific ( la)  a n d  azurophi l  ( lb) 
g ranu les  f rom r a b b i t  PMN.  In  b o t h  g ranu les ,  the  n u m b e r s  of in t r a -  
membrane particles per unit area of fractured membrane is signif- 
icantly higher on the B- than on the A-face. • 92,500. 

t This  w o r k  was s u p p o r t e d  in p a r t  b y  g r a n t  No.  3.553.75 f rom the  
Swiss Na t iona l  Science Foni?dat ion .  
B. SATIR, C. SCHOOnEr a n d  P. SATIR, J .  CelI Biol. 56, 135 (1973). 

a H.  PLATTNER, Na tu re ,  Lond .  252, 722 (1974). 
L. ORCI, Diabe to log ia  70, 163 (1974). 

s L. ORCI, D. S. IeRIEND, M. AMHERDT, F. MALAISSE-LAGAE a n d  
A. PERR~LE't', A b s t r a c t s  of the  N i n t h  A n n u a l  Meet ing of the  
European.  Soc ie ty  for  ClinicaI Inves t iga t ion ,  A b s t r a c t  No.  173 
(1975), p. 45. 

s 1). F. BAIN'roN a n d  M. G. FAR(2URAR , J .  Ceil Biol. 28, 277 (1966). 
B. K. WETZEL, R. G. HORN a n d  S. S. Sp icEs ,  Lab .  Inves t .  16, 
349 (1907). 

s M. BAOOIOLINI, J .  G. HIRSCH a n d  C. DE DUVE, J .  Cell Biol. dO, 529 
(1969). 

s M. BAGGIOLINI, J .  g .  HIRSCII a n d  C. I)E D u v e ,  J .  Cell Biol. 45, 
586 (1970). 

10 D. F.  BAINTON, J .  L. ULLYOT and  M. G. FARO lJHAR, J .  exp.  Med. 
134, 907 (1971). 

11 U. BRETZ a n d  M. BAOOIOLIXI, J .  Cell Biol. 63, 251 (1974). 
12 T. P. STOSSEL, Semin.  Hen la t .  12, 83 (1975). 
la j .  G. HLRSOn, J .  exp.  Med. 103, 589 (1956). 
14 H.  MOOR a n d  K. Mi~HLETHALER, J .  Cell Biol. 17, 609 (1963), 
15 D. BRANTON, S. BULLIVANT, N. B. GILULA, M. J. KARNOVSKY, 

H. MOOR, K. MITttLETHALER, D. H. NORTHCOTE, L. PACKER, 
B. SATIR, P. SATIR, V. SPETH, L. A. STAEHLIN, R. L. STEERE 
a n d  R.  S. WEINSTEIN, Science  190, 54 (1975). 

a~ L. ORCI a n d  A. PERRELET, Freeze-Etch Histology. A Comparison 
13etween Thi# Sections and Freeze-Etch Replicas (Springer-VerIag,  
Berl in,  Heide lberg ,  New York  1975). 


