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Summary. A s t r a in  of Paramaecium multimicronucleatum was exposed to  a m e d i u m  c o n t a i n i n g  L-lysine; the  concen-  
t r a t i ons  of t h e  amino  acid were 0 .1%, 0.5% and  1.0% for d i f fe ren t  sets  of expe r imen t s .  I n  these  two  l a t t e r  concen-  
t r a t ions ,  the  mac ronuc l eus  of t he  ci l iate b roke  down  in to  i n n u m e r a b l e  smal l  f r agments ,  t h e  microspheres .  The  micro-  
nuclei  r e m a i n e d  iner t .  The  mic rospheres  left  t he  b o d y  of p a r a m a e c i u m  as cell-free, se l f -dupl ica t ing  en t i t i es  c o n s t i t u t e d  
of D N A  and  R N A  and  enve loped  b y  a p ro te in  coat .  T h e y  h a d  no nuc lea r  m e m b r a n e  an d  t h e y  resembled  t h e  p rokaryo tes .  
Grown  in cu l tu re  m e d i u m  w i t h  0.1 o/o horse  serum,  t h e  mic rospheres  t r a n s f o r m e d  in to  smal l  a m o e b a e  h a v i n g  typ ica l  
e u k a r y o t i c  features .  These  a m o e b a e  m a i n t a i n e d  a typ ica l  cys t - t roph ic  cycle d u r i n g  t h e  successive sub -cu l tu re s ;  t h e y  
h a d  no  s imi l a r i t y  w i t h  t h e  pa ramaec i a .  

The  p h e n o m e n o n  of secre t ion  of nuc lear  m a t e r i a l  f rom 
cells u n d e r  e x p e r i m e n t a l  cond i t ion  is wel l -known.  For  
ins tance ,  excess D N A  in U V - i r r a d i a t e d  Tetrahymena was 
e l imina ted ,  du r ing  successive m a c r o n u c l e a r  divisions,  as 
u n u s u a l l y  large m a c r o n n c l e a r  ex t ru s ion  bodies  *. Un l ike  
such  a phys ica l  agency  as descr ibed  above,  chemica l  

a) Photomicrograph of the normal individuals of Paramaecium 
multimicronucleatum. • 300. 

b) Ciliate after 48 h of treatment with 0.5% Lqysine. Note that the 
macronueleus has broken down into large and small lobes. • 300. 

e) Cell-free mierospheres at different phases of differentiation; i-iv 
represent progressive reorganization towards a centrally consolidated 
nucleus. Note the general prokaryote-like configuration of the 
particles. • 200. 

d) Fully differentiated amoebule. N is the nucleus. • 450. 

i n t e r v e n t i o n  of one or a c o m b i n a t i o n  of a few amino  acids 
added  to  t h e  inorgan ic  cu l tu re  m e d i u m  is k n o w n  to cause  
s imi la r  ex t ru s ion  of nuc lea r  ma te r i a l  f rom a species of 
soil amoeba ,  Acanthamoeba sp. 2. B u t  c o n t r a r y  to t h e  h a p -  
pen ings  refer red  to  earl ier ,  in case of amoebae ,  the  nucle-  
us  would  b r e a k  down  in to  i n n u m e r a b l e  sma l l  f r a g m e n t s  
which  in t u r n  would  leave t h e  a m o e b a  b o d y  as d iscre te  
se l f -dupl ica t ing  ent i t ies .  Grown  in t h e  cu l tu re  med ium,  
these  par t ic les  would  t r ans fo rm,  b e y o n d  all  recogni t ion ,  
in to  smal l  amoebo id  cells. A ve ry  s imi lar  p h e n o m e n o n  
was obse rved  w h e n  t h e  same  e x p e r i m e n t  was  r epea t ed  
on amoebo id  cells g e r m i n a t e d  f rom f resh -wa te r  sponge  
gemmules  (MALLIK, unpubl i shed) .  

These  f indings,  however ,  led to t h e  p re sen t  s t u d y  w i t h  
Paramaecium multimicronucleatum (Figure a) expos ing  
the  ci l iate  to  the  a m i n o  acid L-lysine. The  p r i m a r y  reason  
b e h i n d  t h e  choice of t h e  ci l iate  was  t h a t  i t  has  m a n y  
d i s t inc t  cy tomorpho log ica l  fea tu res  wh ich  sepa ra t e  i t  
i n s t a n t l y  f rom a n y  amoebo id  protozoa.  So, i t  was as- 
sumed,  shou ld  the  p h e n o m e n a  obse rved  in t i le case of 
amoebo id  ceils be r epea t ed  in th i s  case, t h e  t r a n s f o r m e d  
organ i sms  would def in i te ly  offer a b e t t e r  o p p o r t u n i t y  for 
compar i son  w i t h  t h e  m o t h e r  organism.  

Materials a~d methods. A s t r a in  of P .  multimicronucle- 
atum c o n s t i t u t e d  t h e  m a t e r i a l  for th i s  s tudy .  T h e  cu l tu re  
was m a i n t a i n e d  in t h e  l a b o r a t o r y  a t  21~ a n d  in t he  
w h e a t  infusion.  Fo r  t h e  purpose  of expe r imen t ,  v a r y i n g  
c o n c e n t r a t i o n s  of L-lysine, e.g., 0.1% , 0 .5% an d  1.0% , 
(w/v) in  t h e  cu l tu re  m e d i u m  were used. S t a n d a r d  m e t h -  
ods were followed for e n z y m a t i c  d iges t ion  s tudies .  

Results and discussion. I n  0.5% an d  1.0% lysine me-  
d ium,  t h e  mac ro n u c l eu s  h a d  b r o k e n  down,  w i t h i n  36 to  
48 h, in to  4-6  smal le r  lobes, whi le  each  of these  lobes 
f u r t h e r  d i s i n t eg ra t ed  in to  sti l l  smal ler  f r a g m e n t s  (micro- 
spheres,  h a v i n g  a d i a m e t e r  of 3-5 ~xm) (Figure b). These  
mic rospheres  left  t h e  cell b o d y  of p a r a m a e c i u m  as cell- 
free en t i t i e s  (Figure c). No tab ly ,  t h e  micronuclei ,  wh ich  
n u m b e r  3 to  5 in t h i s  species, r e m a i n e d  ine r t  t h r o u g h o u t  
th i s  period.  Outs ide  t h e  ci l iate  body,  t h e  mic rospheres  
d iv ided  a t  a fas t  r a t e ;  t i le overa l l  m a n n e r  of d iv i s ion  
s i m u l a t e d  t h a t  of the  yeasts .  Feu lgen  p r e p a r a t i o n s  a n d  
e n z y m a t i c  d iges t ion s tnd ies  w i t h  DNase  a n d  RNase  sug- 
ges ted  t h a t  t h e s e  mic rospheres  cons is ted  of a D N A  
m o i e t y  t h a t  was non-spec i f ica l ly  sp read  t h r o u g h o u t  t he  
inne r  space of t h e  mic rospheres  an d  t h e  r e s t  was m o s t l y  
RNA.  The  nuc lea r  m e m b r a n e  was absen t .  

W h e n  these  mic rospheres  were cu l tu red  in the  usua l  
cu l tu re  m e d i u m  w i t h  a l i t t le  ho r se - se rum a d d e d  (0.1%), 
t h e y  u n d e r w e n t  r ad ica l  s t r u c t u r a l  t r a n s f o r m a t i o n s .  Some 
of t h e m  (not  all) ga ined  in size an d  t h e i r  nuc lea r  a p p a r a t u s  
g r adua l l y  conso l ida ted  a t  t h e  centre .  Gl impses  of such  
t r a n s f o r m i n g  s tages  can  be  seen f rom F igu re  c. E v e n t s  

1 D. C. S~F.PARD, Expl Cell Res. 38, 570 (1965). 
S. MOOKERJEg and S. GHOSH, Nucleus 9, 139 (1966). 
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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  


