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The  results  of  a  previous  investigation  (Sussman,  1951),  indicate  that  the  com-
plex  sequence  of  development  displayed  by  the  Dictyosteliaceae  can  occur  in  a  popu-
lation  derived  from  a  single  parent  cell.  Moreover,  the  progeny  of  single  cells,
taken  from  widely  divergent  stages  of  growth  and  differentiation,  retain  this  capac-
ity.  This  would  imply  that,  within  a  clonally  isolated  population  of  myxamoebae,
the  required  cellular  varieties  can  arise  and  become  apparent  in  the  necessary  pro-
portions  and  at  the  correct  times  so  as  to  insure  normal  development.  One  of  the
interesting  aspects  of  this  implication  involves  the  nature  of  the  mechanisms  which
provide  for  the  origin  of  the  cellular  heterogeneity  observed.

The  aggregation  stage  of  the  development  was  chosen  as  the  subject  of  an  initial
approach  to  this  problem.  As  a  result  of  past  investigation,  some  features  of  this
phenomenon  are  well  understood.  A  brief  summary  of  the  available  information
follows.

After  vegetative  proliferation  has  ceased,  the  myxamoebae,  heretofore  randomly
distributed,  elongate  and  become  radially  oriented.  They  move  toward  the  center
of  orientation,  at  first  as  individuals  and  later  in  streams  which  become  progres-
sively  larger  and  more  ramified.  In  this  manner,  a  rounded  mass  of  cells  is  built
up  at  the  aggregative  center.  Ultimately  the  aggregate  assumes  the  typical  ap-
pearance  of  a  pseudoplasmodium.

Studies  by  Raper  (1941)  indicate  a  complete  dissociation  between  vegetative
growth  and  the  onset  of  aggregation.  The  results  of  Bonner  (1947)  suggest  that
the  process  occurs  as  the  result  of  a  response  of  the  outlying  cells  to  the  production,
by  individuals  at  the  aggregative  center,  of  a  diffusible  substance  or  substances
which  Bonner  has  named  "acrasin."  Other  work  by  Raper  (  1940a)  indicates
that  the  attracting  substances  may  be  specific  since  cell  mixtures  of  different  species
will,  in  many  cases,  form  entirely  separate  aggregation  figures.

Consideration  of  this  phenomenon  suggests  several  pertinent  questions  which
are  capable  of  experimental  elucidation.

(a)  Is  the  number  of  aggregative  centers  formed  a  function  of  the  number  of
cells  in  the  population?

(b)  If  such  a  relationship  does  indeed  exist,  does  it  remain  constant  during
the  course  of  growth  and  differentiation  of  the  population?

1 The latter  portion of  the investigation was supported by a  grant  from the National  Insti-
tutes  of  Health,  U.  S.  P.  H.  Service.
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(c)  Is  the  capacity  to  initiate  aggregation  possessed  by  all  the  myxamoebae  or
by  only  a  part  of  the  population  ?

(d)  Can  a  single  cell  initiate  the  formation  of  a  center."

The  present  communication  summarizes  the  salient  results  achieved  during  an
attempt  to  answer  these  questions.  The  results  indicate  that  the  number  of  ag-
gregative  centers  is  both  a  function  of  the  number  of  cells  and  of  the  population
density.  The  number  of  centers/cell  at  the  optimal  population  densities  was  de-
termined  for  two  species  and  was  found  to  be  constant  for  cells  at  the  developmental
stages  immediately  prior  and  subsequent  to  aggregations.  Under  the  conditions
employed  the  capacity  to  initiate  center  formation  is  not  omnipresent  but  is  pos-
sessed  by  only  a  small  portion  of  the  population.  Finally,  the  results  offer  some
support  to  the  contention  that  aggregation  centers  are  initiated  by  single  cells.

METHODS

A.  The  strains  employed  and  their  preparation  for  experiment

Single  clone  isolates  of  two  species  of  Dictyosteliaceae,  D.  discoideitm,  strain
NC-4  and  D.  purpureum,  strain  V-l,  were  employed  in  this  investigation.  Stocks
were  carried  by  plating  with  Aerobacter  acrogenes  on  a  previously  specified  medium
(Sussman,  1951).  Three  to  five  spore  masses  were  picked  from  a  mature  culture
and  mixed  with  a  few  drops  of  a  24-48  hour  culture  of  A.  acrogenes.  The  mixture
was  spread  and  the  plates  were  incubated  at  22  C.  This  inoculum  requires  be-
tween  44  and  50  hours  to  grow  to  maximal  number  and  dispose  of  almost  all  of  the
bacteria.  Subsequently,  the  myxamoebae  aggregate  and  form  fruiting  structures.

To  prepare  the  cells  for  experiment,  cultures  were  washed  off  the  plates  with
cold  distilled  water  and  the  resulting  suspension  centrifuged  five  minutes  at  1000-
1200  rpm.  in  an  International  refrigerated  centrifuge.  This  speed  and  time  are
sufficient  to  free  the  myxamoebae  from  most  of  the  occluded  bacteria.  After  three
more  washes  in  distilled  water,  the  cells  were  suspended  in  either  water  or  a  salt
solution  devised  by  Bonner  (1947).

B.  Direct  cell  counts  and  surface  density  determinations

Direct  counts  were  made  with  the  aid  of  a  Levy  counting  chamber.  At  least
six  replicate  samples  of  each  suspension  were  surveyed.  The  errors  involved  were
found  to  be  less  than  the  fluctuations  due  to  random  sampling.

Measurements  of  surface  density  of  cells  on  aggregation  plates  were  made
under  low  power  using  a  Sedgewick  ocular  grid  which  had  previously  been  cali-
brated  with  a  stage  micrometer.  Except  where  later  specified,  the  myxamoebae
did  not  clump  appreciably  and  the  densities  could  be  adequately  controlled.

C.  Medium  for  aggregation  experiments

All  studies  of  aggregation  were  carried  out  on  plates  containing  a  2%  washed
agar-distilled  water  medium,  hereafter  designated  as  minimal  agar.  The  agar  was
washed  5  to  10  times  and  dried  in  a  vacuum  desiccator  before  use.
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RESULTS

A.  The  ability  of  washed  ui\.\-auwebac  to  aggregate  and  form  fruiting  structures

In  his  studies  of  the  nature  of  the  aggregative  stimulus,  Bonner  (1947)  had
used  myxamoebae  washed  free  of  hacteria  and  suspended  in  a  salt  solution.  Ali-
quots  of  the  suspension  were  dispensed  in  Syracuse  dishes.  The  cells  settled  at  the
glass-  water  interface  and,  after  about  16  hours,  began  to  aggregate.  Eventually,
typical  pseudoplasmodia  were  formed  and  at  this  point  the  morphogenetic  process
stopped.

For  the  purpose  of  the  present  investigation,  a  system  was  required  which  would
permit  accurate  counts  of  the  number  of  aggregative  centers  and  precise  control
over  population  number  and  density.  Preliminary  experiments  using  the  previ-
ously  described  procedure  suggested  that  it  could  not  completely  satisfy  these  cri-
teria.  In  devising  an  alternative  method  of  study,  use  was  made  of  an  observation
by  Raper  (1940b)  that  aggregating  myxamoebae  could  be  transferred  to  fresh
nutrient  agar  plates  whereupon  the  aggregation  continued.  A  washed  agar-distilled
water  substratum  was  substituted  for  the  complete  medium  in  order  to  suppress  the
growth  of  occluded  bacteria  and  thus  to  prevent  growth  of  the  myxamoebae.  Under
these  conditions,  washed  cells  remained  constant  in  number,  aggregated,  formed
pseudoplasmodia  and  eventually  complete  and  typical  fruiting  structures.  Accurate
counts  of  the  numbers  of  aggregation  centers  were  possible  and  adequate  control
over  population  size  and  density  was  comparatively  easy  to  achieve.

B.  The  dependence  of  tJie  number  of  aggregation  centers  formed  upon  the  popula-
tion  size  and  density

Preliminary  experiments  were  performed  in  which  different  numbers  of  cells
were  homogeneously  distributed  over  identical  areas  of  agar  surface  and,  subse-
quent  to  aggregation,  the  number  of  centers  counted.  The  results  indicated  a
complex  relationship  between  the  number  of  centers  and  the  number  of  cells.  For
very  large  populations,  the  number  of  centers  was  largely  independent  of  the  popu-
lation  size.  For  very  small  populations,  the  number  of  centers  appeared  to  vary
exponentially  with  the  population  size.

Clearly,  a  change  in  the  total  population  number,  distributed  over  a  constant
area  must  also  involve  a  change  in  the  population  density.  The  possibility  was
raised  that  the  number  of  aggregation  centers  produced  by  a  group  of  cells  is  a
function  both  of  the  total  quantity  of  cells  and  their  surface  density.  It  therefore
became  necessary  to  elucidate  the  effect  of  the  latter  condition  before  one  might
hope  to  understand  the  effect  of  the  former.

The  relations  between  the  number  of  centers  and  the  population  density  was  de-
termined  in  the  following  way.  A  series  of  dilutions  was  prepared  from  a  suspen-
sion  of  washed  myxamoebae  in  Bonner's  salt  solution.  An  aliquot  of  each  dilu-
tion  was  chosen  such  that  all  the  aliquots  contained  the  same  number  of  c*ells.  A
typical  protocol  is  given  below  :

No.  cells/cc.  of  Vol.  of  aliquot  Total  no.  of  cells
dilution  chosen  per  aliquot

5  X  10  6  0.02  cc.  1  X  10  5
2  X  10  6  0.05  cc.  1  X  10  s
1  X  10  0.10  cc.  1  X  10  5
5  X  10  5  0.20  cc.  1  X  10  5
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These  aliquots  were  then  dispensed  in  replicate  on  minimal  agar  plates.  Since
the  surface  area  covered  by  an  aliquot  is  a  function  of  the  volume  delivered,  the
number  of  cells  per  unit  area  could  be  varied  while  the  total  population  remained
constant.

Trial  experiments  were  run  in  order  to  assay  the  reproducibility  and  reliability
of  the  procedure.  It  was  found  that  the  surface  area  covered  by  an  aliquot  is  di-
rectly  proportional  to  the  volume  delivered  within  the  range  employed.  The  num-
ber  of  cells/mm.  2  of  surface  was  determined,  (a)  by  direct  count  under  low  power
using  a  Sedgewick  ocular  grid  and  (b)  by  calculation  using  the  known  numbers
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FIGURE  1.  Aggregative  center  formation  by  D.  discoidcitin  as  a  function  of  population  size
and  density.  Aliquots  of  myxamoebae  suspensions  were  placed  on  minimal  agar  plates  and
were designed to contain a constant number of cells dispersed at different population densities.
After  incubation,  the  numbers  of  centers  per  aliquot  were  determined.  Curve  I  represents  the
data obtained for a population size of 1.0 X 10 5 cells per aliquot, curve II for 5.0 X 10 4 cells/ali-
quot, and curve III for 2.5 X 10 4 cells/aliquot.

of  cells  and  measurements  of  the  areas  covered.  The  two  procedures  provided
calibration  data  which  are  in  excellent  agreement.

After  plates  had  been  seeded  in  this  manner,  they  were  incubated  at  22  C.  with
the  covers  ajar.  Within  a  short  time  the  fluid  was  absorbed  by  the  agar  and  the
covers  were  replaced.  Determinations  of  population  density  at  this  time  revealed
no  significant  changes  due  to  drying.  After  about  12  hours,  aggregation  began.
Subsequently  pseudoplasmodia  were  formed,  one  from  each  aggregation  center,  and
these  later  gave  rise  to  complete  sorocarps.  Counts  of  the  numbers  of  centers  were
usually  made  at  16,  24  and  again  at  36  hours.  Each  aliquot  was  replicated  between
four  and  eight  times  and  the  means  were  calculated.  The  variance  was  low  enough
to  assure  the  significance  of  the  values  obtained.

Figure  1  summarizes  the  results  of  a  number  of  experiments  with  44-hour  cul-
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tures  of  D.  discoideum.  The  cells  were  harvested  immediately  prior  to  the  normal
occurrence  of  aggregation.  Each  point  on  the  curves  represents  the  mean  of  at
least  12  replicate  determinations.  Three  different  total  population  levels  were  used.

The  curves  indicate  that  at  very  high  population  densities,  the  center-forming
cells  appear  to  interact  competitively  resulting  in  the  suppression  of  a  portion  of
them  ;  the  remaining  centers  are  proportionately  larger  than  those  at  lower  popu-
lation  densities.  At  very  low  densities,  the  limit  of  activity  of  the  aggregation  stim-
ulus  seems  to  be  reached  so  that  the  number  of  centers  falls  to  zero.  At  a  density
of  about  200  cells/mm.-,  no  limitation  is  apparent  and  the  number  of  centers  is
maximal.
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FIGURE  2.  Aggregative  center  formation  by  D.  pnrpureum  as  a  function  of  population  size
and  density.  Aliquots  of  myxamoebae  suspensions  were  placed  on  minimal  agar  plates  and
were  designed  to  contain  a  constant  total  number  of  cells  dispersed  at  different  population
densities.  After  incubation,  the  numbers  of  centers/aliquot  were  determined.  Curve  I  repre-
sents  the  data  obtained  for  a  population  size  of  2.5  X  10  4  cells/aliquot,  curve  II  for  1.0  X  10*
cells/aliquot, and curve III for 5.0 X 10 s cells/aliquot.

In  the  region  of  this  optimal  density,  the  number  of  centers  was  found  to  be
directly  proportional  to  the  total  number  of  cells  present.  Calculation  of  the  num-
ber  of  centers/cell  within  this  region  revealed  the  following  :  for  1  X  10  5  cells,  the
number  of  centers/cell  was  4.85  X  10~  4  ;  for  5  X  10*  cells  this  figure  was  4.70  X
10~  4  ;  and  for  2.5  X  10  4  cells  a  value  of  4.65  X  10"*  was  obtained.  The  mean  value
was  4.73  X  10~  4  0.15  X  10~  4  (standard  deviation),  equivalent  to  one  center  for
about  2100  cells.

A  similar  set  of  experiments  was  performed  with  washed  cells  from  50-hour
cultures  of  D.  purpurenin,  harvested  immediately  before  aggregation.  Figure  2
summarizes  the  results  obtained.  The  number  of  centers/cell  was  found  to  be
much  higher  in  this  species  than  in  D.  discoideuin,  the  mean  value  amounting  to
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3.3  X  10"  3  0.5  X  10~  3  .  This  corresponds  to  a  distribution  of  one  aggregation
center  for  about  300  cells.

C.  The  number  of  aggregation  centers  among  cells  which  already  Jiai'c  aggregated

In  order  to  determine  if  tbe  number  of  centers/cell  was  different  in  a  population
which  had  already  aggregated,  55-60-hour  cultures  of  D.  discoidenin  were  har-
vested,  washed,  and  used  for  the  experiment  previously  described.  These  cells
had  already  aggregated  or  were  in  the  process  of  doing  so.  Such  cells  have  great
tendency  to  clump,  a  condition  which  could  be  partially  alleviated  by  the  use  of
distilled  water  as  the  suspending  medium.  Even  so,  appreciable  clumping  remained
and  the  results  were  somewhat  erratic.  The  number  of  centers/cell  for  three
population  levels,  1.0  X  10  fl  ,  5.0  X  10  4  ,  and  2.5  X  10  4  cells,  was  determined.  The
mean  value  was  4.3  X  10~  4  .  It  therefore  appears  that  the  aggregation  process  does
not  alter  the  distribution  of  center-forming  capacity  in  the  population.

TABLE I
Center formation by mixtures of young cells harvested before aggregation and old cells harvested after

aggregation. Each value represents the mean of four replicate determinations.
See text for details of experimental procedure

The  possibility  remained,  however,  that  this  value  is  constant  not  because  more
cells  had  not  attained  the  ability  to  initiate  center  formation  but  rather  because  the
remainder  of  the  population  could  not  respond  to  the  stimulus  imposed.  In  order
to  rule  out  this  possibility  determinations  were  made  of  the  number  of  centers/cell
of  a  series  of  mixtures  of  old  cells  (55-60  hours)  and  young  cells  (44  hours).
Table  I  shows  the  results  obtained.  Regardless  of  the  proportion  of  young  and
old  cells,  the  number  of  centers  formed  did  not  differ  beyond  experimental  error.
The  similarity  was  evident  for  each  of  the  population  densities  employed.

D.  The  populational  distribution  of  center-initiating  capacity

Under  conditions  where  the  degree  of  cellular  dispersion  does  not  limit  the  ini-
tiation  of  aggregative  centers,  the  number  of  centers  which  are  formed  was  found
to  be  directly  proportional  to  the  number  of  cells  present.  At  least  two  interpreta-
tions  may  be  raised  to  explain  this  fact.

(a)  All  individuals  in  the  population  are  capable  of  initiating  aggregation,  act-
ing  either  singly  or  in  association.  However,  the  realization  of  this  potency  does
not  occur  simultaneously  in  all  individuals  but  rather  is  distributed  in  time.  Thus,
the  small  proportion  of  cells  which  attained  this  capacity  first  would  be  the  only
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ones  to  initiate  centers.  The  rest  of  the  population,  attaining  this  ability  at  a  later
time,  would  already  have  been  attracted  to  previously  established  centers  and  so
could  not  inform  the  observer  of  their  acquisition.

(b)  The  formation  of  a  center  depends  upon  the  presence  in  the  population  of
a  single  cell  or  group  of  cells  which  is  uniquely  constituted  so  as  to  be  able  to  ini-
tiate  the  formation  of  the  center.

A  distinction  between  the  alternatives  was  made  by  examining  the  distribution
of  center-forming  capacity  within  very  small  population  samples  at  population
densities  previously  shown  to  be  sufficient  to  permit  the  expression  of  aggregating
ability.  Were  alternative  (a)  valid,  one  might  anticipate  that  at  least  one  center
of  aggregation  would  appear  in  every  sample  even  though  the  times  of  appearance
might  differ.  In  contrast,  the  validity  of  (b)  would  be  evidenced  by  the  fact  that,
for  small  enough  population  samples,  not  every  one  would  produce  a  center  despite
the  fact  that  the  population  density  would  be  great  enough  to  enable  the  initiating
mechanism,  if  present,  to  operate.  In  fact,  under  the  proper  conditions  the  distri-

TABLE  II
Population distribution of center-forming capacity. The mean number of centers/cell was calculated

by solving for m, the first term of the Poisson expression, P = e~ m , where P is the
fraction of drops containing no centers and m is the average number of

centers /drop. See text for details of experimental procedure

bution  of  centers  should  be  in  accord  with  the  Poisson  series.  Thus,  the  propor-
tion  of  samples  containing  0,  1,  2  and  3  aggregative  centers  would  be  given,  re-
spectively,  by  the  expression,  e~  m  ,  ine'  m  ,  m  z  e~  m  /2  !,  and  w  3  ^"'"/3  !,  where  m  is  the
mean  number  of  centers  per  sample.

Suspensions  of  washed  44-hour  D.  disc  oide  inn  were  prepared  and  replicate,
direct  cell  counts  were  made  in  the  Levy  chamber.  A  Cenco  machined  loop  of
1.0  mm.  inside  diameter  was  used  to  deposit  drops  of  the  suspension  on  minimal
agar.  The  fluid  was  quickly  absorbed  leaving  the  cells  homogeneously  distributed.
The  average  volume  of  the  drops  delivered  by  the  loop  was  found  in  trial  experi-
ments  2  to  be  1.1  X  1O  4  cc.  0.1  X  10~  4  .  Surface  density  measurements  were
made  as  before  with  a  Sedgewick  ocular  grid  and  demonstrated  the  duplicability
of  the  method.  The  variances  of  the  determinations  were  in  all  cases  approxi-
mately  equal  to  the  means,  indicating  that  the  only  significant  error  is  that  incurred
by  random  sampling.

-  Very  dilute  suspensions  of  myxamoebae  were  dispensed  with  the  loop.  The  mean  num-
bers of cells deposited were determined by direct count under low power. The original suspen-
sions  were  counted  with  a  Levy  chamber.  From  the  two  sets  of  data,  the  volume  delivered  by
the loop could be calculated.
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After  16,  24  and  48  hours  incubation,  each  spot  of  cells  on  the  agar  was  exam-
ined  under  a  dissecting  microscope  for  the  presence  of  aggregations  and  fruiting
structures.  At  the  end  of  this  time,  it  was  found  that  not  all  of  the  spots  con-
tained  centers  of  aggregation.  Moreover,  all  the  centers  which  appeared  did  so
before  24  hours.  Table  II  summarizes  the  data  obtained  from  three  experiments
in  which  samples  of  900,  1025  and  2100  cells  were  used.  The  last  column  on  the
right  contains  calculations  of  the  number  of  centers/cell.  These  were  obtained  by
solving  the  first  term  of  the  Poisson  expression,  P  Q  e~'",  where  P  is  the  pro-
portion  of  samples  containing  no  centers  and  in  is  the  mean  number  of  centers  per
sample.  The  average  number  of  centers  per  cell  was  found  to  be  4.3  X  10~*.  This
compares  well  with  the  figure,  4.73  X  10~  4  ,  obtained  by  the  procedure  described  in
Section  B.

One  may  ask  whether  the  suppression  of  center  formation  by  high  population
densities  might  not  increase  the  proportion  of  samples  displaying  no  centers.  That

TABLE  III
Comparison between the observed and expected distributions of aggregative centers. See text for details

this  is  not  the  case  can  be  seen  by  comparison  between  the  data  obtained  with  900
cells  and  with  2100  cells.  In  the  latter  samples  the  population  density  was  more
than  twice  as  great  as  in  the  former.  Yet,  despite  the  greater  cell  density,  the
proportion  of  samples  displaying  no  centers  was  much  smaller.  It  must  be  noted
in  this  connection  that  high  cell  densities  do  not  inhibit  all  center  formation  per  se.
From  the  results  summarized  in  Figure  1,  it  would  appear  that  when  the  popula-
tion  density  is  high,  center  initiators  are  close  enough  to  compete  for  aggregatee
cells  and,  as  a  result  of  this  competition,  some  prospective  centers  are  incorporated
by  their  neighbors.  In  no  case  has  the  existence  of  a  high  population  density  led
to  the  suppression  of  all  centers  but  merely  has  acted  to  reduce  the  total  number.
Thus  one  might  expect  that  in  the  small  population  samples  at  high  cell  densities,
the  presence  of  one  initiator  would  lead  to  the  production  of  a  center  but  where  two
or  more  initiators  were  present  in  a  single  sample,  the  number  of  centers  formed
might  be  less  than  the  number  of  initiators.  Were  this  condition  to  exist,  the  P
values  would  provide  accurate  reflections  of  the  distribution  of  initiators  but  the
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PI,  P-2,  etc.,  values  would  be  biased.  For  this  reason,  only  the  PO  values  have
been  utilized  in  the  calculation  of  the  number  of  centers/cell.

It  must  be  emphasized  that  the  crucial  point  of  the  experiment  has  to  do  with
whether  or  not  ever}-  sample  can  produce  a  center.  The  question  of  agreement  with
the  Poisson  series  is  of  secondary  importance,  for  its  purpose  is  to  enable  us  to  cal-
culate  the  number  of  centers  cell  and  thus  permit  a  comparison  with  the  figure
derived  previously.

A  rough  estimate  of  the  agreement  of  the  observed  data  with  the  Poisson  distri-
bution  was  made  in  the  following  way.  The  values  of  m,  obtained  from  the  P
figures,  were  employed  in  order  to  calculate  the  corresponding  PI,  P<>  and  P%  values
assuming  random  distribution.  Table  III  compares  these  figures  with  those  ob-
tained  experimentally.  The  accompanying  chi-square  estimates  indicate  that,  for
the  experiments  using  900  and  1025  cells/sample,  the  differences  between  observed
and  expected  results  should  be  exceeded  by  chance  30  and  60%  of  the  time,  respec-
tively.  For  2100  cells  /sample,  the  agreement  is  very  poor.  Here,  the  biasing  of
the  PI,  P  2  ,  etc.,  values,  anticipated  previously,  was  encountered.  This  is  not  sur-
prising  in  view  of  the  fact  that  the  population  density  of  these  samples  was  between
500  and  600  cells/mm.  2  .

It  appears  that  more  efficient  utilization  of  the  data  might  be  accomplished  by
making  use  of  the  PI,  P  2  ,  etc.,  values  from  the  experiments  where  these  values  were
not  biased.  However,  it  is  felt  that  the  precision  required  in  order  to  obtain  a
definitive  answer  to  the  question  posed  does  not  warrant  this  refinement.

DISCUSSION

The  reported  findings  indicate  that,  by  the  end  of  the  growth  period,  a  clonally
derived  population  of  fnyxamoebae  exhibits  a  condition  of  heterogeneity  with  re-
spect  to  the  ability  to  initiate  aggregation.  The  question  of  whether  this  initiation
is  contrived  by  a  single  cell  or  by  groups  of  cells  acting  in  concert  cannot  be  an-
swered  conclusively  from  the  data  at  hand.  However,  two  considerations  point  to
the  likelihood  that  the  former  interpretation  is  correct.

(a)  Microscopic  observation  of  the  process  reveals  that  at  the  beginning  of  ag-
gregation,  the  cells  elongate  and  become  radially  oriented.  If  the  population  density
is  small,  it  generally  may  be  observed  that  the  center  of  orientation  is  occupied  by
very  few  cells  and  often  merely  by  one.

(b)  The  distribution  of  aggregative  centers  among  small,  replicate  samples  of
a  population  indicates  a  constant  value  for  the  number  of  centers  per  cell  despite  the
fact  that  in  these  experiments  the  mean  number  of  cells  per  sample  was  varied  and
therefore  the  population  density  was  not  held  constant.  Yet,  it  is  clear  that,  were
a  group  of  cells  to  cooperate  in  the  initiation  of  a  center,  an  increase  in  density  would
encourage  center  initiation.  In  the  experiments  described,  however,  increases  in
density  did  not  affect  the  proportions  of  samples  with  no  centers  but  merely  acted
to  suppress  the  formation  of  additional  centers  in  samples  which  already  possessed
one or more.

One  possible  method  of  distinction  would  appear  to  lie  in  the  examination  of
center  formation  by  small  numbers  of  wild  type  myxamoebae  when  mixed  with
"aggregateless"  mutants,  capable  of  responding  to  the  initiating  mechanism  but  not
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of  producing  it.  A  number  of  aggregateless  variants  have  been  isolated  and  are
being  investigated  with  this  end  in  view.

One  may  inquire  into  the  genetic  mechanism  by  which  the  aggregators  and  ag-
gregatees  arise.  Previous  findings  (Sussman,  1951)  have  indicated  that  the  differ-
entiation  observed  could  equally  well  arise  via  stable  genie  mutation  and  appropriate
selection  pressures,  segregation  or  zygote  formation  within  the  clone,  or  by  easily
reversible  genie  or  cytoplasmic  modifications.  At  present,  it  does  not  appear  that
the  results  reported  here  can  be  construed  to  support  or  militate  against  any  of  these
possibilities.  However,  it  is  hoped  that  with  the  information  now  at  hand,  a  fruit-
ful  examination  of  this  question  will  be  possible.

The  relation  between  the  center-initiating  mechanism  and  the  production  of
acrasin,  the  chemotactic  principle,  may  be  examined  in  the  light  of  the  reported  re-
sults.  Observation  of  the  aggregative  process  (Bonner,  1944)  has  indicate  that
the  myxamoebae  at  the  periphery  of  the  aggregation  pattern  do  not  in  all  cases  move
radially  toward  the  center  but  often  migrate  toward  previously  established  streams
of  aggregating  amoebae  before  taking  up  a  radial  direction.  This  would  indicate
that  the  production  of  acrasin  is  not  a'  property  possessed  only  by  individuals  at  the
aggregating  center  but  also  can  be  accomplished  by  outlying  cells.  It  is  therefore
likely  that  the  capacity  to  initiate  a  center  of  aggregation  is  not  identical  with  the
ability  to  produce  acrasin.  One  may  speculate  that  the  center-initiating  agency  may
supply  a  co-factor  necessary  to  the  production  of  acrasin  and  thereby  exert  its  effect.

SUMMARY

1.  Examination  of  the  aggregation  stage  in  the  development  of  the  Dictyosteli-
aceae  has  revealed  that  the  number  of  aggregative  centers  formed  is  a  function  of
the  population  size  and  density.  At  population  densities  which  do  not  limit  the
formation  of  centers,  the  number  of  such  centers  is  proportional  to  the  number  of
myxamoebae  present.  For  D.  discoideum,  the  number  of  centers/cell  was  found
to  be  4.73  X  lO"  4  and  for  D.  purpurewn,  3.3  X  10~  3  .  These  values  correspond  to
one  aggregation  for  about  2100  and  300  cells,  respectively.  The  values  remain
constant  throughout  the  aggregation  process.

2.  Analysis  of  the  distribution  of  centers  within  small,  replicate,  population  sam-
ples  of  myxamoebae  indicates  that  the  capacity  for  center  initiation  is  possessed  by
only  a  small  proportion  of  cells.  The  values  for  the  number  of  centers/cell  achieved
by  this  method  agreed  well  with  those  previously  cited.

3.  The  implications  of  these  findings  are  discussed.
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