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The  f r ac t ion  w i t h  t he  second la rges t  a c c u m u l a t i o n  of 
ca ro t ene  is t he  4, 900 • g sed iment .  There  was a s imi lar  rela-  
t i ve  d i s t r i b u t i o n  of carotene ,  t o t a l  lipids, p r o t e i n  a n d  d ry  
solids w h e n  t he  m y c e l i u m  was g rown w i t h  1% l ipids  in  
t he  med ium.  However ,  c o m p a r a t i v e l y  less l ip id  and  more  
p ro t e in  a n d  d ry  solids s e d i m e n t e d  in t he  600 • g f r ac t ion  
(Table).  I t  seems t h a t  t he  m y c e l i u m  grown a t  t he  lower  
l ip id  level  is more  r e s i s t a n t  to  d i s rup t ion ,  wh ich  m a y  be  a 
re f lec t ion  of differences  in p ropor t ions  of c a r b o h y d r a t e s  
and  l ipids  in t he  m y c e l i u m  cell wall. 

The  d i s t r i b u t i o n  of ca ro tene  in r e l a t ion  to  d r y  solids, 
p ro t e in  a n d  t o t a l  l ip ids  us ing  myce l i um grown w i t h  4 % or 
1% l ipids  in t he  m e d i u m  is shown  in F igure  1. I n  t he  f i rs t  
m e n t i o n e d  case all  3 p a r a m e t e r s  h a v e  a d i s t i nc t  p e a k  a t  
4 ,900•  The  p a t t e r n  is qu i t e  d i f fe ren t  in  f r ac t ions  pre-  
pa red  f rom m y c e l i u m  grown w i t h  1% l ipids in  t he  m ed ium.  
The  peaks  a t  4, 900 • g are missing,  while  t he  ca ro tene  : l ipid 
ra t io  in  t he  600 • g s e d i m e n t  is v e r y  h igh  (Figure  lu) .  
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Fig. 2. Contents of protein (A -A) and total lipids (0 O) expressed 
as a percentage of dry solids, in subcelhflar fractions of B. trispora. 
Medium containing 4% lipids. 

F igure  2 shows t he  c o n t e n t s  of t o t a l  l ip ids  and  p r o t e i n  
in  r e l a t ion  to d r y  solids in  t he  va r ious  sed iments .  The re  is 
a m i n i m u m  in t h e  l ipid c o n t e n t  of t he  600 • g s e d i m e n t  
which  m a y  be  exp la ined  b y  t he  aforesa id  e jec t ion  of ' f ree '  
l ipids d u r i n g  cent r i fuging .  The  large  c o n t e n t  of l ipids  in  
t he  10, 000 • g f r ac t ion  p r o b a b l y  cor responds  to l igh t  mi to -  
chondr ia .  The  p a t t e r n  was essent ia l ly  s imi la r  us ing  rnyce- 
l i um grown w i t h  1% lipids, b u t  t he  l ipid c o n t e n t  of all  
f r ac t ions  was lower.  

I t  appea r s  f rom these  d a t a  t h a t  t he re  are a t  leas t  2 pools  
of f l -carotene in t h e  inyce l ium of B.  trispora. One of t h e m  
is assoc ia ted  w i t h  t h e  f r ac t ion  s ed imen t ing  a t  4, 900 • g, pre-  
s u m a b l y  cons i s t ing  m a i n l y  of cell walls a n d  h e a v y  mi to -  
chondr ia .  The re  also seems to  be  a large pool  of free fl- 
carotene ,  d issolved in f a t  globules  suspended  in t he  cyto-  
p lasm.  Simi lar  f a t  inclus ions  are  cons idered  to be  t h e  m a i n  
pool  of ca ro teno ids  in fungi  4. The  m a g n i t u d e  of t h i s  pool  
in  B. trispora m a y  be  re l a t ed  to t he  excessive syn thes i s  of 
f l -carotene which,  as po in t ed  ou t  above ,  is s u b s t a n t i a l l y  
increased  in t he  presence  of exogenous ly  suppl ied  l ip ids  5. 

Rdsumd. On a o b t e n u  2 pools  m a j e u r s  de fi-carot~ne 
dans  l ' h o m o g 6 n a t  du  myc61ium de B. trispora. L ' u n  d ' e u x  
est  associ@ ~ la f r ac t ion  s6d imen tab l e  k 4, 900 • g, l ' a u t r e  a u x  
globules de ma t ig re  grasse, dans  le cy top lasme .  
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Microbio log ica l  Assay  of Cyclic 3 ' ,  5"-AMP 

Cyclic 3', 5 ' -AMP is p re sen t  in m a n y  t i ssues  of va r ious  
animals ,  where  i t  m a y  ac t  as a ' second messenger  '1 
Severa l  b iochemica l  assays  for cyclic 3', 5 ' -AMP are avai l -  
able.  A microbiologica l  assay  for q u a l i t a t i v e  and  q u a n t i t a -  
t i ve  d e t e r m i n a t i o n  of cyclic 3', 5 ' -AMP is descr ibed  in th i s  
r e p o r t  us ing  m y x a m o e b a e  wh ich  move  t o w a r d s  sources  
c o n t a i n i n g  th i s  compound .  Th i s  m e t h o d  shows h i g h  
specif ic i ty  a n d  sens i t iv i ty .  An  a d d i t i o n a l  a d v a n t a g e  is 
t h a t  all  k inds  of e x t r a c t s  m a y  be  assayed  for cyclic 3', 5'- 
A M P  w i t h o u t  p rev ious  pur i f i ca t ion  procedures .  

Materials and methods. T he  p r e p a r a t i o n  of m y x a m o e -  
bae,  a h y d r o p h o b i c  aga r  surface a n d  t he  m e a s u r e m e n t  of 
i ts  r ig id i ty  a n d  h y d r o p h o b y  h a v e  been  descr ibed  pre-  
v ious ly  2, a. Us ing  a h y d r o p h o b i c  aga r  of a su i t ab le  r ig id i ty  
t he  cells s t ayed  inside t he  drops  unless  a n  ac t ive  a t t r a c t a n t  
ou ts ide  t he  d rops  induces  t h e m  to pass  t he  b o u n d a r y  
(Figure 1). 100-150 drops  (each 0.1 [xl) of a m y x a m o e b a e  
suspens ion  were p laced  on such a n  agar.  E v e r y  r e s p o n d i n g  
p o p u l a t i o n  (drop d i a m e t e r  ca. 0.6 ram) c o n t a i n e d  500-  
1000 cells. 

M y x a m o e b a e  were m o s t  sens i t ive  to  a t t r a c t a n t s  a t  t he  
onse t  of aggrega t ion  4,5. Smal l  popu la t i ons  of m y x a m o e -  
bae, i n c u b a t e d  a t  22~ in darkness ,  agg rega ted  8-10 h 

a f te r  deposi t ion .  The  s ens i t i v i t y  of t he  cells in  t he  va r ious  
d rops  was b e t t e r  synch ron i zed  w h e n  t h e y  were i n c u b a t e d  
a t  22 ~ for 2-3  h, s tored  o v e r n i g h t  a t  5-6  ~ and  used t he  
n e x t  day.  A s u d d e n  change  in t e m p e r a t u r e  m a y  some- 
t imes  lead to w i t h d r a w a l  of pseudopods ,  especial ly  a t  
25 ~ or h igher .  I n c u b a t i o n  a t  16 ~ for 30 60 ra in  before  
exposure  to  room t e m p e r a t u r e  p r e v e n t e d  r o u n d i n g - u p  of 
t he  cells. Drops  (0.1 ~1) of a n  ac t ive  e x t r a c t  were p laced  
nea r  (100 500 ~xnl away)  t h e  r e spond ing  drops.  The  
a t t r a c t i o n  was obse rved  30 or 45 ra in  a f te r  depos i t ion ,  
t h r o u g h  a phase  c o n t r a s t  microscope  ( • 80). The  cells in 
t he  r e spond ing  popu la t i ons  shou ld  no t  be  agg rega t ing  a t  
t he  t i m e  of obse rva t ion .  A response  was scored pos i t ive  
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when  m y x a m o e b a e  moved  across t he  marg in  of t he  re- 
sponding  drop  (Figure 1). 

E x t r a c t s  t h a t  induced  a very  weak response  were  
depos i ted  3-5 t imes  a t  5 min  intervals ,  imi t a t ing  the  
pulses t h a t  are charac ter i s t ic  of aggregat ing  m y x a m o e b a e .  
Observa t ion  took  place 5 min  af ter  the  last  deposi t ion.  

Results and discussion. Act ive  sources are bac te r ia  and  
aggregates  of m y x a m o e b a e  (F igure  1). The a t t r a c t a n t ,  
secre ted  by  these  organisms,  was shown to be adenosine  
3', 5 ' -monophospha t e  (cyclic 3', Y-AMP)6-10. At  h igh cy- 
clic 3', 5 ' -AMP concent ra t ions ,  as w i th  a concen t r a t ed  
wa te r  ex t r ac t  of bac te r ia  4, the  m y x a m o e b a e  crossed the  
marg ins  a t  all sides (Figure 2). The presence  of ex t ra-  
cellular phosphod ies te rase  in m y x a m o e b a e  popula t ions  
m a y  expla in  w h y  cells also m o v e d  away  f rom the  a t t r ac t -  
ing source. M y x a m o e b a e  sec re t e  phosphod ies te rase  1t, 
which  inac t iva tes  cyclic Y, 5 ' -AMP 12, is. P r e s u m a b l y  th is  
enzyme diffused t h rough  the  agar  and inac t iva ted  the  
cyclic 3 ' , 5 ' -AMP a round  the  drop,  c rea t ing  a s teep 
g rad ien t  of cyclic 3', 5 ' -AMP in all d i rect ions  away  f rom 
the  centre.  This  s teep  g rad ien t  ac t iva ted  the  ceils to  move  
outs ide  and  away  f rom the  d rop  over  d is tances  as m u c h  as 
0.8 m m  from the  edge. I f  phosphod ies te rase  is inducible  
by  cyclic 3', 5 ' -AMP the  increased prodUdtion of the  phos-  
phodies te rase  induced  by  the  h igh  concen t ra t ion  of cyclic 
3', 5 ' -AMP in the  agar,  could explain  w h y  amoebae  move  
so far away.  

At  lower concen t ra t ions  of cyclic 3 ' , 5 ' -AMP the  re- 
sponding  m y x a m o e b a e  de t ec t ed  the  g rad ien t  of t h e  
a t t r a c t a n t  and  only  m o v e d  towards  the  a t t r ac t i ng  drop  
(Figure 1). At  ve ry  low concen t ra t ions  of cyclic 3 ' ,5 ' -  
A M P  in the  ex t rac ts ,  m y x a m o e b a e  did no t  cross t he  edge 
of the  drop, bu t  s t ayed  inside, pressed agains t  the  margin .  
Such a response  was  cons idered  posi t ive  when  a t  least  
twice  as m a n y  cells were  pressed agains t  the  marg in  
closest  to  the  a t t r a c t i n g  d rop  as on the  opposi te  side 
(Figure 3). A m o u n t s  as low as 10 -12 g of cyclic 3', 5 ' -AMP 
elicited such a response.  

The concen t ra t ion  of cyclic 3', 5 ' -AMP in an act ive  ex- 
t r ac t  was measured  by  d i lu t ion  of the  ex t r ac t  unt i l  the  
concen t ra t ion  becomes  so low t h a t  no t  all b u t  only  a 
cer ta in  percen tage  of the  respond ing  popula t ions  reac ted  
posi t ively.  The cyclic 3', 5 ' -AMP concen t ra t ion  in t he  ex- 
t r a c t  was  e s t ima ted  by  evoking a s imilar  percen tage  of 
pos i t ive ly  respond ing  popula t ions  w i th  known  con- 
cen t ra t ions  of commerc ia l  3", 5'-AMP. Two-fold differences 
in cyclic 3', 5'-AlV[P concen t ra t ions  were d e m o n s t r a t e d  in 
th is  way.  

Many  o ther  c o m p o u n d s  were t es ted ;  only  3 ' ,5 ' -cycl ic  
nucleot ides  and  some of the i r  analogues were act ive  s. The  
3 ' ,5 ' - r ing  seems to  be ind ispensable  for a t t rac t ion .  The  
concen t ra t ion  of cyclic nucleot ides,  o the r  t h a n  cyclic 
3', 5 ' -AMP, needed  to  be m u c h  h igher  to elicit a response.  

Fig. 1. Chemotaxis in Dictyosteliurn discoideum. The aggregation in 
the drop on the left attracts myxamoebae outside the boundary of 
the drop on the right. Cells inside the drop move on the agar surface. 
Cells outside the drop crawl through the agar. • 60. 

Fig. 2. High concentrations of the attractant deposited near the 
responding drop induce the myxamoebae to cross the margin of the 
drop on all sides. • 60. 
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Fig. 3. Population of myxamoebae on washed non-nutrient agar of 
low rigidity. Drops (0.1 [zl) containing 3 • -13 g cyclic AMP were 
deposited 3 times at 5 rain intervals to the left of the responding 
drop. • 95. 
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Therefore t h e y  p robab ly  p lay  a minor  role, if any, in the  
response of m y x a m o e b a e  tes ted  wi th  act ive  ext rac ts .  

E x t r a c t s  of organs of h igher  organisms were also t e s t ed  
wi th  th is  assay. Liver,  spleen, hear t ,  and  k idney  ex t rac t s  
were  active. Ur ine  and milk, even at  di lut ions of 1000 
a t t r a c t e d  myxamoebae .  Af ter  pur i f ica t ion of the  ex t rac t s  
by  column and  paper  c h r o m a t o g r a p h y  8, i t  was shown t h a t  
cyclic 3", Y-AMP was present .  The a t t r a c t a n t s  in h u m a n  
urine evoked a response  similar  to  ca. 5 [xM of cyclic Y, 5'- 
AMP.  BUTCHER and  SUTHERLAND la ident i f ied dai ly levels 
of 2-7 [~M of cyclic Y , Y - A M P  in h u m a n  urine. Conse- 

Comparison of the chemotactie response induced by different 
concentrations of urine and cyclic 3", 5 -AMP 

Urine Y, 5'-AMP Urine 
dilution • 500 0.01 ~xM dilution • 2000 
Total % Total % Total % 
positive positive positive positive positive positive 

Test 1 25 83 32 73 14 48 
Test 2 22 88 25 73 20 59 
Test 3 18 60 22 47 7 23 

The drops with attractant were placed 3 times with 5 rain intervals 
near (less than 0.45 mm) the responding drops. Observation took 
place 5 rain after the last deposition. 

quen t ly  3', 5 ' -AMP is the  main,  if no t  the  only, a t t r a c t a n t  
in urine. In  col laborat ion wi th  F. C. G. VAN DE VEERDONK, 
Unive r s i ty  of Ut rech t ,  it  was shown t h a t  ex t rac t s  of da rk  
p igmen ted  skin of Xenopus laevis con ta ined  twice as m u c h  
a t t r a c t a n t  as l ight  p i g m e n t e d  skin. The ac t iv i ty  of the  
a t t r a c t a n t  in 0.5 g da rkened  skin (wet wt.) was equiva len t  
to  ca. 1 • 10 -s g of cyclic Y, 5 ' -AMP ~4. SUTHERLAND and  
co-workers  s tud ied  the  p roduc t ion  of cyclic A M P  af ter  the  
t a rge t  cell was ac t iva ted  by  a hormone .  In t e res t ing ly  
enough I found  t h a t  ex t rac t s  of axolot l  embryos  w i t hou t  
ho rmona l  g lands  (blastula and  neurula) are active.  More 
deta i led  resul ts  will be  publ i shed  elsewhere i~ 

Zusammen/assung. Es  wird ein mikrobiologisches  Test-  
ve r fahren  beschr ieben,  m i t  dem sehr  geringe Mengen yon 
zykl ischem Adenos in  Y, 5 ' -mo n o p h o s p h a t  q u a n t i t a t i v  
nachgewiesen  werden  k6nnen.  
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Blood Glucose and Liver Glycogen  Content in Male Whirler Mice 

Recen t  s tudies I wi th  relat ively small  popula t ions  of 
homozygous  male whirler  versus he terozygous  whir ler  
mice have  d e m o n s t r a t e d  marked  bu t  no t  s ignif icant  re- 
duct ions  in p lasma glucose levels (P  0.07), accompanied  
by  s ignif icant  decreases in liver glycogen. These da t a  
suggest  differences in the  ca rbohydra t e  me tabo l i sm and 
ut i l izat ion processes of the  neurological  mu tan t .  Previous  
inves t igat ions  ~-s of  endocrine and  metabol ic  differences 
be tween  homozygous  male  and female whir ler  mice and  
the i r  pheno typ ica l ly  ' normal '  he te rozygous  l i t t e rmates  
have  indica ted  s ignif icant  increases in adrenocor t ica l  
ac t iv i ty  and me tabo l i sm of the  whirlers.  The whir ler  
mu ta t i on  8 represents  a recessive behaviora l  and neuro- 
logical fac tor  located in the  V I I I  l inkage group. The mice 
are one of a group of wal tz ing  recessive mu ta t i ons  7 
possessing an ex t r eme ly  nervous,  restless and exci table  
nature .  In  addi t ion  to head-shak ing  and deafness,  the  mice 
display syndromes  of rapid  clockwise and/or  counter-  
clockwise circling locomotor  act iv i ty .  Neurological  and 
labry in th ine  anomal ies  have  been f requent ly  associated 
wi th  the  wal tz ing synd rome  v. The p resen t  paper  sought  to  
reaff i rm and subs t an t i a t e  earlier impress ions  of hypo-  
glycemia in the  whir ler  mice by  compar ing  groups wi th  
larger popula t ion  sizes. 

The original s tock of male  and  female homozygous  
whir ler  and pheno typ ica l ly  ' normal '  he te rozygous  mice 
were ob ta ined  f rom the  Jackson  Labora tory ,  Bar  Harbor ,  
Maine. After  several  genera t ions  of selective inbreeding,  
homozygous  and he te rozygous  whir ler  male l i t t e rmates  
were selected for s t u d y  f rom Inat ings of pheno typ ica l ly  
' normal '  he te rozygous  females  to  whir ler  b ro the r  males.  
Genet ical lyL the  m u t a n t  whirler  mice were homozygous  
for the  recessive gene (wi wi). The he terozygous  mice had  
the  (wi +)  geno type  and appeared  pheno typ ica l ly  'normal '  

in behavior ,  loconmtor  ac t iv i ty  and hearing.  The mice 
were non-agout i  and b rown :for coat  color and  ha i r  pig- 
m e n t  character is t ics  7. 

All animals  were bred and raised in a i r -condi t ioned  
quar te rs  wi th  room t e m p e r a t u r e s  ma in t a ined  a t  73-75 ~ 
When  breeding  uni ts  were capable  of supply ing  suff icient  
number s  of mice for expe r imen ta t ion ,  homozygous  and  
he te rozygous  male mice were weaned  at  4 weeks of age for 
subsequen t  weekly body  weight  evaluat ions.  The n u m b e r  
of male mice was l imi ted  to 2 an imals  per  cage to  avoid 
crowding and  f ight ing effects s. The cages were s tainless  
steel, hav ing  d imensions  of 61/2 x 10 • 7 inches and  b ed ded  
wi th  pine  shavings.  

At  16 weeks of age, t he  mice were sacrificed by  rapid  
decap i t a t ion  1 h af ter  body  weight  de t e rmina t ions  to  re- 
duce undue  stress and prolonged hand l ing  of the  animals .  
Blood samples  were collected in hepar in ized  beakers  for 
p la sma  glucose de te rmina t ions" .  All mice were au tops ied  
rap id ly  for liver glycogen analyses  by  the  procedure  of 
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