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D i s t r i b u t i o n  o f / ~ - C a r o t e n e  i n  S u b c e l l u l a r  F r a c t i o n s  o f  B l a k e s l e a  T r i s p o r a  

Very  l i t t le is known abou t  the  physiological  func t ion  of 
caro tenoids  in n o n - p h o t o s y n t h e t i c  microorganisms.  Thei r  
in t racel lular  d i s t r ibu t ion  has  no t  been  s tudied  to  any  
grea t  ex ten t .  The mould  under  s tudy  here,  Blakeslea tri- 
spora, is a ve ry  act ive  p roducer  of carotenoids ,  of which  
more  t h a n  80% is fl-carotene. This pape r  describes an 
a t t e m p t  to  de te rmine  the  subcellular  d i s t r ibu t ion  of 
caro tenes  b y  different ia l  cent r i fugat ion  of d i s rup ted  
mycel ium.  

Organisms,  g rowth  media  and  techniques  were as de- 
scr ibed by  CEDERBERG and NEUJAHR 1, bu t  the  l ipid con- 
t e n t  of the  g rowth  med ium was  decreased to 4% or 1%. 

Harvest and disruption o] the mycelium. The myce t ium 
was  separa ted  f rom the  g rowth  med ium by  f i l t ra t ion u n d e r  
suction.  The f i l ter-cake was resuspended  and washed  3-4 
t imes  wi th  ice-cold disti l led wa te r  using some su r f ac t an t  
in the  f i rs t  wash. The washed  suspension,  hal f  the  original  
cul ture  volume,  was d i s rup ted  in an X-press  ~ a t  - -15  ~ 
The frozen homogena t e  was s tored a t  4 - 1 5  ~ unt i l  
t h aw ed  immed ia t e ly  before f rac t ionat ion.  

Differential centrifugation oJ the disrupted mycelium. The  
homogena t e  was d i lu ted  to  the  init ial  cul ture  vo lume and  
cent r i fuged in a Spinco P repa ra t ive  Ul t racen t r i fuge  
Model L50. The homogena t e  was first  cent r i fuged at  600 g 
and  the  600 g s u p e r n a t a n t  a t  75,000 g. The 75,000 g sedi- 
m e n t  was then  cent r i fuged at  4,900 g and  the  4, 900 g super-  
n a t a n t  again a t  75,000 g. The  75,000 g sed imen t  was  t h e n  
re f rac t iona ted  at  lower speeds  and sed iments  were  col- 
lected also a t  10,000, 25,000 and  75,000 g. All runs  were 
made  for 30 min.  The f ract ions  were washed  once wi th  
ice-cold dist i l led wa te r  and  recentr i fuged.  The super-  
n a t a n t  l iquid a f te r  each cen t r i fuga t ion  was f i l tered 

t h ro u g h  gauze to r emoved  the  pools of fa t  forming at  the  
surface. 

Analyses. The respect ive  f ract ions  were resuspended  in 
wa te r  and  dupl ica te  samples  were t aken  for each analysis.  
Dry  solids were de t e rmined  a f te r  d ry ing  a t  105 ~ to  con- 
s t a n t  weight .  P ro te in  was measured  according to  LowRY 
et al. ~. Carotenes  and l ipids were ex t r ac t ed  wi th  ace tone  
and l ight  pe t ro leum.  The carotenes  were de t e rmined  as 
fl-carotene a t  452 n m  using ~-lO/, 2560. Total  l ipids ~lcm 
were de t e rmined  gravimetr ica l ly  af ter  evapora t ion  of the  
solvent .  

Results and discussion. Unless  o therwise  s t a t ed  all re- 
sul ts  are mean  values  of 4 d i f fe ren t  exper iments .  T h e  
Table  shows the  re la t ive d i s t r ibu t ion  of carotene,  lipids, 
p ro te in  and dry  solids in t he  var ious  fractions.  As can be 
seen, using myce l ium grown wi th  4% lipids, about  59% of 
the  prote in ,  bu t  only 39% of the  l ipids and 51% of the  
carotene,  are recovered in t he  600 x g sediment .  This  frac- 
t ion  is composed  of und i s rup ted  cells, toge ther  w i th  some 
cell debris.  The figures t hus  indica te  t h a t  some of t he  
l ipid con ten t  of the  cells is t h r o w n  ou t  of the  whole cells 
dur ing  cen t r i fuga t ion  and  t h a t  some of the  caro tene  is 
dissolved in th is  lot. A single de t e rmina t i on  was  m a d e  
of t he  lipid pool  ga ther ing  on the  surface of t he  super-  
n a t a n t  (Table). 
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The relative distribution of carotene, total lipids, protein and dry 
solids in subcellular fractions of B. trispora, grown in media contain- 
ing 4 or 1% lipids 

Fraction Content of Content in mycelium of 
Iipids in 
growth Carotene Lipids Protein Dry solids 
medium 
% %0 %~ %0 %0 

Whole 1000 1000 1000 1000 
homogenate 

600 X g 4 510 390 590 540 
sediment 1 400 260 660 660 

4,900 • g 4 21 9.6 14 11 
sediment 1 2.3 4.8 6.0 4.2 

10,000 • g 4 1.2 1.1 1.6 1.3 
sediment 1 0.04 0.36 0.41 0.26 

25,000 • g 4 0.40 0.75 1.3 1.0 
sediment 1 0.01 0.12 0.12 0.12 

75,000 X g 4 fl.14 0.37 3.6 2.1 
sediment 1 0.01 0.05 0.14 0.11 

75,000 X g 4 6.4 �9 6.6 ~ 130 100 
supernatant 1 27 90 160 " 170 

Lipid po01 4 240 ~ 370 ~ _b 190 

Not recovered 4 220 220 260 150 
1 o 570 640 170 170 

One single determination, b Not deternfined, o This includes the 
lipid pool. 
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Fig. 1. The distribution of carotene in relation to dry solids ([2--[]), 
protein (A--A) and total lipids (�9 in subcellular fractions of 
B. trispora. (A) Growth medium containing 4% lipids (solid symbols). 
(B) Growth medium containing 1% lipids (single experiment). 
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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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