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SUMMARY 

I. The subcellular distributions of adenyl cyclase and phosphodiesterase were 
determined in Acantharnoeba palestinensis. The cells were homogenized and fraction- 
ated by a technique modified to preserve enzyme activity and monitored by electron 
microscopy. 

2. The recovery of adenyl cyclase activity was highest in the microsomal frac- 
tion. Upon further fractionation of the microsomes, adenyl cyclase was concentrated 
by the rough endoplasmic reticulum fraction, and in only this fraction was the specific 
act ivi ty of the enzyme increased over the starting material. 

3. The specific activity of adenyl cyclase was lower in enriched fractions of plas- 
ma membranes and mitochondria than in the homogenate, and the recoveries were 
very low. Further, these fractions revealed the presence of sufficient rough endoplasmic 
reticulum contamination to account for the adenyl cyclase activity present. 

4. Most of the phosphodiesterase activity was soluble and was recovered in the 
post-microsomal supernatant.  

INTRODUCTION 

In mammalian tissues adenyl cyclase has been reported to be associated with 
plasma membranes 1-4 or plasma membrane-related systems, such as the T system of 
cardiac and skeletal muscles 5-8 and synaptic membranes of nervesE In procaryotic 
cells the localization of adenyl cyclase has been less predictable. For example, in 
Brevibacteriurn liquifaciens the enzyme appears to be soluble 1°, whereas in Escherichia 
coli it occurs in particulate fractions n,l~, although it can be solubilized 13. 

In this communication we wish to report the results of studies on the subcellular 
distribution of adenyl cyclase in the soil amoeba, Acanthamoeba palestinensis, in 
which the enzyme appears to be associated primarily with an intracellular membrane 
system, the rough endoplasmic reticulum. 
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METHODS 

Cell culture 
A. paleslinensis was cultured axenical ly  in s i l icone-coated one liter Erlenmeyer  

flasks containing 500 ml  of proteose peptone-glucose  m e d i u m  incubated at 29 °C 
with agitation (IiO rev. /min)  on a rotary shaker14,15. Cells, derived from serial sub- 
cultures grown for about a year in the manner described above,  were inoculated to 
give an initial concentration of approx. 2' IO a cel ls /ml and grew exponent ia l ly  with 
a i6-h  generation t ime until  about the fifth day of  growth,  as monitored with  a Coul- 
ter Counter. On the s ixth and seventh days cell growth was no longer exponential .  
Cultures were rout inely  grown for 6 or 7 days to yield a final concentration of approx. 
I .  lO 6 or 2" lO 6 cel ls /ml.  

Cell fractionation 
Cells were fractionated by the technique of  Chlapowski and Band TM, modified 

to preserve the act iv i ty  of adenyl  cyelase (Fig. i) .  Cultures were harvested by centri- 
fugation at 280 × g for Io rain at room temperature.  All subsequent steps of  the cell 
fractionation were carried out  at o to 4 °C. The harvested cells were resuspended in 
isolation m e d i u m  (sucrose-TM) composed  of 0.25 M sucrose containing 0.005 M 
Tris-HC1 (pH 7.4) and 0.002 M MgSO 4 and harvested again by centrifugation at 
700 x g for IO rain. The washed,  packed cells were resuspended in about 2 vol. of  
isolation m e d i u m  and homogenized  with seven strokes in a 30 ml Pot ter -Elvehjem-  
type  glass-Teflon grinder at 2500 rev. /min.  The fol lowing cell fractions were isolated 
in sequence in a Sorvall  RC-2B centrifuge and an International  B-6o ultracentrifuge. 

Nuclear and plasma membrane fractions. After centrifugation of the homogenate  
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at 2ooo × g for 15 rain in a Sorval l  HB-  4 swinging-bucket  rotor,  a two- layered  pel let  
was observed.  A da rk  brown pel le t  conta in ing  rnainly unbroken  cells was over la in  
by  a loosely packed  white  layer  conta in ing  nuclei  and  p la sma  membranes .  This 
whi te  layer  was c o n t a m i n a t e d  with  microsomes and mi tochondr ia .  The 2000 × g 
s u p e r n a t a n t  was decan ted  for fur ther  subf rac t iona t ion  and the white layer  (plasma 
membranes  and nuclei) was careful ly resuspended  in isolat ion med ium so as not  to 
d i s turb  the  under ly ing  da rk  pel let  (Discard I). The resuspended  white layer  was wash- 
ed by  cen t r i fuga t ion  at  2000 × g for 15 rain in the Sorval l  HB-  4 rotor.  Most of the 
mi tochondr ia l  and  microsomal  con taminan t s  were removed  b y  this s tep (Discard II) .  
The washed pel let  was resuspended  in I vol. of 1.3 M sucrose, and  0.25 ml was l ayered  
over  a 3.5 ml cont inuous  sucrose-TM grad ien t  ex tend ing  from 1.3 to 2.0 M. The gra- 
d ien t  was cent r i fuged at  14o ooo × g for 30 rain in an In t e rna t iona l  SB-4o 5 rotor.  

A t  the end of  this  centr i fugat ion,  microsomal  con taminan t s  were f loating near  
the top  of the tube,  the p lasma  membranes  lay in two bands  closely spaced about  one- 
four th  of the way  down the grad ien t ,  and  the nuclei  were in a t rans lucen t  pel let  at  the 
b o t t o m  of  the  tube.  The two bands  were removed  with  a p ipe t t e  and  pooled. The re- 
main ing  supe rna t an t  (Discard I I I )  was decan ted  to expose the nuclear  pellet .  

z2 5oo x g fraction. The 2o00 x g supe rna t an t  was centr i fuged at  12 500 × g 
for 30 rain in a Sorval l  SS-34 fixed-angle rotor  to sed iment  the so-called mi toehondr ia l  
fract ion.  The supe rna t an t  was decan ted  and reserved.  In  exper imen t s  involving fur- 
ther  f rac t ionat ion,  the  12 500 x g pel let  was resuspended in I vol. of 1.o 4 M sucrose 
and 0.2 ml was layered  over  a 3.5 ml cont inuous  sucrose g rad ien t  ex tend ing  from 
1.o 4 to 2.0 M. The g rad ien t  was centr i fuged at  250 ooo x g for 3.5 h, resul t ing in 3 
bands  f loat ing in the middle  of the tube  and a pellet .  The bands  were removed  by  pi- 
pe t t ing  and the remain ing  solut ion was decan ted  (Discard IV) to expose the pellet .  

Microsomal fraction. The 12 500 × g supe rna t an t  was placed in a 55 ml screw 
cap po lyca rbona te  centr ifuge tube  and  was centr i fuged at  IOO ooo x g for 7 ° rain 
in an In t e rna t iona l  A-I92  fixed-angle rotor.  Af te r  centr i fugat ion,  the microsomal  ele- 
men t s  were loosely packed  over  a large, clear glycogen pellet .  The pos tmicrosomal  
supe rna tan t ,  along with  the f loating l ip id  layer ,  was careful ly  decan ted  and the loose 
microsomes asp i ra ted  off the glycogen pel let  wi th  a p ipe t te .  

Abou t  o.I  ml  of the microsomal  fract ion was layered  over  a 3.5 ml cont inuous  
sucrose g rad ien t  ex tend ing  from I .o  4 to 2.0 M and  centr i fuged for 6. 5 h at  250 ooo x g. 
This sepa ra t ed  the f ract ion into four bands ,  and  as much as possible of each was re- 
moved  with  a Pas teu r  p ipe t te .  The remain ing  mate r i a l  was decan ted  (Discard V). 

I so la ted  fract ions were e i ther  fixed for e lectron microscopy or used immed ia t e ly  
for enzyme assays. 

Microscopy 
Cell f ract ions  were resuspended  and fixed in 2% g lu ta ra ldehyde  in o.I  M phos- 

pha te  buffer, pe l le ted  b y  cent r i fuga t ion  at  30 ooo × g for 30 min,  post - f ixed in 2% 
osmium te t rox ide  in o.I  M phospha te  buffer, d e h y d r a t e d  and  e m b e d d e d  in Epon  17, 
as prev ious ly  descr ibed 16. Pel lets  were or iented  so t ha t  the plane of th in  sect ions in- 
c luded the ent i re  th ickness  of the pellet .  

Sections were cut  on a Po r t e r -B lum MT-I  u l t ramicro tome,  placed on grids 
and s ta ined  with  4% aqueous  u rany l  ace ta te  and  lead c i t r a te lq  Specimens were 
examined  with a Phil ips-3oo elect ron microscope at  60 kV. 
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Adenyl cyclase assay. Carefully resuspended cell fractions were made to appro- 
priate dilutions in a medium containing I mM MgS04, 2 mM glycylglycine (pH 7.4) 
and I mM dithiothreitol. Aliquots (0. 5 ml) of the diluted cell fractions were added to 
an equal volume of a reaction mixture containing 48 #moles Tris buffer, pH 7-4, 
8/~moles caffeine, 1.2/,moles dithiothreitol and 4/~g bovine serum albumin. The 
reactions were started by adding 3.6/,moles MgSO 4 and 2.4/~moles ATP (pH 7.2), 
in a volume of 0.2 ml, and incubation was carried out on a shaking incubator at 30 °C 
for 15 min. The reactions were stopped by putting the tubes in a boiling water bath 
for 5 rain, followed by cooling in ice. 

To prevent possible interference by excess ATP in the assay, cyclic AMP was 
isolated from the reaction mixture by ion exchange chromatography. CyclicL3HIAMP 
(approximately 15 ooo dpm) was added to each sample to monitor recovery. The 
samples were then centrifuged if necessary and applied to o. 4 cm X 6.0 cm Dowex-5o 
columns equilibrated with 0.05 N HC1. Following a I ml wash with water, the cyclic 
AMP was eluted in 3 ml of water, Tris buffer was added to a final concentration of 
o.oi M, and cyclic AMP was measured by the assay of Gilman ~°. The recovery of 
cyclic AMP was determined by counting the cycliclaH]AMP in o.I ml aliquots of the 
final eluates in I5 ml of Bray's  scintillation fluid. The isolation and assay for cyclic 
AMP were validated by incubating aliquots of the final eluates with purified phospho- 
diesterase 2°. 

Fractions used as sources of adenyl cyclase activity were routinely diluted so 
that  the concentration of protein was rate-limiting and cyclic AMP accumulation was 
proportional to protein concentration. Reagent and enzyme blanks were included with 
every experiment and contained negligible cyclic AMP activity. The standard unit 
of enzymatic activity referred to herein represents the accumulation of I / ,mole  of 
cyclic AMP per min. 

Phosphodiesterase assay. Resuspended cell fractions were diluted in a medium 
containing I mM MgSO4, I mM glycylglycine buffer (pH 7.4) and I mM mercaptoetha- 
nol. The reaction mixture consisted of 12 #moles of Tris-HC1 buffer (pH 7.4), 0.6 
/,mole MgSO,, 30 nmoles cyclic AMP, and 0.3 nmole cyclic [3H]AMP (New England 
Nuclear, Boston, Mass., 4-4 Ci/mmole) in 200/~1. To this were added ioo #1 of the di- 
luted cell fraction. Incubation was carried out on a shaking incubator at 30 °C. After 
20 rain, IOO #g of lyophilized C. atrox venom (Ross Allen Reptile Institute,  Silver 
Spring, Fla) in IOO #1 was added, and the incubation continued for another IO rain. 
C. atrox venom contains a potent 5'-nucleotidase, but is without effect on cyclic 
AMP. Reactions were stopped by the addition of 0.5 ml of a solution chilled to 4 °C 
and containing 12 mM EDTA, 200 #M adenosine, and 0.2 #C El*Cladenosine and im- 
mediate transfer to an ice-water bath. The samples were chromatographed on o.4 cm 
diameter columns containing I ml of a I :2  slurry of Dowex-I equilibrated with 
o.oi M Tris (pH 7.4). An additional 4.1 ml of o.oi M Tris followed the samples, and 
I.O ml aliquots were counted in 15 ml of Bray 's  scintillation fluid for ~3Hladenosine 
and El*Cladenosine. 

Enzyme preparations were diluted such that  hydrolysis of cyclic AMP did not 
exceed 15% of the total  substrate. Under these conditions, the activity was directly 
proportional to protein concentration. The standard unit of enzyme activity is de- 
fined as I/zmole of [3H~adenosine produced per min. 
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R E S U L T S  

The membrane systems and membrane-bounded organelles of the soil amoeba 
A. palestinensis were fairly typical of those normally found in eucaryotic cells and 
included endoplasmic reticulum, Golgi-like membranes, plasma membrane, food 
vacuoles (i.e., phagocytic or digestive vacuoles), mitochondria, a contractile vacuole, 
a nucleus, and collapsed vesicles. Collapsed vesicles were usually small (approx. 
15o nm in diameter), cup-like vesicles whose membranes, unlike other intracellular 
membranes, were identical in thickness and staining characteristics to plasma and 
food vacuole membranes, which they have been reported to be derived from and/or 
are precursors of 1~. 

Most of the phosphodiesterase activity was in the soluble fraction, 75% of the 
activity having been recovered in the postmicrosomal supernatant (Table I). This 
supernatant was also the only fraction to show increased specific activity of phospho- 
diesterase over that of the homogenate. 

The data in Table I indicate that most of the adenyl cyclase was associated 
with particulate fractions since only 1% of the activity was recovered in the post- 
microsomal supernatant. Only I4% of the adenyl cyclase activity was recovered in 
the 2000 × g pellet, and the specific activity of this fraction was lower than that of 
the homogenate. This was surprising since this pellet has been shown to contain 
most of the plasma membranes 16. In fact, the bulk of the adenyl cyclase activity was 
recovered in the microsomal pellet (37%), the 12 500 × g pellet (2I%), and the dis- 
cards (20%). However, only in the microsomes and in the 12 500 × g pellet was an 
enrichment of adenyl cyclase specific activity apparent. 

Further fractionation of the 2000 x g pellet into plasma membranes, nuclei 

T A B L E  I 

A D E N Y L  C Y C L A S E  A N D  P H O S P H O D I E S T E R A S E  IN M A J O R  F R A C T I O N S  OF A .  palestinensis 
T h e  h o m o g e n i z a t i o n ,  f r a c t i o n a t i o n  a n d  e n z y m a t i c  a s s a y s  w e r e  p e r f o r m e d  e x a c t l y  as  d e s c r i b e d  in  M e t h o d s .  
E a c h  f r a c t i o n  w a s  a s s a y e d  a m i n i m u m  o f  f o u r  t i m e s .  T h e  d a t a  p r e s e n t e d  h e r e  a r e  f r o m  o n e  cel l  p r e p a r a t i o n  a n d  
a r e  v e r y  r e p r e s e n t a t i v e  o f  t h e  t o t a l  o f  e l e v e n  e x p e r i m e n t s  

Fraction Protein ,4 denyl cyclase Phosphodiesterase 

mg % munits* % Spec. muni ts  ~* % Spec. 
recovered recovered act. recovered act. 

H o m o g e n a t e  1 3 3 5 . o  88 .0  - -  0 .07  1466.  7 - -  1.1o 

2 0 0 0  x g p e l l e t  3 6 1 . 8  27.1 i2.6) 14. 4 0 .04  19.o 1. 3 0 .05  
12 500  × g p e l l e t  117 .o  8.8 18.6 21.1 o .16  31 .6  2.2 0 .27  
M i e r o s o m e s  

( i o o o o o  × g p e l l e t )  2 3 9 . 8  18.o 32 .7  37 .I o-14 65 .7  4.5 ° -27  
P o s t m i c r o s o m a l  

s u p e r n a t a n t  4 5 5 . 6  34.1 0 .9  i . o  0.002 1 lOO. 5 75 .0  2 .42 
G l y c o g e n  19.2 1. 4 0 .9  i . o  0 .05  17. 3 1.2 0 .9  
D i s c a r d s  I a n d  11 2 1 5 . o  i 6 .1  20 .0  22. 7 0 .09  t26 .  7 8 .6  0 .59  

T o t a l  1o5-5 97.,3 9 2.8 

* i m u n i t  o f  a d e n y l  c y c l a s e  a c t i v i t y  is d e f i n e d  as  t h e  a c c u m u l a t i o n  o f  t n m o l e  o f  c y c l i c  A M P  p e r  ra in .  
** i m u n i t  o f  p h o s p h o d i e s t e r a s e  a c t i v i t y  is d e f i n e d  as  I n m o l e  o f  E3H~adenos ine  p r o d u c e d  p e r  m i n .  
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T A B L E  I I  

ADENYL CYCLASE IN FRACTIONS OF 2000 M g PELLET 

The g r a d i e n t  cen t r i fuga t ion  of the  fresh 2o0o × g pel le t  was  car r ied  ou t  as descr ibed  in Methods.  
E a c h  f rac t ion  was a s sayed  a m i n i m u m  of four t imes,  and  these  d a t a  are the  va lues  found in one 
e x p e r i m e n t  which  was  r e p r e s e n t a t i ve  of five. 

Fraction Protein A denyl cyclase 

mg % recovered munits % recovered Spec. act. 

2ooo x g pel le t  361.8 - -  12.6 - -  o.o 4 
P l a s m a  m e m b r a n e s  65.9 18.2 2.6 2o.6 o.o 4 
Nucle i  32.1 8.9 o.4 3.4 o.oi  
Discard  I I I  144. 7 40.0 lO. 4 82.5 0.07 
To ta l  67. i lO6. 5 

and Discard III  (the latter containing mostly mitochondria and microsomes) showed 
that most of the adenyl cyclase activity of this fraction was associated with the dis- 
card (Table II). The plasma membrane fraction used in these studies was contaminat- 
ed with mitochondria and rough endoplasmic reticulum (Fig. 2), since no washing 
steps were carried out TM. In fact, when the plasma membrane fraction was washed 
once by low-speed centrifugation in 0.25 M sucrose-TM, no adenyl cyclase activity 
remained. This may have been due to the loss of the mitochondrial and microsomal 
contaminations, or to inactivation of the adenyl cyclase system. 

In electron micrographs, the four microsomal fractions (Fig. 3) appeared quite 
similar to those described in a previous report 16, despite the fact that in this study 
microsomes were not washed prior to gradient centrifugation. Most of the adenyl 
cyclase activity (6o.6%) was recovered in Band 4, and the specific activity of the 

Fig. 2. E l e c t r o n  mic rog raph  of a sect ion t h rough  a pe l le t  of the  p l a s m a  m e m b r a n e  fract ion.  
Vesicles and  large  f r a g m e n t s  of p l a s m a  m e m b r a n e  (PM) are numerous .  In  addi t ion ,  l ipid droplets ,  
rough  endop lasmic  r e t i cu lum (RER) ,  and  m i t o c h o n d r i a  (M) in va r ious  s tages  of swel l ing conta-  
m i n a t e  the  f rac t ion  (0.04 un i t s  adeny l  cyclase /g  protein) .  Magnif ica t ion  × 13 600. 
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Fig. 3. Electron micrographs of sections through pellets of Bands 1 (A), "z (B), 3 (C), and 4 (D) 
of the microsomal subfractions. A. The entire pellet of Band r is composed of collapsed vesicles 
(o.o6 units adenyl cyclase/g protein). B. Band 2 is enriched with Golgi-like membranes (G). 
Collapsed vesicles (CV) are found throughout the band and a small amount of rough endoplasmic 
reticulum (arrows) is also present (o.14 units adenyl cyclase/g protein). C. Band 3 is a nlixture of 
collapsed vesicles, Golgi-like membranes and rough endoplasmic reticulum (o.26 units adenyl 
cyclase/g protein). D. Band 4 is composed ahnost entirely of rough endoplasmic reticulum. A few 
collapsed vesicles can be seen (o.43 units adenyl cyclase/g protein). Magnification x 2o ooo. 

e n z y m e  inc reased  in th is  b a n d  (Table  I I I ) .  I t  was c o m p o s e d  a lmos t  e x c l u s i v e l y  o f  

rough  e n d o p l a s m i c  r e t i cu lum,  e x c e p t  for a few co l lapsed  vesic les  (Fig. 3)- I t  s e e m e d  

un l ike ly  t h a t  these  ves ic les  were  respons ib le  for the  e n z y m e  a c t i v i t y  in B a n d  4, since 
B a n d  I ,  wh ich  was c o m p o s e d  a lmos t  e n t i r e l y  of  co l lapsed  vesicles ,  had  a low a d e n y l  
cyc lase  specific a c t i v i t y  and  less t h a n  2 %  of  the  t o t a l  a c t i v i t y .  A l t h o u g h  a large a m o u t  
(47.6%) of  e n z y m e  a c t i v i t y  was r e c o v e r e d  in D i sca rd  V, the  specific a c t i v i t y  of  th is  
f r ac t i on  was  lower  t h a n  t h a t  of  the  s t a r t i n g  mate r i a l .  

Since 2I°'i ', of  the  a d e n v l  cyclase  a c t i v i t y  of  the  h o m o g e n a t e  was r e c o v e r e d  in 
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T A B L E  I I I  

A D E N Y L  C Y C L A S E  IN  F R A C T I O N S  OF M I C R O S O M A L  (IOO OOO X g )  P E L L E T  

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  in  M e t h o d s .  T h e s e  d a t a  a r e  f r o m  o n e  o f  s ix  e x p e r i m e n t s  in  w h i c h  t h e  
r e c o v e r i e s  a n d  c h a n g e s  in  spec i f i c  a c t i v i t y  w e r e  v e r y  s i m i l a r .  

Fraction Protein A denvl cyclase 

mg ° o recovered munits % recovered Spec. act. 

M i c r o s o m e s  
(IOO o o o  X g pe l le t )  44 .4  - -  6 .06  - -  0 .23  

B a n d  i 
( c o l l a p s e d  ves ic les)  1.9 4 .3  o. i i 1.8 0 .06  

B a n d  2 
( G o l g i - e n r i c h e d )  2 .0  4.5 0 .29  4 .7  o. 14 

B a n d  3 
( m e m b r a n e  m i x t u r e )  0. 5 I .  I O . 1 2  2 . 0  0 . 2 6  

B a n d  4 
( r o u g h  e n d o p l a s m i c  r e t i c u l u m )  8. 7 19. 5 3 .67 60 .6  0 .43  

1 ) i s c a r d  V 18.8 42 .3  2 .88  47 .6  o . I  5 

T o t a l  71 .7  116 .6  

the 12 500 × g pellet, the pellet was further fractionated on a sucrose gradient as 
described in Methods. The entire gradient contained diffuse material, a pellet, and 
three fairly distinct bands in the middle third of the tube. Most of the adenyl cyclase 
act ivi ty was present in Band F3 (Table IV), which was highly enriched in rough endo- 
plasmic reticulum (Fig. 4)- I ts  specific activity (o.5o units/g protein) was the highest 
of all the fractions of the 12 5oo × g pellet, and was enriched 7-fold over the original 
homogenate. Band F I ,  which was enriched with intact mitochondria, had a lower 
specific activity than the starting material and accounted for only 12.5% of the 
total activity. Little activity was recovered in Band F2 and none in the pellet. Al- 
though Discard IV did not show the enrichment in specific activity that  Band F3 
did, its content of adenyl cyclase was very high. However, these experiments were 
complicated by an apparent activation of adenyl cyclase, for greater than lOO% of 
the starting activity was present in this fraction when assayed immediately following 
the centrifugation. 

T A B L E  IV 

A D E N Y L  C Y C L A S E  IN F R A C T I O N S  OF I 2  5 0 0  X g PF~LLET 

T h e  d e t a i l s  o f  t h e  e x p e r i m e n t s  a r e  d e s c r i b e d  in  M e t h o d s .  T h e  d a t a  p r e s e n t e d  h e r e  a r e  f r o m  o n e  o f  
f o u r  e x p e r i m e n t s  in  w h i c h  t h e  d i s t r i b u t i o n s  a n d  spec i f i c  a c t i v i t y  c h a n g e s  o f  a d e n y l  c y c l a s e  w e r e  
v e r y  s i m i l a r .  E a c h  f r a c t i o n  w a s  a s s a y e d  a m i n i m u m  o f  f o u r  t i m e s .  N . D . ,  n o t  d e t e c t a b l e .  

Protein .4 denyl cyclase 

mg % recovered munits % recovered Spec. act. 

12 500 x g p e l l e t  35 .6  
B a n d  F I  6.2 
B a n d  F 2  2 .0  
B a n d  F 3 4 .0  
P e l l e t  0. 4 
D i s c a r d  I V  17.9  

T o t a l  

4 . 0  O . I I  

I7.  4 0. 5 12..5 0 .08  
5 .6  ° -17  4-3 o .o8  

1 1 . 2  2 . O l  5 0 . 3  0 . 5 0  

I . I  N . D .  o 
50.2  5 .15  128 .8  0 .29  

85 .5  195 .9  
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Fig. 4- Electron micrographs of sections through pellets of Bands F i  (iX), F2 (B), and F3 (C) of 
the I2 5oo × g pellet subfractions. A. In tac t  mitochondria  (M) are enriched in band FI ,  a l though 
small vesicles (V) and some rough endoplasmic reticulum (RER) are prescnt (o.o8 units adenyl 
cyclase/g protein). B. Swollen mitochondria  (SM), food vacuoles (FV) and a large amoun t  of rough 
endoplasmic reticulum are present in band F2 (o.o8 units adenyl cyclase/g protein). C. Band F3 
is highly enriched with rough endoplasmic reticulum. Some swollen mitochondria can also be seen 
(o.5o units  adenyl cyclase/g protein). Magnification ;< 2o ooo. 

DISCUSSION 

The enzymatic  activity, ultracentrifugal and electron microscopic data present- 
ed here strongly suggest that the primary association of adenyl cyclase in A. pales- 
tinensis is with the rough endoplasmic reticulum. Although some activity was as- 
sociated with other fractions, most notably the I2 5oo × g pellet, electron micro- 
graphs revealed sufficient contamination of these fractions with rough endoplasmic 
reticulum to account for the observed enzymatic  activity. This also appeared to be 
true for the plasma membrane fraction. However, it is possible that the incubation 
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conditions used for determining adenyl cyclase activity, while apparently optimal for 
the enzyme in the rough endoplasmic reticulum, were not suitable for the expression 
of its activity in the plasma membranes. 

The specific activities of adenyl cyclase in the microsomal fractions increased 
from Band I through Band 4 (Table III), iust as the frequency of appearance of 
rough endoplasmic reticulum increased in electron micrographs (Fig. 3). In this re- 
spect it was interesting that the ratio of RNA to protein, used as an indicator of the 
presence of rough endoplasmic reticulum, has been reported to increase from Band I 
to Band 4 in a manner similar to the adenyl cyclase specific activity 16. This, in ad- 
dition to the morphological data, strongly suggests a relationship between the pre- 
sence of adenyl cyclase and the presence of rough endoplasmic reticulum. 

With these observations in mind, it was surprising that little activity was found 
in the nuclear fraction ; since the nuclear envelope is often considered to be similar to, 
if not continuous with, cytoplasmic rough endoplasmic reticulum. Three of the several 
possible explanations for the low activity in the nuclear fraction include: (a) the 
amount of nuclear envelope relative to rough endoplasmic reticulum is very low in 
these cells; (b) the nuclear envelope has no adenyl cyclase; or (c) adenyl cyclase in 
the nuclear envelope is denatured or inhibited by unknown factors. 

Our initial experiments demonstrating adenyl cyclase activity in the microsoma 
fraction (Table I) suggested that the enzyme might be associated with collapsed ves- 
icles, which may be derived from or give rise to plasma membrane 16. However, this 
possibility is excluded by the microsomal ftactionation experiments which demon- 
strated that the highest concentration of collapsed vesicles was found in Band I, 
which had less than 2% of the total microsomal adenyl cyclase and a very low spe- 
cific activity. 

The significance of the localization of adenyl cyclase of A. palestinensis in the 
rough endoplasmic reticulum is unclear at this time, just as it is unclear what role the 
system might play in the organism. However, based on our present understanding of 
mammalian and bacterial systems, it seems likely that adenyl cyclase in this soil 
amoeba represents part of a mechanism for adjusting to environmental changes. 
Indeed, Raizada and Krishna Murti 2~ have presented data suggesting that in Hart- 
manella culbertsoni, a similar soil amoeba, cyclic AMP is involved in the control of 
encystment. Further, based on models provided by higher organisms, it is likely that 
in A. palestinensis cyclic AMP will also be found to be involved in the control of a 
number of metabolic activities, for example, glycogenolysis, glycogen synthesis, and 
lipolysis. 
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