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Summary 

The membrane bound adenylate cyclase (ATP pyrophosphate-lyase 
(cyclizing) EC 4.6.1.1) of  the ciliate Tetrahymena pyriformis could be ex- 
tracted by washing the membrane fraction with 0.25 M sucrose. The enzyme 
dissociated in this way did not  sediment after centrifugation at 105 000 X g 
for 2 h and was still responsive to stimulation by epinephrine. Dispersion of 
the membranes with Triton-X 100 led to purified preparation of  the cyclase, 
which was no longer stimulated by epinephrine but  retained fully the activa- 
tion by fluoride and serotonin. 

In a previous communicat ion from this laboratory [ 1] some properties 
of adenylate cyclase from the ciliate Tetrahymena pyriformis were reported. 
The adenylate cyclase activity was associated with the membrane fraction 
obtained after low speed centrifugation of the sonicated cells and could be 
activated by epinephrine, serott)nin and NaF. Furthermore the ~-adrenergic 
blocking agent propanolol abolished the stimulation produced by epine- 
phrine but  not  by serotonin or NaF. This indicated strongly that the specific 
stimulation by the neurohormone epinephrine is mediated through a ~-type 
adrenergic receptor. Adenylate cyclase from mammalian sources is usually 
firmly bound to membranes and has been solubilized by  means of non-ionic 
detergents in only a few cases [2,3,4].  These solubilized cyclases were 
either unresponsive or less responsive to stimulation by  the hormones which 
activated these enzymes when bound to membranes. It was thus of  interest 
to see if the adenylate cyclase from T. pyriformis could be dissociated from 
the membrane fraction and then to examine the response to stimulatory 
substances. 
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Crude adenylate cyclase from T. pyriformis was prepared as described 
previously [1 ] except that  the membrane fraction was suspended in 
neutralized sucrose 0.25 M. Adenylate cyclase activity was assayed by meas- 
uring the conversion of [3H]ATP to cyclic [3H]AMP [5]. Protein was 
estimated by the procedure of Lowry et al. [6] using bovine serum albumin 
as standard. 

About 75% of the total adenylate cyclase activity of T. pyriformis is 
found in the crude membrane fraction of the sonicate, sedimenting at 
610 × g. The remaining 25% of the total activity can be detected in the 
supernatant fraction. The activity found in the 610 × g supernatant could 
also be stimulated by epinephrine as well as by NaF and might have arisen from 
small membrane fractions detached during sonication or a soluble cytosol 
enzyme. In order to see if the cyclase can be easily detached from the heavy 
membrane fraction, the  610 × g pellet was washed four times either with 
0.25 M sucrose or 40 mM Tris buffer, pH 7.3. In either case considerable 
activity was found in the washings. Differential centrifugation showed that 
little of the cyclase activity sedimented after 20 000 × g for 15 min or even 
105 000 × g for 2 h centrifugation (Table I). 

T A B L E  I 

P U R I F I C A T I O N  OF A D E N Y L A T E  C Y C L A S E  F R O M  T. P Y R I F O R M I S  

T. pyr i fo rmis  cells f r o m  400  ml of  cu l tu re  were  washed  in 0 .15  M KC1, r e suspended  in 20 ml  of  0 .25  M 
sucrose  and son icated .  The  heavy  m e m b r a n e  f ract ion,  the  610  × g pellet,  was washed  fou r  t imes  wi th  
0 .25  M sucrose,  to ta l  v o l u m e  14 ml. These  washings  were  t h e n  subjec ted  to  dif ferent ia l  cen t r i fuga t ion .  

E n z y m e  p r e p a r a t i o n  Addi t ion  to Tota l  ac t iv i ty  Ad en y l a t e  cyc lase  
i ncuba t ion  m i x t u r e  cyclic AMP f o r m e d  specific act iv i ty  

( n m o l / 3 0  rain)  (cyclic AMP f o r m e d )  
( n m o l / m g  p r o t e i n / 3 0  rain) 

M e m b r a n e s  None  141.3  2.15 
S e d i m e n t i n g  at  10  mM NaF 573.8  8.7 
610 × g 10 pM ep inephr ine  530.6 8.1 
610  × g s u p e r n a t a n t  None  44.9 0.3 

10 mM NaF 195.5  1.2 
10 pM ep inephr ine  161 .5  1.0 

20 000  × g s u p e r n a t a n t  None  120.4 17.2 
of  washings  10 m M  NaF 406 .3  58.0 

10 pM ep inephr ine  312.9  44.7 

105 000  Xg s u p e r n a t a n t  None  104.7 16.6 
of  washings  10 mM NaF 349.6  55.4 

10 pM ep inephr ine  269.1 42.8 

Since in all of these fractions the cyclase activity was stimulated by 10 mM 
fluoride and 10 ~M epinephrine and the ratio of  epinephrine to NaF stimula- 
tion remained constant, the postulated ~-receptor appears to be an integral 
part of this cyclase preparation (see Table I). 

Since not all of the cyclase found in the membranes could be detached 
by washing, solubilization with detergent was attempted. After t reatment  of 
the heavy membrane fraction with 1% Triton X 100 and centrifugation at 
165 000 × g for 2 h about 90% of the recovered activity could be found in 
the soluble fraction. 

The Triton X 100 dispersed enzyme does not  respond any longer to 
epinephrine (Table II). It  would thus appear that  the action of the detergent 
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T A B L E  II 

T R I T O N  D I S P E R S E D  A D E N Y L A T E  C Y C L A S E  F R O M  T.  P Y R I F O R M I S  

T.  p y r i f o r m i s  cel ls  f r o m  4 0 0  m l  c u l t u r e  w e r e  w a s h e d  i n  0 . 1 5  M KCl ,  r e s u s p e n d e d  in  20  m l  o f  0 . 2 5  M 
s u c r o s e  a n d  s o n i c a t e d .  T h e  h e a v y  m e m b r a n e  f r a c t i o n ,  t h e  6 1 0  X g pe l l e t ,  w a s  s u s p e n d e d  i n  6 m l  1 m M  
N a H C O  3 a n d  6 m l  o f  1% T r i t o n  X 1 0 0  w e r e  a d d e d .  T h e  s u s p e n s i o n  w a s  h o m o g e n i z e d  in a g l a s s - t e f l o n  
h o m o g e n i z e r  f o r  10  m i n  in  ice  a n d  c e n t r i f u g e d  a t  1 6 5  0 0 0  × g f o r  2 h. T h e  s u p e r n a t a n t  w a s  f u r t h e r  
f r a e t i o n a t e d  o n  a D E A E  c e l l u l o s e  c o l u m n  as  d e s c r i b e d  in  F i g . 1 .  

E n z y m e  p r e p a r a t i o n  A d d i t i o n  t o  
i n c u b a t i o n  m i x t u r e  

A d e n y l a t e  cyclase 
specific activity 
(cycl ic  A M P  f o r m e d )  
( n m o l / m g  p r o t e i n / 3 0  m i n )  

1 6 5  0 0 0  × g s u p e r n a t a n t  

D E A E  c e l l u l o s e  
F r a c t i o n  13  

N o n e  1 1 . 1  
N a F  10  m M  3 2 . 7  
E p i n e p h r i n e  10  # M  1 0 . 6  
S e r o t o n i n  1 0 0  p M  2 7 . 9  

N o n e  1 4 0 . 0  
N a F  10  m M  4 4 7 . 0  
E p i n e p h r i n e  1 0  p M  1 2 9 . 2  

removed or inactivated the ~-receptor. Interestingly enough the Triton X 100 
solubilized enzyme can still be stimulated by serotonin. This is in agreement 
with the observation that stimulation by serotonin is not exerted via the 
~-receptor since it has been shown previously that the ~-adrenergic blocker 
propanolol does not inhibit activation by this neurohormone [1 ]. The enzyme 
was further purified on DEAE cellulose column (Fig. 1). The fraction 
containing the highest activity had a 54 fold higher specific activity than the 
crude membrane fraction with respect to fluoride stimulation (Table II). 

Mammalian adenylate cyclase can not be easily dissociated from mem- 
branes [7] .  In contrast the enzyme from bacteria is either soluble or asso- 
ciated with particles, possibly membranes, from which it can be easily disso- 
ciated by washing [8] .  In this respect the cyclase from T. pyriformis is more 
similar to the bacterial enzyme. It seems to be associated with membranes 
but the binding is not very tight. Since in bacteria and in the ciliate the 
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Fig. 1. Detergent-d ispersed enzyme.  C h r o m a t o g r a p h y  o f  adeny la te  cyclase f r o m  Tetrahymna pyri formis 
on D E A E  cel lulose. The  c o l u m n  1.5 cm X 10 em was equ i l i b ra ted  w i t h  50 m M  T ~ s * H C l  bu f f e r .  The 

1 6 5  0 0 0  X g s u p e r n a t a n t  o f  T r i t o n  X - 1 0 0  m e m b r a n e s  e x t r a c t  ( 1 0  m g  p r o t e i n / m l )  w a s  a p p l i e d  to  the 
c o l u m n .  T h e  c o l u m n  w a s  t h e n  d e v e l o p e d  w i t h  8 0  m l  o f  a l i n e a r  g r a d i e n t  f r o m  0 - - 0 . 8  M K C I  i n  the 
a b o v e  m e n t i o n e d  b u f f e r .  2 . 5  m l  f r a c t i o n s  w e r e  c o l l e c t e d  a n d  a s s a y e d  f o r  p r o t e i n  a n d  cyclase  activity.  
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cyclase plays a role only in internal regulation and need not  be accessible to 
external hormones, the tight binding due to location inside the outer  mem- 
brane, found in higher organisms, is not  required here. 

On the other hand the T. pyriformis enzyme appears to have a 
regulatory subunit like that  of higher organisms [9] .  This subunit has the 
properties of a ~-receptor and does not  easily dissociate from the catalytic 
component .  

Experiments are now in progress to see if the epinephrine sensitivity of the 
Triton solubilized enzyme can be restored by addition of phospholipids as 
was demonstrated by Levey for the solubilized adenylate cyclase from cat 
myocardium [2].  
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