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Summary 

A sedimentable form of acid phosphatase (EC 3.1.3.2) from Tetrahymena 
pyriformis was found to be solubilized by Triton X-100. The total enzyme 
activity in the insoluble cell fraction increased almost 200% upon solubilization 
with Triton X-100 or Nonidet P-40. 

Removal of membrane lipids and Triton X-100 from the particulate wash 
solution with a chloroform extraction resulted in non-specific enzyme-protein 
aggregation which was reversible upon addition of Triton X-100. The results 
indicate that  this acid phosphatase is an integral membrane protein. 

The pH optima for this particulate bound acid phosphatase was 3.5 with 
o-carboxyphenyl phosphate and 4.0 with p-nitrophenyl phosphate as sub- 
strates. The K m values of each substrate were 3.1 and 0.031 raM, respectively. 

Introduction 

Acid phosphatase (EC 3.1.3.2) has been shown to be associated with 
particles such as lysosomes, microsomes, and mitochondria in Tetrahymena 
pyriformis [1--6]. The latency of acid phosphatase in homogenates of T. pyri- 
forrnis is strong indication that this hydrolytic enzyme is contained within 
these organelles [1--6]. In studying lysosomal physiology of T. pyriforrnis 
Muller et al. [2] indicated that  low osmotic pressure, increasing temperature, 
and freezing and thawing of  cell homogenates decreased the latency of the 
lysosomal enzymes. Allen and Lee [7] found that  latency of acid phosphatase 
was decreased by exposure of cell homogenates to high concentrations of KC1. 
No decrease in sedimentability of acid phosphatase was found in the homo- 
genates of T. pyriformis after exposure to either cycles of freezing and thawing 
or high concentrations of KC1 [2,7]. Muller et al. [2] proposed that  the sedi- 
mentable acid phosphatase may be a membrane-bound enzyme or a possible 
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adsorption artifact. Allen and Lee [7] suggested that  this acid phosphatase is 
lysosomal and that  the procedures employed damaged the lysosomes but were 
not sufficiently damaged to release the enzymes. This explanation, however, 
seems unlikely because the amount  of activity of four other lysosomal enzymes 
decreased with the decrease in latency [2].  It was the purpose of this study to 
isolate and study the properties of this particulate acid phosphatase from T. 
pyriformis W. 

Materials and Methods 

T. pyriformis W was obtained from Dr. Louise H. Greenburg of  Byrn 
Mawr College, Byrn Mawr, Pennsylvania. Stock cultures were maintained at 
20°C in test tubes containing 2% proteose peptone, 0.1% yeast extract, and 90 
pM Fe(II)-EDTA and were transferred weekly. Cultures were grown at 28°C in 
500-ml Erlenmeyer flasks containing 200 ml of the same medium. Each flask 
was inoculated with 2--3 ml of a 2-day-old culture and incubated for 3 days 
before harvesting. 

Cells were collected after incubation using a Sorvall RC2-B centrifuge with 
KSB continuous flow system. Rotor speed and flow rate were adjusted such 
that  a cell-free supernatant was obtained. Pelleted cells were washed once by 
suspension in 500 ml of water and recentrifuged at 7000 X g for 1 h. The 
pellets, free of medium proteins, were diluted 1 : 8 (w/v) with water prior to 
the French pressure cell treatment.  

The washed cell suspension of T. pyriformis was subjected to French 
pressure cell t reatment  at 16 000 lb/inch2. After 10 min of stabilization, the 
flow rate was adjusted to 10 ml/min and a pressure of 15 000 lb/inch 2 was 
maintained until the entire content  contained in the pressure cell were col- 
lected. The homogenate resulting from French pressure cell t reatment  was 
centrifuged at 27 000 X g for 1 h. The supernatant containing the cytosol was 
decanted and the pellet retained for enzyme release studies. 

The presence of  acid phosphatase in the sediment was determined by 
assaying a portion of  the pellet prior to elution experiments. The elution ex- 
periment was performed by resuspension of sediment with a glass homogenizer 
in wash solution containing varying concentrations of either Triton X-100 or 
Nonidet P-40 at a ratio of  .1 : 8 (w/v). The homogenates were centrifuged at 
27 000 X g for 1 h, the supernatants were retained for enzyme assay, and 
pellets were subjected to further washings. Wash procedures were continued 
until no significant amount  of enzyme was detectable in either pellet or wash 
supernatants. 

Protein concentration was determined spectrophotometrically at 280 nm 
with lyophilized human serum as a standard. The absorbance at 280 nm by 
Triton X-100 and Nonidet P-40 was corrected by measuring the absorbance of 
the appropriate concentration. 

Acid phosphatase activity was assayed in 0.15 M sodium acetate buffer of  
pH 3.5 using o-carboxyphenyl phosphate as substrate. The hydrolysis of o-car- 
boxyphenyl  phosphate to salicylic acid was followed by the increase in absor- 
bance at 300 nm with a Beckman DU-2 spectrophotometer  [8]. 

In order to remove the detergent and other lipids from the wash solution a 
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chloroform extraction was performed. Wash solution and cold chloroform were 
mixed (8 : 1, v/v), the resulting white cloudy precipitate removed by centrifu- 
gation at 13 000 × g for 20 min and the upper aqueous phase retained. 

Polyacrylamide disc gel electrophoresis was performed as described by 
Davis [9]. Proteins were stained with amido black and acid phosphatase zy- 
mograms were obtained as described by Allen and Hynick [10] using a-naph- 
thyl  acid phosphate as substrate and fast blue RR as chromogen. 

Results and Discussion 

It was found that French pressure cell t reatment  completely disrupted the 
cells. The amount  of acid phosphatase activity (40--60%) in the cytosol was 
considerably higher than that  reported by other workers [2,4,11,12]. In previ- 
ous studies the percent of total acid phosphatase activity associated with in- 
soluble fragments of cell preparations were found to be about 80% 
[2,4,11,12]. The variations between present data and previous reports were 
probably due to differences in the homogenization procedure employed. The 
larger amount  of acid phosphatase activity found in the cytosol indicated that 
the French pressure cell t reatment ruptured the lysosomes. To insure that  all 
lysosomes were ruptured prior to elution of membrane-bound acid phosphatase 
the pellet was resuspended with a glass homogenizer in hypotonic saline (0.25% 
NaC1) or water (1 : 8, w/v) since the lysosomes are known to be sensitive to 
low osmotic pressure [2].  No detectable amount  of soluble enzyme activity 
was found with further water washes. It is obvious that a combination of 
French pressure cell and low osmotic pressure treatments insured rupture of all 
lysosomal membranes. 

The non-ionic detergent Triton X-100 was found to be effective in elution 
of acid phosphatase from the insoluble cell fraction (Fig. 1). The concentration 
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Fig .  1.  Histogram showing  acid phosphatase  activity in change in absorbance units  per minute  as a 

funct ion  of  sample preparat ion u s i n g  o - c a r b o x y l p h e n y l  p h o s p h a t e  - s u h s t r a t e .  W-I  ( W a s h  1 )  = s a l i n e :  W-I I  

( W a s h  2 )  = 1 %  T r i t o n  X - 1 0 0 ~  w - I n  ( W a s h  3 )  = 1 %  T r i t o n  X o l 0 0 ;  ~LA/min .  = c h a n g e  in absorbance /min  at 
3 0 0  n m ;  H O M O G  = h o m o g e n a t e ;  C Y T  = c y t o s o l ;  P P T  = the resuspended pel let  after c e n t r i f u g a t i o n .  



1 2 3  

0 

c~ 

o 
z 

~9 

(9 

.1 

v 

o 

.< 

z 
o 
C~ 

o 
z 

z 
© 

f~ 

r~ 

o 

e~ 
t ~  

I 
I 

I ~ ~  ~ 



124 

of Triton X-100 which was found to be most efficient in releasing the acid 
phosphatase was 0.5% (Table I). An activation of enzyme activity (approx. 
150--200%) was observed during the elution process (Table I). Similar results 
were obtained by employing another non-ionic detergent, Nonidet  P-40 (Table I). 

Considerable acid phosphatase activity was retained in the insoluble cell 
fraction after washing the sediment with solutions of high ionic strength, a 
chelating agent, or water. The acid phosphatase could only be released by 
treatment with non-ionic detergents (Triton X-100 and Nonidet  P-40). The 
present results indicated that this acid phosphatase is an integral membrane 
protein. 

Enzyme activation observed in the present study during solubilization by 
the non-ionic detergents was also reported for other integral membrane pro- 
teins. Integral membrane phosphatases and phosphotransferase from rat liver 
microsomes were activated up to 300% by NH2OH, deoxycholate,  and Triton 
X-100 [17].  Acetylcholinesterase from human brain was also activated by 
solubilization with Triton X-100 [ 21].  These workers suggested that activation 
may not be due to greater extraction of enzyme from membrane preparations 
but  to changes in properties of  the catalytic proteins. Solubilization of the 
protein by detergent may lead to unmasking of hidden catalytic sites by release 
of  an allosteric inhibitory mechanism or by conformational changes in the 
molecule which render the enzyme more active [12,17] .  Similarities between 
the present results and activation of other integral membrane enzymes indicate 
that this acid phosphatase from T. pyriformis is an integral membrane protein. 
However, the possibility that mechanical or steric factors present in the insolu- 
ble fraction resulting in blocking of substrate-enzyme binding and reduction of 
initial enzyme activity could not be ruled out. 

Electrophoretic analysis of the 0.5% Triton X-100 wash revealed two 
discrete protein bands (Fig. 2). One band of acid phosphatase activity was 
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Fig. 2. E lec t rophore t i c  analysis of  the 0.5% Tr i ton  X-lO0 wash solut ion;  (a) p ro t e in  stain, (b) z y m o g x a m  
for  acid phosphatase. 
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observed (Fig. 2). Change in electrophoretic behavior of  the enzyme was af- 
fected by the presence or absence of  Triton X-100. Electrophoretic analysis of  
sample after removal of  Triton X-100 by chloroform extraction (wash : chloro- 
form, 8 : 1, v/v) indicated that  none of  the acid phosphatase entered the gel. 
However, if Triton X-100 was added to the sample the enzyme entered the gel. 
These results indicated that the acid phosphatase aggregated upon removal of  
Triton X-100 and other  membrane lipids which were solubilized in the wash 
solution. It seems that acid phosphatase from T. pyriformis requires lipid or 
detergent to avoid aggregation. Integral membrane p ro t e in sby  definition inter- 
act directly with the membrane lipid matrix [22] .  Removal of  lipid from 
association with integral enzyme proteins leads to non-specific aggregation with 
other  proteins or a conformational  change that results in enzyme deactivation 
[23].  

Membrane-bound acid phosphatases have been reported from a variety of  
organisms [13--20] .  These studies indicated that acid phosphatase could be 
either peripheral membrane proteins or integral membrane proteins as defined 
by Singer [22] .  The presence of  a membrane-bound form of acid phosphatase 
in T. pyriformis has been suggested [2,3] but  such an enzyme has never been 
isolated and characterized. The present s tudy indicated that the acid phos- 
phatase in the membrane fraction of  cell homogenates of  T. pyriformis was an 
integral membrane protein. 

The pH dependence and some kinetic properties of  this enzyme in the 
solubilized form were studied using o-carboxyphenyl  phosphate and p-nitro- 
phenyl phosphate as substrates. Buffers used for the pH dependence study were 
0.1 M glycine • HC1 (pH 2.0--4.5), 0.1 M sodium acetate (pH 3.0--6.0), 0.1 M 
succinate • HC1 (pH 4.0--6.5), and 0.1 M Tris • HC1 (pH 7.0--8.0). The pH 
opt ima for the hydrolysis of  o-carboxyphenyl  phosphate and p-nitrophenyl  
phosphate were 3.5 and 4.0, respectively (Figs 3 and 4). A difference in be- 
havior of  the enzyme reactions in glycine buffer as compared to other  buffers 
was observed. Other reports of  the pH opt ima of  acid phosphatase from crude 
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Fig. 3. p H  d e p e n d e n c e  p lo t  w i t h  o - c a r b o x y l p h e n y l  p h o s p h a t e  as substrate ,  (us ing  so lub i l i zed  f rac t ion  o f  
e n z y m e ) ;  A, G l y c i n e / H C l  b u f f e r ;  X, N a / H A c  b u f f e r ;  D, Tris  • HC1 b u f f e r ;  o, S u c c i n a t e / H C 1  buffer .  

Fig. 4. p H  d e p e n d e n c e  p lo t  wi th  p - n i t r o p h e n y l p h o s p h a t e  as substrate  (us ing  so lub i l i zed  f rac t ion  o f  en- 
z y m e ) ;  A Glyc ine-HC1 b u f f e r ;  × ,  N a / H A c  b u f f e r ;  u, Tr is  • HC1 b u f f e r ;  o, Suce inate /HC1 buffer .  
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homogenates from T pyriformis indicated that a pH of 4.5 was the optimum 
using ~-glycerophosphate, p-nitrophenyl phosphate, 5'-AMP and 3'-AMP as sub- 
strates [2,24,25].  Lineweaver-Burk plots of  o-carboxyphenyl phosphate and 
p-nitrophenyl phosphate indicated that the enzyme obeyed Michaelis-Menten 
kinetics having correlation coefficients of  0.992 and 0.983, respectively. The 
Km values calculated from these plots were 3.0 and 0.031 mM for o-carboxy- 
phenyl phosphate and p-nitrophenyl phosphate, respectively. Lazarus and 
Scherbaum [24] found that the Km of p-nitrophenyl phosphate was 7.0 mM 
with an acid phosphatase from a crude homogenate from T. pyriformis GL. It 
is apparent that the particulate bound enzyme found in the present study is 
different from those described previously. 
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