
HUMAN ERYTHROCYTE 
ACID PHOSPHOMONOESTERASES 

A Thesis 

Presented i n P a r t i a l F u l f i l l m e n t o f the Requirements 
f o r the Degree Master o f Science 

hy 

Sharon C o t t r i l l Parker, B.S. 

The Ohio State U n i v e r s i t y 
1964 

Approved by 

Adviser 
Department o f 

P h y s i o l o g i c a l Chemistry 



Acknowledgements 

The author i s indebted t o Dr. K e i t h E. Richardson 
f o r h i s valuable suggestions and encouragement, to Dr. 
P a t r i c k V.C. Pinto f o r h i s advice, and t o Mrs. Ruth 
Swabb f o r her t e c h n i c a l assistance. The author i s also 
g r a t e f u l t o her husband, Mr. John Nelson Parker, f o r 
h i s patience and understanding. 

11 



Table of Contents 

Page 

I n t r o d u c t i o n 1 
H i s t o r i c a l Review 3 
Experimental 

Methods and M a t e r i a l s 12 
Results 18 

Discussion 43 
Sumraary 46 
Bibl i o g r a p h y 48 

111 



I n t r o d u c t i o n 

Phosphomonoesterases are enzymes which catalj'-ze 
the l i b e r a t i o n o f Inorganic phosphate from organic 
phosphate esters. Although these enzyraes occur I n many 
pl a n t and animal sources, t h e i r comparative biochemistry 
and s p e c i f i c p h y s i o l o g i c a l r o l e s have not been 
completely I n v e s t i g a t e d , 

Phosphatases have been divided I n t o two main 
classes depending on t h e i r optimum p H — a l k a l i n e 
phosphatases which have an optimum pH of 8.0 t o 10.0 
and a c i d phosphatases which have an optimum pH of 4.0 
to 7.0, 

The presence I n mammalian er y t h r o c y t e s of one or 
more a c i d phosphatase has been known f o r several years. 
I t was po s t u l a t e d I n 1931 on the basis of pH optima 
t h a t the enzyme w i t h i n the er y t h r o c y t e was d i f f e r e n t 
than the phosphatase o f plasma. 

I n recent years the e r y t h r o c y t e a c i d phosphatases 
have been I m p l i c a t e d I n some cases of chronic 
congenital non-spherocytlc hemolytic anemia, a general 
term f o r congenital and sometimes f a m i l i a l hemolytic 

1 



2 
disorders vrhich are not associated w i t h any character­
i s t i c a l t e r a t i o n of the red c e l l morphology. Very l i t t l e 
I s known concerning the r o l e of e r y t h r o c y t e a c i d 
phosphatases I n r e l a t i o n t o the biochemical defects 
o f t h i s disease. 

I n t h i s I n v e s t i g a t i o n the number of human 
ery t h r o c y t e a c i d phosphatases and t h e i r I n d i v i d u a l 
p r o p e r t i e s have been studied. A p a r t i a l p u r i f i c a t i o n 
o f one of these enzymes has also been accomplished. 



H i s t o r i c a l Review 

I n 1911 Hans Euler and Yngve Funke attempted, 
without success, to prove the presence of phosphatase 
enzymes i n animal organ e x t r a c t s . They d i d show, 
however, i n feeding experiraents t h a t t h r e e - f o u r t h s of 
administered e t h y l phosphate was hydrolyzed. 

The presence of phosphatases was shown i n maple 
leaves, b a r l e y ^ , and malt.^ I n the case of malt, at 
l e a s t two kinds of phosphatases were p o s t u l a t e d . One 
of the enzymes s o l u b i l i z e d I n s o l u b l e organic phosphates 
but l o s t i t s a c t i v i t y i n f i v e hours; the other 
catalyzed the forraation of organic phosphates and was 
a c t i v e f o r f o u r t e e n hours. These phosphatases vrere more 
s e n s i t i v e t o base than a c i d and were c l a s s i f i e d as 
s e c r e t i o n enzymes, i . e . they were soluble and worked 
outside of the c e l l . 

I n 1922 phosphatases were demonstrated i n animal 
tissues. 2*" E x t r a c t s of muscle, l i v e r , kidney, spleen, 
pancreas, and b r a i n were shovm t o be a c t i v e against 
sodium sucrosephosphate. The enzymes vrere c a l l e d 
saccharophosphatases although they acted on barium 
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hexosemonophosphate more r e a d i l y than sucrose 
phosphate.5 A series of organ powders were shown to 
have a c t i v i t y tov/ards fructose-l,6-diphosphate.6 

Elemer F o r r a l i n 1924 proposed t h a t a l l 
phosphatases were not a l i k e since organ powders 
d i f f e r e d i n t h e i r extent of h y d r o l y s i s and t h e i r 
r e l a t i v e a c t i v i t i e s were dependent on the substrate 
i n v o l v e d . ^ 

o 
Bamann and R i e d e l 0 vrere araong the f i r s t t o note 

t h a t c e r t a i n t i s s u e s which hydrolyzed glycerophosphate 
at an a l k a l i n e pH also e x h i b i t e d a second pH optimura 
i n the a c i d range. The a l k a l i n e phosphatase was 
a c t i v a t e d by magnesium v/hile the enzyme at the acid 
pH was unaffected. The a l k a l i n e phosphatase a c t i v i t y 
of d r i e d l i v e r was i n a c t i v a t e d by treatraent of the 
t i s s u e w i t h d i l u t e a c e t i c a c i d , but a c i d phosphatase 
a c t i v i t y remained,^ 

Histochemical studies have i n d i c a t e d t h a t a c i d 
phosphatases are attached t o a s p e c i a l type o f 
cytoplasmic granule, which d i f f e r s from e i t h e r the 
mitochondria c r the microsomes.-^'^ C. deDuve has 
termed these c e l l u l a r p a r t i c u l a t e s l y s o s o m e s . T h e r e 
have also been r e p o r t s t h a t some of the enzymes e x i s t 
I n the c e l l wall.- 1-^ 
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Erythrocyte Phosphatases 
I n 1951 Roche compared The phosphatases of the 

plasma and the e r y t h r o c y t e . She observed t h a t the 
optimum pH f o r the plasma enzyme was 8 .8 t o 9.1 and 
t h a t of the e r y t h r o c y t e vras 6.0 t o 6 . 8 . On t h i s basis 
she p o s t u l a t e d t h a t these tvro enzymes vrere separate 
e n t i t i e s . 1 ^ -

A phosphatase vras i s o l a t e d i n 1934 from horse 
e r y t h r o c y t e s which was most stab l e at 37C at pH 6.0. 1^ 
This enzyme was shovm t o be a c t i v e on both alpha and 
beta glycerophosphates at pH 6.5. A f t e r adsorption on 
k a o l i n at pH 6.5 followed by e l u t i o n w i t h 0.05 N NH4OH, 

the optimum pH f o r the alpha glycerophosphate was 8.0 
and t h a t f o r the beta isomer vras 9.0. 

Freudenberg studied the concentration of inorganic 
phosphate and phosphate est e r s i n e r y t h r o c y t e s . ^ He 
found t h a t e r y t h r o c y t e s contained s i g n i f i c a n t l y more 
inorganic phosphate than serum or plasma. I n a d d i t i o n , 
they contained phosphate i n the form of es t e r s . I n h i s 
i n v e s t i g a t i o n o f e r y t h r o c y t e phosphatases, he found the 
enzyme t o be f u l l y a c t i v e at pH 7.1 but i n a c t i v e at 
pH 7.3. 

The f i r s t r e p o r t vrhich i n d i c a t e d the presence of 
two phosphatases i n er y t h r o c y t e s was from Roche and 
B u l l i n g e r . ^ I n horse e r y t h r o c y t e s they found one 
phosphatase which acted f a s t e r on alpha than on beta 
glycerophosphate and was most a c t i v e at pH 6.2. The 
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enzyme vras not a f f e c t e d by magnesium. A second enzyme, 
which acted f a s t e r on beta than on alpha glycero­
phosphate, had an optimum pH o f 8 .5 and was a c t i v a t e d 
by magnesium. I t was l o c a t e d i n the stroma. 

The e r y t h r o c y t e s of dogs were also reported t o 
contain two phosphatases.-1-^ Roche e t . a l . reported the 
presence of tvro phosphatases i n the red c e l l s of the ox 
and rat®, one w i t h a pH optimum of 4 . 6 t o 4 . 8 and 
another w i t h a pH optimum of 5 .0 t o 5 . 5 . The f i r s t 
enzyme was unstable and v/as i n h i b i t e d by magnesium and 
manganese while the second was r e l a t i v e l y stable and 
was a c t i v a t e d by these metals. 

I n 1949 Abul-Fadl and King studied the e r y t h r o c y t e 
and p r o s t a t i c a c i d phosphatases. 2^ Their studies of the 
pH optima using the enzymes found i n the e r y t h r o c y t e s of 
humans, oxen, r a b b i t s , and sheep i n d i c a t e d the presence 
of two ac i d phosphatases, one w i t h a pH optimum of 4 . 5 

to 4 . 8 and the other w i t h a pH optimum of 5 .0 t o 5 . 7 . 

The pH optimum f o r each enzyme was found to vary s l i g h t l y 
not only from one species t o another but even i n 
d i f f e r e n t members of the same species. They reported 
t h a t the enzyme w i t h the pH optimum of 4 . 3 to 4 . 8 , was 
very l a b i l e and could no longer be detected i n enzyme 
s o l u t i o n s which had been l e f t t o stand at room 
teraperature f o r a fev; hours. Magnesium i n h i b i t e d both 
enzymes, e s p e c i a l l y i n the more acid range. Alpha 
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glycerophosphate was hydrolyzed rcuch f a s t e r than the 
beta isomer. Phenyl phosphate was acted on even more 
r a p i d l y . I n h i b i t i o n occurred i n the presence o f 0.01 M 
calcium, 0.01 M chromium, 0.01 M c o b a l t , 0.01 M 
manganese, 0.01 M n i c k e l , 0.001 M z i n c , 0.002 M copper, 
and 0.001 M i r o n . Copper i n h i b i t i o n could be p a r t i a l l y 
overcome by the simultaneous a d d i t i o n o f cysteine or 
g l u t a t h i o n e w i t h the copper. However i f the copper vrere 
allowed t o react w i t h the enzyme p r i o r t o the a d d i t i o n 
of cysteine c r g l u t a t h i o n e , the i n h i b i t i o n could not be 
reversed. I n h i b i t i o n vras also observed w i t h arsenate, 
oxalate, t a u r o g l y c o l a t e , iodoacetate, and formaldehyde. 

Tsuboi and Hudson studied human e r y t h r o c y t e acid 
phosphatases.21-25 i n e r y t h r o c y t e hemolysates they 
detected only one pH optimum, 5.5 t o 6.0, i n contrast 
t o the two reported by Abul-Fadl and King. A f t e r twenty-
f o u r hours of standing at (fC fo l l o w e d by twenty-four 
hours of d i a l y s i s , no appreciable change i n acid 
phosphatase a c t i v i t y was detected. They concluded t h a t 
the presence o f a l a b i l e second enzyme w i t h i n the red 
c e l l s was not j u s t i f i e d . Alpha glycerophosphate vras 
hydrolyzed more r a p i d l y than the beta isomer. Although 
0.01 M magnesium a c t i v a t e d the enzyme, 0.1 M magnesium 
was i n h i b i t o r y . Studies on the phosphotransferase 
a c t i v i t y o f the crude hemolysate showed considerable 
t r a n s f e r of phosphate groups. They concluded t h a t the 
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h y d r o l y s i s of the ester and t r a n s f e r of the phosphate 
group vrere mediated by the same enzyme. 

An e r y t h r o c y t e a c i d phosphatase has been p a r t i a l l y 
p u r i f i e d by repeated adsorption on calcium phosphate 
g e l and by ammonium s u l f a t e p r e c i p i t a t i o n . ^ 2 
Approximately a f i f t e e n hundred f o l d p u r i f i c a t i o n was 
achieved, and k i n e t i c studies were c a r r i e d out on the 
enzyme. An optimum pH of 6.0 vras found. No appreciable 
a c t i v a t i o n by magnesium was i n d i c a t e d . The enzyme was 
found t o hydrolyze phenyl phosphate, alpha glycero­
phosphate, propanediol phosphate, and r i b o f l a v i n - 5 -

phosphate. A Km o f 9 x IO-2'' M was obtained f o r phenyl 
phosphate and a KJJ, of 7 x 10-^ M was obtained w i t h alpha 
glycerophosphate. No i n h i b i t i o n occurred w i t h e i t h e r 
f l u o r i d e or t a r t r a t e . The a c t i v a t i o n energy from 26C t o 
40oC was 8.8 k c a l . per mole and from 10oC t o 26t) i t was 
16 k c a l . per mole. The enzyrae vras very s e n s i t i v e to 
metals, and d i a l y s i s tubing, had t o be t r e a t e d w i t h 
e t h y l e n e d i a m i n e t e t r a a c e t i c acid p r i o r t o use t o prevent 
I n a c t i v a t i o n . S i l v e r , copper, mercury, palladium, 
cadmium, and i r o n shov/ed i n h i b i t i o n . Complete i n a c t i ­
v a t i o n w i t h cysteine I n d i c a t e d the presence of a 
s u l f h y d r y l group at the a c t i v e s i t e of the enzyme. M i l d 
o x i d a t i o n w i t h iodoacetate also i n a c t i v a t e d the enzyme. 

A n g e l e t t i and Gayle reported the chromatographic 
separation of three peaks w i t h a c i d phosphatase a c t i v i t y 



9 
using d l e t h y l a m i n o e t h y l c e l l u l o s e c o l u m n . T h e f i r s t 
peak c f a c t i v i t y had an optimura pH o f 4.4, while the 
Second and t h i r d peaks had an optimum pH o f around 5.5. 
Peak one showed approxiraately a f o r t y per cent 
i n h i b i t i o n w i t h t a r t r a t e but peaks two and three showed 
no i n h i b i t i o n . 

A recent repo r t 2 7 has I n d i c a t e d the presence of 
three e l e c t r o p h o r e t i c a l l y d i s t i n c t species of a c i d 
phosphatases i n e r y t h r o c y t e s . Five phosphatase p a t t e r n s 
c o n s i s t i n g o f these phosphatases have been found i n 
human e r y t h r o c y t e s , w i t h a s i x t h p a t t e r n being 
p r e d i c t e d . I t appears t h a t the phosphatase p a t t e r n s i n 
eryt h r o c y t e s are t r a n s f e r r e d g e n e t i c a l l y i n the expected 
Mendelian r a t i o s . 

Phosphatases and Metabolism 
S p e c i f i c phosphomonoesterases are believed t o play 

a s i g n i f i c a n t r o l e i n intermediary m e t a b o l i s m . 2 9 i n 
the l i v e r glucose -6-phosphatase l i b e r a t e s glucose which 
i s then passed i n t o the blood. Phosphatidic ac i d 
phosphatase i s i n v o l v e d i n the pathway i n which d i ­
g l y c e r i d e s are forraed frora glycerophosphates. The 
h y d r o l y s i s of adenosine triphosphate i s known t o play 
an important r o l e i n raany b i o l o g i c a l processes in v o l v e d 
i n energy t r a n s f e r , i n c l u d i n g muscle c o n t r a c t i o n and 
o x i d a t i v e phosphorylation. 

The r o l e of the non-specific acid phosphatases i s 
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not so apparent. Macrophages and g i a n t c e l l s associated 
w i t h l y t i c phenomena have long been knovm to e x h i b i t 
r e l a t i v e l y high a c i d phosphatase a c t i v i t y which could 
suggest t h a t there i s sorae r e l a t i o n s h i p between the 
enzyme and p r o t e i n s y n t h e s i s . ^ Barka has concluded 
t h a t the a c i d phosphatase o f various c e l l s i s r e l a t e d 
t o the development and a c t u a l a c t i v i t y of the 
p i n o c y t o t i c and reverse p i n o c y t o t i c apparatus, i n c l u d i n g 
s e c r e t i o n vacuoles. V a r i a t i o n s of a c i d phosphatase i n 
i n t e s t i n a l e p i t h e l i u m i n r e l a t i o n t o f a t absorption 
were also n o t e d . ^ 

Phosphatases and Disease 
The f i r s t suggestion t h a t phosphatases were Involved 

i n p a t h o l o g i c a l c o n d i t i o n s was raade i n 1930, when 
Roberts suggested a d e f i n i t e c o r r e l a t i o n between bone 
disease and abnormal phosphatase d i s t r i b u t i o n i n the 
body.^2 L a t e r i t v/as d e f i n i t e l y shown t h a t the 
phosphatase a c t i v i t y of the blood i s of specia l c l i n i c a l 
s i g n i f i c a n c e i n diseases o f the bone. 33 I t i s nov/ knovm 
t h a t the l e v e l of a l k a l i n e phosphatase of serum i s r e l a t e d 
to bone disease. An increase i n serum aci d phosphatase 
i s o f t e n the f i r s t i n d i c a t i o n of p r o s t a t i c cancer. 
Erythrocyte acid phosphatases have been Im p l i c a t e d i n 
some cases of chromic non-spherocytlc hemolytic 
anemia.34 Caucasian p a t i e n t s w i t h glucose-6-phosphate-
dehydrogenase d e f i c i e n c y also have a d e f i c i e n c y i n the 



acid phosphatase. This phosphatase d e f i c i e n c y does 
not appear t o be present I n the glucose-6-phosphate 
dehydrogenase d e f i c i e n t negroes. 



Experimental 

Methods and M a t e r i a l s ; 
Enzyme Source. 
Outdated human blood was obtained from The Ohio 

State U n i v e r s i t y H o s p i t a l Blood Bank. The blood was 
c e n t r i f u g e d at 10,000 G f o r 10 minutes, and the plasma 
and leucocytes were removed by decantation. The 
remaining e r y t h r o c y t e s were washed three times w i t h one 
per cent sodium c h l o r i d e s o l u t i o n s . The washed 
ery t h r o c y t e s were lysed I n f o u r volumes of d i s t i l l e d 
water. To Insure complete l y s i s , the freeze-thaw 
technique was a p p l i e d t o the hemolysate. The stroma 
was removed by c e n t r i f u g a t i o n a t 12,500 G- f o r 20 
minutes, and the hemolysate was d i a l y z e d overnight 
against three changes of 0.005 $ Tris-phosphate b u f f e r , 
pH 8.0. This s o l u t i o n s h a l l be r e f e r r e d t o as the 
crude hemolysate. 

Enzyme Assays 
A l l assays were performed using a Beckman Model B 

spectrophotometer. When para-nltrophenylphosphate was 
used as s u b s t r a t e , a m o d i f i c a t i o n of the method of 
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Bessey, Lowry, and Brock v/as employed.35 One m i l l i l i t e r 
of 0.015 M substrate, one m i l l i l i t e r of 0.1 M b u f f e r 
( acetate and c i t r a t e b u f f e r s , pH 5.75 v/ere used), and 
one m i l l i l i t e r o f enzyme s o l u t i o n v/ere incubated f o r 10 
to 50 minutes, depending on the concentration of the 
enzyme. The readings were made at 415 mu. One u n i t o f 
enzyme was defined as the amount of enzyme which 
l i b e r a t e d one mlcromole of p a r a - n i t r o p h e n o l i n one 
minute at 37^3. Figure 1 represents a standard curve f o r 
p a r a - n i t r o p h e n o l . With other substrates the standard 
Fiske-Subbarow phosphate analysis36 v/as used a f t e r one 
m i l l i l i t e r of 0.02 M substrate,one m i l l i l i t e r o f the 
enzyme, and one m i l l i l i t e r o f 0.1 M acetate or c i t r a t e 
b u f f e r , pH 5.75j were incubated f o r one hour. A one 
m i l l i l i t e r a l i q u o t was removed and immediately added t o 
one m i l l i l i t e r of t e n per cent t r i c h l o r o a c e t i c a,cld. 
Figure 2 represents a standard curve f o r inorganic 
phosphate w i t h the Fiske-Subbarow a n a l y s i s . 

P r o t e i n Determinations 

P r o t e i n was estimated by K j e l d a h l n i t r o g e n 
determinations or by measuring the absorption at 
260 afad 280 mu. 3 7 

Preparation of the calcium phosphate g e l 
The calcium phosphate g e l used i n the p u r i f i c a t i o n 

procedure v/as prepared according t o the procedure of 
Tsuboi and Hud s o n . 2 2 
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Dlethylamlnoethyl c e l l u l o s e 
Dlethylamlnoethyl c e l l u l o s e ( DEAE ) was obtained 

from Eastman Chemical Co. I t was prepared f o r use by 
consequetive washing w i t h 0.5 N NaOH, vrater, e t h y l 
a l c o h o l , 0.5 N NaOH and water. A f t e r p r o t e i n 
f r a c t i o n a t i o n the DEAE could be regenerated by t r e a t i n g 
I n the same manner. The DEAE was resuspended i n 
d i s t i l l e d water f o r storage. 

Column Chromatography 
The columns were packed by g r a v i t y using the DEAE 

prepared as above. The size o f the column depended on 
the amount o f blood being used. A cclumn 5 cm i n 
diameter by 45 cm long was used f o r the lysed e r y t h r o ­
cytes from three p i n t s o f blood. The columns were 
e q u i l i b r a t e d overnight w i t h 0.005 M sodium phosphate 
b u f f e r , pH 8.0, and the d i a l y z e d hemolysate was app l i e d 
slowly, being sure not t o d i s t u r b the top l a y e r of DEAE. 
The hemoglobin was then vrashed through the column w i t h 
0.005 M phosphate b u f f e r , and a l i n e a r g r a d ient e l u t i o n 
from 0 t o 1 M NaCl was ca,rrled out as f o l l o w s : 
Tvro 1000 ml f l a s k s were placed a t equal heights above the 
column i n order t o have equal h y d r o s t a t i c pressures. The 
one connected d i r e c t l y t o the column was the mixing 
f l a s k and contained 1000 ml of 0.005 M phosphate b u f f e r 
at the beginning of the g r a d i e n t . The second f l a s k , 
which siphoned i n t o the mixing f l a s k , contained 1000 ml 
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1 M NaCl i n 0.005 M b u f f e r and was open t o the a i r . The 
l e v e l of l i q u i d i n the two f l a s k s dropped at equal r a t e s . 
F i f t e e n m i l l i l i t e r f r a c t i o n s were c o l l e c t e d using a 
Gilson Medical E l e c t r o n i c s V15 2 f r a c t i o n c o l l e c t o r . 

P reparation of Para-nltrophenylphosphate (Na s a l t ) 
Para-nltrophenylphosphate, which was used as a 

substrate, was prepared according t o the method o f 
Bessey and Love .38 
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Results; 
pH and Acid Phosphatase A c t i v i t y 
C ontradictory r e s u l t s I n the l i t e r a t u r e 

I n d i c a t e d the need f o r an I n v e s t i g a t i o n of the pH 
optima of e r y t h r o c y t e a c i d phosphatases. Observations 
of the e f f e c t o f pH on phosphatase a c t i v i t y were 
made i n 0 . 1 M c i t r a t e b u f f e r over a pH range of 
4 , 0 t o 6 . 7 5 , Determinations were made employing 
f r e s h l y lysed blood and lysed blood which had been 
allov/ed t o stand, a t room temperature f o r three hours 
( incubated blood ) 9 Two pH optima, pH 4 , 5 t o 4 , 7 4 

and 5 .5 to 5 , 7 5 , were observed w i t h f r e s h l y l y s e d 
e r y t h r o c y t e hemolysates w i t h e i t h e r p a r a - n l t r o p h e n y l ­
phosphate ( Figure 3 ) or f l a v i n mononucleotide ( FMN ) 
( Figure 4 ) as su b s t r a t e , but only one pH optimum, 
pH 4 , 5 t o 4 , 7 5 , was observed w i t h the alpha-beta 
glycerophosphate mixture ( Figure 5 ). With Incubated 
blood only one pH optimum, pH 5 .5 t o 5 . 7 5 , was 
observed w i t h e i t h e r para-nltrophenylphosphate or 
FMN. No a c t i v i t y was detected w i t h the glycerophosphate 
mixt u r e . 

The presence of two pH optima does not nec e s s a r i l y 
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Phosphatase a c t i v i t y against para-nltrophenylphosphate 
at 37° d i n 0.1 M c i t r a t e b u f f e r was measured spectropho­
t o m e t r i c a l l y a t 4 1 5 mu. Determinations vrere made using 
f r e s h l y prepared hemolysate and hemolysate which had 
been allov/ed t o stand t h r e e hours at room temperature 
(Incubated crude hemolysate), ©—^ ® Fresh crude hemo­
l y s a t e ; O O Incubated crude hemolysate 
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FIGURE 4 
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Phosphatase a c t i v i t y acainst f l a v i n mononucleotide at 
370G inO. 1 M c i t r a t e h u f f e r v/as measured spectrophoto­
m e t r i c a l l y a t 660 mu. Determinations were made using 
f r e s h l y prepared hemolysate and hemolysate v/hich had 
been allowed t o stand three hours at room teraperature 
(incubated crude hemolysate). © " •£> Fresh crude hemo­
l y s a t e ; G>- O Incubated crude hemolysate 



21 

FIGURE 5 

4.00 4.50 5.00 5. SO 6.00 (0.6O 

pH Optima C u r v e s © ( a n d p Glycerophosphate 

Phosphatase a c t i v i t y against o( and $ glycerophosphate 
at 37 0C i n 0 . 1 M c i t r a t e b u f f e r v;as measured spectropho­
t o m e t r i c a l l y a t 660 mu. Determinations were made using 
f r e s h l y prepared hemolysate and hemolysate which had 
been allowed t o stand three hours at room temperature, 
(incubated crude hemolysate).© -O Fresh crude hemo­
l y s a t e ; O © Incubated crude hemolysate 
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i n d i c a t e the presence of two d i s t i n c t enzymes. Two forms 
of the same enzyme could also give t h i s e f f e c t . 
A d d i t i o n a l evidence f o r the presence of tvro enzyme 
species i s derived from the observation t h a t as the 
a c t i v i t y at pK 4.5 to 4.75 was l o s t there vras no 
corresponding increase i n the a c t i v i t y at pH 5.5 to 5.75 
as vrould be expected i f t h i s were tvro forms of the same 
enzyme i n e q u i l i b r i u m . I n a d d i t i o n , the a c t i v i t y toward 
the glycerophosphate was completely l o s t i n the 
incubated, blood although the a c t i v i t y toward para-
nitrophenylphosphate and FMIT remained. The presence of 
at l e a s t two acid phosphatases i n human ery t h r o c y t e s 
appears c e r t a i n . 

P a r t i a l P u r i f i c a t i o n o f an Erythrocyte Acid 
Phosphatase 
Dialyzed hemolysate ( prepared as given i n methods ) 

was applied t o a DEAE column. The hemoglobin, which had 
no a f f i n i t y f o r the DEAE at the pH employed, was washed 
through the column w i t h 0.005 M Tris-phosphate b u f f e r 
and vras discarded. The column was placed on the f r a c t i o n 
c o l l e c t o r , and a l i n e a r s a l t gradient from 0 t o 1 M NaCl 
was used t o f r a c t i o n a t e the p r o t e i n s . Phosphatase 
a c t i v i t y vras measured i n each 15 ml f r a c t i o n ( Figure 6 ) , 
vrith para-nltrophenylphosphate as substrate. Those 
f r a c t i o n s which contained a c t i v i t y were pooled. Enough 
(NH4)2S04 was added t o the pooled f r a c t i o n s so t h a t the 
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Phosphatase Elution hom Column 

Phosphatase a c t i v i t y i n each 15 ml. f r a c t i o n was 
measured s p e c t r o p h o t o m e t r i c a l l y w i t h p a r a - n i t r o -
phenylphosphate as the sub s t r a t e . Determinations 
v/ere made'inO. 1 M c i t r a t e b u f f e r , pH 5 .75, at 
3 7 °C A c t i v i t y was found i n f r a c t i o n s 54-80. 
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s o l u t i o n was 70% saturated. The p r e c i p i t a t e was c o l l e c t e d 
by c e n t r i f u g i n g at 10,000 G f o r 10 minutes and was 
r e d i s s o l v e d i n 100 ml o f 5% (NHz^gSO^ Overnight d i a l y s i s 
against 0,001 M EDTA y i e l d e d a p r e c i p i t a t e which was 
discarded. The enzyme s o l u t i o n was r e t r e a t e d w i t h 
(NH4)2S04> a n d f r a c t i o n between 25% and 55% 

s a t u r a t i o n was c o l l e c t e d , resuspended i n 25 ml of 5% 

(NH4)2S04 , and d i a l y z e d as before. Calcium phosphate 
g e l was added i n two ml a l i q u o t s . A f t e r each a d d i t i o n 
the suspension vras c e n t r i f u g e d and the phosphatase 
a c t i v i t y o f the supernate vras checked. The f r a c t i o n s of 
the gel vrhich contained the bulk of the phosphatase 
a c t i v i t y were combined and washed vrith d i s t i l l e d water. 
The enzyme vras e l u t e d w i t h a mixture of 0,15 M acetate 
and 0,015 M c i t r a t e b u f f e r s , pH 4,5, The eluate was 
t r e a t e d w i t h (NH4)2S04, and the f r a c t i o n between 40^ 
and 55^ s a t u r a t i o n vras c o l l e c t e d by c e n t r i f u g a t i o n at 
10,000 G f o r 10 minutes, resuspended i n 25 ml of 5% 

(NH4)2S04 and dialyzed as before. 

The enzyme was p u r i f i e d 2700 f o l d ( Table 1 ) and 
represented a s p e c i f i c a c t i v i t y of 2400, This p r e p a r a t i o n 
s h a l l be r e f e r r e d t o as the 2700 f o l d p u r i f i e d enzyme. 
An e a r l i e r p u r i f i c a t i o n 2 2 was reported i n vrhich a 1500 
f o l d p u r i f i c a t i o n vras achieved. 

This p r e p a r a t i o n vras sta b l e f o r at l e a s t three 
months when r e f r i g e r a t e d at -15C. 
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Table I 

Summary of Erythrocyte Acid Phosphatase P u r i f 1 c a t l o n 

Stage o f Vol. U n i t s T o t a l P r o t e i n S.A. Fold 
P u r l f l - per P u r i f i ­
c a t i o n ml ml A c t i v i t y mg/ml c a t i o n 

Lysed 960 120.0 115 ,200 125.00 0.894 1 
c e l l s 
A f t e r 
DEAE 1500 75.4 98,020 1.80 41 .900 47 

F i r s t 
(NH4) 2S0 4 107 890.0 95,230 15.40 57.200 64 
p p t . 

D i a l y s i s 131 720.0 94,330 11.60 62.000 70 

Second 
(NH4) 2S0 4 25 3480.0 87,000 14.00 248.000 278 
ppt. 
D i a l y s i s 36 2374.0 84,444 7.80 304.400 340 

Calcium 
Phosphate 90 795.0 71,550 0.63 1262.000 1412 
gel 
T h i r d 
(NH4) 2S0 4 25 2142.0 53,550 0.94 2279.000 2550 
ppt. 
D i a l y s i s 31 1675.0 51,925 0.69 2428.000 2716 
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pH Optimum of the P a r t i a l l y P u r i f i e d Enzyme 
A study of the pH optimum at 37C I n o . l M c i t r a t e 

b u f f e r of the 2700 f o l d p u r i f i e d enzyme showed an optimiam 
a t pH 5 .75 ( Figure 7 ) . This corresponded t o the pH 
optimum of the crude hemolysate a f t e r I n c u b a t i o n at 
room temperature f o r three hours. Para-nltrophenyl­
phosphate was the sub s t r a t e . 

Determination of the Mi c h a e l i s Constant 
The Mi c h a e l i s constant, K m, which has a character­

i s t i c value f o r each enzyme under r i g i d l y s p e c i f i e d 
c o n d i t i o n s , was determined by p l o t t i n g the r e c i p r o c a l 
o f the v e l o c i t y o f the r e a c t i o n versus the r e c i p r o c a l 
o f the substrate concentration. The X- l n t e r c e p t has the 
value -l/Km. The K m represents the substrate concen­
t r a t i o n at half-maximum v e l o c i t y . 

The M i c h a e l i s constant was determined at 37̂ 3 v/lth 
para-nltrophenylphosphate ( Table I I , Figure 8 ) and 
phenylphosphate ( Table I I I , Figure 9 ) . The deter­
minations v/ere performed I n 0 . 1 M acetate b u f f e r at pH 
5 .75 or pH 5 . 5 . The K m was determined at two d i f f e r e n t 
enzyme l e v e l s . 

At pH 5 . 5 the enzyme I s o l a t e d i n t h i s study had a 
K m o f 7 . 7 x lO'^M w i t h phenylphosphate as the substrate. 
At pH 5 .75 the Km w i t h phenylphosphate was 2.7 x IC^m, 
Tsuboi and Hudson 2 2 have I s o l a t e d phosphatase from human 
er y t h r o c y t e s f o r which they rep o r t e d a K M o f 9 x 1 0 " ^ at 



Phosphatase a c t i v i t y against para-nitrophenylohosnhate 
at 37 0C i n 0.1 M c i t r a t e b u f f e r was measured' spectropho­
t o m e t r i c a l l y at 4 1 5 mu. The optimum pH was 5,75. 
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Table I I 
E f f e c t of Substrate Conceritratior! on Reaction V e l o c i t y 

S (M) 1/S O.D. (415 mu) l/C.D. 

0.05330 30 0.660 1.52 
0.01670 60 0.940 1.06 

0.00833 120 1.020 0.98 
0.00416 240 0.920 1.09 
0.00208 480 0.825 1.21 
0.00156 960 0.680 1.47 
0.00078 1920 0.450 2.06 

0.03330 30 0.370 2.70 
0.01670 60 0.460 2.17 
0.00833 120 0.480 2.09 
0.00416 240 0.520 1.90 
0.00208 480 0.470 2.13 
0.00156 960 0.380 2.63 
0.00078 1920 0.275 3.64 

The e f f e c t o f substrate c o n c e n t r a t i o n on the r e a c t i o n 
v e l o c i t y was studied a t 370 and pH 5.75. The substrate 
was para-nltrophenylphosphate. The o p t i c a l d e n s i t y a t 
415 mu was a measure o f the v e l o c i t y . 
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FIGURE 8 

K m with p-NO^Phenvl Phosphate 
The Michaelis constant, K^, v̂ as determined w i t h para-
nitrophenylphosphate as tne substrate at 370C and pH 5 .75. 
The o p t i c a l d e n s i t y at 415 mu was a measure of the v e l o ­
c i t y . The r e o i p r o c a l of the r e l a t i v e v e l o c i t y v/as 
p l o t t e d versus the r e c i p r o c a l of the substrate concentra-.^ 
t i o n , and the X- i n t e r c e p t represents -1/KJJJ. K M = 6 .4 x 1 0 
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Table I I I 

E f f e c t of Substrate Concentration on Reaction V e l o c i t y 

S (M) 1/S O.D. (660 rau) l/O.D. 

0.03330 30 0.260 3.85 
0.01670 60 0.250 4.00 
0.00830 120 0.205 4.88 
0.00416 240 0.240 4.17 
0.00208 480 0.115 8.70 
0.00104 960 0.070 14.30 

0.03330 30 0.280 3.58 
0.01670 60 0.320 3.13 
0.00830 120 0.270 3.70 
0.00416 240 0.170 5.89 
0.00208 480 0.160 6.25 
0.00104 960 0.100 10.00 

The e f f e c t of substrete c o n ^ e n t r - t l o n on the r e a c t i o n 
v e l o c i t y vras measured at 37C and pH 5.75. The substrate 
vras phenylphosphate. The o p t i c a l d e n s i t y at 660 mu 
was a measure of the v e l o c i t y . 
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The Mich a e l i s constant, K m, f o r the enzyme w i t h phenyl­
phosphate vras determined at y7 0C and pH 5 . 7 5 . The 
o p t i c a l d e n s i t y at 660 mu was a measure'of the v e l o c i t y . 
The r e c i p r o c a l of the r e l a t i v e v e l o c i t y v/as p l o t t e d 
versus the r e c i p r o c a l of the suhstrate concentration^ 
and the X- l n t e r c e p t represents -\/Y^, K m= 2.7 x 10' 
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pH 5.5. The procedure of Tsuhol and Hudson v/as employed 
and the enzyme i s o l a t e d had a K m o f 2.9 x 10~3 at pH 
5.75 w i t h phenylphosphate. 

E f f e c t of Temperature on the Reaction V e l o c i t y 
An increase i n temperature leads t o a corresponding 

increase i n r e a c t i o n v e l o c i t y f o r chemical and enzymatic 
r e a c t i o n s . Special c a u t i o n must be taken v/ith enzymes 
because an excessive increase i n temperature w i l l also 
lead t o heat i n a , c t i v a t i o n . 

Determinations v/ere made i n 0.1 M c i t r a t e b u f f e r at 
pH 5.75 over a temperature range of 2̂ *0 t o 45^3. Para-
nitrophenylphosphate was the su b s t r s t e . 

An a c t i v a t i o n energy of 11.9 kcal/mole was observed 
over the e n t i r e range of temperatures eraployed ( Table 
IV, Figure 10 ) . The a c i d phosphatase of Tsuboi and 
Hudson showed an a c t i v a t i o n energy of 8.8 kcal/mole 
f o r alpha glycerophosphate over the same temperature 
range ( 0.1 M acetate b u f f e r , pH 6.0). 

I n h i b i t i o n 
The 2700 f o l d p u r i f i e d enzyme was studied w i t h 

respect to i n h i b i t i o n by various reported i n h i b i t o r s 
o f phosphatase enzymes. The concentration of the 
i n h i b i t o r s was 0.01 M, the only exception being the 
p-chloromercuribenzoate (PCMB). I n t h i s case a 
saturated s o l u t i o n was used since PCMB i s p a r t i a l l y 
i n s o l u b l e at a c c n c e n t r a t i o n of 0.01 M. 
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Table I V 
E f f e c t of Temperature on the Reaction V e l o c i t y 

Temperature ( 0C) O.D. ( l o g O.D.)+ 1 ( l / T ) X 103 

25 0.60 0.7782 3.352 
30 0 . 85 0.9294 3.300 

35 1.20 1.0792 3.247 
40 1.65 1.2175 3.195 
45 2.20 1.3424 3.145 

The e f f e c t of temperature on the r e a c t i o n v e l o c i t y was 
measured a t pH 5.75 w i t h 0.015 M p a r a - n i t r o p h e n y l -
phosphate as substrate. 
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The a c t i v a t i o n energy, E a, vras deterinined at pH 5 .75 
v r i t h para-nitrophenylphosphate. The o p t i c a l d e n s i t y at 
415 mu was a measure of the v e l o c i t y . The l o g o f the 
r e l a t i v e v e l o c i t y was p l o t t e d versus the r e c i p r o c a l of 
the absolute temperature. E a = 11.9 kcal/mole. 
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Complete i n h i b i t i o n was obtained with PCMB and 

cyanide ( Table V ) . T a r t r a t e , formaldehyde, and 
arsenate produced only p a r t i a l i n h i b i t i o n . F l u o t i d e 
had no e f f e c t . The i n a c t i v a t i o n caused by PCMB was 
eli m i n a t e d by the simultaneous a d d i t i o n of beta 
mercaptoethanol. This would suggest the presence of 
a s u l f h y d r y l group at the a c t i v e s i t e of the enzyme. 

Tsuboi and Hudson2^- have r e p c r t e d no i n h i b i t i o n 
w i t h t a r t r a t e or formaldehyde, but complete i n a c t i ­
v a t i o n vras observed by PCMB. 

E f f e c t o f Metal Cations 
The e f f e c t of various metal cations on the 

a c t i v i t y of the enzyme was studied at f i v e d i f f e r e n t 
c a t i o n concentrations. The studies were made using both 
c i t r a t e ( Table VI ) and acetate b u f f e r s ( Table V I I ) . 
C i t r a t e b u f f e r had a c h e l a t i n g e f f e c t vrhich vras not 
e x h i b i t e d by the acetate b u f f e r . 

A l l of the 0 . 1 M c a t i o n s o l u t i o n s i n h i b i t e d the 
enzyme to some extent which was probably due t o the 
e f f e c t of h i g h lon concentration. Cutside o f t h i s 
I n i t i a l i n h i b i t i o n , no e f f e c t was apparent using sodium, 
n i c k e l , calcium or manganese. Copper and zinc showed 
marked i n h i b i t i o n . Cobalt, magnesium and potassium 
i n h i b i t e d at higher concentraticns but have a s l i g h t 
a c t i v a t i n g e f f e c t at lovrer concentraticns. 

Tsuboi and Hudson25 have reported s l i g h t a c t i v a t i o n 
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Table V 

I n h i b i t i o n 

I n h i b i t o r % I n h i b i t i o n 

T a r t r a t e 29 
Formaldehyde 48 
Arsenate 83 
PCMB 100 
Cyanide 100 
Fl u o r i d e 0 

The e f f e c t o f i n h i b i t o r s on the a c t i v i t y o f the substrate 
was measured at 37?3 and pH 5.75 w i t h 0.015 M p a r a - n i t r o ­
phenylphosphate as substrate. The concentration of the 
i n h i b i t o r was 0.01 M, the only exception being PCMB w i t h 
which a saturated s o l u t i o n was used. 
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w i t h 0.001 M n i c k e l , 0.001 M manganese, and 0.001 M 
cobal t . They obtained marked I n h i b i t i o n v;lth 0.0001 M 
copper. Abul-Fadl and Klng^O have reported almost 
complete i n h i b i t i o n w i t h 0.0002 K copper. 

Substrate S p e c i f i c i t y 

Enzymes e x h i b i t d i f f e r e n t degrees of substrate 
s p e c i f i c i t y . Some act only on one s p e c i f i c substrate, 
i . e . glucokinase. Others such as hexokinase act on a 
number of d i f f e r e n t substrates.3 7 

The substrate s p e c i f i c i t i e s of the 2700 f o l d 
p u r i f i e d enzyme and the crude hemolysate were determined 
( Table I X ). One ml of the 0 . 1 M phosphate compound was 
Incubated w i t h one ml of enzyme f o r 30 minutes i n 0 .1 M 
c i t r a t e b u f f e r at pH 5.75. A f t e r t e r m i n a t i o n of the 
r e a c t i o n by TCA, the f r e e phosphate v/as determined by 
the Fiske-Subbarow method. 

Several substrates, 3-p 1nosphoglyeerie a c i d , carboxyl-
1-phosphate, p y r i d o x i n e phosphate, f l a v i n mononucleotide, 
i n o s i t o l monophosphate, para-nltrophenylphosphate, and 
phenylphosphate were acted on by the crude hemolysate. 
Only para-nitrophenylphosphate and phenylphosphate v/ere 
acted on by the p a r t i a l l y p u r i f i e d enzyme. 

Substrate s p e c i f i c i t y studies have I n d i c a t e d t h a t 
there are at l e a s t two phosphatases i n human er y t h r o c y t e s 
which have an optimum pH o f 5.5 t o 5.75. One of them 
I s h i g h l y s p e c i f i c and acts only on pa r a - n l t r o p h e n y l ­
phosphate and phenylphosphate. I f only one other 
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Table VI 

Metal Cation E f f e c t s i n C i t r a t e B u f f e r 

Metal Concentration o f the cation(M) 
1 x 10" 1 1 x 10-2 i x 10-3 1 x 10-4 i x io-5 

Mg - 2 8 ^ 0% 0% 0% 0% 

Ca -48^ - Q% 0% 0% 0% 

K -40^ -11% 0% 0% 0% 

Na -12% 0% 0% 0% 0% 

Co -70% 0% + Q% 0% 0% 

Mn -21% -11% - 9% -7% 0% 

Cu -95% -65% -34^ 0% 0% 

Zn -9Q% -17% - Q% 0% 0% 

Nl -92% 0% 0% 0% 0% 

o 
The e f f e c t of metal cations was messured a t 37C and pH 
5.75 w i t h 0,015 M para-nitrophenylphosphate as substrate. 
The r e s u l t s are expressed i n per cent i n h i b i t i o n or 
a c t i v a t i o n . 
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Table V I I 

Metal Cation E f f e c t s i n Acetate B u f f e r 

Metal Concentration of the c a t i o n (M) 
1 x 10 " 1 1 x I O - 2 1 x 10" 3 1 x I O " 4 1 x 10"^ 

Mg - 2 5 ^ + 4 ^ + 9% + 9% + 9% 

Ca - 7 4 ^ -16% 0% 0% 0% 

K - 4 4 ^ - 9% -¥11% +10^ + 6% 

Na - 1 1 ^ 0% 0% 0% 0% 

Co - 9 4 ^ -kl% + 1% + 9% +16% 

Mn - 8 6 ^ 0% 0% 0% 0% 

Cu -99% -91% -91% -16% - 6% 

Zn -9Q% -92% -13% 0% 0% 

Nl -98% -15% 0% 0% 0% 

The e f f e c t o f raetal c a t i o n s was raeasured a t 37C and pH 
5 .75 w i t h 0.015 M para-nltrophenylphosphate as substra,te. 
The r e s u l t s are expressed I n per cent i n h i b i t i o n or 
a c t i v a t i o n . 



Table IX 
Substrate S p e c i f i c i t y of the Enzyme 

Substrate 
Crude P u r i f i e d 

Triose DhosDhate esters 0,080 0. 00 
3—•Dhos"ohop;lvcerlc a c i d 0.300 0.00 
Carboxyl—1-pho sphate 0. 250 0.00 
Cvtld^ ne-S-trlnhosnha t e 0.095 

^ • w y ' - y 

0.00 
Pronanediol Dhosnhate 0.160 0.00 
Pyri d o x a l nhopDhate 0.145 0.00 

o. 050 0.00 
0 IPS 0-00 

v • Vy vy Ad PTI A pine f.'pi nTi o ̂ Dhat.e 0.100 0.00 
X ^ J i l w w J J ^ i i W O C T i . - L U C ' 0 100 0 00 

<J • vy vy TTr,1 (i ine d i "nho pn'haf.e 
W X -L >wi _LXi 1—• vX ky i X W O 1 U v—' 

0.110 0.00 
n-usnine d i nbo^nbat.e 
\_J k A J. i -LXI w \,L J_ ky LX Vy w ky L X C A U v 

0. 080 0.00 
I n o s i t o l Tnononboanhate 
^L. x i vy _u w w _u j i i vy x i vy ky i x v y ky vy t xv>- v-y 

0.185 0.00 
Thiamine pyrophosphate 0 .085 0.00 
G-lycolaldehyde phosphate 0 .120 0.00 
Glucose-6-phosphate 0 .120 0 .00 
Fructose -6-phosphate 0 .160 0.00 
UDP-glucose 0 .095 0.00 
U r i d i n e triphosphate 0.080 0.00 
Cytidine monophosphate 0 .120 0.00 
2-deoxy glucose -6-phosphate 0 .120 0.00 
Pyridoxine phosphate 0.500 0.00 
Phosphoryl choline 0.075 0.00 
Cytidine diphosphate 0.090 0.00 
Creatine phosphate 0.200 0 .00 
Adenosine diphosphate 0.090 0 .00 
U r i d i n e monophosphate 0 .105 0.00 
F l a v i n mononucleotide 0.590 0.00 
Alpha-beta glycerophosphates 0.105 0.00 
Beta glycerophosphate 0.110 0.00 
Phenyl phosphate 0.850 1.20 
Para-nitrophenylphosphate 0.850 1.50 

Substrate s p e c i f i c i t y studies were done at 37tl and pH 
5.75 w i t h 0.02M sub s t r a t e . A l l O.D.1s were read at 660 mu 
except f o r para-nitrophenylphosphate, which v/as read a t 
415 mu. 
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phosphatase which i s a c t i v e at pH 5 .75 i s present, i t i s 
r e l a t i v e l y n o n - s p e c i f i c . 

E l u t i o n P a t t e r n from DEAE 
The d i a l y z e d hemolysate was applied t o the DEAE 

column and el u t e d as given i n the p u r i f i c a t i o n o f the 
enzyrae. Each 15 ral f r a c t i o n was te s t e d f o r i t s a c t i v i t y 
on para-nitrophenylphosphate and FMN at pH 5 .75 (Figure 1 1 ) . 

Fractions 57 through 77 hydrolyzed p a r a - n i t r o p h e n y l ­
phosphate, but only f r a c t i o n s 57 through 62 hydrolyzed 
FMN. This i n d i c a t e d the presence of tv/o enzyrae species, 
one of which acts on FMN while the other does not. 

These enzyraes could not be separated using a l i n e a r 
g r a d ient from 0 t o 0 . 5 M NaCl. 
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FIGURE ll 

Phosphatase a c t i v i t y against para-nitrophenylphosphate 
and FKN was measured i n each 15 ml. f r a c t i o n at 37°C 
inO. 1 M c i t r a t e bufferra pH 5 . 7 5 . 0 O FMN a c t i v i t y ; 
O O para-nltrophenylphosphate a c t i v i t y . 



Discussion 

Comparison of the Enzyme w i t h Tsuboi and Hudson's Enzyme 
Tsuboi and Hudson have reported a 1 ^ of 9 x I O - 4 M 

f o r t h e i r enzyme w i t h phenylphosphate. The determination 
was made i n 0.1 M acetate b u f f e r , pH 5.5. The enzyme 
i s o l a t e d i n t h i s study has a K m of 7.7 x I O - 4 M under 
the same c o n d i t i o n s . With phenylphosphate at pH5.75 
Tsuboi and Hudson's enzyme had a o f 2.7 x 10-3 M, and 
the enzyme i s o l a t e d i n t h i s study had a K m c f 2.9 x 10-3 M. 

Studies on the e f f e c t of temperature on the r e a c t i o n 
v e l o c i t y of the enzyme i s o l a t e d i n t h i s study have given 
an a c t i v a t i o n energy of 11.9 kcal/mole i n 0.1 M acetate 
b u f f e r , pH 5.75. The substrate was p a r a - n i t r o p h e n y l ­
phosphate. Tsuboi and Hudson determined the a c t i v a t i o n 
energy o f t h e i r p r e p a r a t i o n t o be 8.8 kcal/mole. They 
used alpha glycerophosphste i n 0.1 M acetate b u f f e r , 
pH 6.0. Since d i f f e r e n t substrates were used, no 
conclusions can be drawn. 

Tsuboi and Hudson have reported t h a t the enzyme 
which they i s o l a t e d was r e s i s t a n t t o t a r t r a t e I n h i b i t i o n 
over a wide range of concentration. The enzyme i s o l a t e d 
i n t h i s study was i n h i b i t e d 29^ by 0.1 M t a r t r a t e . 

43 



The enzyme i s o l a t e d by Tsuboi a.nd Hudson was 
r e l a t i v e l y n o n - s p e c i f i c and acted on phenylphosphate, 
alpha glycerophosphate, propanediol phsophate, and 
ribofl a v i n - 5 - p h o s p h a t e . The enzyme I s o l a t e d i n t h i s 
study hydrolyzed only para-nltrophenylphosphate. 

The two enzyme preparations appear t o contain 
the same enzyme, although i t would seem t h a t Tsuboi 
and Hudson's enzyme i s contaminated w i t h a second 
phosphatase which also has an optimum of pH 5 .75 and 
i s r e l a t i v e l y n o n - s p e c i f i c . 
Number of Acid Phosphatases and Possible C l i n i c a l 
A p p l i c a t i o n s 

There are at l e a s t three a c i d phosphatases I n 
human e r y t h r o c y t e s . The r e l a t i v e amounts of these three 
enzymes could be of poss i b l e c l i n i c a l s i g n i f i c a n c e . I t 
appears t h a t a r e l a t i v e l y simple assay procedure could 
be set up t o determine the r e l a t i v e a c t i v i t i e s of these 
enzymes. The assay v/ould employ eouipment e a s i l y 
obtainable i n any h o s p i t a l l a b o r a t o r y , and the 
chemicals Involved are r e l a t i v e l y inexpensive. 

One of the enzymes i s a c t i v e at pH 4 . 7 5 and could 
be assayed at t h i s pH using alpha beta glycerophosphate. 
I t i s unstable and cannot be detected a f t e r i n c u b a t i o n 
at room temperature f o r three hours. A second enzyme 
acts at pH 5 .75 on a nuraber of d i f f e r e n t substrates, 
among them FMN which i s a good i n d i c a t i o n of i t s 
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a c t i v i t y . Also a c t i v e at pH 5.75 i s a very s p e c i f i c 
phosphatase which acts on para-nitrophenylphosphate. 

The assay would he as f o l l o v r s : 

(1) Assay the crude hemolysate w i t h alpha beta glycero­
phosphate at pH 4 .75 . 

( 2 ) Allow the hemolysate to stand at room temperature 
f o r three hours, 

(5) Assay w i t h FMN at pH 5 .75. 

(4) Assay w i t h para-nitrophenylphosphate at pH 5.75. 

Normal ranges of a c t i v i t y using p a r a - n i t r o p h e n y l ­
phosphate at pH 4.75 and pH 5.75, as w e l l as the 
a c t i v i t y on MN a t pH 5.75, should be determined using 
the assay procedure o u t l i n e d above. Any d e v i a t i o n from 
the normal could e a s i l y be detected. 

I t has been reported t h a t Caucasian p a t i e n t s w i t h 
chronic non-spherocytic hemolytic anemia have a 
phosphatase d e f i c i e n c y i n a d d i t i o n t o the glucose-6-
phosphate-dehydrogenase d e f i c i e n c y . I t i s not knovm i f 
the phosphatase d e f i c i e n c y involves an o v e r - a l l 
decrease i n phosphatase a c t i v i t y or i f i t i s a complete 
absence or at l e a s t a decrease i n only one of the 
phosphatases. The c l i n i c a l assay proposed i n t h i s 
study would e s t a b l i s h which of the p o s s i b i l i t i e s 
e x i s t s . 



Summary 

There are a t l e a s t three ac i d phosphatases i n human 
ery t h r o c y t e s . One ( l ) has a pH optimum of 4.5 to 4.75 
and i s very l a b i l e . I t cannot be detected I n blood 
hemolysates which have been Incubated at roora temperature 
f o r three hours. A second ( l l ) has a pH optimura of 5.5 
to 5.75 and i s r e l a t i v e l y n o n - s p e c i f i c w i t h respect t o 
substrates. A t h i r d ( i l l ) also has a pH optimura of 5.5 
to 5.75 and, of the substrates employed, acted only on 
phenylphosphate and para-nltrophenylphosphate. 

Phosphatase I I I has been p a r t i a l l y p u r i f i e d and 
cha r a c t e r i z e d . The enzyme was p u r i f i e d 2700 f o l d and 
represented, a s p e c i f i c a c t i v i t y o f 2400. At pH 5.75 and 

the K m w i t h para-nltrophenylphosphate was 6.45 x 
I O - 4 M. Under the sarae c c n d i t i o n s the Km w i t h phenyl­
phosphate was 2.7 x 10-3 M. The a c t i v a t i o n energy was 
11.9 kcal/mole using para-nltrophenylphosphate as sub* 
s t r a t e . Marked I n h i b i t i o n was observed w i t h zinc and 
copper. The enzyme was completely i n h i b i t e d by PCMB 
and cyanide. I t appears t h a t t h i s enzyme i s the same 
enzyme repo r t e d by Tsuboi and Hudson 2 2 although t h e i r 
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enzyme p r e p a r a t i o n was apparantly contaminated w i t h 
phosphatase I I , which I s r e l a t i v e l y non- s p e c i f i c . 

A c l i n i c a l assay f o r the three a c i d phosphatases 
I n the crude hemolysates has been proposed. 



B i b l i o g r a p h y 

1. Euler, Hans and Yngve Funke, Z.Physiol. Chem., 
77, 488-98 (1911) 

2. Euler, Hans and Beth Euler, Z. Phy s i o l . Chem. , 
92, 292-296 (1914) 

3. Adler, Ludwig, Biochem. J. , 70, 1-36 (1915) 
4. Tomita, M. , Biochem. Z., 131, 161-169 (1922) 
5. I b i d . , Biochem. Z., 131, 170-174 (1922) 
6. Brugsch, T. and H. Horsters, Biochem. J. 155, 

459-476 (1925) 
7. F o r r a l , E., Biochem. Z. , 145, 47-53 (1924) 
8. Bamann, E. and J. Reidel. , Z. Phy s i o l . Chem. , 229, 

125-150 (1934) 
9. Bamann, E. and K. Dlederlcks, Ber., 6^, 2019-2021 

(1934) 
10. Applemans, T. and C. deDuve, Biochem. J. , 54, 

426-433 (1955) 
11. A-pplemans, T., R. W a t t l a r , and. C. deDuve , Biochem, 

J., 59, 438-445 (1955) 
12. deDuve C., B,C,Pressman, R, Gianetto, R, Wattiaux, 

and T, Applemans, Biochem, J,,60, 604-617 
(1955) 

13. Clarkson, E. andM. Malzels,^. Physiol.,116,112 (1952) 
14. Roche, J., Biochem. J., 25, 1724 (1931) 
15. Roche, J., and M. L a t r e i l l e , Compt. rend. soc. b i o l . , 

119, 1144-1146 (1935) 

48 



49 
16. Freundenberg, E., Z. K l n d e r s h e l l k , 51, 427-441 (1935) 
17. Roche, J. and E. B u l l i n g e r , Comnt. rend. soc. b i o l . , 

127. 1271-1273 (1938) 
18. Berend, M. and M. Fischer, Magyal B i o l . Kutato-

i n t e z e t Munhai, 10, 302-306 (1938) 
19. Roche, J.,Thoai N.V., and J. Baudoin, B u l l . soc. 

Chim. B i o l . ( P a r i s ; 24, 247, (1942) 
20. Abul-Fadl, M.A.M. and E.J. King, Biochem. J.(London), 

45, 51 (1949) 
21. Tsuboi, K. and P. Hudson, Arch. Biochem. Biophys., 

43, 339 (1953) 
22. I b i d . Arch. Biochem. Biophys., 53, 341 (1954) 
23. I b i d . Arch. Biochem. Biophys., 53, 347 (1954) 
24. I b i d . Arch. Biochem. Biophys., 55, 206,218, (1955) 
25. I b i d . Arch. Biochem. Biophys., 61, 197-210 (1956) 
26. A n g e l i t t i , P. and R. Gayle, Blood, 20, 51-55 (1962) 
27. Hopkinson, D.A., N. Snencer and H. H a r r i s , Nature, 

199, 969-971 (1963) 
28. Frankel-Conrat, H. and W.M.Stanley., Chem. Eng. 

News, 39,136-144 (1961) 
29. Calvin, B., Chem. Eng. News, 32, 96-104 (1961) 
30. Norberg, E., Acta. Chem. Scand., 4, 1206-1215 (1950) 
31. Barka, T., J.Histochem. and Cytochem.,10,231-233 
32. Roberts, W.M., B r i t . J. E x p t l . Path.,11, 90 (1930) 
33. Yagunda, A., J. Biochem., 102, 749-65 (1933) 
34. Science, 139, 409 (1963) 



35. Bessey, O.A., O.H.Lowry, and M.J.Brock, J. B i o l . 
Chem., 164, 321-329 (1946) 

36. Fiske, C.H. and Y.Subbarow, J. B i o l . Chem., 66 , 
375 (1925) 

37. Warburg, 0. and W.Christian, Biochem. J., 310. 
384 (1942) 

38. Bessey, 0. and R.Love, J. B i o l . Chem,, 196,195 
(1952) 


