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Abstract-Extracts of the alga Enteromorpha linza hydrolysed glucose-dphosphate,p-nitrophenylphosphate 
2’-, 3’-, and S-adenosine monophosphates with an optimum at pH 5. Cytidine and uridine-5’-nucleoside 
diphosphates, and 2’-, and 3’-adenosine monophosphates were relatively poorly hydrolysed. Zn*+ (10 mM) 
inhibited the hydrolysis of all substrates, whereas Mgz+ (10 mM) may be stimulatory. It is suggested that the 
hydrolysis of these phosphomonoesters was due to the activity of a non-specific acid phosphatase (ortho- 
phosphoric monoester phosphohydrolase, E.C. 3.1.3.2). 

INTRODUCTION 

THE UBIQUITOUS nature of acid phosphatases in animal tissues and in some diverse non- 
animal sources such as yeasts, moulds, seedlings, citrus fruits and several micro-organisms 
is well established.ls2 It has been suggested, for example, that wheat leaves contain two 
separate phosphatases; one which hydrolysed 5’-adenosine monophosphate and phenol- 
phthalein diphosphate, and another which attacked a-glycerophosphate.3*4 A non-specific 
acid phosphatase and a separate a-glycerophosphate-hydrolysing enzyme also occur in 
tobacco leaves.5 By comparison, much less is known about phosphatase activities in algae, 
although Euglena gracilis possesses a phosphate-repressible acid phosphatase-synthesizing 
system.6 The purpose of this study was to investigate the ability of algal extracts to hydrolyse 
a variety of phosphate esters, including sugar phosphates, nucleoside mono- and diphos- 
phates, and p-nitrophenyl phosphate QNPP). 

RESULTS AND DISCUSSION 

The pH activity profiles for PNPP, 2’-, 3’-, and 5’-AMP, and glucose-6-phosphate 
(G-6-P) were very similar, with the optimum at pH 5. This is consistent with an earlier 
report on marine phytoplanktonic algae’ and for a variety of higher plant tissues.8*g On 
testing several possible substrates at pH 5 the most rapidly hydrolysed was found to be 

1 G. SCHMIDT, in The Enzymes (edited by P. D. BOYER, H. LARDY and K. MYRBXCK), Vol. 5, p. 37, Academic 
Press, New York (1961). 

’ V. P. HOLLANDER, in The Enzymes (edited by P. D. BOYER), Vol. 4, p. 449, Academic Press, New York 
(1971). 

3 D. W. A. ROBERTS, Can. J. Biochem. Physiol. 41, 113 (1963). 
4 D. W. A. ROBERTS, Can. J. Biochem. Physiol. 41,1275 (1963). 
5 J. G. SHAW, Arch. Biochem. Biophys. 117, 1 (1966). 
6 C. A. PRICE, Science 135, 46 (1962). 
7 N. J. ANnA and A. WATT, J. Fish. Res. Bd. Can. 22, 793 (1965). 
8 B. NAGANNA, B. VENUGOPAL and C. E. SRIPATHI, Biochem. J. 60,224 (1955). 
g J. ROCHE, in The Enzymes (edited by J. B. SUMNER and K. MYRB~CK), Vol. 1, p. 473, Academic Press, 

New York (1950). 
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pNPP (Table 1). Nucleoside-5’-monophosphates were attacked at appreciable rates, 
particularly 5’-AMP, other nucleoside-5’“diphosphates that were tested were poorly hydro- 
lysed. Phosphoserine and phosphothreonine were hardly attacked. Nucleoside-S-mono- 
phosphates were generally better substrates than 2’- or 3’-AMP, but for phosphatases of 
tobacco leaves5 and lupin seedlings, lo the opposite has been reported. 

TABLE 1. RATES OF HYDROLYSIS OF VARIOUS PHOSPHATE ESTERS BY A CELL-FREE EXTRACT OF Enteromorpha Iinza 

Substrate 
Units of 

activity at pH 5 Substrate 
Units of 

activity at pH 5 

p-Nitrophenyl phosphate 10.3 3’-AMP 2.6 
2’-AMP 2.0 

5’-AMP 7.5 o-Glucose-6-phosphate 2.3 
5’-GMP 5.2 2-Deoxy-glucose-6-phosphate 1.8 
5’-CMP 4.0 o-Fructose-6-phosphate 2.4 
5’-IMP 3.8 o-Fructose-1,6-diphosphate 4.6 
5’-UMP 3.5 a-o-Glycerophosphate 1.1 
5’-dGMP 6.6 B-o-Glycerophosphate 1.8 
5’-dCMP 4.6 or.-Glyceraldehyde-3-phosphate 4.3 
5’-dUMP 4.9 Phosphoserine i 0.4 
5’-TMP 2.1 Phosphothreonine < 0.4 

6-Phosphogluconic acid 1.6 
5’-CDP 0.5 
5’-UDP 0.4 

The standard assay, described in the text, was used. Each reaction mixture contained 10 pg protein. 

Phosphatase activity in extracts of E. lima showed no requirement for divalent cations. 
Nevertheless, the effect of Ni2 +, Co2 + , Mg2 +, and Zn2 + upon the hydrolysis rates of several 
substrates at pH 5.0, 6.5, and 8.0 were examined. Zn2 + consistently inhibited the hydrolysis 
of all of the substrates tested, and at all pH values used (Table 2). On the other hand, MgZ + 
(and, to a lesser degree, Co’+) tended to be stimulatory, particularly at pH 5. The effect of 
Ni2+ appeared to be generally inhibitory, except at pH 8 where no inhibition occurred. 

A DEAE-cellulose column was charged with algal extract and eluted with a linear 
gradient of sodium chloride at pH 7. Although a good separation of the enzyme-rich fraction 
from the non-active fraction was obtained, the activities against pNPP, 3’-AMP, 5’-AMP 
and a-glycerophosphate (a-GP) were not separated. However, 5’-AMP and CL-GP were 
hydrolysed by the enzyme-rich eluate at significantly faster rates relative to the hydrolysis 
of pNPP, after the chromatographic treatment. Further studies are necessary to determine 
whether the latter observation indicates the existence of substrate-specific phosphatases in 
E. linza. 

EXPERIMENTAL 

Plant material. The alga, Enteromorpha iinza, was obtained locally; washed with cold Hz0 and stored 
at-30”. 

Enzyme solutions and substrates. Approx. 850 g (wet wt) was homogenized in 2 vol. H,O in a Waring 
blendor and centrifuged at 8 000 g for 20 min (B-4”). The supernate was freeze dried and stored at -30”. 

lo M. Z. NEWMARK and B. S. WENGER, Arch. Biochem. Biophys. 89, 110 (1960). 
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TABLE 2. EFFECT OF SOME DNALENT IONS ON HYDROLYSIS RATES OF VARIOUS PHOSPHATE 

ESTERS 
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Relative activity (control* = 1-O) in presence of 

Substrate PH Ni’ + Co2+ Mgz+ Znz + 

PNpP 

5’-AMP 

3’-AMP 

Z-AMP 

a-Glycerophosphate 

@Glycerophosphate 

Glucose&phosphate 

Glyceraldehyde-3-P 

5.0 
65 
8.0 

0.7 
l-1 
1.2 

1.0 
1.2 
1.0 

1.2 
l-6 
1.0 

0.7 
@7 
0.7 

5.0 0.8 1.2 1.4 
6.5 0.8 1.4 1.6 
8.0 1.2 0.9 1.1 

5.0 0.8 1.7 2.4 
6.5 O-8 1.1 1.7 
8.0 1.0 0.8 0.9 

5.0 0.9 
6-5 0.9 
8.0 1.2 

5.0 0.6 
65 0.7 
8.0 1.2 

1.1 
1.2 
1.1 

1.0 
1.0 
0.7 

1.9 
1.5 
1-l 

1.2 
1.0 
1.0 

O-1 
0.1 
0.3 

0.4 
0.4 
0.2 

0.5 
0.2 
@l 

0.3 
o-3 

co.1 

5.0 0.8 1.3 l-8 0.5 
6.5 0.9 1.4 l-6 <O.l 

5.0 
6.5 
8.0 

2.3 3.9 0.6 
1.6 2.6 0.5 
0.5 0.8 0.5 

5-o 
6.5 

I.2 
1.0 
1.1 

0.9 
1.2 

1.3 2.1 0.8 
1.4 1.8 0.5 

* Activity in presence of buffer, substrate and extract only. 
The standard assay was employed, except that the divalent cations were added 

(as chloride salts) to give a final concentration of 10 mM. Assays performed at pH 5.0 
and at 6.5 contained 10 pg protein. Those performed at pH 8-O contained 580 pg 
protein. 

Portions (l-2 g) of the powder were suspended in 15 vol. HzO. After centrifugation at 30 000 g for 30 mitt, 
(NH&SO., (053 g/ml) was added to the supernate, the ppt. taken up in S-10 ml H20, and dialysed against 
H,O for 16 hr. The enzyme lost cc. 20% of its activity in 3 weeks at -3O”, when either S-AMP or pNPP 
served as substrate. The protein content ranged from 5 to 10 mg/ml as determined by the method of Lowry 
et al.,” with bovine serum albumin as standard. 

Enzyme assay. The reaction mixture contained 1 prnol substrate, 40 pm01 of either NaOAc buffer (pH 5.0 
or 6.5) or Tris-maleate buffer (pH 8.0 or 8.5) and algal extract in a total vol. of O-5 ml. After 30 min incuba- 
tion at 30”, the reaction was terminated by the addition of 1 ml of the phosphate colour reagent described by 
Chen et uL,‘~ modified by Walters and Loring. I3 A suitable blank containing substrate and buffer was in- 
cubated with each experimental tube, and the algal extract added to the controls after addition of the 
phosphate reagent. One unit of phosphatase activity is defined as that amount which released 1 pg inorganic 
phosphate under standard assay conditions. 

ir[O. H. LOWRY, N. J. ROSEBROUGH, A. L. FARR and R. J. RANDALL, J. Biol. Chem. 193,265 (1951). 
IziP. S. CHEN, JR., T. Y. TORIBARA and H. WARNER, Analyt. Chem. 28,1756 (1956). 
13fT. L. WALTERS and H. S. LQRMG, J. Biol. Chem. 241,287O (1966). 


