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Abstract-Acid phosphatase purified from maize scutellum did not dissociate into subunits upon acylation with 
succinic anhydride. The enzyme maintained its catalytic activity after succinylation of 52 free amino groups per molecule. 
The results also showed that free amino groups may play an important role in the maintenance ofenzyme stability at pH 
values greater than 5.4. 

INTRODUCTION 

We have recently shown that acid phosphatase (EC 
3.1.3.2) purified from germinating maize scutellum is 
probably a monomeric enzyme (MW 65 000) and that SH 
groups might not be involved in the catalytic mechanism 
[l 1. Studies with human prostatic acid phosphatase have 
also eliminated serine [2], tyrosine [3], tryptophan [3], 
cysteine [4] and lysine [4] from involvement in either 
catalysis or substrate binding. 

For comparative purposes and in order to check our 
previous report on the aggregation state of the enzyme 
[l], we have extensively succinylated maize scutellum 
acid phosphatase. Our results provided no evidence for 
active site lysyl residues and confirmed the monomeric 
state of the maize scutellum acid phosphatase. 

RESULTS AND DISCXSSION 

The acid phosphatase purified from germinating maize 
scutellum [l] was found by titration with TNBS to 
contain 52 free amino groups per molecule. After 
succinylation (see Experimental), no free amino groups 
were detectable and the enzyme activity at pH 5.4 (p- 
nitrophenylphosphate and glucose-6-phosphate as 
substrates) was enhanced about 300/,. These results 
indicated that the free amino groups of the protein may be 
unimportant for the maintenance of enzyme activity. No 
further reactivation of the modified enzyme was observed 
after treatment of the succinylated enzyme with 0.5 M 
hydroxylamine for 1 hr, at pH 7.0, at room temperature. 
These results indicated that succinylation did not affect 
groups other than amino groups, these groups probably 
being those of the tyrosyl, seryl or threonyl residues. The 
acylation of these groups was completely reversible after 
treatment with a nucleophile [S]. 

* Present address: Departamento de Bioquimica, IB-UNESP, 
13.100-Rio Claro. SP, Brazil. 

t To whom correspondence should be addressed. 

The MW of the succinylated enzyme was 75 000 k 3000 
as determined by molecular exclusion chromatography. 
The increment on the apparent M W (65 000) could be due 
to the incorporation of succinic acid into the protein 
molecule with an additional increase in the Stokes radius 
[6]. When the MW of the modified enzyme was estimated 
by disc electrophoresis, in the presence of SDS (see ref. 
[l I), only one protein band (MW ca 65000) was 
observed. These results confirm our previous results 
which suggested that the enzyme was in the monomeric 
form. 

Inactivation behaviour at pH 5.4 and 6.7 (at 65”) is 
shown in Fig. 1. It can be seen that the inactivation 
velocities found were quite similar for the nativeenzyme at 
both pHs. Although the residual activity of the modified 
enzyme decreased more rapidly than for the native 
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Fig. 1. Thermal inactivation of purified maize scutellum acid 

phosphatase. 0~ Cl, Native enzyme assayed at pH 5.4; m -4 
succinylated enzyme assayed at pH 5.4; O-0, native enzyme 
assayed at pH 6.7: l - 0, succinylated enzyme assayed at pH 6.7. 
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enzyme, we concluded that succinylation had not changed 
the enzyme stability at pH 5.4. However, at pH 6.7 the 
decrease in the residual activity was more marked. 
suggesting that the free amino groups were important for 
the maintenance of enzyme stability at this pH. 

The K, values for native and succinylated enzyme (p- 
nitrophenylphosphate as substrate) were 0.3 x lOA M 
and 0.5 x 1O-3 M at pH 5.4 and 1.6 x lo-” M and 
6.7 x 10m3 M at pH 6.7, respectively. The K, values 
found at pH 5.4 were quite similar for native and 
succinylated enzymes. However, at pH 6.7, the K, for the 
succinylated enzyme was 4 times higher than that of the 
native enzyme, indicating that the succinylated enzyme 
had a lower affinity for p-nitrophenylphosphate at this 

PH. 
Thus, the K, values and inactivation constants suggest 

that free amino groups may play an important role in the 
maintenance of enzyme conformation at a pH greater 
than 5.4. 

EXPERIMENTAL 

Assu~pmtedures. Theenzyme assays were carried out in either 
0.1 M NaOAcbuEer (pH 5.4) or0.1 M Namaleate buffer(pH 6.71 
using 2.0 ml of 6.0 mM p-nitrophenylphosphate as substrate at 

37”. The reaction was stopped by the addition of l.Oml of 1.0 M 

NaOH, and the p-nitrophenol estimated by measurement of 

E 40snm (e 17800). 
Glucose-6-phosphate hydrolysis was carried out in either 

0.1 M NaOAc buffer (pH 5.4) orO.1 M Na maleate (pH 6.7) using 

2.0ml of 30mM glucose-6-phosphate as substrate and by 
measuring the Pi liberated by the method of ref. [7]. Incubations 

were carried out at 37” for 15530 min and the reactions were 

terminated by addition of l.Oml cold 10% TCA. 
All enzyme activities were measured in duplicate, for at least 

two time points. One unit of phosphatase activity is defined as 

l.Opmol substrate hydrolysedjmin. 
Protein was measured by the method of ref. [S] using BSA as a 

standard. 
The number of free amino groups in the protein was 

determined by using TNBS [9]. 

The reaction of the enzyme with succinic anhydride was 

performed as in ref. [5]: 150~1 succinic anhydride in Me,CO 

(200 mg/ml) was added to l.Omg of acid phosphatase in 3.0 ml 
0.1 M NaPi buffer, pH 8.2. at 20”. The activity of the succinylated 

enzyme was measured before and after treatment with 0.5 M 

NH,OH at pH 7.0 and at 20” for 1 hr. The NH,OH treatment 

was used to deacylate any tyrosyl, seryl or threonyl residues 

which could have been modified in the course of the chemical 

reaction [5]. A control experiment established that in the absence 

of succinic anhydride the enzymic activity of native protein was 

unaffected. After succinylation, the modified enzyme was 

dialysed for 24 hr against 16 I. of 10 mM NaOAc buffer (pH 5.0) 

with four changes of the buffer and stored at 4”. 
MW was measured by gel filtration, using a Sephadex G-200 

column (2 x 120 cm) as described in ref. [lo]. equilibrated with 

30mM NaOAc buffer (pH 5.0) containing 1OmM EDTA, at a 

flow rate of 15ml/hr (3ml fractions). BSA, ovalbumin and 

trypsinogen were used as MW markers. 

En~ymc purification. Germinating maize scutellum acid 

phosphatase was purified as described in ref. [l 1. 
Thermcrl inactivation. The native or succinylated enzyme 

(4pg/ml) was incubated at 65” in a final volume of 3.0mlO.l M 

NaOAc buffer, pH 5.4, or 0.1 M maleate buffer, pH 6.7. At 

appropriate times aliquots (0.1 ml) were taken to measure, at pH 
5.4, the residual p-nitrophenylphosphatase activity. 
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