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ABSTRACT

The direct effect of different vanadium compounds on acid phos-
phatase (ACP) activity was investigated. Vanadate and vanadyl but
not pervanadate inhibited the wheat germ ACP activity. These vana-
dium derivatives did not alter the fibroblast Swiss 3T3 soluble frac-
tion ACP activity. Using inhibitors of tyrosine phosphatases
(PTPases), the wheat germ ACP was partially characterized as a
PTPase. This study suggests that the inhibitory ability of different
vanadium derivatives to modulate ACP activity seems to depend on
the geometry around the vanadium atom more than on the oxidation
state. Our results indicate a correlation between the PTPase activity
and the sensitivity to vanadate and vanadyl cation.

Index Entries: Vanadium; acid phosphatase; Tyrosine-phospha-
tase; fibroblast cells; inhibitory effects.

INTRODUCTION

Vanadium is a trace element that has been shown to affect directly
the activity of several enzymes in vitro (1-6): Nat/K+-ATPase, alkaline,
and acid phosphatase, glucose-6-phosphate dehydrogenase, Cu-Zn
superoxide dismutase, and several phosphotyrosine protein phos-
phatases (PTPases). Additionally, it is a potent insulinomimetic agent in
isolated adipocytes and hepatocytes (7,8). We have recently shown that
vanadium derivatives also behave as growth factor-mimetic compounds
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in osteoblast-like cells in culture (9). The mechanism of action of vana-
dium is not completely understood. It has been postulated that vanadate
binds several proteins since its structure is analogous to that of phos-
phate (10). However, vanadium compounds with different oxidation
state and structure also show bioactivity (2,3,9). The aim of this study
was to investigate the direct effect of different vanadium compounds on
acid phosphatase (ACP) activity. We also attempted to characterize the
ACP activity as PTPase and find a relationship with its sensitivity to sev-
eral vanadium compounds.

MATERIALS AND METHODS

Materials

Vanadium (IV) oxide sulfate (vanadyl sulfate) was obtained from
Merck, sodium o-vanadate, p-nitrophenylphosphate (pNPP) and catalase
were obtained from Sigma (St Louis, MO), as well as the wheat germ
acid phosphatase (ACP). Tissue-culture material was provided by Cor-
ning or Falcon. Dulbecco’s Modified Eagle’s Medium (DMEM) and
trypsin-EDTA were supplied by Gibco (Gaithersburg, MD) and fetal
bovine serum (FBS) by Gen (Argentina). All other chemicals used were
of analytical grade from Sigma.

Solutions

Fresh stock solutions of vanadyl (V [IV]) sulfate and sodium o-vana-
date (V [V]) were prepared in distilled water at 100 mM concentration.
Pervanadate (V [V]) was prepared as previously reported (4).

Cell Culture

Fibroblasts Swiss 3T3 were grown in DMEM supplemented with 100
U/mL penicillin, 100 pg/mL streptomycin, and 10% (v/v) FBS. Cells
were passed by Trypsin-EDTA treatment when they became 70% conflu-
ent. Swiss 3T3 were chosen since they are a line of fibroblast cells that
has been extensively used to investigate cell division as well as the effect
of growth factors and other agents with potential mitogenic actions (11).
For the experiments, cells were grown in 70 cm? flasks. After the cells
reached confluence, the medium was removed and the monolayer was
washed twice with phosphate buffered saline (PBS) pH 7.4 and once with
50 mM HEPES/150 mM NaCl buffer containing 1 mM EDTA, 15 mM
f-mercaptoethanol and 1 mM phenylethanosulfonyl fluoride.

Preparation of Cellular Fractions

Cells were scraped in the above buffer and sonicated at 600 psi/15 s.
The homogenate was centrifuged at 2500 rpm/5 min. The supernatant
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was centrifuged at 45,000g/90 min at 4°C. The supernatant (soluble frac-
tion) was stored at -70°C. The pellet was solubilized in 50 mM
HEPES/150 mM NaCl/1% Triton-X100 and recentrifuged as before. The
final supernatant (particulate fraction) was stored at ~70°C. Aliquots of
both fractions were used in protein assay by the Bradford method (12).

Acid Phosphatase Activity (ACP)

The ACP activity from wheat germ was determined as described by
Crans (2). In brief, pNPP (5 mM) was used as a substrate in 50 mM
sodium acetate buffer, pH 5.0, in the presence of 20 mM KCl and 30 mM
MgClz (assay buffer). Incubation was carried out at 37°C for 10 min and
absorbance at 405 nm was measured in order to determine the initial rate
of the activity. Under these experimental conditions, the reaction was lin-
ear for 15 min.

The initial rate of ACP activity in the soluble and particulate frac-
tions of Swiss 3T3 cells was determined by incubation of 73.5 mg of pro-
tein (soluble) and 43 mg of protein (particulate) in assay bulffer.
Absorbance at 405 nm was monitored at 37°C during 2 min. Under these
conditions, the reaction proceeded linearly for 5 min. The effect of dif-
ferent vanadium compounds and other agents was tested in coincuba-
tions with the different enzymes. The inhibitory effect was determined as
the percentage of the basal initial velocity of the ACP activity.

Statistical Analysis

The results are expressed as mean + SEM (n = number of cases). Sta-
tistical differences were analized using Student’s ¢-test or analysis of vari-
ance (ANOVA) when suitable.

RESULTS AND DISCUSSION

Effects of Vanadium Compounds on Wheat
Germ Acid Phosphatase Activity

Three different forms of ACP have been isolated and characterized
from commercial wheat germ (13). We have chosen the wheat germ acid
phosphatase as a model of a phosphatase sensitive to vanadium com-
pounds. Figure 1 shows the dose-response effects of vanadate, vanady!
cation, and pervanadate on wheat germ ACP activity. Vanadate and
vanadyl effectively inhibited the enzyme at doses as low as 5 uM. Dose-
response curves show a similar effect of these compounds in the range
of 5-50 uM. However, at higher concentrations, vanadate was a stronger
inhibitor than vanadyl cation.

Pervanadate has been proved to be a more potent agent than vana-
date in different in vitro systems (14). We have recently shown that peroxo
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Fig. 1. Effect of vanadate, vanadyl, and pervanadate on wheat germ ACP
activity. Initial rate was determined by incubation of the enzyme (50 j1g/mL) at
37°C for 10 min in the absence or presence of variable concentrations of the com-
pounds. Basal activity was 15.1 + 0.43 nmol/min/mg protein (n = 6). ®, Vana-
date; V, vanadyl; ¥, pervanadate.

vanadium compounds as well as vanadate, selectively inhibited a bone
soluble alkaline phosphatase (4). In the present study, we tested the effect
of pervanadate on ACP activity. As can be seen in Fig. 1, this compound
did not induce a significant effect in the in vitro assay of ACP activity.

This pattern of action of vanadium compounds on wheat germ acid
phosphatase was similar to that previously found for the bovine intesti-
nal alkaline phosphatase (4). Crans et al. (2) previously showed the abil-
ity of vanadate and vanadyl to inhibit the ACP enzyme. However, there
are no previous studies that reported the direct in vitro pervanadate
effect on these phosphatases.

These results would suggest that the inhibitory ability of different
vanadium derivatives to modulate phosphatase activity, possibly,
depends on the geometry around the vanadium atom more than on the
oxidation state.

Effect of Vanadium Compounds on Swiss 3T3
Fibroblast ACP Activity

Table 1 shows the action of vanadium derivatives on the soluble
fraction of fibroblasts. As can be seen, only vanadyl cation induced a
weak but statistically significant inhibition.

Biological Trace Element Research Vol. 53, 1996



Vanadium Effects on ACP Activity 189

Table 1
Effect of Vanadium Compounds on ACP Activity
from Soluble Fraction of Swiss 3T3 Cells#

Compound Percent basal activity Difference vs basal
— 100 + 1

100 uM Vanadate 111 +5 NS

100 uM Vanadyl 95 + 1 p <0.05

100 uM Pervanadate 101 +5 NS

aResults are expressed as mean + SEM, n = 3.
NS, not significant.

Table 2
Effect of Different Agents on ACP Activity?

% Basal activity

Agent Wheat germ Soluble fraction fibroblasts
— 100 + 3.6 100 + 10

100 uM Zn sulfate 95 +9 102+ 6

100 uM NH4 molibdate 5+ 1.8b 107 + 3

5 mM EDTA 165 + 20c —

Results are expressed as mean + SEM, n = 3. Differences vs basal are:
bp < 0.001, ¢p < 0.05.

The fibroblast particulate fraction showed very little ACP activity
and it was not inhibited by any of the tested vanadium derivatives (data
not shown).

Partial Characterization of ACP Activity

It is well known that different compounds can act as modulators of
protein phosphotyrosin phosphatases (PTPases) (15). In order to partially
characterize the ACP activity, we tested molybdate, Zn+2 and EDTA on
ACP from wheat germ and from the soluble fraction of fibroblast cells.
Table 2 shows the results of this study. The wheat germ ACP activity was
strongly inhibited by molibdate (p < 0.001) and weakly by Zn+2 (no sta-
tistical significance). Additionaly, EDTA increased its activity about 1.5
fold (p < 0.05). These observations together with the 75% inhibition of 100
UM vanadate suggest that this ACP activity behaves as a PTPase.

On the other hand, the ACP in the soluble fraction of fibroblasts was
not modulated by the above-mentioned chemical agents. These results
together with the lack of inhibition by vanadium derivatives suggest
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that, under our experimental conditions, the amount of PTPase activity
in the soluble fraction of fibroblasts would be negligible.

It has been proposed that vanadate selectively inhibits phosphotyro-
sine phosphatases relative to phosphoserine or phosphothreonine phos-
phatases (16). However, the mechanism for this selectivity is not clear.

Although we did not measure PTPase directly, the use of additional
chemical modulators of the enzyme as Zn, molybdate, and EDTA, allow
us to suggest the presence of this kind of activity in the wheat germ ACP.
Our results indicate a correlation between the PTPase activity and the
sensitivity to vanadate and vanadyl cation.
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