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Impact of cadmium on activity of some hydrolytic enzymes was studied in
maize seedlings exposed to different concentration of Cd (1–1000 µM) for 24
h. Our results confirmed high sensitivity of maize seedlings to Cd as even the
lowest 1µM Cd was able to induce 30% reduction of root growth. The inhibi-
tion of root growth was dose dependent and positively correlated up to 50 µM
Cd with the loss of root cell viability of detected by Evans blue uptake. At
higher Cd concentrations (250–1000 µM) no further increase in Evans blue
uptake was observed in spite of nearly total root growth inhibition. With
the exception of phosphatase activity at low Cd concentration, the activity
of hydrolytic enzymes determined in 1 cm long apical part of primary root
decreased with increasing Cd concentration. Glucosidase and esterase were
found to be the most sensitive to Cd. In comparison with enzymes activity
in apical part of primary root the activity of enzymes in basal part and in
coleoptile showed significantly lower sensitivity to Cd and also a stimulation
of enzyme activity was observed. In contrast to a significant inhibition of hy-
drolases observed at 1 mM Cd in the apical part of root in in vivo experiments
we did not confirm their inhibition by the same Cd concentration in vitro. In
addition to Cd toxicity to maize seedlings possible role of the studied enzymes
in root growth inhibition are discussed.

Key words: cadmium, cell viability, esterase, glucosidase, maize, phosphatase,
root growth inhibition.

Introduction

Cadmium as a non-essential metal is strongly toxic
for many plant species. It inhibits root growth and
biomass accumulation by disturbing basic phys-
iological processes. Interaction of Cd with –SH
groups of biomolecules is proposed to be the gen-
eral mechanism of Cd toxicity (PADMAJA et al.,
1990). General symptom of Cd-treated plants is
the induction of oxidative stress, which can cause

oxidative modifications of proteins (ROMERO-
PUERTAS et al., 2002). Several Cd-detoxification
mechanisms are described, e.g. chelating of Cd
by Cd-binding peptides, compartmentation of Cd
into the vacuoles or its immobilization by mu-
cilage (SANITA DI TOPPI & GABRIELLI, 1999).
Cd rapidly and strongly binds to cell wall material
thus affecting cell wall metabolism. Rapid removal
of Cd from the cell wall and its subsequent immo-
bilization in the cytoplasm is related to the higher
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Cd-tolerance of roots (INOUHE et al., 1991). Sev-
eral hydrolytic enzymes including glucosidases, es-
terases, acid and alkaline phosphatases, were pro-
posed to be involved in plant morphogenesis, espe-
cially in cell wall metabolism that is necessary for
its turnover and plasticity (BALEN et al., 2003;
BORDENAVE et al., 1995; HARVEY et al., 2001;
SANO et al., 2003).

The aim of the present study was to charac-
terize the impact of low and high Cd concentra-
tions in vivo and in vitro on acid and alkaline phos-
phatases, non-specific esterase, and β-glucosidase
in maize roots and coleoptiles.

Material and methods

Plant growth and stress conditions
Following surface sterilization with 12% H2O2 the
maize seeds (Zea mays L. cv. Tina) were placed in
filter paper rolls soaked with distilled water and ger-
minated in the dark at 25◦C and 98% RH. Three-day-
old seedlings with 5–6 cm long primary seminal root
were transferred into hydroponics containing 0.2 mM
CaCl2 solution (pH 4.5). After 24 h of incubation the
solution was changed for a fresh 0.2 mM CaCl2 solu-
tion (control) or in case of Cd-treated seedlings for 0.2
mM CaCl2 solution containing different concentrations
of CdCl2 (1, 10, 50, 250, 1000 µM) and the seedlings
were exposed for the next 24 h. Then the root length
was measured by a ruler and the roots and coleoptiles
were used for cell viability analysis or stored at −70◦C
until analyzed for enzyme activity.

Determination of cell viability
The loss of cell viability was evaluated using Evans
blue staining method (BAKER &MOCK, 1994). Freshly
harvested roots were stained with 0.25% (v/v) aque-
ous solution of Evans blue for 15 min. After washing
with distilled water for 30 min, 10 root tips (10 mm
long) were excised and soaked with 500 µL of N, N-
dimethylformamide for 1 h at room temperature. Op-
tical density of the released Evans blue was measured
spectrophotometrically at 600 nm.

Protein extraction and enzyme assays
Plant tissues (1 cm long apical and 3 cm long basal
part of primary root, and coleoptile) were ground to a
fine powder in a cold mortar in liquid nitrogen and the
resulting powder was rehomogenised in 40 mM succi-
nate/NaOH buffer, pH 4.0 with a homogeniser (Hei-
dolph DIAX 900). After filtration the homogenate was
centrifuged at 1 500 g for 5 min, then at 12 000 g for 15
min and finally at 150 000 g for 30 min (Beckman L8-
M). After passing through Sephadex G-25 the resulting
supernatant (soluble fraction) was used for analysis.

Enzyme activities were determined photometri-
cally using microplate reader (SLT-Laborinstruments,
Austria). Each experiment was repeated at least three
times. Total protein content in the extracts was de-
termined with Bradford method using Bovine serum

albumin as standard (BRADFORD, 1976). Changes in
enzyme activities were expressed as a percentage of
control.

The reaction mixture for acid phosphatase (EC
3.1.3.2) contained 100 µL of Na-acetate buffer (0.1 M,
pH 5.2), 50 µL of 4-nitrophenylphosphate (2mg/mL)
and appropriate volume of sample. The reaction was
stopped after 30 min incubation at 37 C by adding
50 µL of Na-phosphate buffer (0.4 M, pH 7.2) and ab-
sorbance was measured at 405 nm against the control
reaction without sample. For alkaline phosphatase (EC
3.1.3.1) the glycine/NaOH (0.025 M, pH 10) buffer was
used and 1 mM MgCl2 was added. Substrate was the
same as for acid phosphatase and reaction was mea-
sured at 405 nm (THAKER et al., 1996).

Assay for non-specific estearse (EC 3.1.1.3) con-
tained 100 µL of Tris/HCl buffer (0.1 M, pH 7.2), 50
µL 4-nitrophenylacetate (2mg/mL solubilized in 20%
acetone), and the sample according to WARD & BAM-
FORTH (2002).

Na-acetate buffer (0,1M, pH 5.2) was used for
β-glucosidase (EC 3.2.1.21) activity analysis with 0.5
mg/0.1mL of p-nitrophenyl-D-glucopyranoside as a
substrate. The reaction was stopped by adding 0.5 vol-
ume of 10% Na2CO3 per reaction. The released nitro-
phenol was measured at 405 nm (PISLEWSKA et al.,
2002).

For in vitro analysis Cd (up to 1 mM) was added
to the protein extract from root tips and incubated at
4◦C for 24 h.

Results and discussion

In the present work the broad range of Cd con-
centrations was used to detect the toxic effect
of Cd on some hydrolytic enzymes in different
parts of maize root and coleoptile. The lowest ap-
plied concentration (1 µM) represents the natu-
rally occurring concentration in Cd-polluted soils,
whereas 1 mM Cd causes acute stress, which is
lethal for many plant species (SANITA DI TOPPI
& GABRIELLI, 1999). Root growth inhibition as
a general symptom of Cd toxicity was observed
already at 1 µM Cd concentration and increased
with elevated Cd concentration up to 50 µM
(Fig. 1A). At this (50 µM) as well as at higher
Cd concentrations nearly total inhibition of root
growth was detected. Positive correlation between
root growth inhibition and loss of cell viability was
also detected (Fig. 1B). Elevated Evans blue up-
take started to increase at 1 µM and raised up to
50 µM Cd concentration. At higher Cd concentra-
tions no further increase in Evans blue uptake was
observed.

Similarly as with almost all heavy metals, the
first target of Cd toxicity is the cell wall of the
root cells. Cd binds rapidly to the cell wall compo-
nents disturbing its basic physiological processes.
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Fig. 1. Root length (A) and Evans blue uptake (B)
after 24 h exposure of maize seedlings to 0, 1, 10, 50,
250 and 1000 µM Cd. Means ± SD of five experiments.

Rapid removal of Cd from the cell wall is proba-
bly responsible for higher Cd-tolerance of mono-
comparing to dicotyledonous plants (INOUHE et
al., 1994). In addition to other factors influenc-
ing the composition and function of cell walls an
important role of hydrolytic enzymes in cell wall
metabolism is well documented in plant kingdom
(COSGROVE, 2001).

As shown in Fig. 2, significant inhibition of
glucosidase and esterase activity was exhibited in
the apical part of roots already at 1 µMCd concen-
tration and this inhibition increased with elevated
Cd concentrations (up to 1 mM). Similar course
of esterase activity inhibition was observed also
in the basal part of roots, whereas in coleoptile it
was only slightly inhibited at higher Cd concentra-
tions. In contrast to esterase, glucosidase activity
markedly increased with Cd concentration in the
basal part of roots, but no significant changes were
detected in glucosidase activity in coleoptile.

The inhibition of acid and alkaline phos-
phatase was detected only at higher Cd concentra-
tions (50, 250 and 1000 µM) in the apical part of
roots (Fig. 2). Slight increase in acid phosphatase
activity was detected in coleoptiles especially at
the highest 1000 µM Cd concentration.

Cell wall phosphatases play an important
role in cell wall modifications required during cell
wall regeneration and extension (PFEIFFER, 1996;
SANO et al., 2003). According to our results it
seems that the Cd-induced inhibition of phos-
phatase activity is not responsible for the observed
root growth inhibition, because these two parame-
ters were not correlated; inhibition of phosphatase
activity was observed only at Cd concentrations
that caused complete cessation of root growth.

In contrast, strong correlation was observed
between the Cd-induced root growth inhibition
and inhibition of glucosidase and esterase activ-
ities in the apical part of root. Glucan-hydrolases
are expressed mainly in elongating cells and
in young tissues suggesting their role in rapid
turnover and modification of the cell wall (HAR-
VEY et al., 2001). Similarly to glucosidase, the
esterase activity is necessary for the cell wall
metabolism in removing methyl groups and cleav-
ing ester linkages mainly in rapidly growing young
tissues (BORDENAVE et al., 1995; COSGROVE,
2001). Our results suggest that one of the possible
toxic effects of Cd, which is probably involved in
Cd-induced root growth inhibition, is a decrease
of esterase and glucosidase activities in the maize
root tip. In contrast to significant inhibition of hy-
drolases observed with 1 mM Cd in the apical part
of roots, in in vivo experiments (Fig. 2) we did not
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Fig. 2. Glucosidase (Glu), esterase (Est), acid phos-
phatase (AcPh) and alkaline phosphatase (AlPh) ac-
tivity in apical part of root (A), basal part of root
(B) and coleoptile (C) after 24 h exposure of maize
seedlings to 1, 10, 50, 250, and 1000 µM Cd. Means ±
SD of five experiments.
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Fig. 3. In vitro activity of glucosidase (Glu), esterase
(Est), acid phosphatase (AcPh) and alkaline phos-
phatase (AlPh) in protein extract isolated from 1 cm
long apical part of maize root, to which 1 mM Cd was
externally added and incubated at 4◦C for 24 h. Means
± SD of three experiments.

confirm similar inhibition with the same Cd con-
centration in vitro (Fig. 3). Probably Cd inhibits
these hydrolases in vivo indirectly, for example
by Cd-induced oxidative modification of proteins
(ROMERO-PUERTAS et al., 2002). This assump-
tion can be supported by our observations with
Cd-induced loss of cell viability, which positively
correlated with inhibition of both root growth and
esterase and glucosidase activities.
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