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Abstract: Maize seedlings were grown in hydroponic nutrient solutions and treated for four days with 100 pM
CuS0O, or Cd(NO,),. The effects of copper and cadmium on growth parameters and lipid composition of maize
organs were studied. The results showed that copper reduced more significantly than cadmium the fresh and
dry matter production at the aerial part of the plant. The two metals were found to be localized in major part in
roots. We focus on the soluble and cell wall fractions of these metals. Hence, the scluble fraction of Cd was
greater than that of copper. By contrast, the cell wall fraction of Cu was more significant than that of Cd. Results
showed that glycolipids were more affected than phospholipids and steryl lipids. Thus, copper reduced more
significantly the glycolipids content in roots and shoots. Moreover, we have suggested that the increase in
MDA content in roots by copper could be the result of membrane lipoperoxidation.
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INTRODUCTION

Phospholipids, glycolipids and free sterols are major
cell components that are primarily localized in plant
membranes!. Damage of membrane lipids under heavy
metal stress has been documented i several plant
species”. Oxidative damage disrupts cellular membranes
resulting in the conversion of unsaturated fatty acids into
small hydrocarbon fragments such as MDAM!. The lipid
peroxidation processes may severely affect the
functiomng of biological membranes and may finally
cause cell death™?. Copper is an essential redox
component required for a wide variety of processes
mecluding the detoxification of free radicals, ligmfication of
plant cell walls, photosynthesis and electron transfer
reactions of respiration’”. However, excess of copper
causes oxidative damage. The free copper ions can react
with water to produce free radical hydroxyls, which m tum
react to cause membrane lipid peroxidation™.

Cadmium, a non-essential element, is strongly
phytotoxic™ and causes an increase in lipid peroxidation
and lipoxygenase activity™. Excess cadmium has been
also shown to enhance leafl senescence™. This metal is
spilled extensively in the nature, present in the
environment by the powerhouses, the heating systems,

the metallurgic industries, the incinerators of waste, the
urban traffic, the cement mdustrial umt and present as
impurity in the phosphate fertilizer™.

In this study, we analyzed the effect of copper and
cadmium excess on growth parameters and lipid content
in maize seedlings.

MATERIALS AND METHODS

Plant material and growth conditions: The com
(Zeamays L., Var. LG 23/01) seeds were disinfected with
10% (v/v) HO, for 20 min then rinsed many times with
distilled water and germinated in darleness at 25°C. After
4 days, the seedlings were transferred to plastic beakers
filled with continuously aerated basal nutrient solution.
For treatment purposes, eight-day-old seedlings were
transferred to CuSQ, or CANQ,), containing solutions
that are renewed only once. The composition of
nutrient solution (pH 5.7) was as follows: (mM) 2 KNO,,
2.5 Ca(NQ,),, 1 KH,PO, 1 Mg30Q,; (in uM) 50 Fe as
Fe-K-EDTA complex, 30 B as H.BO,, 10 Mn as
MnS0,.H,0, 1 Cu as CuS0,.5H,0, 1 Zn as ZnSO,.7H,0
and 0.2 Mo as (NH,)Mo,0,, 4H,O. Cultures were
performed in conditioned room with 16 h photoperiod,
using mercury lamps providing a light intensity of
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150 pmol m ™ s, a day/night temperatures of 25/22+1°C
and 65+5%, relative humidity.

Cu and Cd analysis: At harvest, plants were divided mto
roots and shoots. The roots were washed three times with
distilled water. The dry weight was determined after
desiccation at 70°C for 7 days. For total metal
determination, desiccated plant material was mineralized
with nitroperchloric acid mixture HNO,/HCLO, (4:1, v/v).
The soluble Cu or Cd was determined in protein extracts
auditioned with 3.7% HCIL(1:2, v/v).

For analysis of Cu and Cd cell wall fractions, the cell
wall is isolated according to Cathala ef al". Roots were
rinsed several times with distilled water and treated with
non-ionic detergent 1% (v/v) Triton X-100 for 30 days.
The solution was renewed everyday for the first two
weeks and less frequently afterwards until it became clear.
The cell wall fragments were rinsed for many times with
distilled water oven-dried (70°C) and thereafter, converted
to ash.

Cu and Cd content were analyzed by atomic
absorption flame spectrophotometery (Perkin Elmer-model
2380).

MDA determination: The extent of lipid peroxidation was
estimated according to Heath and Packer!'". The plant
materials were ground in 0.25% (w/v) in 10%TCA. The
mixture was then heated at 95°C for 30 mm and
immediately cooled inside ice beaker and centrifuged at
1000 g for 10 min.

The absorbance of the supematant
measured at 532 nm and corrected by subtracting the
non-specific absorbance at 600 nm. The MDA
concentration was calculated using the extinction
coefficient (155 mM ™~ cm™).

was

Lipid extraction: The lipids were extracted according to
the methed of Folch et al' modified by Bligh and
Dyer™. The plant tissues were fixed in boiling water
for 5 min to denature phospholipasest and then
homogenized in chloroform : methanol mixture (2:1, v/v).
The homogenate was centrifuged at 3000 rpm for 20 min.
The lower chloroformic phase contaimng lipids was
aspirated and evaporated at 40°C using rotary evaporator
(Buchi). The residue was immediately redissolved in
toluene/ethanol (4:1, v/¥).

Total lipid determination: The total lipids were quantified
by the absorbance at 215 nm. An aliquot of lipid extract
(200 pL) was evaporated. The dry residue was dissolved
m 3 mL ethanol. Total lipids were quantified using
standard calibration curve of corn o1l
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Steryl lipid determination: Steryl lipids in total lipids were
determined according to Huang et al'. An aliquot of
lipid extract (200 uL) was evaporated in glass tubes. After
addition of 1 mL of acetic acid, the tubes were vortexed
and 2 ml, of Liebermann-burchard reagent (1 ml of
concentrated H.SO, was added to 20 mL of acetic
anhydride) were added. The tubes were incubated at room
temperature mn darkness for 1 h and the absorbance was
measured at 525 nm. Cholesterol (Sigma) was used as a
standard.

Glycolipids determination: The glycolipids were
quantified in total lipid extracts by measuring sugar
content according to Roughan and Batt"®. An aliquot of
lipid extracts (200 pL) was placed in glass tubes to
evaporate. After addition of 0.5 mL 2% (v/v) phenol and
2 mL of concentrated H,30,, the tubes were vortexed and
incubated for 10 min. After centrifugation at 2-000 g for
5 min, the supematants were used for the determination of
the sugars. Absorbance was measured at 480 mm.
Galactose (Sigma) was used as standard.

Phospholipids determination: The phospholipids were
quantified by measuring the morganic phosphorous
content in lipid extracts according to Bartlett!'”.

A lipid sample (200 pl.) was evaporated in glass
tubes, heated on flame and 0.5 mL of concentrated H,SO,
was added. After the appearance of a white smoke, few
drops of H,O, were added. The tubes were cooled and the
volume was adjusted to 2 ml with distilled water. Six
milliliter of acetate buffer contaimng copper sulfate
0.01 M, sodium acetate 0.33 M and acetic acid 2 M
(pH 4.0), 1 mL 5% (w/v) ammonium molybdate and 1 mIL.
reducing agent (2 g of paramethylamimophenol sulfate in
100 mL 10% (w/v) sodium sulfite) were added
consecutively. The absorbance of the resulted colored
solution was measured at 880 nm. A standard calibration
curve was prepared using KH,PO,

RESULTS AND DISCUSSION

Effect on growth: The exposure of maize seedlings to
100 uM CuSO, resulted in the mhibition of growth.
Coppered reduces the production of fresh and dry matter
of roots to the extent of 45.4 and 16.1%, respectively
(Fig. 1A and C). While cadmium affected similarly the
fresh and dry weight of root, the reduction was of a lesser
extent by 37 and 14.1%, respectively (Fig. 1A and C). In
the same way, copper affected more negatively the
shoot growth than cadmium. The reduction of shoot
fresh weight by copper 1s 49% while 1t was only
15% by cadmium. Moreover, copper decreases the
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Table 1: Total amount of copper and cadmium in roots and shoots of maize
seedlings treated with Cu or Cd for 4 days
Metal content (ug g+ DW)

Control 100 uM
Cu Root 537+41.85 1321.1+174.93
Shoot 34.2742.07 49.31+1.52
Ccd Root nd 2323.43+110.86
Shoot nd 214.03+4.44

The results presented were the mean values+standard error obtained from at
least five independent experiments. nd, not detected

Table 2: Copper and cadmium in soluble fractions of roots and shoots of
maize seedlings treated with 100 pM CuSQy, or Cd(NO:), for 4

days
Soluble fraction

ng g~ DW % of total content
Root Shoot Root Shoot
0 82.49+13.38 nd 15.36£2.49 nd
100 pyM Cu  269.08+28.18  6.48:0.85 20.37£2.13 13.1541.73
0 Nd Nd Nd Nd
100 pM Cd ~ 904.82425.14  38.1+7.92  38.94+1.08 17.8+3.70

The results presented were the mean valueststandard error obtained from at
least five independent experiments. Wd, not determined

shoot dry weight by 37% while cadmium did not register
any effect.

Also, the copper had a more significant decreasing
effect on water content than cadmium. The decrease was
of 39 and 22% in roots and shoots respectively, while no
significant changes were observed for cadmium treatment
(Fig. 1 Eand F).

Metal analysis

Total Cu and Cd : The Cd contents of maize organs were
more significant than copper’s and the accumulation of
both metals was more important in roots than n shoots
(Table 1). It has been shown elsewhere that the roots had
a tendency to accumulate higher quantities of Cu than the
aerial parts of plants"®. There is also evidence that copper
should be excluded from the leaves because of its
inhibitery fimction against photosynthesis!™. Restricted
translocation of Cu from roots to shoots was also
reported in Agrostis stolonifera™.

Present results indicated that cadmium had higher
mobility compared to copper. Translocation of Cd from
roots to shoots has been studied in several species,
including  ryegrass (Secale cereale)®),
(Lycopersicon esculentum)™ and bean (Phaseclus
vulgaris)™. Though there is evidence that Cd* binding
to phytochelating has little effect on the xylem
translocation of Cd to 43 the
compartmentalization of Cd may be a more effective
mechamsm for mhubiting long-distance transport within
the plant. Movement of Cd from roots to shoots is likely
to oceur via xylem and to be driven by transpiration from

tomato

shoots vacuolar
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Fig. 1: Effects of copper and cadmium (100 M) on

fresh weight (A, B), dry weight (C, D) and water
content (E, F) of maize seedlings grown in
hydroponics for 14 days then treated for 4 days.
The results were given as the meantstandard
error of at least five ndependent experiments.
Sigmficant differences between treated and
control plants were determined using Student’s
t test (p<0.03)
the leaves. Evidence for this was provided by Salt ef a1,
who showed that ABA-induced stomatal closure,
dramatically reduced Cd accumulation in shoots of Indian
mustard. Cellular sequestration of Cd can have sigmficant
effects on the levels of free Cd m the symplast and
potentially influence the movement of Cd across the plant.
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Table 3: Root cell-wall fractions of copper and cadmium of maize seedlings
treated with 100 uM CuSO, or Cd(NOs), for 4 days
Cell wall fraction

Cu Cd
pg g~ DW 97.34+11.80 67.45:8.82
%% total root 9.18£1.55 2.9+0.38

The results presented were the mean values+standard error obtained from at
least five independent experiments

Soluble fraction of Cu and Cd: Table 2 showed that the
soluble fraction of Cd was larger than Cu in both shoots
and roots. Indeed, the soluble fraction of Cd and Cu
were 38.5 and 20.5%, respectively of the total root. Tonic
Cd*" concentration in the cytosol can be regulated by at
least two processes: Cd* binding to phytochelatins?®? and
cellular compartmentalization, particularly m the
vacuole™”. It has been shown that Cd movement across
the plasma membrane occurs

concentration-dependent processes that extubit saturated
[28]

of root cells via
kinetics in maize

Tudging by the portion of heavy metals that is
transported to the cytoplasm, it is suggested that there
are some metal-binding substances present m the

cytoplasm, which are involved in metal tolerance™.

Cell wall fractions: With regard to cell wall fractions, the
results were opposite to those obtained for soluble
fractions, as the rate of Cu 1s greater than of Cd’s one. In
fact, the root cell-wall fractions represented 9.2% for Cu
and 3% for Cd contents (Table 3). Hence, compared with
Cu, cell wall contributed less effectively to the prevention
of Cd from entering the cytoplasm.

In contrast with the present results, evidence on
Polygonum cuspidatum grown in Cu-contaminated
habitat indicated that only 10 to 25% of the total Cu was
present n the soluble forming roots. This means that most
of the Cu in the roots or in the cortex was associated with

the cell wall fraction®®™.

MDA content: Cadmium did not mduce significant
changes in MDA content in roots, but there was an
increase when copper is introduced. The MDA content in
shoots was increased by copper treatment, but decreased
by cadmium (Fig. 2). The observed change was in accord
with the results of Gora and Clijsters™ which indicate that
copper stimulates the formation of lipid peroxidation
products, MDA and ethane in the leaves of Phaseolus
vulgaris seedlings. The alteration of lipid membrane
composition is the cell-response towards the environment
stresses allowing the restoration of optimum physical
properties™. Likewise, the lipid peroxidation in the roots
of copper-sensitive Silene cucubalus induced by excess
of copper cccurs within a single day™, whereas much
higher copper concentrations are needed to induce lipid
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Fig. 2: Effects of copper and cadmium (100 ub) on MDA
content in maize seedlings grown in hydroponics
for 14 days then treated for 4 days. The results
presented were the mean valueststandard error
obtammed from at independent
experiments. Sigmficant differences
treated and control plants were determined using
Student’s t test (p<0.05)
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peroxidation in copper tolerant genotypes of plants™.
Copper is thought to play an important role in the onset
of lipid peroxidation. Tt is capable of converting
hydroperoxyds into reactive alloys and proxy radicals™ ™.
Copper catalyzes the formation of hydroxyl free radicals,
which trigger the peroxidative process™. Because of its
ability to catalyze the formation of harmful free radicals,
copper at high concentrations can thus cause oxidative
stress™. It can also catalyze the peroxidative destruction
of thylacoid membranes in isclated chloroplasts'™.

Lipid content: The total lipids mcrease in roots similarly
for both Cu and Cd. In shoots, there was a sigrificant
increase in the total lipids only for the Cd treatment
(Fig. 3A). It has been shown elsewhere that exposure of
spinach plants to excess copper resulted in a sigrificant
decrease in the acyl lipid contents and induced changes
in the lipid and fatty acid composition in the chloroplasts
membranes™.

The glycolipids concentrations decreased under
copper treatment in roots but no significant change was
noticed in Cd-treated ones. In shoots, a decrease of the
concentrations of glycolipids was observed for both
metals (Fig. 3B). Phospholipids are not influenced by Cu
treatment neither i roots nor mn shoots, while cadmium
treatment, increased the concentrations of phospholipids
in roots with no change in shoots (Fig. 3C).

There was no sigmficant effect on steryl lipids m
roots and shoots by both elements (Fig. 4A and B). The
high level content of sterols is a major characteristic of the
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Table 4: Effect of CuS0Q,4and CA(NO;), on SL/PL ratio in roots and shoots
of maize seedlings treated for 4 days

SL/PL

Control Cu cd
Root 0.57+0.09 0.35£0.09 0.25+0.03
Shoot 7.1741.61 6.110.96 3.42+0.65

The results presented were the mean values+standard error obtained from at
least five independent experiments
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of maize seedlings grown in hydroponics for 14
days then treated for 4 days. The results
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experiments. Significant differences between
treated and control plants were determined using
Student’s t test (p<0.05)
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Fig. 4: Effects of copper and cadmium (100 uM) on steryl
lipids in root (A) and shoot (B) of maize seedlings
grown in hydroponics for 14 days then treated for
4 days. The results presented were the mean
valueststandard error obtained from at least five
independent experiments. Significant differences
between treated and comtrol plants were
determined using Student’s t test (p<0.05)

cell membrane™. As evidenced by Zhang et al. "high
sterol rates can be detected in microsomal membranes
1solated m wheat. Similar results were reported with
respect to other species™!. A decrease in free sterols in
leaf membranes of Arabidopsis thaliana was detected
after 14 days of cold acclimatization™",

The SL/PL ratio was decreased by Cu and Cd in roots
compared to control plants (Table 4). The same result was
noted for the shoots.

Present results showed that Cu and Cd treatment
wnhibited the biomass production in maize organs. It
seems that copper affected more noticeably the aerial part
of plants than cadmium did. Tn addition, these metals were
accumulated preferentially in the root part. While cadmium
was accumulated in greater level than copper m the
shoots, its effect was of to a lesser degree on this
part of plant.

The cell-wall fraction did not represent the major part
of the total content of roots. This led to suggest that this
fraction did not contribute efficiently in the metal
exclusion mechanism. On the other hand, the non-seluble
cytosolic fraction of roots represented a large proportion
of the total content.
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We noted that copper affected more negatively the

growth of the root and especially of the aerial part of the
plant. The two metals induced similarly a decrease of the
glycolipid content in shoots. This could be due to the fact
that copper confers the potential to cause oxidative
damage and cause membrane lipid peroxidation.
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