CARYOLOGIA Vol. 60, no. 1-2: 125-128, 2007

Effect of rare earth elements on growth and antioxidant metabo-
lism in Lemna minor L.
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Abstract — Lemna minor is frequently used in bioremediation processes to remove nutrients and contaminants from
waste water. In this work the response of L. minor to treatments with lanthanum nitrate and with a mix of several
light rare earth elements (REE) nitrates was investigated. Preliminary results indicate that L. 7zzzor shows an overall
good tolerance to the presence of REE in the media. Toxic effects were observed after prolonged exposition to high
concentration of REE. An increase in ascorbate and glutathione content as well as in ascorbate peroxidase, dehy-

droascorbate reductase and ascorbate free radical (AFR) reductase activity was observed in treated plants.
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INTRODUCTION

Rare earth elements (REE) are members of
Group I1IIB in the Periodic Table that share physi-
cal and chemical properties due to a similar exter-
nal electronic configuration. In addition to indus-
trial applications, REE are widely applied in agri-
culture and forestry in China, where REE en-
riched fertilizers are currently used for soil and
foliar applications to enhance crop production
(Hu et al. 2004). Because of the widespread appli-
cation of REE to soil and crops, interest and con-
cern about their biological effects have been in-
creasing. A number of positive physiological re-
sponses in plants, including faster development,
larger roots, greener foliage and better fruit col-
our in different species have been reported (CHEN
et al. 2000), but negative effects have been re-
ported too (Hu ez al. 2002; NARDI e al. 2004). Re-
sults of field trials and laboratory studies are still
contradictory and sometimes inconsistent and
many questions about mechanisms of REE effects,
accumulation and toxicity are still open. Antioxi-
dants metabolites and enzymes are cell defenses
against reactive oxygen species produced by cell
metabolism. Among them, ascorbate and glutath-
ione are involved in a network of reactions, well
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known as the ascorbate-glutathione cycle. This cy-
cle together with other enzymatic reactions cata-
lyzed by superoxide dismutase, catalase and per-
oxidase, prevent the accumulation of toxic levels
of the H,O, and other reactive oxygen species
(ROS) in cell compartments (MrrTLER 2002). In
plants treated with REE the increase of superox-
ide dismutase, catalase and peroxidase is also re-
ported (Fasuut et al. 2000; Fastut 2002; NARDI ef
al. 2004). The aim of this work was to investigate
the effect of treatments with lanthanum nitrate
and a mix of different light REE nitrates on the
antioxidant metabolism in common duckweed
(Lemna minor L.).

MATERIALS AND METHODS

REE nitrate solution (La 13.9 g/1, Ce 45.9 g/1,
Pr 3.63 g/l, Nd 0.021 g/l, pH 3, NO, /Cl 7:1)
(RE) was prepared exposing a light REE enriched
chloride mixture (supplied by Inner Mongolia
Sanjili Rare Earth Materials Co. Ltd.) to concen-
trate nitric acid solution and then dissolved in
MilliQ water. Lanthanum and potassium nitrate
solutions were prepared with a commercial rea-
gent. Concentrations were determined by optical
inductively coupled plasma spectrometry (ICP)
and by ionic chromatography.

Lemna minor L. plants were maintained in 20
liters capacity trays and fed with Knop’s solution
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(SAEGER 1925) under glasshouse conditions.
Fresh Knop solution was added every three days
to maintain solution level. 4 days before experi-
ments were started, plants were placed in Petri
dishes containing MilliQ water, washed and trans-
ferred in Knop solution at 24°C under white light
(14-h photoperiod, 20 pmol m? s™) to acclima-
tize.

Batches of 4 Petri dishes were incubated with
20 ml of lanthanum nitrate and RE 5 and 10 mM,
respectively. MilliQQ water and potassium nitrate
15 and 30 mM were used as a control. After 2 and
5 days of treatment, whole plant batches (0.3 g)
were collected and used for assays. The roots were
washed with water, observed and photographed
using a Leica DMLS stereo microscopy with tung-
sten lighting. Dry weight, ascorbate and glutath-
ione content and cytosolic ascorbate (ASC) per-
oxidase, dehydroascorbate (DHA) reductase and
ascorbate free radical (AFR) reductase activity
were determined as reported by ToMmMaAsI ef al.
(2001). Protein assay was performed according to
Braprorp (1976) using bovine serum albumin as
a standard. Native-PAGE of ASC peroxidase and
DHA reductase were performed on the cytosolic
fraction according to TommasI et al. (2001). All
experiments were repeated at least six times.

RESULTS

No differences between treated and control
plants were observed after 2 days of treatment and
no significant variations of dry weight, ascorbate
and glutathione redox state were observed.

Therefore, only data concerning 5 days treatment
are reported.

Plants treated for 5 days with lanthanum ni-
trate and RE 10 mM showed enlargement of root
apexes (Fig. 1) as well as yellowing of leaves. No
alterations were observed in control plants. Figure
2 shows total protein content and ASC peroxi-
dase, DHA reductase and AFR reductase activi-
ties after 5 days of treatment with lanthanum ni-
trate and RE nitrate 5 and 10 mM, potassium ni-
trate 15 and 30 mM and MilliQQ water. Protein
content decreased in plants treated with lantha-
num nitrate and RE, while an increase of ASC
peroxidase, DHA reductase and AFR reductase
activities was observed.

Increased activity of ASC peroxidase and
DHA reductase in treated plants was also con-
firmed by native-PAGE, where more intense
bands and a change in the number of the DHA re-
ductase proteins were observed (data not shown).

Figure 3 shows total ascorbate and glutathione
content (oxidized + reduced forms) after 5 days
treatment with lanthanum nitrate, RE 10 mM, po-
tassium nitrate 30 mM and MilliQ water. An in-
crease of total ascorbate and glutathione content
in treated plants was observed.

DISCUSSION

These preliminary results suggest that RE
treatments, at tested concentrations, did not pro-
mote the growth of duckweed, and in the mean-
time it caused toxic effects after 5 days of expo-
sure. Both treatments induced variations of the
two major antioxidants, ascorbate and glutath-
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Fig. 1 — Roots of duckweed plants treated for five days with: water (A), KNO; 30 mM (B), La(NOj5); 10 mM (C),

RE 10 mM (D). Bar = 1 pm
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Fig. 2 — Activity of ASC peroxidase, DHA reductase, AFR reductase and protein content in duckweed plant treated
for five days with: water (A), KNO; 15 mM (B’), 30 mM (B), La(NOs); 5 mM (C’), 10 mM (C), RE 5 mM (D’), 10
mM (D). Activities are expressed in units; 1 unit = 1 nmol substrate metabolized mg™ protein min™'. The results are
given as the mean values of six experiments + SD; * and * * indicate values significantly different respect to the con-
trol in water by the Student’s # test with P < 0,05 and 0,01, respectively; ® and ¢ ¢ indicate values significantly differ-

ent respect to the control in KNOj by the Student’s # test with P < 0,05 and 0,01, respectively.
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Fig. 3 — Ascorbate and glutathione content in duckweed plant treated for five days with: water (A), KNO; 30 mM
(B), La(NOs;); 10 mM (C), RE 10 mM (D). The results are given as the mean values of six experiments + SD; * * in-
dicate values significantly different respect to the control in water by the Student’s # test with P < 0,01; ¢ and * * in-
dicate values significantly different respect to the control in KNO, by the Student’s ¢ test with P < 0,05 and 0,01, re-
spectively.
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ione, as well as a remarkable increase of the activ-
ity of the enzymes involved in their metabolism.
The increase of antioxidants induced by lantha-
num and cerium nitrate treatment at low concen-
trations has been reported by Fasuur (2002) in
aged Oryza sativa L., where ROS production was
successfully controlled by the antioxidant stimula-
tion and the final result was an improvement of
aged seed germination. Similarly, antioxidant in-
crease induced by lanthanum and REE nitrate
treatment at low concentrations has been re-
ported by Narbi et al. (2004) in Triticumn durum
Desf., where seedling growth was strongly inhib-
ited by the treatment, thus suggesting that antioxi-
dant stimulation was not able to overcome mas-
sive ROS production and to prevent the oxidative
stress induced by high concentration of lantha-
num and REE. Therefore, plant response to REE
seems to be dose- and species-dependent. Moreo-
ver antioxidant modulation in L. #zinor, induced
by lanthanum and RE, may induce tolerance to
REE exposition, but it is not able to avoid tissue
damages due to prolonged treatments. This fea-
ture indicates that Lenzna minor may be an useful
tool for studying biological effects of RE in
aquatic ecosystems.

REFERENCES

BrADFORD M. M., 1976 — A rapid and sensitive method
for the quantitation of microgram quantities of pro-
tein utilising the principle of protein-dye binding.
Analytical Biochemistry, 72: 248-254.

Cuen W.J., Gu Y.H., Znao G.W., Tao Y., Luo J.P.
and Hu T.D., 2000 — Effects of rare earth ions on
activity of RuBPcase in tobacco. Plant Science, 152:
145-151.

Fasuur H., Zuenccur W. and GurweN Z., 2000 — Ef-
fect of lanthanum on aged seed germination of rice.
Biological Trace Element Research, 75: 205-213.

Fasuut H., 2002 — Study on the mechanism of cerium
nitrate effects on germination of aged rice seed. Bio-
logical Trace Element Research, 87: 191-200.

Hu Z., Ricuter H., SparovEck G. and Scuanc E.,
2004 — Physiological and biochemical effect of rare
earth elements on plants and their agricultural sig-
nificance: a review. Journal of Plant Nutrition, 27:
183-220.

Hu X., Ding Z., CHEN Y., WaNG X. and Da1 L., 2002
— Bioaccumulation of lanthanum and cerium and
their effects on the growth of wheat (Triticum aesti-
vum L.) seedlings. Chemosphere, 48: 621-629.

MrrrLEr R., 2002 — Oxidative stress, antioxidants and
stress tolerance. Trends in Plant Science, 9: 405-410.

Narpr1 L., o’Aquino L., DE Pinto M.C., CArRBONI M.
A., MorGaNA M. and Tommasrt F., 2004 — Effect
of rare earth elements on seed germination and anti-
oxidant metabolism in Triticum durum. Proceedings
of the SIFV-SIGA Joint Congress. Lecce 15-18 Sep-
tember 2004. p. 138.

SAEGER A., 1925 — The growth of duckweeds in min-
eral nutrient solutions with and without organic ex-
tracts. The Journal of General Physiology, 7: 517-
526.

Tommast F., PacioLLa C., pE Pinro M.C. and DE
Gara L., 2001 — A comparative study of glutath-
tone and ascorbate metabolism during germination of
Pinus pinea L. seeds. Journal of Experimental
Botany, 52: 1647-1654.

Received November 30" 2006; accepted January 30 2007



