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Abstract

Background: In field, C. quitensis is subjected to many abiotic extreme environmental conditions, such as low tem-
peratures, high UV-B, salinity and reduced water potentials, but not metal or metalloid high concentrations in sail,
however, other members of Caryophyllaceae family have tolerance to high concentrations of metals, this is the case
of Silene genre. In this work, we hypothesize that C. quitensis have the same mechanisms of Silene to tolerate metals,
involving accumulation and induction of antioxidant systems, sugar accumulation and the induction of thiols such as

phytochelatins to tolerate.

Results: The results showing an effective antioxidant defensive machinery involving non-enzymatic antioxidants
such as phenolics, GSH and ascorbic acid, in another hand, GSH-related oligomers (phytochelatins) and sugars was

induced as a defensive mechanism.

Conclusions: Colobanthus quitensis exhibits certain mechanisms to tolerate copper in vitro demonstrating its plastic-

ity to tolerate several abiotic stress conditions.
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Introduction

Colobanthus quitensis (Kunth) Bartl. (Caryophyllaceae) is
one of the two vascular plants that inhabit naturally the
Maritime Antarctica [1]. Antarctica is an extreme envi-
ronment that exhibits many extreme conditions that have
direct influence in plant physiology, growth, reproduc-
tion and survival, the principal conditions are low tem-
peratures, high UV-B radiation, salinity, low water status
in soils and very low PAR in winter [2]. Additionally, in
King George Island (Maritime Antarctic), soils show con-
centrations of cupric ion around of 2.0+0.27 mmol kg™
[3]. The tolerance to all these conditions is natural in this
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specie and converts it in an interesting model to study
mechanisms of tolerance to abiotic stress.

The presence of toxic compounds in the soil, such
as heavy metals, is one important factor that can cause
damage to plants by altering major plant physiological
and metabolic processes [4]. Depending on their oxida-
tion states, heavy metals can be highly reactive, result-
ing in toxicity of plant cells in many ways. At the cellular
and molecular level, toxicity results in alterations of dif-
ferent plant physiological processes, including inactiva-
tion and denaturation of enzymes, proteins, blocking
of functional groups of metabolically important mol-
ecules, displacement/substitution of essential metal ions
from biomolecules and functional cellular units, con-
formational modifications and disruption of membrane
integrity [4], which is finally attributed to altered plant
metabolism, inhibition of photosynthesis, respiration,
and the activities of several key enzymes [5]. In addition,
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heavy metals are known to disturb redox homeostasis by
stimulating the formation of free radicals and ROS such
as O, , '0,, H,0,, and OH: [5, 6]. This increase in ROS
exposes cells to oxidative stress leading to lipid peroxida-
tion, biological macromolecule deterioration, membrane
dismantling, ion leakage, and DNA-strand cleavage and
finally death of plants [7].

Plants employ various strategies to cope with the toxic
effects of metals. Resistance to heavy metals stress can
be achieved by “tolerance” when plants survive in the
presence of high internal metal concentration. In this
situation metals are intracellularly chelated through the
synthesis of amino acids, organic acids, GSH, or heavy
metal-binding ligands such as MTs, the YSL proteins that
moves systemically the copper using the ubiquitous che-
lator NA, the PCs, compartmentation within vacuoles,
and upregulation of the antioxidant defense and glyoxa-
lase systems to counter the deleterious effects caused by
ROS [8-10].

Plant-metal interaction have similar mechanisms of
another plant-abiotic conditions, and responses involves
a defensive enzymatic and non-enzymatic antioxidant
systems [11], involving for example, the Asc-GSH cycle,
to detoxifying of damaging levels of ROS generated by
electronic decoupling in chloroplast and mitochondria,
and for another font such as Fenton reaction [12]. In the
Asc-GSH cycle a few enzymes control partially the lev-
els of ROS and maintains them in harmless levels, which
allows the cell still alive in spite an adverse condition.
The enzymatic antioxidant machinery system comprises
enzymes from Asc-GSH cycle, and other enzymes that
act independent from this cycle such as SOD, CAT, and
POD. Superoxide anions generated are converted to
H,O, by the action of SOD, and in the meanwhile the
increasing of H,O, is avoided by the activities of APX,
CAT, POD and GPX. Finally, the balance between ROS
generation and control determines the chance to survival
of the organism subjected to stress [13]. Another known
way to prevent the excess of ROS is the non-enzymatic
mechanism that involves Asc, GSH and other metabo-
lites becoming from secondary metabolism, principally
from phenylpropanoid pathway. These metabolites act
as scavengers of ROS, and in conjunct to the conjunct
of antioxidant enzymes provides a powerful hardware to
attenuate ROS, and both are crucial to mediates the sur-
vival [14].

Copper is an essential micronutrient used in several
electron transport reactions including the catalysis of
redox reactions in mitochondria and chloroplasts [15].
However, at high levels copper turns toxic inducing the
increasing of ROS levels within subcellular compart-
ments [16]. It is known that the Mehler reaction is inhib-
ited by high levels of copper on the PSI and it seems
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that copper has a negative effect in the Hill reaction on
PSII too, leading to changes in the carbon metabolism
[17] affecting not only directly cellular mechanisms of
response, but also in an indirect manner, the signal trans-
duction into the plant cell [18], that drives to changes in
carbohydrate metabolism, because the influence of the
increasing ROS levels [19].

Plants also have responses that involve direct mecha-
nisms to survive to heavy metal toxicity. One of the most
important mechanism of heavy-metal detoxification is
the chelation of metals through ligands derived of GSH
[8], where PCs stand as an significant inducible group of
heavy-metal-binding ligands, that belong to a family of
non-peptidic bonded peptides that consist in repetitions
of (y-Glu-Cys)n-Gly (n=2-11). PCs are synthetized
from GSH by the PC synthase, a constitutive enzyme that
requires post-translational modification to perform as an
active enzyme [20].

The relevance of changes in both plant metabolisms,
primary and secondary, can drive to responses that allow
the survivor of plants exposed to heavy-metal conditions.
Based in the mechanisms described, we postulate that
C. quitensis, has mechanisms to tolerate copper stress,
because it has the machinery to tolerate a wide range of
different abiotic conditions.

Materials and methods

Plant material

In vitro shoots were generated about previously
described [21]. The explants were growth during 1 month
in a Murashige-Skoog [22] basal media, supplemented
with phytohormones N°-benzilaminopurine (0.3 mg L)
and kinetin (0.1 mg L"), using 0.2% of phytagel (Sigma-
Aldrich, St. Louis, MO, USA) as gelling agent at pH
4.5+2, in a conservation chambers at 1342 °C, with a
photoperiod of 16/8 h light/darkness. Then the month,
the explants was transferred to a culture media supple-
mented with 150 and 300 pM of copper (II) sulfate, and
the explants was exposed for 15 days.

Oxidative damage parameters

The total ROS was measured using the spectrofluoromet-
ric method [23], 100 mg of fresh explants was incubated
1 hin 1 mL of 10 pM DCHE-DA solution in Tris—HCI
(50 mM, pH 8.0), then the tissue was washed with EDTA
10 mM and ground with liquid nitrogen to fine pow-
der. The fine powder was resuspended in 1 mL of Tris—
HCI (50 mM, pH 8.0) and was filtered in Wathman no. 2
paper, finally was measure the fluorescence intensity (LS-
5, Perkin-Elmer, Well., MA, USA) using 488 nm of exit-
ing wavelength and 525 nm of emission wavelength. The
results were expressed in equivalents of DCF. The TBARS
was measured spectrophotometrically [24] for indicate
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membrane damage; 100 mg of fresh tissue was ground
with liquid nitrogen to forming a fine powder, the pow-
der was resuspended in 2 mL of 1% of TCA solution. The
mixture was centrifuged at 10,000g for 5 min; 250 pL of
supernatant was mixed with 1 mL of 0.5% of TBA in 20%
of TCA solution. This mixture was incubated at 100 °C in
a water bath for 30 min. Finally, was recording the absorb-
ance at 532 and 600 nm, the results were expressed in
MDA equivalents using the difference of Az3,—Agy, with
the molecular extinction coefficient 155 mM ™! cm™ for
the adduct formed by the TBA and MDA.

Photosynthetic pigments content

The Chl-a, Chl-b and total carotenoids was measure
using the spectrophotometrically method [25] the pig-
ments were extracted using pure acetone, the mixture
was sonicated (50-60 Hz) during 2 h at room tempera-
ture, the extract was diluted 10 times and was register the
absorbance at 470, 649 and 665 nm. For the calculus was
used the following equations:

Chl — a(ug mL—l) = 13.96(Acs5) — 6.88(Agas)
(1)

Chl — b(ug mL_l) — 24.96(Aga0) — 7.32(Ases)
(2)

Total carotenoids (ug mL_1>

= (100(A470) — 2.05(Chl — a) — 114.8(Chl — b))/245
(3)

Protein extraction and antioxidant enzymes
measurements

Proteins was extracted using 100 mg of fresh tissue
ground in liquid nitrogen to fine powder and it was
resuspended in 50 mM of Tris—HCI buffer (pH 7.5), the
mixture was centrifuged at 4 °C 10 min at 10,000g, the
supernatants correspond at soluble proteins. These pro-
teins were quantified using modified Bradford method
(900 pL of Bradford reagent, 80 pL of NaCl (aq) 150 mM
and 20 pL of supernatants) after 2 min the absorbance at
595 nm was registered [26]. The concentration was calcu-
lated using BSA as standard. SOD (EC 1.15.1.1) activity
was determined measuring the photochemical reduction
NBT. The reaction mixture contains 600 pL of Tris—HCl
(50 mM; pH 7) buffer, 10 pL of EDTA 10 mM, 100 pL
of 130 mM methionine, 10 pL of 2 mM riboflavin and
200 pL of 3 mM of NBT and 100 pL of protein extract,
the reaction mixture was incubated during 15 min at
room temperature in light, blank corresponds a reac-
tion mixture in darkness, we measure the absorbance of
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reduced NBT at 560 nm [27]. CAT (EC 1.11.1.6) activity
was tested measuring using the decomposition of H,0O,
at 240 nm for 60 s. The reaction mixture contains 1 mL
of extraction buffer, 3 pL of H,0, 30% and 20 pL of the
supernatant [28]. Enzyme activity was calculated using
a molar extinction coefficient of 39.4 mM~! cm™!. The
APX (EC 1.11.1.11) activity was tested measuring the
decomposition of ascorbate at 290 nm for 60 s. The reac-
tion mixture contained 1 mL of extraction buffer, 5 pL of
H,0, 30%, 40 pL of ascorbic acid 10 mM and 20 pL of
the supernatant. Enzyme activity was calculated using a
molar extinction coefficient of 2.8 mM ™! cm™! [29]. The
GR (EC 1.6.4.2) activity was determined by measuring
the oxidation of NADPH at 340 nm for 3 min in 1 mL.
The reaction mixture containing 1 mL of extraction
buffer, 2 mM EDTA, NADPH 0.15 mM, 0.5 mM GSSG
and 100 pL extract. Enzyme activity was calculated using
a molar extinction coefficient of 6.2 mM™! ecm™! [30].
Finally, the POD; (EC 1.11.1.7) was tested measuring the
generation of tetraguaiacol at 470 nm for 60 s. The reac-
tion mixture contains 1 mL of extraction buffer, 5 puL of
H,0, 30%, 5 pL of guaiacol and 10 pL of the supernatant.
Enzyme activity was calculated using a molar extinction
coefficient of 26.6 mM ™! cm™! [28].

Antioxidants extraction, non-enzymatic antioxidant
parameters and total phenolic content

The non-enzymatic antioxidants were extracted using
the hydroalcoholic solution (85% v/v of aqueous ethanol)
with sonication per 2 h (50—60 Hz) at room temperature.
First was measure the spectrophotometrically scavenge of
DPPH- to form of DPPH,, at 517 nm for 4 min, the results
was expressed in percentage of scavenge radical [31]. The
total redactor power was measure using the FRAP assay,
measuring spectrophotometrically reduction of Fe(III) to
Fe(II) at 593 nm, using the capacity to form a blue com-
plex with TPTZ for 4 min [32]. Finally, the total pheno-
lics was measure using the phosphotungstomolybdic
method, using the redox reaction with Folin-Ciocalteu’s
reagent, using 100 pL of Folin-Ciocalteu’s reagent, with
500 pL of water and 100 pL of each extract for 15 min,
the reaction was stopped with 300 uL of 7% of sodium
carbonate solution, and was measure the total phenolics
at 660 nm using gallic acid solution as standard [33].

Total soluble sugars

We used the sulphuric anthrone method; we prepare
a reaction mixture of 3 mL of sulphuric anthrone (1.5%
of anthrone in concentred sulphuric acid) and 100 pL of
hydroalcoholic extract, the reaction mixture was incu-
bated at room temperature for 15 min and then it was
register the absorbance at 620 nm. We used fructose as
standard [2].
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Sugar determination

Sugars was analyzed using HPLC coupled to RID, ali-
quots of 100 uL of hydroethanolic extracts was lyophi-
lized using a speed vac (Savant, Minn., USA), the pellet
of sugars was resuspended in 100 uL of EDTA-Ca*" (aq)
(0.1 mM). 20 uL of samples was injected and separated
using a Sugar-Pack column (6.5x300 mm) (Waters
Corp., Massachusetts, USA) at 75 °C, the RID tempera-
ture was 55 °C and the mobile phase were an isocratic
elusion solution of EDTA-Ca®* (0.1 mM) with flow rate
of 0.35 mL min ™" for 30 min. Pure standards of ascorbate,
glucose, fructose, galactose, galactinol, sucrose, raffinose,
stachyose, verbascose, xylose and lyxose were standard-
ized and calibrated.

GSH and phytochelatin determination

The analysis of phytochelatins was performed by the
method previously described [34]. 100 mg of tissue was
gowned in liquid nitrogen to form a fine powder and
resuspended in 600 pL of 0.1% (w/v) of TFA with 6.3 mM
of DTPA. The homogenate was transferred to test tube
and centrifuged at 4 °C during 20 min in a microcen-
trifuge. Derivatization of thiol groups was performed
using 10 pL of mBrB (Invitrogen, Oregon, USA), 25 mM,
450 uL of HEPES buffer (pH 8.2) with DTPA 6.3 mM
and 250 pL of extract incubating in darkness for 30 min.
To stop the reaction 300 pL of 1 M of MSA were added,
samples were stored at 4 °C. The analysis of GSH and
PCs were performed by HPLC coupled to FLD (Agilent,
1100 series); 20 puL of sample was injected and separated
with a C18 column (5 pm, 4.6 x 150 mm) at 25 °C, using
a binary mobile phase composed by 0.1% of TFA (aq)
(A) and acetonitrile (B) in a linear gradient (0-20% of B
in 10 min, 20-35% of B in 10 min and 35-100% of B in
10 min), using a flow rate of 1 mL min~!, FLD was setting
in 380 nm of excitation wavelength and 470 nm of emis-
sion wavelength. Pure GSH (Sigma-Aldrich, St. Louis,
MO, USA) and phytochelatins as used as standards, with
polymerization degrees of 2—-6 (AnaSpec Inc, San Jose,
CA, USA) prepared in equal form that samples.
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Statistical analysis

All measures were analyzed using one-way ANOVA
using Tukey’s post-test and statistical significance of
P<0.05.

Results

Antioxidant responses

The effect of supplementation with copper (150 and
300 pM) on oxidative parameters of in vitro cultures of
C. quitensis is shown in Figs. 1 and 2. The total ROS accu-
mulation shows significant increases in the treated plants,
(Fig. 2a, black bars). Subsequently, the membrane peroxi-
dation, measured as TBARS in MDA equivalents show-
ing a similar pattern of accumulation in treated plants
(Fig. 2a, white bars). The non-enzymatic antioxidant
system measured as free radical-scavenge (DPPH assay,
Fig. 2b, black bars) and as reducing power (FRAP assay,
Fig. 2b, white bars), as complementary assays, shows an
induction of non-enzymatic antioxidant machinery, as a
concentration-dependent in copper (Fig. 2b), concluding
that C. quitensis responds to treatments.

On the other hand, we analyze the enzymatic antioxi-
dant system, an arrangement composed by five enzymes
(SOD, APX, GR, CAT and POD; Fig. 3). The results
showing that SOD (Fig. 3a), CAT (Fig. 3d) and POD
(Fig. 3e) increase its activity in the copper treatments,
however, APX (Fig. 3b) shows an inhibition in its activ-
ity in treated plants and GR (Fig. 3c) a measurable activ-
ity, with significant differences, but lowest than the other
enzymes (from one to two magnitude orders), concluding
an induction of antioxidant enzymes, but apparently does
not involves the Asc-GSH cycle.

Effect of copper in photosynthetic pigments,
phenylpropanoids and sugars

To evaluate the effect of copper in physiology of C.
quitensis we measure photosynthetic pigments. The
results showing that Chl-a/b ratio do not have sig-
nificant differences in the treatments in comparison

Bar represent 1 cm

Fig. 1 Pictures of C. quitensis at 15 days post-treatment. a Control condition, b subjected to 150 uM of copper and ¢ subjected to 300 uM of copper.
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Fig. 2 Oxidative stress parameters and non-enzymatic antioxidant
activity. a ROS content (black bars) and MDA content (white bars) in
C. quitensis subjected to copper and aluminum. b Non-enzymatic
antioxidant activity as a DPPH-scavenging (black bars) and
FRAP-value (white bars). Bars represent mean of three independent
measurements. Significant differences were determined using
ANOVA (P<0.05)

with control condition (Fig. 4a, black bars). Total
phenolic compounds are increased in copper treat-
ment in a concentration-dependent pattern (Fig. 4b),
similar to non-enzymatic antioxidant activity, sug-
gesting a role of soluble phenolics as antioxidants. Car-
bohydrates content measured as a total reducing sugars
(anthrone method) does not showed significant differ-
ences between copper treated and control plants (Fig. 5
insert), in order to explain the real role of these sugars
we analyze the profile of soluble sugars using HPLC.
Glucose, galactose, raffinose and galactinol have sig-
nificant differences with control conditions and are
accumulated in a concentration-dependent pattern in
copper treatment (Fig. 5). Other sugars such as fruc-
tose, sucrose and stachyose do not present significant
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differences with the control condition in copper treated
plants (Fig. 5).

GSH and PCs accumulation

To demonstrate that the survivor capacity of C. quitensis
against copper is governed by the described mechanisms
for metal-tolerant species, we analyze the accumulation
of GSH and PCs. The results showing that GSH, and
PC,-PC; are accumulated with significant differences
with the control, in copper treated plants (Fig. 6).

Discussion

Antioxidant responses

Antioxidant enzymes reveals that both treatments induce
the activity of SOD, CAT and POD, but APX activ-
ity decrease in the treatments while GR does not have
significant differences, these results suggests that the
Asc-GSH cycle does not important players in the detoxi-
fication of ROS in C. quitensis subjected to copper [35].
Some authors demonstrate that the presence of toxic
substances such as cadmium inhibits APX activity, inac-
tivating Asc-GSH cycle, this is a viable hypothesis could
explain that the GR does not change, because APX is
upstream in the detoxifying cycle [36, 37], for this reason
all the antioxidant charge is conduced to alternative tar-
gets, such as non-enzymatic antioxidants. In this fact, the
results showed increase in the free radical-scavenge and
total reducing power, and are correlated with total phe-
nolic content more than ascorbate and/or GSH, suggest-
ing a role of phenolics as a free radical-scavengers acting
in conjunct with SOD, CAT and POD to buffering the
increased levels of ROS, has been discussed in literature
the relevant role of phenolics such as flavonoids that acts
interacting directly with ROS such as H,O,, for example
(38, 39].

ROS causes different changes at cellular level, the
most described in the literature is the interaction with
unsaturated bonds in membrane lipids generating
toxic aldehydes such as MDA [13], in the analysis of
response of C. quitensis we demonstrate a direct corre-
lation between ROS content and MDA content, but not
sufficient to generates a lethal outcome, in the case of
intracellular ROS in presence of metallic ions, has been
described the generation of superoxide, and leads an
increase in SOD activity [40], our results suggest that
the excess of copper generates an increase of superox-
ide [41], increase the SOD activity generating H,O, as
a product, the H,0, would be detoxified by CAT, POD
and soluble phenolics [42-45].

Several authors described the role of H,O, as a sec-
ond messenger that controls different responses at
cellular levels in different organisms, including plants
[46]. The triggered signaling in copper stress in several
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species was characterized that controls both preventive
and repairing systems, including antioxidant enzymes
[47], GSH metabolism [48] and secondary metabo-
lism [49], tonoplast transporters [50] and others. In
this work, we characterize only at biochemical/physi-
ological level, opening the possibility to characterize
the response at molecular level, using next generation
RNAseq, for example, to obtain information not only
for the characterization of C. quitensis response, but
also to obtain new blanks for molecular improvement
of important sensible species (crop species, for exam-
ple) and/or for phytoremediation of contaminated soils.

Fig. 6 GSH and PCs content. Grouped bars showing different
polymerization degrees of GSH detected by HPLC. Bars represent
mean of three independent measurements. Significant differences
were determined using ANOVA (P <0.05). The graph is presented in a
logarithmic scale

Physiological parameters

Chl-a/b ratio does not show significant differences
between control and treatments, this result suggest
that the general photosynthesis was maintained in the
presence of copper, this result supports the fact that C.
quitensis is a multi-tolerant plant, because the physiolog-
ical processes were not affected [51].
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Phenolics as mentioned above, apparently acts as sol-
uble scavengers of ROS, several authors define role of
these molecules as antioxidants, such as flavonoids [52],
phenolic acids, stilbenes, phenylpropanoids are good
antioxidants and prevent oxidative damage in planta and
in vitro [53-55].

Sugar accumulation

Carbohydrates accumulation measured as a total reduc-
ing sugars does not shows significant differences in cop-
per treatment compared with the control, for this reason
we analyze by HPLC the profile of sugars, these results
revealing significant differences in the content of raffinose
and galactose. Raffinose contributes to homeostasis main-
tenance [56], in contrast, phenolic compounds showed
an increase concentration dependent to copper dose,
that acts as antioxidant molecules [54] and/or chelating
molecules [57]. Galactose has been induced in a concen-
tration dependent pattern, but galactose levels are lowest
than other sugars, probably the increment in galactose and
galactinol is a reflex of increment in biosynthesis of raf-
finose, a carbohydrate that acts as membrane stabilizing
molecules [58]. We discarded the possible role of galactose
to maybe act as precursor of ascorbate because the enzyme
analysis reveals that the Asc-GSH cycle did not partici-
pate actively in the tolerance to copper and aluminum and
ascorbate did not show changes along the treatments.

The crescent accumulation of galactose in both con-
centration, in form concentration-dependent is a
possible result of galactolipid oxidation by ROS in chlo-
roplast [59], the unbalance in redox status performed
by the presence of abiotic elicitors in cellular environ-
ment led the membrane lipoperoxidation, in the case
of chloroplast lipoperoxide derivatives, the liberation
of toxic amounts of galactose has been reported pre-
viously in other species [60], the accumulation of
raffinose inside the cells is a result of enhanced accu-
mulation of galactose [59, 60] and the raffinose accu-
mulation is a mechanism to remove the toxic amounts
of galactose. In plants, raffinose is a key carbohydrate in
the stress tolerance mechanisms [61], the accumulation
of raffinose and galactinol is related to osmoprotection
process in plants [62], moreover, raffinose plays other
roles in plant tolerance to abiotic stress buffering ROS
(act as soluble antioxidant), protecting for example, the
radical hydroxylation of salicylate, and with other sug-
ars, such as alditols, also acts as effective antioxidant
compounds [62].

GSH and PCs accumulation

The presence of copper induces the accumulation of GSH
and PC, to PC;. PC to PC,; has not been detected. GSH
acts in three targets, first as soluble antioxidant compound
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that detoxifying directly the ROS accumulated inside the
cell, second as an antioxidant cofactor of Asc-GSH cycle
[63], however, in C. quitensis subjected to copper toxic
levels this mechanism of detoxification does not partici-
pate in the tolerance, third, GSH chelate directly the toxic
divalent cations, these complexes are translocated into the
vacuole [64]. GSH is the precursor of PCs, they are poly-
meric forms of GSH and acts as strong chelating agents
[59, 64, 65]. In the treatments with copper all detected
phytochelatins are accumulated, PC, and PC, are con-
centration-dependent accumulated; meanwhile PC; and
PC; are accumulated in concentration-independent form
in response to excess of toxic cations, demonstrating the
potential of C. quitensis to faces the presence of toxic ele-
ments like tolerant species [66] and demonstrate that C.
quitensis is a good model of a multi-tolerant plant.

Antarctic soils showed a mean concentration of cupric
ion of 2.040.27 mmol kg~! (124417 ppm) in soils of
King George Island [3], normally, uncontaminated soils
have a concentration of 1.5 mmol kg™ or less of cupric
ion [67] and contaminated sites (highly intervened) such
as exploited copper mines have high concentrations
nearby 5-8 mmol kg™! of cupric ion [67, 68], this analysis
reveals that Antarctic soil (in King George Island) have
moderated contamination, capable to generate a defen-
sive response in C. quitensis. Our results suggest that the
redundant capacity of antioxidant system to face oxida-
tive stress (product of different abiotic extreme condi-
tions) and the capacity to accumulate phytochelatins are
important in the survival of C. quitensis in the field.

Another fact, but not less important, is that Caryo-
phyllaceae family plants are classified as hyperaccumu-
lators and/or tolerant species in terms of metallic ion
accumulation. In Silene vulgaris (syn. S. cucubalus) the
tolerant variety survive to 250 uM of cadmium, accumu-
lating 12—13 umol g~ of PC, [69, 70], similar levels than
C. quitensis exposed to 300 uM of copper. Another study,
demonstrates the growth of S. dioica in copper mines,
highly contaminated soils (>8 mmol kg™ of cupric ion
in soil) [71]. Contrasting the literature and our results
about C. quitensis (exposed to moderated concentrations
of cupric ion in field), we hypothesize that the capacity
of C. quitensis to tolerate in vitro high concentrations of
cupric ions, probably was acquired for a primitive ances-
tor of Caryophyllaceae family that inherited their copper
tolerance capacity to modern members of their family
such as Silene sp. and C. quitensis.

Conclusions

C. quitensis exhibits a natural capacity to tolerate high
levels of cupric ion in vitro. The mechanisms behind their
capacity involves antioxidant machinery and GSH deriva-
tive compounds (phytochelatins). Our results suggest the
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projection of C. quitensis as a multi-tolerant specie to
several abiotic conditions and bring out this specie as a
model to investigate their capacity at the molecular level.
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