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Abstract: Problem statement: Non-controlled low temperatures affect physioladjiend biochemical
processes leading to Reactive Oxygen Species (R©O&)mulation in plants, which normally are
stabilized by the antioxidant system. Superoxidenflitase (SOD), Ascorbate Peroxidase (APX) and
Catalase (CAT) are the most important ROS-detdifim enzymes in stressed plamgproach:
The activity of these enzymes were examined inaesp to fungal Oligoglucans (OG) in cold-stressed
cotyledons ofCucurhita pepo L. Cold stress condition was settled in zucchatyledons using relative
lon Leakage (IL) and D, accumulation. Then, OG were obtained frorichoder ma harzianum cell-
wall by enzymatic and chemical hydrolysis. Theseitets were purified by size-exclusion and anion-
exchange chromatography and tested in cold-stressgtedonsResults: No significant changes on
H,O, content and IL were observed between treated anttat cold-stressed cotyledons, during the
first 7 days of storage at 5°C. Afterwardgd values increased greatly after cold-stressed. ,Téwd
stress conditions were established (7 d, 5°C). ABX and CAT activities remained stable, but not
SOD activity, which decreased about 42% in cortadl/ledons. When a chemical OG mixture (CM)
was applied to cold-stressed cotyledons, APX and @ativity levels increased. The SOD activity
was only increased by an enzymatic OG mixture (ENtie APX activity level was increased in cold-
stressed cotyledons using OG size-exclusion chamgmaphy fractions from both CM and EM,;
however, changes in CAT activity were only possibkng EM fractions and no changes were
detected in SOD activity. The highest CAT activitgyels were triggered using OG anion-exchange
chromatography sub-fractions from both CM and E&tfions (120 and 119 % of enzymatic activity,
respectively).Conclusion: The oxidative stress can be counteracted by iggeting of APX and
CAT activity in cold-stressed zucchini cotyledonediated byT. harzianum cell-wall OG.
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INTRODUCTION ROS accumulation begins in chloroplasts and

mitochondria of plants, such as wheat, cucumben,co

Plant development is challenged by manyArabidopsis thaliana and rice, due to low temperature

environmentally and  physiologically = adverse condition (Dat et al., 2000; Al-Taisan, 2010). To
conditions that produce Reactive Oxygen Specieslecrease the damage of ROS in biomolecular targets

(ROS) (Quanet al., 2008). An excess of these (proteins, nucleic acids and lipids), plants employ
compounds affects plant growth and developmentomplex antioxidant system that helps them restore

resulting in low crop yields (Wahidt al., 2007). cellular redox homeostasis. This antioxidant sysiem

Generally, if plants are in non-stress conditioR§S  divided in two principal sub-systems (Halliwed al.,

production and scavenging processes are i2006), the non-enzymatic (glutathione, ascorbate,
equilibrium; however, this condition can be easilytocopherols and phenolic compounds) and the
perturbed by extreme temperatures and severali@biotenzymatic [Superoxide dismutase, SOD (EC. 1.15.1.1)
and biotic factors (Del Riet al., 2006). For example, Catalase, CAT (EC. 1.11.1.6); Ascorbate peroxidase,
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APX (EC. 1.11.1.7)]. However, the protective role lightly mixed (approximately 2 h). A final IL valu@f)
offered by basal plant antioxidants does not alwaysvas measured as previously described. The total IL
respond accurately under stress conditions; thexefo value was derived from the following equationii/ff)
plants need to enhance several defensive resptmsesx100]. Hydrogen peroxide content was determined
counteract this problem. using the colorimetric method (Cervillg al., 2007),
Many treatments have been successfully appliedvhere zucchini cotyledons were ground in extraction
with the aim to elicit plant antioxidant systemgcls as  buffer [50 mM KHPQe3H,0 (pH 6.8), 1 % (v/w)
genetic manipulation of crops, conditioning thermalpolyvinyl polypyrrolidone (PVPP)]. Samples were
treatments or triggering of plant defense systems bclarified by centrifugation (Sorvall RC, SM-24 ro}o
exogenous elicitation (Falcon-Rodriguezal., 2009;  for 20 min (8,000xg) at 25°C. An aliquot (1 mL) thie
Islas-Osunaet al., 2010). Each has shown specific extracted solution was mixed with 0.3 mL of 0.1%
limitations due to sample heterogeneity or theedéht titanium dioxide in 20 % (v/v) k80, and the mixture
experimental strategies followed. There are manywas then centrifuged for 30 min (9,500%xg). The
advantages to using Oligoglucans (OG) from fungaintensity of the yellow color of the supernatars, @
cell-walls as triggering molecules or elicitors;ese  consequence of the chemical reaction betwee®,H
molecules can be exploited to reduce the effects adind titanium dioxide in acidic medium, was measured
oxidative stress (Nita-Lazaat al., 2004; Shinyaet al., at 415 nm. The kD, concentration was calculated
2006). Several fungal OG have been tested undér bofrom a standard curve plotted within the range -df01
in vivo and in vitro conditions and have shown an mM H,0..
important relationship between the plant antioxtdan
system and their ability to induce changes in theFungal cell-wall preparation: First, spores of
activities of antioxidant enzymes (Chiveataal., 2006;  Trichoderma harzianum maintained on PDA slant
Zhenget al., 2008). Thus, in this study we examined if (potato dextrose agar, Difco Co.) were inoculate@ (
the application of . harzianum OG may reduce spores m[Y) in 2.5 L PDB medium (potato dextrose
damage in plants, triggering the activity of the broth, Difco, Co.) in an orbital shaker (150 rpmt) a
enzymatic antioxidant system in cold-stressed27°C. After 10 d of incubation, the mycelium was

Cucurbita pepo L. (zucchini) cotyledons. harvested by vacuum filtration. The collected migal
was washed twice with ten volumes of distillatedexa
MATERIALSAND METHODS and was homogenized three times with ten volumes of

chloroform:methanol (v/v) for further vacuum filtian.
Plant material and stress conditions. Zucchini  Finally, the recovered material was homogenizedh wit
seedlings Cucurbita pepo L. cv. “Raven”) were five volumes of acetone, vacuum filtrated and then
cultured in plastic bags (10x15x5 cm) with peat snos dried at room temperature. This cell-wall was used
with a 16 h light photoperiod (100 umol™msec', isolate OG mixtures by chemical and enzymatic
photosynthetic proton flux density) at 25 + 3°C and hydrolysis.
relative humidity of 80% for 10 day. Subsequently,
zucchini seedlings were subjected to low tempeeaturlsolation of OG mixtures: The chemical OG mixture
experimental conditions involving a dark refriggwat (CM) hydrolyzed from fungal cell-walls was extradte
chamber at 5°C during the entire time period (0-1%Nita-Lazar et al., 2004). Briefly, fungal cell-wall
day). All chemical reagents were purchased fronm@ig powder (1 g) was constantly mixed in 1 M NaOH (100
Co. (St. Louis, MO., USA). mL) at 65°C for 2 h and the obtained extract was

neutralized with 50% acetic acid and was clarifind
lon Leakage (IL) and H,0, content: Membrane centrifugation (Sorvall RC, SM-14 rotor) for 10 min
damage was measured by a conductivity method10,000 rpm) at 25°C. The enzymatic OG mixture (EM)
(Friedman and Rot, 2006). Briefly, 1 g of zucchini was obtained using Glucarn&x(20 mg g*; Sigma Co.)
cotyledons from squash seedlings were cut in smathnd this enzymatic hydrolysis was conducted at 27°C
pieces (1 crf) and were immediately incubated with 20 over 6 h with constant mixing (Okinalet al., 1995).
mL of a 0.3 M D-mannitol solution. After 2 h of iy = The enzymatic reaction was stopped by autoclaving a
mixing, an initial IL value ¥i) was measured with an 121°C for 30 min.
EC-METER 1481-61 Conductivity Meter (Cole-Palmer
Instruments Co.). Subsequently, each sample waBiological assays using OG mixtures. Each chemical
subjected to thermal treatment (121°C, 30 min)wad and enzymatic OG mixture was tested in fifteen <cold
allowed to warm to room temperature while beingstressed zucchini plants using a double spray metho
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(500 ppm, 15 mL), with the first spray at the ialitime 0.1 M HO, and 50 pL of enzyme extract. The
(0 day) and the second at the final time of thattrent  ascorbate molar extinction coefficient (2.8 m\ni™)
(7 day). Controls consisted of water-sprayed plantsvas used to calculate APX activity, which was
grown under ideal (25°C, steady-state activity lethee  expressed in mmols of oxidized ascorbate ming™
negative control) or stressed (5°C, positive cdptro protein. For all enzymatic extracts, total protewas
temperature conditions. Sampling was performed 2 Ineasured using a colorimetric method (Bradford,6)97
after spraying OG, at which point zucchini cotyledo with the Bio-Rad Protein Assay reagent and bovine
were cut from the seedlings and immediately frozenserum albumin as a standard.
with liquid nitrogen and stored at -40°C until tleaf
extract was obtained. Biological assays using OG SEC fractions: Both OG
Changes in SOD activity (Wet al., 2008) were mixtures (2 mg lyophilized powder L of each
expressed in units myprotein, where one unit of SOD mixture) were fractionated by size-exclusion
was defined as the amount of enzyme capable afhromatography (SEC; Biogel P-6, column 2.6x50 cm,
reducing nitroblue tetrazolium chloride (NBT) by %  6-kDa cut-off exclusion limit) previously equilitted
The leaf tissue (1 g) plus 5 % (w/w) PVPP wasyjith distilled H,0 at a volumetric flow of 1 mL min.
homogenized in 2 mL of cold extraction buffer [S8m  Collected fractions were assayed for hexose content
KHPOge3H0 (pH 7.5), 1 mM EDTA] and was (Bailey, 1958) versus a D-glucose standard. These
subsequently filtered and centrifuged for 15 minfractions were pooled into three main chemical (C2,
(12,000 x g) at 4°C. The recovery enzyme extract Wagnd C3) or enzymatic (E1, E2 and E3) fractions
kept in cold temperature (10°C) during SOD activity according to their retention time and were lyopieit
determination, which was monitored at 560 nm. Oneyefore being applied to cold-stressed zucchini
milliliter of the reaction mixtures was used, conbdg  cotyledons using a double spray method (500 ppm, 15
0.1 M NgHPQ,7H,0 (pH 7.8), 0.01 M L-methionine, mL each). Changes in the enzymatic antioxidaniesyst

0.025 % (v/v) Triton X-100, 0.11 mM EDTA, 57 UM activities were evaluated as described earliettferOG
NBT, 1.3 uM riboflavin and 50 pg of enzyme extract. mixtures.

Reaction mixtures were illuminated for 10 min w&b-
W white light lamps (General Electric Co.). Non- Bjological assays using OG AEC sub-fractions; The
illuminated mixtures were used to correct backgtbun main chemical or enzymatic fractions obtained bSE
absorbance. which showed the most effective ability to triggae
Enzymatic activity of CAT (Aebi, 1984) was gactivity of the enzymatic antioxidant system with
determined by following the consumption 0t®3 at  respect to control cotyledons, were chosen. These
240 nm for 3 min at 30°C. The leaf tissue (1 g) Wasfractions were sub-fractionated using anion-exckang
homogenized in 10 mL of cold extraction buffer [50 Chromatography (AEC’ Q-Sepharose fast flow, column
MM KzHPO,#3H,0 (pH 7.8), 0.5 % (v/v) Triton X-100, 2.5x45 cm) with a linear gradient of 0-0.3 M HD®1,
0.5 mM EDTA, 1 % (w/v) PVPP]. The homogenate (pH 6.5) in 1 M NaCl for 2 h and a volumetric flayi 2
was filtered and centrifuged for 20 min (18,000%8) mL min™. Collected fractions were assayed for hexose
4°C. The recovery enzyme extract was stored at 10°gontent (Bailey, 1958) versus a D-glucose standarti
dgrlng CAT activity _determlnanon. The reaction ere pooled into three sub-fractions (1, 2 and @) f
mixture (0.5 mL) consisted of 50 MMKPO#3H:0  each chemical or enzymatic OG fraction according to
(PH 7.0), 50 mM HO; and 25 pL of enzyme extract. thejr elution time. Changes in enzymatic antioxidan

The HO, molar extinction coefficient (28 mMcm™)  activities were evaluated as described earlierbfuth
was used to calculate CAT activity, which was G mixtures and their fractions.

expressed in mmols of reduced,Q4 min™? mg™

protein. Statistical analysis: All enzymatic assays were
Enzymatic activity of APX (Nakano and Asada, repeated twice and compiled data were submittezhto

1987) was determined by monitoring changes at 29AANOVA test using NCSS 2001 software (Kaysville,

nm for 3 min at 25°C. The leaf tissue (1 g) wasUtah, USA). To evaluate significant differences

homogenized in 10 mL of cold extraction buffer [50 between OG, a Duncan tesg(p05) was conducted.

mM K,HPQ,+3H,0 (pH 7.8), 5 mM L-ascorbic acid, 1

mM EDTA, 1 % (w/v) PVPP]. The enzyme extract was RESULTS

obtained as previously described for the CAT enzyme

extract. The reaction mixture (0.5 mL) consistecb6f Establishment of cold stress condition: Control

mM K,HPQ,+3H,0 (pH 7.0), 5 mM L-ascorbic acid, (25°C) zucchini cotyledons showed an IL value below
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20% during the entire experimental time. For cold-stress with respect to basal SOD activity (Fig.@)ly
stressed cotyledons, no changes in an IL valueg wethe enzymatic OG mixture (EM) had a significaneetf
appreciable during the first 7 day; however, aftégs  (p<0.05) in the enhancement of SOD activity (Fig. 2A).
time, gradual increments in damage of the cell The chemical OG mixture (CM) showed the same

membrane integrity were evident (Fig. 1A). TheOpl  effect as the control cotyledons (Fig. 2B). In fatie
content showed a similar trend in cold-stressededuced SOD activity in cold-stressed cotyledons wa
cotyledons, showing a high level of peroxide afted  increased by applying CM. Once evaluated the EM and
of cold stress at 5°C (Fig. 1B). In both cases, whe CM triggering effects in the zucchini squash enzyena
squash seedlings were transferred to a warmegntioxidant system, both chemical (C1, C2 and G) a
environment (25°C) during 7 day for the promotidn o enzymatic (E1, E2 and E3) OG fractions were obtaine
the cell homeostasis recovery, only cold-stresse y SEC and were applied to cold-stressed cotyledons

one of these fractions was capable of triggeri@ipS
cotyledons for less than 7 day reached values btHew activity (Fig. 2). Every SEC OG fraction showed a

maximum level aIIon?d for these assays (L of 50%similar effect to control cotyledons. The biolodica
and 10 mmols kD, g~ FW). Afterwards no recovery activity of OG mixtures diminished when SEC OG
of cell homeostasis was observed. fractions were tested (Fig. 2). No triggering aityiwas

. N . ., detected when sub-fractions obtained by AEC were
C_hang_es In SC_)I.D.act|V|ty. To dgtermlne the potential applied to cold-stressed cotyledons (data not shown
biological activities of OG mixtures, these samples

were assayed in cold-stressed zucchini cotyledons. 10

mmm Control (-),25°C

SOD activity showed a decrease (42%) induced hy col 1 Control (), 5°C
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7 &% F iimm;i) L Fig. 2: Changes in SOD activity in cold-stressed

®) zucchini cotyledons elicited with enzymatic (A)

and chemical (B) oligoglucan mixtures. Both

Fig. 1: Rate of ion leakage (A) and,® production mixtures include their respective SEC fractions.

(B) in cold-stressed zucchini cotyledons (5°C). Different letters indicate significant differences

Results are mean + SD of at least three (p<0.05) between values. Controls (-, +)
replications correspond to non-elicited plants
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_ activity level triggered by CM (Fig. 3B). Due toeth
. 1wy o 2 o high induction of APX activity achieved by fracti&?®,
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Fraction number

chemical and enzymatic OG SEC displayed the ability
to trigger APX activity when applied to cold-streds
cotyledons. All of the enzymatic SEC fractions indd
increments in APX activity with respect to control
cotyledons (g0.05) mainly the E2 fraction (7% more

LIV

D-glucose ¢
(hg

a Changes in CAT activity: The chemical OG mixture
(CM) was more effective than EM for CAT activity
enhancement in cold-stressed zucchini cotyledoits (F
4B). No apparent enhancing effect was attributed to

I

0.0 - - ; ‘ - EM, but when enzymatic SEC fractions were tested in

(- +) CM Cl c2 c3 ; !
(B) cold-stressed cotyledons, these tissues showed high

CAT activity levels. The main triggering effect was

= L attributed to E1 (55.6% more than controls) followe
Control (-), 25°C

anl 1(+).5° . . . .
20 %%’m’ﬁ;ﬁ@,;fm c subjected to fractionation using AEC and then Ei-su

by the E3 fraction (Fig. 4A). The E1 fraction was

72 Oligoglucan SEC fraction [/ fractions were applied to cold-stressed cotyleddine
=4 Oligoglucan AEC sub-

15| fractions CAT activity levels were above control cotyledomsla

the greatest effect was achieved by the E1-1 sub-
ab ah fraction (119% more than control plants<0p05)
ab 3 followed by E1-2 and E1-3 (Fig. 4C). The same patte

I was obtained in the CAT activity by the E3 sub-

ab

05 fractions (data no shown). In spite of the fact G

was the most powerful OG mixture for triggering CAT

00 ‘ . C _ activity, when this mixture was fractionated usBigC,

O O BM B Ep1 B2 B3 no elicitor activity was detected by these chemical
Oligoglucan sample fractions. In contrast, when the chemical AEC sub-
© fractions were tested, the highest CAT activityelev

3:Changes in APX activity in cold-stressed (120% more than control plants) was reached by the

cotyledons elicited with enzymatic (A) and C3-1 OG sub-fraction (Fig. 4D).
chemical (B) oligoglucan mixtures. Both

mixtures include their respective SEC fractions DISCUSSION
and their AEC sub-fractions (only C). Different
letters indicate significant differences<(p05) World-crop production has been constantly

between values. Controls (-, +) correspond tainfluenced by detrimental effects of low temperatur
non-elicited plants. Inserts represent D-glucosehis situation has been considered a serious pmoble
contents from pooled enzymatic or chemicalbecause crop yields fell around fifty percent for
SEC fractions (A and B) several crops (Wabhiet al., 2007).
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Fig. 4: Changes in CAT activity in cold-stressedtytadons elicited with enzymatic (A) and chemicd) (
oligoglucan mixtures. Both mixtures include the@spective SEC fractions and their AEC sub-fractions
(only C and D). Different letters indicate signéitt differences (g 0.05) between values. Controls (-, +)
correspond to non-elicited plants. Inserts repreBeglucose contents from pooled enzymatic or cleaimi
SEC fractions (A and B) or AEC sub-fractions (C &yd

Important physiologic and metabolic plant decrease in an IL and,8, production. When seedlings
processes are interrupted by cold-stressed conditio were cold-stressed for longer than 7 day, the pdasm
Protein aggregation and denaturalization in chl@sts  membrane integrity, measured as IL, decayed sgverel
and mitochondria, destruction of membrane lipids,and there was no cellular recovery. Values of Ibwab
production of toxic compounds and ROS 50 % reflect serious membrane damage in cold-&tdess
overproduction (Howarth, 2005) are the most commorcucumber fruit (4°C, 7 day) (Deedt al., 2000). At this
responses of plant cells as a consequence ofyfhgsaf  level of membrane damage, important biochemical
thermal stress. functions, such as the electron transport chaie, th

Zucchini cotyledons were subjected to cold-fixing of CO, or the electrolyte exchange between sub-
stressed treatment (5°C) to evaluate changes in theellular compartments, are irreversibly affectedlde
activity of antioxidant enzymes, such as SOD, APH a stressed zucchini cotyledons showed an excessive IL
CAT, using fungal OG isolated by chemical or value when stress exceeded 7 day.
enzymatic hydrolysis frori. harzianum cell-walls. The Overproduction of ROS is an evident consequence
IL and HO, production were the parameters used toof cold-stressed plants because the internal merabra
indicate the level of damage in zucchini squastdamage directly affects mitochondrial respiratory
seedlings. When seedlings that had been cold-sttessactivity and chloroplast CO fixing is reduced
at least for 7 day were brought to 25°C, cellular(Esfandiariet al., 2007). Indeed, }D; levels in cold-
homeostasis recovery was observed as indicated bys&ressed zucchini cotyledons increased signifigantl
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after 7 d. This result reveals a typical resporfskow  activity level in cold-stressed pre-flowering tobac
temperature treatments in stressed plants, such gdants (Gechewet al., 2003). However, the fungal OG
cucumber, maize (Da&t al., 2000) and Gramineae mixtures evaluated in this work display a well-
grasses (Al-Taisan, 2010). Zucchini cotyledons #tbw differentiated effect in cold-stressed cotyledoGtear
a linear correlation between,®, accumulation and differences between enzymatic and chemical OG
membrane damage measured as IL, contrary to thmixtures (see inserts in Fig. 3A and B) may affibet
same parameters evaluated in barley plants infecteecognizing process by zucchini cotyledons ands,thu
with powdery mildew (Harractket al., 2008). Even display different APX activity levels. Some of the
when biotic stress induced by phytopathogens vamies induced effects found in these experiments areigiali
length and intensity, abiotic stress, such as lowstep in determining the complex role that thesegdlin
temperature, results in similar intracellular damag elicitors play in up- or down-regulating the enzyima
Disturbances between environmental conditions andntioxidant system activity in plants. First, diffaces
plant fithness are uncontrollable consequences thah the effects of the fungal OG mixtures were exide
appear under field conditions and it has been drieeo  under cold-stressed conditions. Moreover, signifilya
reasons for the plant vulnerability to extremeenhancements of APX and CAT activity levels were
temperatures and crop yields reduction. The regookr obtained by applying CM. These responses could be
health using a fungal OG application could be astde attributed to structural differences between.
by triggering plant defense responses, which woulcharzianum OG mixtures and their accurate biological
avoid important economic and agricultural loses. recognition by the host cell (Shinyet al., 2006,
Once the low temperature conditions in zucchiniFalcon-Rodriguezt al., 2009). Because the isolation
cotyledons were established, different OG samplegprocedure for both CM and EC were performed using a
were applied for triggering enzymatic antioxidantrandom or site-specifif-1,3 andp-1,6 degradation of
activity. With respect to changes in enzymaticT. harzianum cell-wall, respectively, the remaining OG
activities, cold-stressed condition by itself reeldic had different structural and chemical charactessthat
SOD activity in zucchini cotyledons. Similar resulh  greatly influence their possible biological recdgm
SOD activity have been previously reported in salver and activity (Mithoferet al., 2001). In cold-stressed
cold-stressed rice lines (Rozkowicgt al., 2003). zucchini cotyledons, both chemical and enzymatic OG
However, cold-stressed pre-flowering tobacco cetitr SEC fractions triggered APX activity. An elicitor
Havana” plants (5°C for 4 day) showed an unalteredsolated from the cell-walls ofusarium spp. up-
SOD activity level (Gecheet al., 2003). Increments in regulated the gene expression of several antiokidan
SOD activity levels were found in cold-stressedidyar €nzymes in arArabidopsis thaliana suspension cell
seedlings (2°C for 1 day) (Radyuit al., 2009). culture (Chivaseet al., 2006), but many APX genes
Contrary to these contrasting results, under oukvere simultaneously down-regulated. This fact is in
experimental conditions, the low SOD activity lewel ~disagreement with the global effects induced by
cold-stressed zucchini cotyledons was reverted bjiarzanum OG in zucchini cotyledons, where both CAT
application of OG mixtures, suggesting that theand APX activity levels increased.
antioxidant system in cold-stressed zucchini cotytes ~ The most conclusive fact that OG mixtures have
could be reinforced. These elicitors could havenbee Significant effects on the enhancement of the aiutimt
recognized by non-specific OG receptors due tor theiSyStém of cold-stressed zucchini cotyledons ishilge

complex chemical and structural composition, affect CAT activity levels, similar to the effect in the
the SOD activity. However, when the OG mixturesenhancement of APX activity. A similar tendency was

were subjected to SEC or AEC, no triggering Wasfound in cold-stressed barley seedlings (Radstukl.,

. 2009). Significant increments of CAT activity were
detected in cold-stressed cotyledons. We expetiad t obtained with E1 and E3 OG SEC fractions, which

the more purified the OG Sa'_“p'es’ the stronger th(Eould be helpful to the plant antioxidant enzymatic
biological responses, but this was not observedysiem when dealing with unfavorable environmental
regarding SOD activity. A different response waSconditions. The recognition of specific structural
observed with the enzymes that detoxifyOglin cold-  carhohydrates from these SEC fractions and AEC sub-
stressed zucchini cotyledons. These results shawed fractions showed that OG with different molecular
selective biological response to fungal OG derifrech  weights have the ability to increase CAT activity
T. harzianum cell-walls. significantly (see inserts in Fig. 4). Biosynthesis
Contrary to the effect on SOD activity, no CAT is inhibited by cold stress (Hertwig al., 1992);
changes in APX were detected in cold-stressediowever, the fungal elicitors evaluated hereinmest
cotyledons, which is in accordance with the APXthe CAT enzymatic levels in cold-stressed cotylesdon
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The limited reports about the OG receptors, mainly REFERENCES
involving soybean tissues, indicate that theseitetic
are recognized by putative fungal glucan bindingaebi, H., 1984. Catalasi vitro. Method. Enzymol.,
proteins anchored in the plasmatic membranes.dn fa 105: 121-126. DOI: 10.1016/S0076-
the high specificity of these putative receptoracted 6879(84)05016-3
nanomolar levels even when synthetic OG were _ _
evaluated (Fliegmanet al., 2005). A few reports reveal Al-Taisan,  W.A., 2010. Comparative Effects  of
that the most used fungal OG frdphytophthora spp., Drought and Salt Stress on Germination and
have direct effects on the antioxidant system dffoo Seedling Growth ofPennisetum divisum (Gmel.)
(Mizuno et al., 2005) and soybean plants and cell Henr. Am. J. Applied Sci., 7: 640-646. DOI:
cultures (Mithoferet al., 2001). The differential effects 10.3844/.2010.640.646
found between these antioxidant enzymatic actwitie Bailey, R.W., 1958. The reaction of pentoses with
may be due to differential and specific recognition  jnihone  Biochem. J., 68: 669-672. PMID:
capabilities of OG putative receptors (Shingtaal.,
2006). The efficiency in biological recognition by 13522678. ) .
specific membrane receptor could be affected by th&radford, M.M., 1976. A rapid and sensitive method
structural and chemical composition of the fung@ O for the quantization of microgram quantities of
as a result of their isolation procedure. protein utilizing the principle of the protein-dye.

In spite of the broad range of elicitation ability ~ Anal. Biochem., 72: 248-254. DOI: 10.1016/0003-
from different OG or even other types of 2697(76)90527-3

oligosaccharides, there is not a rule that the samg..iia L M. B. Blasco. J.J. Rios. L. Romero and

biological activity will be displayed upon differen J.M. Ruiz, 2007. Oxidative stress and antioxidants

testing conditions in a selected model plant @suEs, ) ) .
such as suspension cell cultures, leaves, roctslsser in tomato (Solanum lycopersicum) plants subjected

fruits. Under stress conditions, squash seedlingstm to boron toxicity. Ann. bot., 100: 747-756. DOL:
deal with the overproduction of ROS. The excessive 10.1093/aob/mcm156

accumulation of ROS could be the reason for tramsie Chivasa, S., J.M. Hamilton, R.S. Pringle, B.K. Ndan

inhibition of scavenging enzymes such as SOD. In  and W.J. Simoet al., 2006. Proteomic analysis of
cold-stressed zucchini cotyledons, peroxide pradact differentially expressed proteins in fungal elicito

still continues along with other ROS enzymatic sesyt ; ; .
such as NADPH oxidases, amino oxidase and flavin treated arabidopsis cell cultures. J. Exp. Bot:, 57

oxidases (De Gamt al., 2003) 1553-1562. DOI: 101093/]Xb/erjl49
Dat, J., S. Vandenabeele, E. Vranova, M.V. Montagu,
CONCLUSION D. Inze and F.V. Breusegem, 2000. Dual action of

the active oxygen species during plant stress

overT?c?duct(i)gAdig\r/]ebe c':sguenstserac(t:(i;J Sbedtri bgring(RA(l)DS responses. Cel. Mol. Life Sci., 57: 779-95. DOL:
b y n9g 10.1007/s000180050041

and CAT enzymatic activities in cold-stressed zimich - )

elicitation. It would be of great interest to intigate antioxidant system vis-a-vis reactive oxygen
whether chemical and structural properties of tH@€e species during plant-pathogen interactions. Plant
modify the antioxidant system activity in stressed physiol.  Biochem., 41: 863-870. DOI:
plants. The results of this study could have imgurt 10.1016/S0981-9428(03)00135-9

implications in restoring the adverse environmentaly.., ;R ¢ Vigneault and S. Lemerre, 2000. aNat
effects in plants during their development, esgicia témper’ature for hydrocooling field c’ucumbers in

under non-controlled low temperatures. ’ o o )
relation to chilling injury during storage.
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