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Abstract The seedlings of two soybean genotypes, Al-

tolerant PI 416937 (PI) and Al-sensitive Young, were

cultured in the solution containing 0, 25 or 50 lM Al

(AlCl3�6H2O) for 24, 36 or 48 h in the hydroponics, and

the calluses induced from two genotypes were cultured in

medium containing 0, 10, 50 or 100 lM Al for 5, 10 or

15 days, respectively. The effects of Al on growth of

seedling roots and calluses, antioxidant enzyme activities

of superoxide dismutase (SOD) and peroxidase (POD) and

lipid peroxidation were investigated. Under Al stress, PI

was more tolerant to Al toxicity than Young at both intact

plant and tissue levels and lower concentrations of Al

significantly stimulated the root and callus growth of PI. Al

application enhanced the activities of SOD and POD and

lipid peroxidation in both roots and calluses of two geno-

types. Although the differences of SOD activities between

two genotypes in response to Al toxicity depended on Al

concentration and durations of treatment, SOD activities in

the roots of PI were higher than those in the roots of cor-

responding Young in the presence of Al for 36 or 48 h.

Meanwhile, the POD activities in PI roots increased as the

Al levels and durations of treatment increased, significantly

higher than those in the corresponding Young roots.

Moreover, Al-treated PI had significantly lower lipid per-

oxidation than Young at both root and callus levels. These

results suggest that the enhanced antioxidant-related

enzyme activities and reduced lipid peroxidation in PI

might be one of Al-tolerant mechanisms.
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Introduction

Al toxicity is a major factor limiting crop productivity on

acid soils. Micromolar concentration of Al can inhibit root

growth within minutes or hours in many agricultural plant

species (Kochian 1995). The Al toxicity mainly inhibits

root growth, thus causing increased crop sensitivity to

drought and decreased nutrition uptake (Foy et al. 1992;

Delhaize and Ryan 1995). Significant genotypic differ-

ences in Al tolerance were found in plant species. Al

resistance can be divided into mechanisms facilitating Al

exclusion from root apex (Al exclusion) and conferring the

ability of plants to tolerate Al in the plant symplasm (Al

tolerance) (Kochian 1995). The former includes the

immobilization of Al at cell wall, selective permeability of

the plasma membrane and the detoxification of organic

acids and other exudates in the rhizosphere. The latter

includes complexation by Al-binding proteins, compart-

mentalization in the vacuoles, chelation by ligands in the

cytosol, induction of Al-tolerant enzymes (Keltjens and

Ulden 1987; Kasai et al. 1992; Taylor et al. 1997).

When subjected to environmental stress, Al-tolerant

plants may develop a defense system. At the cellular level,
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the primary target of Al is the plasma membrane. Abiotic

environmental stresses, such as Al toxicity, drought, excess

salt and heavy metals, can induce the formation of reactive-

oxygen species in plant cells (Hippeli et al. 1999;

Breusegem et al. 2001). Al toxicity led to an increase in

enzyme activity related to ROS (reactive-oxygen species)

and lipid peroxidation in vitro or vivo conditions, sug-

gesting that Al could alter plasma membrane properties and

permeability and induce oxidative stress (Cakmak and

Horst 1991; Ikegawa et al. 2000; Yamamoto et al. 2003).

Al-induced lipid peroxidation is the most prominent

symptom of oxidative stress in plants and animals

(Yamamoto et al. 2001).

It was found that superoxide dismutase (SOD) is to be

involved in detoxification mechanisms when maize, soy-

bean and barley were subjected to Al stress (Cakmak and

Horst 1991; Boscolo et al. 2003; Guo et al. 2004). A sig-

nificant increase in MDA concentration and a stimulation

of SOD and peroxidase (POD) activities were observed in

tolerant barley subjected to low pH or Al stress, while

higher malonaldehyde (MDA) concentration and lower

SOD activity were noted in the sensitive genotypes (Guo

et al. 2004). The activities of SOD and POD and MDA

concentrations in soybean increased under Al stress, and a

close correlation existed between the MDA and root

elongation rate induced by Al (Cakmak and Horst 1991). In

contrast, Al exposure was not found to induce the increase

of MDA in both Al-sensitive and tolerant maize inbred

lines (Boscolo et al. 2003). Furthermore, Al stress induced

the dose- and time-dependent formation of SOD and POD

in an Al-sensitive maize inbred line, but not in an

Al-tolerant line (Boscolo et al. 2003). In addition, POD and

APX, the H2O2 consuming enzymes were activated fol-

lowing similar patterns of expression and exhibited sig-

nificant correlation between their elevated activities

and root growth inhibition (Šimonovicová et al. 2004).

Cultured plant cells or tissues have been used as a model

system for investigation of cellular mechanisms of Al

toxicity in plant. At the tissue level, Al enhanced activities

of SOD both in roots of intact plants and suspension-

cultured cells of tea plants adapted to acid soils (Ghanati

et al. 2005).

So far, some Al-tolerant or sensitive soybean genotypes

have been identified. Horst and Klotz (1990) identified PI

as one of the two most tolerant lines after screening over

1,000 genotypes of soybean. Al-tolerant soybean genotype

PI and sensitive genotype Young have been widely studied

for the understanding of the mechanisms of Al tolerance

(Goldman et al. 1989; Foy et al. 1992; Bianchi-Hall et al.

1998; Bushamuka and Zobel 1998; Bianchi-Hall et al.

2000; Nian et al. 2004). Although differences in Al toler-

ance of these soybean genotypes have been studied

genetically and physiologically, the mechanisms

responsible for Al tolerance are not clearly understood.

Therefore, the objective of this study was to investigate the

effect of increasing Al concentrations on the seedling and

callus growth, lipid peroxidation (MDA), SOD and POD

activities in two contrasting soybean genotypes, as well as

their relationship to Al tolerance.

Materials and methods

Plant materials and treatments

Two soybean genotypes differing in Al tolerance were used

in the experiments. For in vivo test, the seeds of Al-tolerant

PI and Al-sensitive Young were germinated in fine sand.

Uniform 3-day-old seedlings were transferred to 1.5 l

plastic pots containing 0.5 mM CaCl2 solution with 0, 25

or 50 lM Al (AlCl3�6H2O) at pH 4.5 and grown for 24, 36

or 48 h under controlled conditions at 25�C and 12 h/12 h

(light/dark) cycles. The root growth was measured and

relative root elongation, [(elongation in the presence of

Al) (elongation in the absence of Al)-1 9 100], was

calculated.

For in vitro tests, the calluses from two soybean geno-

types were induced and sub-cultured in Murashige–Skoog

(MS) medium amended with 2,4 D (2 mg/l), 6-BA (0.5 mg/l),

sucrose (30 g/l) and Karaoke powder (8 g/l) at pH 5.8. One

gram of callus from each genotype was suspended to liquid

medium containing 0, 10, 50 or 100 lM Al (AlCl3�6H2O)

at pH 4.5 and cultured for 5, 10 or 15 days. The medium

was a modified MS with 2,4 D (2 mg/l), 6-BA (0.5 mg/l),

sucrose (30 g/l) and Karaoke powder (8 g/l), while EDTA

and KH2PO4 were excluded to avoid reduction of Al tox-

icity. Potassium (K) was added as K2SO4 to supply the

same amount of K in KH2PO4. The sterilized medium

(30 ml) was poured into each culture vessel and sterilized

cotton (0.2 g) and a piece of filter paper were placed in

liquid medium to establish a flat surface to plant the callus.

The calluses were harvested at 5, 10 or 15 days after Al

treatment and fresh weights were measured. All experi-

ments were replicated three times.

Extraction and assay of the enzymes

To determine enzyme activities, 0.5 g of root tip (\2 cm)

or callus was sampled following Al treatments and

homogenized with chilled pestle and mortar in 5-ml extract

buffer containing 50 mM phosphate buffer (pH 7.0). The

homogenate was centrifuged at 12,000g for 15 min and the

resulting supernatant was used to determine the enzyme

activity. The whole extraction procedure was performed at

4�C. SOD was measured using the photochemical NBT

method (Beauchamp and Fridovich 1971) as modified by
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Dhindsa and Matowe (1981). The reaction mixture (3 ml)

contained: 1.75 ml of 50 mM phosphate buffer (pH 7.8),

0.3 ml of 0.1 mM EDTA, 0.3 ml of 130 mM methionine,

0.3 ml of 750 lM nitroblue tetrazolium (NBT), 0.3 ml of

20 lM riboflavin and 100 ll of the supernatant. Riboflavin

was added immediately before the reaction and the reaction

was initiated by placing the tubes under two 15 W fluo-

rescent lamps. The reaction was terminated after 10 min by

removing the reaction tubes from the light source. Non-

illuminated and illuminated reactions without supernatant

served as calibration standards. Reaction product was

measured at 560 nm. The volume of the supernatant cor-

responding to 50% inhibition of the reaction was assigned a

value of one enzyme unit.

Peroxidase (POD) activities were determined with

guaiacol at 470 nm. One hundred microliter of the enzyme

extract was added to the reaction mixture containing

0.05 ml guaiacol solution and 0.03 ml hydrogen peroxide

solution in 3 ml phosphate buffer solution (pH 7.0). The

solution was then mixed well and kept until the absorbance

at 470 nm reached 0.05. The time for the absorbance to

increase by 0.1 was recorded. The enzyme activity was

calculated using the extinction coefficient of guaiacol

dehydrogenation product under the specified conditions.

The level of lipid peroxidation was expressed as MDA

concentration and determined as 2-thiobarbituric acid

(TBA) reactive metabolites. Soybean fresh root or tissues

(0.5 g) were homogenized and extracted in 10 ml of 0.25%

(w/v) TBA made in 10% (v/v) trichloroacetic acid (TCA).

Extract was heated at 95�C for 30 min and then immedi-

ately cooled on ice. After centrifugation at 10,000g for

10 min, the absorbance of the supernatant was measured at

532 nm. Correction of non-specific turbidity was made by

subtracting the absorbance value measured at 600 and

450 nm. The level of lipid peroxidation was expressed as

nmol g-1 fresh weight.

Results

Effects of Al exposure on soybean root and callus

growth

The relative root elongation of two genotypes in the pres-

ence of Al was significantly different, with Al-tolerant PI

being higher than Young at both Al concentrations. When

Al-treated PI was exposed to 25 lM Al for 24, 36 or 48 h,

root growth was markedly stimulated, increasing 30.8, 24.9

and 12.9% when compared with Al-free control roots,

whereas root elongation of Young was inhibited by Al

treatments (Table 1).

No difference in callus growth in both genotypes was

observed after 5-day Al exposure (Fig. 1). However, the

callus growth of PI at all Al concentrations was signifi-

cantly stimulated after 10- or 15-day Al treatment, while

that of Al-sensitive Young was slightly promoted only by

10 or 50 lM Al. The callus growth for Young was inhib-

ited after exposure to 100 lM Al for 15 days, while that for

PI was still significantly enhanced (Fig. 1), suggesting that

PI was more tolerant to Al than Young at tissue level.

These results also revealed consistent responses of two

genotypes to Al toxicity at both in vitro and in vivo levels.

Effects of Al exposure on SOD activities in the plant

roots and calluses

Al presence induced the dose- and time-dependent increase

of SOD activity in both Al-tolerant PI and Al-sensitive

Young in soybean roots (Fig. 2). After 24-h of Al treat-

ment, the SOD activities in both PI and Young increased

with the increase of Al contents, and no significant dif-

ference in the root SOD activities was observed in two

soybeans. In the presence of 50 lM Al for 36 h, however,

SOD activity in PI roots was significantly higher than that

in Young roots. In addition, SOD activity in PI was sig-

nificantly higher than that in Young roots after exposure to

25 lM Al for 48 h, whereas SOD activities in both geno-

types were significantly reduced when exposed to 50 lM

Al for 48 h.

In vitro results showed that 5-day Al treatment caused

the enhancement of SOD activities in the calluses of both

genotypes at all the Al treatments (Fig. 3). SOD activities

in the callus of PI tended to increase with increasing Al

concentrations or durations of treatment, while those in

Young increased as durations of treatment increased only

in the presence of 10 or 50 lM Al. Moreover, SOD activity

in PI was significantly higher than that in Young after

Table 1 Different Al tolerance in two soybean genotypes in hydro-

ponic cultivation

Duration of treatment (h) Genotype Relative root elongation (%)

25 lM 50 lM

24 PI 130.80a 88.39a

Young 91.81b 64.41b

36 PI 124.86a 82.24a

Young 83.26b 59.07b

48 PI 112.85a 74.70a

Young 76.19b 52.03b

Three-day-old seedlings were treated in 1.5-l plastic pots containing

0.5 mM CaCl2 solution with 0, 25 or 50 lM AlCl3

The root growth was measured 24, 36 or 48 h after Al treatment, and

relative root elongations were calculated as percentage of Al-free

control

The results show the means (n = 10)

Values with the same letters are not significantly different at P \ 0.05
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15-day exposure of 100 lM Al stress, whereas SOD

activity in Young was significantly higher than that in PI in

the presence of 10 or 25 lM Al.

Effects of Al exposure on POD activities in the soybean

roots and calluses

The POD activities in PI were enhanced by the Al treat-

ments and tended to increase with the increase in Al con-

centration and durations of treatment (Fig. 4). In general,

PI roots had higher POD activities than Young, showing a

trend of positive association between POD activity and the

root growth (Table 1; Fig. 4). POD activity in Young root

decreased with the prolongation of treatment of 50 lM Al

with POD activities reduced to the control level after 48-h

Al treatment.

Al increased POD activities in callus at all the concen-

trations (Fig. 5). POD activities of PI at all the Al levels and

those in Young treated with 10 or 50 lM Al increased with

the increase in exposure times. POD activity in Young callus

was 58.9% higher than that in PI sampled after 5-day treat-

ment with 100 lM Al, whereas POD activities in PI were

22.6 and 122.4% higher than those in Young in the presence

of 100 lM Al stress for 10 and 15 days, respectively.
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Fig. 1 Different Al tolerance in

two soybean genotypes in the

callus culture. Callus from PI or

Young was exposed to liquid

medium containing 0, 10, 50 or

100 lM AlCl3 at pH 4.5. The

callus fresh weight was

measured after 5, 10 or 15 days

of treatment. The error bars
represent mean ± SD (n = 3)
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Fig. 2 Effects of Al application

on SOD activities in the roots of

Al-tolerant PI and Al-sensitive

Young. Three-day-old seedlings

of PI and Young were cultured

in 1.5-l plastic pots containing

0.5 mM CaCl2 solution with 0,

25 or 50 lM AlCl3. The SOD

activities in the roots were

measured after Al exposure of

24, 36 or 48 h. The error bars
represent mean ± SD (n = 3)
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Fig. 3 Effects of Al application

on SOD activities in the calluses

of Al-tolerant PI and Al-

sensitive Young. Callus from PI

or Young was exposed to liquid

medium containing 0, 10, 50 or

100 lM AlCl3 at pH 4.5. The

POD activities were measured

after 5, 10 or 15 days of

treatment. The values are

mean ± SD of three replicates
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Effects of Al exposure on MDA in the soybean roots

and calluses

Al exposure caused a significant increase in the MDA in

the roots of two genotypes, which increased with

increasing the Al concentrations and durations of treat-

ment (Fig. 6). The Al-sensitive Young showed higher

MDA content than Al-tolerant PI at all the treatments,

and a significant negative association between MDA and

root relative elongation were observed (Table 1; Fig. 6).

Al treatment caused MDA increase in callus, too

(Fig. 7). The contents of MDA in PI calluses increased

as Al concentrations and durations of treatment

increased, whereas those in Young depended on Al

levels and durations of treatment. The Young callus in

the presence of 100 lM Al showed higher MDA than
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Fig. 4 Effects of Al application

on POD activities in the roots of

Al-tolerant PI and Al-sensitive

Young. Three-day-old seedlings

were treated in 1.5-l plastic pots

containing 0.5 mM CaCl2
solution with 0, 25 or 50 lM

AlCl3. The POD activities in the
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mean ± SD (n = 3) and U
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Fig. 5 Effects of Al application

on POD activities in the calluses

of Al-tolerant PI and Al-

sensitive Young. Callus from PI

or Young was exposed to liquid

medium containing 0, 10, 50 or

100 lM AlCl3 at pH 4.5. The

POD activities were measured

after 5, 10 or 15 days of

treatment. The error bars
represent mean ± SD (n = 3)

and U means DOD470 min�1
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Fig. 6 Effects of Al application

on lipid peroxidation in the

roots of Al-tolerant PI and Al-

sensitive Young. Three-day-old

seedlings were treated in 1.5-l

plastic pots containing 0.5 mM

CaCl2 solution with 0, 25 or

50 lM AlCl3. The MDA

concentrations in the roots were

measured after Al exposure of

24, 36 or 48 h. The error bars
represent mean ± SD (n = 3)
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that in PI after 5-day exposure, and a similar response in

both genotypes with 50 lM Al was observed after 10 or

15-day Al exposure.

Discussion

Although it is generally recognized that Al is a major factor

limiting plant root growth, some reports did show beneficial

effect of Al on plant growth (Mullette 1975; Konishi et al.

1985; Haridasan 1988; Huang and Bachelard 1993; Mal-

kanthi et al. 1995; Osaki et al. 1997; Watanabe et al. 2005).

This beneficial effect often occurs at low or moderate Al

concentrations. In the present study, we also found that Al

exposure could stimulate PI root growth at 25 lM Al level

(Table 1), and callus growth for PI was stimulated at all the

Al treatments (Fig. 1). After 10- or 15-day Al exposure,

however, 10 or 50 lM Al only slightly stimulated the callus

growth of Young and 100 lM Al inhibited it. These results

may also explain the high tolerance of PI to Al stress, indi-

cating consistency of Al tolerance at both in vitro and in vivo

levels. Osaki et al. (1997) proposed that Al-stimulating effect

was ascribed not only to the alleviation of H? toxicity, but

also to the increase of root activity, such as P uptake. Fur-

thermore, there were reports that the beneficial effect of Al

was induced by the combination of Al and nutrients

(Watanabe et al. 1997, 2005). However, our results could not

support this reasoning as the soybean roots were exposed to

Al in the 0.5 mM Ca solution (pH 4.5) without other nutri-

ents in our experiment. A similar result was obtained from

the experiment using suspension-cultured tea cells pre-

treated with or without Al in simple salt solution (Ghanati

et al. 2005).These two results suggest that other mechanisms

contribute to this stimulation. Therefore, further study is

warranted to fully understand this physiological response.

The susceptibility of plants to some environmental

stresses was found to correlate with their antioxidant

response (Bowler et al. 1992; Foyer et al. 1994). Modula-

tion of these antioxidants is, therefore, an important

adaptive response to withstand adverse conditions

(Kochian 1995; Okamoto et al. 2001). In the previous

studies, PI was found to exhibit strong Al tolerance in both

short-term hydroponics and long-term sand or soil pot

cultures (Goldman et al. 1989; Pantalone et al. 1999) and

Al-induced organic acid exudation in roots was not

involved in the different Al tolerance in PI and Young

(Nian et al. 2004). In this study, we showed that Al induced

an increase in SOD activity in both seedling roots and

calluses of Al-tolerant PI and sensitive Young, which was

dependent on the time of exposure and Al concentration,

and partly related to root growth or Al tolerance (Table 1;

Figs. 1, 2). The consistent response of SOD activities at

both plant root and callus levels suggests the possible

existence of a common tolerance mechanism related to

antioxidant enzyme activities under both in vivo and in

vitro conditions. In the previous reports, PI was found to be

tolerant to both drought and salt stresses (Goldman et al.

1989; Abd-Alla et al. 1998). Therefore, these results sug-

gest that the enhanced antioxidant-related enzyme activity

in PI might be one of common tolerance mechanisms under

these stresses.

Cakmak and Horst (1991) found that Al increased the

activities of SOD and POD in the soybean root tips, but no

information on their relationship with Al tolerance was

available because only one soybean genotype was used in

their experiment. Our data demonstrated that SOD activi-

ties in the roots of Al-tolerant PI in the presence of high Al

concentrations were higher than those in Al-sensitive

Young, which tended to increase with the increase in

Al concentrations, revealing an association between the Al

tolerance and SOD activity (Table 1; Fig. 2). However, Al

sensitivity or tolerance was not clearly associated with the

SOD activity in plants receiving a mild stress—24 h

exposure or 25 lM Al (Fig. 2). This may be ascribed to the

less damage of Young root (8% reduction in relative root

elongation) in comparison with the corresponding treat-

ment without Al. Moreover, both genotypes showed low

SOD activities with severe inhibition of soybean root
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Fig. 7 Effects of Al application

on lipid peroxidation in the

calluses of Al-tolerant PI and

Al-sensitive Young. Callus from

PI or Young was exposed to

liquid medium containing 0, 10,

50 or 100 lM AlCl3 at pH 4.5.

The MDA concentration was

measured after 5, 10 or 15 days

of treatment. The error bars
represent mean ± SD (n = 3)
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growth in the presence of 50 lM Al for 48 h, suggesting

that Al-damaged soybeans could not continuously elevate

SOD activity (Table 1; Fig. 2).

Similarly, SOD activities in calluses of PI increased

under Al application, and related increase of callus growth

was observed as well (Figs. 1, 3); when callus was sub-

jected to 100 lM Al for 15 days, however, callus growth of

Young was markedly reduced with no increase in SOD

activity (Figs. 1, 3). These results suggest that SOD should

be correlated with Al tolerance at cellular level. Al could

not affect callus growth of both genotypes in 5-day treat-

ment, but SOD activities were significantly enhanced

(Fig. 3). These results suggest that the increase in SOD

activities could have taken place before the growth inhi-

bition or stimulation of the callus growth.

In this experiment, PI root had significantly higher POD

activities than Young root at higher Al concentration

(50 lM Al), and root relative elongation of PI was much

higher than Young (Table 1; Fig. 4), revealed that different

Al tolerance between two soybeans, to some extent, was

positively correlated with POD activity. At the callus level,

higher Al concentration (100 lM Al) increased POD

activities in PI with the increasing durations of treatment,

but reverse was true for Young, indicating an association

between POD activity and Al tolerance.

The lipid peroxidation is the most prominent symptom

of oxidative stress. MDA, an oxidized product of mem-

brane lipids, can indicate the extent of oxidative stress. In a

previous report, Al exposure could not induce the increase

of MDA in both Al-sensitive and tolerant maize inbred

lines (Boscolo et al. 2003). However, in our experiment,

MDA contents tended to increase with the increase in Al

concentrations in the soybean roots and a negative asso-

ciation between MDA and Al tolerance was observed under

Al stress (Table 1; Fig. 6). This is in agreement with a

previous report that MDA concentration of soybean was

increased under Al stress, and a close relationship existed

between lipid peroxidation and inhibition of root-elonga-

tion rate induced by Al (Cakmak and Horst 1991). These

results suggest that MDA could be used as a useful index

for screening Al-tolerant soybeans.
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Šimonovicová M, Tamás L, Huttová J, Mistrı́k I (2004) Effect of

aluminum on oxidative stress related enzymes activities in barley

roots. Biol Plant 48:261–266

Taylor GJ, Basu A, Basu U, Slaski JJ (1997) Al-induced 51-kilodalton

membrane-bound proteins are associated with resistance to Al in

a segregating population of wheat. Plant Physiol 114:363–372

Watanabe T, Osaki M, Tadano T (1997) Aluminium-induced growth

stimulation in relation to calcium, magnesium and silicate

nutrition in Melastoma malabathricum L.: an Al accumulator

plant. Plant Soil 43:827–837

Watanabe T, Janshen S, Osaki M (2005) The beneficial effect of

aluminium and the role of citrate in Al accumulation in

Melastoma malabathricum. New Phytol 165:773–780

Yamamoto Y, Kobayashi Y, Matsumoto H (2001) Lipid peroxidation

is an early symptom triggered by aluminum, but is not the

primary cause of elongation inhibition in pea roots. Plant Physiol

125:199–208

Yamamoto Y, Kobayashi Y, Devi SR, Rikiishi S, Matsumoto H

(2003) Oxidative stress triggered by aluminum in plant roots.

Plant Soil 255:239–243

890 Acta Physiol Plant (2010) 32:883–890

123


	Effects of aluminum on superoxide dismutase and peroxidase activities, and lipid peroxidation in the roots and calluses of soybeans differing in aluminum tolerance
	Abstract
	Introduction
	Materials and methods
	Plant materials and treatments
	Extraction and assay of the enzymes

	Results
	Effects of Al exposure on soybean root and callus growth
	Effects of Al exposure on SOD activities in the plant roots and calluses
	Effects of Al exposure on POD activities in the soybean roots and calluses
	Effects of Al exposure on MDA in the soybean roots and calluses

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


