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INTRODUCTION

Lead (Pb), is one of the heaviest non-essential metal released
into the natural environment from a range of anthropogenic
activities (Ekmekgi et al., 2009). Upon release, it gets
accumulated in the soil and causes toxicity to plants and
animals. Since Pb accumulated in the soil cannot be degraded
or transformed into other non-harmful forms, world over efforts
are being made to cleanse Pb-contaminated soil (Sharma and
Dubey, 2005). In the soil, Pb is present in the forms of Pb-
phytochelatins, Pb-nitrate, Pb-acetate, Pb-sulfide and Pb-citrate
that are readily available and absorbed into the plants (Lopez
et al., 2009). However, it depends upon the Pb-concentration
and its bioavailability in the soil (Ekmekgi et al., 2009). Further,
plants show a great deal of variation in their response to Pb-
toxicity (Sharma and Dubey, 2005). Pb has been reported to
inhibit seed germination, reduce growth and dry mass
accumulation, negatively affect photosynthesis, transpiration
and other physiological parameters in plants (Sharma and
Dubey, 2005). Earlier studies have shown that Pb is a potent
root inhibitor (Ramos et al., 2002). In general, it has been
postulated that growth inhibition and visible injury in the plants
are the secondary effects of heavy metals, whereas primary
target sites are the biochemicals and enzymes involved in
physiological processes (Sharma and Dubey, 2005). However,
not many details are available regarding the effect of Pb on the
changes in the macromolecular content and the activities of
enzymes associated with the early germination and seedling

The present study investigated the effect of Lead (Pb; 50 and 500 M) on biochemical alterations during the
early radicle growth. It was observed that Pb-exposure significantly enhanced the contents of water-soluble
proteins and carbohydrates in wheat radicle after 24 h in a dose-response manner. Proteins and carbohydrates
content increased by 2.3- and 3.5-folds, respectively at 500 uM Pb-exposure. On the other hand, the activities
of hydrolyzing enzymes proteases and amylases were drastically reduced. At 500 uM, activities of proteases,
o-amylases, and f—amylases decreased by 92, 55, and 82 % respectively. In addition, Pb-exposures significantly
enhanced the activities of enzymes - peroxidases, polyphenol oxidases by 2.6- and 2.2- times, respectively,
over of control at 500uM Pb. Enhancement in the activities of these enzymes indicate their upregulation /
induction in response to Pb-induced toxicity in wheat radicle and provide protection. The study concludes
that Pb-induced toxicity in emerging wheat seedlings involves the biochemical alterations in terms of
macromolecules and the activities of related enzymes to cope with the Pb-stress.

growth of plants. We therefore, conducted a series of
experiments to explore the effect of Pb on the content of
macromolecules (proteins and carbohydrates) and the
activities of hydrolyzing enzymes (a-amylases, f-amylases,
proteases) and oxidoreductase enzymes (peroxidases and
polyphenol oxidase) in wheat. For the present study, wheat
has been chosen as target species at the germinating stage

since; it is a widely grown cereal crop in India.

MATERIALS AND METHODS

Lead supplied as lead nitrate (Mol. wt.: 331.21; purity 99%)
was purchased from Merck Ltd., Mumbai, India). Certified
seeds of wheat (Triticum aestivum L. var. PBW 502) used in
the present study were purchased locally from the seed store.
All other chemicals and reagents used in the study for
biochemical estimations and enzymatic assay were of reagent
grade and procured from the best available sources.

Dose-response assay

Effect of lead on early growth of wheat was studied under
laboratory conditions in a dose response manner. Before use,
wheat seeds were surface sterilized with 0.1% (w/v) sodium
hypochlorite solution, washed thoroughly under running tap
water and then rinsed with distilled water. Pre-imbibed wheat
seeds (for 4 h at 25 °C) were allowed to germinate in 15 cm
diameter Petri dishes (20 seeds per Petri dish, 5 replicates)
lined with a single layer of Whatman # 1 filter circle moistened
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with 7 mL of respective Pb solution (50 and 500 uM) or distilled
water (for control). All the Petri dishes were placed in an
environmentally controlled growth chamber set at day /night
temperature of 20/10 (+ 2) °C, relative humidity of 75 (+2)%,
and a photoperiod of 12 h (7.30-19.30) at a photosynthetic
photon flux density (PPFD) of approximately 240 y mol
photons ms™. After 24 h, roots were collected and washed in
10 mM CaCl, to remove lead accumulated on their surface.
These were stored at -80°C and used for various biochemical
estimations.

Estimation of protein and carbohydrate content

Nearly 200 mg of root tissue was homogenized in 10 mL of
distilled water. After passing through a double layer of muslin
cloth, the sample was centrifuged at 15,000 g for 15 min and
the supernatant was collected for the estimations. Water-
soluble protein content was determined using Folin-Ciocalteu
reagent against bovine serum albumin as a standard as per
Lowry et al., (1951). Estimation of carbohydrate content was
done using anthrone reagent against a standard of glucose
(Loewus, 1952).

Preparation of enzyme extract

Crude enzyme extracts were prepared by homogenizing nearly
100 mg of root tissue in a pre-chilled pestle and mortar with 5
mL of 0.1 M phosphate buffer (pH=7). Homogenates were
centrifuged at 15,000 g for 25min at 4°C rotor temperature in
a Sigma Centrifuge. The fraction of supernatant thus obtained
was used for determining the activities of proteases, amylases
(a—, B-), peroxidases and polyphenol oxidases (PPO). The
supernatant was stored at — 4°C before enzyme assays. An
aliquot of the supernatant was used to determine protein
content using bovine serum albumin standard as per Lowry et
al., (19517).

Enzyme assays

Protease activity was estimated using Casein (1% in 0.1 M
phosphate buffer, pH=6) as a substrate (Basha and Beevers,
1975). Activity of a-Amylases was assessed as per Muentz
(1977) using starch as a substrate; whereas f- Amylase was
estimated following the method of Bernfeld (1951) with
modifications suggested by Dure (1960). Peroxidases were
assayed using 0.2 M hydrogen peroxide as a substrate
following Malik and Singh (1980). Activity of polyphenol
oxidases was determined using catechol (0.01 M in 0.1 M
phosphate buffer, pH=6) as a substrate as per Van Lelyveld
and Pretorious (1973).

Data analysis

The experiments were performed in a randomized design with
five replicates, each consisting of a single Petri dish with 20
seeds each. All the experiments were repeated and the data

presented is of a single experiment since the differences
between two experiments were less than 5%. The data were
analyzed by one-way ANOVA and means were separated

using post hoc Tukey’s test at p<0.01 and p< 0.05.

RESULTS AND DISCUSSION

The present study revealed that upon Pb treatment water
soluble protein and carbohydrate content increased
significantly (p<0.05) in the roots of T. aestivum (Table 1).
The effect was concentration dependent. The protein content
increased by 91% and 229% at 50 and 500 uM Pb treatment,
respectively, as compared to control (Table 1). These
observations are supported by earlier observations that heavy
metals induced the accumulation of total soluble proteins in
emerging seedlings (Suzuki et al., 2002; Cuypers et al., 2005;
Mishra and Dubey, 2006) suggested that these metal-induced
proteins play a significant role either in detoxification and/or
in the maintenance of heavy metal homeostasis.

On the other hand, the activity of protein-hydrolyzing enzyme,
proteases, decreased with the increasing Pb concentration. At
500 uM Pb treatment, the protease activity decreased nearly
92% over control (Table 2). A decline in activity of proteases
indicated the failure of the plant to hydrolyze proteins under
Pb-stress. Earlier, Balestrasse et al., (2003) also reported an
inhibition of protease activity in soybean root nodules treated
with Cd. Likewise, a decline in protease activity was also
recorded in roots and shoots of rice plants (Shah and Dubey,

Table 1: Effect of Pb on the content of water-soluble proteins and
carbohydrates in wheat roots

Lead (uM) Proteins (mg/mL")

Carbohydrates (ug mg' FW)

0 0.318+0.001%(0) 20.63+0.02%0)
50 0.609+0.001° (+91.51)  45.53+0.05" (+120.70)
500 1.045+0.002¢ (+228.62) 92.77+0.00° (+349.68)

Data represented as mean + S.E of five independent replicates; Figures in
parenthesis represent percent increase over control. Different alphabets within
a column at a particular treatment represent significant difference from control
atp < 0.05 applying post hoc Tukey’s test

1997) and in Lemna minor when exposed to excess Pb?* and
Cd?* (Mohan and Hosetti, 1997).

Parallel to protein content, a progressive increase was observed
in carbohydrate content in response to lead in a dose-response
manner. A ~1.2-fold increase was observed in carbohydrate
content at 50 uM Pb concentration and it enhanced further to
~3.5 times over control at 500 uM concentration (Table 1).
These observations are supported by an earlier observation
of El-Said Deef (2007) who reported an accumulation of
reducing sugars in the leaves of Rosmarinus officinalis upon
exposure to Cu. The observed increase in carbohydrate

Table 2: Effect of Pb on the specific activities of enzymes - proteases, a and B- amylases, peroxidases and polyphenol oxidases, in the root

tissue of wheat

Lead(uM) Proteases
(g h' mg protein™)

a-Amylases
(wg min' mg protein™)

0 332.93+1.16 (0) 24.65 +0.00%0)
50 126.90+0.76°-61.88) 16.78+0.00°(-31.93)
500 27.58 +1.14%-91.72) 11.03+0.00%-55.26)

B-Amylases

(ug min'mg protein”)
17.48 +0.01%(0)
13.46 +0.00°(-22.98)
3.36+0.00%-80.77)

Peroxidases
(Kat s"mg protein™)
0.071+0.002%(0)

0.124+0.001°(+ 74.65)
0.185+0.001<(+ 160.56)

Polyphenol oxidases
(Kat s" mg protein™)
0.210+0.005%0)

0.340+0.001°(+61.90)
0.461+0.001<(+119.52)

Data represented as mean + S.E of five independent replicates. Figures in parenthesis represent percent increase (+)/decrease (-) over control. Different alphabets within a column ata
particular treatment represent significant difference from control at p < 0.05 applying post hoc Tukey’s test.
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content in the present study could be attributed to the
decreasing activity of amylolytic enzymes upon Pb-stress.

It was observed that Pb-exposure significantly decreased
activity of a-amylases ranging from 32 to 55% over that of
control (Table 2). Likewise, a decline was observed in the
activity of B-amylases and a reduction of ~80% over control
was noticed at 500 uM (Table 2). The decreased activity of
amylases suggests the inability of the plant to meet the increased
energy demands of the tissue in response to Pb-induced stress.
Earlier, Chugh and Sawhney (1996) reported a similar decrease
in the activity of amylases in pea seeds upon exposure to Cd.
In general, the starch degrading enzymes have been found to
be sensitive to heavy metals like Cr (Dua and Sawhney, 1991),
Cd (Chugh and Sawhney, 1996).

In the present study, a significant increase was noticed in the
activity of peroxidases (PODs) (Table 2). It indicated the
induction of Pb-induced stress in wheat roots. PODs are a
group of enzymes that are also responsible for the plant
seedling growth and development. Soluble POD catalyzes
the oxidation of structurally diverse phenolic substrates to
protect the cells from toxic influence of oxygen radicals (Santos
et al., 2004). Not only PODs, even the activity of polyphenol
oxidases, another group of enzymes involved in stress-
amelioration was found to increase significantly. The activity
of PPOs increased by ~62% and 120% at 50 and 500 uM
Pb-exposure, respectively, compared to control (Table 2).
Likewise, Cd, another heavy metal has been reported to
increase the activity of PPOs (Lavid et al., 2001).

In summary, the present study concludes that Pb-induced
toxicity in emerging wheat seedlings involve the biochemical
alterations in terms of macromolecules and

the activities of related enzymes to cope with the Pb-stress.

ACKNOWLEDGMENT

Gurpreet Kaur is thankful to UGC for the financial assistance
in the form of Fellowship.

REFERENCES

Balestrasse, K. B., Benavides, M. P., Gallego, S. M. and Tomaro, M.
L. 2003. Effect of cadmium stress on nitrogen metabolism in nodules
and roots of soybean plants. Funct. Plant Biol. 30: 57-64.

Basha, S. M. M. and Beevers, L. 1975. The development of proteolytic
activity and protein degradation during the germination of Pisum
sativum L. Planta. 124: 77-87.

Bernfeld, P. 1951. Amylase, o and - Meth. Enzymol. 1: 149-158.

Chugh, L. K. and Sawhney, S. K. 1996. Effect of Cadmium on
germination, amylases and rate of respiration of germinating pea
seeds. Environ. Poll. 92(1): 1-5.

Cuypers, A., Koistinen, K. M., Kokko, H., Karenlampi, S., Auriola, S.
and Vangronsveld, J. 2005. Analysis of bean (Phaseolus vulgaris L.)
proteins affected by copper stress. J. Plant Physiol. 162: 383-392.

Dua, A. and Sawhney, S. K. 1991. Effect of chromium on activities of

hydrolytic enzymes in germinating pea seeds. Environ. Exp. Bot. 31:
133-139.

Dure, L. S. 1960. Site of origin and extent of activity of amylases in
maize germination. Plant Physiol. 35: 925-934.

Ekmekgi, Y., Tanyolac, D. and Ayhan B. 2009. A crop tolerating
oxidative stress induced by excess lead: maize. Acta Physiol. Plant.
31: 319-330.

El-Said Deef, H. 2007. Copper treatment and their effects on growth,
carbohydrates, minerals and essential oils contents of Rosmarinus
officinalis L. World J. Agric. Sci. 3: 322-328.

Lavid, N., Schwartz, A. and Lewinsohn, E. 2001. Phenols and phenol
oxidases are involved in cadmium accumulation in the water plants
Nymphoides peltata (Menyanthaceae) and Nymphaeae
(Nymphaeaceae). Planta. 214(2):189-95.

Lopez, M. L., Peralta-Videa, J. R., Parsons, ). G. and Gardea -
Torresdey, J. L. 2009. Effect of indole-3-acetic acid, kinetin and
ethylenediaminetetraacetic acid on plant growth and uptake and
translocation of lead, micronutrients and macronutrients in alfalfa
plants. Int. J. Phytorem. 11: 131-149.

Loewus, F. A. 1952. Improvement in anthrone method for
determination of carbohydrates. Anal. Chem. 24: 219.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. J. 1951.
Protein estimation with Folin-phenol reagent. J. Biol. Chem. 193:
265-278.

Malik, C. P. and Singh, M. B. 1980. Plant Enzymology and Histo-
enzymology. Kalyani Publishers, New Delhi-Ludhiana. India. pp: 66-
67.

Mishra, S. and Dubey, R. S. 2006. Inhibition of ribonuclease and
protease activities in arsenic exposed rice seedlings: Role of proline as
enzyme protectant. /. Plant Physiol. 163: 927-936.

Mohan, B. S. and Hosetti, B. B. 1997. Potential phytotoxicity of lead
and cadmium to Lemna minor grown in sewage stabilization ponds.
Environ. Pollut. 98: 233-238

Muentz, K. 1977. The function of the pod for protein storage in seeds
of Vicia faba L. 5. Isoenzymes of a—amylase during pod development
of field beans. Phytochemistry. 16: 1491-1494

Ramos, I., Esteban, E., Lucena, J. J. and Garate, A. 2002. Cadmium
uptake and subcellular distribution in plants of Lactuca sp. Cd-Mn
interaction. Plant Sci.162: 761-767.

Santos, W. D., Ferrarese, M. L. L., Finger, A., Teixeira, A. C. N. and
Ferrarese-Filho, O. 2004. Lignification and related enzymes in Glycine
max root growth inhibition by ferulic acid. /. Chem. Ecol. 30: 1203-
1212.

Shah, K. and Dubey, R. S. 1997. Effect of cadmium on proteins,
amino acids and protease, aminopeptidase and carboxypeptidase in
rice seedlings. Plant Physiol. Biochem. (New Delhi). 24: 89-95
Sharma, P. and Dubey, R. S. 2005. Lead toxicity in plants. Braz. J.
Plant Physiol. 17(1): 35-52.

Suzuki, N., Yamaguchi, Y., Koizumi, N. and Sano, H. 2002. Functional
characterization of a heavy metal binding protein Cd 19 from
Arabidopsis. Plant J. 32:165-173.

Van Lelyveld, L. J. and Pretorious, W. 1973. Assay methods of
determining enzymatic activity of a—amylase, indole-3-acetic acid,
polyphenol oxidase, peroxidase and ascorbic acid oxidase in a crude
extract from avocado tree bark. Agrochemophysica. 51: 29-34.




Announcing

The Second International Conference of

National Environmentalists Association, India
<GS ANCPC

INTERNATIONAL CONFERENCE ON

ENERGY, ENVIRONMENT AND DEVELOPMENT
(from Stokholm to Copenhagen and beyond)

(ICEED 2010)
December 10-12, 2010

Contact

Pror. P. C. MISHRA
D. Sc., FNEA,

Prof. and Head
Department of Environmental Sciences,
Sambalpur University,

Jyoti Vihar, Sambalpur

ORISSA
-:Important dates: -
Last date of Abstract submission for oral presentation - 31.08.10
Last date of Full paper submission for proceedings - 30.09.10
Last date of Registration without late submission charges - 31.08.10
Organisers will not be responsible for accommodation if not booked in advance

Web site: www.iceed2010.in
E-mail: pcm_envsu@rediffmail.com; iceed2010@yahoo.in
Mobile no: 99437052301





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


