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ABSTRACT. Saccharomyces cerevisiae as model system was used to evaluate the occurrence of resistant
mutants and adaptation mechanism to mancozeb (MZ), a widespread fungicide of the dithiocarbamate class
with a broad spectrum of action and multiple cell targets. We were unable to isolate mutants resistant to inhi-
bitory concentration of MZ but found an unusually large number of mitochondrial defective petite mutants
among cells incubated in the presence of subinhibitory MZ concentration. Similar results were obtained with
two other dithiocarbamate fungicides. Comparison of wild type and petite mutants showed that the latter were
more resistant to toxic effects of MZ, highlighting the role of mitochondria in MZ-tolerance. The data sug-
gest that petite cells, arising by exposure to sub-inhibitory MZ concentration, are not induced by fungicides
but are spontaneous mutants already present in the population before the contact with the fungicide.

Abbreviations

DTC(s) dithiocarbamate(s) MZ mancozeb

EtBr ethidium bromide PB propineb

MIC minimum inhibitory concentration WT wild type

MR metiram YPD yeast peptone—dextrose medium
MTC(1) mitochondria(l) YPG yeast peptone—glycerol medium

S. cerevisiae has been proposed as a useful eukaryotic model system to study cell interaction with
toxic compounds such as fungicides (Ribeiro ef al. 2000; Fai and Grant 2009). DTCs are a widely used class
of fungicides that, for their metal-chelating ability and high affinity for —-SH groups, are efficient enzyme inhi-
bitors with a broad spectrum of action and multiple cell targets (Santos ef al. 2009). MZ, one of the most
important DTC, is widely used in crop and vineyard to control phytopathogenic fungi. As a side effect, MZ
significantly affects biodiversity of yeast populations on leaves of different plants (Southwell et al. 1999), and
fungicide residues, still present at grape harvest, can pass into the wine-must and affect yeast activity during
the fermentation (Cabras and Angioni 2000). Prolonged and repeated uses of different fungicides may result
in the build up of fungicide resistance in target fungi populations (Parnell ef al. 2006) and also in non-target
yeasts (Buck and Burpee 2002). However, resistance to MZ has never been reported in economically impor-
tant pathogenic fungi (Kato et al. 1997; Miles et al. 2006; Hollomon and Brent 2009), and it still maintains
its efficacy against a broad spectrum of phytopathogenic fungi (Maroni et al. 2000). Of major concern are
the possible human health risks associated with the use of MZ and other DTCs (Calviello et al. 2006; Do-
mico et al. 2007).

MZ acts as a pro-oxidant agent in rat cells (Calviello et al. 2005; Domico et al. 2007), mainly
through its thiol-reactivity (Dias et al. 2010). Similarly, thiram (another DTC) has been reported to cause
arapid decrease in glutathione content and oxidative stress in S. cerevisiae (Elskens and Penninckx 1997).
Recent studies by gene expression analysis (Teixeira et al. 2008), toxiproteomics (Santos et al. 2009), and che-
mogenomic (Dias et al. 2010) approaches, showing the induction of a battery of oxidant defences and heat
shock genes in S. cerevisiae, highlight the importance of oxidative stress response to MZ toxicity. A small
network of transcription factors (YAPI and RPN4) and plasma membrane multidrug transporters of the ma-
jor facilitator superfamily (FLRI and TPOI) seems to play an important role in MZ stress response (Texeira
et al. 2008; Dias et al. 2010).

Different data suggest an interaction between MZ and MTC. MZ and other DTCs inhibit MTCl
functions in human, rat and yeast cell cultures (Domico et al. 2007; Zhang et al. 2003; Diala et al. 1980); MZ
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was found to induce MTCI dysfunction (Domico et al. 2006). In addition, the transcription factor Pdr3p,
monitoring the functional levels of the F, subunit of the MTCl ATPase (Zhang and Moye-Rowley 2001),
should regulate, by retrograde response (Liu and Butow 2006), the expression of the FLRI gene (Broco et
al. 1999).

To better evaluate the role of MTC in MZ-tolerance, we have used the petite positive S. cerevisiae
(Chen and Clark-Walker 2000), able to survive loss of mtDNA and to grow in strictly fermentative condit-
ions, as a model system. The occurrence and nature of DTC resistance and the possible onset and persistence
of adaptation mechanisms in yeast cells have also been investigated.

MATERIALS AND METHODS

Fungicides used are listed in Table 1.

Table I. Fungicides used, their chemical class and inhibitory activity on S. cerevisiae 1014 on YPD plates

Fungicide Commercial name Trade name MIC, mg/L

MZ Mancozeb? Dithane DG Neotec 8

MR Metiram? Polyram DF 4

PB Prop ineb? Antracol 16
3Alkylene-bis-dithiocarbamate. bAlkyl—dithiocarbamate.

Yeasts and culture media. The wine yeast S. cerevisiae 1014 (Industrial Yeasts Collection DBVPG,
Perugia, Italy) was used. YPD and YPG were prepared according to Rose ef al. (1990). Growth was perfor-
med at 28 °C.

Assay of activity of fungicides. To determine the activity under fermentative and respiratory condit-
ions, =200 cells from fresh YPD cultures were plated in triplicates on YPD and YPG with different concentra-
tions of fungicides. After convenient incubation time, the plates were inspected for growth and MIC, expressed
as the lowest concentration of fungicide that completely inhibits colony formation, was determined (Table I).

Selection of mutants resistant to MZ. Aliquots of =2 x 107 cells were seeded on a series of YPD plates
containing 16 or 20 mg/L of fungicide. The plates were incubated for 7 d.

Adaptation to MZ. To assess ability of the cells to adapt to a subinhibitory concentration of MZ,
=107 cells were inoculated in liquid YPD with 0, 2 or 4 mg/L MZ; after 8 h of incubation, =2 x 10° cells
were plated on YPD with 8 mg/L MZ. Furthermore, =2 x 10* cells of the same cultures were streaked on
YPD plates (diameter 150 mm) along a preformed 0—-16 mg/L MZ linear gradient. Plates were incubated for
2 d before inspection.

To assess the duration of the adaptation state, cells were inoculated at =5 x 10¢ cells per mL in
liquid YPD with 0 or 4 mg/L MZ and incubated for 8 h; afterwards, MZ concentration was lowered by
diluting the culture 1:10 in YPD (time 0 h); diluted cultures were incubated for further 16 h (time 16 h), then
the same dilution procedure was repeated and cells were incubated for further 8 h (time 24 h). At 0, 16 and
24 h of incubation, 2 mL culture was streaked onto YPD plates along a preformed 0—16 mg/L MZ linear
gradient and incubated for 2 d before inspection.

Determination of the frequency of petite mutants in cells exposed to DTCs. Aliquots of 200 cells
from cultures incubated for 8 h of in liquid YPD with 4 mg/L MZ or 8 mg/L PB were plated on YPD; alter-
natively, aliquots of 104 cells, from cultures not previously exposed to fungicides, were plated on YPD pla-
tes containing 4 mg/L MZ, 2 mg/L MR or 8 mg/L PB. Colonies from these plates were tested for the petite
phenotype by replica-plating on YPG.

Isolation of ET-induced petite mutants. These mutants were obtained by EtBr-treatment (Fox et al.
1991) and were selected as those colonies that failed to growth after replica-plating from YPD to YPG plates.

Characterization of WT and petite mutants for sensitivity to MZ. About 5 x 10 cells from over-
night YPD cultures of WT and petite mutants were plated on YPD supplemented with 8 and 16 mg/L MZ;
moreover, 2 pL suspensions, corresponding to =100 cells, from the same cultures were streaked on YPD pla-
tes along a preformed 0—16 mg/L MZ linear gradient; after 3 d, plates were checked for yeast growth.

In addition, WT and petite cells, grown overnight in the presence of 2 mg/L MZ, were inoculated in
1-L flasks with 100 mL YPD with different concentrations of MZ; the initial absorbance 4437 was adjusted
to 0.05. Growth with orbital shaking was monitored for 1 d by determining the A¢3( at time intervals.



2010 MITOCHONDRIA AND DITHIOCARBAMATE TOLERANCE IN YEAST 595

RESULTS

Yeast sensitivity to DTCs. For MIC values of DTCs on YPD see Table I. MZ MIC value on YPG
was identical to that on YPD (not shown). However, when cells were grown with a subinhibitory dose of
MZ (2-4 mg/L) and without MZ (control), the colony growth rate was substantially lower on YPG relative
to YPD (67 d compared to 3—4 d, respectively), suggesting that MZ acts more strongly on respiring than on
fermenting cells.

Selection of mutants resistant to MZ. When =2 x 107 cells were seeded, at aliquots of 2 x 107 cells
per plate, on YPD plates containing 8 or 12 mg/L MZ, no colony growth was observed after 4-5 d, but
a slight cell lawn appeared later (not shown) that has been interpreted as an adaptation process, facilitated by
high cell density.

Adaptation of cells to MZ. To better understand the process of MZ-adaptation, cells incubated in the
absence (non-adapted cells) or presence (adapted cells) of a subinhibitory concentration (4 mg/L) of MZ were
streaked on YPD plates containing a 0—16 mg/L MZ gradient. Adapted cells grew better than the non-adap-
ted control (Fig. 1A). The adaptation state persisted for at least 24 h after MZ exposure (Fig. 1B). When
cells from the upper ends of the 0 h streaks were tested for the petite phenotype, all the cells (475/475) from
adapted (streak +) and only 24 % (126/489) of the cells from non-adapted (streak —) cultures showed a petite
phenotype (Fig. 1C).

0h 16 h 24 h

Fig. 1. Adaptation of S. cerevisiae 1014 strain to MZ; A — cells, pre-incubated 8 h in liquid YPD with no fun-
gicide (0), 2 mg/L MZ, or 4 mg/L MZ, were streaked on YPD plate with 0—16 mg/L gradient of MZ; B — dura-
tion of the adaptation state in the cells grown in liquid YPD in presence (+) of 4 mg/L MZ and in the absence (-)
of MZ. At 0, 16 and 24 h MZ was removed, the cultures were plated on YPD with a 0-16 mg/L MZ linear gra-
dient; C — growth phenotype of colonies from cells from the upper ends of the 0 h streaks in Fig. 1B, plated at
low density on YPD, and streaked on YPD and YPG; inspected for growth after 3 d at 28 °C.

Frequency of petite mutants in cells exposed to DTCs. To better understand the occurrence of petite
mutants in a population exposed to DTCs, we have quantified the phenomenon. Frequency of these mutants
among cells adapted to a subinhibitory concentration of MZ (4 mg/L), MR (2 mg/L) and PB (8 mg/L) was
~10-3, compared to a value of 105 for non-adapted cells (Table IT). When 10* non-adapted cells were see-

Table II. Frequency of petite mutants from 1014 cells grown overnight in liquid YPD with subinhibitory
concentration of DTCs, plated on YPD without fungicides and replicated on YPG

Petite mutants
Fungicide mg/L
number per plated cells? frequency, X 1073
None 0 2 3.6 x 104 0.06
MZ 4 12 4 x103 3.00
MR 2 33 4 x103 8.25
PB 8 16 4 x103 4.00

3Total number of seeded cells at aliquots of 2 X 102 cells per plate; virtually all seeded cells formed colo-
nies on YPD.



596 E.CASALONE etal. Vol. 55

ded on YPD plates containing a subinhibitory concentration of MZ (4 mg/L), MR (2 mg/L) and PB (8 mg/L),
the frequency of petite in the total number of survived cells was 67, 34 and 7 %, respectively (Table III).

Table III. Frequency of petite mutants from overnight cultures of yeast in liquid YPD without fungicides,
plated on YPD with subinhibitory concentration of DTCs and replicated on YPG?

Fungicide mg/L Number of cells®  Number of survived cells? Frequency, %°

Mz 4 10* 61 67.0

MR 2 100 212 34.0

PB 8 10 59 7.0
@Means of triplicates. bper YPD plate. COf petite mutants per survived cells.

Comparison of MZ-tolerance in WT and petite mutants. When WT and petite cells were plated on
YPD with 8 and 16 mg/LL MZ, only spontancous and ET-induced petite mutants grew (not shown). In fact,
the petite mutants have a MZ MIC of 20 mg/L (not shown), compared to 8 mg/L of the WT. Furthermore,
when both types of cells adapted to 2 mg/L MZ were inoculated in YPD supplemented with increasing con-
centration of MZ, at 8 mg/L of fungicide only petite cells grew, whereas WT ones were completely inhibited

(Fig. 2).

DISCUSSION

As all DTCs tested show similar results, the discussion will be focused on MZ only. In accordance
with different papers reporting that MZ has never induced resistance in fungi (Kato et al. 1997; Miles et al.
2006; Hollomon and Brent 2009), we found no spontancous MZ-resistant mutants in S. cerevisiae; instead,

a time-persistent MZ-adaptation was observed in cells ex-

1.2 - . . — posed to a subinhibitory concentration of MZ. The nature
As30 of MZ-adaptation has been recently dissected at molecular
10 : level (Teixeira et al. 2008; Santos et al. 2009; Dias et al.
2010). Here we report that the frequency of MTCI petite
mutants in a yeast population exposed to subinhibitory con-
centration of MZ is higher relative to that measured in a nu-
merically similar not-exposed population. This increase
should be mainly attributed to the intrinsic MZ-resistance
of petite cells and to their capability to outgrow WT cells
during overnight incubation in media with subinhibitory
concentration of MZ. MZ-tolerance in petite mutants could
be explained by retrograde response from dysfunctional
MTC to the nucleus, resulting in the activation of Pdr3p,
responsible for the expression of multidrug resistance trans-
port proteins such as Pdr5p (Zhang and Moye-Rowley 2001)
and Flrlp (Texeira et al. 2008; Dias et al. 2010). Our data
suggest that the greater MZ-tolerance of petite relative
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Fig. 2. Growth (Ag3g) of WT (empty symbols) and
petite (black symbols) S. cerevisiae 1014, previously

adapted to 2 mg/L MZ, in liquid YPD with none (squa- to WT cells could be due to a negative interaction of MZ

res), 2 mg/L (triangles), 4 mg/L (circles), and 8 mg/L with MTCI respiration, which is in accordance with the

(diamonds) MZ. greater MZ inhibitory activity on respiring than on fermen-
ting yeast.

Of some interest here is the finding that the ability of S. cerevisiae to develop tolerance to DTC
fungicides, besides well characterized molecular cellular adaptation mechanisms (Teixeira ef al. 2008; San-
tos et al. 2009; Dias et al. 2010), relies also on the ratio of petite to the total number of cells. Modifications
in this ratio could be seen as a mechanism of stress response, which acts at the level of the whole yeast popu-
lation rather than of individual cells.



2010 MITOCHONDRIA AND DITHIOCARBAMATE TOLERANCE IN YEAST 597

REFERENCES

BROCO N., TENREIRO S., VIEGAS C.A., SA-CORREIRA L.: FLRI gene (ORF YBRO0S8c) is required for benomyl and methotrexate resis-
tance in Saccharomyces cerevisiae and its benomyl-induced expression is dependent on pdr3 transcription regulation. Yeast
15, 1595-1608 (1999).

Buck J.W., BURPEE L.L.: The effects of fungicides on the phylloplane populations of creeping bentgrass. Can.J.Microbiol. 48, 522—
529 (2002).

CABRAS P., ANGIONI A.: Pesticide residues in grapes, wine, and their processing products. J. Agric.Food Chem. 48, 967-973 (2000).

CALVIELLO G., PICCIONI E., BONINSEGNA A., TEDESCO B., MAGGIANO N., SERINI S., WOLF F.I., PALOZZA P.: DNA damage and apo-
ptosis induction by the pesticide Mancozeb in rat cells: involvement of the oxidative mechanism. Toxicol.Appl.Pharmacol.
211, 87-96 (2005).

CHEN X.J., CLARK-WALKER G.D.: The petite mutation in yeasts: 50 years on. Internat.Rev.Cytol. 194, 197-238 (2000).

DIALA E., MITTWOCH U., WILKIE D.: Antimitochondrial effects of thioacetamide and ethylenethiourea in human and yeast cell cultures.
Brit.J.Cancer 69, 1771-1773 (1980).

Dias P.J., TEXEIRA M.C., TELO J.P., SA-CORREIRA L.: Insights into the mechanisms of toxicity and tolerance to the agricultural fungi-
cide mancozeb in yeast, as suggested by a chemogenomic approach. OMICS J.Integrad.Biol. 14,211-227 (2010).

DoMICO L.M., ZEEVALK G.D., BERNARD L.P., COOPER K.R.: Acute neurotoxic effects of mancozeb and maneb in mesencephalic neuro-
nal cultures are associated with mitochondrial dysfunction. Neurotoxicology 27, 816-825 (2006).

DoMmico L.M., COOPER K.R., BERNARD L.P., ZEEVALK G.D.: Reactive oxygen species generation by ethylene-bis-dithiocarbamate
(EBCD) fungide mancozeb and its contribution to neuronal toxicity in mesencephalic cells. Neurotoxicology 28, 1079-1091
(2007).

ELSKENS M.T., PENNINCKX M.J.: Thiram and dimethyldithiocarbamic acid interconversion in Saccharomyces cerevisiae: a possible
metabolic pathway under the control of the glutathione redox cycle. Appl. Environ.Microbiol. 63, 2857-2862 (1997).

FAI P.B., GRANT A.: A comparative study of Saccharomyces cerevisiae sensitivity against eight yeast species sensitivities to a range
of toxicants. Chemosphere 75, 289-296 (2009).

Fox T.D., FOLLEY L.F., MULERO J.J., MCMULLIN T.W., THORSNES P.E., HEDIN L.O., COSTANZO M.C.: Analysis and manipulation
of yeast mitochondria genes. Methods Enzymol. 194, 149165 (1991).

HOLLOMON D.W., BRENT K.J.: Combating plant disease — the Darwin connection. Pest.Manag.Sci. 65, 11561163 (2009).

KATO M., MizUBUTI E.S., Goodwin S.B., Fry W.E.: Sensitivity to protectant fungicides and pathogenic fitness of phytophtora infestant
in the United States. Phytopathology 87, 973-978 (1997).

Liu Z., BUTOW R.A.: Mitochondrial retrograde signalling. Ann.Rev.Genet. 40, 159-185 (2006).

MARONI M., CoLOSIO C., FERIOLI A., FAIT A.: Biological monitoring of pesticides exposure: a review. Dithiocarbamate pesticides.
Toxicology 143, 47-51 (2000).

MILES M., KEMMITT G., VALVERDE P.: Results from two years of field studies to determine Mancozeb based spray programmes with
minimal impact on predatory mites in European vine cultivation. Commun.Agric.Appl.Biol.Sci. 71, 285-293 (2006).

PARNELL S., VAN DEN BOSCH F., GILLIGAN C.A.: Large-scale fungicide spray heterogeneity and the regional spread of resistant patho-
gen strains. Phytopathology 96, 549-555 (2006).

RIBEIRO I.C., VERISSIMO 1., MONIZ L., CARDOSO H., SOUSA M.J., SOARES A.M.V.M., LEAO C.: Yeasts as a model for assessing the
toxicity of the fungicides Penconazol, Cymoxanil and Dichlorofluanid. Chemosphere 41, 1637-1642 (2000).

ROSE M.D., WINSTON F., HIETER P.: Methods in Yeast Genetics: a Laboratory Course Manual, 2nd ed., pp. 177-186. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor 1990.

SANTOS P.M., SIMOES T., SA-CORREIRA I.: Insights into yeast adaptive response to the agricultural fungicide mancozeb: a toxicoproteo-
mics approach. Proteomics 9, 657-670 (2009).

SOUTHWELL R.J., BROWNS J.F., WELSBY S.M.: Microbial interection on the phylloplane of wheat and barley after applications of man-
cozeb and triadimefon. Austral. Plant Pathol. 28, 139-148 (1999).

TEIXEIRA M.C., DIAS P.J., SIMOES T., SA-CORREIRA 1.: Yeast adaptation to mancozeb involves up-regulation of FLR under the coordi-
nate control of Yapl, RPN4, Pdr3, and Yrrl. Biochem.Biophys.Res.Commun. 367, 249-255 (2008).

ZHANG X., MOYE-ROWLEY W.S.: Saccharomyces cerevisiae multidrug resistance gene expression inversely correlates with the
status of the F, component of the mithondrial ATPase. J.Biol. Chem. 276, 47844—47852 (2001).

ZHANG J., FITSANAKIS V.A., GU G., JING D., AO M., AMARNATH V., MONTINE T.: Manganese ethylene-bis-dithiocarbamate and selec-
tive dopaminergic neurodegeneration in rat: a link through mitochondrial dysfunction. J.Neurochem. 84, 336-346 (2003).




<<
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


