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SUMMARY 
Alternaria alternata is one of the causal agents of the early blight, a dangerous disease of potato 
and tomato, which is common for almost all regions, where these crops are grown. In this study 
the virulence and aggressiveness of A. alternata isolates, obtained from the leaves and tubers of 
potato and leaves and fruits of tomato, has been studied on 13 potato cultivars of different 
maturity groups and 5 large-fruited tomato cultivars. In the case of two isolates, obtained from 
tomato leaves and significantly differing in their virulence, the activity of subtilisin- and tripsin-
like serine proteases has been also analyzed. 
The performed study has revealed intraspecific differences in the virulence and aggressiveness 
of A. alternata toward the leaves of different potato and tomato cultivars. Some isolates 
successfully infected cultivars, highly resistant toward other isolates that probably evidences 
some potato and tomato cultivars have genes of specific resistance to A. alternata. 
In addition, the revealed difference in the activity of serine proteases is observed on both 
interspecific and intraspecific levels and correlated with the virulence and aggressiveness of 
isolates. A high level of tripsin-like activity of secreted serine proteases is observed in highly 
pathogenic isolate. Thus, this parameter can be used as a marker for the study of the virulence 
and aggressiveness of A. alternata isolates. 
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INTRODUCTION 
Alternaria alternata is a common saprotrophic or parasitic fungus belonging to Ascomycetes. Like 
A. solani, A. alternata is a causal agent of the early blight of potato and tomato, a dangerous 
disease presenting in almost all cultivation areas of these crops. 
Till recently it was considered that plants are infected with only large-spored A. solani, whereas 
small-spored A. alternata represents a secondary plant pathogen able to either infect plants 
together with A. solani, or to leave as a saprotroph on the necrotic lesions caused by other plant 
pathogens. However, today we have some data that A. alternata is able to infect plants 
independently, though the relation between the variability of the virulence and aggressiveness of 
different strains and their species-specific and organotropic specialization still remain unclear. 
Hydrolytic enzymes secreting by necrotrophic plant pathogens provide the availability of 
macromolecular compounds as nutrients and, therefore, play an important role in the nutrition of 
such pathogens, including the early blight causal agents. This group of enzymes includes 
different proteases. Extracellular proteases, secreted by fungi, are able to macerate plant tissues 
and destroy cell wall components that allow a pathogen to overrun the natural resistance of 
a host plant. Thus, proteases not only act as digestive enzymes of fungi, but also participate in 
pathogenetic processes. 
Some recent data allow us to suppose that serine exoproteases secreting by some plant 
pathogenic fungi can be considered as pathogenicity factors. For example, Dunaevskii et al. 
(2006) showed that plant pathogenic fungi, including A. alternata, secrete tripsin- and subtilisin-
like proteases. Though the synthesis of proteases is a constitutive process, their repertoire in 
plant pathogens, including necrotrophic ones, should differ from that in saprotrophs. In this 
study we supposed that differences in the level of secretion of tripsin-like and subtilisin-like 
proteases occur at both interspecific and intraspecific levels and are able to serve as the markers 
of virulence and aggressiveness of isolates. 

MATERIALS AND METHODS 
 
Host plants 
Thirteen Russian and Belorussian potato cultivars of different maturity groups were used in the 
study: first early (Zorachka and Lileya Belorusskaya), second early (Briz, Manifest, Romano, and 
Nevskiy), early maincrop (Volat, Lad, Skarb, and Yanka), and maincrop (Vektar Belorusskiy, 
Zhuravinka, and Ragneda). In addition, five commercial large-fruited tomato cultivars were 
used: Dubrava, Tomsk, La-la-fam, Verlioka, and Bych’e Serdtse.  
Healthy meristemal plants were planted in enriched peat soil and kept in a greenhouse at  
20-24C and natural photoperiod. Watering was performed as required. No fertilizers were used 
during vegetation. To perform inoculation, the leaves of the 4-6 layers from the top were used. 
Leaves were placed in sterile Petri dishes onto object plates covered with wet filter paper. 
 
Isolate sources 
A. alternata and A.solani isolates were isolated from infected fresh leaves of potato and fresh 
leaves and fruits of tomato (Table 1). In addition, some isolates were collected from infected 
potato tubers within 10 days after the harvesting; isolation was performed only from 
conidiophores appeared on the live tissues of tubers. Infected samples were placed in wet 
chambers; isolation was carried out from a border of live and healthy tissue. The strain PPL 31 
was kindly provided by the colleagues from the Laboratory of mycology and plant pathology of 
the All-Russian Research Institute of Plant Protection. 
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Table 1.  Description of Alternaria isolates used in the study  
Name Species Region of 

collection 

Host plant, cultivar, organ Year of 

collection 

RPL 16 A. alternata Ryazan region Potato, cv. Ragneda, leaves  2012 

RPL 21 A. alternata Ryazan region Potato, cv. Ragneda, leaves 2012 

KPT 1 A. alternata Kostroma region Potato, cv. Udacha, tuber 2013 

KPT 4 A. alternata Bryansk region Potato, cv. Bryanskaya Roza, tuber 2013 

METL 5 A. alternata Mariy-El Republic Large-fruited tomato, leaves 2007 

METL 12 A. alternata Mariy-El Republic Large-fruited tomato, leaves 2007 

MTF 7 A. alternata Moscow region Large-fruited tomato, fruit 2013 

PPL 31 A. solani Primorye (Russian 

Far East) 

Potato, leaves 2006 

VTL 16 A. solani Voronezh region Large-fruited tomato, leaves 2014 

 
 
Inoculum preparation and inoculation 
To obtain inoculum (conidia), isolates were grown on potato-carrot agar up to the conidia formation 
(7-10 days). In the case of A. alternata, conidia were washed off from colonies by 10 ml of sterile 
water. In the case of A. solani, conidia were obtained by another way: aerial mycelium was 
removed after 7-10 days of incubation, and then Petri dishes were placed into refrigerator (+5C) 
overnight and treated with UV radiation. After 3 days of incubation conidia were washed off from 
colonies by 10 ml of sterile water. The concentration of suspension used for inoculation was 100 
conidia/μL. A drop (10 μL) of conidia suspension or sterile water (control) was placed on leaf 
surface, inoculated leaves were incubated for 7 days at room temperature, and then the level of 
infection was assessed. All experiments were performed in three replications. 
 
Enzyme activity assay 
The maintenance and cultivation of fungi was performed by submerged cultivation in liquid potato 
broth medium as described earlier (Valueva et al., 2013). After 5, 10, and 18 days of cultivation 
mycelium was harvested on a weighed Whatman No. 41 filter paper, washed with a small volume 
of warm distilled water, heated overnight in an oven at +90°C, then cooled in a desiccator and 
weighed again. The longer drying did not result in a further weight loss. A crude culture filtrate 
obtained after the harvesting of mycelium was used for the enzyme activity assay. 
The enzymatic activity of serine proteases was determined by the Erlanger’s method (Erlanger 
et al., 1961), using synthetic substrates BAPNA (Nα-benzoyl-DL-arginine-nitroanilide) and  
Z-AALpNA (N-carbobenzyloxy-L-Ala-L-Ala-L-Leu-pNa) in the assay of the tripsin-like and subtilisin-
like activity, respectively. The initial substrate concentration was 0.5 mM. One unit of enzyme 
activity (U) was equal to the amount of enzyme hydrolyzing 1 nmol of the substrate per 1 min. 
Both BAPNA and Z-AALpNA substrates were purchased from Sigma-Aldrich (USA); all other 
commercially available reagents were of the highest grade. All experiments were performed in 
three replications. 

RESULTS AND DISCUSSION 
 
Virulence and aggressiveness of Alternaria isolates toward different potato and tomato cultivars 
All isolates collected and isolated from tomato and potato leaves, tomato fruits, and potato 
tubers were able to infect potato and tomato leaves. Analysis of variance (ANOVA) show that 
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factors of cultivar, strain, and their combination influence the diameter of necrosis (P<0.05 for 
all variants). At the same time, we observe significant differences in the virulence of isolates 
toward the leaves of different cultivars of host plants. For example, all tested A. alternata 
isolates and A. solani strain used as a control strain were able to infect the following potato 
cultivars: Nevskiy, Lad, Volat, Briz, and Zorachka (Table 2). The maximum resistance was 
observed in the cvs. Lileya Belorusskaya and Yanka, which were infected with only one isolate, 
and also in the cv. Ragneda (infected with two isolates). Note that these three cultivars and also 
cvs. Romano and Zhuravinka were not infected by the control A. solani strain. 
The study on tomato leaves showed that only cv. Dubrava was infected with all isolates studied; 
cvs. Bych’e Serdtse and Verlioka were infected with only one of three tested A. alternata strains 
and with the control A. solani strain (Table 3). 
None of the studied isolates was virulent toward all studied potato cultivars. The highest 
virulence was observed in two isolates from potato tubers (KPT 1 and KPT 4) and one isolate 
from tomato leaves (METL 5), which were able to infect leaves of 10-11 cultivars. The lowest 
virulence was observed in the isolate obtained from tomato fruit (MTF 7), which infected only 
seven cultivars. The control A. solani isolate (PPL 31) did not show high virulence and infected 
the leaves of 8 out of 13 potato cultivars. 
The same situation was observed concerning the virulence of the studied isolates toward 
different tomato cultivars. Only A. solani isolate was able to infect leaves of all tested tomato 
cultivars. Isolates of A. alternata collected from tomato fruits (MTF 7) and leaves (METL 5) 
infected leaves of four cultivars, whereas the METL 12 isolate infected only one tomato cultivar.  
 
 

Table 2.  Pathogenicity of the tested isolates toward different potato cultivars 
Potato cultivar Average diameter of necrotic lesions, mm Number 

of 
virulent 
isolates 

Alternaria alternata A. solani 
Potato leaves Potato tubers Tomato 

fruits 
Tomato leaves Potato 

leaves 
RPL 16 RPL 21 KPT 1 KPT 4 MTF 7 METL 5 METL 12 PPL 31 

Nevsky 18 20 15 10 15 10 3 10 8 
Lad 4 4 25 24.5 3 5 15 8 8 
Volat 3 3 6,5 10 3 10 3 10 8 
Briz 10 10 30 5 25 15 20 20 8 
Zorachka 3 3 8 15 3 4 3 7 8 
Manifest 2 2 3 5 3 8 0 15 7 
Vektar belor. 8 0 15 0 8 20 15 5 6 
Zhuravinka  5 5 0 20 0 10 10 0 5 
Romano 0 2 5 20 0 10 2 0 5 
Skarb  0 5 20 6 0 4 0 27 5 
Ragneda 0 0 0 20 0 20 0 0 2 
Yanka 0 0 7 0 0 0 0 0 1 
Lileya belor. 0 0 0 5 0 0 0 0 1 
Total number of 
infected cultivars 

8 9 1 11 7 11 8 8  

Average necrosis 
diameter, mm 

4.1±1.7* 4.2±1.7 10.4±3.1 10.8±2.6 4.6±2.4 9±2.1 5.5±2.2 7.8±2.7  

* - a confidence interval for the significance level 0.05. 
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Table 3.  Pathogenicity of the tested isolates toward different tomato cultivars 
Tomato cultivar 

 

Average diameter of necrotic lesions, mm Number of 

virulent 

isolates 
Alternaria alternata A.solani 

Tomato fruits Tomato leaves Tomato 

leaves 

MTF 7 METL 5 METL 12 VTL 16 

Dubrava 10 18 10 35 4 

Tomsk 10 5 0 15 3 

La-la-fam 5 5 0 5 3 

Verlioka 5 0 0 5 2 

Bych’e Serdtse 0 20 0 5 2 

Total number of infected cultivars 4 4 1 5  

Average necrosis diameter, mm 6±2.1* 9.6±4.5 2±2 13±6.7  

* - a confidence interval for the significance level 0.05. 

 
 
In this study only one component of aggressiveness was assessed: the diameter of necrotic 
lesions on infected leaves. According to the obtained results, isolates KPT 1 and KPT 4, obtained 
from potato tubers, and isolate METL 5, obtained from tomato leaf, were the most aggressive 
toward potato leaves of different cultivars: the average necrosis diameter was 8.9-10.8 mm. The 
same strains were also virulent toward the maximum number of potato cultivars (10-11 out of 
13 cultivars; Table 2). METL 5 and KPT 4 isolates caused significant necrosis (20 mm) of leaves 
of cv. Ragneda, which was not infected with other isolates, including A. solani. The KPT 4 isolate 
was the only isolate successfully infected cv. Lileya Belorusskaya, whereas the KPT 1 isolate was 
the only isolate infected cv. Yanka. 
Significant differences in the diameter of necrotic lesions were also observed for infected tomato 
cultivars (Table 3). The METL 12 strain was able to infect leaves of the cv. Dubrava, but did not 
infect other tomato cultivars. The METL 5 strain caused a strong infection of leaves of cvs. 
Dubrava and Bych’e Serdtse (18-20 mm), whereas the A. solani strain caused significant 
necroses on leaves of the cv. Dubrava (35 mm). 
 
Serine protease secretion 
In this study, we assessed the protease secretion by isolates, differing in their virulence toward 
potato and tomato; therefore, the studied isolates were cultivated on liquid medium based on 
thermostable proteins of potato. The study was carried out using two isolates, METL 12 and 
METL 5, collected from tomato leaves and significantly differing in their virulence and 
aggressiveness toward both potato and tomato leaves. 
According to the obtained results, the dynamics of secretion of serine proteases was similar in 
both isolates: sharp increase in the activity from 5th to 10th days of growth and sharp decrease 
to the 18th day. In both isolates, the maximum activity of secreted proteases was observed at 
the 10th day of growth (Table 4). 
The separate assessment of the activity of tripsin-like and subtilisin-like proteases resulted in an 
interesting observation. On the 10th day, the more aggressive METL 5 isolate demonstrated 
a higher activity of tripsin-like proteases than that of the less aggressive METL 12 isolate. At the 
same time, the activity of subtilisin-like protease was higher in less pathogenic METL 12 strain. 
These results correspond to the results of other studies. For example, Dunaevskii et al. (2006) 
showed that saprotrophic species Trichoderma harcianum, Penicillium terlikowskii, and 
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Penicillium chrysogenum are characterized by high activity of subtilisin-like proteases and do not 
produce tripsin-like proteases, whereas phytopathogenic species Alternaria alternata, Botrytis 
cinerea, and Ulocladium botrytis produce proteases of both types.  
 
 

Table 4.  Dynamics of secretion of serine proteases by METL 5 and METL 12 isolates of Alternaria 
alternata 

Isolate Average activity of serine proteases, U/g of dried mycelium* 

Tripsin-like (BAPNA substrate) Subtilisin-like (Z-AALpNa substrate) 

Day of growth 5 10 18 5 10 18 

METL 12 8 162 4,2 22 14092 433 

METL 5 0 298 2.9 46 1635 36 

* U - the amount of enzyme that hydrolyzes 1 nmol of a substrate per 1 min. 

 
 
Thus, the performed study demonstrated some intraspecific difference in the virulence and 
aggressiveness of A. alternata toward leaves of different potato and tomato cultivars. Some 
isolates were able to infect cultivars resistant to other isolates that makes it possible to suppose 
the presence of the corresponding specific resistance genes in potato and tomato cultivars. 
Our study also showed that differences in the activity of serine proteases are observed not only 
at interspecific (Dunaevskii et al., 2006) but at intraspecific levels and are connected with the 
virulence and aggressiveness of isolates. Though both isolates studied were isolated from alive 
tomato leaves, they probably differ in their trophic substrate: the METL 5 isolate, which is more 
pathogenic and has a high level of tripsin-like activity, is able to infect live tissues, whereas the 
less aggressive and virulent METL 12 isolate, characterized by a high level of subtilisin-like 
activity, grows on dead tissues and actively utilizes the substrate via the saprotrophic way. 
Therefore, a high level of the tripsin-like activity of extracellular serine proteases is observed in 
highly pathogenic isolates, and this parameter can be used as a marker for the study of the 
virulence and aggressiveness of A. alternata isolates. 

ACKNOWLEDGMENTS 
This work was financially supported by the Ministry of Education and Science of Russian 
Federation (project no. RFMEFI62114X0002, protease activity assay) and Russian Science 
Foundation (project no. 14-50-00029, collecting and isolation of A. alternata strains).  

REFERENCES 
Dunaevskii, Ya.E., Gruban, T.N., Belyakova, G.A., Beloserskii, M.A., 2006. Extracellular 

proteinases of filamentous fungi as potential markers of phytopathogenesis. Microbiologia 
75(6):747-751. 

Erlanger, D.F., Kokowsky, N., Cohen, W., 1961. The preparation and properties of two new 
chromogenic substrates of trypsin. Arch Biochem Biophys 95:271-278.  

Valueva, T.A., Kudryavtzeva, N.N., Gvozdeva, E.L., Sof’in, A.V., Il’ina, N.Yu., Kladnitskaya, G.V., 
Pobedinskaya, M.A., Elansky, S.N., 2013. Serine proteinases secreted by two isolates of 
the fungus Alternaria solani. J. Basic Applied Sci. 9:105-115.  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /NewsGothic
    /NewsGothicStd
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /NLD ([Gebaseerd op drukker])
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [4209.449 595.276]
>> setpagedevice


