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To identify downstream and/or interactive factors of the nsdD gene, which encodes a positive regulator
of sexual development of Aspergillus nidulans, suppressor mutants displaying a self-fertile phenotype were
isolated from a sterile nsdD deletion mutant. At least five different loci (sndA-E) were identified and genet-
ically analyzed. In the nsdD* background, most of the suppressors showed a marked increment of sexual
development, even under the stress conditions that normally inhibited sexual development. The common
phenotype of the suppressor mutants suggested the involvement of the snd genes in the negative regulation
of sexual development in response to the environmental factors.
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Unlike many other Aspergillus species that do not have a sexual
development in their life cycle, Aspergillus nidulans (teleo-
morph=Emericella nidulans) undergoes sexual development
that can be regulated by internal and external stimuli. Envi-
ronmental conditions are important influences on develop-
mental processes. Several factors including visible light and
high osmolarity favor asexual sporulation (Mooney and Yager,
1990; Lee and Adams, 1994; Adams et al, 1998; Han et al.,
2003). These factors also affect sexual development, usually
in an opposite way. Protection of the culture plate from aera-
tion and light almost completely inhibits asexual sporulation
(Han et al., 1990; Mooney and Yager, 1990). Under this con-
dition, sexual differentiation and fruiting body formation can
be easily observed. Taking advantage of this condition, we
previously isolated and characterized several NSD (never in
sexual development) mutants that failed to produce cleisto-
thecia (Han et al., 1994, 2001; Kim et al., 2009). The mutants
were divided into four complementation groups: nsdA, nsdB,
nsdC, and nsdD (Han et al., 1994). Among them, the nsdD
gene has been isolated and predicted to encode a GATA type
transcription factor containing the type IVb Cysy/Cys, zinc
finger DNA binding domain (Chae et al., 1995). Deletion of
nsdD resulted in impaired sexual development and over-ex-
pression of nsdD induced uncontrolled sexual sporulation,
even under conditions that do not allow sexual development.
Based on these evidences, it has been proposed that NsdD
positively controls the early step of sexual development, and
is necessary and sufficient for sexual development of 4. nidu-
lans (Han et al., 2001).
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Understanding the complex regulatory interactions between
genes like nsdD that function primary in determining sexual
sporulation and those that function in activating asexual spor-
ulation will probably provide important clues to understand
the mechanisms controlling both processes and their coordi-
nation in the A. nidulans life cycle. To this end, here we
screened suppressor mutants from a nsdD deleted strain to
study the function of NsdD and the genes that might geneti-
cally interact with NsdD. Genetic analysis revealed five com-
plementation groups. The suppressors showed a common
phenotype, in which sexual development was induced similar
to nsdD over-expression mutant, even in the presence of KCl,
light and acetate-containing media, which are the repression
conditions of sexual development.

All A. nidulans strains used in this study are listed in Table
1. FGSC A4, the Glasgow wild type isolate of A. nidulans,
was used as a ved™ wild type. All FGSC strains were obtained
from the Fungal Genetics Stock Center. For the convenience
of outcross, several ve4™ strains carrying appropriate genetic
markers (LDB115 or LDB302) were constructed in this work.
KHHS52 (AnsdD, veA™; Han et al., 2001) was used as host
strain for isolation of suppressors. Ultraviolet (UV) muta-
genesis was carried out as previously described (Han et al.,
1990). Construction of heterokaryons, diploid isolation and
linkage group determination were performed according to
Kéfer (1977). Minimal and complete media with appropriate
supplements were prepared as described previously (Han et
al., 1990). All strains were grown at 37°C unless otherwise
described. Mutants were isolated on a complete medium con-
taining 0.01% sodium deoxycholate to reduce colony size.
Light illumination was carried out in a growth chamber equip-
ped with white fluorescent and metal SP lamps (max. 4,000
lux) and temperature control system. Growth rate was deter-



Table 1. Strains used in this study

Suppressors of nsdD mutation in A. nidulans 1055

Strain Genotype Source

A4 Wild type FGSC*

A163 SuAladE20, yA2, adE20; AcrAl; phenA2; pyroA4; lysBS; sB3; nicB8; coAl, veAl FGSC

A786 SuAl, anAl, biAl; AcrAl; galAl, ActAl; methGl; nicA2; sbA3; choAl, fwA2, veAl FGSC

VER7 pabaAl, yA2; AargB::trpC; trpC801 Han et al. (2001)
LDBI115 SuAl, anAl, biAl; AargB:trpC; methGl; choAl VER7 X A786
LDB302 SuAl, anAl, biAl; galAl, methG1; sbA3 VER7 x A786
KHHS52 pabaAl, yA2; AargB:trpC; AnsdD::argB Han et al. (2001)
KHH62 pabaAl yA2; AargB::trpC; niiA(p)::insdD Han et al. (2001)

* Fungal Genetics Stock Center

mined by measuring single colony size following point-inocu-
lation on solid CM medium containing 0.6 M KCl or 1.2 M
sorbitol. The developmental phenotypes of the mutants were
observed under the standard culture condition as previously
described (Han et al., 1990). The conidia were harvested with
a 5 mm-diameter cork borer and suspended in 1 ml of 0.8%
Tween-80. The number of conidia was measured with a hemo-
cytometer under a light microscope. The cleistothecia were
directly scored under a dissecting microscope.

To generate the suppressors, the nsdD deletion strain KHH52
was mutagenized by UV irradiation and self-fertile mutants
that could develop normal cleistothecia were isolated. Forty
eight suppressor mutants, designated as SUNs (Suppressors

Table 2. Developmental phenotypes of SUN and SND mutants

. CM CM+1 M KCI
Strain Sex* Asex” Sex Asex

A4 + ++ - ++++
KHHS52 - ++++ - ++++
SUN16 +++ + ++ ++
SUN76 +++ + ++ +
SUN47 +++ ++ ++ +++
SUN10 + ++ - ++
SUN40 + + - ++
SUNS8O0 + + - ++
SUN12 + + - ++
SUN17 + + - ++
SUN91 + + - ++
SND16 ++++ - ++++ -
SND76 ++++ - ++++ -
SND47 +++ - ++ +
SND10 +4+++ - +/- ++++
SND40 ++++ - +/- ++++
SND80 ++++ - +++ +
SND12 ++++ - +++ +
SND17 ++++ - +++ +
SND91 ++++ - +++ +

Strains were inoculated with 1x10° conidia/ml, which were incubated at 37°C
for 4-5 days.

* Average number of mature cleistothecia per 5t mm® of three different areas
of plate. -, 0; +, <20; ++, 20-50; +++, 50-100; ++++, >100

" Average number of conidia per 5’t mm” of three different areas of plate.
Agar blocks were removed with a cork borer, suspended in 1 ml Tween 80,
and scored with a haemocytometer.

5 0; +, <Ix10% ++4, 1x1041x10% +++, 1x10*1x10"; ++++, >1x10

of AnsdD), which displayed a similar growth rate to wild type,
were obtained and cultured on standard condition to charac-
terize their phenotypic traits. SUN16, SUN47, and SUN76
strains produced mature cleistothecia in the presence of 0.6
M KCl, which completely inhibited sexual development in the
wild type, suggesting that these suppressors not only bypassed
the requirement of NsdD for sexual development but also
hyper-activated sexual development, making cells able to pro-
duce cleistothecia regardless of the environmental conditions.
However, other SUN strains did not undergo sexual develop-
ment on 0.6 M KCl-containing complete medium (Table 2).

To understand the function of the suppressors, it was neces-
sary to know whether the suppression occurred from a single
mutation. To this end, 15 randomly selected mutants, (SUNI16,
47, 76, 22, 70, 10, 40, 35, 12, 80, 17, 91, 84, 87, and 28) were
subjected to outcross with FGSC A786 followed by backcross
with AnsdD strain (see below). While performing outcross,
the SUN22, 28, 35, and 87 mutant strains could not generate
heterokaryon. In addition, results from the progeny pattern
of the heterokaryons revealed that SUN70 and 84 possessed
more than two mutations (data not shown). Therefore, among
the 15 mutants, six were discarded and, finally, nine strains
were chosen for further genetic and physiological analyses.
The phenotypes of the nine SUN mutants are summarized
in Fig. 1 and Table 2.

To ascertain whether the suppressors had their own pheno-
typic traits under the nsdD™ background, we isolated recombi-
nant progenies, designated SND strains, carrying only the

Fig. 1. Phenotypes of AnsdD suppressor mutants carrying AnsdD
mutation (SUN). (A) KHHS52, (B) SUN16, (C) SUN47, (D) SUNIO0,
(E) SUN40, (F) SUNSO. Strains were cultured for 5 days on MM
plates. Arrows indicate the cleistothecia. Magnification X40.
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Table 3. Characterization of the SND mutants

Strain Locus/allele Linkage group Growth (%)* Dominant/Recessive
SND16 sndA16 1T 95.7 Recessive
SND76 sndA76 11 94.8 Recessive
SND47 sndB47 \'% 80.0 Recessive
SND10 sndC10 11 98.3 Recessive
SND40 sndD40 \ 66.1 Recessive
SNDS80 sndES80 A1 94.8 Recessive
SND12 sndE12 v 94.8 Recessive
SND17 sndE17 Vil 96.5 Recessive
SNDO91 sndE91 viI 98.3 Recessive

* Relative radial growth rate compared with wild type.

suppressor mutation without AnsdD mutation. This recombi-
nation experiment was performed as follows. All SUN strains
were crossed with A786 and the segregants were obtained.
From this first meiotic progeny, we selected auxotrophic argB’
strains. Since the AnsdD locus is linked with wild type argB
gene, argB strains have to carry nsdD*. To ascertain whether
the first progenies of argB™ were carrying snd* or snd’, each
of the first progeny was backcrossed with KHHS52. From these
second meiotic progenies, we selected argB™ strains, which
carried AnsdD, and checked that the segregation pattern that
SUN phenotype (fertile) and AnsdD phenotype (sterile) was
a 1:1 ratio, indicating their parent strain contained a snd
mutation. The isolated SND strains showed very similar phe-
notype of the nsdD over-expression mutant that exuberantly
produced fruiting bodies but fewer conidia under normal con-
ditions (Table 2).

The nine snd” strains were selected and counter-crossed

Fig. 2. Phenotypes of AnsdD suppressor mutants free of AnsdD mu-
tation (SND). (A) control: (a) A4 (wild type), (b) KHH62 (nsdD
over expressed strain). (B) SND mutants: (a) SND16, (b) SND47,
(c) SND10, (d) SND40, (e) SNDS8O. Strains were cultured for 5 days
on MM plates. Arrows indicate the cleistothecia. Magnification X40.

with each other. According to the diploid phenotype they
were divided into five complementation groups. SND16 and
SND76, which did not complement each other, were grouped
into sndA and their alleles were named sndA16 and sndA76,
respectively. Other mutant alleles were grouped and named
in same way (Table 3). The mutants were crossed with FGSC
A163 or A786 and heterozygous diploids were isolated. All of
the heterozygous diploids exhibited same development phe-
notype as wild type diploid, indicating that the nine mutant
alleles were all recessive (Table 3). The haploidization of the
heterozygous diploids was induced by 1.7 ppm benomyl and
confirmed by serial isolation on benomyl containing plates.
The linkage of the snd genes was identified by analyzing the
mitotic segregation patterns of snd” mutations (Table 3). The
sndA and sndC genes were located on linkage group II, sndB
and sndD on linkage group V and sndE on linakge group
VIL

Most SND strains showed the common phenotype of hy-
per-activated sexual development similar to the nsdD over-ex-
pression strain (KHH62) under standard culture condition
(Fig. 2). Concurrently, asexual sporulation in all mutants was
largely inhibited. SND47 (sndB47) developed cleistothecia
less than the other four mutants. Cleistothecia of the mutants
matured within 4 days to produce wild type-like normal asco-
spores, except for SND47, which formed mature ascospores
in 7 days (data not shown). Most of the mutants except SND47
abundantly produced cleistothecia on acetate medium where-
as the wild type could not, indicating that the mutants were
able to overcome the unfavorable culture condition for sexual
development (Fig. 3). All the mutants also could develop
cleistothecia under the visible light. The SND16, SND47, and
SND80 mutants overcame the inhibition of sexual develop-
ment caused by high salt or sorbitol osmotic stress. The overall
phenotypes of the mutations, which resulted in the loss-of-
function of the genes, strongly suggested that all the sup-
pressor genes were negative controllers of sexual development
and, at the same time, were necessary for asexual sporulation.
It has been demonstrated that some of genes are also involved
in stress-dependent determination of development. The sndA16
mutation can suppress AnsdC, another positive regulator of
sexual development (Kim et al., 2009), indicating that some
of the suppressor genes are not specifically related with nsdD
(data not shown). Only a few genes have been identified as
negative regulators of sexual development in A. nidulans. The
rosA (repressor of sexual development) gene that encodes a
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Fig. 3. Phenotypes of AnsdD suppressor mutants (SND) on various unfavorable conditions for sexual development. The mutants were cultured

for 5 days on MM plates. Magnification X40.

Zn(II),Cyss fungal specific transcription factor is a typical
negative regulators (Vienken et al., 2005). The genes identified
here are potent candidates of additional negative regulators
of sexual development. The phenotypes of SUN mutants in-
dicate that the nsdD gene is not absolutely required for sexual
development. Instead, it may be controlled by or interacts
with other development regulators complicatedly in decision
of sexual or asexual development in response to various in-
ternal or external stimuli. Lack of NsdD prefers asexual de-
velopment in snd mutants suggesting that the nsdD gene con-
trols asexual development negatively. Molecular biological
analysis will reveal the detailed function of the snd genes and
the interaction with known positive regulators including the
nsdD gene.

This work was supported by Mid-career Researcher Program
through NRF grant funded by the MEST (2007-0053567) and
Woosuk University.

References

Adams, TH., JK. Wieser, and J.H. Yu. 1998. Asexual sporulation
in Aspergillus nidulans. Microbiol. Mol. Biol. Rev. 62, 35-54.
Chae, K.S., JJH. Kim, Y. Choi, D.M. Han, and K.Y. Jahng. 1995.
Isolation and characterization of a genomic DNA fragment com-
plementing an nsdD mutation of Aspergillus nidulans. Mol. Cells
5, 146-150.

Han, D.M,, YJ. Han, J.H. Kim, KY. Jahng, Y.S. Chung, J.H. Chung,

and K.S. Chae. 1994. Isolation and characterization of NSD mu-
tants in Aspergillus nidulans. Kor. J. Mycol. 22, 1-7.

Han, D.M., Y.J. Han, Y.H. Lee, K.Y. Jahng, S.H. Jahng, and K.S.
Chae. 1990. Inhibitory conditions of asexual development and
their application for the screening of mutants defective in sexual
development. Kor. J. Mycol. 18, 225-232.

Han, K.H., K.Y. Han, J.H. Yu, K.S. Chae, K.Y. Jahng, and D.M.
Han. 2001. The nsdD gene encodes a putative GATA-type trans-
cription factor necessary for sexual development of Aspergillus
nidulans. Mol. Microbiol. 41, 299-309.

Han, K.H., D.B. Lee, JJH. Kim, M.S. Kim, K.Y. Han, W.S. Kim,
Y.S. Park, H.B. Kim, and D.M. Han. 2003. Environmental factors
affecting development of Aspergillus nidulans. J. Microbiol. 41,
34-40.

Kafer, E. 1977. Meiotic and mitotic recombination in Aspergillus and
its chromosomal aberrations. Adv. Genet. 19, 33-131.

Kim, H.R., K.H. Han, K.S. Chae, and D.M. Han. 2009. The nsdC
gene encoding a putative CoHo-type transcription factor is a key
activator of sexual development in Aspergillus nidulans. Genetics
182, 771-783.

Lee, B.N. and TH. Adams. 1994. The Aspergillus nidulans fluG gene
is required for production of an extracellular developmental
signal. Genes Dev. 8, 641-651.

Mooney, J.L. and LN. Yager. 1990. Light is required for conidiation
in Aspergillus nidulans. Genes Dev. 4, 1473-1782.

Vienken, K., M. Scherer, and R. Fischer. 2005. The Zn(II),Cyss puta-
tive Aspergillus nidulans transcription factor repressor of sexual
development inhibits sexual development under low-carbon con-
ditions and in submersed culture. Genetics 169, 619-630.




<<
  /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>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


