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Effect of High CO, Concentration on Activation of Sexual
Development in Aspergillus nidulans

Kap-Hoon Han*, Yeong-Seok Yang and Jong-Hwa Kim

Department of Pharmaceutical Engineering, Woosuk University, Wanju 565-701, Korea

ABSTRACT : Fungal development is largely affected by many environmental factors. In a model filamentous fungus Aspergillus
nidulans, asexual development is promoted by exposure of light, presence of salt and non-fermentable sugars. In other hand,
sexual development is largely induced by absence of light, fermentable sugars and hypoxic condition. Also, some important genes
including veA and nsdD play positive roles in activating sexual development. Here, we reported that the effect of high
concentration of CO, on developmental decision in A. nidulans. When wild-type veA” strain was cultured in normal condition,
sexual and asexual development occurred in balanced manner. However, high concentration of CO, (~5%) strongly activated
sexual development and inhibited asexual development. Furthermore, this CO, effect was controlled by the veA or nsdD gene.
High CO, culture of veA” or nsdD” mutant didn't activate sexual development, suggesting that the activation of sexual development
induced by high CO, cannot overcome the genetic requirement of sexual development such as veA or nsdD. Since 5% CO, is an
important condition for human pathogenic fungi for surviving and adapting in human body, this developmental pattern of A.
nidulans affected by CO, concentration may provide interesting clues for comparative study with human fungal pathogens
including Aspergillus fumigatus.
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AP R Aspergillus nidulanse EGW|AECI,  Hloz QBF AEE o] S4Th(Pontecorvo et al, 1953).
A 2D FARA7)BS BE 7EX3 QJE homothallic A, nidulans®] B3R 9R3E 27 9@ YR 41AE9)
fungus®]TF. 7FHSE SPAuiR| oM v ko] Goldlar 4, ol o5l wig- FushA AR A= Aow I
FodagaEal ope) FRAAA AGARE Z7HAA o] A 2lom 1980 o] F #3lE 2Eshe theket fdAk
kel fsks B4o] 7lsslng §38 2d Al Eo] BEEal B4 o)A gtk (Adams et al., 1998; Han,

2009; Yu, 2010).
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fadATY= §AA7) 2w GBS
heterotrimeric G-TH¥& B39 G o subunits 4353}
slal glom o] G-gdo] SAdste JUdge] X
T Bil= dojulA] &=Th(Hicks et al., 1997). WA
274k A710l E3tAo] MAEY] flEiME ©] G-
A AEE JAlshk= 717to] L6, flbA 327 ¢
%8skl = RGS @ (Regulator of G-protein Sig-
naling)©] 71 93-S =33TH(Yu et al, 1996). T3}t
G o T¥FdA GTP7} GDPE ¥3jElojof G-thijde
H12A387} =9, FibA @ o] FadA Th ol Eojgl=
GTPY] 7rEslE SXIsHA st JFdES Al
BEagS A Aoz dHA At} (Lafon et al.,
2006; Yu, 2006). ]2t T3 FHZ 0= ul-¢-
Z1hetar HelsA| 2dEojAm Ui R3EY JIFs
7= sk, 7)ol 23less g53hH FAAEAA
712to] &A1) (Park and Yu, 2012).

SHAS 2 | homothallicq! A. nidulanst mating type©]
Aol 201 24 21 k] wep 282 {4
IAE vRE o, A fAdEsle] 3as B
AApEo] BAaEojH T (Han, 2009). f/3w3= FA3E3S
o} g AMA| (fruiting body)E FAdsted T UjFollA
meiosisE B3 ZAFF o] dojupEZ o] 9J3lA B
FAREe] #AT Fo2 FZHEY ofF] {FAESE 4
HHo 7 k= AoE ¢ fdxe BA 4t &
AR Ezl st 24 2 T A 3
A = nsdD FRALE ©] F9AR= GATA type zinc
fingerS 7H FARIZLE t&slsial )lem o] 3t
AA=AY EdHolt BAS BF FEwsE A &
sl Ha HPLAEAS A5 FAAESEE XI5 st

Fdiske] -8R  (positive regulator)Z Ee A
AT (Han et al, 2001). ©] 2]°] CH, zinc finger trans-
cription factorg Y& 3lskal = FAAESE 2 A4k
ol nsdC nosAS WIESIA (Kim et al, 2009; Vienken
and Fischer, 2006) +A3E3o] SAZHAAAL] rosA -3
27} Ba1E 10 (Vienken et al., 2005), APSES THi=
< Y58kl stuA AL, ROS(reactive oxygen species)
Aol TASE noxA FRAAEE f/disloll B2 gk
S mA= ZoE dEHYMiller et al., 1992; Lara-Ortz
et al, 2003). ¥ ollZ} Han 5 (2003)°] W= A,
nidulans®] f/3E8h= Thekeh €5 3 el we) Jak
< W ZoE RuEde okt @ 2Ey S, W
EA), 221} 22 non-fermentable carbon source’s<
AEsE Al v, B2 TR XIv, Py 2
< e B HIES Atz oMe fAESE
ZZ15k= Ao] ¢EF T (Han et al., 2003).

A. nidulans®] 3142 T FAxEY =

CO, =0l WE A. nidulans®] F/3E315% 193

A7 257 a0l oste] 2=, opIR Y] B¢
o= TS ARSI Adg d A geo] X18S
Al Fot. o]l B3l o] FH-S ved ALY 9
ol "] Ft}(Kim et al., 2002). A. nidulans FEGSC A24
T oM ved AP} obd veAl EAWCIE 714
31 9)o] oRE 521 FGSC A4 w50l HIgle] 4388}
7 @R8] Fol5aL WS HolFA] Potx T3t &
= A7) wZel 71&] F3ws}t 55 ATty g
A 72 F2 Aol Fek(Kafer, 1977). Hizel
A2l 2 VeA T2 velvet domain®]2hs B
E8 RAZ 7P 3 ] B A mt oz
ol s8] oA o] FFO] EY TidST Ate}
of "o o} E35te] Aot F/3E3), TS, ofxFh
AR S sk o] BreXtH(Bayram et al,
2008).

Han 5 (2003)2 A4k Z70] A. nidulans®] E3P43F
< FANAE dAlstar 984S FXleke FeE B
ISFATE. AkA 30 A 9] Fe] A Bg A7
Aspergillus fumigatus®t 22 A5 Aspergilli7} HH )| g
A=A aspergillosisthe X535 e A 2
o] k. oA g WU o] s AR AlA|

Fx0] Aae kgl A4k Z7io|HA o] ikshekas
FE7F =& 31 CO, Zxdo)7] Wil 1A WellAY et
o] A-go] HHAT} WA B o F Bo|7] wjiFo|}, oo}
At Z3to] B CO, F=(~5%)M4] ojd ¥He-&
Holw ojujgt 7|2te 2 o|gt S A3 A=A
o wigk A7t FHEol ko™, Cryptococcus
neoformans$t 2 A HEHd AT 2 OA
fumigatus, A. nidulans®} 22 el 0] carbonic
anhydrase(CA)Zh= S48 B3l oislgiE 7H7s)
= Aol ¥ At (Bahn et al, 2005 Han et al, 2010).
CAE oRIBlEAE FRRIdECZ AZAA o3/t &
o]atA| Rkl o] 7|42 AEe] pHA T3 22
A Al WS- 83 71ss gt webA W
ANA o] FHAE B7AIA = 37154 CO7t oF 5%
ALl & 52 AT A AE A7} AT
0.033% FE=8l Lt 7] o] oRISfEA FeolA= X
o] AR ke CO, o4 XA 83 YeRdt
A. nidulans® 735 2719] CA7} QoW 159 canBE
W FHA7E AASE o]eft Co, &Y FHS Kol
Al FH(Han et al., 2010).

B AFAL A nidulans®] CA 713S A5 = 5%
CO, &% XA BolF oz FAEsP Ja=e As
AR P23 v} Qlth(Han et al, 2010). ¥ AFA= A
nidulans °FP88 772 FGSC A47} 5% CO, ¥% ZA9
A BolFoz fAdRstE Hdske A dEsger,
AR CO, FE(0.033%) 2 AEEL] CO,(5%)°1A X

A7 23} ol HURS PHEE R4 vearh




194 UE - BN - 9E
nsdD7} A3H0IA] ok EHo] FFINE FUsH
SAEI} 2R o3l GARle] geke Hlo}

AFE CO, ZHNAE FA4537} 2= A
gk 55 ZARstaLA} stk

B AFoll= oK ¥ -2 Fungal Genetics Stock Center
NA AFSE FGSC A4 (veA)E AME-3ISATE. FEgH ¥l
28 93 EAH0] TFEE vedl QWIS 7HAAL 3
© FGSC A26(biAl, veAD)T veA 12} A|A Aol
2 AveA28 (pabaAl; argB2; pyroA4; chaAl AveA:argB)
(Kim et al., 2009), nsdD 32} A A EA¥ 0521 KOD2
(AargB:trpC; AnsdD::argB; choAl)(Kim et al., 2009), 2]
i OlA COo, FEE FRIsH] fIste] CA F3A}
canB A|A EAWO] TFR!  AcanB(pyrG89; pyroAd,
AnkuA::argB; riboB2; AcanB:AfpyrG)(Han et al., 2010) &
S AMEEHATE. SulA (CM) 2 1] w712 Han
5(2010)8] 23l we} ARSEIHIL = CO, Hlde
GasPack EZ CO, Pouch system(BD, USA)S AM8-315S
o, BE 7552 37°ColA] v s

A A}, Fig. 1A0A] B ule} o] oRE <1
FGSC A4Z UubAQ) vjk=A (~0.033% CO,) I °F 5%
9] A'E% CO, XA Hidkelie uf E3tdo] T
A v 1EE CO, 2312 Aakah 219 FARHA
fFesks Fxlehal F3wsks dAleke s & = §
U} (Fig. 1A, Table 1). 7= #IYAIY] CO, =2 1S
3te] AcanB TFE o] HE3e v, B wEL
CO, ZAXM= AcanB 7} AJeHA] H3al 5% CO, =
ARt AcanB w57 S SlEE f3E3HY 2
7} 5% CONARE dofju= A& A E1g 4 U
TS o]k aFE CO0l oFh RS e FA3ES
3 24 FAAR] veA U nsdD2] B3-S F3le] Lojuk
=4, Fig. 1B9} 2] A5 % CO, 0] Foixt} &g}
% veA®] 7150] AdE oA FAY AAE BT (veAl F
S AveAd) @ usdD FAAF AAE 735-(AnsdD)ol=
AEBRS] FXlo] doluA] = RS & & Ut (Fig.
1B, Table 1).

=Rl oy

FGSC A4

5% CO,

Anaerobic

Fig. 1. Effect of CO, concentration on sexual development of
A. nidulans wild type and sexual developmental mutants. A.
Plate and microscopic pictures of wild type strain FGSC A4
cultured in normal, 5% CO, and hypoxic conditions. Arrows
indicate cleistothecia, the fruiting bodies of A. nidulans. B.
Plate pictures wild-type, veA" and nsdD" mutants in normal
and 5% CO, conditions. AcanB strain was innoculated as an
indicator of high CO, condition. All strains were cultured in
CM at 37°C for 4 days.

Table 1. Effect of CO, on A. nidulans development in various genetic backgrounds

Normal High (5%) CO,
Strain Genotype - Strain source
Conidia® Cleistothecia Conidia Cleistothecia
FGSC A4 veA" + ++ - +++ FGSC*
FGSC A26 veAl +++ + +++ + FGSC
AveA28 AveA +++ - ++ - Kim et al., 2009
KOD2 AnsdD, veA" +++ - +++ - Kim et al., 2009
AcanB AcanB, veA" No growth - +++ Han et al., 2010

‘The number of conidia was examined by scoring with a haemacytometer obtained from a sold plate with cork borer. The numbers of
conidia per ml from at least 3 agar blocks were averaged. -, <10% +, 10'-10°; ++,10°-5x10% +++, >5x10°.
*Average number of mature cleistothecia per cm’ of 5 different areas of a plate. -, <1; +, 1-10; ++, 10-50; +++, 50-100.

‘Fungal Genetics Stock Center (http://www.fgsc.net)



olg|gh CO, &l W E3ldo] ojulgt 712k F
slo] dojuf=Aoll thstel= oF#7kA] ¥zl uizt (it
Zonneveld(1977)°)] 2™ CO,E A|AsE G71HES X
gate] wjFe Beolle e JAEH ol =T
tiakel Bdol s Ao E Tt =2 T &
Aozt AU e R C3 FHANE Tt tAbL HE
2 xego] 1 A AEe C2 FFl v 9EH
OJA =W o] Fio )4 CO,= pyruvate carboxylases
53} anaplerotic carbon fixationol] &3+ 9&-S- 17| uj
ol co7t 75 7 Ahdzte] d/do] Aale= Ao
2 HUTH(Zonneveld, 1977). L&Y CO7} FH&AY 1
TEY S FARSER 23t JgEHE @S oF
o2 oAl BAER] 2 A. nidulans®] A28
5407 Belnt. o]k A Atka 3ol #7434
Ao grt FEse 713 vl AR Bolxwh Al
o] wW7hFe] ME FARREA thelixtes BFEAIA] 83k
ot 3559 CO, 2712 QX WA el Jlox= <l
Aol Bedtto] @730l A-setar BEsk=t T2
Q1% shfolBR CAE B3 Co, A % 24T
o thate] W WtollX A7} s = ok
(Bahn and Mhlschlegel, 2006; Kim et al., 2010; Elleuche
and Pggeler, 2010). 122 A. nidulansolX2] CO, %
HAste] me 3l A9 Wshs 72A A e 3
Eshg R o) QIZE WATY] AW 28712l
UM E BH|ES HRE AT 7 Ue Blolot. vt
ofle} 71&dl AREskal W 3484 el A4k
Az Wk olg} 31 COo, XS el U &
RS S demE 3RS vl A3l oM
T F2 AERAS AT 7 s o= Alsdn

ox ™

q Q

AiTe] Fahage thk B4R Slsjo]

=0} B8l AP R0 Aspergillus nidulans®] 73-9- o]
EZAEAY =& 4 F=, H] TaA o)l o3t

7} EX1=w g = o] gAY We A Fo] 35T o,
a8jal Ak 219 e RS SX8H dn. =
St veAY nsdDS} 22 A FAZEFARERE
ABLE sk sloE dHA Aot £ dAFM= A
nidulans?|A CO,2| F=2} E3lujel o] #AIE dolH 1A}
ST, A2 0N ved o E HEE 941
A o] TS ol F AH|S 315 & dck. 1
H} 5% AL H& CO, oA wjkstaS A9 54
woh= dojubA] @1 frdA A o Znt Bl o] dojuk
Al ok, ek ofue} o]2j gt 38} W2 veAS} nsdD
olEF o7 JojupA o}, sl Co, 2oz Ex)gt
5 veA 32 nsdD EAR0] TFoAE sk do
WA a1 TS| dojue 2t R o A=

(

CO, F=ol WE A. nidulans®] F353152 195

d], o] CO, a=7F =oFA= f-dA8 4ol JojA] o
2492 7o) AR AL AL, T 5% CO, E
242 QX WA Aol Al dox] Al Al ol Ao}
@71 flete] Agetdol sk ti7] o=, o]2dt A
nidulans® CO, %o wWE E3Pe] WHil= A
fumigatus$t -2 A7+ BAT] A2, w32 Halol tig
H alE-Aol] AR8-2 = k.

a9 2

o] =F-& gt ! 20129 % AH (w8 EH)
o] Aoz S ATAIRE RS who} e g 7|2 AT
AT (NRF-2012R1A1A4A01012864).

Az

Adams, T. H., Boylan, M. T. and Timberlake, W. E. 1988. brlA is
necessary and sufficient to direct conidiophore development
in Aspergillus nidulans. Cell 54:353-362.

Adams, T. H., Wieser, J. K. and Yu, J. H. 1998. Asexual
sporulation in Aspergillus nidulans. Microbiol. Mol. Biol. Rev.
62:35-54.

Andrianopoulos, A. and Timberlake, W. E. 1994. The Aspergillus
nidulans abaA gene encodes a transcriptional activator that
acts as a genetic switch to control development. Mol. Cell.
Biol. 14:2503-2515.

Bahn, Y. S., Cox, G. M., Perfect, J. R. and Heitman, J. 2005.
Carbonic anhydrase and CO, sensing during Cryptococcus
neoformans growth, differentiation, and virulence. Curr. Biol.
15:2013-2020.

Bahn, Y. S. and Mhlschlegel, E A. 2006. CO, sensing in fungi and
beyond. Curr. Opin. Microbiol. 9:572-578.

Bayram, O., Krappmann, S., Ni, M., Bok, J. W., Helmstaedt, K.,
Valerius, O., Braus-Stromeyer, S., Kwon, N. J., Keller, N. P,
Yu, J. H. and Braus, G. H. 2008. VelB/VeA/LaeA complex
coordinates light signal with fungal development and
secondary metabolism. Science 320:1504-1506.

Elleuche, S. and Pggeler, S. 2010. Carbonic anhydrases in fungi.
Microbiology 156:23-29.

Etxebeste, O., Ni, M., Garzia, A., Kwon, N. J., Fischer, R., Yu, J.
H., Espeso, E. A. and Ugalde, U. 2008. Basic-zipper-type
transcription factor FIbB controls asexual development in
Aspergillus nidulans. Eukaryot. Cell. 7:38-48.

Han, K. H. 2009. Molecular genetics of Emericella nidulans sexual
development. Mycobiology 37:171-182.

Han, K. H., Chun, Y. H,, Figueiredo B. C. P, Soriani, E M,
Savoldi, M., Almeida, A., Rodrigues, E, Cairns, C. T., Bignell,
E., Tobal, J. M., Goldman, M. H., Kim, J. H,, Bahn, Y. S,,
Goldman, G. H. and Ferreira, M. E. 2010. The conserved and
divergent roles of carbonic anhydrases in the filamentous
fungi Aspergillus fumigatus and Aspergillus nidulans. Mol.
Microbiol. 75:1372-1388.

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



1t

rd
Ft

- FIH - P

196

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

Hicks, J. K., Yu, J. H, Keller, N. P. and Adams, T. H. 1997.
Aspergillus sporulation and mycotoxin production both
require inactivation of the FadA G alpha protein-dependent
signaling pathway. EMBO J. 16:4916-4923.

Kafer, E. 1977. Meiotic and mitotic recombination in Aspergillus
and its chromosomal aberrations. Adv. Genet. 19:33-131.
Kim, H., Han, K,, Kim, K., Han, D,, Jahng, K. and Chae, K. 2002.
The veA gene activates sexual development in Aspergillus

nidulans. Fungal Genet. Biol. 37:72-80.

Kim, H. R., Chae, K. S., Han, K. H. and Han, D. M. 2009. The
nsdC gene encoding a putative C2H2-type transcription
factor is a key activator of sexual development in Aspergillus
nidulans. Genetics. 182:771-783.

Kim, M. S, Ko, Y. J., Maeng, S., Floyd, A., Heitman, J. and Bahn,
Y. S. 2010. Comparative transcriptome analysis of the CO,
sensing pathway via differential expression of carbonic
anhydrase in Cryptococcus neoformans. Genetics. 185:1207-
1219.

Kwon, N. ], Garzia, A., Espeso, E. A., Ugalde, U. and Yu, J. H.
2010a. FIbC is a putative nuclear C2H2 transcription factor
regulating development in Aspergillus nidulans. Mol.
Microbiol. 77:1203-1219.

Kwon, N. J,, Shin, K. S. and Yu, J. H. 2010b. Characterization of
the developmental regulator FIbE in Aspergillus fumigatus
and Aspergillus nidulans. Fungal Genet. Biol. 47:981-993.

Lafon, A., Han, K. H,, Seo, J. A, Yu, J. H. and d'Enfert, C. 2006.
G-protein and cAMP-mediated signaling in aspergilli: a
genomic perspective. Fungal Genet. Biol. 43:490-502.

Lara-Ortz, T., Riveros-Rosas, H. and Aguirre, J. 2003. Reactive
oxygen species generated by microbial NADPH oxidase
NoxA regulate sexual development in Aspergillus nidulans.
Mol. Microbiol. 50:1241-1255.

Lee, B. N. and Adams, T. H. 1994. The Aspergillus nidulans fluG

gene is required for production of an extracellular
developmental signal and is related to prokaryotic glutamine
synthetase I. Genes Dev. 8:641-651.

Marshall, M. A. and Timberlake, W. E. 1991. Aspergillus nidulans
wetA activates spore-specific gene expression. Mol. Cell. Biol.
11:55-62.

Miller, K. Y., Wu, J. and Miller, B. L. 1992. StuA is required for
cell pattern formation in Aspergillus. Genes Dev. 6:1770-1782.

Park, H. S. and Yu, J. H. 2012. Genetic control of asexual
sporulation in filamentous fungi. Curr. Opin. Microbiol. 15:
669-677.

Pontecorvo, G., Roper, J. A., Hemmons, L. M., Macdonald, K. P.
and Bufton A. W. J. 1953. The genetics of Aspergillus
nidulans. Adv. Genet. 5:141-238.

Seo, J. A, Guan, Y. and Yu, J. H. 2003. Suppressor mutations
bypass the requirement of fluG for asexual sporulation and
sterigmatocystin production in Aspergillus nidulans. Genetics
165:1083-1093.

Vienken, K. and Fischer, R. 2006. The Zn(II),Cys, putative
transcription factor NosA controls fruiting body formation in
Aspergillus nidulans. Mol. Microbiol. 61:544-554.

Vienken, K., Scherer, M. and Fischer, R. 2005. The Zn(II),Cys
putative Aspergillus nidulans transcription factor repressor of
sexual development inhibits sexual development under low-
carbon conditions and in submersed culture. Genetics 169:
619-630.

Yu, J. H. 2006. Heterotrimeric G protein signaling and RGSs in
Aspergillus nidulans. ]. Microbiol. 44:145-154.

Yu, J. H. 2010. Regulation of development in Aspergillus nidulans
and Aspergillus fumigatus. Mycobiology. 38:229-237.

Yu, J. H., Wieser, J. and Adams, T. H. 1996. The Aspergillus FIbA
RGS domain protein antagonizes G protein signaling to block
proliferation and allow development. EMBO J. 15:5184-5190.

Zonneveld, B. J. M. 1977. Biochemistry and ultrastructure of
sexual development of Aspergillus, pp. 59-80 In Genetics and
Physiology of Aspergillus, edited by Smith, J. E. and Pateman,
J. A. Academic Press, London.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


