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The COP9 Signalosome Network in Eukaryotic
Microorganisms
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ABSTRACT : COP9 signalosome (CSN), which is originally identified as the regulator of the photomorphogenic development in
plant, is highly conserved protein complex in diverse eukaryotic organisms. Most eukaryotic CSN complex is composed of 8
subunits, which is structurally and functionally similar to the lid subunit of 26S proteasome and elF3 translation initiation
complex. CSN play important functions in the regulation of cell cycle and checkpoint response by controlling Cullin-Ring E3
ubiquitin ligases (CRL) activities. CSN exhibits an isopeptidase activity which cleaves the neddylated moiety of cullin components.
In fission yeast, S-phase cell cycle progression was delayed and the sensitivity to g-ray or UV was increased in CSN1 and CSN2
deletion mutants, indicating that yeast CSN is also involved in the checkpoint regulation. CSN in fungal system more closely
resembles that of the higher organisms in the structure and assembly of their components. Functionally, CSN is associated with
the regulation of conidiation rhythms in Neurospora crassa and the sexual development in Aspsergillus nidulans. Recent studies
also revealed that CSN functions as an essential cell cycle regulator, playing key roles in the regulation of DNA replication and
DNA damage response in Aspergillus. Overall, CSN of microorganisms, such as fission yeast and fungi, share functionally common
aspects with higher organisms, implying that they can be useful tools to study the role of CSN in the CRL-mediated diverse
cellular activities.
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AE AdkollA v 2 BEF o] QlEo] deAA ATt
(von Arnim, 2003). A5 2E9] CSN EHH|7} Z3}
2 ZH-5E2] orthologuedl] o3l S|EHTH= AP =R
g o]5o] Vs oR Z BEH0] = FOFE Hol,
Saccharomyces cerevisiae®] 73-9~= CSN-like complex®] &
ARt G A lem H3k o]Fo] A A7PE Hal g
RAE) Hlgl] ®HEo] | Ho Jlrjal =Stk (Cope et
al,, 2002). 59| A= ALslare YukHoZ CSN=>
A A71e0 2 & 5 CSNIFE CSN87HA| 87i
9] subunit®® A=) UTH(Wei et al, 2008). ©] =
CSN57} CSN62 HE=%F Mprl-Padl-N-terminal (MPN)
domains A|U™ UHAR= PCI domain(proteasome-Cop9
complex-eukaryotic translation initiation factor 3[elF3]
domain)2 7FA=H] ©] F domains-2 26S proteasome] lid
subunit(Fig. 1)¥ elF3914] H3t HATH(Kim et al,
2001).
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26S Proteasome lid subunit¥}e] FAMIS 74 W
A PCIS®} MPN©| 6:22% o]FofXth= 3} o]50] BF
metalloisopepridase &5 AUth= AollA 3k = ot
(Wei et al., 2008). eIF32] 749 CSNET} subunit®] 524}t
7} o] B3 s, B RN (Schizosaccharomyces pombe)®]
csn62t csn70] *2ol= CSN subunitZ2A LA oL
Y o)50] AAF R elF32] TAAIY] YT AHA
ol& 11 71sF frAdol S8 EUATH Zhou et al., 2005).
PCI domain < TPR-like/HEAT domain¥} winged-helix-
like domain 5 5 79| subdomain® & i F O
53] winged-helix-like domain> DNA Fx= RNA A%
oA SolFog kS 4= Ql= domaino|ghs HE
ZRE AFAEL CSNO] nudleic acid¥ Adsl= @
Ad F= ke 7S AIRKSEAL ATHWei et al., 2004).
TS HA A B5S E uf CSN complext ring complex
oA Hol= FE FEREPIRTR= HIUAZQ) 2Ug
TZZ Bty &4eA AT (Fu et al, 2001).

Astets 22 A2 5E HH CSN subunits°] CSN
holoenzymeZH= "A/NE 7EZQ] FHEE A%k &
T = o5 A2 holoenzyme S 2 EANT w7}
=0= ARYo] A At (Busch et al., 2007). 2717} 2+
< CSN complexs9] EA7} HarEl o, o] tiF
I A& golar BRPFste o]5o] AAlZ E4d0] I=A
o thgh sl ERah). SAT CSN5E E3ehe 2
complex®] 75, ME F7] e 43| Frol| weh 43
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Fig. 1. The structure of 26S proteasome complex and COP9
signalosome. (A) The 26S proteasome complex. The 20S core
protease complex consists of a hollow cylinder formed from
four stacked rings of seven subunits containing the central
catalytic domain. Bound to the 20S proteasome at the ends is
the 19S regulatory particle that can be further divided into
lid and base subcomplexes. The lid subcomplex contains
eight non-ATPase subunits (RPN3, 5, 6, 7, 8, 9, 11, and 12).
(B) The COP9 signalosome is composed of eight subunits
(CSN, 2, 3, 4, 5, 6, 7, and 8) which is closely related to the
lid complex of the 26S proteasome in structural composition.

A WP He o] AlXE YoM 553 845 7
Ao 7 B3 I} (Fukumoto et al., 2005). CSN57} T©=0
2 EANT v= 53] 9 YRR oe AEZgdA wWol 2
=™, CSN57F oAl AEAZ9] o]Fe] #THH 75
o] glgo] H11H v} At} (Tomoda et al., 2002). THRHO
2 IfeEodMe Hojm Al 7R FF AME &
protein kinase”} CSNZ} TlEo] A==t o]zfst A
°] “signalosome”®]Zk= o]&o] &4z 7t HAUAS
(Uhle et al., 2003).

2. CSN9J isopeptidase &4 3 CSN5

CSN2] 7F¢ & g7 715522+ E3 ubiquitin ligases
92 26S proteasomeZ W/ E T Fa) & -0
Th(von Arnim, 2003). 26S proteasomes AT FF9]
ATPase &3-S W= catalytic core(20S)% Y&l EAs)
+ ATPase HIZ/9] regulatory particles(19S)= T3 =™,
©] regulatory particles(195)2 TFA] base F--} 8711<]
subunitS 7FA= lidZ Y& 4= AtH(Fig. 1)(Sullivan et al,
2003). B5 polyubiquitin®] €& 712 =2 lid subunit
7} A 3 baseZrO = HLE]™ unfolding - proteasome
core®l|A] 3| T} (Vierstra, 2003). Ubiquitin< ubiquitin-
activating enzymes(E1)2.2 Ut &4J3}=|0] ubiquitin-
conjugating enzymes(E2)= Y F| T taggingFtt.
©] %~ E3 ubiquitin ligases”} 714 2] ubiquitination=- =37
Hed ofg0] 71 Solds ARHA HH AE Wl 8
< E3 ubiquitin ligases®] &7} B3=i Itk (von
Arnim, 2003).

Cullin-ring E3 ubiquitin ligases(CRL)E Cullin®|2h=
scaffold TS F3Sh= E3 ligasesE FTA|Z OS2 o]
2, FE2 Al U 7129 ubiquitinationS =
WA BN vl Fa7E XIS AR (Jackson
and Xiong, 2009). L % SCF(SKP1-Cullin-F-box protein)
complexes= 2 4] E3 ubiquitin ligase 5 3PH=
2] ubiquitin transfer®] 715~ 7FX= Ring-box proteinl
(Rbx1), scaffold &H-& Sh= cullin-1[SOFARAXE cde53]
7} adaptor proteinQ! Skpls X3S} (Welcker and
Clurman, 2008). 712 So|X4S ZAs= 71 F-box
Sfe 54 N2S FEAOE /AR Qe Be FF B
box T Fo] il 1o o]5L Skpl adaptor} 24
o2 A3} (Fig. 2). B2 3 AEZA culline 2>
ubiquitin-like protein ¢! Nedd8[E°} &R A= Related
to ubiquitin(Rub)]®| cullin® 57 Lys Z7]9l & 2%
3= posttranslational modification®] B 31E|31 Qlt}, o]
23} neddylation < cullin?} E2 conjugating enzyme¥}2]
A S8 == SCF complex®] 735 Wafish=
AsiAY Ags Yolr= WA 22 SCF complex®]
E3 ligase 45 S7MFITkaL ¢elA] Ut (Zheng et al,




Fig. 2. Schematic of an SCF (Skpl, Cullin-1, and F-box
protein) E3 ubiquitin ligase. The Skpl-Cullin1-Rbx1 core
complex recruits substrates through interchangeable substrate-
specific F-box proteins. Rbxl binds to the E2 ubiquitin-
conjugating enzyme (UBC) that was previously charged with
ubiquitin (Ub) by an E1 ubiquitin-activating enzyme (UBA).
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_ E----- ()n----- HxH----- () 19-----! D
(B)
Hs 76 E------ 138 HSHPGYGCWLSGID 151
Mm 76 E------ 138 HSHPGYGCWLSGID 151
At 80 E------ 142 HSHPGYGCWLSGID 155
An 72 E------ 134 HSHPGYGCWLSGID 147
Nc 65 E------ 127 HSHPGYGCWLSGID 140
Sp 56 E------ 118 HSHPNYGCWLSGVD 131
Sc¢ 92 E------ 164 HSHPGYDCWLSNID 177

Fig. 3. JAMM motif of CSN5. (A) Domain analysis of the
CSN5. CSN5 contains a N-terminus c-Jun binding domain
(JBD), followed by a Jabl/CSN5/MPN domain metalloenzyme
(JAMM)-containing Mpr1-Padl-N-terminal (MPN) domain,
responsible for isopeptidase activity. Also, a nuclear export
signal (NES) domain is mapped close to the p27 biding
domain (PBD) at the C-terminal end. The JAMM motif
contains a conserved amino acid sequence, E(X)nHxH(X)10D.
(B) The JAMM motif of CSN5 is found in many eukaryotes,
H. sapiens (Hs), M. musculus (Mm), A. nidulans (An), N.
crassa (Ns), S. pombe (Sp) and S. cerevisiae (Sc). The
conserved residues are designated in red.

2002). ©JAI7A CSN complex®] & 8t 712 §4-84o] u}
2 cullin® ZHE] Nedd82 A|ASH= isopeptidase /]
T}(Lyapina et al, 2001). CSN9| T8l WA subunit]
CSN52] MPN domain W] c-Jun activation domain
binding proteinl(Jabl)/MPN domain metalloenzyme
(JAMM) motif’} deneddylation &g F-9|2 L&A Ut
(Cope et al., 2002)(Fig. 3). HI% JAMM motif’} CSN5°]]

28 wjAEof| A COPY signalosome?] &g+ 3

AISHAITE cullin deneddylation 432> CSN5ETE CSN
complex?] &/Jolgkal B=A| EFFSH|, 1 o]-fi== CSN5
monomer®] 73-9-lx= isopeptidase &/d°] g1OH CSN5
o]9]e] thE subunit®] ZA<=0] cullin neddylations 57}
A7 AFso] o SISt (Gusmaroli et al., 2007).

CSN subunit & CSN5= wi-¢- H53}aL SH|ZL 7
S 7HAaL k. el CSN5E c-Jun] FAF EAS =
T UAZ A5 FAE ] Jab1 O 2 FHE L O} (Seeger
et al, 1998), tol= CSN57} holoenzymeO & H=
monomerZA] A F2], A3 AFE, DNA B 5 24
2 Al el w9 83 AES ke Zlow Huy
A AjZo] FE-S w1 v} (Shackleford and Claret,
2010; Tian ef al., 2010). CSN5= H3F Tt QhojlA] 2k
A CSN59 715 A& eS| 73S Aslidt=
H317} 9Je} (Fukumoto et al., 2006). S0]FA = CSN52
TES ESI Agslal a8 ElE -t
A =, °]&2 Cycin E, p53, B-catenin, My,
Cdk2, and p27" 5 AIE 52, o 5% ExstA Hd
T8 2AIANE &+ AT (Yoshida et al, 2010).
CSN5]| o& Bl @A Lalle 5 el s 3
A AzAR Eehs A3 A Jd=T), g
CSN52] &4 CSN holoenzyme?| isopeptidase &/37}
< T o FolFltkal AFAES Bl ok (Tanguy
et al., 2008). ©|ZX] CSN5+= T3] Cullin-ring ubiquitin
ligases(CRL)2] deneddylation /32 AU+ subunit® 2
A7} obd B8t 7162 She AlE W 2-QIAEA oA
A= FAlolth

3. @0IMQ] COP9 signalosome

EE X8 AE 7R A csNo| RER 0] YepR] 3}
ARE A Ro|A ] CSNE T2AQ1 HollA] 9] 7HAle] 1
Ad} oA zpolE BATH B a R 9 size-exclusion
gel filtration W& F3l CSN1(Caal)©] 500 kDaoll 3l
sh= Ato]=2 Z2)7) #]aL o]31°] human®] CSN¥ FA}
3hs Bl EEERAE CSNO| multi-subunit complex
2 BEHY o] FRIFATH (Mundt et al., 1999). Z19]
dlaf], Zola o] 749l MPN domains ZH= CSN5/
Rril®F] homologyE Zt= ZACE Bz on tE 3=
< ZS7RAel HIs) Z717F AR tiQFAQ] CSN complex
(CSN-like complex)E ©]FL 0] GHHT (Wee et al,
2002). 71 7 842= CSN5/Rril ©]2]ell PCI domain
< ZE= CSNY/Rri2, CSN10, CSN123} MPN, PCI,
domain ©J= A% ZEA| = Gsilo] gEF oW, 7}
ZOoF eIF3Y subunite % FEE Aoz AZlEe=
CSN11/Pci8 5°] S AHoZ AR Uth(Maytal-
Kivity et al, 2002). J18]3l &%) ol& 4 L4}
Cullin/Cdc532] deneddylations Z43 4 53 CSN



4 HGH - o5zl
A&0 Z el = Rubl AA 2F dAo] human CSN
o2 35 F USS T3l Soka ] CSNo| A 7hAl
©] CSN complex®} 75802 ATkl AR AL Utk
(Wee et al., 2002).

CSN2 9] 7HAelA ME 7] 2 checkpoint 24
#oAsitiar 91s|Rbl 9J=d(Kato and  Yoneda-Kato,
2009), & A= CSN1(Caal)?} CSN2(Sgn2) subunit
o] S-phase=.0] Zl3hol| Sl FaslA 2RE&FHo] FHXh
(Mundt et al, 1999). CSNI-2 *-2- Chkl arrest attenuator
(Caal)ZA] L¢HF 2™ CSN1Z homology”} U5 T3]
AAl= CSN 78 QARA A EHIL Utk FEAR A,
CSN1 2 CSN2 A<= A|Eo A S-phaseZXA] ] Rgjo] |
Ago] TEF AL (Mundt et al., 1999), F7H2R] AFE
%) olzi0] DNA MFH T4ell FR5) Fee Tl
¢l Ribonucleotide reductase(RNR)2] Z&o| A2 o]F
o212 247 wWEdo] B AT (Liu et al, 2003). E
FHof|A] RNR Suc229} Cde22 522 ==, RNR
o] o]Folx|#H Suc220] 3 BIO Z fEr oo} 3}
ol AL FRO| ME F7] AR Spd1(S-phase
delayed)ol| ©J3ll #|3[Et}. S-phaseol] ©]2H Spd1 THi=
Y-S ol Suc229] MEAZO] o]Fo] o]FX|= A
Ak ld], CSN19] A2 spdl ©e] H)E dlo}
AE U F2& o]FaL Suc22E & ol MEEA oz
# A= RNR 84S 2AIAA S-phase 218 2HA] Hck
(Liu et al., 2003; Wei and Deng, 2003). 523t o]&1 &2
E0h e Aol el A HaEe
Z Yehdt). FEA|322] 7%=, antisense CSN6= #]2]
3192 W G2/M phase A7)0l AIE F7)7} A5E 84
o] Yeht=tl, olaigt 2= CSNY 7]50] AXE F7]
A} DA ARA0] Ues BoE. ol9ox Y
FWO| CSN1# CSN29°]| rad3, chkl, cdsl, cdc2.3w 52
& checkpoint & A= ] SAMHO|7T dod
) lethaldlal 7HwRd 22 Uvell 4 zEiAlE 4
oy}, DNA <% §lo]%= CSN1 Z<=0] checkpoint kinase,
Cds1®] &4& AFAIT= A2 2H5L CSNo|
checkpoint Z8ol|= FASIT= ZS HAFTH Mundt
et al., 1999; Wei and Deng, 2003). 1] HF3l|, Zola =0
= CSN-like complex T3¢9 EAHE =3t}
% UVY methyl-methane sulfate(MMS)¥} 2> DNA®]
s T JAE AsIE W Al Ad7ge] =3
AY UV Sl YIzEIAlE dEe #EEA] Gt
(Wee et al., 2002). ©]9} 22 &2 CSNo] HEFHo=z
cullin®]  deneddylations Z-3S 24 cullin wi7)<]
ubiquitin ligase®] S A= #A o]9d= Ax
7] 243} DNA &/l thigh 24 713 #ofsiar A
Tk o] o] BE G W HEH = AL oflgl=
A& dallEtt

o]2]ol| ZolFg oA CSN5, CSN9, CSN12 subunit®]

Z47y A HJS v, Hl2Ed] gk ko] Folx]HA
mating £&°| S7sh= d/do] HaE %l om HEo] Csil
S Al2J$+ CSN subunit A<= A3EZ2] 739 shmood] B4
o] FxlIgo] grsiltt. o9} 3 CSN ZH2H] subunits
FEE A)AFIS W], Cullin/Cde532] modification®l]=
HalF §la-S 53, slZEe tisk vks- 715l QloiA
CSN9] 932 cullin/Cdc539] modificationZF= H7)2]
IS & = U (Maytal-Kivity et al, 2002; Wei and
Deng, 2003). ®+E& 59| 73-F- Pcul(Cullinl), Pcu3(Cullin3),
Pcu4(Cullin4) 5°] cullin ®PA 24 L&A 2).°™ (Zhou
et al., 2001), 53] Pcu4®] 73-F- human Cullin4 *]3 DNA
&3l gk 24 71-3 B A=} dso] g
ATHLiu et al, 2005). ©]@] CSN Pcud ¥ DDB1 %
complexE ©F™ RNRE| SAAQI Spd1o] w4 #d
S 23O 24 S-phase @ DNA /g tfjgh 9k-&-& =
A Z0 7 AAR L Aokl &=t Far). Sota R 7
9% Cullin1/Cdc53, Cullin3, Rtt1013% 22 A+9] 7))k
homologyE Ho|:= cullin TS| gopgom, o] &
Rtt101°] human®] Cullin4 @&} homologys REITh
= Zo] YT (Zaidi et al., 2008). Rtt101<> human2]
DDB19 3¥3l= Mmsl 2 712 Solds Yehle
adaptor THHZAQ] Mms22 32 Crt107} CRL4 complexE
O] FOZM RNRES FHsal o]24 DNA 3 2 &4
7)ol BofE Ao oA Itk SRR L awsl
2], Aol= AFeRe] SoHaR] 73 DNA &%
3} BAT el T5E obiA Wad A
(Zaidi et al., 2008).

o]FE% FRX CSN2 cullin "I7H9] ubiquitin ligase
o] Bd& ek W, 2 cullin 2= A9 =
HollA] &= Agol] Q3 ofe] HHES AT Flo=
AT,

4, SZO|0IMC] COP9 signalosome

awel g FgoloAe] COPY signalosomes & T
Il MAS 237} FARSEE. Neurospora crassa®] 735
CSN8S A|2]3+ CSN1HE CSN77HA] 7709 subunitS 7}
A, 53] Aspergillus nidulans®] 7351 CSN1H-E] CSN8
(CsnAFE CsnH)7HA] 7391 7HA17F 28 =9 CSN
complex®] ®& 845 Zal Slse] Bt (Busch
et al., 2007).

N. crassa®l|X] CSN9] 7|55 B SCF™¢] Fgshet
4& FAA71AL o5 B3l Neurosporad] AAZES
ZATR= Zo] B3It (He et al, 2005). CSN =W
oI} FEEIRE 1) o] ANEL 71 ETAG B ¥
A7} ashe @do] AAEU=T, ofigh @S CSNo|
deneddylatons- &3 CRLS PSR CEH Neurospora
o] A AlA 28 SWAR] Frq(frequency)] 3lE o




O 7= A I d3o] X T (Braus et al., 2010).
TS T AT B3l CSN complex®] integrity”} ]
sk AA 25 287 vEo] wAR] A H EXje] W
Aol FasHA A&gth= Aol et (Zhou et al,
2012).

A. nidulansO| A= CSN ZA<=o] Wy} Axst Fsgo]9]
g Y-S sAd § 9dSo] Hal H Ao (Rodriguez-
Romero et al., 2010). ©]&°] FIRAA A. nidulanss
XA ascospore E Hulle cellS X &sh= A
(cleistothecia)S BAst= ¥bd, Wo| x4 o]2f3l &
/A2 o] AR =31 FAYXEAE AJ4FSh= condiophore
7} FAETE Aol g HTH B3 red light receptor®}
blue light receptors- 0|83t WS ZAA|F= Zo] &
# = (Purschwitz et al., 2008), CSN E1Ho] #5-2]
735 We AR o= He| fet dagle]
A F717F AREE Aol #EAE. o] gt ddS
M7} Z2k= CSN9] deneddylation 2ZFg2} A 2o &
3] CSN5(CsnE) @A U] EA)5k= JAMM domain®l] =
Aot dojd uff 12igk R F o] HoRtke A=
FE, CSN9| 43 o] Fgo] At FalIAd
Aoz JAAHA}. oe} Y&, A. nidulanso|X] CSN
subunit FAAES 247 A& AAS W 7] W W
7 AR o] FoIA|A] Kshe @] g wet A
A 99} v AR CsNol 7] W dAlo] Fa
s A-8-ehk= 1ARle] A4S E AT AT CSN A< o
FoA F2 AL g v AP BEE A o
S ddo] ok E ] CSNS HolFA W FEHT= A
< 53ll, CSN Z}7+9] 71sH ke 27138 CSN complex?]
PAo] o 23+ FEJo] 81Xt (Busch et al., 2007).
ol g FFoloA HAX= CSN EWele] 52 2
9] A5} v%- FARES & 5 Ao 94, AL nidulans
oAl Wi} Tt g e H2EAHH 28-Sk Psi
(precocious sexual inducer)®] Ev53¢F ALhS =3
Ha ole 8484 B TN oAFE AAsH Aot
2]1E2] CSN ERo]o| = SCF™el| 9]t 21E9f o}
2 g7to] okslEl= Ao] Bl H A} (Braus et al., 2010).
olF% wgolet A& BFE A= W, CsN2 HE
A B AAgE 2] AMS ZAgro 24 W vk )
Aol F9 AAE 2L Fiqlo] sl

A. nidulansd)|X] CSN S0l W Aol A o] A
#gto] ofe} o] xftAlg oLt DNA 7ol oJ$k =4
SHNME FAIE o713k}, oA AF3F CSN Z<=0]
op7lsl= I HeA AR 84S ox Al 2]
TAIKE AR Atk (Busch et al, 2004). 70| Wy}
O|ZFAF -2 CSNT ©] A1 2] antagonist?] velvet complex
(VelB/VeA/LaeA)oll 23l ZHHTh= Ao ¢4 A=,
O]= CSN complex®} SCF 280l o) Wl k3o vkg-3}
= velvet?] T8 Q4:Q1 VeA T &o] Baju= AU

218 wjAEof| A2 COPY signalosomed] &g+ 5

Bl Zold 7 Aok A7 velvet 27 Fgolol|xRt
s 848 Wo] Fojd o 2l5o] HARE, CSNS
29k= WIE Wol gl W ASEE QAEA JIAHIL
AUTH VeA TAL QlislEE whlEEA] BFEA L
+Hl, CSN 2180l o3t o] Thld o] Eali= o]t Qlit
3} FAo) o) vz Ao = F=5 31 U (Braus et al.,
2010).

CSN2 T=olu} 21&, Zulejitvto] oflg}, 98w
oAl DNA <743} #dSH ML F7|& 2HT ZoZ o
AR I Q=Y A. nidulansol| A =3 183 7)50] =
Ao Z Bl th(Lima et al., 2005). TFE A& AE-o)|A]
RHEHo] U= DNA AFA #Ael 523 RNR 34}
o] &7} A. nidulans| A= 8183 2™ RnrA9F RnsA7}
RNRE %o aH 7158 Z9o] HaxAt. CsnD
(CSN4) B! CsnE(CSN5)7} A<=% 7FlA] RnrA, RnsA
2 o] = ddolu DNA 7430] dolts
o & o WA 2838 Yehd 2352 CSNO|
DNA 4 B &4 24 715l 23 A=l s
©2ZM S-phase=9] XY % ME 715 3= As
AXFSHE}, BESF CSN4, CSN5 A2} cde2-related kinase
<1 NpkA 2 ATM/ATR checkpoint kinase®} homology”}
A= UsvB"H 3202 A Agsith= 2438 I
S=24), CSNO] checkpoint ZH% #AASTH= AS &
4~ It} (Fagundes et al, 2004; Lima et al, 2005). ¥FA,
I O E F30]Ql N. crassa®llAl= DNA £ 24 7133}
ATt CSNG] 715S A A BTt

Ao} 22 ARES 53l CSNS Fgo] Wd 3y Yl
A2F7), W9k, o] 2E R 2, o]
Al DRl o] AAES A= Bls

% % ok

5. 2 7HHI0IMCl Cop9 signalosome

CSN signalosome2 2]& HEoX constitutive photo-

morphogenic EHHO|ZHE 25 WHH ©]$(Zhou et al,
2001), CSN signalosome 21 447 2 gz} wjg-
A3 Bdslar 9)2-0] 44 B E AT} CSN5 siRNAS
A2)shA auxin AlS HEe] A& Kol g CSN3,
CSN6 I A A 2159 W} Aol FA|7F dojths
Bl v} At (Wang et al,, 2002). $H3 Arabidopsis®] CSN
ESAHCIES BE WA S wFaL vhet] o]
Sk @’Jo] DNA damage response &/J3}2 13+ G2 phase
29] Zlgio] FA A7 wFoletal HalEHA CSNZ
AE F719ke] WA IAIE R FH(Dohmann et al,
2008).

Efr FENAE CSN5 siRNA S FU3PA DNA repair
e FAE op|$th= AMde] 1% 13 (Groisman,
et al., 2003), 5=¢F CSN5 Z<=% mouse epithelial fibroblast
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cell*| A= CSN deneddylation /0] M3 /37 B3]
olgh= A7} CSN 202 Q3] o] A-eA] HE F7]
7} HE= o] BEE T (Yoshida et al, 2010). ©] &
2 Z3+= CSN complex”t A2 U} 7] 24 4 DNA &
7 el 83 7lss Skl Uvke AMEES BHolFal
ATk, Uvell gt &olut JA] @AY ZEH 22 <3|
FE5= DNA damage §H8-2 sensor kinaseQl ATR %
checkpoint kinase 1(Chk1)2] 4315 €0 7]=t] Chkl
9] QI4ksli= Rad9-Radl-Hus1(9-1-1) complex”} DNA®]
A3sh=Aol] ojEsitfal A )th(Hannss and Dubsiel,
2011). CSN5+= PCNA (proliferating cell nuclear antigen)
I Ak A 3 Al DNASH A4 ZAgsh= 9-1-1
complexd] #3815 FZ3Tha B E AT (Huang et al,
2007). o]}t ARE-2 CSN©] checkpoint 33}l 2544
02 #HASH= 9-1-1 complexs A3}l p53, Cdc25 X
TS9O 2 Cyclin-dependent kinase(Cdk) 52 &/J3}o]]
BEFS Fo2ZA ME F7] 283 vll$- DR Av
o] s ARkl Sl

UV 52= Q1% pyrimidine dimer 5] A& A= U]
nucelotide excision repair(NER) system®ll &J3l H-Et}h
(Hannss and Dubiel, 2011). CSN¢] A3 1§ NER¥} &4
A= o By HS 78] 2Ry el &
3] CullindE X331 = CRLAS FAHO=E Bol 27|
Hom, 1 o]f+= CRL4 7} DNA 7 % chromatin
remodeling 5l ZA A3 Aol UH(Jia et al,
2005). CSN©] NERS] AJ3}o] 7]od5l= 7]138 Yobrm,
DNA &40 Lol wf 1 7915 whaA A8k Al
A gEldo] pDB2E - ¢elA 3=dl DDB2= HERH
CRL4®] FA 840t} AfFo] Fo|R]A] ¢ K Ao
A= CSN©| CRL4™"9} A%, deneddylation AJ7|X|RE,
At UV A}=Fo] o)X DDB27} WEA] DNA £4%
Qo Ao ZA CSNI "olAA Hil CRI4™=
ubiquitin ligase=X4] 7]%58HA] o (Groisman et al., 2003).
CRL4+= DNA replication licensing factorl CDT1 +-3lI<Q!
2% 3], mitosis7} B F CDT1< replication
origin®l] £7] ¥]31 DNA £A71Q1 §7]of| ©]2ZH CRL4™"
FElEZ PCNA oE2o=® =A=Zniglo] Zgtsie] o]%
CDT1¢] &5 X3l &#x Uth(Higa et al,
2003). T3+ CRL4™™E= Histone4®] 2087 lys 74719
methylation®l] ¥ISH= set8 methylase & p212] 23}
&= fofshet], SrEAE olelet Eafl 2h8ell PCNAS
25 492 sfar 4eiA Aot Checkpoint 0% 3537}
Aol Cdc25A, Weel 59] 7)50] v =23 QQlo g
2rgsh=t| o] EF SCE™ ubiquitin ligasell ]3]
wal= SCP ™ m3F CSNol| 93t 2ES weth
(Bartek and Lukas, 2007). ©]24] DNA damage response
2 checkpoint 28| CSNO| T}t WHO 2 w9 Zl<
o] Tl 5] FAsH

6. =

CSN signalosome 2] BI04 Woj ojgt A& W
24 AA A4S BAE ofF kg N9 AR B 1
E5o] gl It CSN complext FHZ O =
26S proteasome?] lid =23} 7P fARH FES T8
A 2 =] Felieh B Bdo] e Wi, &
ShHo g Tl gl 7|43l elF3 complex2F=
FH4, 7154 #Ado] Eol H|FT. elF3 complex &
53] elF3e, elF3c, elF3h7} 7P &2 02 CsNHe| 2
o] B3 9]0 (Bech-Otschir et al., 2002), =3+ =
O}& %9l elF3e homologue?! Pci8e] 73-F-oll= Cullin
deneddylation ol Tregttar AT (Maytal-Kivity
et al., 2002). ©]2|gF Zy= I g o BeiE el
© T EJAE Alolol M= DA FAMS B 53
o] th= oA - FH|=E: BdolElal & 5 3o,
&% o] F o] AejshA dvkd Bl 2 THS B
T e FS AREA UIE FAT F US Aow A
Z}E ),

CSN complex= DNA damage, checkpoint response®]|
ofshs B2 T2 A= ddsh olge] &de =
HIth= ARdo] YA dses] A= de 2 1At
7} obd 8 A|lE F7] 2dAEA 9] o] E' =oA|
3 Aok, QIZk oM ME F7] - g A7 o
AT - Fo] 21 FokRA] Qlo] Hal =,
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K

Cop9 signalosome(CSN)2 3 A1& W 7ol A 9]
lof| oJgh AL 2 X ] A F-AAE A i

o1 olo] Tk A9 A% o)A v 2 BEo
o] GEAA =AU, o5 diF-E 8719] subunito
2 TAE™ 26S proteasome lid9} elF39} R0 2=
EE 7ISHoEE fFAMIS BERltal dEA ot o
2 53] Cullin-Ring ubiquitin ligases(CRL)S] 7 84
%l Cullin®] deneddylationS W75} ubiquitin ligase<]
S AT geA dor, T3 ME 7] 3

H

$0 i

d



checkpoint 280l Fsh}a B E Qi FEa Tl 7
9~ CSN1 B! CSN2 Z<= A EoA] S-phaseZ A1) Z18)o]
A A o] HFEJIL TP 22 Uvel F wizkeiA=
Fgo] FEA=E O] CSNO| checkpoint 2ol THAgth=
A% HelTlch. 39019) CN AF FEAOT US43
A WSS AT G5 AR, CSNol Al AlA
95, 9 A8t 28 AL, Fgolo] e 3 Bl A
2] F715 28] Ba= A}, B3 Aspergillus nidulans
o] 7% ZP7RAloA BodE DNA 3 2 &4, Al
7] ZAol|X 9] 750l dHAUA CSNS Fgo] AL
o B ofe) HYSL 2N ST AAYS &
T AU C|2A AEeld EfisE SolA EuHd
CSN9| F8 7|55 RN E tiit 33kl e
< 4 g i o]E0] CRLE B T ME &4 24
Tl F& E2A &8 5 2 AL Sl

= =

M =2

o] A7= st skl ofsf A A==

Bartek, J. and Lukas, J. 2007. DNA damage checkpoints: from
initiation to recovery or adaptation. Curr. Opin. Cell Biol. 19:
238-245.

Bech-Otschir, D., Seeger, M. and Dubiel, W. 2002. The COP9
signalosome: at the interface between signal transduction and
ubiquitin-dependent proteolysis. J. Cell Sci. 115:467-473.

Braus, G. H., Irniger, S. and Bayram, O. 2010. Fungal development
and the COP9 signalosome. Curr. Opin. Microbiol. 13:672-676.

Busch, S., Eckert, S. E., Krappmann, S. and Braus, G. H. 2004.
The COP9 signalosome is an essential regulator of
development in the filamentous fungus Aspergillus nidulans.
Mol. Microbiol. 49:717-730.

Busch, S., Schwier, E. U, Nahlik, K., Bayram, O., Helmstaedt, K.,
Draht, O. W,, Krappmann, S., Valerius, O., Lipscomb, W. N.
and Braus, G. H. 2007. An eight-subunit COP9 signalosome
with an intact JAMM motif is required for fungal fruit body
formation. Proc. Natl. Acad. Sci. USA 104:8089-8094.

Cope, G. A, Suh, G. S., Aravind, L., Schwarz, S. E., Zipursky, S.
L., Koonin, E. V. and Deshaies, R. J. 2002. Role of predicted
metalloprotease motif of Jabl/Csn5 in cleavage of Nedd8
from Cull. Science 298:608-611.

Dohmann, E. M., Levesque, M. P, De Veylder, L., Reichardt, L.,
Jurgens, G., Schmid, M. and Schwechheimer, C. 2008. The
Arabidopsis COP9 signalosome is essential for G2 phase
progression and genomic stability. Development 135:2013-
2022.

Fagundes, M. R,, Lima, J. E, Savoldi, M., Malavazi, I, Larson, R.
E., Goldman, M. H. and Goldman, G. H. 2004. The
Aspergillus nidulans npkA gene encodes a Cdc2-related
kinase that genetically interacts with the UvsBATR kinase.
Genetics 167: 1629-1641.

Fu, H,, Reis, N., Lee, Y., Glickman, M. H. and Vierstra, R. D.

218 w|AEof A COPY signalosome?] S+ 7

2001. Subunit interaction maps for the regulatory particle of
the 26S proteasome and the COP9 signalosome. EMBO J. 20:
7096-7107.

Fukumoto, A., Tomoda, K., Kubota, M., Kato, J. Y. and Yoneda-
Kato, N. 2005. Small Jabl-containing subcomplex is regulated
in an anchorage- and cell cycle-dependent manner, which is
abrogated by ras transformation. FEBS Lett. 579:1047-1054.

Fukumoto, A., Tomoda, K., Yoneda-Kato, N., Nakajima, Y. and
Kato, J. Y. 2006. Depletion of Jabl inhibits proliferation of
pancreatic cancer cell lines. FEBS Lett. 580:5836-5844.

Groisman, R., Polanowska, J., Kuraoka, I, Sawada, J., Saijo, M.,
Drapkin, R, Kisselev, A. E, Tanaka, K. and Nakatani, Y. 2003.
The ubiquitin ligase activity in the DDB2 and CSA complexes
is differentially regulated by the COP9 signalosome in
response to DNA damage. Cell 113:357-367.

Gusmaroli, G., Figueroa, P, Serino, G. and Deng, X. W. 2007.
Role of the MPN subunits in COP9 signalosome assembly
and activity and their regulatory interaction with Arabidopsis
Cullin3-based E3 ligases. Plant Cell 19:564-581.

Hannss, R. and Dubiel, W. 2011. COP9 signalosome function in
the DDR. FEBS Lett. 585: 2845-2852.

He, Q, Cheng, P. and Liu, Y. 2005. The COP9 signalosome
regulates the Neurospora circadian clock by controlling the
stability of the SCFFWD-1 complex. Genes Dev. 19:1518-1531.

Higa, L. A., Mihaylov, L. S., Banks, D. P,, Zheng, J. and Zhang, H.
2003. Radiation-mediated proteolysis of CDT1 by CUL4-
ROCI1 and CSN complexes constitutes a new checkpoint. Nat
Cell Biol. 5:1008-1015.

Huang, J., Yuan, H.,, Lu, C,, Liu, X., Cao, X. and Wan, M. 2007.
Jabl mediates protein degradation of the Rad9-Radl-Husl
checkpoint complex. J. Mol. Biol. 371:514-527.

Jackson, S. and Xiong, Y. 2009. CRL4s: the CUL4-RING E3
ubiquitin ligases. Trends Biochem. Sci. 34:562-570.

Jia, S., Kobayashi, R. and Grewal, S. 1. 2005. Ubiquitin ligase
component Cul4 associates with Clr4 histone methyltransferase
to assemble heterochromatin. Nat. Cell Biol. 7:1007-1013.

Kato, J. Y. and Yoneda-Kato, N. 2009. Mammalian COP9
signalosome. Genes Cells 14:1209-1225.

Kim, T., Hofmann, K., von Arnim, A. G. and Chamovitz, D. A.
2001. PCI complexes: pretty complex interactions in diverse
signaling pathways. Trends Plant Sci. 6:379-386.

Lima, J. E, Malavazi, I, von Zeska Kress Fagundes, M. R,
Savoldi, M., Goldman, M. H., Schwier, E., Braus, G. H. and
Goldman, G. H. 2005. The csnD/csnE signalosome genes are
involved in the Aspergillus nidulans DNA damage response.
Genetics 171:1003-1015.

Liu, C., Powell, K. A, Mundt, K, Wu, L, Carr, A. M. and
Caspari, T. 2003. Cop9/signalosome subunits and Pcu4 regulate
ribonucleotide reductase by both checkpoint-dependent and-
independent mechanisms. Genes Dev. 17:1130-1140.

Liu, C., Poitelea, M., Watson, A., Yoshida, S.-h., Shimoda, C.,
Holmberg, C., Nielsen, O. and Carr, A. M. 2005. Transactivation
of S. pombe cdt2+ stimulates a Pcu4-Ddb1-CSN ub ligase.
pdf. EMBO J. 24:3940-3951.

Lyapina, S., Cope, G., Shevchenko, A., Serino, G., Tsuge, T., Zhou,
C., Wolf, D. A., Wei, N. and Deshaies, R. J. 2001. Promotion
of NEDD-CUL1 conjugate cleavage by COP9 signalosome.
Science 292:1382-1385.

Maytal-Kivity, V., Piran, R, Pick, E, Hofmannl, K. and
Glickman, M. H. 2002. COP9 signalosome components play



8 v - ol51l

a role in the mating pheromone response of S. cerevisiae.
EMBO Rep. 3:1215-1221.

Maytal-Kivity, V., Piran, R., Pick, E., Hofmann, K. and Glickman,
M. H. 2002. COP9 signalosome components play a role in
the mating pheromone response of S. cerevisiae. EMBO Rep.
3:1215-1221.

Mundt, K. E,, Porte, J., Murray, J. M., Brikos, C., Christensen, P.
U,, Caspari, T,, Hagan, I. M., Millar, J. B. A,, Simanis, V. and
Hofmann, K. 1999. The COPp sig complex is conserved in
fission yeast and has a role in S phase. Curr. Biol. 9:1427-
1430.

Purschwitz, J., ller, S. M., Kastner, C., Schoser, M., Haas, H.,,
Espeso, E. A., Atoui, A., Calvo, A. M. and Fischer, R. 2008.
Functional and physical interaction of blue- and red-light
sensors in Aspergillus nidulans. Curr. Biol. 18:255-259.

Rodriguez-Romero, J., Hedtke, M., Kastner, C., Muller, S. and
Fischer, R. 2010. Fungi, hidden in soil or up in the air: light
makes a difference. Annu Rev. Microbiol. 64:585-610.

Seeger, M., Kraft, R., Ferrell, K., Bech-Otschir, D., Dumdey, R.,
Schade, R., Gordon, C., Naumann, M. and Dubiel, W. 1998.
A novel protein complex involved in signal transduction
possessing similarities to 26S proteasome subunits. FASEB J.
12:469-478.

Shackleford, T. J. and Claret, E X. 2010. JAB1/CSN5: a new player
in cell cycle control and cancer. Cell Div. 5:26.

Sullivan, J. A., Shirasu, K. and Deng, X. W. 2003. The diverse
roles of ubiquitin and the 26S proteasome in the life of
plants. Nat. Rev. Genet. 4948-958.

Tanguy, G., Drevillon, L., Arous, N., Hasnain, A., Hinzpeter, A.,
Fritsch, J., Goossens, M. and Fanen, P. 2008. CSN5 binds to
misfolded CFTR and promotes its degradation. Biochim.
Biophys. Acta 1783:1189-1199.

Tian, L., Peng, G., Parant, ]. M., Leventaki, V., Drakos, E., Zhang,
Q., Parker-Thornburg, J., Shackleford, T. J., Dai, H. and Lin,
S. Y. 2010. Essential roles of Jabl in cell survival, spontaneous
DNA damage and DNA repair. Oncogene 29:6125-6137.

Tomoda, K., Kubota, Y., Arata, Y., Mori, S., Maeda, M., Tanaka,
T., Yoshida, M., Yoneda-Kato, N. and Kato, J. Y. 2002. The
cytoplasmic shuttling and subsequent degradation of p27Kipl
mediated by Jabl/CSN5 and the COP9 signalosome complex.
J. Biol. Chem. 277:2302-2310.

Uhle, S., Medalia, O., Waldron, R., Dumdey, R., Henklein, P,
Bech-Otschir, D., Huang, X., Berse, M., Sperling, J. and
Schade, R. 2003. Protein kinase CK2 and protein kinase D
are associated with the COP9 signalosome. EMBO J. 22:1302-
1312.

Vierstra, R. D. 2003. The ubiquitin/26S proteasome pathway, the
complex last chapter in the life of many plant proteins. Trends
Plant Sci. 8:135-142.

von Arnim, A. G. 2003. On again-off again: COP9 signalosome
turns the key on protein degradation. Curr. Opin. Plant Biol.
6:520-529.

Wang, X., Kang, D., Feng, S., Serino, G., Schwechheimer, C. and
Wei, N. 2002. CSN1 N-terminal-dependent activity is required
for Arabidopsis development but not for Rubl/Nedd8
deconjugation of cullins: a structure-function study of CSN1
subunit of COP9 signalosome. Mol. Biol. Cell 13:646-655.

Wee, S., Hetfeld, B., Dubiel, W. and Wolf, D. A. 2002.
Conservation of the COP9 signalosome in budding yeast.
BMC Genetics. 3:15.

Wei, N. and Deng, X. W. (2003). The COP9 signalosome. Annu
Rev. Cell Dev. Biol. 19:261-286.

Wei, N., Chamovitz, D. A. and Deng, X. W. 1994. Arabidopsis
COP9 is a component of a novel signaling complex
mediating light control of development. Cell 78:117-124.

Wei, N., Serino, G. and Deng, X. W. 2008. The COP9 signalosome:
more than a protease. Trends Biochem. Sci. 33:592-600.

Wei, Z., Zhang, P, Zhou, Z., Cheng, Z., Wan, M. and Gong, W.
2004. Crystal structure of human eIF3Kk, the first structure of
elF3 subunits. J. Biol. Chem. 279:34983-34990.

Welcker, M. and Clurman, B. E. 2008. FBW7 ubiquitin ligase: a
tumour suppressor at the crossroads of cell division, growth
and differentiation. Nat. Rev. Cancer 8:83-93.

Yoshida, A., Yoneda-Kato, N., Panattoni, M., Pardi, R. and Kato, J.
Y. 2010. CSN5/Jabl controls multiple events in the mammalian
cell cycle. FEBS Lett. 584:4545-4552.

Zaidi, I. W,, Rabut, G., Poveda, A., Scheel, H., Malmstrom, J.,
Ulrich, H., Hofmann, K., Pasero, P, Peter, M. and Luke, B.
2008. Rtt101 and Mmsl in budding yeast form a CUL4
(DDB1)-like ubiquitin ligase that promotes replication
through damaged DNA. EMBO Rep. 9:1034-1040.

Zheng, J., Yang, X., Harrell, J. M., Ryzhikov, S., Shim, E. H.,
Lykke-Andersen, K., Wei, N., Sun, H., Kobayashi, R. and
Zhang, H. 2002. CANDI binds to unneddylated CUL1 and
regulates the formation of SCF ubiquitin E3 ligase complex.
Mol. Cell 10:1519-1526.

Zhou, C., Seibert, V., Geyer, R., Rhee, E., Lyapina, S., Cope, G.,
Deshaies, R. J. and Wolf, D. A. 2001. The fission yeast COP9
signalosome is involved in cullin modofication by ub-related
Ned8p. BMC Biochem. 2: 7.

Zhou, C., Arslan, F, Wee, S., Krishnan, S., Ivanov, A. R., Oliva,
A., Leatherwood, J. and Wolf, D. A. 2005. PCI proteins eIF3e
and elF3m define distinct translation initiation factor 3
complexes. BMC Biol. 3:14.

Zhou, Z., Wang, Y., Cai, G. and He, Q. 2012. Neurospora COP9
signalosome integrity plays major roles for hyphal growth,
conidial development, and circadian function. PLoS Genet. 8:
€1002712.




<<
  /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 <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


