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Abstract. Members of the inhibitor of apoptosis protein (IAP) family are key
regulators of apoptosis as they bind and inhibit caspases and other pro-apoptotic
factors. Recent findings suggest that these proteins play additional roles, e.g., in
cell cycle regulation, angiogenesis, and carcinogenesis. Here, we review the
function of BRUCE (BIR repeat-containing ubiquitin-conjugating enzyme), an
unusual 528-kDa IAP with ubiquitin ligase activity, and describe its role in
apoptosis and cytokinesis. Additionally, we discuss how these seemingly un-
related functions might be linked.
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1 Apoptosis Regulation by Inhibitor
of Apoptosis Proteins

Programmed cell death, or apoptosis, is driven by proteases of the cas-
pase family, which initiate and execute cell death by cleaving crucial
cellular proteins (Salvesen and Duckett 2002). Caspases can be inhib-
ited by so-called BIRPs, proteins that harbor baculovirus inhibitor of
apoptosis repeats (BIRs). BIRPs also protect cells from apoptosis by
ubiquitylation and degradation of pro-apoptotic factors (Verhagen et al.
2001). The BIR domain represents a zinc-binding fold of approximately
70 amino acids harboring a CX2CX6WX3DX5HX6C consensus se-
quence (Hinds et al. 1999). Notably, linker sequences at the boundaries
of BIR domains have been shown to bind to activated caspases, thereby
sterically preventing access to substrates (Riedl et al. 2001; Huang et al.
2001; Chai et al. 2001).

In mammalian cells, after loss of mitochondrial integrity, apoptosis-
inducing factors such as Smac and the serine protease HtrA2 are re-
leased through permeability transition pores. These factors can bind to
BIRPs via a short N-terminal sequence on the same surfaces where cas-
pases bind. This results in a competition of Smac/HtrA2 and caspases
for BIRP binding. Therefore, as soon as the cytoplasmic concentration
of Smac/HtrA2 rises above a critical level, caspases are relieved from
repression by BIRPs and can initiate apoptosis (Ditzel and Meier 2002).

2 BRUCE Is a Cell Death Regulator

BIRPs of the IAP class usually contain several BIR domains and
a C-terminal RING finger domain, which endows the protein with E3
ubiquitin ligase activity. BRUCE is an unusual BIRP/IAP because of
its enormous size (528 kDa) and the presence of a single N-terminally
located BIR domain and a C-terminally located ubiquitin-conjugating
enzyme (UBC) domain. BRUCE was discovered in a screen using de-
generate primers for ubiquitin-conjugating (UBC) enzymes (the E2 en-
zymes of the ubiquitin-conjugation pathway) (Hauser 1992). In vitro
BRUCE can form a thioester with ubiquitin and can transfer ubiqui-
tin to substrate proteins, demonstrating that it functions as a chimeric
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E2/E3 ubiquitin ligase (Hauser et al. 1998; Bartke et al. 2004; Hao et al.
2004). Cell fractionation and membrane flotation experiments revealed
that BRUCE is a peripheral, membrane-associated protein (Bardroff
1997). Furthermore, BRUCE was found to localize mainly to the TGN
and perinuclear vesicles. It was also reported that cancer cells express-
ing high levels of BRUCE are resistant to apoptosis-inducing agents,
and that conversely downregulation of BRUCE results in sensitivity to
these agents (Chen et al. 1999).

The anti-apoptotic function of BRUCE is well studied in Drosophila.
The BRUCE homolog, dBRUCE, was found to inhibit apoptosis when
executed by the Smac/HtrA2-related pro-apoptotic factors Reaper and
Grim, but not Hid (Vernooy et al. 2002), suggesting that dBRUCE plays
a more specialized role in cell death regulation. Indeed, dBRUCE is
crucial for the regulation of the concluding step of spermatogenesis in
Drosophila when spermatids remove their bulk cytoplasm during sper-
matid individualization. This process is accompanied by an apoptosis-
like caspase activation, which has to be locally and temporally restricted
(Arama et al. 2003). Strikingly, in dbruce–/– flies, which are male ster-
ile, spermatids acquire hypercondensed nuclei and finally degenerate,
indicating uncontrolled apoptosis. During spermatid individualization
dBRUCE was shown to interact with a testis-specific multisubunit
ubiquitin ligase complex (Arama et al. 2007). dBRUCE directly binds
to the substrate-recruiting subunit Klhl10 of this ligase complex com-
posed of Cullin-3 and Roc1b. Notably, the Cul3/Roc1b/Klhl10 complex
is required for the transient caspase activation in fly testis, and therefore
probably also for dBRUCE degradation.

In mammalian cells, BRUCE functions as a typical inhibitor of apop-
tosis protein (Bartke et al. 2004; Hao et al. 2004). It can bind and inhibit
activated initiator caspases-8 and -9 and executioner caspases-3, -6, and
-7. Furthermore, both Smac and HtrA2 are able to compete for BRUCE-
bound caspases. Interestingly, BRUCE is also a substrate of caspases
and the serine protease HtrA2, pointing to a role in regulating apoptosis
at early stages when proteolytic activity mediated by these enzymes is
still low. Furthermore, BRUCE can ubiquitylate both Smac and HtrA2
and probably also caspase-9, a caspase initiating apoptosis after mito-
chondrial permeabilization (Bartke et al. 2004; Hao et al. 2004). Al-
though only a monoubiquitylation on the substrate Smac was observed
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in vitro, BRUCE might collaborate with other E3 ligases for polyubiq-
uitylation and proteasomal degradation. This is likely also the case for
other BRUCE substrates such as HtrA2 or caspases. However, since
BRUCE is localized in interphase cells mainly to the TGN in interphase
cells and endosomes, its anti-apoptotic activity is most likely restricted
to these sites (Hauser et al. 1998). Notably, BRUCE is also downregu-
lated by the ubiquitin-proteasome system. Nrdp1/FLRF, a RING finger-
containing ubiquitin ligase initially found to be involved in the degra-
dation of the receptor tyrosine kinases ErbB3/4 (Diamonti et al. 2002;
Qiu and Goldberg 2002), can act as a ubiquitin ligase for BRUCE, lead-
ing to its proteasome-dependent degradation (Qiu et al. 2004). Nrdp1
also interacts with a deubiquitlyating enzyme USP8 (UBPY) (Wu et al.
2004), a cysteine protease with the highest similarity to yeast Doa4.
USP8 is implicated in cell cycle regulation, downregulation of the EGF
receptor, and the regulation of the ESCRT (endosomal sorting complex
required for transport) components Hrs and STAM (Clague and Urbé,
2006). Depletion of USP8 leads to an increase in the size and number
of multivesicular bodies (MVBs) and an accumulation of ubiquitin on
their surface (Row et al. 2006). Figure 1 illustrates the interaction of
BRUCE with some of its binding partners.

3 Regulation of Cytokinesis

Besides apoptosis regulation, some BIRPs such as survivin (Li et al.
1999) and cIAP1 (Samuel et al. 2005) also participate in cell cycle
events and cytokinesis. Survivin is a 17-kDa protein, which harbors
an N-terminal BIR domain (which resembles the BIR of BRUCE) and
a C-terminal coiled-coil domain. It is a core component of the chromo-
somal passenger complex and is hence essential for cytokinesis. Simi-
lar to BRUCE, survivin can firmly associate with Smac but shows only
limited potential in inhibiting caspases in vivo (Song et al. 2003; Banks
et al. 2000).

cIAP1, a predominantly nuclear protein in interphase, has recently
been shown to participate in cell cycle regulation as well (Samuel et al.
2005). After nuclear reaccumulation in telophase, a small pool of cIAP1
associates with the midbody in a complex with survivin. Cells over-
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Fig. 1. Protein interaction network of BRUCE. Schematic diagram depicting
the multifunctional BRUCE (alias Apollon or BIRC6), the RING E3-ligase
Nrdp1 (alias FLRF or RNF41), and the de-ubiquitylating enzyme USP8 (alias
UBPY). The domain architectures and sizes (in amino acids) of the proteins
are shown. Protein–protein interactions are indicated. tryp trypsin domain, CC
coiled-coil, MIT domain in microtubule interacting and trafficking proteins, BIR
baculovirus inhibitor of apoptosis repeat, UBC ubiquitin conjugating enzyme
domain, ESCRT endosomal sorting complex required for transport

expressing cIAP1 exhibit an accumulation in G2/M, grow slower, and
exhibit cytokinesis defects.

Interestingly, BRUCE-knockout mice die perinatally not because of
apoptosis induction, but rather impaired placental development, which
can be attributed to insufficient differentiation (Lotz et al. 2004). In-
deed, we recently discovered that BRUCE, besides its role in apoptosis
regulation, is a novel player of cytokinesis and central for abscission
(Pohl and Jentsch 2008).

Cytokinesis is the final step of cell division in which daughter cells
physically separate. The earliest discernible event during this process
is the formation of a cortical actomyosin ring. Constriction of this ring
leads to furrowing that generates a narrow intercellular bridge. Con-
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comitantly with furrow ingression, another cytokinesis-specific struc-
ture, the midbody, assembles by bundling of spindle-midzone micro-
tubules. In the midpoint of the intercellular bridge that results from
furrowing, midbody microtubules embrace a phase-dense circular struc-
ture called the midbody ring (also called the Flemming body). Finally,
during abscission, the tubular bridge is cleaved and two daughter cells
are formed.

Recent work demonstrated that the midbody serves as a rigid but dy-
namic platform on which different processes that drive cytokinesis con-
verge, e.g., kinase signaling, degradation of cell cycle regulators, rear-
rangements of membranes and of the cytoskeleton. It became clear that
traffic-regulating GTPases, such as Arf1, Arf6, and Rab11, play an im-
portant role in cytokinesis (Albertson et al. 2005). These proteins seem
to cooperate with the multisubunit exocyst membrane-targeting com-
plex to deliver endosomal vesicles to the site of abscission. Interestingly,
a proportion of vesicles seem to arrive at the midbody ring chiefly from
only one of the prospective daughter cells (Gromley et al. 2005), sug-
gesting an intrinsic asymmetric element in cytokinesis. Besides these
proteins, only a few additional components required for membrane re-
modeling at the midbody are currently known. One such factor is centri-
olin, a protein that binds to the maternal centriole and is needed for the
proper localization of the exocyst complex to the midbody ring (Grom-
ley et al. 2005).

Previous studies also point to a role of ubiquitylation and protea-
somal activity in cytokinesis regulation (Pines 2006). Notably, com-
ponents of the ubiquitin–proteasome system are concentrated at mid-
bodies (Grenfell et al. 1994; Wojcik et al. 1995), and several proteins
that are crucial regulators of mitosis (e.g., the chromosomal passenger
proteins aurora B and survivin, Polo-like kinase 1 (Plk1), and the actin-
associated protein anillin) are degraded during cytokinesis (Pines 2006).
Hence, the activity of the proteasome also seems to be important after
anaphase onset. Interestingly, combined inhibition of Cdk1 and protea-
somes with a subsequent release of inhibition in late cytokinesis can
revert cells into a presumably pre-anaphase state (Potapova et al. 2006).
Since the ubiquitin-controlled ESCRT pathway is also necessary for ab-
scission (Carlton and Martin-Serrano 2007), nonproteolytic functions of
ubiquitin play a role in late cytokinesis as well.



Regulation of Apoptosis and Cytokinesis 121

4 Final Stages of Cytokinesis Are Controlled by BRUCE

During cytokinesis, BRUCE localizes to the midbody ring where it
binds mitotic regulators and components of the vesicle-targeting ma-
chinery (Pohl and Jentsch 2008). Localization to the midbody ring de-
pends on a targeting domain in BRUCE (MTD) that comprises approx-
imately 150 amino acids. This domain can mediate direct interactions
with the midbody ring resident mitotic kinesin-like protein 1 (MKLP1).
Analysis of cells that overexpress this targeting domain (which acts as
a dominant-negative BRUCE construct specific for this localization),
or cells that were treated with BRUCE-specific siRNAs, revealed that
BRUCE is involved in the delivery of membranes to the site of ab-
scission. Thus, the phenotypes that occur upon BRUCE depletion are
most likely caused by a failure of membrane delivery and defective re-
cruitment of mitotic regulators to the midbody ring. Notably, these phe-
notypes resemble those caused by centriolin depletion (Gromley et al.
2005; see above).

Several regulators of vesicular trafficking associate with the N-ter-
minal region of BRUCE, including the GTPases Rab8/Rab11 and com-
ponents of the exocyst (Fig. 2). Notably, BRUCE relocalizes during cell
division, which appears to be driven by vesicle movements along micro-
tubules. The majority of these vesicular structures where BRUCE local-
izes are large pleiomorphic traffic intermediates (Peränen et al. 1996;
Urbé et al. 1993). In interphase cells, BRUCE localizes to the TGN and
tubular/recycling endosomes, but during cytokinesis, a fraction travels
to the midzone where it arrives specifically at the midbody. Notably,
BRUCE associates with the midbody ring concomitant with its appear-
ance in telophase, travels after completed abscission into one daughter
cell together with the midbody ring, and remains bound to the discarded
midbody ring until it dissolves.

BRUCE depletion also leads to cytokinesis-coupled apoptosis and
the formation of elongated syncytia. Remarkably, in HeLa cells,
BRUCE depletion leads to apoptosis precisely when the dividing cells
attempt abscission. It should be noted, however, that BRUCE deple-
tion in other cell types than HeLa did not induce cytokinesis-associated
apoptosis but variable failures in cytokinesis. It is thus likely that cyto-
kinesis-associated apoptosis might be restricted to cell types that require
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Fig. 2. BRUCE as a protein-binding platform at the midbody ring. BRUCE
physically links membrane targeting and midbody ring components. In addition,
it might also ubiquitylate proteins of the midbody ring. The complex of MKLP1
and MgcRacGAP is described as centralspindlin. BIR baculovirus inhibitor of
apoptosis repeat, UBC ubiquitin-conjugating enzyme domain, Ub ubiquitin

specialized IAPs or a balanced ratio of different IAPs during cytokine-
sis such as HeLa cells (Crnkovic-Mertens et al. 2006). Indeed, BRUCE
is part of a mixed BIRP/IAP complex with survivin, suggesting that
they cooperate in apoptosis regulation. BRUCE not only co-localizes
with survivin at the midzone and physically interacts with this BIRP, but
also monoubiquitylates the protein in vitro. This suggests that BRUCE
might trigger survivin degradation or that ubiquitylation might control
midbody dynamics.

Intriguingly, cytokinesis is accompanied by a dramatic relocaliza-
tion of ubiquitin. Ubiquitin first appears as striking ball-like accumu-
lations flanking the midbody ring symmetrically. Then, after a period
of perceptible absence, ubiquitin reappears directly on the midbody
ring (Pohl and Jentsch 2008). Fluorescence redistribution after photo-
bleaching (FRAP) experiments showed that ubiquitin on the midbody
ring is very static, suggesting that midbody ring ubiquitylation occurs
only once per cell cycle, possibly because it plays a structural role.
The crucial substrates for ubiquitylation are currently unknown, but
BRUCE and MKLP1 are ubiquitylated in vivo. Moreover, USP8, which
associates with BRUCE and the midbody ring, may function as their
deubiquitylating enzyme. Remarkably, partial BRUCE depletion inter-
feres with the ubiquitin dynamics at the midbody (Pohl and Jentsch
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2008), suggesting that BRUCE may directly participate in the observed
ubiquitylation events.

5 Conclusion

The midbody ring represents a unique cellular structure (about 1.5 µm
in diameter) which requires several processes for abscission to con-
verge. BRUCE appears to be an integral part of the ring and is re-
quired for its normal formation and integrity. Since the midbody ring is
densely ubiquitylated and BRUCE possesses E2/E3 ubiquitin ligase ac-
tivity (Bartke et al. 2004), it seems likely that BRUCE’s ubiquitylation
activity is directly involved in midbody ring function or integrity. Fur-
thermore, BRUCE also functions as an anti-apoptotic IAP, suggesting
that the observed cytokinesis-associated apoptosis of BRUCE-depleted
HeLa cells is a direct consequence of its absence. This suggests that
BRUCE, through the combination of different activities and binding
sites, is ideally suited to coordinate multiple functions during cytoki-
nesis. It remains to be seen how this "molecular Swiss army knife" co-
ordinates cytokinesis events at the molecular level and what the crucial
substrates are.

References
Albertson R, Riggs B, Sullivan W (2005) Membrane traffic: a driving force in

cytokinesis. Trends Cell Biol 15:92–101
Arama E, Agapite J, Steller H (2003) Caspase activity and a specific cytochrome

C are required for sperm differentiation in Drosophila. Dev Cell 4:687–697
Arama E, Bader M, Rieckhof GE, Steller H (2007) A ubiquitin ligase complex

regulates caspase activation during sperm differentiation in Drosophila.
PLoS Biol 5:e251

Banks DP, Plescia J, Altieri DC, Chen J, Rosenberg SH, Zhang H, Ng SC (2000)
Survivin does not inhibit caspase-3 activity. Blood 96:4002–4003

Bardroff M (1997) Charakterisierung eines neuartigen Proteins der Maus mit
Homologie zu Ubiquitin-Konjugationsenzymen und Apoptose-Inhibitoren.
Eberhard-Karls-Universität, Tübingen

Bartke T, Pohl C, Pyrowolakis G, Jentsch S (2004) Dual role of BRUCE as an
antiapoptotic IAP and a chimeric E2/E3 ubiquitin ligase. Mol Cell 14:801–
811



124 C. Pohl, S. Jentsch

Carlton JG, Martin-Serrano J (2007) Parallels between cytokinesis and retrovi-
ral budding: a role for the ESCRT machinery. Science 316:1908–1912

Chai J, Shiozaki E, Srinivasula SM, Wu Q, Datta P, Alnemri ES, Shi Y (2001)
Structural basis of caspase-7 inhibition by XIAP. Cell 104:769–780

Chen Z, Naito M, Hori S, Mashima T, Yamori T, Tsuruo T (1999) A human
IAP-family gene, apollon, expressed in human brain cancer cells. Biochem
Biophys Res Commun 264:847–854

Clague MJ, Urbé S (2006) Endocytosis: the DUB version. Trends Cell Biol
16:551–559

Crnkovic-Mertens I, Semzow J, Hoppe-Seyler F, Butz K (2006) Isoform-spe-
cific silencing of the Livin gene by RNA interference defines Livin beta as
key mediator of apoptosis inhibition in HeLa cells. J Mol Med 84:232–240

Diamonti AJ, Guy PM, Ivanof C, Wong K, Sweeney C, Carraway KL 3rd (2002)
An RBCC protein implicated in maintenance of steady-state neuregulin re-
ceptor levels. Proc Natl Acad Sci U S A 99:2866–2871

Ditzel M, Meier P (2002) IAP degradation: decisive blow or altruistic sacrifice?
Trends Cell Biol 12:449–452

Grenfell SJ, Trausch-Azar JS, Handley-Gearhart PM, Ciechanover A, Schwartz
AL (1994) Nuclear localization of the ubiquitin-activating enzyme, E1, is
cell-cycle-dependent. Biochem J 300:701–708

Gromley A, Yeaman C, Rosa J, Redick S, Chen CT, Mirabelle S, Guha M, Sil-
libourne J, Doxsey SJ (2005) Centriolin anchoring of exocyst and SNARE
complexes at the midbody is required for secretory-vesicle-mediated ab-
scission. Cell 123:75–87

Hao Y, Sekine K, Kawabata A, Nakamura H, Ishioka T, Ohata H, Katayama R,
Hashimoto C, Zhang X, Noda T, Tsuruo T, Naito M (2004) Apollon ubiqui-
tinates SMAC and caspase-9, and has an essential cytoprotection function.
Nat Cell Biol 6:849–860

Hauser H (1992) Charakterisierung von UbcM1, einem Vertreter einer neuen
Klasse von Ubiquitin-Konjugationsenzmyen in Vertebraten. Eberhard-
Karls-Universität, Tübingen

Hauser HP, Bardroff M, Pyrowolakis G, Jentsch S (1998) A giant ubiquitin-
conjugating enzyme related to IAP apoptosis inhibitors. J Cell Biol 141:
1415–1422

Hinds MG, Norton RS, Vaux DL, Day CL (1999) Solution structure of a bac-
uloviral inhibitor of apoptosis (IAP) repeat. Nat Struct Biol 6:648–651

Huang Y, Park YC, Rich RL, Segal D, Myszka DG, Wu H (2001) Structural
basis of caspase inhibition by XIAP: differential roles of the linker versus
the BIR domain. Cell 104:781–790



Regulation of Apoptosis and Cytokinesis 125

Li F, Ackermann EJ, Bennett CF, Rothermel AL, Plescia J, Tognin S, Villa A,
Marchisio PC, Altieri DC (1999) Pleiotropic cell-division defects and apop-
tosis induced by interference with survivin function. Nat Cell Biol 1:461–
466

Lotz K, Pyrowolakis G, Jentsch S (2004) BRUCE, a giant E2/E3 ubiquitin lig-
ase and inhibitor of apoptosis protein of the trans-Golgi network, is re-
quired for normal placenta development and mouse survival. Mol Cell Biol
24:9339–9350

Peränen J, Auvinen P, Virta H, Wepf R, Simons K (1996) Rab8 promotes polar-
ized membrane transport through reorganization of actin and microtubules
in fibroblasts. J Cell Biol 135:153–167

Pines J (2006) Mitosis: a matter of getting rid of the right protein at the right
time. Trends Cell Biol 16:55–63

Pohl C, Jentsch S (2008) Final stages of cytokinesis and midbody ring formation
are controlled by BRUCE. Cell 132:832–845

Potapova TA, Daum JR, Pittman BD, Hudson JR, Jones TN, Satinover DL,
Stukenberg PT, Gorbsky GJ (2006) The reversibility of mitotic exit in ver-
tebrate cells. Nature 440:954–958

Qiu XB, Goldberg AL (2002) Nrdp1/FLRF is a ubiquitin ligase promoting ubiq-
uitination and degradation of the epidermal growth factor receptor family
member, ErbB3. Proc Natl Acad Sci U S A 99:14843–14848

Qiu XB, Markant SL, Yuan J, Goldberg AL (2004) Nrdp1-mediated degradation
of the gigantic IAP, BRUCE, is a novel pathway for triggering apoptosis.
EMBO J 23:800–810

Riedl SJ, Renatus M, Schwarzenbacher R, Zhou Q, Sun C, Fesik SW, Lidding-
ton RC, Salvesen GS (2001) Structural basis for the inhibition of caspase-3
by XIAP. Cell 104:791–800

Row PE, Prior IA, McCullough J, Clague MJ, Urbe S (2006) The ubiquitin
isopeptidase UBPY regulates endosomal ubiquitin dynamics and is essen-
tial for receptor down-regulation. J Biol Chem 281:12618–12624

Salvesen GS, Duckett CS (2002) IAP proteins: blocking the road to death’s
door. Nat Rev Mol Cell Biol 3:401–410

Samuel T, Okada K, Hyer M, Welsh K, Zapata JM, Reed JC (2005) cIAP1
Localizes to the nuclear compartment and modulates the cell cycle. Cancer
Res 65:210–218

Song Z, Yao X, Wu M (2003) Direct interaction between survivin and Smac/
DIABLO is essential for the anti-apoptotic activity of survivin during taxol-
induced apoptosis. J Biol Chem 278:23130–23140

Urbé S, Huber LA, Zerial M, Tooze SA, Parton RG (1993) Rab11, a small
GTPase associated with both constitutive and regulated secretory pathways
in PC12 cells. FEBS Lett 334:175–182



126 C. Pohl, S. Jentsch

Verhagen AM, Coulson EJ, Vaux DL (2001) Inhibitor of apoptosis proteins and
their relatives: IAPs and other BIRPs. Genome Biol 2:REVIEWS3009

Vernooy SY, Chow V, Su J, Verbrugghe K, Yang J, Cole S, Olson MR, Hay BA
(2002) Drosophila Bruce can potently suppress Rpr- and Grim-dependent
but not Hid-dependent cell death. Curr Biol 12:1164–1168

Wojcik C, Paweletz N, Schroeter D (1995) Localization of proteasomal anti-
gens during different phases of the cell cycle in HeLa cells. Eur J Cell Biol
68:191–198

Wu X, Yen L, Irwin L, Sweeney C, Carraway KL 3rd (2004) Stabilization of
the E3 ubiquitin ligase Nrdp1 by the deubiquitinating enzyme USP8. Mol
Cell Biol 24:7748–57



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


