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Abstract: The repetitive heptads in the C-terminal domain
(CTD) of RPB1, the largest subunit of RNA Polymerase II (Pol
II), play a critical role in the regulation of Pol II-based
transcription. Recent findings on the structure of the CTD in
the pre-initiation complex determined by cryo-EM and
the novel phase separation properties of key transcription
components offers an expanded mechanistic interpretation
of the spatiotemporal distribution of Pol II during tran-
scription. Current experimental evidence further suggests
an exquisite balance between CTD’s local structure and an
array ofmultivalent interactions that drive phase separation
of Pol II and thus shape its transcriptional activity.
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1 Introduction

RNA Polymerase II (Pol II) executes the synthesis of DNA into
RNA in eukaryotic cells. The activity of Pol II during tran-
scription is intimately related with the post-translational
modifications (PTMs) of the C-terminal domain (CTD) of its
largest protein unit, the RNA polymerase subunit B1 (RPB1)
(Figure 1A) (Eick and Geyer 2013; Zaborowska et al. 2016). In
different organisms the length of the CTD varies from 52
repeats in humans to 26 repeats in Saccharomyces cerevisiae.
The N-terminal half of the human CTD closely resembles the
sequence from yeast CTD while the C-terminal half is less

conserved. However, while the CTD is generally well
conserved, the associated phase separation is affected by
CTD length and composition (Lu et al. 2019), potentially due
to changes in multivalent interactions (Boehning et al. 2018).
Increasing evidence further suggests that the role of the CTD
in transcription is determined by the well-stablished pat-
terns of PTMs, coining the “CTD code” (Eick and Geyer 2013),
in combination with the ability of this intrinsically disor-
dered region to undergo phase separation and drive the
clustering of Pol II. Herewewill review thefindings reported
for the CTD during the last four years focusing on the
structural properties of the CTD inside the pre-initiation
complex and the contribution of CTD phase separation to
eukaryotic gene transcription.

2 CTD sequence and PTMs

The CTD is a low complexity domain comprising multiple
repetitions of the consensus heptad Y1S2P3T4S5P6S7
(Figure 1B) (Eick and Geyer 2013; Zaborowska et al. 2016).
The high proline content is linked to the presence of serine/
proline-motifs, which are a preferred substrate for cyclin-
dependent kinases (CDKs) which phosphorylate serine or
threonine residues. The CTD structure changes in response
to phosphorylation or other PTMs that occur in the CTD
(Figure 1C) (Zhang and Corden 1991). Pol II phosphorylated
at Ser5 in the consensus CTD is more concentrated near the
promoter, while phosphorylation at Ser2 is connected to
elongation, and Ser7 in the consensus CTD repeat might be
phosphorylated or glycosylated. Ser5 and Thr4 of the hep-
tad repeat may also be glycosylated, while Lys7 or Arg7 in
non-consensus repeats are sites for acetylation, methyl-
ation, and ubiquitination. These specific patterns of PTMs
have led to the creation of the term “CTD code”.

Mutagenesis studies on CTD demonstrated the impor-
tance of its amino acid composition (West and Corden 1995).
More details of particular amino acids and positions in the
heptad were demonstrated, recently. For instance, Tyr1,
Ser2 and Thr4 are required for efficient termination and for
Pol II pausing at the 5′ end of genes (Collin et al. 2019). Tyr1
is important for substrate recognition by CDK7 (Ramani
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et al. 2020) and phosphorylation of Ser2 by P-TEFb (Mayfield
et al. 2019). Phosphorylation of Tyr1 by c-Abl also promotes
synthesis of strand-specific, damage-responsive tran-
scripts, which force the formation of double-stranded RNA
and the recruitment of p53-binding protein 1 and Mediator
of DNA damage checkpoint 1 to endogenous double strand
breaks (Burger et al. 2019). The high density of serine/
proline-motifs in the CTD encodes yet another level of
control by prolyl isomerases, such as Ess1 in S. cerevisiae
and its human homolog Pin1. Isomerization is part of the
“CTD-code”, which also regulates the recruitment of pro-
teins required for transcription and RNA processing
(Namitz et al. 2021), or to overcome energetic barriers to
metabolic activities by concentrating enzymes and sub-
strates via CTD phase separation (Palumbo et al. 2022).

3 CTD structure

The CTD lacks stable secondary and tertiary structure.
However, this does not exclude the presence of local struc-
ture, i.e. structural bias, determined by the CTD amino acid
sequence in particular the consensus Y1S2P3T4S5P6S7 repeats
(Jasnovidova and Stefl 2013). To gain insight into potential
structural biases in the CTD, studies initially concentrated on

small CTD peptides, which were sometimes circularized and
frequently treated in solvents that promote turns at low pH
to maintain structure (Cagas and Corden 1995; Kumaki et al.
2001). The structural features of non-repeating sections of
the Drosophila melanogaster CTD have also been examined
(Gibbs et al. 2017; Lu et al. 2019; Portz et al. 2017). In addition,
the structures of short CTD fragments in association with
CTD-binding partners were characterized (Noble et al. 2005),
including the mRNA anti-terminator protein hSCAF4-CID
binding to S2/S5-phosphorylated CTD (Zhou et al. 2022), the
prolyl isomerase Ess1 in complex with CTD peptide (Namitz
et al. 2021), and a CTD peptide comprising five consensus
repeats bound to CDK kinases (Ramani et al. 2020).

Investigations of the unmodified distal portion of the
human CTD (the C-terminal 26 heptad repeats) showed
that lysine residues at position 7, which depart from the
canonical Y1S2P3T4S5P6S7 sequence, participate in electro-
static interactions with aspartic and glutamic acids of the
three proteins fused in sarcoma (FUS), Ewing sarcoma
(EWS) and TATA-box binding associated factor (TAF15) of
the FET-family, and mediate the interaction with TAF15
fibril assemblies (Burke et al. 2015; Janke et al. 2018; Murthy
et al. 2021). These findings proposed a heterotypic mode of
electrostatic interactions between charged proteins and
the CTD.
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Figure 1: The CTD of RNA polymerase II. (A) Schematic representation of RNAPol II and its low complexity C-terminal domain comprising heptad repeats.
(B) Stereochemical representation of a YSPTSPS repeat of the CTD of RNA Pol II. (C) Possible phosphorylation sites in the consensus heptad repeat.
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Recently, cryo-EM studies have revealed the structure
of the human Mediator at near-atomic detail (Abdella et al.
2021; Aibara et al. 2021; Chen et al. 2022, 2021; Rengachari
et al. 2021), revealing that the preinitiation complex/Medi-
ator complex forms a “Head-Middle sandwich” that holds
two CTD segments close to CDK7 for phosphorylation
(Abdella et al. 2021; Chen et al. 2022, 2021) (Figure 2). The two
U-shaped CTD segments are located between the Middle’s
Knob and the Head’s HB1. Although the Head and the
Middle do not have direct interactions, they are connected
by two CTD repeats. Tyr1 from one CTD repeat makes con-
tacts with residues MED8-Pro83, Knob-Phe96, Knob-Cys93,
MED6-Arg118 andMED17-Val111. A second Tyr1 residue of the
CTD inserts into the hydrophobic pocket formed by the two
Mediator residues MED6-Tyr106 and MED8-Pro106. These
CTD-Mediator interactions are further reinforced by other
contacts (Chen et al. 2021).

4 Phase separation in transcription

Proteins and nucleic acids can be organized into cellular
compartments through the formation of biomolecular
condensates (Rawat et al. 2021; Shao et al. 2022). While the
exact mechanisms how transcription foci and other bio-
molecular condensates form are still a matter of debate,
transient multivalent interactions between intrinsically
disordered protein regions are believed to play a key role

(Chong et al. 2018; Martin et al. 2020). Such multivalent
interactions may cause liquid-liquid phase separation of
proteins and nucleic acids into highly dynamic cellular
compartments (Guo et al. 2019, 2020). For example, the
disordered regions of transcription factors can phase
separate together with theMediator coactivator into liquid-
like droplets in vitro (Boija et al. 2018). The CTD is also able
to phase separate into liquid-like droplets in vitro with the
aid of crowding agents (Boehning et al. 2018) (Figure 3A), in
agreement with the formation of dynamic Pol II clusters
in vivo (Cho et al. 2018; Lu et al. 2019). However, the ability of
the CTD to form liquid-like droplets by itself without
crowding agents in near physiological conditions requires
further studies.

The number of heptad repeats in the CTD of RPB1
impacts the propensity for liquid-liquid phase separation
(Boehning et al. 2018; Lu et al. 2019) and the length also
correlates with gene density (Quintero-Cadena et al. 2020).
Besides the number of CTD repeats, sequence variations in
the heptad repeats are important. For instance, the distal
part of the human CTD enhances CTD binding to the
RNA-binding protein FUS, mediated by the lysine residues
located in the seventh position of the distal heptads (Murthy
et al. 2021). The lysine residues in the distal part of the CTD
enhance the network of multivalent interactions and thus
increase CTD’s capacity to phase separate and organize into
biomolecular condensates (Burke et al. 2015, Janke et al. 2018,
Murthy et al. 2021). This suggests that it would be valuable to
examine the role of each heptad amino acid in forming the
molecular CTD structure required for liquid–liquid phase
separation and gather additional information on how this is
influenced by PTMs in the CTD.

Post-translational modifications play a crucial role in
the catalytic activity of Pol II and are dynamically affecting
it. Phosphorylation of CTD is linked to the different stages of
transcription, although RNA synthesis occurs without the
CTD (Zehring et al. 1988). The presence of droplets formed
by the hyperphosphorylated CTD suggests that liquid-liquid
phase separation may have a broad impact on various
stages of transcription (Lu et al. 2018) (Figure 3B–D). For
instance, phosphorylation of serine 5 by the human TFIIH
subcomplex containing the CDK7 kinase dissolved CTD
droplets in vitro (Boehning et al. 2018). In addition, phos-
phorylation of the CTD modifies the molecular interactions
between the CTD, the Mediator complex and serine/
arginine-rich domains triggering a shift in CTD partition-
ing from transcription to splicing condensates (Guo et al.
2019). Supporting an important role of liquid-liquid phase
separation in transcription, Pol II and the Mediator com-
plex colocalize in nuclear condensates (Cho et al. 2018; Guo
et al. 2019). Pol II also partitions into the phase-separated

Figure 2: CTD structure bound to the PIC. (A) Two structured segments of
the CTD in complex with the pre-initiation complex (PDB ID: 7ENC)
determined by cryo-EM. (B) RNA Pol II (blue) and Mediator (cyan) com-
plex, extracted from the full pre-initiation complex determined by Chen
et al. (2021) (PDB ID: 7ENC). Some molecules are omitted for clarity.
(C) Two segments of CTD local structure bound to the pre-initiation
complex resolved by Abdella et al. (2021) (PDB ID: 7LBM).
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super elongation complex through heterotypic phase sep-
aration (Guo et al. 2020), and in presence of the negative
elongation factor (Rawat et al. 2021).

Besides transcription factors, the co-activatorMediator
and RNA-binding proteins, increasing evidence shows that
RNA can facilitate the formation of nuclear condensates
containing Pol II and other components of the transcrip-
tional machinery. With its high negative charge RNA binds
to positively charged disordered protein regions and
changes the physicochemical properties of its surround-
ings, which can influence CTD phase separation (Shao et al.
2022). The CTD of Pol II also forms coacervates in presence
of intracisternal A-particle RNA (Asimi et al. 2022). RNA thus
can play an important role in the condensation of Pol II,
contributing to its regulation and function during gene
transcription.

5 Concluding remarks

Our understanding of how transcription is regulated is
constantly evolving with new evidence of the presence of
transcriptional hubs in vitro and in cells. Liquid-liquid
phase separation provides a mechanism for the spatio-
temporal organization during transcription, with the CTD
playing a crucial role in regulating the activity of RNA Pol II
through post-translational modifications and migration
between coacervates. In addition, growing interest focuses
on exploring the underlying physical and chemical forces

that determine the selectivity of Pol II localization to
different condensates, and to uncover how these forces
can be targeted to modulate specific transcriptional hubs at
different stages of transcription. This may open up new
avenues for developing strategies to regulate transcription
with greater precision and specificity.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: M.Z. was supported by the Deutsche
Forschungsgemeinschaft (DFG; SFB860/3, Project B2).
Conflict of interest statement: The authors declare no
competing interest.

References

Abdella, R., Talyzina, A., Chen, S., Inouye, C.J., Tjian, R., and He, Y. (2021).
Structure of the human Mediator-bound transcription preinitiation
complex. Science 372: 52–56.

Aibara, S., Schilbach, S., and Cramer, P. (2021). Structures of mammalian
RNA polymerase II pre-initiation complexes. Nature 594: 124–128.

Asimi, V., Sampath Kumar, A., Niskanen, H., Riemenschneider, C., Hetzel, S.,
Naderi, J., Fasching, N., Popitsch, N., Du, M., Kretzmer, H., et al. (2022).
Hijacking of transcriptional condensates by endogenous retroviruses.
Nat. Genet. 54: 1238–1247.

Boehning, M., Dugast-Darzacq, C., Rankovic, M., Hansen, A.S., Yu, T.,
Marie-Nelly, H., McSwiggen, D.T., Kokic, G., Dailey, G.M., Cramer, P.,
et al. (2018). RNA polymerase II clustering through carboxy-terminal
domain phase separation. Nat. Struct. Mol. Biol. 25: 833–840.

Figure 3: CTD phase separation. (A) Differential interference contrast (DIC) and fluorescence microscopy revealing concentration-dependent formation
of liquid droplets ofMBP-hCTD in the presence of 16 %dextran. Reproduced fromBoehning et al. (2018). (B) Transcription factors,Mediator and RNAPol II
can undergo LLPS creating “transcriptional hubs”. The role of “transcriptional hubs” for transcription initiation (blue droplets) is currently being studied.
(C) Site-specific phosphorylation of the CTD causes the transfer of RNA Pol II from initiation condensates to elongation condensates activating the
synthesis of pre-mRNAs (green droplets). (D) The role of the CTD in RNA processing (splicing, capping, polyadenylation, etc.) is enigmatic. PTMs in the CTD
are believed to regulate the transcriptional activity of RNA Pol II.

842 I.P. Lushpinskaia et al.: The C-terminal domain of RNA polymerase II



Boija, A., Klein, I.A., Sabari, B.R., Dall’Agnese, A., Coffey, E.L., Zamudio, A.v.,
Li, C.H., Shrinivas, K., Manteiga, J.C., Hannett, N.M., et al. (2018).
Transcription factors activate genes through the phase-separation
capacity of their activation domains. Cell 175: 1842–1855.e16.

Burger, K., Schlackow, M., and Gullerova, M. (2019). Tyrosine kinase c-Abl
couples RNA polymerase II transcription to DNA double-strand
breaks. Nucleic Acids Res. 47: 3467–3484.

Burke, K.A., Janke, A.M., Rhine, C.L., and Fawzi, N.L. (2015).
Residue-by-Residue view of in vitro FUS granules that bind the
C-terminal domain of RNA polymerase II. Mol. Cell. 60: 231–241.

Cagas, P.M. and Corden, J.L. (1995). Structural studies of a synthetic peptide
derived from the carboxyl-terminal domain of RNA polymerase II.
Proteins Struct. Funct. Genet. 21: 149–160.

Chen, X., Wang, X., Liu, W., Ren, Y., Qu, X., Li, J., Yin, X., and Xu, Y. (2022).
Structures of +1 nucleosome–bound PIC-Mediator complex. Science
378: 62–68.

Chen, X., Yin, X., Li, J., Wu, Z., Qi, Y., Wang, X., Liu, W., and Xu, Y. (2021).
Structures of the human Mediator and Mediator-bound
preinitiation complex. Science 372: eabg0635.

Cho,W.K., Spille, J.H., Hecht,M., Lee, C., Li, C., Grube, V., and Cisse, I.I. (2018).
Mediator and RNA polymerase II clusters associate in transcription-
dependent condensates. Science 361: 412–415.

Chong, S., Dugast-Darzacq, C., Liu, Z., Dong, P., Dailey, G.M., Cattoglio, C.,
Heckert, A., Banala, S., Lavis, L., Darzacq, X., et al. (2018). Imaging
dynamic and selective low-complexity domain interactions that
control gene transcription. Science 361: 378.

Collin, P., Jeronimo, C., Poitras, C., and Robert, F. (2019). RNA polymerase II
CTD tyrosine 1 is required for efficient termination by the
nrd1-nab3-sen1 pathway. Mol. Cell 73: 655–669.e7.

Eick, D. and Geyer, M. (2013). The RNA polymerase II carboxy-terminal
domain (CTD) code. Chem. Rev. 113: 8456–8490.

Gibbs, E.B., Lu, F., Portz, B., Fisher, M.J., Medellin, B.P., Laremore, T.N.,
Zhang, Y.J., Gilmour, D.S., and Showalter, S.A. (2017).
Phosphorylation induces sequence-specific conformational
switches in the RNA polymerase II C-terminal domain. Nat.
Commun. 8: 15233.

Guo, C., Che, Z., Yue, J., Xie, P., Hao, S., Xie, W., Luo, Z., and Lin, C. (2020). ENL
initiates multivalent phase separation of the super elongation
complex (SEC) in controlling rapid transcriptional activation. Sci. Adv.
6: eaay4858.

Guo, Y.E., Manteiga, J.C., Henninger, J.E., Sabari, B.R., Dall’Agnese, A.,
Hannett, N.M., Spille, J.-H., Afeyan, L.K., Zamudio, A.v., Shrinivas, K.,
et al. (2019). Pol II phosphorylation regulates a switch between
transcriptional and splicing condensates. Nature 572: 543–548.

Janke, A.M., Seo, D.H., Rahmanian, V., Conicella, A.E., Mathews, K.L., Burke,
K.A., Mittal, J., and Fawzi, N.L. (2018). Lysines in the RNA polymerase II
C-terminal domain contribute to TAF15 fibril recruitment.
Biochemistry 57: 2549–2563.

Jasnovidova, O. and Stefl, R. (2013). The CTD code of RNA polymerase II: a
structural view. Wiley Interdiscip. Rev. 4: 1–16.

Kumaki, Y., Matsushima, N., Yoshida, H., Nitta, K., and Hikichi, K. (2001).
Structure of the YSPTSPS repeat containing two SPXXmotifs in the CTD
of RNApolymerase II: NMR studies of cyclicmodel peptides reveal that
the SPTS turn is more stable than SPSY in water. Biochim. Biophys.
Acta Protein Struct. Mol. Enzymol. 1548: 81–93.

Lu, F., Portz, B., and Gilmour, D.S. (2019). The C-terminal domain of RNA
Polymerase II is a multivalent targeting sequence that supports
Drosophila development with only consensus heptads. Mol. Cell. 73:
1232–1242 e4.

Lu, H., Yu, D., Hansen, A.S., Ganguly, S., Liu, R., Heckert, A., Darzacq, X., and
Zhou, Q. (2018). Phase-separation mechanism for C-terminal
hyperphosphorylation of RNA polymerase II. Nature 558: 318–323.

Martin, E.W., Holehouse, A.S., Peran, I., Farag, M., Incicco, J.J., Bremer, A.,
Grace, C.R., Soranno, A., Pappu, R.v., and Mittag, T. (2020). Valence
and patterning of aromatic residues determine the phase behavior of
prion-like domains. Science 367: 694–699.

Mayfield, J.E., Irani, S., Escobar, E.E., Zhang, Z., Burkholder, N.T., Robinson,
M.R., Rachel Mehaffey, M., Sipe, S.N., Yang, W., Prescott, N.A., et al.
(2019). Tyr1 phosphorylation promotes phosphorylation of Ser2 on the
C-terminal domain of eukaryotic RNA polymerase II by P-TEFb. eLife 8:
e48725.

Murthy, A.C., Tang, W.S., Jovic, N., Janke, A.M., Seo, D.H., Perdikari, T.M.,
Mittal, J., and Fawzi, N.L. (2021). Molecular interactions contributing to
FUS SYGQ LC-RGG phase separation and co-partitioning with RNA
polymerase II heptads. Nat. Struct. Mol. Biol. 28: 923–935.

Namitz, K.E.W., Zheng, T., Canning, A.J., Alicea-Velazquez, N.L., Castañeda,
C.A., Cosgrove, M.S., and Hanes, S.D. (2021). Structure analysis
suggests Ess1 isomerizes the carboxy-terminal domain of RNA
polymerase II via a bivalent anchoring mechanism. Commun. Biol.
4: 1–14.

Noble, C.G., Hollingworth, D., Martin, S.R., Ennis-Adeniran, V., Smerdon, S.J.,
Kelly, G., Taylor, I.A., and Ramos, A. (2005). Key features of the
interaction between Pcf11 CID and RNA polymerase II CTD. Nat. Struct.
Mol. Biol. 12: 144–151.

Palumbo, R.J., McKean, N., Leatherman, E., Namitz, K.E.W., Connell, L.,
Wolfe, A., Moody, K., Gostinčar, C., Gunde-Cimerman, N., Bah, A., et al
(2022). Coevolution of the Ess1-CTD axis in polar fungi suggests a role
for phase separation in cold tolerance. Sci. Adv. 8: eabq3235.

Portz, B., Lu, F., Gibbs, E.B., Mayfield, J.E., Rachel Mehaffey, M., Zhang, Y.J.,
Brodbelt, J.S., Showalter, S.A., and Gilmour, D.S. (2017). Structural
heterogeneity in the intrinsically disordered RNA polymerase II
C-terminal domain. Nat. Commun. 8: 15231.

Quintero-Cadena, P., Lenstra, T.L., and Sternberg, P.W. (2020). RNA Pol II
length and disorder enable cooperative scaling of transcriptional
bursting. Mol. Cell 79: 207–220.e8.

Ramani, M.K.V., Escobar, E.E., Irani, S., Mayfield, J.E., Moreno, R.Y.,
Butalewicz, J.P., Cotham, V.C., Wu, H., Tadros, M., Brodbelt, J.S., et al.
(2020). Structural motifs for CTD kinase specificity on RNA polymerase
II during eukaryotic transcription. ACS Chem. Biol. 15: 2259–2272.

Rawat, P., Boehning, M., Hummel, B., Aprile-Garcia, F., Pandit, A.S.,
Eisenhardt, N., Khavaran, A., Niskanen, E., Vos, S.M., Palvimo, J.J., et al.
(2021). Stress-induced nuclear condensation of NELF drives
transcriptional downregulation. Mol. Cell. 81: 1013–1026.e11.

Rengachari, S., Schilbach, S., Aibara, S., Dienemann, C., and Cramer, P.
(2021). Structure of the human Mediator–RNA polymerase II
pre-initiation complex. Nature 594: 129–133.

Shao,W., Bi, X., Pan, Y., Gao, B.,Wu, J., Yin, Y., Liu, Z., Peng,M., Zhang,W., Jiang,
X., et al. (2022). Phase separation of RNA-binding protein promotes
polymerase binding and transcription. Nat. Chem. Biol. 18: 70–80.

West, M.L. and Corden, J.L. (1995). Construction and analysis of yeast RNA
polymerase II CTD deletion and substitution mutations. Genetics 140:
1223–1233.

Zaborowska, J., Egloff, S., andMurphy, S. (2016). The pol II CTD: new twists in
the tail. Nat. Struct. Mol. Biol. 23: 771–777.

Zehring, W.A., Lee, J.M., Weeks, J.R., Jokerst, R.S., and Greenleaf, A.L. (1988).
The C-terminal repeat domain of RNA polymerase II largest subunit is
essential in vivo but is not required for accurate transcription initiation
in vitro. Proc. Natl. Acad. Sci. USA 85: 3698–3702.

I.P. Lushpinskaia et al.: The C-terminal domain of RNA polymerase II 843



Zhang, J. and Corden, J.L. (1991). Phosphorylation causes a
conformational change in the carboxyl-terminal domain of the
mouse RNA polymerase II largest subunit. J. Biol. Chem. 266:
2297–2302.

Zhou, M., Ehsan, F., Gan, L., Dong, A., Li, Y., Liu, K., and Min, J. (2022).
Structural basis for the recognition of the S2, S5-phosphorylated RNA
polymerase II CTD by themRNA anti-terminator protein hSCAF4. FEBS
Lett. 596: 249–259.

844 I.P. Lushpinskaia et al.: The C-terminal domain of RNA polymerase II


	Structure and phase separation of the C-terminal domain of RNA polymerase II
	1 Introduction
	2 CTD sequence and PTMs
	3 CTD structure
	4 Phase separation in transcription
	5 Concluding remarks
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


