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Species-Specific Cleavage by RNase E-Like Enzymes in 5S rRNA Maturation
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Abstract Previous work has identified a Streptomyces coelicolor

gene, rns, encoding a 140 kDa protein (RNase ES) that

exhibits the endoribonucleolytic cleavage specificity characteristic

of RNase E and confers viability on and allows the propagation

of E. coli cells lacking RNase E. Here, we identify a putative

S. coelicolor 9S rRNA sequence and sites cleaved by RNase

ES. The cleavage of the S. coelicolor 9S rRNA transcript by

RNase ES resulted in a 5S rRNA precursor (p5S) that had

four and two additional nucleotides at the 5' end and 3' ends

of the mature 5S rRNA, respectively. However, despite the

similarities between RNase E and RNase ES, these enzymes

could accurately process 9S rRNA from just their own

bacteria, indicating that these ancient enzymes and the rRNA

segments that they attack appear to have co-evolved.
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Ribonuclease E (RNase E), an Escherichia coli

endoribonuclease was initially discovered because of its

ability to generate p5S RNA from nascent ribosomal 9S

rRNA transcripts [6]. It has since been shown to have

various processes of other catalytic and structural RNAs

[7, 19, 20, 22, 27, 35], degrade multiple mRNAs [4, 33],

and regulate the synthesis of certain plasmid DNAs [21].

RNase E contains three functionally distinct domains.

The catalytic function of RNase E resides in the N-terminal

half of the protein (amino acid residues 1 to 498), which

also contains cleavage site specificity [24]. Meanwhile, the

arginine-rich RNA-binding domain located between amino

acids 580 and 700 has been found to enhance the cleavage

of certain substrates [23, 26], and the proline-rich/acidic C-

terminal third of the RNase E protein serves as a scaffold

for the formation of a multi-component ‘degradosome’

complex that includes polynucleotide phosphorylase (PNPase),

the RhlB RNA helicase, the ATP-generating enzyme enolase,

the chaperon proteins DnaK and GroEL, polyphosphate

kinase, and poly(A) polymerase [2, 25, 28-30, 34]. The

existence of an RNA degradosome-like complex has been

also recently found in Streptomyces coelicolor and Rhodobacter

capsulatus, although PNPase, which is a major component

of the E. coli degradosome, was not identified in the

complex found in Rhodobacter capsulatus [10, 17].

Putative proteins containing evolutionarily conserved

sequences resembling those present in the catalytic domains

of E. coli RNase E and/or its paralog RNase G are encoded

by the chromosomes of many bacterial species and a few

eukaryotes [5, 17]. The eubacterial kingdom can be divided

into two groups according to the type of ribonuclease that

carries out the 5S rRNA maturation; one group carries

RNase E and/or G, whereas the other carries RNase M5

that has been recently shown in Bacillus subtilis to cleave

the 5S precursor in a double-stranded region to yield the

mature 5S rRNA in one step [5].

Earlier work aimed at understanding the role of RNA

decay in the control of gene expression in a widely studied

streptomycetes, S. coelicolor, demonstrated that the S.

coelicolor gene, named rns, encodes an endoribonuclease

(RNase ES) that can functionally substitute for Rne in E.

coli, attacks oligonucleotides and other substrates at or

near known RNase E cleavage sites, and like E. coli

RNase E, interacts with PNPase encoded by its host

species to form an RNA degradosome-like complex [17].

Notwithstanding these similarities, we found that RNase E

and RNase ES were able to process 9S rRNA into p5S

from only their own bacteria, indicating that these ancient

enzymes had congruently evolved with species-specific rRNA

processing mechanisms. Accordingly, this study investigated

a possible physiological role of RNase ES in S. coelicolor,

which is a morphologically, developmentally, and biochemically

complex soil bacteria that can synthesize a variety of

biologically important secondary metabolites, including a

large portion of antibiotics in medical and veterinary uses

[3, 8, 12, 14, 31, 32, 36].
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MATERIALS AND METHODS

Northern Blot Analysis

The isolation of total RNA from S. coelicolor and the

Northern blot analysis were both performed as previously

described in [11] and [16], respectively.

Protein Work

The ribonucleases were all purified using a HisBind

purification kit (Novagen), as previously described [17].

Synthesis of RNA and In Vitro Cleavage Assay

The synthesis of 32P-labeled E. coli 9S rRNA and the

RNase E cleavage assay were performed as previously

described [16]. The S. coelicolor 9S rRNA was synthesized

from PCR-amplified DNA containing the SP6 promoter, 5S

rRNA sequence, and an additional 53 and 43 nucleotides

at the 5' and 3' end, respectively, using a MEGAscript

SP6 kit (Ambion, Austin, TX, U.S.A.). The primers used

to synthesize the PCR DNA from the S. coelicolor

chromosomal DNA were 5'Sc-9S (5'ATGGATCCATTTA-

GGTGACACTATAGAAACCACGAACAACCCCATG,

SP6 promoter sequence is underlined) and 3'Sc-9S (5'AAA-

ACCCCGCACCGTTCCCGGT). These PCR primers were

designed to anneal to the same sequences (complementary

sequences are in bold type in the primer sequences) found

in the ribosomal RNA operons, rrnA, rrnD, and rrnF.

Primer Extension

The cDNA was synthesized using avian myeloblastosis

virus (AMV) reverse transcriptase. The primer 5S rRNA-

Fig. 1. Alignment of sequences from the rDNA region encompassing S. coelicolor 5S rRNA.
The putative RNase III site and transcriptional terminator are underlined with a broken line and converging arrows, respectively. The sequences were aligned

using the Clustal W program.

Fig. 2. Northern blot analysis of 5S rRNA precursors.
The 5S rRNA precursors were identified by probing with 5S rRNA

(5'AGGCTTAGCTTCCGGGTTCG). To prepare the total RNA from the rns-

deleted cells and their parental strain, S. coelicolor A3(2), the culture was

grown in a YEME medium and harvested at OD
450

=0.1, 0.2, 0.4, 0.8, and 1.2.

Lane M contained 10 ng of the S. coelicolor 9S transcript used in Fig. 3C.
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43L (5'AGGCTTAGCTTCCGGGTTCG), which was

complementary to the 5S rRNA transcript, was labeled

with [γ-32P]ATP at the 5'-end using T4 polynucleotide

kinase and purified from 15% acrylamide containing 8 M

urea. The reaction was performed as previously described

[15], except that sequencing the reactions contained all

four dNTPs and each ddNTP.

RESULTS AND DISCUSSION

Identification of 9S Ribosomal RNA Transcripts in S.

coelicolor

RNase E was initially discovered by its ability to process

9S rRNA in E. coli cells, and the shift of rne ts bacteria to a

non-permissive temperature lead to the in vivo accumulation

of precursors of 5S rRNA [6]. Thus the discovery of

a functionally similar, structurally shuffled ortholog of E.

coli RNase E in S. coelicolor [17] prompted an examination

of the involvement of RNase ES in the processing of 9S

rRNA in S. coelicolor. Since the complete genomic DNA

sequence for S. coelicolor recently became available [1],

this enabled the identification of putative 9S rRNA coding

regions by searching for a putative 9S rRNA sequence

based on comparing the rDNA regions of S. coelicolor

with those of E. coli and another Streptomyces species,

Streptomyces griseus. The putative 9S rRNA sequences

identified were found to be preceded by a segment for

an RNase III processing site (Fig. 1). The S. coelicolor

genome contains six rRNA operons (rrnA-F) and three of

Fig. 3. Cleavage of 9S rRNA. (A) In vitro synthesized E. coli and S. coelicolor 9S rRNA transcript.
The RNase E cleavage sites are indicated as a, b, c, and the 5' and 3' termini of the mature 5S rRNA are indicated as 5'-5S and 3'-5S, respectively. E. coli (B)

and S. coelicolor (C) 9S rRNA cleavage in vitro. One pmol of the in vitro synthesized 9S rRNA transcript internally labeled with 32P-UTP was incubated

with no protein, 100 ng (RNase E and RNase ES), or 200 ng (RNase G, N-RNase E, and M-RNase ES) of purified protein in 40 µl of a 1× cleavage buffer at

37oC. Ten µl of each sample was removed at each time point indicated and mixed with an equal volume of a formamide-containing loading buffer and loaded

onto a 9% polyacrylamide gel containing 8 M urea. Lane M1 contained one pmol of the in vitro synthesized GGG-RNAI transcript internally labeled with
32P-UTP, and lane M2 contained one pmol of the in vitro synthesized E. coli 9S rRNA transcript internally labeled with 32P-UTP that had been cleaved by RNase E.
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them (rrnA, rrnB, and rrnF) were found to contain an

identical sequence flanking a putative 9S rRNA. The

arrangement of the rRNAs and putative RNase III sites in

the S. coelicolor rDNA was very similar to that found in E.

coli rDNA, and another Streptomyces species, Streptomyces

griseus [13].

To test the involvement of RNase ES in the maturation

of 5S rRNA, the total RNA was prepared from rns-deleted

cells and their parental strain, S. coelicolor A3(2), and a

Northern blot analysis was performed. As shown in Fig. 2,

a faint yet distinct band larger than 5S rRNA was

hybridized to a 5S rRNA-specific probe in the lanes loaded

with RNA isolated from only the rns-deleted cells, indicating

the existence of a 5S rRNA precursor and the involvement

of RNase ES in 5S rRNA maturation.

In Vitro Processing of 9S rRNA by RNase ES

Next, the ability of RNase ES to cleave the 9S rRNA

transcripts derived from E. coli and S. coelicolor was tested.

In contrast to other E. coli RNase E substrates tested

previously [17], RNase ES did not generate a cleavage

product of the same size as p5S, although it did cleave the

E. coli 9S rRNA transcript (Fig. 3A). Instead, RNase ES

generated a larger cleavage product than the size of p5S

and appeared to cleave at site ‘a’ and at site 3' to site

‘b’, whereas M-RNase ES seemed to cleave only at site ‘a’

(Figs. 3A and 3B) when comparing the size of the cleavage

products. This result then prompted a further test to determine

the ability of the enzymes to cleave the S. coelicolor 9S

rRNA transcript. This transcript was derived from the

common sequence present in the rrnA, rrnD, and rrnF

operons containing a 5S rRNA sequence plus additional 53

and 43 nucleotides at the 5' and 3' ends, respectively (Fig. 1).

Interestingly, only RNase ES was able to generate a cleavage

product similar to the size of the E. coli p5S, which is 126

nucleotides long (Fig. 3B). Therefore, these results indicate

that RNase E and RNase ES can generate a cleavage

product of p5S from just their own bacterial 9S rRNA,

whereas RNase ES possesses the catalytic properties and

cleavage activities of RNase E on most RNase E substrates

(RNAI, BR13, and pM1 RNA) and complements an E.

coli null mutation in rne [17].

The cleavage sites of the S. coelicolor 9S rRNA transcript

were further identified by synthesizing the cDNA with the

RNA extracted from the cleavage reaction as the template

(Fig. 4). A primer extension analysis revealed that the

RNase ES cleavage at the site proximal to the 5'-end of the

transcript was four nucleotides away from the 5'-end of the

5S rRNA and resulted in a 5' extension containing four

additional nucleotides indicating the presence of a further

processing by unknown mechanisms, as previously reported

in the maturation of E. coli 5S rRNA [6]. The RNase ES

cleavage site proximal to the 3'-end of the transcript was

deduced from the size of the cleavage product (126 nt),

which resulted in an extension of two additional nucleotides

to the 3'-end of the 5S rRNA. In E. coli, the 3' extension

is subsequently trimmed by an exoribonuclease, RNase T

[18]. Interestingly, a BLAST search for RNase T homologs

revealed no obvious sequence similar to RNase T in the

S. coelicolor genome. In fact, among 116 organisms

containing a genomic sequence(s) similar to E. coli and/or

S. coelicolor RNase E/G homologs, only gamma

proteobacterial species (46 out of 50) showed an obvious

RNase T homolog, implying that other organisms possess

Fig. 4. Identification of RNase ES cleavage site proximal to the
5'-end of 5S rRNA.
The RNA was isolated from the same cleavage reaction described in Fig. 3C

and the cDNA was synthesized using AMV reverse transcriptase and a 5'-
32P-end labeled oligo complementary to 5S rRNA (5'AGGCTTAGCT-

TCCGGGTTCG). For the sequencing ladders, dideoxyribonucleotides

were added additionally to the reaction with the uncleaved 9S rRNA

transcript as a template. In the last lane, the cDNA was synthesized with

the total RNA isolated from the rns-deleted S. coelicolor A3(2) as a

template. The cDNA synthesized from the 9S rRNA transcript cleaved

by RNase ES is indicated by an arrow. In the last lane, the cDNA

synthesized from the 5S rRNA in the total RNA sample is indicated by an

asterisk.
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different mechanisms for the final processing reaction to

produce the mature 3'-end of 5S rRNA.

A cDNA synthesis using a total RNA sample from rns-

deleted S. coelicolor cells produced three cDNA species

with size matching or one to two nucleotides shorter than

the cDNA synthesized with the 9S rRNA where the 5'-

segment was cleaved by RNase ES. When comparing the

intensity of these bands, a further processing at the 5'-end

of p5S appeared to occur by a sequential cleavage from the

5'-end. The predicted secondary structures of the putative

S. coelicolor 9S rRNA showed that the identified cleavage

sites were in single-stranded regions, further supporting

that the sites are RNase ES processing sites for the

maturation of 5S rRNA in S. coelicolor (Fig. 5).

It has already been shown that the classification of

RNase E/G-like proteins according to the relative position

of possible catalytic versus possible scaffold regions in

these proteins provides a phylogenetic tree that is in good

agreement with a phylogenetic classification made on the

basis of small-subunit ribosomal RNA [17]. Consequently,

given the present observation that RNase E and RNase

ES can process 9S rRNA into p5S from just their own

bacteria, despite the ability of RNase ES to confer viability

on E. coli cells deleted for rne, the RNase E/G ribonucleases

and the rRNA segments appear to have congruently evolved.

Acknowledgments

These studies were supported by grants from the 21C

Frontier Microbial Genomics and Application Center Program

of the Korean Ministry of Science & Technology (MG05-

0202-4-0) and Basic Research Program of the Korea Science

and Engineering Foundation (R01-2005-000-10293-0).

REFERENCES

1. Bentley, S. D., K. F. Chater, A. M. Cerdeno-Tarraga, G. L.

Challis, N. R. Thomson, K. D. James, et al. 2002. Complete

genome sequence of the model actinomycete Streptomyces

coelicolor A3(2). Nature 417: 141-147.

2. Carpousis, A. J., G. Van Houwe, C. Ehretsmann, and

H. M. Krisch. 1994. Copurification of E. coli RNase E and

PNPase: Evidence for a specific association between two

enzymes important in RNA processing and degradation. Cell

76: 889-900.

3. Chater, K. F. 1993. Genetics of differentiation in Streptomyces.

Annu. Rev. Microbiol. 47: 685-713.

4. Coburn, G. A. and G. A. Mackie. 1999. Degradation of

mRNA in Escherichia coli: An old problem with some new

twists. Prog. Nucl. Acid Res. Mol. Biol. 62: 55-108.

5. Condon, C., D. Brechemier-Baey, B. Beltchev, M. Grunberg-

Manago, and H. Putzer. 2001. Identification of the gene

encoding the 5S ribosomal RNA maturase in Bacillus

subtilis: Mature 5S rRNA is dispensable for ribosome

function. RNA 7: 242-253.

6. Ghora, B. K. and D. Apirion. 1978. Structural analysis and

in vitro processing to p5 rRNA of a 9S RNA molecule

isolated from an rne mutant of E. coli. Cell 15: 1055-1066.

7. Gurevitz, M., S. K. Jain, and D. Apirion. 1983. Identification

of a precursor molecule for the RNA moiety of the

processing enzyme RNase P. Proc. Natl. Acad. Sci. USA 80:

4450-4454.

8. Hopwood, D. A., K. F. Chater, and M. J. Bibb. 1995.

Genetics of antibiotic production in Streptomyces coelicolor

A3(2), a model streptomycete. Biotechnology 28: 65-102.

9. Jacobson, A. B. and M. Zuker. 1993. Structure analysis by

energy dot plot of a large mRNA. J. Mol. Biol. 233: 261-269.

10. Jger, S., O. Fuhrmann, C. Heck, M. Hebermehl, E. Schiltz,

R. Rauhut, et al. 2001. An mRNA degrading complex in

Rhodobacter capsulatus. Nucl. Acids Res. 29: 4581-4588.

11. Kieser, T., M. J. Bibb, K. F. Chater, M. J. Butter, and D. A.

Hopwood. 2000. Practical Streptomyces Genetics. John

Innes Centre, Norwich, U.K.

Fig. 5. Secondary structure of putative S. coelicolor 9S rRNA.
The secondary structure for the 9S rRNA transcript used in Fig. 3C was

predicted using the Mfold program [9]. The structure shown had the lowest

free energy, and five predicted structures selected for their low free energy

showed single-stranded regions of RNase ES cleavage sites. The RNase

ES cleavage sites ‘a’ and ‘b’ were deduced from Fig. 4 and Fig. 3,

respectively.



PROCESSING OF rRNA BY RNase E-LIKE ENZYMES 1105

12. Kim, C.-Y., H.-J. Park, and E.-S. Kim. 2003. Heterologous

expression of hybrid type 2 polyketide synthase system in

Streptomyces species. J. Microbiol. Biotechnol. 13: 819-

822.

13. Kim, E., H. Kim, S.-P. Hong, K. H. Kang, Y. H. Kho, and

Y.-H. Park. 1993. Gene organization and primary structure

of a ribosomal RNA gene cluster from Streptomyces griseus

subsp. griseus. Gene 132: 21-31.

14. Lee, E.-J., Y.-H. Cho, H.-S. Kim, and J.-H. Roe. 2004.

Identification of σB-dependent promoters using consensus-

directed search of Streptomyces coelicolor genome. J.

Microbiol. 42: 147-151.

15. Lee, K., S. Varma, J. SantaLucia Jr., and P. R. Cunningham.

1997. In vivo determination of RNA structure-function

relationships: Analysis of the 790 loop in ribosomal RNA. J.

Mol. Biol. 269: 732-743

16. Lee, K., J. A. Bernstein, and S. N. Cohen. 2002. RNase G

complementation of rne null mutation identifies functional

interrelationships with RNase E in Escherichia coli. Mol.

Microbiol. 43: 1445-1456.

17. Lee, K. and S. N. Cohen. 2003. A Streptomyces coelicolor

functional ortholog of E. coli RNase E shows shuffling of

catalytic and PNPase binding domains. Mol. Microbiol. 48:

349-360.

18. Li, Z. and M. P. Deutscher. 1995. The tRNA processing

enzyme RNase T is essential for maturation of 5S rRNA.

Proc. Natl. Acad. Sci. USA 92: 6883-6886.

19. Li, Z., S. Pandit, and M. P. Deutscher. 1999. RNase G (CafA

protein) and RNase E are both required for the 5' maturation

of 16S ribosomal RNA. EMBO J. 18: 2878-2885.

20. Li, Z. and M. P. Deutscher. 2002. RNase E plays an essential

role in the maturation of Escherichia coli tRNA precursors.

RNA 8: 97-109.

21. Lin-Chao, S. and S. N. Cohen. 1991. The rate of processing

and degradation of antisense RNA I regulates the replication

of ColE1-type plasmids in vivo. Cell 65: 1233-1242.

22. Lin-Chao, S., C. L. Wei, and Y. T. Lin. 1999. RNase E is

required for the maturation of ssrA RNA and normal ssrA

RNA peptide-tagging activity. Proc. Natl. Acad. Sci. USA

96: 12406-12411.

23. Lopez, P. J., I. Marchand, S. A. Joyce, and M. Dreyfus.

1999. The C-terminal half of RNase E, which organizes

the Escherichia coli degradosome, participates in mRNA

degradation but not rRNA processing in vivo. Mol.

Microbiol. 33: 188-199.

24. McDowall, K. J. and S. N. Cohen. 1996. The N-terminal

domain of the rne gene product has RNase E activity and is

non-overlapping with arginine-rich RNA-binding site. J.

Mol. Biol. 255: 349-355.

25. Miczak, A., V. R. Kaberdin, C. L. Wei, and S. Lin-Chao.

1996. Proteins associated with RNase E in a multicomponent

ribonucleolytic complex. Proc. Natl. Acad. Sci. USA 93:

3865-3869.

26. Ow, M. C., Q. Liu, and S. R. Kushner. 2000. Analysis of

mRNA decay and rRNA processing in Escherichia coli in

the absence of RNase E-based degradosome assembly. Mol.

Microbiol. 38: 854-866.

27. Ow, M. C. and S. R. Kushner. 2002. Initiation of tRNA

maturation by RNase E is essential for cell viability in E.

coli. Genes Develop. 16: 1102-1115.

28. Py, B., H. Causton, E. A. Mudd, and C. F. Higgins. 1994. A

protein complex mediating mRNA degradation in Escherichia

coli. Mol. Microbiol. 14: 717-729.

29. Py, B., C. F. Higgins, H. M. Krisch, and A. J. Carpousis.

1996. A DEAD-box RNA helicase in the Escherichia coli

RNA degradosome. Nature 381: 169-172.

30. Raynal, L. C. and A. J. Carpousis. 1999. Poly(A) polymerase I

of Escherichia coli: Characterization of the catalytic domain,

an RNA binding site and regions for the interaction with

proteins involved in mRNA degradation. Mol. Microbiol.

32: 765-775.

31. Rhee, K. H. 2003. Purification and identification of an

antifungal agent from Streptomyces sp. KH-614 antagonistic

to rice blast fungus, Pyricularia oryzae. J. Microbiol.

Biotechnol. 13: 984-988.

32. Ryu, Y. G., W. Jin, J. Y. Kim, J. Y. Kim, S. H. Lee, and K. J.

Lee. 2004. Stringent factor regulates antibiotics production

and morphological differentiation of Streptomyces clavuligerus.

J. Microbiol. Biotechnol. 14: 1170-1175.

33. Steege, D. A. 2000. Emerging features of mRNA decay in

bacteria. RNA 6: 1079-1090.

34. Vanzo, N. F., Y. S. Li, B. Py, E. Blum, C. F. Higgins, L. C.

Raynal, et al. 1998. Ribonuclease E organizes the protein

interactions in the Escherichia coli RNA degradosome.

Genes Develop. 12: 2770-2781.

35. Wachi, M., G. Umitsuki, M. Shimizu, A. Takada, and K.

Nagai. 1999. Escherichia coli cafA gene encodes a novel

RNase, designated as RNase G, involved in processing of the

5' end of 16S rRNA. Biochem. Biophy. Res. Commun. 259:

483-488.

36. Yi, Y. S., S. H. Kim, M. W. Kim, G. J. Choi, K. Y. Cho,

J. K. Song, and Y. H. Lim. 2004. Antifungal activity of

Streptomyces sp. against Puccinia recondite causing wheat

leaf rust. J. Microbiol. Biotechnol. 14: 422-425.



<<
  /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
  /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 <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


