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Abstract Genetic engineering of lactic acid bacteria

(LAB) requires a reliable gene expression system. Espe-

cially, a stable promoter is an important genetic element to

induce gene expression in such a system. We report on a

novel tuf promoter (Ptuf) of Lactococcus lactis subsp. lactis

IL1403 that was screened and selected through analysis of

previously published microarray data. Ptuf activity was

examined and compared with three other known lacto-

coccal promoters (PdnaJ, PpfkA, and Pusp45) using dif-

ferent bacteria as expression hosts. Each promoter was,

respectively, fused to the promoterless and modified bmpB

gene as a reporter, and we estimated promoter activity

through BmpB expression. All promoters were active in

IL1403, and Ptuf activity was strongest among them. The

activity of each promoter differed by host bacteria (Lac-

tobacillus plantarum Lb25, Lactobacillus reuteri

ATCC23272, and Escherichia coli Top10F’). Ptuf had the

highest activity in IL1403 when growth reached late log

phase. The activity of each promoter correlated with the

expression of each cognate gene in the microarray data

(R2 = 0.7186, P = 0.06968). This study revealed that

novel food-grade promoters such as IL1403 Ptuf can be

selected from microarray data for food-grade microorgan-

isms and Ptuf can be used to develop a reliable gene

expression system in L. lactis.

Introduction

Lactic acid bacteria (LAB) are food-grade microorganisms

widely used in the food and animal industries. Lactococcus

lactis is one species of LAB that has been used as a component

of starter culture for fermented dairy products such as cheese

and fermented milk [23]. Many studies have shown that L.

lactis can be genetically engineered [13, 15, 26]. Recent

researches in L. lactis have focused on the development of oral

vaccines [2, 21, 26]. Generally, many genetic elements are

required to develop a recombinant oral vaccine using LAB

[12]. Among these elements, promoters are important and

essential for foreign antigen expression. However, finding a

promoter that fulfills all needed requirements is not easy.

Therefore, screening and selecting of promoters is an impor-

tant and on-going avenue of research.

Despite many efforts to screen promoters, the conven-

tionally used strategies were very similar in terms of con-

struction of promoter library and use of reporter genes such

as lacZ, lacG, gusA, cat, gfp, and luxAB [3]. Construction

of promoter library with high diversity requires a lot of

labor, cost, and time. To avoid these problems and to

screen and select novel promoters, we designed a new

strategy using microarray data. In this study, we cloned and

characterized a novel tuf promoter (Ptuf) of L. lactis

IL1403 which was selected through analysis of previously

published microarray data.

Materials and Methods

Bacterial Strains and Plasmids

The bacterial strains and plasmids used in this work are

listed in Table 1. Escherichia coli Top10F’ was used as a
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host bacterium for construction of pGEM-T easy-derived

vectors and BmpB expression. L. lactis IL1403 was used as

a host bacterium for construction of pIL252-derived vec-

tors and BmpB expression.

Culture Media, Bacterial Transformation, and DNA

Isolations

E. coli, L. lactis, and Lactobacillus strains were cultivated in

Luria-Bertani broth, M17 broth containing 0.5% (w/v) glu-

cose (called M17G), and MRS broth, respectively. The used

antibiotics were ampicillin (100 lg/ml) for E. coli and

erythromycin (5 lg/ml) for LAB. All bacterial species were

transformed by electroporation as described previously [1]

and according to manufacturer’s instructions. Plasmid DNA

was isolated from E. coli with the Plasmid Purification Mini

Kit (Nucleogen, South Korea) according to manufacturer’s

instructions. Plasmid DNA from L. lactis and Lactobacillus

strains was isolated as described previously [16].

Analysis of Microarray Data for IL1403 and Statistical

Analysis

We collected two sets of microarray data on IL1403 from

the Gene Expression Omnibus (GEO) database of National

Center for Biotechnology Information (NCBI) website

(Series GSE5761 and GSE4872). These sets contain

exponential phase-specific gene expression profiles of

IL1403 cultivated in either a chemically defined medium

(CDM) (Sample GSM134562, GSM134563 and

GSM134564 within Series GSE5761) [17] or a CDM with

ten-fold reduced concentrations of isoleucine, leucine, and

valine (Sample GSM109311, GSM109314, GSM109315

within Series GSE,4872). Sorting of microarray data and

linear regression was carried out using Microsoft Excel or

R [22].

Construction of Plasmid Vectors

pIL.CatT was constructed by subcloning a 971-bp fragment

containing the RBS region, cat, the transcriptional termi-

nator for pepN of IL1403, an N-terminal SalI site, and a C-

terminal EcoRI site into the SalI and EcoRI sites of

pIL252. A schematic diagram for the construction of

expression vectors is shown in Fig. 1. Four promoters were

cloned by PCR-amplification (Table 2) with IL1403

genomic DNA as a template using the i-MAXTM II DNA

polymerase (iNtRON BIOTECHNOLOGY, South Korea).

The amplicons and pET.MbmpB [9] were cut with NdeI,

and the resulting fragments were ligated. The ligated DNA

was used as a template for PCR-amplification using four

sets of primers (Table 2 and Fig. 1). Each amplicon was,

respectively, subcloned into pGEM-T easy and pIL.CatT to

generate E. coli expression vectors (pT.Ptuf.MbF,

pT.Ppfk.MbF, and pT.Pusp.MbF) and LAB expression

vectors (pILPdnaJ.Mb, pILPtuf.Mb, pILPpfk.Mb, and

pILPusp.Mb).

Analysis of Nucleotide Sequences

DNA sequencing was carried out using Applied Biosys-

tems 3730xl by the National Instrumental Center for

Table 1 Bacterial strains and plasmids

Strains and plasmids Relevant characteristics Origin

Strains

E. coli Top10F’ Ampr, Cloning/Expression host for pGEM-T easy Invitrogen

L. lactis IL1403 His- Iso- Leu- Val-, plasmid-free [19]

L. plantarum Lb25 Isolated from swine feces [27]

L. reuteri ATCC 23272 Isolated from human feces ATCC

Plasmids

pGEM-T easy Ampr, M13ori pBR322ori, Linear T-overhangs vector Promega

pET.MbmpB Ampr, pET-21b(?) derivative, Modified bmpB gene [27]

pT.Ptuf.MbF pGEM-T easy derivative, T7 and tuf promoter upstream of bmpB This work

pT.Ppfk.MbF pGEM-T easy derivative, T7 and pfkA promoter upstream of bmpB This work

pT.Pusp.MbF pGEM-T easy derivative, T7 and usp45 promoter upstream of bmpB This work

pIL252 ermAM, 4.6 kb, Low-copy number plasmid vector for LAB [19]

pIL.CatT pIL252 derivative, Promoterless cat gene This work

pILPdnaJ.Mb pIL.CatT derivative, dnaJ promoter upstream of bmpB This work

pILPtuf.Mb pIL.CatT derivative, tuf promoter upstream of bmpB This work

pILPpfk.Mb pIL.CatT derivative, pfkA promoter upstream of bmpB This work

pILPusp.Mb pIL.CatT derivative, usp45 promoter upstream of bmpB This work
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Environmental Management (NICEM, Seoul National

University, South Korea).

Bacterial Cell Harvest for Western Blot Assay

A single bacterial colony was inoculated into 3 ml of fresh

broth medium and incubated at 30�C without agitation or at

37�C with agitation for 17 h. The resulting culture (30 ll)

was subsequently inoculated into 3 ml of fresh broth

medium and incubated until the final optical density at

600 nm (OD600) was about 2.3 (E. coli), 2.3 (L. lactis), 3.6

(L. plantarum), or 6.0 (L. reuteri). All cultures were cen-

trifuged at 5,000g for 10 min at 4�C to harvest cells, and

the cells were stored at -80�C until analysis.

Protein Extraction, SDS-PAGE, and Western Blot

Assay

In order to extract protein from E. coli, the harvested cells

were washed twice with PBS and resuspended in 200 ll of

PBS containing 1% (w/v) SDS. After briefly vortexing,

resuspended cells were incubated at 95�C for 5 min. Cell

debris was removed from the cell extract by centrifugation

at 14,000g for 10 min. The protein-containing supernatant

was stored at -80�C until analysis. In order to extract

protein from LAB, the harvested cells were washed twice

with PBS and resuspended in 200 ll of PBS. Glass beads

(212–300 lm, Sigma) were supplemented, and the cells

were incubated on ice and shaken intermittently for 1 h by

vortex. Cell debris was removed from the cell extract by

centrifugation at 14,000g for 10 min. The protein-con-

taining supernatant was stored at -80�C until analysis.

SDS-PAGE was carried out with a 12% poly-acrylamide

gel. Each well was loaded with 20 lg of E. coli protein or

40 lg of LAB protein in the same volume. The expressed

BmpB was detected with polyclonal anti-BmpB mouse

serum (1:4,000, Aprogen, South Korea) and anti-mouse

IgG, HRP-linked antibody (1:20,000, Cell Signaling

Technology, USA) as described previously [9].

Results

Screening and Selecting of a Promoter Through

Analysis of Microarray Data

We collected and analyzed two sets of previously pub-

lished microarray data on IL1403 (Series GSE5761 and

GSE4872) to identify highly expressed genes in IL1403.

All data were sorted by normalized signals (Table 3). The

first set (Series GSE5761) of data was derived from IL1403

cells cultivated in CDM. The second data set (Series

GSE4872) was derived from IL1403 cells cultivated in

CDM with ten-fold reduced concentrations of isoleucine,

leucine, and valine, as compared to CDM. The spot having

the highest expression signal in each set was identified as

the same gene, tuf (Table 3), which encodes the translation

elongation factor Tu (EF-Tu). According to the annotation

Fig. 1 Schematic diagram for

the construction of BmpB

expression vectors. TpepN
transcription terminator of the

IL1403 pepN gene; ermAM
erythromycin resistance gene;

AmpR ampicillin resistance

gene; cat chloramphenicol

resistance gene; repD
replication protein D; repE
replication protein E
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data for the IL1403 genome (NC_002662), we could infer

that the tuf gene has its own promoter and does not share

that promoter with any other genes. Therefore, in this

study, we examined the novel Ptuf.

Sequence Analysis and Cloning of a Putative Promoter

To compare the activity of the Ptuf with that of other

promoters, we selected three other known lactococcal

promoters for the dnaJ, pfkA, and usp45 genes (PdnaJ,

PpfkA, and Pusp45) of L. lactis subsp. cremoris MG1363

[11, 20, 24]. They were reported to have activity in

MG1363, and their cognate IL1403 promoters were also

expected to have activity in IL1403 but their activity was

not examined in IL1403. Therefore, we used them not only

as positive controls but also as samples in this study. The

180-bp region of putative Ptuf containing the -35 and -10

hexamers was cloned (Fig. 2). The putative promoters for

the other three genes were also cloned according to pre-

vious reports. Sequences for each cognate MG1363 pro-

moter are similar to those of IL1403, with similarities of

95% (Ptuf, 180 bp), 86% (PdnaJ, 333 bp), 99% (PpfkA,

140 bp), and 92% (Pusp45, 193 bp). Each cloned promoter

was, respectively, fused to the promoterless and modified

bmpB gene (Fig. 1), which was derived from Brachyspira

hyodysenteriae, a major pathogen of swine dysentery.

Since administration of BmpB was reported to protect pigs

from this disease [10], we selected the bmpB for potential

use of L. lactis expressing BmpB as an oral vaccine.

Construction of BmpB Expression Vectors Using

Lactococcal Promoters

We constructed BmpB expression vectors to examine

promoter activity in E. coli and LAB. Four promoters were

fused to modified bmpB, respectively. Each fused fragment

was subcloned into pGEM-T easy and pIL.CatT to generate

two expression vectors (Fig. 1). For no apparent reason, we

failed to construct an E. coli expression vector containing

PdnaJ. All LAB expression vectors were transformed into

L. lactis IL1403, L. plantarum Lb25, and L. reuteri

ATCC23272.

BmpB Expression by Lactococcal Promoters and Host-

Range of Promoters

In order to examine the activity of the four lactococcal

promoters, cells of all wild-type and recombinant strains

were cultivated and harvested. Protein was extracted, and

BmpB expression induced by these promoters was detected

by western blot assay (Fig. 3). As expected, BmpB

expression was induced by all promoters when L. lactis

IL1403 was used as the expression host. The promoterless

Table 2 Primers for cloning and sequencing

Primer # Primer name Sequences of primer PCR product

1 dnaJN1BglSpe CGCAGATCTACTAGTGTGGGTGACGATTGATTTT PdnaJ

2 dnaJC1NdeI CATCATATGTTTCTAAATTACTCACTTCCTTTAC

3 tufN1SpeBgl GCACTAGTAGATCTATTTTACTACTTC Ptuf

4 tufC1Nde CTTCTTTAGCCATATGAAAAATGTCTCCT

5 pfkN1BglSpe AGATCTGAAACTAGTAAAACGTTTCATACAGT PpfkA

6 pkfC1Nde GCGTTTCATATGAATCTGTCCTCCG

7 PuspN2BglSpe GTTTACCAGATCTCGACTAGTCTTTTGCTT Pusp45

8 PuspC1NdeI TTCATATGTGTAATTTTTTAATTTTTCCTC

9 Bmp_C_XhoI TCTCGAGTTATTTCCAAGTAGGAAGATAAG Promoter ? bmpB

Table 3 List of spots with high level of expression signal in

microarray data for IL1403a

Spot IDb ORFc Normalized valuesd

CDMe ILVf

1980 tuf 11.023 17.160

1979 tuf 10.497 17.113

1755 rpmE 7.130 6.930

1772 rpoA 6.653 7.847

1756 rpmE 6.550 7.380

1771 rpoA 6.513 7.890

50 als 5.693 6.770

49 als 5.613 6.523

1723 rplJ 5.503 5.763

1499 ptnAB 5.423 5.533

1724 rplJ 5.333 6.220

a This table was regenerated by sorting of the microarray data
b Spot ID used in microarray data
c Gene names for open reading frames
d Normalized values of expression signal, not log-transformed,

average values for triplicate results
e Chemically defined medium
f CDM with ten-fold reduced concentrations of isoleucine, leucine

and valine
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vector did not induce BmpB expression (data not shown).

Ptuf activity was strongest among the promoters examined

in IL1403. In IL1403, activity of PpfkA was stronger than

that of PdnaJ or Pusp45. This result was restricted to

IL1403, and we could not expect the same result in other

bacteria. Therefore, we examined these promoters using

other LAB species and unrelated bacteria (E. coli). As

shown in Fig. 3, these promoters have different host-range.

Only Pusp45 could weakly induce BmpB expression in L.

plantarum Lb25, the others were weakly active in L. reu-

teri ATCC23272. In E. coli Top10F’, Ptuf and PpfkA were

strongly active, but Pusp45 was not active.

Promoter Activity was Dependent on Growth Phase

We showed that Ptuf and PpfkA were strong in IL1403.

Since expression of foreign genes by strong promoter can

sometimes cause problems, such as growth inhibition of

host cells [4], we examined the growth pattern of wild-type

and two recombinant IL1403 strains (Fig. 4a), but there

was no difference in the growth pattern between them.

Some genes are expressed in a growth phase-dependent

manner in LAB [5]. Therefore, we investigated the growth

phase-dependent activity of the two promoters (Fig. 4b).

We sampled LAB cells at indicated times during cultiva-

tion (Fig. 4a), and promoter activity was estimated by

BmpB expression at each time. Maximal activity was

observed at late log phase for Ptuf and at early stationary

phase for PpfkA, and the activity was maintained at early

stationary phase.

Correlation Between Promoter Activity and Microarray

Data

Since the promoters used in this study were derived and

cloned from IL1403, we wondered whether the level of

BmpB expression induced by each promoter correlates

with the expression level in the microarray data. The

microarray data (Series GSE5761) were sorted by the

normalized signal, and then regression of the normalized

signal (Y) on the rank (X) was analyzed

(Ŷ = 7.9752 - 0.9398 ln(X), R2 = 0.9809, P \ 0.0001).

In order to linearize the curvilinear relation, we trans-

formed the value of the normalized signal, and then

regression of the transformed signal (Y) on the rank (X)

was analyzed (Ŷ = 168.33 ? 0.8894 X, R2 = 0.9963,

P \ 0.0001). Finally, we analyzed the correlation between

the level of BmpB expression (Y) by each promoter and the

transformed signal (X) of each cognate gene (Ŷ =

2.2964 - 0.0021 X, R2 = 0.7186, P = 0.06968, Fig. 5).

Since there was no value of pfkA in the microarray data, we

substituted values of ldh and pyk genes for a value of pfkA.

This was because the two genes lie downstream of pfkA

and are under the control of PpfkA. Although the sample

number is low, we observed a correlation tendency. This

result suggests that a gene with high microarray signal may

have a strong promoter and that a gene with low signal may

have a weak one.

Discussion

Previously, bacterial Ptuf had been investigated only in

Chlamydia trachomatis [18] and Lactobacillus johnsonii

[25]. There are no reports of Ptuf in L. lactis. We have now

identified and cloned a novel Ptuf of L. lactis IL1403.

Based on our present results regarding IL1403 Ptuf, we

do not know whether they need trans-elements. However,

they worked without any additional trans-elements in

IL1403. On the contrary, the nisin-inducible promoter

needs additional trans-elements such as NisK and NisR

proteins [6]. Therefore, the short IL1403 Ptuf can be easily

and simply used in IL1403.

Generally, promoters have their own host-range. As

shown in Fig. 3, Ptuf and PpfkA did not work in L. plan-

tarum, but they worked in L. lactis, L. reuteri, and E. coli.

Therefore, these promoters also have their own host-range.

One previous study showed that LAB promoters working

in L. lactis have similar activity in E. coli [8]. We also

showed a similar result using Ptuf and PpfkA.

Fig. 2 Nucleotide sequence of

IL1403 Ptuf. Two Ptuf
sequences derived from IL1403

and MG1363 were aligned

using ClustalW. Putative -35/-

10 hexamers and RBS were

indicated
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Several proteomic studies of L. lactis reported that the

product of IL1403 or MG1363 tuf gene was detected at

high level by two-dimensional gel electrophoresis (2-DE)

[7, 14]. These previous reports are coincident with the

strong activity of Ptuf observed in this study. The las

operon of L. lactis consists of pfkA, ldh and pyk and is

involved in glycolysis. This operon has a strong promoter

in L. lactis MG1363 [20], and products of these IL1403

genes were also detected at high levels by 2-DE [7]. These

previous reports are coincident with the strong PpfkA

activity observed in this study.

Since genetically engineered microorganisms may have

potential risks and bio-hazards, many studies have focused

on food-grade gene expression systems which consist of

genetic elements derived from food-grade microorganisms

[4, 8, 11]. LAB are representative food-grade microor-

ganisms. Therefore, the promoters examined in this study

are all food-grade genetic elements, and we can use them

as food-grade promoters to develop LAB-based applica-

tions and as genetic tools to investigate physiology of LAB.

Acknowledgments This study was supported by a graduate fel-

lowship from the BK 21 project and the Research Institute for

Agriculture and Life Sciences, Seoul National University. We thank

Dr. Alain Chopin (Laboratoire de Génétique Microbienne, France)

and Takashi Sasaki (Meiji Dairies Corporation, Japan) for providing

the pIL252 vector and the IL1403 strain.

References

1. Alegre MT, Rodrı́guez MC, Mesas JM (2004) Transformation of

Lactobacillus plantarum by electroporation with in vitro modified

plasmid DNA. FEMS Microbiol Lett 241:73–77
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13. Morello E, Bermúdez-Humarán LG, Llull D et al (2008) Lacto-
coccus lactis, an efficient cell factory for recombinant protein

production and secretion. J Mol Microbiol Biotechnol 14:48–58

14. Beyer NH, Roepstorff P, Hammer K et al (2003) Proteome

analysis of the purine stimulon from Lactococcus lactis. Proteo-

mics 3:786–797

15. Nouaille S, Ribeiro LA, Miyoshi A et al (2003) Heterologous

protein production and delivery systems for Lactococcus lactis.

Genet Mol Res 2:102–111

16. O’Sullivan DJ, Klaenhammer TR (1993) Rapid mini-prep isola-

tion of high-quality plasmid DNA from Lactococcus and Lacto-
bacillus spp. Appl Environ Microbiol 59:2730–2733

17. Redon E, Loubiere P, Cocaign-Bousquet M (2005) Role of

mRNA stability during genome-wide adaptation of Lactococcus
lactis to carbon starvation. J Biol Chem 280:36380–36385

18. Shen L, Shi Y, Douglas AL et al (2000) Identification and

characterization of promoters regulating tuf expression in Chla-
mydia trachomatis serovar F. Arch Biochem Biophys 379:46–56

19. Simon D, Chopin A (1988) Construction of a vector plasmid

family and its use for molecular cloning in Streptococcus lactis.

Biochimie 70:559–566

20. Solem C, Jensen PR (2002) Modulation of gene expression made

easy. Appl Environ Microbiol 68:2397–2403

21. Steidler L, Rottiers P (2006) Therapeutic drug delivery by

genetically modified Lactococcus lactis. Ann NY Acad Sci

1072:176–186

22. Team RDC (2008) R: A language and environment for statistical

computing

23. Teuber M, Geis A (2006) The genus Lactococcus. In: The pro-

karyotes. Springer, NY, pp 205–228

24. van Asseldonk M, de Vos WM, Simons G (1993) Functional

analysis of the Lactococcus lactis usp45 secretion signal in the
secretion of a homologous proteinase and a heterologous alpha-
amylase. Mol Gen Genet 240:428–434

25. Ventura M, Canchaya C, Meylan V et al (2003) Analysis, char-

acterization, and loci of the tuf genes in Lactobacillus and Bifi-
dobacterium species and their direct application for species

identification. Appl Environ Microbiol 69:6908–6922

26. Wells JM, Mercenier A (2008) Mucosal delivery of therapeutic

and prophylactic molecules using lactic acid bacteria. Nat Rev

Microbiol 6:349–362

27. Yun JH, Lee KB, Sung YK et al (2008) Isolation and charac-

terization of potential probiotic lactobacilli from pig feces.

J Basic Microbiol 48:1–7

E. B. Kim et al.: Cloning and Characterization of a Novel tuf Promoter 431

123


	Cloning and Characterization of a Novel tuf Promoter�from Lactococcus lactis subsp. lactis IL1403
	Abstract
	Introduction
	Materials and Methods
	Bacterial Strains and Plasmids
	Culture Media, Bacterial Transformation, and DNA Isolations
	Analysis of Microarray Data for IL1403 and Statistical Analysis
	Construction of Plasmid Vectors
	Analysis of Nucleotide Sequences
	Bacterial Cell Harvest for Western Blot Assay
	Protein Extraction, SDS-PAGE, and Western Blot Assay

	Results
	Screening and Selecting of a Promoter Through Analysis of Microarray Data
	Sequence Analysis and Cloning of a Putative Promoter
	Construction of BmpB Expression Vectors Using Lactococcal Promoters
	BmpB Expression by Lactococcal Promoters and Host-Range of Promoters
	Promoter Activity was Dependent on Growth Phase
	Correlation Between Promoter Activity and Microarray Data

	Discussion
	Acknowledgments
	References



<<
  /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


