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The gene frpB2 of Helicobacter pylori encodes
an hemoglobin-binding protein involved in iron acquisition
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Abstract Human hemoglobin (Hb) is a metallopro-
tein used by pathogens as a source of iron during
invasive process. It can support the Helicobacter pylori
growth and several proteins are induced during iron
starvation. However, the identity of those proteins
remains unknown. In this work, by in silico analysis we
identified FrpB2 in H. pylori genome. This protein was
annotated as an iron-regulated outer membrane pro-
tein. Multiple amino acid alignment showed the motifs
necessary for Hb-binding. We demonstrate the ability
of FrpB2 to bind Hb by overlay experiments. In
addition, the overexpression of this gene allowed the
cell growth in media without free iron but supple-
mented with Hb. All these results support the idea that
JfrpB2is a gene of H. pyloriinvolved in iron acquisition
when Hb is used as a sole iron source.
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Introduction

Iron is essential for all the pathogens infecting
mammalian hosts. In human beings iron is found

M. A. Gonzdlez-Lépez - J. J. Olivares-Trejo (D<)
Posgrado en Ciencias Genémicas, Universidad Auténoma
de la Ciudad de México, San Lorenzo 290, 03100 México,
DF, México

e-mail: jouacm@gmail.com

bound to proteins such as lactoferrins or hemoglobins
because in free form is highly toxic (De Freitas and
Meneghini 2001; Otto et al. 1992). Human pathogens
have developed mechanisms to acquire iron from
different human sources. One efficient mechanism
consists on the expression of proteins capable of
binding Hb (hemophores and Hb-receptors) (Wan-
dersman and Stojiljkovic 2000; Genco and Dixon
2001; Ratlif-Griffin and Stojiljkovic 2004). Hemo-
phores are Hb-binding proteins secreted by the cell,
which bind extracellular Hb (Baker et al. 2003;
Létoffé et al. 1994), while Hb-receptors are proteins
localized in outer membrane. Hb-receptors have the
ability to bind and transport Hb into the cell through a
Ton B-dependent mechanism (Beddek et al. 2004;
Ferguson and Deisenhofer 2002; Simpson et al.
2000). Hb-receptors bind Hb using two conserved
motifs (FRAP and NPNL), which are often separated
by a 10-20 amino acid segment. Multiple amino acid
alignment from different bacterial Hb-binding pro-
teins have revealed that there are changes in at least
one of these FRAP and NPNL motifs (Liu et al. 2000;
Simpson et al. 2000), notwithstanding of that, their
Hb-binding properties are not affected (Ferguson
et al. 2002; Letoffe et al. 1999; Liu et al. 20006;
Perkins-Balding et al. 2003; Rossi et al. 2001).
Helicobacter pylori is the leading cause of peptic
ulcers and gastritis, it can survive in several human
environments, it requires iron for surviving and it
has been observed that iron overload exacerbates
the infectious diseases caused by this pathogen
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(Velayudhan et al. 2000). Thus, it has been proposed
that H. pylori can use different iron sources in the
human. One of them is holo-lactoferrin where iron
acquisition is mediated by a membrane protein
(Dhaenens et al. 1997). Another is heme group, at
least three proteins have been isolated by heme
affinity chromatography, however, their identity still
remains unknown (Worst et al. 1995). In addition to
previous sources, H. pylori is also able to obtain iron
from Hb because it can support its cellular growth
using Hb as a sole iron source (Worst et al. 1995).
Nevertheless, the mechanism to acquire iron from Hb
has not been determined. The usage of diverse iron
sources may confer H. pylori the ability to survive in
different host tissues. As consequence, lactoferrin
may be used in mucosa whereas Hb may be used by
H. pylori when it is in contact with blood cells
released during ulceration. In the present work, an
Hb-binding protein was identified in H. pylori. The
JfrpB2 gene was cloned and expressed in E. coli and
the ability to acquire iron from Hb was tested. Then,
FrpB2 protein expressed was identified as a mem-
brane protein with Hb-binding activity. Our findings
suggest that FrpB2 could be responsible for the iron
acquisition from Hb in this pathogen.

Materials and methods
Cultures

E. coli DH5a was used for frpB2 gene cloning and
BL21pLysS strain was used for FrpB2 protein
expression. All E. coli strains were cultured at 37°C
in LB media supplemented with 100 mM ampicillin
(Sambrook and Russell 2001).

The reference strain H. pylori J99 maintained by
freezing at —70°C in brucella broth media (Sigma
laboratories) containing 50% (vol/vol) glycerol. Cul-
tures were grown on cassman agar supplemented with
5% (vol/vol) horse blood (Difco laboratories) incu-
bated for 3 days at 37°C under microaerophilic
conditions.

Growth kinetics
Overnight cultures of E. coli were iron starved by

adding 250 pM 2, 2'dipyridyl (Sigma laboratories),
thus O.D. was adjusted up to 0.4 and the FrpB2
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expression was induced for 3 h with 1 mM IPTG
(Fermentas Life Sciences), thereafter cultures were
supplemented with equivalent molar quantities of
(10 mM iron) Hb, different metalloproteins (Sigma
laboratories) or ammonium ferric citrate (Sigma
laboratories) and incubated during 60 h. Samples
were collected every 2 h to follow cell growth by
0.D. 600 nm using spectrophotometry.

frpB2 gene cloning and expression

We amplified this gene by PCR assay using as probe H.
pylori genomic DNA and specific primers (5’ GGGGG
GAGCTC ATG AAT GAC AAG CGT 3’ forward)
(5’ GGGGG TCTAGA TTA AAA CTT ATA AGA
AAT TTC AAA CCT AGC GTT AAA GCC AGG
CTC TGC 3’ reverse) designed according to the
reported sequence (NCBI access number 890041).
The amplified sequence was cloned under T7 promoter
control in pJET1.2 Blunt plasmid (Fermentas Life
Sciences). The function of frpB2 gene was tested by
transforming E. coli (BL21pLysS), this bacterium
lacks of genes that encode for Hb-binding proteins. As
a positive control, we used ChuA gene of enter-
ohemorragic E. coli EC EH 0O157:H7 (Torres and
Payne 1997). Positive constructs were selected by
ampicillin resistance in E. coli, the gene identity was
corroborated by sequenciation. FrpB2 protein expres-
sion was induced for 3 h with 1 mM IPTG in
BL21pLysS cells and proteins were analyzed by
SDS-PAGE stained with Coomasie blue.

Purification of membranal and cytosolic fractions

BL21pLysS cells were transformed with pJET-frpB2,
pJET-ChuA or pJET plasmids and cultivated in 50 ml
of LB medium to 0.4 O.D. Cells were iron starved by
adding 250 uM 2-2'dipyridyl, thus expression was
induced for 3 h with 1 mM IPTG and the cultures
were supplemented with Hb or iron. Cultures were
followed for 25 h and the cells were collected by
centrifugation. The pellet was suspended in PBS
(pH 7.3 cold). PMSF 1 mM and cells were broken
by French pressure using 1,500 psi. Samples were
centrifuged at 1,500xg for 5 min to eliminate
unbroken cells and debris. Supernatant was ultracen-
trifuged at 105,000x g for 1 h to obtain soluble and
unsoluble fractions. Samples of each fraction were
taken and load onto 12% SDS-PAGE.
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Overlay assay

Protein samples from different conditions were
separated by 12% SDS-PAGE and transferred to
nitrocellulose membrane. Membrane was blocked
with 5% non-fat milk in buffer PBST (PBS 0.05%
tween 20). Hb (5 pg) was added and incubated for
12 h at 4°C. After three washes (15 min) with PBST,
the membrane was incubated with anti-f-globin
antibodies. Finally, the antibody coupled to raddish
peroxidase was added. The signal was developed by
chemiluminescence ECL (Amersham) (Cruz-Castai-
eda and Olivares-Trejo 2008).

Results

An Hb-binding protein containing FRAP
and NPNL motifs was identified in H. pylori
genome

H. pyloriis a pathogen that can support its growth using
Hb as only iron source and express proteins capable of
binding heme group, nevertheless, their identity
remains unknown. To explore if H. pylori uses Hb as
an iron source through of Hb-binding proteins we
developed a strategy different that was reported by
Worst et al. (1995). We performed an in silico analysis
using as probe the amino acid sequence of ChuA
(Expasy http://www.au.expasy.org/) with access
number Q7DB97, which is an Hb-receptor reported in
E. coli (Torres and Payne 1997). This strategy allowed
us to identify in H. pylori proteome (Expasy http://
www.au.expasy.org/) the FrpB2 protein with access
number Q9ZKT4 and was annotated as a putative iron-
regulated outer membrane protein. Multiple amino
acid sequence alignment revealed the presence of

coli Chuk

FRAP and NPNL motifs necessary for Hb-binding. In
addition, TonB motif was identified, it is crucial to
obtain energy (Fig. 1).

FrpB2 is an H. pylori protein that conserves
FRAP and NPNL motifs necessary
for Hb-binding

To gain more information about the function of
FrpB2 we compare FrpB2 and ChuA 3D structures by
PyMol V 0.99 program. We observed that both 3D
structures presented the same spatial conformation,
the barrel structure typical of membrane proteins. The
blue structure may function as a lid that allows the
passing of iron source through of membrane. FRAP
and NPNL motifs involved in Hb-binding are
presented in yellow. This result suggests that FrpB2
protein presents a similar structure to ChuA and
perhaps it has the same function as an Hb-binding
protein (Fig. 2).

FrpB2 is an Hb-binding protein and is expressed
in membrane

The fact that FrpB2 has the 3D structure like ChuA
and it has FRAP and NPNL motifs, suggests that
FrpB2 protein may act as an Hb-binding protein. To
explore this assumption frpB2 and ChuA genes were
cloned under T7 promoter control and expressed in E.
coli (BL21pLysS) no pathogenic. This bacterium
lacks of genes that encode for Hb-binding proteins.
Thereafter membrane and cytoplasmic fraction were
separated by differential centrifugation. Thus, pro-
teins were loaded onto SDS-PAGE and transferred to
nitrocellulose membrane. The ability of binding Hb
was tested by overlay assay as reported Cruz-
Castafieda and Olivares-Trejo (2008). We did not
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Fig. 1 FrpB2 protein contains FRAP/NPNL motifs necessary
for Hb-binding. Multiple amino acid alignment. FrpB2 amino
acid sequence of H. pylori genome was compared with
sequences from ChuA (E. coli), HmuR (Y. pestis), HmuR
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(P. gingivalis), HmbR (N. meningitidis) to reveal the FRAP
and NPNL motifs necessary for Hb-binding, they are shown in
squares
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Fig. 2 ChuA and FrpB2 ChuA
proteins have similar E. coli

structure. ChuA and FrpB2
amino acid sequences were
modeled using the PyMol
program. Both proteins
have the barrel structure.
Inside the barrel a blue
structure represents the lid,
which is important to permit
the passage through
membrane of iron source.
FRAP and NPNL domains
are shown in yellow

detect Hb-binding proteins in the cytoplasmic frac-
tion (Fig. 3a, lanes 2, 3). Substantially FrpB2 protein
was detected in the membrane fraction and its
molecular weight corresponded to estimate size
(90.8 kDa) (Fig. 3b, lane 3) as well as the positive
control (70 kDa) (ChuA) (Fig. 3b, lane 2). No
detection was observed with negative control vector
(Fig. 3b, lane 1) or with the negative control in which
the overlay was performed without Hb (Fig. 3c). We
performed overlay experiments using H. pylori
membranes in order to explore whether this pathogen
expresses Hb-bindig protein. Interestingly, a protein
with an estimated size of 90.8 kDa was detected
(Fig. 3d, lane 2), this protein was not observed in
soluble fraction (Fig. 3d, lane 1) or when the overlay
was performed without Hb (Fig. 3d, lane 3). These
findings further suggest that FrpB2 protein is an Hb-
binding protein and it is principally expressed in
membrane.

The expression of frpB2 and ChuA genes
in E. coli supported the cell growth in media
depleted of iron

The capability of FrpB2 to bind Hb suggests that it is
involved in iron acquisition using Hb as an iron
source. To explore more about this idea the function
of frpB2 gene was evaluated by growth kinetic. Cells
transformed with different constructions were iron
starved adding 2-2'dipyridyl as quelater, thereafter
the media was supplemented with Hb or different
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metalloproteins and the cell growth was tested every
2 h by espectrophotometry. E. coli transformed with
the empty vector did not grow in iron absence. Only
cells transformed with pJET-ChuA (positive control)
and pJET-frpB2 plasmids maintained the cell growth
(Fig. 4a). These experiments support the idea that
frpB2 gene encodes a membrane Hb-binding protein
involved in iron acquisition. To investigate whether
FrpB2 utilizes other metalloproteins as an iron source
we performed growth kinetic experiments as in A, but
after iron starvation the medium was supplemented
with metalloproteins different of Hb. Apo-transferrin,
Holo-transferrin, Lactoferrin and Albumin were
tested as only iron source and they did not support
the cell growth (Fig. 4b, c). Both ChuA and FrpB2
proteins are too specific for human Hb because Hbs,
like mouse or goat, did not support the cell growth
either (Fig. 4b, c).

Discussion

In this work an Hb-binding protein involved in iron
acquisition was identified by in silico analysis
(FrpB2). This protein was annotated as a putative
iron-regulated outer membrane protein and it pre-
sented the motifs necessary to bind Hb. The molecular
weight estimated experimentally was 90.8 kDa,
higher than reported for three proteins previously
described (77, 50 and 48 kDa), which bind heme
(Worst et al. 1995). Interestingly, we did not find those
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Fig. 3 frpB2 gene encodes an Hb-binding protein expressed Otheriron
in membrane. pJETfrpB2, pJETChuA and pJET constructions sources

transformed in E. coli were induced with 1 mM IPTG. Cells
were collected and broken by French pressure. Cytoplasmic
and membranal fractions were separated by ultracentrifugation.
Samples of each fraction were load onto SDS-PAGE,
transferred to nitrocellulose membrane and Hb-binding pro-
teins were revealed by overlay assay using anti-f-globin
antibodies. Panel A: cytoplasmic fraction (CF), Panels B and
C: membranal fraction (MF), in C overlay assay was performed
without Hb as a negative control. Lane 1: pJET, negative
control, Lane 2: pJETChuA, Lane 3: pJETfrpB2, positive
control. Estimated molecular weight for ChuA (70 kDa) and
FrpB2 (90.8 kDa) is shown by the arrows. Panel D: overlay
experiments were performed using H. pylori membranes. Lane
1: soluble fraction, Lanes 2 and 3: membranal fraction, but in
lane 3, Hb was not added (negative control)

proteins with the strategy used in this study, maybe
because those proteins are not related with the
structure of FrpB2 protein and possibility they have
a distinct role in the biology of H. pylori. We suggest
that frpB2 gene is involved in iron acquisition from
human Hb specifically, because this gene was only
able to maintain the E. coli cell growth in presence of
human Hb. The identification of this protein in the
membrane fraction suggested that FrpB2 could be an
Hb-receptor protein like ChuA. This assumption was

0.0
$ 10 16 20 25 30 35 40 45 60 55 6O
Time (h)

Fig. 4 The frpB2 gene expression supports the E. coli cell
growth using Hb as a sole iron source. BL21pLysS strain was
transformed with pJET-frpB2, pJETChuA and pJET (vector)
and cell growth was iron starved using 2-2" dipyridyl and the
media was supplemented with human Hb or different
metalloproteins. Samples were taken every 2 h and the cell
growth was tested by spectrophotometry. Panel A: pJETfrpB2
without Hb (O), pJETfrpB2 (@), pJETChuA (M), pJET (X).
Panel B: pJETChuA after iron starvation, the medium was
supplemented with different iron sources, () human Hb, (@)
Apo-transferrin, ((J) Holo-transferrin, (A) Lactoferrin, (V)
Albumin, (¢) mouse Hb, (O) goat Hb, (A) without source
(negative control). Panel C: as in B but the construction tested
was pJETfrpB2

supported by 3D comparison, both proteins have
similar structures and also FRAP/NPNL motifs are
conformationally conserved. We think that FrpB2
could participate in a mechanism when H. pylori
causes ulcers and perhaps this mechanism is distinct of
that which is used by H. pylori when it is invading the
gastric mucosa; here the principal iron source is
lactoferrin protein. In summary, we propose that
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FrpB2 is an Hb-binding protein expressed in mem-
brane, it is involved in iron acquisition and it uses
human Hb specifically.

Acknowledgments The authors thank Ph.D. Norma Veldzquez
of Laboratorio de Bacteriologia del Hospital Infantil, Federico
Gomez and Ms. C. Areli Cruz-Castafieda of Posgrado en Ciencias
Genomicas, UACM, for their excellent technical assistance. This
work was supported by grant number PIFUTP08-126 from ICyT,
México.

References

Baker MH, Anderson FB, Baker NE (2003) Dealing with iron:
common structural principles in proteins that transport
iron and heme. Proc Natl Acad Sci USA 100:3579-3583.
doi:10.1073/pnas.0637295100

Beddek JA, Sheehan JB, Bossé TJ, Rycroft NA, Kroll SJ,
Langford RP (2004) Two TonB systems in Actinobacillus
Pleuropneumoniae: their roles in iron acquisition and
virulence. Infect Immun 72:701-708. doi:10.1128/IAL.72.
2.701-708.2004

Cruz-Castaieda A, Olivares-Trejo JJ (2008) Ehhmbp45 is a
novel hemoglobin-binding protein identified in Entamoeba
histolytica. FEBS Lett 582:2806-2810. doi:10.1016/
j-febslet.2008.06.057

De Freitas JM, Meneghini R (2001) Iron and its sensitive
balance in the cell. Mutat Res 475:153-159. doi:10.1016/
S0027-5107(01)00066-5

Dhaenens L, Szczebara F, Husson M (1997) Identification,
characterization, and immunogenicity of the lactoferrin-
binding protein from Helicobacter pylori. Infect Immun 65:
514-518

Ferguson DA, Deisenhofer J (2002) TonB-depedent receptors-
structural perspectives. Biochemica et Biophysica Acta
1565:318-332

Ferguson AD, Smith BS, Deisenhofer J, Chakraborty R, Esser L,
van der Helm D (2002) Structural basis of gating by the outer
membrane transporter FecA. Science 295:1715-1719. doi:
10.1126/science.1067313

Genco AC, Dixon WD (2001) Emerging strategies in microbial
haem capture. Mol Microbiol 39:1-11. doi: 10.1046/j.1365-
2958.2001.02231.x

Letoffe S, Nato F, Goldberg ME, Wandersman C (1999)
Interactions of HasA, a bacterial haemophore, with hae-
moglobin and with its outer membrane receptor HasR.

@ Springer

Mol Microbiol 33:546-555. doi:10.1046/j.1365-2958.
1999.01499.x

Létoffé S, Ghigo JM, Wandersman C (1994) Iron acquisition
from heme and hemoglobin by a Serratia marcescens
extracellular protein. Proc Natl Acad Sci USA 91:9876—
9880. doi:10.1073/pnas.91.21.9876

Liu X, Olczak T, Guo CH, Dixon WD, Genco AC (2006)
Identification of amino acids residues involved in heme
binding and hemoprotein utilization in the Porphyro-
monas gingivalis heme receptor HmuR. Infect Immun
74:1222-1232. doi:10.1128/1A1.74.2.1222-1232.2006

Otto BR, Verweij-Vught AMJJ, Maclaren DM (1992) Trans-
ferrins and heme-compounds as iron sources for pathogenic
bacteria. Crit Rev Microbiol 18:217-233. doi:10.3109/
10408419209114559

Perkins-Balding D, Baer MT, Stijiljkovic I (2003) Identifica-
tion of functionally important regions of an haemoglobin
receptor from Neisseria meningitides. Microbiology
149:3423-3435. doi:10.1099/mic.0.26448-0

Ratlif-Griffin DM, Stojiljkovic I (2004) Iron transport system
in Neisseria meningitides. Microbiol Mol Biol Rev 68:
154-171. doi:10.1128/MMBR.68.1.154-171.2004

Rossi M, Fetherston JD, Letoffe S, Carniel E, Perry RD, Ghigo
JM (2001) Identification and characterization of the
hemophore-dependent heme acquisition system of Yersinia
pestis. Infect Immun 69:6707-6717. doi:10.1128/IAL69.
11.6707-6717.2001

Sambrook JD, Russell W (2001) Molecular cloning a labora-
tory manual. Cold Spring Harbor Laboratory Press

Simpson W, Olczak T, Genco AC (2000) Characterization and
expression of HmuR, a TonB-dependent hemoglobin
receptor of Porfiromonas gingivalis. J Bacteriol 182:
5737-5748. doi:10.1128/JB.182.20.5737-5748.2000

Torres AG, Payne SM (1997) Haem iron-transport system in
enterohaemorrhagic  Escherichia coli O157:H7. Mol
Microbiol 23:825-833. doi:10.1046/j.1365-2958.1997.26
41628.x

Velayudhan J, Hughes NJ, McColm AA, Bagshaw J, Clayton
CL, Andrews SC, Kelly DJ (2000) Iron acquisition and
virulence in Helicobacter pylori: a major role for FeoB, a
high-affinity ferrous iron transporter. Mol Microbiol 37:
274-286. doi:10.1046/j.1365-2958.2000.01987.x

Wandersman C, Stojiljkovic I (2000) Bacterial heme sources:
the role of heme, hemoprotein receptors and hemophores.
Curr Opin Microbiol 3:215-220. doi:10.1016/S1369-5274
(00)00078-3

Worst DJ, Otto BR, Graaff J (1995) Iron-repressible outer
membrane proteins of Helicobacter pylori involved in
heme uptake. Infect Immun 63:4161-4165


http://dx.doi.org/10.1073/pnas.0637295100
http://dx.doi.org/10.1128/IAI.72.2.701-708.2004
http://dx.doi.org/10.1128/IAI.72.2.701-708.2004
http://dx.doi.org/10.1016/j.febslet.2008.06.057
http://dx.doi.org/10.1016/j.febslet.2008.06.057
http://dx.doi.org/10.1016/S0027-5107(01)00066-5
http://dx.doi.org/10.1016/S0027-5107(01)00066-5
http://dx.doi.org/10.1126/science.1067313
http://dx.doi.org/10.1046/j.1365-2958.2001.02231.x
http://dx.doi.org/10.1046/j.1365-2958.2001.02231.x
http://dx.doi.org/10.1046/j.1365-2958.1999.01499.x
http://dx.doi.org/10.1046/j.1365-2958.1999.01499.x
http://dx.doi.org/10.1073/pnas.91.21.9876
http://dx.doi.org/10.1128/IAI.74.2.1222-1232.2006
http://dx.doi.org/10.3109/10408419209114559
http://dx.doi.org/10.3109/10408419209114559
http://dx.doi.org/10.1099/mic.0.26448-0
http://dx.doi.org/10.1128/MMBR.68.1.154-171.2004
http://dx.doi.org/10.1128/IAI.69.11.6707-6717.2001
http://dx.doi.org/10.1128/IAI.69.11.6707-6717.2001
http://dx.doi.org/10.1128/JB.182.20.5737-5748.2000
http://dx.doi.org/10.1046/j.1365-2958.1997.2641628.x
http://dx.doi.org/10.1046/j.1365-2958.1997.2641628.x
http://dx.doi.org/10.1046/j.1365-2958.2000.01987.x
http://dx.doi.org/10.1016/S1369-5274(00)00078-3
http://dx.doi.org/10.1016/S1369-5274(00)00078-3

	The gene frpB2 of Helicobacter pylori encodes �an hemoglobin-binding protein involved in iron acquisition
	Abstract
	Introduction
	Materials and methods
	Cultures
	Growth kinetics
	frpB2 gene cloning and expression
	Purification of membranal and cytosolic fractions
	Overlay assay

	Results
	An Hb-binding protein containing FRAP �and NPNL motifs was identified in H. pylori genome
	FrpB2 is an H. pylori protein that conserves FRAP and NPNL motifs necessary �for Hb-binding
	FrpB2 is an Hb-binding protein and is expressed in membrane
	The expression of frpB2 and ChuA genes �in E. coli supported the cell growth in media depleted of iron

	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


