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Abstract Bacillus anthracis secretes two sidero-
phores, petrobactin (PB) and bacillibactin (BB).
These siderophores were temporally produced during
germination and outgrowth of spores (the usual
infectious form of B. anthracis) in low-iron medium.
The siderophore PB was made first while BB secretion
began several hours later. Spore outgrowth early in an
infection may require PB, whereas delayed BB
production suggests a role for BB in the later stages
of the infection. Incubation of cultures (inoculated as
vegetative cells) at 37°C, as compared to 2°C,
increased PB production and decreased secretion of
BB, suggesting that the production of PB and BB
responded to the host temperature signal. The dual
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siderophores of B. anthracis may fulfill independent
roles in the life cycle of B. anthracis.
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Introduction

To successfully establish an infection in the iron
restricted environment of a normal mammalian host, a
pathogenic microorganism must acquire iron from
the host iron sources (Byers and Arceneaux 1998).
Notable among the microbial iron uptake mechanisms,
siderophores are low molecular mass iron chelating
agents synthesized by microbes to gather iron and
deliver it to the microbe. The concept that some
siderophores are virulence factors was strengthened by
the discovery that the mammalian protein siderocalin is a
component of the host innate iron-depletion defenses
that attacks siderophore-mediated iron uptake by bind-
ing siderophores (Goetz et al. 2002; Flo et al. 2004;
Abergel et al. 2006). Bacillus anthracis, the etiologic
agent of the disease anthrax, evades siderocalin by
producing the virulence-associated siderophore petrob-
actin (PB) (Garner et al. 2004; Koppisch et al. 2005;
Wilson et al. 2006). PB is constructed on a citrate bis-
spermidine scaffold with two 3,4-dihydroxybenzoate
(3,4-DHB) caps linked to the spermidinyl arms (Ber-
geron et al. 2004). The 3,4 hydroxylation pattern of the
iron binding moieties is unusual in catecholate
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siderophores and precludes insertion of PB within the
binding pocket of siderocalin (Abergel et al. 2006)). B.
anthracis AasbA, a mutant strain unable to produce PB,
is both attenuated for growth in macrophages and
significantly less virulent than its parent strain in a mouse
infection assay (Cendrowski et al. 2004). B. anthracis
also produces a second siderophore, bacillibactin (BB),
that incorporates catecholate groups of the more com-
monly found 2,3 hydroxylation pattern (Koppisch et al.
2005) and which is found in several species of the genus
Bacillus, including Bacillus subtilis (May et al. 2001).
Siderocalin binds BB (Abergel et al. 2006), probably
rendering BB unable to deliver iron to B. anthracis and
loss of BB production does not alter the virulence of B.
anthracis in a mouse model (Cendrowski et al. 2004).
Although BB is a major iron deficiency rescue system in
B. subtilis (Miethke et al. 2006), in iron depleted culture
medium the capacity to produce BB does not support
normal growth of B. anthracis asb mutant strains that fail
to synthesize PB (Cendrowski et al. 2004; Lee et al.
2007) and outgrowth of spores of B. anthracis under iron
restriction requires PB (Lee et al. 2007).

The usual infectious form of B. anthracis is the
spore and spore germination in the herbivore host
produces vegetative cells that multiply as the infection
progresses (Mock and Fouet 2001). Both PB and BB
are produced by pathogenic strains of B. anthracis
(Koppisch et al. 2008b) but it is unknown if the two
siderophores are produced simultaneously during
spore germination and outgrowth in the iron restricted
environment of the host (Byers and Arceneaux 1998)
and if syntheses of the siderophores are responsive to
host signals. Timed or temporal production of the
siderophores might suggest independent roles for PB
and BB during the B. anthracis life cycle from spore
germination, vegetative cell replication, and final re-
sporulation. A hierarchy of controls may adjust
siderophore production to the life cycle of B. anthracis.

Materials and methods
Bacterial strains, culture media cultivation
procedures, spore preparation, siderophore

purification

The Sterne strain B. anthracis USAMRIID (Garner
et al. 2004; Wilson et al. 2006) that lacks plasmid
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pXO2 of the two virulence plasmids pXO1 and pXO2
was obtained from P. Worsham. Bacteria were kept in
long-term storage as spores. The Controlled Trace
Metal (CTM) medium for growth and siderophore
production studies was prepared as previously
described (Garner et al. 2004), either with a high iron
(Fe = 36 uM) or low iron (Fe = 0.1 pM) supple-
ment. Spores used to inoculate cultures for determi-
nation of siderophore production during germination
and outgrowth were prepared as follows. After incu-
bation for 12-14 days at 30°C on sporulation agar
(composed of, per 1, 23 g nutrient agar, 0.5 g yeast
extract, 0.006 g MnCl,, and 0.078 g CaCl,) the
bacterial growth was removed from the agar and
diluted in sterile water. The suspensions were incu-
bated for 30 min in a 65°C water bath to kill vegetative
cells (Turnbull et al. 2007). The spores then were
washed four times by centrifugation and suspension of
the pellets in sterile water. To remove the dead
vegetative cells, the final spore suspension was filtered
through a sterile glass microfiber 3.1 pum filter (Russell
et al. 2007). Spores were enumerated as colony
forming units (CFU) per ml by dilution plate counting
on Brain—Heart Infusion (BHI) agar plates. For
germination and outgrowth experiments, high- and
low-iron CTM media (also supplemented with the
germinant L-alanine at 50 mM concentration) were
inoculated with spores at an initial Aggy of 0.09. The
cultures were incubated at 37°C or kept at 0°C
(controls) and germination and outgrowth were fol-
lowed by turbidity measurements (Agyy). Culture
samples were collected at timed intervals for analyses
by reverse phase HPLC for amount and type of
siderophore produced.

For cultures inoculated with vegetative cells,
bacteria were transferred from BHI agar slants to
25 ml of high-iron CTM medium that was incubated
at 37°C with shaking at 300 rpm for 16—17 h. This
culture was centrifuged and the cell pellet washed
once by suspension in CTM medium (without an iron
supplement) and re-centrifugation. The final washed
cell pellet was suspended and diluted appropriately in
CTM medium (without an iron supplement) for
inoculation of high- and low-iron CTM medium,
usually at 10* CFU per ml. Cultures were incubated
in air at the desired temperature with shaking at
300 rpm. Growth was followed by turbidity mea-
surements (Agg).
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Detection and quantification of siderophore
secretion

The culture samples were filtered through 0.22 um
pore diameter filters to remove cells and the filtrates
were then analyzed using high pressure liquid chro-
matography on Zorbax Rx-SIL C18 80 As p{m porous
silica support (reverse phase) with gradient mixtures
of acetonitrile, water (purified through a Millipore
Milli-Q cartridge system), and trifluoroacetic acid.
Samples were injected as 20 pl aliquots onto an
analytical Eclipse XDB-CI18 column (Agilent). A
gradient from 5% CH;CN to 30% CH3;CN in ddH,O/
0.1% TFA over 20 min at 1 ml/min was used to elute
3,4-DHB (tg = 5.3-5.4 min), PB (tr = 6.6-6.7 min)
and BB (g = 14.6-14.7 min) as discrete peaks
(detection by UV-vis absorption at 254, 280 and
316 nm). Concentrations were determined against
0.1 mM standard ligand solutions using the liquid
chromatography Agilent Chemstation. The sidero-
phores PB and BB were purified from culture filtrates
of B. anthracis USAMRIID (Wilson et al. 2006) and
Bacillus thuringiensis ATCC 33679 (Dertz et al.
2006), respectively, following protocols described in
the designated references; 3,4-DHB was obtained
from Sigma Chemical Co. Due to the relative extinc-
tion coefficients of the siderophores at the detection
wavelengths, the minimum detectable concentrations
of 3,4-DHB, PB and BB in each 20 pl sample were
1.5, 1 and 1 pM, respectively.

Results and discussion

Temporal siderophore secretion; early production
of PB during outgrowth from spores

Because the disease anthrax begins with spore
germination in the host, we followed siderophore
secretion during the early hours of germination and
outgrowth in cultures inoculated with spores. When
spores of B. anthracis were inoculated into either low-
and high-iron CTM medium supplemented with the
germinant L-alanine (50 mM) and incubated at 37°C,
there was an initial decrease in culture turbidity due to
germination of spores; subsequent spore outgrowth
then was evidenced by an increase in turbidity
(Fig. 1a). Similarly inoculated control cultures kept
on ice did not show turbidity changes indicative of
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Fig. 1 Temporal secretion of PB and BB during germination
and outgrowth of B. anthracis USAMRIID spores. Spores were
inoculated in low- and high-iron CTM medium and germina-
tion and outgrowth of vegetative cells was followed by
turbidity measurements (Panel A). Cell free culture samples
were analyzed at the times indicated by reverse phase HPLC
for PB (Panel B) and BB (Panel C). Asterisks indicate no
siderophore was detected. Data presented is from a typical
experiment

germination and outgrowth. The amounts of PB and
BB present in the culture filtrates prepared at timed
intervals were determined. Neither PB nor BB were
detected at 0.5, 1, and 3 h, but at 5.5 h PB only was
detected at concentrations of 3 and 2 uM in the
filtrates from low-iron and high-iron cultures, respec-
tively, (Fig. 1b). BB at a concentration of 2 uM was
first detected later at 10 h and then only in the low-
iron culture (Fig. 1c). At the time that BB was first
detected, the PB concentrations had increased to 22
and 8 pM in low-iron and high-iron cultures, respec-
tively. The initial and sole production of siderocalin
resistant PB during outgrowth from spores may
illustrate an early event in infection when PB is the
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only useful siderophore in the presence of an intact
host siderocalin defense that would inactivate BB.
These data also reveal the stringent control over BB
secretion exerted by the level of iron in the environ-
ment whereas PB is made at iron levels that abrogate
BB production. These results confirm those of Lee
et al. (2007) who found that spores of a B. anthracis
mutant strain unable to produce PB did not outgrow
on iron depleted agar unless supplied with PB or
another utilizable iron source. These results also
resemble the temporal production of the siderophores
achromobactin and chrysobactin noted in the phyto-
pathogen Erwinia chrysanthemi, a property that may
allow the microorganism to cope with changing
conditions in its plant host during an infection (Franza
et al. 2004). In the pathogenic Bordetella species,
multiple iron acquisition pathways also are differen-
tially expressed, possibly to exploit early and late
events of infection (Brickman and Armstrong 2009).

Host temperature and bicarbonate level increased
PB secretion and decreased BB production

Host signals often trigger expression of bacterial
virulence traits. Optimal expression of the toxins and
capsule virulence factors of B. anthracis occurs during
cultivation at 37°C in the presence of bicarbonate/CO,
which are considered signals of the host environment
(Sirard et al. 1994). Moreover, deletion of the genes
for the bicarbonate transporter abolished toxin pro-
duction, producing a strain that was avirulent the
mouse model (Wilson et al. 2008). Syntheses of
the two siderophores PB and BB in B. anthracis is
regulated by iron level and by temperature (Garner
et al. 2004; Koppisch et al. 2005). When cultures of B.
anthracis (inoculated as vegetative cells into low-iron
CTM medium) were incubated at 37°C, as compared
to 23°C, secretion of the PB was increased from
40 uM to 60 uM, while total BB secretion was
decreased from 20 pM to about 10 uM (Fig. 2).
Growth at 37°C also increased secretion of the PB
constituent 3,4-DHB. Koppisch et al. (2005) were
unable to detect BB in culture filtrates of B. anthracis
grown at 37°C in an atmosphere of 5% CO, and we did
not observe BB on thin layer chromatograms of
filtrates from B. anthracis USAMRIID cultures grown
with added 0.4-0.8% bicarbonate in low-iron CTM
medium at 37°C, although both PB and 3,4-DHB were
identified on these chromatograms (data not shown).
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Fig. 2 Effect of incubation temperature on B. anthracis
USAMRIID siderophore secretion determined at the maximum
stationary phase of growth in low-iron CTM medium at 37°C.
Concentrations of secreted products were normalized as pM
per ODgoo unit of culture turbidity

In addition to the host cue of iron restriction, the host
temperature and the presence of CO,/bicarbonate also
altered syntheses of the dual siderophores of this
microorganism. The combination of 37°C and CO,/
bicarbonate appeared to disable BB production, sug-
gesting that BB synthesis might occur late in the
infectious process when host conditions have been
significantly changed.

Conclusions

B. anthracis physiology presents a complex pattern of
temporal production of the two B. anthracis sidero-
phores, PB and BB. In the herbivore host, siderocalin
blocks utilization of BB; B. anthracis evades sideroc-
alin with PB, yet BB production is preserved. PB was
the first detectable siderophore secreted during out-
growth from spores while BB production began
several hours later in the growth cycle. The initial
outgrowth from spores in the infected host requires
iron, which could be satisfied by PB mediated removal
of iron from sources such as Fe-transferrin (Abergel
et al. 2008). B. anthracis siderophore production
also responded to cues of the host environment.
A temperature of 37°C, compared to 23°C, and the
presence of CO,/bicarbonate increased production of
the virulence siderophore PB and curtailed synthesis
of BB. The role of BB in B. anthracis metabolism is
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uncertain, although BB could be a participant at the
last stages of the anthrax infection when the organism
transitions from rapid vegetative growth to the
sporulation phase. Production of PB may be essential
for outgrowth from spores and onset of rapid cell
division in the early stages of the infection. Preser-
vation of BB production by B. anthracis suggests that
the dual siderophores of B. anthracis fulfill unique and
independent functions in the life cycle of B. anthracis.

The rare occurrence in catecholate siderophores of
the 3,4-DHB unit that is found in PB may offer a point
of vulnerability for rational anti-anthrax drug design.
The 3,4 isomer of DHB is crucial to the capacity of PB
to acquire iron in the presence of innate host defenses
early in an infection. A specific block in B. anthracis
3,4-DHB synthesis (Koppisch et al. 2008a; Pfleger
et al. 2008; Fox et al. 2008) might impede outgrowth
of the vegetative cell stage from germinating spores
and could, therefore, be an anthrax-preventive strat-
egy. Administration of a drug that blocks PB produc-
tion to livestock during an anthrax outbreak or to
persons about to enter areas contaminated with
B. anthracis spores, either accidentally or purpose-
fully, could offer a significant adjunct to other means
of protection from infection.

Acknowledgments This research was supported by the
Intramural Research Grant Program at the University of
Mississippi Medical Center (BRB and JELA) and by National
Institutes of Health Grant AIl11744 (KNR). We thank
P. Worsham for B. anthracis USAMRIID.

References

Abergel RJ, Wilson MK, Arceneaux JEL, Hoette TM, Strong
RK, Byers BR, Raymond KN (2006) The anthrax pathogen
evades the mammalian immune system through stealth
siderophore production. Proc Nat Acad Sci USA 103:
18499-185033

Abergel RJ, Zawadzka AM, Raymond KN (2008) Petrobactin-
mediated iron transport in pathogenic bacteria. J Am
Chem Soc 130:2124-2125

Bergeron RJ, Huang GF, Smith RE, Bharti N, McManis JS,
Butler A (2004) A total synthesis and structure revision of
petrobactin. Tetrahedron 59:2007-2014

Brickman TJ, Armstrong SK (2009) Temporal signaling and
differential expression of Bordetella iron transport systems:
the role of ferrimones and positive regulators. BioMetals
22:33-41

Byers BR, Arceneaux JEL (1998) Microbial iron transport: iron
acquisition by in microorganisms, plants, and animals, vol.
35 metal ions in biological systems. M Dekker, New York,
pp 37-66

Cendrowski S, MacArthur W, Hanna P (2004) Bacillus
anthracis requires siderophore biosynthesis for growth in
macrophages and mouse virulence. Mol Microbiol 51:
407-417

Dertz EA, Xu J, Stintzi A, Raymond KN (2006) Bacillibactin-
mediated iron transport in Bacillus subtilis. ] Am Chem
Soc 128:22-23

Flo TH, Smith KD, Sato S, Rodriguez DJ, Holmes MA, Strong
RK, Akira S, Aderem A (2004) Lipocalin 2 mediates an
innate immune response to bacterial infection by seques-
tering iron. Nature 432:917-921

Fox DT, Hotta K, Kim CY, Kippisch AT (2008) The missing
link in petrobactin biosynthesis: asbF encodes a (-)-3-
dehydroshikimate dehydratase. Biochemistry 47:12251—
12253

Franza T, Mahe B, Expert D (2004) Erwinia chrysanthemi
requires a second iron transport route dependent of the
siderophore achromobactin for extracellular growth and
plant infection. Mol Microbiol 55:261-275

Garner BL, Arceneaux JEL, Byers BR (2004) Temperature
control of a 3,4-dihydroxybenzoate (protocatechuate)-
based siderophore in Bacillus anthracis. Curr Microbiol
49:89-94

Goetz DH, Holmes MA, Borregaard NM, Blum E, Raymond
KN, Strong RK (2002) The neutrophil lipocalin NGAL is
a bacteriostatic agent that interferes with siderophore-
mediated iron acquisition. Mol Cell 10:1033-1043

Koppisch AT, Browder CC, Moe AL, Shelley JT, Kinkel BA,
Hersman LE, Iyer S, Ruggiero CE (2005) Petrobactin is
the primary siderophore synthesized by Bacillus anthracis
str. Sterne under conditions of iron starvation. BioMetals
18:577-585

Koppisch AT, Hotta K, Fox DT, Ruggiero CE, Kim CY,
Sanchez T, Iyer S, Browder CC, Unkefer PJ, Unkefer CJ
(2008a) Biosynthesis of the 3,4-dihydroxybenzoate moi-
eties of petrobactin by Bacillus anthracis. J Org Chem
73:5759-5765

Koppisch AT, Dhungana S, Hill KK, Boukhalfa H, Heine HS,
Colip LA, Romero RB, Shou Y, Ticknor LO, Marrone BL,
Hersman LE, Iyer S, Ruggiero CE (2008b) Petrobactin is
produced by both pathogenic and non-pathogenic isolates
of the Bacillus cereus group of bacteria. BioMetals
21:581-589

Lee JY, Janes BK, Passalacqua KD, Pfleger BF, Bergman NH,
Lui H, Hakasson K, Somu RV, Aldrich CC, Cendrowski
S, Hanna PC, Sherman DH (2007) Biosynthetic analysis
of the petrobactin siderophore pathway from Bacillus
anthracis. J Bacteriol 189:1698-1710

May JJ, Wendrich TM, Marahiel MA (2001) The dhb operon of
Bacillus subtilis encodes the biosynthetic template for the
catecholic siderophore 2,3-dihydroxybenzoate-glycine-
threonine trimeric ester bacillibactin. J Biol Chem 276:
7209-7217

Miethke M, Klotz O, Linne U, May JJ, Beckering CL, Mar-
ahiel MA (2006) Ferri-bacillibactin uptake and hydrolysis
in Bacillus subtilis. Mol Microbiol 61:1413-1427

Mock M, Fouet A (2001) Anthrax. Annu Rev Microbiol
55:647-671

Pfleger BF, Kim Y, Nusca TD, Maltseva N, Lee JY, Rath CM,
Scaglione JB, Janes BK, Anderson EC, Bergman NH,
Hanna PC, Joachimiak A, Sherman DH (2008) (200*

@ Springer



134

Biometals (2010) 23:129-134

Structural, functional analysis of AsbF: origin of the
stealth 3, 4-dihydroxybenzoic acid subunit for petrobactin
biosynthesis. Proc Nat Acad Sci USA 105:17133-17138

Russell BH, Rango V, Keene DR, Xu Y (2007) Bacillus an-
thracis internalization by human fibroblasts and epithelial
cells. Cell Microbiol 9:1262-1274

Sirard JC, Mock M, Fouet A (1994) The three Bacillus an-
thracis toxin genes are coordinately regulated by bicar-
bonate and temperature. J Bacteriol 176:5188-5192

Turnbull PCB, Frawley DA, Bull RL (2007) Heat activation/
shock temperatures for Bacillus anthracis spores and the

@ Springer

issue of spore plate counts versus true numbers of spores.
J Microbiol Methods 68:353-357

Wilson MK, Abergel RJ, Raymond KN, Arceneaux JEL, Byers
BR (2006) Siderophores of Bacillus anthracis, Bacillus
cereus, and Bacillus thuringiensis. Biochem Biophys Res
Commun 348:320-325

Wilson AC, Soyer M, Hoch JA, Perego M (2008) The bicar-
bonate transporter is essential for Bacillus anthracis
lethality. Plos Pathogens 4:1-10



	Temporal production of the two Bacillus anthracis siderophores, petrobactin and bacillibactin
	Abstract
	Introduction
	Materials and methods
	Bacterial strains, culture media cultivation procedures, spore preparation, siderophore purification
	Detection and quantification of siderophore secretion

	Results and discussion
	Temporal siderophore secretion; early production of PB during outgrowth from spores
	Host temperature and bicarbonate level increased PB secretion and decreased BB production

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


