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Abstract L-cysteine desulthydrase (CD) plays an impor-
tant role in L-cysteine decomposition. To identify the CD
gene in Pseudomonas sp. TS1138 and investigate its effect on
the L-cysteine biosynthetic pathway, the CD gene was cloned
from Pseudomonas sp. TS1138 by polymerase chain reaction
(PCR) method. The nucleotide sequence of CD gene was
determined to be 1,215 bp, and its homology with other
sequences encoding CD was analyzed. Then the CD gene
was subcloned into pET-21a(+) vector and expressed in
Escherichia coli (E. coli) by isopropyl-f-D-thiogalacto-
pyranoside (IPTG) inducement. The recombinant CD was
purified by Ni-NTA His-Bind resin, and its activity was
identified by the CD activity staining. The enzymatic proper-
ties of the recombinant CD were characterized and its critical
role involved in the L-cysteine biosynthetic pathway was also
discussed.
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1 Introduction

L-cysteine was an important S-containing amino acid, which
has significant applications in the pharmaceutical, food
and cosmetic industries (Awano et al., 2005). Traditionally,
industrial production of L-cysteine mainly depends on acid or
alkali hydrolysis of hair. However, this technology creates
many environmental issues such as high-energy cost, horrible
odor and intractable waste products (Ryu et al., 1997). Since
1977, a microbial method for L-cysteine production, which
uses a chemically synthesized substrate, DL-2-amino-A%-
thiazoline-4-carboxylic acid (DL-ATC), has been developed
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with enzymes extracted from certain strains of bacteria,
especially the genus Pseudomonas (Sano et al., 1977). Itis a
more economical, efficient and environmentally friendly way
for L-cysteine production.

Previously, we investigated the process of the conversion
of DL-ATC to L-cysteine using a new strain of Pseudomonas
sp. TS1138, which was isolated from industrial wastewater
(Liu et al.,, 2003). In previous study, we found that
L-cysteine desulfhydrase (CD) played an important role in
L-cysteine decomposition, resulting in the production of
pyruvate, ammonia and hydrogen sulfide. Although this type
of enzymatic activity has also been demonstrated in other
bacteria, such as Escherichia coli (Awano et al., 2003; Awano
et al., 2005), Azotobacter vinelandii (Zheng et al., 1993),
Fusobacterium nucleatum (Fukamachi et al., 2002),
Treponema denticola (Kurzban et al., 1999) and
Corynebacterium glutamicum (Wada et al., 2002), few
studies about the CD involved in the L-cysteine biosynthetic
pathway in Pseudomonad have been reported.

In this study, we reported the identification and character-
ization of CD in Pseudomonas sp. TS1138 and investigated
its important effect on the bioconvertion of DL-ATC to
L-cysteine, which lays an experimental foundation for eluci-
dating the metabolic pathway of L-cysteine in Pseudomonas
sp. TS1138 and may benefit the construction of an engineer-
ing strain with high L-cysteine producing ability in future.

2 Materials and methods
2.1 Materials

Pseudomonas sp. TS1138 was isolated from industrial waste-
water and cultured in ATC medium (Liu et al., 2003). E. coli
DH5a and BL21 (DE3) were purchased from Invitrogen
Biotechnology Co. Ltd. (Shanghai, China) and cultured in
Luria Broth (LB) medium. The pBluescript SK (Stratagene,
USA) vector, pET-21a (+) vector (Novagen, Germany) and
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Ni-NTA His-Bind resin (Novagen, Germany) were purchased
from Hope Biotech Co. Ltd (Tianjin, China). The enzymes
and kits used for DNA manipulations were purchased from
Takara Biotechnology Co. Ltd. (Dalian, China). All other
reagents used in this study were of analytical grade.

2.2 Cloning of the CD gene

Standard DNA manipulation procedures, such as extraction
of genomic DNA from Pseudomonas sp. TS1138, restriction
enzyme digestion, DNA ligation and transformation of E. coli
cells, were performed with the method of Sambrook et al.
(2001). Based on the CD gene sequence of Pseudomonas
putida (P. putida) KT2440 (Nelson et al., 2002), primers were
designed as follows: forward primer, 5-CCGGGATCCAT-
GAAGTTGCCGATCTACCTTG-3"; reverse primer, 5'-
CCCAAGCTTTTAGTGGGCGGCCCACTC-3"), bearing
BamHI and Hind III restriction sites (underlined in bold)
respectively. The genomic DNA of Pseudomonas sp. TS1138
was used as a template to amplify the CD gene. Then, the
about 1.2 kb fragment was ligated into the restriction sites of
pBluescript SK vector for DNA sequencing.

2.3 Expression and purification of recombinant CD

The CD gene was subcloned into pET-21a(+) vector to gener-
ate pET-cd. E. coli BL21 (DE3) strain was transformed
with the recombinant pET-cd and the positive clone was
cultured at 37°C in 4 mL of fresh Luria-Bertani (LB) medium
containing 100 ug/mL of ampicillin for 12—14 h. The freshly
grown cultures were subcultured in larger volumes until an
optical density (OD) value of 0.5 at 600 nm was obtained.
The expression of recombinant protein was induced with
0.1 mmol/L IPTG at 20°C for 24 h. The cells were harvested
by centrifugation at 4,000 g for 20 min at 4°C. The cell pellet
was resuspended in phosphate-buffered saline (PBS) (pH 7.4)
and sonicated on ice. The lysate was centrifuged at 20,000 g
for 20 min at 4°C to remove cellular debris. The recombinant
protein was purified on the basis of its 6 x His-tag by affinity
chromatography using a Ni-NTA His-Bind resin. Fractions
collected from the Ni-NTA affinity column were subsequent-
ly dialyzed and stored at —20°C for future use.

2.4 Determination of CD activity

The CD activity was determined by quantifying the amount
of pyruvate as described by Candurae (1959) with a slight
modification. Briefly, 0.5 mL of crude enzyme extracts
were incubated with 0.75 mL of 0.05% L-cysteine and
0.25 mL of 6% K,HPO, at 37°C for 2 h. The reaction was
terminated by the addition of 0.5 mL of 1% solution of 2,
4-dinitrophenylhydrazine in 2 M HCI at 37°C for 10 min.
After further addition of 2 mL of 1.5 M NaOH for 20 min,
the amount of pyruvate was determined by measuring the
absorbance at 500 nM. One unit enzyme (U) was defined
as the amount of enzyme that catalyzed the formation of

1 pmol pyruvate per min from L-cysteine under the above
conditions.

2.5 CD activity staining

The CD activity was visualized by the staining procedure
of Zdych et al. (1995). Samples (10-30 ug of protein in each
lane) were separated by 8% native polyacrylamide gel elec-
trophoresis (PAGE). The gel was stained by gently shaking in
a CD activity staining solution (100 mM Tris-HCl, 10 mM
EDTA buffer, pH 7.5, containing 50 mM L-cysteine, 20 mM
pyridoxal phosphate and 1.6 mM BiCl,) at room temperature
for 2 h.

2.6 Enzymatic characterization of recombinant CD

The enzymatic properties of recombinant CD were
determined by the methods described by Jin et al. (2004).

2.7 Quantification of L-cysteine
The amount of L-cysteine formed from DL-ATC was

measured by Gaitonde’s acid ninhydrin method (Gaitonde,
1967).

3 Results

3.1 Cloning and sequence analysis of CD gene

The polymerase chain reaction (PCR) amplification of the
CD gene from Pseudomonas sp. TS1138 resulted in a
fragment of the expected size of 1.2 kb (Fig. 1). The nucleo-
tide sequence of the region essential for CD activity was
determined by DNA sequencing, and a 1,215-bp open reading
frame (ORF) was found. This ORF encodes a polypeptide
composed of 404 amino acids. The nucleotide sequence of
CD gene has been submitted to GenBank under an accession
number of AY675347.

A homology search of nucleotide sequences was carried
out using the BLAST program provided by the National
Center for Biotechnology Information (NCBI). A high
homology was achieved with the CD genes from P. putida,
P. syringae and P. aeruginosa strains (88-99% sequence
similarity); the CD genes from some Gram-negative bacteria
(Burkholderia pseudomallei, Azotobacter vinelandii, Erwinia
carotovora subsp., E. coli and Vibrio vulnificuas) showed a
similarity of 73-89% respectively; and the CD genes from
some Gram-positive bacteria (Phtorhabdus Iwninescens
subsp., Bacillus cereus and Methanosarcina mazei) and
fungi (Caenorhabditis elegans, Arabidopsis thaliana,
Plasmodium yoelii yoelii, Dechloromonas aromatica RCB
and Methanosarcina barkeri str. fusaro) revealed a similarity
of 19%—73% respectively. Figure 2 showed the CLUSTALW
alignment of CD genes from different organisms.
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Fig. 1 Identification of the recombinant plasmid containing CD
gene

Lane 1: DNA ladder; lane 2: recombinant plasmid digested by
HindlIll; lane 3: pBluescript SK plasmid digested by HindIIl and
BamH]I; lane 4: the recombinant plasmid digested by HindIII and
BamHI; lane 5: PCR product amplified from the recombinant
plasmid; lane 6: PCR product amplified from the genomic DNA of
Pseudomonas sp. TS1138.
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The CD gene of Pseudomonas sp. TS1138 shared 98.3%
homology with the sequence from P. putida KT2440. Besides,
the 16STRNA gene sequence of strain TS1138 (AY536741)
was 99.0% identical with that of P putida KT2440.
These results suggest that strain Pseudomonas sp. TS1138 is
perhaps a subspecies of P, putida.

3.2 Expression and purification of recombinant CD

The recombinant expression vector pET-cd was constructed
and introduced into E. coli BL21 (DE3) for over-expression.
Samples were analyzed by 12% SDS-PAGE and 8% native
PAGE.

As shown in Fig. 3(a), lane 3, the recombinant CD was
over-expressed in E. coli BL21 (DE3) and its activity
was further confirmed by CD activity staining (Fig. 3 (b),
lane 3).

The pET-21a(+) vector allows over-expression of hetero-
logus proteins in E. coli and results in the addition of a short
cleavable His-tag sequence at the C-terminus of the recombi-
nant proteins. His-tags are unstructured and uncharged
at physiological pH. They rarely alter or contribute to protein
immunogenicity, and seldom interfere with protein structure,
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Fig. 2 Phylogenetic tree for CD genes from various organisms
The tree was constructed using CLUSTAL W program.
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Fig.3 SDS-PAGE (a) and CD activity staining (b) analysis
Lane 1: crude cell extracts of E. coli BL21(DE3) harboring pET-21a(+); lane 2: product purified from the crude cell extracts of E. coli
BL21(DE3) harboring pET-21a(+) by Ni-NTA His-bind resin; lane 3: crude cell extracts of E. coli BL21(DE3) harboring pET-cd; lane 4:
purified recombinant CD; lane 5: crude cell extracts of Pseudomonas sp. TS1138; lane 6: purified native CD; lane M: protein standards.

function or secretion. Due to the vector-encoded residues and
the C-terminal His-tag, the apparent molecular weight of
recombinant CD was about 53 kDa, a little larger than the
expected value (48 kDa). However, it did not affect protein
activity significantly.

The purification of recombinant CD was achieved in
one step using Ni-NTA His-Bind resin (Fig. 3(a), lane 4).
After native-PAGE and activity staining, CD activity was
visualized in purified proteins (Fig. 3(b), lane 4). Although
E. coli BL21(DE3) contains endogenetic CD (Fig. 3(a)
and (b), lane 1), it did not interfere in the purification of
recombinant CD, because there is no additional His-tag at the
C-terminus of CD from E. coli.

3.3 Enzymatic characterization of recombinant CD

According to the methods previously described by Jin et al.
(2004), the enzymatic activities of recombinant CD were
characterized.

Incubation of recombinant CD with L-cysteine resulted
in the formation of three end products: H,S, NH; and pyru-
vate. D-cysteine, L-methionine, L-tyrosine, L-tryptophan,
as well as DL-alanine and DL-serine, were not substrates for
CD under the experimental conditions. Among all the
SH-containing substrates, L-cysteine produced the largest
amounts of NH;, H,S, and pyruvate, and was considered to
be the primary substrate for CD. The K, and V,,, values
were determined for CD activity with L-cysteine as a
substrate, which were 2.63 mmol/L and 0.10 mmol/mL - min
respectively.

The effects of pH and temperature on enzyme activity
were tested (Fig. 4). For pH analysis, the purified recombi-
nant CD was suspended in buffer at pH values from 3.0 to
11.0, and its strongest activity occurred at pH 7.5 (Fig. 4(a)).
The pH tolerance test indicated that the CD activity was
relatively stable between pH 6.0 to 9.0 after an incubation
of 30 min (Fig. 4(a)). The enzyme was also sensitive to
heat (Fig. 4(b)), with temperatures over 40°C significantly
decreasing enzyme activity and 60°C for 30 min completely
inactivating the enzyme. The optimum reaction temperature
for CD was 35°C to 37°C.
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Fig. 4 Effects of pH (a) and temperature (b) on CD activity
Optimal reaction pH test (o); pH tolerance test (®); optimal
reaction temperature test (0); temperature tolerance test (m).

The effects of selected metal ions and enzyme inhibitors
on the activity of recombinant CD were also determined.
Except for Zn** and Pb*, all the other metal ions (K*, Li",
Ca’", Mg?*, Ba>", Mn*", Fe*" and Fe**) had no obvious effects
on enzyme activity. The CD activity could be effectively
inhibited by Zn?* and activated by Pb**: lower than 40% and
more than two folds respectively. Some enzyme inhibitors,
such as phenylmethylsulphonyl fluoride (PMSF), hydroxyl-
amine and ethylenediaminetetraacetic acid (EDTA), which
were selected upon previously reported effects on proteases
and other enzymes, were also investigated. As a result, 1 and
10 mmol/L of hydroxylamine both showed remarkably
inhibitory effects on CD activity, which decreased to be 8.7%
and 7.1% of the original activity, respectively.

3.4 Inhibitory effect of CD on the L-cysteine biosynthetic
pathway

To find out whether CD was involved in L-cysteine decompo-
sition in Pseudomonas sp. TS1138, the enzymatic conversion



experiment of DL-ATC to L-cysteine was carried out. The
crude enzyme extracts of Pseudomonas sp. TS1138 were
used as the enzyme source, in which 4 mL of crude enzyme
extracts was incubated with 8 mL of substrate solution (0.75%
DL-ATC, 11 mmol/L K,HPO,, 170 mmol/L NaCl, pH 7.5,
containing 1 mmol/L of hydroxylamine and 5 mmol/L ZnSO,
or not) at 37°C. At different time intervals, the concentrations
of L-cysteine and pyruvate were measured.

As shown in Fig. 5, when hydroxylamine and ZnSO,,
which inhibit the CD activity, were added to the reaction
mixture, the amount of L-cysteine increased significantly
compared with those produced by the reaction without CD
inhibitors at every time interval, and it had a maximal
increase of 0.98 mmol/L of L-cysteine after 4 h reaction. On
the other hand, the amount of pyruvate, which reflected the
CD activity, reduced remarkably when the inhibitors were
used.

Concentration/(mmol L")

Fig.5 Effect of CD on L-cysteine production
L-cysteine production at the presence (m) or without (A) CD
inhibitors; Pyruvate production at the presence (0) or without (o)
CD inhibitors.

The results confirmed that CD played an important role in
L-cysteine decomposition in Pseudomonas sp. TS1138.

4 Discussion

The bioconversion of DL-ATC is an effective method for the
production of pharmaceutical-grade L-cysteine. It has been
reported that the bacteria convert DL-ATC to L-cysteine
through two pathways, the N-carbamyl-L-cysteine (L-NCC)
pathway (Tamura et al., 1998) and the S-carbamyl-L-cysteine
(L-SCC) pathway (Ryu and Shin, 1991). Several genes
involved in the L-NCC pathway have been cloned from
Pseudomonas sp. Strain ON-4a (Ohmachi et al., 2002) and
strain BS (Shiba et al., 2002). However, the CD gene involved
in this process, which is responsible for the decomposition of
L-cysteine, is poorly understood and validated. In this study,
we identified a CD gene from Pseudomonas sp. TS1138, and
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proved that the CD gene was involved in the conversion of
DL-ATC to L-cysteine.

The 16SrRNA gene sequence of Pseudomonas sp. TS1138
is 99.0% identical with that of P. putida KT2440. Based
on this, primers were designed according to the CD gene
sequence of P. putida KT2440, and the CD gene of
Pseudomonas sp. TS1138 was cloned successfully.

The CD gene was over-expressed in E. coli BL21 (DE3).
In order to increase the solubility of the recombinant protein,
cells were incubated at 20°C so as to lower down the rate of
cell growth at lower temperature and simultaneously the
incubation time was increased to 24 h to increase the cell
mass. Under this condition, rate of protein synthesis is
decreased and thus sufficient time for proper protein folding
is provided, which increase the possibility for the protein to
be present in the native form. Although E. coli was found to
have CD activity and several genes have been identified
previously (Awano et al., 2003; Awano et al., 2005), the
recombinant CD could be purified by its 6 x His-tag which
could remove the interference of CD from the host strain
easily.

We investigated the enzymatic properties of the recombi-
nant CD and confirmed that CD had an inhibitory effect on
the L-cysteine production in Pseudomonas sp. TS1138.
Zn** and hydroxylamine were found to inhibit CD activity
significantly, and the presence of CD inhibitors could lead to
a higher yield of L-cysteine. However, due to the remaining
CD activity, the L-cysteine productivity would inevitably
decrease. In addition, hydroxylamine also strongly inhibits
the activities of L-cysteine-forming enzymes (Sano and
Mitsugi, 1978), so a highest L-cysteine yield could not be
achieved.

To further optimize L-cysteine production, CD should be
eliminated from the conversion process. Pae et al. (1992)
reported a CD gene mutant strain by ultraviolet mutagenesis,
and its L-cysteine productivity was increased from 67% to
95%. 1t also has been demonstrated that disruption of CD
genes was significantly effective at achieving L-cysteine
overproduction in E. coli ((Awano et al., 2003; Awano et al.,
2005), so we are presently continuing this research in order
to construct a CD-gene-disruption strain to increase the
L-cysteine production.

Acknowledgements This work was supported by Grant no. 30470053
from the National Natural Science Foundation of China and Grant no.
05YFJZJC00900 from the Natural Science Foundation of Tianjin, China.

References

Awano N, Wada M, Kohdoh A, Oikawa T, Takagi H, Nakamori S (2003).
Effect of cysteine desulfhydrase gene disruption on L-cysteine
overproduction in Escherichia coli. Appl Microbiol Biotechnol, 62:
239-243

Awano N, Wada M, Mori H, Nakamori S, Takagi H (2005).
Identification and functional analysis of Escherichia coli cysteine
desulthydrases. Appl Environ Microb, 71: 41494152



396

Candura F (1959). Determination of transaminases with photometric
methods using 2, 4-dinitrophenyl-hydrazine. Boll Soc Ital Biol Sper,
35: 697-700

Fukamachi H, Nakano Y, Yoshimura M, Koga T (2002). Cloning
and characterization of the L-cysteine desulthydrase gene of
Fusobacterium nucleatum. FEMS Microbiol Lett, 215(1): 75-80

Gaitonde M K (1967). A spectrophotometric method for the direct deter-
mination of cysteine in the presence of other naturally occurring
amino acid. Biochem J, 104: 627-633

Jin Y J, Yang W B, Liu Z, Bai G, Sun D (2004). Purification and the
properties of L-cysteine desulthydrase of Pseudomonas sp. TS1138.
Acta Scientiarum Naturalium Universitatis Nankaiensis, 37(4):
100-104 (in Chinese)

Kurzban G P, Chu L, Ebersole J L, Holt S C (1999). Sulfhemoglobin
formation in human erythrocytes by cystalysin, an L-cysteine desulf-
hydrase from Treponema denticola. Oral Microbiol Immunol, 14(3):
153-164

Liu Z, Yang W B, Bai G, Tian W, Jin Y J (2003). Microbial enzyme
conversion of L-cysteine and L-cystine. Microbiology, 30(6): 16-21
(in Chinese)

Nelson K E, Weinel C, Paulsen I T, Dodson R J, Hilbert H, Martins dos
Santos V A P, Fouts D E, Gill S R, Pop M, Holmes M, Brinkac L,
Beanan M, DeBoy R T, Daugherty S, Kolonay J, Madupu R, Nelson
W, White O, Peterson J, Khouri H, Hance I, Chris Lee P, Holtzapple
E, Scanlan D, Tran K, Moazzez A, Utterback T, Rizzo M, Lee K,
Kosack D, Moestl D, Wedler H, Lauber J, Stjepandic D, Hoheisel J,
Straetz M, Heim S, Kiewitz C, Eisen J, Timmis K N, Diisterhoft A,
Tiimmler B, Fraser C M (2002). Complete genome sequence and
comparative analysis of the metabolically versatile Pseudomonas
putida KT2440. Environ Microbiol, 4: 799-808

Ohmachi T, Nishino M, Kawata M, Edo N, Funaki H, Narita M, Mori K,
Tamura Y, Asada Y (2002). Identification, cloning, and sequencing
of the genes involved in the conversion of DL-2-amino-A?-thiazoline-
4-carboxylic acid to L-cysteine in Pseudomonas sp. Strain ON-4a.
Biosci Biotechnol Biochem, 66: 1097-1104

Pae K M, Ryu O H, Yoon H S (1992). Kinetic properties of a L-cysteine
desulthydrase-deficient mutant in the enzymatic formation of
L-cysteine from DL-ATC. Biotechnol Lett, 4: 1143—1148

Ryu O H, JulJ Y, Shin C S (1997). Continuous L-cysteine production
using immobilized cell reactors and product extractors. Process
Biochem, 32: 201-209

Ryu O H, Shin C S (1991). Analysis of the reaction steps in the biocon-
version of DL-ATC to L-cysteine. J Microbiol Chem, 1: 50-53

Sambrook J, Fritsch E F, Maniatis T (2001). Molecular Cloning: A
Laboratory Manual. 3rd ed. New York: Cold Spring Harbor Labora-
tory Press

Sano K, Mitsugi K (1978). Enzyme production of L-Cysteine from
DL-2-amino-A*thiazoline-4-carboxylic acid by Pseudomonas
thiazolinophilum: Optimal condition for the enzyme formation and
enzymatic reaction. Agric Biol Chem, 42: 2315-2321

Sano K, Yokozeki K, Tamura F (1977). Microbial conversion of
DL-ATC to L-cysteine and L-cystine: Screening of microorganisms
and identification of products. Appl Environ Microbio, 34: 806-810

Shiba T, Takeda K, Yajima M, Tadano M (2002). Genes from
Pseudomonas sp. strain BS involved in the conversion of L-2-amino-
A?-thiazoline-4-carboxylic acid to L-cysteine. Appl Environ Micro-
biol, 68: 2,179-2,187

Tamura Y, Nishino M, Ohmachi T, Asada Y (1998). N-carbamyl-L-
cysteine as an intermediate in the bioconversion from DL-2-amino-
A’-thiazoline-4-carboxylic acid to L-cysteine by Pseudomonas sp.
On-4a. Biosci Biotechnol Biochem, 62: 2226-2229

Wada M, Awano N, Haisa K, Takagi H, Nakamori S (2002). Purification,
characterization and identification of cysteine desulthydrase of
Corynebacterium glutamicum, and its relationship to cysteine
production. FEMS Microbiol Lett, 217(1): 103-107

Zdych E, Peist R, Reidl J, Boos W (1995). MalY of Escherichia coli is
an enzyme with the activity of a § C-S lyase (cystathionase). J Bacte-
riol, 177: 5,035-5,039

Zheng L, White R H, Cash V L, Jack R F, Dean D R (1993). Cysteine
desulfurase activity indicates a role for NIFS in metallocluster
biosynthesis. Proc Natl Acad Sci, 90: 2754-2758




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


