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The chitinase-producing strain TKUO008 was isolated from
soil in Taiwan, and it was identified as a new species of
Pseudomonas. The culture condition suitable for production
of chitinase was found to be shaking at 30°C for 4 days in
100 ml of medium containing 1% shrimp and crab shell
powder, 0.1% K,HPO,, and 0.05% MgSO,7H,O (pH 7).
The TKUO008 chitinase was suppressed by the simultaneously
existing protease, which also showed the maximum activity
at the fourth day of incubation. The molecular mass of the
chitinase was estimated to be 40 kDa by SDS—PAGE. The
optimum pH, optimum temperature, pH stability, and
thermal stability of the chitinase were pH 7, 50°C, pH 6-7,
and <50°C, respectively. The chitinase was completely
inhibited by Mn”* and Cu®". The results of peptide mass
mapping showed that 11 tryptic peptides of the chitinase
were identical to the chitinase CW from Bacillus cereus
(GenBank Accession No. gi 45827175) with a 32% sequence
coverage.

Keywords: Pseudomonas, chitinase, chitin, shrimp and crab
shell wastes

Shrimp and crab shell (SCS) contain chitin, protein, and
inorganic compounds, which are mainly composed of
calcium carbonate. The production of chitin and its hydrolyzates,
such as N-acetylglucosamine and chitooligosaccharides,
from waste of the shellfish industry has been limited
because of the high cost of chitinase and the SCS pretreating
process. The oligosaccharides of chitin, preparaed by
hydrolyzing chitin with chitinase, have various potential
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applications in the food, agricultural, and pharmaceutical
industries [9].

Chitinase has been found in microorganisms, plants, and
animals. The major source of chitinase is microorganisms.
Since chitin represents a vast renewable fermentation feedstock
of both carbohydrate and nitrogen sources, enzymes capable
of bioconverting chitin to low-molecular-weight fermentable
products potentially have significant commercial value.
Almost all of the chitinase-producing strains use chitin,
colloidal chitin, or other chitin derivatives as major carbon
sources for chitinase production. However, the preparation
of chitin involves demineralization and deproteinization of
shellfish waste with the use of strong acids or bases. The
utilization of shrimp and crab shell powder (SCSP) directly
as the sole carbon/nitrogen source to produce chitinase not
only solves environmental problems but also decreases the
production costs of microbial chitinases [6, 7].

Reports about the production of chitinases by Pseudomonas
species seem to be scarce [3, 4, 8, 9]. In this study, we attempted
to optimize the culture conditions of Pseudomonas sp.
TKUO008 for maximal chitinase productivity by using the
cheap carbon/nitrogen source of shrimp and crab shell
powder. In addition, the chitinase from the new species of
Pseudomonas was also purified, characterized, and compared
with chitinases isolated from other bacterial sources.

MATERIALS AND METHODS

Materials

The squid pen powder (SPP), shrimp shell powder (SSP), and shrimp
and crab shell powder (SCSP) used in these experiments were
prepared as described earlier [7]. Squid pens, shrimp shells, and
crab shells were purchased from Shin-Ma Frozen Food Co. (I-Lan,
Taiwan). In the preparation of the SPP, SSP, and SCSP, the squid
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pens, shrimp shells, and crab shells were washed thoroughly with
tap water and then dried. The dried materials obtained were milled
to powders for use as the carbon source for chitinase production.
Chitin flakes from shrimp shell (CFSS) and crab shell (CFCS) were
purchased from Biotech Co. (Kau-shyuon, Taiwan). Water soluble
chitosan (82% deacetylation) was obtained from Tenwell Biotech
Co. (Tau-yuen, Taiwan). Powdered chitin was purchased from Sigma
Chemical Co. (St. Louis, MO, U.S.A.). DEAE-Sepharose CL-6B,
Phenyl Sepharose, and Sephacryl S-100 were purchased from
Amersham Pharmacia Biotech AB (Uppsala, Sweden). All other
reagents used were of the highest grade available.

TKUO08 was isolated from soil in Taiwan. It is a Gram-negative
and nonspore-forming bacillus, with catalase oxidase and mobility,
which grows in both aerobic and anaerobic environments. According
to 16S rDNA partial base sequencing, TKUOOS is most closely
related to the species of Pseudomonas with a similarity of more
than 97%. On the basis of glucose metabolic patterns, TKUOOS is
an aerobic organism. Further identification found that TKUO008
belongs to a new species strain, whose GenBank Accession Number
is EU103629 (Pseudomonas sp. BCRC 17751) [5]. The identification
of strain TKUOO8 was carried out by the Bioresource Collection and
Research Center (Shin-Chu, Taiwan).

Microorganism and Enzyme Production

Pseudomonas sp. TKUO08, a chitinase-producing strain, was isolated
from soil in Taiwan and maintained on nutrient agar plates at 5°C.
In the investigation of the culture condition, growth was carried out
in a basal medium containing 0.1% K,HPO, and 0.05% MgSO,-7H,O
(pH 7), and supplemented with 0.5-2% (w/v) of various chitin-
containing seafood processing wastes as the sole carbon/nitrogen (C/N)
sources to be investigated. The chitin-containing wastes investigated
included shrimp shells powder (SSP), shrimp and crab shell powder
(SCSP), and squid pen powder (SPP). One hundred ml of the
resultant medium in a 250-ml Erlenmeyer flask was aerobically
cultured at 30°C for 1-5 days on a rotary shaker (150 rpm). After
centrifugation (12,000 xg, 4°C, for 20 min), the supernatants were
collected for measurement of chitinase activity.

Purification of the Chitinase

Production of chitinase. For the production of chitinase, Pseudomonas
sp. TKUO08 was grown in 100 ml of liquid medium in an Erlenmeyer
flask (250 ml) containing 1% SCSP, 0.1% K,HPO,, and 0.05%
MgSO,7H,0 (pH 7). Two ml of the seed culture was transferred
into 100 ml of the same medium and grown in an orbital shaking
incubator for one day at 30°C and pH 7 (the pH after autoclaving
was 7.5). After incubation, the culture broth was centrifuged (4°C
and 12,000 xg for 20 min), and the supernatant was used for further
purification by chromatography.

DEAE-Sepharose CL-6B chromatography. To the culture supernatant
(800 ml), ammonium sulfate was added (608 g/l). The resultant
mixture was kept at 4°C overnight and the precipitate formed was
collected by centrifugation at 4°C for 20 min at 12,000 xg. The
precipitate was then dissolved in a small amount of 50 mM sodium
phosphate buffer (pH 7) and dialyzed against the buffer. The resultant
dialyzate was loaded onto a DEAE-Sepharose CL-6B column (5 cmx
30 cm) equilibrated with 50 mM sodium phosphate buffer (pH 7).
As shown in Fig. 1, the chitinase was washed from the column with
the same buffer.

0.04

-
N

N
o

0.03

o
o

0.02

—o—Protein (Ay,)
o
n

o
<
— NaCl concn (M)

°
(N}

—— Chitinase activity (U/ml)
o
»

0.00

o
o

0 50 100 150 200
Fraction number (6 ml/tube)

Fig. 1. Elution profile of TKUO0O0S chitinase on DEAE-Sepharose
CL-6B: (O) absorbance at 280 nm; ( A ) chitinase activity (U/ml).

Phenyl Sepharose chromatography. The unadsorbed chitinase
fractions obtained from above step were combined and ammonium
sulfate was added to the final concentration of 1 M, and the mixture
was then chromatographed on a column of Phenyl Sepharose (1.6 cm
x10 cm), which had been equilibrated with 50 mM sodium phosphate
buffer (pH) containing 1 M ammonium sulfate. The chitinase was
unadsorbed and eluted with the 1 M ammonium-sulfate-containing
buffer. The fractions of the peak showing high chitinase activity were
combined and concentrated by ammonium sulfate precipitation. The
resultant precipitates were collected by centrifugation and dissolved
in a small amount of 50 mM sodium phosphate buffer (pH 7).
Sephacryl S-100 chromatography. The resultant enzyme solution
(4 ml) obtained from the above step was loaded onto a Sephacryl S-
100 gel filtration column (2.5 cmx100 cm), which had been equilibrated
with 50 mM sodium phosphate buffer (pH 7), and then eluted with
the same buffer. As shown in Fig. 2, one peak exhibiting chitinase
activity was obtained, combined, and used as purified chitinase.

Protein Determination
Protein content was determined by the method of Bradford [1] using
Bio-Rad dye reagent concentrate and bovine serum albumin as the
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Fig. 2. Elution profile of TKUOQOS chitinase on Sephacryl S-100:
(O) absorbance at 280 nm; (A ) chitinase activity (U/ml).



standard. After column chromatography, the protein concentration
was estimated by measuring the absorbance at 280 nm.

Measurement of Enzyme Activity

Chitinase activity was measured with colloidal chitin as a substrate.
Enzyme solution (0.5 ml) was added to 1.0 ml of substrate solution,
which contained a 1.3% suspension of colloidal chitin in a phosphate
buffer (50 mM, pH 7). The mixture was incubated at 37°C for
30 min. After centrifugation, the amount of reducing sugar produced
in the supernatant was determined by the method of Imoto and
Yagishita with N-acetylglucosamine as a reference compound. One
unit of chitinase activity was defined as the amount of enzyme that
produced 1 pmole of reducing sugars per minute [7].

For measuring protease activity, a diluted enzyme solution (0.2 ml)
was mixed with 1.25 ml of 1.25% casein in pH 7 phosphate buffer
and incubated for 30 min at 37°C. The reaction was terminated by
adding 5ml of 0.19 M trichloroacetic acid (TCA). The reaction
mixture was centrifuged and the soluble peptide in the supernatant
fraction was measured by the method of Todd with tyrosine as the
reference compound. One unit of protease activity was defined as
the amount of enzyme required to release 1 umole of tyrosine per
minute [7].

Determination of Molecular Mass

The molecular mass of the purified chitinase was determined by
sodium dodecyl sulfate—polyacryamide gel electrophoresis (SDS—
PAGE) according to the method of Laemmli [2]. The standard
proteins used for calibration were Prestained Protein Marker. Before
electrophoresis, proteins were exposed overnight to 10 mM phosphate
buffer (pH 7) containing B-mercaptoethanol. The gels were stained
with Coomassie Brilliant Blue R-250 in methanol:acetic acid:water
[5:1:5 (v/v)], and decolorized in 7% acetic acid.

Effects of pH and Temperature on the Chitinase Activity

The optimum pH of TKUOOS8 chitinase was studied by assaying the
samples at different pH values. The pH stability of the chitinase was
determined by measuring the residual activity at pH 7, as described
above, after the sample had been dialyzed against a 50 mM buffer
solution of various pH values (pH 3—11) in seamless cellulose tubing
(Sankyo). The buffer systems used were glycine-HC] (50 mM, pH 3),
acetate (50 mM, pH 4-5), phosphate (50 mM, pH 6-8), and Na,CO;—
NaHCO; (50 mM, pH 9-11). To determine the optimum temperature
for the chitinase, the activity values of the samples were measured
at various temperatures (25—90°C). The thermal stability of the chitinase
was studied by incubating the samples at various temperatures for
30 min. The residual activity was measured as described above.

Effects of Various Chemicals

The effects of various chemicals on the chitinase activity were
investigated by preincubating the chitinase with chemicals in 50 mM
phosphate buffer solution (pH 7) for 10 min at 37°C followed by
measuring the residual chitinase activity.

Effects of Various Surfactants

The enzyme solutions (250 pl) were incubated, in the absence or
presence of 0.25 ml of surfactant solutions, at 25°C for 30 min. The
residual activities were estimated by the assay procedure described
above.
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RESULTS AND DISCUSSION

Culture Conditions and Enzyme Production
In our preliminary experiments, we found that 100 ml of
basal medium (0.1% K,HPO, and 0.05% MgSO,-7H,0,
pH 7) containing 1% SCSP was better for the production
of chitinase by strain TKUOO08 at 30°C. However, at the
same time, we also found protease activity in the culture
supernatant. To study the effect of carbon/nitrogen sources
on the production of chitinases and proteases, growth was
carried out at 30°C for 1-5 days in 100 ml of basal
medium (0.1% K,HPO, and 0.05% MgSO,-7H,O, pH 7)
containing additional carbon/nitrogen sources of 0.5-2%
(w/v) SCSP, SSP, SPP, CFSS, CFCS, or casein, respectively.
The results showed that 1% SCSP was the most suitable as
an inducer for the production of chitinase and protease
than the others (data not shown). As shown in Fig. 3, the
maximum activities of chitinase and protease both appeared
on the fourth day of incubation, and thereafter the activity
of chitinase decreased remarkably with the appearance
of protease activity. That is, incubating in 100 ml of 1%
SCSP-containing medium (pH 7) at 30°C for four days
was a better condition for the production of chitinase
(0.04 U/ml) and protease (0.28 U/ml) by strain TKUO008S.
In comparison of the medium used for chitinase-producing
strains of Pseudomonas, Pseudomonas sp. YHS-A2 produced
chitinase by using colloidal chitin as the major carbon source
[3], but TKUOOS used 1% (w/v) shrimp and crab shell
powder as the sole carbon/nitrogen source for chitinase
production. Consequently, the medium for TKUOOS is
obviously much simpler and cheaper. Regarding the
utilization of chitin-containing marine crustacean waste,
we have also investigated the bioconversion of shellfish
chitin wastes for the production of chitinase from another
strain of Pseudomonas sp., TKUO15 [8]. In the same reaction
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Fig. 3. Effect of cultivation time on the production of chitinase
(O) and protease (A).
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Table 1. Purification of a chitinase from Pseudomonas sp. TKUO00S.

Step Total protein (mg)  Total activity (U)  Specific activity (U/mg)  Purification fold  Yield (%)
Culture supernatant 4,116 29.89 0.007 1.0 100
(NH,),SO, ppt. 864 17.54 0.020 2.9 59
DEAE-Sepharose 263 5.55 0.021 3.0 19
Phenyl Sepharose 39 3.60 0.092 13.1 12
Sephacryl S-100 15 2.63 0.175 25.0 9

system, the maximum activity of TKUO15 chitinase was
0.01 U/ml [8], a value much lower than that for TKU008
(0.04 U/ml). Therefore, shellfish chitin waste is very effective
for chitinase production by Pseudomonas sp. TKU008S.

Isolation and Purification
The purification of the TKUOO0S chitinase from the culture
supernatant (800 ml) is described under Materials and
Methods. As shown in Table 1, fractions from the purification
steps were combined to give an overall purification of
25.0-fold. The overall activity yield of the purified chitinase
was 9%, with specific chitinase activities of 0.175 U/mg.
The final amount of TKUOOS chitinase obtained was 15 mg.
The purified enzyme was also confirmed to be homogeneous
by SDS-PAGE (Fig. 4). The molecular mass of TKUO0S
chitinase was 40 kDa as determined by SDS—PAGE.

The molecular mass of TKUOO08 chitinase (40 kDa) was
obviously different from other Pseudomonas chitinases,
such as those of Pseudomonas sp. TKUO15 (68 kDa) [8],

M 1 2 3 4

Fig. 4. SDS-PAGE of the protein bands from the various
purification steps.

Lane M, molecular mass markers (97.4, 66.2, 45.0, 29.0, 20.1 kDa); lane
1, concentrated culture supernatant; lane 2, purified by ion-exchange
chromatography with DEAE-Sepharose CL-6B; lane 3, purified by
hydrophobic interaction chromatography with Phenyl Sepharose; lane 4,
the purified TKUOOS chitinase.

Pseudomonas sp. YHS-A2 (67 kDa) [3], P. aeruginosa 385
(58 kDa) [4], and P, aeruginosa K-187 (30 kDa, 32 kDa) [9].

Effects of pH and Temperature

The effect of pH on the catalytic activity was studied by
using colloidal chitin as a substrate under the standard
assay conditions. The pH activity profile of the chitinase
showed a maximum value at pH 7. Compared with other
Pseudomonas chitinases, similar optimal pHs were obtained,;
pH 6.7 for P. aeruginosa strain 385 [4] and pH 7 for P.
aeruginosa K-187 [9].

The pH stability profile of the chitinase activity was
determined by the measurement of the residual activity at
pH 7 after incubation at various pH values at 37°C for
60 min. The chitinase activity was stable at pH 6—7. The
pH stability profile of TKUOOS chitinase was narrower
than the other Pseudomonas chitinases, such as between
pH 5 and 10 for P aeruginosa strain 385 [4] and P,
aeruginosa K-187 [9].

The effect of temperature on the activity of chitinase was
studied with colloidal chitin as a substrate. The optimum
temperature for TKUOOS8 chitinase was 50°C, similar to
most of the other Pseudomonas chitinases [3, 4, 8, 9]. To
examine the heat stability of TKUOOS chitinase, the enzyme
solution in 50 mM phosphate buffer (pH 7) was allowed to
stand for 60 min at various temperatures, and then the
residual activity was measured. TKUOOS chitinase maintained
its initial activity from 25 to 50°C and had only 20% of its
activity at 60°C but was completely inactivated at 70°C.
Similar thermostability was obtained below 50°C for the
other Pseudomonas chitinases [3, 4, 8, 9].

Effects of Various Chemicals

To further characterize the Pseudomonas sp. TKUO0S chitinase,
we next examined the effects of some known enzyme
inhibitors and divalent metals on its activity. The effects of
various chemicals on the enzyme activity were investigated
by preincubating the enzyme with chemicals in 50 mM
phosphate buffer (pH 7) for 10 min at 37°C and then
measuring the residual chitinase activity by using colloidal
chitin as a substrate. The results showed that TKU008
chitinase was completely inactivated by Mn** and Cu** at
5 mM concentration (data not shown). The chitinases of P
aeruginosa TKUO15 [8] and P. aeruginosa K-187 [9] were
also inhibited by Mn*".



Effects of Various Surfactants

Enzymes are usually inactivated by the addition of
surfactants to the reaction solution. The effects of different
surfactants [2% (w/v)] on the stability of the purified TKU008
chitinase were also studied. The chitinase preparation was
incubated with surfactants at 25°C for 60 min and the
remaining enzymatic activity was determined under normal
assay conditions. The chitinase activity of the sample without
any surfactants (control) was taken as 100%. It was found
that, even in the presence of 2 mM SDS (anionic surfactant),
or 2% of Tween 20, Tween 40, and Triton X-100 (nonionic
surfactants), the activity of TKUOOS chitinase retained 54%,
72%, 64%, and 71% of its original activity, respectively.
The chitinase activity was increased to 125% in the presence
of 0.5 mM SDS (data not shown).

Identification of TKUO008 Chitinase by LC-MS/MS
Analysis

To identify the chitinase appearing as a prominent 40 kDa
band on SDS—PAGE gel, the band was excised and analyzed
after tryptic digestion. The 40 kDa band from the SDS—
PAGE gel was subjected to electrospray tandem mass
spectrometry analysis. The fragment spectra were evaluated
and submitted to the Bacteria subset of the NCBInr database
of GenBank. The spectra matched 11 tryptic peptides
(Table 2) that could be correlated to the protein of chitinase
CW (GenBank Accession No. gi 45827175) from Bacillus
cereus with 32% sequence coverage. The sequence of the
B. cereus chitinase CW gave a calculated nominal mass of
74 kDa, different to the experimental value obtained with
the TKUOOS chitinase (40 kDa).

Unlike most of the other reports regarding chitinase-
producing strains of Pseudomonas sp., this research aimed
for the microbial reclamation of shrimp and crab processing
wastes. Shrimp and crab shells were used as the sole carbon/
nitrogen source to screen the chitinase-producing bacteria.
Consequently, although TKUO008 belongs to Pseudomonas
species, the same as the reported chitinase-producing strains

Table 2. Identification of TKUO0O08 chitinase by LC-MS/MS".
Peptide sequence

IVGYFPSWGVYGRNYQVADIDASKLTHLNYAFADICWNGK
EVPNGTLVLGEPWADVTKSYPGSGTTWEDCDK
TIISVGGWTWSNR

KVFAESTVAFLR

QNFTLLQDVR

AGAEGKQYLLTIASGASQR

LVLGYPFYGR
GTWDDYSTGDTGVYDYGDLAANYVNK
VPYLYNATTGTFISYDDNESMK
GLSGAMFWELSGDCR

LLDTLVKELLGGPISQK

*Peptide fragments were identified by LC—-MS/MS and by database searching.
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of TKUO15 [8], YHS-A2 [3], and strain 385 [4], some
properties (such as molecular mass and pH stability) of the
chitinase produced were different. Unlike most of the other
bacterial chitinases, which used chitin or colloidal chitin as
the major carbon source, TKUOOS used 1% (w/v) shrimp
and crab shell powder as the sole carbon/nitrogen source
for chitinase production. Therefore, the medium for TKUO008
is obviously much simpler and cheaper. Considering the
production cost and the reutilization of bioresources,
utilizing TKUOO8 on the microbial reclamation of food
processing wastes such as shrimp and crab shell wastes for
the production of chitinase seems to provide a promising
approach.

Acknowledgment

This work was supported in part by a grant of the National
Science Council, Taiwan (NSC96-2313-B-032-002-MY3).

REFERENCES

1. Bradford, M. M. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72: 248-254.

2. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227: 680—
685.

3. Lee, H. S., D. S. Han, S. J. Choi, S. W. Choi, D. S. Kim, D. H.
Bai, and J. H. Yu. 2000. Purification, characterization, and
primary structure of a chitinase from Pseudomonas sp. YHS-
A2. Appl. Microbiol. Biotechnol. 54: 397-405.

4. Thompson, S. E., M. Smith, M. C. Wilkinson, and K. Peek. 2001.
Identification and characterization of a chitinase antigen from
Pseudomonas aeruginosa strain 385. Appl. Environ. Microbiol.
67: 4001-4008.

5. Wang, L. T, C. J. Tai, Y. C. Wu, Y. B. Chen, F. L. Lee, and S. L.
Wang. 2010. Pseudomonas taiwanensis sp. nov., a novel species
isolated from soil in Taiwan. Int. J. Syst. Evol. Microbiol. doi:
10.1099/js.0.014779-0

6. Wang, S. L., C. H. Chao, T. W. Liang, and C. C. Chen. 2009.
Purification and characterization of protease and chitinase from
Bacillus cereus TKUO006 and conversion of marine wastes by
these enzymes. Mar: Biotechnol. 11: 334-344.

7. Wang, S. L., C. W. Yang, T. W. Liang, and C. L. Wang. 2009.
Degradation of chitin and production of bioactive materials by
bioconversion of squid pens. Carbohydr. Polym. 78: 205-212.

8. Wang, S. L., S. J. Chen, and C. L. Wang. 2008. Purification and
characterization of chitinases and chitosanases from a new
species strain Pseudomonas sp. TKUO15 using shrimp shells as
a substrate. Carbohydr. Res. 343: 1171-1179.

9. Wang, S. L. and W. T. Chang. 1997. Purification and characterization
of two bifunctional chitinase/lysozymes extracellularly produced
by Pseudomonas aeruginosa K-187 in a shrimp and crab shell
powder medium. Appl. Environ. Microbiol. 63: 380-386.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


