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Abstract The effects of several nutritional factors on the growth and eicosapentaenoic acid (EPA) production of diatom Nitzschia
laevis were studied. 4 LDM (quadrupled concentration of the nutrient salt) was the optimal concentration of nutrient salt for the
growth and EPA production of N. laevis. The growth of N. laevis was inhibited when the glucose concentration was either lower than
10gL™" or higher than 15gL™". Both sodium nitrate and urea were good nitrogen sources for the growth and EPA production, while
ammonium chloride seriously decreased the dry cell weight (DW) and the EPA content. Silicate seriously influenced the growth of N.
laevis. The maximum DW of 2.34 gL' was obtained in the presence of 150 mgL™' Na,SiOs 9H,O. The EPA content remained almost
the same when the silicate concentration was lower than 150 mgL™"; however, higher silicate concentrations resulted in a steady de-
crease of EPA content. Low medium salinity (<29) did not seem to influence the DW of N. laevis, and high salinity resulted in a

decrease of DW. The highest EPA content (4.08%) and yield (110 mgL™") were observed at the salinity of 36 and 29, respectively.
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1 Introduction

Recognition of the effects of -3 fatty acids has created
a momentum for extensive nutritional and pharmacologi-
cal studies on these substances in human physiology. Ei-
cosapentaenoic acid (EPA) is one of the ®-3 fatty acids
that has gained intensive attention of many researchers
around the world. It has been considered as an important
nutrition element for enhancing human health and treating
a variety of diseases such as atherosclerosis, rheumatoid,
arrhythmia, psoriasis, diabetes and cancers (Nettleton,
1993). Currently, marine fish oil is the major commercial
source of EPA; however, EPA and other polyunsaturated
fatty acids (PUFAs) contained in fish oil are often un-
suitable for food application because of the contamination
of diverse pollutants and problems associated with the
typical fishy smell and unpleasant taste. In order to meet
the expected rise in demand and to circumvent the draw-
backs of fish oil, alternative production processes for
PUFAs are currently being developed. These include the
development of refining techniques of fish oil and the
exploitation of microbial PUFA sources (Yamamura and
Shimomura, 1997; Ratledge, 2001; Barclay et al., 1994).
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In recent years, marine microalgae have been proved to
be the primary producer of PUFAs, and much effort has
been devoted to developing a commercially feasible
technology to produce EPA directly from microalgae
(Barclay et al., 1994; Lebeau and Robert, 2003a; Molina
et al., 2003). The diatom Nitzschia laevis had been se-
lected and proved to be a good source of EPA due to its
high EPA content (Lebeau and Robert, 2003a; Tan and
Johns, 1996). This species has an additional advantage in
EPA production; it produces little DHA, thus the potential
problem of separating DHA and EPA can be avoided.
Moreover, N. laevis has been proved to be able to grow
heterotrophically by utilizing glucose as the only carbon
source, and thus could accumulate relatively large amount
of EPA (Wen and Chen, 2000a; Wen and Chen, 2001a).

In this work, the effects of several nutritional factors on
the growth and EPA production of diatom N. laevis were
studied.

2 Materials and Methods

2.1 Microalga and Culture Conditions

The microalga N. laevis (UTEX2047) was purchased
from the Culture Collection of Algae at the University of
Texas at Austin. The cells were maintained in LDM me-
dium supplemented with 5gL" glucose and 30 mgL™
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Na,Si03-9H,0. The components of basal LDM medium
have been described by Starr and Zeikus (1993). Then the
cells were innoculated into 500 mL shaking flasks each
containing 200 mL medium and incubated at 25°C in an
orbital shaker (150rmin™). The initial acidity of the me-
dium was adjusted to pH 8.2 prior to autoclaving at 121°C
for 20 min. Cultures were maintained at stationary phase
and then analyzed for cell mass, lipid content and EPA
production.

2.2 Biomass Measurement

A spectrometer (SP-756, Shanghai Spectrum Instru-
ments CO., LTD) was used to measure the absorbance at
540nm during growth to determine the cell density. The
optical density (ODs49) was then converted to dry cell
weight (DW), which was determined as described by Wen
and Chen (2000a). To ensure that the optical density rep-
resented well the dry cell density, a relationship between
ODs4 and DW was established as described by Feng et al.
(2005). N. laevis cells at the stationary phase were con-
centrated and then gradually diluted before the ODs4, was
measured. As shown in Fig.1, the value of ODsy within
the range from 0.2 to 1.1 was linearly correlated with
DW.
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Fig.1 Relationship between optical density (ODsy) and
dry cell weight (DW). The calibration equation is DW
(gL™") =0.71170Ds4~0.0319 (correlation coefficient R
=0.9982).

2.3 Lipid Extraction and Fatty Acids Analysis

N. laevis cells were harvested at the end of the expo-
nential phase by centrifugation at 6000 rmin™ for 10min.
The cells were washed twice by distilled water and then
lyophilized and kept at —20°C in test tubes filled with
nitrogen before analysis. Lipid was extracted by the
method of Bligh and Dyer (1959).

Lipid was methylated by a direct acid-catalyzed trans-
esterification in 2 mL of 4% sulfuric acid in methanol
(75°C for 1h). An appropriate amount of internal standard
heptadecanoic acid (17:0) was added into the lipid extract
before methylation. After the contents cooled, 2 mL water
and 2 mL hexane were added. The fatty acid methyl esters
(FAMES) in the hexane layer were vortexed, centrifuged
and collected. Then the hexane layer was analyzed by gas
chromatography (GC 7890II, Techcomp. Shanghai) e-
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quipped with a flame ionization detector and a SE-54
capillary column (15mx0.25 mmx0.25 um). The column
temperature was 200°C, the injector and detector tem-
perature was 280°C. Nitrogen was used as the carrier. One
microliter of samples were injected, and the quantifica-
tion of EPA was identified by comparing its peak area
with the internal standard heptadecanoic acid (17:0).

2.4 Statistical Analysis

Treatments were done in triplicate, and data were ana-
lyzed using the Statistical Analysis System (SAS 9.0).
Differences were reported as significant when P<0.05.

3 Results

3.1 Concentration of Nutrient Salts

The LDM medium consists of 1 g tryptone, 892 mL
seawater, 100mL Bristol solution, 6mL PVI solution, 1 mL
stock solutions of biotin and 1 mL vitamin By, (per liter).
Bristol solution and PVI solution were considered to sup-
ply essential metal elements for the growth of N. laevis.
To study the effect of concentration of nutrient salts on
the growth of N. laevis, the concentrations of the two
solutions were increased by one, two and three times,
and the media were defined as 2LDM, 3LDM and
4LDM, respectively. The control was the basal LDM me-
dium, and defined as LDM. All the media were supple-
mented with 5gL™" glucose, 1 gL tryptone and 120 mgL"
Na,Si0;-9H,0. Results are presented in Fig.2. The growth
of N. laevis was stimulated by increasing concentrations
of Bristol and PIV solutions. This was probably because
that higher nutrient salts concentration (4LDM) could
supply sufficient metal elements which were vital to the
growth of N. laevis, especially at the end of the exponen-
tial phase. No significant difference was observed when
the concentration of nutrient salts was higher than 4LDM
(data not shown). The DW was 1.55gL™" under 4LDM at
the 9th day.
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Fig.2 Effect of different concentrations of nutrient salts
on the growth of N. laevis.

The EPA content was 2.10% for the basal LDM me-
dium, but it increased significantly to 2.90% for 4LDM
(P<0.05). Both the biomass and EPA content increased if
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we quadruple the concentrations of Bristol and PVI solu-
tions as shown in Figs.2 and 3. Therefore 4LDM was
used in the following experiments.
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Fig.3 Effect of different nutrient salts concentrations on
EPA content of N. laevis. P<0.05, compared with the
control (LDM).

3.2 Glucose

Carbon source is necessary for providing the energy
and carbon skeletons for cell growth. The heterotrophic
microalga Nitzschia laevis can use glucose as the only
carbon source (Wen and Chen, 2000a). The basal LDM
medium was supplemented with 1gL™ tryptone and 120
mgL'l Na,Si059H,0. As shown in Fig.4, at low glucose
concentrations (2gL™ and 5gL™), the growth of N. laevis
was seriously inhibited because of substrate limitation.
The inhibitory effect of high initial glucose concentration
(20gL™", 25gL™", and 30gL™") was observed. The maxi-
mum cell biomass was obtained in the presence of 10 gL
(DW 2.06gL™) and 15gL" (DW 2.08gL™) glucose. The
glucose utilization efficiency was relatively lower at the
glucose concentration of 15gL™". So the optimal glucose
concentration was 10gL™". This result may be important
for the development of batch and fed-batch cultivation
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processes in bioreactors because the initial glucose con-
centration should be appropriate to obtain the optimal
growth rate, and at the same time avoid inhibition by high
substrate concentrations.
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Fig.4 Effect of different glucose concentrations on the
growth of V. laevis.

3.3 Nitrogen Source

Nitrogen is a major nutritional factor for microalgae
cultivation. Nitzschia laevis was grown in 4LDM medium
with NaNQO;, urea, NH,Cl, tryptone and yeast extract as
nitrogen sources, respectively. All the nitrogen sources
were supplemented into the medium at the concentration
of 1gL" with 10 gL™" glucose and 120 mgL™" Na,SiOs-
9H,0. Results are presented in Table 1. Sodium nitrate
seems to be the best nitrogen source for the growth of M.
laevis. When using ammonium as the sole nitrogen source,
the DW was much lower than other nitrogen sources,
probably because the pH of the medium containing
NH,CI decreased sharply due to the assimilation of am-
monium ions (Wen and Chen, 2001a). When using other
nitrogen sources, the pHs of the media generally rise
steadily from about 7.1 to about 7.8.

Table 1 Effect of different nitrogen sources on the growth and EPA production of N. laevis

Nitrogen DW Fatty acids composition (%TFA) C;fri/:m EPA
-1 -1 N
(TeL™) (el 14:0 16:0 16:1 20:5 Others (% DW) fzgf{,l)t (;‘geLli)
NaNO; 222 1485103 11.7320.19 4147+208 20.20+0.18 7.61£0.69 1322  3.07  68.1
Urea 194 13312030 831082 3492+0.60 27.62+0.96 1504046 1318 364 706
NH.CI 094 21244025 14484028 4655:1.58 17.70£0.54 0.03£0.01 2.8 051 48
Tryptone 201 12694027 18214029 49.64+0.84 12.68+1.07 2724080 1088 138 277
Yeastextract 118  17.0540.16 1355088 31.20£1.68 17.6742.03 162840.14 685 121 143

Notes: DW: dry cell weight; TFA: total fatty acids. Data are expressed as average + SD of triplicate.

The major fatty acids produced by N. laevis were
C14:0, C16:0, C16:1 and C20:5. Other fatty acids were
either unknown or too little. No docosahexaenoic acid
(DHA) was detected in the microalga N. laevis. When
using sodium nitrate and urea as the sole nitrogen sources,
the total fatty acid (TFA) content (%DW) was 13.22%
and 13.18%, and the EPA content was 3.07% (%DW) and
3.64%, respectively. Both the TFA and EPA contents were
higher than those of the other nitrogen sources. The EPA

yields for NaNO; and urea were 68.1 mgL™" and 70.6
mgL™, respectively. Table 1 indicates that both NaNO;
and urea were good nitrogen sources for N. laevis, and
thus the effects of different concentrations of the two ni-
trogen sources were studied in the following experiments.

3.3.1 NaNO;

Fig.5 shows the effect of different NaNO; concentra-
tions on the growth and EPA production of N. laevis. DW
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increased with the increase of concentration of NaNOs,
and the highest DW (2.38 gL™") was obtained when the
concentration of NaNO; was 2 gL™". The EPA content was
also stimulated with increasing NaNO; concentration, and
maximum EPA content was 3.38% when the concentra-
tion of NaNO; was 1.5gL". Higher concentrations were
found to decrease the EPA content. The highest EPA yield
(79.1 mgL™") was obtained when the concentration of
NaNO;was 1.5gL™.
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Fig.5 Effect of different NaNO; concentrations on the
growth and EPA production of N. laevis.

The microalga N. laevis could be defined as an oleagi-
nous microorganism as it was able to accumulate over
20%-25% lipid of the dry biomass (Ratledge and Evans,
1989). Most oleaginous microorganisms start to accumu-
late oil whenever carbon source is present, while at the
same time, growth is limited by another nutrient, in prac-
tice often the nitrogen source (Kessell, 1968; Werner,
1977). Fig.6 shows that the lipid content decreased from
36.6% to 21.5% with the increasing concentrations of
NaNO; from 0.1gL" to 4.0gL™, indicating that the lipid
tended to accumulate at nitrogen-limited conditions.
However, the EPA content (%DW and %TFA) increased
from 2.00% and 13.52% to the highest value of 3.38%
and 23.62%, respectively, indicating that EPA accumu-
lated at relatively high nitrogen conditions which did not
actually fit for lipid accumulation.
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Fig.6 Effect of different nitrate concentrations on the
lipid and EPA content production of N. laevis.
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3.3.2 Urea

The effect of different urea concentrations on the
growth and EPA production of N. laevis was investigated
and the results are presented in Fig.7. DW, EPA content
(%DW) and EPA yield increased with the concentration
increase of urea, and reached the maximums 2.06 gL'l,
3.89%, and 80.1 mgL™" respectively when it was 1.5gL".
A urea level above 1.5gL™” seemed to inhibit the EPA
accumulation as shown in Fig.7. At the urea concentration
of 4 gL', the EPA content reduced to 2.65%.
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Fig.7 Effect of different urea concentrations on the
growth and EPA production of N. laevis.

3.4 Silicate

Diatoms need silicon to form their frustules (cell walls
composed of amorphous silica), thus investigations of the
biomass and EPA production by N. laevis unavoidably
involve this essential nutrient. N. laevis was cultivated in
media containing 10 gL glucose as the carbon source
and 1.5gL" NaNO, as the nitrogen source. As shown in
Fig.8, under silicate-free (0 gL™") and silicate-deficient
conditions, N. laevis can grow although such growth was
seriously inhibited. This was probably because the M.
laevis cell used its intracellular silicate pool to support its
physiological activities (Werner, 1977). The maximum
DW 2.34¢L"" was obtained in the presence of 150mgL"’
Na,Si0;-9H,0, and higher concentrations of Na,SiOs:
9H,0 resulted in a steady decrease of biomass. At 500
mgL'1 Na,Si05-9H,0, the DW decreased to 1.52 gL'l.

The EPA content did not vary too much when the con-
centration of Na,Si03;-9H,O was lower than 200 mgL'l.
Without silicate in the medium (to ensure that no silicate
was contained in the medium, the inoculum was centri-
fuged at 479xg for 5 min and washed twice with fresh
silicate-free medium before inoculating), the growth of V.
laevis was inhibited. However, within a certain range the
EPA content was 3.00% (% DW) under silicate-free con-
dition, with no significant decrease compared to those at
high silicate concentrations, which indicated that silicate
was vital for the growth of N. laevis but not vital for EPA
production. However, higher silicate concentrations
(>200mgL") resulted in a significant decrease of the EPA
content (Fig.8) (P<0.05 for 300, 400 and 500 mgL™
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Na,Si05-9H,0). When the concentration of Na,SiO;-
9H,O reached 500 mgL'l, the EPA content was 1.94%,
while it was 3.28% when the concentration was 150
mgL™"'. The maximum EPA yield 76.8 mgL™ was also ob-
tained at this concentration.
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Fig.8 Effect of different concentrations of Na,SiOs
9H,0 on the growth and EPA production of N. laevis.

3.5 Salinity

Medium salinity may influence the physiological prop-
erties of marine microalgae. The effect of different me-
dium salinities (ranging from 8 to 56) on biomass and EPA
production was investigated in medium containing 10 gL
glucose, 1.5 gL'l NaNO; and 150 mgL'l Na,Si05-9H,0.
As shown in Fig.9, no significant decrease of DW was
observed when the salinity was below 29. The growth of
N. laevis was inhibited at the salinity of 36, 46, and 56
(P<0.05). The EPA content was stimulated when the sa-
linity was below 36, and higher salinity resulted in an
obvious decrease (P<0.05 for the salinity of 46 and 56).
The lipid content was relatively stable (about 23%-25%
of the dry biomass, details not shown). The maximum
EPA yield 110mgL™" was obtained at salinity 29.
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Fig.9 Effect of different medium salinities on growth
and EPA production of N. laevis.

4 Discussion

The lipid content of the oleaginous microalga N. laevis
was high at low nitrogen concentrations. The reason
might be that in N-limited cultures, the availability of
nitrogen caused an increase of cell chlorophyll to support

cell metabolism, which was accompanied by an increase
in the content of membrane lipids (Otero et al, 1997).
However, the EPA content was enhanced, indicating that
high nitrogen condition fit EPA accumulation but not lipid
production. So EPA synthesis may not be totally associ-
ated with lipid accumulation.

It has been reported that the EPA content tended to in-
crease when silicate became the limiting factor, and rea-
soned that in silicate-limited cultures, the cell tended to
alter its metabolism and divert energy which was previ-
ously allocated for silicate uptake into lipid storage (Wen
and Chen, 2000b; Wen and Chen, 2003). However, in this
study, we found that the EPA content was stable under
silicate-limited conditions (<150 mgL™), indicating that
silicate was not vital for EPA production of N. laevis.

Culture medium of different salinity levels was ob-
tained by adding various amounts of seawater condensate
(SWC) to distilled water, and the salinity was determined
by a baume detector. In our study, we found that the bio-
mass was not influenced obviously by low medium salin-
ity. This may be useful for large-scale cultivation, for the
medium salinity should preferably be as low as possible
in order to prevent potential bioreactor corrosion. Xu and
Beardall (1997) reported that the content of ®-3 PUFAs in
Dunaliella sp. decreased as the medium salinity increased.
However, Seto et al. (1984) reported that Chlorella
minutissima cells grown in SWC or NaCl-
enriched medium contained more EPA than those in low
NaCl medium.

In this study, the effects of several nutritional factors on
the growth and EPA production of the microalga N. laevis
were investigated. Further optimization is expected and
high-yield EPA production process is also to be developed
in flasks and bioreactors.

Acknowledgements

This study was supported by the Tianjin Municipal
Science and Technology Commission Basic Research
Program (No. 05YFJZJC00700). The authors wish to
thank Prof. YANG Zhiyan and Ms YAN Zhongli for their
kind assistance in establishing a methodology for fatty
acid analysis.

References

Barclay, W. R., K. M. Meager, and J. R. Abril, 1994. Hetero-
trophic production of long chain omega-3 fatty acids utilizing
algaec and algae-like microorganisms. J. Appl. Phycol., 6:
123-129.

Bligh, E, G, and W. J. Dyer, 1959. A rapid method of total lipid
extraction and purification. Can. J. Biochem. Physiol., 37:
911-917.

Feng, F. Y., W. Yang, G. Z. Jiang, Y. N. Xu, and T. Y. Kuang,
2005. Enhancement of fatty acid production of Chlorella sp.
(Chlorophyceae) by addition of glucose and sodium thiosul-
phate to culture medium. Process Biochem., 40: 1315-1318.

Kessell, R. H. J., 1968. Fatty acids of Rhodotorula gracilis: fat
production in submerged culture and the particular effect of



338 J. Ocean Univ. Chin.

pH value. J. Appl. Bacteriol., 31: 220-231.

Lebeau, T., and J. M. Robert, 2003a. Diatom cultivation and
biotechnology relevant products: Part II. Current and puta-
tiveproducts. Appl. Microbiol. Biotechnol., 60: 624-632.

Molina, G. E., E. H. Belarbi, F. F. G. Acie’n, M. A. Robles, and
Y. Chisti, 2003. Recovery of microalgal biomass and metabo-
lites: process options and economics. Biotechnol. Adv., 20:
491-515.

Nettleton, J. A., 1993. Are n-3 fatty acids essential nutrients for
fetal and infant development? J. Am. Diet. Assoc., 93 (1):
58-64.

Otero, A., D. Garci'a, E. D. Morales, J. Ara'n, and J. Fa'bregas,
1997. Manipulation of the biochemical composition of the
eicosapentaenoic acid-rich microalga Isochrysis galbana in
semicontinuous culture. Biotechnol. Appl. Biochem., 26:
171-177.

Ratledge, C., 2001. Microorganisms as sources of polyunsatu-
rated fatty acids. In: Structured and Modified Lipids. Gun-
stone, F. D., ed., Marcel Dekker, New York, 351-399.

Ratledge, C., and C. T. Evans, 1989. Lipids and their metabo-

lism. In: The Yeasts. 2nd edition. Rose, A. H., and Harrison, J.

S., eds., Academic Press, London, 367-455.

Seto, A., H. L. Wang, and C. W. Hesseltine, 1984. Culture con-
ditions affect eicosapentaenoic acid content of Chlorella
minutissima. J. Am. Oil Chem. Soc., 61: 892-894.

Starr, R. C., and J. A. Zeikus, 1993. The culture collection of
algae at the University of Texas at Austin. J. Phycol. (Suppl.),
29: 90-95.

Vol.7, No.3, 2008

Tan, C. K., and M. R. Johns, 1996. Screening of diatoms for
heterotrophic eicosapentaenoic acid production. J. Appl.
Phycol., 8: 59-64.

Wen, Z. Y., and F. Chen, 2000a. Production potential of ei-
cosapentaenoic acid by the diatom Nitzschia laevis. Biotech-
nol. Lett., 22: 727-733.

Wen, Z. Y., and F. Chen, 2000b. Heterotrophic production of
eicosapentaenoic acid by the diatom Nitzschia laevis: effects
of silicate and glucose. J. Ind. Microbiol. Biotechnol., 25:
218-224.

Wen, Z. Y., and F. Chen, 2001a. Optimization of nitrogen
sources for heterotrophic production of eicosapentaenoic acid
by the diatom Nitzschia laevis. Enzyme Microb. Technol., 29:
341-347.

Wen, Z. Y., and F. Chen, 2003. Heterotrophic production of
eicosapentaenoic acid by microalgae. Biotechnol. Adv., 21:
273-294.

Werner, D., 1977. The Biology of Diatoms. University of Cali-

fornia Press, Berkeley, 250-283.

Xu, X. Q., and J. Beardall, 1997. Effect of salinity on the fatty
acid composition of a green microalga from an Antarctic hy-
persaline lake. Phytochemistry, 45: 655-658.

Yamamura, R., and Y. Shimomura, 1997. Industrial
high-performance liquid chromatography purification of
docosahexaenoic acid ethyl ester and docosapentaenoic acid
ethyl ester from single-cell oil. J. Am. Oil Chem. Soc., 74:
1435-1440.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


