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Enhancing the sporulation of Streptomyces kasugaensis by culture optimization
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Abstract−To be an effective microbial biocide, Streptomyces kasugaensis should be converted into spore during cul-
tivation process for successful long-term storage. By statistical design methods, culture conditions including medium
components and operating parameters were optimized and more than 100 times increase in spore yield was achieved.
Addition of spent culture fluid (100 ppm), EDTA (30 ppm), mycophenolic acid (32 ppm) with combination of pH up-
shock (5.5 to 8.5) increased total viable cell and spore conversion rate, resulting in 1.6×107 (spore/mL) in 5 days of
culture in a fermenter. This result provides a practical method for obtaining high spore number for commercial production
of Streptomyces kasugaensis as a microbial pesticide.
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INTRODUCTION

The overuse of chemical pesticides to control or prevent plant
diseases causes soil pollution and has harmful effects on human
beings. To reduce the use of the chemicals, one possibility is to utilize
active microorganisms. It is ideal if the microorganisms that pro-
duce biological pesticides stably inhabit the environment as non-
dominant species but maintain their effectiveness [1]. ‘Biocontrol’
is defined as organisms whose specific biological roles as anti-fungal,
anti-insect, and anti-microbial activities are uniquely pathogenic to
detrimental organisms in terms of farming, livestock production and
human health [2,3]. Therefore in-situ biological viability of ‘bio-
control’ is an essential factor to be an effective ‘biocontrol’.

Streptomycetes, in which 70-80% of antibiotics are produced,
are Gram-positive bacteria characterized by their versatile ability to
produce secondary metabolites as well as their endospore forma-
tion. These endospores are resilient structures capable of surviving
desiccation, heat, oxidizing agents, and UV and radiation. These
qualities allow for long-term storage and relatively easy commer-
cialization of biocontrol agents [4-6]. Although the sporulation of
Bacillus sp. has been reported previously, the strategies for sporula-
tion of Streptomyces sp. during high density cultivation have received
less attention and have not yet been examined in detail [7,8].

In this study, we report the optimization of culture conditions that
promote sporulation of Streptomyces ksaugaensis determined by a
statistical experimental design method. Under optimum conditions,
more than 100 times increase in spore yield was achieved.

MATERIALS AND METHODS

1. Strain, Cultivations and SCF (Spent Culture Fluid) Prepa-
ration

S. kasugaensis isolated from soils was used as a source biocon-
trol agent. Spores were harvested by adding 10 mL of 0.85% saline
on the solid media containing agar (15 g/L) and cultivated at 30 oC

for 2-3 weeks. After cultivation for 7 days in the liquid media, cells
were stored at −70 oC until use. The culture medium for the formu-
lation of submerged spores was composed of 1 g/L yeast extract,
1 g/L beef extract, 2 g/L casamino acid, and 10 g/L dextrose. The
stocked solution (1%) was inoculated at 30 oC in 250 mL Erlenm-
eyer flasks containing 50 ml Bennett medium. The fermentation
conditions were as follows: 1 L working volume in a 2.5 L jar fer-
menter, temperature 30 oC, initial pH 6.0, agitation speed 250 rpm
and aeration rate 1.0 vvm. The Bennett medium was supplemented
with different concentrations of mycophenolic acid, SCF, amino acid,
and ethylenediamine tetra acetic acid (EDTA) after sterilization.

SCF was prepared as follows. After cultivation of S. kasugaensis
for 7 days, suspended cells were disrupted by sonication (Ultrason-
ication, Branson sonifier 450, U.S.A, 100-150W). Cell debris was
removed by rough filtration by using cotton and then centrifuged
at 8,000 rpm for 15 min at 4 oC. The supernatant was filtered by
ultrafiltration (Amicon ultrafiltration cell, MWCO; 100,000 Da).
By using chroloform (1 : 1 v/v) extraction, SCF was obtained in
solid form.
2. Optimization of Media Composition

Among the seven factors for increasing cell growth and sporula-
tion in the submerged culture, the significant components were ulti-
mately selected based on spore number by using the Plackett-Burman
design [9], which was used to select the component that efficiently
increased the number of spores. Table 1 gives the high and low con-
centrations of the 7 components. The P-B design experiment was
composed of 15 runs: 12 runs containing the combinations of high
and low concentrations of each component and 3 runs with the av-
erage of high and low value of each component as a control.
3. Assays: Number of Vegetative Cells, Spores and Antagonis-
tic Activity

The vegetative cells and spores of the cultivation broth were meas-
ured under 50 oC heat shock condition every 10 min from 0 to 40
min. Measurements were also made by ultrasonication at the same
time intervals as the control. Sporulation was observed in different
initial pH of 5, 6, 7, 8, 9 at 250 rpm for 7 days at 30 oC in a shaking
incubator. A substitute of expensive beef extract in the Bennett’s
medium consisting of corn oil, corn steep liquor, and soybean meal,
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which were added for industrial usage, was added to the medium.
The pellet of S. kasugaensis was dispersed by a 3-4 order ultrason-
ication (duty cycle; 30, output control; 4), and the vegetative cells
were counted after appropriate serial dilution. The spores were counted
by the same method after heat shock of 50 oC, 15 min. Samples were
taken from the cultures every 24 hrs. Cell morphology was observed
by an optical microscope (BX41, Olympus, Japan) and scanning
electron microscope (S-4200, Hitachi, Japan).

Antagonistic activity of S. kasugaensis against Fusarium oxy-
sporum, which caused Fusarium wilt and damping-off of the seed
was measured. S. kasugaensis was cultured for 7 days and the cul-
ture broth was centrifuged (9,000 rpm, 4 oC, 30 min) for crude sepa-

ration. After equilibration by deionized water, the supernatant was
passed through HP-20 (Sigma Chemical Co.) and 30, 50, 100%
isopropanol was added with a 20 mL/min flow rate, to sequentially
elute each sample.

RESULTS AND DISCUSSION

1. Cultivation and Antagonistic Activity
S. kasugaensis was cultivated in Bennett’s medium for 10 days.

The morphological changes were monitored by light microscope.
S. kasugaensis formed a pellet, which showed up black, hyphae.
Also spores were observed emerging from the pellet surface. In ad-
dition, thinning and fracturing of the hyphae was observed with the
SEM as submerged spores were released from the hyphae (Fig. 1).
S. kasugaensis has a differentiation process that differs from other
streptomycetes, which forms spores by septation [5].

After adsorption on a Diaion HP-20 column, the supernatant of
S. kasugaensis was gradiently eluted by isopropanol. Antifungal sub-
stances were released at 50% isopropanol (Fig. 2). S. kasugaensis
extracellularly secreted antifungal substances against F. oxysporum.

S. kasugaensis culture broth was obtained at 24 h and 120 h. After
heat treatment at 50 oC for 10-40 min, the viable cell number was
counted. As shown Table 2, spores were more stable than the vege-
tative cells to heat treatment and the vegetative cells dramatically
decreased after being heat treated at 50 oC for 10 min. In addition,

Table 1. Concentration of factors used in P-B design

Factors

Condition

A
Yeast extract

(g/L)

B
Soybean meal

(g/L)

C
Casamino acid

(g/L)

D
Dextrose

(g/L)

E
Initial

pH

F
Temp.
(oC)

G
Working volume

(mL)
− 0.2 0.2 0.4 02 5 26 10
0 1.0 1.0 2.0 10 6 30 50
+ 1.8 1.8 3.6 18 7 34 90

Fig. 1. Scanning electron photo of the S. kasugaensis; (a) a black
hyphae at 96 hr (b) spores emerging from the pellet sur-
face at 168 hr.

Fig. 2. Antifungal activity of each fractions from Diaion HP-20 col-
umn chromatography against F. oxysporum.
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spores were more resistant to ultrasonication and the viable cell num-
ber was high after 30 sec of treatment. Cell distribution was essen-
tial for viable cell number counting because S. kasugaensis grew in
the form of a pellet. Therefore, heat (50 oC, 10 min) and ultrasound
(30 s) can be used to discriminate between vegetative cells and spores.
2. Medium Optimization to Increase Spore Conversion

After 5 days cultivation, the viable cell number and sporulation
were high at low initial pH (pH 5-6). However, sporulation was low
at high pH. Final pH changed to approximately 7 in all cases. Initial
pH of the Bennett medium, which is usually used for sporulation
of streptomycetes, is 5.6-5.8 (Table 3). In addition, sporulation of
streptomycetes induced well at a low initial pH [10].

Most industrial media are composed of complex components
such as yeast extract, peptone, soy bean meal, casein etc. There-
fore, it is difficult to determine the C/N ratio of these components.
A statistical experimental design, named the Plackett-Burman exper-
imental design (PBD), is very useful in identifying the important
nutrients for cell growth or enzyme production [11-13]. A statistical
experimental design, PBD (Plackett-Burman Experimental Design)
was applied to find positive factors for high cell density cultivation
of S. kasugaensis. Main factors were selected by PBD for optimi-
zation of S. kasugaensis sporulation. As shown in Table 1, the PBD
method was composed of 15 culture flasks: twelve flasks contain-
ing a combination of high and low concentrations of each factor,
and three control flasks containing a mean value of each factor. Spore
number was used as response for calculation of the main effect (Fig.
3). Dextrose at a high concentration increased the spore number.
However, high pH and working volume decreased the spore num-
ber of S. kasugaensis. The optimum dextrose concentration was
30 g/L for increasing spore formation (Table 4).

DPA and divalent cation Mg2+ enhanced sporulation about 3 times
(Table 5). DPA incorporated with a divalent cation increased the cell
wall hardness, protease synthesis and dehydration during sporulation.

Mycophenolic acid (32 mg/L) was added to the medium at 0, 12,
and 24 h, and the spore number was counted. In addition, at 12 h,
during the early exponential phase, the spore number increased 10-
fold in comparison with the control (Table 6). As mycophenolic
acid inhibits IMP (inosine-5-monophosphate) dehydrogenase gua-
nine triphosphate (GTP) level indirectly decreases and sporulation
enhances [14-17].

Streptomycetes formed a pellet during submerged cultivation. The
pellet formation was caused by high concentration of divalent cat-
ion, especially MgCl2 [18]. During pellet formation, cell lysis oc-
curred at the inner pellet due to undersupply of nutrients and oxy-
gen [4,19]. A high concentration of MgCl2 enhanced pellet formation
and decreased cell number. However, a chelator, EDTA, enhanced
sporulation and cell number. The results suggest that inhibition of
pellet formation increased the total cell number and sporulation (Fig.

Table 2. Effect of heat treatment on the survival of submerged
spores and vegetative hyphae treated by heating at 50 oC

Culture time
Heating time

Vegetative mycelia
(×106/mL) (24 hr)

Spore (×106/mL)
(120 hr)

Control 5.5000 6.250
10 min 0.0006 0.060
20 min n.d* 0.016
30 min n.d 0.013
40 min n.d 0.005

*n.d; not determined

Table 3. Effect of initial pH for sporulation and mycelia forma-
tion of S. kasugaensis (cfu/mL)

Initial pH Mycelia cell number
(×107)

Spore cell number
(×105)

5 1.39±0.050 2.55±0.13
6 2.62±0.012 38.4±4.90
7 1.24±0.059 6.0±1.0
8 0.21±0.025 0.0317±0.0076
9 0.12±0.015 0.00375±0.00025

Fig. 3. Main culture components determined by Plackett-Burman
Design (a) at 3 days and (b) at 5 days cultivation.
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4). During cultivation of S. kasugaensis in a jar excessive foam was
generated, which caused the cells to be released from the jar and
attach to the wall (data not shown). Therefore, it was difficult to
count the exact cell number. To control excessive foam generation,
an organic type antifoam agent, Antifoam 204 (Sigma Chemicals,
St. Louis, MO), was added to the medium. When more than 500
mg/L of Antifoam 204 was added, vegetative cell growth was inhib-
ited; however, sporulation slightly increased (data not shown). When
S. kasugaensis was cultivated in a 2.5 L jar without controlling pH
and DO, sporulation was affected by pH (Fig. 5). Spore number
dramatically decreased at pH 4 and 8, and a high spore number was
observed at pH 5 and 6. Also, Fig. 5 shows that viable cell number
was decreased during pH up-shock. This result is similar to initial
pH effect. We found that this strain was more affected by pH rather
than DO and a weak acidic condition was important in sporulation.
The effect of the sharp change of pH on sporulation was investi-

gated because sporulation of S. kasugaensis was mainly affected
by pH. S. kasugaensis was cultivated with pH control 7 and 5.6-
6.0 for 2 days and pH down-shock (pH 3.4-4.0, 1 day) and up-shock
(pH 8.6-9.0) were applied, respectively. The pH up-shock was more
efficient rather than down-shock, where the spore number increased
2 times and the conversion ratio was high. The pH down-shock was
less efficient because S. kasugaensis sporulated in a weak acidic
condition (data not shown). This result means that a spore is more
pH-sensitive than a vegetative cell because of its intracellular acidic
condition. In other words, pH-shock is effective for spore formation
in Streptomyces sp. [20].

Streptomyces sp., Bacillus sp., and yeast secreted and accumu-
lated several signal factors during submerged cultivation [4]. Espe-
cially, A or C-factor of these factors in culture broth which Strep-
tomyces sp. secreted induced sporulation [21]. SCF containing A-
factor was obtained according to the method described in the materi-
als and methods section and added to medium with/without amino
acid. When SCF was solely added to the medium, the spore num-
ber increased at 500 ppm of SCF. However, when 10 ppm of proline
was added simultaneously, spore number increased significantly and
the sporulation ratio increased to 12.7% at 100 ppm of SCF (Table

Table 4. Effect of initial concentration of dextrose for sporulation
and mycelia formation (after 7 days of cultivation) of S.
kasugaensis (cfu/mL)

Initial concentration
(g/L)

Mycelia cell
number (×107)

Spore cell
number (×105)

Control 0.01±0.002 *n.d
05 0.74±0.200 0.29±0.010
10 1.18±0.080 1.22±0.191
20 1.70±0.076 2.29±0.525
30 1.03±0.058 7.05±0.423
40 1.53±0.391 2.91±0.140

*n.d; not determined

Table 5. Effect of DPA and divalent cations on the sporulation of
S. kasugaensis

Enhancers of sporulation Spore number (104 cfu/mL)
No addition 7.67±0.67
*DPA 7.25±0.23
DPA+MnCl2 8.77±0.67
DPA+MgCl2 14.83±0.250
DPA+CaCl2 3.47±0.55
CaCl2 2.03±0.21

*DPA; Dipicolinic acid, 8.25 mg/L
Concentration of divalent cations; 8.25 mg/L

Table 6. Effect of mycophenolic acid and its addition times on the
sporulation of S. kasugaensis

Addition time
(hr)

Average of spore forming unit
(cfu/mL, ×105)

No addition 1.78±0.46
00 1.67±0.76
06 2.78±0.26
12 12.33±1.000
18 3.05±0.13
24 1.50±0.25

Concentration of mycophenolic acid; 32 mg/L

Fig. 4. Effect of EDTA and MgSO4 on the sporulation of S. kasug-
aensis.

Fig. 5. Effect of pH up-shock on cell growth in batch fermentation
of S. kasugaensis.
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7). We suggested that S. kasugaensis also secreted a signal factor,
which induced sporulation in the medium. Furthermore, when amino
acids were added to SCF, total cells increased 3.5 times and the spore
number also increased 5 times in case of arginine after 7 days of
cultivation (Fig. 6). The effect of SCF, DPA, MgCl2, EDTA, and
mycophenolic acid on cell growth was tested and the results are
summarized in Table 8. Combinations 4, 9, and 15 show high total
cells and spores. The highest number of spores was observed at com-
bination 15, which increased 3 times compared with control. To
enhance sporulation, first the pellet formation was inhibited for pro-
motion of sporulation so that other factors such as SCF and amino
acid could be applied. Combination 15 and pH up-shock were simul-
taneously applied to the fermenter cultivation. After 4 days, the spore
number reached 1.6×107 (spore/mL) and the conversion ratio was
17%. In the optimum condition, both the viable cell number and
the number of spores increased (Fig. 7).

Table 7. Effect of SCF and proline concentration on spore num-
ber

Additive
(concentration, ppm)

CN
(cfu/mL,
×107)*

SN
(cfu/mL,
×104)**

Conversion
rate (%)***

No addition 1.46 00.025 00.002
SCF (100) 1.38 00.100 00.007
SCF (500) 1.34 06.250 00.463
SCF (100)+Proline (10) 0.54 68.333 12.719
Proline (10) 1.28 07.825 00.611

*CN; Viable cell number
**SN; Spore cell number, ×104

***Conversion rate (%)=(Spore number/Mycelia cell number)×100

Fig. 6. Effect of amino acids (a) on cell growth and (b) on spore
number.

Table 8. Effect of combination SCF and chemical agents on cell growth at 7 days

Runs Combination*** MCN (cfu/mL, ×107)* SN (cfu/mL, ×106)** Conversion rate (%)
01 Control 2.42 (±0.029) 0.65 (±0.250) 2.69
02 D' 2.75 (±0.087) 0.73 (±0.208) 2.66
03 SCF 0.45 (±0.050) 0.12 (±0.013) 2.74
04 EDTA 4.83 (±0.289) 1.15 (±0.260) 2.38
05 M·A 2.25 (±0.391) 1.30 (±0.304) 5.78
06 D'+SCF 0.77 (±0.226) 0.15 (±0.013) 1.89
07 D'+EDTA 2.22 (±0.306) 0.63 (±0.153) 2.86
08 D'+M·A 0.55 (±0.132) 0.13 (±0.010) 2.33
09 SCF+EDTA 6.83 (±0.289) 1.35 (±0.087) 1.97
10 SCF+M·A 0.50 (±0.150) 0.11 (±0.035) 2.20
11 EDTA+M·A 2.30 (±0.132) 1.13 (±0.202) 4.93
12 D'+SCF+EDTA 3.12 (±0.076) 1.30 (±0.180) 4.17
13 D'+SCF+M·A 1.31 (±0.153) 0.58 (±0.144) 4.43
14 D'+EDTA+M·A 1.60 (±0.397) 0.58 (±0.153) 3.64
15 SCF+EDTA+M·A 5.17 (±1.607) 1.42 (±0.375) 2.74
16 D'+SCF+EDTA+M·A 0.92 (±0.202) 0.26 (±0.023) 2.85

*MCN; Mycelia cell number, ×107

**SN; Spore cell number, ×106

***M·A; 32 mg/L mycophenolic acid, D'; 8.25 mg/L DPA+8.25 mg/L MgCl2, EDTA; 30 mg/L ethylenediaminetetraacetic acid, SCF; 500
mg/L spent culture fluid
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CONCLUSIONS

S. kasugaensis excretes antifungal substances against F. oxysporum
which causes damping-off on plants and forms an endospore in self-
defense. Endospores are resilient structures capable of surviving
desiccation, heat, oxidizing agents and UV radiation. This property
allows spores suitable for long-term storage and, hence, provides
advantages for commercialization of microbial pesticide.

In this study, we reported the optimum culture conditions that
promote sporulation of Streptomyces ksaugaensis by a statistical
experimental design method for increasing the spore number. Sig-
nificant increase in the conversion rate and final spore yield could
be achieved under optimized conditions. This method can provide
a practical means for the commercial production of Streptomyces
ksaugaensis as a microbial pesticide.

ACKNOWLEDGMENTS

This work was supported by the Korea Science and Engineer-
ing Foundation (KOSEF) grant funded by the Korea Government
(MEST) R0A-2007-000-10015-0.

REFERENCES

1. G. H. Ji, L. F. Wei, Y. Q. He, Y. P. Wu and X. H. Bai, Biol. Control,

45, 288 (2008).
2. H. I. Veld, J. H. J. In’T HuisVeld and R. Havenaar, J. Chem. Technol.

Biotechnol., 51, 562 (1991).
3. T. McCann, T. Egan and G. H. Weber, J. Food Protect., 59, 41 (1996).
4. S. Biro, I. Bekesi, S. Vitalis and G. Szabo, Eur. J. Biochem., 103, 359

(1980).
5. T. A. Slieman and W. L. Nicholson, Appl. Environ. Microbiol., 67,

1274 (2001).
6. K. Flardh, Cur. Opin. Microbiol., 6, 564 (2003).
7. Y. K. Yang, M. Morikawa, H. Shimizu, S. Shioya, K. I. Suga, T.

Nihira and Y. Yamada, J. Ferment. Bioeng., 81, 7 (1996).
8. E. M. Miguelez, B. Rueda, C. Hardisson and M. B. Manzanal,

FEMS Microbiol. Lett., 157, 103 (1997).
9. B. Hutter and T. Dick, Res. Microbiol., 150, 295 (1999).

10. S. Tamura, Y. Park, M. Toritama and M. Okabe, J. Ferment. Bioeng.,
83, 523 (1997).

11. D. L. Beres and D. M. Hawkins, Ecol. Mod., 141, 171 (2001).
12. Ö. Küçük, Korean J. Chem. Eng., 23, 21 (2006).
13. Y. Li, J. Xing, W. Li, X. Xiong, X. Li and H. Liu, Korean J. Chem.

Eng., 24, 781 (2007).
14. R. L. Manoja, P. Serror, K. W. Wong and A. L. Sonenshein, Gene

Dev., 15, 1093 (2001).
15. M. Itoh, A. Penyige, S. Okamoto and K. Ochi, FEMS Microbiol.

Lett., 135, 311 (1996).
16. K. Ochi, J. Bacteriol., 169, 3608 (1987).
17. S. J. Vidwans, K. Ireton and A. Grossman, J. Bacteriol., 177, 3308

(1995).
18. J. M. Neu and G. D. Wright, FEMS Microbiol. Lett., 199, 15 (2001).
19. A. J. Tough and J. I. Prosser, Microbiology, 142, 639 (1996).
20. L. M. Quiros and J. A. Salas, FEMS Microbiol. Lett., 141, 245

(1996).
21. I. S. Novella and J. Sanchez, Res. Microbiol., 146, 721 (1995).

Fig. 7. Time profile of batch cultivation under optimized condition.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


