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A fungal strain producing a high level of cellulase was selected from 320 fungal isolates and identified as Aspergillus sp.

This strain was further improved for cellulase production by sequential treatments by two repeated rounds of γ-irradiation

of Co
60

, ultraviolet treatment and four repeated rounds of treatment with N-methyl-N'-nitro-N-nitrosoguanidine. The best

mutant strain, Aspergillus sp. XTG-4, was selected after screening and the activities of carboxymethyl cellulase, filter paper

cellulase and β-glucosidase of the cellulase were improved by 2.03-, 3.20-, and 1.80-fold, respectively, when compared to the

wild type strain. After being subcultured 19 times, the enzyme production of the mutant Aspergillus sp. XTG-4s was stable.
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Cellulose, which is the most abundant renewable resource,

is a polysaccharide composed of β-D-glucopyranosyl units

joined by 1,4-glycosidic bonds (Gardner and Blackwell,

1974; Kolpak and Blackwell, 1976). Because cellulose

can be utilized to produce ethanol, it is a promising alter-

native energy source for the production of fossil fuels.

Cellulose is degraded by cellulases to reducing sugars and

fermented by yeast or bacteria to ethanol (Duff and Mur-

ray, 1996).

Cellulases are produced by various microorganisms

including Trichoderma sp., Chrysosporium sp., Fusarium

sp., Sclerotium sp., Phanerochaete sp., Aspergillus sp.,

Schizophyllum sp. and Bacillus sp. (Selby and Maitland,

1967; Wood and Phillips, 1969; Toyama and Ogawa,

1975; Sternberg, 1976; Fan et al., 1987; Duff and Mur-

ray, 1996). Three major types of cellulases, endogluca-

nases (EC 3.2.1.4), exo-cellobiohydrolases (EC 3.2.1.91)

and β-glucosidases (EC 3.2.1.21), have been identified to

date (Coughlan, 1985; Coughlan and Ljungdahl, 1988).

A reduction in the cost of cellulase production, an

improvement in cellulase activity and an increase in sugar

yields are all vital to reducing the processing costs of bio-

ethanol from cellulosic substrates (Zhang et al., 2006).

During ethanol production from lignocellulosics, cellu-

lases play a very important role in the cellulose digestion

process and so far the cost of cellulases is very expensive

due to the large amounts required for cellulose digestion

(Duff and Murray, 1996; Himmel et al., 1997; Schell et

al., 2003; Sun and Cheng, 2002). Therefore, the improve-

ment of microbial strains for the over-production of cellu-

lases has attracted attention in the commercial fermentation

process.

The use of different mutagenic agents for strain improve-

ment was demonstrated by Parekh et al. (2000). Addition-

ally, treatment of F. oxysporum with ultraviolet (UV)

followed by N-methyl-N'-nitro-N-nitrosoguanidine (NTG)

was used to improve carboxymethyl cellulase (CMCase)

production (Kuhad et al., 1994). Moreover, Chand et al.

(2005) used simultaneous treatment with NTG, ethidium

bromide and UV or NTG combined with ethidium bro-

mide to create mutant fungi that produced more CMCase

and filter paper cellulase (FPase) than wild type fungi.

The purpose of this study was to screen microbial

strains for the selection of a strain producing high level of

cellulase and to improve the microbial strain further by

mutation. In this study, γ-rays of Co
60

, UV and NTG were

repeatedly and sequentially used to mutate the fungal

strain to induce the hyper-production of cellulase.

Materials and Methods

Isolation of fungal strains that produce cellulase. A

total of 320 fungal strains were isolated from different

soils and fruits collected from various sources. One gram

samples were then suspended in saline solution (0.85%

NaCl) and diluted to 1 × 10
−7

g/ml. The diluted solution

(0.1 ml) was then loaded onto a PDA plate (Potato dex-

trose, 2% agar) containing 0.1% carboxymethyl cellulose

(CMC), ampicillin (50 µg/ml) and tetracycline (50 µg/ml)

and then incubated at 30
o

C for 3~7 days. Next, the plates

were stained with 0.1% Congo red dye for 30 min fol-

lowed by destaining with 1 M NaCl for 15 min. Fungal

strains forming a large clearing zone surrounding the col-

onies were picked up and then streaked onto PDA plates,

which were subsequently incubated at 30
o

C for 7 days.

Fifteen fungi (K1~K15) producing higher level of cellu-*Corresponding author <E-mail : kkim@suwon.ac.kr>
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lase were selected for further study.

Preparation of seeding culture. Ten grams of wheat

bran powder were mixed with 90 ml of distilled water in a

250 ml Erlenmeyer flask and the pH was then adjusted to

3.5 by 10% HCl. The mixture was then sterilized by auto-

claving at 121
o

C for 20 min, after which it was cooled.

One plug (1 × 1 cm
2

) of a 7 d-old conidia-mycelia grown

on PDA was then added to the flask and incubated at

30
o

C while shaking at 200 rpm for 1 day.

Solid state fermentation. While both solid and sub-

merged liquid fermentation systems have been used for

cellulase production, solid state fermentation (SSF) is gen-

erally considered more appropriate for the production of

cellulase (Chandra et al., 2008). In this study, an Erlenm-

eyer flask (500 ml) containing 20 g of wheat bran with

33% moisture was plugged with cotton and sterilized for

20 min at 121
o

C. After cooling, 10% of a 1 d-old liquid

fungal seeding culture was used to inoculate the wheat

bran, which was subsequently cultured at 30
o

C for three

days.

Preparation of crude enzyme. After 3 days of SSF, the

mouldy wheat-bran was mixed with distilled water at a

ratio of 1 : 100 (w/v). The mixture was then shaken in an

orbital shaker at 200 rpm and 30
o

C for 60 min. Finally, the

supernatant was obtained after centrifugation at 7000 rpm

for 10 min for use as a crude enzyme.

Enzyme assay. The activities of CMCase, FPase and β-

glucosidase were determined using the method described

by Grajek (1987). The CMCase (endo-1,4-β-D-gluca-

nase) assay was conducted in a total reaction mixture of

1 ml containing 0.5 ml of diluted enzyme and 0.5 ml of

1% (w/v) CMC solution in acetate buffer (50 mM, pH 5).

The FPase was assayed by incubating 1 ml of diluted

enzyme solution with acetate buffer (50 mM, pH 5) con-

taining Whatman No. 1 filter paper (50 mg). The reaction

mixture for CMCase or FPase was incubated at 50
o

C for

30 min and the released reducing sugars were then deter-

mined by the 3,5-dinitrosalicylic acid (DNS) method

(Miller, 1959). The β-glucosidase (β-D-glucoside, gluco-

hydrolase) activity was estimated using p-nitrophenyl-β-

D-glucopyranoside (pNPG) as a substrate. An assay mix-

ture (1 ml) consisting of 0.9 ml of pNPG (1 mM) and

0.1 ml of diluted enzyme was incubated at 50
o

C for

30 min. The p-nitrophenol that was liberated was mea-

sured at 420 nm after developing the color with 2 ml of

sodium carbonate (2 M).

One unit (U) of enzyme activity was defined as the

amount of enzyme required to liberate 1 µmol of glucose

or p-nitrophenol from the appropriate substrates per min

under the assay conditions.

Strain improvement by mutations. Of the 15 isolates

evaluated, K10 was found to be the most potent fungal

strain for cellulase production; therefore, this strain was

used for strain improvement by mutation. Two methods of

mutation were employed for strain improvement.

Method I: The spores of fungal strain K10 (10
8

spores/

ml) were harvested from 6 d-old spores grown on PDA

plates and then exposed to different doses (0.5 to 2.5 KGy,

interval 0.5 KGy) of γ-rays of Co
60

. The survivors were

grown by spreading 0.1 ml of the treated spores onto a

PDA plate containing 0.1% CMC and subsequent incuba-

tion at 30
o

C for 4~7 days. Based upon the clearing zones

surrounding the colonies, γ-ray mutant R-20 was selected

and again treated with 2 KGy of γ-rays. According to

Kuhad et al. (1994) and our modifications, the best γ-ray

mutant, R20-2, was sequentially exposed to UV irradia-

tion at 30 W and a distance of 50 cm for 5~60 min, while

the spores were removed for testing at 5 min intervals.

The best mutant strain, RV-10, was again sequentially

treated with four cycles of NTG solution (100 µg/ml in

0.2 M citrate buffer solution, pH 5) for 10~60 min, with

the spores being taken out for testing at 10 min intervals.

The mutant spores were then washed four times with

saline solution and spread onto a PDA plate containing

0.1% CMC as described above. After treatment with vari-

Fig. 1. Sequential mutagenesis for the improvement of cellulase

production (Method I). NTG, N-methyl-N'-nitro-N-

nitrosoguanidine; UV, ultraviolet.
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ous mutagenic agents, many mutant strains were screened

and tested for the activities of CMCase, FPase and β-glu-

cosidase. Finally, the best mutant strain, XTG-4, which

produced a high level of CMCase, FPase and β-glucosi-

dase, was selected for further study (Fig. 1).

Method II: Selected fungal strain R20-2 obtained after

the first mutation treatment of Method I (Fig. 1) was fur-

ther mutated by Method II (Fig. 2). Strain R20-2 was

simultaneously treated with NTG (100 µg/ml) and UV at

30 W and a distance of 50 cm for 5~60 min, with spores

being removed at 5 min intervals for testing. The best

mutant GV-1 selected was again simultaneously treated

with NTG and UV.

 

Identification of a fungal strain. The DNA of the fun-

gal strains were isolated and purified using a Winzard®

Genomic DNA purification Kit (Promega, Madison, WI,

USA). The internal transcribed spacers (ITS) of the

nuclear rDNA was identified according to the method

described by Henry et al. (2000) and White et al. (1990).

Next, polymerase chain reaction (PCR) was conducted

using the ITS1 (5'-TCCGTAGGTGAACCTGCG-3') and

ITS4 (5'-TCCTCCGCTTATTGATATGC-3') primers (White

et al., 1990). Specifically, 5 µl of sample containing about

5 ng of DNA was added to the PCR master mixture,

which consisted of 5 µl of 10X PCR buffer, 4 µl of dNTP

mixture (0.1 mM each dNTP), 0.8 µl of each primer (40

pmol of each primer), and 2 units of ExTaq DNA poly-

merase (Takara Biomedicals, Osaka, Japan) and diluted to

a final volume of 50 µl with de-ionized distilled water.

PCR was conducted using a thermal cycler (Genne Amp
®

,

Applied Biosystem, Foster City, CA, USA) to subject the

reaction mix to 30 cycles of the following reaction condi-

tions: denaturation at 94
o

C for 30 s, primer annealing at

55
o

C for 30 s and extension at 72
o

C for 1 min, followed

by final extension for 7 min at 72
o

C to ensure full exten-

sion of the products. The amplified PCR products were

then purified and sequenced, after which the sequence

was aligned with similar well-known sequences obtained

from the National Center for Biotechnology Information

(NCBI) database.

Statistical program. Data were analyzed using one and

two way analyses of variance (ANOVA) (α = 0.05) fol-

lowed by comparison of the means using the Duncan’s

multiple range test (SAS Institute, Cary, NC, USA).

Results and Discussion

Screening and selection of native fungal strain. Based

on the ratio of diameter between the clearing zone and

colony on the screening-medium, the fifteen best isolates

(K1 to K15) were selected for enzyme production stud-

ies. The profile of the enzyme production on the 3rd day

of culture of the fifteen selected fungal strains is shown in

Table 1. The activity of CMCase produced by the fungal

strains differed significantly (p < 0.005), and strain K10

showed higher CMCase activity than the other fungal

strains (p < 0.05). Moreover, strain K10 exhibited higher

activities of FPase and β-glucosidase than the other fun-

gal strains (p < 0.05) (data not shown). The CMCase,

FPase and β-glucosidase activities of strain K10 were

18.73, 11.05 and 15.24 U/ml, respectively. Therefore, strain

K10 was subjected to strain improvement by mutation.

Improvement of cellulase production by mutation. The

production of cellulases by various mutant strains obtained

after different mutagenic treatments is shown in Table 2.

The improvement of enzyme production by mutant strains

Fig. 2. Sequential mutagenesis with simultaneous treatment of

NTG and UV for improvement of cellulase production

(Method II). The R20-2 mutant was obtained after the

first mutagenic treatment in Method I. NTG, N-

methyl-N'-nitro-N-nitrosoguanidine; UV, ultraviolet.

Table 1. The activities of CMCase
a

 produced by various isolated

fungal strains

Fungal strain CMCase activity (U/ml)

K1 18.41a
b

K2 15.53ba

K3 10.29bcd

K4 11.94bc

K5 14.98ba

K6 10.64bcd

K7 9.83bcd

K8 18.43a

K9 11.73bc

K10 18.73a

K11 9.54bcd

K12 11.29bc

K13 8.70cd

K14 5.01d

K15 4.99d

Statistical analysis (p) < 0.05

a

CMCase, carboxymethyl cellulase.
b

Means within the same column with the same letter are not signif-

icantly different based on Duncan’s Multiple Test.
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was dependant on the mutagenic method used.

Mutagenic method I. Selected fungal strain K10 was

treated with two cycles of γ-irradiation (Fig. 1). The best

γ-ray-mutant strain, R20-2, was then treated with UV irra-

diation. The best mutant strain, RV-10, strain was again

sequentially treated with four cycles of NTG. Finally,

mutant strain XTG-4 was selected (Fig. 1) because it

showed a 2.03 fold increase in CMCase activity (Table 2)

as well as 3.20- and 1.80 fold increases in the activities of

FPase and β-glucosidase, respectively, when compared

with the wild type (data not shown). Mutant strain XTG-4

was subsequently identified as Aspergillus sp. based on

the result of sequencing the ITS region.

Mutagenic method II. Fungal strain R20-2 obtained

after the first mutagenic treatment of method I was simul-

taneously treated with NTG and UV. After treatment, the

best mutant selected, GV-1, was again simultaneously

treated with NTG and UV (Fig. 2). The resultant mutant

showed a 141.6% increase in CMCase activity when

compared to the wild type (Table 2). However, further

simultaneous treatment with NTG combined with UV led

to a rapid decrease in CMCase activity from 141.6% to

135.3%, which was further decreased to 128.2% after a

third round of treatment with NTG combined with UV

(Table 2). These findings indicated that the simultaneous

treatment of NTG with UV was not suitable for improv-

ing cellulase production by the fungal strain. Accord-

ingly, based on the enzyme production by mutants created

by mutagenic methods I and II, method I, which

employed repeated and sequential treatments of different

mutagens, was appropriate for the production of fungi that

showed improved cellulase production.

It has been reported that when fungi were grown with

mutagens at sublethal concentrations, secretive enzyme

production increased (Dhawan et al., 2003). In the past,

the use of mutagenic agents such as γ-rays, UV and NTG

for hyper-production of industrial products has been

reported (Chand et al., 2005; Kuhad et al., 1994; Singh et

al., 1995), but the use of all of these mutagenic agents in

sequential studies such as those conducted in the present

study have not been documented to date. F. oxysporum

was treated with UV and then with NTG, after which the

activity of CMCase was increased by 3-fold when com-

pared to the wild type (Kuhad et al., 1994). Chand et al.

(2005) used a mixture of NTG, ethidium bromide and UV

or a mixture of NTG and ethidium bromide to mutate the

fungal strain and found that the resultant mutant strains

showed more CMCase and FPase activity than the wild

type strains. Singh et al. (1995) evaluated spores of

Fusarium oxysporum DSM841 after UV or NTG treat-

ment and found that the mutants had xylanase and β-

xylosidase activities that were 3 fold higher than that of

the wild type. However, the present study evaluated the

use of sequential treatment with three mutagenic agents,

γ-ray, UV, and NTG, to induce the hyper-production of

cellulase. Method I used in this study resulted in greatly

improved cellulase production by the best mutant strain.

Therefore, this method can be applied to achieve potent

fungal mutants capable of producing higher amounts of

enzymes.

The stability of the mutant Aspergillus sp. XTG-4. The

stability of mutant Aspergillus sp.XTG-4 for cellulase pro-

duction was determined by successive subculturing on

PDA plates for over seven months. After each subculture,

the mutant was tested for its ability to stably produce cel-

lulase by SSF. The mutant maintained the same produc-

tion yield after being subcultured 19 times, indicating that

the mutation is stably heritable. Mutant Aspergillus sp.

XTG-4 was found to consistently produce high activity

Table 2. Improvement of the production of CMCase
a

 by treatment with various mutagenic agents

Method I Method II

Mutagenic

 treatment

Selected

mutant

Enzyme production

improved (%)
Mutagenic treatment

Selected

mutant

Enzyme production

improved (%)

None K-10 100
b

None K-10 100
 b

 1
st

 γ-ray R20 127.5 1
st

 γ-ray R20 127.5

 2
nd

 γ-ray R20-2 138.0 2
nd

 γ-ray R20-2 138.0

UV
c

RV-10 142.5 1
st

 simultaneous treatment with NTG
d

+ UV GV-1 141.6

1
st

 NTG NTG-1 158.4 2
nd

 simultaneous treatment with NTG + UV GV-2 135.3

2
nd

 NTG NTG-2 165.3 3
rd

 simultaneous treatment with NTG + UV GV-3 128.2

3
rd

 NTG NTG-3 185.3

4
th

 NTG  XTG-4 202.7
e

a

CMCase, carboxymethyl cellulase.
b

The 100% CMCase activity was 18.73 U/ml.
c

UV, ultraviolet.
d

NTG, N-methyl-N'-nitro-N-nitrosoguanidine.
e

The 202.7% CMCase activity was 37.86 U/ml.



Fungal Strain Improvement for Cellulase Production 271

CMCase (37.84 U/ml), FPase (35.18 U/ml) and β-glucosi-

dase (27.12 U/ml) on wheat bran over the study period

(Fig. 3).

In conclusion, the results of the present study provide

valuable information regarding the use of a novel muta-

tion method to obtain mutant microbial strains capable of

producing a high level of enzymes.

References

Chand, P., Aruna, A., Maqsood, A. M. and Rao, L. V. 2005.

Novel mutation method for increased cellulase production. J.

Appl. Microbiol. 98:318-323.

Chandra, M. S., Reddy, B. R. and Choi, Y. L. 2008. Production of

cellulolytic enzymes by Aspergillus niger on solid and sub-

merged state fermentation. J. Life. Sci. 18:1049-1052.

Coughlan, M. P. 1985. The properties of fungal and bacterial cel-

lulases with comment on their production and application. Bio-

technol. Genet. Eng. Rev. 3:39-109.

Coughlan, M. P. and Ljungdahl, L. G. 1988. Comparative bio-

chemistry of fungal and bacterial cellulolytic systems. FEMS

Symp. 43:11-30.

Dhawan, S., Lal, R. and Kuhad, R. C. 2003. Ethidium bromide

stimulated hyper laccase production from bird’s nest fungus

Cyathus bulleri. Lett. Appl. Microbiol. 36:64-67.

Duff, S. J. B. and Murray, W. D. 1996. Bioconversion of forest

products industry waste cellulosics to fuel ethanol: a review.

Bioresour. Technol. 55:1-33.

Fan, L. T., Gharpuray, M. M. and Lee, Y. H. 1987. Cellulose

Hydrolysis, In: Biotechnology Monographs. pp.57. Springer,

Berlin.

Gardner, K. H. and Blackwell, J. 1974. The structure of native

cellulose. Biopolymers 13:1975-2001.

Grajek, W. 1987. Comparative studies on the production of cellu-

lases by thermophilic fungi in submerged and solid-state fer-

mentation. Appl. Microbiol. Biotechnol. 26:126-129.

Henry, T., Iwen, P. C. and Hinrichs, S. H. 2000. Identification of

Aspergillus species using internal transcribed spacer regions 1

and 2. J. Clin. Microbiol. 38:1510-1515.

Himmel, M. E., Adney, W. S., Baker, J. O., Elander, R.,

McMillan, J. D., Nieves, R. A., Sheehan, J., Thomas, S. R.,

Vinzant, T. B. and Zhang, M. 1997. Advanced bioethanol pro-

duction technologies: a perspective. In: Fuels and Chemicals

from Biomass. ACS Symposium Series 666. pp. 2-45. Eds. R.

C. Shaha and J. Woodward. American Chemical Society.

Washington DC.

Kolpak, F. J. and Blackwell, J. 1976. Determination of the struc-

ture of cellulose II. Macromolecules 9:273-278.

Kuhad, R. C., Kumar, M. and Singh, A. 1994. A hypercellu-

lolytic mutant of Fusarium oxysporum . Lett. Appl. Microbiol.

19:397-400.

Miller, G. L. 1959. Use of dinitrosalicylic acid reagent for deter-

mination of reducing sugar. Anal. Chem. 31:426-428.

Parekh, S., Vinci, V. A. and Strobel, R. J. 2000. Improvement of

microbial strains and fermentation processes. Appl. Microbiol.

Biotechnol. 54:287-301.

Schell, D. J., Farmer, J., Newma, M. and McMillan, J. D. 2003.

Dilute-sulfuric acid pretreatment of corn stover in pilot-scale

reactor: Investigation of yields, kinetics, and enzymatic digest-

ibilities of solids. Appl. Biochem. Biotechnol. 105:69-85.

Selby, K. and Maitland, C. C. 1967. The cellulase of Tricho-

derma viride. Separation of the components involved in the

solubilization of cotton. Biochem. J. 104:716-724.

Singh, A., Abidi, A. B., Darmwal, N. S. and Agrawal, A. K.

1991. Influence of nutritional factors of cellulase production

from natural lignocellulosic residues by Aspergillus niger. Agri.

Biol. Res. 7:19-27.

Singh, A., Kuhad, R. C. and Kumar, M. 1995. Xylanase produc-

tion by a hyperxylanolytic mutant of Fusarium oxysporum.

Enzyme Microb. Technol. 17:551-553.

Solomon, B. O., Amigun, B., Betiku, E., Ojumu, T. V. and Lay-

okun, S. K. 1997. Optimization of cellulase production by

Aspergillus flavus Linn isolate NSPR101 grown on bagasse. J.

Niger. Soc. Chem. Eng. 16:61-68.

Sternberg, D. 1976. Production of cellulase by Trichoderma. Bio-

technol. Bioeng. Symp. 6:35-53.

Sun, Y. and Cheng, J. Y. 2002. Hydrolysis of lignocellulosic

materials for ethanol production: a review. Bioresour. Technol.

83:1-11.

Toyama, N. and Ogawa, K. 1975. Sugar production from agricul-

tural woody wastes by saccharification with Trichoderma vir-

ide cellulase. Symposium on enzymatic hydrolysis of cellulose.

Biotechnol. Bioeng. 5:225-244.

White, T. J., Bruns, T., Lee, S. and Taylor, J. 1990. Amplification

and direct sequencing of fungal ribosomal RNA genes for phy-

logenetics. In: PCR Protocols: A Guide to Methods and Appli-

cations. Eds. M.A. Innis, D. H. Gelfand, J. J. Sninsky and T. J.

White. Academic Press, Orlando, FL.

Wood, T. M. and Phillips, D. R. 1969. Another source of cellu-

lase. Nature 222:986-987.

Zhang, Y. H. P., Himmel, M. E. and Mielenz, J. R. 2006. Out-

look for cellulase improvement: Screening and selection strate-

gies. Biotechnol. Adv. 24:452-481.

Fig. 3. Stability of the production of CMCase, FPase, and β-

glucosidase by mutant Aspergillus sp. XTG-4. CMCase,

carboxymethyl cellulase; FPase, filter paper cellulase.



<<
  /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
  /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 300
  /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 300
  /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 1200
  /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 <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


