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Xylan, the major component of hemicellulose, is
present in plant cell wall as reserve carbon [1]. It is
composed of a linear backbone of 1,4�β�linked�D�xy�
lopyranosyl units that often has side chains of arabino�
syl and methylglucuronyl substituents [2]. This back�
bone can be broken into small oligomers by the action
of microbial xylanase (endo 1�4�β�D xylan�xylanohy�
drolase; EC 3.2.1.8). This microbial enzyme has tre�
mendous industrial applications and along with cellu�
lase and pectinase it occupies about 20% of global en�
zyme market [3]. The most important field for
application of xylanase is in the process of biobleach�
ing and biopulping. In these processes, xylanase hy�
drolyzes xylan and facilitates release of lignin from pa�
per pulp and thereby reduces the use of bleaching
agents like chlorinated substances [4, 5]. The applica�
tion of xylanase in paper and pulp industries is not only
cost effective but also it reduces about 40% pollution
[2, 4]. Xylanase can also be applied in the saccharifica�
tion of xylan from agro�wastes and agro�foods, and in�
tensifies the preparation of bio�fuels, which is the po�
tential use of this enzyme in modern biotechnology
[6, 7]. The demand of pure xylanase is increasing day by
day for production of rayon, cellophane, and several
chemicals, such as cellulose esters like acetates, nitrates,
propionates and butyrates, cellulose ethers like car�
boxymethyl cellulose, methyl and ethyl cellulose etc. [8].

A wide variety of microorganisms mainly bacteria
and fungi are known to produce xylan degrading en�
zymes and among them members of Bacillaceae are
more efficient for rapid production of the enzymes [9].
Previously we have isolated a potent xylanase produc�
ing bacteria Bacillus cereus BSA1 [10] from the garbage

dump soil of Midnapur, West Bengal, India. The organ�
ism was cultured in liquid media and the secreted en�
zyme was purified and some of its important properties
were investigated and reported in this article.

MATERIALS AND METHODS

Source of xylanase. Previously isolated and identi�
fied a bacterial strain, Bacillus cereus BSA1 [10] has
been used in this study for enzyme production. Pro�
duction of xylanase was made in 250 ml Erlenmeyer
flasks containing 50 ml of liquid media that composed
of (%): xylan – 0.5; NaH2PO4 – 0.05; NH4NO3 – 0.1;
MgSO4 – 0.05 and NaCl – 0.5. In this enriched cul�
ture media 1% (v/v) freshly prepared inoculum was
added and fermented in a rotatory shaker (120 rpm) at
35°C for 72 h. The cell�free supernatant after centrif�
ugation (5000 g for 10 min) was used as the source of
crude enzyme. 

Purification and determination of molecular weight
of xylanase. The culture supernatant was brought to
80% saturation of ammonium sulphate and after over�
night preservation at 4°C, the precipitated enzyme was
separated by centrifugation (10000 g for 30 min). Pre�
cipitate was dissolved in phosphate buffer (0.02 M,
pH 7.0) and the enzyme solution was dialyzed against
the same buffer for 48 h. The concentrated enzyme
was loaded onto a DEAE cellulose column (3 × 20 cm)
and active enzyme was eluted with a linear gradient of
NaCl (0.25–1.5 M). Finally the partially purified en�
zyme was passed through Sephadex G�100 column
(2 × 30 cm) and eluted at a flow rate of 0.2 ml/min
with 0.02 M phosphate buffer (pH 7.0). The fractions
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with enzyme activity were collected, concentrated by
lyophilization and used for further experiments.

To analyze the purity and to determine the molecular
weight of the enzyme, the active fraction from Sephadex
G�100 column was loaded onto sodium dodecyl sulfate�
polyacrylamide gel (12.5%) electrophoresis (SDS�
PAGE) following the method of Laemmli [11]. The mo�
lecular weight of the bacterial xylanase was determined
by comparing its mobility with the medium range marker
proteins (14.3–97.4 kDa).

Xylanase assay. Xylanase activity was measured by es�
timating released reducing sugar from the birch wood xy�
lan (Fluka, USA) with 3,5�dinitrosalicylic acid [12]. The
reaction mixture containing 0.4 ml phosphate buffer
(0.2 M, pH 7.0), 0.4 ml of 1% (w/v) xylan solution and
0.2 ml enzyme solution. The enzymatic reaction was car�
ried out at 55°C for 30 min and then stopped by the addi�
tion of 1ml of DNS (3%, w/v). The solution was then
boiled in a water bath for colour development and the ab�
sorbency was measured at 540 nm (Systronics spectro�
photometer 105, India) against the enzyme blank. Xyla�
nase activity was determined by using a calibration curve
of D�xylose (Sigma, USA). 

One unit of xylanase activity (IU) was defined as
the amount of enzyme required to produce 1μmol of
reducing sugars as xylose by hydrolyzing xylan per min
under the above assay conditions. 

Effect of temperature on enzyme activity and stabil�
ity. To determine the optimum temperature for enzy�
matic activity, the catalytic reactions were carried out

at different temperatures ranging from 30 to 65°C in a
controlled water bath. 

Thermostability of the enzyme was studied by pre�
incubating it (without substrate) at different tempera�
ture (40–65°C) and then residual activity was mea�
sured at standard assay conditions. 

Effect of pH on enzyme activity and stability. The en�
zymatic reactions were carried out at different pH (4.0–
10.0) by varying the type of reactant buffers like sodium
acetate buffer (pH 4.0–5.0), phosphate buffer (pH 6.0–
8.0) and carbonate – bicarbonate buffer (pH 9.0–10.0).
Stability of the enzyme at different pH was studied by in�
cubating the enzyme (without substrate) at different pH
ranging from 4.0 to 10.0 for 24 h at 4°C and then activity
was measured at optimum conditions.

Kinetic parameter. The Km and Vmax of the purified
xylanase were determined by using different concen�
trations of birch wood xylan as substrate following the
Lineweaver�Burk plot [13].

Effect of metal ions and additives on xylanase acti�
vity. Different metal ions and surfactants (1–10 mM)
were added to the enzyme substrate reaction and stud�
ied their influences on the rate of catalysis. 

Some of the common enzyme inhibitors like sodi�
um azide, urea, sodium arsenate, iodoacetate, cys�
teine were also tested (1–10 mM) to study their effect
on xylanase activity.

Salt tolerance. Salt stability of the enzyme was
studied by incubating the enzyme with different con�
centration of NaCl (0.5–5.0 M) for over night at 4°C
and then activity was measured at standard conditions.

Time course of xylan hydrolysis by purified xylanase.
The periodic hydrolytic products of xylan by the action
of purified xylanase were examined under the standard
assay conditions. The hydrolytic products were exam�
ined in paper chromatography by using a solvent system
of n�butanol: acetic acid: water (4 : 1 : 5). 

RESULTS AND DISCUSSION

Purified microbial enzymes have attracted atten�
tion of biotechnological industries due to high selec�
tivity and efficiency. The demand and applications of
purified xylanase in the paper, food and chemical in�
dustries are increasing day by day.

In the present study xylanase from the culture broth
of B. cereus BSA1 was purified by conventional meth�
ods like ammonium sulphate precipitation, DEAE�
cellulose column chromatography and finally by gel
filtration through Sephadex G�100 column. The effi�
ciency of the purification processes was summarized
in Table 1. The procedure followed in this study had
made 3.43�fold purification with 22.15% yield. Kiddi�
namoorthy et al. [7] also reported 27% recovery of xy�
lanase from Bacillus sp. GRE7 by using DEAE�cellu�
lose column chromatography followed by Sephadex
G�75 gel filtration. 

66.0 kDa

97.4 kDa

43.0 kDa

29.0 kDa

20.1 kDa

14.3 kDa

M X

Fig. 1. SDS�PAGE analysis of purified xylanase from
B. cereus BSA1: M – molecular weight markers; X – puri�
fied xylanase. 
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Homogenity of the purified xylanase was tested by
PAGE and subsequently gel staining by coomassie
brilliant blue revealed only one band (Fig. 1). The ap�
parent molecular mass of the xylanase was estimated
to 33 kDa. Most of the xylanases from Bacillus sp. were
reported to have the molecular weight within the range
of 15 to 49 kDa [5]. 

The optimum temperature of xylanase from B. cereus
BSA1 was found to be 55°C (Fig. 2a) and the enzyme was
completely stable at 40°C, only looses 25% activity when
incubated at 55°C for 1 h (Fig. 2b). Biobleaching with xy�
lanase at high temperature improves pulp quality (degree
of delignification) and brightness (bleaching effective�
ness) [14]. Current research in the area of xylanase has
been focused on developing new xylanse preparations
that are able to work at high temperature (approximately
60°C) [15–17]. In this respect xylanase from B. cereus
BSA1 can be qualified as a suitable enzyme in prebleach�
ing process. 

Xylanase from B. cereus BSA1 showed maximum
activity at pH 7.0 (Fig. 2c). It was also stable at pH 7.0
and loosed only 18 and 28% activity at pH 5.0 and 8.0
respectively (Fig. 2d). This pH probably helped proper
ionization of amino acid residues in the active site of
enzyme to make strong bonding with the substrate
[18]. This wide range of pH stability of the enzyme has
placed it in high rank in relation to other xylanase from
actinomycetes and bacteria [19–23]. 

The purified xylanase showed Km and Vmax of
8.2 mg/ml and 181.8 μmol/(mg min) respectively
(Fig. 3). These kinetic parameters were found to be
comparable to other reported to xylanase produced by
Bacillus (Table 2).

Enzyme generally requires a specific activator for
expressing their absolute catalytic power. Cofactor
mediated activation is important in industry in order
to achieve total catalytic efficiency. From this experi�
ment it was found that calcium, magnesium and po�

Table 1.  Purification steps of xylanase from B. cereus BSA1

Purification steps Xylanase activity, IU Protein, mg Specific activity, IU/mg Purification, fold Yield, %

Culture broth 5200 186 27.45 1 100

(NH4)2SO4 precipitation 2236 65 34.4 1.23 43

DEAE�cellulose column 1612 27 59.7 2.13 31

Sephadex G�100 1152 12 96 3.43 22.15
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Fig. 2. Effect of temperature on activity (a), stability at 40 (1), 45 (2), 50 (3), 55 (4), 60 (5), 65°C (6) (b); and effect of pH on
activity (c), stability (d) of purified xylanase from B. cereus BSA1. 
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tassium ions had small stimulatory effects, whereas
zinc, manganese, ferrous, nickel and other heavy met�
als showed some inhibition on the activity of xylanase
(Table 3). Sodium ion showed non�significant stimu�
lation or inhibition. The catalytic inhibition by heavy
metals may be due to their interaction with sulfhydril
groups in active site of the enzyme [24]. The enzymat�
ic activity was not changed by the addition of EDTA,
a metal chelating agent (result not incorporated). This
result indicates that the enzyme needs no such metal

for its activation or it is devoid of any co�factor. Simi�
lar type of result had also been shown by Khasin et al.
[25] in case of xylanase from Bacillus stearothermophi�
lus T�6.

Common enzyme inhibitors prevented the catalyt�
ic efficiency of the purified xylanase at a considerable
level (Table 4). The inhibition of xylanase activity was
noted by addition of surfactants like SDS, tween 40,
tween 60, tween 80 and tween 100 (Table 5). This indi�
cated that hydrophobic interaction is essential for
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Fig. 3. Double reciprocal plot for determination of Vmax
and Km of purified xylanase against birch wood xylan at
55°C.
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Fig. 4. Salt tolerance capability of xylanase from B. cereus
BSA1.

Table 2.  Comparative accounts of characters of xylanase of B. cereus BSA1 with some other bacterial xylanases

Characters

Xylanase 
from

B. cereus 
BSA1

Xylanase 
from Bacillus 

sp. GRE7 
[7]

Xylanase from 
Arthrobacter 
sp. MTCC 
5214 [24]

Xylanase 
from Acido�
bacterium 

capsulatum 
[30]

Xylanase 
from Bacillus 
sp. BP�7 [31]

Xylanase 
from B. poly�
myxa CECT 

153 [19]

Xylanase 
from 

B. stearother
mophilus T�6 

[25]

Xylanase 
from Bacillus 
sp. NCIM 59 

[19]

Molecular 
weight, kDa

33 42 20 41 22–120 61 43 15.8, 35

Temperature for 
optimum 
activity, °C

55 70 100 65 55 50 75 50–60

pH for optimum 
activity

7 7 9 5 6 6.5 6.5 6

Temperature 
stability, °C

40 60–80 – 20–50 65 – – 50

pH stability 5–8 5–11 7–8 3–8 8–9 – 7

Km, mg/ml 8.2 2.23 0.9 3.5 – 17.1 1.63 1.58, 3.50

Vmax,
µmol/(mg min)

181.8 296.8 3571 403 – 112 288 0.017, 0.742

Requirement of 
cofactors

Not
required

Mn++, 
Co++

– – – – Not required

Inhibitory 
metal ion(s)

Cu++, 
Hg++

Cu++, 
Fe++

Hg++ – – – Zn++, 
Cd++, Hg++

–

Salt tolerance Upto 2.5 
M of NaCl

– – – – – – –
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folding of protein’s structure or enzyme�substrate in�
teraction [26]. Another cause could be the alteration
in substrates moiety by reaction with surfactants [27]. 

The enzyme did not loose its original activity even at
2.5 M NaCl solution and retained about 74 and 20% of
activity at 3.0 and 5.0 M of salt respectively (Fig. 4). This
salt�tolerance property of the enzyme will be very useful

in pollution control mechanisms for the treatment of
hemicellulosic effluent in hard water [28].

Paper chromatographic study of the periodic hy�
drolysis of xylan by the purified xylanase was revealed
that the enzyme initially splitted xylan into xylo�oligo�
mers, which were further hydrolyzed into xylose (data
not incorporated). This indicated that the studied xy�
lanase was an endoacting enzyme. Our finding is also
consistent with the finding of Khandeparkar and
Bhosle [24] and Kar et al. [29] 

The characteristic features of the purified xylanase
from B. cereus BSA1 has been compared with the xy�
lanases of other bacteria and represented in Table 2. It
was found that some characters of the studied xylanase
are more or less similar to other. The uniqueness of the
xylanse from B. cereus BSA1 is that it can able to tol�
erate 2.5 M of NaCl. 

In conclusion, it can be said that the purified extra�
cellular xylanase from B. cereus BSA1 was found to be
a novel as it is salt tolerant, wide range of pH tolerant
and moderately thermo�tolerant enzyme and, these
properties would make this enzyme potentially very ef�
fective for industrial applications.

ACKONOWLEDGEMENTS

Authors are grateful to Vidyasagar University for fi�
nancial assistance and to DBT, Govt. of India for pro�
viding BIF Centre in the Department of Microbiology. 

REFERENCES

1. Waeonukul, R., Kyu, K.L., and Ratanakhanokchai, K.,
Thai Society Biotechnology., 2007, vol. 8, no. 1, pp. 27–32.

2. Maheshwari, R., Bharadwaj, G., and Bhat, M.K., Mi�
crobiol. Mol. Biol. Rev., 2000, vol. 64, pp. 461–488.

3. Polizeli, M.L.T.M., Rizzatti, A.C.S., Monti, R., Tren�
zi, H.F., Jorge, J.A., and Amorin, D.S., Appl. Microbiol.
Biotechnol., 2005, vol. 67, pp. 577–591. 

4. Beg, Q.K., Kapoor, M., Mahajan, L., and Hoondal, G.S.,
Appl. Microbiol. Biotechnol., 2001, vol. 56, pp. 326–
338.

5. Sa�pereria, P., Costa Ferreira, M., and Atres�Barros, M.R.,
J. Biotechnol., 2002, vol. 94, pp. 256–275.

6. Burchhardt, G., and Ingram, L.O., Appl. Environ. Mi�
crobiol., 1992, vol. 58, no. 4, pp. 1128–1133.

7. Kiddinamoorthy, J., Anceno, A.J., Haki, G.D., and
Rakshit, S.K., Wold. J. Microbiol. Biotechnol., 2008,
vol. 24, pp. 605–612.

8. Subramaniyan, S., and Prema, P., Crit. Rev. Biotech�
nol., 2002, vol. 22, no.1, pp. 33–64. 

9. Bernier, R.J., Michel, D., Lubomir, J., and Michael G.P.,
Appl. Environ. Microbiol., 1983, vol. 46, pp. 511–514.

10. Mandal, A., Kar, S., Das Mohapatra P.K., Maity, C.,
Mondal K.C., and Pati, B.R., J. Pure Appl. Microbiol.,
2008, vol. 2, no. 1, pp. 150–160.

11. Laemmli, U.K., Nature, 1970, vol. 6, pp. 80–685.

12. Miller, G.L., Anal. Chem., 1959, vol. 31, pp. 426–428.

Table 3.  Effect of metal ions on activity of xylanase, from
B. cereus BSA1

Salt
Relative activity of xylanase, %

1 mM 5 mM 10 mM

BaCl2 100 98 95
Na2MoO4 93 98 100
KCl 94 102 106
MnCl2 100 98 85
ZnCl2 101 78 41
CuSO4 48 35 22
FeSO4 87 78 63
Ni(NO3)2 81 71 61
NaCl 100 102 102
CaCl2 98 102 105
HgCl2 42 35 15
MgCl2 95 93 104

Control 100

Table 4.  Effect of some inhibitors on activity of xylanase,
from B. cereus BSA1

Inhibitor
Relative activity of xylanase, %

1 mM 5 mM 10 mM

Sodium azide 81 70 45

Urea 60 75 73

Sodium arsenate 67 41 36

Iodoacetate 39 33 25

Cysteine 101 98 79

Control 100

Table 5.  Effect of surfactants on activity of xylanase, from
B. cereus BSA1

Surfactant
Relative activity of xylanase, %

1 mM 5 mM 10 mM

SDS 51 34 28

Tween 40 84 70 35

Tween 80 61 51 40

Tween 100 39 22 20

Triton 100 53 31 23

Control 100

3



282

ПРИКЛАДНАЯ БИОХИМИЯ И МИКРОБИОЛОГИЯ  том 47  № 3  2011

MANDAL и др.

13. Lineweaver, H. and Burk, D., J. Am. Chem. Soc., 1934,
vol. 56, pp. 658–66. 

14. Bajpai, P., Adv. Appl. Microbiol., 1997, vol. 43, pp. 141–
194.

15. Haki, G.D. and Rakhshit, S.K., Bioresour. Technol.,
2003, vol. 89, pp. 17–34.

16. Sapre, M.P., Jha, H., and Patil, M.B., Wold. J. Micro�
biol. Biotechnol., 2005, vol. 21, pp. 649–654.

17. Choudhury, B., Chauhan, S., Singh, S.N., and Ghosh, P.,
Wold J. Microbiol. Biotechnol., 2006, vol. 22, pp. 283–
288.

18. Lehninger, A.L., Nelson, D.L. and Cox, M.M., Princi�
ple of Biochemistry, 1st

 Indian ed., Delhi: CBS Pub�
lishers and Distributors, 1993. 

19. Garg, A.P., Roberts, J.C., and McCarthy, A.J., Enz.
Microb. Technol. 1998, vol. 22, pp. 594–598.

20. Beg, Q.K., Bhushan, B., Kapoor, M., and Hoondal, G.S.,
Enz. Microb. Technol., 2000, vol. 27, pp. 459–466. 

21. Virupakshi, S., Babu, K.G., and Naik, G.K., Process.
Biochem., 2005, vol. 40, pp. 431–435.

22. Batton, B., Sharma, J., and Kuhad, R.C., Wold J. Mi�
crobiol. Biotechnol., 2006, vol. 22, pp. 1281–1287.

23. Morales, P., Madrarro, A., Flors, A., Sendra, J.M., and
Gonzalez, J.A.P., Enz. Microb. Technol., 1995, vol. 17,
pp. 424–429.

24. Khandeparkar, R.D.S. and Bhosle, N.B., Enz. Microb.
Technol., 2006, vol. 39, pp. 732–742.

25. Khasin, A., Alchanati, I., and Shoham, Y., Appl. Envi�
ron. Microbiol., 1993, vol. 59, no. 6, pp. 1725–1730. 

26. Protein Structure: a Practical Approach / Ed. Creight�
on T.E., Oxford: IRL Press 1989. ISBN 0199636168.

27. Grabskit, A.C. and Jeffries, T.W., Appl. Environ. Micro�
biol., 1991, vol. 57, no. 4, pp. 987–992. 

28. Mondal, K.C., Banerjee, D., and Pati, B.R., J. Gen. Appl.
Microbiol., 2001, vol. 47, pp. 263–267.

29. Kar, S., Mandal, A., Das Mohapatra, P. K., Mondal, K. C.,
and Pati, B.R., Braz. J. Microbiol., 2006, vol. 37,
pp. 462–464.

30. Inagaki, K., Nakahira, K., Mukai, K., Tamura, T., and
Tanaka, H., Biosci. Biotechnol. Biochem., 1998, vol. 62,
pp. 1061–1067.

31. Lopez, C., Blanco, A., and Pastor, F.I.J., Biotechnol.
Lett. 1998, vol. 20, pp. 243–246.



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 149
  /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 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 149
  /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 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


