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Xylanase is a class of enzymes that hydrolyze the linear polysaccharide [3-1,4-xylan into xylose. This
enzyme is applied in the process of paper making and may be used for the process of biofuel
production in the future. The Paenibacillus donghaensis JHS, isolated from Donghae deepsea
sediment and reported as a novel bacterium, was known to degrade xylan and its xylanase was
characterized in this study. The enzyme was maximally induced in the presence of 0.1% xylan. The
production of xylanase was started at early logarithmic phase and reached about 55 miliunit at
stationary phase of growth. The optimal temperature and pH of extracellular xylanase were found
to be 40°C and pH 6.0, respectively. The activity of xylanase was inhibited by the presence of Ca”™,
Mn>*, Fe*', Cu®’, A" or EDTA, and activated by K, Ag" or DTT. This xylanase was stable at
40°C for 120 min, but lost almost their activity in 30 min at 60°C. Zymography analysis of
concentrated culture supernatant revealed one major band at 42 kDa and two faint bands at 68

and 120 kDa.
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Fig. 1. Effect of xylan concentrations on the xylanase
production. Cell-free supernatants were harvested after 90 h
and assayed for enzyme activities as described in ‘Material
and Methods’. The results are expressed as the means and
standard deviations from of three replicated assays.
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Fig. 2. Growth and xylanase production of P. donghaensis
JHS. The strain was grown in MB medium supplemented
with 0.1% birchwood xylan at 25°C by shaking at 250 rpm.
The cell growths (open circle -0-) were determined by the
measuring optical densities of the cell cultures at 600 nm.
Xylanase activities (Close circle -e-) were determined with
culture supernatants. The results are expressed as the means
and standard deviations from of three replicated assays.
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Fig. 3. Effects of temperatures and pH on the xylanase
activity. The standard enzyme reaction was performed at
40°C, pH 6 for 60 min. The different condition at each
reaction was either temperatures from 10°C to 70°C (A) or
pHs from pH 4.0 to pH 9.0 (B). The results are expressed
as the means and standard deviations from of three
replicated assays.
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Fig. 4. Thermostability of the xylanase activity. The enzyme
was incubated at different temperatures (m, 40°C; o, 50°C;
A, 60°C) and the residual activities were assayed with 1%
birchwood xylan at pH 6.0. The results are expressed as the
means and standard deviations from of three replicated
assays.
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Table 1. Effects of metal ions, EDTA and DTT on xylanase
activity

Relative activity (%)

Metal ion M S mM
None 100+1 100+1
CaCl, 97+2 95+2
MnSO4 7611 54+2
NaCl 100+1 100+2
FeCl, 83+1 0+0
MgCl 100+2 97+2
KCl 102+1 99+1
AgNO; 1465 1356
CuSO4 93+2 33£1
AICI3 79+2 11+1
EDTA 6316 24+1
DTT 109+1 160+4

Enzyme assays were performed as described in ‘Material and Methods’.
Relative activity was defined as percentage of residual activity compared to a
control. The results are expressed as the means and standard deviations from
of three replicated assays.



Fig. 5. Xylanase activity profile in culture supernatant of P.
donghaensis JH8. The 4 pg of concentrated culture super-
natants were boiled for 10 min and applied to lane A and B
of SDS-8% PAGE gel. Lanes were either stained with
Coomassie brilliant blue R250 (Lanes A and M) or
examined for xylanase activities (lane B) by the Congo red
procedure.
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F2A] 42 kDa9] F W=9} 682 120 kDaoll F 7He] o}
3w)g =g YehRSI:

ZAte| o

o] R 2000W% FHUu SFEATANE) AT
H] X Qo) oJ5te] ATE| ALY THThis work was supported
by the research grant of the Chungbuk National University
in 2009).

o3

uEH

1. Bailey, M.J., P. Biely, and K. Poutanen. 1992. Interlaboratory
testing of methods for assay of xylanase activity. J. Biotechnol.
23, 257-270.

2. Beguin, P. 1983. Detection of cellulase activity in
polyacrylamide gels using Congo red-stained agar replicas. Anal.
Biochem. 131, 333-336.

3. Biely, P. 1985. Microbial
Biotechnol. 3, 286-290.

4. Cavicchioli, R., K.S. Siddique, D. Andrews, and K.R. Sowers.
2002. Low-temperature extremophiles and their application.
Curr. Opin. Biotechnol. 13, 253-261.

5. Choi, JH.,, W.T. Im, J.S. Yoo, S.M. Lee, D.S. Moon, H.J. Kim,
S.K. Rhee, and D.H. Roh. 2008. Paenibacillus donghaensis sp.
nov., a xylan-degrading and nitrogen-fixing bacterium isolated
from East Sea sediment. J. Microbiol. Biotechnol. 18, 189-193.

6. Johnvesly, B., S. Virupakshi, G.N. Patil, Ramalingam, and G.R.
Naik. 2002. Cellulase-free thermostable alkaline xylanase from
thermophilic and alkalophilic Bacillus sp. JB-99. J. Microbiol.
Biotechnol. 12, 153-156.

7. Jose, H.B., F. Fava-De-Moraes,

xylanolytic systems. Trends

and G.M. Zanin. 1999.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Kim, D.J,,

Bleaching of kraft pulp with commercial
Biochem. Biotechnol. 77, 713-722.

xylanase. Appl.

. Kansoh, A.L. and Z.A. Nagieb. 2004. Xylanase and mannanase

enzymes from Streptomyces galbus NR and their use in
biobleaching of softwood kraft pulp. Antonie van Leeuwenhoek
85, 103-114.

H.J. Shin, and K.H. Yoon. 1995. Isolation of a
thermophilic ~ Bacillus  sp. producing the thermostable
cellulase-free xylanase, and properties of the enzyme. Kor. J.
Appl. Microbiol. Biotechnol. 28, 304-310.

Kulkarni, N., A. Shendye, and M. Rao. 1999. Molecular and
biotechnological aspects of xylanases. FEMS Microbiol. Rev. 23,
411-456.

Laemmli, UK. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227, 680-685.
Lee, Y.E. 2004. Isolation and characterization of thermostable
xylanase-producing Paenibacillus sp. DG-22. Kor. J. Microbiol.
Biotechnol. 32, 22-28.

McCracken, K.J., M.R. Bedford, and R.A. Stewart. 2001. Effects
of variety, the 1B/1R translocation and xylanase supplementation
on nutritive value of wheat for broilers. Br. Poult. Sci. 42,
638-642.

Na, K.H., J.M. Kim, HK. Park, D.H. Bai, and J.H. Yu. 1990.
Recombinant plasmid DNA containing xylanase and B-xylosidase
gene of Bacillus sp. YA-14. Kor. J. Microbiol. Biotechnol. 18,
195-198.

Park, Y.S. and T.Y. Kim. 2003. Isolation of Bacillus alkalophilus
AX2000 producing alkaline xylanase and enzyme production.
Kor. J. Microbiol. Biotechnol. 31, 157-164.

Subramaniyan, S. and P. Prema. 2002. Biotechnology of
microbial xylanases: enzymology, molecular biology and
application. Crit. Rev. Biotechnol. 22, 33-64.

Sunna, A. and G. Antranikian. 1997. Xylanolytic enzymes from
fungi and bacteria. Crit. Rev. Biotechnol. 17, 39-67.

Wong, K.K.Y. and J.N. Saddler. 1992. Trichoderma xylanases,
their properties and application. Crit. Rev. Biotechnol. 12,
413-435.

Yoon, K.H., S.J. Seol, H.C. Cho, M.S. Lee, J.H. Choi, and K.H.
Cho. 2002. Isolation and enzyme production of a
xylanase-producing strain, Bacillus sp. AMX-4. Kor. J.
Microbiol. Biotechonol. 30, 123-128.




<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Algerian
    /AmiR-HM
    /Apple-Chancery
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chicago
    /Chiller-Regular
    /Cmtt10
    /Cmtt9
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Crayon
    /CurlzMT
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dinreg
    /Dotum
    /DotumChe
    /DungunM
    /DungunSB
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FrutigerBlack
    /Frutiger-Cn
    /FrutigerExt-Bol
    /FrutigerExt-Nor
    /FrutigerExtOb2
    /FrutigerExtObl-
    /FrutigerExtObl-Bold
    /FrutigerExtObl-Normal
    /Frutiger-Normal
    /FrutigerObl-Bol
    /FrutigerObl-Bold
    /FrutigerObl-Nor
    /FrutigerObl-Normal
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FZSY--SURROGATE-0
    /Gaeul
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /Helvetica
    /Helvetica75-Bold
    /Helvetica95-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KisBT-Italic
    /KisBT-Roman
    /KristenITC-Regular
    /KunstlerScript
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MaturaMTScriptCapitals
    /MDEasop
    /MetaPlusBold-Caps
    /MetaPlusBold-Italic
    /MetaPlusBold-Roman
    /MicrosoftSansSerif
    /MingLiU
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MWORLD
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /Myriad-Web
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Italic
    /nari9
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoM
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Ravie
    /RixDokdo
    /RixGrimmM
    /RixJJanguM
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /San60SB
    /SanBkB
    /SanBkL
    /SanBoB
    /SanBoL
    /SanBsB
    /SanBsU
    /SanDaB
    /SanDaM
    /SandArL
    /SandArM
    /SandAtL
    /SandAtM
    /SandKm
    /SandSaB
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanHgB
    /SanHgL
    /SanHgM
    /SanJhR
    /SanKsB
    /SanKsL
    /SanMrB
    /SanMrL
    /SanNsB
    /SanNsL
    /SanNsM
    /SanPkM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangL
    /SeoulHangangM
    /SeoulNamsanB
    /SeoulNamsanEB
    /SeoulNamsanL
    /SeoulNamsanM
    /SeoulNamsanvert
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SinMyungJoSymbol
    /SJbitB_sungandang_bundle
    /SJdeepwater_sungandang_bundle
    /SJgothic04_sungandang_bundle
    /SJmyungjo01_sungandang_bundle
    /SJSoju1
    /SJsoju1_sungandang_bundle
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Uni0553
    /Univers
    /Univers-Condensed
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /UniversLight
    /UniversLightOblique
    /UniversOblique
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDI2002
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIGukB
    /YDIGukL
    /YDIGurmL
    /YDIHoopM
    /YDIMonoM
    /YDIPinoM
    /YDISprIIM
    /YDIYGO310
    /YDIYGO320
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO310
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDIYuroB
    /YDIYuroM
    /YetR-HM
    /YGO11
    /YGO115
    /YGO12
    /YGO13
    /YGO22-KSCpc-EUC-H
    /YGO24-KSCpc-EUC-H
    /YGO33
    /YGO34
    /YMjO12
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.76
    /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.76
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <>
    /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 (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


