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Oligosaccharyltransferase (OTase) catalyzes the transfer of a lipid-linked oligosaccharide (LLO) to the
nascent polypeptide. Most eukaryotes have an OTase composed of a multisubunit protein complex.
However, the kinetoplastid Leishmania major and the bacterium Campylobacter jejuni have only a
single subunit for OTase activity, Stt3p and PgIB, respectively. In this study, a new in vitro assay for
OTase was developed by using a fluorescent peptide containing N-glycosylation sequon, Asn-Xaa-Thr/
Ser, where Xaa can be any amino acid residue except Pro. L. major Stt3p and C. jejuni PgIB as a
model OTase enzyme demonstrated the formation of glycopeptides from a fluorescent peptide through
OTase activities. For separation and measurement of the glycopeptides produced by the OTases,
Tricine-SDS-PAGE, a lectin column and fluorospectrophotometer, and HPLC were applied. Compa-
rison of these assay methods for analyzing a fluorescent glycopeptide showed HPLC analysis is the
best method for separation of glycopeptides and nonglycosylated peptides as well as for quantify the
peptides than other methods.
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Fig. 1. Schematic OTase assay procedure using a fluorescent peptide.
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Fig. 2. In vitro glycosylation reaction catalyzed by L. major Stt3p and C. jejuni PglB with a fluorescent hexapeptide (TAMRA-
DANYTK-NH,) containing the N-glycosylation sequon (Asn-x-Thr). (A) Tricine SDS-PAGE analysis of the reaction mixture of in vitro L.
major Stt3p assay with the yeast LLO, MangGN,-PP-Dol. (B) Tricine-SDS-PAGE analysis of the reaction mixtures of the in vitro C. jejuni
PgIB assay with the bacterial lipid-linked oligosaccharide, GalNAcy[Glc]GaINAcsBacNAc-PP-Und. The glycosylated and nonglycosylated
fluorescent peptides produced by OTase in vitro reaction were analyzed by using a method modified from that described by Kohda et al. (13).
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Fig. 3. Schematic procedure for separation of glycopeptides and nonglycosylated peptides in the enzyme reaction mixture by using
ConA-Sepharose column (A) and quantification of glycopeptides eluted from ConA-Sepharose column (B). L. major Stt3p enzyme reaction
was carried out described in the text. The enzyme reaction was terminated by the addition of 10 pl of ice-cold acetonitrile (ACN). The
reaction mixture was applied to 0.1 ml ConA-conjugated Sepharose equilibrated with the reaction buffer and then the unbound nonglycosylated
fluorescent peptide was washed from the column with 20% (v/v) ACN (5x0.1 ml). 100 pl of 80% (v/v) ACN was applied three times onto
the column for elution of glycosylated fluorescent peptides. The fluorescence of the TAMRA in glycopeptide captured by ConA column was
measured with excitation and emission wavelengths of 542 nm and 568 nm, respectively. All enzyme activities were determined in triplicate.
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(Fig. 4B)9] &4 ¥hEEo|X 7 F-JEto|=rt AFES
o, 25 wgkg Jlele]=o] AFARE Heks 127 FE e
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etol=e] W=7k WA ek A Eanksd] delshs
LLO2] B]i&A(heterogeneity) L HH-s- Fol] &3 HElo]|=9]
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Fig. 4. HPLC analysis of glycosylated fluorescent peptides produced by L. major Stt3p (A) and C. jejuni PglB (B) reactions.

Oligosaccharyltransferase assay was carried out at 30°C for 12 h in

25 u of 50 mM Tris-HCl (pH 7.0) containing 1 mM MnCl,, crude

lipid-linked glycan, 0.01 mM a florescence peptide as glycan acceptor, and the purified L. major Stt3p or C. jejuni PglB. The resulting
products were clarified by passing through C18 Sepak cartridge (Waters, Milford, USA). The cartridge was washed with 10% acetonitrile three
times, and the glycopeptide and nonglycosylated peptides were eluted with 90% acetonitrile. The fluorescent peptides were analyzed by HPLC
system (Dionex) equipped with a Fluorescence Detector using a reverse-phase C18 column (4.6x100 mm; Dr. Maisch HPLC GmbH,
Ammerbuch-Entringen, Germany). Chromatogram I shows a substrate peak, a nonglycosylated fluorescent peptide, and the arrow in
chromatogram II indicates the peak of the glycosylated fluorescent peptide after the enzyme reaction.

fir of Mikrobiologie, Departement Biologie, Eidgendssische
Technische Hochschule (ETH) Ziirich, for scientific discussion
and for supporting this work. Author is also grateful to
members of the Aebi lab for fruitful discussion, to the staffs
in Institut fiir of Mikrobiologie, ETH Ziirich, for excellent
technical support. This work was supported by the Korea
Research Foundation Grant (KRF-2006-D00071) funded by
the Korean Government (MOEHRD) and by ETH Ziirich.

I

T2

1. Castro, O., F. Movsichoff, and A.J. Parodi. 2006. Preferential
transfer of the complete glycan is determined by the oligo-
saccharyltransferase complex and not by the catalytic subunit.
Proc. Natl. Acad. Sci. USA 103, 14756-14760.

2. Chavan, M., A. Yan, and W.J. Lennarz. 2005. Subunits of the

translocon interact with components of the oligosaccharyl trans-
ferase complex. J. Biol. Chem. 280, 22917-22924.

. Helenius, A. and M. Aebi. 2004. Roles of N-linked glycans in the
endoplasmic reticulum. Ann. Rev. Biochem. 73, 1019-1049.

. Hese, K., C. Otto, F.H. Routier, and L. Lehle. 2009. The yeast
oligosaccharyltransferase complex can be replaced by STT3 from
Leishmania major. Glycobiology 19, 160-171.

. Izquierdo, L., B.L. Schulz, J.A. Rodrigues, M.L. Giither, J.B.
Procter, G.J. Barton, M. Aebi, and M.A. Ferguson. 2009. Distinct
donor and acceptor specificities of Trypanosoma brucei oligo-
saccharyltransferases. EMBO J. 28, 2650-2661.

. Karamyshev, A.L., D.J. Kelleher, R. Gilmore, A.E. Johnson, G.
von Heijne, and I. Nilsson. 2005. Mapping the interaction of the
STT3 subunit of the oligosaccharyl transferase complex with
nascent polypeptide chains. J. Biol. Chem. 280, 40489-40493.

. Kelleher, D.J., S. Banerjee, A.J. Cura, J. Samuelson, and R.
Gilmore. 2007. Dolichol-linked oligosaccharide selection by the
oligosaccharyltransferase in protist and fungal organisms. J. Cell
Biol. 177, 29-37.

. Kelleher, D.J. and R. Gilmore. 1994. The Saccharomyces cerevisiae



10.

11.

12.

13.

14.

15.

16.

17.

oligosaccharyltransferase is a protein complex composed of Wbplp,
Swplp, and four additional polypeptides. J. Biol. Chem. 269,
12908-12917.

. Kelleher, D.J. and R. Gilmore. 2006. An evolving view of the

eukaryotic oligosaccharyltransferase. Glycobiology 16, 47R-62R.
Kelleher, D.J., D. Karaoglu, and R. Gilmore. 2001. Large-scale
isolation of dolichol-linked oligosaccharides with homogeneous
oligosaccharide structures: determination of steady-state dolichol-
linked oligosaccharide compositions. Glycobiology 11, 321-333.
Kim, S. 2009. Optimization of the purification of Leishmania
major Stt3p expressed in Saccharomyces cerevisiae. Submitted.
Kim, H., G. von Heijne, and I. Nilsson. 2005. Membrane topology
of the STT3 subunit of the oligosaccharyl transferase complex. J.
Biol. Chem. 280, 20261-20267.

Kohda, D., M. Yamada, M. Igura, J. Kamishikiryo, and K.
Maenaka. 2007. New oligosaccharyltransferase assay method.
Glycobiology 17, 1175-1182.

Kowarik, M., S. Numao, M.F. Feldman, B.L. Schulz, N.
Callewaert, E. Kiermaier, I. Catrein, and M. Aebi. 2006. N-linked
glycosylation of folded proteins by the bacterial oligosaccharyl-
transferase. Science 314, 1148-1150.

Nasab, F.P., B.L. Schulz, F. Gamarro, A.J. Parodi, and M. Aebi.
2008. All in one: Leishmania major STT3 proteins substitute for
the whole oligosaccharyltransferase complex in Saccharomyces
cerevisiae. Mol. Biol. Cell. 19, 3758-3768.

Nita-Lazar, M., M. Wacker, B. Schegg, S. Amber, and M. Aebi.
2005. The N-X-S/T consensus sequence is required but not
sufficient for bacterial N-linked protein glycosylation. Glycobiology
15, 361-367.

Reid, C.W., J. Stupak, M.M. Chen, B. Imperiali, J. Li, and C.M.
Szymanski. 2008. Affinity-capture tandem mass spectrometric
characterization of polyprenyl-linked oligosaccharides: tool to

18.

19.

20.
21.

22.

23.

24.

25.

Oligosaccharyltransferase assay W'HlGt 103

study protein N-glycosylation pathways. Anal. Chem. 80, 5468-
5475.

Samuelson, J., S. Banerjee, P. Magnelli, J. Cui, D.J. Kelleher, R.
Gilmore, and P.W. Robbins. 2005. The diversity of dolichol-
linked precursors to Asn-linked glycans likely results from
secondary loss of sets of glycosyltransferases. Proc. Natl. Acad.
Sci. USA 102, 1548-1553.

Seddon, A.M., P. Curnow, and P.J. Booth. 2004. Membrane
proteins, lipids and detergents: not just a soap opera. Biochim.
Biophys. Acta 1666, 105-117.

Schigger, H. 2006. Tricine-SDS-PAGE. Nat. Protoc. 1, 16-22.
Spirig, U., M. Glavas, D. Bodmer, G. Reiss, P. Burda, V. Lippuner,
S. te Heesen, and M. Aebi. 1997. The STT3 protein is a component
of the yeast oligosaccharyltransferase complex. Mol. Gen. Genet.
256, 628-637.

Wacker, M., M.F. Feldman, N. Callewaert, M. Kowarik, B.R.
Clarke, N.L. Pohl, M. Hernandez, E.D. Vines, M.A. Valvano, C.
Whitfield, and M. Aebi. 2006. Substrate specificity of bacterial
oligosaccharyltransferase suggests a common transfer mechanism
for the bacterial and eukaryotic systems. Proc. Natl. Acad. Sci.
USA 103, 7088-7093.

Weerapana, E. and B. Imperiali. 2006. Asparagine-linked protein
glycosylation: from eukaryotic to prokaryotic systems. Glyco-
biology 6, 91R-101R.

Yan, Q. and W.J. Lennarz. 2002. Studies on the function of
oligosaccharyl transferase subunits. Stt3p is directly involved in
the glycosylation process. J. Biol. Chem. 277, 47692-47700.
Zufferey, R., R. Knauer, P. Burda, I. Stagljar, S. te Heesen, L.
Lehle, and M. Aebi. 1995. STT3, a highly conserved protein
required for yeast oligosaccharyl transferase activity in vivo.
EMBO J. 14, 4949-4960.




<<
  /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




