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Inthisreport,webringupthepossibilitythatcomplextypefreeN-glycansmay

localizeincellwallfractionofdevelopingseeds(Ginkgobilobaseeds).SeveralfreeN

-glycansextractedbymildacidhydrolysisofcellwallfractionwerecoupledwith2

-aminopyridineandpurifiedbygelfiltration,size-fractionationHPLC,andreversed-

phaseHPLC.ThestructuresofthepyridylaminatedfreeN-glycanswereidentified

bytwo-dimensionalsugarchainmapping,α-1,2-mannosidasedigestions,andion-

spraytandem massspectrometry.Thestructuralanalysesshowedthathigh-

mannosetypefreeN-glycanshavingoneGlcNAcresidue(Man8-5GlcNAc1)andplant

complextypefreeN-glycanshavingtheN-acetylchitobioseunitalsooccurinthe

cellwallfractionofthedevelopingGinkgoseeds.However,quantitativeanalysisof

suchfreeN-glycansshowedthattheplantcomplextypefreeglycansfoundinsmall

amounts(～3%)inthecytosolicfractionaccountedfornearly40%oftotalfreeN

-glycans.ThisobservationsuggestedthatthecomplextypefreeN-glycansmight

occurandlocalizeinthecellwallfraction.
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Introduction

Inourpreviousreports, wereportedthat

freeN-glycansubiquitouslyoccurindeveloping

orgrowingplantcells,suggestingthatsuchfree

N-glycansmightplayanimportantrolefor

plantcelldevelopmentorgrowth.Duringthe

structuralanddistributionalanalysesofsuch

freeN-glycansinplantcells,wenoticedthat

high-mannosetypefreeglycanalwaysaccounted

formorethan90% oftotalfreeN-glycansin

water soluble fraction (cytosolic fraction),

althoughbothhigh-mannosetypeandcomplex

typefreeN-glycanswerefoundubiquitously.

Furthermore,werecentlyreportedthatapump-

kinendo-β-N-acetylglucosaminidase,whichis

involvedintheproductionofthehigh-mannose

typefreeN-glycans,localizesinthecytosolic

fractionofcotyledons.Theseresultssuggested

thathigh-mannosetypefreeN-glycansmaybe

producedandaccumulatedinthecytosolicfrac-

tionofthedevelopingplantcell.

Ontheotherhand,glycoamidase(peptide:N-

glycanase)activities,whichmustbeinvolvedin

productionoftheplantcomplextypefreeN-

glycans,havealsobeenalsofoundinvarious

plantcells, suggestingthatthisamidasemight

also play an importantrolein glycoprotein

metabolism in plantcells.In our previous

reports, werevealedthatfreeN-glycans

(bothhigh-mannosetype(97%)andplantcom-

plex type(3%)already occurin developing

Ginkgobilobaseeds,andtheglycoproteinsinthe

seedscarryonlytheplantcomplextypeN-
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glycans.Theseresultsledustopostulatethatthe

plantcomplextypefreeN-glycansderivedby

theglycoamidasemaynotbelocalizedinthe

cytosolicfractionbutinotherorganelle,suchas

thecellwall.Therefore,inthisreport,usingthe

developingGinkgoseedsforamodelplant,we

startedthestructuralanddistributionalanalyses

oftwotypesoffreeN-glycansoccurringincell

wallfraction.

MaterialsandMethods

Materials DevelopingseedsofGinkgobiloba

werecollectedonthecampusofOkayamaUni-

versityinthefirstweekofJuly,1998.ACosmosil

5C18-AR column(0.60×25cm)waspurchased

from NacalaiTesque,Inc.,andanAsahipak

NH2P-50column (0.46×25cm) from Showa

DenkoCo.α-1,2-Mannosidase(Aspergillusor-

yzae)wasthegenerousgiftofDr.T.Yoshida

(HirosakiUniversity,Japan).Authentic PA-

sugarchainswerepreparedasdescribedinour

previouspapers.

Preparationofoligosaccharidefrom cellwall

fraction ofGinkgoseeds DevelopingGinkgo

bilobaseeds(119g)werehomogenizedin500mlof

25mM Tris-HClbuffer(pH8.5).Thesuspension

wasexhaustivelydialyzedagainstrunningtap

waterovernighttoexcludethewater-extracted

free N-glycans in cytosol fraction.After

centrifugationoftheresultingdialysate,thepre-

cipitatewasheatedin0.01NHCl/20% methanol

at100°Cfor30minandthendialyzedagainst

deionizedwater(2Ltwice).Theresultingouter

solution(4L)wasconcentratedtoabout25mlby

rotaryevaporator.Theconcentratedoutersolu-

tionwasdesaltedbyaSephadexG-25column

(1.8×40cm,in50mM NHOH).Theeluentfrom

theSephadexG-25column(elutionvolume:60ml

to120ml)waspooledandlyophilized.

Pyridylamination of free N -glycans

PyridylaminationoffreeN-glycanswasdoneas

describedinourpreviouspapers. Separationof

PA-sugarchainswasdonebyHPLConaJasco

880-PUHPLCapparatusequippedwithaJasco

821-FPIntelligentSpectrofluorometer,usinga

Cosmosil5C18-AR column(0.6×25cm)oran

AsahipakNH2P-50column(0.46×25cm)asde-

scribedinourpreviouspapers.

α-1,2-MannosidaseDigestions α-1,2-Man-

nosidase(Aspergillusoryzae)digestionandthe

HPLCanalysisoftheproductweredoneslsoas

describedinourpreviousreports.

Ion-spraymassspectrometry IS-MSandMS/

MSanalysesofPA-oligosaccharideswereper-

formedasdescribedinourpreviousreports,

using a Perkin ElmerSciex API-III,triple-

quadrupole mass spectrometer with an

atmospheric-pressureionizationionsource.

ResultsandDiscussion

Purificationofpyridylaminated(PA-)freeN-

glycans

PA-Derivatives ofoligosaccharide fraction

preparedfrom thecellwallfractionwerefirst

separatedbySF-HPLC.AsshowninFig.1-(I),

eightPA-sugarchainfractions(F1～8)werese-

parated.IS-MSanalysisshowedthatthemain

PA-sugarchainscontainedinthesefractions

werehexoseoligomerssuchasHexose9～5Hex-

ose-PA.SomepyridylaminatedN-glycans,how-

ever,werefoundinF2toF5(Fig.1-(II)).IS-MS

analysesofsuch pyridylaminated N-glycans

showedH-A,-B,-C,and-Dweretypicalhigh-

mannosetypestructureswithoneGlcNAcresi-
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Fig.1 HPLCofPA-derivativespreparedfromthecell

wallfractionofdevelopingGinkgobilobaseeds.

(I) Size-fractionationHPLC.

(II)RP-HPLCofF2,F3,F4,andF5in(I).
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dueattheirreducingend;Man5GlcNAc1-PA(m/

z1110.0)forH-A,Man6GlcNAc1-PA(m/z1272.

0)forH-B,Man7GlcNAc1-PA(m/z1435.0)forH

-C,andMan8GlcNAc1-PA(m/z1596.5)forH-D.

IS-MSanalysesofC-Aand-Bhadtypicalplant

complextypewithN-acetylchitobioseunit;Man

3Xyl1Fuc1GlcNAc2-PA(m/z1267.5)forC-A,and

GlcNAc1Man3Xyl1Fuc1GlcNAc2-PA(m/z1470.5)

forC-B.

StructuralanalysisoffreeN-glycanspurified

fromcellwallfractionofdevelopingGinkgoseeds

AsshowninFig.2,thetypicalhigh-mannose

typefreeN-glycanswereconvertedtoMan5

GlcNAc1-PAbyAspergillusα-1,2-mannosidase

digestion,suggestingthesehigh-mannosetype

glycansshareacommonstructuralunit;αMan1

-6 (Manα1-3)Manα1-6 (Manα1-3)Manβ1-

4GlcNAc.This structural feature of high-

mannosetypefreeN-glycansfoundincellwall

fractionofGinkgoseedagreedwiththatofthe

sametypefreeglycansfoundinotherplant

cells. Theamountofthehigh-mannosetype

freeN-glycansrecoveredfrom thecellwall

fractionwas462.7pmol/gfreshweightofseed

(Table1),andthiswasabout1/5ofthatofhigh

-mannosetypefreeN-glycansrecovered in

cytosolicfraction.

ThestructuresofC-Aand-Bwereanalyzed

byIS-MSanalysisandthetwodimensionalPA-

sugarchainmap.

TheelutionpositionofC-Aonthe2Dsugar

chainmapcorrespondedtothatforM3FX,and

themolecularmass［M＋H］ was1267.5,which

agreedwiththecalculatedmolecularmass(1267)

forM3FX.Furthermore,asshowninFig.3-(I),-

(II),therelevantsignalsobservedbyMS/MS

analysisofC-Acouldbereasonablyassignedas

fragmentionsderivedfromtheM3FX;m/z1121,

5 (Man3Xyl1GlcNAc2-PA),m/z 990.0 (Man3

GlcNAc2-PA),m/z 959.5 (Man2Xyl1GlcNAc2-

PA),m/z503.0(GlcNAc-GlcNAc-PA),m/z466.

0(Fuc1GlcNAc1-PA),m/z300(GlcNAc-PA).

TheseresultssuggestedthestructureofC-A

shouldbeM3FX.

TheelutionpositionofC-Bonthe2Dsugar

chainmapcorrespondedtothatfor M3FX,and

themolecularmass［M＋H］ was1470.5,which
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Fig.2 α-1,2-MannosidaseDigestionofmixtureofH-A,

-B,-Cand-D.

(I) SF-HPLCofmixtureofH-A,-B,-C,and-D.

(II)SF-HPLCofα-1,2-mannosidasedigestofI.

H-AMan5GlcNAcl-PA;H-B,Man6GlcNAcl-PA

H-AMan7GlcNAcl-PA;H-D,Man8GlcNAcl-PA

Table1 SummaryofFreeN-GlycansinDevelopingGinkgobilobaSeeds

Structure
Watersolublefraction

pmol/g (%)

Cellwallfraction

pmol/g (%)

Man3Xyl1Fuc1GlcNAc2 74.5 3.3 156.9 20.4

GlcNAc1Man3Xyl1Fuc1GlcNAc2 ND ND 152.8 19.8

Man5GlcNAc1 101.2 4.5 68.3 8.8

Man6GlcNAc1 167.6 7.4 91.3 11.8

Man7GlcNAc1 277.0 12.3 129.7 16.8

Man8GlcNAc1 1220.8 54.1 173.4 22.4

Man9GlcNAc1 424.3 18.4 ND ND

a),Reference4):ND,notdetected
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agreedwiththecalculatedmolecularmass(1470)

for M3FX.Furthermore,therelevantsignals

observedbyMS/MSanalysisofC-Bcouldbe

reasonablyassignedasfragmentionsderived

from the M3FX;m/z1267.5(Man3Xyl1Fuc1

GlcNAc2-PA)m/z 1121,5(Man3Xyl1GlcNAc2-

PA),m/z990.0(Man3GlcNAc2-PA),m/z959.5

(Man2Xyl1GlcNAc2-PA),m/z 503.0 (GlcNAc-

GlcNAc-PA),m/z466.0(Fuc1GlcNAc1-PA),m/z

300(GlcNAc-PA).Theseresultssuggestedthe

structureofC-Bshouldbe M3FX.

TheamountofplantcomplextypefreeN-

glycansrecoveredfromthecellwallfractionwas

about310pmol/gfreshweightofseed(Table1),

andthisamountwascomparablewiththatofthe

high-mannosetypefreeglycans(460pmol/gfresh

weightofseed).Comparingtheamountofthe

plantcomplextypefreeN-glycansincytosolic

andcellwallfraction,therelativeamountinthe

cytosolicfractionwasonly3% oftotalfree

glycans,whereastheamountincellwallfraction

wasmorethan40% oftotalfreeN-glycans,

indicatingthattheplantcomplextypefreeN-

glycansmayresideinthecellwallfraction

(Table1).SincetheseplantcomplextypefreeN

-glycanscouldberecoveredfrom thecellwall

fractionbyheattreatmentin0.01N HCl/20%

methanol,theymaybefixedwithcelluloseor

hemicellulosematrix through hydrogen bond

networksand/orhydrophobicinteractions.
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植物複合型遊離 -グリカンが細胞壁に局在する可能性

木 村 吉 伸・鈴 木 将 史

（生物資源化学講座）

登熟期銀杏種子の細胞壁画分に局在する遊離型 -グリカンの構造解析を行った．登熟期銀杏種子抽出物を

徹底的に透析して細胞質中に存在する遊離 -グリカンを除去した後，細胞壁画分を遠心分離により回収した．

得られた細胞壁画分を希酸処理（0.01NHCl/20 メタノール中で100℃，30分間処理）した後，透析により

オリゴ糖鎖を透析外液に回収した．オリゴ糖鎖画分を２-アミノピリジンで蛍光標識した後，遊離 -グリカ

ンをゲルろ過およびサイズフラクショネーションHPLCにより精製した。遊離 -グリカンの構造解析は，

IS-MS分析，α-1，2-マンノシダーゼ消化，および糖鎖２次元マップ法を組み合わせることにより行った．

その結果，細胞壁画分からは，ハイマンノース型および植物複合型構造を有する遊離 -グリカンが検出され

たが，細胞質画分には74pmol/ freshweightofseed（全遊離グリカンの３

構

相当）程度の存在量であっ

た植物複合型遊離 -グリカンが，細胞壁画分では310pmol/ freshweightofseed（全遊離グリカンの40

相当）程度の濃度を占めることが明らかとなった．この結果は，植物複合型

し

造の遊離 -グリカンは主に

細胞壁画分に局在し，水素結合あるいは疎水結合により細胞壁マトリックスに強固に結合

と

ていることを示

唆するもの ．考えられる

Ｎ
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