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OLIGOSACCHARIDES ISOLATED FROhI /Igace L-mu cm: 

-iBSl-RACT 

The structure of naturally occurrrn g and enzymvzally synthesized ol~gosac- 
chandes, consrsunf: of fructose and glucose resrdues and havrng d p 3-5 In the stem 

of Agate [era c;lc: have been Investigated by using methylatlon analysis mass 

spectrometry, and p m r spectroscopy. The naturally occurrrog tnsacchandes v.ere 

tdenulied as I-hestose and neohestose, and the tetrasaccharrde> as nystose and at 

least one other related IO neokebtose The hlghcr fraction; consist of ml\turei of 

(branched) ollgosacchandes related to I-hejtoje. neohebtose. or 6-hestose as basic 
,tructurej The enzymrcnlly synthesized trrsacc’lande was rdentttjed as I-kebtobe 

and the tetrasaccnsnde as nystose The higher fractlonj COIWSI of mixtures of llnesr 

olr_po3acchandes related to i -hestose and neohestose 

INTRODUC7lOh 

In relation !o Its food value, the constituents of the stem ol‘ ,-QUIP IYYU Lrtfz 

have been rnvestr,oated rn detail Thus stem IS a nch source of polyfructalls’ Furrher- 
more, a senes of obgosacchandes compnsrng glucose (I mol ) and fructose (I or 
more mol ) was detected’ Recently, the blosynthesls of these ollgosacchandes has 
kn studled ’ The enzyme preparatron tised contarns dt least two traosfructosyisses 

namely, a -.3ucrose-sucro~c I-fructo~~ltransfcra~r’ (SST). acung on sucrose to 

ion-n a trrsaccharrdr’. and a ‘*/I-(3-’ I)-frucwn-P-(2-+ I)-fructsn I-fructosyltrans- 

ferase” (FM), acting cjn I-kestose to form a wne~ of oh_posacchandes with rncreasrng 

fructose contentJ 

We now report on the charactenzauon of the naturally occurrrng and the 

enzymtcally synthesized oltgosacchandes havrng d p 3-S 

RESULTS 

Delernmallon of the d-p of the ohgosnccharrdex 
The naturally occurnng oitgossccharrde fracttons’ F,G-F,G and the enzymr- 

‘FxG (x = 2-7) lndlcales Ihe ratlo of irucroe and glucose re,ldua ES dcnclti enzymlcall\ 
synlhewxd” 
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ca.llj synthesized ESFIG-ESF,G gave no reactlon 141th Somow’s copper reagent. 

Indlcatmg that they are non-reduclng Hydrolysis with 0.1~ HCI (IS mm at 70 J 
or with dlalysed yeast-invertase (EC 3 3 i 26) (B.D.H , 1.5 dilution. 5 h at 37’) 

yielded only glucose and fructose In view of the spec&ity of Invenase (p-D-frUCto- 

fursnosldasc). all fructose residues rn the various olrgosacchandes must have the 
$-D-furmoe ~tn~ct~re. Pt-ev~ously, at had bsen demonstrated that F,G and ESF,G 

\$erz trlsaccharides3 

The d p of the hlghcr. aarurally occurring ollgosaccbande fractions F,G-F7G 
was deternuoeA after hydrolysis tilth mbermbe (24 h at 37”. toll.eoe as preservahbe) 

The total amoum of reducing sugar5 was determtned by the phenol-sulphunc acid 

method 3 . and the amount of D-giUCOSe with D-glUCOSe ouldase6. The results arc 
surnmanzed In Table 1. The homologous nature of the naturally occumng oligo- 

sacchandc fractions was further demonsrrated by the paper-chromatograptic 
techmquc of French and Wild’ In Fig I. the log [R,/( I -&)I values are plotted 
aga.~unst the deremncd d p for solkent 4 , shonlng a hnear relabonshlp. The same 

relauonshlp \bas found for the enqrnxall> sjpntheslzed oligosacchartdc fractions 

ESF:G-ESF,G TaLng into account rhat ESFIG IS a tnsaccharlde and ESFjG h 
teLrasacchande (PI& m/ra), the d p of rhe other fractions ESF,G-ESF,G IS evldsnr 

from Fig I 

SII-~~CVW ai a/la11 SIS of ~mcw olrgoJc?cchardes by g 1 c , nr z , and p 111 r. specrroscop~~ 
The tnmethylsliyl (Me,SI) derrvnrlve of F,G gave one peak m g I c. on 3?0 of 

OV-17 and 3% of OV-25. Ho\\<ver, t I c (solvent Ej of free F2G showed two spots 
F:G’ (RF 0 36) and F,G” (RF 0 41). 

titer !solatlon of both compounds and tnmethyls~lyistion the mass spectra 
of hlc,S~-F,G’ and hle3Si-FzG” proved to be Identxal wltb those reported for 

i11e,S1- I-hc’srose [ O--l-D-Gkp-( I ++~)-O-@-D-F~U/S( 1 +2)-P-~-Fr~jl and Me,SI-neo- 

hesto>e [o-p-D-Fru_T_(2-r6~-O-~-D-Gicp( I Hz)-j?-D-Frufl. respecll\ely* hle,Si-FzG” 

HIS also obtained by psrt~al crystalllzauon of hle,SI-F,G from awtone-& at 4- 
The presence of I-hestose and woksLose m F,G was further proved by p.m.r 
specclroscopy” (Table IT) 

T4BLE I 

DET=RXIIU1\110\ OF THE d p Oi THE NAnRAlLY OCCURRlYG OLlt054CCH4fUDE FRACTIOUS 

F;G 3: 5 49 6 .i I iso; 
F-G I.550 2s 2 5 j (60) 
FBG Iti0 20 6 69(70) 
F7G 13s 4 Id4 7 5 (89) 
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Fl,o I Paper-chromxographuz moblhrles oi the nzturJli\ occurrIng and enz}mlcally synrheslzai 
ollgowxharide frscr,on, from -Igolv lrra crr~-_ m solken: -I The log [R,Vl - Rsj] values are pIoIled 
agwn>t the dewrmmed d p Rs wa 3 calcula~cd t\rlth the iormuls’ (I - RS)’ = I - R”, In rrhlch Rj 
IS the single ascent balue .md Rt IS the appsrrnr kalue obtalncd atier s multlplc a,ccndlng run, 
R:,,,.,,,,, \aIues F,C 0 79. F,G. 0 63, F,G O-l!? F.G. 0 3h. FOG. II 22. ESF,G. 0 84. ESF,G, 
0 70. ESF,G, 0 q-l. ESF5G. O-10 ESFbG 0 70 g) = FUG sew>. rJ = ESFxG 5erIea 

TABLE ii 

‘1031’ IMPORTANT &LnLlIES OF THE hle,Sl DERIVATlIES OF F?G’. F>G”. ESF2G, AND ESF,G 

47 HJFII,~ flJF(2) ff3F(,," 

F,G’ > 315 13 I Hz) -I45 (7 8 Hz) 4 7,; (66 Hz) 
ESF& > 36 ( -3 HZ) -I 11 f--s l-lid 417(57 Hz) 
I -Keslosc’ 5 35 (7 2 Hz) 443 (SO Hz) 4 16 147 Hz) 
F,G” 5 25 (3 3 Hz) 4 43 (7 Y Hz) 435 IiSHz) 
N~c~hc~lO~ec 5 25 (2 9 Hz) d J 

ESF,G 5 Jo I3 3 Hz) 446 (7 7 H?) 4 JO (7 4 Hz) 127 (7 0 Hz) 
N\ >lOSC 5 46 (3 3 Hz) 4 46 (7 7 Hz) AJO (7 5 Hz, 4 26 (-7 liz) 

“Equnlonal rl-I oi lhc glucose rs-Auc, the couplmg conant; arc gl\sn in parcpthc-a bH-3 ot rhe 
irucIofurano,e raldua ‘LII ’ 6313 “Noi detcrmlncd 

The hle,S~ denvatlve of F,G gave two peaks In g I c on 30,; af OV-17, 30,/o of 

OV-25. and 3 850 of SE-30 Separations by t I c. could noI be ac~eved Because of 

the high molecular weight of the compounds, g I c -m 5 could not be apphed Co- 

chromatography on 3S”b of SE-30 showed that one of the components had rhe 

hame WentIOn time as ble,SI-nystobe [O-X-D-Gkp-( I t+1bO-/%D-FruJC-( 1 +?)-O-p-D- 

Fn$( 1 +7)-$-D-Frufj 

The Me,!% derivative of ESF& gave one peal\ m g I c on 390 oi OV-17 and 

3O/o of OV-25 T 1 c (solvent E) showed one spot with RF 0 36. The mass spectrum’ 
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and the p.m r spectrum’ of Me,%ESF& Here ldentlcal to those of Me,&-I- 
bestosz (Table II) 

The M~,SI derlvatlve of ESF,G gave one peak in g I c on 3% of OV-17 and 
3 8% of SE-30. bawng the same retention rimes as hle,SI-nystose. The mass spec- 
trum’ and the p m r. spectrum’*” of Me&-ESF,G were tdentlcal to those or 

Me,%njstose (Table 11). 

Structure anal\ ss ofoirgosacclrarrdes b_~g the alduol ncetate met hod (combmed g I c.-m s I 

The obgosacchande fractions of the F,G and ESF,G sews were mvestlgated 
by the aidltol ac:etJte method oi Lmdberg and hs co-worbers ’ “. 

FIG was analyzed after fractionanon by t.1 c Into F2G’ and F?G”. After 
permethylauon of the various ohgosacchartde fractions. the products \scre hydrolysed 
and converted rnto their pamally methylated aldltol acztat.es by rcductlon and 
acetylatlon Reduction of the partlally methylated o-fructose g~\es nse to a mrxture 
of o-glucltol ztnd o-manmtol denvatlves On 3% of OV-225, the pars of D-gluc~tol 

and o-manmtol denvah\ez obtalnrd from I .3,4,6-tztra-O-methyl-, I ,3,-l-tn-0- 
methyl-, 3,4,6-tn-O-methyl-, or 3,4-di-O-methyl-D-fructose cannot be separated ’ 3 

Moreover, rhc ~gluc~tol and o-manmtol denvahves from I ,3,4-tn-O-metbyl- and 
3.4,~tr+o-methyl-o-fructose have the same retention times on 39b of OV-225 and 
cannot be &sung-whed by mass spectrometry. unless labellcd wth dcutenunl 
Introduced by reduction with NaBD, 

7he results are summarized In Table III The volatlhty of rhe aldltols of I ,3,4,6- 
t~tra-O-methyl-D-fructose IS high, whlcb may g\re t-t= to losses III the \anous evapora- 
uon procedures Furthermore, It bas been found in model experiments that degadd- 
non of fructose restdues can OCCLU dunng the hydrolysis of pennethylated o&o- 
saccharides The primary fra_gmer.tanons of the partxdly methylated aldltol acetates 

obtained by usmg NaBD, as reducmg agent are shown in FIN. 2 The positIon of 
the labrIling IS dlratly evident In the spectra of 1,3,4,6-Fru* (C-2; absence of r?r/e 118 

snd presence of w/e 162), 2,3,4,6-Glc (C-l , presence of nqe I IS); 2,3,4-Glc (C-I . 
presence ofnzje 1 18) and I,3,4-Fru (C-2, absence of n1/2 1 IS and presence ofm/e 162) 

In the case of 3,4,6-Fru and 3.4-Fru, It IS also necessary to consider the secondaq 
fragmentauons, I r, [he eiimmatlon of acetic acid from nl/e I30 Here the position 
of the label at C-2 was probed by comparison WI& rhe mass spectra of 3,4,6-Glc 
and 3,6-Glc labelled at C-l 

FzG corwsts of a mixture of I-kestose (F?G’) and neolcestose (F,G”). FJG 
con.s~.~ of a rmxture of nystoje and at least one tetrasacchande related to neohesrose 
(a tird fi-uctose residue hnhea at C-l of one of the other fructose residues of neo- 
bestose). The dete&on of 1.3,4,6-Fru , 2,3,3,6-Glc, 3.4.6-Fru, 1,3.4-Fru, 2.3,4-Glc 
and 3.4-Fru tn the analysrs of the fractions F,G, F,G, F,G, and F7G makes clew 
that each of these fractions consists of a mixture of (branched) ohgosacchanaes 

C1,3,4.6-Fru = 2 ~-d~-O-scer)L-l.3.~.6-ieLra-O-mclhyl-~-~us~~~l+1,5-d~-O-nce~l-l,3,~.6-~c~r~-0- 

mcth>i-o-manmrol, 2.3.4.6-Glc = 1,5d~-O-aceIyl -2.3,3,6-retra-U-msrh~l-o-gluc~~ol. err 
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‘For the abbrevutmns. see the text bBesldcs 3 4 4-Fru ,rn311 prop3rllon> or 1.7 -I-Fru fwc texl) 
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bu,lt up From I-hejtose, neokesrose, or 6-hestore his the basic structure. The presence 
of small propotions of 1,3,4Fru in addlhoo to 3,4,6-Fru H’~S deduwd from rhc 
maas spectra of the deutenum-labelled aldltols 

ESF,G IS Identical wth I-hestosc Because of the presence of 1,3,4,6-Fru. 
2,3.4.6-Glc, 3,4,6-Fru, and 2,3,1Glc, the fractions ESF,G, ESF,G. and ESF,G 
consist of mixtures of I~near obgosacchandes, built up from I-kestose and neohe>tohc 
as bawc structures Only rn the case of ESF,G was a trace of 3.4Fru obbcned. 
lndtcatlng the prcsznn of branchug points 

The presence of i-hestosc, &hes,tose, and neokestosc, first erxountcred a\ 
products of lnvertase actlon on sucrose”’ I’. has been demonstrated in many 

fruculn-bearrng plants’ ’ Among these, I-hebtose IS reported IO play a slgruficant 
role In ~nulrn synrhehls ” it IS the major ohgosacchande formed during levan syn- 
thesis from sucrose by Cor\tttbacrewm specIesI 

A number of fructo-ollgobacchandes hnwn to occur In cevcrnl spcc~cs of 

Conrposlfae’q, Granuneae’“, .1n~a~_r~/iuiacrae2 ‘, and Lriraceae’ b ” are ml\lurcs or 
lsomenc compounds For the fructan-beanng plants Jcrusalcm artlchohe” and 
Allrum repa” 13, the structures of somt natural. but only a verv few of the enzyml- 
calls synrheslzcd, ohgosacchandes have been reported The neohestose series of 
ollgosaccharldes \\ai:. found only In Aspcragus coclrm~lrmet~sts~J The ohgosacchsndes 
present ID rye haulms have also been mvestqared25 The presence oi I-hestose, 6- 
hejrose, and U-X-D-Glcp-( I ~3)-[O-P-D-Fru/-(3--,6)]-0-S-~-Fru/-( 1 F?)+D-Fru/ wdh 
demonstrated The higher ohgosacchandes are of the branched type wth a non- 
reducrng terminal D-glwose residue, and (2+ I l- and (Z-+6)-llnhed B-D-Frufrehldues 
Higher ollgosacchandes and e\eo fructans with neohesrobe In the mlddle of the 
molecule hare been reporrrd m PolJgorrcrurn odoratuln’” and the Hamalian u plant 
Cordr he lermulah ’ ’ Moreover, in the latter speaes, the fructan IS branched Their 
pathways Jf synthesis are unknov,n 

The clear jwce of the stem of Agure WTQ CTLIZ conxuns LWO tnsacctnrldes, 

namely I-hsstosc and neokestose In addlt;on to the rerrasacchande nystose. one or 
two other lscmers, related to neohestose, namely 0-/?-D-Frufi(2-r I)-O-/I-D-Frujl 
(Z-6). 0-,I-D-Gkp-( i cc?)-/?-D-FruI and/orO-P-D-Fru/-(9-6~-0-r-D-Glcp-( I ~3)- 
~-/I-D-F~uT~ I t-2)-P-D-Fruf, are also present Each of the olrgosacchande fractions 
with d p 5-S contams, In addrtlon to the bgher homologues of i-hebtose and neo- 
kestose, Isomers related to 6-kcsiose; branched structures are also present. 

The InbesQaton CT the enzyrmcaily synthesized ollgosaccbandes tndlcares the 
formatIon of only one trwxchmde (I-k&ox) and one teuasaccharrrde (nystohe) 
from sucrose and I-kestosc, respecmely. Each of the ohgosacchande fractions with 
d.p 5-7 conrams hnear, higher homologues of I-hrbtose and neohestose It seems 
powble that, beyond the tetrasacchandc nystose. the uansfer ~pcafic~ty of the enzyme 
FFT IS not confined to the termlnal fructose residue. The fructose moieties can also 
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be suwess~vely transferred to C-6 of the plucose residue In nystose and II:, higher 
homologues. leading to two settes. 

There IS no e\ldence for the blosynthesls of S-hestose and neokesrose by the 

enzyme preparation. II IS not clear I\ bet&r a separate bran&log-enzyme synthesizes 

the Iinh?ge O-P-D-Fru/l(2,6)-P-D-Fruf, although, in the met5ylated matenal of 

fraction ESF,G, a lrace of 3,3_Fru has been observed The naturally occurncg 

neokestose and Its next hisher homologues may anse from succewve dlsproportlona- 

[ion of rhe homologous penra- and tctra-sac&and+> (F,GF+ FsGF-,FAGF+ F,GF. 

F&F+ F,GF-rF,GF+ FGF) or by stepwse hydrolysis (F,GF-F,_ ,GF+F: 

F,_ ,GF+F,_ ,GF+ F; erc) 4s already described. neokestosc cdn arise also from 

the actlon of mvertase on sucrose Asplnall er al ” hale shown that the maJor 

t’ructan (d F 3’) In dgaw wru cm: IS a highly branched polysaccharlde having a 
rcrrnlnal glucose residue and both (2-l) and (3 -6) linhages betv:een the fructose 

residues. No ewdence for a neohestose type of structure has been obtalned 

Recently, It \\ds found that each of the ohgosacchandrs I-bestose and IIS bgher 

homologues (d p 5-6) from -Igaw I rra CI’K could sene a< a subslrate for fructan 

synthesis 

E\-PERIhlENT 4L 

Getterat ttwrhods. - Paper chromatography was carrxd OUL on Whatman 

No f\th! paper with (I) 5 3 3 I-butanol-ethanol-water’g. (B) 6-l 3 I-propanol- 

ethyl acetate-n.ater”. and (C) 9 5 7 I-butanol-pyndlne-water” 

T I c was performed on plates of a mixture of silIcagel HR and Klestlguhr 

(hierA) [3 I. Impregnated \\lth a 007x1 sxhum phosphate bufier” @H 7)] w1t11 

(D) 4 1 I I-butanol-acetic ncld-\\aster and (,Q IO0 60 I-butanol saturated wth watrr- 

methanol ‘I, or on coated plasuc sheers (FR 1500 LS 25-I sIlIcagel, Carl Schleichcr 

Schull) with solvent (15’) Detection was effected wlrh benzldlne-acetic acld3”, be&+ 

dine-trlchloroaceoc acid “, and urea-HCI 3’ 

G I c of parually mc!bylated aldltol acetate5 was carried out at an own 

temperalure of 160 on a Pye 13-i Instrument equipped with a flame-mmz.auon 

detector and a glass column (1.60 m x 9 mm) contammg 3% of OV-225 on Chro- 
mosorb W-AW-DMCS (SO-lo0 mesh) The Bow rate for mtrogen was Jo ml/mln 

The retention times (2) are gI\cn relauhe to 1.5-d~-O-nc~tyl-:!.~,S,6-re~ra-O-metbyl- 
D-plUClIOl 

G I c -m s of the parrlally methylarcd aldltol acetates was urned out with a 

Jr01 JGC-I IOO/JhlS-07 comblnauon (oken temperature. 150’ for IO win, Ibllowed 

by an Increase oi 3’/mln up to 100 , column material, 39’0 of OV-X5 on Chro- 

mosorb W-AW-DMCS, 80-100 mesh, column dtmensloas, 2 00 m x 3 mm, ion 

source temperature, 250’) electron boltage, 75 e\ , lomzatlon current, 300 /IA ; 

acceleraung voltage, 3 kV) 

hlass spectromcmry of h’le,Sl denvatlbes of tn- and tetra-saccbandes was 

performed on AEI his-9 and hlS-902 mass spectrometers (elecuon voltage, 70 eV. 
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S. and 5 mg, respesw.ely The ollgosacshande fractions were homogeneous by paper 

chromatography III solvents 4, B, and C, and by t I c III sollents D and E. 

,Merlrr farron arlal\*.m qi olt_aosacchurrdes - Samples (Z-10 mg) of the banous 

ohgosacchandes were methylnted by the Hakomorl procedure with methyl lodide- 

sodium methylsulphlnylmethanlde In methyl sulphoulde’ 1m35. Each methylated 

ohgosacchande Uai recovered by chloroform extractton After concentration of the 

chloroform layers to dryness, the residues were treated wtth I ml of 90% foimic 

acid for 15 mln at 70’ Subsequently. the soiut~ons \.ere diluted with 9 ml of water 

and heated for I h at 70’ After coocentrailon under reduced pressure at GO’, the 

restdual formic acid was remwed by co-dl;tillation with water The partlaily methyl- 

ated aldltol acetates, prepared as described by BJomdal cl al I’, here inve~tignted 

by g I c. and p I c -m 5 For the reduction step, NaBH, was used ti well as NaBD, 
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