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ABSTRACT

The structuras of naturally occurring and enzymically synthesized ohligosac-
chandes, consisung of fructose and glucose residues and having d p 3-8 1n the stem
of Agate rera cruz have been mvestigated by using methylation analysts mass
spectrometry, and p mr spectroscopy. The naturally occurring trisacchandes were
identified as I-hestose and neohestose, and the tetrasacchandes as nystose and at
least one other related to neohestose The higher fractions consist of mistures of
tbranched) oligosacchandes related to 1-hestose. neohestose, or 6-hestose as basic
structures The enzymically synthesized trisaccharnide was dentified as 1-kestose
and the tetrasaccnande as nystose The higher fractions consist of mistures of hinear
ohigosaccharides related to i-hestose and neokestose

INTRODUCTION

In relation to its food value, the constituents of the stem of dyaie vera cruz
have been mvestigated sn detail This stem 1s @ nich source of polyfructans' Further-
more, a sernes of oligosacchandes compnising glucose (I mol) and fructose (1 or
more mol ) was detected® Recently, the biosynthesis of these oligosacchandes has
been studied® * The enzyme preparaiion used contains at least two transfructosylases
namely, a “sucrose-sucrose {-fructosyltransferase’ (SST). acunmg on sucrose to
form a trisaccharide®. and a " f-(2—1)-fructan-f-(2—1)-fructan [-fructosyltrans-
ferase™ (FFT), acting on I-kestose to form a series of ohigosacchandes with increasing
fructose conteni*

We now report on the charactenzauon of the naturally occurring and the
enzymcally synthesized oligosacchandes having d p 3-8

RESULTS

Determunation of the d.p of the oligosaccharides
The naturally occurring ohigosaccharide fractions® F,G-F-G and the enzymi-

*FxG (x = 2-7) indicates the rauo of fructose and glucose residues ES dencies  enzymucally
syntheswzed™
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cally synthesized ESF,G-ESF,G gave no reaction with Somogyr’s copper reagent,
indicating that they are non-reducing Hydrolysis with 0.1 HCI (IS5 min at 70 )
or with dialysed yeast-invertase (EC 321 26) (B.D.H, I'5 dilution, 5h at 37°)
yielded only glucose and fructose In view of the specificity of inveriase (B-p-fructo-
furanosidase). all fructose residues 1n the various oligosacchandes must have the
p-D-furanose structure. Previously, it had been demonstrated that F,G and ESF,G
were trisaccharides?

The d p of the higher, naturally occurring oligosacchanide fractions F,G-F,G
was dstermined after hydrolysis with invertase (24 h at 37°, toluene as preservatve)
The total amount of reducing sugars was determiaed by the phenol-sulphunc acid
method®. and the amount of D-glucose with D-glucose oxidase®. The results are
summanzed 1n Table 1. The homologous nature of the naturally occurring oligo-
sacchande fractions was further demonsirated by the paper-chromatographic
techmque of French and Wild” In Fig |I. the log [Rs/(1 — Rs)] values are plotted
against the determuned d p for solvent 4, showing a hinear relationship. The same
relanonship was found for the enzymically synthesized oligosaccharide fractions
ESF,G-ESF,G Tahking into account that ESF,G 1s a tnsaccharide and ESF.,G a
tetrasaccharide (mde infra), the d p of the other fractions ESFG-ESF,G 1s evident
from Fig |
Structural analsis of mtact oligosaccharides by gl ¢, m s, and p m r. spectroscopy

The tnimethyisiiyl (Me,;S1) denivauve of F,G gave one peak in glc. on 3% of
OV-17 and 3% of OV-25. However, t | ¢ (solvent £) of free F,G showed two spots
F,G' (Rp 0 36) and F,G'" (R 0 41).

After 1solation of both compounds and trimethylsilylation the mass specira
of Me;S1-F,G' and Me;Si-F,G" proved to be idenucal with those reported for
Me;Si-1-hestose  [OQ-x-D-Glcp-(1+-2)-0-8-b-Fruf~(1 «2)-f-b-Fruf] and Me;Si-neo-
kestose [O-B-D-Fruf-(2—+6)-0-2-D-Glcp-(1+—2)-8-D-Fruf], respectinely® Mle,;Si-F,G!!
was also obtained by partial crystallizauon of Me;Si-F.G from acetone-d, at 4~
The presence of l-kestose and neokestose 1n F,G was further proved by p.m.r
spectroscopy” (Table IT)

TABLE 1|
DETERMINATION OF THE d P OF THE NATURALLY OCCURRING OLIGOSACCHARIDE FRACTIONS

Toral reducing suzars (ug) Glucose (ug)  Fructose + Glucose
Glucose®
F,G 1550 37> 42(40)
F.G 2525 49 6 51(50)
F.G 1550 282 55(60)
FeG 1430 206 69(70)
F1G 33 4 184 75¢390)

“The tlheorcucal rauos are given 1o parentheses
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Fig 1 Paper-chromatographic mobilities of the naturaliv occurring and enzymically synthestzed
oligosaccharide fract.ons from 4gate tera cruz i solvent 4 The log [R./(1 — RS)] valus=s are plotied
agamnst the determined d p Rs was calculated with the formula? (I — Rg)® = 1 — RS n which R;
1» the stngle ascent value and R 1s the apparent value obtainzad atier 8 muluple ascending runs
R8isutase) values F.G 079, F,G. 063, F.G 042 F.G, 036, F.G, 022 ESF.G, 084, ESF,G,
070, ESF,G, 0 54, ESF:G, 040 ESF.,G 030 @ = FG senies, ) = ESFG »eries

TABLE i
“0>T IMPORTANT J-VALUES OF THE Me,;S1 DERIVATIVES OF F.G', F.G", ESF,G, anp ESF.G

Han

Hyey

HJF(Z)L.

Higy)'

F.G! vy 36 (31 Hz) 445 (78 Hz) 427 (68 Hz)

ESF.G 236 (~3 Hz) 444 (~83 H2 427 (~7 H2)

1-Kestase® 535 (32 Ha) 443 (30 Hz) 426 (~7 Hn

F.G" 5§25 (33 Ha) 4483 (TS H2) 435 (7S Hy

Neokestose® S 25 (29 Hz) d 4

ESF.G 5do (33 H2) 446 (77 Hz) 440 (74 Hz) 427 (70 H2)
Nystose 546 (3> Hz) 446 (77 H2 440 (75 Ha) 126 (~7 liz)

“Equatorial ri-1 of the glucose residue, the couphing constants are given 1n parertheses *H-3 of the
fructofuranose residues “Lit © data ¢Not determined

The Me;S1 dentvative of F3G gave two peaks in glc on 3% of OV-17, 3% of
OV-25, and 3 8% of SE-30 Separauons by t!c. could not be achieved Because of
the high molecular weight of the compounds, glc -ms could not be applied Co-
chromatography on 3.8°: of SE-30 showed that one of the components had the
same retention uime as Me;Si-nystose [O-x-D-Gicp-(1+—2)-O0-£-D-Fruj~(1 +2)-0-f-p-
Fruf~(1 «2)-8-p-Fruf]

The Me,Si derivative of ESF,G gave one peak 1n gic on 3% of OV-17 and
3% of OV-25 Tlc (solvent E) showed one spot with Re 0 36. The mass spectrum®
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and the p.mr spectrum® of Me,;S1-ESF.G were idenucal to those of Me;Si-1-
kestose (Table IT)

The Me;S1 denvauve of ESF,G gave one peak in glc on 3% of OV-17 and
3 8% of SE-30. having the same retention nmes as Me;Si-nystose. The mass spec-
trum® and the pmr. spectrum®'® of Me;Si1-ESF;G were idenucal to thase of
Me;Si-nystose (Table II).

Structure analyvsis of oligosaccharides by the alditol acerate method (combuted g | c.—m s )

The oligosacchande fractions of the F,G and ESF,G series were investigated
by the alditol acetate method of Lindberg and his co-workers'! -,

F,G was analyzed after fractionauon by tlc into F,G' and F.G". After
permethylatuon of the various oligosaccharide fracuons, the products were hydrolysed
and converted into their partially methylated alditol acetates by reduction and
acetvlation Reduction of the partially methylated p-fructose gives rnse to a mixture
of p-glucitol and p-mannito!l denvatives On 3% of OV-225, the pairs of p-glucitol
and bp-mannitol denvanves obtamned from 1,3,4,6-teira-O-methyl-, 1,3,4-tr,-O-
methyl-, 3,4,6-tr-O-methyl-, or 3,4-di-O-methyl-D-fructose cannot be separated'?
Morecover, the p-glucitol and p-manmito! denvatives from 1,3,4-tri-O-methyl- and
3.4,6-tri-C-methyl-D-fructose have the same retention times on 3% of OV-225 and
cannot be disunguished by mass spectrometry. unless labelled with deuterium
introduced by reduction with NaBD,

The results are summanzed 1n Table 11 The volatility of the alditols of 1,3,4,6-
tetra-O-methyl-D-fructose 1s high, which may give nise to losses 1n the vanous evapora-
tion procedures Furthermore, 1t has been found in model experiments that degrada-
non of fructose restdues can occur during the hydrolysis of permethylated oligo-
sacchandes The primary fragmentauons of the partially methylated alditol acetates
obtained by using NaBD, as reducing agent are shown 1in Fig. 2 The position of
the labelling 1s directly evident in the spectra of 1,3,4,6-Fru* (C-2; abscnce of mije 118
and presence of mje 162), 2,3,4,6-Glc (C-1, presence of nye 118); 2,3,4-Glc (C-t,
presence of mfe 118) and 1,3,4-Fru (C-2, absence of n1/e 118 and presence of mfe 162)
In the case of 3,4,6-Fru and 3.4-Fru, it is also necessary to consider the secondary
fragmentauons, 1 e, the elimination of acetic acid from mje 190 Here the position
of the label at C-2 was proved by comparnison with the mass specira of 3,4,6-Glc
and 3,6-Glc labelled at C-1

F,G coasists of a misture of I-kestose (F,G') and neokestose (F,G"). F;G
consists of a muxture of nystose and at least one tetrasacchande related to neokestose
(a third fructose restidue hinkea at C-1 of one of the other fructose residues of neo-
kestose}. The detection of 1,3,4,6-Fru, 2,3,4.6-Glc, 3.4,6-Fru, 1,3.4-Fru, 2.3,4-Glc
and 3.4-Fru 1n the analysis of the fracuons F G, F.G, F,G, and F;G makes clear
that each of these fractions consists of a mixture of (branched) olhgosacchanaes

*1,3,4,6-Fru = 2 5-di-O-acetyl-1,3,4,6-tetra- O-methyl-p-glucital + 2,5-d1- O-aceryl-1,3,4,6-tetra-0O-
methyl-p-mannitol, 2,3,4,6-Glc = 1,35-d1-0-acetyl-2,3,4,6-tetra-O-methyl-np-glucitol, esc
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TABLE

METHYLATION ANALYSIS OF THE NATURALLY OCCURRING AND
ENZYMICALLY SYNTHESIZED OLIGOSACCHARIDE FRACTIONS

(NaBD,; reduction)
For an explanation of the apbreviations 1.3.4 6-Fru eisc, see the footnotc onp 278

Olizosuccharide Methyviated sugar (°o)
fraction
1,34 6-Frur 23,4 6-Giv 3.4 6-Fru 2,3 4-Glc 3.4-Fru
(T 075) (T 100) (T 137 1 226) (T 4063)
F,G! 28 33 33 — —
F.G"4 63 — — 37 —
FiG a3 7 19 26 —_
F.G 29 5 39 19 7
F.G 26 4 430 16 10
FoG 20 3 spe 1S 10
F.G 21 3 00 i$ 12
ESF.G 30 39 31 — —
ESF.C 24 [E) 54 5 —_—
ESF.G 22 4 38 16 —
ESF.G 13 | 64 22 race

IFor the abbreviations, see the text ?Besides 3 4 6-Fru smalil propoartions of 1,3 4-Fru (sce text)
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bu.lt up from I-hestose, neokestose, or 6-kestose as the basic structurs. The presence
of small proportions of 1,3,4-Fru 1n addition to 3,4,6-Fru was deduced from the
mass spectra of the deutenum-labeiled alditols

ESF.G 1s 1dentical with 1-hestose Because of the presence of 1,3,4,6-Fru.
2,3,4.6-Gle, 3,4,6-Fru, and 2,3.+Glc, the fractions ESF,G, ESF;G. and ESF,G
consist of mixtures of linear oligosacchandss, built up from I-kestose and neokestose
as basic structures Only in the case of ESF,G was a trace of 3,4-Fru obsened,
indicating the presence of branching points

D 3CUSSION

The presence of i-hestose, 6-kestose, and neokestose, first encountered as
products of invertase action on sucrose’? !°, has been demonstrated in many
fructun-bearing plants'® Among these, 1-kestose 15 reported to play a significant
role 1n inulin synthesis'? 1t 1s the major ohgosacchande formed during levan syn-
thesis from sucrose by Corinebacterium species'®

A number of fructo-oligosacchandes hnown to occur in several species of
Compositae'®, Granuneae®®, Amarylhidaceae®', and Lilaceae'® ** are mistures of
isomeric compounds For the fructan-bearing plants Jerusalem aruchoke!” and
Alllum cepa'® *3, the structures of some natural, but only a verv few of the enzymi-
cally synthesized, oligosaccharides have been reporied The neokestose series of
oligosacchardes was found only 10 Asparagus coclunciunensis®* The oligosaccharides
present 1o rye haulms have also been investigated?>® The presence of 1-kestose, 6-
kestose, and O-x-D-Glcp-(1— 2)-{0-8-b-Fruf-(2—6)}-0-8-pD-Fru/~(1 —2)-f-D-Fruf was
demonstrated The higher oligosaccharides are of the branched type with a non-
reducing terminal D-glucose residue, and (2— 1)- and (2 —+6)-hinked f-p-Fruf residues
Higher oligosaccharides and even fructans with neohestose 1n the middle of the
molecule have been reported 1n Polygonatum odoratuin®® and the Hawziian u plant
Cordyhine tersunals®™ Moreover, in the latter species, the fructan i1s branched Their
pathways of synthesis are unknown

The clear juice of the stem of Agaie rera cruz contains two tnisaccharides,
namely I-kestose and neokestose In addition to the tetrasacchande nystose, one or
two other 1scmers, related to neokestose, namely O-f-p-Fruf-(2—1)-0-B-b-Fruf-
{2—6)- O-2-D-Glcp-(1—=2)-f-D-Fruf and/orO-8-p-Fruf-(2—-6)-0-2-b-Glcp-(1—2)-
0-B-p-Fruf-(1—2)-8-b-Fruf, are also present Each of the oligosacchande fractions
with d p 5-8 contains, in addition to the hugher homologues of i-kestose and neo-
kestose, 1somers related to 6-kestose; branched structures are also present.

The mvestigation of the enzymucaily synthesized oligosacchartdes indicates the
formatien of only one trisacchande (l-kestose) and one tetrasaccharide (nystose)
from sucrose and [-kestose, respectively. Each of the oligosaccharide fractions with
d.p 5-7 contains linear, higher homologues of I-kestose and neohestose 1t seems
possible that, beyond the tetrasacchande nystose. the transfer specificity of the enzyme
FFT 1s not confined to the terminal fructose residue. The fructose moreties can also
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be successively transferred to €-6 of the glucose residue 1n nystose and 1ts higher
homologues, leading to two sertes.

There 1s no evidence for the brosynthesis of 6-kestose and neokestose by the
enzyme preparation. 1t 1s not clear whether a separate branching-enzyme synthesizes
the hnkege O-f-D-Fruf~(2—6)-8-pD-Fruf, although, in the methylated matenal of
fracuon ESF G, a trace of 3,4-Fru has been observed The naturally occurring
neokestose and its next hicher homologues may anse from successive disproportiona-
tion of the homologous penta- and tetra-sacchandes (F;GF + F,GF - F,GF + F.GF,
F.GF+ F,GF—-F;GF+ FGF) or by stepwise hydrolysis (F,GF-—F,. ,GF+F:
F,-\GF—F,..GF+F; efc) As already described, neokestose can arise also from
the action of invertase on sucrose Aspinall e af *® have shown that the major
fructan (d p 3?) in dgave vera cruz 1s a highly branched polysaccharide having a
terminal glucose residue and both (2—1) and (2—6) linkages between the fructose
restdues. No evidence for a neokestose type of structure has been obtained

Recently, 1t was found that each of the oligosacchandes 1-kestose and 1ts hugher
homologues (d p 4-6) from Agare tera cruz could semve as a substrate for fructan
syvnthesis

EXPERIMENTAL

General methods. — Paper chromatography was carrned out on Whatman
No 3aum paper with (4) 532 l-butanol-ethanol-water®, (8) 6'1 3 l-propanol-
ethyl acetate-water*?. and (C) 9 5 7 i-butanol-pyndine-water?!

T1c was performed on plates of a mixture of silicagel HR and Kieselguhr
{Merch) [3 1. impregnated with a 007M sadium phosphate buffer®? (pH 7)] with
{D) 41 1 1-butanol-acetic acid-water and (£) 100 60 1-butanol saturated with water-
methanol®', or on coated plasuc sheets (FR 1300 LS 254 silicagel, Carl Schieicher
Schull) with solvent (£) Detection was effected with benzidine-acetic acid*?, benzi-
dine-trichloroaceuc acid'®, and urea~HCI3*

Gic of parually methylated alditol acetates was carmed out at an oven
temperature of 160 on a Pye 104 instrument equipped with a flame-ionizauon
detector and a glass column (1.60 m x4 mm) contaimng 3% of OV-225 on Chro-
mosorb W-AW-DMCS (80-100 mesh) The flow rate for mtrogen was 40 ml/min
The retenuon umes (7) are given relagve to 1,5-di1-0-acetyl-2.5,4,6-tetra-O-methyl-
D-glucitol

G lc-ms of the parually methylated alditol acetates was carned out with a
Jeol JGC-1100/JMS-07 combinauon (oven temperature, 150° for 10 oin, followed
by an increase of 2°/mun up to 200 , column matenal, 3% of OV-225 on Chro-
mosorb W-AW-DMCS, 80-100 mesh, column dimensions, 200 mx3 mm, ion
source temperature, 250°, eleciron voliage, 75eV, 1omzation current, 300 pA;
acceleraung voltage, 3 kV)

Mass spectrometry of Me;Si1 denvatnes of in- and tetra-saccharides was
performed on AEI MS-9 and MS-902 mass spectrometers (elecuron voltage, 70 eV .
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1on chamber temperature, 130-150". iomuzation curreni, 500 #A, accelerating voliage
8 LV) The Me,S1 denvatives were prepared as.descr.bed earlier® The punty was
tested by gl ¢ using 3% of OV-17, 3% of OV-25. or 3 8% of SE-30 on Chromosorb
W-AW-DMCS (80-100 mesh)

P.m r spectroscopy of MMe;S1 derivauves of tri- and ietra-sacchandes (3-10 mg)
was carried out with a Vanan HA-100 spectrometer locked on tetramethylsilane, or a
Vanan XL-100 spectromeier (FT-technique) lecked on deuterium of the solvent
acetone-d, The chemical shifis ar2 gven relative to tetramethylsilane on the d-scalz
(indirect to acztone-d, , § = 2 05) at room temperature®

I .¢lation procedure — (a) Naturallv occurring olhigosaccharides The clear juice
of the stem of Agace tera cruz was prepared as described previously! The precipitates
obtaimmed by treatment with 60, §0. and 88% ecthanol, successiely, consisted pre-
dominantly of inorganic salts, polyfrucians. and higher oligosaccharides The final
supernatant was freed from ethanol, passed through columns of Dowex-30 X§
(sodium form) and Dowex-1 X8 (chlonde form). and then adsorbed ona | | charcoal-
Celite column. The fatter column was washed with 3%% ethanol to remove mono-
sacchandes and sucrose, and then eluted with 40% ethanol. The eluate containing
olignosacchardes with d p 3-15 was concentrated and then subjected to preparauve
paper chromatography on Whatmaa No 3MmM paper 1n solvent 4 (7-8 muluple
ascending runs) or solvent B (24 multiple descending runs)

Solutions of the i1solated fractions F,G-F.G 1n methanol were poured mnto
acetone, and the resulting, white, flocculent precipitates were dried in a vacuum
desiccator over P,Os; The oligosacchande ftacucns F,G-F;G, obtained in amounts
of i800. 530. 400, 220, 60, and 40 mg, respectively were homogeneous by paper
chromatography 1n solvents 4, B, and C. and by tlc n solvents D and £, except
for F,G which showed two spots n solvent £

(b) Enzvinically synthesized oligosacciarides. A solunon (0 3 mi) of an enzyme
preparation (5.8 mg) from the Hgaie stem-juice, free from hydrolyuc activity®, was
incubated with a solution of 1| g of sucrose tn 0.5 m! of 0 26 sodium acetate buffer
(pH 3 6) at 37° for 7 5h Afier inacuvation and removal of the proteins, the sample
was transferred to a column (i4 5x 3 3 cm) of 1 1 charcoal-Celite The column was
cluted first with 3% cthanol to remove glucose, fructcse, and sucrose. and subse-
quently with 25% ethanol to elute the trisaccharnde ESF,G The trisacchande was
punfied further by preparauive paper chromatography, yielding ESF,G (220 mg)
with [alp + 3237 (¢ 3 34, water)®

The higher oligosaccharides were prepared bv incubation of 200 mg of the
trisacchande 10 0 3 ml of 0 2M sodium acetate buffer (pH 5.6) with 04 ml of the
enzyme preparation (4 6 mg) at 37° for 24 h. After inactivation and removal of the
proteins, ihe sample was subjected to repeated preparabnve paper chroraatography
(selvent B) until single spots were obtained 1n each case Solutions of the 1solated
fractions ESF,G-ESF,G 1n methanol were poured into acetone, resulung 1n
white, flocculent precipnates. After drying over F,05, the amounts were 29, 20,
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8, and 5 mg, respectively The oligosacchande fractions were homogeneous by paper
chromatography in solvents 4, B, and C, and by tl ¢ 1n solvents D and E.

Methy lation analvsis of ohgosaccharides — Samples (2-10 mg) of the varous
oligosacchandes were methylated by the Hakomor procedure with methyl 10dide-
sodium methylsulphinylmethanide 1n methy! sulphoxide!!'3%. Each methylated
oligosacchande was recovered by chioroform exiraction After concentration of the
chloroform layers to dryness, the residues were treated with | ml of 90% formic
acid for 15 min at 70° Subsequently, the solutions were diluted with 9 ml of water
and heated for | h at 70" After concentration under reduced pressure at 40°, the
restdual formic actd was removed by co-disullation with water The parually methyl-
ated alditol acetates, prepared as described by Bjorndal ef @l '*, were investigated
byglc.and glc-ms For the reduction step, NaBH_ was used as well as NaBD |
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