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Abstract—The major soluble carbohydrate of seeds of ash has been characterized as planteose (6 -galactosylsuc-
rose). The taxonomic and morphological distribution of planteose 1s discussed

INTRODUCTION

INTACT seeds of Fraxinus excelsior L., the European ash tree, require both a period of
maturation for the embryo fully to develop and a separate chilling period before germina-
tion will occur.! During analyses of the chemical changes involved 1n these processes, the
major soluble carbohydrate was found to be a trisaccharide. This paper describes its char-
acterization as planteose (6 -galactosylsucrose).

RESULTS

The soluble carbohydrates of freshly collected and air-dried seeds of ash are sucrose,
myo-mosttol, a trisaccharide (the major component) and the hexoses, glucose and fructose
(minor components). The trisaccharide had a lower PC mobility than melezitoze and raf-
finose in the 2 solvents used but co-chromatographed with planteose. Its reactions with
a modified p-anisidine reagent? confirmed that it contained both ketose and aldose units.
The GLC mobility of its TMS-derivative (M, 7-4) was greater than that of raffinose (M,
6-8) but 1dentical with that of melezitoze and planteose.

Also, like planteose, 1t was not hydrolysed by invertase and, on mild acid hydrolysis,
yielded 1n addition to glucose a disaccharide with identical chromatographic properties
to planteobiose Despite its being a reducing sugar, planteobiose gave a single gas chroma-
tographic peak (M, 3-03). When hydrolysed by strong acid or «-galactosidase, the ash
trisaccharide yielded the expected products (glucose, fructose and galactose, or sucrose and
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galactose respectively) Although these confirm 1ts identity as planteose, the same products
would also be derived from raffinose

Quantitatively, the trisaccharide represented approx. 1 3°, dry wt of seeds. Dissection
of embryo from rest of seed after overnight imbibition with separate analysis of seed parts
showed that the trisaccharide was confined to the endosperm

DISCUSSION

Although members of the Oleaceae photosynthetically synthesize and translocate man-
nitol and the raffinose series of ohigosaccharides in addition to sucrose,*** neither mannitol
nor these sucrosylgalactans are deposited mn the endosperm. Instead. planteose accumu-
lates along with the major lipid food reserve A comparable situation occurs 1n the genus
Plantago (Plantaginaceae). where sorbitol (b-glucitol) substitutes for mannitol.® ~

Previously, planteose has been 1solated from seeds of species of the Plantaginaceae,”*°
Pedaliaceae.” Solanaceae,” and Labiatae.'” This 1s of chemotaxonomic significance since,
together with the Oleaceae. these are all families from closely allied orders of the Sympeta-
lac '! The 1solation of planteose from cacao beans,'? Theobroma cacao of the unrelated
Stercuhaceae, does not necessarily conflict with this correlation since the sugar could have
been formed during the post-harvest fermentation involved m processing beans, e.g. by an
y-galactosidase transfer reaction.'?

It may also be morphologically significant that, with the possible exception of the Labia-
tae, all these families have endospermic seeds so that the relatively rare trisaccharide. plan-
teose, may be formed primarily in this genetically distinct, usually triploid, tissue The
Labiatae are described as having either no or scanty endosperm'* and planteose has been
reported from rhizomes of Teucrium canadensis.'’

The synthesis of planteose during development of seeds of F' excelsior, 1ts degradation
during the various stages of embryo maturation and germination' and its distribution
among related species are bemg currently investigated

EXPERIMENTAL

Matenial Ash fruits were collected at Thornhill, Derbyshire in March 1970 Pericaips were removed and dis-
carded soon after collection

Extraction of soluble sugars Approximately 4500 seeds (air dry wt = 127 g} were ground 1n a mechanical pestle
and mortar and defatted in batches using petrol (bp 40-60°) in a Soxhlet for 24 hr They were then extracted
with 80°; EtOH 1n small batches in the Soxhlet for 20 hr Extracts were filtered and divided mnto five portions
which were re-extracted with petrol (3 x 30 ml) to ensurc complete removal of ipids

Removal of fermentable sugars The extract was conce 10-fold at 407, cooled to room temp and treated for
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3 hr with an equal vol of aerated, washed, 5% w/v suspension of baker’s yeast '® The yeast was removed by
centrifugation and the solution cleared with 10% AYOH); suspension '’

Isolation of trisaccharide After removal of fermentable sugars, the solution was passed through a charcoal-
Celite column, '® which was successively eluted with 800 ml H,O, 151 5% EtOH and 151 159 EtOH Fractions
(100 ml) of the last eluant giving a positive Molisch test were combined and, after concentration to a low volume,
the trisaccharide was further purified by streaking on to washed Whatman No 1 paper and chromatography
using PrOH-EtOAc-H,O (7 1 2) The trisaccharide was eluted with H,O and the eluate evaporated to dryness
Portions were than characterized by PC and GC and by wdentification of products of acid and enzymic
hydrolysis

Muld acid hydrolysis A portion of the purified trisaccharide was dissolved 1 5mi 01 N H,80, and heated
at 100° for 30 min After cooling, the solution was neutralized with excess BaCO;, filtered, de-1onized by shaking
with a mixture of Amberlite 1R-120 (H) and 1R-45 (OH)'® and concentrated by evaporation The neutralized
hydrolysate was then characterized by PC and GC and by comparison with authentic raffinose and planteose
" Strong acid hydrolysis A portion of the purified trisaccharide was dissolved in Sml 1-5 N H,SO, and heated
at 100° for 1 hr After cooling, the solution was neutralized by addition of excess (20 ml) 20%, v/v N,N-dioctyl-
methylamine 1n CHCl;, vigorous shaking and centrifugation 2° The CHCl, layer was withdrawn and the H,O
layer washed by successive shaking with 5 ml CHCl; and centrifugation The neutralized hydrolysate was then
characterized as above

Hydrolysis with imvertase (B-fructofuranosidase) A portion of the purified trisaccharide was dissolved i 3 ml
H,0 and incubated with mechanical shaking at 28° for 43 hr with 2 ml 0 05 phthalate buffer, pH 4 5, and | ml 2%
B.DH mvertase The digest was deprotemized with 0 3 N Ba(OH), and 5% ZnSO,?! and centrifuged After de-
tonization as above, the products of the reaction were characterized as above

Hydrolysis with emulsin (x-galactopyranosidase) This was effected as for the invertase hydrolysis using almond
emulsin

Paper chromatography Sugars were separated on Whatman No 1 paper using (1) EtOAc-HOAc-H, 0, 14.3.3
and (1) PrOH-EtOAc-H,0, 7 1 2%? and detected using silver nitrate-sodium ethoxide?? or a modified p-amisi-
dine techmque? which permuts mitial identification of fructose and oligosaccharides contaming fructose and sub-
sequent 1dentification of free and combined aldoses

Gas chromatography Trimethylsilyl (TMS) derivatives were prepared and quantitatively estimated using a Pye
Model 64 nstrument, fitted with flame 10n1zation detectors and 5 ft x 1/4 in glass columns containing 2%, SE52
on Chromosorb W {80-100 mesh) * N, was used as the carrier gas at a flow rate of 45 ml/min The temperature
programme was 180-290° at 4°/min + an 1sothermal period of 20 min at 290° when only the trisaccharide was
being determmed When products of acid and enzymic hydrolysis were being characterized, the imitial tempera-
ture was 140°

Identity of compounds In both GC and PC, the 1dentity of sugars was checked by co-chromatography with
authentic standards
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