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Polymers of fructose form important reserves of carbohydrate in a number of 
families of flowering plant9. Two major types have been described, inuhns and 
levans, which differ in the position of the major linkage between fructose residues2*3_ 
Structural analysis of grass levans by methylation, hydrolysis and paper cbromato- 
graphic (PC) separation of the methylated glycosides4 indicated the presence of small 
amounts of dimethyl fructose. These could have originated either. from incomplete 
methylation, or from branch points in the polymer. Tke development of more effective 
methods for metbylation, together with the separation and identikati.on of partiahy 
methylated sugar derivatives by gas chromatography (CC) and mass spectrometry 
(MS) has irrcreased the value of this type of analysi9, and we report the modification 
of these methods to permit improved structuraf analysis of fructosans. This technique 
also permits the estimation of the degree of polymerisation (DP) by measurement of 
the ratio of terminal to non-terminal groups..Coforimetric and group assays have 
been employed with grass Ievans but the accurate determination of the ratio becomes 
more diEcult with larger polymers. We describe the c&b,ratiorr of an acrylamide gel 
Ntration column with linear dextrans which allows the rapid determination of the 
mean DP, and also the range of size within the sample- 

MATEREALS AND METHODS 

Tillers of a Norwegian isolate of cucksfoot (Dacryfis gfomerara) were grown 
at 5” and fructosans extracted from Ieaf base material with or withoutprior exposure 
to “CO2 as described previously ‘. The water solubie material from IO g of plant 
material was purified by passage though a 10 x 1 m column of ion-exchange r&n 
composed of equal parts of Amberhte IR 120 (Na’) and IR 400 (cl-)_ The eluate was 
4aIysed for 12 h against flowing tap water and freeze-dried. Inuhn from Hef&z?rfrus 
t&erosus was obtained from BDH (Poole, Great Britain) and recrystahised from 
cthanot-water. Solid sampIes were stored over P+o, at room temperature_ 

Weighed samples of 1-10 mg were me’&yEated by the method of Kakomori’ 
-s described by Sandford and Conradg. The permethyiated samples were hydrolyzed 
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at 60” for 30 min in 2 M trifluoroacetic acid, and the neutralised sample reduced with 
10 mg sodium borohydride or sodium borodeuteride for 48 h at room temperature 
in the dark. The sample, together with 5 mg recrystalfised n?yo-inositoi as an internal 
standard, was acetylated and the products extracted into 1 cm3 dichloromethane as 
described by Talmadge et. al. _ lo The mixture of partiaIly methylated alditol acetates 
was separated by GC and the individual components subjected to MS as described 
previously” _ 

Samples (l-3 mg) were separated by gel filtration on a 1.5 x 40 cm column of 
Bio-Gel P-150 eluted with SO m&1 NaPO, buffer at PI-I 7.0 and a flow-rate of 5.0 cm3 
h-l. Suitable aliquots of the e!uate were assayed by the ketose specific modification 
of the anthrone method” using rccrystallised inulin as a standard. The column was 
calibrated with a series of linear dextrans obtained from Sigma (St. Louis, MO., 
U.S.A.) and the relationship between molecuiar weight and elution volume deter- 
mined by the procedure of Andrews13. 

Levan samples (2 mg) were hydrolysed at 60” for 30 min in 2 _%$ trifluoroacetic 
acid, blown dry in an air stream and separated by descending PC on Whatman No. 4 
paper in ethyl acetate-pyridine-water (8 :2: I), butan-I-al-ethanol-water (52:33 :15), 
or butan-1-ol-pyridine-water (1: 1: 1). 

RESULTS AND DISCUSSION 

Extraction of 10 g of tissue yielded 520 mg of material after freeze-drying. 
Chemical analysis of this material by the anthrone method showed that it gave 98.5 7; 
of the optical density of the same weight of recrystallised inulin. Acid hydrolysis and 
PC in a number of solvents yielded spots corresponding in position to fructose and 
glucose only. Material extracted from plants fed ‘*CO2 had 98% of the radioactivity 
associated with fructose and glucose after hydrolysis and separation. We consider 
that our preparations were sufficiently pure to permit further study. 

Initial zttempts to obtain methylated alditol acetates from this material and 
from recrystallised inulin were unsuccessful_ Using ‘%-labelled levan we obtained 
complete recovery of added label in the final solution after acetylation, but no 
detectable peaks after GC separation. This suggested degradation of the polymer 
during derivatisation, rather than loss of the material. Hydrolysis of the unmethylated 
levan as described by Talmadge et ~1.‘~ gave recoveries of less than 20% of the 
original fructose. Recoveries of 95-98 “/‘, were obtained by reducing the temperature 
to 60” and the time of hydrolysis to 30 min. 

Alditol acetates could not be obtained from pure fructose using the procedure 
of Talmadge et ~1.‘~ which gave complete derivatisation of aldoses. Derivatisation of 
ketose sugars was found to require higher concentrations of reducing agent to achieve 
satisfactory reduction of carbon-2. The final procedure used 10 mg sodium boro- 
hydride incubated for 4!3 h. Overall ihe method produced total recoveries of de&- 
atised levan of 85 “/6 when compared with nzyo-inositol. 

The profiles obtained after derivatisation and chromatography of levan am: 
inulin are shown in Fig. 1. In both samples only three partially methylated aldit@i 
acetates could be identified, two of which were derived from terminal glucose linke:! 
through carbon-l and terminal fructose linked through carbon-2. These were fount’. 
in both samples. Fructose residues linked 2,1- as proposed for inulin, would yiel! i 
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Fig. 1. Gas-liquid chromatogram of derivatised samples of (a) levan from D. gfomerufa and (b) inulin 
from H_ ruberosus. Identified peaks are numbered and are derived from (1) terminal fructose, (2) 
terminal glucose, (3) linkage fNctOSe and (4) myo-inositol internal staudard. Injections were 1~1 of a 
l-cm3 solution containing 0.5 mg myu-inositol and 1.0 mg fkuctosan. GC conditions: teniperature, 
12G” heid for 5 min, then raised to 180” at 9’ min”; carrier gas (nitrogen) flow-rate 50 cm’ m&l; 
recorder range 10 mV; chart speed I20 mm h-l. 

3,4,6-methyi fructose after methylation and hydrolysis; giving on reduction and 
acetylation 1,2,5-tri-0-acetyl-3,4,6-t&O-methyl glucitol. The principal peak in the 
inuhn sample was shown to consist of this derivative by means of its retention time 
and mass spectrum (primary fra_ments m/e 45, 161. and 189). 

The principal peak in the levan faction had the same retention time and mass 
spectrum as that in the inulin fraction. The putative major linkage in levan, fructose 
residues linked 2,s would give 1,3,4methyl fructose after methylation and hydrolysis, 
but this would also yield 1,2,5-tri-O-acetyyl-3,4,~t~-O-methyl glucitol on reduction 
and acetylation. By reduction of the permethylated samples with sodium boro- 
deuteride after hydrolysis it was possible, by MS, to distinguish between 1,2,5-tri- 
GacetyL3,4,6-tri-0-methyi glucitol produced from 1,3,4-methyl fructose and that 
derived from 3,4,6-methyl fructose. This method has been used previously for cell 
fall polysaccharide anaIysis Is. The principal peak from deuterated samples of per- 
rnethylated inulin yieided primary fragments of m/e 45, 161 and 190, whereas those 
from levan yielded primary fragments of m/e 45, 162 and 189. This is consistent with 
2 major linkage which is 2,1- in inulin and 2,6- in levan, confirming the earlier obser- 
..xtions’~3 _ . 

No evidence was obtained for the presence of other minor linkages in either 
>olymer, implying that the previous report of dimethyl fructoses from levan samples 
as the result of incomplete methylatiorP_ Estimates of IX? were made from the areas 
f the various peaks and were in close agreement with the values obtained by gel 
ltration (Table I). The gel filtration profiles obtained-for levan and inulin are shown 
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TABLE I 

MEAN DP ESTIMATES FOR HELMNTHUS TUBEROSUS INULIN AND DACTYLIS 
GLOMERATA LEVAN 

Method of assessment Degree of polymerisariorr 

Inuiin .&van 

Peak height analysis from GC of methylated alditol acetates 
Dettrmination of elution volume of profile peak after gel filtration 

33 110 
34 10s 

in Fig. 2. The levan fractions of highest fructose content were re-fractionated as a 
check on resolution. Both samples contained material of a range of apparent moiec- 
ular weight distributed around a peak, the apparent molecular weight of which was 
the same as that obtained from measurement of mean DP by GC. Within the sample 
of levan, apparent molecular weights ranged from 6 to 40 kD. 

I L 

Elution volume (cm31 

40 30 20 15 10 5 
Molecular weight CkD) 

Fig. 2. Elution profiles of levan from D. gfo,merara (I+) and inulin from H. tuberosm (I) obtained after 
gel filtration on Bio-Gel P-150. The four levan fractions of highest fructose content were pooled and 
refractionated (RL) as a check on column resolution. 

In conclusion we propose that the combination GC-MS and gel filtration 
provides an accurate method for structural analysis of frutose polymers, particularly 
those of higher DP, and that the method is well suited for investigating the changes 
in molecular weight which have been reported to occur as a result of environmental 
changes’. 
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