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ABSTRACT 

A galactoglucomannan has been isolated by fractronation of the alkah-soluble 
henucelluloses of the leaf and stem tissues of red clover (Trzfolzzm prateme L ) The 
hemrcellulose contams galactose, glucose, and mannose residues m the molar ratios 
0 25-l 0 1.1 and accounts for ca 25% of the mannose resrdues present m the clover 
tissues Structural studies showed that the hermcellulose has a mm cham of /3- 
(1 -+ 4)-hnked D-glucopyranosyl and D-maMopyranosy1 readues, to which are attached 
u--(1 + 6)-hnked D-galactopyranosyl residues 

INTRODUCTION 

Galactoglucomannans, glucomannans, or galactomannans have often been 
assumed to be present m the vegetative trssues of legummous plants Recently’, a 
pure galactoglucomannan was Isolated from the stems of the troprcal legume StyZo- 
santhes humzZzs Thus hemlcellulose, which has ca 6% of galactose resrdues, 1s unusu,?l 
m that that the ratio of glucose to mannose is 1 1, but IS otherwlse smllar to tke 
galactoglucomannans found m softwoods 2 Gaillard and Barley3 studied the &stnbu- 
tron of galactose and mannose resrdues m the cell-wall polysacchandes of red clover, 
and partrally purmed a hermcellulose that was concluded to contam a galactomannan 
or a galactoglucomannan We now report on the structure of a galaetoglucomannan 
present 111 the leaf and stem trssues of red clover 

RESULTS AND DISCUSSION 

Garllard and Bailey3 found that there was no marked difference 111 the mono- 
saccharide composrtion between the correspondmg polysacchandes from clover 
leaves and stems In the present study, the plant material consrsted of a Illlxture of 
leaves, petioles, and stems The ethanol-extracted plant matenal was treated with 
ethylenedrammetetra-acetic acid (EDTA) to remove pectic substances, and the resrdue 
was deh&ed by the method of Wise et al 4. The resultant holocellulose was treated 
successrvely with aqueous 10% potassmm hydroxrde and 24% sodrum hydroxrde 
containing 4% of boric acid On acid hydrolyses, the hemrcellulosic material isolated 
from the 10% extract released arabmose, galactose, glucose, marmose, rhamnose, 
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and xylose, m the moIar ratros 1 0 1 0 2 9 0 3 0 2 5 1, and also uromc acrds This 
matenal was not further studred 

The 24% sodium hydroxrde-4% borrc acrd extract, on acrd hydrolyses, released 
arabmose, galactose, glucose, mannose, rhamnose, and xylose, m the molar ratros 
1 0 1 1 14 1 0 0 3 1 4, andalso uromc acrds Par&d fractronatron could be achieved by 
the method of Galllard’, but precrpnatron with Cetavlon6 was more effective. Acrd 
hydrolyses of the precrprtate obtamed on the addrtion of Cetavlon to a solutron of 
the hemrcellulosrc matenal m 10% aqueous potassmm hydroxrde gave only small 
quantrtres of mannose The hemrcellulose remarmng m solution gave galactose, 
glucose, and mannose, m the molar ratros 0 25 1.0 1 1, and traces of xylose Attempted 
fractronatron of thus matenal wrth bar-mm hydroxrde7 or Fehhng’s solutron’ did not 
change the hexose ratros but resulted III the ehmmation of the pentose-contammg 
matenal 

The purrfied hemlcehulose had [ali -8 9” (c 1 1, sodmm hydroxrde) and was 
only shghtly soluble m cold water Electrophoresrs (cellulose acetateg) of the derrvatrve 
dyed wrth Proclon Indicated that the hemrcehulose was probably a pure trrheteropoly- 
sacchande 

The galactoglucomannan was methylated successrvely by the methods of 
Haworth” and Hakomorr’l, and the product showed no I r absorption for hydroxyl 
groups G I c exammatron of a methanolysate showed the presence of the methyl 
glycosrdes of the followmg sugars 2,3,4,6-tetra-U-methylhexoses (glucose and 
mannose), 2,3,6-tn-O-methylglucose, 2,3,6-trr-0-methyhnannose, 2,3-dr-O-methyl- 
glucose, 2,3-dr-0-methylmannose, and 2,3,4,6-tetra-U-methylgalactose A sample 
of the methylated polysacchande was hydrolysed’ 2, and the hydrolysate was exammed 
by paper chromatography and t 1 c The rdentrtres of the above sugars were further 
confirmed, and It was evrdent that only traces of tetra-O-methylglucose were present 
A sample of the hydrolysate was reduced wrth sodmm borohydnde and acetylated 
accordmg to the method of PJOrIIdal et al l3 The products were examined by g 1 c , 

and the ratros of the peak areas for the above methyl sugars were found to be 0 06 
1 00 1 17 0 09 0 08 0 16, respectrvely 

The galactoglucomannan reduced 1 05 moles of penodate per mole of “anhy- 
drohexose” resrdue, and acrd hydroiysls of the reduced oxopolysacchande released 
erythntol and glycerol m the mo!ar ratro 5 8 1 0 Controlled, mdd hydrolyses of the 
polysaccharrde wrth acrd gave galactose as the mam product Further hydrolyses 
of the polysaccharide gave the fohowmg ohgosacchandes cellobrose, cellotrrose, 
4-U-fi-D-glucopyranosyl-D-mannose, 4-0-/I-D-mannopyranosyl-D-glucose, and the 
p-(1 + 4)-hnked-D-mannose dr-, trr-, and tetra-saccharides The rsolation of these 
ohgosaccharldes shows that there are both contrguous gh.~cosyl and mannosyl 
resrdues Treatment of the galactoglucomannan wrth an enzyme preparatron from 
Lens esculanta, whrch contamed high Q-D-galactosidase actrvrty and only traces of 
@-D-galactosidase actrvrty, almost completely released the galactose resrdues, showing 
that they are a-D-lmked The early release of these residues, on mild hydrolyses 
wrth acrd, also mdrcates that they are present as non-reducmg, terminal resrdues 
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The methylatron data can be Interpreted to gve an average molecule of d p ca 
41, wluch consists of a backbone of (1 --) 4)-lurked D-glucopyranosyl and D-manno- 
pyranosyl restdues The correspondence of dr-O-methylhexose resrdues wrth the 
tetra-O-methylgalactose restdues, and the absence of 2,3,4-trr-O-methylhexoses, 
shows that there IS no mam-chain branching It 1s also evrdent that the mam cham 1s 
almost exclusrvely terminated by mannose residues The presence of nearly equal 
quantities of 2,3-dr-O-methylglucose and 2,3-dr-O-methylmannose shows that the 
galactosyl resrdues are attached at posrtron 6 of the glucose and mannose residues to 
an equal extent The perrodate-oxrdatron results suggest that the d p for the parent 
galactoglucomannan IS shghtly lower than the value obtamed from the methylatron 
analysis 

The galactoglucomannan from red clover has a structure srmtlar to those 
found m the softwoods2, but the ratlo of glucose to mannose IS C(I 1 1 In this respect, 
the structure IS sumlar to the hemrcellulosrc galactoglucomannan Isolated from 
Cordyhne zndzvlsa 1 4 and to the endospermrc polysaccharides Isolated from varrous 
LAaceae and Indaceae’ 5-1 7 The galactoglucomannan from the stems of Stylosanthes 

humzlzs 1s also structurally srmrlar, but It was shown that the non-reducmg, terminal 
galactose resrdues are attached exclusrvely to mannose residues1 

EXPERIMENTAL 

Paper chromatography was carrred out on Schlercher and Schueli No 2043b 
paper and t 1 c on Kreselgel G (Merck), usmg the followmg n-rrgants (I) ethyl 
acetate-pyrrdme-water (8 2 1), (2) ethyl acetate-pyndme-water (2 1 2), (3) l-butanol- 
pyrrdme-water-benzene (5 3 3 1), (4) I-propanol-ethyl acetate-water (7 2 1). 
(5) l-butanol-ethanol-water-ammoma (4 1 5 trace), (6) butanone-water-ammomle 
(10 1 trace), (7) benzene-ethanol-water-acetic acid (200 47 15 1) Chromatograplnc 
detection reagents were alkalme silver nitrate, 3% p-amsrdme hydrochloride, and 5% 
naphth-1-ol/conc sulphurrc acrd G 1 c was performed on a Perkm-Elmer F 30 
chromatograph, using columns (2 m x 2 mm 1 d ) contarmng (A) 10% m-bls(nr- 
phenoxyphenoxy)benzene on AW DMCS Chromosorb W (100-120 mesh) and 
(B) 3% ECNSS-M on Gas Chrom Q (loo-120 mesh) Electrophoretrc examrratton 
of the polysacchande, as its derivative dyed wrth Procron MGS red, was carried out 
on cellulose acetate9 Polysaccharrdes were hydrolysed m sealed tubes with 0 5~ 

sulphunc acrd for 12-16 h at 100”; hydrolysates were neutrahzed wnh bar-mm 
carbonate Neutral sugars m hydrolysates were determmed by g 1 c of then denved 
glycrtol acetates (column B) 

Isolatzon of the hemzcelluloszc maternal - Ethanol-extracted, idled leaf and 
stem trssues (150 g) of red clover (Trzfoolzrtm pratense L ) were treated three trmes wrth 
2% EDTA dr-sodmm salt (2 1, pH 6 8) for 2 h at 70”. The yreld of pectrc material was 
ca 15 g The residual material was dehgmfiedwrth acrd chlonte4, and the resultant 
holocellulose (75 g) was treated with 10% potassmm hydroxtde (2 x 2 1) to grve 
hemrcellulosrc matenal (10 9 g) Further treatment with 24% aqueous sodmm 



90 A J BUCHALA, H MEIER 

bydroxrde (2 1) containing 4% of bone acrd led to the rsolatron of hemrcellulosrc 
matenal (2 4 g), wbch was the source of the galactoglucomannan. The a-cellulose 

(27 5 g) still contained ca. 3% of mannose residues 
Isolation of the qalactoglucomannan - Prehmmary fractronation of the above 

hemrcellulosrc materml, by the method of Garllard’, resulted m some losses Re- 
combmed sub-fractions (2 g) were dissolved III 10% aqueous potassmm hydroxrde 
(50 ml), and 2% aqneous Cctavlon was added until preclpltatxon was complete 

The soluble and insoluble fractions were separated by centnfugatron and treated 
with a large excess of 5% acetic acid, and the solutrons were dmlysed. The aad 
hydrolysate of the soluble fractron (300 mg; 0 2% of the plant mater@ contamed 
galactose, glucose, mannose, and xylose m the molar ratros 0 25 1 0 1.1 trace No 
alternation in the proportron of the hexose resrdues was obtamed on attempted 

fractronatron wrth banum hydroxrde or Fehlmg’s solutron 
Periodate oxrdatron of the gaZactogIucomannan - A sample (25 mg) of the 

hennccllulose was oxtchsed m the dark at 5” wrth 0 05~ sodmm metaperrodate 
The penodate consumed after 28 days was 1 05 moles per mole of hexose resrdue 
The oxopolysacchande was dralysed and reduced wrth sochum borohyclnde The 
polyalcohol was hydrolysed and exammed by paper chromatography (n-rzgants I 
and 3); erytbntol, glycerol and traces of hexose were detected A sample of the 
hydrolysate was acetylated, and g 1 c (column B) of the products revealed com- 
ponents with retention tunes identical to those of glycerol triacetate and erythntol 

m&a-acetate, m tbe molar ratto 1 0 5 8 
MethJZatzon of the galactoglucomannan - A sample (100 mg) of the galacto- 

glucomannan was metbylated tbree times by tbe method of Haworth” and once by 
the method of Hakomonll. The product was extracted with hght petroleum, and the 
resxdue (90 mg), whrch was soluble m chloroform, showed no hydroxyl absorptron 
m its I r. spectrum A sample of the methylated matenal was metbanolysed and 
exammed by g 1 c (columus A and B) , another sample of the matenal was hydrolysed, 
and the denved glycitol acetates were also exammed by g 1 c (column B) The hydrol- 
ysate was exammed by paper chromatography and t-1 c. (nngants 5, 6, and 7). The 
followmg sugars were rdentr&d 2,3,4,6-tetra-U-methylglucose, 2,3,6-In-U-methyl- 
glucose, 2,3-dr-O-methylglucose, 2,3,4,6-tetra-O-methylmannose, 2,3,6-tn-O-methyl- 
mannose, 2,3-1-O-methylmannose, and 2,3,4,6-tetra-O-methylgalactose 

Partial, acid hydroZy.szs of the galactoglucomannan. - A sample (150 mg) of 
the hennccllulose was treated with 25m~ oxahc acrd for 6 h at 100”; only gaiactose 
was released The msoluble resrdue was then heated wrth 0.1~ sulphunc acrd for 6 h 
at 100’ in a sealed tube. The neutrahzed hydrolysate was shaken wrth actrvated 
charcoal (Nonte A) and atered The aqueous phase contamed only monosaccharides 
and was &carded The charcoal was then washed on a filter with l%, 10%. and 50% 
aqueous ethanol solutions Paper chromatography showed that the fist eluate 
contamed ma&y monosaccharrdes and the other two, winch were combmed, con- 
tained mainly olrgosaccharides These ohgosacchandes were punfied by paper 
chromatography (imgants 2 and 4) to grve seven components (Table I) They were 
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Identified by direct comparison on paper chromatograms (ungants 2, 3, and 4), by 
exammatron of the hydroIysrs products of the ohgosacchandes and the correspondmg 
reduced ohgosaccharrdes, and by enzymic hydrolyses with the P-D-glucosrdase from 
almond emulsm 

Enzymzc hydroiyszs of tlzegalactoglzzcomannan -A sample of the polysacchande 
was incubated with an cl-D-galactosrdase, Isolated from the seeds of Ienttl (Lens 

esculanta Mnch ), at pH 5 m phosphate-curate buffer contamed in a dmlysls sac 
After 24 h, the drffustbIe matenal was exammed by paper chromatography (u-ngant I), 
and by g 1 c (cohnnn B) of the reduced and acetylated materral. only galactose was 
detected 
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