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Abstract-A glucomannan contammg D-glucopyranosyl and D-mannopyranosyl residues m the molar ratio ca 
1 3 3 has been extracted with water from the tubers of Orch~s morto The polysaccharlde has a me of ca 665 
and consists of a backbone of fi(1 + 4Fhnked glucosyl and mannosyl residues with ca 7 branch points per mole- 
cule, probably at C3 poslhons of the hexose residues The polysaccharlde contams acetyl groups hnked almost 
exclusively to the C2 or C3 poslbons of mannose residues Structural studies showed that this water-extracted 
glucomannan IS slrnllar to the material of the mucilage globules which had been mechamcally separated and 
Isolated from the tissue of young tubers 

INTRODUCTION 
THE tubers of orchls species contam a water-soluble reserve polysaccharlde which has been 
named salep mannan Early workers’g2 showed the mucilage to be a (1 -+ 4) linked mannan 
of high m” which is partially acetylated Later studies3 showed that the salep mannan 
from various species of orchids consists of a glucomannan contammg fl(1 -+ 4tlmked D 
glucopyranosyl and D-mannopyranosyl residues m the ratio ca 1 3 3 Methylatlon analy- 
sis mdlcated that the glucomannans isolated from some species could be branched3 and 
it was also stated that acetyl groups were absent 3 Structural stu&es, reported below, have 
been carried out on glucomannans isolated from the young tubers of Orchls mono Related 
work on the biosynthesis of salep mannan has already been published 4*s 

RESULTS AND DISCUSSION 

The plants were harvested during the months of June-August and the young tubers were 
immediately ground and heated m boiling EtOH to inactivate the enzymes present 2 The 
crude polysaccharlde obtained from the aqueous extract of the plant material was treated 
with c(- and fl-amylase to degrade starch The residual polysaccharlde on acid hydrolysis 
gave glucose and mannose m the molar ratio 1 3 3 and preclpltatlon with Fehhng’s solu- 
tion did not significantly alter this ratio 

The mucilage m orchid tubers 1s formed m speclahzed very large cells which are finally 
completely filled out with the polysaccharlde Whole mucilage globules, free of starch and 

1 KLAGES, F and NIEMANN, R (1936) Ann 523,224 
’ HUSEMANN, E (1940) J Prakt Gem 155,241 
’ DALOUL, M , P&E,, F and COURTOIS, J E (1963) Bull Sot Chrm Bzol 45, 1247, COURTOIS, J E , DALOUL, 

M and PETEK. F (19631 Bull Sot Chum Bzol 45, 1255. PETEK, F , COURTOIS, J E and DALOUL, M (1963) 
Bull Sot Chmi. Bkl 45; 1261 

4 FRANZ, G and MEIER, H (1971) Plantu Med 19,326 
5 FRANZ, G (1973) Phytochermstry 12, 2369 
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other extraneous material were Isolated On acid hjdrolysls they reledsed gluco% .~nd 
mannose m the molar ratlo 1 3 6 

The water-extrdcted glucomdnndn wds methylated successlvelq bq the methods of Ha*- 
orth6 and Hakomorl’ and the product showed no hydroxyl absorption m Its IR spectrum 
A sample of the methylated glucomannan wds methanolysed dnd examined bq GLC A 
second sample wds hydrolysed’ and the derived glycltol acetates Mere exdmmed by GLC 
The hydrolysdte was also esammed by PC ,md TLC The follo&mg sugars Nere ldentlfied 
2 3 4 6-tetra-0-methvlhexo~e (gluco~ dnd mdnnose), 2 7 h-trl-0-mcth\lmdnnose ? 3 6-tn- 
0-methylglucose dnd dl-0-meth!lheuose III the peak ared ratio 1 0 59 18 5 0 5 The dl-O- 
methylhexose 17 neither 2 3-di-0-methylmdnnose nor 2 3-dl-O-meth)lglucose but IS prob- 
ably a mixture of the corrcspondlng 2 h-dl-0-methylheuoses 0111~ tlacec 01 tetrd-O-methyl- 
glucose were detected 

The mucilage globules were methylated and exdmmed m the waq described for the 
water-extrdcted glucomannan Hqdrolyus of the fully methylated material gave 
2,3,4,6-tetrd-O-methylhexose (glucose and mannose), 2 3 6-tn-O-methylmannose, 2.3,6-tn- 
0-methylglucose and dl-0-methylhexose m the peak area ratio 1 0 3 1 10 0 6 

The methylated writer--�extrncted glucomdnnan dnd the methylnted globules from the 
mucilage cells dre quite slmllar However the percentnge of non reducing end groups 
(tetrd-O-methylhexoses) and nlso that of the br,mch pomts (dl-0-methylhexoses) IS about 
twice as high in the glucomnnndn 01 the mucilage globules thdn m the !+d(ter-extrdcted glu- 
comanndn This difference could be expldmed by \ome depolymenzatlon during the some- 
what lengthy, but necessary treatment of the water-extracted glucomanndn with the amy- 
lases As It IS difficult to estlmdte the values for the IFn from the methylatlon dnalysls 
(the difference m the quantities of the tetra-0-methylhexoses and dl-0-methylhexoses 
bemg small) the water-extracted glucomannan was nitrated9 and the molecular Relght wds 
determmed by membrane osmometrq A value of LN 665 wds obtdmed L’ang this value 
and the percentage of tetm-0-methylhevose the number of branch pomts m the water-ex- 
tracted glucomanndn IS ca 7 per molecule In the native glucomanndn (mualdge globules), 
whose m, wds not determmed by osmometi y, the number of br‘mch pomts for d molecule 
of a certain m,, appears to be about twice that of the water-extracted glucomannan 

The wdtci-extracted glucomanndn on pdrtlal dcld hjdroljsls gave rrlter lrliu the follow- 
ing oligosdcchdndes mannoblose, 4-0-/?-I>-mnnnopyranosyl-r,-glucose 4-0-p-i+gluco- 
pyranosyl-u-mannose, celloblose, mannotrrose 4-0-fl-u-glucopyrdnosyl-II-mannoblose, 
4-0-/3-D-mannoblosyl-D-glucose and probably mannotetrnose The isolation of these oh- 
gosacchdrldes shows that there <ire both contiguous glucosyl ‘md mdnnosyl lesldues which 
are ,/I(1 -+ 4)-linked 

The acetyl content of the glucomannan I\ LLI 5 3’:; and on dedcetyldtloll the polysacchar- 
lde becomes water msoluble %mple\ of the ‘-lcetylated and dedcetyldted polysacchdrides 
were oxldlzed with NaIO,, the oxldlzed pol>s~lcchandes kvere reduced \+~th NaBH, and 
hydrolysed The polysacchnrlde which had been dedcetylated gave glycerol, erythntol, 
mannose and glucose in the mol‘tr rdtlo 1 0 35 4 0 2 0 2 W~~IWC the dcetylated materId 
gave these compounds In the rdtio I 0 9 4 2 2 trace In the ncetyldted sample d high pro- 
portion of the mannose reslducs but only a few glucose lesldue\ survived oxidation The 

6 HAWOR-IH W N (1915) J Ch~ SOC 107, 8 
7 HAKOMORI S (1964) J BIO&VI (Tokyo) 55, 205 
* BOIVEXG, H 0, KIES~LIX~~, H LI~IIR~RG B dnd MCKAI, J E (1962) Acta GWVZ SCUM 16. 615 
’ DAMDSO~ G F 11938) J 7e\rilc In\r 29. T195 
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small quantities of survlvmg hexose residues m the deacetylated sample probably arose 
from branching at C3 posltlons or from mcomplete oxldatlon The acetyl content and the 
proportion of mannose residues resistant to oxldatlon (17 5%) are m good agreement if 
one assumes that Mrtually all of the acetyl groups are lmked to C2 or C3 posltlons of man- 
nose residues In this respect the glucomannan IS similar to that isolated from Pius sylues- 
trls lo The branch pomts most probably occur at C3 positions of hexose residues The 
work of Courtols et al 3 on the glucomannans of LoroglossuvM h~czvl~rn and Orchls mtactu 
(7) suggested that branching occurred at C6 positions 

EXPERIMENTAL 

General methods PC was on &h&her and Schuell No 2043b paper and TLC on Kieselgel G (Merck) using 
(a) EtOAc-pyridme-H,O (8 2 I), (b) EtOAc-pyridine-HZ0 (2 1 2), (c) EtOAc--HOAc-H,O (9 2 2) containing 
055% phenylboromc acid, (d) MeCOEt-H,@NH, (100 50 3). and (e) n-BuOH-EtOH-H,O-NH, 
(4 1 5 trace) Chromatograptuc detectIon reagents were alkaline AgNO,, naphth-1-ol-cone H,SOa or NaIO,- 
benzidme A Perkin-Elmer F30 chromatogra<h was used for GLC &th glass dolumns (2 m x 2 mm I d ) contam- 
me. (a) 3”/, ECNSS-M on Gas Chrom 0 (lOG120 mesh) and (b) 10% n&s (m-ohenoxvuhenoxv)benzene on AW 
DMdS bhromosorb W (100-120 mesh) ‘Hydrolyses w&e ca&ed out wlth‘0 5’ M H,Sb, at lib’ for 1 hr m an 
autoclave and the hydrolysates were neutrahzed with BaCO, The sugars m hydrolysates were estimated by GLC 
(column a) of then glycltol acetates - 

lsolatton and DP, determmatlon of the glucomannan The plants (O&us morlo L ) were harvested during the 
months of June-August The young tubers were lmmechately separated, rinsed with H,O and homogemzed at 
4” The plant tissue was then heated m boiling EtOH for 1 hr to mactlvdte enzymes’ and subsequently extracted 
with HZ0 for 15 hr The polysaccharide was precipitated by the addition of EtOH (4 vol), dissolved m HZ0 
and incubated with a mixture of a-amylase (bacterial, Fluka) and P-amylase (from barley, Fluka) for 4 days (pH 
5 8,35”)m order to degrade contammatmg starch The low MW degradation products were removed by dialysis, 
neither mannose nor any mannose contammg ohgosaccharide was detected m the chffusible material The purl- 
fied polysaccharide had [%I~’ - 36” (c 0 9, H,O), OAc 5 3% and on acid hydrolysis gave glucose and mannose 
m the molar ratio 1 3 3 A sample (200 mg) of the glucomannan was nitrated’ (N, 12 4%) and the m. was deter- 
mmed to be ca 665 by membrane osmometry using a Sartorius SM 11539 membrane and butyl acetate as solvent. 

Isolanon ofthe ennre content of the m&age cells Freshly harvested (August) young tubers were cut mto slices 
ca 5 mm thick and the exposed tissue was mcnstened with 70”” EtOH Bv scraping over the surface with a razor 
blade large mucilage globules could be removed from the tissue This material uas lmmechatelq suspended m 
70% EtOH and the suspension was subjected to nuld ultrasomc treatment at 0” for 5 mm to remove adhering 
starch granules and other cell debris from the globules of mucilage Floating cell debris was removed by 
decantahon and the starch granules were removed by filtration through a sieve (mesh size 0 3 mm) which exclusl- 
vely retained the mucilage globules The above procedure was repeated until nucroscopic exarnmatlon revealed 
them to be free of extraneous material The mucilage globules, which readily dissolved m Hz0 had [~]b’ -42” 
(c 0 5, HZO) and on acid hydrolysis gave glucose and mannose m the molar ratio 1 3 6 

Methylatlon of the water-extracted glucomannan and the m&age globules A sample (100 mg) of the water-ex- 
tracted glucomannan was methylated successively by the methods of Haworth and Hakomori ’ The product 
was extracted with petrol, and the residue (100 mg, yield 825;) wluch was soluble m CHC13 showed no hydroxyl 
absorpbon m Its IR spectrum (Ccl4 soln) A sample of the methylated polysaccharlde was heated with 4% 
MeOH-HCl m a sealed tube at 100” for 12 hr The methanolysate was directly examined by GLC (column b) 
and the followmg sugars were identified as the methyl glycosides by comparison with authentic compounds 
2,3,4,6-tetra-O-methylmannose, 2,3,6-tri-0-methylmannose, 2,3,4,6-tetra-O-methylglucose, 2,3,6-tri-O-methylglu- 
case and &-O-methylhexose A sample of the methylated polysaccharide was hydrolysed,8 reduced with NaBH, 
and acetylated with Ac,O-pynchne (1 1) The followmg sugars were identified by GLC (column a) as their de- 
rived glycitol peracetates by comparison with authentic compounds 2,3,4,6-tetra-O-methylmannose and 2,3,4,6- 
tetra-0-methylglucose (unresolved), 2,3,6-trl-0-methylmannose 2,3,6-tri-0-methylglucose and d mixture of 2,6-d1- 
0-methylhexoses (7) (glucose and mannose) Another sample of the hydrolysate was examined by TLC and PC 
(Irngants D and E) and the ldentltles of the above sugars were further confirmed The above methylation proce- 
dure was repeated usmg a sample (ca 50 mg) of mucilage globules to yield a product (16 mg yield 6O”J wiuch 
showed no hydroxyl absorption m its IR spectrum GLC exammdtion (column a) of the glycltol acetates in a 
hydrolysate of the methylated material showed it to be similar to the hydrolysates of the methylated glucoman- 
nan 

Partial acid hydrolysis of the *ater-extracted glucomannan A sample (3 g) of the glucomannan was dspersed 
m 2O/, H,SO, (600 ml) and heated for 5 hr at cu 100” The cooled hldrolqsdte was neutralized (BaCO,), deionized 

lo MEIER, H (1960) Acta Chem Stand 14,749 
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(Dowex 50 Hf) and reduced m vol The hydrolysate was frdcbonated on a column of activated charcoal and 
cehte (1 1) usmg a H,O-EtOH grddlent The fractions were further purified by PC (irngant B) to give glucose, 
mannose and 8 ohgosaccharldes These ohgosaccharldes were identified by direct comparison with authentic 
compounds and by their R, values lo The ohgosacchandes were further examined by comparison of the hydrolq- 
sates of the ohgosaccharldes and the correspondmg reduced ohgosaccharldes (PC, irrlgants A dnd C, GLC, col- 
umn a) 

Perrodute oxldatlon of the ylu~omannan ” A sample of the polysaccharlde was treated with IO?:, NaOH oter- 
night and the deacetylated polysaccharlde wdq recovered Samples (50 mg) of the glucomannan and the dedcrty- 
lated maternal were oxidized with 005 M NdIO, at room temp m the dark After 10 ddys the consumption of 
perloddte determined spectrophotometrlcally, I2 became almost constant Vdlues of 0 8 dnd 1 05 mol of periodate 
per hexose residue were obtdmed for the acetjldted and dedcctylated samples respectively The periodate u’as 
removed by dialysis and the oxopolysaLLharlder were reduced with NaBH, The product5 were hydrolqsed and 
PC (Irrigant A) showed the presence of glycerol erythrltol glucose and mannobe The hqdrolysates were reduced 
with NaBH, dnd acetyldted with Ac,C&NaOAc The glycltol acetate mixtures were exdmmed by GLC (column 
a) dnd the following compounds were identified by comparison with duthentlc samples glycerol triacetate, eryth- 
ritol tetrddcetate, ghmtol hexdacetate and mannitol hexadcttate 
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