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ABSTRACT 

The cotyledon of the seed of itfttabtlt~~rtlapa wds found to contam CL D-glucan 

Methylatlon, perlodate oxldatlon, and graded and enzynuc hydrolysis studies were 

conducted to elucidate Its structure For every 38 D-glucosyl residues therem, 34 

are (i-4)- and 3 are (I-+3)-Inked, the D-glucosyl umt at the branch pomt IS hnhed 
through O-1, O-2, and O-4 Zn some places m the cham, there are at least three (I -3)- 

hnked D-glucosyl resldue5 m a sequence Both CA- and /I-D-gfucosldIc lmkages <u-e 

present m the polysacchande, the former preponderating The D-glucan gave with 

lodme d famt blue color that had I,,,,, 420 nm 

INTRODUCTION 

An lndlan plant, Mn rtbtIt.s /a&a, family Nyctagmaceae, produces .md stores 
a slgmficant amount of a protem-free glucan’ m the cotyledon m Its seed The seeds 
and roots of the plant are used m Indian medIcme’ for curlng syphlhtlc sores, sub- 

duing mflammatlon, and provldmg purgative actlon In this commumcatlon, structur- 

al elucldatlon of the o-glucan Isolated from It IS reported 

EXPERIMENTAL 

Descendmg paper-chromatography (p c ) was performed on Whatman No 

1 MM paper for qualltatlve separations, and Whatman No 3 M&I paper for large 
amounts The followmg solvent systems (v/v) were used (A) I-butanol-acetlc dctd- 

water (4 1 5, upper phase)3, and (B) 9 2 2 ethyl acetate-acetlc acrd-water3 Chroma- 

tograms were developed by usm g alkahne sliver rutrate reagents Evaporations were 
conducted m a rotary evaporator below 40” (bath temperature) Gel-filtration 

chromatography was performed with Sephadex LH-20, G-25, and G-100 Elutlons 

were monitored both with a dlfferentlal refractometer (Model R-403) and polan- 
metrIcally G 1 c was performed with a Hewlett-Packard Model 5713 A gas chromato- 
graph fitted with an f I d detector and glass column (1 83 m x 6 mm) packed with 

(I) 3% of ECNSS-M on Gas Chrom Q (100-120 mesh) and (2) 3 % of OV-225 
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on Gas Chrom Q (100-120 mesh) Paper electrophoreslc was conducted m a Shandon 

h@-voIta_ge apparatus. Model L 24 Opt&i1 rotations were measured with a Perkm- 
Elmer 141 polarrmeter I r spectra were recorded wrth a Beckman IR-20-A spectro- 
photometer 

fsoliltrot~ of the POIJ SCIC c im irk - The seeds were freed from the coat, and were 
powdered The materra! (10 g) was drssolved m water (500 mL) and an equal volume 

of ethanol was added. to precrpttate the poiysaccharrde material, thus was freed of 
ethanol, and redtssolved In water The precrpnatton was repeated, and the prectpttate 
obtamed was collected at the centnfuge. trtturated wtth acetone, and drred over PZOs, 
yreld S g The purrfied polysaccharrde (20 mg) wds dtssofved u-r ammomum hydrogen- 
carbonate nuffer (pH S 0), and the solutron was apphed to a column (SO x 2 5 cm) 
of Sephadex G-100 whtch was eluted wrth the sdme buffer The maJor portton of the 
materral \vas eluted as a srngle fractron, and the solutron was freeze-dried In high- 
voltage electrophores~s (40 V/cm) m borate buffer, pH 9 0, For 90 mm, It moved 
towards the anode as a smgle component The purified polysaccharrde was poorly 
soluble In cold water but moderately soluble m warm water and m 0 IM sodrum 
hydroxrde solutton It had &]F tS5” (c 0 2, water) and +91 o (c 0 1, 0 LhI NaOH 
solutron), morsture content_ 8 O”/0 Tim materral was used In further mvestrgatrons 

Hy?ro/J SW of the poI~ ~c~ccl~rn me - The polysacchande was hydrolyzed with 
0 5&r sulfurtc actd for 16 h at 100” m a sealed tube The ‘tctd was neutrahzed wrth 
barmm carbonate, and the suspenston was centrtfuged The supetnatant hquor was 
concentrated, and m p c (solvents A and B) gave only one spot, correspondmg to 
glucose The polysacchartde (2 0 mg) was next hydrolyzed wnh 0 5~1 sulfurtc actd 
wtrh mosttol (1-S mg) ds an Internal standard, and the sugars were converted mto 
theu aldttol acetates G I c gave a peak correspondmg to that of glucose (bestdes 
that of mosrtol) The proportton of glucose was estunated to be 88 0% of the poly- 
saccharrde Glucose m the neutrai hydrolyzate of the polysacchartde was also estimated, 
by usmg glucostat6, to be 89 0% 

lor[Ille cornple\r of the D-ghcatl - The absorptton spectrum of the rodme 

complex was measured under the condltlons used by Peat and co-workers’ An 
aqueous solutton contatnmg 0 02’;/, of the po!ysacchande was mrved with an equal 
volume of 0 40/0 rodme In aqueous potassmm rodrde The optrcal absorbance of the 
solutron was measured agamst a blank contammg 0 02 “A of rodme m 0 2 “/o potassmm 
todrde solutron The absorptron maxrmum was found to be at 420 nm The effect of 

salts, VIZ, (NH&)$O,, MgSO,, (NH,),P04, and CaCI,, was measured by usmg the 
same solutton, but contammg 2% of the salt 

hfetlq Iatron of the ghrcaii - Thoroughly drted polysacchartde (20 mg) was 
methylated tw,ce by the Hakomorr method ’ The final product was dralyzed, and 

the solutton freeze-drred, yield 15 mg, [a]:” t- 50” (c I 4, CHCI,) The I r spectrum 
showed no absorptton band at 3600-3300 cm-l, mdtcatmg the absence of hydroxyl 
groups The fully methylated glucan was hydrolyzed by heatmg m a bothng-water 
bath wtth 90 % formrc acrd, and then wrth 0 25-w sulfurrc acrdg The methylated sugars 
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TABLE I 

2,3,4,6-‘Tetra-0-methyl- non-reducmg 1 00 1 00 -3 I I 1 
D-glucose end-group 
2,4,6-Tn-0-methyl- (l-+3)-lmhagc 1 96 1 83 77 3 I 
D-glucose 

2,3,6-TrMl-methyl- (l-+4)-lmhage 2 50 2 32 844 33 I 
D-glucose 

3,6-Dl-U-meth)I-D-glucose (l-+2-+4)-hnhage 4 60 7 72 26 1 I 

“Retention trmes of the correspondmg aidltol acetates relatne to that of I,%dl-O-acet>l-2 3,4 6- 
tetra-O-methyl-wglucltol on (I) ECNSS-M column at 170’, and (-7) OV-725 column ‘It 170 

were converted Into thetr aldltol acetates”, and these were analyzed by g I c (columns 

I and 2) The results are given m Table I 

Parodate oxrrhtlorz - The D-glucan (4 0 mg) was dissolved In water (2 0 mL), 

and 0 04%1 sodium metaperlodate (2 0 mL) and water (2 0 mL) were added The 
reactlon was allowed to proceed m the dark at 4” The consumption of the oxidant 

was momtored spectrophotometrlcally ’ I- ’ 3, and the formic scrd Ilberated wds 

estunated” by tltratm g with 0 Olhr NaOH, using Methyl Red as the mdlcator The 

uptake of perlodate and the hberatlon of Formic acid became constant III IO h. 
correspondmg to 0 97 and 0 OS mol, respectively, per mol of hexosyl residue 

The D-glucan (40 mg) wds ovldlzed with perlodate For 10 h, the excess of the 

oxidant was decomposed with ethylene glycol, and the solutlon was dialyzed, and 

then freeze-dned This material, m water, was reduced with sodium borohydnde, 

and the solution was passed through a column of Dowex 50 (Ht) Ion-exchange resm 

Boric actd was removed by co-dIstIllatIon with methanol, and the material was 

Freeze-dried, yield 34 mg 
A part of the material (10 mg) was dissolved m 0 5~ sulfuric acid, and the 

solutton was kept for 24 h at room temperature After the usual treatment, the 

hydrolyzate was exammed by p c , besldes spots correspondmg to polyhydrlc alcohols, 

glucose and an ohgomer havmg RGIc 0 38 (solvent A) were detected 

The penodate-oxldlzed matenal (2 0 mg) wds completely hydrolyzed (along 

with an Internal standard) The proportron of glucose resIstant to perIodate was 

estrmated by g 1 c to be 9 5 % 
The perIodate-oxldlzed, reduced, mildly acid-hydrolyzed” product (-60 mg) 

was separated on thick filter-paper The zone contammg the ohgomer was cut out, 
and eluted with water The solution was concentrated, and then lyophlhzed, to give 

a sohd product, yield, 4 0 mg. It was homogeneous In paper chromatography, and 

had [cx]~” +3 ’ (c 0 1, water) The ohgomer b ‘ds methylated by the Hakomorl 
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TABLE It 

RESULTS OF METHYLATXOV STUDIES OF THE OLlCiOhlERS 

T K GHOSH, C V N RAO 

Aldcrol acecare ReleJmo>z Mole rano of metlz_vlared sugars m 
from tunea (mm) Graded-h> drolvsu PI oducr snlltll- 

w cohnin 
1 2 

Otlgomer OIIgotner Ohgorner O/lgomer O/rgomeI degraclattojl 
I II III IV V prodrrct 

3 3 4 6-Tetra-O- -3 9 , 1 00 1 00 1 0 12 10 22 10 10 
methyl-r>-glucose 
2,4,6-Trl-O- 1 96 1 83 29 19 
methyl-D-glucose 
2,3,6-TWO- 2 50 232 10 22 50 42 38 
meth) I-D-glucose 
3,6-DI-O-methyl- 4 40 3 72 10 
D-ghCOSe 

URetentlon times are gwen relative to that of 1,5-d~-O-acetyl-2,3,4,6-tetra-O-meth~I-~-gluc~tol on 
(I) ECNSS-M column at IiO”, and (2) OV-225 column at 170” 

method *, the permethylated product was hydrolyzed, and the methylated sugars 
were rdentrfied and estrmated by g 1 c The results are given m Table II 

Gt aded 11~ droll SIS - The D-glucan (I 50 mg) was heated wrth 40 y, formrc acrd 
m a borlmg-water bath for I 25 h, and the formic acid was then removed ttz vacua 

The hydrolyzate gave SIX spots m p c The nmture was separated Into Its components 

on 3 MM paper, using solvent A Each fractron Isolated was found to be homogeneous 
Fractions II-Vi were designated as ohgomers I-V These ohgomers were 

separately methylated by the Hakomori method’, and the product was isolated by 
extractron wrth chloroform The extract was washed wrth water, drred (anhydrous 
sodmm sulfate), and evaporated, and the final product wds dried over P,O, ttt wctto 

These methylated ohgomers showed no hydroxyl-group absorption-band at 3600- 
3300 cm-i m then 1 r spectra, mdtcatmg complete methylatron The methylated 
ohgomers were analyzed by the method descrrbed for methylatron analysrs of the 
gluean lo 

fiactron I(110 mg) In p c . tt moved with glucose, b]h6 f53” (c 0 2, water) 
FI actIon II (3 mg) It had [u]k6 + 115 o (c 0 24), and m p c , it moved with maltose 
On complete hydrolysis followed by g 1 c , It gave glucose On hydrolyses, the fully 
methylated derivattve yielded 2,3,4,6-tetra- and 2,3,6-tri-0-methyI-D-glucose m the 
molar ratro of 1 - I Ftactron III (3 mg) It had [u];~ + 162” (c 0 24) Complete 
hydrolysis gave glucose The fully methylated derrvatrve, on hydrolysrs, yielded the 
2,3,4,6-tetra- and 2,3,6-tri-O-methyl derivatives m the molar ratro of 1 2.1 Fractlorl 

IY (2 5 mg), [a]z + 125 o (c 0 2) On hydrolyses, the permethylated derrvattve yrelded 
2,3,4,6-tetra- and 2,3,6-tri-0-methyl-D-glucose in the molar ratio of 1 -5 F~actron V 

(2_5 mg), [ali +93” (c 0 2) On hydrolysis, the permethylated derrvattve yrelded 
2,3,4,6-tetra-, 2,3,6-trr-, and 3,6-dr-O-methyl-D-glucose m the molar ratios of2 2 -4 2 1 
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TABLE III 

RESULTS OF OYID4TION OF ACETYLATED D-GLUCAN WITH CrzO I 

--_- --_- 

0 10 0 0 
1 72 28 2 
2 55 446 
3 36 63 9 

---- - ------- _- - -- - -_ __ .- --___ 

uThe amount of o-glucose that sur~ved was meaburcd by ubmg mlo-mobitol (9 5 mg) AL the mtcmal 
standard 

Ftactmz VI (4 mg), [x]h6 -36” (C 0 33) On hydrolysis, the fully pcrmethylated 
derlvatlve yielded 2,3,4,6-tetra-, 2,4,6-tn- and 2,3,6-tn-@methyl-uglucose m the 
molar ratios of 1 2 97 3 9 

Oudatlon ~trth chtonmm tt ro~rtk - TO d mixture of the D-ghcan (10 mg) 

and i?zyo-mosltol (9 5 mg) m formamlde (1 0 mL) were added acetlc anhydrlde 
(2 mL) and pyrldme (2 5 mt), wrth stu-rln g After stlrrmg for 16 11 at room tempera- 
ture, the mixture was dissolved m chloroform (25 mL), washed with water (3 x 
25 mL), dried (anhydrous sodium sulfate), and evaporated to dryness The materIa1 
was re-acetylated m the same way The acetylatlon product was dissolved III glacla: 
acetlc acid (5 mL) and the solution kept at 50”, chrommm trloxlde (300 mg) wets 
added, and ahquots were removed at Intervals, and lmmedrately diluted with water 
to stop the oxldatlon The mixture was extracted with chloroform and the extract 
was dried (anhydrous sodmm sulfate), and evaporated to dryness The matenal so 

obtamed was deacetylated with 0 2~ sodium methoxlde, and the solution passed 
through a column of Dowex 50 (H’) Ion-exchange resm The soIutlon was evaporated 
to dryness, and the residue treated with 0 5b1 sulfuric acid for 16 h at 100” The sugars 
m the hydrolyzate were converted mto their aldltol acetates, and these were estimated 
by g 1 c The results are given m Table 111 

Etzzynuc /zydool_v~~~ - The D-glucan (20 mg) ~‘1s dissolved m 20 mL of phos- 
phate buffer, pH 5 5, and 1500 umts (u) of alpha amylase from Badlus mbtrlu 

(- 1800 u/mg) were added After mcubatmg the mixture for 12 h at 37”, dn equal 
quantity of the enzyme was added, and the mcubatlon was contmued for 12 h 
Samples were removed at Intervals of 4, 8, 12, and 24 h from the begmnmg of the 
reactlon, heated for 30 mln at loo”, centrifuged, and the supernatant liquor de- 
lomzed by passage through columns of IR-45 and Dowex 50 (H+) resms The solutions 
were concentrated to small volumes, and exammed by p c (solvent A) En all cases, 

spots correspondmg to glucose, maltose, and maltotrlose (along wth two umdentlfied 
components) were detected 

In a separate experiment, the D-glucan (20 mg) m 20 mL of phosphate buffer, 
pH 5 5, was incubated For 24 h with 2 5 mg of beta amylase, obtamed from sweet 
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potato_ After addm= 0 a fresh amount of enzyme, the mcubatlon was contmued for 
another 24 h At the end of 4s h, the mtxture was heated for 30 mm at 100”. followed 
by centrtfugatron The supernatant hquor was de-romzed, and then concentrated 
to - 5 mL_ Ethanol was added, and the white prectpltate formed was separated at the 

centrrfuge trtturated wtth acetone and drted IIZ ICICUO over P,O, yield 11 mg [z]:” 
;39” (c 0 2_ water) The beta-amylase-treated matertal (7 mg) was ouldrzed for 10 h 
m the dark at 4” wth 0 0411 sodmm metdperlodate The reactton was stopped by 
addmg ethylene glycol_ and the solutton was dialyzed and then freeze-drred. yield 
2 mg The percentage of glucose present in rt \\as esttmated by g 1 c to be 16 21j0 

RESbLTS AND DISCUSSION 

Cold-water extractton of the seeds of VU ctbrlrs ~afq.w yielded d polysacchartde 

material which wds repeatedly preclpttnted wth ethanol It W<IS further purified by 
gel filtratron through it column of Sephadex G-100 The material obtained as tne 
maJor component had [y]g6 TWO contamed 96% of glucose, and was paper- 

electrophoretlcally homogeneous The glucan gave a blue color wth todme solutton”, 
and the i,,, was at 420 nm (E,,, 0 5) (NH,),SO,, MgSO,, (NHJjPO,, and CaCl, 
had httle effect on the I,,,~~ value, btit the E,,, mcreased to 0 7 These results Indicate 
the predommance m the polysaccharrde of +(l 44) lmkages wtth short, extertor 
chams’ 6 

The D-g!ucan showed absorption bands at 1630 (br), 925, S9 1 (sh), S50, and 760 

cm e-L In the I r_ spectrum The bands at S50 and SY 1 cm- ’ were, respecttvely, nscrrbed 
to r~- and P-type plycosldtc hnkages m the polysaccharrde” The bands at S.50 and 
925 cm-’ are characterrsttc of (l-+4)-a-slucans The broad band at 1630 cm-’ was 
due to bound water” The I r spectrum, together with the posttwe specific rotatron 

(lvhtch IS much smaller than those of amylose and amylopectm), mdtcates the 
presence, u-r the D-glucan of CL- and /I-glucostdrc lmkages, the former bemg predonn- 
nant 

The D-glucan was converted mto Its fully methylated derwattve by the Hako- 

mart method’ The methyl sugar5 obtamed on hydrolysis thereof were converted 
mto then aldrtol acetates, and these were examined by g 1 c The results are gwen In 
Table 1 Presence of 2.3,6- (S4 40/o) and 2,4,6-tn-O-methyl-o-glucose (7 7 %) m the 
hydrolyzate of the fully methylated D-glucan mdlcates the existence of (l-+4)- and 
(l-+3)-lmked D-glucosyl residues m the polysaccharrde In the molar ratto of 11 _ 1 
For each 38 ~glucosyl umts m the polysaccharlde, there IS one branch pomt, and the 
Dglucosyl restdue at the branch pomt IS 1,2,4-lmked The 2,3,4,6-tetra-O-methyl-D- 
glucose obviously orrgmated from the (nonreducmg) end groups 

On pertodate oxidatron, the D-glucan consumed 0 97 mol of the oxtddnt, 
hberatmg 0 OS mol of formtc acid, per mol of D-glucosyl resrdue m 10 h The theoretl- 

cal values for perrodate consumptton and formtc actd hberatlon, calculated on the 
basrs of the result of methylatton studies, are 0 95 and 0 06 mol. respecttvely Thus, 
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the penodate-oxldatlon results are In close agreement with those of the mcthylatlon 
studies 

On hydrolysis, the penodate-owdlzed D-_plucan ylelded glycol, erythntol, and 
glucose Methylatlon studres sho\\ed that the total of (I +3)- and 1,2,4-lrnhed D- 
glucose units In the polysaccharlde was 10 3”j,, the D-gl~~osyl residues resmmt to 
perlodate oxldatlon were estimated to conwtute 9 5% These results are 111 close 
a,oreement_ Glycol and erythrrtol obwously ongInated from other portlons of the 
polysaccharlde The period&e-oxldrzed reduced product was subjcctcd to mild, acid 
hydrolysls’5, and the hydrolyzate was found to contain giucosc and dn ollgosacchande 
(besides other polyhydnc alcohols) The mrxture was separated on thlch filter-papers 
and the ohgosaccharlde wds Isolated rn homogeneous state On methylatlon and 
hydrolysis, It gave 2,3 4_6-tetra- and 54 6-tn-0-n~cthylglucosc rn the molar ratlo 
of almost 1 2 This rewlt showed that, at some places 111 the D-glucan three (I -+3)- 

llnhed D-$ucosyl residues are present III sequence 
On graded hydroiysls, the D-glUCdn gave glucose and five ollgomer< which 

\iere Isolated as homogeneous fractions They \\ere characterized by mcthylat~on 
studies The results are gwen m Table ii Olgomer I was found to be maltose, whereas 
olrgomer II and ohgomer 111 were maltotrlose and mnitohexaose respectively 
On hydrolyses, tl-e methyiated derwatwe of ohgomer [V ylelded 2,3,4,6-tetra- (2 mol), 
2,3 6-tn- (4 mol), and 3,6-dI-O-methyl-D-glucose (1 mol) Thus fragment obvrously 
orlgmated from that part of the polysaccharlde winch contalned branch points Tl11s 
oilgosacchande contaIned seven D-glucosyl unltc, but the results of the present 

studies do not prowde the exact dlstrtbutlon of D-glucosyl wilt% m the two chams 
Ohgosacchande V had a negatw specific rot&ion (-36”), and on n~ethyiatmn 
followed by hydrolysis, gave 2,3,4,G-tctra- (I moi). 2 3 6-tn- (4 moi), ,md Z 4 6-tn- 
O-methyl-D-glucose (3 mol) Tim fragment contamed both (I +4)- ‘md (I -3)- 
llnhed D-glucosyi umts and had some /I-giucos!dIc I~nhapcc Smith degrad&on of 
the Intact poiysaccharlde ylelded a tnmer cont,unlng ( I +3)-i1111\q2s and the gr‘lded- 
hydrolysis studies supported thi\ conclusion 

The peracetate ofthe @wan ~~1s subJected to chrornlum trlovdc ovdCttlon’” 

The results gven rn Table III show that some D-glucosyl re\lducs \jcrc removed 
during the oxldatton, but the rate wcls low As Cr,O, ovldlzes /I- fdsttr than 4mhcd 
sugar resIduesi’, It was concluded that the po!ysacch,wdc conLuns F ‘md /I-D- 
glucosldlc linkages, the former bemg preponderant DIgestIon of the D-glucan wth 
alpha amylase ylclded major quantmes of D-glucose waltose, maltotnosc, ,md ‘c 
small proportlon of D-glucc-ohgosaccharldes 

The proportlon of oilgosacchandes decrec?w_! wth lncredse In Incubation tlmc, 
mdlcatmg the presence of a majority of t(-( I +4;-tlnkages m the polysacchande On 
treatment wth beta amylase, the giucan gave gluco~c rrz’tose nnd an ollgosacchande 
The yield of the last ~‘1s - SO‘yO of the polysacclwnde, .*nd It had a specific rotation of 
i-39” As beta arnylasc spcc15c~lly cleaves ~(1 -t4)-lmied D-_rlucosyl groups from 
non-reduclnp ends, It IS concluded that the presence of (I +3)-lmked D-glucosyl 
trnrts or P-hnkases, or both, m the polysdccharlde chain doe< not allow the enzyme to 
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degrade the molecule completely mto small fragments- this IS further supported by 
the fact that perlodate oxldatton of beta-amyIase-treated material yIelded a material 

contammg 16 2 “/, of D-glucose. whereas the Intact polysaccharlde contamed 9 5 % of 
D-glucosyl umts reslstant to perlodate 

From these results, rt IS possible to outhne the structural features of the D- 

glucan Isolated from the seed of i/lrabrlrsJalapa The polysacchande IS a D-&car 

contammp g-( l-+4)- and (1 43)-lmked (7 S %) residues, there are some P-D-glucosldlc 
hnkages present m the charn At certam places In thecham, (I -+3)-hnked trrsaccharldlc 

umts are present The moIecule IS branched_ and Z-3”/” of the D-glucose umts m It 

areJoIned through O-l, O-2.. and O-4 From these results, It IS not possible to state 

the exact lengths of exterior and mterlor chams, or the dlstrlbutron of (l-+3)-hnkages 

m the poiysaccharide molecule 
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