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ABSTRACT 

A degraded gum obtamed from mangle gum by autohydrolysls consists of 
residues of L-arabmose, o-galactose, L-rhamnose, o-galacturomc acrd, and 4-O- 
methyl-D-glucuromc acid m the molar proporttons of 15 13 5 26 7 36 4 1 Electro- 
phoretrc data mdrcated that the degraded gum IS homogeneous Methylanon studtes 
showed that the polysaccharrde has a highly branched structure Hydrolysis of one 
mole of (a) the neutral part of the methylated polysaccharide yrelded 2,3,5-trt-O- 
methyl-L-arabinose (4 moles), 2,3,4,6-tetra-O-methyl-D-gdactose (1 mole), 3,4-h- 

0-methyl+rhamnose (1 mole), 2,5-dt-0-methyl+arabmose (2 moles), 2,4,6-&r- 
O-methyl-D-galactose (1 mole), and 3-0-methyl-L-rhamnose (1 mole), and of (II) the 
aczlc part of the methylated polysacchande yrelded seven sugars, namely, 2,3,4-n-r- 
0-methyl-D-galacturomc acrd (3 moles), 2,3-dr-0-methyl-D-galacturomc actd (1 moIe), 
4-O-methyl-2-0-(2-O-methyl-D-galactopyranosyluromc actd)-L-rhamnose (4 moles), 
3,4-dr-0-methyl-2-0-(2-O-methyl-D-galactopyanosyluromc acrd)-L-rhamnose 
(2 moles), 3-0-methyl-2-0-(2,3,4-b- 0-methyl-o-galactopyranosyluromc actd)-r, 
rhamnose (2 moles), 2,4,6-tn-O-methyl-3-0-(2,3,4-~-O-methyl-~-galactopyranosyl- 
uromc acrd)-D-galactose (2 moles), and 2,3,6-tn-0-methyl40-(2,3,4-tn-O-methyl- 
o-glucopyranosyluromc actd)-o-galactose (2 moles) Penodate-oxtdation data sub- 
stanuated the results of methylation studies Smrth and Barry degradatrons were also 
performed From all these results, a tentative structure for the degraded gum is grven 

INTRODUCTION 

In a prevrous commumcatronl, It was reported that, after bemg subJected to 
purrticauon and fracuonatron, the mangle gum obtamed from the South Amencan 
plant Rhzzophora mangk L. gave one frachon that was homogeneous On graded 
hydrolysis, thrs yielded neutral and acuhc ohgosaccharides which were isolated and 
then structures estabhshed For a degraded denvattve of mangle gum that was 
obtamed, a tentattve structure has now been assigned to its repeating umt from the 
results of methylation, penodate oxrdatron, Smrth degradatron, and Barry degradatton 
studtes 
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RESULTS AND DISCUSSION 

The homogeneous fractron of the mangle gum was subjected to autohydrolysrs, 
and a degraded gum havmg [&” +30” was Isolated Electrophorees of tbrs product 
on srhca gel plates, wrth borate (pH 9 5) and phosphate (pH 8 0) buffers, showed that 
It was homogeneous It was found to contam resrdues of galactose2, 13 5, arabmose3, 
I5 0, rhamnose4, 26 7; galacturonic acid’, 36 0; and glucuromc acld6, 4.1% 

The polysacchande was methylated by Kuhn’s method’, followed by Furdre’s 
method8 , to yield a fully methylated denvatrve whrch was subjected to methanolysrs 
and then de-estenficatron. The acrd fractron was adsorbed on a column of an amon- 
exchange resin, and the neutral sugar fmctron m the eluate was hydrolyzed It was 
found to contam srx methylated sugars, which were separated mto homogeneous 
fractions and rdentrfied, the mole proportion of each was also determined The acid 
sugar portron was then lsplaced from the resm column and, after hydrolysu, was 
separated mto its indrvrdual components Each sugar was converted mto Its methyl 
ester methyl glycosrde, which was reduced and the product hydrolyzed, two 
methylated monosaccharides and five methylated drsacchandes were obtamed On 
further hydrolyses, the latter group yrelded metbylated sugars, these were separated 
mto the mdrvrdual components, which were then identified through the preparatron 
of smtable, crystalhne derrvatrves A portron of the nuxture of methylated, acrd sugars 
was separated by quantrtatrve, paper chromatography, and theu amounts were 
determmed by the dry-weight method The results are grven m Table I 

As the degraded gum contams 40% of uromc acid residues, It should theoretr- 
tally be possible to obtam about 80% of the materral as aldobrouromc acrds, provrded 
that one uromc acrd umt IS not hnked glycosrdrcally to another. Of the 38 sugar 
resrdues m the repeatmg umt of the degraded gum, 10 were found to be present m the 
neutral fractron, and 4 as monoglycuromc acrd resrdues The remarmng 24 umts are 
present as 12 aldobrouromc acrd resrdues, of whrch 2-O-(a-D-galactopyranosyluromc 
acid)-L-rhamnose constrtutes about 75% From these results, it is obvious that the 
mam cham of the polysacchande 1s composed of aldobrouromc acrd resrdues, namely, 
those of 2-O-(a-D-galactopyranosyluromc acid)-L-rhamnose The O-3 atoms of all of 
the D-galacturomc acid resrdues, and O-3 of most of the L-rhamnose resrdues m the 
mam cham, are glycosnhcally hnked to other sugars. Of the umts hnked to acrd sugar 
resrdues m the mam cham, some are D-galacturomc acrd resrdues which either form 
the nonreducmg ends or are, m turn, Jomed through O-4 to other sugar umts The 
remaining aldobiouronic dcid units are present as 4-0-(4O-methyl-/3-D-gluco- 
pyranosyluromc acrd)-D-galactose and 3-O-(/?-D-galactopyranosyIuromc acrd)-D- 
galactose In these two aldobrouromc acrds, the reducing-end sugars are not lurked 
at any posmon other than O-l For the degraded gum, one of the possrble structures 
of the repeatmg umt that can accommodate all of these facts 1s shown m Fig. 1. 

To venfy L&e results of the methylatron studies, the polysacchande was subjected 
to penodate oxidation, the progress of the reactron bemg momtored by a spectro- 
photometnc method’ lo, One molar proportron of hexose resrdue consumed 0 69 mole 
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of the oxidant in 28 h, srmultaneously hberatmg 1 mole of fomuc acrd per 5 6 molar 
proportrons of hexose residue. Assummg the correctness of the structure deduced 
from the results of methylatron studies, the results for perrodate uptake and for-mm 
acrd hberatron are 0.71 mole and 4 8 moles, respectrvely The results are m reasonable 
agreement wrth the expenmental values (w&m the lrmrt of the expenmental error) 

Smith degradatron’ 3 of the oxopolysacchande yrelded galactose, arabmose, 
rhamnose, and galacturomc acid, but no glucuromc acrd The proportrons of the 
sugars resistant to perrodate oxrdatron were estrmated to be galactose, 8 5, arabmose, 
12 9, rhamnose, 20 5, and galacturomc acid, 17 0% The values calculated on the 
basrs of the structure proposed were galactose, 10 5, arabmose, 5 3, rhamnose, 18 3, 
and galacturomc acrd, 13 8% The percentages of galactose, rhamnose, and 
galacturomc acrd resrdues resrstant to penodate are m reasonable agreement with the 
theoretical values, but, for arabmose, the expected value IS less than that found 
expenmentally It 1s possible that some of the sugar resrdues at the noureducmg ends 
are hnked at O-3 to other sugar umts, but the methylation studres defimtely mdrcate 
the presence of L-arabmofuranose residues as nonreducmg ends Thus discrepancy 
could not be resolved from the data thus far obtamed 

On rmld hydrolyses, the Seth-degraded product hberated galactose, rhamnose, 
and galacturonic acid (besrdes polyhydnc alcohols, and other aldehydes) After 
treatment wrth acrd, the resultmg matenal was subJected to a second penodate 
oxldatron, and rt was found that some of the galactose, arabmose, rhamnose, and 
galacturomc acrd resrdues resisted tlus second oxldatron Thrs result IS exphcable If 
the structure contams a chain of (l-+3)-hnked arabmose resrdues, a cham of (l-+3)- 
hnked galactose readues, and rhamnose and galacturomc acrd residues that are 
huked at O-3 to the (l--+3)-hnked side-chams 

Barry degradatron 1 4 of the degraded gum yrelded galacturonrc acrd, galactose, 
rhamnose, an aldotnouromc acid, and a reducmg matenal that remamed at the orqgm 
of a paper chromatogram From the assrgned structure (see Frg 1) of the repeatmg 
umt of the degraded gum, galactose, rhamnose, and galacturomc acrd should be 
present m the Barry-degraded product as monosaccharide resrdues Besrdes an 
aldotnouromc acrd contarmng rhamnose and galacturomc acrd resrdues m the ratro 
of 2 1, another fragment, contarmng galactose, arabmose, rhamnose, and galacturomc 
acrd residues, should also be present Actually, the aldotnouromc acrd obtamed was 
found to contam rhamnose and galacturomc acid residues m the ratio of 2 1 The 
perrodate-oxrdatron studres on this matenal suggest the structure deprcted m Fig 2 
The matenal retamed at the ongm was electrophoretxally homogeneous, and 

contamed Gal, 22 0, Ara, 12 5, Rha, 32 3, and GalA, 30 4% On the basis of the 

GolPA-Cl-21-RhOP 
3 

t 
1 

Rhop 

hg 2 Structure of fraction 1 Isolated from the Barry-degraded product 
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structure proposed, a large fragment of the polysacchande, whose structure is grven 
m Frg 3, should be obtamed on Barry degradatron of the degraded gum Thus 
fragment should contam Gal, 23 0; Ara, 14 0, Rha, 30 0, and GalA, 30 0% Thus, 
the results of penodate oxrdatron and Snnth and Barry degradatron gave further 
support to the structure assrgned to the repeating umt of the degraded mangle gum 

Gol~A-(1-Z)-i=!nap-(l-4~-Gol~~-~l~2~-Rha~-~l--J~ GCJ ;A-(’ -21-9’lo~-(1-4)-Gol 
3 3 3 

I 

Galp-(1-3)-Go1p 

Fig 3 Structure of fraction 2 Isolated from the Barry-degraded product 

EXPERIMENTAL 

GeneraI - All specific rotattons are eqmhbrmm values Uniess otherwrse 
stated, all evaporations were conducted m t/acne at 30&l” Whatman No 1 MM 
filter paper was used for partttton paper chromatography, and large quantrtres of sugar 
nuxtures (up to 200 mg) were separated on Whatman No 3 MM paper The solvent 
nnxtures (v/v) used for partrhon chromatography of sugars and then derrvattves were 
(A) 18 3 1 4 ethyl acetate-acettc acrd-fornuc acrd-water, (B) upper layer of 4 I 5 
I-butanol-acetrc acrd-water, (C) 5 5 1 3 ethyl acetate-pyrrdme-acetrc acrd-water, 
(0) 8 2 1 ethyl acetate-pyrrdme-water, (E) upper layer of 4 1 5 I-butanol-ethanoi- 
water, and (J’) azeotrope of 2-butanone-water The spray reagents used were 
(a) amhne oxaiate, (b) amime hydrogen phthalate, and (c) aikaime stlver mtrate 

The kmetics of penodate oxtdatron were studred spectrophotometrrcally’ lo 
and the amount of forrmc acrd hberated was determmed by tttratmg rt wrth standard 
sodmm hydroxrde ’ 1 The mole fractron of each merhylated sugar was deternnned by 
the alkaline hyporolte method 

Autohydroiysrs of the punfed gum, and isolation of the degraded gum - A 
solution of the punfied gum (1 g) m water (50 ml) was de-romzed wrth Amberhte 
IR-120 (I-I+) Ion-exchange resm, and the resultmg solutron (pH 3-4) was drluted to 
103 ml wrth water and heated on a bothng-water bath At regular Intervals, a small 
portron of the hydrolyzate was added to an excess of ethanol (to precrprtate the 
hydrolyzed material) and the supematant hquor was exanuned by paper chromato- 
graphy Arabmose was detected first, and then two slow-movmg spots, after 9 h, 
gaiactose began to appear 

The gum (IO g) was, therefore, subJected to autohydrolysrs for 9 h as Just 
described, and the product was dralyzed against drstrlled water The degraded gum 
was Isolated by lyopluhzmg the dralyzate; yreld 8 29 g, motsture, 3%, [a]:’ t30” 
(c 0 1, water), OMe (found), 1 2% The degraded gum was found to contam 
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galactose2, 13 5, arabmose3, 15 0, rhamnose4, 26 7, galacturomc acrd’, 36 0, and 
glucuromc acid’, 4 1% 

Methylatron of the degraded gum - The degraded gum was methylated 
accordmg to Kuhn’s method7 Dried, degraded gum (1 4 g) was well dispersed m 
drmethyl sulfoxrde (70 ml), and the suspensron was drluted with NJV-drmethyl- 
formannde (35 ml) A mrxture of barium oxide (11 3 g) and barium hydroxide 
(11 3 g) was added m small lots, followed by drmethyl sulfate (25 ml), whrle It was 
stirred at 0” under a nitrogen atmosphere After 2 h, the mrxture was made alkaline 
with hqmd ammoma, and extracted wrth chloroform The extract was concentrated, 
and the partially methylated polysaccharrde was precrprtated with acetone, yreld, 
1 2 g Thrs product (1 g) was sublected to Purdue methylatron’ SIX trmes, the product 
was then considered to be fully methylated, as It showed no OH band m Its infrared 
spectrum, yield 900 mg, [MI;’ - 34” (c 0 5, chloroform), OMe, 42 0% 

Methm~ol~srs, arld separatron of the neutral and acrdrc cwnponents of the 
methylated, degraded gwn - A solutton of the methylated, aegraded gum (600 mg) 
m dry. methanohc hydrogen chlonde (2 5%, 20 ml) WP~ boiled for 16 h under reliux, 
the optical rotation of the solutron had then become constant The solvent was 
removed under dununshed pressure, and tL-p resultmg syrup was dissolved m water 
The solutron was neutralized (Ag2C0,), the precrprtate was centrifuged off, and the 
solutron was evaporated to a syrup, thus was heated with 2% bar-mm hydroxide 
solutton for 4 h at 80”, and the base was then neutralized by passing m carbon 
dtoxrde gas The solid was centnfuged off, and washed with warm water The resulting 
clear solutrons were combmed, and passed through a column of Amberhte IR-l?O 
(Hf) ron-exchange resin, and then through a column of Dowex-1 X-4 (HCO;) resm 
to adsorb the actd sugars The Dowex column was washed wrth water (2 htres), and 
the neutral solutton and washings were combmed and concentrated 

The neutral solutton (10 ml), coniauung the methyl glycosldes of the neutral 
sugars, was hydrolyzed with 0 5h1 sulfurrc acid for 12 h on a borhng-water bath (unttl 
the optrcal rotation was constant) The solutron was then cooled, made neutral with 
BaCO, , the suspension centrifuged, and the supernatani liquor de-romzed and 
evaporated to a syrup (220 mg) On paper-chromatographrc exammatron of the syrup 
(solvent F), spots correspondmg to SIX methylated sugars were detected 

The mixture (200 mg) was separated into Its components on thick filter-paper, 
and each of the mdtvrdual methylated sugars was obtamed m a homogeneous state 
They were Identified through then specrfic rotatrons, by other properties of the 
crystallme products, or by preparation of suitable denvatrves (see Table II) 

Exarnlnatlon of the acldx components of the methylated, degraded gum - The 
column of Dowex-1 X-4 resm whrch had adsorbed the acrd sugars from the hydrolyzate 
was eluted wrth 0 2~ sulfunc acrd The eluate was made neutral with BaCO,, the 
suspension was filtered, and the sohd was washed wrih water The filtrate and washmgs 
were combined, passed through a column of Amberhte IR-120 (Hf) resm, and the 
eluate evaporated to a syrup The resultmg methyl glycosrdes were hydrolyzed wrth 
0 05&r sulfunc acid for 6 h on a borhng-water bath, and the hydrolyzate was made 
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neutral and filtered The filtrate was passed through a column of Amberhte IR-120 
(Hf) resm, and the eluate was evaporated to a syrup (330 mg) On paper-chromato- 
graphic exammatron with solvent E, seven spots were detected 

The mrxture of methylated, acid sugars (300 mg) was separated into rts com- 
ponents by paper chromatography with solvent E Each fractron was converted mto 
rts methyl ester methyl glycoside, and each of these was reduced wrth hthmm alummum 
hydnde m dry ether Hydrolysis followed by the usual treatments yrelded a methylated, 
neutral sugar from each (see Table III) 

Perzodate oxzdation of the degraded gum - The degraded gum (2 mg) was 
treated wth 0 1~ sodmm metapenodate m the dark at 0’ Consumption of the oxidant 
and hberahon of formic acid became constant m 27 h, correspondmg to 0 69 mole of 

oxidant per mole of hexose residue and 5 6 moles of hexose resrdue per mole of 
fonmc acid 

Smitlz degradation - The penodate-ox&zed, degraded gum (175 mg) was 
reduced wrth sodrum borohydnde Part (5 mg) of the resultmg materral was 
hydrolyzed with 0.5~ sulfunc acrd for 12 h at 100” The hydrolyzate was made neutral 
wrth BaCO,, treated m the usual way, and examined chromatographreally Besrdes 
spots correspondmg to lower polyhydnc alcohols, aldehydes, and acids, zones of 
galactose, arabmose, and galacturomc acrd were detected The proportion of each 
sugar resrstant to penodate oxrdatron m the reduced, penodate-oxrdrzed, degraded 
gum was e&mated to be galactose ‘, 8.5, arabmose3, 12 9, rhamnose4, 20 4, and 
galacturomc acrd’, 18 2% 

A portron (175 mg) of the reduced, penodate-oxnhzed, degraded gum was kept 
wrth 0 5M sulfunc acrd (40 ml) for 3 days at room temperature, and then the solution 
was made neutral, the suspension was filtered, and the filtrate was concentrated to a 
small volume On paper-chromatographlc exammatron, m addrtron to galacturomc 
acid, rhamnose, and galactose, one more spot was detected at the ongm Thrs nuxture 
(30 mg) was subJected to a second perrodate oxrdatron for 2 days at 0” m the dark 
Iodate and penodate ions were removed as the insoluble bar-mm salts, and the 
resultmg solutron was concentrated to 5 ml On complete hydrolyses of the twrce- 
oxrchzed matenal, followed by the usual treatments and paper-chromatographc 
exammatron, spots correspondmg to galactose, arabmose, rhamnose, and galacturomc 
acid were detected 

Barry degradatzon - A nxxture of penodate-oxl&zed, degraded gum wth 45% 

ethanol (50 ml), phenylhydrazme (1 5 ml), and acetrc acrd (1 5 ml) was heated for 
1.5 h on a steam bath The solution was concentrated to 20 ml, and then extracted 
wrth ether Chromatographrc exammatron of the ether layer drd not show the 
presence of any sugar or its denvatrve On chromatographrc exammatron, the aqueous 
layer showed the presence of galacturomc acrd, galactose, rhamnose, and one spot at 
the ongm 

The aqueous layer was concentrated to 5 ml, and then heated for 8 h on a steam 
bath wrth benzorc acid (950 mg) and benzaldehyde (0 7 ml) m ethanol (10 ml) The 
sol&on was evaporated to dryness, the product was dissolved m watex, and the 
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solution was exhaustively extracted with chloroform and then wrth ether The 
chloroform and ether extracts were combined, the solvents were evaporated off, and 
the resultmg syrup showed no spots correspondmg to any sugars 

The aqueous layer was concentrated, and exammed by paper chromatography 
urlth solvents A, B, and D, It was found to contam galacturomc acid, galactose, and 
rhamnose, and two other spots were noted (one havmg RGlrl 0 16 m solvent A, and the 
other at the orrgm) A portion (60 mg) of the mixture was separated on thrck filter- 
papers (mth solvent A) mto its components, and the zones contamrng the slow- 
moving spot (fraction 1) and the statronary compound (fraction 2) were cut out,and 
eluted with water The resultmg solutlons were evaporated to syrups, yield, fraction 1, 
11.7 mg, and fraction 2, 18 7 mg Fractron 1 thrs syrup had [a] 2 +28” (c 0 5, water) 
and mol wt 510, rt was found to be homogeneous by electrophoresrs It contamed 
residues of galacturomc acid (30%) and rhamnose (62%) A portron (6 mg) was 
converted mto its methyl ester methyl glycosrde, and this was subjected to perrodate 
oxidation The penodate uptake became constant m 2 5 h, and corresponded to 
3 9 moles of the oxidant per mole of the methyl ester methyl glycoslde Fraction 2 
the syrup, having [x] g + 120” (c 0 1, water), moved as a single compound on electro- 
phoresrs The matenal contamed residues of galactose, 22 8, arabmose, 12 5, 
rhamnose, 32 3, and galacturomc acid, 30 5% 
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