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ABSl-RACT 

A pectin isolated from rapeseed cotyledon meal yielded two, closely related, 
pectic polysaccharides which were homogeneous on the ultracentrifuge. The major 
pectinic-acid fraction (H) contained r_-arabinose, D-xylose, D-galactose, and L- 

rhamnose residues in molar proportions of 5.3:3.2: l-0:0.57, and 32.9% of galacturonic 
acid residues having a degree of esterification of 36%. The polysaccharide was 
subjected to methylation analysis and its general structural features are discussed. 

INTRODUCTION 

In previous papers l-‘, the isolation and characterization of an amyloid, an 
acidic arabinogalactan, and an arabinan from rapeseed cotyledon meal were described. 
Further work on the oxalate-soluble fraction of the meal has led to the fractionation 
of the pectic polysaccharides, and we now report on their main structural features. 
The structural features of the pectic polysaccharide from rapeseed hull have recently 
been reported by Aspinall”. 

RESULTS AND DISCUSSION 

On sedimentation analysis’, the acidic polysaccharide material [62.3%, isolated 

by fractionation on DEAE-Cellulose (PO:-)3] showed a minor and a major peak, 
the components of which were separated by prolonged sedimentation (ratio, 1:3.58). 
Further fractionation on Sephadex G-200 confirmed this finding and showed a ratio 
of 1:3.57. Multiple separation on Sephadex G-200 provided the two pectic-poly- 
saccharide fractions (A and N), each of which, on hydrolysis, gave arabinose, xylose, 
galactose, glucose, rhamnose, fucose (trace), galacturonic acid, and an unidentified 
component (trace). The minor fraction (A) had general features which were similar 

*Contribution No. 254 of the Food Research Institute, Canada Department of Agriculture, Ottawa, 
Ontario. 
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to those of fraction W, but showed an extremely poor correspondence between the 
ratios of the sugar components determined on the unmethylated poiysaccharide and 
those calculated after methylation and hydrolysis (See Experimental); hence, the 
results -must be regarded as qualitative_ 

Since glucose is not a known constituent of pectic substances, and fucose and 
the unidentified component were present in amounts too small to allow unambiguous 
identi~cation, the significance of these components is doubtful_ However, the uniden- 
tified component does not appear to be an O-methyl sugar, as reported to be present 
in the acidic polysaccharide complex from soybean. 

Fraction H had [cc]~~ - 69” and showed a single, symmetrical peak on sedimenta- 
tion analysis5. Analysis revealed the major constituents to be arabinose, xylose, 
galactose, and rhamnose in the molar ratios 5.3:3.2:1.0:0.57, and the uranic acid 
content to be 33%. The methyl ester content’ (2.41%) of N indicated a degree of 
esterification of the uronate residues of 36%. 

Hydrolysis of H, with fractionation of the resulting sugars on an anion-exchange 
resin and subsequently on paper chromatograms , gave crystalline D-gaiactose, D- 

xylose, and r_-arabinose. That the rhamnose was the L isomer was inferred from its 
positive optical rota&n. The major acidic component was tentatively identified as 
the commonly occurring (1+2)-linked (galactosyluronic acid)-rhamnose. 

The polysaccharide was methylated’, lo, and the fully methyiated product 
was subjected to methanolysis and hydrolysis. After fractionation of the hydrolysis 
products on an anion-exchange resin, the neutral sugars were resolved into ten 
fractions (p.c.). The identities of the sugars in each fraction were determined by 
g.i.c_-m.s.i’~12 of the derived atditol acetates. The molar proportions of the neutral 
sugars (determined by g.1.c.) were as follows: 2,3,5-tri-O-methyl-L-arabinose, 21; 
2,3,4-tri-O-methyl-D-xyiose, 20; 3,4-di-0-methyl-L-rhamnose, 5; 2,3-di-O-methyl-L- 
arabinose, 10; 2,3,4,6-tetra-0-methyl-D-gaiactose, 4; 2-O-methyl-L-arabinose, 14; 
3-O-methyl-L-arabinose, 3; 2,3,6-tri-U-methyl-D-galactose, 3; L-arabinose, 3; and 
2,4-di-O-methyl-D-gaiactose, 1. 

The molar ratios (6.4:2.5:1.0:0.62) for arabinose, xyiose, galactose, and rham- 
nose, calculated from the proportion of methylated sugars, were in fair agreement 
with that found for the original polysaccharide H_ 

The methylation-analysis data show that H has a highly branched structure. 
From the above molar proportions, it will be seen that, on average, for every 84 
neutral sugar residues, there are 2 I terminal, non-reducing end-groups of r_-arabinose, 
20 terminal, non-reducing end-groups of D-xylose, and 4 terminal, non-reducing 
end-groups of n-galactose. There i*e 20 residues of L-arabinose involved in branching, 
including 14 through positions 3 a.rd 5, 3 through positions 2 and 5, and 3 through 
positions 2, 3. and 5. There is also one n-galactose residue involved in branching 
through positions 3 and 6. The remaining 18 non-terminal residues consist of five 
(l-+2)-linked L-rhamnose units, ten (I -+5)-linked L-arabinose units, and three 
(144)-linked D-galactose units. 

The polysaccharide contains 33% of uranic acid, corresponding to 28 uranic 
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acid residues in an average unit of 1 I2 residues. In order to achieve a balance between 

the end-groups and branch-points, 21 (i.e., 75%) of the galacturonic acid residues 
ought to be branched. Repeated attempts to reduce fraction H by the procedure of 
Taylor and Conrad” 3 gave a partially reduced product containing -40% of the 
uranic acid residues still intact. Depolymeritation of the methylatedg, carboxyl- 
reduced polysaccharide and g.1.c. of the resulting sugars showed that 2,3,6-tri- and 
2,6-di-O-methyl-D-galactose, derived from 2,3-di-O-methyl-D-galacturonic and 2-O- 
methyl-I)-galacturonic acids. were present in a ratio of 1.4: 1. The results showed that 
the major branch points were through O-3 of D-galacturonic acid and, in order to 
provide a reasonabIe balance between end-groups and branch-points, it was assumed 
that al1 the remaining, unrechrced, uranic acid residues were also branched at pcjsi- 

tion 3. 
The foregoing results for fraction H are consistent with a (1+4)-linked g&c- 

turonan chain, containing 2-linked rhamnose residues, commonly found in pectic 
polysaccharides. About 75% of th, 4 galacturonic acid residues and a negligible amount 
of the rhamnose units carry side chains made up mainly of arabinose residues and 
similar in structure to those of the arabinan previously characterized3. Rapeseed, 

like the mustard pectin15, does not contain chains of (1+4)-linked 8-D-galacto- 
pyranosyl units as have been reported in soybean’ 4 and a commercial citrus pectin’*. 
Most of the xylose is attached as single units to the galacturonan chain, as in traga- 

cant&c acid and pollen gaiacturonan’ 6_ 
A major fraction of the soluble polysaccharides from rapeseed cotyfedon 

meal is composed of polysaccharides of the pectic type characterized by the presence 
of galacturonic acid, arabinose, e malactose, rhamnose, and xyIose6* 1 I’ 2. The rapeseed- 
meal pectin polysaccharides have structural features in common with the pectinic 
acids from soybean and mustard cotyledon meal, and constitute a group which is 

characterized by the presence of an unusually high proportion of neutral sugars. 
The results are also _generaliy consistent with the structure proposed for the sycamore- 
cell pectic polymer2’, which is suggested to form, within the primary cell-wall, 
a covalent connection between xyioglucans (amyioid) and the structural protein 
of *he cell-wall. The small proportion of glucose found by Rees et a(. ’ ’ in the course 
of methylation analysis of mustard-seed pectic polymer, and recovered as 2,3,6-tri- 

and 2,3-di-O-methyl~ucose, has been interpreted as evidence in support of a covalent 
linkage between the amyioid and the pectic materiafs’“~“. In the investigation 
reported here, this possibility seems unlikely, as the glucose was converted Ilmost 

exclusively into the 2,3,4&tetramethyl ether after methylation of H. 

EXF’ERIhlENTAL 

The general experimental methods have been reported previously’. 
Fractionation of the crude, a&k poiysacclmride cort2piex. - (a) The middle 

fraction3 (3.76 g), eluted from DEAE-CeIIulose (FW~-) with 0.25-0.5~ phosphate 

buffer, showed two peaks on sedimentation analysis (Fig. I) of a 1% solution in 
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Fig. 1. Sedimentation analysis in acetate buffer @H 5.03). 

acetate buffer (pH 5.03) at 44,770 rev./m& The areas under the faster- and slower- 
sedimenting peaks showed a ratio of 1:3.58. A portion (376 mg) of the acidic poly- 
saccharide complex was fractionated on a column (1 x 25 in.) of Sephadex G-200. 
Elution with water (5-ml fractions) gave the profile shown in Fig. 2. The areas under 

the peaks corresponding to the faster-(A) and slower-moving(U) components showed 
a ratio of 1:3.57. The minor and major fractions were recovered by freeze-drying 

(59 and 233 mg, respectively; ratio, 1:3.9). 

P.c. and electrophoresis (borate and acetate buffers; pH 10 and 5, respectively) 

of the hydrolysates of the minor (A) and major (H) fractions showed mainly galactose, 

arabinose, xy!ose, and galacturonic acid, together with minor amounts of glucose 
and rhamnose and traces of fucose and an unidentified component [I?,,, 1.36 (solvent 
A), 1.26 (I-butanol-acetic acid-water, 4: 1:5)]. 

(b) A solution of the complex (3 g) in water (100 ml) was eluted from a column 

(2 x 35 in.) of Sephadex G-200 with water (15-ml fractions, spot-tested with anthrone- 

H,SOJ to give: A (tubes 48-80; content, 875 mg), which showed a single, sharp, 
symmetrical peak on sedimentation analysis (Fig. 1); B (81-l 15), which showed two 

peaks; and C (116-150; content, 5S0 mg), which showed a major, symmetrical peak 

wirh a minor peak. 

Fraction B was concentrated (to 100 ml) and refractionated as described above 

to give D (31-60; content, 360 mg) and E (64-85; content, 490 mg), each of which 

showed two peaks on sedimentation analysis and was discarded; and r” (86-120; 
content, 340 mg), which showed5 a single, symmetrical peak. 
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Fig. 2. Fractionation profile on Sephadex G-200. 

Fractions C and F were combined and a solution of a portion (900 mg) in water 
(30 ml) was refractionated as described above (IO-ml fractions) to give G (tubes 
53-85; content, 209 mg), which showed two peaks on sedimentation analysis and 
was discarded; and H (86-150; content, 660 mg), which showed a single, symmetrical 
peak (Fig. 1). 

Analysis of pectic polysaccharides H and A. - Fraction N had [o(]g4 f69” 
(c 0.54, water) (Found: N, 0.39; ash, 5.11: uranic anhydride’, 32.9; OMe’, 2.41%). 
Sedimentation analysis5 of a 1% solution in acetate buffer @H 5.03) at 44,770 rev./ 
min showed a single, symmetrical peak. A portion (5 mg) of the mixture of neutrai 
sugars, prepared by heating the polysaccharide with M sulphuric acid for 3 h at lOO”, 
was reduced with sodium borohydride, and the resulting mixture of alditols was 
acetylated, and examined on a Pye 104 Gas Chromatograph using dual columns 
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(5 ft) of 3% of OV-225 on Chromosorb W-HP (SO-100 mesh). with temperature 
programming at 2”/min from 180+250”, and a nitrogen flow-rate of 45 ml/min. 

Peak areas, evaluated by a CSI digital integrator (model ZOS), ‘gave molar ratios of 

arabinose, xylose, galactose, rhamnose (containing traces of fucose), and glucose of 

5.3:3.2:1.0:0.57:0.24. 
Fraction A had b]‘,” +58” (c 0.2, water) (Found: N. 0.40; ash, 4.06; uranic 

anhydride, 33.5; OMe, 1.48%) and gave a single, symmetrical peak on sedimentation 

analysis_ The molar ratios for the above-mentioned, neutral, sugar components 

were 4.6:2.4:1.0:0.56:0.34. 

Acid hyd~o1y.s~~ offractions H and A. - Fraction I3 (195 mg) was hydrolysed 

with M sulphuric acid (10 ml) for 3 h at 100”. After neutralization (BaCO,), filtration, 
deionization with Rexyn-101 (H+) resin, and concentration, the mixture of acidic 

and neutral sugars was fractionated on a column of Dowex 1 X2 (CO:-) resin. 

Washing with water (150 ml) removed the neutral sugars (97 mg), and elution with 

0.25~ ammonium carbonate (150 ml) yielded the uranic acid material. The uranic 
acid fraction (32 mg) was recovered by removing the bulk of ammonium carbonate 
in uacuo at 65-70” and the remainder with Rexyn 101 (H+) resin. 

Fraction A (200 mg) was similarly hydrolysed, and the product mixture frac- 

tionated to yield neutral sugars (99 mg) and acidic sugars (30 mg). 

(a) Neutral sugars. The mixture of neutral sugars (from fraction H, 97 mg) 

was separated on eight sheets (9 x 22 in.) of Whatman No. 1 paper by using l-butanol- 

acetic acid-water (4:1:5). Some of the fractions thus isolated were rechromatographed 

in solvent B. The approximate yields (mg) of the seven fractions isolated were as 

follows: 1, 13 ; 2, 3 ; 3, 40; 4, 27; 5, traces; 6, 8: and 7, traces. Fractions 1, 3, and 4, 

on crystallization and recrystallization from 90-95% ethanol in the cold, gave, 
respectively, D-galactose, m-p. and mixture m-p. 164-166”, [z]i6 + 114 (5 min) -+75” 

(equil.) (c 0.25, water); r_-arabinose, m.p. and mixture m.p. 152-153”, [alA -i 137 

(6 min) -+lOS’ (equil.) (c 1.16, water); and D-xylose, m.p. and mixture m.p. 145-146”, 
[a]g6 +60.5+18.5” (equil.) (c 0.625, water). Fractions 2 (glucose) and 5 (fucose) 

were present in amounts too small to permit further identification. Fraction 6, 

which was identical with rhamnose in p-c. and electrophoresis, showed [u]:~ +4.6 

+ lo (c 0.4, water) (cf- b]z +-8” (c 4, water) for authentic L-rhamnose). Fraction 7 

(unidentified component) showed RRha 1.13 (1-butanol-pyridine-water, 4:6:3), 1.32 

(solvent A), 1.25 (I-butanol-acetic acid-water, 4:1:5), and 0.15 (elongated spot, 

solvent (c), and Mo 0.37 in borate buffer (pH 10). Fraction 7 did not respond to 

demethylation. 
The mixture of neutral sugars (from fraction A, 99 mg) was similarly frac- 

tionated to yieid 1, 15 mg; 2, 3 mg; 3, 33 mg; 4, 23 mg; 5, traces; 6, 8 mg; and 7, 
traces. Fractions 1, 3, and 4 were characterized, as described above, as D-galactose, 

L-arabinose, and D-xylose, respectively. Fractions 2 and 5 were present in amounts 
too small to permit further identification. Fraction 6 was identified as r-rhamnose 

(p-c. and electrophoresis) and had [ali +4” (c 0.45, water). Fraction 7 was identical 

to the corresponding fraction described above. 
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(6) Uranic acid fraction. The acidic sugars (30 mg) from fraction N were 

separated on 4 sheets (9 x22 in.) of Whatman No. 1 paper by using l-butanol- 

acetic acid-water (4:1:5). Three components (I, 16 mg; 2, 5 mg; and 3, 4 mg) were 
recovered with RGalA values of 1.0, 0.74, and 0.40, respectively. Paper electrophoresis 

(borate buffer pH 10) showed 1 to contain two components (Mo 0.14 and 0.69), 
2 to contain three components (Mo 1.15, 1.05, and O-70), and 3 to contain two 
components (Mo 1.15 and 1.07). Hydrolysis of the major acidic component (2 mg) 

with M sulphuric acid for 3 h at 100” gave (p.c. and electrophoresis) unhydrolysed 

compound, ga!acturonic acid, and rhamnose. A portion (10 mg) was treated with 

boiling, 2% methanolic hydrogen chloride for 10 h and the resulting methyl ester 
methyl glycoside was reduced with lithium aluminum hydrideZ6 in tetrahydrofuran. 

The product was hydroiysed with &I sulphuric acid for 3 h. P.c. (solvent A) then 
revealed mainly rhamnose together with small amounts of galactose. 

The acidic sugars (32 mg) from fraction A similarly yielded the components 

1, 16 mg; 2, 3 mg; and 3, 5 mg; which were identical with the corresponding com- 
ponents from fraction N. 

MerJ?ylarion analysis offractions H and A. - Fraction N (195 mg) was dissolved 

in dry methyl sulphoxide (15 ml) by stirring for 2 h at 60” and 24 h at room tempera- 

ture. The solution was flushed with nitrogen, and a 2~ solution (2 ml) of methyl- 

sulphinyl carbaniong was added dropwise. The resulting, viscous solution was stirred 

for S h at room temperature. Methyl iodide (2 ml) was added dropwise with external 

cooling (ice-water), and the mixture was stirred at room temperature overnight, 

then poured into water (100 ml), dialysed for 24 h against running tap-water, con- 
centrated, and extracted continuously with chloroform. The extract was dried 

(Na$O,) and concentrated. The solid residue (182 mg) showed a weak i.r. absorp- 
tion for hydroxyl. A portion (168 mg) was dissolved in methyl iodide (20 ml), and 

silver oxide (1 g) was added in 4 equal portions during S h. After two more such 

methylations, a product (145 mg) was recovered that had &t]F + 14” (c 1.1, chloro 
form) and showed no i-r. absorption for hydroxyl. 

Fraction A (200 mg), when similarly methylated, yielded a product (160 mg), 

b]g 0 +0.5” (c 0.88, chloroform). 

A solution of methylated H (128 mg) in 4% methanolic hydrogen chloride 
(25 ml) was boiled for 18 h, then neutralised (Ag2C03), and concentrated. The 

syrupy product was hydroiysed with 0.5~ sulphuric acid (5 ml) for 32 h. The hydro- 

lysate was neutralized (BaCO,) and concentrated. To a solution of the syrupy residue 

(133 mg) in water (10 ml), Rexyn 101 (H ‘) resin was added. The mixture was filtered and 
the filtrate was stirred with Dowex 1 X2 (CO;-) resin (25 ml) for 24 h. The slurry 
was added to a column containing more (25 ml) Dowex 1 X2 (CO:-) resin. Elution 

with water (150 ml) removed the neutral sugars (67 mg). The acidic sugars (31 mg), 
removed by elution with 0.5nr ammonium carbonate, were recovered by removing 

the bulk of the ammonium carbonate itt mcuo at 65” and the remainder by passing 

the solution through a column of Rexyn 101 (Hf) resin. 
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Fraction A (1X mg), when similarly hydrolysed and fractionated, yielded 
neutral sugars (70 mg) and acidic sugars (30 mg). 

(a) Neutral srrfirars. Portions (30 mg) of the neutral, methylated sugars from H 
and A, when separately fractionated on sheets of Whatman No. 1 paper using solvent 
B, gave the same 10 fractions_ Portions (l-2 mg) of fractions l-10 were demethylated 
with boron trichloride”, and the products were examined by p.c. Portions (2-3 mg) 
of fractions l-10 were reduced with sodium borohydride2’, and the products were 
acetylated and examined by g.1.c. as described above (temperature programming from 
180-200’ at lo/n&). G.l.c.-m-s. was carried out on a combined Finnigan 3100D 
GC/MS, equipped with a U-shaped column (5 ft x 0.25 in.) of 3% of OV-225 on 
Chromosorb W-HP (80-100 mesh) with temperature programming from 110-250” 
at IO”/min. The separator temperature was 250”, analyser temperature IOO”, and 
ionising electron energy 70 eV. The spectra were recorded as bar graphs by means 
of the Finnigan 6000 MS Data System. The results are summarized in Table I. 

TABLE I 

PAPER-CHROhlATOGRAPHIC, DEhlETHYLATION, AND G.L.C.--MS. RESULTS FROM 

NEUTRAL, ,UETHYLATED FRACTIONS FROhl H OR A 

Fraction RF 

(Solcent B) 
Parent sugara Reduced productb 

S 0.45 

6 0.39 

7 

8 

9 

0.28 

0.19 

0.14 

10 0.048 Arabinose 

0.82 Arabinose, xylose (trace) 

0.79 

0.64 

0.52 

Xylose, arabinose (trace) 

Galactose and rhamnose 

Arabinose, small amounts 
of galactose and xylose 

Arabinose 

Arabinose, small amounts 
of galactose 

Arabinose (trace), 
rhamnose (trace) 

Arabinose, 
galactose (trace) 

Arabinose, smaI1 amounts 
of galactose 

2,3,S-Tri-0-methylarabinitol, 
2,3,4tri-0-mcthylxylitol 

2,3,4-Tri-0-methylxylitol. 
2,3,5-tri-0-methylarabinitol 

3,4-Di-0-methylrhamnitol, 
2,3,4,6-tetra-0-methylgalactitol 

3.4-Di-0-methylxyiitol, 
2,3-di-O-methylarabinitol, 
2,3,4,6-tetra-O-methylgaiactitol 

2,3-Di-0-methyiarabinitol 

2,3-Di-0-methylarabinitol. 
2,3,6-tri-0-methylgalactitol 

2,3-Di-0-methylarabinitol, 
3-0-methylrhamnitol 

2- 0-Methylarabinitol, 
2,4di-0-methyigalactitol 

2-0-Methylarabinitol. 
3-0-methylarabinitol, 
2,4-di-0-methylgalactitol 

Arabinitol 

“identified by demethylation. bIdentified by g.l.c.-m.s. of the acetate. 

A second portion (5 mg) was similarly reduced, acetylated, and examined 
by g.1.c. The proportions (to the nearest whole number) of the methylated alditol 
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acetates with respect to 2,4-di-U-methylgalactitol tetra-acetate, and their retention 
times with respect to that of 2,3,4,6-tetra-O-methylglucitol diacetate are summarized 
in Table II. 

TABLE II 

ANALYTICAL DATA FOR NEUTRAL, METHYLATED FRACTIONS FROM ff AND A 

Rerenrion rime Mo!ar ratio Molar ratio 

(min) Fraction H Fraction A 

2.3,5-Tri-0-methylarabinitol 0.58 
2,3.4-Tri-0-methylxylitol 0.69 

3.4-Di-0-methylrhamnitol 0.90 
2,3-Di-0-methylarabinitol” 1.00 
2,3,4,6-Tetra-0-methyigalactitol I .08 
2-0-MethylarabinitoP 1.39 
3-0-Methylarabinitol 1.47 
2,3,6-Tri-0-methylgalactitol 1.51 
.4rabinitol 1.74 
2,4-Di-0-methylgalactitol 2.43 

21 44 
20 29 

5 10 
10 24 
4 5 

14 28 
3 8 
3 5 
3 6 
1 1 

“Contains trace amounts of 3,4-di-0-methylxylitol. *Contains trace amounts of 3-0-methylrhamnitol. 

A third portion (20 mg, from H) was fractionated on Whatman No. ~M;M 
paper in borate buffer (pH 10) to give 3 major components MG 0.31 (2-O-methyl- 
arabinose), 0.68 (3-O-methylarabinose), and 1 .O (arabinose). The component having 
MG 0.31 was recovered after removal of sodium ions with Rexyn 101 (H+) resin, 
and boric acid as methyl borate. P.c. (solvent B) showed mainly 2-O-methylarabinose 
(R, 0.14). Small amounts of a second component (R, O-63,3,4-di-O-methylrhamnose) 
and traces of two other components [RF 0.22 (3-U-methylrhamnose) and 0.50 (3,4- 
di-O-methylxylose] were also detected. 

(b) Acidic szrgars. The methylated uranic acid fraction (20 mg) from H was 
fractionated on 3 sheets (7x 22 in.) of Whatman No. 1 paper using I-butanol- 
acetic acid-water (4:1:5) to give components l-3 (RF 0.59, 0.42, and O-24), which 
were separately hydrolyzed with hr sulphuric acid for 5 h. P.c. (solvent B) of each 
product showed large amounts of acidic material (R, 0.00) and traces of neutral 
components (R, 0.69 and 0.26). 

The methylated uranic acid fraction from A gave exactly the same results 
when examined as described above. 

Cat-boxyl-reduced fractiolz H and its methylation analysis. - A solution of 
Fraction H (100 mg) in water (20 ml) containing 1 -cyclohexyl-3-[2-(4-methyl- 
morphoIino)ethyl]carbodiimide p-toluenesulphonate (1 g) was maintained at pH 4.75 
for 2 h by the addition of 0.1~ hydrochloric acid using a pH stat (Type SBR2/ 
SBUl/TTA3 Titration Equimpent, Copenhagen, Denmark). 2~ Sodium borohydride 
(15 ml) was added to the stirred reaction mixture maintained for 34 h at pH 7 by 
the automatic addition of 4hf hydrochloric acid, and, when necessary, 1-octanol was 



IO6 I. R. SIDDIQUI, P. J. WOOD 

added to prevent foaming. The mixture was then dialyzed against running tap-water 
for 16 h and against distihed water for 4 h, and then concentrated to 20 mI. Two more 
such treatments yielced a carboxyl-reduced product (60 mg), a portion of which 
was hydrolyzed, and the derived alditol acetates were examined by g.l.c., giving 
molar ratios for rhamnose, arabinose, xylose, and gaIactose of 0.17:1.00:0.50:0.45. 
Three further reductions yielded a product (30 mg) having molar ratios for rhamnose, 
arabinose, xylose, and galactose of 0.23:1.00:0.38:0.56_ When a sample of fraction H 
was subjected to hydrolysis, reduction, acetylation, and g.l.c., molar ratios for 
rhamnose, arabinose, xylose, and galactose of 0.16: 1.00:0.56:0.17 were obtained. 
The difference in the amount of galactose between the original sample (-33% 
uranic acid) and the final reduced sample showed that only 62% of the gatacturonic 
acid residues were reduced. 

Partially carboxyl-reduced fraction H (10 mg) was methylated in dry methyl 
suiphoxide as described previously and the product was subjected to methanolysis, 
hydrolysis, reduction, acetylation, and g.l.c., as described above. After correction 
for 2,3,6 Xri-0-methylgalactitol triacetate of non-uranic acid origin, the 2,3,6-tri-O- 
methyIgalactito1 triacetate and 2,6-di-O-methyIgalactito1 tetra-acetate were present 
in the ratio -1.411.0. 
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