Carbohvdrate Research, 54 (1977) 231-236
u1 Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium

STRUCTURAL INVESTIGATION OF AN ACIDIC XYLAN
FROM RAPESEED*r

loBaL R SipbpiQul AnD PeTER J Woobp
Food Research Institute, Agricultur: Canada, Ottaua Ontario (Carada)
tReceived June 28th, 1976, accepted tor puphicauon, August 11tn, 1976)

ABSTRACT

An acidic wylan 1solated from rapeseed was ~80% pure, as indicated by
sedimentation and sugar-analvsis data Methylaton apalvsis showed that, on
average, for every 7 sugar unsts, the xylan has ! non-reducing iterminal residue of
4 0-methyl-p-glucuronic acid attached to position 2 of a p-xylose residue, with the
remaiming S non-terminal p-wylose resicues linked (I —4)

INTRODUCTION

In previous reports'~® we described the isolation from rapeseed and charac-
terizaton of an amyloid, an acidic arabinozalactan, an arabinan, two pectic poly-
saccharides, and a fucoamyloid Further work on the sodium hydroxide-soluble
fraction of the rapeseed Cotyledon meal gavc an acidic xylan. for which the man
structural features are now reported

RILSULTS AND DISCUSSION

The acidic xylan-contarning fracuons® (4 and 5) from DEAE-cellulose (CO37)
were combined to vield a polysaccharide An attempt to fractionate this maternal
with banum hydroude was largely unsuccessful, as the complexing and non-
complewung fracuons contained essenually the same sugars, there was relatively less
arab:nose and more mannose 1n the former fracion However, prior to precipitation
with barium hydrowds, the sodium hydrovide solution yielded a smalt amount of
insoluble material which. on the basis of the monosaccharnde consutuents, appeared
1o be an nsoluble fucoamyloid The presence of soluble and insoluble fucoamyloids
has been reported 10 musiard seed; they are siructurally stmilar, and may be bonded
to cellulose by hydrogen bonds®'’
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Fractionation of the combined matenal with Cetavion® gave a soluble fraction
which, on the basis of 1ts rotation ([z]p +397) and monosacchande constituents
appeared to be simmlar to the pectic polysaccharides reported earlier Acid hvdrolvsis
of the insoluble fraction ([x]p, — 16 5”) gave mainly aylose and uronic acids, together
with small proporuons of galaciose. glucose, and arabinose, and traces of fucose and
mannose Further punfication of this fracuon on DEAE-cellulose® (COj37) yielded
a minor fraction similar to the fucoamyloid and a major fraction which, on final
purificaton with Febling’s solution, yielded an actdic xylan ([x]p, —497%) that gave
mainly \ylose and uronic actd components. together with small proportions of giucose
and arabinose, on hydrolysis

The rapeseed acidic wylan showed a major, symmetrical peak and two minor
peaks on sedimentation analysts'®. The major peak was ~79% of the total, and the
two minor peahs. suspected 1o be due to the contaminaung pectic polysacchande and
fucoamyloid. corresponded 1o 14 and 7%%, respectively The neutral sugar components
of the acidic xylan were glucose, arabinose, and wylose (1:2-24): on the basis of a
glucose-vylose ratio of 21 for fucoamylo:d®, and an arabinose-vylose ratio of 2.1
for pectic pol,sacchanide®, 1t 15 concluded that the acidic sylan was contaminated to
the exvtent of ~19%. a figure 1n excellent agreement with that determined by
sedimentation The [«%]p velue ( —49°) for the acidic vylan, when corrected for a 7%
contamination with fucoamyloid (jx]p +56°) and a 14% contamination with pectic
polysaccharide ([«], +65°). was —77° 1n good agreement with the values reported
for vylans

The polysaccharide was methylated?! and the fully methylated product was
subjected to methanolysis and hvdrolysis, with fractuonation of the nydrolysis
products oo an amon-exchange resin The neutral fraction contained two major
sugars (p ¢ ) which were identified, on the basis of Ry and Mg values, demnethylation
analysis', and g | ¢ -m s of the denved glycitol acetates, as 2,3-di-O-methyl-p-xylose
and 3-O-methyl-D-yylose G I ¢ analysis of the respective glycitol acetates showed a
molar rano of 7.1 The acidic fraction, when reduced wiuth Lthium alumimum
hydride!?, followed by sequential hydrolysis, reduction with sodium borohydride!?,
acetylation, glc, and combined glc.-m»s '3, showad mainly two glyaiols, cor-
responding to 2.3,4-tri-O-methyl-pD-glucose and 3-O-methyl-p-xylose (molar ratio,
3.1) The overall molar proporuons (converted into the nearest whole number) for the
three major components were 2,3.4-in-0-methyl-pD-glucuronic acid. | 3-O-methyl-
p-wylose. I, and 2,3-di-O-methyi-b-xylose, 5

The meihylation analysis showed that, for every 7 sugar unmits, ihere was 1
non-reductng, termunal 4-O-methylglucuronic acid residue attached to posiuon 2 of
a D-vylose residue, with the remaiming 3 noo-terminal residues of p-xylose being
linked (I —4;

The high. negauve optical rotauon for the methylated and uanmethylated
polysaccharnde showed that the glycosidic hnkages were mainly B-p
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EXPERIMENTAL

The general experimental methods have been reported previously!

Fractionation of the crude, acidic polvsaccharide — The fracnons 4 and 3
(29 g) eluted® from DEAE-cellulose (CO37™) with 0 5M sodium hydroxide were
dissolved in 10% sodium hydroside (900 mi) The suspension was centrnifuged, and
the residue was treated with another portion (150 ml) of sodium hydroxside and
centnifuged to yield a residue (0 68 g), which was washed with 50%6 acetic acid, and
then with §0% ethanol, ethanol, and ether A saturated solution of parium hydrowude
(200 mi) was added dropwise to the combined extract (1000 ml) The precipitate was
collected by centrifugation. and washed with difute barium hydroxide and water. and
the comples was decomposed with cold 30% acetic acid The matenal was recovered
by addition of ethanol (4 vol). suspended 1n water, dialysed, concentrated, and freeze-
dried to wvield the barium hydroxide-complexing fracuion (023 g) The barnum
hydroude-soluble supernatant was neatralized with 509, aceuc acid. and the matenal
was similarly recovered by ethanol preeipitation, dialysis, 2nd freeze-drying to yield
the barium hydrovide-noncomplening fracuon (1 3 2) Acid hydrolysis (M suiphuric
acid, 100~. 3 h) of the imitial sodium h drozide-insoluble residue produced the same
sugars, 1n the same proporuon, as the fucoamyloid® The hvdrolysates of the barnum
hydrowide-complexing and non-complesing fractions contained galactose, glucose,
mannose, arabinose, sylose. fucose, and uronic acid

A solution of the combined bartum hydroside-complesing and non-complexing
fraction (14 g) in 0.5M sodium hydrovide (100 ml) was centnfuged at 3,000rp m
for 0 5h A small amount of nsoluble material was discarded, the solution was
neutralized with 50°% acetic acid and ceninfuged again, a small amount of precipiiate
was discarded. and the clear supernatant was poured into ethanol (4 vol) The
precipitate was collected, suspended 1n water, dialyzed, concentraied, and freeze-dried
to yield a sohid (1.33 g).

The polysaccharide {1 3 g) was dissolved 1n water (200 ml). and the solution
was clanfied by centrnifucauon, followed by filirauion through a thick pad of filter-
paper pulp The precipitate was discarded, and Cetavion® (cetvltrimethylammonium
bromde) (750 mg) was added to the clear solution Centrifugation at 153,000r pm
for 20 min eave a precipitate which was washed with water, and dissolved in M
sodium chloride The solution was diluted to 0 25»M with respect to sodium chloride
and mived with ethanol (4 vol) A solution of the resulting precipitate 1in water was
dialyzed for 24 h against running tap-water and for 4 h agarnst distilled water The
dialysate was centrifuged to remove a small amount of 1nsoluble matenal, and freeze-
dnied 1o yield the Cetavion-insoluble fraction (0 35 g) The Cetavlon-soluble fraction
(0.61 g), obtained by simijar treatment of the supernatant, had [«¢]3° + 39~ {c 0 25,
water). and gave galactose, glucose, manoose, wylose, and fucose on hydrolysis The
Cetavlon-insoluble fracuon had [2]3° — 16 5- (¢ 0 25, water), and gave mainly xylose
on hydrolysis, together with small proportions of uronic acid, galactose. glucose, and
arabinose, and traces of fucose and mannose
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Purification of the Cetailon-insoluble fraction — The Cetavlon-insoluble
fraction (330 mg) was fractionated on a column (I x121n) of DEAE-cellulose®
(CO37). Elution with water (I hitre) gave a neutral fraction (10 mg) which, from
hydrolysis results, was similar to the fucoamyloid? 1solated earlier Elution with 0.5m
ammomum carbonate (500 ml) gave a major, acidic fracticn (192 mg), [z]5* —47°
(c 0 5, m sodium hydrowude), and final elution with 0 5M sodium hydrowde (500 mi}
gave a second fraction (96 mg). [«]3* —43° (¢ 0 22, 0 5M sodium hydrowude). Paper
chromatography and electrophoresis of the hydrolysates of the two acidic fractions
showed the same components. namely, xylose and uronic acids, together with small
proportions of arabinose and g'ucose, and traces of galactose The combined
fraction showed N, 0 7; ash, 5 62, moisture, 6 64%

A soluuon of the combined acidic fractions (120 mg) 1n 0 5M sodium hydroxade
(10 m}) was cenmfuged at 15.000 r.p.m for 10 min A minute amount of precipitate
was aiscarded, and the clear supernatant was mixed with a freshly prepared Fehhing’s
solution (2 ml). The gelatinous precipitate was removed, washed with water, suspended
1n ice~cold water (10 mi), and acidified with M hydrochloric actd The green solution
was mixed with ethano! (4 vol ) and centrifuged, and the slhightly green precipitate
was reprecipitated from an acidic solution. The final precipitate was suspended 1n
water, dialyzed for 24 h agawmst running tap-water and for 4 h against distitled water.
concentrated. and freeze-dried to yield an actdic xylan (63 mg)

Analvsis of acidic xvlan — The acidic xylan had [¢]3> —49° (¢ 0 3. water) after
correcuion for a moisture content of 7 [% Sedimentation analysis'® of a 0 3%
solution 1n acetate buffer (pH 503) at 52.000 r p m showed two minor peaks and a
major, symmetrical peak; the ratios of the three peaks were ~1:2 11 3 A portion
(2 mg) of the mixture of neutral sugars. prepared by heating the polysaccharide with
 sulphunc acid for 3 h at 100°, was reduced with sodium borohydride!?, and the
resulting mixmure of glycitols was acetylated, and examined on a Pye-104 Gas
Chromatograph with dual columns (5 ft) of 3% of OV-225 on Chromosorb W-Hp
(80-100 mesh), temperature programming at 2°/mun {rom 85— 250°, and a nitrogen
tlow-rate of 45 ml/min Peak areas evaluaied by a CSI digital integrator (model 208).
afier correcuon for response factors, gave molar ratos of glucose, arabinose, and
xylose of 1:2:24

Acid hydrolysis of acidic xylan — Acadic xylan (5 mg) was hydrolysed with M
sulphuric acid (0 S ml) for 3 h at 100° Afier neutralization (BaCO;) and filtraton,
the muxture of acidic and neutral sugars was stirred with Dowex 1 X2 (CO37) resin
for 42 h. Washing with water (15 ml) removed the neutral sugars, and elution with
0 25 ammomum carbonate (20 ml), followed by removal of ammomum carbonate
with Rexyn-101 (H™) resin, yielded the uron:c acid matena.

Paper chromatography of neutral sugars in solvent 4 showed mainly sylose
with traces of arabinose and glucose

Paper chromatography of the acidic sugars in l-buianol-acetic acid-water
(4.1-3) showed two major components having Rp,;. 0 78 (4-O-methylglucuronic acid)
and 0 30 Paper clectrophoresis (acetate buffer, pH 5) showed two components, and
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paper electropnoresis (borate buffer, pH 10) also showed iwo components (M5, 0 85
and 0.77) Glucuronic and galacturonic acids, under the same conditions, showed
MgLe 1.09 and 1.05, respecuvely The two components were separated by electro-
phoresis in borate buffer. Location and elutton of the strips gave the two fractuons,
which were recovered by removal of sodium rons with Revya-101 (H*) resin and
boric acid by repeated co-distillaton with methanol Hydrolysis of each fraction with
M sulpburic acid for 3 h at 100° showed (pc and electrophoresis) the unchanged
uronic acid and xylose.

Methylation analysis of acidic x3lan — Acidic aylan (28 mg) was dissolved in
dry, warm methyl sulphoxide (3 ml) by surring for iG h The solution was fiushed with
nitrogen, a 2 soluton (1 mi) of methylsulphinyl carbanion'! was added dropwise,
and the resuiung solution was stirred for 12 h at room temperature. Methyl 1odide
(1 ml) was then added dropwise, with esternal cooling (rce-water), the reacuon
mixture was surred at room temperature for 5 h, then poured mio water (50 ml),
dialysed for 24 h against running tap-water, con xeatrated, and extracted contiruously
with chloroform. The extract was dried (Na,SO,) and concentrated to give a syrup
(29 mg), [2]5° —24° (¢ 2.9, chloroform), which showed only weak 1 r absorpuon for
hydroxyl

A solution of the methylated sylan (29 mg) in 2% methanolic hydrogen
chloride (20 ml) was boiled for 18 h, then neuirahized (Ag,CO;). and concentrated
The syrupy product was hydrolysed with M sulphuric acid (I mb) for 32 hat 100 . The
hydrolysate was neutralizea (BaCG;). concentrated to 10 ml, and surred with
Dowex | %2 (CO3 ) resin (10 ml) for 24 h The slurry was added to a column con-
taiung more (5 ml) resin, and elution with water (75 ml) removed the neutral suears
(15 mg) The acidic sugars (53 mg) vere removed by eluuon with 0 25M ammonium
carbonate (50 ml) and recovered after removal of ammomum carbonate with
Rexyn-101 (H ™) resin

(a) Neutral sugars A portion (5 meo) of the neutral, methylated sugars was
fracuonated on Whatman No. | paper with solvent B, to give two major componenis 1
{(RE049. AM;000) and 2 {Ry 018 and M5078) Traces of at least five other
components (R 038, 066, 036, and 0.47) were shown (p c, electrophorests. and
glc) to be contaminanis from pectin® and fucoamyloid. Portions (1-2 mg) of
fractions 1 and 2. when demethylated with boron trichloride'?, gave (p ¢ ) xylose 1n
each case Poruons (I-2 mg) were reduced with sodium borohydride?. and the prod-
ucts were acetylated, and examined by glc as described above (temperature
progtamming, 200— 230" at I-*/min). Component 1 gave 2,3-di-O-meth: Ixylitol
triacetate. and component 2 gave 3-O-methylvyhtol tetra-acetate The idenuty of the
components was confirmed on a combinea Finnigan 3100 D GC/MS”, with a
U-shaped column (5 ft x0251n) of 3% of OV-225 on Chromosorb W-HP (80-
100 mesh) and temperature programming from 200 —+225 at 2°/min The separator
temperature was 250%, analyser temperature 90°, ionizing ¢lectron energy 70 eV; the
spectra were recorded as bar graphs by means of the Finnigan 600 MS Data System

A second portion (2-3 mg) of the neutral sugar mixture was similarly reduced,
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acetylated, and examined by g1 ¢ The molar ratio (uncorrected for response factors
and converted into the nearest whole number) of the methylated glycitol acetates
corresponding to {racttons § and 2 was 1-7.

(b) Acudic sugars Paper chromatography [l-butanol-acetic acid-water (4:1 5)]
of the methylated uronic fraction showed major (R 0.59) and minor components
(Rg 0.49) together with a trace of a component having R¢ 0 30 The fraction (5 mg)
was treated with boiling, 2% methanolic hydrogen chloride for 10 h The resulting
methyl ester methyl glycoside was reduced with hithium aluminum hydride'* (30 mg)
10 a (1:1) ouxture of dry ether-tetrahydrofuran (5 ml) The product was recovered n
the usual way and hydrolysed with O 5u sulphuric acid for 3h Pc (solvent B) and
electrophoresis (borate buffer, pH 10) showed two components having R 0 56 and
G.18 (315 000 and 0.77). Traces of a third component (Afg 0 34) were also detected
The remainder of the reduced uronic acid fractton was reduced, acetylated, and
examined by glc and glc-m> The molar rauo (uncorrected for response factors
ard convertzd into the nearest whole number) of the methylated glvaitol acetates,
identifiec as 2,3,4-tri-G-methylglucitol triacetate and 3-O-methyivylitol tetra-acetate,
was 3:1
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