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ABSTRACT 

An acrdrc arabrnogalactan has been Isolated from fibres of the cotton plant 
(Goss~purm atbot elm L ) at the stage of rntensrve secondary-wall formatron The 
polysaccharrde contarns arabmose, e =alactose, rhamnose, and glucuromc actd resrdues 
m the moiar ratros 1 1 2 0 1 0 2 Perrodate oxrdatron and methylatron studres 
showed that there 1s a mam cham of (I +3)-hnhed galactopyranosyl resrdues to whrch 
srde chams are attached at O-6 The stde chams consrst of (146)-lurked galacto- 
pyranosyl restdues substrtuted at O-3 by (145)-hnked arabmofuranosyl chains 
Termmal galactopyranosyl. rhamnopyranosyl, and glucopyranuronosyl groups ‘rrc 
also present Enzymrc hydrolyses showed that the configuratrons of the galacto\c 
and arabmose resrdues are D and L, respectrvely 

INTRODUCTION 

Arabmogalactans and glycoproterns contamrn, 0 srgnificant amounts ofarabrnose 
and galactose are common constrtuents of plant trssues The form and function of 
such macromolecules has been revrewed ’ Arabmogalactans peg SL’ have been sub- 

dwlded’ into two mam groups the arabmo-4-galactans (Aspmall Type I) ‘md the 
arabmo-3,6-galactans (Aspmall Type If) The former are constrtuents of pectrc 
complexes m seeds and bulbs and of coruferous compressron wood the latter lrc- 
quently occur m most plant organs of anglosperms, comferous woods, and anglosperm 
exudates They are also found m the extracellular media of various trssues In suspen- 
sron culture We now report on structural studres of a Type II acrdrc arabmogalactan 

EXPERIMENTAL 

General - Paper chromatography (p c ) was performed on Schlcrcher and 
Schuell paper No 2043b and t I c on Kreselgel G (Merck) wrth A, ethyl acetate- 

pyrrdme-water (8 2 l), B, ethyl acetate-acetrc acrd-formrc acrd-water (IS S 3 9), 
C, ethyl acetate-acetrc acrd-formrc acrd-water (18 3 1 4), D, acetone-l-butanol- 
acetrc acrd-water (12 8 1 5 S), E, 1-butanol-ethanol-water-ammoma (4 1 5 trace), 
F, butanone-water-ammoma (IO 1 trace), G, acetone-water (85 12) Chromato- 
graphrc detectton reagents were alkaline srlver mtrate, 3 “/o p-arnsrdme hydrochlorrde, 
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and 5 ‘I;, I-naphthol-cone sulphunc acid G 1 c \\as performed on a Packard 42s 
chromatograph, usmg columns (2 m x 2 mm I d ) contammg (n) 3”/:, of ECNSS-M 

on Gas Chrom Q (100-200 mesh), (b) Sy, of wbls(pheno\yphenoxy)benzene on 
AW HivlDS Chromosorb W (100-120 mesh), (L) 2 So/, of OV-225 on AW DMCS 

Chromosorb G (I 00-I 20 mesh) or (cl) a caplflary column (25 m x 0 5 mm) of WCOT 
1~ lth OV-225 Polysaccharldes were hydrolysed according to Saeman et cd 3, hydroly- 
hate> \\ere neutrahsed \\lth barium carbonate and the neutral sugars \\ere examined 
by p c (Irngant A) Quantltatlve analyses of the sugars were effected by _e I c of 

theu- dewed gllcltol acetates (column a) Uromc acids were determmed by the 
method of Blumenhrantz and Asboe-Hansen4 and hydrolysates examined by t I c 

(u-r+nt D) 

IboIatrotI of the alrrhrno~al~tctml - Cotton fibres harvested durmg the stage of 

secondaq-\\a11 form,Lt!on (30-40 days popt a~~tlwm), were homogemsed as described 
by Hu\j>fer et crl i The \iet material (correspondmg to 2s g of dry fibres) was 
s\tractrd ~11th \\ater (I L 4 x 3-J h) dt -F” The water-soluble material was dlalysed 
using ‘I hollow fibre system wth Cl normnal, molecular retention hmlt of 5000 D 
(AmIcon Corp LelInfton. Mass _ U S A ), and IyophIhsed (yield S30 mg) A 
\olutlon of the material m \\aater was clarrfied by centrlfugatlon, and fracttonated on 

acofumn of DEAE-cellulose (DEAE-Sephacel, chloride form Pharmacla) Fractions 
\\ere eluted \\ith wcLter cmd then >tep+lsc \\lth lncreasmgfy concentrated solutions of 
NaCl (300 mL ofeach) Efutton was monItored by tfle phenol-sulphuncacld method6 

The prlnclpal frdctton eluted wth 0 111 NaCI gave, on actd hydrolysis drdblnose, 
gafdctose. ‘md rhamnose (molar rdtlos I I 2 0 I ) gfucuromc dcld, and traces of 
@ucose_ \ylose_ and other zldlc material This fraction was retalned for study No 
further fractionation could be dchwed on columns of Blo-Gel P-100 or DEAE- 
Sepharose CL 6B (Pharmacla) Electrophorrsls of the polysacchande dyed wth 
Procron MGS Red wds performed on cellulose acetate’ 

Pa rodate o udatlon of the at abtnogalactat~ - A sample (20 ms) of the arabmo- 
galactan was oxidlsed In the dark dt -?’ wth 0 05x1 sodium metaperrod‘lte The 

perlodate consumed after 28 days was 0 S mol per ‘anhydro sugar ’ residue The 
o\opolysacchande was dldiysed, and reduced wth sodium borohydrlde The resuftlng 
polyalcohof (5 mg) was hldrolysed wth 4’;:, sulphunc acid, and the products were 
clammed by paper chromatography (Irrlgant +), galactose, glycerol, and traces of 
drablnose were detected The hydrofysate itas reduced wth sodium borohydnde, 
acetylated, and examined by g I c (column CI) Components hdvmg retention tnnes 
Identical to those of the galactltol and glycerol acetates \iere detected m the moldr 
rat10 1 1 2 

Another sample (10 mg) of the polyalcohol was partially hydrolysed wth 
\I trlfluoroacetlc acid at room temperature for 4 days The hydrolysate was evaporated 

to dryness and apphed to columns of Sephadev G-25 (where the material of high 
molecular weight was excluded from the gel) and Sepfladex G-75 (where the materral 

of hrgh molecular weght was eluted ds a smgle, broad peak over the entu-e mcluded 
L olume) The material was recovered, and rnethylated by the method of Hakomon’ as 
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described below for the undepraded arabInogalactan On hydIolysI\” 2 3 16-tctIa- 

O-methylgalactose, 2 3,4-tn-0-methylgalactozr, 2 4 6-trI-0-meth> lplactoae dnd 

2 4-dI-O-methylgalactose wcIe detected and IdentIlied b] ’ g I c (column (I) of the11 

derived glycltol acetates (see below) 
Metlt~ Iatrotr of the CII rrbrt~o&zc tmt - A sample (20 mg) of the polys.IccharIdc 

wets methylated by the method of HahomorIs The m,IterIal was recoverecl by dI,IlysIs 

and extracted wth l&t petroleum ‘und the extract wa\ evapor.lted to dryness The 

residue (25 ms) wds soluble In chloroform and showed no hydro\yl .Ib\orptIon III It\ 

I r spectrum The methylated polysaccharlde was then reduced wth Ilthlum .1Ium1n1um 

deutertde and hydrolysed’ by the formic acid-bulphunc .ICI~ method T I c of the 

hydrolysate (Irngants E and F) revealed 2 3.4 6-tetra-O-methylg,tlnctose, 2 3 4-trI- 

0-methvlmalactose 2 4,6-tn-0-methyl,oalactose 2,4-dI-0-methylg&Ictow 2 3 5-trl- d ;3 
0-methylarabInose 2 3-dI-0-methylaI .IbInose, and 2 3 4-tI I-0-methylglucosc A 

sample of the hydrolysate ( - 5 mg) In queou4 methanol \L‘L~ ~cduced wth .m ewes\ 

of sodium borohydrlde After 12 h, the temalnlng borohydnde M&IS decomposed wth 

dcetlc acid. and the boIate produced wets removed by repeated co-dIstlllC1tIon wth 

methanol at room temperature The residue W,LS acctyl,ttcd lath Clccttc .knhydr ~dc 

(I mL) and pyndIne ( I mL) III a scaled tube for 30 men .It 120” The e\cec\ o! .IcctIC 

Ctnhydr~de was hydrolyzed wih wdtcr, the solution \\<I\ cvapor,md to dryness, .Incl 

the products \\ere extracted Into chloroform .Ind ewmIned by g I c (CO~LIIIII~~ (I, c 

and d) The methylated glycrtol peracetate\ of the folIowIng compound5 ~crc IdcntI- 

fied by comparison wth authentic compounds and by comp,IrI\on 01 thcIr m.1~4 

spectra (Hewlett-Pachard HP 5992B) wth those recorded 111 the IIter,ItuIc’” Z 3 -1 6- 

tetra-0-methylgalactose 2,3,4-tn-0-methylg&ictosc, 3 4 6-tn-0-mcthylg&ctow 

2,4-dI-O-methq IgcIlactose 2 3 5-tn-0-methylarabIno>c 2,3-dI-0-Iiictliyl,ir,ioI~io~~ 

2 3 4-tn-0-methylglucose, and 2 3,4-tI I-0-methylrh,Imno~c A number of other pe,Ihs 

were obseIved 111 trace quantItIes corIespondIn p to the coIlt‘lmIIl‘lIlt /I-l~-glLIL‘ul .und 

.IrabInoxylan degradation products 

Pa rd. CCL rcf I1 I rlr of 1 5I s of the Cl1 ahllrogciIu~ tw1 - A s,unple (50 mg) of the 

arabmogalactan was treated l\Ith 0 0511 trIfluoroacetIc acid at 100” for 3 h. arablnobc 

and only traces of gaktose \\eere released 

was recovered (20 mg) 

Total. acid hydrolysis of a sample of this mater4 gave m.unly palactose rhamnow_ 

and glucuronIc acid, wth traces of arabInose and other acIdIc matenal The me- 

maInIng matenal was treated wth 0 411 trIlluoroacetIc acid at 100” for I h the hydro- 

lysate was ev,Iporated to dryness, and the residue was chromatogr‘lphed on the ~Imc 

column of BIo-Gel P-2 very httle materIa1 of high molecular wcght remamcd .md 

no dIstInct peaks correspondIn g to olIgosaccharIdes were obtaIned The IiactIons 

were examined by p c (IrrIgants A, B, and C), and >ImIlar fractions wcrc combIncd 

‘tnd then purified by p c (IrrI+mt B) on Whatman 3x1~ paper SIX components were 

obtaIned (Imgant B Ro,, 0 78, 0 66, 0 59, 0 40 0 27, and 0 l6), e,Ich gIvIng, on ,IcId 

hydrolysis, only galactose (t I c , IrrIgant5 D and G) SaInples of the first tour of the 
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components \\ ere methyfared’ ‘, and the products heated m sealed tubes at 90’ 

with anhydrous, 3 “:‘, methanoflc HCl for 12 h The methanofysates were taken to 
dryness and evamIned by g 1 c (columns b and l/I> Each sample gave a peak chromato- 
graphlcaffy IdentKdf to that of the methyl gfycostdes of 2,3.4 6-tetra-O-methyf- 
gafaccose, dnd components 1 3 and 4 gave peaks cfwomatograph~cafly ldentxaf to 

those of the methyl gfycostdes of 2,4,6-trt-&nethyfgalactose, whlfst component 2 
gave peaks correspondmg to methyl 2 3_4-tn-O-methyfgdfactos!des Qudntltatlvefy, 
the peal\-area ratios were approximately those to be expected for a homologous 
series of /I-( 1+3)-fmhed gafactose-contamm g ofigosaccharldes (components 1, 3 

and 4) and 6-O-galactopyranosylgafxtose (component 2) In addltlon the Rc,, 
values (u-rlsant B) correspond well wth those prewousfy recorded” and a plot of 

the negatwe foganthm of the RodI values (components I 3 4 5, and 6) as a function 
of the assumed d p LS Itnear 

Hydlofysls of the drablnogafactdn wth 4”:, wfphu~~c acid gave, bwdes the 

monosdcchartdes dn dctdlc cowponent ( RGJI 0 7S, n-ngant B) rhat was retdlned on an 
anton-exchange resin (Do\\ex I_ acetate form) efuted with water, but was desorbed 
\ifl th GO ‘I:, aqueous acetIc acid The component \ias further purified by p c (wIgants 
C and J) and then treated wth 4’;” sufpfiunc acid at 100” for I2 h m a sealed tube 
P c (Irrlgants 4_ B and C) revealed the presence of gafactose and gfucuromc acid 
(and gfucuronolactone) along wth unhydtolysed materral These data suggest that 

the acldlc component was probably 6-O-(b-D-glucopyrdnosyluronlc acid)-D-gaidCtOSe 

Etq I~IC /I 1 d-o/\ JI T of the NI ubmogcdctc tcm cd deter ttwzcttton of the c oq5gm crtrotl 

of the gctlcic tose ad cti ctbmow I e_stche~ - A sample of an acid hydrofqbate of the 
ardblnogdfactan conramlng -0 5 mg of gafactose was dlssofved rn 0 ISI phosphate 
buff-er (2 mL, pH 7 0) contammg 30 umts of D -gafactose olldase (U S Blochemlcaf 
Corp ) and mcubatcd at 25” for 2 days The solution wds evaporated to dryness, 
clnd p c of the restdue (Irngant ,I) did not detect galactose 

A hampIe of the ardb~nogdfactan (2 mg) was dlssofved In 0 2~ acetate buffer 
(2 mL pH 5 0) contnmlng pectInare (2 mg) from Aspergrllus rttger (Stgma) and 
Incub‘lted at 30” for 1 day The solwon was t&en to dryness, and t I c (n-rlgant D) 
of the restdue revealed drdbmose and gafactose, but no urontc acids 

A sclmple (10 mg) of the drabmogafactdn dlssofved m 0 Isr phosphate-citrate 
buffer (5 mL, pH 4 0) contamm, ‘r v-L-arabmofuranosldase” was Incubated at 30” 
for 1 day The enzyme was deactwated by heatIn g at 100 o and the hydrofysate applied 

to a column of Bto-Gel P-2 (see above) The materm of low molecular wetght 
conststed almost entrrefy of arabtnose On actd hydrolysis, the materlaf of high 
molecular weight released malnfy gafactose, but some arabmose was stiff present 

A second treatment was carried out ds above, the mattrlaf of high molecular weight 
recovered and a sample hydrolysed The materlaf stlfl contamed - 10 O! of arabmose 
residues, and It was ewdent that the enzyme preparation also contalned sugar residues 
tn the form of matertaf of htgh molecular wet&t that compflcated the analysts of the 
results The remamder of the materlaf was methyfated by the method of Hakomorl” 
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and exammed as described above All of the methyl sugars dewed from the ongmal 

arabmogalactan were present, but In different proportlons 

RESULTS AND DISCUSSION 

The material of high molecular weight solubihsed with water clt 4” from 

matunng, homogenised cotton fibres contaIned ar‘tbmose, galactose, glucose, man- 

nose, rhamnose, and vylose residues m the molar ratios 1 0 9 I 2 0 05 0 1 0 1 and 
acldlc sugars The material gave a negative lodIne-reaction for starch Its protein 

content was - I5 “/, and that of hydrouyprohne wds - 1 3 y{, Chromatography of this 

matenal on DEAE-cellulose (chlonde form) gclve d fraction, eluted with water, 

contammg polysaccharldes composed of all of the above-mentioned sugars, but 

enrlched m glucose A major fraction (-60’;/) cluted by 0 I XI NaCl g‘lve, on acid 

hydrolysis, arabmose, galactose, and rhanmose m the molar ratios 1 1 2 0 I, .md 

traces of xylose and glucose The uromc acid content’ W‘LS -8 :‘$ and th.lt of protein” 
-2 5:‘; This materml had [Y]‘,” - 1s o (( 0 5, water), and electrophoresls of the 

polysaccharlde dyed with Proclon Red’ gave CL single band Under the same condltlons, 

dn arablnogdlactan from Lnrr\ occdcwtdrr also gave only one b‘md, but 14 recogmsed 

to contalrl two components of slnular overall structure which dlITer m their degree of 

branchmg and molecular welght14 ” The polysdcchande from cotton fiblcs could 

not be further fractionated by chromatography on DEAE-Sepharose CL 6B or BIO- 

Gel P-100 and was consldered to be suffictently homogeneous for stl uctural studies. 

The ardblnogalactan was methylated by the method of Hakomon” lo, to ylcld 

d product (-VO’;‘,) that dlsptayed no I r peah attrlbutabte to hydroxyt groups 

The methylated polysaccharlde was completely reduced with llthu.un atumlmum 

deuterlde and hydrolysed” The hydrolysate ~3s evarnmed by t I c , and ‘L sample 

was leduced wth sodmm borohydllde, acetylated. and exammed by g I c-m s I0 
The followlng sugars were ldentltied 2,3,4,6-tetm-O-methylgalactose, 2,3,4-tn-O- 

methytgalactose, 2,4,6-tn-O-methylgalactose, 2,4-dl-O-methylgatactose, 2 3 5-tn-O- 

methylarabmose, 2,3-dt-0-methylardbmosc, 2,3,4-tn-O-methylglucose, and 2,3,4- 

tn-O-methylrhamnose, which were present In the peak-arca ratios of 0 35 0 27 

0 23 1 0 55 1 31 0 16 0 0.5 The ratto for arabmose to galactose derlvatlves In the 

methylated polysaccharlde (- 1 1) IS m fdlr agreement with that found for the ongIna 

arabmogatactan (I 1 2), but It IS ewdent that the methylat1on, or the subsequent 

work-up, resulted In the loss of rhamnose and glucuromc acid residues However, 

the method of Blumenkrclntz and Asboe-Hansen4 for the determmatlon of uronlc 

acid residues gives erroneously high value5 when certain plant phcnohc substances 

dre present’ 6, so that the apparent loss due to the methyldtlon IS probably overestt- 

mated Deuteratlon was detected only III 2,3,4-tn-O-methylglucose, showmg that 

this sugar alone was derived from uromc acid residues 

The arabmogatactan reduced 0 5 mol of perlodatc per mol of “anhydro sugar 

and acid hydrolysis of the reduced oxopotysdcchdrlde released gatactose and glycerol 

In the molar rallo 1 I 2 Smith degradation of the reduced ouopolysacch~nde”, 
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methylatlon” of the resultmg material of high molecular weight, followed by hydro- 
lysis gave (g 1 c of their glycltol acetate denvatwes) 2,3,4,6-tetra-0-methylgalactose, 

2,3,4-trl-0-methylgalactose. 2 4,6-trl-0-methylgalactose, and 2,4-dl-O-methylgalac- 
tose in the peak-area ratios 3 3 I I 9 These results mdlcate that the arablnogalactan 
contams a branched core of (l-3)- and (I -+6)-lmked galactopyranosyl restdues 

Mild, acid hydrolysis ofthe arablnogalactan removed almost all of the arablnose 
residues before galactose restdues were released, Indtcatlng that the former were 
lmked m the furanold form_ Further acrd hydrolysis released a series of (l-+3)-llnbed 

galactose-contalnmg ohgosacchandes dnd a (I +6)-lmhed galactoblose Acid hydro- 

lysates also contamed an aclduz ohgosaccharlde tentatively [dentdied dS a 6-0-(gluco- 

pyranosyluromc actd)galactose 
The fact that D-galactose oxldase completely oxidlsed the galactose m acid 

hydrolysates showed that this had the D configurat[on Treatment of the arabmo- 
galactan wth dn y-L-arabmofuranostdase removed -9O:/, of the arabmose rcsldues, 

showmg that they were Indeed hnhed m the furanold form and that they had the 
L configuration However, repeated treatment did not remove the remalnmg alablnose 
residues The methylatlon analysis Indicates that arablnose IS only (i-5)-lmked, 
so most probably the resistance to hydrolysis of the residual arablnose 1s due to stew 
reasons A slmllar enzyme preparation did not completely remove the arablnose 
residues from dn arabmoxylan Isolated from wheat flour” noi from an arablno- 
_gaIactan also Isolated from wheat flour’” The material of high molecular weight 

remammg after treatment wth the arabmofuranostdase was methylated although 
the material itas ewdently contarmnated wth methyl sugars derived from the enzyme 
preparation, It could be seen that the removal of the arabmose residues g,lve rise to 
an Increase m the proportlon of 2,3 4-tn-0-methylgalactose and a corresponding 
decrease m the proportlon of 2,4-d&-methylgalactose m a hydrolysate 

The results are consrstent wth a highly branched molecule contalntng d (I +3)- 
hnked /3-D-galactopyranosyl bachbone where most of the galactosyl residues carry 
side chams at O-6 These side chams consist of (1 -+6)-hnked D-galactopyranosy~ 
residues (average length, 3 residues) substituted at O-3 by short chams of (l-+5)- 

hnked L-arabmofuranosyl residues also about three residues long There are also 
termmal rhamnopyranosyl, glucopyranosyluromc acid, and D-galactopyranosyl 
residues No estlmatlon was made of the molecular weght of the polysaccharlde 

The presence of (I--) 5)Anked r-arabmofuranosyl side-chams has been reported 
for several purified Type II arablnogalactanslg-“‘_ and thew presence can be Inferred 

from methylatlon ewdence for other polysaccharrdes If the posstbihty of pectrc 
arabman can be excluded” 23 Such arabmans are mvarlably branched, and the lack 

of mono-0-methylarablnose derlvatlves m the hydrolysate of the methylated arablno- 
galactan from cotton fibres precludes their presence 

The arabmogalactan from cotton fibres has a slmllar chemical composmon 
to the Type II arabmogalactans Isolated from maple sap’+, rapeseed”‘, bamboo 
shoots”, and tobacco”, and has some but not all. of the structural features already 
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known for such arabmogalactans’ All of the Type IL arablnogalactans h,lve the 

same essential stl ucture, but the varlatlons m the side chams are numerous’ 
Because of them high water-solublhty, It IS difficult lo locate arabmogalactans 

In plant tissue, but most work to date seems to lndlcate that such polysaccharldes 

are not cont‘lmed wIthIn the cell wall’ The work of Albersheun and co-workers can 

be Interpreted as indlcatmg the presence of Type II artbmogalactans m rhe pnmaly 

cell-wall of dlcotyledonous plants’3*‘6, and the results described here and those of 

Maltby et cd ‘* are consistent wch locahsatlon clthel m the primary cell-wall or the 

cytoplasm 
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