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ARABINANS FROM THE ROOTS OF HORSEBEAN (Vi&f&z) 

AHSTRACI 

Young rools from the horsebean (Viciafuba L.) show a very high content of 
arabinose among their constituent cell-wall carbohydrates. Two water-soluble 
arabinans have been isolated from the cell-wall material. Their structures have 

been established by chemical methods and by ‘“C-n.m.r. spectroscopy and showed 
to consist of an u-(l-5)-linked backbone of I.-arahinofurannse residues; 

arabinopyranose residues are absent. The latter feature make these polysac- 
charides slightly different from arabinans from other origins that are characterized 
by their high degree of branching. 

INTRODUCTION 

Arabinans have been isolated from cell walls of different plant sources’. A 
few pure arabinans havr been characterized by methylation analysis and shown to 
be highly branched’. They all are characterized by the predominance of L- 

arabinofuranose residues; a very low proportion of pyranosc ring-form is present in 
some cases7,J. When pyranose residues are present, they are believed to occupy 
terminal postttons. Furanose residues are principally a-~-( 1-5)~hnked in the main 
chain, with shot-t side-chains having u-1.-(1+2)- and/o1 , U-t.-(l--t.))-linksd bt-anch 
points. Characteristic negative optical rotations are consistent with cu-L-glycosidic 
linkages. Additional evidence has been obtained by ‘3C-n.m.r. spectroscopy’ 
which allowed unambiguous assignment of the anorneric configuration of the glyco- 
sidic linkages and of the furanose form of the internal, n-L-(1+5)-linked residues. 
Pcctic polysaccharides, including arabinans from root cell-walls, have not been cx- 
tensively studied, although they may play an important role in the metabolic ex- 
changes that take place between the plant and the soil. 

This paper describes the isolation of arahinans Cram the young roots of Vicia 

faba and their chemical structure is demonstrated by methylation analysis and by 
“C-n.m.r. spectroscopy. 
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on the different carbon atoms of a glycoside”‘. Those five signals correspond to the 
carbon atoms of the internal a-~-( 1 +5)-linked arabinofuranosyl residues which, 
according to the methylation analysis, are expected to be the most abundant in the 
arahinans. Other signals are more difficult to assign with certainty, as they corres- 
pond to proportionally less abundant residues. However, signals at 5 84.6, 77.2, 
and 61.9 p.p.m. may be tentatively ascribed to the terminal groups of the side 
chains, which are the next most prevalent components in the polymers. The signal 
at i? 84.6 is assigned to C-4, which is expected to appear at lower field in the unsub- 
stituted residues, the signal at 6 77.2 is assigned to C-3, and that at fi 61.9 to C-S 
of the free CH,OH group of the terminal, nonreducing residues. The signals of 
those residues bearing the side chains at O-2 or/and O-3 were not differentiated 
from the other signals in the spectrum. or were not visible because of their low 

proportion in the arabinan. 

Arabinopyranose residues have been reported in many arabinans thus far in- 

vcstigated” ~I’. In all instances, the proportion UC the arabinopyranose residues 

was only a few percent of the arahinofuranose form and these residues appeared 
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only m terminal. non-reducing positions. It IS thcreforc qucrticmahlc ah to whether 
the pyranosc residues arc really part ot ths pc>lywctthanctcs or it rhzv arc urtufads 
arising during the mcthylatmn analy&. It h:n rcccnlly hccn dcrn~m~ll:~tcrl” that 
somc methyl rr-I.-ar;thinc)pynlncr~itlr i\ lormcd on truatmcnt 14 mclhvl O-I - 
arahinofuranonde with aIMi. In an arahinan. the Icrmmal ar;lhlnc~tul;lnoc)I IL!- 
sidue\ may he regarded ax almplr glya,lur;in~,a~d~h. :md crm~qucntlp II an? 
tauttrmeric rearrangcmenl wcrc to take plrce. ii would h, 011 tlrc termma residue*. 
and not on the mtcmal nAtluw whcrc rhc furanosc rmg-ftmn i\ fi\crl Iv the I I - 41 
linkage%. 

The authors” cstimatcd the ar~ual smount tlf pvranosidc tormcd during the 
treatment of methyl arahmofuranosidc 111 Ix ‘>Z”r . Although thulr cupcrmiental 
conditions wcrc more drwtlc. with trcatmcnt 01 rhc fmanosidc h*r !I1 II :a 17W in 
?,.fiM aqueous sodium hydmxidc. WC chcchctl the powihihty II~ py~.m~~dc iorma- 
tion under the condltmnr of the Hakomcll i mcthylation. Hhlch M.er placr in the 
preence of strong base. Methyl rr-I -arahinoturanlKidr. lhc purilb 01 uhirh h.ld 
been prevklurly cwtahlinhcd hy g.1.c. of iI\ fr~.tLer:uc. ~a\ 4rlccrcd 111 prokmgcd 
contact with dimsyl in and ww then mcthgkctud under Ihc ~~m~enl~~mal rrmdi- 
tlt)nY. Analysis of thr product by g.1.c. IolknGnp reducuon NILI whwqncnl XCIVIP- 

ticm did not rcvcal an! 2.3.-t-tri-O-methyl :Irahinr,lrvrano*Jv uucrmlpan*mg the 
permethylated furanoride. .A\ the 6-mcmhcrud ring rc~uld IW prr~~u n~ly in \cry 
small amounl in the hackground of the d.1.c rracc. a g.1.c. III.*. I~o~rding with 
multiple-lo” detection was pcrt~n-rncd. momtonng the itrnr &II m : 45. 1111. and I I7 
At the retention time of the 2.3.1~tri-methyl ether there WHL B htrlrng pcah .tt rach 
of the three selected mah+ralucb. whcrca\ a1 the rclentum time 01 rhc ?.3.-Wrl- 
mclhyl cthcr no ion al nik 45 could he ~~l~rvcd accomp;m>ing I hcb*c st the m:: 1111 
and 117. The proportmn 01 pyranosidr that could have been hrrm4 ud\ G I’i. .mtl 
therefore it ccmld not huvu aLTounted for Ihc drluctitm :I\ .UI .rr~cl~~c~ of 

arahinopyrano<c residues in nrm~ arahinsns or arahnogalarton. rhcn the 
pyranoae term ~b prchcnt. the 1.X-btri-methyl ether nhtamed upon rncthylaticm 
analysis usually con%litutcr ?--S’r ofthc total. 
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Additional evidence for the absence of arabinopyranose residues in the 

arabinans from broad bean is from the “C-n.m.r. spectrum, which did not show 
any signal at -105 p.p.m. where C-l resonance of an n-L-pyranosyl residue would 

be expected5, although this technique is not accurate when a species exists in only 
low “ercenraee r-m-m-~---D- 

The structural similarity of the two arabinans isolated from broad-bean roots 

shows that a family of these polysaccharides having similar structures is associated 

to the pcctic polymers present in the cell walls of the roots. It is to be noted that 

‘%-n.m.r. spectroscopy is particularly suitable for the structural investigation of 
arabinans which, because of their cu-L-furauuid corlstitucnts. exhibit very charac- 

teristic spectra. This was clearly illustrated when a mixture of arabinan and 

arabinogalactan was examined. The C-l signal for the a-L-arabinofuranose residue 
of the arabinan resonated at 108. I p.p,m., whereas that for the P-I.- 

arabinopyranose residues of the arabinogalactan resonated at 104.4 p.p_m. It is 

therefore easy to differentiate the two different kinds of arabinose-containing 

polysaccharides in such pectic extracts by “C-n.m.r. xpcctrosopy; in arabinogalac- 

tans the terminal arabinosc rcsiducs are pyranoid and ~-linked’. Tha same would 

apply to the oligo-P-arabinofLlranoside structures present in the plant glycopro- 

teins. 

The two arabinan fractions described here certainly originate in the same 

pectic material, but display slight structural differences. particularly in the propor- 
tion of branching at O-2 and 0-3 of rhe internal residues. This variation might be 
sufficient to explain the differences in their soluhility and therefore their extraction 

behavior. The main structural features of the two polysaccharides are well shown 

in their “C-n.m.r. spectra. which permit clear distinction belwcen the cY-arabinose 

residues of an arabinan and the p-arabinosc of an arabinogalactan. The behavior 
of arabinan II during purification on the column of DEAE-‘I’risacryl, and its associ- 

ation with acidic material at the end of the stepwise clution suggests that linkages 

might exist between this arabinan and the acidic pectic material. 

EXPERIMENTAL 

C;enerrrl m&ho& - The arabinans were hydrolyzed with 2M trifluoroacetic 
acid (4 h, 100”). The hydrolyzatc was reduced with sodium borohydride and 

acetylated in pyridine-acetic anhydride (1: I v/v, 2 h. 100”). The resulting alditol 
acetates were analyzed by g.1.c. with a Packard-Becker 417 inslrumcnc on glass 

columns (200 X 0.15 cm) containing 3% SP 2340 on Chromosorb W, AW-DMCS 
(100-120” mesh) al 205”. The methylated polysaccharidcs were hydrolyzed with 

90% formic acid (1 h, 100”) followed by 2M trifluoroacetic acid (4 h, 100”). The al- 

ditol acetates of the partially methylatcd sugars were analyzed by g.1.c. on the same 

column (2 min at 180”, and then 2”lmin to lt(O”, and then isothermal). G.l.c.-m.s. 

analysis was performed with a Girdel 300@MS 30 AF.1 instrument fitted with a 

capillary glass-column packed with SP 2340 (25 m X 0.25 mm). 
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The “c-n.m.r. spectrs were obtained wtth a WP-IOU Bruker F.-L. int4rument 
at 2S.lf? MHz; all spectra were rccvlrdcd at 8nowith Me:SO-4, us I he mlemal rcfer- 
ence. Samples were dissolved in D?O (28 mg/mL). 

/s&a~mn of rhs muhinuns. - Seeds of hotxebean were grown in a nutritive. 
ayuoous medium containing calcium carbonate. plus magnesium sulfate and potas- 
sium hydrogenphosphate at a 0.0lrnhf concentration. Cultures wcrc kept for 5 days 
in the dark at. 274fP. and the roots were then excised. Tlte curre*ponding cell-walls 
were prepared according to Kivilaan” or Esquerrc-‘IIrgayc’. The cell-wall material 
was extracted with water (I L per 5 g for 4 h at YIP) The extraction wah repeated 
four times. The lyophilized extruct corresponded to 19.5% of the total cell-wall. 

Ambimm 1. - An uqucnus solution of the extract war precipitated with 
ethanol und the supernatant solution by precipitation with acctonc (3 \ols) to give 
arabinan 1. which contained ~445% of arahinosc in its constituent hugarr. 

Arabinun II. - The ethanol precipitate was washed with Il. IYM sodium hy- 
droxide in ethanol, rolubiliPod in water. and then placed on top of a column (3.5 X 
2 cm) of DEAE-Trisacryl-CM cluted successively with xr *odium chloride (I!%0 
mL). 0.25~ sodium hydroxtde (23) mL). and then 0.5~ hydrochloric acid (J(W) 
mL). The clution was monitor& by the Moliseh test nnd by optrcal rotation. Arabi- 
nan II was collected in the latter cluant and contained X7’“c arahinoH: among the 
neutral sugars and -20% of uranic acid. 

M&_ddon una&sis. - Arabinan I was methylatcd by two %uccesstve 
Hakomori” methylations. whereas arahinun ff wax methylntetl hy a ainglr 
Hakomori methylation followed by two trcatmcnts according to Purdic”. 

Cnrboxyl reduction. -- Arrbinan If (4 mg) in water (S mL) was curhoxyl-re- 
duced according to Taylor and ConradIS. The mixture was dialyxed. treeze-dricd. 
and a porlicm hydrolyzed and the sugar analyxed conventionally. The galsctosc re- 
leased upon hydrolysi* correrpondcd to the rcductton of the galactumnic acld rc- 
sidues. 

The reduced mixture was placed on top of a ru,lumn of DKAl+Tri~acryl-CM. 
but no significant carhnhydratc material could bc eluted with water or with 0.5~ 
hydrochloric acid. 
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