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Two water-solubk arabinan fractions have been isolated from the inner barb 

of Rosa gluuca stems. hfeLhylation analysis and periodate oxidation re\caled that the 

two polysaccharides have similar, highly branched structures consisting of a-~- 

arabinofuranose residues substituted (I -I), (I --t 3), and (I -+S). The two srabinans 

difkr in their degree of polymerization: 100 and 34, respectively. ’ “C-N.m.r. spectro- 

scopy has been used to distinguish between glycosidlcally substituted and free C-5 

groups in the polymer, as well as to assign the metholy groups at positions 2,3, and 5 

of the methylsted arabinans. The dilkent types of linkages could also be identified. 

The results obtained by chemical and n.m.r.-spectroscopic methods were in good 

agreement. 

lluTRODUCTlON 

Pectic polysaccharides. \\hic!a are characteristic of primary plant cell-walls. 

probably play an important function in the process of wall elongation. The presence 

of arabinans in the inner phloem of rapidly elongating stems of the young Rosu shoots 

may be considered as a property of phloem tissues or of any plant cell-nail in a phase 

of active growth. 

Several strains of Rosa glmca tissues cultured rn t:ilro have been isolated in this 

laboratory’ from the inner bark of one-year-old stems of Rosa g/aura. One of these 

strains has been maintained as a suspension culture for several years’, and its pectic 

polysaccharides have been studied. We now rcpcrt thz structures of two pure 

arabinans isolated from the inner bark of the plant and which have not thus far been 
characterized in the corresponding suspension cultures. Recently, the structure of :he 

water-soluble arabinan from the bark of white \\illow” isas compared to that from 

the wood of maritime pine’ and from the bark of aspen Ir. The chemical data obtalned 

for the two arabinans from the inner bark of Rosa gluuca are discussed here and 

con-&ted with the results obtained from their ‘3C-n.m.r. spectra. 
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RESULTS XND DISCUSSION 

Extracijve-free bark was subjected to hot-Hater extraction and the soluble 

polysaccharides were fractionated. Graded precipitations with 60 and 70% ethanol, 
and acetone, according NJ Roudier*, afforded three fractions containing mainly 

arabinose, together Hith xyloss. galactoie, glucose, and palacturonic acid, but none 

of them corresponded to a pure arabinan. In a second attempt, tbe method of 
fractionation according to Aspinall tlf 01.~ \+as applied. Treatment with 79’0 aqueous 

copper acetate gave an insoluble copper-complex corresponding to an acidic poly- 
ssccbaride containing rbamuosc, arabinose , galactose, and galacturonic acid. From 
the rupematant, two pure arabinan fractions soluble in 70% aqueous ethanol were 

obtained. Fractron 1, preyipitated with acetone, and fraction II, soluble in acetone, 
_ea~e 93 and 100% of arabrnoje, respectively, on acid hydrolysis (see ExperImental 
and Table I). 

FRACTWh’uAl-ION OF THE SOLIJBLE COPPER COAIPLEX FRO\! THE INhER BA (K OF ii’0.W &7UCU 

Fracrion ~‘I&‘- Prorein [xl0 .~folar rar:us of monosuccharid<s Uronrc 

(OiJ) (96) (dt-gms) -acids 

Rho -Iru X_bl ,Ifun Gal Gfc 

Hz0 extracl 3.7 5x.5 2.0 6.0 12.3 20.5 13.7 

709; Erhsnol 8.6 I5 1.3 9-t 3.’ 3.1 21.1 16.3 16.6 
SOYt Ethanol 2 3 2 - 39.2 3.8 25 6 9.1 12 7.3 
Arabrnsn I 8.5 0.7 -583 - 93.0 - 3.0 1.0 30 - 
Arabrnsn II 1.5 2.7 - 73.6 - 100 - - - - - 

Chemical studr-. - For structural analysis. arabinans 1 and II were per 
methylated. Arabinan I Has fully mctbylated in one step by tht Hakomori procedure’. 
whereas arabinsn II by the same treatment was separated into two fractions, II, 
soluble in chloroform and II, soluble in water. 

Pennethqlalion of Ila ~3s achieved with one Purdie’ methyW.ion. Analytical 

results obtained by g.1.c. and g.!.c.-m.s. of the hydrolysates are giben in Table II and 

show that the sub-fractions II, and IIs are similar. 

From the mrihylation data, ir may thus be seen that arabmans I and II have a 

highlv branched structure, as indicated by the amount of 2,3,5-tri-O-methylarabinose, 
and by the proportions of mono-O-methylarabrnoss and arzbinose. The presence in 

arabinan I of 2.3,~tri-U-m~rhylarabinoje is indicative of the occtu-ence of a few 
residues in the pyrsnose form and has previously bc?cn reported for arabinaas isolated 
from different origins’,‘. When submitted to periodate oxidation, arabinans I and 11 
consumed 0.72 and 0.75 mole respectively, of periodate per pentose residue. This 

result is in agreement wrth the theoretiwl values deduced from mrthylation analysis, 
which predicted a periodate consumption of 0.67 and 0.66 mole/mole, respectively. 
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TABLE II 

hETHYLAll0~ ANALYSIS OF ARABINAM 

Aferhylared sugar” Mole 9; 

2.?.5-hfe,-Ara 
2,3,CMe,-Ara 

2.5-h!e:-Am 
1,3-hle2-Ara 
2-h¶e-Ara 
3-Mc-Ara 
L-Arabrnose 

1.00 I .m I .oo 
0.0-l - - 

0.10 0.13 0.13 
0.90 0.47 04Ci 
0.40 0.31 0 35 
0.17 008 0.10 
0.15 0.19 0.20 

Periodate oxidation foIlowcd by reduction and actd hydrolysis gave arabinose 

and glycerol in the ratios of 0.66 for arabinan 1 and 0.83 for arabinan II. Traces of 
erytbritol (about 2?b) were also prescnr in the hydrolysis products from arabinan 1. 
and probatly arose from the plucose and mannose present as impurities in the 
original fraction. 

The negative specific rotations and the rapicLt~ of hydrolysis of the arabinosyl 

linkages suggest that the arabinose groups a.re predominantly r-L-arabinofuranosc 

residues. 

From all the foregoing chemical and physicochcmical data, it may be seen that 

both arabinans present a highly branched structure conjtitutcd of x-L-arabino- 

furanose residues. They have in common the same proportion of arabinose residues 

carrying two points oi side-branching (z 8.59,,) and approximately the same 

Proportion of internal residues carrying only one point of side branching ( 2 18” 0). In 

both polysaccharides, less than 38 “,a of the internal residues are unbranched, x-( I -+ 3)- 

and a-(1 +5)-linked. The main structural difference between arabinan I and Ii is that 

the former has about 309/o of the unbranched residues substttuted at position 5 versus 
Zlo/b in the latter, whereas their proportion of hnkases through position 3 is very 

similar (6.7 1’s 8.7%). The overall proportion of unbranched residues in II is thus 

greater than in arabinan 1. 

The average degree of polymerization (d.p.) was determined by the ratio of 
methyl arabinoside to arabinitol (as their acetates) after borohydride reduction 

followed by hydrolysis and glycosidation. Arahinan I showed a d.p. of 100. whereas 
Anbinan II had a d.p. of only 34. 

N.m.r. sfu&s. - The X0-MHz-‘H n.m.r. spectra of the arabinans a~ their 
methylarcd and acctylated derivatives gave very little information. As may lx St-en 
in Table 111, the resonances of the anomeric protons of the differenr methyl 

arabinosides are very close. In the arabinans, the anomeric pro!ons rcsonatr dt lower 

field that those of the model compounds, and it is only possible to conclude from the 
spectra that the polymers are devoid of r-L-arabinopyranosidic residues. 



168 J.-P. JOSELEL\U, G. CHMlBAT, r.1. VIGNON, F. BARNOUD 

TABLE III 

ASSlGNMi3Vl-S OF H-l SIGNALS IN ‘H-s M.R. SPECTRA OF THE FOUR hIETHYL AJUBlhOSTDES AhD 

\R.IRlNAN 1 

Conlpolrnd 

hlcthyl a-L-arablnopyrarosid~ 

hlethyl ji-L-3rabinopyrannsld~ 

Methyl ,;r-L-arabioofursn@sIdz 
hleth>l B-L-arabinofuranoslde 

4mbio;rn I (hjdroxglalsd iorm) 

H-l” J b 1.2 

4.96 7.5 

4.83 9.3 

4.91 l.S 

-I.$6 4.5 
j-5.4 i 

‘Chrmlc4 shlfE dre eypreG;cd in p p m rclatike to T.S.P. as In!emal stsndsrd. ‘in Hz. ‘hful~~plrf. 
cocpllng conslznls noi measurable. 

On the other hand. the ’ 'C n m r. spectra of the arabinans or their per- _ . 

methyl~ted derivatives game information In a:+eement with the results obtained by 

chemical analysis. The use of a high-resolution spectrometer (CAhlECA 250) alloys 

the recording of satisfactory specrra even wth thz sparingly soluble arabinans. 

Fig. la shotvs the I3 C q .m.r. spectrum ofa mixture of the four methyl t_-arabinosides’“, 

and rhc assl_mments of the signals arc @\en in Table IV. The discrepancy of shifts of 
+ 1.55 p.p.m. as compared to the results of Gorin et al.' 3 exist because of the fact 

that different reference systems bier< used ithen recording the spectra. 

TABLE IV 

AZSlGhMENTS OF SIGNAL.5 IN “C-N.hl.R. SPECTR4 OF T.HE FObR hmTH\L ARXBlhOSlDES AND 

OF THE HYDROYtLATED *RABINAN (CHE~IIC~L SHY- ARE EYPRF~ED m p.p.m. REL~T~X’E ~0 

T.S.P. AS 1NTERNAL STANDARD) 

hlethyl z-L.arablno- 

pj ranojlde 

Altthll b-L-arabmo- 
pyranosidr 

hlclhjl a-I.-smblno- 
iursnoslde 

Xlethgl &L-a~ah~ilo- 

furclnoside 

Arabmsn I 
(hydrox) loled iorm) 

106.51 

(160) 

I02 46 
(169! 

110.96 
(172 4) 

10-l 77 

(171) 

I IO.35 

(174) 

109.90 
I I:‘.?) 

IO3 21 

f 17s) 

73.24 74.91 70.6 63.36 59.3 

I I4?.ti): ((3 OS-l S))b 

65.03 57.7 

70.85 71.37 71.46 (l-13.5): ((3.O.L~ 5)) 

d?.43 79. I6 86.3’ 63.86 57.36 
i 150) (148) (I-W f 153.5); ((6.10)) 

79. I5 77.43 84.59 65.76 H.84 

(I-13) (1432): ((10.7)) 

69.SO 

(143.5): ((6)) 

69.45 
(132-143.5); ((4.5)) 
69.15 

64.06 

(142-143.5) 

Walues (III Hz) III psreothesss rsprcxnl the ‘J(“C. H) \alues. bDobble psreolheses indicate the 
Ion:-range carbon-profoa, spin-spin coupling constant. 
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I 

1093 BP. 0 r)L.m 

FI&. I. (a) “C-o.m.r. spLw.rum of a I.ILUUR of the four methyl L-arsbinosides (t’or sslgnmcnts see 
Table I\‘); (b) ’ Y-o.m.r. specuxm of arabmao I; (c) “C-n.m.r. spearurn of arabIn= II. 
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In the ‘“C spectrum of arabinan I (Fig. 1 b), in addition to the I5 to 20 intense 

signals corresponding to the a-t_-arabinosyl residues, the presence of signals of low 

intensity may be objened. Some of these signals are also found in the spectrum of the 
methyl arabinosides obtained from arabinose of cominercial origin (Prolabo), 

(denoted by an asterisk In Fig. la). and probably correspond to hexose impurities, as 

arabinan I is conkminawd Hith galactose, glucose, and mannose (1, 3. and 3%. 

rcjpccttvcly, Table I). Indeed, the foregoin g signsis Here absent from the “C n.m.r. 

spectrum of arabinan I! (Yig. lc), which contains only arabinose residues (Table 1). 

The absence of stgnals in the region 70-79 p.p.m. is thus a proof of purity for arabino- 

furanans. The signals appearing betiveen 79 and 87 p.p.m., corresponding to the 

resonances of C-3. C-3. and C4 of the nrabinosyl residues, could not be assigned at 

present. The signals resonating at higher field (64.06 and 69.5 p.p.m.) are of particular 

interest as they are well separated. An off-resonance experiment showed that they are 

signals of prtmary alcohol groups, as theq gave triplets. This result demonstrates that 

they corrsspond to C-5 of the arabinose restdues, to free C!-120H groups for the signal 

at 6-I 06 p.p.m., and to giycosidically substituted CH,-O-groups for the signals 
centered at 69.5 p.p.m. Because of the dlKerent spin -lattice relaxation times (T,) and 

nuclear Overhsuser enhancements of linked and non-linked carbon atoms, a quanti- 

tative estimation of “C resonance areas of the C-S carbons \\as not reliable. This 
difficult) ~;-ls overcome hy recordin g the spectrum under appropriate conditions. The 

protons \;erc irradiated durin, 0 the acquisition time (0.6 set) followed by a delay of 

5 set without lrradiotlon’4.’ ‘. 

\L iI h the foregoing conditions. the relatibc proportions of the gl>cosidically 
linhed 0-5 and free O-5 groups for arnblnnn I were shown to be 61.8 and 3S.??*b, 

respectl\ely. This result compares !\ell ivith the data (59 and 40.496, respectively) 

obtained by methylation analysrs. 

it is noteworthy that the free C-5 atoms ekbibit a single signal at b 64.06 p.p.m., 
whereas the ,olycosidlcally bound C-5 atoms exhibit a group of 3 signals at 6 69.80. 
69.45. and 69.15 p p m , having the integated values of ?I. 32 3, and 8 4?k ofthe total 

C-5 areas. rzspectwely . 

The fact that only residues 1 and 2 (Fig. 9) have their C-j atoms free, and thus 

correspond to the signal at 6-I.06 p.p.m.. indicates that the glycosidic substitution at 

C-3 of 2 has no itiuence on the chemical shift of C-5. The situation is more complex 

for C-j atoms engaged In glycojidtc linkag.%, as four restdues of thts type may be 

found in rhc polysaccharides (rsGduss 3,4,5, and 6, Fig. 2), and only three signals arc 

seen. It is thus not possible to assign these signals without reference to model com- 
pounds, nor can it be s;atrd whether the influence depends on the substitution at C-2 

and/or C-3 of the residue, or on the neighbouring residues attached to C-5 and having 

scvcral possible positions of substitution. 

AS for the three signals exhibited in the anomeric region of the spectrum of the 

hbdrotylated polymers, it HZS not possible to assign them to the differently Linked 

anomeric c.ubon atoms. Holbever the values of the chemical shifts of these carbon 

atoms (109-l IO p.p.m.) show that the polymers consist of cw-t_-arabinofuranosc 



residues (see Table Iv). Confirmation or the furanosidic nature of the arabicose 

residues was obtained by the coupling constants ‘.1(‘3C-I. ‘H-i). as measured by the 

gated-decoupling metbod (Table IV). altnough it was not possible with this technique 

to decide between the a or j3 anomeric configuration for arabinosyi residues as borh 

have similar values. 

Fig. 2. Dirierent linbagrs occuring in the IUO arablnans R = arafxnofursnoJ)I. \ ;~lues In pxmthcxs 
give the rclati\e percenrays iw arahmsns I and II. rcspcirl\ely fcaliulatd irom TLtrle II). 

AdditIonal information was obtained from the “C-n.m.r. spectra or the 

methylared arabinans. First, the spectra exhibircd three signals In ths 0-CH, region 

(the integration of which was performed as described already) trhich, together with 

metbyiation-analysis data, silo\~~ed ssjlgnment of the following rcsonanccs: the signal 

at 6 59.33 p.p.m. (18.4?“) corresponds to 0-CH, at position 5. the si,onnl at 

8 57.97 p.p.m. (43.2” A) to 0-CH, at posltion 2. and the signal ci 57.50 p.p.m. (3S.J”t) 

to 0-CH, at poskon 3. It can thus bs deduced that the methyl carbon atoms are 

insensiLlve to, or ah’cted only a little by the nature of the glycosldtc Ilnhages, as the) 

~xonate at precise frequznciej dcpendlng on their position on the ~uga.r ring. A 

second result was gihsn by the @oups of signals at 3 66.40 and 72.60 p.p.m. the 

integral of which allowed (\\tth reference to the methylation data) their assi=nment to 

the glycosidicaiiy linhed C-5 and methyiatrd C-5 (non-glycojldlcally Imked) atoms, 

respecti>eiy. The spectra of the methylated anrblnans also showed three sharp 

anoneric-signals. 

As three types of linkages (I 42. I -+?I, and I -+5) exist in the arabinans, the 

anomeric signals were assigned according to the ,,xthqlation results. Methyiation 

analysis and ’ 3C-n.m.r. spectroscopy game the respective following percentages: for 
i-r? linkages, I4 LX 12.l?&: for I-53 linkages. 28 1’s 36.19’0, and i-or I-5 linha_rrs, 

57 L’S 6 I .7% . The attribution of the C-l signals are thus 6 107.05 p.p.m., corresponding 
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to (I +I)- r-arabinofuranosyl liokages: & IO.6 IO p.p.m. to (l-*5)-r-arabinofuranosyi 

linkqer, and ~5 105.03 p.p.m. to (1 ~3)-r-arc!binofuranosyl linkages. 

The fact that t~%o structurally similar, but not identical. arabinans have been 

isolated from the bark of Rosa glu~cu is another demonstration of the hetero_grneity 
of polysaccharides present In plants’-’ ‘, which could ori_gioate from the great 
dilerslty in the cell types constitutjbe of phloem tissues. Suuctural fkatures of these 

pol>ssccharidrs msy thus only be regarded as rhe average chwirnctcr of a family of 

polymers resulting from 3 more-or-less \iide spectrum of related entities. Tbar is 
interpretation i%ould explain why slightly different frscticns may be obtained during 
the process of isolation under slightly different condltioos. 

The chemical In\estigarion allowed thz characterization of the dif%xent types 

of linkages elisting rn the arabrnans. and ej!abllshd the main structural similarities 

and JitTercnccs bsfbieen cuahinan 1 and arabinan II. hiost of the information obtaiced 

by chemical anal> sis was confirmed bj n.m.r. spccnoscopy. 
I! may be noted that ’ “C-n.m.r. spectroscopy has brought more information to 

;hc strxtural inbsstigation of the polysaccharidcs than did ‘H-n.m.r. spectro- 
jcopy~“““. With ’ “C-n.m.r. spectra. if is possible to differentiate the ,ol>coGdlcally 

linked, primaq, alcoholic groups (C-S in the arabinose rejiducs) from the cor- 

respondinp free ones. 

The con@urstion of thr: anomeric linkage may be identified, as well as the 

percentage and positions of the hydrouyl gwups xcersibk to mcthylation, that is. the 

aicrage number of each type of lirthagss elisting in the polymer. All of this infor- 
mation is essenfinl for characterizing 3 pol)ssccharide, and could be of great help 

\vh?n comparln$ polysaccharides belonging LO a same family, but differing in their 

SU-UCtWZ. 

EYPERlhlENT\L 

Grntit~f n~~~f~ok - OptIcal rotatiocs ivere measured with a Rou~sel et Jouan 

Quick polarimeter at 10 . For g.1.c.. a Packard-Becker 417 instrument fitted with a 

frame-ionisarion detecior \{a5 used. Separations were performed on glass columns 

(200 x Cl. I5 cm) containing 3O.L of ECNSS-hl on Gas Chrom Q (100-110 me&) at 185” 

Kor alditol acetates) or 150’ (t-or partially methylated aldttol acetates). G.l.c.-m.s. 
~3s perfw-mrd with a Girdel 3000-biS 30 AEI instrument fitted Hiih a column 
contsining 390 of OV-?.2 5 on Chromosorb \Y kept for4 min at 120’and then heated Gt 

I ‘/min and holdLl_e at 200’. Unkjj otherwise stated I b all hydrolyses were carrier! out 
according to Saeman: protein ’ ’ contents \\ere determined using the me:hod of 
Lowry; and uranic acids ~rtre estimated by the carbazole method I’. 

Zsolutiou of r/w arahinans. -- Powdered inner bark of Roszglaura ~3s extracted 

under reflux titiice \iith SO?’ u ethanol for 20 mio and then scith ::2 ethanol-benzene 
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for Xl h. yielding 93 9; of dry material. The tissues (X0& il?re treated for 3 h with 

water at go”, pH 5.5. The operation was repeated 4 times. Freeze dryiog of the 
extracts gave 19 g (9.546) of polyssccbarides. 

Purt$car4on accordutg IO Rorrdi&. Ethanol \VCI~ added paduitly to a 0.20,b 

solurion of the mixture of polysaccharides (3 g) in iiater whereupon L distinct 
precipitation end-point ~3s observed at 4’. Two preapitatss \iere thus obtained ior 
concentrations of ethanol of 60 and 709; rrspecti\ely. A thiril fraction \\as also 

collected by addition of acetone (4 volumes) to the supernatant. All three fractions 

contained arabinoje, xylose, galzctose, ~lucosc. and ~alacturonic acid. 

Ptrrijkalion according to AspitlalP. To an squcouj solution of the polyac- 
cbaride mixture (8 g in 4 litres). a 7 ?6 solution of copper acetate (0.8 Iltre) was added, 
which. after drcantstion otemight at A>. yielded an insoluble copper-complex. After 

centrifugation, the supcrnaranr was Tractlonattif successi\elj by ethanol and acetone 

precipitation. Ethanol precipitation follo\\ed by drcomplexttwn with I?; ethanol- 

hydrogen chloride game two fractions. at 70”: (0.691 g: S.6”;,) and SO?; (O-Id6 ,g: 

2.313) concentrations of ethanol. Preclpitatlon of components ;n the supcrn;t&nr 11) 

acetone ga\s a third fraction (0.650 g; 8 5’!ti. .irnbinan I) The mother liquor was 

lyophilized and ga\e a residue (0.12-l g; l.S’?,b Arablnan II). The respccti\e com- 

positions of the aforsmentionsd fractions are given in Table I. 

!rf2ttlifjcdltott of L-arubttrose. - The polgssccharidrs (31 mg) in 3~ trifluoro- 

acetic acid (5 ml) v\ere kept for 1 h at 120‘. The hydrolysata was wsporated to 

dryness and the stigflj isolated by prcparat!\e, paper chromatography (Whntmnn 

no. 3. sokent system: S:?l ethyl acetate-pjridine-kiater). Elution of appropriate 

strips game mainly L-srabinose, [8r]$3 i-91 (5 min) + + 103.3” (equil., c 3.3, water). 

Mtvh~Variott atta!I’w.s. - These i\erz performed according to Hakomori’. 

Arsbioan I(306 mgj ~33 solubllized in freshly dlstillcd methyl sJlphotide (30 ml) and 

a solution of mrthylsulphinyl sodium in mcthbl sulpho\ide (5 ml) \vas added. The 

suspcn$on IVLLS sonicated’” for 30 min and kept overnight at room temperature IO a 

niuogen atmosphere Lvith stirrIng. hlcthyl iodide (S ml) aas then added over ;?. 3-h 

period and the resulting clear solution sonicsted for 20 min. Thz solution was poured 

into ivater (I 20 ml). dialysed for 7-J h. and extracted \\. Irh chloroform to pike n fully 

methylated polyacchsride (331 mg) that sho\\ed no hydroxyl band in the i.r. The 

product had [x]tz, - I 16” (c 3.2. chlorofcwm). 

Arabinnn 11 (63.6 mg). methjlated 3s already described, gave n fraction II, 

soluble in chloroform (31 mg) and a fraction II, jtiluble in !$ater. Fraction II, ~‘85 

remethylated by reffuxing it in methyl iodide-silver oxide to gi\e 3 I‘ully mcthylatsd 

product (43.5 mg). Fraction II,A showed [x]fg., - 9 I (c I _ I. chloroform) and fraction 

II, [a]& - 1 17’ (c ! 3. chloroform). 

Analytical values for the methylated arabinans are $\en IO Table II. 

Perioda~e o.ric?ulrott. - Arabinans I and II (I5 mg), soiubllized in nqueou~ 

sodium metapcrioda[e (0.01 jhl, - 30 ml), were hcpt ar room temperature in the dark. the 

consumption of periodate beins spcctrophotomeuically monitored on aliquots at 
223 MI’~. After I90 h, the consumption of periodate wan 0.72 mole per mole of 
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L-arabinose residues for arabinan I and 0.75 mole/mole for arabinan II. Reduction of 
the resulting polyaldehydes by sodium borohydride, followed by hydrolysis and g.l.c. 
analysis, shoaed glycerol and arabinose, with a trace of crythritol in the case of 
arabinan 1. 

Determinatior? of the d.p., . - The arabinans (10 mg) were reduced with a 
solution of sodium borohydride for 21 h at room temperature, and after neutralization 
with 50% acetic acid, deionization wiih Amberlite IR-120 (H+) resin and several 
cvapontions with 1% methanolic hydrogen chloride, the reduced polysaccharides 
were hydrolyzed with 0.5M H,SO, (3 mJ. 6 h, 100°). The hydrolysed products were 
converted into methyl glycosidzs’ ’ which were then acetyk.ted. The ratio of 
acetyiated arabinitol was determined by g.1.c. on a 390 ECNSS-hl column for 6 min 
at SO”, and programmed at S”/min to 180”. The d.p., was 100 for arabinan I and 34 
for arabinan II. 

N.m.r. muiysis. -The ‘3C-n.m.r. spectra were obtained with a CAMECA 350 
spectrometer. Hydroxylated polysaccharides were in solution in deutcrium oxide at 
90” jlS0 mg in I .5 ml, with tubes of S-mm o.d.) and chemical shifts in 15 values are 
relative to TSP. (sodium 2,2,3,3-teuadeuterio-3-(trimethylsilyl)propionate) a2 the 
internal reference; the chemical-shift values difk by + 1.55 p.p.m. from those 
expressed relative fo ILle,Si contained in a coaxial sample tube. Methylated arabinans 
were in solution in chloroform-d at 50’ (50 mg in 0.5 ml. with tubes of j-mm o.d.), 
and chemical shifts are relative to hIe,Si as internal reference. The pulse Hidth !tas 
IO ,usec (u 70”) and the acquisition time was 0.6 sec. 

Normal ’ 3C spectra were recorded with complete proton-decoupling at 
62.86 hlHz on a CAhTECA spectrometer equipped with Fourier !ransform (~pecual 
windows of 200 p.p.m., and digitaJization into 12 K data points). 

Determination of the coupling constants has made with a pated, ‘H- 
decoupler sequence (decoupler on-decoupler off, 70” pulse, acquire data) to retain 
nuclear Overhauser enhancements. For “ofi-resonance” experiments, lrradlation was 
effected at the ‘H resonance fxquency of rhe T.S.P. or hfe,Si. 
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