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ABSTRACT 

The major polysaccharide in tamarind seed is a galactoxyloglucan for which the ratios galactose:xy- 
lose:glucose are 1:2.25:2.8. A minor polysaccharide (2--3%) contains branched (I -+5)-a-L-arabinofuranan 
and unbranched (1+4)$%galactopyranan features. Small-angle X-ray scattering experiments gave values 
for the cross-sectional radius of the polymer in aqueous solution that were typical of single-stranded 
molecules. Marked stiffness of the chain (Cm 1 IO) was deduced from static light-scattering studies and is 
ascribed partially to the restriction ofthe motion of the (I +4)-/I-D-glucan backbone by its extensive ( y 80%) 
glycosylation. The rigidity of the polymer caused significant draining effects, which heavily influenced the 
hydrodynamic behaviour. The dependence of “zero-shear” viscosity on concentration was used to charac- 
terise “dilute” and “semi-dilute” concentration regimes. The marked dependence on concentration in the 
“semi-dilute” region was similar to that for other stiff neutral polysaccharide systems, ascribed to “hyper- 
entanglements”, and it is suggested that these may have arisen through a tenuous alignment of stiffened 
chains. 

INTRODUCTION 

Seeds of the tamarind tree (Tumarindus indica), which is indigenous to India and 
South East Asia, contain large proportions of a non-starch polysaccharide that func- 
tions as an energy reserve’,*. Seeds are present in pods, which also contain a pulp that is 
widely used in Asian cuisine and has high concentrations of sugars and tartaric acid3. As 
tamarind seeds are a by-product of the extraction of pulp, commercial applications have 
been sought. De-hulled and crushed seeds provide a crude preparation of polysaccha- 
ride (tamarind-kernel powder) which is used, for example, in textile sizing and weaving, 
and as an adhesive or binding agent in other industries4. A soluble (tamarind-seed) 
polysaccharide fraction can be prepared from the powder of the kernel and is used as a 
thickening, stabilising, and gelling agent in foods, particularly in Japan where it is a 
permitted food additive5. 

* Author for correspondence. 
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Tamarind-seed polysaccharide belongs to the xyloglucan family. members of 
which are found either within the cell-wall matrices of plants” or a> m:ijcrr seed 

components and, presumably, function as energy reserves! ’ Xyloglucans arc often 
termed “amyioids” because of the characteristic blue stain thaw. is produced \vith 
iodine/potassium iodide solution’. Although ail seed ‘~u!;loglucanr” examined to dare 
have common structural elements (1 ), i.cj., ;I celluioric-t),pe t 1 -+4)-/I-wglucan backbone 
uith side chains of r-I)-xylopyrnnose and /I-I,-.palactopyrano~~I-( 1 --tli-x-r)-x~l~,pvr-;i- 
nose ( 1 -+h)-linked to the backbone, two features of the structure are not ~~~11 defined. 
Firstly, the ratios of giucosc:uylose:gaiacrose. often reported ‘,” 21s -. .;:I!: 1, 1x1~ httw 
determined variously to be .?:3.35: 1 (ref. 8). ?..2.5: 1.25: i (rei’ “1). .3:_3: I {r&s. IO I II). and 
42: 1 (ref. 13). Secondly, the presence of low proportions ofarabintrse residues has been 
reported’,” ” In acid hydrolysatcs of preparations of tamar-end-seed polysacchsride. it 
has been suggested” that OCR-abinofurancts~l residues arc ( i -Ilklitrkecl ii, the ct2HLliosic: 
backbone. but there is nc conciusiw evidence. Two other posGhllrtics. U~JIK~ lta\c nc.11 

been considered previourl! ~ are that arabinose m;ly be present due to ;t ca31ianlina~in~ 

arabinan or that ;c-r.-arablnofuranosc may be (I -+h)-linked to side-chain xylose resi- 
dues as is found in tohaccc, cell walls’“. This latter possibility gain< crcdencc from the 
similarity in structure ot‘ r-r-arabinose and /A,-galactose. which is ( 1 -+?I-linked to 
xyiose in tamarind-seed poiysaccharide (111. x-Arabinofuranose 1s 11 --+:!j-iinkcd to ;L 
specific xylose-substituted glucose residue in ;I minor oligvw_xharicte ohtaine~t” bl, 

enzymic degradation of the extracellular xylo~lucan from ,~c:inrore. 

[ -+4)-b-wGic/7-( i-][+4)-B-n-Glcp-( I-][+4)-/%t~Glcp-( f -1 
h 

1 

B-D-Gdp-( 1 -+Z)-CC-D-Xyip 

Commercial interest in purified lamarind-seed poiysaccharide centres on its 
ability to thicken or gel aqueous-based food system? in aqueous solution. tamarind- 
seed poiysaccharide is an effective viscosifier’, whereas gels are formed in the presence of 
Y 50% of sugar (or alcohols). Despite these applications, there ha\-e been few detailed 
studies of the molecular properties of solutions of tamarind-seed polysaccharidc or 
other xyioglucans. From a consideration of the structure (1). the celiulosic backbonc 
with a high degree of glycosql substitution would be expected’” to icad to a stiff. 
extended-chain structure in solution and. hence, eflicicnt volume occupancy and en-, 
hancement of viscosity. Lighl-scattering studies ” ” ofanother glycosyi-branched ceiiu- 
iosic poiysaccharide. xanthan, have revealed an extremely stifTmolecular structure. at 
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least in the “ordered” conformation. The rheological properties of xanthan2’ are typical 
of “weak gels” rather than of simple (entanglement) solutions, such as shown by guar 
gum”, another branched polysaccharide with a moderately stiff backbone. Therefore, it 
is of interest to characterise the behaviour in solution of tamarind-seed polysaccharide, 
both in terms of the chain dimensions and persistence of the chains as well as macro- 
scopic rheological behaviour. 

We now report on the structure and properties in aqueous solution of tamarind- 
seed polysaccharide. 

RESULTS AND DISCUSSION 

Composition. - Tamarind-seed polysaccharides from various commercial sourc- 
es were purified and their compositions, determined by acid hydrolysis and g.1.c. of the 
derived alditol acetates, were glucose, 4345%; xylose, 35538%; galactose, 15-17%; 
and arabinose, 2-3%. Similar results were obtained for the polysaccharide from 
nasturtium seed. 

The composition was investigated also by ‘H-n.m.r. spectroscopy. The spectrum 
of the region for signals of anomeric protons is shown in Fig. la. From analyses of 
related systems’4”2, thesignalsat5.15(d,J,,,3.3Hz),4.97(d,J,,*3.4Hz),and4.55-4.65 
p.p.m. were assigned to H-l of 2-O-galactosylxylose, terminal xylose, and all of the 
glucose and galactose residues, respectively, in 1. Other minor signals in the range 

Fig. 1. Partial ‘H-n.m.r. spectra (90”, 2 mg/mL in D,O) of (a) tamarind-seed polysaccharide (purified 
Glyloid 3s) and (b) the fraction soluble in alkaline copper sulphate and enriched in arabinan. 
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ly different from those (3:2:1) reported frequently and indicate a higher degree of 
backbone substitution than found previously, although the ratios are similar to those 
(3:2.25:1) reported by Kooiman’. 

Features of the arabinan. - Arabinose residues were found in the tamarind-seed 
polysaccharides studied here and elsewhere’,“.‘3. The ‘H-n.m.r. spectrum (Fig. la) 
suggested that the H-l resonances associated with the arabinose residues occurred at 
5.1-5.3 p.p.m. An arabinose-related signal has been reportedI at - 5.1 p.p.m. for an 
arabinoxyloglucan isolated from tobacco cell walls. In this molecule, r_-arabinofuranose 
residues were 2-linked to some a-xylopyranosyl side-chains that were 6-linked to a 
(1+4)-p-D-glucan backbone14. In order to determine whether a similar structure occurs 
in tamarind-seed polysaccharide, 13C-n.m.r. spectra were recorded, because Mori et a1.14 
have reported that the arabinosyl C-l resonance in tobacco arabinoxyloglucan has a 
chemical shift of 111.2 p.p.m. The 13C-n.m.r. spectrum of tamarind-seed polysaccharide 
is shown in Fig. 2a, and the C-l signals at 105.5,103.4, and 100.1 p.p.m. were assigned to 
galactose, glucose, and xylose residues, respectively. Although there appeared to be 
several other signals of low intensity, the limited signal-to-noise ratio, achieved with the 
viscous 0.5% solution employed, rendered the identification of the minor signals 
ambiguous. 

Following treatment of tamarind-seed polysaccharide with nasturtium endo- 
(1 -+4)-/?-D-glucanasez3, the ‘3C-n.m.r. p s ectrum of an aqueous 3% solution shown in 

- 

1 “I “I “I ‘71 “I “1 “‘I’ ‘1 
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I “‘I “‘I” 
70 65 60 

Fig. 2. “C-N.m.r. spectra of(n) tamarind-seed polysaccharide (90”, 5 mg/mL in DzO), (h) the same sample 
after digestion with nasturtium endo-(1 -+4)-P-D-glucanase*’ (60”. 30 mg/mL in D,O), and (c) the fraction 
from (u) that was soluble in alkaline copper sulphate and enriched in arabinan. 



Fig. 2b was recorded. Minor signals. characteristic offuranosc structures, were present 
in the regions 75--86 and 107 109 p.p.m_. and are ascribed to arabinosc. The chemical 
shifts of the three most intense of the latter signals (IOM.67, 10X. I?., and 107.57 p.p.m.) 
wereessentiaiiyidet~ticai to those ( 108.7, 108.15. and 107.&,p.p.1n.~report~d by Cdpek PI 
u/,‘” for an arabinan isolated from marsh mallow (.4lrhurcl o/ficimli.c 1-J. A.11 other minor 
signals attributed to arabinae in the depoiymtrised tamarind-sred polysaccharidc hl*(i 
chemical shifts that are csscntlaliy identical ti: those rcpurtcd b! i’apek t’i LIP.“’ for A 
(1 --+5)-linked r-r.-arabinofrrr;Inan backbone with side charn~ of‘ I I --+?I- and i I -+?b- 
linked r-r.-arabinofuranos~. Similar chemical shift aml ctructurztl dat:t havtx been 
reported for an arabinan ii-cm Rosrr ,qlu~~r”“. Although tc’ntatlvr assignments fi>r these 
resonances have been proposed”, no definitiyr !‘c’ ;tssignmerrc~ arc ;~\,;ril;ibic fo: 
branched arabinans. Ilhemic:i~l shifts for the I-I- 1 resonances of 1 he K. gllil/t,ri :~mhinan 
were reported” to be in the range 5.0 5.3 p.p.m.. in agreement with rhea ot‘rhc minor 
signals given by the tamarind-seed polys;~ccharlde (Fig. ia). Similar]!. C~hurmt; PI cd.-” 
reported a chemical shift ot’ 5 I p.p,nl. for the H- 1 rc’5onancc irt‘ ;I linear ! ! -+ “)-linked 
r-r.-arabinan. The low (unresolved) J, , values fhr iamarind-wxi po1vsaxharidos LW.Z 
more consistent with those apectedzi for X-I -ambir~ofur;ll!cluc rc:sidur~ ( I .7 2 iJ f-17) 
than for the (1 form (3.3 4.X H/). 

The arabinan-like linkages observed in tamarind-seed polysaccharide ma) aria 
either through covalent attachment of arabinan side chain\ ro the pal~ictoxyiogluclirl 
core or through the co-puritication nfan arabinan. I>epoiyt-i~crisatic-rn oi‘t~~lnarind-seed 
poiysaccharide with nasturtium endo-( 1 ~-+4)-/J-r)-~lucatlaso‘i @llC it mirturc Of lo\\- 
molecular-weight fragments t-hat could be resolved parti;!li:i b> chr-oni~itt,graph~ on 
Sephadex G-50 (data not cho\\,n). ‘Ii-3.m.r. analysis of the fracrion~ shopped the 
absence of the characteristic arubinose H-1 signals in the range 5.0 5.4 p.p.m.S c\cept 
for the fraction of highest nt~>lecuiar weight (d.p. _ 100 by end-group analysis has4 on 

‘H-n.m.r. data). This cvidenc,c ?uggests that arabirtarls art‘ riot present it\ short <Jligo- 
merit side chains attached to the galactoxyioglucan core. Significant enrichment ofthc 
arabinan was obtained bq precipitation of the tamarind-;ccd I~c’l~sac~h:~ridc nith 
alkaiinc copper suiphate. The material (1.3%) in the supernatant aluti~~n cont:tined 
-~30% of arabinvn and -L W;, ot‘ gaiactoxyiogiucan t Fig. 1 h). the Ialter h:r\ ing 
essentially the same gi~~cose:~ylose:galilct~~~e ratios as the tt)tal sampit.. Kesc~nances in 
the range 5.1 5.3 p.p_m. (Fig. I hi assigned to H-I of the LirabilIiin scm to be repre- 
sentative of the ratioa of signal intensities observed in the non-enriched material t Fig. 
la). This single precipitation step corresponded to a 10 j ,?-t’old purification of the 
arabinan with a recovery of _ 400%. The iH-n.m.r. spectrum of the copper suiphatc- 
soiuble fraction (Fig. I b) an be used to rule out significant Z-substitution h), X- 
arahinofuranosyl ofthe xylclse-substituted glucose residues. ;I\ ~;~LIFK~ in ;in oligosaccha- 
ride derived from an extracellular ryiogiucan ofsycamore“. In this ohpos:lcch;~ride. the 
arabinosyi group caused downfield shifts (of up to O.CIil p.17.m ) of ;hr resonances ot 
neighbouring xylosyl residues” EL’O such shifts are observed in F‘E~. 1 h. Ti~c “C-n.m.~ 
spectrum of the copper suiphatc-soiublc fraction (Fig. 2~) contained signals assocll?teci 

with galactoxyloglucan features (Fig. 3a) and significant rcsc>nanccu frt;m branched 
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arabinans24’25 that had chemical shifts identical to those of the minor signals in Fig. 2b 
but with much increased intensity. In addition, minor resonances that corresponded to 
(144)~j?-o-galactan structures** were detected, e.g., for C-4 at 78.8 p.p.m. A minor ‘H 
signal at 4.65 p.p,m. (Fig. 1 b) was assigned tentatively to H-l of (l-+4)-/3-o-galactan 
linkages. The presence of both arabinan and galactan in tamarind-seed polysaccharides 
suggests that a small amount of pectic material was co-extracted with the preponderant 
galactoxyloglucan. Although the present results suggest that arabinans are not present 
as free oligomers or as short side chains attached to the galactoxyloglucan backbone, it 
has not been established whether covalent linkages connect the two species. 

Solution properties. - (a) Small-angle X-ray scattering. The data were recorded 
over the angular range 20 = 0.2-4.9”, which corresponded to scattering vectors (h) of 
1.5 x IO-‘-3.5 x 10-l A-’ (h = 4rr sin @/A). Typical data for a 1% (w/w) solution of 
purified tamarind-seed polysaccharide are shown in Fig. 3a; for appropriate ranges of h, 
a plot of In (intensity x 20) versus h2 contained a linear (cross-sectional Guinier) 
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Fig. 3. (a) Angular dependence of the small-angle X-ray scattering intensity from an aqueous solution (10 
mg/mL) of tamarind-seed polysaccharide; (b) cross-sectional plot of the scatter curve (a) from an aqueous 
solution (10 mg/mL) of tamarind-seed polysaccharide. The slope of the fitted straight line corresponds to R, 
= 2.8 A. 



where rl,, is the viscosity of the solvent. X_ is the Holtzmann constant, and 7‘ is the 

temperature (Kj. 

Since R,, is the radius ofa hypothetical sphere with the diffusion cnetficient 11,. the 

ratio between radius ofgyration and hydrodynamic radius,/? 7.5 R, R,,. is sensitive to the 

shape of the particle. Static and dynamic Zimm plots for aqueous solutions of purified 

tamarind-seed polqisaocharide arc presented in Fig”. 3a and -Ih~ respectivei!. The data 

obtained from these plots together with the /I-parameter iind ihu charactcri%tic ratio C’, 

are collected in Table II. 

where I is the length of one chain segment and M, is the molecular weight of this 

segment. If the molecule is assumed to be single-stranded and each /I’-( 1 -+?I-linked 

glucose residue in the backbone is defined as one segment of the chain. the values I = 

0.52 nm and ,itl,, = 360 (=: !h.?~O.45) app!~” and result in CC -1 I IO. Till\ \;ilw ma\; be 
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Fig 4. (a) Static Zimm plot of tamarind-seed polysaccharide for aqueous solutions of (left to right) 0.0, 
0.248,0.496, 0.744, and I .24 mg/mL; (b) dynamic Zimm plot of the same solutions. 

compared with that for guar galactomannan and carboxymethylcellulose, which have 
similar backbone structures but characteristic ratios3(’ that are lower by a factor of * 10. 
The greater stiffness of the chain of tamarind-seed polysaccharide compared to that of 
carboxymethylcellulose might be due partially to the high proportion of side chains in 
the former (- 80% of glucose residues are substituted). Inspection of space-filling 
(CPK) molecular models suggests that the side chains (especially the disaccharide units) 

TABLE II 

Parameters determined from static and dynamic tight-scattering measurements on aqueous solutions of 
tamarind-seed polysaccharide” 

Mw 8.8 x 10’ LO.1 g/mol. 

4 110 + 1.0 nm. 
4 8.5 x lo-’ *0.5 mol.mL/g2. 

D, 3.4 +0.2 x 10-Rcm2/s. 

R, 71 +3.0 nm. 

c, 110+1. 
D 1.55+0.08. 

” Average values for measurements from 2 samples purified separately. 



cause significant barriers to the mobility of the internal chains. particularly at high levels 
of substitution. The Cm value for tamarind-seed polysaccharide is higher than those for 
other neutral polysaccharides” and is comparable to those for alginates that have a 
ribbon-like structure stift‘ened by mutual electrostatic repulsion between adjacent resi- 
dues. However, it is possible that the stiffness ofthe chain oftamarind-seed polysaccha- 
ride is not due solely to hindered rotation but also to specific aggregation which will be 
discussed elsewhereXh. Because of the marked stiffness ot‘the chain. ;I /+parameter would 
be expected that is significantly different from the value found experimentalt\ for 
flexible coilsf’. In fact. a value ofp of 1.55 lies in the range intermediate betu’ettn that 
( I .27) for flexible. nearly monodisperse coils in a 0 solvent”’ and that i 2 3j for such 
highly ordered polysaccharides”‘.3’ as gellan or xanthan. Several factors arc expected to 
increase the value of 1’ aho~e that for monodisperse coils in C~ 0 solvent, namely. the 
quality ofthe solvent and the drainage. polydispersityl”. and stiffness ol‘ the chain”‘. Ail 
of these factors apply to tamarind-seed polysaccharide, and their combination I\ 
presumed to be responsible f;tr the observed increase in the value of/j to 1.55. How-ever. 
this value is significantly lower than that reported for microbi:ll polysaccharides in the 
helical ordered state. which have comparable virial coeficients and. probably. similrtg 
polydispersity but g-eater stiffness of the chains”. 

(c) Rhro/oq_~~. Two features ofthe solution rheology of tamarind-seed polysaccha- 
ride have been studied. namely, the intrinsic viscosity [rl] and the dependence 01‘ the 
“zero-shear” viscosity tl,, on concentration. For purified tamarind-seed poly-saccharide. 
an average intrinsic viscosity of[il] = 6 i-O.5 dL, g was obtained. Knctwing the radius ol 
gyration and the molecular weight from the light-scattering experiments. an Littempt 
can be made to predict the intrinsic viscosity from the F’ox Flory theor! “. 

With a value4” of @ = 2.5 x 10” tnol ‘, this approach yields a theoretical intrinsic 
viscosity of [u],,, = 50.4 dL/g. which is about eight times higher than the corresponding 
experimental value. This discrepancy may be due to polydispersit). excluded volume. 
and draining effects. The first two parameters influence the radius of gyration and the 
last alters the parameter Q,. 

Equation 3 is strictly valid only for mono-disperse chains, which means that the 
value estimated for [r],,, will he too high, as the z-trrc~~cr~~r of the radius elf gyration is 
divided by the ~r~i@/ rrr;rr~~r of the molecular weight. CIn thr assumption of’ a most 
probable size distribution. 

the theoretical value from equation 3 becomes [VI,,, = 30.1 dL g. 
The radius of gyration is influenced by the excluded volume effect. expressed by 

the expansion f;lctor x,:. and defined by equation 5. 
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cS2> = <So2>as2 (5) 

where <S, > is the radius of gyration of the unperturbed chain. The factor as2 may be 
calculated from static light-scattering results via the interpenetration functiot? y(a) 
given by 

A, = 47c3’*N, < S* > 3”/A42ty(a), (6) 

where u/(a) = 0.19814 (1 -[l + 0.382(1 -am3)]p7.3q1. (7) 

From equations 6 and 7, a value for as2 of 1.06 is calculated. 
The parameter4 @ in equation 3 may be corrected according to the formula 

@ = 2.5*102’ a,2-o.57, (8) 

in order to yield a theoretical intrinsic viscosity (corrected for polydispersity) of [qlth = 
29.15, which suggests that the effect of excluded volume is almost negligible. 

The value of a+ obtained from the above interpenetration function, is derived 
from static light-scattering data and ignores drainage effects. An alternative method of 
estimating as2 involves a combination of static and hydrodynamic contributions. From 
a wide variety of experimental data39, the product A&,[$ has been found to be a 
universal function of asz. Using this relationship, a value for as2 of 1.65 was found, which 
is significantly different from that derived above. This finding indicates that the proper- 
ties in solution of the tamarind-seed polysaccharide are highly disturbed by hydrody- 
namic effects, i.e., the effect of draining. 

The draining parameter h = X/,/2 may be derived in two ways. The first involves 
a calculation of the hypothetical parameter Qth, which would predict intrinsic viscosity 
correctly. From this quantity, the value for X can be calculated from the equation4’ 

CD = (7r/6)3”NA[XJ,(X)], (9) 

where [X&‘(X)] is the Kirkwood-Riseman viscosity function, which is calculated to be 
0.2178. If [XF(X,J] is plotted45 against X, the latter is read off graphically to be 0.344, 
which results in a draining parameter h = 0.243. 

A second approach deals with data from light scattering. Thus, h can be in- 
terpreted as the ratio between non-draining and draining contributions to the diffusion 
coefficient where the former may be calculated from the radius of gyration. For ideal 
non-draining random coils, a value of p of 1.27 was found experimentally4’, which, 
together with the radius of gyration from Table II, yielded a hypothetical hydrodynamic 
radius of R, = 86.6 nm. This value corresponds, via the Stokes-Einstein relation, to a 
diffusion coefficient D,nd = 2.83 x 10P8 cm’.ss’ for the ideal non-draining limit. 



When the behaviour deviates from ideal due to drainage &ects. the cxpcrimcntal 

diffusion coefficient D,ex ma> be expressed iis the sun] of drainin and non-drarning 

contributions 

II =- (D,ex -~ D,nd)‘D,nd. (Ii,) 
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tendency to form stable associations. One feature which all systems capable of “hyper- 
entanglements” show is a certain stiffness of the chains in an essentially non-ionised 
environment when compared with other polysaccharide coils that show classical entan- 
glement behaviour. Therefore, it is possible that the “hyperentanglement” phenomenon 
of the chains is due to a tenuous alignment of neutral and stiff segments in solution. 

EXPERIMENTAL 

PuriJication of the polysaccharide. - Tamarind-seed polysaccharide Glyloids 3s 
and 3A (Dainippon Pharmaceutical Co., Osaka, Japan) were used in most studies, and 
nasturtium-seed polysaccharide was prepared as describeds2. Purified polysaccharides 
were obtained by dissolution (0.5- 1 .O% w/v) in deionised water (16 h at 25” or 10 min at 
80” followed by 2-3 h at 25”), centrifugation at 20,OOOg for 30 min, extensive dialysis 
against deionised water, and lyophilisation. 

(a) Composition. Samples (5 mg) of polysaccharide were hydrolyseds3 by the 
72%4% H,SO, method53, and the monosaccharides in the hydrolysates were deter- 
mined quantitatively by g.l.c.54 of the derived alditol acetates55. 

(h) N.m.r. spectroscopy. The ‘H- (200.13 MHz) and r3C-n.m.r. (50.32 MHz) 
spectra were recorded for solutions in D,O at 85-90” with a Bruker AM 200 spectro- 
meter. Samples for ‘H-n.m.r. spectroscopy were first lyophilised from solution in D,O in 
order to reduce interference from residual solvent protons. Spin-lattice relaxation times 
(T,) were determined using the inversion-recovery pulse sequence (180”-r-90”-ac- 
quire). Comparative integration of signals was achieved by excision and weighing, and 
by using the spectrometer integration routine. Chemical shifts are referenced to external 
Me,Si . 

Small-angle X-ray scattering analysis. - A Kratky camera equipped with a CGR 
position-sensitive detector coupled to a Canberra multi-channel analyser was used. The 
X-ray source was a Philips 1730 sealed-tube X-ray generator operating at the copper K, 
wavelength (1.54 A). Samples were prepared by dissolving purified polysaccharide in 
deionised water at room temperature for 16 h or by neutralisation of a solution of 
polysaccharide in M NaOH and extensive dialysis as for light scattering (see below). 
Essentially identical scattering curves were obtained for the two types of sample. 

Light scattering. - Static and dynamic light-scattering measurements were car- 
ried out simultaneously in the angular range 30-l 50” with the red (1647.1 nm) line of a 
Krypton ion laser (Spectra Physics, Model Kr 2020). Details of the apparatus and data 
evaluation methods have been reported56. The refractive index increment was measured 
with a Brice Phoenix 60 differential refractometer at i. 647.1 nm. A value for dn/dc of 
0.163 cm3/g was found for purified tamarind-seed polysaccharide. Stock solutions for 
light-scattering measurements were prepared by dissolution of purified Glyloid 3s 
either in M NaOH (room temperature, 16 h) followed by neutralisation, and extensive 
dialysis, or directly in double-distilled water. From a stock solution (typically 0.15- 
0.3% w/v), a series of solutions (down to 0.02% w/v) were prepared by dilutions with 
double-distilled water. The solutions were clarified optically by filtration through 0.45- 
pm Millipore one-way filters, directly into light-scattering cells. 
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