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ABSTRACT 

The gum polysaccharldes from two species of Pto\opts, nctmely, P gkttthlo~ 

and P c/ttlemts growm_g m different locatIons m South Africa, have been found to 
have slmllar structural features, closely resemblmg those reported m the literature 

for the gum of the North American species P J~~J?OI u (mesquite) On Smith degrada- 
tlon, both of the gums examined m the present study ylelded a stngle polysaccharlde 
product, havmg molecular weight 6,000, a value also found for the corresponding 
products from several Acacra species Successive, Smith degradations of the poly- 
sacchartde produced by a sample of P glmrddosn have shown that a simple, (l-+3)- 

lmked D-galactan IS obtamed after only two such degradations This suggests the 
presence of umform blocks of (l-3)-lmked o-galactopyranosyl residues m the 
skeletdl chain of the gum polysacchande. slmllar to those postulated for gums from 
A cnc in species 

INTRODUCTION 

Apphcatlon of the techmque of Smith degradatIonI (periodate oxldatlon 
followed by borohydrlde reduction and carefully controlled, mild liydrolysls with 
acid) to the gum polysaccharldes from a number of Acmtn species (of the series 
designated Phyllodmeae and Botryocephalae m the classlficatlon of this genus by 
Bentham’) has afforded a conslderable body of evidence for the presence of regularly 

repeatmg sub-umts m the mam, skeletal chams of the polysaccharldes constltutlng 
these gums3-7 The molecular weights of the monodlsperse products of Smith 
degradation suggest that, m every case, the basal cham of the gum polysaccharlde IS 

composed of blocks of (1+3)-linked D-galactopyranosyl residues, usually about 12, 
24, or 36 m number, separated at regular Intervals by sugar residues that are attacked 

by perlodate (unless protected by branchmg7) 
The genus Ptosopts IS a member of the same botamcal famdy (Mlmosaceae) 

and order (Fabales) as ACCKKI The gum of the North Amerlcdn species P Jtdtfiota, 

commonly known as mesquite, has been mvestlgated m detatl by Aspmall and White- 
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beads-9: a molecular structure consisting of a galactan core similar to that of the 
Acacia gum polysaccharides, but bearin, * side chains of far greater complexity, was 
postulated by these authors. Earlier, Dutton and Unrau” had undertaken, for 

mesquite gum, an extensive study of the course of periodate oxidation and subsequent 
degradation, from which it was apparent that the average size of the periodate- 
resistant core-material was no greater than -5,000, and that little breakdown other 

than by erosion of arabinosyl and some galactosyl units was caused by subsequent 

degradation-steps. The present study of gum samples from two other species of 
Prosopis was undertaken in order to ascertain whether these gums, from trees growing 
in different locations in South Africa, had structural features (a) resembling those 
ascribed to P. juIif7ora gum, and (h) including the presence of repeating sub-units 

in the galactan framework similar to those believed to exist in the molecules of gums 

from Acacia. 

EXPERIMENTAL 

Origin and pnrtjkation of gtmn sanrples. - The sample of Prosopis cltikmis 

gum used in this work was collected in Kimberley, South Africa_ in December, 1977. 
Two specimens of the gum of P. gktndttfosrr (“honey mesquite“) have been examined, 
both collected early in 1978: sample I in the Kimberley region, and I1 at Pofadder, 

Cape Province. The polysaccharides were isolated and purified in the usua1 way4. 
General e_vperinzentuI conditions. - Paper chromatography (p.c.) was per- 

formed with Whatman No. 1 paper and the following solvent systems (all vjv): 
A, 8 : 2 : 1 ethyl acetate-pyridine-water; B, 2 I 1 I 1 1-butanol-acetic acid-water; 

C, (4: 1: 5, upper phase) I-butanol-ethanol-water; and D, 18 : 3 : 1 :4 ethyl acetate- 

acetic acid-formic acid-water. The p-anisidine hydrochloride and ammoniacal silver 

nitrate spray reagents were used to detect sugars and polyols in p_c_ MolecuIar weights 

(p,,,) of the gum samples and their Smith-degradation products were estimated by 
gel-permeation chromatography on agarose (6 %) and Bio-Gel P-10, respectively, 
with hl sodium chloride as the eluantr r-r2. Proportions of neutral sugars were deter- 

mined by g.1.c. of the derived alditol acetatesI on OV-225 (3O/ on Chromosorb 

W AW DMCS) at IgO“, foIlowing hydroIysis of the polysaccharides and their 
degradation products in sealed tubes, under nitrogen, with 2hl trifluoroacetic acid for 
18 h at 100”. Proportions of uranic acid in the polysaccharides were determined by 
titration and by comparison of the intensities of the carbonyl infrared absorption 
at 1720 cm-’ given by chloroform solutions of the permethylated derivatives with 

those of standards of known content of uranic acid. 
Methyiatiort analysis. - The mixtures of methylated sugars produced on 

hydrolysis of the permethylated’“.‘” derivatives (under the conditions just given) 
were analyzed by g_I_c_ of the per(trimethylsily1) ethers of the derived a1ditols16 on 
SE-52 (3x, on Chromosorb W AW DMCS) at 140”. 

Smith degradations. - A sample (1 g) of each of the three Prosopis gum poly- 
saccharides was submitted to Smith degradation4. Oxidation with 0.12L~ sodium 
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metaperrodate was momtored by the standard arsenate tltratlon-procedure* 7, the 

reactlon bemg termmated by ‘tddmon of barium acetate dftcr - 100 h 111 all C~SC~ 

Reduced (NaBH,), oxldlzed polysaccharldc was hcpt In &I trltluoroacetlc acid for 

4s h at room temperature, m each expelmlent, no change wds obcerved III the mole- 

cular weight of the degraded polysaccharlde after thl5 hydrolysis had proceeded fol 

24 h Fractlonatlon wth I 1 methanol-acetone ylelded the degraded polysaccha~ KIC 

(deqnated SDI) and a methanol-soluble syrup found by p c (\olvtnt C) to consl\t 

mamly of glycerol, together wth threltol and some arabmo\e 

Tn order to pcrrmt a comparison \slth the result5 of earher worh’ ‘” and wth 

the data dvallable from the mvestlgatlon of several ilctlcw gum polysacchcuxdes3-’ ” 

the Smith-degradation procedure Just outhncd wds repeated, using P ~~f~iffdrflo5tr 

gum (sample I, 2 g), and the bulk of the product (SDI, yield 5X+ n-q) wa used 111 ‘L 

series of three furrher, sequenrlal degrx&tlons. Here, the alrquats for dctermtnatron 

of perlodate consumption were removed by use of d grnduatcd syrrngc (of cqaclty 

100 ,ML, or less), and the tltratlon wth lodIne was performed M Ith s~whr cqulpmcnt 
In the second, third. and fourth degradations, the quantmcs of matcllal (mg) owdlzed, 

the contact time (h) of the reduced owdlzed products wth acid and tne ywlds 

(,ng) of inaterlal Inssh_ibie in Incthanoi-acetune- were SD I 449 IO:, dnu 220‘ SD? 

IS5 70, and 75, and SD3. 5.5, 4S, and 3s The methanol-acetone cxtrxts recovered 

after the second and third degradations respcctwely cont‘uned ~Iycerol .lnd sonw 

arabmose, and arabmose (p c , solvents rl and C) 

TABLE I 

4YALYTICAL DATA FOR GUM POLYMCCHARII~ES FROM SOUTH AFRICAN Pt OWpl~ WFCICS 

- 

[x]D (degrcCS) 
I%” 

___- --~ 

Gm1 50111 L L’ 
--_ 

P_ Clx&n~% P_ &w&&.% I P &K&&M 15 
--- -~ -~ --_-__- 

-67 -65 - 66 
450,000~~ 400,000” 400,ooo” 

1,430 1,920 2,030 
12” 9b 9” 

Equwalent weight 
(Hence) uromc acid (mol ‘&) 
ProportIons of neutral sugars (mol “/,) 

Galactose 
Arabmose 
Rhamnose 

39 34 37 
47 55 52 

2 z 2 
31 26 35 PerIodate consumption (mmol g-1) 

___ 

“Smgle peal\ m g p c (6% agarose) DBy tltratlon, values from I r absorption at 1720 cm-1 for 
methl lated gums were - 13”/, for P cI~dc~~srs gum and N 1 I”!, for P gla~rddosa gum (both samples) 
Actdic dl- and trl-saccharides,,“› obtamed by partial hydrolysis (0 25x1 HLSOJ, 2 h. 100J) and derectcd 
by p c (sohems B and D), were ldentxal for P cirrhm and P glnrrhlo~a 1 gums, and consistent 
wth those found for P JuhJ7ora gum8 
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TABLE II 

hlElTHYLATIOh AhALYSES OF GUM POLYSACCHARIDES FROM SOUTH AFRICA- PI-OSOpfS SPECIES 

- 

Pat ttallv nteth lared sttgarc’ tlolar proporrrom 

P chdensls grlrr.+ P glandulosa I* P glandulosa II* 

2 3,4-Rha 
2,3,5Ara 
2 5,3,5-Ara 
2,3,4,6-Gal 
2 3,4-Gal 
2,3,6-GaI 
Z&-Gal 
2,6-Gal 
&Gal 

2 2 2 
20 19 20 
37 32 31 

2 6 6 
4 1 2 
5 - - 

IS 19 20 
- 4 3 
- 7 7 

- 

aPostttons of O-methyl groups given by locants *[z]D for chloroform soluttons of methylated gums 
-i- 51 0 for P tltrIertst5, and -45” for P gfattrlrrha (both samples) 

RESULTS AND DISCUSSION 

The analytIca data (see Table I) mdlcate that the two samples of P gkrtzdtdosa 

gum are ldentlcal m chemical composltlon and m,,. despite the different locatIons 

from which they orlgmated (cf. refs. 4, lS, and 19) There are marked smularltles 

between the gums of the two species, namely, P glandzdosa and P chlens:J, and the 

structural umts as shown by methylatlon analysis (see Table II) are hkewlse In general 

agreement The observations of Aspmall and WhItehead* relatmg to the structure of 

P_ ~~rlCpo~u gum mdlcated several pomts of slmilarrty the polysaccharIde from P 
~1z11jlo1a exudate had [u]~ +60”, and contamed uromc acid (17 “/0) and rhamnose 
(a trace), m addition to the mam constituents, arabmose and galactose Methylatlon 

analysis indicated, Inter alza, termmal L-arabmofuranosyl (i- + +), D-galactopyrano- 

syl (f ), and L-rhamnopyranosyl groups; 2- and 3-lmked L-arabmofuranosyl (+ + + ) 

residues m extended chams. 4- and 6-lmked D-galactopyranosyl cham-umts, and D- 

gaiactopyranosyl residues branched 3- and 6- (t + -I- +) The highly branched, 

complex structures of the gums of all three hosoprs species are clearty of the type 

formulated’ ‘, after extensive study, for P ~uhfloza. 
In tilew of this complexity of structure, the productlon of a smgle poly- 

sacchande, havmg molecular weight 6,000, on Smith degradation of the guns of 

P chiiensis and P_ glandrrfosa (see Table III) IS remarkable, even bearmg m mmd the 

recorded” formatlon of a component of average d p 30 on degradation of P JUI~~OI a 
gum The degraded polysaccharlde has the same size as that of (a) the smgte fragment 
obtamed on Smith degradation of the gum of Acacza mearmrz6, and (6) constituents 

of the mixtures obtamed s~mdarly from the gums of A salzgna’ and A tongzfolia” 
Whereas the degraded polysaccharldes from the two samples of P glandzzlosa gum 
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TABLE III 

PROPERTIES OF MElHAhOL-INSOLUBLE PRODUCTS OF SMITH DEGRADATION OF SOUTH AFRICA& PrO\Opr\ 

GUMS 

SD1 product f; orn 

- 
P chllensls gtttjl P giandulosa I P glandulosa II 

- -__- -- - _--_ 

[ZX]D (degrees) -36 -i- 14 
Molecular weight 6,000” 6 000” 
Sugar cornposItron (mol”/O) 

Galactose 70 90 
Arabmose 30 IO 

Methylatlon analysis” 
2,3,5-Ara IO 6 
2,3,4-Ara - 5 
2,5,3,5Ara 13 5 
2,3,3,4-Ara - I 
2,3,4,6-Gal 15 8 
2,4,6-Gal 14 9 
2,3,4-Gal 19 22 
2 4-Gal 24 33 
ZGaI 5 II 

______ __ __ ___---- --__----__-_______ 

f+hngle peah tn g p c (Bm-Gel P-10) *Molar proportlons of mcthylated sugars 

TABLE IV 

-- 13 
6,000” 

87 
13 

6 
3 
3 
2 

10 
13 
22 
31 
IO 

__-- .___ 

PROPERTIES OF ShlITH-DEGRADED POLYSACCHARIDES SDI-SD4 FROM P &‘kIIldldOWl GUM (SAMPLL I) 

SD1 SD2 SD3 SD4 

[z]I) (degrees) 
Molecular weight 
Sugar composlnon (mol “A) 

Galactose 
Arabmose 

PerIodate consumption (mmol g-1) 

l-14 Y-25 - 26 -L 26 
6,000” 4,400” 4,100” 3.900” 

90 97 100 100 
IO 3 - - 
24 lb I6 

%mgle peak m g p c (BIo-Gel P-IO) 

may be regarded as Identical, there dre minor dlffc r:nces (see Table III) between thess 

and the corresponding product frorr P clden~~~ gu:n In comparison with SD1 

products from the Acurfu gums, those from P/otop~i gun’\ contam a higher proportion 
of L-arabmosyl umts and a lower proportlon of unbranched, (I -+3)-hnked, D-$acto- 

pyranosyl residues 

Results obtamed when a larger sample of P glmrrh~/o~r gum was submtttcd to 
a series of four successwe, Smith degradatrons arc shown In Table IV The decrease 
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III molecular werght from 6,000 to 4,400 accompanym, u the second degradatron may 

be ascrrbed to removal of end groups, or chams of sugars which, m the Intact, gum 

poIysacchartde, were protected by sugar unrts (removed durmg the first degradatron), 
reference to the molecular model proposedS 9 for P plrflortr gum shows how thus 

can be so The methanol-msoluble product of the thud Smrth degradatron (SD3) 

contams D-galactopyranosyl umts as the only remammg sugar resrdues, and the 

decreases m moiecular werght resultmg from thus and the fourth degradatron mdrcate 

removal of no more than two end-groups from what appears to be essentrally a 
(l-3)-lurked D-galactan_ Aspmall and Whrtehead8 noted the formatron of such a 

product after two successrve, Smrth degradatrons of carboxyl-reduced, partly hydro- 

lyzed, P. piq7otcr gum 

The results of Smrth-degradatron experunents afford evrdence both for a general 

srmrlarrty m the molecular structures of gums from two dtfferent specres of P/osops 

and for the presence, m then mam. skeletal chams, of umforin blocks (very approxrma- 

tely 30 m number) of (i-+3)-Irnked, D-galactopyranosyl resrdues whtch are heavrly 

substituted by branchmg invofvrng D-,oalactose and the other constrtuent sugars of 
the gums_ The existence of repeatrng sub-umts of structure m the polysaccharrde gum- 

exudates of both ~Icncru and PIOSO~XF specres (Mrmosaceae, order Fabales) mdrcates 

that such umformrty of structure may be more wdely found amongst gums from 

other famtfres and orders of plants 
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