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ABSTRACT 

Partial acetolysls of the extracellular polysaccharlde from Xatztlzomonas 

campestrzs gzves the constituent monosacchandes, celloblose, and three mannose- 
contammg neutral ollgosaccharldes thought to be derived from the branch pomts of 
the polysacchande The structural analyses of these ohgosaccharldes provide further 

evidence for the presence of B-D-glucopyranosyl and a-D-mannopyranosyl linkages m 
the polymer 

INTRODUCTION 

The structure ongmally proposed ’ for the industrially useful, extracellular 
polysaccharlde (xanthan gum) elaborated by the bactenum Xanthomonas campestrzs 
has recently been revised” 3 An important new feature was the dlscovery that the 
mam chain consists of 4-O-/3-D-gIucopyranose residues with side chains attached to 
alternate sugar residues Our results, which are m full accord with the revised structure, 
provide evidence for the a configuration of the internal D-mannopyranosyl linkages of 
the side chams We also report on the charactensatlon of five fragments of the 
polymer, which can be prepared and detected relatively easily and offer a means of 
comparing the structures of gums from vanous sources (such as mutants of X 
campestrzs or other xanthomonad species) 

RESULTS AND DISCUSSION 

Xanthan gum was pafially acetolqsed, and the crude deacetylated product was 
fractionated on Ion-exchange resms4 mto acidic and neutral components The neutral 
fraction comprised the major proportlon of the product and was relatively nch In 
ohgosacchandes (p c ) This observation was surpnsmg m view of the conslderable 
Jesls+ance of glycuronosyl bonds to aqueous acid, which usually leads to the lsolatlon 
of mainly acldlc ohgosacchandes upon hydrolysis of uromc acid-contammg poly- 
saccharides Thus, of a senes of aldo-ohgouromdes obtamed from xanthan gum by 
pamal hydrolysis with acid, celloblose (4) was the only neutral ohgomer Identfied3 
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The acldlc fraction of the partial acetolysate contamed glucuromc acid and 
another compound, wbch was presumed to be 2-O-(B-D-glucopyranosyluromc acid)- 
D-mannose (1) previously isolated from the gum 3 When the chromatographxcally 
homogeneous, latter product, obtamed by usmg hgh-voltage paper electrophoresls. 
was hydrolysed, approximately equal propotions of glucuromc acid and mannose 
were formed (p c ) 

2 3 

~-~-G’cp-(1-4)-~-Glcp U-D-Malp-(l-3)-D-GlCp 

Four ohgosacchandes (2-s) were isolated from the deacetylated neutral fraction 
of the partial acetolysate by cellulose column and preparative paper chromatography 

Fragments 2 and 3 had mobllltIes (p c) mdlcatlve of tnsacchades Specific 
coIonmetrlc assays5 for total carbohydrate and glucose showed the hydrolysates of 2 
and 3 each to be composed mamly of glucose (2, 55%) 3, 66%) When 2 and 3 were 
each treated with sodmm borohydnde and the products then analysed, a substantial 
decrease m the glucose yleids was observed (2 -+ 45%) 3 -, 50%), thereby demon- 
stratmg the presence of a glucose reducing-rewdue in each sacchande G 1 c of the 
aldltol acetates denved from the components of 2 and 3 confirmed that each tn- 
sacchande was composed of glucose and mannose rn the ratio 2 1 

The ptially methylated alcutol acetates denved from the glycltol of 2 gave two 
peaks (ratio - 1 2) on g 1 c (OV 225), the larger of whch contained unresolved 
1,5-d~-U-acetyI-2,3,4,6-tetra-O-methyl-D-hexitols (TTMG I 0), as the mass spectrum 
was Indlstuiguishable from that of 1,5-d1-O-acetyl-2,3,4,6-tetra-O-methyl-D-gluc1tol 
(TMG) The spectrum [m/e 277 (44%), 185 (43), 175 (21), 143 (71), 129 (37), 
115 (IO), I10 (IO), 101 (4), 89 (57), 87 (50), 75 (16), 59 (36). 45 (33), and 43 (loo)] of 
the minor, more volatlie component (T,,, 0 81) contained a promment ion at 
ns/e 89, as expected’ for a 3,4-d1-O-acetyI-I,2,5,6-tetra-O-methylhex1to1, resultmg 
from fission between C-2 and C-3 or C-4 and C-5 wrzlch occurs when the 7ncmal 
methoxyl groups are terminal 

When 2 was reduced and then tnmethylsllylated and the product (TUF 1 52) 
was subjected to g 1 c-m s , the absence of Ions at m/e 307 (from pnmary cleavage 
of the C-3 and C-4 bond of the aldltol moiety) and 525 [from prunary cleavage of a 
pentahs(O-tnmethylsllyl)akhtol fragment] mdlcated’ branchmg m the parent 
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ohgosaccharlde When reduction of 2 was performed with NaB’H, prior to wlylatlon, 
the mtenslty of the ion at in/e 206 m the mass spectrum was enhanced, and this IS 
consistent urlth dlsubstitutlon (at O-3 and O-4) of the reducing glucose residue 

The detectlon (p c) of celloblose m the partial, acid hydrolysate of 2, together 
with the foregomg evidence, shows its structure to be 0-D-mannopyranosyl-(l-+3)- 
[0-P-D-glucopyranosyl-( l-+4)]+-glucose 

The mass spectrum of the per(tnmethylslly1) ether of the glycltol of 3 (T,,, 1 52) 
contained Ions at m/e 451 and 525 ansmg by cleavage of the hexose and aldltol 
restdues, respectively The series of rons at m/e 103, 205, and 307 (409 absent) 
suggested substltutlon at O-4 of the reducing glucose moiety, and this conclusion was 
supported by the increased mtensltles of the ions at NT/e 104, 206, 308, and 526 \\hen 
NaB’H, was used for the preparation of the glycltol 

When the glycltol of 3 was subjected to methylatlon analysis, three partially 
methylated aldltol acetates were obtamed (g I c , ECNSS-R/I, 173’), the two slower- 
elutmg compounds had T,,,, values of 1 00 and 1 93 (cf T,,,, 1 00 and 1 80 on 
OV 225 at 200”) Companson with literature data6 allowed these peaks to be asslgned 
to the denvatlve arlsmg from a terminal non-reducmg hexose and either 1,2,5-tn-U- 
acetyl-3,4,6-tn-O-methyl-D-manmtol or 1,3,5-tr1-O-acetyl-2,4,6-tr~-0-methyl- 
D-gluatol, respectively Since rx-D-mannosldase converted 3 into celloblose and 
mannose, the least-volatile, partially methylated aldltol acetate must be the glucltol 
derivative Thus, 3 IS O-x-D-mannopyranosyl-(l-,3)-O-~-D-glucopyranosyl-( 1+4)- 

D-glucose 

Identification of 4 as celloblose was based upon co-chromatography of the 
compound with an authentic sample of the dlsaccharlde 

Fragment 5 was assigned the structure 0-z-D-mannopyranosyl-(l-+3)-D-glucose 
upon the followmg evidence The total carbohydrate to glucose ratio of a hydrolysate 
of 5 was 1 94 1, but reduction with NaBH, prior to hydrolysis destroyed all the 

glucose, mdlcatmg 5 to be a disaccharide with a glucose reducmg-resldue Analysis 
(g 1 c) of the aldltol acetates of the components of 5 showed equal proportlons of 
mannose and glucose to be present m 5 The mass spectrum of the per(tnmethylslly1) 
ether of the glycltol of 5 (T,,, 1 50) contamed, utter aha, tons at f?z’e 103, 205, 307, 
and 451 Substitution at O-3 of the glucose moiety In 5 was shown by lead tetra- 
acetate oxldatlon’ followed by hydrolysis, which gave (p c , g 1 c of the aldltol 
acetate) arabmose 

The conversion of 5 into glucose and mannose by z-D-mannosldase estabhshed 
the presence of an Q-D hnkage Although 2 was largely unaffected by Y-D-mannosidase, 

the formatlon of traces of celloblose and mannose suggested that an unusually 
reslstant a-D-mannopyranosyl imkage was present The proxkmlty of the glucosyl 

substituent on O-4 of the dlsubstltuted glucose moiety probably hmders attack by the 
enzyme Slmllarly, 2 was not attacked by 8-Dglucosldase 

Presumably, the fragments l-5 ongmate as shown m Frg 1 With the exceptlon 
of the termmal mannose residue, all of the sugars m the repeatmg urut are present m 
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at least one of the ohgomers Thus, any major structural varlatlons of the poly- 
sacchande, whrch may result from its production under dlffermg condltrons, should 
be detectable qualitatively by p c of the ohgomers formed on partial acetolysls 
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FIN 1 SchematIc representatron of the structure ofxanthan gum and the ongm of ollgosacchandes 
l-5 

EXPERUMENTAL 

Marerzuh and merhocls - P c was performed on Whatman No 1 paper with 
A I-butanol-pyndme-water (6 4 3) or i3 ethyl acetate-pyndme-water (8 2 1)’ 
Washed Whatian 311f~ paper was usea for preparative p c , and detectlon was 
effected with alkalme silver rutrare lo G 1 c was performed on a Pye 104 chromato- 
graph with glass columns (150x 0 3 cm) packed with A. ECNSS-M, B, OV 225, or 
C, SE 52 (column, 100 x 0 3 cm) Aldltol acetates were prepared as described by 
Sawardeker et al 1 I, and per(tnmethyIslIy1) ethers by the two-step procedure of 
Ohashl and Yamakawa12 Relatfve retention values for dl- and tn-sacchande 
denvatlves are given relative to that of the per(tnmethylsdy1) ethers of sucrose 
(Tsuc) or raffinose (TRAF), respectively, on column C at 210” or 250” A Pye 104 
chromatograph hnked to an A E I MS-12 mass spectrometer fitted with an A E I 
DS-30 data system was used for g I c-m s 

Paper electrophoresls was conducted on Whatman 3hfhs paper m 0 2~ pyndme 
acetate buffer (PI-2 4 5) at 85 V/cm, wrth an apparatus previously descrlbedi3 

Total carbohydrate assays were effected by the phenol-sulphunc acrd method’, 
and D-glucose was determmed by the D-glucose oxldase (EC I 1 3 4) method vnth 
reagents supphed by Boehnnger-Mannhelm G m b H , Mannhelm, Germany 
cr-D-Glucosldase (EC 3 2 1 ZO), j?-D-glucos~dase (EC 3 2 1 21), and cr-D-mannosidase 
(EC 3 2 I 24) were obtamed from the $,-a Chemical Co , St LOUIS, MO , U S A 

Glyc~tols were prepared by reduction of ohgosacchandes with NaBH4, and the 
products nere methylated by the Hakomon procedure as described by Hellerqvlst 
et al l4 Methylated products were hydrolysed” with 90% forrmc acrd at 100” for 
4 h and, after dilution with water (5 vol ), for a further 2 h The hydrolysates were 
reduced (NaBH,), and the products acetylated wzth pyndme-a=Qc anhydnde (1 1) 
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at 100” for 20 mm pnor to g 1 c (columns A and B) Retention times (TTMG) are given 
relative to that of 1 ,5-dl-O-acetyl-2,3,4,6-tetra-O-methyl-D-gluc~tol6 

Enzymzc hynr0Zyse.s - A solution of ohgosacchande (100-500 pg/ml) m 0 05bi 
pyrldme acetate (pH 4 5) was treated with a-D-mannosidase (50 ,~l of suspension, 
1 8 umts or 0 1 mg of enzyme) overmght at 20’ with toluene (50 ,~l) as a bacterlclde 
The mixture was delomsed with Amberhte IR-120 (H+) and IRA-410 (HCO;) resins, 
and the concentrated solution examined by p c 

The ohgosaccharides were treated with the glucosldases (- 0 2 pmol/20 pg of 
enzyme) at 30” for 20 h, and the solutions were concentrated to dryness Wlthout 
further processmg, the residues were analysed by p c 

Pzirzficatzon of xanrhan gum - A solution of the gum (5 g), recovered from 
cultures of X campestrzs NRRL B-1459 by preclpltatlon with propan-2-01, m water 
(1 6 1) was centnfuged (36,000 4, 1 h) The centnfugate was made up to 2 htres with 
HEPES buffer (N-2-hydroxyethylplperazme-N-2-ethanesulphomc acid) to a final 
concentration of 0 lni @H 7), and saturated, ethanohc mercuric chloride (I ml) was 
added as bactericide The solution was mcubated with trypsm (15 mg) at 30” for 48 h 
and then dlalysed agamst delomsed water at 4” for 15 days The purified polysac- 
chande (N, 0 5%), recovered by freeze-drymg the dlalysate, contained glucose and 
mannose (1 1, as shown by g 1 c of the aldltol acetates) and glucuromc acid, acetate, 
and pyruvate (colonmetnc assays) m the proportions previously reported’ 

Partzal acetotysrs of xantfzan gum - The purified polysaccharlde (1 g) was dned 
zn taczzo over P,Os for 17 h, and then shaken with a m.xture (30 ml) of acetlc acid, 
acetlc anhydnde, and sulphunc acid (18 25 2 5) ’ 6 at 20” for 48 h m a sealed tube The 
resulting, clear-brown solution was poured mto Ice-cold water (30 ml) and extracted 
with chloroform (3 x 100 ml) The combmed extracts were washed with aqueous 
NaHCO,, dried (Na2S0,), and concentrated to yield a pale-jellow 011 which was 
deacetylated m dry, 0 04~ methanohc sodium methoxlde (500 ml) at 4” overnight 
Water (-50 ml) was added dropwlse until the suspension clanfied, and the solution 
was then passed through IR-120 (H’) resm (20 ml) Concentration of the eluant and 
aqueous washings ylelded a pale-yellow syrup (- 1 g), which was separated into a 
neutral and an acidic component on IRA-410 (AcO-) resm4 

Isolatzorz of olzgosacchades 2-4 - A slurry of mlcrocrystallme cellulose 
(Merck) m acetone was packed mto a column (70 x 4 cm), and lrrlgated m a stepwise 
manner1 ’ so that the solvent was changed to 1-butanol-pyndme-water (6 4 1 5) The 
neutral product described above (- 400 mg) was adsorbed onto cellulose’ ‘, and this 
was then applied to the column Elutlon with the foregomg solvent system for 72 h 
gave fractions (300 x 15 ml) whch were monitored on paper with alkaline silver 
nitrate Fractions Bvmg a posltlve response were further examined by p c (solvent A) 
Appropriate fractions were combined, adJusted to nH 6 5 with acetlc acid, and 
concentrated to dryness under reduced pressure 

Each ohgomer was punfied by preparative p c to gve 2 (RGLC 0 37, 7 3 mg), 
3 (RGLC 0 46, 3 3 mg), 4 (RGLC 0 67, 1 02 mg), and 5 (R,,, 0 76, 2 6 mg) 
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