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ABSTRACT 

The capsular polysaccharide of Cr?_prococcrts neoformans serotype A was 
fractionated into two chemically and serologically distinct heteroglycans by differen- 
tial precipitation with cetyltrimethyiammonium bromide (CTAB). The major, 
viscous, acidic glucuronoxylomannan (GXM, 88 y0 w/w) was precipitated with 
CTAB, while a previously undetected galactoxylomannan (GalXM, 12 7; w/w) 
remained in solution. GaIXM is characterized by (i) molar ratios of galactose:man- 
nose : xylose : glucuronic acid of 1.9 : 1 .S : 1 : 0.2 and 2 o/0 of O-ace@; (ii) a molecular 
weight of 275,000 +25,000, estimated by gel-permeation chromatography; (iii) exten- 
sive degradation by NaTO,; (iv) precipitation in gel by a lectin, concanavalin A, 
indicating nonreducing mannosyl termini; and (v) a distinct, immuncprecipitin arc 

in counterimmunoelectrophoresis. GaIXM was further purified by gel-permeation 
or ion-exchange chromatography. 

INTROCUCTION 

The major exopolysaccharide of the zoopathogenic yeasr Cryptococcus tzeo- 

fat-mans serotype A is a viscous, acidic glucuronoxylomannan (GXM) of high 
molecular weight that adheres to the yeast as a capsu!e, and is sloughed off into body 
fluids during infection. The composition of GXM was recently reported by our 
laboratories’. The polysaccharide is a (143)~z-D-mannan substituted with single 
(1+2)-D-xylosyl and (i+2)-D-gluCOSylurOniC acid groups. The molar ratios of the 
components of a serotype A isolate are xylose : mannose : glucuronic acid = 2 : 5 : 1. 

Interest in cryptococcal polysaccharide derives from its role as an aggressin, 
a factor potentiating virulence. Like other encapsulated agents of meningitis2, the 
cryptococcal capsule enables the yeast to avoid immune surveillance, cross the blood- 
brain barrier, and proliferate in the central nervous system. Capsuiar polysaccharides 
of C. neoformans are antiphagocytic3 and tolerogenics, and their circulation in 
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cerebrospinai fluid of persons with cryptococcal meningitis forms the basis of specific 
immunodiagnosis’. Immunological studies have used ethanol-precipitated culture 
filtrates as a source of antigen, on the assumption that the capsular polysaccharide is 
a single heteroglycan3*6- 8_ Previously, othersg-‘I reported galactose in cryptococcal 
polysaccharide preparations, but, in our studies, none was detected in the major, 
viscous polysaccharide obtained, which was purified by precipitation wit3 cetyl- 
trimethylammonium bromide (CTAB). We now report that a second, antigenically 
and chemically distinct polysaccharide , galac-oxylomannan, is coproduced by the 
yeast. The significance of this finding is that ri?nrts on immunological properties 
of unfractionated “c ,ryptococcal polysaccharide” most probably described a compo- 
site of responses to at least hvo different antigens. The occurrence, isolation, and 
partial characterization of galactoxylomannan (GalXM) are described herein. 

Cultures, and isolation of polysaccllaride. Cryptococcns neoformam CDC B2550, 
a large-capsule form of serotype A, was grown in the following medium (g/L): 
D-glix3se (40), KH2PO;F - Hz0 (l-36), urea (l-29), sodium glutamate (l), and 
MgSO, - 7 Hz0 (O-3), supplemented with thiamine - HCI, 2 mg/L; biotin, 10 pg/L, 
and trace elementr. The pH was adjuster! to 7.0. Cultures were incubated at 30” in 
eight 1-L flasks on a _gyratory shaker at 150 r.p.m. After 96 h, cultures were killed 
with 0.25 y0 formaldehyde, and yeast cells were removed by two cycles of centrifuga- 
tion, for 40 min at S,OOOg and then for 30 min at 20,OOOg. Culture supematant liquors 
were dialyzed versus running tap-water, and then versus cold, de-ionized water, and 
concentrated lo-fold under diminished pressure below 40 O_ Polysaccharides were 
precipitated by the addition of cold, absolute ethanol (2 vol.), and dried by washing 
sequentiay with ethanol, acetone, and diethyl ether. 

Z&y polysaccharides (2.1 g) were dissolved in 0.2&i NaCl (480 mL), and CTAB 
(3 mg:mg oc polysaccharide) was added. Then, 0.05 % CTAB solution (810 mL) 
t-QS slowly added until no further precipitation occurred. The precipitate was re- 
moved by cc:ntrifugation, and reserved. The supematant liquor was filtered through 
a O-45-pm porosity membrane, and the filtrate dialyzed versus running tap water and 
then de-ionized water, and lyophiied bield, 496 mg). 

The precipitate was disSolved in HZ0 (70 mL), and 10% CTAB solution was 
added dropwise until precipitation ceased (2 mL). The suspension was centrifuged 
at 20,OOOg for 20 min, and the supematant liquor was dialyzed exhaustively in the 
usual way axd then lyophilized (yield, 277 mg). This fraction was labeled GalXM-N. 
The precipcate was dried by successively washing with ethanol, acetone, and diethyl 
ether, and r.:served. Four batches of the GalXM-N were prepared, in an average yield 
of 12%, ba ;ed on the ethanol precipitate as 100% (see Scheme 1). 

The ethanol precipitate from the culture filtrate of the acapsular matant 67, 
derived from C. neoformans serotype D, was supplied by Dr. E. S. Jacobson, Veterans 
Administration Medical Center, Richmond, Virginia. The ethanol precipitate was 
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Scheme 1. Flow diagram for the isolation of GalXhbN. 

treated with CTAB as just described. The poiysaccharides of this CTAB supernatant 
liquor were labeled 3-67. 

Analytical methods. - Neutral carbohydrate was detected by the phenol- 
sulfuric acid method”. Uranic acid was determined by the carbazole’3 and orcinol’J 
reactions, with D-glucuronic acid as the standard. Phosphate was quantitated by the 
Ames-Dubin modificationl’. Protein content was estimated by the Coomassie Blue 
dye-binding assay (Bio-Rad Laboratories, SOO-OOOS), or by amino acid analysis. The 
constituent monosaccharides were identified, and quantitated, by gas-Iiquid chro- 
matography (g.1.c.) after hydroIysis with 2_~ trifluoroacetic acid16. The O-acetyl 
content =vas determined as benzyl ester, with respect to an internal standard of 
propaooic acid, by g.1.c. in a modifkation’6 of the Bethge-LindstrSm procedure’ 7, 
or by the Hestrin procedure, with galactitol hexaacetate as the standard18. Smith 
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degradation” of the polysaccharide is briefly described: GalXM (10 mg) was dissolved 

in freshly prepared, 0.04&r sodium periodate, and reaction proceeded for 3 days at 4”. 

Ethylene glycol (15 mg) was added, and, after 1 h at room temperature, sodium 

borohydride (20 mg) was aaded. The solution was refrigerated overnight, and then 

the pH was adjusted to 4.3 with gIacial acetic acid. The sample was dialyzed, and then 

evaporated to dryness in VQCUO below 40”; the residue was dissolved in H+O, and 
half of the solution was hydrolyzed in 2h1 trifluoroacetic acid, and analyzed by g.l.~.‘~. 

The other half was treated with O_lar HCI for 16 h at 37 O, dialyzed, and evaporated 
to dryness. The periodate-oxidation procedure and g-1-c. analysis were repeated on 

this sample. 

Cohmn chromatograplzy. - A portion (10 mg) of GalXM-N polysaccharide 

(see Fig. 1) was dissolved in 0.051\1 2-amino-2-(hydroxymethyl)-1,3_propanediol 

(Tris; 1.0 mt) buffer, pH 7.6, and applied to a column (80 x 1.6 cm) of Sepharose 

CL-6B (Pharmacia) equilibrated with the same buffer. Elution was conducted at a 
flow rate of 18 mL!h, with continuous monitoring at 206 nm, and analysis of individual 

fractions with phenol-sulfuric acid*‘. The column was calibrated with standard 

proteins having a range of molecular weight of 150,000 to 670,000. 

GalXM-N (IO-25 mg), dissolved in water to a concentration of 10 mg/mL, was 
applied to a column (16 x 1 cm) of (2-diethylaminoethyl) (DEAE)-Sephadex A25 

(Cl-) (Pharmacia) or DE-52-cellulose (Whatman Chemical Separations, Ltd.), and 

e!uted with 0.2~1 NaCl at a flow rate of 15 mL/h. The eluate was monitored by the 
phenol-sulfuric acid reaction’“. The appropriate, carbohydrate-containing fractions 
were combined, dialyzed, and lyophilized. 

Partial hydrol_vsis with acid. - GalXM-N (20 mg) was treated with 0.1&r HCl 
for 15 min at 100”. The solution was evaporated ilr vacua at 40 O, and the residual acid 
WYS removed by evaporation with absolute ethanol. The residue was dissolved in 

buffer, and analyzed by chromatography on Sepharose CLdB. 

SerologicaI procedures. - Serological relationships among the various poly- 

saccharide preparations were determined, with specific, rabbit antisera, by double 

immunodiffusion (i-d.) in gel. Large, female, New Zealand white rabbits were immu- 

nized with formaldehyde-killed, C. neofonnmts yeast-cells2*. Counterimmunoelectro- 

phoresis (c-i-e.) was conducted in barbital buffer (PH 8.6, 0.075 ionic strength), in 

1% agarose on a plate (8.3 x 10.2 cm) for 2 h at a constant current of 25 mA. 

The specificity of concanavalin A (con A) for various polysaccharide prepara- 
tions was performed as described for i-d. Con A (5 mg/mL) and polysaccharides 

(2-2.5 mg/mL) were dissolved in O.Ol,\-r Tris-O.S%f NaCl (pH 7.2) buffer containing 

MnCl, (lm~) and CaCl, (in@. 
Glycosidase treatment. - cc-D-Mannosidase and a- and B-D-galactosidase 

(Sigma Chemical Company, M-7257, G-9007, and G-9132, respectively) were diluted 
l/50 with O.l~r sodium acetate, pH 4.8, and dialyzed against the same buffer at O”, 

to remove ammonium sulfate. The diluted enzyme (0.5 mL) was added to a sample 

that had been predissolved in sodium acetate bnffer (2.0 mL). A portion (10 pL) 

of the mixture was immediately removed, and reserved for reducing-sugar anaiysis*. 
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The rest was incubated for 24 h at 37”; a second lo-PL aliquot was then removed 
for reducing-sugar analysis. The incubation mixture was heated in a boiling-water 
bath for 3 min, and then cooled. A second aliquot of the same, or another, glycosidase 
was added, and the procedure was repeated. When no reducing sugar was released 
by the addition of an/ of the three glycosidases being used, the sample was divided 
into two parts. One part was directly analyzed by g.l.c., and the second was hydrolyzed 
prior to g.1.c. analysis. 

RESULTS 

Isolarion. - Several polysaccharides were released into the chemically defined, 
liquid medium used for culturing C_ neoformuns serotype A. The polysaccharide 
mixture was resolved into two major fractions by treatment with CTAB: (I) CTAB- 
precipitable, GXM; and (2) CTAB-nonprecipitable, GalXM-N (see Scheme 1). 

Chomatography of GaiXM-NT. - Chromatography of GalXM-N on DEAE- 
Sephadex A25, with a step gradient, gave a single, carbohydrate-containing peak at 

0.2 M NaCl 

FRACTION NUMBER 

Fig. 1. Chromatography of GaKM-N on DEAE-Sephadex A25 (Each fraction contained 5 IT& 
of eluate, collected at ZO-min intervals.) 
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FRACTK’: NUMBER 

Fig. 2. Chromatography of GalXM-PI! on Sepharose CL-6B. (Each fraction contained 6 mL of 
eluate. collected at 30-min intervals. Key: -, at 206 nm; -----, at 490 run; and shaded, serologically 
active.) 

0.2>1 NaCI (see Fig. 1). The carbohydrate-containing fractions were pooled in two 
portions, the ascending and the descending limbs of the peak. The total recovery of 
polysaccharide in this peak was 45”’ lo of the sample applied. No additional carbohy- 
drate was eluted with 2x1 NaCl or 211 NaCl-1 m>r I-ICI. In a subsequent experiment, a 
greater recovery (SO”;) of polysaccharide was realized when DE-52-cellulose was 
used as the ion exchanger; again, no additional material was recovered by elution 
at a high concentration of salt and a low pH. A small portion (3-5”/, of the load) 
was not bound to either of the ion exchangers. 

GalXLM-N was eluted from a column of Sepharose CL-6B in two overlapping, 
u-v. peaks absorbing at 206 nm (see Fig. 2); however, the carbohydrate was eluted 
as a symmetrical peak, associated with the first of these peaks. The fractions con- 
twining neutral carbohydrate, the first u.v.-absorbing area in Fig. 3, were combined, 
except for those tubes comprising the descending limb, which were pooled separately 
(see Peak I and Peak II in Fig. 2). Of the applied sample, 44 and 21 o/0 (by weight) 
were recovered in peak I and peak II, respectively. The remaining fractions (Peak 
III) accounted for 7 %, giving a total recovery of 72 %_ The elution volume of Peak I 
(purified GalXM) indicated that purified GalXM had an apparent molecular weight 
of 275,000 f25,OOO. No than ge in the apparent molecular weight of GalXM-N was 
observed after hydrolysis with 0.1~ HCI. 

Serology. - The GXM and the GalXM-N fractions were found to be serologi- 

<ally reactive (examined by i-d. and c.i.e.). In addition, GalXM-Nand purified GalXM 
formed a sharp, precipitin line with con A, whereas GXM did not. The high molecular 
weight and viscosity of GXM retarded its diffusion through the agarose gel, and its 
pra-ipitin line was usually contiguous to the antigen well. Ga.lXh’I-N behaved nor- 
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Fig. 3. C.i.e. analysis of C. neoformans polysaccharide fractions: ethanol precipitate from the culture 
media (bulk), CTAB-precipitate (ppt), CAB-supematant (sol), and DEAE-Sephadex eluate (eL). 
(RI dcd R3 refer to rabbits from which specific antisera against C. neoformans serotype A were 
obtained.) 

Fig. 4. 1-d. in gel analysis of C. neoformans polysaccharide fractions. (We!ls 1 and 4 contained 
purified GalXM; wells 2 and 5, specific antisera to C. neoformans serotype A; and wells 3 and 6, 
the unfractionated polysaccharide from the mutant strain J-67_) 

mally in i-d., and formed one major and one minor precipitin line, the former being 
the closer to the antiserum well. The resolution and sensitivity of c.i.e., facilitated the 

demonstration of the serological differences between the GXM and the GalXM 
fractions, and of the electiveness of the fractionation procedures. In c.i.e. the ethanol 
precipitate and GXM gave single precipitin lines having the same relative mobility. 
GalXM-N gave two precipitin lines in c.i.e., - the line farther from the anode corre- 
sponded to GXM, and the second sharp precipitin line had not previously been 
observed by others (see Fig. 3). The c.i.e. pattern obtained with rabbit No. 1 differed 
from that of rabbit No. 3, in that, No. 3 produced antibodies only to the major 
GXM, whereas No. 1 produced antibodies to both GXM and GalXM. Both rabbits 
were immunized with formaldehyde-kiiled, whole C. neoformans. Fig. 4 shows the 
difference in immunodiffusion patterns between purified GalXM (resulting in one 
immunoprecipitin arc) and the unfractionated, culture supernatant liquor obtained 
from C. neoformans acapsular mutant J-67, which contained two antigens reactive 
with anti-C. neofirmans. Analysis by id. of the pooled fractions from the column of 
Sepharose CL-6B showed that Peak I gave a single precipitin line, characteristic of 
GalXM, whereas Peak II gave the two precipitin lines observed for GalXM-N. 
U-Deacetylated GalXM was indistinguishable from the native polysaccharide by i-d. 
Reduced GalXM-N formed, in i-d., a diffuse precipitin line that appeared after 48 h. 

Smith degradation. - GalXM-N was extremely sensitive to oxidation with 
sodium periodate, the integrity of most of the carbohydrate residues being destroyed. 
Xylose was completely eliminated, and two-thirds of both the galactose and mannose 
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TABLE I 

SUMMARY COMPARISON OF PROPERTIES OF E_XOPOLYSXCCHARi!JES OF CryptOcOCcUS neoformcns CDC 

B?5% SEROTYPE A 

Property GaIXM GXM= 

Percent of total exopo!ysaccharide 
Molar ratios: 

Xylose 
Wl.IUlOS~ 
cilucuronic acid 
Gaizrctose 
O-AcetYl 
Phosphate 
Pcptide. 7; 

MoIecuIar weight 
Periodate susceptibility (Smith degradation) 
Viscosity 
Con A afFini!y 
Complexation with CTAB 

12 88 

1 2 
1.8 5 
0.2 1 
1.9 0 
2 6.5 
0.3 n.d.b 
3 1.6 
275,000 + 25,000= d 
90°a susceptible 38:; 
low high 
reactive nonractive 
no Ye 

“RetI 1. *n.ci., not determined. ‘Dttermined by gel-permeation chromatographY on Sepharose CL-6B. 
dDetermineci by Bhattacharjee et aLz3 for GXIM of serotype D, - 8 x 105. 

residues were oxidized_ Approximately 50% of the oxidized polysaccharide was 
recovered as the polyalcohol after reduction, dialysis, and lyophilization. The dialyzate 
mainly contained glycerol, although mannose and galactose were also detected_ Mild 
hydrolysis with acid rendered 90% of the polyalcohol dialyzable. The retentate 
contained mannose and galactose which were sensitive to a second oxidation with 
sodium periodate. The quantity or the retentate was insuficient to permit performing 
a d:;ailed analysis. The dialyzate was lyophilized, and then desalted by gel-permeation 
chromatography on a column (1.0 x 50 cm) of Bio-Gel P-2. The carbohydrate, 
eluted as a single, symmetrical peak, was composed of mannose, galactose, and 
glycerol_ Sequential treatment of the P-2 eluate with specific glycosidases showed that 
most of the sample was composed of @-r-D-galactopjrranosyl-O-r-D-mannopyrano- 
syl-O-P-D-g~actopyranosylglycerol (30 %) and O+-D-galactopyranosyi-O-r-D-man- 
nopyranosyl-0-j3-D-gaIactopyranosylglycero1 (70 %)_ Glycerol was the major sugar 
alcohol produced. Erythritol was barely detectable, and threitol was absent. 

Polysaccharide composition. - The GalXM chromatographed on Sepharose 
CL-6B, referred to as purified GalXM, was further characterized. The monosaccharide 
content was 78 Ok, and the molar ratios of xylose : mannose : galactose : glucuronic 
acid were 1: 1 .S : 1.9 I O-2. Compositional comparisons with other polysaccharide 
fractions are given in Table I. Purified GalXM contained 2 % of O-acetyl group, as 
determined calorimetrically and by g.1.c. Peptide was present in the purified GalXM 
at a level of 3%. The amino acids serine, threonine, aspartic acid, glutamic acid, 
glycire, and alanine comprise 78 y0 of the peptide material (see Table II). 
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TABLE II 

X>nKO .WZID APc’ALYSIS OF GalXM CHROMATOGWHED ON SEPHAROSE cL-6B= 

Amino Acid Micrograms Nanomoles 

Aspariic Acid 0.443 3.85 
Threonine 0.531 5.26 
Serine 0.683 7.86 
Glutatnic Acid 0.390 3.02 
Glycine 0.174 3.06 
Alanine 0.129 6.27 
Valine 0.195 1.97 
Methionine 0.030 0.23 
Isoleucine 0.112 0.99 
Leucine 0.170 1.50 
Tyrosine 0.101 0.62 
PhenyIaIanine 0.113 0.77 
Glucosamine 0.117 0.63 
Histidine 0.039 0.29 
Lysine 0.097 0.76 
Arginine 0.094 0.60 
Total 3.42 37.65 

10.2 
14.0 
21.0 

8.0 
8.1 

16.6 
5.2 
0.61 
2.6 
4.0 
1.6 
2.0 
1.7 
0.77 
2.0 
1.6 
100:6 

%Sample size, 112.5 jcg. 

The second, u.v.-absorbing peak from the column of Sepharose CL-6B (see 

Fig. 2. area III) accounted for only 7 % of the polysaccharide applied. Analysis of this 
fraction revealed 19 y0 of a carbohydrate composed of xylose : mannose : glucose : ga- 
lactose : uranic acid in the molar ratios of 1 :4:0.4 : 1.8 : O-l_ It contained 4 7; of 
phosphate and 100/d of protein. This fraction was not characterized further, as it 
constituted only a relatively small fraction of the total carbohydrate of GalXM-N. 

Reduction of purified GaIXM gave glucose, which was absent from the native 
poIysaccharide, indicating that glucuronic acid was present. The neutral-sugar 
composition of the polysaccharide obtained from the ascending and descending limbs 
of the DEAE-Sephadex A25 column differed neither from each other nor from the 
GalXM purified on Sepharose CL-6B. 

DISCUSSION 

The chemical basis for the classification of C. neoformans into four serotypes 
is the elaboration of four closely related, but chemically distinct, glucuronoxylo- 
mannans of high molecular weight’ -1z-z24_ Earlier researchers rqorted galactose as a 
component of impure polysaccharide preparations 9- 1 I_ However, recent studies 

concerning the chemical characterization of the capsular polysaccharides of C. 
rreoformans serotypes B, C, and D did not verify its presence22-23. We observed that 
the ethanol precipitate of the unpurified, major, viscous polysaccharide of C. neo- 
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formans type A (GXM) contained a trace of galactose’, but, after precipitation of 
GXM as the CTAB compiex, no galactose was present. This fact, and the observed 
unaccountability for 10% of the original polysaccharide, prompted recovery and 
analysis of the material (GalXM-N) not precipitated by CTAB. GalXM contained 
galactose, xylose, ano mannose (see Table I) and was serological!y distinct from GXM 
by i.d. and c.i.e. The GXM (ref. 1) and the GalXM may be related to the hvo im- 
munoprecipilin lines previously observed6 for an unfractionated, antigen preparation 
of C. neoformans type A. 

Chromatography of GalXM-N on a column of DEAE-Sephadex A25 resulted 
in a product that gave a single precipitin line by i-d. and c.i.e., but that differed little 
in its overall chemical analysis when compared to GalXM-N. The low recovery 
(45 %) of GalXM-N by chromatography on DEAE-Sephadex A25 was a disadvantage 
compared with the greater recovery (73%) obtained after chromatography on 
Sepharose CL-SB. In a subsequent experiment, the recovery was improved to 80% 
by using DE-52-cellulose instead of DEAE-Sephadex. 

The single, symmetrical peak obtained by chromatography on Sepharose CL-6B 
was coincident with the first absorbance peak, at 206 nm. This absorbance was 
probably due to the O-ace@ substituents of the polysaccharide and the content of 
peptide in purified GalXM. The elution pattern of GalXM, pretreated with o.lhI 

HC1 for 15 min, did not deviate from that observed for the native polysaccharide, 
indicating that the small proportion of phosphate present did not link major segments 
of GalXM together_ 

The amino acid composition of the 3% of peptide in purified GalXM was 
dominated by serme (21%), threonine (14%), aspartic acid (10 %), and glutamic acid 
(8%). A covalent linkage may exist behveen the peptide and GalXM. 

In addition to differences in monosaccharide composition and serological 
behavior, two other functional differences behveen the major, viscous GXM and 
GalXM indicate that there are two distinct heteroglycans: (I) two-thirds of the 
mannose of GalXM was decomposed by treatment with NaI04, and (2) the GalXM 
polysaccharide formed a sharp Iine of precipitation with con A in gel. The affinity 
for con A indicates that some of the mannose residues are disposed as nonreducing 
tennini GaiXM has an apparent molecular weight of 275,000 _+25,000, contains 
relatively little uranic acid, and does not form viscous soIutions. In contrast, all of 
the mannose residues of GXM occur in NaIO,-resistant, (143) linkages constituting 
the linear backbone of the polysaccharide; GXM does not interact with con A. 
GXM is a lolysaccharide of high molecular weight” (- 8 x 105) that is rich in 
glucuronic acid and that forms highly viscous solulions. The specific interaction of 
Gal-KM with con A should provide a means for its purification by affinity-column 
chrorIlatography_ 

The origin of the galactose that was ubiquitous in preparations of the crypto- 
coccai polysaccharides described by past workers g--11*25, but not detected in more- 
recent reports22-25, only to re-emerge in this study, must be investigated by extending 
a search for galactoxylomannan to additional isolates of serotype A, and to other 
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serotypes. Acapsular mutants derived from two serotype D isolates, C. neoformans 

602 (ref. 7) and C. neofirmans 67, produce heteroglycans having properties chemically 

and serologically simiIar, if not identical, to those of GalXM. Therefore, GalXM may 

also be found in one or more of the other serotypes of C. neoformarzs. 

The exact origin of GalXM is at present obscure. It is not known whether 
the heteroglycan is a readily soIuble, cell-wali poIysaccharide, or if it is an actively 

secreted, storage polymer. Moreover its role in human infection, if any, is unknown. 

It may provide an antigenic stimulus different from that of the low zone tolerance 

exhibited by the major, viscous GXM, and it may thus prove more useful in monitoring 

immune responses in infection. 
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