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ABSTRACT 

The capsular polysaccharide from Cryptococczrs tzeofortmtts serotype D has been 
studied by employing the usual methods for the elucidation of chemical structure. The 
results are consistent with the occurrence of a polysaccharide having both D-glucosyl- 
uranic acid and D-xylosyl groups present as nonreducing end-groups attached to O-2 
of D-mannosyl residues which are linked E-D-( 1 4 3) in a lmear backbone_ 

INTRODUCTION 

In two earIier reports19 5, we described the structure of the capsular polysaccha- 
ride from Cryptococcm tleoformatts serotype C. Four serotypes (A, B, C, and D) of 
C. tzeofomzatzs have been described3.4, and two different, perfect states, namely, 

Fifobasidiella neofortrzatzs and F_ bacillispora have recently been discovered among the 
four serotypes”n6. Isolates of serotypes A and D produce the same perfect state 

F. neofornzans, and also share the same natural reservoir, which is not shared’ by 

isolates of serotypes B and C. The latter serotypes were found to produce a perfect 
state called F. bacillispora. On the basis of these and other biochemical differences, 
C. neofortzzans serotypes have now been divided into two groupss; serotypes A and D 
belong to Cryptococcrcs neoforttzatzs, whereas serotypes B and C belong to Crypto- 
coccm bacil(isportrs. 

Thechemical structures of all of the capsular polysaccharide antigens from these 
four serotypes have not yet been worked out. In recent paperslv 2, we described the struc- 
ture of the capsular polysaccharide serotype C. Merrifield et al. g reported on the struc- 
ture of a capsular polysaccharide from C. neoformans, determined here to be serotype 

A; they showed that it is composed of mannose, xylose, and glucuronic acid residues 
in the ratios 3 :2:1, and that it has an ~(1 + 3)-hnked mannan backbone substituted 
at O-2 of each residue by either glucuronic acid or xylose. Blandamer and Danishef- 
skylo reported on the partial structure of the capsular polysaccharide from C. neo- 

forttzatzs serotype B. On the basis of the composition of mono- and oligo-saccharides, 

it was suggested that this polysaccharide also contains a mannan backbone having 
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branches of xylose and glucuronic acid. In the present paper, we describe our findings 
on the structure of the capsular polysaccharide from C. neoformans serotype D. 

EXPERIMENTAL 

General methods. - All evaporations were conducted in a rotary evaporator at 
or below 40” (bath temperature). Optical rotations were measured with a Perkin- 
Elmer 141 polarimeter at 20 f 1” using sodium light (589 nm). lH.N.m.r. spectra 
were recorded with a Jeol JNM FX-100 spectrometer, using a 2% solution of the 
polysaccharide in D,O atL1 95”; the polysaccharide hydrogen was “exchanged” three 
times from DzO_ The T values were measured downfield from the signal given by 
tetramethylsilane (r = IO). 

Carboxyl-reduced polysaccharide was prepared by the method of Taylor and 
Conrad1 2, three treatments with the reagents being needed for compIete reduction. 

Immunoelectrophoresis was performed with 1% agarose in 0.1&r Tris acetate 
buffer, pH 8.3. The same buffer was used for electrophoresis at a constant 6V_cm-l for 
1.5 h. Rabbit antiserum to whole cells of C_ neoformans serotype D (kindly donated by 
Dr. J. E. Bennett) was used, and precipitation was allowed to proceed for 48 h at 5”. 

Polysaccharide isolation. - The polysaccharide was obtained from a culture of 
the single basidiospore isolate B-3502 (a mating type, serotype D) obtained from a 
cross between a type strain of Fitobasidiella neofonnans, NLH 12 (serotype D), and an 
isolate NIH 433 (serotype D) from Danish pigeon-droppings_ The culture conditions 
and procedure for isolation of the polysaccharide were as aheady describedI_ Purified 
polysaccharide was obtained by chromatography on a column (2.5 x 30 cm) of DEAE- 
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Fig 1. Chromatography of the native polysaccharide of C. neoformans serotype D on a column 
(2.5 x 30 cm) of DEAE%eIIuIose, using 0.01~ phosphate buffer, pH 7.3. [Arrows indicate the ad- 
dition of salt to the buffer to make it (1) 0 2~ NaCl, and (2) LOhi NaCl, respectively.] 
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Fig. 2. Chromatography of the purified polysaccharide of C. neufirnzuns serotype D on a column 
(2.5 x 75 cm) of Sepharose 6B, using as the eluant 0.01~ phosphate buffer, pH 7.3, containing 
0.15~ NaCI. (The arrow indicates the void volume.) 

cellulose DE-52 in the phosphate form. A neutral polysaccharide, constituting N .5-10% 
of the load, was first eIuted with 0.01~ phosphate buffer, pH 7.3. The major polysac- 
charide (- 80%) was eluted with the same buffer but containing 0.2~ NaCl (see Fig. 1). 
The material was recovered by dialysis against distilled water, and freeze-dried_ The 

purified polysaccharide gave a single band in immunoelectrophoresis, and a sym- 
metrical peak in chromatography on a column (2.5 x 75 cm) of Sepharose 6J3, as 
shown in Fig. 2. 

Chromatography. - Paper chromatography was performed by the descending 
method, using Whatman Nos. 1 and 3 MM paper. The solvent systems used were (A) 
10:4:3 (v/v) ethyl acetate-pyridine-water, and (B) 18 :3 : 1:4 (v/v) ethyl acetate-acetic 
acid-formic acid-water. The sugars were detected either by using the alkaline silver 
nitrate reagentI or by spraying with a solution of p-anisidine hydrochIoride in 
I-butanol14. 

Column chromatography was performed by using a column (2.5 x 30 cm) of 
DEAE-cellulose (Whatman DE-52) ion-exchange resin in the phosphate form. Gel 
filtration was performed in a column (2.5 x 75 cm) of Sepharose 6B (Pharmacia Fine 
Chemicals, Uppsala, Sweden), using as the eluant 0.01&1 phosphate buffer, pH 7.3, 
containing 0.15~ NaCI. The column fractions were tested for reducing sugar content 
by means of the phenol-sulfuric acid reagentl”. 

Gas-liquid chromatography (g.1.c.) was performed in a Finnigan-9500 gas- 
liquid chromatograph with a flame-ionization detector, using glass columns packed 
with (a) 3% of ECNSS-M on Gas Chrom Q (100-120 mesh) at 170” for the detection 
of methyIated aIdit acetates, and 190” for alditol acetate derivatives of free sugars; 
(6) 3% of NPGS on Gas Chrom Q (100-120 mesh) at 120” for estimation of O-acetyl 
content; and(c) 3% ofOV-225 on Gas Chrom Q (100-120 mesh) at 170” for methylated 
alditol acetates. 
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drawn at intervals, and the consumption of periodate was measured by recording the 
optical absorbance”0 at 223 nm. 

Smith degradation_ - Purified polysaccharide from C. neoformans serotype D 
(96 mg) was taken up in water (50 mL), and the suspension was stirred until it gave a 
clear solution. Sodium metaperiodate solution (50 mL; 0.05~) was then added with 
stirring, and the mixture was kept in the dark for 24 h at room temperature. The excess 
of periodate was decomposed by adding the calculated amount of ethylene glycol, 
powdered sodium borohydride (200 mg) was added, and the mixture was kept for 7 h 
at room temperature; the excess of borohydride was neutralized with M acetic acid, 
and the mixture dialyzed against distilled water. The dialyzed solution (120 mL) was 
concentrated to 40 mL in a rotary evaporator, and the solution was made 0.5~ with 
hydroch!oric acid. After 7 h at room temperature, the acid was neutralized with 10~ 
sodium hydroxide solutron, and the Smith-degraded polysaccharlde was recovered by 
dialysis and freeze-drying; yield45.7 mg; [cx]$, f 115” (c 0.5, H,O). The Smith-degrad- 
ed polysaccharide was methylated by the Hakomori methodI”_ 

RESULTS AND DISCUSSION 

The purified polysaccharide of C. neoformans serotype D was obtained by ion- 
exchange chromatography on DEAE-cellulose, and gave a homogeneous peak in gel 
chromatography on Sepharose 6B, as shown m Fig. 2. The K,, was 0.09, mdicatmg a 
very high molecular weight (N 8 x 10s). The purified polysaccharide had [a]$& -J-32” 
(c 0.2, H,O), and gave a viscous solution at a concentration of 0.3% in water. Ele- 
mental analysis showed C, 39.8 ; H, 5.59 ; N, 0.23 ; and P, 0.37%. Estimation of 0-acetyl 
by the method of Bethge and Lindstrom”l Showed the presence of 10.3% of 0-acetyl. 
The polysaccharide gave a single band in immunoelectrophoresis (see Fig. 3), and 
moved towards the anode. The *ff_n.rn.r_ spectrum of the polysaccharide showed a 

Rg. 3. Immunoelectrophoresis of purified polysaccharide of C. neofotmam serotype D m 0 1~ Tris 
acetate buffer, pH 8.3, at a constant 6 V. cm-l for 1.5 h. (The anode is on the left ) 
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Fig. 4. ‘H-N m.r. spectrum of purified polysaccharide of C. neofortnuns serotype D in DzO at 95”. 

sharp O-acetyl peak at T 8.0, and a single, broad, anomeric peak at 7 5.0. The ratio of 
protons in the acetyl: anomeric peaks was - 1.8:l.O (see Fig. 4). 

Complete hydrolysis of the polysaccharide, followed by chromatography in 
solvents A and B, showed the presence of three sugars, having mobilities identical to 
those of D-mannose, D-xylose, and D-glucuronic acid. The identity of the sugars was 
confirmed by their conversion into alditol acetates, followed by g.1.c. in column (a), 
using inositol hexaacetate as the internal standard *%. The presence of glucuronic acid 
was confirmed by analysis of the carboxyl-reduced polysaccharidel”, when glucose was 
obtained (instead of glucuronic acid). Quantitative estimation of the sugars showed the 
presence of mannose, xylose, and glucuronic acid in the ratios of - 3 : I : 1. Hydrolysis 
of the polysaccharide, followed by isolation of the individual sugars by preparative 
paper-chromatography and measurement of their optical rotations, showed that all of 
the sugars had the D configuration. 

Partial hydrolysis of the purified polysaccharide (200 mg) with 0.5~ HCI for 
4 h at 100” gave only small amounts of oligosaccharides, although this was found to be 
the optimal condition for oligosaccharide formation. Two acidic oligosaccharides were 
isolated, in yields of 10 mg and 3 mg, respectively. Oligosaccharide 1 was identified 
as 2-O-(P-D-glucopyranosyluronic acid)-D-mannose by hydrolysis, by borohydride 
reduction followed by hydrolysis, and by methylation analysis. The optical rotation of 
oligosaccharide 1, [a]$& -33” (c 1.0, water), indicated that the D-glucuronic acid was 
linked j to the D-mannose reducing unit; this was further confirmed by the release of 
D-ghIcuronic acid on treatment with j?-D-glucosiduronase (Boehringer-Mannheim). 
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Oligosaccharide 2 was a trisaccharide composed of two mannose residues and one 
glucuronic acid residue, with a mannose residue as the reducing residue. The optical 
rotation, -4”, aIso indicated a P-D-linked glucuronic acid unit. The optical rotation e 
wouId be expected to be less negative than that of 1, as, by anaiysis by oxidation with 
chromium trioxide, all of the D-mannose residues were shown to be cc-D-linked. 

Chromium trioxide oxidationZ3 of the polysaccharide resulted in the loss of 
80% of the D-xylose residues (in 2 h), showing that these units are P-D-linked in the 
polysaccharide, and that the D-mannose is cr-D-linked. 

Periodate oxidation of the polysaccharide resulted in the uptake of 1.0 mol of 
periodate per mol (constant after 24 h; see Fi g. 5). Periodate oxidation followed by 
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Fig. 5. Periodate oxidation of the capsular polysaccharide of C. neoformatrs serotype D. (The con- 
sumption of periodate is based on an average molecular weight of ISO.) 

borohydride reduction and mild hydrolysis (Smith degradationc4) gave rise to a 

periodate-resistant polysaccharide which was recovered by dialysis and freeze-drying. 
This material had [LX]$, + 115” (C 0.5, H,O), and hydrolysis thereof gave only man- 

nose. Methylation, followed by hydrolysis, conversion into alditol acetates, and analy- 

sis by g.1.c. and g.l.c.-m.s. showed the presence of 2,4,6-tri-O-methylmannose as the 

major component (93x), indicating that the periodate-resistant backbone is a (1 --f 3)- 

linked mannan. However, there was also a minor component (7%) which was found 
to be 4,6-di-O-methylmannose. If demethylation is igr-ored, this indicates that 1 in 

15 mannosyl residues in the mannan backbone carries a branch at O-2. 

The following structura1 formula is proposed for the kapsular polysaccharide 

here investigated. 
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Methylation of the polysaccharide, followed by hydrolysis, and analysis of the 
sugars as alditol acetates by g_l.c_ and g.l_c.-m.s., shoned the presence of 2,3,4-tri-O- 

methylxylose, 2,4,6-tri-0-methylmannose, 4,6-di-0-mcthylmannose, and 6-O-methyl- 

mannose in the molar ratios of N 2 :2:3 .O 7. The (glucosyluronic acid)-mannose 

linkage would beexpected to be resistant to hydrolysis, and it is not seen in the analysis. 
Therefore, the amount of di-0-methylmannose from I (see Table I) ~111 be below the 

TABLE I 

METHl LATION ANALYSIS OF THE CAPSUL \R FOL\SACCkI*RIDE 01‘ c. tJCLfOt JJJNJJS SEROTl PC D” 

2,3.4.6-hIe,-Glc 1.00 13 
1?,3,4-Me,-Syl 0 66 2 1 
2,4,6-Me,-hlan 7.12 2 I.7 49 
4,6-MeZ-Man 3.34 3 2 0.36 
6-Me-Man 4.4s 0.7 0.3 

“All sugars \\ere analyzed 3s methl lated al&to1 acetates, usmg cohm~n ((I) dt 170’. “7,3,4,6-hle ,-Glc = 
2,3,4,6-tetra-O-methylglttcosc, etc. CRctcntlon r~mcs are reI,tti\c to rhat 01. 1,s dl-O-ncet>l-2,3,4,6- 
tetra-0-methyl-u-glucttol as umty. Ii(L) Meth) lated pol~sncchnridc tlpr-’ D; (!I) mcthql,ltcJ. carbo\yl- 
rcduccd pollsaccharide type D; (111) mcrh~Iatcd, Smith-degraded pol>sacch.xidc type D 

theoretical ratio, which, for the hydrolysis of T is tri-0-meth~l~ylosc:tri-O-methyl- 

nlarlnose:di-U-methylmnnrose = 1 : 1 ‘2, .md it may be stcn that this low r,rtio was 
found. 

Methylation analysis of the carboxyl-rcduccd polysaccharidc showed the pres- 
ence of 2,3,4,6-tetra-O-methylglucose, 111 addition to the preceding su_ears, as shown in 
Table I. The ratio of methylated sl~rcose to methylated mannose is also N 1:3. These 

results show that both the glucuronic acid and the xylose units are present as non- 
reducing end-groups attached to O-2 of mannose residues, but - 1 out of every 3 
mannose units is not substituted. The amount of tri-0-methylmannose obtained in the 
hydrolysis of II (see Table I) was hrgher than expected, but uo explanation is yet at 

hand. 
The sequence of D-glucosyluronic acid and D-xylosyl groups in our proposed 

structure can be interchanged without affecting the results. The presence of a small 

proportion of 6-O-methylmannose (see Table I) indicates that mannose units are 
substituted on both O-2 and O-4; this was confirmed by the results of the Smith degra- 
dation, which showed that 1 out of every 15 mannose units carries a branch on O-2. 
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Therefore, the 6-0-methylmannose obtained from I (Table I) arises from the branching 
mannose umts bearing a substituent on O-4. 

The estimatron of 0-acetyl content of the polysaccharide by the method of 
Bethge and Lindstrom” showed the presence of 10.3% of 0-acetyl. The lH-n.m.r. 

spectrum showed a sharp acetate peak at T 8.0. The ratio of protons in the acetate 
peak and the anomeric peak was -95, indrcating the presence of three 0-acetyl 
groups per five sugar residues. Attempts at locating the 0-acetyl groups by protecting 
the free hydroxyl groups wrth methyl vinyl ether, followed by methylation analysisz5, 
failed to give interpretable results. However, the periodate oxidatron results show that 

the xylosyl or glucosyluromc acid groups could not be substituted with 0-acetyl 
groups, as, in that case, there would be a much lower consumption of periodate. 
Therefore, the 0-acetyl groups must be attached to the mannose residues. As the 
polysaccharide is heavily 0-acetylated, these acetyl groups may contribute to the 
antigemc specrficrty; this was found to be the case, by a preciprtm test in agar gel 

(see Fig. 6). 

Fig. 6. Immunodiffusion test in agar gel, using (A) rabbit antiserum to C. ~WO~~~II~OIU serotype C cells 
and (B) rabbit antIserum to C. rawfir IIIUIZS serotype D cells. [The antigens used in the perrpheral cups 
\\ere (a) purdied polysaccharide serotype C; (b) purified poiysaccharide serotype D; (c) carbo\yl- 
reduced polysaccharide serotype D; (d) U-deacetylated polysacchartde serotype D; (e) Smnh-degraded 
polysaccharide serotype D, and (f) carbouyl-reduced, O-deacetylated polysaccharide serotype D ] 

An immunodiffusion test’” in agar gel, usin, 0 rabbit antisera to whole cells of 

C. r~eoformms serotypes C and D (see Fi,. = 6), showed that the sera give sharp bands 

against type-specific polysaccharides. The anti-type D serum was only weakly cross- 
reactive with type C polysaccharide, probably because C polysaccharrde has few, if 
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any, O-acetyl groups 1. However, anti-type C serum reacted strongly with type D 
polysaccharide. Carboxyl-reduced polysaccharide type D reacted very weakly with 
anti-type C serum, showing that the carboxyl groups are strong determinants for this 

antiserum. Carboxyl-reduced and O-deacetylated polysaccharide type D gave a very 
weak or no precipitin band against anti-type D serum, showing that both the carboxyl 
and the O-acetyl groups are important determinants of antigenic specificity in this 
polysaccharide. Smith-degraded polysaccharide failed to show any precipitin band 
against either serum, indicating the absence of precipitating antibody against the 
D-mannan backbone. 

ACKNOWLEDGMENTS 

We thank Mr. W. B. Hill for his technical assistance, and Mr. W. E. Comstock 
for performing the g.l.c.-m.s. We are grateful to Dr. Herman Yeh for recording the 
‘H-n.m.r. spectra. 

REFERENCES 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 

I6 
17 

:; 
20 
21 
22 
23 
24 

A. K. BHAITACHARJEE, K. J. K~oN-CHUNG, AND C. P. J. GLAUDEMANS. Immunochemistry, IS 
(1978) 673-679. 
A. K. BHA~-ACMARJEE, K. J. KWON-CHLJNG, A&D C. P. J. GLAUDEMANS, 1%Toi. Immuno~. in 
press. 
E. E. EVANS, J_ ImmunoZ-, 64 (1950) 423-430. 
D. E. WIrSON, J. E. BENNETT, AND J. W. BAILEY, Proc. Sot. Exp. Biol. Med.., 12 (1968) 820423. 
K. J_ K~oN-CHUNG, Mycologia, 67 (1975) 1197-1200. 
K. J. KWON-CXIJNG. Mycologia, 68 (1976) 942-946. 
J. E. BENNFIT. K. J. KWON-CHUNG, AND D. H. HOWARD. Am. J. Epidemiol.. 105 (1977) 582-586. 
K_ J. KWON-CHUNG, J. E. BENNY, AND T. S. THEODORE, Int. J. Sysf. Bacreriol., 28 (1978) 616-620. 
E. H. MERRIFIELD, A. M. STEPHEN, AND J. VAN DEN ENDE, S. Afr. J. Sci., 74 (1978) 146. 
A. BLAhPAhfER AND I. DANISHEFSKY, Biochim. Bioplrys. Acta, 117 (1966) 305-313. 
G. M. BEBAULT, Y. M. CHOY, G. G. S. DLIXON, N. F~NNELL, A. M. STEPHEN, AND M.-T. YANG. 
J. Bacterial., 113s(1973) 1345-1347. 
R. L. TAYLOR AND H. E. CONRAD, Bioclzemistry, 11 (1972) 1383-1358. 
W. E. TREVELYAN, D. P. PROCTER, AND J. G. HARRISON, Nutme, 166 (1950) AllA5. 
L. HOUGH, J. K. N. JONES. AND W. H. WADMAN, J. Chem. SK, (1950) 1702-1706. 
M. DUBOIS, K. A. GILES, J. K. HA~~ILTON, P. A. REBERS, AND F. Smm, Anal. Chem.. 28 (1956) 
350-356. 
S. HAKOMORI, J. Biochem. (Tokyo], 55 (1964) 205-208. 
H. BJGRNDAL, C. G. HELLERQ~I~T, B. LINDBERG, AND S. SVENSSON, Angew. Chem. Int. Ed. Engl.. 
9 (1970) 610-619. 
J. L~NNGREN AND S. SVENSSON, Adv. Carbohydr. Chem. Biochem., 29 (1974) 41-106. 
B. L~BERG. B. LINDQVIST. J. L~NNGREN, AND W. NIMMICH, Carbohydr. Res., 58 (1977) 443-451. 
G. 0. A~PINALL AND R. J. FERRIER, Chem. Ind. (London), (1957) 1216. 
P. 0. BETHGE AND K. LINDSTRO~~, Sven. Papperstidrr., 76 (1973) 645-649. 
J. S. SAWARDEICER, J. H_ SLONEKER, AND A. JEANES, Anal. Chem., 37 (1965) 1602-1604. 
0. LARM, B. LUNDBERG, AND S. SVENSSON, Curbohydr. Res ,31 (1973) 120-126. 
I. J. GOUXTEIN, G- W. HAY, B. A. LEWIS, AND F. WITH, Abstr. Pap. Am. Chem. Sot. Meet., 135 ._^_^. _ 
(IYBY) 3D. 

25 A. N. DE BEXDER AND B. NORRMAN, Curbohydr. Res., 8 (1968) l-6. 
26 0. Ou CHFERLONY, Acta Pathol. Microbial. Stand., 25 (1948) 186-191. 


