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ABSTRACT 

The structures of the cell-wall D-mannans of pathogenic yeasts ofcandida stellatoideu Type I strains, 

IF0 1397, TIMM 0310, and ATCC 11006, were investigated by mild acid and, alkaline hydrolysis, by 

digestion with the Arthrobacter GJM-I strain exo-a-D-mannosidase, and by acetolysis. The modified 

D-mannans and their degradation products were studied by ‘H- and %n.m.r. analyses. D-Manno- 

oligosaccharides released by acid treatment from the parent D-mannans were identified as the homologous 

p-(l-2)-linked D-manno-oligosaccharides from biose to hexaose. whereas those obtained by alkaline 

degradation were the homologous a-( I +2)-linked D-mannobiose and o-mannotriose. The acid- and 

alkali-modified D-mannans lacking ‘H-n.m.r. signals above 4.900 p.p.m. [corresponding to /3-(I +2)-linked 

D-mannopyranose units] were acetolyzed with 1O:lO:l (v/v) AcZO~AcOH~H2S0,, and the resultant D- 

manno-oligosaccharides were also analyzed. It was found that the longest branches of these D-mannans, 

corresponding to hexaosyl residues, had the following structures: 2-D-Manp-(l-+3)-r*-D-Manp-( l-2)-(r-D- 
Manp-( l-2)-x-D-Manp-( l-+2)-a-D-Manp-( I +2)-D-Man and r-D-Manp-( ]+2)-rr-D-Manp-(1+3)-a-D- 
Manp-( l-2)-x-D-Manp-(l-+2)-a-D-Manp-( I +2)-D-Man. These results indicate that the D-mannans of C. 

stellatoideaType I strains possess structures in common with the D-mannans of Candidu albicans serotype B 

strain (see ref. 4) containing phosphate-bound p-(1 -+2)-linked oligo-D-mannosyl residues. 

INTRODUCTION 

In previous papers, we reported the structures of the antigenic phospho-D- 

mannans of three representative Can&da albicans strains, NIH A-207 serotype A (refs. 

1,2), NIH B-792 serotype B (refs. 3,4), and J- 1012 serotype A (formerly serotype C) (ref. 
5) as elucidated by a sequential degradation-procedure involving treatment with hot 

1OmM HCI and/or 1OOmM NaOH at 25”, acetolysis under conventional and mild 
conditions, enzymolysis with Arthrobacter GJM-1 cr-D-mannosidase, and ‘H- and 

13C-n.m.r. analyses. These studies demonstrated a structural identity among these 

D-mannans in that each one possesses a long rx-( 1+6)-linked-D-mannopyranose back- 
bone having a large number of ar-( 1+2)-linked D-mannotriosyl branches, each of which 

* Presented at the 15th International Carbohydrate Symposium, Yokohama, Japan, August 12.-17, 1990. 
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Fr. If, Ti, and Al released D-mannose corresponding to 76.8,75.2, and 56.4% of parent 
D-mannans on a weight basis (data not shown). The enzyme-modified Frs. If, Ti, and A 1 
are designated as Frs. If-e, Ti-e, and Al-e, respectively. 

Acetolysis of Frs. If-ab, Ti-ab, and Al-ab. ~ This was conducted exactly as 
described by Kobayashi et al.“,13 in a modification of the method of Kocourek and 
Ballou14. 

Calculation of average chain-length gf the branches moieties of Frs. I’ Ti, and Al. 
~ The average chain-length of the branches in Frs. If, Ti, and Al were calculated as 

described by Kobayashi et al.” for the partial acid-degradaded D-mannans of Pichia 

pastoris IF0 0948 strain. 

N.m.r. studies qf D-mannans and D-manno-oiigosaccharides. - ‘H-N.m.r. spectra 
were measured as described by Gorin and Spencer” by use of a Jeol JNM-GSX 400 

spectrometer. D-Mannans and D-manno-oligosaccharides were separately dissolved in 
DzO in concentrations of 10 mg/0.7 mL and 5 mg/0.7 mL at 70”, respectively, and 
acetone was used as the internal standard (2.217 p.p.m.). The 13C-n.m.r. spectra were 

measured with the same spectrometer as described by Kobayashi et aZ.4 The concentra- 

tions of D-mannans and D-manno-oligosaccharides in DzO were 25 and 15 mg/0.7 mL at 

55”, respectively, and CD,OD was used as the internal standard (49.00 p.p.m.). 

Slide-agglutination reaction. - This was conducted as described by Miyakawa et 

al.“, using heat-killed cell suspensions of C. alhicans and C. stellatoidea strains. 
Other methods. - Total carbohydrate was determined by the phenol-H,SO, 

method of Dubois et al.‘” with D-mannose (Wako Pure Chemicals, Co. Ltd., Osaka and 

Tokyo, Japan) as the standard. Total protein was determined by the Folin method of 
Lowry et al.!“, using bovine serum albumin (Sigma Chemical Co., St. Louis, MO, 
U.S.A.) as the standard. Total phosphate was determined by the method of Ames and 
Dubin2’, using KH,PO, (Nakarai Chemicals, Ltd., Kyoto, Japan) as the standard. 

Specific rotations were determined by means of a JAS DIP-360 digital polarimeter. The 
sample was dissolved in water, and measurements made 3 h after dissolution. 

RESULTS 

Treatment of the D-MannUnS with l&?ZM HCl. - Fractions If, Ti, and Al were first 

examined for the presence of acid-labile oligomannosyl residues, which were assumed to 
connect with phosphate groups via their reducing-terminal groups. After treatment 

with 1OmM HCl for 1 h at loo”, each mixture was fractionated on a column of Bio-Gel 
P-2. As shown in Figs. lA-lC, Frs. If, Ti, and Al released a mixture of D-manno- 
oligosaccharides ranging from hexaose to biose, and D-mannose in amounts of 0.03, 
0.72, and 1.22%, respectively, on a weight basis ofthe parent D-mannans. The ‘H-n.m.r. 

spectra of these D-manno-oligosaccharides were apparently identical to those of the 
D-manno-oligosaccharides isolated from the D-mannan of C. albicans NIH B-792 strain 
by Kobayashi et al4 and identified as a homologous oligosaccharide series composed 
solely of p-( l-+2)-linked D-mannopyranose units (data not shown). 
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(A) 

-k!T-&- 
p.p.m. 

Fig. 2. ‘H-N.m.r. spectra (anomeric regions) of intact (I), acid-modified (II), alkali-modified (III), acid and 
alkali-modified (IV), and enzyme-modified (V) o-mannans isolated from three C. stellatoidea strains. (A): 
Frs. If, If-a, If-b, If-ab, and If-e; (B): Frs. Ti, Ti-a, Ti-b, Ti-ab, and Ti-e; (C): Al, Al-a, Al-b, Al-ab, and 
Al-e. These were recorded using a Jeol-GSX 400 spectrophotometer in D,O solution at 70” with acetone as 
the standard (2.217 p.p.m.). 
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Acetolysis oj’D-mannans modljied h_v ucid and alkali. - In order to analyze the 

structures of the acid- and alkali-stable domains of the phosphomannans, the acid- and 

alkali-modified D-mannans (Frs. If-ab, Ti-ab, and Al-ab) were subjected to acetoly- 

s~s’~.‘~ with 10: 10: 1 Ac2@AcOHPH,S04. Figs. 4A to 4C show the elution profiles of the 

acetolyzates of Frs. If-ab, Ti-ab, and Al-ab. As may be seen, the oligosaccharides 

isolated from these acetolyzates were neutral D-manno-oligosaccharides, ranging from 

heptaose to biose, D-mannose, and phosphate-containing component (Frs. Ti-ab and 

Al-ab). These oligosaccharides were also investigated by ‘H-n.m.r. analysis (Fig. 5). 

Structural identification through assignment of the anomeric-proton signals of each 

D-manno-oligosaccharide was conducted by correlation with the findings by Gorin et 

CZI.‘~, Cohen and Ballot?, and Zhang and Ballou24, and the structures of the D-manno- 

oligosaccharides identified are depicted in formulas 1-9. 

r-II-Manp-( I +2)-D-Man a-o-Manp-( 142).cc-u-May-( 1 -+2)-D-Man 
1 2 

r-D-May-( l-2)-r-u-Mary-( I +2)-cc-D--h’kmp-( I +2)-D-Man 
3 

x-u-Manp-(1+2)-a-D-May-( I +2)-x-D-Manp-( 1 -+2)-r-u-Manp-( I +2)-u-Man 
4 

a-D-Manp-( 1+3)-r-o-Manp-( I +2)-x-D-Manp-( I +2)-z-I,-Manp-( l-2)-D-Man 
5 

a-D-May-( 1-3)~r-u-May-( I -2).cc-D-Man/?-( 1+2)-cc-r>-Manp-( I +2)-r-D-Manp-(t -+2)-D-Man 
6 

a-D-Manp-( l-2)-a-u-Ma& 1 +3)-cx-D-Manp-( I +2)-a-D-Manp-( I +2)-r-D-Manp-(I +2)-o-Man 
7 

z-D-Manp-( I-3).r-wManp-( I +2)-a-D-Manp-(l-2).a-D-Manp-( 1 -2).x-u-Manp-( I+ 2)-r-u-Manp-( I -+2)-D-Man 
8 

cc-D-Manp-( l-2)-r-tsManp-( I -3).a-wManp-( 1 +?)-r-wManp-( I +2)-rx-D-Ma&l -t2)-r-D-May-(I-+2)-D-Man 
9 

It is noteworthy that oligosaccharides of the same molecular weight obtained 

from the three different D-mannans had the same chemical structure, although the 

oligosaccharides higher than pentaose were each found to contain one isomeric oligo- 

saccharide. The D-manno-oligosaccharides resulting from the acetolysis of Fr. Ti-ab 

were relatively low members corresponding to structures 1, 2, 3, and 5. These four 

oligosaccharides lacked signals at 5.363 and/or 5.364 p.p.m., as C-l of an a-(1+3)- 

linked D-mannopyranose residue had another D-mannopyranose unit attached via an 

LX-( l-2) linkage. However these signals were present in the higher D-manno-oligo- 

saccharides 7 and 9 as isolated from the acetolyzates of Frs. If-ab and Al-ab; both of 

these have a signal at 5.366p.p.m. (Figs. 2A and 2C). It was thereforeevident that Fr. Ti 

had the simplest chemical structure among the D-mannans of three C. stellutoidea 
strains, in terms of average chain-length and chemical structure of the branches. 

In contrast, acetolysis of Fr. Al-ab gave homogeneous biose, triose, tetraose, 

pentaose, and hexaose corresponding to structures 1, 2, 3, 5, and 7, and these oligo- 

saccharides were investigated by “C-n.m.r. spectrometry. The ‘“C-n.m.r. spectrum of 

the D-mannohexaose, 7, showed a 103.09-p.p.m. signal, which was observed in “C- 

n.m.r. spectra of Frs. If and Al, but was absent that of Fr. Ti.. This finding agrees well 

with that found in the acetolysis study of Fr. Ti-ab, namely that this D-mannohexaose 
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Fig. 7. Possible structures for the cell-wall o-mannans of C. Lstelkztoidea IF0 1397 (A), TIMM 03 IO (B), and 

ATCC 11006 (C) strains. M (Man) and GNAc (GlcNAc) denote a D-mannopyranose and 2-acetamido-2- 
deoxy-o-glucopyranose units, respectively. The side-chain sequence is not specified. 
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