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ABSTRACT 

Acetolysis of Candida parapsilosis cell-wall D-marman, obtained by alkali ex- 

traction and purified as a copper complex, gave six oligosaccharides by Bio-Gel P-2 

filtration. Their chemical structure was examined by ‘H-n.m.r. spectroscopy, 

methylation analysis, and partial acid hydrolysis. The structures of the penta- and 

hexa-saccharide were cY-D-Manp-(1~3)-cx-D-Manp-(l~2)-cY-D-Man~-(l~2)-~-D- 

Manp-(l-2)-D-Man (M,) and c-u-D-Manp-( l-2)-cY-D-Manp-( I-+3)-cY-D-Manp- 

(1+2)-cu-D-Manp-( l--+2)-a-D-Manp-( l-+2)-D-Man (Me), respectively. Inhibition 

of the oligosaccharides with anti-C. parupsilosis serum and homologous D-mannan 

indicated that although Ms and M6 exhibited strong inhibitory-activity, M6 was the 

more effective inhibitor, and suggested that M6 may be the immunodominant or 

may be responsible for the specificity of C. purupsilosis mannan in the precipitin- 

reaction system, or both. 

INTRODUCTION 

The past decade has witnessed increased interest in opportunistic infections 

by Candida species and other yeasts’-3. Tsuchiya et al. 4,5 established the relation- 

ship of the antigens of medically important yeasts and many other yeasts, and suc- 

cessfully used antigenic factors for identifying the members of the genus Cundida. 
Recently, Shinoda et al. ’ reported that this relationship and the antifactor sera are 

useful for the rapid and accurate identification of the medically important species 

of Cundidu. Therefore, immunochemical analysis of the antigenic factors is of in- 

terest for both the basic and applied aspects of yeast serotaxonomy. We previously 

reported the immunochemical structures of several antigenic factors of Suc- 

charomyces and Candida species’-“, and we now report the results of further 

studies on the immunochemical structure of the specific determinant of C. para- 
psilosis cell-wall D-mannan, as related to the antigenic factors5 13 and 13b. 

*To whom correspondence should be addressed. 
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TABLE I 

ANTIGENIC FACTORS OF Candlda purapsdmis AND Rkl A7’k.D WEClEF 

Spec les Swam” Fcr Cl0 r I 

C purapsdosu M 1015 1,13,13h 

C alhrcans M 1012 (serotypc A) I .4,5,h 
C. albrcany M I447 (NW A-207, aerutype A) 1.4.5.h 

C alhrcuns M 1435 (NW B-792, serotype B) 1 ,l.S* IZh 

C tropmlu M 1017 I .4.5.h 

C. .rtellatoidea M IOlh 1 .-I.4 

“M strains from the Meiji College of Pharmacy. T‘okyo, Japan NIH strains from rhc Natl<,n.~l Instltutec 
of Health, Bethesda, Maryland. I.1 S r\ 

EXPERIMENTAL 

Organism. - C. parapsilosis M 1015, C’. albicans M 1012 (serotype A), and 

c. albicans M 1445 (serotype B), which are stock cultures in our laboratory. were 

used. The antigenic factors of C. parupsihis and related species proposed by 

Tsuchiya et al. ‘J are shown in Table I. 

Extraction and purification of the polysacchuride~. - Yeast cells grown on 

Sabouraud medium for 3X h at 27” were harvested, heated for 1 h at 1W”. and 

washed three times with distilled water. After centrifugation. the [I-mannan was 

extracted by alkali and purified as a copper complex”‘. 

Acetylution and acetofysis of D-mannan”. - A sample (100 mg) was sce- 

tylated in 1: 1 anhydrous pyridine-acetic anhydride ( 10 ml,) by heating in an oil 

bath for 8 h at 100”. The acetylated polysaccharide was dissolved In the acetolysis 

mixture (10.5 mL. 10: 10: 1. v/v acetic acid-acetic anhydride-cont. sulfuric acid). 

The solution was warmed in an oil bath at 30”. To cleave the CY- n-t I--h) linkages 

completely, the acetolysis was carried out for 13 h. The reaction was stopped by ad- 

ding anhydrous pyridine (3 vol.). The solvent was evaporated, the syrupy residue 

extracted with 1:l (v/v) chloroform-water (50 mL), and the chloroform extract 

evaporated to dryness. The residue was dissolved in anhydrous methanol (2 mL). 

and then sodium methoxide in methanol was added dropwise until the solution be- 

came alkaline. After 20 min. it was centrifuged for 15 min at 3000 r.p.m.. and the 

precipitate washed with dry methanol and dissolved m distilled water (2 mL). The 

solution was de-ionized with Amherlite IR-120 (H’) cation-exchange resin. The 

deacetylated acetolysis products were separated by Rio-Gel P-2 filtration. 

Column chromatography on Bio-Gel P-2. - The deacetylated acetoiysis 

products were applied to a column (2.5 x 150 cm) of P-2 gel and eluted with distil- 

led water at the rate of 20 mLih at room temperature. The total carbohvdrate con- 

tent in the effluents was determined by the phenol-sulfuric acid method “.lJ. 

Methylation analysis. - The oligosaccharide was methylated bl treatment 

with methylsulfinylcarbanion-methyl iodide in dimethyl sulfoxidc according to the 
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method of Hakomori14, as described by Hellerqvist et al. 15. The partially me- 
thylated alditol acetates were analyzed by g.l.c.-m.s. at 190” with a JMS D-300 in- 
strument (Japan Electron Optics, Tokyo) equipped with a 3% ECNSS-M column 
(2 mm x 2 m). The fragmentation patterns were compared to those reported by 
Bjorndal et al. 16. 

‘H-N.m.r. spectra of oligosucchurides. - ‘H-N.m.r. spectra were recorded 
with a JEOL loo-MHz, nuclear magnetic resonance spectrometer (Japan Electron 
Optics) for solutions, in deuterium oxide, at 70”, of oligosaccharides obtained by 
acetolysis; sodium 4,4-dimethyl-4-silapentane-1-sulfonate was the internal 
standard. ‘H-N.m.r. spectra of oligosaccharides obtained by partial acid hydrolysis 
of the acetolysis compound M6 were further recorded at 65” with a JEOL 270-MHz 
nuclear magnetic resonance spectrometer. 

Partial acid hydrolysis. - Mannohexaose (M6), obtained by acetolysis, was 
treated with 0.4M sulfuric acid for 1 h at 100”. The solution was made neutral with 
barium carbonate, applied to a 2.5 x 150-cm column of Bio-Gel P-2, and eluted 
with distilled water at room temperature. 

Optical rotation of oligosucchurides. - Optical rotation was determined for 
aqueous solutions of the oligosaccharides, at 589 nm, with a DIP-4 polarimeter 
(JASCO, Tokyo). 

Immunological methods. - (a) Preparation of antisera. Antisera were pre- 
pared by the method of Fukazawa et af.“. Yeast cells, grown on Sabouraud 
medium for 48 h at 27”, were harvested with a saline solution, heated for 2 h at 
loo”, washed three times with 0.5% formalinized saline solution, and adjusted to 
No. 9 on the McFarland scale. Rabbits were intravenously injected at 4-day inter- 
vals with l.O-, 2.0-, 4.0-, 4.0-, and 4.0-mL cell suspensions. 

(6) Quantitative precipitin- and inhibition-reactions. The quantitative precipi- 
tin-reactions and inhibitions of the precipitin-reaction system by acetolysis 
ohgosaccharides were performed as described by Raschke and Ballour8. Quantita- 
tive precipitin-reactions between rabbit antisera (0.1 mL) and D-mannan antigens 
were performed in physiological saline solution (PSS); the final volume was 1.0 
mL. The reaction mixture was incubated for 48 h at 4”, and the precipitate was 
washed twice with ice-cold PSS by centrifugation. Protein was measured by the 
method of Lowry et al. l9 For inhibition of the precipitin reaction, the antiserum . 
was incubated, for 2 h at 37”, in the presence of the acetolysis-oligosaccharide in- 
hibitor. The antigen was added, and incubation (48 h, 4”) and subsequent steps 
were as described for the quantitative precipitin-reaction. 

RESULTS AND DISCUSSION 

The acetolysis of C. parupsilosis D-mannan, followed by gel filtration, gave 6 
peaks (see Fig. 1). The molar ratios, calculated from the fraction areas, of the 
mono- and oligo-saccharides D-mannose (MI) to D-mannobiose (Mz) to D-manno- 
triose (Ms) to D-mannotetraose (M4) to D-mannopentaose (Ms) to D-man- 
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TABLE III 
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M6 M5 M‘l M3 M2 Ml 

Fig. 2. ‘H-N.m.r spectra (8, H-l region) of oligosaccharides obtained by acetolysis of C parapsdosis 

o-mannan. For abbreviations, see the legend to Fig. I. 

nohexaose (M6) were 19:7:6:14:3:6. M4 and M6 were the main oligosaccharides 

obtained. Methylation analysis (Table II) suggests that MZ, Ms, and M4 contain 

mainly (l-+2)-linkages, and Ms and M6 an additional (l-3) linkage. These results 

and those of ‘H-n.m.r. spectroscopy (see later) suggest that the (l-3) linkage in 

Mh is not located at the nonreducing end. The specific rotations of the oligosac- 

charides (Table III) indicate a-D linkages. 

The ‘H-n.m.r. spectra (H-i region) of the acetolysis oligosaccharides are 

shown in Fig. 2. That of M, is identical to that of D-mannose. Those of M? and M3 

suggest oligosaccharides mainly (Y-D-( l-2)-linked, mixed with a small proportion 

of oligosaccharide having an a-D-(1--+3) linkage, as shown by a small signal at 6 

5.20. M4 showed signals at 8 5.12,5.32, and 5.40 with ratios of intensity 1:2: 1, indi- 

cating the presence of only cu-D-(1-+2) linkages. MS showed a signal at 6 5.20 for an 

@!-D-(1--+3) linkage at the nonreducing end, and other signals indicating the pre- 

sence of &D-(1-+2) linkages. M, showed signals at 6 5.10, 5.30, and 5.40 signals 

with the ratios of intensity -1: 1: 1, suggesting the existence of (~-D-(1-+3) linkage 

within the chain, but not at the nonreducing end. The possible modes of linkage of 

oligosaccharides Mi-M6, based on both the chemical shift assignment for manno- 

oligosaccharides reported by Cohen and Ballou2’ and on the results of the methyla- 

tion analysis (Table II), are shown in Table IV. 

To determine the location of the a-D-( l-+3) linkage in M,, reduced and unre- 

duced oligosaccharides, and the fragments resulting from partial acid hydrolysis 

were examined by methylation analysis and ‘H-n.m.r. spectroscopy. Methylation 

analysis of reduced M, showed that the reducing end-group was linked at O-2 

(Table II). Cohen and Ballou2” reported that, in the reduced manno-oligosac- 

charides, a chemical shift of the H-l signal of the adjacent D-mannose residue was 

modified because the H-l signal of the reducing end-group may be moved into the 

ring-proton region of the spectrum. Our experiments on reduced and unreduced 

M6 to determine the linkage of the residue adjacent to the reducing end-group 
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TABLE IV 

POSSIBLE MODE OF LINKAGE AND H-l CHEMICAL SHIFl3 FOR MONO- AND OI.lCO-SACCHARIDFS OBTAINED Bk 

ACETOLYSIS OF c. parapsdosis D-MANNAN 
_~~~~~~~~~-.-_-~~_~~__ ~_~ ~~~~ .~. _ ~~~~~ ~~ ~~_ -- 

Structure” Chemical shaft (S)h 

H-l”‘” fj.1”” H-1”’ H-l” H-I’ H-l 

M 

M+2M 

M+3M 

M-+2M-+2M 

M+3M+2M 

“Abbreviation: M. a-D-Manp. 

10U2”. 

unreduced 

reduced 

.5 20 
(5.165) 

5.10 5.30 
(5.036) (5.363) 
5.20 5 ‘0 

(5.133) (5 113) 

5.10 5 30 5 40 

(5.039) ( 5 2-N) (5.352) 
5 70 . ._ 5,111 5.40 

(5.138) (T.OU) (5.363) 
5.12 5.32 5 31 5.40 

(5.038) (5 275) (5.175) (5 354) 
5.20 5.10 5 30 5 .%I 5.40 

(5.135) (5.027) (5.274) (5 174) (5.350) 
s.10 5.40 5.10 s,w .5 30 5.40 

5 10 5.30 5.40 5 10 5 30 5 10 
5.10 5.30 5.3n 5 50 ; I(1 5 40 

‘H-1 chemical shifts in parentheses were reported by Cohen and Bal- 

Fig. 3. ‘H-N.m.r. spectra (6) of reduced and unreduccd oligosaccharldcs M, and M4 
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showed that reduction resulted in the disappearance of the signal at S 5.40 corres- 

ponding to the reducing end-group, and in a chemical shift of the H-l signal of the 

adjacent D-mannose residue from 6 5.30 to 5.22 (Fig. 3). 

The comparable experiment with Mq, which has exclusively a-D-(1+2) 

linkages, showed that, in reduced Mq, the signal at 6 5.40 for the reducing end- 

group disappeared and a new signal at 6 5.24 appeared, and the chemical shift of 

the H-l signal of the adjacent D-mannose residue changed from 6 5.32 to 5.24, al- 

though a definite assignment has not been established (Fig. 3). These results 

suggest that the linkage of the residue adjacent to the reducing end-group of M6 is 

also an a-D-(1--+2) linkage. 

The nonreducing end-group of M6 being a-D-(1+2)-linked, the presence of 

the H-l signal at S 5.10 and its absence at 5.20 (Fig. 2) suggest two possible struc- 

tures (1 or 2). To ascertain the location of the LY-D-(1-+3) linkage, M6 was partially 

acid hydrolyzed, and gel filtration gave six peaks (see Fig. 4). Two pentasac- 

charides (MS) may be derived from M6 one by loss of the nonreducing and the 

other of the reducing residue. Comparison of the ‘H-n.m.r. spectrum of MS de- 

rived from M6 with the chemical shifts provided by Cohen and Ballou*’ (see Fig. 

5-A) suggested that the signal at 6 5.21 corresponded to the nonreducing end-group 

cu-D-(1+3)-linked. When the intensity of this signal was compared with 

those of the other signals, the ‘H-n.m.r. spectrum of MS was found to be complex, 

suggesting that it is a mixture of structures 3 and 4 in the ratio of -5: 1. These re- 

sults suggest structure 1 for M6. The possibility of a minor component (M6) having 

structure 2 may be excluded, because the signal at 6 5.21 that indicates the presence 

of an (~-D-(1+3) linkage of the nonreducing end-group was not detected in M4 

(Fig. 5-B). 

TUBES 

Fig. 4. Filtration profile, on a Bio-Gel P-2 column with water elution, of the oligosaccharides obtained 
by partial acid hydrolysis of C. parapstlosis M6. Each tube contained 2.5 mL. 
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To determine the sensitivity and specificity of the precipitin reaction between 

antibody and the D-mannan system, anti-C. parap.sdnsis serum was tested against 

homologous and C. ahcans, serotype A and B t)-mannans. In the quantitative 

precipitin tests, the antiserum to C. parapsihis M 101.5 cross-reacted Gth the C.. 

albicans, serotype B D-mannan (M 1445), as well as with homologous I)-mannan. 

but failed to cross-react with C. albicans, serotype A D-mannan (M 1011) (Fig. 6). 

These results suggest that the precipitin reaction has a specikty different from 

that of the agglutinin reaction, and that the precipitin pattern of thib system may be 

responsible for the antigenic determinant(s) for the antigenic complex 13.13h. part 

of which is shared with C. parapdosu and C. afhicam serotype B. Therefore. to 

determine the specific determinant of the oligosaccharides for C‘. parupdosis, the 

inhibition of the precipitin reaction between anti-C. parapsilmis M 1015 serum and 

homologous D-mannan by several inhibitors was examined. A\; shown in Fig. 7. D- 
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200’ 

x-x-x 
510 20 40 60 80 I 00 

o-MANNAN ADDED 

Fig. 6. Quantitative precipitm reaction of anti-C. parapsilosrs serum with homologous and heterologous 
mannans: (@) homologous D-mannan; (0) C. albicans M 1445 (serotype B) D-mannan; and (x) C. albi- 
cans M 1012 (serotype A) o-mannan. 

25. 

INHIBITOR(p moles) 

Fig. 7. Inhibition of the homologous precipitm-reaction of C. parupsihs M 1015. Inhibitors: (a) D- 
mannohexaose, (0) D-mannopentaose. (H) D-mannotetraose, (A) o-mannotriose, (A) D-mannobiose, 
and (x) o-mannose from C. parapsilosis M 1015 o-mannan. 

manno-hexaose and -pentaose demonstrated effective inhibitory activity giving 

100% inhibition even at a very low concentration (0.5 pmol), and 98% inhibition 

at 1 pmol. Although both D-manno-hexaose and -pentaose exhibited strong in- 

hibitory activity, the observation that D-manno-hexaose was the most effective in- 

hibitor suggests that this structure is the main determinant for the specificity of C. 

parapsi~osis D-mannan. c. parapsi~osis cell-wall D-mannan contains a large propor- 



tion of side-chains composed of tetra- and hexa-saccharides. The acetolysis pattern 

of this D-mannan is characteristic when compared with the patterns of other Cmn- 

dida and Saccharomyces species7-~“.“. 

Mr, and M, were also found to be mainly a-D-( 1 --3)-linked oligosaccharides, 

in admixture with a small proportion of oligosaccharide having an U-D-( l--+3) 

linkage to the nonreducing end-group. M_, was found to have only (u-D-( 1+2) lin- 

kages. M, an o-D-()-*3) linkage to the nonreducing end-group of hlJ. and M, an 

a-D-(1-+2) linkage to the nonreducing end-group of MS. 

HC 

A possible structure of the immunodominant or specihc determinant of C‘. 

parapsilosis is that of 5. Tsuchiya er al.‘x5 first detected the antigrnic factor I.?. 
specific for C. parapsifosis, by absorption experiments using a slide agglutination- 

test. Later, they found” that part of factor 13 is shared with C. alhicuns serotype 

H and named it factor 1%. We prepared, by absorption with heated C‘. alhicans M 

1012 (serotype A) cells, anti-factors 13.13h serum from anti-C. pnrupsilc~sis serum. 

The agglutinin titer of the ant]-factors 13.13b serum was I :?5h. However, this anti- 

factor serum did not precipitate C‘. parapsilosis D-mannan. Therefore. we used 

whole anti-C. purapsifasis serum for the quantitative precipitin reaction and its in- 

hibition. In addition, as shown in Fig. 6, unabsorbed anti-C’. pumpsilosis serum 

failed to cross-react with C’. albicans M 1013 (serotype A) D-mannan containing 

common antigenic factors with c’. parapsik~sis, which were deternnned by cell 

agglutination. The mechanism of the difference between precipttatiun and agglutt- 

nation with respect to sensitivity and specificity is not known However. at present. 
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we propose that the structure of M6 may be the dominant determinant of factors 

13,13b, shared with C. parapsilosis and C. albicans serotype B. 
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