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The Polysaccharides of Yeasts and Yeast-like Microorganisms (II) 
The Extracellular Mannans of Candida albicans BERKHOUT 
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Institute of Chemistry, Slovak Academy of Sciences, Department of Biochemistry 
of Saccharides, Bratislava 

Dedicated to Academician J. Vasatko on the occasion of his seventieth birthday 

In the culture liquid from the cultivation of ňve strains of Candida albi
cans BERKHOUT on the glucose substrate the high branching extracellular 
a-mannans of DP 150—630 were isolated. 

The extracellular mannans belong to two structural types as on the base 
of methylation analysis, partial hydrolysis, periodate oxidation and Smith 
degradation was found out. The first one, less branched has the main linkage 
composed from mannose units linked through a-1,6 glycosidic linkages. To 
every second mannose unit two to five-unit side chains containing a-1,2 gly
cosidic linkages are attached. The side chains are bound to main chain with 
a-1,2 linkage. In the second more branched type every unit of main chain is 
the branching point, where the four-unit side chains through a-1,2 glycosidic 
linkages are attached. In the main chains a-1,6 linkages, in the side chains 
a-1,2 linkages are present. 

I n the previous paper [1] we have described the isolation and characteri
sation of a water soluble branched extracellular surface mannan with a-1,6 
and a-1,2 linkages isolated from the surface of cellular membranes of yeast 
Candida albicans BERKH. Continuing the elucidation of structural features 
of polysaccharides of Candida albicans we studied the extracellular homoge
nous mannans in order to determine the possibility of production the polysac
charides with the same or different primary chemical structures by the 
different strains. 

The choice of the strains was made on the base of their virulence [2], and 
we elected two slightly virulent strains Nos 29—3—18 and 29—3—21, the 
medium virulent strain 29—3—19, and two strong virulent strains 29—3—65 
and 29—3—109.* 

The individual strains were cultivated in usual manner using glucose as 
carbohydrate substrate. The polysaccharides were isolated from culture 
medium by the method described in experimental part in 2 — 3 % yields 
calculated on the dry weight of yaasts. 

On acidic hydrolysis of the crude polysaccharides D-mannose and D-glucose 
were identified. By moving boundary electrophoresis in borate buffer, there 
were indicated two components, mannan with electrophoretic mobility и — 

* The designation of strains according to [3]. 
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== 9.1 . 10-5 cm 2 V" 1 s-1 and glucan with u = 3.3 . 10~5 cm 2 V" 1 s"1. The 
ratio of mannan to glucan in extracellular polysaccharides is listed in Table 1. 

T a b l e 1 

Yields and marman/glucan ratio in extracellular polysaccharides of Candida albicans 

Polysaccharides 
• of strains 

C. albicans 18 
19 
21 
65 

109 

Yield 

g 

3.9 
4.5 
3.2 
4.3 
3.6 

% 

1.92 
3.12 
1.99 
1.73 
2.40 

Ratio 
mannan/glucan 

1 : 0.53 
1 
1 
] 

1 

0.39 
0.21 
0.52 
0.71 

The separation of mannans from glucans was done by fractionation with 
Fehling's solution in the form of mannan-copper water insoluble complexes. 
After the releasing of mamians from these complexes the mannans were 
precipitated with alcohol and freeze dried. Thus obtained amorphous white 
polysaccharide samples (0.5 — 1 % yield based on dried cells) were slightly 
soluble in water. The values of specific optical rotation of these mannans 
ranged between +51° to +63° . After the hydrolysis in 1 sr-HCl the specific 
rotation changed to +13?, which indicated the presence of a-glycosidic link
ages in mannans. 

This fact was confirmed by infrared spectrum in which there were present 
no absorption bands at 893 c m - 1 [4]. The physico-chemical data are listed in 
Table 2. 

T a b l e 2 

The physico-chemical constants of extracellular mannans of Candida albicans 

Physico-chemical constants 

Optical Rotation [а]в (Water) 
Diffusion Coefficient D20 . 107 

Sedimentation Constant S20 . 10 l s 

Partial Specific Volume Q20 

Molecular Weight MSiT> . 10~3 

18 

-1-5Г 
4.92 
4.16 
0.5878 

50.2 

Mannan of strain 

19 

+ 51° 
6.43 
3.87 
0.6361 

23 

21 

+ 52° 
8.55 
4.37 
0.6598 

36.5 

65 

4-63° 
3.42 
4.86 
0.6592 

102 

109 

+ 57° 
3.91 
4.71 
0.6381 

99.7 

The isolated homogenous extracellular* mannans were characterized by 
methylation analysis, partial hydrolysis, periodate oxidation and Smith 
degradation. 

By gas-liquid partition chromatography (GLC) of the methanolysis pro-
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ducts of methylated mannans of the strains No 18, 19, 21 and 65 the following 
O-methyl mannosides were determined: 

methyl-2,3,4,6-tetra-0-methyl-a-D-mannop3O,anoside (2 moles), 
methyl-3,4,6-tri-0-methyl-a-D-mannopyranoside (5 moles), 
methyl-2,3,4-tri-0-methyl-a-D-mannopyranoside (1 mole), 
methyl-3,4-di-0-methyl-a-D-mamiopyranoside (2 moles). <.) 

In the products of methanolysis of methylated mannans of strain No 109: 
methyl-2,3,4,6-tetra-0-methyl-oc-D-mannopyranoside (1 mole), 
methyl-3,4,6-tri-0-methyl-a-D-mannopyranoside (2 moles), 
methyl-3,4-di-0-methyl-a-D-mannopyranoside (1 mole) were found. The 
relative retention times of O-methyl ethers of mannopyranosides are listed 
in Table 3. 

T a b l e 3 
The molar ratio and relative retention times of methylmannosid.es obtained after 

hydrolysis of methylated extracellular mannans of Candida albicans 

Methylmannosides 

Methyl-2,3,4,6-tetra-0-methyl-a-D-manno-
pyranoside 
Methyl-3,4,6-tri-0-methyl-a-D-manno-
pyranoside 
Methyl-2,3,4-tri-0-methyl-a-D-manno-
pyranoside 
Methyl-3,4-di-0-methyl-a-D-maiinopyranosidc 

R T 

1.00 

2.04 

3.14 
4.60 

M o l e s Strains 

18, 19, 21, 6f> 

2 

5 

1 
2 

109 

1 

2 

1 

I n the mannans of strains No 18, 19, 21 and 65 after partial hydrolysis 
with HCOOH 2-0-a-D-mannopyranosyl-D-mannose was isolated by prepa
rative paper chromatography. The partial hydrolysis resulted in the formation 

of homologous series of oligosacchari
des (Figure 1) with the structure 0-a-D-
-manp(l —[-» 2)-0-a-D-manp(l — ]->- 2)-
-D-manp where n = 0 — 4. The proof of 

Figure 1. The homologous series of oli-
» gosaccharides based on D-mannose. 

n = number of units of D-mannose; 

У = log 
BG 

B.c. 

http://methylmannosid.es
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homologues series was brought forward on the basis of linear dependence 

between log — and the number of units n in the molecule of oligosaccha

ride [5]. After the partial hydrolysis of mannans from strain 109 by paper 

chromatography a similar homologous series of oligosaccharides of D-maimose 

(where n = 0 — 3) was established. 

The results of periodate oxidation, the coarse of which is listed in Table 4, 
were in agreement with the results of methylation analysis. In accordance 
with the number of branching points, average lenght of side chains and due to 
the fact tha t higher oligosaccharides were isolated, the existence of side lin
kages with varying lenght can be assumed. 

T a b l e 4 

Periodate oxidation of extracellular mannans of Candida albicans 

Mannan of 
strain 

C. albicans 18 
19 
21 
65 

109 

24 h 

HCOOH 

0.27 
0.28 
0.30 
0.27 
0.19 

N a I 0 4 

1.15 
1.14 
1.13 
1.16 
0.93 

48 h 

HCOOH 

0.28 
0.28 
0.30 
0.28 
0.21 

N a I 0 4 

1.17 
1.15 
1.13 
1.16 
i . i i 

72 h 

HCOOH 

0.30 
0.30 
0.31 
0.29 
0.23 

N a I 0 4 

1.20 
1.30 
1.30 
1.30 
1.19 

96 h 

HCOOH 

0.31 
0.31 
0.32 
0.32 
0.26 

N a I 0 4 

1.31 
1.30 
1.31 
1.30 
1.25 \ 

Therefore for the extracellular mannans of strains 18, 19, 21 and 65 the 
following tentative structure formulas are proposed: 

6 Manp 1 — 6 Manp 1 — 6 Manp 1 
2 2 
I Г I ' 
1 1 

Manp Manp 
2 2 

1 
Manp 

1 
Manp _ 

and for extracellular mannan of strain 109 the tentative structure: 
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6 M a n p 1 
2 

I 
1 

M a n p 
2 

I 
1 

M a n p 

(5 M a n p 1 
2 

1 

M a n p 

2 

1 

M a n p 

The described strains of Candida albicans produce two types of extracellular 

polysaccharides, the first one with lower degree of branching and with longer 

side linkages. This is typical for strains 18, 19, 21 and 65, while the second 

type with higher degree of branching and with shorter side linkages is typical 

for strain 109. The occurence of two structural types of mannans with diffe

rent degree of branching in different strains of Candida albicans is in agreement 

with their immunochemical behaviour as described by H. P. H a s e n c l e v e r 

[6, 7]. 

Experimental Part 

Materials and Methods 

T h e following s t ra ins of Candida albicans were used: Candida albicans ( к о в ш ) B E R K -

H O U T 29 — 3—18 a n d 29 — 3 — 21 (slightly v i ru lent s t ra ins), 2 9 — 3 — 1 9 ( m e d i u m v i ru lent 

s t ra in) , 29 — 3 — 65 a n d 29 — 3—109 (strongly v i r u l e n t s t ra ins) . T h e specific n a m e s a n d 

c h a r a c t e r i s a t i o n of t h e s e s t ra ins are g iven according t o ref. [3]. 

Moving b o u n d a r y e lectrophores is in 1 % solut ions of polysacchar ides were carr ied 

o u t in 0.05 M b o r a t e buffer in a Tiselius-type a p p a r a t u s Zeiss Model 35. Before t h e ex

p e r i m e n t t h e solut ions were dialysed I h o u r against t h e b o r a t e buffer. T h e infrared 

s p e c t r a of t h e polysacchar ides in p o t a s s i u m bromide discs were o b t a i n e d on Zeiss U R 

10 S p e c t r o p h o t o m e t e r . T h e opt ica l r o t a t i o n s were m e a s u r e d a t a m b i e n t t e m p e r a t u r e 

with A u t o m a t i c P o l a r i m e t e r B e n d i x — E r i c s s o n , t y p e 143 A . 

GLC of O-methylethers of D-mannopyranos ide were d o n e w i t h Gas l iquid Chromato

g r a p h C h r o m I , L a b o r a t o r n í př í s t ro je , P r a g u e , e q u i p p e d w i t h flame ionisat ion detec tor . 
T h e co lumns were p a c k e d wi th 5 % (w/w) b u t a n d i o l succinate po lyes ter on Celite 545. 
T e m p . = 180 °C, carr ier gas N 2 , t h e flow r a t e 50 ml/min. P a p e r c h r o m a t o g r a p h y was 
carr ied o u t on W h a t m a n p a p e r N o 1 (for analy t ica l s e p a r a t i o n of saccharides) a n d W h a t 
m a n 3 (for p r e p a r a t i v e separat ion) in t h e following solvent sys tems (v/v): 

S x = тг-butanol—pyr id ine—benzene — w a t e r 7 : 3 : 1 : 2 , 

5 2 = ??.-butanol—acetic a c i d — w a t e r 4 : 1 : 5 ( three fold c h r o m a t o g r a p h y was used, 

3 X 16 hours) . T h e solvent sys tem, 

5 3 = e t h y l a c e t a t e —pyr id ine —water 7 : 2 : 1 for t h e c h r o m a t o g r a p h y of polyols was 

used. 

T h e p a p e r e lectrophoresis of saccharides was done on W h a t m a n p a p e r N o 1 in 0.05 м 

bora te buffer p H 9.23, using a p o t e n t i a l gradient of 25 V/cm for 2 h o u r s . 
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Spraying reagents aniline phthalate [8], diphenylamine aniline [9], 2,3,5-triphenyl-
tetrazolium chloride [10], silver nitrate—sodium hydroxide [11] and sodium meta-
periodate—benzidine [12] were used. 

Optical density of developed spots were measured by E R I 10, C. Zeiss, Jena densi
tometer. 

The periodate consumption was determined by Fleury—Lange arsenite method [13]. 
The detemiination of formic acid was performed by iodometric titration using ampero-
metric indication [14]. 

The diffusion coefficients in 0.05 м borate buffer p H 9.23 solution were carried out on 
Tiselius-type apparatus Zeiss model 35. 

The sedimentation constants were determined by ultracentrifuge MOM G 110 at 
1.82 * 105 g. The partial specific volumes were determined pycnometrically. 

Cultivation 

The strains were cultivated on medium containing glucose, in similar manner as 
described in our previous work [15]. 

Isolation of Polysaccharides 

After a week cultivation the cells were separated from cultivating medium washed 
with cold water and repeatedly centrifuged. The cells were worked up separately. 

The cultivating medium (volume 40 1) and washings were combined and evaporated 
under reduced pressure to a small volume which was poured into five times its volume 
of 95 % ethanol. The precipitated polysaccharide protein complex was centrifuged and 
deproteinized by S e v a g e method [16]. The deproteinized polysaccharides were freeze-
dried. In Table 1 the yields of polysaccharides (based on dried cells), the ratio mannan/ 
/glucan in polysaccharides (deterrnined by combination of Gauss and interference curves 
obtained from moving boundary electrophoresis) are listed. 

Hydrolysis of Polysaccharides 

Polysaccharide (20 mg) was hydrolysed with 1 ml 1 N-HC1 in a sealed tube at 100 °C 
for 6 hours. The hydrolysates were analysed by paper chromatography in Sx and by 
paper electrophoresis. The molar ratio glucose/mannose was determined by quantitative 
evaluation of chromatograms. The results are listed in Table 5. 

T a b l e 5 

The molar mannose/glucose ratio in the products of hydrolysis of extracellular 
polysaccharides of Candida albicans 

Polysaccharides 
of strains 

18 
19 
21 
65 

109 

Molar ratio 
mannan/glucan 

i 
1 : 0.47 
1 
1 
1 
1 

0.41 
0.33 
0.61 
0.67 
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Isolation of Mannans 

From the crude polysaccharides the mannans were precipitated with Fehling's solu
tion as their copper complexes. The precipitated complexes were throughly washed 
with cold water, suspended in water and decomposed by gradual addition of 1 x-HCl 
until the dissolution was complete. From the solution the mannan was precipitated 
with the 4 volumes of ethanol, centrifuged and washed with acetone and ether, dissolved 
in small amount of water and freeze-dried. The hydrolysis of the mannans was carried 
out as the hydrolysis of polysaccharides. On paper chromatography mannose was the 
only detectable sugar. The homogenity of mannans was confirmed by moving boundary 
electrophoresis and their electrophoretic mobility и = 9.1 . 10~5 cm2 V - 1 s_ 1. In Table 6 
the yields of mannans calculated on the weight of dried cells are given. 

T a b l e 6 

The yields of extracellular mannans of Candida albicans 

Mannan of strain 

18 
19 
21 
65 

109 

Yield 

g 

1.3 
1.5 
1.7 
1.3 
1.1 

% 

0.64 
1.04 
1.06 
0.52 
0.73 

Methylation Analysis of Mannans 

Mannan (400 mg) was methylated three times by the H a w o r t h procedure [17] with 
dimethyl sulphate and sodium hydroxide. The partial methylated mannan was then 
methylated according to R. K u h n [18] with methyl iodide and silver oxide in dimethyl -
formamide. The infrared spectrum of the methylated products showed no hydroxyl 
absorption. The methylated mannans were hydrolysed with 90 % formic acid one hour 
at 100 °C and then with 0.25 M-H2S04 24 hours at 100 °C. After the neutralization with 
BaC0 3 and evaporation the residual mixture was refluxed for 6 hours with 2 % metha
n o l s hydrogen chloride and solution neutralized with Ag 2 C0 3 . The mixture of О-methyl 
ethers of D-mannopyranosides was deionized with Zerolite 225 ( H + form) and resolved 
by GLC. The ratio of the components was calculated from the peak areas (Table 3 ). 

Partial Hydrolysis of Mannans 

Mannan (100 - 200 mg) was hydrolyzed 6 hours with 10 ml of 90 % HCOOH at 
100 °C. The mixture was concentrated to 2 ml, 10 ml of water was added, solution was 
heated 1 hour and concentrated to a sirup. The mixture was separated using paper 
chromatography in S2. -KG values of obtained oligosaccharides are listed in Table 7. 
The first member of the homologous serie, 2-O-a-D-mannopyTanosyl-D-mannose was 
received in form of sirup-like substance, [a]f)3 = -f- 43° (c = 1; water) and give no colour 
reaction with 2,3,5-triphenyltetrazolium chloride. 
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T a b l e 7 

i ?G- v a l u es of oligosaccharides ob ta ined b y par t i a l hydrolysis of ext racel lu lar m a n n a n s 
Candida albicans in S2 

0-a-D-Manp(l > 2)-D-Manp 

0-a-D-Manp(l > 2)-0-a-D-Manp(l • 2)-D-Manp 

0-a-D-Manp(l — [ - > 2)-0-a-D-Manp(l -]<r> 2)-D-Manp 

0-a-D-Manp(l — [ - > 2)-0-a-D-Manp(l —]^-> 2)-D-Manp 

0-a-D-Manp(l — [ - > 2)-0-a-D-Manp(l —]4-> 2)-D-Manp 

Periodate Oxidation 

M a n n a n (82 mg) was dissolved in 50 ml of dist i l led wa te r . 50 m l of 0.06 м sodium per

i o d a t e was a d d e d t o t h e solut ion a n d ox ida t ion w a s carr ied o u t a t 25 °C in d a r k (blank 

t e s t s as well). F o r e s t i m a t i o n of H C O O H a n d N a I 0 4 10 m l a n d 5 m l samples were t a k e n 

in t i m e interva l s (Table 3). F o r p e r i o d a t e e s t i m a t i o n s 10 m l of s a t u r a t e d a q u e o u s solu

t i o n of N a H C 0 3 , 50 m l of 0.01 2sr-Na3As03, 1 m l of 20 % K I a n d 5 m l s t a r c h indicator 

were a d d e d a n d t i t r a t e d w i t h 0.01 N iodine solut ion. F o r e s t i m a t i o n of formic acid t h e 

excess of p e r i o d a t e in a 5 m l a l iquot was d e s t r o y e d b y 1 m l ethylenglycol a n d after 

30 m i n . 5 m l 0.4 M - K I a n d 5 m l 0.01 N - N a 2 S 2 0 3 were a d d e d a n d t h e excess of N a 2 S 2 0 3 

was t i t r a t e d w i t h 0.01 N iodine solut ion. T h e e n d p o i n t was a m p e r o m e t r i c a l l y indicated. 

T h e resul t s in moles p e r m a n n o s e u n i t are given in Tab le 3. 

Smith Degradation 

After c o m p l e t e d p e r i o d a t e ox idat ion 40 m l a l iquots were t a k e n a n d excess of per iodate 

r e m o v e d w i t h P b ( C H 3 C O O ) 2 . T h e o b t a i n e d p r e c i p i t a t e was centrifuged a n d w a s h e d 

w i t h dist i l led w a t e r . T h e washings were c o m b i n e d w i t h filtrate a n d e v a p o r a t e d u n d e r 

r e d u c e d pressure a t 35 °C t o 5 m l v o l u m e . T h e oxidized m a n n a n was r e d u c e d w i t h 80 m g 

N a B H 4 a n d h y d r o l y z e d w i t h 2 m l of 1 N-HC1 a t 100 °C in a sealed t u b e . T h e h y d r o l y z a t e 

was filtered t h r o u g h Zerolit G (OH~ form) a n d analyzed b y p a p e r c h r o m a t o g r a p h y in S 3 . 

I n h y d r o l y z a t e s only glycerol was found. 

P O L Y S A C H A R I D Y K V A S I N I E K A KVAS I N K O V I T Ý C H 
M I K R O O R G A N I Z M O V ( I I ) 

E X T R A C E L U L Á R N E MANÁNY r Candida albicans B E E K H O U T 

D . Š i k l , L. M a s l e r , Š. B a u e r 

Oddelenie biochémie sachar idov Chemického ú s t a v u Slovenskej akadémie vied, 
Brat i s lava 

P o kul t iváci i p ia t ich k m e ň o v C. albicans B E K K H O U T sa zo živného m é d i a izolovali 
v y s o k o v e t v e n é e x t r a c e l u l á r n e a - m a n á n y s D P 150—630. 

N a zák lade m e t y l a č n e j analýzy, parciá lnej hydrolýzy, jodis tanovej oxidácie a Smitho-
vej degradácie sa zistilo, že e x t r a c e l u l á r n e m a n á n y p a t r i a k d v o m š t r u k t u r á l n y m t y p o m : 
p r v ý t y p , m e n e j v e t v e n ý , m á h l a v n ý reťazec zložený z m a n ó z o v ý c h j e d n o t i e k spojených 
a-l,6-glykozidickými v ä z b a m i , k t o r é h o k a ž d á d r u h á m a n ó z o v á j e d n o t k a je subst i tuova-

0.54 
0.45 
0.34 
0.26 
0.19 



The Polysaccharides of Yeasts (II) 11 

ná dvojčlenným a päťčlenným bočným reťazcom s a-l,2-glykozidickými väzbami. Bočné 
reťazce sa pripájajú k hlavnému reťazcu a-1,2-väzbami. Druhý typ manánu je viacej 
vetvený, každá jednotka hlavného reťazca predstavuje bod vetvenia. V bodoch vetve
nia sa pripájajú a-l,2-glykozidickými väzbami dvojčlenné a štvorčlenné bočné reťazce. 
V hlavnom reťazci sú väzby a-1,6 а v bočných reťazcoch a-1,2. 

ПОЛИСАХАРИДЫ ДРОЖЖЕЙ И ДРОЖЖЕПОДОБЫЫХ МИКРООРГАНИЗМОВ 

(И) 
ВНЕКЛЕТОЧНЫЕ МАННАНЫ РОДА Candida albicans BEKKFOUT 

Д. Шикл, Л. Маслер, Ш. Б а у э р 

Отдел биохимии сахаридов Химического института Словацкой академии наук, 
Братислава 

После выращивания культур пяти штаммов \С. albicans BERKHOUT были изолированы 
из питательной среды сильно разветвленные внеклеточные a-маннаны с DP от 150 до 

630. 
На основании метилирующего анализа, частичного гидролиза, периодатного окис

ления и расщепления по Смиту было определено, что внеклеточные маннаны отно
сятся к двум структуральным типам: первый тип, в меньшей степени разветвленный, 
главная цепь которого состоит из маннозных единиц соединенных а-1,6-глюкозидными 
связями, каждая вторая маннозная единица которого замещена двух- и пятичленной 
боковой цепью с а-1,2-глюкозидными связями. Боковые цепи присоединены к главной 
цепи а-1,2-связями. Второй тип маннана является более разветвленным, каждая 
единица главной цепи представляет собой точку разветвления. В точках разветвления 
присоединены а-1,2-глюкозидными связями двух- и четерехчленные боковые цепи. 
В главной цепи имеются а-1,б-связи а в боковых цепях a-1,2. 

Prelozil M. Fedorrmko 
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