THE CELL WALL POLYSACCHARIDES OF CANDIDA ALBICANS:
GLUCAN, MANhTAN, AND CHITIN1
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ABSTRACT
Cells of Candida albicans, a pathogenic yeast, have been show11to contain, in addition to
+78") i n the approximate ratio of 1.00:0.84.
chitin, a glucan ( [ f f ] ~-30") and a mannan ( [ a ] ~
The two polysaccharides were easily distinguishable by 1110ving boundary electrophoresis in
borate butler and were separated froin each other by fractionation of their copper complexes.
i\/Iethylation and hydrolysis of the glucan yielded the following 0-methyl ethers of D-glucose:
3,3,4,6-tetra-0-methyl ('7 moles); 2,3,4-tri-0-nlethyl (13 moles); 2,4,8-tri-0-methyl (trace);
2,4-di-0-methyl (8 ~noles);and 2-0-methyl (1 mole). It was concluded that the glucan was a
highly branched polysaccharide containing 0 1 + 8 and 0 1 + 3 linked residues. Periodate
oxidation of the glucan supported this conclusion.
Methylation and hydrolysis of the mannan yielded the following 0-methyl ethers of
D-mannose: 2,3,4,8-tetra-0-methyl (1.65 moles); 3,4,6-tri-0-methyl (1.00 mole); 2,3,6-tri-0methyl (0.18 mole); 3,4-di-0-methyl (1.90 moles). The mannan was therefore a highly branched
polysaccharide with short chains of a 1 + 2 linked mannose residues joined together by a 1 +8
linkages. Results of periodate oxidation agreed with this structure.
s mannans found in other
The diaerences between these two polysaccharides and g l ~ ~ c a nand
yeasts are discussed.

Structural investigations of polysaccharide components of yeasts have been limited,
with only one exception, to those in bakers' yeast ( S a c c h a r o ? l z y c e s c e r e v i s i a e ) and there
are a number of reports dealing with the glucan ( 1 - 4 ) and mannan (5-7) that occur in
this species. The only report dealing with structures of polysaccharides from other yeast
species appears to be that by Gorin and Perlin ( 8 ) which described a mannan produced
by S n c c h a r o m y c e s r o u x i i . There have been other publications on the composition of cell
\valls of jqeasts (9-18) and some of these (13-18) have dealt with species other than
S a c c h n r o m y c e s cerevisiae. However, these papers were concerned pri~iiarilywith examination of fractions of yeast cell walls by X-ray diffraction, electrophoresis, and chromatography of hydrolyzates; structures of pol>-saccharides were not investigated and
co~lstituentsugars were identified only by paper chromatography. The identification of
D-al-abinose as a constituent of polysaccharides found in N o c a r d i a a s t e r o i d e s ( 1 0 ) and
I l f y c o b a c t e r i u m t ~ l b e r c z ~ l o s(20)
i s has shown that sugars can occur in unusual configurations
in microorganisms. For this reason the distinction of enantionlorphic forms of naturally
occurring sugars is of considerable significance and such distinction cannot be made by
paper chromatography. I t was therefore of interest to examine the polysaccharides of
another species of yeast, C. albica?zs, to see if they differed in structure or constitue~lt
sugars fro111 the polrsaccharides of bakers' yeast. In addition to this a report that the
polysaccharides of C. n l b i c a n s , a pathogenic yeast, are serologically active (21) indicated
that elucidation of their structures could be of im~izunologicalsignificance.
I s o l a t i o n of Glucan a n d i b f a n n a n f r o m

C. a l b i c a n s

Crude polysaccharides were isolated from powdered cells of C. a l b i c a n s by the procedure
given
in the Experinzental section. T h e product contained no nitrogen and hence was
free from any proteinaceous material. Examination of this crude preparation by moving
-
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FIG. 1. Moving boundary electrophoresis of (A) crude polysaccharides, (B) mannan
( C ) glucan trace of mannan.

+

I

+ trace of glucan,

boundary electrophoresis in borate buffer gave the separation pattern shown in Fig. 1A.
The result clearly indicated two components; these were present in an approximate ratio
of 0.614.67:1.00. Hydrolysis and chro~natographyof the crude polysaccharide preparation revealed the presence of mannose and glucose in a molar ratio of 0.50:1.00. The
reasonable agreement between this ratio and the ratio of the two components found by
electrophoresis indicated that these two components were a glucan and a mannan. This
co~lclusionwas confirmed by the isolation of a glucan and a mannan by fractionation with
Fehling's solution. Fractions in which each polysaccharide still contained traces of the
other were used to identify the two peaks in the electrophoretic separation. Figure 1B is
the electrophoretic pattern given by the nlannan-rich fraction and Fig. I C is that given
by the glucan-rich fraction. A11 three separations sho\\,n in Fig. 1 were photographed after
the same time interval; the results show clearly that the component of greater mobility
was the mannan, and the one with lower mobility the glucan. Electrophoretic mobilities
of the two components were the same after fractionation as before, an indicatioil that the
separation procedure had not altered the polysaccharides.
Isolation of a glucan and a mannan fl-om C. albicafzs has not been reported before.
Jonsen et al. (15) isolated a polysaccl~aridepreparation froin the same organism and
identified glucose and inannose by paper chromatography after hydrolysis. However,
these authors obtained a single peak on electrophoresis of the polysaccharide in acetate
buffer and accepted this as indicative of homogeneity. Polysaccharides, unless they
contain acidic groups, would be expected to have very similar mass :charge ratios and
hence would not be separable by electrophoresis in acetate buffer. T h e electrophoretic
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separations reported in the present conlnlunicatio~ldepended on the polysaccharides
being coinplexed to different extents with borate (22) thereby acquiring different mass:
charge ratios which permitted their separation. More recently Kessler and Nickerson (18)
have reported the isolatioil of glucoinannan-protein and glucan-protein co~nplexes
from three strains of C. albicans. However, the fractioilatioil procedure used, alkali
extraction and aininonium sulphate precipitation, was not designed to separate the
polysaccharides nor was any criterion of hoillogeneity of the fractions reported. I t is very
likely, in view of the present work, that the glucomannans reported (1.5, 18) in C. albicans
were mixtures of a glucan and manilan.
T h e glucan and mannan found in Saccharomyces cerevisiae have been established as
components of the cell wall (9) ; this is also thought to be true for the glucan and mannan
from C. albicans because an isolated cell wall preparation yielded glucose and inannose on
hydrolysis.
A small amouilt of chitin was isolated from the cell wall of C. albicans and identified
by X-ray diffraction. These results agree with those of other worlrers (12, 13, 14) \\rho
have reported the presence of chitin in sinall and variable ainounts in the cell walls of a
number of yeast species, including C. albicans.

Glucan from C. albicans
The glucan gave a number average degree of polyinerization of 3 0 f 2. On acid hydrolysis
i t yielded D-glucose, characterized as the 9-nitroanilide and by specific rotation, as the oilly
detectable sugar. Its negative rotation ([a],,
-30') indicated t h a t a high proportion of
0-glycosidic bonds were present and its stability t o hot dilute oxalic acid showed that
furanose ring forms were absent.
When oxidized by periodate the glucan consumed 1.60 moles of oxidant and yielded
0.72 mole of formic acid per mole anhydroglucose. The latter value indicated t h a t about
70yo of the D-glucose units were non-reducing terminal units or were joined t o adjacent
units by 1 + 6 linkages. The very small amouilt of oxidant not accounted for by formic
acid production indicated that most, if not all, of the remaining
of glucose units were
substituted so t h a t they were resistant to oxidatioil by periodate. This conclusioil was
confirmed by reduction and hydrolysis of the periodate-oxidized polysaccharide (23)
which yielded glycerol and glucose as the oilly products detectable by paper chromatography. T h e glycerol arose from C4,C 5 ,and C6of those glucose units which were terminal
or 1,6-disubstituted and the glucose represented those units in the glucan that were not
oxidized. No erythritol could be found in the hydrolyzate of the oxidized, reduced polysaccharide and therefore no 1 + 4 linkages were present in the glucan (23). The above
results showed t h a t in the glucan 72y0 of the glucose units were non-reducing terminal
units or were joined by 1 + 6 linlrages, the reinaiilder being 1 + 3 linked or highly
substituted in a branched structure.
The glucan was rnethylated and hydrolyzed to give the methyl ethers listed in Table I .

I-Iydrolysis products of rnethylated gluca11

2,3,4,6-Tetra-0-methyl-D-glucose (7 moles)
3,3,4-Tri-0-methyl-D-glucose
(13 moles)
2,4,6-Tri-0-methyl-D-glucose
(Trace)
2,4-Di-0-methyl-D-glucose
(6 moles)
(1 mole)
2-0-Methyl-D-glucose
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The main products shown here must have arisen from the following str~rcturalunits in
the polysaccharide:

represented non-reducing terminal units subThus 2,3,4,6-tetra-0-methyl-D-glucose
came fro111 units that were
stituted only in position 1 (I) ; 2,3,4-tri-0-methyl-~-glucose
joined through positions 1 and G (11); 2,4-di-0-methyl-D-glucose arose from units that
were linked through positions 1, 3, and G (111). The significance of the 2,4,G-tri-0-methylD - ~ ~ u c and
o S ~the 2-0-methyl-D-glucose is difficult to assess because of the small amounts
found and because the ~nethylated glucan, methylated to constant nlethoxyl and
showing no hydroxyl absorption in the infrared, still contained only 40.5y0 methoxyl
(calc. 45.6y0). I t is possible t h a t the polysaccharide contained an impurity other than
protein (e.g. lipid) which caused this low methoxyl. A glucan, containing the above
three structural units in the anlounts indicated, would consume 1.54 moles of periodate
per lnole anhydroglucose with production of 0.77 mole of fornlic acid per m d e anhydroglucose. These are in good agreement with the values of 1.60 and 0.72 t h a t were found
for periodate co~lsun~ption
and formic acid productioil respectively in the purified glucan.
If there was an impurity in the glucan which caused the low methoxyl then i t must have
consunled periodate, otherwise these values would be lower than theoretical. The results
of the methylation study therefore confir~nedthe conclusions based on periodate oxidation
and showed clearly that the glucan from C. albicans was a highlj- branched polysaccharide
formed from fl 1 --t G and fl 1 --t 3 linked glucose residues. This structure is quite different
fro111 those proposed by various worlters (1, 2, 3, 4) for the glucan from Saccharomyces
cerevisiae. Hassid et al. ( I ) found 2,4,6-tri-0-methyl-~-glucose
as the only product from
methylation and hydrolysis of that glucan and therefore proposed a straight chain,
fl 1 -t 3 linlted structure. On the other hand, Bell and Northcote (2) reported similar
experiments in which the products from methylation and hydrolysis showed t h a t the
glucan was branched with chains of fl I --t 3 linked units being joined by 1 --t 2 interchain
links. Peat et al. (3) have shown by fragmentation analysis that the glucan from Sacclzaromyces cerevisiae was a linear polysaccharide formed by fl 1 + 3 and fl 1 + G glycosidic
linkages. A succeeding report (4) showed t h a t some 10-20% of the linliages were fl 1 --t 6.
The glucan from C. albicans differs from these three structures reported for the gluca11
from Saccharomyces cerevisiae in being ~lluchmore highly branched and having a preponderance (73y0) of fl 1 --t G linltages.

iMannan from C. albicans
The Inallnan showed a number average degree of polymerization of 4 l f 2 and had a
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specific rotation of +78"f 2". Mannose was the only sugar detectable by paper chromatography and electrophoresis after acid hyclrolysis and it mas proved to be D-mannose by
the specific rotation (+13"=!=2") and by isolation of its crystalline phenylhydrazone. The
decrease in rotation after hydrolysis indicated that a-glycosidic bonds were predominant.
The manna11 was stable to hot, dilute oxalic acid showing that no furanose ring f o r ~ n s
were present.
On methylation and hydrolysis the mannan yielded the components shown in Fig. 2.

4 f t Apiezon M
Temp. 1 5 0 " C

, 2 0 % on C e l i t e 5 4 5
, A r g o n 140 ml /min

A

E

FIG. 2. Separation of methanolysis products from methylated mannan by gas-liquid
chromatography.

partition

A'Iolar ratio
Methyl-2,3,4,6-tetra-O-methyl-a-~-n1annopyra1loside 1.65
(B) Unknown
0.13
(C) Methyl-3,4,6-tri-0-methyl-a-D-mannopyranoside
1 .OO
(D) Methyl-2,3,6-tri-0-methyl-a-D-mannopyranoside
0.18
(E) Methyl-3,4-di-0-methyl-a-D-mannopyranosicle
1.00

(A)

This is a reproduction of the separation curve from gas-liquid partition chro~natography
of the ~netha~lolysis
products froin the methylated mannall. This technique was developed
only recently (24, 25) and was not available for use when the glucan from C. albicans
was being investigated. C o ~ n p o ~ l e ~A,l tC,
s and E were identified by isolation of crystalline
derivatives and represented the main structural units of the mannan. T h e quantities of
components B and D were too small to permit u~lequivocalidentifications but c o ~ n p o ~ l e ~ l t
D was identical on gas-liquid partition chromatogra~nswith an authentic sanlple of
methyl-2,3,6-tri-0-n1ethyl-a-~-mannopyra10side
The main structural features of the
mannan could therefore be represented by the following units.
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Thus components A, C, and E in Fig. 2 represented structural units I , 11, and I11
respectively. The significance of components B and D in Fig. 4 is uncertain because of the
possibilitj~that they were products of incomplete methylation or of demethylation on
hydrolysis. The amount of non-reducing terminal end groups ( I ) is slightly less than
required to account for the branch points (111). A loss of 13% of the 2,3,4,6-tetra-0methyl-D-mannose during evaporations of the formic acid hydrolyzate could account for
this. I t is possible t h a t such discrepailcies have not been detected previously because of
the lack of accurate quantitative data as supplied by gas-liquid partition chromatography.
A polysaccharide composed of structural units I , 11, and 111 should coilsume 1.37 moles of
periodate per Inole anhydronlallllose with production of 0.37 mole of formic acid per illole
anhydromannose. T h e values actually found, 1.13 and 0.27 inoles per mole anhydromannose, respectively, were slightly lower and could have been caused by an impurity
present in the inannan during periodate oxidation but removed during methylation, or
again coulcl be a result of greater accuracy of the gas-liquid partition chromatography
data as conlpared with the periodate oxidation data. After periodate oxidation the
resulting polyaldehyde was reduced and hydrolyzed ( 2 3 ) . Glycerol was the oilly polyol
detectable in the hydrolyzate, in agreement with the finding froin methylation t h a t only
1 + 2 and 1 + G bonds were present. I t was clear froin the foregoing data that the
manilan possessed a highly branched structure in which relatively short chains of cr 1+2
linltecl lnailllose units were joined together by cr 1 + G linltages. The inallilan froin C.
albicalzs is therefore somewhat different from the inallllail isolated froin bakers' yeast
(Saccl~aronzycescerevisiae) ( 5 , 6 , 7 ) and more closely reseillbles that found in Saccharomyces
rouxii ( 8 ) . All of these lnallllans exhibited high positive specific rotations, which indicated
the presence of a-glycosidic linltages, and this has been confirmed ullequivocally ( 8 ) for
the 1 -+ 2 linkage in the mailnail from Saccharomyces roz~xii.The difference lies in the
tri-0-methyl-~-ina1lilosesfound after hydrolysis of the methylated rnannans. The
illethjrlated lnallilalls from bakers' yeast (5, 6 , 7 ) yielcled equilnolar amounts of 2,4,6- and
3,4,6-tri-O-methyl-~-inai111oseindicative of an equal number of 1 + 3 and 1 + 2 lillltages
in the unbranched portion of the polysaccharide. On the other hand, the methylated
mallilan from Saccharomyces rouxii ( 8 ) yielded 2,4,6- and 3,4,6-tri-0-methyl-~-mannose
in a ratio of 2:7 indicating t h a t 1 + 2 liilltages predon~illatedover 1 + 3. T h e inannan
from C. albicans yielded no 2,4,G-tri-0-inethyl-~-mannose
after methylation and hydrolysis
and therefore could not have colltailled ally 1 + 3 linltages. This conclusioil was substantiated by the absence of Inallnose in the hydrolyzate of the periodate-oxidized manilan
because any 1 + 3 linlted lnallllose residues would have survived the oxidation. This
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absence of 1 + 3 linkages and the high degree of branching co~lstitutethe main differences
between the mannan from C. albicans and those so far examined from other yeasts.
EXPERIMENTAL

Paper chromatograms were run by the clesce~ldi~lg
method using the followi~lgsolvent
syste~ns(v/v ratio) :
(A) butan-1-01 :pyridine:water, 6:4:3;
(B) butan-1-01 :ethanol :water, 9:3:3;
(C) 2-butanone: water, azeotrope.
Paper electropl~oreseswere done on Whatman 3 ivIM paper in 0.1 A& borate buffer (22)
using a potential gradient of 25 v/cm for 1 hour. Sugars were detected on chromatograms
and electrophorogra~ns by the p-anisidine hydrochloride spray reagent (26). Nonreducing c o ~ n p o u ~ l were
d s detected on chromatograms by silver nitrate : sodium hydroxide
sprays (27). J/Ioving boundary electrophoreses were carried out in 0.05 M borate buffer
in a Tiselius-type, Spinco Model H apparatus. Evaporations were carried out: under
diminished pressure a t 35" C or less on a rotary film evaporator. Melting points are
corrected and specific rotations are equilibrium values unless stated otherwise.

Isolation of Crz~dePolysaccharides
C. albicafzs was cultured in a liquid ~nediumcontaining the followi~lgnutrients: 4%
cerelose (crude glucose), 2% neopeptone "Difco", 0.05% yeast extract, 0.001% thiamin,
0.00.5yo iinositol. After incubation a t 37" C for 3-12 days the cultures were autoclaved a t
121" C for 20 minutes; cells were then separated in a conti~luouscentrifuge, freeze-dried,
and ground in a ball mill for 1G hours. Extraction with petroleum ether (30-60" C)
removed lipid, and digestion with trypsin destroyed protein. The residue from these two
treatments was then extracted with boiling 3y0 aqueous sodium hydroxide to solubilize
the polysaccharicles, which were freed from low molecular weight impurities by dialysis
and precipitation with ethanol. The polysaccharide preparation thus obtained (6.3% of
the dried, powdered cells) was a light tail powder which contained no nitrogen as show11
by microanalysis. A sample of this material mas hydrolyzed by N hydrochloric acid a t
97" C in a sealed tube for 16 hours. Paper chromatography (solvent A) and paper electi-ophoresis of the hydrolyzate showecl two co~llpoilelltswhich were idelltical with samples of
glucose and mannose run on the saine paper strips. Another sample (150 mg) of the
polysaccharide preparatioil was dissolved in 0.0.5 sodium tetraborate, equilibrated with
the buffer by dialysis, and exami~ledby ~lloviilgboundary electrophoresis. Figure 1A
shows the cornplete separatioil of two coinpoileilts that was obtained by this procedure.
The electrophoretic mobilities
of these two components were respectively 4.38 and
9.34X10-5 cm2 v-I sec-l. Areas under the two peaks were measured from diagrams
obtained a t two different tiines and gave ratios of the two compoileilts of 0.61 :1.00 and
0.67: 1.00. The molar ratio of mannose to glucose in the hydrolyzate of the polysaccharide
mixture was 0.50:1.00 as determined by the de~lsitoineter neth hod of Martin (28).
Separation of Glucan and ilfafz~zan
T h e crude polysaccharides (8.0 g) were stirred vigorously in water (1200 1111) for 3 hours.
Insoluble material was reinoved by ce~ltrifugatioiland dried by solvent exchange with
ethanol and ether (yield, 0.9 g). Paper elec~rophoresisof a hydrolyzate of a sample from
this fraction showed that glucose was the only componeilt sugar present. Hydrolysis and
paper electrophoresis of the material in solutioil showed the presence of both glucose and
mannose. A11 atteinpt was made to separate the mixture of polysaccharides in aqueous
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solution by fractional precipitation with ethanol (29) but the fractions obtainecl showed
no variation i n glucose and mannose composition. These fractions were therefore ~0111binecl, redissolved in water, and the polysacchai-ides were precipitated as copper co~llplexes
by addition of Fehling's solution. This method was used successfully by Haworth e t a / . (3)
to isolate a mannan from bakers' yeast. The precipitated copper coniplex was \vashecl
repeatedly with water and a t the sixth washing the precipitate dissolved. This solution
was poured into 5 volunies of lo'-% imethanolic hydrogen chloride to precipitate the
polysaccharide which was dried by solvent exchange with ethanol and ether (yield,
2.13 g). Paper electrophoresis of n hydrolyzate of a sample from this fraction showed that
mannose was the only component sugar present. The wasliings froin the precipitated
copper coinplex were combined and the polysaccharides were recovered by precipitation
with acidified ethanol. This material was then recomplexed with copper and washecl with
water in the same way as before. Four repetitions of this procedure yielded two more
polysaccharide fractions, one yielding mainly mannose but with a trace of glucose on
hydrolysis and the other yielding mainly glucose with a trace of mannose. T o preserve
the chemically pure glucan and mannan for structural studies these impure fractions
were used to determine the identities of the two peaks found in electrophoresis. The
electrophoretic diagram shown in Fig. 1B is that given by the fraction yielding mainly
mannose on hydrolysis but with a trace of glucose. Figure 1C shows the electrophoretic
pattern given by the fraction yielding glucose on hydrolysis with only a trace of mannose.
Fractionation in the same way of another 6.0 g of crude polysaccharides provided further
quantities of pure glucan (0.60 g) and mannan (1.5 g).
Properties of Purified GEz~canand llfannan
Glucan
This polysaccharide had [a]: = -30°&2" (c, 1.0% in N sodium hydroxide) changiiig
to [a]: = +5.3"&2" (c, 2.0% in N hydrochloric acid) after hydrolysis in N hydrochloric
acid a t 97" C for I 6 hours. The hydrolyzate was neutralized (Amberlite IR-45 ion
exchange resin), evaporated to dryness, and the residue was heated with p-nitroaniline in
inethanol solution for 40 minutes. The solution was cooled and the crystals which
separated were recrystallized from methanol to yielcl N-p-nitrophenyl-D-glucopyranosylarnine dihydrate (30), n1.p. 183-184" C , [a]: = -199"&1° (c, 1.0% in pyridine).
Attempted partial hydrolysis of the glucan by 0.023 iV oxalic acid a t 97" C for 3 hours
released no cleavage products detectable by paper chromatography. T h e degree of
polymerization of the glucan was 3 0 f 2 as determined by h>-poiodite oxidation of the
reducing end group in phosphate buffer (31).
Mannan
This polysaccharide had [a]: = + 7 8 f 2 " (c, 1.1% in water) changing to
[a]: = +13"&2" (c, 2.0y0 in N hydrochloric acid) after hydrolysis in N hydrochloric
acid a t 97" C for 16 hours. T h e hyclrolyzate was neutralized (Arnberlite IK-45 ion
exchange resin), mixed with an equal volume of an aqueous solution of phenylhydrazine
acetate, and allowed to stand a t 25" C for 20 hours. The crystals which formed were
recrystallized twice froin water:ethanol to yield mannose phenylhydrazone (32), 1n.p.
198-199" C (d), [a]: = +25"&2" (c, 1.0% in pyridine). Lilte the glucan, the rnannan
showed no evidence of partial hydrolysis when heated with 0.025 N oxalic acid a t 97" C
for 3 hours. The degree of polyrnerizatioll of the mannan, estinlated in the same way as
for the glucan, was 41 f 2.
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Periodate Oxidations
The glucan (111.2 mg, 0.66 mi-nole) and mannan (122.3 nlg, 0.75 mrnole) were dissolved
separately in water (125 ml) and 0.25 M sodium periodate (25 ml) was added to each.
Reagent blanks were also prepared and oxidations were carried out a t 25' C in the
absence of light. At the intervals noted below samples were removed for estimation of formic
acicl and periodate. For estin~ationof formic acid the excess periodate in a 10-ml a l i q ~ ~ o t
was destroyed by 2,3-butanediol, a few crystals of potassium iodide were added and the
liberated iodine was titrated to a starch end point with 0.01 N thiosulphate. For periodate
,
a few
estimations (33, 34) sodium bicarbonate ( I .7 g ) , 0.1 N sodium arsenite (5 ~ n l )and
crystals of potassium iodide were added to 10-in1 aliquots from the oxidations. T h e
solutions were stored in the dark for 30 minutes and were then titrated with 0.022 N
iodine solution to a starch end point. The results, given in moles per anhydrohexose unit
\\.ere as follows:
Glucan
Time,
hours

Mannan

--

Formic

Periodate

Formic

Periodate

After the oxidations were complete excess periodate was destroyed by 2,3-butanediol
ancl salts and acetaldehyde were removed by dialysis. T h e oxidized polysaccharides were
then reduced by potassium borohydride, hydrolyzed by N hydrochloric acid a t 97' C for
3 hours and the hydrolyzates were examined by paper chromatography (solvent B, silver
nitrate : sodiu~lihydroxide sprays) (23). By this sequence of reactions the glucan yielded
glycerol and glucose while the mannan gave only glycerol. Erythritol was not found in
either h1,drolyzate.

dfetlzylation of Glucan and M a n n a n
Glz~can
The glucan (893 mg) was ~nethylatedfive times for 24 hours in 30y0 sodium hydroxide
(20 ml) and clilnethyl sulphate (10 ml). The product was isolated by extraction into
chloroform and was treated for 24 hours in t h a t solvent (10 ml) with methyl iodide
(6 ml) and silver oxide (3.0 g). After three further methylations with methyl iodide and
silver oxide, the methl-latecl polysaccharide was precipitated as a white powder (1.0 g,
methoxyl = 40.5%) from chloroform solution by addition of petroleum ether (30-60° C).
The nlethoxj-1 content of this product was not increased by another methylation and an
infrared spectrum showed only a trace of hydroxyl absorption. T h e powdery product was
extracted with petroleum ether ancl then successively with petroleum ether containing
increasing a m o u ~ ~of
t s chloroform. All fractions showecl identical hydrolysis products on
paper chromatogral-ns and the main portion of the product dissolved in petroleum
ether :chloroform mixtures of 6:4,5:5, and 4:6. These three fractions were combined and
reprecipitated to give a white powder (660 mg, methoxyl 40.5y0) showiilg no hydroxyl
absorption in the infrared.
iVIannan
The mannan (2.14 g) was methylated five times with 30% sodium hydroxide
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(5X 100 1111) and dimethyl sulphate ( 5 x 5 0 1111) in the same way as described for the glucan.
The product (2.29 g) showed distinct hydroxyl absorption in the infrared so it was methylated again, this time in tetrahydrofuran (30 ml) with sodium hydroxide (10 g) and
diinethyl sulphate (15.5 ml) (35). The product still showed hydroxyl absorptioil in the
infrared and had methoxyl equal to 30.7y0 so it was methylated again in tetrahydrofuran
as before. This methylation gave a product (2.20 g) having no hydroxyl absorptioil in the
infrared and with methoxyl equal to 40.4y0, unchanged by another methylation. The
inethylated polysaccharide was extracted with boiling petroleuin ether (30-60" C). The
extract was removed by decantation and evaporated to yield an oily product
(methoxyl = 29y0) which was discarcled. 'I'he residue froin this extraction was stirred
in ether and the insoluble portion tias removed by centrifugation. The ethereal supernatant was evaporated to yield the methylatecl mannan (1.56 g, methoxyl = 43.2y0),
which showed no hydroxyl absorption in the infrared.

Igydrolysis Products from Jletl~ylatedGlztcan
The inethylated glucail (650 mg) \xias hyclrolyzed by formic acid according to the
procedure described by Jones and iVill<ie (36). Qualitative and quantitative (37) paper
chromatography gave approximate molar ratios of the methyl ethers of glucose shown
in Table I.
The mixture of inethylated sugars (645 mg) was resolved on a cellulose coluinn
(2.3 X28 cm) using solvent C to give four fractions. Fraction 1 (73.5 mg) contained only
2,3,4,6-tetra-0-methyl-D-glucose;
fraction 2 (126.4 ing) contained 2,3,4,6-tetra-0-methylD-glucose and 2,3,4-tri-0-methyl-D-glucose;
fraction 3 (236.8 mg) contained 2,3,4-tri-0methyl-D-glucose and a trace of 2,4,6-tri-0-methyl-~-glucose;fraction 4 (126.7 mg)
contained 2,4-di-0-methyl-D-glucose with a trace of 2-0-methyl-D-glucose (recovery) =
563.4 mg, 87.4y0). Those fractions which were mixtures were resolved further by preparative paper chromatography on \Vhatnlan 3 RIIRII paper using solvent C, and individual
conlponents were identified as described below.
2,3,4,6-Tetra-0-methyl-D-glucose
The unlinown showed the saine chromatographic mobility in solveilts A, B, and C as
an authentic sample of 2,3,4,6-tetra-0-methyl-~-glucose.The product crystallized from
petroleuin ether (30-60" C) and was recrystallized from N-hexane t o give a compound
with a melting point of 88-89' C and [a]; = + 8 2 " f 2' (c, 0.16% in water). The n~elting
point was unchanged by admixture with an authentic sample of 2,3,4,6-tetra-0-methylD-glucose.
2,3,4-Tri-O-methyL-~-glucose
The sirupy unlinown had R, values of 0.90 and 0.75 in solveilts B and C respectively.
Authentic sainples of tri-0-methyl-D-glucoses showed the following R, values in the same
solvents: 2,3,4-0.90, 0.75; 2,4,6-0.85, 0.62; 2,3,6-0.88, 0.70. The unltnowil (97.3 mg)
was refluxed for 13 hours with aililiile (41.0 ing) in ethanol (2 ml). The solvent was
evaporated and the crystalline residue was recrystallized froin ether to give a product
having a melting point of 144.5-145.5' C ailcl [a12 = + 7 0 ° f 1" (c, 0.83% in ethanol).
Peat et al. (38) report a melting point of 145-146" C for N-pheny1-2,3,4-tri-O-ineth)~l-~glucosylamine. RiIother liquors froill the above crystallization yielded a product having a
melting point of 137-138" C unchanged by repeated recrystallization. The analysis and
infrared spectrum of this inaterial were identical with those of the product ineltiilg a t
144.5-145.5" C and it appeared to be another crystalliile forin of the same compound.
Analysis: Calc. for C15H2306N: C, 60.59%; H , 7.74%. Found: C, 60.61%, H , 7.42%.
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2,4,6-Tri-0-methyl-D-glucose
Only a trace of this coinpound was present. I t gave the same color reaction with
p-anisidine hydrochloride on paper chroinatograms and had the saine R, values (0.85,
0.62) in solvents B and C as an authentic sample of 2,4,6-tri-0-methyl-D-glucose.
2,d-Di-0-methyl-D-glzlcose
The unknown sample gave the same color reaction with 9-anisidine hydrochloride on
paper chromatograms as 2,4-di-0-methyl-D-glucose. I11 solvents A, B, and C it had R,
values of 0.81, 0.67, and 0.31 respectively. Authentic samples of di-0-methyl-D-glucoses
had the following R, values in the same solvents: 2,4-0.81, 0.67, 0.31; 2,3-0.83, 0.72,
0.36; 3,6-0.79, 0.66, 0.28. The unkno~vnproduct (96.6 mg) was dissolved in ethanol
(3 ml) to which p-nitroaniline (80 mg) and glacial acetic acid (2 drops) were added. T h e
solution was kept a t 25' C for 13 hours, heated on a steam bath for 2 hours and stored a t
room temperature overnight. A brown precipitate was filtered and washed with ethanol
and ethyl acetate which removed much of the color. I t was found that the light tall
residue, consisting of nlicrocrystals, could be purified by sublimation a t 0.01 mm pressure
a t 200' C (bath temperature) to give N-p-nitrophenyl-2,4-di-0-inethyl-~-glucosylainine,
m.p. 250-251' C (d) (39).
2-0-Methyl-D-glucose
The unknown sample had the same R, value (0.55) in solvent A as 2-O-lnethyl-~glucose and gave the same color reaction with p-anisidine. R, values of mono-0-methyl
glucoses in solvent A were as follows: 2-0-methyl-, 0.55; 3-0-methyl-, 0.57; 4-0-methyl-,
0.51; 6-0-methyl-, 0.49. Attempts to isolate the compound in crystalline forin or to
prepare a crystalline derivative were unsuccessful because of insufficient material.
Hydrolysis Prodz~ctsfrom Methylated iViannan
The methylated mannan (1.54 g) was hydrolyzed by the formic acid procedure of
Jones and Williie (36). A portion (100 ing) of the hydrolyzate was refluxed with 4%
methanolic hydrogen chloride for I 6 hours. The resulting mixture of methyl glycosides
was resolved by gas-liquid partition chroinatography (24, 25), which gave the separatioil
and quantitative data sho\vn in Fig. 2. T o identify the constituents of the mixture the
remainder (1.44 g) of the hydrolyzate was fractionated on a cellulose coluinn using solvent
C to give five fractions:
Fraction
Fraction
Fraction
Fraction
Fraction

I , tetra-0-methyl-~-inai1nose (0.150 g).
2, tetra- and tri-0-methyl-~-mannoses(0.692 g).
3, tri-0-methyl-~-mannose(0.065 g).
4, tri- and di-0-methyl-D-nlaniloses (0.241 g).
5, di-0-methyl-D-inannose (0.207 g).
Recovery = 1.355 (94.1%).

The inajor components in these fractions were identified as follo\vs:
2,3,4,6-Tetra-O-metlzyl-~-ma?z7zose
On paper chroinatograins fraction 1 showed only one coinponent having R, values of
0.99 and 0.98 in solvents B and C respectively. The specific rotation was [a]: = + 3 0 ° f lo
(c, 3.0% in inethanol) and the product yielded a crystalline anilide, m.p. 144-145' C,
[a]$= +42' -+ 8' (c, 0.72% in methanol). These values are in agreement with those
reported for 2,3,4,6-tetra-0-rnethyl-~-inannose
(40) and its anilide (41). After methanolysis fraction 1 showed one peak, corresponding to peak A, Fig. 2, on gas-liquid partition chromatography.
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3,4 ,6-Tri-0-methyl-D-mannose
On paper chromatograms fraction 3 was identical with 3,4,G-tri-0-methyl-D-mannose
and had I<, values of 0.90 and 0.7G in solvents B and C respectively. The product
crystallized when nucleated with an authentic sample of 3,4,6-tri-0-methyl-D-mannose.
Recrystallization from ether:hexane yielded a product with a melting point of 102-104" C
and [a]; = + 3 3 " f 3 " ( c , 3.2y0 in methanol), which are in agreement with the reported
values (42). This compound showed only one peak, corresponding to peak C , Fig. 2, on
gas-liquid partition chromatography after methanolysis.
S,4-Di-O-methyl-~-mannose
R,values of fraction 5 on paper chromatograms were 0.74 and 0.44 in solvents B and C
respectively, identical with those given by authentic 3,4-di-0-methyl-D-ruannose. The
product crystallized when nucleatecl with an authentic sample and recrystallization from
ethyl acetate yielded a product with a melting point of 70-73" C (8, 43), and [a]i8=
+ 3 2 f lo (c, 2.0% in methanol) (6). This compound was methanolyzed and the meth1.l
glycoside gave one peak, corresponding to peak E , Fig. 2, on gas-liquid partition chromatography.

Isolation of Chitin from C. albicans
Chitin was isolated from dried C. albicans cells (9.0 g) by the procedure of Scholl (44),
which involved exhaustive extraction with boiling 10% potassium hydroxide, oxidation
with 1% aqueous potassium permanganate, and rerlloval of manganese dioxide by dilute
(0.8%) hydrochloric acid. T h e residue from these reactions was dried with ethanol and
ether to yield a product (545 mg, G.Ob%) which was shown by X-ray diffraction to contain
chitin and traces of corundum.
Isolation and Hydrolysis of Cell Walls from C. albicans
Cells of C. albicans were extracted with petroleum ether to remove lipid, incubated
with trypsin to destroy protein, and suspended in water a t a concentration of 1%.
This suspension was shaken with fine glass beads for 45 minutes in a RIIickle disintegrator (45). The glass beads were then removed by filtration on sintered glass
and the turbid filtrate was centrifuged for 1 minute a t 1000 r.p.in. i?Iicroscopic examination of the precipitate revealed the presence of many whole cells but further centrifugation of 1 minute a t 1000 r.p.m. yielded a precipitate in which no intact cells could
be detected. Hydrolysis and paper chronlatography of this precipitate revealed the
presence of glucose and mannose. T h e supernatant liquid from the second precipitate
was centrifuged for 15 minutes a t 15,000 r.p.m. to yield a creamy precipitate which
yielded neither glucose nor mannose after hydrolysis.
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