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Glycogen in Yeast Form of 
Paracoccidioides brasiliensis 

Paracoccidioides bra~iliensis is the causative agent of 
South American blastomycosis. McKinnon and Vinelli', 
and Carbonell et al. 2

, suggested in their histochemical 
investigations that the yeast form of this fungus may 
contain glycogen. The present investigation deals with 
the biochemio11.l identificat,ion of glycogen in the yeMt 
form of P. brasiliensis. The fungus used (strain No. 8159 
of the Instituto Nacional de Tuberculosis, Caracas, 
Venezuela) was originally isolated from a lymph node in 
a human systemic infection and cultured on brain heart 
infusion agar (Baltimore Biological Laboratory) with 
human blood (10 per cent) and antibiotics (penicillin, 20 
units per ml.; streptomycin, 400 µg per ml.) at 37° C. The 
fungus was collected on the fifth day of cult~e, a;nd 
washed 4 times with distilled water by centrifugat10n 
(500 g, 5 min). After extracting the lipids by means of a 
mixture of ethanol and ether {3:1), the fungus, suspended 
in distilled water, was disintegrated in a Branson sonifier 
at 20 kc/s for 20 min. The disruption of the cell material 
was completed by treatment in a Waring blender for 1 h. 
The polysaccharide was isolated according to the method 
of Abdel-Akher and Smith•, that is, extraction with 
boiling water, removal of proteins by trichloroacetic acid, 
and purification by repeated precipitation from aque<?us 
solution with ethanol. From 7 ·04 g of vacuum-dried 
fungus material, a polysaccharide fraction (1_26 mg), 
acetone-soluble lipids (977 mg) and acetone-msoluble 
lipids (llO mg) were obtain~d. . . . 

The isolat.ed polysaccharides dissolved easily m water, 
showing opalescence. A reddish ~r~wn colour was ~ro
duced with iodine. After hydrolysis m N HCl for 3 h ID a 
boiling-water bath, 64 per cent of the weight WM liberated 
as glucose which was determined enzymatically by the 
combined system of hexokinase and glucose-6-phosphate 
dehydrogenase•. This value was almost equal to that of 
65 per ocnt obtained after ~h~ diges~ion bJ". 'Diazyme' 
{Miles Chemical Company). Diazyme contams amylase 
and amyloglucosidase and is used in quantitative de~erm
inations of glycogen'. After complete hydrolysis by 
phosphorylasc and amyloglucosidase,_the ratio of glucose-
1-phosphate to glucose was de~ermmed to b~ 1?'9 a?
cording to the method of Buedmg an~ Ha~kms . This 
result implies that the polyglucose contamed m the fungus 
represents glycogen and not starch. 

The polysaccharide fraction contained, besides glyco~en, 
other compounds which were demonstrated by chem1_cal 
analysis. The total sugar content of the dry material, 
evaluated by the anthrone m ethod 7 with glucose as stan
dard was found to be 85 per cent. The material contained 
l ·7 per cent nitrogen8, 3·2 per cent proteins• with bovine 
serum albumin as standard, 0 ·4 per cent total phosphorus10, 

less than 1·2 per cent glucosamine11 , and less than 2·0 per 
cent pentoses12 with xylose as standard. Ketosugars13 and 
uronic acidsH could not be detected. 

The results reported here suggested that most of the 
nitrogen was not derived from glucosamine b1;1t probably 
from proteins. In order to remove the p~otcms, part of 
the polysaccharidc fraction was treated with 30 per cent 
potassium hydroxide for _2 _h u:1 a boil!ng-watcr bath and 
purified by repeated prec1p1tat,1on_ (3 times) from aque<?us 
solution with ethanol. This alkah-t,reated polysacchande 
fraction contained as much a:, 80 per cent glycogen, as 
found after acid hydrolysis or digestion b,v 'Diazyme' or 
phosphorylase. The ratio of glucose-1-pho~phate to_ glucose 
was 10·5. This alkali-treated polysacchande fract.10n con
tained the following substances: sugars (as gl~icose), 95 per 
cent; nitrogen, loss than 0·2 per cent.; protems, less than 
0·5 per cent; pentoses, lesR than 0·5 per cent . 

The difference between the glucose content as found by 
Rpecific enzymatic methods and tho total sugar cont,ent as 
obtained by the anthrone method iR apparently due to the 
presence of other sugars. After hydrolysis in N sulphuric 
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Fig. 1. Glycogen content and growth. of Pmacoceidioides 1,rasilie;nsis 
cultured on blood agar 

acid for 4 h in a boiling-water bath and after neutralization 
with barium carbonate, mannose was found by paper 
chromatography, using various solvent systems; phenol15, 

s-collidine15 , and ethyl acetate-water-acetic acid (3_:3:1) 16 • 

Mannose may exist in the polysaccharide fraction as 
mannan in combination with glycogen. 

The relationship between glycogen content and age of 
culture was studied as follows: t he fungus, collected after 
various periods of culture, was washed 4 times with dis
tilled water a nd, after extraction of lipids, the glycogen
containing fractions were prepared by the method des
cribed here. To remove glucose and glucose-6-phosphate, 
the concentrated fractions were dialysed against oold 
distilled water for 24 h instead of treating them with 
trichloroacetic acid and ethanol. The fractions containing 
less than 2 mg of polysaccharides were digested with 2 mg 
of 'Diazyme' at 40° C for 2 h in a total volume of 5 ml. of 
acetate buffer (0·02 M, pH 5·0). After digestion, the 
liberated glucose was determined enzymatically. As shown 
in Fig. 1, the irlycogen synthesized during the lag and 
logarithmic growth phases is consumed rapidly after the 
onset of the stationary phase. This finding is in agreement 
with earlier histochemical results• . 
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PHYSIOLOGY 

Plasma Growth-hormone Levels in Chronic 
Starvation in Man 

BoTH fasting and induced hypoglycaemia aro powerful 
stimuli to secretion of growth hormone in man 1 -

3
, but the 

~ffoct of prolonged starvation on secretion of growth 
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