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Abstract 

The yeast phase of ten P. brasiliensis isolates were studied to characterize their growth pattern, morphology 
and ultrastructure. Growth curves were determined after counts of total and viable fungi units (FU) during 
20 days. Three growth patterns were observed: slow, reaching approximately 10-30 x 106 FU/tube (Pb 18, Pb 
265 and PB 2); intermediate, reaching 60-150 • 106 FU/tube (IVIC Pb 9, IVIC Pb 267, Pb SN, Pb Vitor and Pb 
Campo Grande) and fast, reaching 180-370 x 106 FU/tube (Pb 2052 and Pb 192). The highest percentage 
of viable cells occurred on the 6th day of culture for Pb 192, Pb Campo Grande, Pb 2052 and IVIC Pb 9; 
on the 8th day for Pb Vitor, Pb SN, Pb 18 and IVIC Pb 267; on the 10th day for Pb 265 and on the 12th 
day of culture for Pb 2. Mean generation times varied from approximately 21.2 (Pb 2052) to 102.6 hours (Pb 265). 
The isolates showed similar morphology, except IVIC Pb 267 which did not present a typical yeast-phase at 35 ~ C 
and the two fast-growing isolates (Pb 2052 and Pb 192) that presented smaller cell sizes and less tendency 
to clump. The ultrastructure of the isolates was similar: the cell walls presented a width of 0.1 to 0.2/x; the 
mitochondria presented few cristae and had equivalent patterns of distribution and morphology; the en- 
doplasmic reticulum was scanty, presenting narrow cisternae; the vacuoles, empty or filled with electron- 
dense material, were numerous and two to five nuclei with pores were constantly observed. 

Introduction 

Paracoccidioides brasiliensis is a dimorphic patho- 
genic fungus which is the etiologic agent of 
paracoccidioidomycosis, a chronic granulomatous 
disease, endemic in Latin America [8]. The contact 
of humans with P. brasiliensis may cause clinically 
active disease or infection (without disease). This 
mycosis presents multiple clinical aspects, ranging 
from mild or localized to severe and disseminated 
forms. 

The occurrence of paracoccidioidomycosis- 

infection, as well as the different clinical forms of 
the disease can be related to host intrinsic factors 
(e.g. age, sex, genetic background) or characteris- 
tics of the infecting agent [8]. 

Paracocciclioides brasiliensis has been the subject 
of numerous investigations concerning its ecology 
[191, thermal dimorfism [11, 15, 16, 17, 221, ultras- 
tructure [5, 6, 7], growth characteristics [1, 13, 18, 
23] and biochemistry [4, 12, 25, 26, 27]. These 
studies were undertaken employing various P. 
brasiliensis isolates, originally obtained from 
different patients living in distinct endemic areas. 
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The different morphological and physiological 
characteristics observed in those studies may be 
ascribed not only to the heterogeneity of  the P 
brasiliensis isolates, but also to the various ex- 
perimental conditions employed. 

Comparative studies among P. brasiliensis iso- 
lates are still scarce; consequently it is not known, 
at the moment, which biological properties are 
shared by the different P. brasiliensis isolates and 
which are characteristic of  one isolate. 

In the present report we proposed to study ten P 
brasiliensis isolates, collected recently or many 
years ago from patients living in different endemic 
areas. These isolates Were maintained in our labora- 
tory and submitted to strictly the same procedures 
to allow comparison of  their growth characteristics, 
morphology and ultrastructure. 

Our results show that although the morphology 
and the ultrastructure of  all studied isolates were 
roughly the same, the growth curves patterns of  P. 
brasiliensis yeasts vary within the species. 

Material and methods 

Fungi 

Ten isolates of Paracoccidioides brasiliensis were 
studied: Pb SN, Pb 265, Pb 18, Pb 192 and Pb 2, 
obtained from the culture collection of  Depar- 
tamento de Microbiologia, Universidade de S~o 
Paulo, Brasil; Pb Vitor and Pb Campo Grande a 
gift from Dr. Celeste Fava Netto (S~o Paulo, 
Brasil); Pb 2052, isolated by Dr. Arminda de Jesus 
Machado (Goifmia, Brasil); IVIC Pb 9 and IVIC 
Pb 267 kindly supplied by Drs. Gioconda and 
Felipe San-Blas (Venezuela). All these fungi were 
originally isolated from human patients, except 
IVIC Pb 267 which is a chemical mutant obtained 
after treatment of  IVIC Pb 9 with nitrosoguanidine 
(G. and E San-Bias, personal communication). 
The isolates were studied in their yeast phase. 

Pb 9 and IVIC Pb 267 were maintained in semi- 
solid peptone-yeast extract glucose medium (PYG) 
[27]. All the isolates were cultivated in their yeast 
phase at 35 ~ with the exception of IVIC Pb 267 
which grows well at 23 ~ but not at 35 ~ and 
which has not a typical yeast-phase (G. and E San- 
Blas, personal communication). 

Growth curves determinations 

The following procedures were performed for each 
growth curve determination: 30 tubes containing 
6 ml of medium were seeded with fungi obtained 
from eight days old cultures. The initial inoculum 
was adjusted to 2.0 x 106 fungal units (FU) after 
counting in an hemocytometer; one fungal unit 
(FU) was defined as an isolate cell or a mother cell 
plus the attached buds; cellular viability was deter- 
mined using the Janus Green B vital dye [3]. At two 
days intervals, during 20 days from the seeding, the 
total growth of  three randomly selected tubes was 
collected flooding the agar surface with sterile PBS 
(pH 7.2-7.3)  and gently scrapping its surface. F.U. 
total numbers were counted in a hemocytometer 
and cellular viability was determined. 

The mean counts of  triplicates were used to 
graph the growth curves and the mean generation 
times were calculated on the basis of the increment 
in the number of  cells for all the studied isolates. 

Preparation for light microscopy 

Morphological studies under light microscopy were 
performed with yeast cells of  each isolate collected 
at the point of  maximum viability in the growth 
curve: Pb 2052, IVIC Pb 9, Pb 192 and Pb Campo 
Grande isolates were studied on the 6th day of  cul- 
ture; Pb Vitor, Pb 18, Pb SN and IVIC Pb 267 on 
the 8th day; Pb 265 and Pb 2 respectively on the 
10th and on the 12th days. 

Growth conditions 

All except two P. brasiliensis isolates were cultivated 
in semisolid Fava Netto's medium [9]; isolates IVIC 

Specimen preparation for electron microscopy 

The method used by Baharaeen & Vishniac [2] was 
adapted to P. brasiliensis preparations as follows: 



each P. brasiliens& isolate was cultivated as 
described for the growth curves determinations and 
used on the day of  maximum viability. Each P. 
brasiliensis isolate was cultivated in triplicate, 
washed three times in PBS and fixed in a solution 
of  3% glutaraldehyde and 1.5% paraformaldehyde 
in 0.05 M cacodylate buffer at pH 7 .2 -7 .4 .  The 
cells were maintained in this solution for 24 hours 
at 4 ~ After the initial fixation the cells o f  each 
tube were rinsed twice with PBS and once with 
0.005 M cacodylate buffer and divided into three 
samples. One sample was resuspended in 6% potas- 
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sium permanganate and left for  one hour at room 
temperature and then post-fixed with 1% osmium 
tetroxide during 30 minutes at room temperature. 
The other samples were treated with either osmium 
tetroxide or potassium permanganate. After rins- 
ing, the cells o f  each sample were mixed with a few 
drops of  molten 4~ agar. Small fragments of  agar 
were dehydrated and embedded in Araldite. Ultra- 
thin sections stained with led citrate Were observed 
in Zeiss EM 9 and JEOL CX II electron micro- 
scopes. 

Unless otherwise stated, the studies were done 
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Fig. 1. Total (above) and viable (below) yeast cell counts of ten P. brasiliensis isolates showing curves with fast (a, b), intermediate (c, 
d) and slow (e, f) growth patterns. The intermediate and slow growth curve profiles are compared to Pb 192, the fastest growing isolate; 
(zx A)Pb 1 9 2 ; ( * - - - * ) P b 2 0 5 2 ; ( � 9  � 9  0 ) I V I C P b 9 ; ( ( ) - - - O ) I V I C P b 2 6 7 ; ( [ ] - - -  [])Pb 
Campo Grande; (<> o)  Pb Vitor; (n . . . .  n) Pb 18; (Q o) Pb 265; (A A) Pb 2. 
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using the samples  fixed in po t a s s ium p e r m a n g a n a t e  

or  in po ta s s ium p e r m a n g a n a t e  and  o s m i u m  tetrox- 

ide, since these  two t rea tments  p rov ided  the best  

p repara t ions .  

Results 

Growth curves  

Growth  curves showing to ta l  and  viable  cell counts  

o f  the  ten s tudied  P. brasiliensis isolates are depic t -  

ed in Fig. 1. The  isolates exhibi ted three pa t te rns  o f  

growth:  a) Pb  192 and  Pb 2052 showed a r ap id  in- 

crease in to ta l  cell n u m b e r  f rom the 2nd day  on; at  

the  end o f  a sharp  exponent ia l  phase,  app rox ima t e ly  

184.0 to 370 x 106 F U / t u b e  were counted .  Highes t  

percentage  o f  v iable  cells occurred  on  the 6th day; b) 

IVIC Pb 9, IVIC  Pb 267, Pb  SN, Pb Vi tor  and  Pb 

C a m p o  G r a n d e  showed an in te rmedia te  increase in 

to ta l  cell number ;  on  the  late loga r i thmic  phase  
a pp rox ima te ly  60.0 to 150.0 x 106 F U / t u b e  were 

counted .  Highes t  cel lular  v iabi l i ty  was found  at  the  

6th o f  8th days o f  culture; c) Pb 2, Pb  18 and  Pb 265 

presented  a low increase in the  number  o f  cells; the 

m a x i m u m  tota l  counts  ranged f rom app rox ima te ly  

10.0 to 30.0 x 106 FU/ tube .  The  highest  cells viabil i -  

ty occur red  on  the 10th o f  12th days. 

O n  the 20th day  o f  culture, mos t  o f  the isolates 

presented  a s ignif icant  decrease in the percentage  

o f  viable  cells, except for  Pb 192 (fast growth),  Pb  

Vi tor  ( in te rmedia te  growth)  and  Pb 265 (slow 

growth).  

Differences in the  mean  genera t ion  t imes were 

also observed;  these values ranged f rom 21.3 

(Pb 2052) to 102.7 hours  (Pb 265) (Table 1). 

Ligh t  microscopy  

E x a m i n a t i o n  under  l ight mic roscopy  o f  the  ten iso- 

lates revealed tha t  they shared the fol lowing charac-  

terist ics:  mos t  o f  the cells were oval, pear  shaped  or  

spherical ,  with d imens ions  ranging f rom 25 to 50 

in the  shor t  axis and  showing one or  mul t ip le  buds.  

The  m u t a n t  IVIC Pb 267 presented the above 

descr ibed  m o r p h o l o g y  as well as f i l amentous  cells 

(Table 1). C l u m p e d  cells were more  f requent ly  ob-  

Table 1. Comparison of some P. brasiliensis isolates characteristics. 

Isolate Mean Day of Highest Highest 
generation highest percentage of total number of 
time viability viable cells FU • 10 - 6/tube 
(hours) 

Percentage General Estimated 
of viable morphology size 
cells on (short 
day 20 axis) # 

Pb 2052 21.3 6th 82.3% 
Pb Vitor 27.0 8th 79.0070 
IVIC Pb 9 35.9 6th 90.4% 
Pb 192 36.7 6th 75.3% 
Pb SN 40.0 8th 82.0~ 

Pb Campo Grande 42.5 6th 80.3% 
IVIC Pb 267 48.5 8th 81.3% 

Pb 2 55.3 12th 62.6% 
Pb 18 58.4 8th 83.3% 

Pb 265 102.4 10th 85.6% 

184.7 
66.7 
64.5 

375.6 
98.9 

78.7 
155.9 

34.7 
16.5 

10.2 

30.9% spherical, isolated cells 25 
13% spherical and oval cells 25-50 
15 .9% spherical and oval cells 25-  50 
61.3% spherical, isolated cells 25 
28.7% spherical and oval cells 

numerous clumped 
cells 25 - 50 

14 .3% spherical and oval cells 25-  50 
6.1% filamentous, spherical 

and oval cells; 
numerous clumped 
cells 25 - 50 

22.6% spherical and oval cells 25-  50 
48.9% spherical, oval and pear 

shaped cells; numerous 
clumped cells 25 - 50 

68.4% spherical and oval cells 25-50 
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served in preparations of Pb SN, Pb 18 and IVIC 
Pb 267 isolates. 

Ultrastructural studies 

The comparative ultrastructural investigations 
showed no significant difference between the stud- 
ied P. brasiliensis isolates. A typical ultrastructural 
aspect is shown in Fig. 2. 

The thickness of  the cell wall measured from 0.1 
to 0.2/~. The outermost wall layer was thin, 
electron-dense, with electron-opaque deposits on 
the external surface. A less electron-dense, broad 
inner layer was observed. In most preparations, this 
region was homogeneous throughout its entire 

thickness, but in some sections another thin, 
electron-dense sub-layer could be seen (Fig. 3). 

Membrane structures were well preserved when 
potassium permanganate (with or without osmium 
tetroxide) was used as fixative agent. The plasma 
membrane was observed as a unit membrane, show- 
ing a trilayered structure. In some isolates, cells 
showed multiple invaginations of  their plasma 
membrane. These invaginations constituted vesicles 
and tubular structures and sometimes seemed as- 
sociated with septum formation between mother 
and daughter cells during the budding process. 

Large numbers of mitochondriae were scattered 
throughout the citoplasm of the cells of all isolates. 
These organelles had few cristae and no inclusions 
were observed in their matrix. In some cells, the 

Fig. 2. Typical u l t ras t ruc tura l  aspect  o f  P. brasiliensis yeast  cells. I sola te  IVIC Pb  267. M = mi tochondr i a ;  E R  = endop lasmic  reticu- 

lure; V = vacuole;  N = nucleus.  ( •  
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Fig. 3. Ultrastructural aspect of the trilayered wall of P. brasiliensis yeast cell. Isolate Pb 18. (x20000). 

mitochondria predominated near the cell surface 
(Fig. 2). 

The endoplasmic reticulum appeared as long, 
undilated cisternae. No membrane-associated ribo- 
somes were observed, independently from the fixa- 
tion method applied. Free ribosomes were observed 
in the citoplasm of cells post-fixed with osmium 
tetroxide only (Fig. 4). 

Structures resembling Golgi apparatus could not 
be identified in any of  the preparations ob ta ined  
from the different R brasiliensis isolates. 

Vacuoles of  different sizes and forms, some of  
them containing abundant  electron-dense material 
were usually observed. 

P. brasiliensis yeast cells are multinucleated. Two 
to five nuclei percell were usually observed and 
pores were evident along the nuclear membrane. 
The nuclei contained mostly euchromatin and no 
nucleolus was observed (Fig. 2). 

Discussion 

In the present report, the growth curves of  ten P. 
brasiliensis isolates were determined under strictly 
the same conditions and three distinct patterns of  
behaviour were observed. This fact indicates that 
the growth efficiency of  R brasiliensis sub- 
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Fig. 4. Ultrastructural aspect of P. brasiliens& yeast cell flee ribosomes. Isolate Pb 2052. (x40000). 

populations, under controlled conditions, is depen- 
dent on intrinsic biological properties of  these fun- 
gi. Other authors [1] also reported that P. brasilien- 

sis isolates obtained from different sources behaved 
differently even when subjected to the same condi- 
tions. 

Such differences of growth are usually attributed 
to adaptation to "in vitro" conditions which is de- 
pendent on the time elapsed since the first isolation 
of the fungus. However our data show that this is 
not a general phenomenon: Pb 18 and Pb 192 iso- 
lates, both maintained "in vitro" for more than 
26 years had different growth profiles; the maxi- 
mum number of yeasts attained by Pb 192 was 23 
times higher than that attained by Pb 18. On the 
other hand, Pb 2052, which was isolated more re- 
cently, grew well, showing high numbers of total 

yeasts (9.5 times more than Pb 18). 
Although none of the P. brasiliensis isolates of 

the present study showed an abrupt decrease in the 
number of viable yeasts, comparable to that ob- 
tained by others [1, 23], a significant decrease in the 
percentage of viable fungi was always detected on 
the 20th day of  culture. This loss in viability could 
not be ascribed only to the exhaustion of the cul- 
ture media: Pb 192 and Pb 2052, the fastest grow- 
ing isolates showed respectively high and low via- 
bility. It has been suggested [1, 23] that a lethal 
metabolite excreted by P. brasiliensis yeasts may be 
involved in such phenomena. The R brasiliensis 
isolates of the present study may differ in the 
degree of production o f  such a metabolite. 

Total counts of P. brasiliensis yeasts obtained un- 
der light microscopy did not allow us to distinguish 
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dead from living cells in most part of the curves, as 
these fungi showed no remarkable morphological 
changes. A true expression of the kinetics of 
growth was obtained using vital dye staining. Previ- 
ous data showed that growth curves of P.. brasilien- 

sis constructed using viable cells are either as relia- 
ble as [23] or better than [20] those constructed 
using the colony-forming unit (CFU) technique. 
For this reason, as well as for being technically sim- 
ple and rapid, total and viable yeast counts were 
done under light microscopy. 

Owing to the fact that studies of others were 
made using different isolates of P. brasiliensis, their 
results cannot be easily compared to ours. Even 
when the same isolate is employed, comparisons 
become difficult due to the different culture media 
used, as well as to the distinct methods of growth 
measurement employed. This is the case of the 
work by San-Bias et al. [23] who cultivated IVIC 
Pb 9 in liquid media, assessing total numbers of 
yeasts by turbidimetric measurements and viable 
yeasts by CFU and vital staining. In the present 
work we determined total and viable yeasts of IVIC 
Pb 9 on semisolid culture media using microscopic 
methods. The sharp decrease in viable yeasts from 
the 10th day on obtained by those authors, that did 
not occur in our model may be explained by the 
earlier exhaustion of nutrients or by facilitated 
diffusion of eventual toxic metabolite in the liquid 
medium. The better growth efficiency attained in 
the present work may be related not only to 
physico-chemical characteristics of the media used 
but also to the initial inocula seeded. Instead of in- 
oculating loopfuls of yeasts, a low and known 
number of viable ceils was used, possibly allowing 
better conditions to cellular reproduction. The 
strict control of the number of viable cells of the in- 
oculum may render the method more reproducible. 

The growth of IVIC Pb 9 was also compared to 
that of IVIC Pb 267, a chemical mutant originated 
from this isolate. Their kinetics of growth were 
similar in spite of very marked differences in the 
macroscopic aspects of the colonies and 
microscopic cell morphology: IVIC Pb 267 prepa- 
rations presented yeasts, as well as yeast-micelium 
cells, whereas the parental 1VIC Pb 9 isolate 
showed the typical morphology of P brasiliensis 

yeast cells. The morphological aspects described 
for the isolates of this study agree with those of the 
literature, confirming that the characteristic multi- 
ple budded double wall structures are constant in 
the yeast-phase of this fungus, irrespective of varia- 
tions in the cultural conditions. 

The several P brasiliensis isolates showed similar 
ultrastructural features; significant differences were 
not observed even when IVIC Pb 267 was com- 
pared to other isolates. The present observations 
agree with those of others [5, 6, 7] regarding the 
general aspect of the cell organelles as well as the 
absence of a Golgi apparatus. In some isolates, 
cells showed multiple invaginations of their plasma 
membranes. Such membrane configurations resem- 
bled structures designed either myelin figures, 
mesosomes or intracytoplasmic membrane systems 
which may be involved in septal formation, DNA 
replication or respiratory processes of pathogenic 
fungi [10]. Our observations seems to agree with 
those by Szaniszlo et al. [28] who suggested that 
such membrane structures are possibly involved in 
the budding process. Differently from other 
authors, nucleoli could not be found. Lamellar 
bodies were observed in some preparations. Since 
the fixation of P.. brasiliensis proved to be difficult 
and several fixation techniques had to be employed, 
the lack of observation of nucleoli may indicate the 
need of other types of fixations; similarly, the pres- 
ence of lamellar bodies could be a fixation artifact, 
as suggested by Garrison [10]. 

The relationship between the "in vitro" and "in 
vivo" characteristics of some P. brasiliensis isolates 
was compared previously [13] and a dissociation 
between the "in vitro" growth patterns and the 
pathogenicity to susceptible inbred mice was ob- 
served: isolates Pb 18 and Pb 265 which behaved 
similarly "in vitro", showing low counts of fungi 
and long mean generation times, were respectively 
the most and the least pathogenic isolates; Pb 2052 
and IVIC Pb 267, which grew abundantly "in 
vitro" were, respectively pathogenic and apatho- 
genic; isolates Pb SN and IVIC Pb 9 behaved simi- 
larly both "in vitro" and "in vivo", displaying an 
intermediate pattern of pathogenicity and growth. 
The present results also indicate that there is no 
direct correlation between the "in vitro" growth 



pattern of P. brasiliensis isolates and the "in vivo" 

behaviour of the fungi: Pb Vitor and Pb Campo 
Grande that were isolated about 5 years ago from 
patients with different clinical forms of the disease 
(respectively pulmonar and disseminated), both 
showed similar intermediate growth pattern "in 

vitro". 

Finally, the results of our study can provide some 
data for a more adequate choice of P. brasiliensis 
isolates to be used in research or in diagnostic 
procedures. 
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