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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 10% FU/tube (Pb 18, Pb
265 and PB 2); intermediate, reaching 60—150 x 108 FU/tube (IVIC Pb 9, IVIC Pb 267, Pb SN, Pb Vitor and Pb
Campo Grande) and fast, reaching 180—370 x 105 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).
Theisolates showed similar morphology, except IVICPb 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 p; 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].

Paracoccidioides brasiliensis has been the subject
of numerous investigations concerning its ecology
[19], thermal dimorfism {11, 15, 16, 17, 22], 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 B
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 Sdo
Paulo, Brasil; Pb Vitor and Pb Campo Grande a
gift from Dr. Celeste Fava Netto (Sdo Paulo,
Brasil); Pb 2052, isolated by Dr. Arminda de Jesus
Machado (Goiania, Brasil); IVIC Pb 9 and IVIC
Pb 267 kindly supplied by Drs. Gioconda and
Felipe San-Blas (Venezuela). All these fungi were
coriginally isolated from human patients, except
IVIC Pb 267 which is a chemical mutant obtained
after treatment of IVIC Pb 9 with nitrosoguanidine
(G. and F. San-Blas, personal communication).
The isolates were studied in their yeast phase.

Growth conditions

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

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°C, with the exception of IVIC Pb 267
which grows well at 23°C but not at 35°C and
which has not a typical yeast-phase (G. and F. 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 10° 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. FU.
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.

Specimen preparation for electron microscopy

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



each P brasiliensis 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°C. After the initial fixation the cells of 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 of 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 (g, f) growth patterns. The intermediate and slow growth curve profiles are compared to Pb 192, the fastest growing isolate;
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using the samples fixed in potassium permanganate
or in potassium permanganate and osmium tetrox-
ide, since these two treatments provided the best
preparations.

Results
Growth curves

Growth curves showing total and viable cell counts
of the ten studied P brasiliensis isolates are depict-
ed in Fig. 1. The isolates exhibited three patterns of
growth: a) Pb 192 and Pb 2052 showed a rapid in-
crease in total cell number from the 2nd day on; at
the end of a sharp exponential phase, approximately
184.0 to 370 x 105 FU/tube were counted. Highest
percentage of viable cells occurred on the 6th day; b)
IVIC Pb 9, IVIC Pb 267, Pb SN, Pb Vitor and Pb
Campo Grande showed an intermediate increase in
total cell number; on the late logarithmic phase
approximately 60.0 to 150.0 x 10® FU/tube were
counted. Highest cellular viability was found at the
6th of 8th days of culture; ¢) Pb 2, Pb 18 and Pb 265

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

presented a low increase in the number of cells; the
maximum total counts ranged from approximately
10.0 to 30.0 x 10° FU/tube. The highest cells viabili-
ty occurred on the 10th of 12th days.

On the 20th day of culture, most of the isolates
presented a significant decrease in the percentage
of viable cells, except for Pb 192 (fast growth), Pb
Vitor (intermediate growth) and Pb 265 (slow
growth).

Differences in the mean generation times were
also observed; these values ranged from 21.3
(Pb 2052) to 102.7 hours (Pb 265) (Table 1).

Light microscopy

Examination under light microscopy of the ten iso-
lates revealed that they shared the following charac-
teristics: most of the cells were oval, pear shaped or
spherical, with dimensions ranging from 25 to 50 u
in the short axis and showing one or multiple buds.
The mutant IVIC Pb 267 presented the above
described morphology as well as filamentous cells
(Table 1). Clumped cells were more frequently ob-

Isolate Mean Day of  Highest Highest Percentage General Estimated
generation highest  percentage of total number of of viable morphology size
time viability viable cells FUx 10-¢/tube  cells on (short
(hours) day 20 axis) p

Pb 2052 21.3 6th 82.3% 184.7 30.9% spherical, isolated cells 25

Pb Vitor 27.0 8th 79.0% 66.7 13% spherical and oval cells 25-50

IVIC Pb 9 35.9 6th 90.4% 64.5 15.9% spherical and oval cells 25-50

Pb 192 36.7 6th 75.3% 375.6 61.3% spherical, isolated cells 25

Pb SN 40.0 8th 82.0% 98.9 28.7% spherical and oval cells

numerous clumped

cells 25-50
Pb Campo Grande  42.5 6th 80.3% 78.7 14.3% spherical and oval cells  25-350
IVIC Pb 267 48.5 8th 81.3% 155.9 6.1% filamentous, spherical

and oval cells;

numerous clumped

cells 25-50
Pb 2 55.3 12th 62.6% 34.7 22.6" spherical and oval cells 25-50
Pb 18 58.4 8th 83.3% 16.5 48.9% spherical, oval and pear

shaped cells; numerous

clumped cells 25-50

Pb 265 102.4 10th 85.6% 10.2 68.4% spherical and oval cells 25—50




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 u. 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
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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 ultrastructural aspect of P brasiliensis yeast cells. Isolate IVIC Pb 267. M = mitochondria; ER = endoplasmic reticu-

lum; V = vacuole; N = nucleus. (x9500).
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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-obtained
from the different P 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 P brasiliensis sub-
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Fig. 4. Ultrastructural aspect of P. brasiliensis yeast cell free 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 [l, 23] that a lethal
metabolite excreted by P. brasiliensis yeasts may be
involved in such phenomena. The B brasiliensis
isolates of the present study may differ in the
degree of production of 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-Blas et a/. [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 cells 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 IVIC 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 ef 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.

Acknowledgements

This study was supported by Financiadora de Estu-
dos e Projetos (FINEP) grant No. 43/84/07333/00.
S. S. Kashino was a recipient of Conselho Nacional
de Desenvolvimento Cientifico e Tecnoldgico
(CNPq) fellowship No. 103679/83 during the exe-
cution of this project.

The authors are grateful to Ms Rosana Arroyo,
Dolores Vieira Rodrigues and Zilda Gomes for
their helpful technical assistance,

References

1. Arango M, Restrepo A. Determination of the growth curves
of the mycelial and yeast forms of Paracoccidiodes
brasiliensis. Mycopathologia 1976; 59:163 —169.

2. Baharaeen S, Vishniac HS. A fixation method for visualiza-
tion of yeast ultrastructure in the electron microscope.
Mycopathologia 1982; 77:19—22.

3. Berliner MD, Reca ME. Vital staining of Histoplasma cap-
sulatum with Janus Green B. Sabouraudia 1966; 5:26—29.

4. Campo-Aasen I. Histochemical localization of succinate de-
hydrogenase in the mitochondria of Paracoccidioides
brasiliensis. Sabouraudia 1985; 23:101-105.

5. Carbonell LM. Cell wall changes during the budding proc-
cess of Paracoccidioides brasiliensis and Blastomyces der-
matitidis. J Bacteriol 1967; 94:213 —223.

6. Carbonell LM, Gil F. Ultraestructura del Paracoccidioides
brasiliensis. In: Del Negro G, Lacaz C da S, Fiorillo AM,
eds. Paracoccidioidomicose: blastomicose sul-americana.
Sdo Paulo: Sarvier-Edusp, 1982:23 34,

7. Carbonell LM, Pollak L. Ultraestructura del Paracoccidi-
oides brasiliensis en cultivos de la fase levaduriforme.
Mycopathol Mycol Appl 1963; 19:184—204.

8. Del Negro G, Lacaz C da S, Fiorillo AM. Paracocidioidomi-
cose: blastomicose sul-americana. S3o Paulo: Sarvier-
Edusp, 1982.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

127

. Fava Netto C. Contribuicfo para o estudo imunoldgico da

blastomicose de Lutz. Rev Inst A Lutz (Sdo Paulo) 1961;
21:99—-194.

. Garrison RG. Ultrastructural cytology of pathogenic fungi.

In: Howard DH, Howard LF, eds. Fungi pathogenic for hu-
mans and animals. New York: Marcel Dekker, Inc,
1983:229—-321.

Kanetsuna F. Ultrastructural studies on the dimorphism of
Paracoccidioides brasiliensis, Blastomyces dermatitidis and
Histoplasma capsulatum. Sabouraudia 1981; 19:275—286.
Kanetsuna F, Carbonell LM, Moreno RE, Rodriguez J. Cell
wall composition of the yeast and mycelial forms of
Paracoccidioides  brasiliensis. 'J  Bacteriol 1969,
97:1036—-1041.

Kashino SS, Calich VLG, Burger E, Singer-Vermes LM. In
vivo and in vitro characteristics of six Paracoccidioides
brasiliensis strains. Mycopathologia 1985; 92:173—-178.
Minguetti G, Telles FQ, Hofmeister RM, Freitas OT,
Lameira RF. Scanning electron microscopic studies of
Paracoccidioides brasiliensis in the yeast phase. Sabourau-
dia 1985; 23:443—446.

Paris S, Duran S. Cyclic adenosine 3,5’ monophosphate
(cAMP) and dimorphism in the pathogenic fungus Paracoc-
cidioides brasiliensis. Mycopathologia 1985; 92:115—120.

. Paris S, Duran-Gonzales S, Mariat F. Nutritional studies on

Paracoccidioides brasiliensis: The role of organic sulfur in
dimorphism. Sabouraudia 1985; 23:85-92.

Patifio MM, Burgos LC, Restrepo A. Effect of temperature
on the mycelium to yeast transformation of Paracoccidi-
oides brasiliensis. Sabouraudia 1984; 22:509 —511.
Ramirez-Martinez JR. Growth curves and nucleic acids
content of mycelial and yeast-like forms of Paracoccidi-
oides brasiliensis. Mycopathol Mycol Appl 1970;
41:203 —-210.

M Restrepo A. The ecology of Paracoccidioides brasilien-
sis: A puzzle still unsolved. Sabouraudia 1985; 23:323 —334.
Restrepo A, Cano LE, Bedout de G C de, Brummer E,
Stevens DA. Comparison of various techniques for deter-
mining viability of Paracoccidioides brasiliensis yeast-form
cells. J Clin Microbiol 1982; 16:209—211.

Restrepo A, Jimenez BE. Growth of Paracoccidioides
brasiliensis yeast phase in a chemically defined culture
medium. J Clin Microbiol 1980; 12:279—281.

Salazar ME, Restrepo A. Morphogenesis of the mycelium
to yeast transformation in Paracoccidioides brasiliensis.
Sabouraudia 1985; 23:7—11.

San-Blas F, Cova LJ. Growth curves of the yeast-like forms
of Paracoccidioides brasiliensis. Sabouraudia 1975;
13:22-29.

San-Blas F, De Marco G, San-Blas G. Isolation and partial
characterization of a growth inhibitor of Paracoccidioides
brasiliensis. Sabouraudia 1982; 20:159—168.

San-Blas G, San-Blas F. Variability of cell wall composition
in Paracoccidioides brasiliensis: A study of two strains.
Sabouraudia 20:31-40.

San-Blas F, San-Blas G, Cova LJ. A morphological mutant
of Paracoccidioides brasiliensis strain IVIC Pb 9. Isolation



128

27.

28.

and wall characterization. J Gen Microbiol 1976;
93:209-218.

San-Blas G, San Blas f, Ordez D, Centeno S, Albornoz MC.
Chemical changes in cell wall structure of five strains of
Paracoccidioides  brasiliensis. Sabouraudia 1984;
22:255--257.

Szaniszlo PJ, Jacobs CW, Geis PA. Dimorphism: morpho-
logical and biochemical aspects. In: Howard DH, Howard
LF, eds. Fungi pathogenic for humans and animals. New
York: Marcel Dekker, Inc, 1983:323 —436.

Address for offprints: Dr Eva Burger

Departamento de Imunologia

Instituto de Ciéncias Biomédicas Universidade de Sdo Paulo
Av. Prof. Lineu Prestes, 2415 CEP 05508

Sdo Paulo-SP, Brasil



