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ABSTRACT:     Penicillium marneffei is a dimorphic pathogenic fungus responsible for opportunistic infection in
HIV infected individuals. The fungus displays dimorphic switching in response to temperature changes. At
25°C, it grows in mold form that produces penicilli conidia which are thought to be infectious. At 37°C, the
fungus transforms into a fission yeast. To investigate this morphological conversion, P. marneffei conidia
were grown in media supplemented with various organic substances. Sabouraud dextrose broth (SDB)
supplemented with 4% yeast extract enhanced regular fission yeast production, whereas SDB alone and SDB
supplemented with fetal bovine serum did not produce homogeneous cultures. The fungus in Sabouraud
maltose broth exhibited filamentous hyphae, while its growth in Sabouraud galactose broth was inhibited.
Yeast nitrogen base (YNB) medium supplemented with glucose gave hyphal growth and supplemented with
N-acetylglucosamine (GlcNAc) gave retarded growth with multiseptate hyphae. Conidia-yeast conversion
was not observed in YNB supplemented with glucose plus various amino acids. However, when 1% peptone
was added to these YNB media, however, yeast cells or short multi-septate hyphae were produced. Surprisingly,
conidia cultivated in distilled water containing 1% peptone gave uniform fission yeast similar to yeast cells
found in clinical specimens. Thus, 1% peptone supplementation was responsible for the yeast transition and
will serve as simple method to obtain pure P. marneffei yeasts for future studies on virulence, invasiveness,
and pathogenesis.
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INTRODUCTION

Penicillium marneffei is a newly emerging
opportunistic dimorphic fungal pathogen causing a
systemic disease in immunocompromised individuals,
especially HIV infected patients1, 2. Cell type switching
in dimorphic fungi is thought to be modulated by
environmental factors via cytoplasmic signal
transduction. The fungus undergoes morphological
switching mainly in response to temperature changes.
At normal ambient temperature (25°C), P. marneffei
grows in mold form, producing large amounts of long
chain penicilli conidia. However, under a stress
temperature (37°C) the fungus undergoes
arthroconidiation and develops into fission yeast3. The
yeast form of P. marneffei is of pathological relevance
and resides intracellularly during host infection. It has
been proposed that P. marnefei infection is initiated by
inhalation of its airborne conidia. The conidia are then
ingested by alveolar macrophages in lung tissue where
they germinate and convert to fission yeast cells inside
the macrophages. These antigen presenting cells then

serve as delivery vehicles that spread the fungus to
other parts of the body4.

Brain heart infusion (BHI) broth at 37°C has
commonly been used to initiate the morphological
transition of P. marneffei from hyphae to yeasts. In vitro
yeast transition in this particular medium always results
in a mixed population of yeast cells and short hyphae
that do not resemble the yeast cells found in clinical
specimens. Therefore growth conditions suitable for
cultivation of yeasts resembling those from penicilliosis
patients were explored since the discovery of a simple
method for P. marneffei dimorphic switching would be
useful for future investigations on yeast-host cell
interactions and the characterization of P. marneffei
genes regulating dimorphism.

MATERIALS AND METHODS

Fungal StrainsFungal StrainsFungal StrainsFungal StrainsFungal Strains
Penicillium marneffei strains used in this study were

reference strain (ATCC 64102) purchased from the
American Type Culture Collection, MD, USA, and 8
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local strains, namely RT-45, RT-54, RT-58, RT-72, AR-5,
AR-70, MK-76, and BE-63. The local strains were isolated
from penicilliosis patients from different parts of
Thailand. The organisms were maintained as mycelial
(mold) phase on SDA at 25°C under aerobic conditions.

Preparation of InoculumPreparation of InoculumPreparation of InoculumPreparation of InoculumPreparation of Inoculum
Sterile 0.01% Tween 80 (Sigma-Aldrich, St. Louis,

MO, USA) in distilled water was added to 1 to 2 week-
old P. marneffei slant cultures. The conidial suspension
was collected and conidial numbers were determined
using a hemacytometer (Bright-Line® Improved
Newbauer Hemacytometer).

Culture MediaCulture MediaCulture MediaCulture MediaCulture Media
Complex media used in this study were BHI broth

(Difco, Becton Dickinson, MD, USA) supplemented
with or without 10% fetal bovine serum (FBS)
supplement (Gibco BRL, Grand Island, NY, USA),
Sabouraud dextrose broth (SDB) (2% peptone and 4%
glucose), SDB with 10% or 20% FBS, SDB with 4% yeast
extract (YE) (Difco), and SDB with 4% YE plus 10% FBS.
Two additional SDB based media were supplemented
with 4% galactose (Difco) (SGB) or 4% maltose (Difco)
(SMB) instead of 4% glucose (Difco). All cultures were
observed for 13 days.

To study the effect of various concentrations of
glucose and amino sugars on yeast transition, a defined
medium with bacto yeast nitrogen base without amino
acids (YNB) (Difco) was used. YNB, the basal medium,
consists of 0.5% ammonium sulfate, vitamins, trace
elements, and salts that are generally essential for yeast
and hyphal growth. The effect of glucose concentration
on yeast transition of P. marneffei was determined by
using YNB supplemented with 0.1%, 0.5%, 1%, 2%, or
4% glucose. YNB supplemented with 1 mM, 2.5 mM, 5
mM, or 10 mM N-acetyl-D-glucosamine (GlcNAc)
(Sigma-Aldrich) was used in order to verify the
importance of GlcNAc in yeast transition. Influence of
specific nitrogen sources on P. marneffei yeast-transition
was also studied by growing fungal conidia in YNB
supplemented with 0.5% glucose and each of the
following 11 amino acids: L-arginine, L-cysteine, L-
glutamic acid, L-glutamine, L-histidine, L-isoleucine,
L-leucine, L-methionine, L-phenylalanine, L-proline
and L-tryptophan. Most amino acids were purchased
from Sigma-Aldrich (St. Louis, MO, USA) except for L-
leucine and L-phenylalanine that were purchased from
Merck (Darmstadt, Germany). The final concentration
of each supplemented amino acid was 100 mg/L. The
effect of peptone (Difco) on P. marneffei yeast transition
was subsequently investigated. One percent peptone
in distilled water and in YNB was used. Moreover, its
transition ability was investigated daily when 1%
peptone was added to the YNB supplemented with

0.1%, 0.5%, 1%, 2%, or 4% glucose and to the YNB
supplemented with 1 mM, 2.5 mM, 5 mM, or 10 mM
GlcNAc.

DeterDeterDeterDeterDetermination of mination of mination of mination of mination of PPPPP. mar. mar. mar. mar. marnefnefnefnefneffeifeifeifeifei Conidia-to-Y Conidia-to-Y Conidia-to-Y Conidia-to-Y Conidia-to-Yeasteasteasteasteast
TTTTTransitionransitionransitionransitionransition

Approximately 1x107 conidia were inoculated into
a 250-ml flat bottom flask containing 50 ml of the
tested liquid media. The culture was incubated in a
gyratory shaker (New Brunswick Scientific Co., Inc.) at
37°C, 120 rpm. One milliliter of culture broth from
each condition was sampled, and prevalence of yeast
morphology was assessed directly under a light
microscope (Olympus BH-2, Tokyo, Japan). Nuclear
staining with 500 mg/ml of 4′6′-diamidino-2-
phenylindole (DAPI) (Sigma-Aldrich) and and cell wall
staining with 500 mg/ml of calcofluor white (CAL)
(Sigma-Aldrich) were observed using an epifluorescent
microscope (NikonLOBOPHOT-2). Yeast cell numbers
was determined using a hemacytometer.

RESULTS

EfEfEfEfEffect of FBS on the Tfect of FBS on the Tfect of FBS on the Tfect of FBS on the Tfect of FBS on the Transition of ransition of ransition of ransition of ransition of PPPPP. mar. mar. mar. mar. marnefnefnefnefneffeifeifeifeifei Y Y Y Y Yeasteasteasteasteast
in BHI Mediumin BHI Mediumin BHI Mediumin BHI Mediumin BHI Medium

In BHI medium strains ATCC64102, RT-45, RT-54
and AR-5 produced only a few yeast cells and short
hyphae, whereas strains RT-58, RT-72, AR-70, MK-76
and BE-63 conidia converted to yeasts more readily.
Since the recent clinical isolate, RT-72, exhibited typical
dimorphic characteristics of P. marneffei, it was used in
further experiments. No difference in the growth and
morphology was observed when 1 x 107 conidia of P.
marneffei strain RT-72 were inoculated in 50 ml of BHI
broth with and without 10% FBS (Fig. 1A-D). In both
cultures conidia swelled and produced germ tubes
overnight. Germ tubes elongated and developed into
septate hyphae. In BHI containing 10% FBS, each hyphal
segment subsequently splits into arthroconidia within
4 days (Fig. 1B). However, development of arthroconidia
was somewhat delayed in FBS-free BHI and high
number of short hyphae could be observed (Fig. 1A).
Each arthroconidium finally divided by binary fission
into a unicellular yeast cells within 6 days. In comparison
to BHI containing FBS, the yeast cells in unsupplemented
BHI were more oval in shape (Fig. 1C). Regardless of
FBS supplementation, almost all the short hyphae
converted to yeast cells within 6 days (Fig.1D). After 6
days, all fungal cells started to degenerate (data not
shown).

TTTTTransition Ability of ransition Ability of ransition Ability of ransition Ability of ransition Ability of PPPPP. mar. mar. mar. mar. marnefnefnefnefneffeifeifeifeifei in SDB, SDB in SDB, SDB in SDB, SDB in SDB, SDB in SDB, SDB
Supplemented WSupplemented WSupplemented WSupplemented WSupplemented With FBS and Yith FBS and Yith FBS and Yith FBS and Yith FBS and Yeast Extract Mediumeast Extract Mediumeast Extract Mediumeast Extract Mediumeast Extract Medium

Yeast cells converted in SDB were heterogeneous in
size and shape and the conidia tended to grow into
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short hyphae (Fig. 2A). With addition of FBS and YE or
combinations of these (Fig. 2B-2E), the fungal cells
exhibited similar morphology to that cultivated in BHI
(Fig. 1A). Maximal growth was obtained at Day 5 and
6. A mixture of short hyphae and yeast cells with a high
density of intracellular granules was observed. Notably,
yeast cells that switched under 4% YE (Fig. 2D) displayed
unicellular oval and were larger in size and healthier in
appearance than those cultivated in the BHI. They were
also more homogeneous in size and shape.

EfEfEfEfEffect of Carbon Sourfect of Carbon Sourfect of Carbon Sourfect of Carbon Sourfect of Carbon Source on Tce on Tce on Tce on Tce on Transitionransitionransitionransitionransition
Germinated conidia did not grow in SGB medium

either with or without 4% YE (Fig. 2F) while conidial
conversion to small number of yeast cells was observed
when grown in SMB with or without 4% YE medium
(Fig. 2G). In SGB, conidia swelled and started to produce
a germ tube within 24 hours. After 48 hours, the
germinated conidia grew isotropically to form spherical
yeasts with a deformed germ tube (Fig. 2F). Prolonged
incubation of this culture led to growth inhibition (data
not shown). However, the yeast cells obtained from
both conditions of SMB (Fig. 2G) were less uniform in
size and shape when compared to those from SDB with
4% YE (Fig. 2D).

EfEfEfEfEffect of Glucose Concentration on Tfect of Glucose Concentration on Tfect of Glucose Concentration on Tfect of Glucose Concentration on Tfect of Glucose Concentration on Transitionransitionransitionransitionransition
Germinated conidia could not grow normally in

YNB lacking ammonium sulfate. However, in the
presence of ammonium sulfate and glucose, conidia
swelled and germinated into hyphal cells that had a
thinner compartments than those obtained with BHI
and SDB after 2 day’s incubation. At Day 7 the hyphae
began to die without any conversion to yeast cells. In
YNB media with low concentrations of glucose (0.1%
and 0.5%), mycelia with high frequency multiseptation
were found (Fig. 2H). With high glucose concentrations,
only thin hyphal cells were observed (Fig. 2I). Despite
this, hyphal mass increased significantly when more
glucose was added to YNB (data not shown).

EfEfEfEfEffect of Vfect of Vfect of Vfect of Vfect of Various Amino Acids on Tarious Amino Acids on Tarious Amino Acids on Tarious Amino Acids on Tarious Amino Acids on Transitionransitionransitionransitionransition
No particular amino acid added to YNB containing

0.5% glucose contributed to the transition of P. marneffei
to yeast cells. Conidia grown in all conditions
germinated to produce hyphae within 2 days. Hyphal

Fig 1. Morphology of P. marneffei strain RT-72 cultured in
liquid BHI (A and C) and in liquid BHI supplemented
with 10% FBS (B and D) at 37°C observed at Day 3 and
Day 6.  Bar length is 10 µm.

Fig 2. Day 6 morphology of P. marneffei strain RT-72 cultured in SDB (A), SDB with 10% FBS (B), SDB with 20% FBS (C), SDB
with 4% YE (D), and SDB with 10% FBS + 4% YE (E). The cultures were maintained at 37°C. Effect of carbohydrate
supplements on growth was evaluated in SGB (F), SMB (G), YNB+0.1%Glc (H), YNB+4%Glc (I), and YNB with Glc+Cys
at 37°C. Bar length is 10 µm.
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concentrations of glucose gave the opposite effect.
Hyphae formed in media with 4% and 2% of glucose
despite the presence of 1% peptone (Fig. 3A and 3B).
Strikingly, yeasts grown in distilled water supplemented
with 1% peptone gave a morphology similar to that
found in human immune cells.

EfEfEfEfEffect of N-Acetyl-D-Glucosamine on Tfect of N-Acetyl-D-Glucosamine on Tfect of N-Acetyl-D-Glucosamine on Tfect of N-Acetyl-D-Glucosamine on Tfect of N-Acetyl-D-Glucosamine on Transitionransitionransitionransitionransition
RT-72 in YNB medium containing ammonium sulfate

as a nitrogen source, supplemented with various
concentrations of GlcNAc (1 mM, 2.5 mM, 5 mM, and
10 mM) as the sole carbon source gave hyphal cells
with many vacuoles (Fig. 4A-D). Short hyphae with
multiple septa were observed in all tested conditions
and dead cells were seen within 8 days. The morphology
of yeast cells did not resemble that of cells in BHI or in
clinical specimens. In order to investigate the effect on
conidia-yeast transition, 1% peptone was added to the
YNB-GlcNAc medium. The following media were tested:
YNB with 1 mM GlcNAc + 1% peptone (Fig. 4E); YNB
with 2.5 mM GlcNAc + 1% peptone (Fig. 4F); YNB with
5 mM GlcNAc + 1% peptone (Fig. 4G); YNB with 10 mM
GlcNAc + 1% peptone (Fig. 4H). When compared to
peptone-free controls, 1% peptone added to culture
gave a significant slower growth.

Fungal Strains ComparisonFungal Strains ComparisonFungal Strains ComparisonFungal Strains ComparisonFungal Strains Comparison
Growth of P. marneffei strain RT-72 on BHI, SDB with

4% yeast extract, and 1% peptone was compared.
Conidia grown in BHI and SDB with 4%YE began to
swell and develop into germ tubes after overnight
culture. Then the germ tubes elongated to form mycelia
within 3-4 days and underwent arthroconidiation

cells grew apically to form elongated hyphae or small
mycelia until Day 8 (Fig. 2J), and only degenerated
hyphal cells were detected thereafter.

EfEfEfEfEffect of Peptone on Tfect of Peptone on Tfect of Peptone on Tfect of Peptone on Tfect of Peptone on Transitionransitionransitionransitionransition
Since no single amino acid was found to be favorable

to conidia-yeast transition, the effect of peptone, a
complex organic nitrogen source, on the transition
was further explored. As with SDB, conidia cultured in
YNB with 4% glucose + 1% peptone (Fig. 3A) and YNB
with 2% glucose + 1% peptone (Fig. 3B) grew apically
to form hyphae and then the hyphal cells divided into
arthroconidia. High numbers of short hyphae were
observed on Day 8 for YNB with 4% glucose + 1%
peptone and on Day 10 for YNB with 2% glucose + 1%
peptone. A mixed population of yeast cells, short
hyphae and several dead cells were observed.

Germinated conidia were detected at 3 days in YNB
with 1% glucose + 1% peptone (Fig. 3C), in YNB with
0.5% glucose + 1% peptone (Fig. 3D), in YNB with 0.1%
glucose + 1% peptone (Fig. 3E). Short hyphal cells with
multiple septa were found within 10 days. Yeast cells
were significantly smaller in size than those produced
at higher glucose concentrations [i.e., in YNB with 4%
glucose + 1% peptone (Fig. 3A), or in YNB with 2%
glucose + 1% peptone (Fig. 3B)].

When conidia were inoculated in YNB + 1% peptone
or in 1% peptone in distilled water (Fig. 3F and 3G),
yeast cells similar to those found in clinical specimens
were produced. Most germinated conidia did not
require an elongation process to form hyphae, and
arthroconidia were not observed. Instead, conidia grew
and divided by septation to form fission yeasts. High

Fig 3. Morphology of P. marneffei strain RT-72 cultured in YNB with 4% glucose + 1% peptone (A), YNB with 2% glucose + 1%
peptone (B), YNB with 1% glucose + 1% peptone (C), YNB with 0.5% glucose + 1% peptone (D), and YNB with 0.1%
glucose + 1% peptone (E), YNB + 1% peptone (F), and DW + 1% peptone (G) at 37°C.  Bar length is 10 µm.
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within 5 days (Fig. 5). By Day 5 a mixture of arthroconidia
and some short hyphae was seen. The growing
arthroconidia then divided by septum formation in the
middle of cells leading to generation of fission yeast
cells. A homogeneous culture of yeast cells in these
three media was obtained within 6-7 days. A number

of yeast cells exhibited cytoplasmic vacuoles and started
to die after Day 8. The sizes of yeast cells in both media
were approximately 5-10 x 8-20 µm. In 1% peptone at
37°C, some conidia swelled and germinated within a
day. On Day 2 the germinated conidia grew, and a
septum was evident in the middle of cells. Hyphal cells

Fig 4. Morphology of P. marneffei strain RT-72 cultured in YNB with 1 mM GlcNAc (A), YNB with 2 mM GlcNAc (B), YNB with
5 mM GlcNAc (C), and YNB with 10 mM GlcNAc (D) at 37°C for 6 days and YNB with 1 mM GlcNAc + 1% peptone (E),
YNB with 2.5 mM GlcNAc + 1% peptone (F), YNB with 5 mM GlcNAc + 1% peptone (G), and YNB with 10 mM GlcNAc
+ 1% peptone (H) at 37°C for 14 days. Bar length is 10 µm.

Fig 5. Morphology of P. marneffei yeasts strain RT-72 grown in 1% peptone, SDB + 4% YE and BHI observed under bright field
at Days 3, 5, 7 and 11.   Bar length is 10 µm.
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were not found (Fig. 5). The conidia did not grow at the
apical end to form hyphae but swelled and directly
divided by binary fission to form fission yeasts. The size
of yeast cells generated in this medium was 5-7 x 5-8
µm (Fig. 5).

The growth of tested strains were measured by
counting the number of yeast cells daily from Day 1 to
Day 13 in 3 independent experiments to produce mean

yeast cell numbers to plot growth curves (Fig. 6A-C).
Upon addition of P. marneffei strains RT-72, RT-58, AR-
70, MK-76 and BE-63 at a concentration of 1 x 105

conidia/ml into the 1% peptone medium, some conidia
grew and cell septa were detected within a day. The
number of yeast cells gradually increased. At Day 8
approximately 3 x 106 yeast cells/ml were found in the
cultures of P. marneffei strains MK-76, RT-58 and AR-70
(data not shown). The numbers of yeast cells were
approximately 30-fold higher in the cultures of RT-72
and BE-63 than the other strains (Fig. 6A). P. marneffei
strains grown in 1% peptone showed a very slow
doubling time. After this period (Day 8-Day 13),
although newly formed yeast cells could still be detected,
some cells began to die and this resulted in stable yeast
cell numbers.

With conidia of P. marneffei strains RT-72, RT-58, AR-
70, MK-76 and BE-63 grown in BHI or SDB with 4% YE,
yeast cells were not observed until Day 4. In BHI, yeast
cells of P. marneffei strain RT-72 reached approximately
5.6x107 cells/ml and those of BE-63 reached
approximately 4.9x107 cells/ml by Day 8 (Fig. 6C). After
Day 8, the number of RT-72 yeast cells remained constant
until Day 13. In SDB with 4% YE, approximately
1.96x108 cells/ml were obtained with RT-72 and
1.39x108 cells/ml with BE-63 by Day 7 (Fig. 6B).

YYYYYeast Morphology and Cell Weast Morphology and Cell Weast Morphology and Cell Weast Morphology and Cell Weast Morphology and Cell Wall Integrityall Integrityall Integrityall Integrityall Integrity
Most yeast induced by 1% peptone and stained

with DAPI exhibited a single nucleus per cell (Fig. 7).
Yeast cells cultured in BHI or SDB with 4% YE also had
a single nucleus per cell, although more than one
nucleus was found in short hyphae (Fig. 7). When
lyticase and chitinase digestions were performed,
approximately 70% of the digested yeast cells from
SDB with 4% YE medium became protoplasts, while
only 10% of those from cells 1% peptone culture did
(data not shown). The results demonstrate that the cell
wall of yeast cells from 1% peptone culture are more
tolerant to lyticase and chitinase digestions than yeast
cells from SDB + 4% YE, perhaps due to the differences
in their cell wall compositions.

DISCUSSION

In vitro studies by Cogliati et al in 1997 showed that
P. marneffei conidia phagocytized by the J774 murine
macrophage-like cell line, replicated by fission within
24 hours to form yeast cells4, hence the relevance in
employing P. marneffei yeasts to study the pathogenesis
of P. marneffei infection. Previously, BHI medium was
commonly used to generate P. marneffei yeast cells6, 7.
These cells develop via arthroconidiation, a process
whereby conidia differentiate to hyphal cells that
subsequently divide into arthroconidia by septal

Fig 6. Growth curve of P. marneffei strains RT-72 and BE-63
grown in 1% peptone (A), SDB + 4% YE (B), and BHI
(C) observed within the period of 13 days.  Closed square
represents RT-72; open square represents BE-63.
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formation. Each arthroconidium further divides by
fission to form yeast cells. This occurs in BHI medium
during the late stage of growth (Fig. 6). Thus, BHI
cultures always contain a mixture of yeast cells and
arthroconidia mixed with dead cells.

By contrast, we were able to produce a
homogeneous population of fission yeasts within 24
hours using 1% peptone broth at 37ºC. The size and
shape of the yeast cells obtained from this medium
were similar to those found in clinical specimens (Fig.
8). Consequently, 1% peptone solution seems to be the
medium-of-choice for induction and maintenance of P.
marneffei in the yeast form. To date, establishment of a
hyphal network by P. marneffei conidia has not been
detected in macrophages1, 2. As a result, Andrianopoulos
suggested that a direct conidium-to-yeast cell
morphogenesis program might be activated by certain
factors within macrophages3. In this study, however,
we have demonstrated direct conversion from conidia
to yeast outside host cells using 1% peptone medium.
Hence, an additional path in the life cycle of P. marneffei
exists from conidia-to-yeast cell by binary fission,
bypassing the process of arthroconidiation.

Fig 7. Cell wall, septum and nuclear morphology of P. marneffei yeasts strain RT-72 grown in 1% peptone, SDB + 4% YE and
BHI.  The left panels show fungal cells observed under bright field microscope.  The right panels illustrate cells stained with
calcofluor and DAPI observed under epifluorescence.  Bar length is 10 µm.

In an attempt to gain more information on the
effects of serum on the yeast transition, phase
conversion in BHI with or without FBS was investigated.
We found that serum had no effect on the conidia-to-
yeast transition in P. marneffei. This contrasts with results
of previous studies on the effects of serum on
morphogenetic changes in other fungi8, 9. Serum is
reported to be the most powerful inducer for germ-
tube formation in C. albicans 8, which normally resides
in oral or vaginal cavities with little serum exposure.
Feng et al. further reported that a fraction of serum
filtrate lower than 1 kDa in size contained active
ingredients for germ-tube formation in C. albicans9.
Conversion from yeast to germ-tube upon serum
exposure was proposed as a mechanism that allows the
organism to evade or divert host immune response.
Indeed, Vazques-Torres and Balish showed that normal
phagocytic cells engulfed germ-tube cells with much
less efficiency than yeast cells10. Moreover, neoantigens
expressed on the surface of germ tube cells did not
contain any of the dominant and protective
immunodominant epitopes that are normally expressed
on the yeast cell surface11. For S. cerevisiae, factors such
as glucose and other carbohydrates, nitrogen sources,
and short-chain alcohols are also involved in its
filamentous growth12, 13. The fact that the addition of
serum did not affect P. marneffei conidium-to-yeast
transition suggests that it is mediated by factors that
are distinct from those for C. albicans and S. cerevisiae.
The difference in the sites of infection of these fungi in
relation to their serum exposure should also be taken
into consideration.

Our tests on the influence of glucose on conidium-
to-yeast transition revealed that glucose addition to
1% peptone medium inhibited the transition. The higher
the concentration of glucose added to the media, the

Fig 8. Comparison of P. marneffei yeast-like cells from in vitro
induction, 1% peptone (A) and clinical specimen, oral
tissue section from a patient (B).  Bar length is 10 µm.
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more hyphal mass was generated. This contrasts with
result of previous studies on the effects of glucose on
fungal morphogenesis. In M. rouxii glucose inhibits the
initiation of filamentation14. Similarly, it inhibits germ-
tube formation in C. albicans15. Pollack and Hashimoto15

further suggested that glucose might generate catabolite
intermediates that interfere with hyphal morphogenesis
in C. albicans. In P. marneffei, however, glucose and other
sugars have a negative effect on the conidia-yeast
transition. Moreover, P. marneffei conidia displayed no
growth in yeast nitrogen base medium supplemented
with galactose. The fact that galactose did not support
the growth of P. marneffei in this study was in agreement
with a previous report by Wong et al16 on the inhibition
of P. marneffei growth by galactose.

The ability of the medium containing only 1%
peptone (as a sole carbon and nitrogen source) to
support growth of P. marneffei is not surprising. An
extensive study in A. nidulans and N. crassa by Kinghorn
and Pateman17 found that both fungi can use amino
acids as the sole nitrogen and carbon source, albeit
inefficiently in most cases. In general, amino acids that
can degrade to intermediates of carbon metabolism by
one or two reactions are better sources than those that
require more degradation steps. However, it is
important to be aware that when an amino acid is
utilized as a sole source of carbon, production of a
large amount of ammonia occurs as a consequence.
Since the amount of reduced carbon required for
respiration is far higher than the nitrogen requirement
for growth, ammonia accumulates excessively, leading
to growth inhibition as a result of ammonia toxicity or
high pH levels18. This might explain the results of our
study, in which low doubling time as well as low growth
rate were observed for yeast cell growth in 1% peptone.

In summary, the results from this study demonstrate
that it is possible to induce in vitro conversion of P.
marneffei from conidia to yeast cells. Nevertheless, since
medically important fungi carry an impressive array of
macromolecules with immunomodulatory functions,
more biochemical, immunological, and molecular
characterization is necessary in order to compare these
yeast cells to those that reside in macrophages. More
precisely, cell wall and antigenic compositions should
be determined to confirm that the yeast cells generated
from this medium can be used as a representative for
the pathogenic yeasts in penicilliosis patients. This is
critical for studies on interaction with host immune
cells in vitro. An understanding of how a normal host
resists fungal invasion will demonstrate how specific
immune defects, present in AIDS patients, are
fundamental for the development of rational
approaches to immunodiagnosis and therapy of P.
marneffei infections.
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