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We have investigated the antifungal activity of the pyruvic acid analogue: 3-bromopyruvate (3-BP).
Growth inhibition by 3-BP of 110 strains of yeast-like and filamentous fungi was tested by standa rd spot 
tests or microdilution method. The human pathogen Cryptococc us neoformans exhibited a low Minimal 
Inhibitory Concentration (MIC) of 0.12–0.15 mM 3-BP. The high toxicity of 3-BP toward C. neoformans 
correlate d with high intracellular accumulation of 3-BP and also with low levels of intra cellular ATP 
and glutathione. Weak cytotoxicity towards mammalian cells and lack of resistance conferred by the 
PDR (Pleiotropic Drug Resistance) network in the yeast Saccharomyces cerevisiae , are other properties 
of 3-BP that makes it a novel promising anticryptococcal drug.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction 

Cryptococcos is is a major life-threatenin g infection [1–3] that
kills approximat ely 650 thousands HIV/AIDS patients every year 
[2–4]. Amphoterici n B (AmB), which is a drug of choice in crypto- 
coccosis therapy exhibits severe toxic properties [3,5]. In its less 
toxic liposomal formulation AmB is very expensive and is not of
standard use in many hospitals [3]. Fluconazole and fluorocytosine,
alone or in combination with AmB, are also used in the manage- 
ment of cryptococcos is [6]. However for both of these drugs many 
fungi including Cryptococcu s neoformans rapidly develop resistance 
[7–9]. In this paper we report a novel antifungal activity of 3-BP,
which is also a potent anticance r agent with no apparent side ef- 
fects in animals or humans [10–14]. It was demonstrated that in
S. cerevisiae the specific transporter of lactate/pyru vate Jen1p is in- 
volved in the cellular uptake of 3-BP [15]. Another important 
observation is that 3-BP is not a substrate for the efflux pumps in- 
volved in the Pleiotropic Drug Resistance (PDR) network that con- 
fers resistance to many anticancer and antifungal drugs [15–17].
We show here that 3-BP is an effective agent combined antitumor 
and anticryptoco ccal therapy. This is important as for many years 
the number of cancer patients who develop fungal infections is
increasing dramatically and invasive fungal infections by C. neofor- 
mans often complicate chemothera py [18].
ll rights reserved.

wroc.pl (S. Ułaszewski).
2. Materials and methods 

2.1. Fungal strains 

A total of 52 fungal strains from 14 yeast-like species and 58 fil-
amentou s fungi strains belonging to 18 species were included in
this study (Table 1). Clinical strains (57) were recovered from 
ambulator y patients of the Laboratory of Molecular Diagnostics 
‘‘Bio-Geneti k’’ (Wroclaw) and hospitalized patients in the Wroclaw 
Medical University (Poland). Moreove r a total of 53 environm ental 
strains were isolated from soil and biodeteriorated materials.
2.2. Antifunga l susceptibility testing 

The susceptibility tests toward 3-BP (Sigma), fluconazole (Pfiz-
er) and amphotericin B (Sigma) were performed by standard spot 
tests method on SD medium: 0.67% yeast nitrogen base, 2% bac- 
to-agar (Becton Dickinson) and 2% glucose, pH 5.5 [19]. To deter- 
mine whether glucose has any impact on susceptibility to 3-BP,
as it was described earlier for S. cerevisiae [15], the growth inhibi- 
tion assays were also performed on modified SD medium where 
glucose was replaced by other appropriate carbon source (pur-
chased from Sigma). Differences, if any, of growth susceptibi lity,
were indicated in Table 1. The susceptibility tests toward fluconaz-
ole and amphoteric in B were performed only for the tested C. neo- 
formans strains. The fresh stock solutions 0.6 M 3-BP, 0.011 M
amphoter icin B and 0.16 M fluconazole were prepared in sterile 
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Table 1
Susceptibility of 110 fungal strains towards 3-bromopyr uvate (3-BP) evaluated by
spot tests method b and microdilut ion assay c.

Tested strains MIC (mM) Tested strains MIC (mM)

C. neoformans (4C)a 0.12–0.15b T. mentagrophytes (2C) 1.8–2.4
0.15–0.23c T. rubrum (4C) 1.8–2.4

C. uniguttulatus (2E) 2.4–3.6 T. tonsurans (3C) 1.8–2.4
C. lusitaniae (4C) 2.4–3.6 M. canis (2C) 3.0 
C. guilliermondii (5C) 2.4–3.6 M. gypseum (2C) 3.0–3.6
C. famata (4C) 2.4–3.6 C. herbarum (6E) 7.2–8.4
R. glutinis (2C) 2.4–3.0 U. chartarum (3E) 6.0–7.2
R. rubra (3C) 3.0–3.6 A. tenuissima (2E) 7.2–8.4
C. lipolytica (2C) 1.8–2.4 F. graminearum (2E) 6.0–7.2
C. krusei (5C) 1.2–1.8 T. viride (4E) 7.2–8.4
C. albicans (5C) 2.4–3.6 A. glauca (5E) 1.8–2.4

(1.4–1.8; GAL)d R. nigricans (4E) 1.8–2.4
C. glabrata (5C) 2.4–3.6 C. globosum (3E) 1.8–3.0

(1.2–1.8; TRE)d A. clavatus (2E) 7.2–8.4
C. tropicalis (3C) 2.4–3.6 A. fumigatus (2C + 2E) 6.0–7.2

(1.0–1.4; TRE)d F. oxysporum (4E) 8.4–9.6
A. pullulans (4E) 7.2–8.4 A. niger (3E) 22.8–24.0
E. dermatitidis (4E) 8.4–9.6 P. chrysogenum (3E) 22.8–24.0

a Number of tested strains: C – clinical; E – environmental.
b MIC (Minimal Inhibitory Concentration) values obtained by standard spot tests 

method [19].
c MIC values determined according to microdilution assay [20], defined as the 

lowest compound concentration for which the lack of growth was observed.
d MIC values from tests performed on modified SD medium with: GAL – galact- 

ose; TRE – trehalose.
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water or dimethyl sulfoxide (Sigma) and added in adequate vol- 
ume to the culture medium.

Especially for 3-BP and C. neoformans the in vitro susceptibility
tests were carried out according to Clinical Laborato ry Standards 
Institute (CLSI) reference method M27-A2 [20].

The inocula of the yeast-like fungi were prepared from cultures 
in exponenti al phase of growth and were adjusted to optical den- 
sity OD600 = 0.125. Aliquots of 3 ll were spotted in 10-fold serial 
dilutions onto the plates containing various concentratio ns of the 
tested compound. The 3 ll inocula of all filamentous fungi were 
prepared as described elsewhere [21] and spotted centrally onto 
the plates. The MIC values were determined based on colony diam- 
eter. The plates were incubate d at 28 �C for 72 h for the yeast-like 
or 7 days for the black yeast-like species and 7–14 days for the fil-
amentous fungi.

To check the role of glutathione in the natural resistance to 3-
BP, the spot tests were also performed on medium supplemented 
with pure, reduced GSH (glutathione) or with the glutathione- 
depleting agent BSO (buthionine sulfoximine ) at final concentra- 
tions of 5 and 10 mM, respectively. GSH (Sigma) and BSO (Sigma)
solutions were prepared in water and at the used concentrations 
did not by itself affect the growth of strains.

All the tests were repeated at least three times.
2.3. Intracellular ATP level determination 

ATP level was examine d for cells cultivated in complete YPS 
medium (2% sucrose, 2% peptone and 1% yeast extract), pH 5.5.
The 24 h cultures were diluted to OD600 = 0.25 (8.5–8.7 � 106 -
cells/ml). The cultures were incubated in YPS medium with 0.15 
and 0.30 mM 3-BP (1/16 and 1/8 MIC value, respectivel y), and also 
in medium free of 3-BP. The ATP level was determined after 0, 15,
30, 45 min, 1 and 2 h using the ATPlite™ Luminescence Assay Sys- 
tem (PerkinElmer) and PerkinElm er EnSpire � Multimode Plate 
Reader. ATP levels were compared to that of the control (free of
3-BP) and were recalculated per living cells. Viability of the cells 
at each time-poi nt was determined by plating a 0.1 ml sample of
culture from appropriate culture dilutions on YPD medium (2% glu- 
cose, 2% peptone and 1% yeast extract), pH 5.5. Colonies were 
counted after 72 h of incubation at 28 �C. Viability of the cells eval- 
uated by this method was also determined in SD liquid medium for 
concentr ations equal to two- and fourfold MIC of 3-BP (data not 
shown).

2.4. Glutathio ne determination 

The GSH level of chosen C. neoformans , Cryptococc us uniguttula- 
tus, Aureobasidiu m pullulans and Exophiala dermatitidis strains
grown in the minimal SD medium were determined using boiling 
buffered ethanol procedure for quantitat ive metabolite extraction 
and Ellman’s test as described previously [15].

2.5. Transport assay 

3-BP uptake assays were performed using [14C]-labeled 3-
bromopyr uvate (kindly donated by Young H. Ko, Baltimore), based 
on the method previously described for the radioactive L-lactate
uptake assay [22]. Cells from exponential phase of growth in YPS 
medium, at 28 �C were washed twice and resuspended in ice-cold,
sterile, de-ionized water to obtain the concentr ation of approxi- 
mately 200 mg/ml. Aliquots of 200 ll of cells suspension were 
mixed with 100 ll of 20% of sucrose, 100 ll of 1 M phosphate buf- 
fer (pH 5.0) and 400 ll of de-ionized water and incubated for 
10 min at 30 �C. 200 ll of [14C]-labeled 3-BP solution in appropri- 
ate concentrations prepared in 0.1 M phosphate buffer (pH 5.0)
were added. Samples were incubated for 15, 30, 60, 120 s, 5, 10
and 20 min at 30 �C. At each time-point the reaction was stopped 
using ice-cold water and the sample was filtrated on nitrocellulos e
filters (Whatman), using a vacuum filtration box (Hoefer, USA).
Radioact ivity of each sample was measure d using a Beckman 
LS100 scintillat ion counter. All charts and calculations were made 
using the GraphPad Prism 5 program.
3. Results 

3.1. Antifunga l activity of 3-BP 

The MIC values for most of the 110 tested fungal strains were in
the range of 2.4–3.6 mM 3-BP (Table 1). The highest antifungal 
activity of 3-BP was observed for the basidiomyc etous pathogen 
C. neoforman s. The MIC values determined by spot tests and micro- 
dilution methods were in the range of 0.12–0.15 mM [20–25 lg/
ml] and 0.15–0.23 mM [25–38 lg/ml] 3-BP, respectively. The MIC 
values for fluconazole and amphoter icin B of the tested C. neofor- 
mans strains were in the range of 0.02–0.03 mM [6.25–8.5 lg/ml]
and 0.43–0.54 mM�3 [0.4–0.5 lg/ml], respectively (data not 
shown).

Strains belonging to Glomeromycet es, as well as Ascomycete s
strains from the Trichoph yton genus and also Candida krusei , Can-
dida lipolytica , and Chaetomium globosum exhibited average sus- 
ceptibilit y toward 3-BP (MIC of 1.8–2.4 mM). For fungal species 
such as Cladosporium herbarum , Ulocladium chartarum , Alternaria
tenuissim a, Trichoderma viride , Fusarium graminearu m, Fusarium
oxysporum, Aspergillus clavatus and Aspergillu s fumigatu s the MIC 
values were higher (7.2–8.4 mM 3-BP). The black yeast-like fungi 
E. dermatitidis and A. pullulans exhibited low susceptibility with 
MIC values of 8.4–9.6 mM 3-BP and 7.2–8.4 mM 3-BP, respectively.
Penicillium chrysogen um and Aspergillus niger showed the highest 
resistance with MIC values between 22.8 and 24 mM 3-BP.

3.2. Influence of 3-BP on intracellu lar ATP levels in C. neoforman s

We have determined cellular ATP level in C. neoformans var.
neoforman s after administ ration of 0.15 and 0.30 mM 3-BP (1/16



Fig. 1. Influence of 3-bromopyruvate on intracellular ATP (adenosine 50-triphos- 
phate) levels and viability of Cryptococcus neoformans varietas neoformans.
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and 1/8 of the MIC, respectively). For both 3-BP concentratio ns, the 
intracellular ATP level decrease d by 10% or 20% respectively after 
15 min and 35% or 55% after 1 h of treatment (Fig. 1). It was also 
observed that these concentratio ns of 3-BP caused about 8–10%
Fig. 2. Time-dependent accumulation (A) and uptake velocity (B
decrease of viability after 2 h. However , approximat ely 100% de- 
crease of cell viability was observed after 24 h of cultivatin g in
the presence of 3-PB concentration correspondi ng to fourfold 
MIC value (data not shown).

3.3. Uptake of 3-BP 

To check whether the differences in sensitivit y to 3-BP between 
clinical C. neoformans and environmental Cryptococcu s uniguttula -
tus strains are caused by different permeabilit y properties, we per- 
formed uptake assays using [14C]-labeled 3-BP. Fig. 2A and B shows 
that the level of accumulate d 3-BP and the velocity of its uptake 
into the cells are both significantly higher in C. neoformans var. neo-
formans than in C. uniguttulatu s strain. Although at the first four 
time-poi nts (15, 30, 60 and 120 s) the level of 3-BP accumulation 
was about twofold higher in C. neoformans var. neoformans than
in C. uniguttula tus , it was over fivefold higher after 20 min of incu- 
bation. The highest uptake velocity of 3-BP was observed at the 
beginning of the experiment (approximately 1.5 nmol/min � 106

cells after 15 s) and rapidly decreased later, but not to zero level.
Similarly for C. uniguttula tus and E. dermatitidis the highest values 
of uptake velocity (0.3 and 0.15 nmol/min � 106 cells, respectively )
were also observed within the first 15 s. In E. dermatiti dis we
) of [14C]-labeled 3-bromopyruvate in chosen fungal strains.
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observed a slow increase of 3-BP accumulation and low, but con- 
stant, velocity of its uptake. After 20 min of incubation the level 
of accumulate d 3-BP was equal to 1.25 nmol 3-BP/10 6 cells for C.
neoformans var. neoformans, 0.5 nmol 3-BP/10 6 cells for E. dermatit- 
idis and 0.25 nmol 3-BP/10 6 cells for C. uniguttulatus .

3.4. Resistance to 3-BP related to intracellular GSH level 

Exploring the other factors that could be responsib le for ob- 
served differenc es in susceptibility to 3-BP we determined the 
intracellular GSH content in cells of chosen fungi (Fig. 3). The high- 
est levels of intracellular GSH was observed for the black yeast-like 
fungi A. pullulans and E. dermatitidis grown in minimal SD medium 
(0.15 and 0.18 nmol GSH/10 6 cells, respectivel y). These high levels 
of GSH appears to be related with high MIC values (7.2 and 8.4 mM
3-BP, respectively ). This correlation was also observed when C.
neoformans var. neoformans and C. uniguttulatu s were compare d.
The MIC value for C. neoforman s on SD medium was equal to
0.15 mM 3-BP and the correspond ing GSH level was equal to
0.06 nmol GSH/10 6 cells. In the case of C. uniguttulatus these values 
were equal to 2.4 mM 3-BP and 0.139 nmol GSH/10 6 cells, respec- 
tively. Thus C. uniguttula tus showed about 16-fold lower suscepti- 
bility of growth to 3-BP and about twofold higher intracellular 
level of GSH than C. neoformans.

The influence of the glutathione depleting agent BSO [23] on
fungal susceptibility to 3-BP was also evaluated. In the case of E.
dermatitidis, the presence of 10 mM BSO in the SD medium de- 
creased considerably the MIC values to 0.66–0.72 mM 3-BP com- 
pared to the control MIC values which amounted to 8.4–9.6 mM
3-BP without BSO. For the A. pullulans strains the MIC values in
the presence of BSO were in the range of 0.54–0.6 mM 3-BP com- 
pared to 7.2–8.4 mM 3-BP in control. It was concluded that BSO 
acts synergistically with 3-BP to increase the growth susceptibility 
in the case of E. dermatitidis and A. pullulans . The synergistic effect 
between these two compounds was confirmed for all Cryptococc us
spp. strains tested. While in the control the MIC values for C. neo- 
formans were in the range of 0.12–0.15 mM 3-BP, the addition of
10 mM BSO had more limited synergist ic effect as MIC values of
0.08–0.1 mM 3-BP were observed. Similarly in C. uniguttulatus 
the MIC values of 2.4–3.6 mM 3-BP observed in the absence of
BSO were decreased to 1.4–1.8 mM 3-BP by 10 mM BSO.

Additional evidences for the important role of GSH in 3-BP sus- 
ceptibility were obtained when growth was estimate d by spot 
tests. Growth susceptibility to 3-BP of all E. dermatitidis and A.
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Fig. 3. Comparison of minimal inhibitory concentration MIC values of 3-bromopyruvat
strains.
pullulans tested strains was about twofold lower when 5 mM syn- 
thetic GSH was added to SD medium. This effect was even more 
visible in the case of all tested C. neoformans and C. uniguttulatus 
strains where growth susceptibility to 3-BP was decreased eight 
and twofold by 5 mM synthetic GSH, with MIC values of 3-BP in
the range of 1.0–1.2 and 4.8–6.8 mM 3BP, respectively .

4. Discussion 

In the case of all tested C. neoformans strains comparing the MIC 
values determined for 3-BP (Table 1) with those obtained for fluco-
nazole (0.02–0.03 mM) and amphoter icin B (0.43–0.54 mM�3) we
conclude that 3-BP is an efficient antifunga l agent in comparison 
to fluconazole. Large differenc es in growth susceptibility to 3-BP 
were observed, even between species from the same genus such 
as C. neoformans and C. uniguttulatus . Unlike was reported in S.
cerevisiae [15], no differences in susceptibility depending on car- 
bon source (glucose or sucrose) were observed for these species.
On the other hand the MIC values obtained for Candida glabrata 
and Candida tropicalis were slightly lower on trehalose (1.2–1.8
and 1.0–1.4 mM 3-BP, respectively) than on glucose (2.4–3.6 mM
3-BP). Similarly the MIC values for Candida albicans were lower 
on galactose (1.4–1.8 mM 3-BP) than on glucose (2.4–3.6 mM 3-
BP). A similar different ial sensitivity to 3-BP in galactose versus 
glucose grown cells was described earlier for S. cerevisiae [15]
and is probably related to the well known glucose repression of
the monocarboxy late transporter Jen1p [22]. In the case of C. albi- 
cans a Jen1p homologue was found [24] and a glucose-rep ressible 
lactate uptake was described [25]. Similar mechanism s may exist 
in C. tropicalis which is closely related with C. albicans [26].

Significant differenc es in the uptake and accumulation of 3-BP 
explain different susceptibility toward 3-BP in the case of two 
Cryptococc us species examine d in this study. In the case of C. neo- 
formans var. neoformans , it was shown that the initial uptake veloc- 
ity as well as maximum accumulation level were over fivefold
higher than in C. uniguttulatus . Moreover, preincubation with lac- 
tate did not modify the uptake of 3-BP in C. neoformans var. neofor-
mans cells (data not shown). This suggests that lactate/pyruvate 
transport in C. neoformans , unlike in S. cerevisiae , is rather constitu- 
tive. It was recently established that in the case of S. cerevisiae the
Jen1p transporter is involved in 3-BP uptake and that its repression 
by glucose increases the MIC of 3-BP [15].

S. cerevisiae Jen1p homologues were found in genomes of path- 
ogenic fungi as such as C. albicans , Candida utilis and A. fumigatu s as
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well as in Ascomycetes species closely related to S. cerevisiae [24].
Based on currently available sequenced genome of C. neoformans 
var. neoformans JEC21 [27] we performed BLAST searches with 
the Jen1p sequence from S. cerevisiae as query and confirmed that 
a homolog of Jen1p does not exist in the C. neoformans proteome.
Therefore transporter of lactate/pyruvate other than Jen1p must 
exist. It is well known that C. neoformans is able to proliferate in
human blood and cerebrospinal fluid, which are rich in L-lactate
[28,29]. Our studies based on growth curves comparis on also con- 
firm better utilization of L-lactate by C. neoforman s than by the 
nonpathogeni c C. uniguttulatus (data not shown). This is probably 
connected with expression of unidentified lactate/pyru vate trans- 
porter(s) in C. neoformans or with the lack of such transporters in
C. uniguttulatu s. This observation also could be explain the differ- 
ences in 3-BP uptake into C. neoforman s and C. uniguttulatu s cells
(Fig. 2A and B). This could be related to the fact that during adap- 
tation to mammali an hosts, the central carbon metaboli sm of C.
neoformans is remodeled and that alternative carbon sources such 
as acetate, lactate or fatty acids are utilized [29]. Furthermore, the 
lactate–proton symport paralogu es lacA and lacB recently identi- 
fied in the genome sequence of Rhizopus oryzae , belonging to the 
Glomeromycet es, have no homology to the yeasts monocarboxy- 
late transporter s [30]. Thus, it can be assumed that the different 
susceptibility to 3-BP observed among fungi, are due in part to
the presence or absence as well as phylogeneti c diversity of these 
transporters .

Studies with C. neoformans also show that 3-BP affects the man- 
agement of cellular energy. As the intracellular ATP level decreased 
significantly even in the presence of low sub-MIC values of 3-BP, it
can be concluded that 3-BP acts primary by depletion of intracellu- 
lar ATP, which leads to catabolic perturbation and finally to cell 
death through induction of apoptosis [31]. A similar decrease of
ATP was described earlier for mammali an cancer cells [11]. In via- 
ble cells of C. neoformans , the incubation with 3-BP at a concentra- 
tion equivalent to only 1/8 of MIC value caused decrease of
intracellular ATP of about 20% after 15 min, 40% after 30 min and 
55% after 1 h, (Fig. 1). However , a clear decrease in cell viability 
was observed after 6–8 h of cultivation in the presence of 3-BP con- 
centration corresponding to fourfold MIC value (data not shown).
We assume that rapid decrease in ATP level during the first hour 
of experime nt is probably due to primary inhibition of mitochon- 
drial respiration [13]. Subseque nt slight increase in ATP level 
may be due to temporal upregulation of glycolytic flux.

We have observed a strong correlation between intracellular 
levels of reduced glutathione and resistance to 3-BP in all the 
tested fungal strains. It is well known, that GSH plays an important 
role in cell defense against oxidative stress, as well as in detoxifica-
tion of xenobiotics and heavy metals [32]. This process is due to the 
formation of glutathione-S-con jugates (GS-X) with electronophi lic 
xenobiotics . They are sequestrated in vacuole and/or are excreted 
from fungal cell, especially by multidrug transporter protein 
(MRP1), which exports glutathione -S-conjugates [33,34]. Our sus- 
ceptibility assays performed both in the presence of synthetic 
5 mM GSH, as well as with 10 mM BSO confirmed the role of glu- 
tathione in resistance to 3-BP. It is well known that BSO irrevers- 
ibly inhibits c-glutamylcy steine synthetase (c-GCS) and 
contributes to intracellul ar GSH depletion and oxidative stress 
induction [23]. Our experiences with BSO and synthetic GSH addi- 
tionally conclude that the susceptibi lity of fungi towards 3-BP is
strongly related to natural level of intracellular glutathione .

In conclusio n, our studies demonstrat e that 3-bromo pyruvate 
exhibits various antifunga l properties. It is fungistatic to most of
the 110 tested fungal strains. Moreover it shows strong fungicidal 
effects on sensitive C. neoformans strains where 3-BP caused rapid 
intracellular ATP depletion before C. neoformans cell death even at
concentratio ns as low as 1/8 or 1/16 of the MIC value. Different 
susceptibi lity towards 3-BP observed among the studied fungi is
probably connected with different lactate/py ruvate metabolism 
and different levels of intracellular GSH. Uptake assays of [14C]-
labeled 3-BP shows that natural resistance to 3-BP is probably re- 
lated to different substrate specificity or absence of the pyruvate/ 
lactate transporters in these fungi. As shown earlier in S. cerevisiae ,
different activity of these transporters may be responsible for dif- 
ferent level of 3-BP accumulati on and its toxicity. This may also 
be the case for C. neoformans , C. uniguttulatu s and E. dermatitidis .
Synergisti c effects of 3-BP and BSO were also observed on SD med- 
ium supplemented by 10 mM BSO, as reported earlier for S. cerevi- 
siae. The MIC of 3-BP was reduced from 0.15 to 0.08 mM for C.
neoforman s and from 2.4 to 1.4 mM in case of C. uniguttulatu s.

Taking into account the growing population of fungal strains 
resistant to azoles [9] and the fact that amphoter icin B shows se- 
vere toxic effects toward mammali an cells [3,5] is not difficult to
see that the current treatment options for cryptococcos is are 
becoming more limited. Considering the weak cytotoxic ity of
3-BP towards healthy mammalian cells [10,12,14] and unlike 
fluconazole [8,9] its invulnera bility to the PDR network driving 
multidru g resistance phenotype in fungi, 3-BP may be a promising 
novel antifungal drug, especially against the human and animal 
pathogen C. neoforman s which is very sensitive to 3-BP.

The results of our work are the subject of patent notification
number, P.399978 (Polish Patent Office).
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