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Insights of new molecules as antifungal to 
biofilms and their efficacy by alternative 

methods. 



Focus 

Fungal – host interaction 

 
- Adhesion process and adhesins, 

 

- Biofilms in vitro and in vivo, 

 

- Anti-adhesins and anti-biofilm substances, 

 

- Omics aproach - Planktonic X Biofilm to search  differential 

markers and targets. 



Scenarios 

Fungal 
pathogenesis 

virulence 

Drugs 
toxicity 

Martins et al., 2008; Sixele Pecinalli, 2002; Newmann, Cragg e Snader, 
2003;Zacchino et al, 2003, Denning&Bromley, 2015. 
 

About 1 billion people 
worldwide are estimated to 
suffer from a fungal disease. 

 2 million people die of these 
infections each year. 

Limited number of available 
drugs against  invasive fungi 

with modest success in 
reducing high mortality rates.   

New approaches and new 
therapies for fungal disease 

treatment, including  to 
fungal biofilms (less 

susceptible to drugs). 

Immunotherapy using 
vaccines, monoclonal 
antibodies, as well as,  
peptides and maybe 

antagomirs. 

New options:  

the natural products  or their 
derivatives and  the 

combination of these with the 
usual drugs associated or not 

with the nanoparticles. 

Lack of the broad spectrum 
specificity of these drugs, 

their toxicity and side effects. 

 

Less susceptible 
to drugs 

Planktonic 
X Biofilm 

Alternative 
methods 



SUBSTANCES 
OMICS APPROACH: VIRULENCE 

FACTORS AND THERAPEUTIC TARGETS 

Scanning electron microscopy (SEM) 

Confocal laser scanning Microscopy (CLSM). 

In Cell Analyser / Transmission electron 

microscopy (TEM)  

Toxicity  

Cytotoxicity in vitro 
 MTT assay / sulphorodhamine 

Genotoxicity  
Tunel assay / DNA 
fragmentation and 
apoptosis 

  

MIC and MFC 

antifungal activity 

Sinergism Adhesion inhibition  

Plating/flow cytometer 

fungal burden 

(in vivo) 
Biofilm  

TRANSCRIPTOME 

BIOFILMS OF 
Candida sp 

Cryptococcus sp  
H. capsulatum 

Paracoccidioides sp 
Trychophyton sp 

 

METABOLOME 

SECRETOME PROTEOME 

T. rubrum 

P. brasiliensis 
C. gattii 

C. orthopsilosis 
H.capsulatum 

Efficacy 

Classical and 
alternative models 
such as, the larvae 
Galleria mellonella 

In 2000, Cotter et al. 
showed that Galleria can 
be killed by Candida 
albicans but not 
by Saccharomyces 
cerevisiae. 

Rationale 

(Reduction, Replacement and 
Refinement). 



Specific 
molecules 

Phenotypic 
charac. 

Proteolytic 
enzymes 

Cell wall 
composition 

Anti-adhesin 
molecules 

Anti-biofilms 

Fungal – Host Interaction 

The biofilm formation correspond to fungal encased in a self-produced exopolymeric matrix that 
commonly comprises lipids, proteins that frequently exhibit amyloid-like properties, eDNA and 
exopolysaccharides. 

Adhesins are involved in adherence to 
host tissues or abiotic medical devices. 
 
 This process is critical for colonization 
leading to invasion and damage of host 
tissue. 



Paracoccidioides spp – host interaction 

HOST CELLS 
Cytoskeleton: Actin, Tubulin, Cytokeratin… 

Tigh junctions: Claudin (Voltan, 2009) 
Adherens junctions: Cadherin (Voltan, 2009) 

ECM: Laminin, Fibronectin, Type I Collagen, Type IV 
Collagen, Fibrinogen… 

Others: Actinin,Talin, Vinculin… 

Paracoccidioides spp  express higher level of adhesins-like 
proteins  in adhesion  process  and maybe contribute to 
evasion of host defenses. 

FUNGUS 
Gp43 (Vicentini et al, 1994; Hanna et al, 2000; Vincenzi, 

2002 and Andreotti et al, 2006) 
19 e 32 kDa - hydrolase (González et al, 2005, Hernández 

et al., 2010) 
GADPH (Barbosa et al, 2006) 

N-acetyl-glucosamine (Coltri et al, 2006 and Ganiko et al, 
2007) 

TPI- Triosephosphate isomerase (Pereira et al, 2007) 
Enolase (Donofrio et al, 2009, Nogueira et al, 2010, 

Marcos, 2012) 
Malate synthase (da Silva Neto et al, 2009) 

 
30 kDa / 14-3-3 (Andreotti et al, 2005; Silva, 2011) 



Western blot  of G. mellonella infected with P. brasiliensis or P.lutzii. 1) 
mwm; 2) P. lutzii 3) G. mellonella infected with P. lutzii; 4) P. brasiliensis 5) 

G. mellonella infected with P. brasiliensis; 6) G. mellonella extract 
infection; 7) gp43 purified. The arrow indicates the Gp43. 

Increase expression of gp43 in P. lutzii and 14-3-3 genes as well as, 
gp 43 protein in both species. These higher genes expression could 
explain the potential virulence of this genus in Galleria model as 
well as, in human beings.   

Paracoccidioides spp gene expression of adhesins in Galleria 
mellonella  model  

Relative gene expression of 
enolase, Gp43, 14-3-3, 
triosephosphate isomerase  and 
malate synthase in P. lutzii  and  P. 
brasiliensis, (*)p < 0.05. 
 

Paracoccidioides infection caused a decrease 
of  the density of haemocyte after infection 
in Galleria model. 

The 43 kDa glycoprotein was the first an 
adhesin to be described and to bind to 
laminin and fibronectin.  

Scorzoni et al., submitted 



 Paracoccidioides spp. adhesins in BALB/C mice model 

P. brasiliensis adhesins are more highly expressed 
than P. lutzii .  
Enolase and 14-3-3 seem to be the most 
important adhesins for the Paracoccidioides 
genus during its interaction with this host. 

Relative expression of different genes 
encoding adhesins in the 

genus Paracoccidioides (10 min and 1 
h) in response to the first contact of 
the fungus with the host (infected 

BALB/C mice) . p < 0.05.  

Relative expression of adhesins. 

14-3-3 protein was more expressed in 
the fungal cell wall during interaction 
with epithelial lung cells (A549) and in 
acute infection in mice. 

14-3-3 



Paracoccidioides brasiliensis 14-3-3 adhesin expressed in Saccharomyces cerevisiae 

Pb14-3-3 partially complement S. cerevisiae proteins Bmh1p and Bmh2; recognized as two 
yeast 14-3-3 homologues.  
 
When we evaluated the adhesion profile of S. cerevisiae transformants, Pb14-3-3 acts as 
an adhesin in S. cerevisiae, however Bmh1p does not showed this function.  

Bmh1p and Pb14-3-3 presented identity of 76% and 
Bmh2p and Pb14-3-3, 80% 

Adhesion rate of S. cerevisiae wt, Δbmh1 and Δbmh2, transformed with pYES; 
(B) Adhesion rate of S. cerevisiae wt, Δbmh1 and Δbmh2, transformed with 
pYES-ScBMH1 and (C) Adhesion rate of S. cerevisiae wt, Δbmh1 and Δbmh2, 
transformed with pYES-Pb14-3-3. (*) p>0,05. 

* 

Sato et all., submitted 



Gene silencing by RNA antisense  

Antisense RNA method with A. 
tumefaciens-mediated transformation 
to obtain strains with low expression 
of Pb14-3-3 gene. 

Pb14-3-3aRNA presented reduction 
of 14-3-3 gene expression, 
corresponding reduction in protein  
and elongated yeast cells. 

Pb14-3-3 gene expression in PbWT, 
PbEV and Pb14-3-3-aRNA after a 
month of transformation and after 12 
months of subcultures. 

A) SDS-PAGE of PbWT Pb14-3-3-aRNA; 
B) and C) immunoblotting PbWT and 
Pb14-3-3-aRNA with polyclonal anti-
Pb14-3-3 and monoclonal antibodies 
,respectively. 

Marcos et al., submitted 



90% 50% The adherence of Pb14-3-3 
aRNA yeast cells was 
significantly decreased (± 90% 
and 50%) 

Role of Pb14-3-3 in the adherence of P. brasiliensis to pneumocytes 

A549 epithelial human lung cell 
line infected with PbWT, PbEV 
and Pb14-3-3 aRNA strain yeast 
cells. The interaction was 
assessed by indirect 
immunofluorescence and 
analyzed by flow cytometry at 
different time points.*p<0.05  
 

Marcos et al., submitted 

Gene silencing by RNA antisense applied to Paracoccidioides spp 

Decreased expression level of Pb14-3-3 
resulted in a significant reduction of the 
virulence phenotype, as reflected in the 
increased survival of larvae infected with 
yeast strain Pb14-3-3 aRNA.  

Pb14-3-3 maybe involved in the 
pathogenicity of P. brasiliensis. 



Why does fungi form biofilms? 
Better survival conditions in natural 
environment and in tissues. 

Pinto et al., 2000 

BIOFILM 

Oral Cavity 

Upper 
airways 

Medical 
Devices 

Wounds 

GI &  

Urinary Tract 

Lower airways 

 

 Radiation 

 Dehydration 

 Predators 

 Phagocytosis 

 Antimicrobials 

Biofilms contributed to the 
persistence of numerous disease. 
An extracellular matrix provides 
protection from host defense 
mechanisms and antifungal drugs 
. 

`Pitangui et al., 2013 



Trychophyton spp 

Candida parapsilosis complex 

Paracoccidioides brasiliensis 

Histoplasma capsulatum  

Environmental strains  
Cryptococcus neoformans and C. gattii 

Fungal Biofilms 

10µm 

 

A 

Sardi et al., Virulence, 2015-In Press 



Library peptides obtained by 
phage display; 
 
Antibodies anti-adhesins and 
adhesion process. 

Antifungal and other approaches  

Chemistry Institute NUBBE and IBILCE-UNESP 

Usnic acid,  
Protocatecuate derivatives, 
Pedalitin and conventional drugs, 
0.0HDZ analogue, 
alkyl gallates series, 
Chalcones analog and 
nanoformulations (patent). 

Approximately 1000 compounds from 
natural products were evaluated and 
several molecules presented antifungal 
property.  Therefore,  synthetic 
analogues are under development 
with structure modifications as model 
to new prototypes. 

Our laboratory has been consolidating a 
platform for the development of antifungals. 
This platform is based on FAPESP programs, 
such as Biota and BIOPROSPECTA. 



 
Reduction of 50% in the metabolic 
activities of biofilms of C. parapsilosis 
complex (BEC50) in lower concentration; 
 
Absence of cytotoxicity. 

Candida parapsilosis complex 

A secondary lichen metabolite is 
known to possesses antimicrobial 
properties in addition to antiviral, 
antiprotozoal, antiproliferative, anti-
inflammatory, and analgesic activity. 

Usnic acid  

Pires et al.,  2012. 



Effect of protocatechuate derivative with improved selectivity index to 

prevent the formation of biofilms 

Concentrations above or equal to 7.8 mg / L 

of nonyl protocatechuate inhibited 

Trichophyton mentagrophytes  biofilm.  

 

For the other strains, concentrations greater 

than or equal to 15.6 mg / L prevented the 

formation of biofilms.  

 

Fourteen alkyl protocatechuates were tested. 
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Prevention of Trichophyton spp biofilm formation by  Nonyl Protocatechuate 
determined by the reduction of metabolic activity test (XTT). (*p<0.001)  

The nonyl protocatechuate caused serious 
damage to the hyphae, with possible leakage of 
cytoplasmic contents, collapse of the walls and 
damage to the array. 

Costa-Orlandi, et al., 

pro-oxidant capacity 



Nonyl  Protocatechuate action on Histoplasma capsulatum biofilm 

A) H. capsulatum biofilm (strain EH 317) 
after 96 hours in BHI.  
 

B) Nonyl Protocatechuate treatment at a 
concentration of 62.5 mg / ml on the H. 
capsulatum biofilm. 

SEM of H.capsulatum biofilm before and 
after nonyl  treatment  

 Degradation of extracellular matrix by the 
action of nonyl protocatechuate 62,5μg / 
mL in the H. capsulatum biofilm (strain EH 
317).  

H.c biofilm Nonyl   

O
.D

. Reduction of the H. capsulatum (strain EH 
317) biofilm after contact with nonyl. 
Crystal violet and safranin method. 
(p<0,05). 

Midoricava et al., 



hexyl, heptyl, octyl, nonyl, decyl and dodecyl 
Protocatechuates were used to verify antifungal 
activity against Paracoccidioides spp.  
Protocatechuates derivatives showed high activity 
against Paracoccidioides spp isolates with MIC values 
ranging from 0.24μg/mL to 7.8μg/mL  

The best was the dodecyl derivative, which 
was non-cytotoxic.  
The results showed that the dodecyl inhibited 
adhesion on 64%.  

The nanostructured system lipid 
(NLS)+dodecyl inhibited the adherence of the 
fungus in both matrices.  
 
The results showed dodecyl in the NLS 
inhibited 81% for fibronectin matrix and 82% 
for laminin matrix. 

Alarcon et al., submitted 

Protocatechuates derivatives anti-Paracoccidioides adhesion  

81% 

82% 



Inhibition fibronectin adhesion    
 
The 2-chalcone inhibited 51% and 
nanostructured system lipid (NLS)+2-chalcone 
inhibited 70% for fibronectin matrix, 
respectively (p<0,01).  

Assays for inhibition of ECM adhesion of P. brasiliensis 

Inhibition laminin  adhesion    
 
The             2-chalcone inhibited 67% and 
NLS+2-chalcone inhibited 77% for 
laminin matrix,  respectively (p <0.05). 

Alarcon et al., submitted 

Patent protocol 13CI035 

70% 

77% 



Survival Curves 

Survival curves of G. mellonella infected with 

different inocula  of C. albicans  and C. krusei, 

incubated at 37C. 

Efficacy of  Amphotericin B during G. mellonella 
infection with  C. krusei. Amphotericin B treatment 
efficacy (1, 2, 4 mg/kg) 

C. krusei and C. albicans killed G. 
mellonella in a dependent dose-
response`.  

C. krusei  is less virulent compared to C. albicans  
(10 X) 

Galleria mellonella infection by Candida species 



Survival of plantkonic and biofilm forms of  C. neoformans and C. gattii in G. mellonella  

Benaducci et al., submitted 

Cells from biofilm of two 
species were more 
virulent than planktonic 
cells in Galleria 
mellonella model. 

C.neoformans 

C.gattii 

Days 
Days 

Days Days 

Larvae inoculated with biofilm cells presented less survival 

Biofilms are AMB resistant 
compared to planktonic cells. 

C. neoformans and  C. gattii biofilms presented higher 
expression of CAP59, LAC1 and  URE1 genes as compared  
to planktonic form. This result agrees with major 
virulence of biofilm cells in Galleria model.  



The percentage of living cells was 
greater than 50% for all Ped 
concentrations tested, thereby 
indicating that this substance is non-
toxic. 

Toxicity of pedalitin from Pterogyne nitens in G. 
mellonella and select cells 

Sangalli et al. 
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Pedalitin 
concentration 

Anti-oxidative activity 

Toxicity test of pedalitin 
(6,25, 12,5, 25, 40, 50, 100 
e 200 mg/kg) in Galleria 
mellonella. 
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Days 

The death of the larvae is dose-dependent 

Representative graphs of PED cytotoxicity. In A: HepG2 (human hepatoma cells); B: MRC-5 
(normal lung fibroblasts human); C: NOK (normal oral mucosa keratinocytes) and D: U87 
(glial cells). Hydrogen peroxide was used as a control. 
 



Sangalli, F et al.  

In vivo studies show similarity in the 
AMB and pedalitin activity, taking into 
account the fungal burden and the  
survival time of infected Galleria and 
mice with C. neoformans. 

Survival time of mice Balb-C mice infected with C. neoformans 
and treated with amphotericin B (1.0 mg / kg) and the natural 
substance pedalitin (40 mg / kg). 

Pedalitin substance and amphotericin B and their activity in vivo against C.neoformans using 
alternative and conventional model  

Days 

Days 

The combination of PED and AMB 
allowed a 4 fold reduction of 
concentrations for both substances 
against C. neoformans ATCC 90012.  

Synergistic activity Ped and AMB  



The tested substances, presented  significant 
reduction in adhesion at all times (p <0.001). 
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Inhibition of adhesion to different cells by AMB and Pedalitin  

The inoculum of C. neoformans was in contact for 4 h to test 
MRC-5 and 1 h with U87 and then the treatments were 
added with pedalitin (3.9 mg / L), AMB B (0.125 mg / L) and 
the combination of pedalitin (0.97 mg / L) with AMB B (0.03 
mg / L). (*p<0,001) 

For all treatments the adhesion profile was 
similar, verifying lower adhesion rate two 
hours after treatment, with percentage of 
inhibition around 70% for MRC-5 and 60% 
for U87. 

Sangalli, F et al.2015  

Lung 

Brain 



Spot Massa 

Molecular 

Alteração na 

expressão 

Proteína Código de 

acesso 

Ped 38 51141 -2,9 Mitochondrial distribution and 

morphology protein 10 

MDM10_LACTC 

Ped 41 8938 -2,2 Protein transport protein SSS1 SC61G_YEAST 

Ped 23 12232 -3,4 60S ribosomal protein L44 RL44_COPC7 

Ped 14 65320 -2,63 Pre-mRNA-splicing factor SLU7 SLU7_CRYNE 

Ped 21 44596 -4,0 Ketol-acid reductoisomerase, 

mitochondrial 

ILV5_NEUCR 

Ped 27 36269 -3,11 Glyceraldehyde-3-phosphate 

dehydrogenase 

G3P_CRYNE 

Ped 18 48759 -3,0 NADP-specific glutamate 

dehydrogenase 1 

DHE4_SCHPO 

Ped 35 19842 -2,31 Putative 40S ribosomal protein 

S4-like (Fragment) 

YS4L_PNECA 

Ped 07 44571 -4,4 ATP-dependent RNA helicase 

eIF4A 

IF4A_CANAL 

Ped 13 22946 -3,7 Peptidyl-prolyl cis-trans 

isomerase B 

PPIB_ASPFU 

C. neoformans proteins after pedalitin contact   

Proteomic analysis of C. neoformans resulted in an increased expression of proteins 

related to oxidation-reduction and proteolysis stress response and reduced expression of 

proteins involved in metabolic processes, transport and translation 



Anti- adhesins sera  



The role of the 14-3-3 and ENO adhesins in the virulence of P. brasiliensis and P. 
lutzii using G. mellonella as model.  

Treatment of P. brasiliensis and P. lutzii 
with 14-3-3 monoclonal antibody and 
enolase polyclonal antibody led to 
significant reduction in virulence, as 
measured by Galleria mortality (p < 0.05). 

Antibodies anti-adhesins in Paracoccidioides spp. 

de Oliveira et al. 2015 

The Paracoccidoides spp treatment with anti-
14-3-3 and enolase leads to a decrease  of P.b 
and P.l adhesion. 

Survival rates of 69%  

This blocking led to a reduction in the virulence 
of P. lutzii and P. brasiliensis, confirming the 
relationship between adhesins and virulence. 

31% 

20% 

22% 



C. orthopsilosis  

Functional categories 

Pires et al., submitted. 

Functional annotation of the 
non-redundant protein list 
revealed the top-ranked 
biological process was cellular 
metabolism. 

(a) Venn diagram. The proteins detected in 
planktonic growth, the proteins common and 
the differential proteins of biofilm growth.  

http://www.sciencephoto.com/images/download_lo_res.html?id=662500856
http://www.sciencephoto.com/images/download_lo_res.html?id=662501010
http://www.sciencephoto.com/images/download_lo_res.html?id=662501010
http://www.sciencephoto.com/images/download_wm_image.html/F0022582-Candida_albicans-SPL.jpg?id=700022582
http://www.sciencephoto.com/images/download_wm_image.html/F0022582-Candida_albicans-SPL.jpg?id=700022582
http://www.sciencephoto.com/images/download_wm_image.html/B250842-Thrush_fungus,_Candida_albicans-SPL.jpg?id=662500842


Results of C. orthopsilosis planktonic cells 

glycolysis 

Krebs cycle 

Electron chain 

transporter 

The metabolism is directed 
to the oxidative respiration 
with abundantly expression 
of enzymes of the glycolytic 
pathway, Krebs cycle and 
electron transfer chain. 



Results of C. orthopsilosis biofilm cells 

neoglucogenesis 

glyoxilate 

Pentose phosphate pathway 

Co- facthores NAD+ 

v
i
t
a
m
i
n
s 

The immobilization of the cells 
within the matrix leads to a 
hypoxic environment which 
directs the metabolism to 
fermentation and energy 
extraction from the glyoxylate 
cycle,  from gluconeogenesis, and 
pentose pathway.  

The expression of proteins 
related to the biosynthesis of 
cofactors and vitamins suggests 
supply of NADH and NADPH 
precursors of these cells. 

The use of alternative energy 
sources emphasized the 
flexibility of the biofilm cells 
for use of the nutrients 
available allowing their 
adaptation in different niches. 
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