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ABSTRACT. Proteases perform a wide variety of functions inside
and outside cells, regulating many biological processes. Infectious mi-
croorganisms use proteases, either secreted or attached to their cell sur-
face to weaken and invade their hosts. Therefore, proteases are targets
for drugs against a diverse set of diseases. Paracoccidioides brasili-
ensis is the most prevalent fungal pathogen causing systemic mycosis in
Latin America. The development of paracoccidioidomycosis depends
on interactions between fungal and host components and proteases have
been described as important factors implicated in the mechanism of host
colonization by fungi. The primary goal for this study is to present an
overview of the transcriptome sequences - identified cDNAs that en-
code proteases. We obtained a total of 53 cDNAs encoding proteases;
15 were classified as ATP-independent, 12 as ATP-dependent, 22 as
proteasome subunits, and 4 as deubiquitinating proteases. The mechan-
isms and biological activity of these proteases differ in substrate speci-
ficity and in catalytic mechanisms.

Key words: Paracoccidioides brasiliensis, Host-fungus interaction,
Proteases, Proteasome
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INTRODUCTION

Proteases are enzymes that cleave proteins catalysing the hydrolysis of peptide bond.
Based on their catalytic mechanisms, proteases can be classified into five main classes: i) as-
partyl proteases; ii) metalloproteases; iii) cysteine proteases; iv) threonine proteases, and v)
serine proteases. Proteases in the first two classes use an activated water molecule as a nu-
cleophile to attack the peptide bond of the substrate, whereas in the last three classes the
nucleophile is a catalytic amino-acid residue located in the active site (Rawlings and Barrett,
1993; Barrett et al., 1998). Proteases are also grossly subdivided into two major groups, depend-
ing on their site of action. Exopeptidases cleave the peptide bond proximal to the amino or
carboxyl termini of the substrate whereas endopeptidases cleave peptide bonds distant from the
termini of the substrate (Watson, 1976).

Proteolytic enzymes play many physiological roles and are essential factors for homeo-
static control in organisms. Proteases are widely produced amongst fungi and serve a number
of different roles within fungal systems including nutrient cycling and post-translational process-
ing (North, 1982). In some instances a correlation between protease production and pathogenic-
ity was reported. There is accumulating evidence of the direct involvement of fungi proteases in
different phases of the host-fungi interactions. The physiological role of proteases during colo-
nization of the host is thought to be the degradation of the skin and mucosal barriers, digestion of
host proteins to provide nutrients and attack the lymphocytes and macrophages, affecting the
immune defenses of the host (Hube, 2000; Yang, 2003).

A fraction of the proteolytic activity of cells is ATP independent. In addition, studies
have identified three ATP-dependent systems involved in protein degradation in eukaryotic or-
ganisms (Menon and Goldberg, 1987). These systems include: 1) proteases that require the
binding and hydrolysis of ATP for proteolytic activity (Lon, CIPs and the 26 S protease have
been identified in detail; ii) the ubiquitin conjugating system, and iii) chaperone proteins.

Paracoccidioides brasiliensis is a dimorphic fungus that alternates between a myce-
lium phase in the free environment and a yeast phase in the human host. Primary infection starts
in the lungs after inhalation of fungal propagules which then transform into the pathogenic yeast
form. Primary infection is usually spontaneously healed; active paracoccidioidomycosis is esti-
mated to develop in approximately 2% of the infected individuals (McEwen et al., 1995). P.
brasiliensis thus represents a serious public health challenge, with social and economical im-
portance. The observation that only a percentual of infected individuals can develop the disease
points to both the pathogenic potential of P. brasiliensis and the importance of host defense in
controlling fungal infection. P. brasiliensis expresses some molecules that account for its ability
to evade efficiently the host protective immune system and proteases should be included with
these molecules. Protease-like activity in the culture filtrates of P. brasiliensis was originally
noted and an exocellular serine protease has been characterized as a molecule that cleaves in
vitro the main components of the basal membrane (Carmona et al., 1995; Puccia et al., 1999).
Although potentially associated with the invasion process the role of P. brasiliensis proteases in
the fungus ability to cause disease remains to be elucidated.

The objective of this review is to summarize the information about the transcriptome-
based identification of proteases of P. brasiliensis. The availability of primary structural infor-
mation about a group of the identified expressed sequence tags (ESTs) allows further analysis
and a better overall understanding of pathogen interactions with human host. This insight may
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shed light on the elucidation of specific functions in which these proteins are involved as well as
discover the role of these proteins in the pathogenesis of P. brasiliensis.

METHODS

Annotated ESTs encoding energy-dependent and -independent proteases were obtained
in P. brasiliensis Transcriptome Project database (http://www.biomol.unb.br/Pb). We screened
available databases of proteases, including MEROPS (http://merops.sanger.ac.uk/) and Pfam
(http://pfam.wustl.edu). The search for similarity was conducted using the BLAST search tools,
using the interface web of the National Center for Biotechnology Information (NCBI) (http://
www.ncbi.nlm.nih.gov/). Domains and predicted active sites were screened using the ProfileScan
(http://hits.isb-sib.ch/cgi-bin/PFSCAN?) and ScanProsite algorithms (http://ca.expasy.org/tools/
scanprosite/). Multiple sequence alignments were generated using the program ClustalX 1.81
software (Thompson et al., 1997).

RESULTS AND DISCUSSION
Proteases of Paracoccidioides brasiliensis

By using the primary information that was retrieved from the P. brasiliensis transcrip-
tome (http://www.biomol.unb.br/Pb), combined with data from the MEROPS database (http://
merops.sanger.ac.uk/) we have annotated 53 ORFs encoding energy-independent and -dependent
proteases, including proteasome subunits, aspartyl, cysteine, metallo, and serine proteases. These
cDNAs that encode protease homologues in the fungus transcriptome were annotated, as shown
in Figure 1. The proteases of P. brasiliensis are distributed as following: 5.6% aspartyl pro-
teases, 11.3% cysteine proteases, 22.6% metalloproteases, 18.8% serine proteases, and 41.5%
proteasome subunits.

O Aspartyl proteases
25 4 22
| i S
20 4 Cysteine proteases
15 1 12_10 O Metalloproteases
10 4 8
5 ] 3 [ Serine proteases
0 - [@ Proteasome subunits

Figure 1. Classification of the Paracoccidioides brasiliensis proteases present in the fungus transcriptome. The se-
quences were obtained at (http://www.biomol.unb.br/Pb). Aspartyl, cysteine, metallo, and serine proteases were classified
using the BLAST search tools in the MEROPS database (http://merops.sanger.ac.uk/). Proteasome subunits were classified
by homology search, using the BLAST program at the National Center for Biotechnology Information (NCBI) (http://
www.ncbi.nlm.nih.gov/).
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Energy-independent proteases of Paracoccidioides brasiliensis
Exopeptidases and endopeptidases

We have annotated a total of 15 cDNAs, which encode energy-independent protease
homologues in the fungus transcriptome, as shown in Table 1. From these, two were classified
as exopeptidases and the remaining 13 as endopeptidases. The energy-independent proteases
are distributed as following: three aspartyl, two cysteine, eight metallo, and two serine pro-
teases.

Table 1. ATP-independent proteases of Paracoccidioides brasiliensis.

Product name Best Blast Hits in Classification in Motifs**
NCBI database MEROPS database*

Aspartyl protease (GenBank el AOI? DTG

accession number AY278218)!

Aspartyl protease' Te'8 A3

Cathepsin D! le's A3

Zinc metalloprotease’ 2e33 MI12B° HEXXH

O-sialoglycoprotein endopeptidase' Se M22°

Glycoprotein endopeptidase’ 9e7 M223

Proline aminopeptidase’ 360 M24B° HXXE

Prenyl protease' 8e M48AS HEXXH

Zinc metalloprotease' 5e M? HEXXH

Metallopeptidase' 8e! M> HEXXH

Zinc protease’ 2e8 M>

Aminopeptidase C? le™ Co1B* QC

Caspase' 3e!! c*

Serine protease (GenBank accession e16 SO8A® DHS

number AY319300)!

Kex2 endoprotease! 9e%* SO8B®

-Endopeptidases; *-Exopeptidases; *-Aspartyl protease; “-Cysteine protease; >-Metalloprotease; °-Serine protease.
*Protease families and subfamilies described and obtained by MEROPS Blast.
**Active site residues obtained by experimental analysis and described in MEROPS database (http://merops.sanger.ac.uk).

Aspartyl proteases of Paracoccidioides brasiliensis

Three aspartyl proteases were found in the P. brasiliensis transcriptome (Table 1,
Figure 1). Aspartyl proteases are a group of proteolytic enzymes including the pepsin family that
share the same catalytic apparatus and usually function in acidic conditions (Rao et al., 1998).
This fact limits the function of this class of proteases to specific locations in the cell. Aspartyl
proteases are ubiquitous in nature and are involved in a myriad of biochemical processes. Well-
known aspartyl proteases include pepsin and renin in humans (Davies, 1990).

Aspartyl proteases are directly dependent on aspartic acid residues for their catalytic
activity and comprise three sub-families: 1) family A1, related to pepsin; ii) family A2, retropepsins,
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and iii) family A3, retropepsins-like. In the A1 family (clan AA) the catalytic Asp residue occurs
within the motif Asp-Ser/Thr-Gly. This family contains many secreted enzymes, which are
probably synthesized as propeptides with signal peptides (Dash et al., 2003). The aspartyl
protease-deduced primary sequences of the P. brasiliensis were analyzed for the pres-
ence of the characteristic motif (Asp-Ser/Thr-Gly). Only one protease of this class pre-
sents this motif as shown in Table 1. The excerpt of the alignment of this P. brasiliensis
aspartyl protease with related sequences is shown in Figure 2. The conserved catalytic
motif of known aspartyl proteases and its active site are shown, which are conserved
among the compared sequences (Figure 2). Since only the sequence (GenBank accession
number AY278218) encoding the homolog of a secreted aspartyl protease of P. brasiliensis
was completely sequenced and characterized, it is possible that complete sequencing of other
aspartyl proteases found in the P. brasiliensis transcriptome would reveal the expected cata-
Iytic triad.

Pa 1 DTGSSDLWVES 58
Th ADDEYITSVSIGTPAQVLPLDFDTGSSDLWVES &0
AfF OYDEEYLTPVEVGG=TTLHNLDFDTGSADLWVEFSEELSAS 50
Ph  ssmeeeeee- HEVLVDHNFLNAQYFSEISIGTPEPOTFEVVLDTGS SHLEVES 51
An ——mmm———- HDVLVDNFLMAQYFSEIELGTPEQEFEVYLDTGS SHLWVES 51
' 1.'_: B P " :!."'\k':_:'k'!.' *

Pa DESGSRGTVYTDNFTIGGLEVESQA = ==c=c===x 108
Th HALYSPSK

Af HATYEP—SANAQKLNGY TWEIQYGDGESASGDEYEDTVTVEEVTADSQAVERASHISSD

Fh HSHYDE STHRE-NGTEFAIRYGS5GE5-LEGFVESQDVLRIGDMTVESQDFAEATSEPGL 1049
An HNKYDSSASSTYHE-NGSEFAIKYGSG5-LE3GFVSQDTLRIGDLEVEGODFAEATNERGL 109

* £

Figure 2. Alignment of the deduced amino acid sequence of Paracoccidioides brasiliensis aspartyl protease (AY278218),
family AOI, and related sequences. Black box represents the putative conserved active site, with the catalytic triad
evidenced in bold type letters. The sequences aligned were obtained in MEROPS database: Pa, Podospora anserina
(013340); Th, Trichoderma harzianum (QOHDTO6); Af, Aspergillus fumigatus (P41748); Pb, Paracoccidioides brasilien-
sis aminopeptidase; An, Aspergillus niger (Q00070).

Metalloproteases of Paracoccidioides brasiliensis

Zinc-containing metalloproteases are widely distributed in prokaryotic and eukaryotic
organisms and are classified into four groups comprehending DD-carboxypeptidases, carbox-
ypeptidases, zincins, and inverzincins (Miyoshi and Shinoda, 2000). One of the most prominent
group comprehends the proteins possessing the HEXXH zinc-binding motif, belonging to the
zincins superfamily (Miyoshi and Shinoda, 2000). From the eight identified energy-independent
zinc metalloproteases in the P. brasiliensis transcriptome, four presented the consensus motif
HEXXH which define those proteases as members of the zincins family, as shown in Table 1.
The production of such proteases by P. brasiliensis should be of special note, since evidence
has been presented identifying the zincins as pathogenic factors in other microorganisms (Klimpel
et al., 1994; Matthews et al., 1998). The motif present in carboxypeptidases (HXXE) was also
found in the predicted metalloproteases of P. brasiliensis (Table 1).
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Cysteine proteases of Paracoccidioides brasiliensis

Cysteine proteases occur in both prokaryotes and eukaryotes. About 20 subfamilies of
cysteine proteases have been recognized. A detailed analysis of the P. brasiliensis transcrip-
tome database reveled two ESTs encoding cysteine proteases ATP independent (Figure 1, Table
1).

Active site residues Q, C, H, N obtained by experimental evidence are described in
cysteine families in MEROPS database (http://merops.sanger.ac.uk). Two residues (Q and C)
were found in one ORF encoding an aminopeptidase of the cysteine family of P. brasiliensis
(Table 1). An excerpt of the alignment of this EST with related sequences is shown in Figure 3
and presents those conserved active site residues, which were present in all considered homo-
logues.

Among the cysteine proteases, a caspase homolog was detected (Table 1) suggesting
that the programmed cell death in P. brasiliensis in its initiation and execution phases could be
proteolytically regulated by this class of molecules, as described in other systems (Shi, 2002).

Ll —————— CLDLTEDPVTHOFOSGRCWMEFAALNTFREHEFINEFETED 45
Lm f WMEAALNTFEHEFINEFKET 44
Sp MEAALNTFEHEFINEFETEL 44
Fh -——-IKIP NLEAMTHNVEREVALMELYHNVEDRN 46
S EVEMNTY NLEFAATHNQLELNVLSELNLEEE 50
Ll YTEFFWDEYEKSHWFMEQI IG--DVAMDDRERLEFLLOTPQODGGOWDMMYE 93
Lm YTEFWDEYERSHWFMEQI IG--DVAMDDERLEFLLOTP W A 92
Sp YTEFWDEYERSHWFMEQI IG--DVAMDDERLEFLLOT 92
Bh j 96

YPEFWDEIEKANWELE
sSc YLEFYDELERANYFLDOIVESADDDIDERLVOY LLAAPTEDGGQY

* * ok k L I T A R - .k * . - * . * Rk . *

Ll  IFDEYGIV 101
Lm IFDEYGIV 100
Sp IFDEYGIV 100

Pb  LVRK---- 100

Figure 3. Alignment of the deduced amino acid sequence of Paracoccidioides brasiliensis aminopeptidase C (cysteine
peptidase), family CO1B and related sequences. Black boxes and bold letters represent the putative conserved active site
residues obtained in MEROPS database: LI, Lactococcus lactis (Q04723); Lm, Listeria monocytogenes (069192); Sp,
Streptococcus pyogenes (Q99YLO); Pb, Paracoccidioides brasiliensis aminopeptidase; Sc, Saccharomyces cerevisiae
(Q01532).

Serine proteases of Paracoccidioides brasiliensis

Serine proteases are a family of enzymes that utilize a uniquely activated serine residue
in the substrate-binding site to catalytically hydrolyze peptide bonds (Schultz and Liebman, 1997).
They are numerous and widespread among virus, bacteria and eukaryotes, suggesting that they
are vital to the organisms. Owing to the expanding roles for serine proteases, including a diverse
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array of physiological functions (Henderson et al., 1992; Froelich et al., 1993), there has been
increasing interest in the identification, structural and functional characterization of members of
this family. In terms of absolute numbers we identified two energy independent serine proteases
in the P. brasiliensis transcriptome (Figure 1, Table 1). The essential amino acid residues form-
ing the catalytic triad (DHS) were detected in one of the deduced ORFs encoding the serine
protease of P. brasiliensis (GenBank accession number AY319300).

Figure 4 presents the alignment of the deduced amino acid sequence encoding this
serine protease, family SO8A of P. brasiliensis with related sequences present in MEROPS
database. The catalytic triad is conserved among the sequences.

Among the identified serine proteases a Kex2 endoprotease was identified (Table 1).
The Kex2 endoprotease presented the highest identity to the Kex2 gene of P. brasiliensis
described elsewhere (Venancio et al., 2002).

Sc YDDDAGRGVTSYVIDTGVNINHEDFEERAIWGKTIFPLNDEDI

Fh  =mememccccccccsccccssss s s s a——=— ATIPDGDGDE 28
Sp YNETAGEGYVTAYVIDTGINIEHODEQGRATWGAT IPTGEGES hC”lh ETF 60
Af ———NGGEGTYAYVVDIGINVDHEEFEGRASL-AYHAAGGOHY HVSGTIGGRTY 57
ok *
Sc GVAKNANVVAVEVLESNGSGTMSDVVEGVEY AAKAHOK - —===== EAQEEEKGFEGSTANM 114
Fh GVAEKKSHIYAVEVLREENGEGTIGDVIKEGVEFVATSHTENVEAAEAGESNEEG WANM 58
Sp GVSENAKLVAVEVMRADGTGTVSDIIEGIEFAFROSEE—===c=c===x DEESIASVVHM 1089
A GVAREANLLSVEVEVGESS=S5TSIILDGENWAANDIVES === =x EERTGEAARINM 105
e L Eg BREFR k. B o B0 T EH. o . g H
Sc SLGGGESPALDLAVHAAVEVGIHFAVARGNENODACNTSPASADKATITVGASTLSDDRAY 174
Fh SLGGSRSHALDY TVNSAVETGVHFAVARGHDNSNACY Y SPARRACAVTVGASTLADERAF 148
Sp SIGGDASTALDLAVNAAIAGGLEFFAVAAGHNDAEDACGTSPARVSHAMTVGASTWNDOIAS 1469
A SLGGGY SEAFNDAVENAFNEGVLSIVARGHNENTDASRTSPASAPDAFTVAAINVHNNTEREAY 165

I * W os e a W a - LY oAk W . =W W W - W - " -

S¢ FSNWGKCVDVEAPGLNILSTY IGSDDATATLSGT
Fb FENYGMCLDVEGPGLNVMSTWIGGEYAVNTISGT
Sp FESNIGSCVDIFAPGSLILSDWIGSNRASMILSGT
Af FENYGEVVDIFAPGONILSAWIGSENTATNTISGT

oW * =W s W W a = W a W W - PR

MASFHVAGLLT—————————~
1ASPHVAGLLAYFLSLO-~——~
1;-.5"'—'1-’FFTP.PYFT5T —————

Sl v i N e |

B B B BRI
e o ]

Figure 4. Alignment of the deduced amino sequence of Paracoccidioides brasiliensis serine protease (AY319300), family
SO8A to related sequences. Black boxes and bold letters show conserved residues of the catalytic triad DHS, well described
in this family. The sequences aligned were obtained in MEROPS database: Sc, Saccharomyces cerevisiae (P09232); Pb,
Paracoccidioides brasiliensis aminopeptidase; Sp, Schizosaccharomyces pombe (P78879); Af, Aspergillus flavus
(P35211).

Energy-dependent protease homologues in Paracoccidioides brasiliensis
Lon protease
The first ATP-dependent protease to be identified in P. brasiliensis was the Lon prote-

ase (Barros and Puccia, 2001). The lon gene product is a protein of 1063 amino acids, which
presents a single ATP-binding consensus and a serine catalytic site (KDGPSAG). Lon is an
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endoprotease, cleaving substrates at multiple sites only in the presence of ATP, in several organ-
isms. The protease activity of P. brasiliensis Lon has to be determined.

Clps proteases

Clps has been described in P. brasiliensis (Table 2). The first Clp protein to be de-
scribed in the fungus was the ClpB (Jesuino et al., 2002). The ClpB protein of P. brasiliensis
presents two ATP-binding domains which places the protein in the class I Clp/HSP100 family
(Schirmer et al., 1996). ClpB is also a heat shock protein which is induced upon the mycelium to
yeast transition in P. brasiliensis. Heat shock element motifs in the clpB gene promoter region,
in addition to the preferential protein expression in yeast cells could suggest a role of ClpB
during the temperature upshift that characterizes the infective process by P. brasiliensis.

ClpA is another member of the Clp family described in P. brasiliensis (GenBank ac-
cession number AY229978) (Table 2). CIpA is a member of proteins that includes the yeast
HSP104, which is required for acute thermotolerance (Parsell et al., 1991). The cDNA
sequence, which encodes a predicted protein of 927 amino acids, was obtained (Oliveira et
al., 2005). The characteristic two nucleotide-binding domains were present in the deduced
protein.

Other members of the Clp protease family were obtained by analysis of the P. brasili-
ensis transcriptome. In agreement to Lon, ClpB and ClpA belong to the serine protease family
(Table 2). Subunits of unclassified Clps were also obtained. Another member of the AAA su-
perfamily of protease was identified (Table 2) and includes a predicted mitochondrial product,
which should be involved in mitochondrial biogenesis. This mitochondrial AA A metalloprotease
contains the zinc-binding domain (HEXXH) and could be encoded by a small gene family, as
described in other fungi (Shah et al., 2000). Other mitochondrial peptidases were found and
listed in Table 2, including members of the inverzincins and DD-carboxypeptidases of the zinc
metalloprotease family (Miyoshi and Shinoda, 2000).

Table 2. ATP-dependent proteases of Paracoccidioides brasiliensis.

Product name Best Blast Hits in Classification in Motifs
NCBI database MEROPS database*

Lon protease et S16

ClpB 2e% S

ClpA e!1o Si4

ATP-dependent protease Clp 6e71 S

ATP-dependent ClpP2 protease subunit Tee S14

ATP-dependent protease Clp, ATPase subunit 4e% S

Mitochondrial matrix AAA protease 2e% M41 HEXXH

Mitochondrial processing peptidase 3e38 M16X

Mitochondrial processing peptidase o subunit 4e%7 M16X HXH

Mitochondrial processing peptidase 3 subunit le®® M16B HXXEH

Inner mitochondrial membrane protease Te?! S26A

Inner mitochondrial membrane protease subunit 4e 0 S26A

*Protease families and subfamilies were classified according to MEROPS database.
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Ubiquitin system for protein tagging

The ubiquitin system is a highly complex enzymatic system that covalently modifies
selected proteins by attachment to the 8-kDa protein ubiquitin. Selective ubiquitin-mediated
proteolysis is the dominant mechanism of degradation of cytosolic and nuclear proteins in eu-
karyotic cells (Finley and Chau, 1991). In this process, a protein substrate is tagged with a poly-
ubiquitin chain that mediates interaction with and degradation by the proteasome (Pickart, 2000).

Proteasomes

The proteasome is the central protease in non-lysosomal ubiquitin-dependent protein
degradation, and is involved in protein quality control, antigen processing, signal transduction,
cell cycle control, cell differentiation, and apoptosis (Voges et al., 1999). The 26S proteasome is
a large protein machine, which is found in both, nucleus and cytoplasm. It consists of the 20S
proteasome, which forms the proteolytically active core and a regulatory 19S complex (Glickman
et al., 1998). High-resolution crystal structures of the 20S proteasome of the yeast Saccharo-
myces cerevisiae demonstrated that it is composed of 28 protein subunits, which are arranged
into four staggered heptameric rings. Each outer ring comprises seven o-type subunits and
each inner contains seven B-type subunits (Groll et al., 1997). The 20S proteasome of higher
eukaryotes is also composed of seven distinct o and B subunits, respectively (Kriiger et al.,
2001). The o subunits are inactive whereas the [ subunits build up the hydrolytic chamber.
From the seven [ subunits, only three are proteolytically active and autoproteolytically matured
as active threonine proteases (Groll et al., 1997). The proteolytic activities of the complex in
yeast and mammalian proteasomes reside in [3,, 3,, and [3, subunits (Heinemeyer et al., 1997).
By using the primary information from the P. brasiliensis transcriptome database we have
annotated ESTs encoding all the o subunits (1 to 7) and six homologues to the 20S 3 subunit (1
to 6) (Table 3). Of special note is the presence of the  subunits 1, 2 and 5 suggesting that the
complex is proteolytically active in P. brasiliensis. Recognizing the polyubiquitin proteolytic
signal is one of the many tasks of the 19S complex. Studies have shown that four or more
ubiquitin composing chains bind the 19S complex (Thrower et al., 2000). Components of the
regulatory 19S complex were found in the P. brasiliensis transcriptome in a total of nine differ-
ent subunits (Table 3).

Deubiquitinating proteases

The deubiquitinating enzymes are defined as a group of proteases which play an impor-
tant role in the regulation of all processes involving ubiquitin from the processing of poly-ubiqui-
tin precursors into ubiquitin monomers to the targeting or salvage of proteasomal substrates.
They are grouped into two classes based on the sequence homology: ubiquitin carboxy-terminal
hydrolases (UCHs) and ubiquitin processing proteases, also known as ubiquitin-specific pro-
teases (UBPs).

The physiological functions of deubiquitinating enzymes have been elucidated. Studies
involving a human gene encoding an ubiquitin-specific protease reveal that the overexpression
of this gene can result in deubiquitination of a broad spectrum of cellular proteins with a growth
inhibitory effect. This result suggests that this protein may play an important role in regulation of
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Table 3. Proteasome subunits of Paracoccidioides brasiliensis.

Product name Best Blast Hits in NCBI database
Proteasome o1, subunit 9e7
Proteasome ., subunit 2e6?
Proteasome o, subunit 8e?®
Proteasome o, subunit 8es8
Proteasome o, subunit 4e™
Proteasome o, subunit S5e%
Proteasome o, subunit 2e10
Proteasome B, subunit 3e!
Proteasome B, subunit Se7
Proteasome B, subunit 2e
Proteasome B, subunit Se®
Proteasome B, subunit 3e76
Proteasome B, subunit 4e°
Proteasome regulatory subunit 9e?
Proteasome regulatory subunit e
Proteasome regulatory subunit 2e
Proteasome regulatory subunit 2e70
Proteasome regulatory subunit 0.0
Proteasome regulatory subunit Se”
Proteasome regulatory subunit le*
Proteasome regulatory subunit Te*
Proteasome regulatory subunit S5e

cell growth (Gong et al., 2000). In addition, these enzymes are active in regenerating free
ubiquitin after proteins have been targeted to the proteasome (Wing, 2003). A large number of
genes encode deubiquitinating enzymes suggesting that many of these have highly specific and
regulated functions. The proteins contain conserved motifs with critical cysteine in the active
sites. In agreement the UCHs and UBPs in P. brasiliensis are cysteine proteases (Table 4).

In S. cerevisiae there is one UCH and sixteen UBPs, whereas higher organisms ex-
press an expanded group of enzymes (Yan et al., 2000). In the transcriptome of P. brasiliensis
were found three ORFs encoding ubiquitin carboxy terminal hydrolases, a high number when
compared to S. cerevisiae. One EST encoding an ubiquitin-specific protease was also found in
the transcriptome database (Table 4).

Table 4. Deubiquitinating protease homologues of Paracoccidioides brasiliensis.

Product name Best Blast Hits in Classification in MEROPS
NCBI database database*

Ubiquitin carboxyl-terminal hydrolase 9e 0 C19

Ubiquitin carboxyl-terminal hydrolase 6e?’ C19

Ubiquitin carboxyl-terminal hydrolase 2e%0 C19

Ubiquitin-specific protease 2e" C19

*Protease families and subfamilies described and obtained by MEROPS blast.
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CONCLUDING REMARKS - PUTATIVE ROLE OF PROTEASES IN HOST-
PATHOGEN INTERACTION IN PARACOCCIDIOIDES BRASILIENSIS

The proteases present in different parasites appear to be relevant for several aspects of
host-parasite interactions, quite apart from their obvious participation in the other cellular
processes. Information about the seemly putative functions and importance of ATP-inde-
pendent proteases in P. brasiliensis interaction with host was obtained by comparing them
to the described homologues in other systems for whom a function was defined. The puta-
tive role in host-fungus interaction for these proteins was deduced by generation of mu-
tants deficient in the genes, or asserting their function as potential antigen or vaccine
candidates.

Aspartyl proteases are secreted by pathogenic species of Candida in vivo, during
infection (De Bernardis et al., 1990). More direct evidence of the implication of SAP proteins in
virulence has come from studies of constructing strains harboring disruptions in a number of
SAP genes. In all cases, mutants showed decreased virulence in an animal model of dis-
seminated candidiasis (Sanglard et al., 1997; Hube et al., 1997). The SAP 2 confers immune
protection against systemic candidiasis in immunized mice and has been postulated as a
vaccination target (Villanova et al., 2004). Also, members of this protein family have been
considered as antigenic markers of disseminated candidiasis (Morrison et al., 2003). In addi-
tion, an aspartyl protease is a component of a protective vaccine in coccidioidomycosis (Johnson
et al., 2000).

Serine proteases are involved in Aspergillus interaction with the host. A vacuolar serine
protease is a major allergen of A. fumigatus (Shen et al., 2003). Also the involvement of serine
and cysteine protease in the fungus colonization of the host’s lung tissue has been reported
(Kogan et al., 2004).

Metalloproteases play different roles in the host-parasite infections. A metalloprotease
is a surface antigen in Trypanosoma cruzi and has been postulated as a virulence factor
(Cuevas et al., 2003). The protein promotes the attachment of the promastigote form to
host cell surface receptors and interacts with the complement system contributing to the
ability of the amastigote form of Leishmania spp to survive inside the macrophage (Cheng
and Chang, 1986; Joshi et al., 2002). The metalloproteases from the human enteropatho-
genic Vibrio cholerae accelerate the bacterial attachment to intestinal epithelial cells
through digestion of the small intestinal mucosa (Ichinose et al., 1994). Of the proteases
produced by A. fumigatus, metalloprotease presenting the consensus zinc-binding motif
(HEXXH) has been involved in the infection (Markaryan et al., 1994; Jaton-Ogay et al.,
1994).

In the current study, we provided an overview of proteases in the P. brasiliensis tran-
scriptome. Research will be directed towards identification of all P. brasiliensis proteases and
their functional characterization, as well as its presumed role in the infection by P. brasi-
liensis. Proteases have enormous potential as drug targets. Perhaps the main reason for
this is that protein modification by proteolytic enzymes is such a ubiquitous biological phe-
nomenon that it is difficult to find pathways in which it does not play a part. In the area of
proteases of pathogens the potential as drug targets is a great promise because it should be
possible to exploit the differences between enzymes of the pathogen and host to produce
effective drugs.
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