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Departamento de Biologia The dimorphic fungus Paracoccidioides brasiliensis is the causative agent of paracoc-

Celular e Molecular e Bioagentes ~ cidioidomycosis, the most frequent systemic mycosis in Latin America. Our group

Patogénicos, Faculdade de has been working with paracoccin, a P. brasiliensis lectin with MM 70 kDa, which is
Medicina de Ribeirdo Preto, purified by affinity with immobilized N -acetylglucosamine (GlcNAc). Paracoccin has
Universidade de Sdo Paulo, Av. been described to play a role in fungal adhesion to extracellular matrix components
Bandeirantes 3900, Ribeirdo and to induce high and persistent levels of TNFa and nitric oxide production by
Preto, SP 14049-900, Brazil. macrophages. In the cell wall, paracoccin colocalizes with the §-1,4-homopolymer of

E-mail: itahanna@usp.br GlcNAc into the budding sites of the P. brasiliensis yeast cell. In this paper we present

a protocol for the chitin-affinity purification of paracoccin. This procedure provided
higher yields than those achieved by means of the technique based on the affinity
of this lectin with GIcNAc and had an impact on downstream assays. SDS-PAGE
and Western blot analysis revealed similarities between the N -acetylglucosamine-
and chitin-bound fractions, confirmed by MALDI-TOF-MS of trypsinic peptides.
Western blot of two-dimensional gel electrophoresis of the yeast extract showed a
major spot with M, 70000 and pI approximately 5.63. Morevover, an N -acetyl-S-p-
glucosaminidase activity was reported for paracoccin, thereby providing new insights
into the mechanisms that lead to cell wall remodelling and opening new perspectives
for its structural characterization. Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction of the airborne fungal propagules and the clinical
manifestations are diverse, ranging from asymp-
tomatic pulmonary lesions to systemic generalized
infections (Restrepo et al., 2008). Approximately
10 million people are estimated to be infected, but
only up to 2% develop the disease (Restrepo et al.,

Paracoccidioides brasiliensis is the causative agent
of paracoccidioidomycosis (PCM), a systemic gran-
ulomatous disease highly prevalent in Latin Amer-
ica (Brummer et al., 1993; Restrepo et al., 2001).
As a thermo-dimorphic fungus, P. brasiliensis
grows as mycelia at room temperature (RT) and 200D).

switches to multiple budding yeasts at the host’s In dimorphic fungi, the transition of phases
temperature. Infection is acquired after inhalation involves variation in the cell wall composition,
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which is one of the ways to respond to changes
in external environment (Baildo et al., 2006). The
fungal cell wall is a highly dynamic structure, sub-
ject to constant remodelling, which involves pro-
cesses such as cell expansion and division in yeasts,
spore germination, hyphal branching and septum
formation in filamentous fungi (Kanetsuna et al.,
1969, 1970). Chitin, one of the main components
of the fungal cell wall, is an unbranched homopoly-
mer of 1,4-B-linked N -acetyl-p-glucosamine (Glc-
NAc) widely distributed in nature (Duo-Chuan,
2006). In yeasts, chitin is abundant in the sep-
tum that delimits mother and budding cells, indi-
cating that its synthesis might be finely regu-
lated by the cell (Bulawa et al., 1990; Calib et al.,
1982). An increase in chitin levels is associated
with the parasitic phases and cell wall thickness
of Candida albicans hyphae and P. brasilien-
sis yeasts (Kanetsuna et al., 1969; Munro et al.,
1998).

Chitin metabolism is influenced by chitinases,
which hydrolyses the covalent B-1,4-linkages of
chitin sugar residues. Chitinases play many roles
in fungi, such as autolysis, sugar disposal as ener-
getic source and morphogenesis (Adams, 2004;
Duo-Chuan, 2006). Our group has described para-
coccin as a 70 kDa protein from P. brasiliensis,
purified by affinity with GIcNAc and character-
ized as possessing lectin properties. Paracoccin
has been shown to promote fungal adhesion to
the extracellular matrix and to induce production
of high and persistent levels of TNF« and nitric
oxide by macrophages (Coltri et al., 2006). Fur-
thermore, paracoccin is colocalized with the 8-1,4-
homopolymers of GlcNAc in the budding sites of
the P. brasiliensis yeast cells. The fact that anti-
paracoccin antibodies inhibit P. brasiliensis growth
in artificial media suggests that paracoccin might
play a role in cell wall organization (Ganiko et al.,
2007).

In the present study we were able to ver-
ify that affinity with chitin is an efficient alter-
native procedure for the purification of para-
coccin. Moreover, we were able to demonstrate
that, in addition to its known role as a lectin,
paracoccin also functions as an N -acetyl-g-D-
glucosaminidase. In this context, we hypothesize
that the conjunction of lectin and enzymatic activ-
ities accounts for the role of paracoccin in fungal
growth.

Copyright © 2009 John Wiley & Sons, Ltd.
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Materials and methods

Growth conditions

P. brasiliensis isolate Pb18 was cultivated in semi-
solid Fava Netto medium at 36°C, as described
previously (Fava-Netto et al., 1969). To ensure the
maintenance of Pbl8 virulence, this isolate was
used after serial passages in Balb/c mice. For
yeast growth, cultures were maintained by weekly
subcultivation in YPD Agar (2% peptone, 1% yeast
extract, 2% glucose, 1.5% agar) at 36 °C.

Purification of paracoccin

Yeast cells were harvested by centrifugation at
2300 x g (10 min, 4 °C), and the pellet was washed
twice with phosphate buffer—saline containing
1 mm PMSF (PBS-i). Yeast disruption was per-
formed by sonication (3 pulses, 60 s each), fol-
lowed by centrifugation at 17800 x g (15 min,
4°C), so that the crude extract of P. brasiliensis
was obtained in the supernatant. Protein concentra-
tion was measured by the bicinchoninic acid (BCA)
assay (Pierce Chemical Co., Rockford, IL, USA).
Paracoccin was purified by affinity chromatogra-
phy in an N -acetyl-glucosamine-agarose 6B col-
umn (Sigma), as previously described (Coltri et al.,
2006).

Fractionation of the crude extract by affinity
to particulate chitin

Chitin from crab shells (Sigma, St. Louis, MO,
USA) was boiled in solution with SDS 1% and 2-
mercaptoethanol 1% and washed three times with
2M NaCl, twice with 1 M NaOH and five times
with deionized water. For chromatography, approx-
imately 1.5 mg of the yeast soluble extract from
P. brasiliensis was loaded onto a column con-
taining 50 mg chitin and incubated for 2 h at
4°C. The flow-through was discarded by centrifu-
gation, and the column was washed three times
with 15 ml 0.5 m NaCl and twice with PBS.
The chitin-bound fraction was eluted with 15 ml
2 M NaCl, dialyed against water in YM-10 mem-
brane (Amicon Division, W. R. Grace & Co.,
Beverly, USA), and examined by SDS-PAGE
12.5%. The gel was stained with either silver
nitrate (Blum et al., 1987) or Coomassie blue
R250.
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IEF and SDS—PAGE

Sodium dodecyl sulphate—PAGE (SDS-PAGE)
was performed by the method of Laemmli (1970)
under reducing conditions (12% polyacrylamide
gel), using a Mini-Protean 3 electrophoresis cell
(Bio-Rad Laboratories, Richmond, CA, USA).
Samples were prepared in 63 mm Tris—HCl sample
buffer, pH 6.8, containing 2% SDS, 10% glycerol
and 2% 2-mercaptoethanol. All the runs were per-
formed at 120 V, and protein bands were stained
with Coomassie brilliant blue G-250 (Amersham
Biosciences, Piscataway, NJ, USA). Prestained
standards (PageRulerTM, Fermentas, Ontario,
Canada) were used for estimation of the molec-
ular weights of the sample proteins. For two-
dimensional (2D) protein analysis, freeze-dried
samples (300 ug of the crude extract from yeast
cells) were solubilized in 125 ul. 2DE sample
buffer (7 m urea, 2 M thiourea, 1% DTT, 2% Triton
X-100, 0.5% Pharmalytes 3—10) containing pro-
teinase inhibitors (100 um PMSF, 1 pMm pepstatin
A and 5 mm EDTA) and applied to 7 cm IPG
gel strips (GE Healthcare, Upsala, Sweden) with a
non-linear pH 3-10 gradient by in-gel sample rehy-
dration (Sanchez et al., 1997). After 12 h of rehy-
dration, isoelectric focusing (IEF) was carried out
at 20 °C, using an Ettan IPGphor II electrophoretic
system (GE Healthcare) with a 7 cm IEF tray. The
following voltage programme was employed for
the 7 cm IPG strip: 1 h at 500 V, followed by a lin-
ear ramp to 4000 V over 15 min, a linear ramp to
10000 V over 3 h, and a constant 5000 V for 12 h
(a total of 40000 Vh). The IPG strip was equili-
brated by immersion in 6 m urea, 50 mm Tris—HCI,
pH 8.8, 30% glycerol, 2% SDS, 0.002% bromophe-
nol blue and 125 mm DTT for 15 min, and for
an additional 15 min in the same solution also
containing 125 mMm iodoacetamide. The IPG strip
was then placed on top of 12% polyacrylamide
gels and embedded in hot 0.5% agarose containing
bromophenol blue. Separation was performed at a
20 mA constant current in a Mini-Protean 3 elec-
trophoresis cell (Bio-Rad), with external cooling
at 20 °C, until the tracking dye migrated to within
1 cm from the bottom of the gel (about 1 h). After
staining with Coomassie blue G250, the 2D gel was
scanned using the ImageScanner data acquisition
system (GE Healthcare). Spot detection was per-
formed using the ImageMaster-2D software, ver-
sion 4.0 (GE Healthcare).

Copyright © 2009 John Wiley & Sons, Ltd.

Immunoblotting

Polyacrylamide gel was electrotransferred to a
nitrocellulose membrane (Hybond-C Extra; Amer-
sham Biosciences). Non-specific interactions were
blocked with 5% skimmed milk in PBS (Nestlé,
Brazil) for 2 h at 25°C. Paracoccin was detected
by 2 h incubation with 10 mg/ml murine anti-
paracoccin IgG antibody, diluted in blocking buffer,
followed by 1h incubation with peroxidase-
conjugated anti-mouse IgG (1:1000 in blocking
buffer). The reaction was revealed using the per-
oxidase substrate ECL (GE Heathcare).

Protein identification by mass spectrometry

Bands corresponding to paracoccin were excised
from the Coomassie-stained 1D gel and digested
with trypsin, as previously described (Shevchenko
et al., 1996). Protein digests were identified by
mass spectrometry on a Bruker Reflex IV MALDI-
TOF instrument equipped a with Scout 384 ion
source. Probes were prepared by the dried-droplet
method, as described previously (Thomas et al.,
2004). Briefly, a 1 puL aliquot of the digest was
mixed on the surface of AnchorChip™ 384/600 tar-
gets (Bruker Daltonics, Germany) with a saturated
solution of the matrix (@-cyano-4-hydroxycinnamic
acid) in a 1:2 v/v solution of 2.5% aqueous
TFA/acetonitrile. The mixture was allowed to dry
at RT and the entire target was washed with 5%
formic acid.

Enzyme activity measurement

N -Acetyl-B-p-glucosaminidase activity  was
assayed by monitoring the rate of formation
of p-nitrophenol from p-nitrophenol-g-N -acetyl
glucosamine (pNPGIcNAc; Sigma), as previously
described (Yabuki et al., 1986) with slight modi-
fications. The reaction medium (0.5 ml) contained
0.1 ml 5 mm pNP-GIcNAc, 0.35 ml 0.1 M sodium
acetate buffer, pH 6.0, and 0.05 ml of the tested
sample (2 ug of purified paracoccin). After incu-
bation at 37°C, 1 ml 0.5 M sodium carbonate
was added to the mixture to stop the reaction.
The amount of liberated p-nitrophenol was mea-
sured spectrophotometrically at 405 nm. One unit
of enzyme activity was defined as the amount of
protein required to produce 1 um p-nitrophenol in
1 min at 37 °C. The enzyme activity values corre-
spond to the mean values of at least three replicates.
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The protein concentration was estimated by the
colorimetric method of BCA, using bovine serum
albumin as standard.

The Michaelis—Menten constant (K,;,) was deter-
mined by non-linear regression analysis of the data
obtained by measuring the rate of p-nitrophenyl-gS-
N -acetylglucosaminide (oNP-GIcNAc) hydrolysis
(from 0.01 to 0.1 mm).

Paracoccin binding to laminin

For the laminin-binding assay, each well of a 96-
well microplate (MaxiSorp FluoroNunc, Roskilde,
Denmark) was coated with 250 ng laminin derived
from mouse Engelbreth—Holm—-Swarm sarcoma
(EHS), diluted in carbonate buffer, pH 9.6, and
incubated overnight at 4°C. After being washed
and incubated with blocking solution (3% gelatin),
different doses of the biotinylated paracoccin, pre-
pared as previously described (Coltri et al., 2006),
were added to the wells. Following 90 min incu-
bation at RT, the wells were incubated with
neutravidin : peroxidase (1:600; Gibco BRL) for
30 min, also at RT. The reactions were devel-
oped with ortho-phenylenediamine solution (OPD).
The optical density was read at 450 nm. For the
inhibition assays, the reaction of coated laminin
with 100 ng biotinylated paracoccin was carried
out in the presence of 10 mm of either D-glucose or
D-galactose. Data are representative of three sepa-
rate assays.

Determination of TNFo and NO production
by macrophages

As previously described (Coltri et al., 2006), TNFa
levels in the supernatants of C57BL/6 mice
macrophage cultures were measured by capture
enzyme-linked immunosorbent assay (ELISA) with
antibody pairs purchased from BD Biosciences
(Pharmingen, San Diego, CA, USA). The ELISA
procedure was performed according to the man-
ufacturer’s protocol. The amount of TNFa was
determined from a standard curve, using murine
recombinant TNFa as standard. The production of
nitric oxide (NO) in the supernatant of C57BL/6
mice macrophage cultures was quantified by the
accumulation of nitrite in the monolayer super-
natants, using the standard Griess reaction. Briefly,
50 ml of supernatant was incubated with an equal
volume of Griess reagent (1% sulphanilamide,

Copyright © 2009 John Wiley & Sons, Ltd.
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0.1% naphthyl ethylenediamine dihydrochloride,
2.5% H3PO4) for 10 min at RT. The absorbance
was measured at 550 nm in the microplate scanning
spectrophotometer. The conversion of absorbance
into micromolar concentrations of NO was deduced
from a standard curve, using a known concentration
of NaNO, diluted in RPMI medium.

Results and discussion

Purification of paracoccin

A soluble crude extract from P. brasiliensis yeasts
was loaded onto an N -acetylglucosamine-
immobilized column. The delayed fraction of the
crude extract was eluted from the column with
0.2 M D-glucose-containing buffer. This chromato-
graphic procedure allowed purification of a 70 kDa
glycoprotein, which is shown in Figure 1A. The
paracoccin prepared by the standard method was
compared with that obtained in the preparation by
affinity with chitin. The chitin-bound fraction from
the crude extract of P. brasiliensis was eluted with
2 M NaCl. According to the electrophoretical anal-
ysis of this fraction, the chromatographic proce-
dure yielded a 70 kDa protein, presumed to cor-
respond to paracoccin (Figure 1B). Indeed, affin-
ity chromatography on an N -acetyl-glycosamine-
agarose column has been the standard procedure for
paracoccin purification (Coltri et al., 2006; Ganiko
et al., 2007). This strategy has enabled identifica-
tion of many characteristics of paracoccin in a bio-
logical context, such as the events it triggers during
the host immune response. In addition, the prepa-
ration has also allowed for production of mouse
anti-paracoccin antibodies, which was crucial for
other studies, such as the inhibition of in vitro yeast
growth (Ganiko et al., 2007) and the localization
of paracoccin in the fungal cell. However, the low
yield provided by the GlcNAc affinity purification
has limited molecular studies on paracoccin. In
this sense, the alteration in the purification process
toward chitin affinity chromatography has enabled
us to overcome some important obstacles to the
molecular characterization of paracoccin.

In fact, we observed here that the chitin-bound
fraction provided a greater amount of the 70 kDa
band and yielded three times more protein content
than the GIcNAc-bound fraction, allowing for some
structural analyses that were not previously feasi-
ble. Thus, it was possible to perform a peptide mass
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Figure |. Fractionation of the crude extract from
P. brasiliensis by affinity with GIcNAc and chitin. A solution
of the cell-lysed constituents of P. brasiliensis yeast cells
was loaded onto immobilized GIcNAc or particulate chitin
columns and the fractions were analysed by electrophoresis
(SDS—-PAGE) and blotted onto nitrocellulose paper
(immunoblot). (A, B) Coomassie blue staining of the delayed
fraction purified by affinity with GIcNAc and delayed
fraction purified by affinity with chitin, respectively. (C,
D) Anti-paracoccin reaction with the yeast cells extract of
P. brasiliensis and the delayed fraction purified by affinity with
chitin, respectively, using chemoluminescent substrate for
peroxidase. Molecular mass markers (std) are indicated on
the left
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fingerprint of the chitin-bound 70 kDa protein,
and its similarity with a hypothetical protein from
P. brasiliensis was demonstrated. Such a protein
presents a predicted sequence that is homologous to
the multi-domain chitin-binding/chitinase protein
family under pairwise comparison by the homology
detection server HHpred (data not shown). How-
ever, the yield of this fraction is still far from
sufficient, and the full characterization of the sam-
ple remains to be achieved by optimization of the
purification protocol, in order to reduce contami-
nants and reach better resolution in the analysis.
It is also important to highlight that the reaction
of the chitin-purified material with a mouse anti-
GlcNAc-purified-fraction antibody (Western blot)
developed the 70 kDa band, reinforcing the idea
of its correspondence with paracoccin (Figure 1D)
and suggesting that the 70 kDa band is a major
component of the chitin-purified fraction (CPF).

Analysis of the pl of paracoccin by immunoblot

Figure 2 shows the representative 2D gels, pH
3-10, obtained for whole-cell lysates of
P. brasiliensis (Figure 2A). The electrophoret-
ically separated fractions were immunoblotted
onto a nitrocellulose paper (Western blot) and
the mouse anti-paracoccin antibody reacted with
a 70 kDa band corresponding to the molecular
weight expected for paracoccin (Figure 2B). A
band smaller than 70 KDa was faintly revealed in
the Western reaction, but the nature of this recog-
nition remains to be investigated. The pI calculated
for paracoccin was estimated to be around 5.63
(Figure 2B).
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Figure 2. 2D analysis. Representative 2D gel of whole yeast cell lysates of P. brasiliensis cultures. A total of 300 ug whole
cell lysate preparation was separated in parallel on a 9 cm gel (pl 3—10, 12% SDS—PAGE) and visualized by Coomassie blue
staining (A) or blotted onto a nitrocellulose membrane and probed with murine anti-paracoccin antibody (B). The arrow
and circle in (A) indicate the exact place of the spot in (B). The molecular weights of prestained proteins (standard) are
indicated

Copyright © 2009 John Wiley & Sons, Ltd. Yeast 2010; 27: 67-76.
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Peptide mass fingerprints of the GlcNAc- and
chitin-bound fractions

For between-purification comparisons, the data
from the two 70 kDa band samples, respectively
bound to the GIcNAc and chitin columns, were
compiled and analysed using automated peak
extraction, fingerprint generation and search in
the NCBI non-redundant protein database with

F. B. dos Reis Almeida et al.

Mascot (http://www.matrixscience.com/). Align-
ment with the P. brasiliensis protein database from
the Broad Institute (http://www.broad.mit.edu/
annotation/genome/paracoccidioides_brasiliensis
/Blast.html) was performed. A set of the spectra
are presented in Figure 3. Visually, the spectra of
the two samples look quite similar in terms of the
general profile; however, the relative peak inten-
sities are different. The fingerprint accounts for
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Figure 3. Mass spectrometry of peptides derived from tryptic cleavage of the fractions purified by chitin and GlcNAc.
In situ trypsin digests of the 70 kDa gel bands were analysed by MALDI-TOF—MS. Peptide mass fingerprint analysis showed
that the chitin-bound (Pc-Chit) and N-acetylglucosamine-bound (Pc-GlcNAc) fractions were similar
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the presence and variability of peptide ions and
their m/z peak values. Around nine main peptide
ions are common across the chitin- and GlcNAc-
purified bands fingerprints (Figure 3, Pc-Chit and
PcGIcNAc). This suggests that the tryptic peptides
originated from the 70 kDa bands of the chitin- and
GlcNAc-purified gels might correspond to the same
protein, i.e. paracoccin.

Biological activity of the chitin-purified fraction

On the basis of the previous observation that the
GIcNAc-purified paracoccin is able to bind to
laminin (Coltri et al., 2006; Ganiko et al., 2007),
we went on to verify the ability of the chitin-
purified fraction (CPF) to bind to this glycoprotein.
The CPF, in concentrations of 25-200 ng/well,
was able to bind laminin (250 ng/well) in a dose-
dependent manner (Figure 4A). We have previ-
ously demonstrated that the paracoccin interaction
with laminin is selectively inhibited by N -acetyl-
glucosamine > D-glucose > D-mannose, whereas
D-galactose, N -acetyl-galactosamine and L-fucose
have no effect on such binding (Coltri et al.,
2006). In this context, we chose pD-glucose and D-
galactose for the inhibition assays of CPF laminin-
binding activity, and our results were the same
as those obtained for the GlcNAc-purified frac-
tion (Figure 4B). Furthermore, we examined the
effect of the CPF on the production of TNF«
and nitric oxide (NO) by peritoneal macrophages.
Our previous studies had indicated that a dose
of 0.25 mg/ml paracoccin was the most effective
toward the desired production of cytokines (Coltri
et al., 2006). Thus, the in vitro stimulus of elicited
macrophages with 0.25 mg/ml CPF was accom-
plished here and induced TNF« and NO production
48 h after stimulation (Figure 5), as observed for
the stimulation with the GlcNAc-purified fraction.
Therefore, our results reveal that such paracoccin
properties are reproduced by the antigen fraction
delayed on the chitin column, and that its laminin-
binding activity is selectively inhibited by GIcNAc,
corroborating the idea that binding occurs via a car-
bohydrate recognition domain (CRD).

Enzymatic activity of paracoccin

The GIcNAc and chitin-binding properties of
paracoccin motivated us to investigate whether
this lectin was also endowed with N-acetyl-
glucosaminidase (NAGase) activity. Samples of

Copyright © 2009 John Wiley & Sons, Ltd.
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Figure 4. Binding to laminin assay of the chitin-purified
fraction. Different amounts of chitin-purified paracoccin
were biotinylated and incubated with laminin-coated
(250 ng/well) microplate. The reactions were developed
with neutravidin—peroxidase conjugate, and they were
followed by the OPD substrate. Optical density (OD)
readings at 460 nm confirmed the dose-dependent pattern
for this binding assay (A). The inhibition of 100 ng paracoccin
binding to laminin was assayed in the presence of D-Glc and
D-Gal, 10 mM (B). Data are representative of at least three
separate assays. *p < 0.05 compared to assay with 100 ng
paracoccin but in the absence of D-Glc or D-Gal

the chitin- and GlcNAc-purified fractions were
assayed for p-nitrophenol release from the sub-
strate pNPGIcNAc (Figure 6A). Both of them are
clearly active, despite the slightly stronger NAGase
activity provided by the chitin-purified sample
(Figure 6A, Chi-L and GlcNAc-L). The Ky, and
Vmax values were 0.28 um and 3.25 U/mg pro-
tein, respectively (data not shown). The lower
Km (0.28 um) indicates that the enzyme has high
affinity for the substrate when compared with
those reported for Streptomyces thermoviolaceus
(0.43 mm) and Streptomyces hygroscopicus (NA1:
0.12 um and NA2: 0.76 um) (Irhuma et al., 1991;

Yeast 2010; 27: 67-76.
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Figure 5. Production of TNFa and NO by elicited murine macrophages. Cells were harvested from the peritoneal cavity of
C57BL/6 mice and elicited with thioglycolate. Adherent cells were incubated for 48 h with LPS + INFy (LPS) or paracoccin
(0.25 pg/ml), and purified by affinity to N-acetylglucosamine (GlcNAc-L) or chitin (Chi-L). The supernatants were assayed
for TNFa (A) and NO (B) levels. Data are representative of at least two separate assays. *p < 0.05 compared to medium
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Figure 6. N-acetylglucosaminidase activity of the paracoccin. Yeast cell extracts of P. brasiliensis were purified by affinity
with chitin (Chi-L) or N-acetylglucosamine (GlcNAc-L), and the NAGase activity of the delayed fractions was measured.
White and black bars correspond to paracoccin purified by chitin and N-acetylglucosamine (A), respectively. (B) Profile of
the optimum pH for NAGase activity. (C) Profile of the optimum temperature for NAGase activity. Error bars represent
standard errors calculated on the basis of three replicates

and Peberdy, 1992; De La Cruz etal., 1992;

Tsujibo et al., 1998). The optimal pH for the
Kunz et al., 1992; Di Pietro et al., 1993; Li et al.,

enzyme activity was 5.0 (Figure 6B) and the

optimum temperature was found to be 37°C at
pH 5.0 (Figure 6C). There are several chitinases
described elsewhere (Harman ef al., 1993; Ulhoa

Copyright © 2009 John Wiley & Sons, Ltd.

2004, 2005) and some points should be men-
tioned here: (a) the optimal pH for chitinase activ-
ity is usually in the range 4.0-7.0; (b) optimal
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temperature is usually 37°C; and (c) molecular
masses and pl of fungal chitinases have wide
ranges, 27—190 kDa and 3-8, respectively. Taken
together, these results reinforce the hypothesis that
paracoccin should account for the binding and
the hydrolysis of chitin on the fungal cell wall.
To date, the idea has been that paracoccin plays
an important role in the yeast surface, adhering
to and transforming multimeric structures such as
glucans («-1,3-Glc homopolymers) and chitin (8-
1,4-linked N -acetylglucosamine polymer). In this
way, the paracoccin molecule was demonstrated to
have coupled activities, with a region responsible
for carbohydrate recognition and another account-
ing for the enzymatic hydrolysis of chitin, like
a group of chitin-binding lectins containing one
or more domains besides the lectin (Van Damme
et al., 1998). Multi-domain proteins containing
chitinase and chitin-binding activities occur fre-
quently (Cohen-Kupiec and Chet, 1998), and the
first example of such a dual-function protein was
the stinging nettle lectin (Urtica dioica agglutinin,
UDA), in which the molecule comprises a dupli-
cation of the chitin-binding domain connected to a
chitinase domain (Lerner and Raikhel, 1992).

Concluding remarks

Elucidation of the physicochemical determinants
regulating protein—carbohydrate molecular recog-
nition is essential for the understanding of a
series of fundamental processes, such as cell—cell
adhesion, cell growth, inflammatory reactions and
microbial infection. In this paper, we have
described the dual function of paracoccin from
P. brasiliensis. Chitin columns were used for the
purification of greater amounts of the protein,
allowing for its further molecular characterization.
As a lectin and an N -acetyl-B-D-glucosaminidase,
we hypothesize that paracoccin may bind to spe-
cific compartments of the cell wall in order to
remodel structures in response to environmental
changes. For the structural analysis, we could refer
to one molecule by using a P. brasiliensis protein
database, and some aspects are important to bear
in mind: (a) we have accumulated the biochemical
evidence and the MS analysis to reach the gene
encoding for the chitin binding/chitinase homolo-
gous protein; (b) the molecular weight of this hypo-
thetical protein is supposed to be around 27 kDa

Copyright © 2009 John Wiley & Sons, Ltd.

and not 70 kDa; (c) no other characterization was
performed, such as glycosylation and GPI anchor-
ing; and (d) P. brasiliensis presents at least one
other chitinase, in which the gene responsible for
its codification seems to be polymorphic and results
in two distinct bands when amplified by PCR (San-
tos et al., 2004). The MS analysis was crucial to
indicate a putative protein in our preparations, but
many aspects, such as post-translational modifica-
tion, gene polymorphism and screening of a cDNA
library from yeasts of P. brasiliensis, should be
investigated in order to correlate this molecule with
paracoccin and characterize it for further exam-
ination. We believe that the complete molecular
identification of paracoccin could have great impor-
tance in the general biology of P. brasiliensis and
its relationship with the host defence response.
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