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function, ureases have fungitoxic and
insecticidal function, which are independent of
their catalytic activity. Soy (Glycine max) has
two main urease isoforms: ubiquitous and
embryo-specific, the latter is present in beans. In
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performed, in terms of optimal pH and
temperature, as well as the determination of the After purification and structural-functional characterization, the embryo-specific

soybean urease shows antifungal properties against Paracoccidioides brasiliensis.

Michaelis—Menten constant (Kwm) and maximum
velocity (Vmax). The protein sequence was identified by mass spectrometry and used in computational modeling of the biological
structure. The optimum pH and temperature of the enzyme were 6.5 and 65 °C, respectively, Km 526 mmol L and Vimax 7.4 mmol L*
NH3-Hdurease 1-s~t and biological unity as a trimer. The antifungal activity assays (in vitro) were promising, showing a fungicidal profile of
the urease, with a minimum inhibitory concentration of 10 pug-mL=. This work demonstrated, for the first time, the fungitoxic activity of
embryo-specific soy urease against the Pb18 strain of P. brasiliensis.
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1. Introduction

Ureases are nickel-dependent amidohydrolases
(EC.3.5.1.5) that catalyze the breakdown of the urea
amide group into ammonia and carbamate, which
decomposes spontaneously in a neutral environment to
ammonia and carbon dioxide'?. Ureases are present in
bacteria, fungi and vegetables, but are absent in
animals®. Vegetable ureases play an important role in
using urea as a source of nitrogen for the plant. This
substrate can originate both from the internal plant
metabolism and from an external source, when used as
a fertilizer. This substrate can originate either from the
internal plant metabolism or from external source when
used as fertilizer. In the latter situation, urea is used as
nitrogen source, and it can be directly absorbed by the
plant or may be used in the form of ammonia or nitrate.
When absorbed in the form of ammonia, urea is
hydrolyzed outside the plant by ureases present in the
soil, which can be of either from vegetable or microbial
origin. When absorbed as nitrate, the ammonia
hydrolyzed from urea is converted into nitrate by
microorganisms present in the soil*®.

The discovery of ureases in vegetables occurred in
1909 by Takeuchi, when studying soybeans, since then,
it was discovered that these enzymes are present in all
vegetables, in their most diverse tissues®. However,
such enzymes are especially abundant in vegetables of
the families Fabaceae (vegetables), Cucurbitaceae,
Asteraceae and Pinaceae’®. The soy (Glycine max) has
three urease isoforms: ubiquitous, embryo-specific and
SBU-3. Ubiquitous urease is found in the various
tissues of soy, while embryo-specific urease is found
only in the seed and SBU-3 is found in small amounts,
at specific moments of plant development’.

More recent studies indicate a new property of plant
ureases, related to its toxic role against fungi and
insects. It is noteworthy that these toxic activities do
not depend on the catalytic activity of this enzyme®?°.
Due to this property, plant ureases have come to be
considered multi proteins?, and studies have been
carried out in order to explore their fungitoxic'®'* and
entomotoxic potential'®>. Regarding the fungitoxic
potential,  studies are mainly  focused on
phytopathogenic filamentous fungi, such as species
from the genera Fusarium and Penicillium?®, There are
also some studies with pathogenic mammalian yeasts,
such as those of the genus Candida'®*®. However, there
are no studies with dimorphic fungi pathogenic to
humans, such as Paracoccidioides brasiliensis.

Paracoccidioides brasiliensis is one of those

responsible  for causing paracoccidioidomycosis
(PCM), an endemic systemic mycosis in Latin
42
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America, frequent in Brazil, Argentina, Colombia and
Venezuela. This dimorphic fungus is common at
filamentous form in the environment, especially in the
soil. Hyphae may contain propagating-infective
structures (microconidia) that become yeast-like when
inhaled. This form multiplies in the body, causing
pathogenesis, which can compromise the functions of
several systems, especially the respiratory system®*%,
In the chronic form, lesions on the oral mucosa, lymph
node involvement and, rarely, dermatological lesions
may be observed'®. It is estimated that 10 million
people in Latin America are infected by
Paracoccidioides spp., with 1-2% presenting clinical
manifestations®’. Brazil has a high incidence of PCM
and annual estimates of its occurrence vary from 0.71
to 3.7 cases for every 100,000 inhabitants. However,
there are Brazilian regions where the incidence of PCM
is even higher, as in two municipalities in Ronddnia,
where the incidence rate is 40 cases for every
100,000 inhabitants'®. Paracoccidioidomycosis is the
main responsible for death due to systemic mycoses in
Brazil, corresponding to 51.2% of deaths in this
category, between the years 1996 to 2006*°. Even so, it
is considered by the World Health Organization
(WHO) as a neglected disease'’.

Regarding the treatments available for human
fungal diseases, many antifungals promote adverse
effects on the patient, which makes the treatment
difficult to continue?®. In the case of PCM, this
situation is aggravated, as the treatments tend to be
long, reaching up to 24 months'>*%,

Thus, in view of the antifungal potential of ureases,
as well as the need to develop new drugs against PCM,
this work aims to extract and characterize embryo-
specific soy urease (GmaxUrease), as well as to
evaluate its activity (in vitro) against P. brasiliensis.
Thus, this work can contribute to the development of
future technologies based on urease (nhatural product),
aimed at the treatment of topical manifestations of
PCM.

2. Experimental
2.1 Extraction of embryo-specific soy urease

The protocol for enzyme extraction was guided by
the method proposed by Bracco et al.?* with
modifications. The soy flour was obtained from the
soybean seed Bayer 26B42 ground. Then, 25 g of the
flour was defatted by double washing with chloroform
in an ice bath under stirring for 30 min, followed by
filtration on Whatman paper. The defatted extract was
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used for protein extraction by means of constant
agitation with 20% (w/v) of 20 mmol L phosphate
buffer with 1 mmol L B-mercaptoethanol, pH 7.5 at
4°C for 12 h. The soluble protein fraction
(supernatant) was separated by centrifugation at 30,000
g for 30 min. This fraction was considered the crude
extract and 10 pL of the cocktail of a plant protease
inhibitor was added to it (Sigma P9599, USA).

2.2 Purification of embryo-specific soy urease

Purification of GmaxUrease was done using
chromatography and  centrifugation  techniques.
Initially, a gel filtration chromatography column
containing Sephadex G-25 resin (25.0 x 1.5 cm) and
phosphate buffer (20 mmol L) with 100 mmol L*
NaCl and pH 7.5 as mobile phase and elution flow of
1.0 mL-min~! monitored by spectrophotometer at 280
nm. The fraction that showed ureolytic activity was
concentrated by means of ultrafiltration using Amicon
filter 30 kDa cutoff, at 1,000 g for 20 min. This
fraction was called G25 and 10% glycerol (g.s.) was
added to it.

The G-25 fraction was subjected to a new size
exclusion chromatography in a column with Sephacryl
HS-200 resin (60.0 x 1.5 cm), in a fast protein liquid
chromatography (FPLC) system model Akta Prime
(GE Lifesciences, USA). The protein fractions were
eluted using the phosphate buffer described in the
previous step, with a flow rate of 0.5 mL-min. The
fraction that showed ureolytic activity was collected
and concentrated by means of ultracentrifugation. At
the end, 10% glycerol was added to the concentrate
(g.s.), which was identified as the Sephacryl fraction.

Finally, the Sephacryl fraction was subjected to a
third size exclusion chromatography, using a
Superdex-200 10/300 column (GE Lifesciences, USA),
using other FPLC filtration system model Akta Pure M
(GE Lifesciences, USA). The elution and concentration
conditions were the same as in the previous steps. At
the end, the concentrate received 10% glycerol (g.s.)
again and was called Superdex fraction.

2.3 Verification of purity and molecular weight

The purity of the eluted fractions was verified using
12% SDS-PAGE electrophoresis, stained with
Coomassie blue?’. Electrophoresis was also used to
estimate the molecular weight of the bands, using the
marker Sigma-Marker ColorBurst (Sigma, C1992,
USA) by means of ImageQuant-TL 8.1 program (GE-
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lifescience, USA). This program was also used to
estimate the percentage of urease in the sample.

The molecular weight (MW) of the biological unity
of soybean urease, under nondenaturing conditions,
was calculated using the gel filtration method by a
Superdex-200 10/300 column (GE Lifesciences). The
calibration curve was constructed with the low and
high MW gel filtration calibration kit standards (GE
Lifesciences), following the manufacturer’s
recommendations. The proteins were eluted in
isocratic mode using 50 mmol L phosphate buffer +
150 mmol L NaCl, pH 7.2 at room temperature, in a
flow rate of 0.5 mL-min-t. The absorbances were
monitored at 214 and 280 nm and elution volumes for
each protein were measured and converted to Ka
(Eq. 1) and plotted against the logarithm of the
respective molecular weights (log MW).

— Ve = V%
Ve =V

K

av

)

where Ve = elution volume, Vo = column void volume
and Vc = geometric column volume.

2.4 Determination of protein concentration and
ureolytic activity

The protein concentration of the crude extract, as
well as of the G-25, Sephacryl and Superdex fractions,
was determined according to Bradford*, using bovine
serum albumin as a standard. The assays were done in
duplicate and triplicate if necessary. The measurement
of ureolytic activity was performed by quantifying the
ammonia (product) using Nessler’s reagent®*. An
enzyme unit (U) was considered to be the amount of
enzyme needed to produce 1 pmol L of ammonia
per minute®.

2.5 Protein identification by liquid
chromatography-mass spectrometry (LC-MSF)

To determine whether the protein obtained was
embryo-specific soy urease (GmaxUrease), peptide
sequence identification was performed by liquid
chromatography-mass spectrometry (LC-MSE)
analysis. The protein band extracted from the SDS-
PAGE, which had molecular mass corresponding to the
estimated theoretical value for urease, was digested in
the cropped gel band with trypsin, according to the
Shevchenko protocols??’,
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The analysis was performed using Acquity UPLC
M-Class System ultra-high performance liquid
chromatography (Waters, Milford, MA) coupled a
time-of-flight high resolution mass spectrometry (Xevo
G2, Waters) equipped with an electrospray ionization
source. Chromatographic separation was performed on
an Acquity UPLC M-Class HSS T3 column, with
particle size 1.8 um, 300 um x 150 mm (Waters, UK),
and flux of 6 pL-min~t. The solvent gradient mixture:
A (H0/0.1% formic acid; wviv) and B
(acetonitrile/0.1% formic acid; v/v) was: 3% B 0-1
min, 40% B 1-80 min, 97% B 80-90 min, holding
97% B for 90-97 min, 3% B for 97-100 min, and
holding 3% B for 100-103 min at 40 °C. The capillary
voltage was operated in the positive mode at 3.0 kV. In
the cone, the voltage was adjusted to 40 V and the gas
to 600 L-h~* at 400 °C. Data were collected in the range
between 50 to 2000 m/z using MSE acquisition mode,
scan time 0.5 sec and collision energy ramp 15-45 V.

After  analysis, the data (raw) were
processed/analyzed using the ProteinLynx Global
ServerTM 3.0.3 software, and the revised soy database
(Glycine max, Uniprot). The parameters used for
searching the database were: cleavage specificity,
trypsin with 1 missed cleavage allowed, min fragment
ion matches per peptide = 2, min fragment ion matches
per protein = 5, min peptide matches per protein = 1,
fixed modifier reagent: carbamidomethyl C, variable
modifier reagents: oxidation M.

2.6 Structural modeling of embryo-specific soy
urease

The amino acid sequence of soy urease identified by
LC-MSE deposited in Uniprot (id: i1k3k3) was used to
search for template structures in the protein data bank
(PDB), by BlastP program. The urease structure of
Canavalia ensiformis (pdb id: 3la4)*® was chosen and
used as a template. The modeling was performed using
the Modeller v9.24 software package”, where 2,100
models of urease were generated in the presence of the
nickel cofactor and four residues with post-
transcriptional modifications. Only one chain was
modeled, and the homotrimer and homohexamer
structures generated by symmetry operations. The final
model was chosen based on the Modeller DOPE score
and also by stereochemical quality using the Procheck
program®.
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2.7 Effect of pH and temperature on enzyme
activity

The effect of pH on ureolytic activity was estimated
using the Britton—Robinson 0.04 mol L buffer®, in
the range of 5.0 to 9.0. Firstly, a single buffer was
made in the presence of 3% urea and the pH adjusted
according to the test. Subsequently, incubation was
performed with 2.7 pg-mL™ of urease at 55 °C for 15
min.

The effect of temperature on the rate of urea
production was determined at constant enzyme
concentrations. An amount of 2.7 pg-mL™ urease was
incubated in 0.2 mol L phosphate buffer, 3% urea,
pH 6.5, for 15 min. The incubation temperatures
ranged between 25 to 85 °C, the experiments were
carried out in duplicate, discounting the urea
degradation due to temperature, using a negative
control. The ammonia generated was quantified using
the Nessler methodology, in a NanoDrop system
(Thermo Scientific) in all activity assays.

2.8 Effect of different substrate concentrations

The assays were performed at urea concentrations
ranging from 0 to 235 mmol L?, pH 6.5, temperature
of 65 °C and incubation time of 5 min, followed by the
determination of ureolytic activity. The enzyme
concentration used in these assays was 2.7 pg-mL™™.
The results were plotted as function of substrate
concentration (Michaelis—-Menten plot) and double-
reciprocal (Lineweaver—Burk plot), through which was
possible to calculate the Michaelis—Menten apparent
constant (Km) and Vmax.

2.9 Antifungal activity against P. brasiliensis

The fungitoxic activity of urease was evaluated
against P. brasiliensis, Pb18 strain, by means of serial
broth  microdilution assay, according to the
methodology of Clinical and Laboratory Standards
Institute®>*®, with modifications as described by
Rodrigues—Vendramini**. The urease concentration
ranged between 0.02 to 10 pg-mLt. The antifungal
agent itraconazole was used as a negative control at a
concentration of 1 pg-mL™. An assay containing only
the microorganism and the culture medium was used as
positive control, in order to verify the viability of the
strain. In addition, bovine serum albumin (BSA) was
evaluated at concentrations between 0.2 to
104.4 ug-mL™t, to assess whether any inhibitory
activity could be due to osmotic origin. The inoculum
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for the assays were grown in RPMI 1640 medium,
prepared with a concentration of 105 UFC-mL™,
standardized by counting in a Neubauer chamber and
diluted 1:2 in the wells of a 96-well microplate. After
inoculation, the microplates were incubated at 37 °C
for 7 days, and on the sixth day 20 pL of 0.02%
resazurin was added to each well, as an indicator of
metabolic activity. Then, the plates were again
incubated for 24 h.

To identify the minimum inhibitory concentration
(MIC), a visual reading of the color change of the wells
was performed. To identify the minimum fungicidal
concentration (MFC), growth was evaluated in solid
medium. For this purpose, 20 pL aliquots of the wells
were transferred to plates containing brain heart
infusion agar, followed by superficial inoculation
(spread plate). The plates were kept at 35 °C for 48 h
and, after this period, the possible formation of
colonies was observed. The MFC was considered the
lowest concentration in which there was no growth in
the plate®.

iq.unesp.br/ecletica
3. Results and discussion
3.1 Protein purification

The extraction of proteins from defatted soy flour
resulted in a sample containing 18.79 mg-mL™! of total
proteins. The purification carried out using
centrifugation and chromatographic methods of gel
filtration resulted in a vyield of 18.23% and a
purification factor of 5.92, for which steps are
summarized in Tab. 1. Although the yield was lower
than reported by other authors®, the specific activity
was about 5 times higher. This is because the soy used
probably had a high initial urease content. Enzyme unit
values are compatible with other study with embryo-
specific soy urease, which showed values between
24,630 and 141,350 of enzyme units®. It is interesting
to note that even in studies with heterologous
expression of urease, the concentration in the culture
medium is around 2 pg-mL?* and 5 pg-mL* after
purification and concentration respectively*. Thus, the
results presented here are promising.

Table 1. Summary of GmaxUrease purification steps from soybean seeds.

Proteins /

Enzyme unity / | Specific activity :
mg-mL- U /U-mg? Yield/%

Purification
factor

Crude extract 18.79 96,764.72 5,149.80 100.00 1.00
G25 3.96 36,130.19 9,123.79 37.34 1.77
Sephacryl 1.69 25,150.22 14,881.78 25.99 2.89
Superdex 0.58 17,638.42 30,411.07 18.23 5.90

The urease purification chromatograms in the
Sephadex G25, Sephacryl HS-200 and Superdex S-200
columns, pointing the peaks that showed ureolytic
activity, are shown in Fig. la—c. It is noteworthy that,
in the step performed using Superdex S-200 column,
which has analytical grade, only the maximum point of
the eluted peak was collected in the process, in order to
ensure better purification. However, this fact may have
contributed to the lower yield, when compared to
another urease purification studies®.

The SDS-PAGE showed a band with approximately
90 kDa. According to data in the literature, ureases
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correspond to 0.2 to 0.3% of soluble proteins that can
be extracted®’. Additional attempts to purify urease in a
Q-Sepharose  anion  exchange column (GE
Lifesciences) resulted in almost total loss of ureolytic
activity, even after supplementation of the eluted
fraction with nickel. Thus, the purification process was
all carried out using different gel filtration columns.
The calculated MW for the protein in solution using
the elution volume of the Superdex S-200 column was
272.2 kDa, compatible as a trimer in solution (Fig. 1d).
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Figure 1. Chromatograms of the GmaxUrease purification steps. The red lines indicate the peaks that showed
ureolytic activity and were collected. (a) Sephadex G25, (b) Sephacryl HS-200, (¢) Superdex S-200. The volume
referring to the peak of the Superdex S-200 column was used to estimate the molecular weight of GmaxUrease in
figure (d). In this assay, 500 uL of the protein mix with known molecular weights (black dots) was applied: Ferritin
(440 kDa), aldolase (158 kDa), canalbumin (75 kDa), carbonic anhydrase (29 kDa) and ribonuclease (13.7 kDa), in
the Superdex-200 10/300 column. To estimate the MW of GmaxUrease, 500 pL of protein was applied at a
concentration of 1 mg-min-?, and its elution volume converted to Ka, (blue dot). The elution flow was 0.5 mg-min-?
at room temperature of ~23 °C. The estimated MW was ~272.2 kDa, compatible with a trimer in solution. The
linear regretion (y = a + bx) parameters are: a = 2.00381, b = —-0.33196 and R= -0.99912. The K, for GmaxUrease

is (y =0.19961).

3.2 Protein identification using data-independent
analysis (MSE)

Mass spectrometry was performed using an
electrospray ionization source and time of flight (TOF)
analyzer, which allow proteomic analysis, since it is
possible to form fragments with various charges and
there is no molecular weight limitation for the
analyzer. Thus, the protein on the electrophoresis gel
band was digested by trypsin to obtain peptides for
injection into the mass spectrometer, followed by
comparative analysis using Uniprot database. The
processing results data showed different levels of
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coverage of urease sequences (several Uniprot ids)
without occurrence of false positives. In view of the
high molecular weight of this protein, the percentage
found is suitable for its identification, considering that
in other study the percentage of 20% was sufficient for
this identification®®. Table 2 summarizes the results of
the mass spectrometry analysis and shows that all
ranked proteins resulting from processing refer to soy
urease. The alignment of the resulting sequences, let to
the identification of the protein with Uniprot id: i1k3k3
with theoretical molecular mass of 90,338 Da being the
most conserved, therefore, being used for modeling the
protein structure.
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Table 2. Results from mass spectrometry analysis of the band considered as GmaxUrease extracted from SDS-

PAGE.

Protein description (Uniprot) Score

Uniprot id

Theoretical molecular

Urease OS=Glycine soja a0a0b2rjr9 28.11 90,046
Urease OS=Glycine max i1k3k3 1209 26.22 90,338
Urease OS=Glycine soja a0a445knyl 1209 26.22 90,360
Urease OS=Glycine max g7xach 1026 18.62 90,157
Urease (Fragment) OS=Glycine max 041214 726 21.37 14,091
Protein Urease OS=Glycine soja; Uniprot ID i1k3k3
Species Glycine max (Soybean) (Glycine hispida)
Peptide numbers 17
LGDTDLFAK
LNIAAGTAVR
GPLQPGESDNDNFR
GGVVAWADMGDPNASIPTPEPVK
NYFLF
GSSSKPDELHDIIK
DGLIVSIGK

EGTIAAEDILHDIGAISIISSDSQAMGR

Peptide sequences

GGNGIADGQVNETNLR

NAVILK

YGPTTGDK

ADIGIK

ATTCTPAPSQMK

VEAVGNVR

EEEDASEGITGDPDSPFTTIIPREEYANK

EDNRIPGEIIYGDGSLVLNPGK

RVEAVGNVR
Protein mass (MW) 90,338
Sequence coverage* 26.22%

RNYFLF

MKLSPREVEKLGLHNAGYLAQKRLARGLRLNYTEAVALTIATQIMEFARDGEKTVAQLMCIGKHLLGRRQVLPEVQHLLNAVQV
EATFPDGTKLVTVHDPISCEHGDLGQALFGSFLPVPSLDKFAENKEDNRIPGEIIYGDGSLVLNPGKNAVILKVVSNGDRPIQ
VGSHYHFIEVNPYLTFDRRKAYGMRLNIAAGTAVRFEPGDSKSVKLVRIGGNKVIRGGNGIADGQVNETNLREAMEAVCKRGE
GHKEEEDASEGITGDPDSPFTTIIPREEYANKYGPTTGDKIRLGDTDLFAKIEKDFALYGDECVFGGGKVLRDGMGQSCGHPP
AISLDTVITNAVIIDYSGIIKADIGIKDGLIVSIGKAGNPDIMDDVFFNMIIGANTEVIAGEGLIVTAGAIDCHVHYICPQLV
DEAISSGITTLVGGGTGPTAGTRATTCTPAPSQMKLMLOSTDDLPLNFGFTGKGSSSKPDELHDIIKAGAMGLKLHEDWGSTP
AAIDSCLTVADQYDIQINIHTDTLNEAGEVEHSIAAFKGRTIHTYHSEGAGGGHAPDIIKVCGMKNVLPSSTNPTRPLTLNTI
DEHLDMLMVCHHLNREIPEDLAFACSRIREGTIAAEDILHDIGAISIISSDSQAMGRVGEVISRTWQTANKMKVORGPLQPGE
SDNDNFRIKRYIAKYTINPATIANGFSQYVGSVEVGKLADLVMWKPSFEFGAKPEMVIKGGVVAWADMGDPNASIPTPEPVKMRP
MFGTLGKAGGALSIAFAAVDQRVHALYGLNKRVEAVGNVRKLTKLDMKLNDSLPQITVDPDNYTVTADGEVLTSFATTEVPLS

*functional protein without N-terminal signal peptide.

3.3 Analysis of enzyme activity

Different enzyme batches were extracted from
different soy samples, which guaranteed biological
reproducibility. Then, in order to characterize the
functional parameters of the protein, activity assays
were carried out under different pH and temperature
conditions (Fig. 2). The enzyme showed better activity
at pH 6.5 and temperature close to 65 °C. Literature
reports that the optimal pH for ureases, in general,
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ranges between 5.0 and 8.0, depending on the species
and even the isoform*. However, for ubiquitous soy
urease, there are two peaks of activity, one around 5.5
and the other at 9.0%%; however, there is a study that
reports optimal activity for embryo-specific soy urease
at pH 6.1%. Regarding the temperature, literature also
reports variation, however, it is usually around 0 °C*.
The substrate concentration at maximum urease
activity was close to 190 mmol L (Fig. 3a). Beyond
this concentration, activity begins to decrease
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gradually, a fact that can be explained by a mechanism
of substrate inhibition*°. Thus, the Michaelis—Menten
equation was adjusted to the experimental points and
provided Kv of 109 + 23 mmol L and Vma of 2.5
0.4 mmol L nuaMQurease -5 (Fig. 3a). Values quite
different from those obtained by the double-reciprocal
plot (Fig. 3b), which presented Kym of ~526 mmol L
and Vmax 0f 7.4 MM nu3-UQurease =571 However, Pisum
sativum urease showed the same substrate inhibitory
effect, and its Km found by adjusting the Michaelis—
Menten equation to data points was close to
100 mmol Lt but was 500 mmol L when calculated
by the double-reciprocal plot at pH 7.5%. These values
are very similar to those found in this work.
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Figure 2. Effects of changes in the experimental
conditions on the catalytic activity of GmaxUrease.
(a) Effect of pH using 0.04 mol L Britton—Robinson
buffer, with 3% urea and a temperature of 55 °C. (b)
Effect of temperature using 0.2 mol L7 phosphate
buffer, 3% urea, pH 6.5. In both assays, the enzyme
concentration was 2.7 pg-mL~t. Each point on the
graph represents the average of two repetitions.
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Figure 3. Effect of the substrate (urea) concentration
on the catalytic activity of GmaxUrease, using
0.2 mol L* phosphate buffer, pH of 6.5 at 65 °C
temperature. (a) Michaelis—Menten plot showing a
tendency of decrease in velocity at urea concentrations
higher than 195 mmol L. The red line represents the
best fit of Michaelis-Menten equation to the
experimental data points. (b) Double-reciprocal plot
for estimating Km and Vmax values. Each point on the
graphs represents the average of two repetitions.

0.005

3.4 Evaluation of antifungal activity

We carried out microbiological assays aiming to
evaluate the antifungal property of GmaxUrease
against the human pathogenic fungus P. brasiliensis.
Until then, this property of urease was never evaluated
against this fungal. The MIC and MFC values obtained
were ~10 pg-mL™ of urease. Bovine serum albumin
was used as negative control in order to verify a
possible inhibitory osmotic effect due to protein
concentration; however, such influence did not occur
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(Fig. 4). The MIC/MFC values found are promising,
because, although this is the first study that
demonstrates the urease antifungal activity against
P. brasiliensis, when comparing this result to similar
ones that used other fungi, such as the yeast Candida
albicans, the MIC values ranged between 240 to
150 pg-mL? of urease'™*2,

pg/mL 100 51 25 12 06 0.3 016 008 004 002 C+ C-

., OD0PPPPOPFEGEEE
P99 Poo0Pe0e
et eGP e O

urease

MFC

16 08 04 02 C+ C-
e ad
veee

pg/mL 104 52 26 13 6.5 3.2

S E XX R XN XK.
S EEEX XN X

2 & 2 & & & %

Figure 4. The experimental values of MIC and MFC of
GmaxUrease against Pb18 strain of P. brasiliensis. The
inoculum concentration was 10° CFU and GmaxUrease
concentration ranged between 0.02 upg-mL? to
10 pg-mL~1. The concentration of BSA ranged between
0.2 to 104.4 pg-mL~. Minimal inhibitory concentration
is displayed in color and MFC in black/white. Negative
control (C-) and positive control (C+).

3.5 Modeled structure

The final model of GmaxUrease shares 92.3%
identity with template from Canavalia ensiformis and
presents excellent stereochemical quality with 91.9%
of the residues in the most favored, 7.8% in the
additional allowed and only 0.3% of the residues in the
generously allowed regions of Ramachandran plot, a
much better quality than template (88.3%, 11.1% and
0.6% respectively). The Fig. 5a and b shows the
embryo-specific soy urease modeled in this study. The
pdb file is provided as supplementary material. Ureases
have high homology between different organisms,
which indicates common genetic ancestry and similar
catalytic action®*°. This may justify all residues of
catalytic site conserved in GmaxUrease regarding
Canavalia ensiformis. However, the three-dimensional
structure of ureases varies between organisms and
many still need to be clarified’. Plants have ureases
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formed by a single kind of chain with ~90 kDa, which
form complex trimers (a3), hexamers (a6) and, more
rarely, dodecamers (al2), located in the cytosol of
plant and fungal cells*®°. There are studies indicating
that fungitoxic activity of ureases is independent of the
catalytic activity®'!, being related to the release of
peptides with antimicrobial activity when hydrolyzed.
It is noteworthy that P. brasiliensis has close to 30 to
35 extracellular proteases®, which could act on urease,
resulting in polypeptides that could be toxic to the
fungus. The Fig. 5c shows the alignment of part of the
amino acid sequences of plant and microorganisms
ureases, plus the recombinant jaburetox peptide
identified in the urease of Canavalia ensiformis,
considered responsible for the antifungal effect'?. In
GmaxUrease, the homologous sequence corresponds to
residues 229 to 269. It is noteworthy that
microorganisms do not have this sequence in their
ureases. There are several hypotheses to explain the
antifungal mechanism of these peptides, the most likely
being due to the reorganization of membrane lipids?;
however, for GmaxUrease, this mechanism still needs
validation assays.

Regardless of the action mechanism, the antifungal
property of GmaxUrease against Pb18, the most
virulent strain of P. brasiliensis, was clearly
demonstrated in this work. Due to the low yield of the
protein obtained, it was not possible to perform
additional tests in this work. However, the results
presented here demonstrate the feasibility for carrying
out future studies, aiming at the expression of
recombinant GmaxUrease. The soybean is a feedstock
widely used in human and animal nutrition and there
are no reports of toxic effects in humans regarding the
ingestion of urease present in soy. The possibilities for
biotechnological use of ureases are wide and can be
explored in topical creams formulations for antifungal
medicines, especially for oral manifestations of PCM,
dermatophytes, as well as a natural preservative in
industrialized foods, replacing possible antimicrobial
products. This work allows to envision a wide range of
research  possibilities for the biotechnological
applications of soy urease. In addition, despite being an
organism of economic and agricultural interest, the
notation of soy proteins in the proteomic databases is
still very incipient. Many proteins do not have status
(sequence of amino acids) confirmed by means of
sequencing studies, which include urease. This work
helps to improve this notation.
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Figure 5. GmaxUrease as structure models and homologs alignment. (a) Ribbon model (blue) of the modeled
structure of GmaxUrease. The red segment represents the peptide homolog to jaburetox. (b) Ribbon representation
of the biological unity (trimer). (c) Alignment of plant urease sequences: Jaburetox, Canavalia ensiformis
(P07374), Canavalia ensiformis JBURE-II (Q8H6V8), Glycine max, this work (11K3K3), Arabidopsis thaliana
(Q9SR52), Solanum tuberosum (Q93WI8). Microorganisms ureases: Sporosarcina pasteurii (P41021), Klebsiella
aerogenes, alpha subunit (P18314), Helicobacter pylori, beta subunit (P69996) and Sporosarcina pasteurii, alpha
subunit (P41020). The jaburetox peptide present in plant ureases, but absent in bacterial ureases, is highlighted by a

red rectangle.
4. Conclusions

The embryo-specific soybean urease was extracted
and kept its functional properties after centrifugation,
gel filtration chromatography and ultrafiltration
membrane separation techniques. The results obtained
from structural analysis by LC-MSE, as well as the
characterization of the functional catalytic activity,
were compatible with those of embryo-specific soy
urease. The enzyme has homotrimer as biological unit
and, therefore, the structure was modeled by homology
in this assembly. In terms of Kkinetic parameters,
the enzyme presented Ky of ~526 mmol L? and Vmax
of 7.4 mmol Lnns PQurease™™ S, similar to those from
Pisum sativum urease. The extracted protein fraction
showed, for the first time, an activity compatible with
fungicidal profile (in vitro) against P. brasiliensis. We
hope to contribute to better understanding the
antifungal property of this enzyme, in order to glimpse
other possible biotechnological applications.
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