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ARTICLE INFO ABSTRACT

Keywords: Cryptococcus gattii and its medical implications have been extensively studied. There is, however, a significant
Cryptococcus gattii knowledge gap regarding cryptococcal survival in its environmental niche, namely woody material, which is
I(\:/[e};rlase glaring given that infection is linked to environmental populations. A gene from C. gattii (WM276), the pre-

dominant global molecular type (VGI), has been sequenced and annotated as a putative cellulase. It is therefore,
of both medical and industrial intertest to delineate the structure and function of this enzyme. A homology model
of the enzyme was constructed as a fusion protein to a maltose binding protein (MBP). The CGB_E4160W gene
was overexpressed as an MBP fusion enzyme in Escherichia coli T7 cells and purified to homogeneity using
amylose affinity chromatography. The structural and functional character of the enzyme was investigated using
fluorescence spectroscopy and enzyme activity assays, respectively. The optimal enzyme pH and temperature
were found to be 6.0 and 50 °C, respectively, with an optimal salt concentration of 500 mM. Secondary structure
analysis using Far-UV CD reveals that the MBP fusion protein is primarily a-helical with some p-sheets. Intrinsic
tryptophan fluorescence illustrates that the MBP-cellulase undergoes a conformational change in the presence of
its substrate, CMC-Na ™. The thermotolerant and halotolerant nature of this particular cellulase, makes it useful

Fusion enzyme

for industrial applications, and adds to our understanding of the pathogen’s environmental physiology.

1. Introduction

Cryptococcus gattii is a yeast pathogen that has been repeatedly iso-
lated from various environmental sources including guano, soil, and
particularly, woody material [1,2]. Along with its sister species, Cryp-
tococcus neoformans, C. gattii is associated with lethal infections in both
animals and humans. Whilst the medical implications surrounding
C. gattii have been extensively scrutinized over the decades [3,4], its
environmental capabilities and physiology on woody material remain
poorly understood. Like other Tremellales fungi, C. gattii is often isolated
from soil and decaying woody material, particularly woody material
that has a waxy texture, such as Eucalyptus camaldulensis, Pseudotsuga
mengziesii and Prunus dulcis trees [5-7]. When considering that C. gattii
has been routinely isolated from decaying woody material [5,7-9], it
would not be unlikely that C. gattii is capable of utilizing lignocellulosic
material as a potential carbon source. This hypothesis is corroborated by
the fact that the closely related C. neoformans was previously reported to
use carboxymethyl cellulose (CMC) as a sole carbon source, likely due to
cellulolytic activity, [10]. Moreover, C. gattii is known to produce a
laccase enzyme, whose function has been implicated in lignin hydrolysis
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due to its ability to catalyse the oxidation of phenolic components within
lignocellulosic material [11,12].

Lignocellulosic biomass is considered the most abundantly available
biopolymer and source of potential renewable energy on Earth [13,14].
Numerous sources of lignocellulosic material exist, including sugarcane
bagasse, paper waste from the paper industry, cereal straw, maize sto-
ver, and agricultural wastes such as empty fruit and vegetable tree
branches [15]. Lignocellulosic is a complex polymer composed of the
polysaccharides cellulose and hemicellulose; as well as the aromatic
polymer lignin [14]. Cellulose, a linear homopolymeric polysaccharide,
consists of repeating units of dextrorotatory glucose (D-glucose) and
accounts for 40-60 % of lignocellulose [16]. Enzymatic hydrolysis is
achieved through the use of cellulases [17], which have found wide
application in agriculture, industry, and medicine [18]. The hydrolytic
mechanism of cellulases varies depending on the site of catalysis, with
endocellulases acting on amorphous regions of cellulose [19], while
exocellulases sequentially cleave linkages from either the reducing end
(type I) or non-reducing end (type II) of the cellulosic chain [17].

As such, the aim of this research is the characterization of a putative
C. gattii cellulase that will provide insight into the environmental
metabolism of this yeast pathogen with regards to plant colonization
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Abbreviations

Cryptococcus gattii C. gattii

MBP Maltose binding protein

Far-UV CD Far-ultraviolet circular dichroism
CMC-Na" Carboxymethyl cellulose-sodium salt

and ultimately human infection.
2. Materials and methods
2.1. Vector construction

The putative cellulase gene sequence CGB_E4160W (923 nucleo-
tides/307 amino acids [accession number: XM_003194284]), origi-
nating from the genome of C. gattii WM276, was submitted to GenScript
Inc, Piscataway, NJ, USA, where the sequence was codon optimized for
Escherichia coli and cloned into the expression vector system pMAL-c5x
using Ndel and EcoRI restriction sites, generating pMAL-CGB_E4160W.
Cryptococcus gattii WM276 represents the predominant global molecu-
lar type (VGI), and was originally isolated from the Australian envi-
ronment [20].

2.2. Protein bioinformatics

In silico analysis of the recombinant cellulase from C. gattii was car-
ried out using ProtParam in order to delineate the theoretical character
of the cellulase in terms of its isoelectric point (pI), theoretical molecular
weight, instability index (which is often correlated to the in vivo half-life
of a protein) [21], grand average of hydropathicity (GRAVY) (a deter-
minant of solubility in a recombinant host) and molar extinction coef-
ficient [22].

To determine the presence or absence of a signal peptide, SignalP
(version 5; https://services.healthtech.dtu.dk/service.php?Si
gnalP-5.0), in conjunction with Phobius (version 1; https://phobius.
sbe.su.se/) and Predisi (version 1; http://www.predisi.de/), were used
with the native amino acid sequence as the input to determine these
parameters.

An automated homology model, using maltose binding protein-cel-
lulase’s amino acid sequence as the input, was constructed using the
Phyre2 web portal (http://www.sbg.bio.ic.ac.uk/phyre2) for protein
modelling. Structure prediction and analysis were carried out using the
software’s ‘intensive’ mode. The intensive mode of Phyre2 aims to
construct a comprehensive full-length homology model of a given amino
acid sequence by combining multiple template models with simplified
ab initio folding simulations [23]. The homology model was subse-
quently visualized using PyMOL [24].

2.3. Recombinant protein overexpression and purification

Escherichia coli T7 cells were transformed with the pMAL-
CGB_E4160W vector [25]. Single colonies were cultured overnight in
Luria-Bertani (LB) broth (pH 7), supplemented with 100 pg ampicillin
ml~!, at 37 °C with shaking at 200 rpm. The overnight cultures were
diluted 1/10 with fresh LB broth supplemented with 100 pg ampicillin
ml~! at 37 °C with shaking at 200 rpm until the ODgoy Was approxi-
mately 0.35-0.55. The cultures were induced with isopropyl
B-D-1-thiogalactopyranoside (IPTG) at a final concentration of 0.2 mM
and cultured for an additional 24 h at 16 °C with shaking at 200 rpm.
Cells were subsequently harvested by centrifugation (4000xg, 20 min,
4 °C). Approximately 1 g of wet cell pellet was obtained per 100 mL, and
the pellet was resuspended in 10 mL lysis buffer (20 mM Tris-HCl; 200
mM NaCl; pH 7.4). The resuspended cells were sonicated (QSonica
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Q125; 60 % amplitude; 8 cycles of 30 s ultrasonic pulses followed by 30 s
on ice) to disrupt the bacterial cell wall. The soluble extracts were
separated from the insoluble cell debris via centrifugation at 20 000xg
for 15 min at 4 °C. The soluble extracts were assayed using sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) to
verify the production of soluble maltose binding protein (MBP)-cellulase
(~90 kDa) [26].

In order to purify the MBP-cellulase, an amylose column was pre-
equilibrated with 15 column volumes of amylose affinity binding
buffer (20 mM Tris-HCl; 200 mM NaCl; pH 7.4). The soluble extracts
were clarified with a 0.22 pm syringe filter and subsequently diluted in
excess amylose affinity binding buffer in a 1:5 ratio to increase the
contact time between the resin and maximise binding of the MBP-
cellulase within the soluble extracts. The diluted soluble extracts were
added to the column, after which the column was washed with 25 col-
umn volumes of amylose affinity binding buffer to remove any non-
specifically bound material. The immobilised MBP-cellulase fusion
protein was eluted using amylose affinity elution buffer (20 mM Tris-
HCL; 200 mM NaCl; 10 mM maltose; pH 7.4) All chromatographic
fractions were assayed using SDS-PAGE to qualitatively determine the
purity of the MBP-cellulase fusion protein.

2.4. Far-ultraviolet circular dichroism (Far-UV CD) and intrinsic
tryptophan fluorescence

A total of 10 pM MBP-cellulase, which was dialysed against 20 mM
sodium phosphate buffer (pH 7.4) for 24 h in order to remove any salts
which would have hampered accurate spectroscopic measurements
[27], was subjected to far-UV CD analysis. The following parameters
were set for CD spectra collection on a Jasco J-810 Circular Dichroism
Spectropolarimeter: sensitivity (100 mdeg), start wavelength (260 nm),
end wavelength (190 nm), data pitch (0.5 nm), scanning mode
(continuous), scanning speed (1000 nm/s), response (1 s) and band-
width (5 nm) [28]. A blank containing only sodium phosphate buffer
(20 mM; pH 7.4) was also assessed to obtain the contribution of the
buffer to the CD spectrum. The CD spectrofluorometer’s output data is in
ellipticity units ([0]) and a total of five readings were recorded. The data
was then converted into mean residual ellipticity [0)]MWR with the
equation:

(100 x 6)
[9]:C><n><l

0 = ellipticity (mdeg)

n = number of amino acid residues
1 = path length (1 mm)

¢ = protein concentration (g/ml)

MBP-cellulase was subjected to intrinsic tryptophan fluorescence in
order to study MBP-cellulase’s conformational changes when in the
presence of its ligand, CMC-Na*, and when denatured in 8 M urea. A
total of 10 pM MBP-cellulase in 10 mM sodium phosphate buffer (pH 7)
was used in the analysis of native MBP-cellulase, whilst 10 mM sodium
phosphate buffer (pH 7) supplemented with 8 M urea was used in the
analysis of denatured MBP-cellulase and 10 mM sodium phosphate
buffer (pH 7) supplemented with 0.5 % (w/v) CMC-Na™' was used in the
analysis of ligand-bound MBP-cellulase. The resultant difference in
tryptophan spectra and intensity under three varying conditions was
assessed, specifically, the native, denatured and ligand-bound state of
MBP-cellulase. The observation of a blue- or red-shift was observed,
depending on the initial degree of quenching. All samples were analysed
using the Jasco FP-8200 spectrofluorometer with the following settings:
excitation bandwidth (2.5 nm), emission bandwidth (5 nm), the
response time (1 s), sensitivity (high), excitation wavelength (295 nm),
measurement range (280-500 nm) and data interval (200 nm/min) with
three accumulations. Background noise was corrected for by subtracting
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background buffer values from the actual MBP-cellulase spectra.
2.5. Assaying soluble extracts for cellulase activity

The cellulolytic capabilities of the recombinant MBP-cellulase were
confirmed using a standard DNS (3,5-dinitrosalicylic acid) assay [29]. A
total 250 pg of soluble protein extracts were incubated in the presence of
1 mL 0.5 % (w/v) CMC-Na't in 50 mM sodium phosphate buffer (pH 6)
for 1 h at 50 °C. The addition of 3 mL DNS reagent (2 % w/v DNS; 0.5 M
NaOH; 25 % w/v Rochelle salt; 0.2 % w/v phenol; 0.05 % sodium
metabisulphite) terminated the reaction, and the reactions were subse-
quently incubated for 10 min in rapidly boiling water [29]. Once cooled
on ice, the ODsy5 was obtained using a Boeco S-22 UV/Vis spectro-
photometer. The glucose amount (pg glucose ml™!) released from
CMC-Na™ hydrolysis was extrapolated from a glucose standard curve.
Soluble extracts from uninduced and untransformed cultures and
resuspended pellets from all three conditions (induced empty vector,
uninduced, untransformed) served as negative controls. Cellulase from
Trichoderma reesei (Sigma Aldrich; 5 units/mg) served as the positive
control.

2.6. Determination of optimal pH, sodium chloride concentration and
temperature

Optimal parameters for CMC-Na™ hydrolysis by the MBP-cellulase
were determined by assaying 250 pg of soluble extracts in the pres-
ence of 0.5 % CMC-Na™ at different temperatures, pH levels and NaCl
concentrations for 1 h. For optimal pH determination, soluble protein
extracts were incubated in different buffers over a pH range of 3-8. All
buffers had a 50 mM concentration and included sodium citrate buffer
(for pH 3-5) and sodium phosphate buffer (for pH 6-8) and were
incubated at 50 °C. For optimal temperature determination, soluble
protein extracts in sodium phosphate buffer (pH 6) were incubated at
different temperatures (20-70 °C). In order to determine the optimal
NaCl concentration for CMC-Na® hydrolysis, soluble protein extracts
were incubated in the presence of increasing NaCl concentrations in the
range of 0-1000 mM at 50 °C in sodium phosphate buffer (pH 6). All
assays were performed as mentioned previously.

3. Results
3.1. Protein bioinformatics

A signal peptide which targets the cellulase for secretion from the
cell, with a length of 17 amino acids (position 2-18) was identified, and
subsequently omitted from the design and synthesis of the expression
vector, pMAL-CGB E4160W. An automated homology model of the
MBP-cellulase was constructed (Fig. 1) to computationally determine
the impact of the MBP tag on the cellulase’s structure, which could ul-
timately affect enzymatic function.

The estimated molecular weight of the MBP-cellulase, a fusion of the
MBP tag (43 kDa) and a cellulase from C. gattii (47 kDa), is approxi-
mately 90 kDa. Additionally, the pI, extinction coefficient, aliphatic
index, instability index and GRAVY values were found to be 4.97,
215090 M~! cm_l, 75.2, 25.24 and —0.477, respectively.

The pl, extinction coefficient, aliphatic index, instability index and
GRAVY values of the cellulase without an N-terminal MBP are 4.57,
148990 M~ ! ecm™!, 73.81, 31.84 and —0.417, respectively. The MBP-
cellulase’s higher aliphatic index suggest that fusion to the MBP tag
increases the thermostability of the passenger cellulase whilst the lower
GRAVY value of the fusion enzyme indicates that the MBP may increase
the solubility of the cellulase enzyme [22,31].

3.2. Recombinant protein overexpression and purification

The 90 kDa MBP-cellulase, encoded on the pMAL-c5x vector, was
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Fig. 1. Homology model representing the maltose binding protein-cellulase
(MBP-cellulase) fusion protein constructed using Phyre2 [23]. A) represents
the MBP tag and B) represents the cryptococcal cellulase. The fused cellulase
still retains a typical (a/p)s triose phosphate isomerase (TIM) barrel fold asso-
ciated with glycosyl hydrolase family 5 (GH5) enzymes [30]. Alpha helices are
represented by the colour cyan whilst magenta represents the fusion enzyme’s
beta-sheets. The automated homology model of MBP-cellulase was visualized
using PyMOL [24].

successfully overexpressed in E. coli T7 at 16 °C using 0.2 mM IPTG and
allowing induction to proceed for 24 h. A single-step purification of
MBP-cellulase was subsequently carried out utilizing amylose resin in
conjunction with gravity-flow chromatography to purify the fusion
protein (Fig. 2).

Amylose affinity purification relies on the interactions between MBP
and a-(1-4)-glycosidic linkages, such as those found in amylose and
starch polymers [32]. Due to high affinity binding of maltose to MBP,
maltose at a concentration of 10 mM can be used to efficiently elute MBP
fusion enzymes from the amylose matrix [33].

Cleavage of the cryptococcal cellulase from the MBP tag using
thrombin was not experimentally effective (data not shown), since there
were still significant amounts of MBP-cellulase, which remained even
when a buffer for optimal thrombin cleavage (20 mM Tris-HCL; pH 8.4;
150 mM NaCl; 25 mM CaCl2) was used [34].

1 2 3 4 5 6 7 8 9
100 kDa —— ~901Da
85 kDae—— S Gl — — — —I—*MBP_
— cellulase
—
=
—1

Fig. 2. Heterologous overexpression and single-step purification of MBP-
cellulase fusion protein from soluble extracts of induced Escherichia coli T7
cells using amylose affinity chromatography. Lane 1: Unstained Protein Stan-
dard (New England Biolabs); lane 2: soluble extracts from untransformed E. coli
T7 cells; lane 3: soluble extracts from induced E. coli T7 cells; lane 4: amylose
column flow-through; lane 5: amylose column wash fraction; lanes 6-9: iso-
cratic elutions of purified MBP-cellulase fusion protein.
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3.3. Far-ultraviolet circular dichroism and intrinsic tryptophan
fluorescence

The secondary structure of MBP-cellulase was interrogated using far-
UV CD (Fig. 3A). The use of far-UV CD in the elucidation of a protein’s
secondary structure gives vital information regarding whether or not the
protein is folded correctly and in the correct conformation [35]. Proteins
which occur as aggregates tend to exhibit light scattering and a flattened
CD spectra when compared to correctly folded proteins [36].

The tertiary structure of MBP-cellulase was also evaluated through
the use of intrinsic tryptophan fluorescence (Fig. 3B). The analysis of a
protein’s tertiary structure using intrinsic tryptophan fluorescence pro-
vides valuable insights into a protein’s conformation when its local
environment is altered, for example in the presence of a ligand whose
binding causes a perturbation in the protein’s structure [37,38].

Conformational changes were induced in the presence of the cellu-
lase’s ligand, CMC-Na™, or in the presence of a high concentration of a
denaturant, such as urea, to induce unfolding (Fig. 3B) [37,39]. When
denatured, MBP-cellulase produced a red-shift (increase in emission
maximum) from 340 to 342 nm, which although minor, still represents a
change in MBP-cellulase’s conformation, and a drop in the fluorescence
intensity from 918 to 535 absorbance units (A.U) (Fig. 3B, yellow line).
A red-shift in the presence of 8 M urea indicates that the tryptophan
residues are substantially exposed to the buffer environment, implying
that MBP-cellulase has been entirely unfolded [40].

A blue-shift (decrease in emission maximum) and a decrease in
fluorescence intensity occurred as a consequence of the MBP-cellulase’s
binding to a ligand, CMC-Na*, (Fig. 3B, green line). Such an observation
is indicative of an increase in hydrophobicity, which suggests that the
tryptophan residues are less exposed to the buffer environment and
become more buried within MBP-cellulase’s core [41]. This observation
is unsurprising, when considering that a change in the emission spectra
of a particular protein is often linked to a conformational change due to
PH shifts, changes in temperature and ligand binding [37].

3.4. Assaying soluble extracts for cellulase activity

The soluble extracts from a culture of E. coli T7 harbouring pMAL-
CGB_E4160W induced with 0.2 mM IPTG was able to generate more
glucose as a consequence of CMC-Na™' hydrolysis, when compared to
supernatants originating from cultures of untransformed and uninduced
E. coli T7 cultures, as well as an induced culture harboring an empty
PMAL vector (Fig. 4). There was a significant difference (p < 0.01) when
the soluble extracts from induced cells harbouring pMAL-CGB_E4160W
were incubated with CMC-Na*, indicating the cellulolytic ability of
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Fig. 4. Lysate productivity of four different Escherichia coli T7 strains (un-
transformed T7 cells, transformed uninduced cells, transformed induced T7
cells with an empty plasmid and transformed induced cells harbouring pMAL-
CGB_E4160W) with respect to CMC-Na™ hydrolysis based on the 3,5-dinitrosa-
licylic acid (DNS) assay (Miller, 1959). Error bars represent the standard de-
viation of three replicates (n = 3). There is a significant difference when
comparing the three control conditions to the experimental, as evidenced by a
p-value <0.01. One hundred units of cellulase derived from Trichoderma reesei
served as the positive control.

MBP-cellulase.

The use of crude cell lysates or cell-free supernatants in the deter-
mination of enzyme activity is considered comparable to the use of
purified protein [42], however using cell lysates facilitates more rapid
determination of an enzyme’s hydrolytic ability, without the need for
time consuming purification processes.

3.5. Determination of optimal pH, sodium chloride concentration and
temperature

The MBP-cellulase fusion enzyme displayed maximum activity at
50 °C (Fig. 5A) and retained over 50 % of its relative maximal activity at
60 °C. Additionally, the optimum pH of the MBP-cellulase was deter-
mined to be pH 6 (Fig. 5B) and the optimum NaCl concentration was
found to be 500 mM (Fig. 5C) whilst retaining 80 and 60 % of its
maximum activity at 750 and 1000 mM sodium chloride, respectively.

1000

Fluorescence Intensity (a.u)

305 330 355 380 405 430
Wavelength (nm)

-Native Unfolded (8M Urea) ——Ligand Bound (0.5% CMC)

Fig. 3. A) Maltose binding protein-cellulase (MBP-cellulase; 10 pM) in 10 mM sodium phosphate buffer (pH 7) exhibits a dominant a-helical secondary structure due
to the presence of a distinct peak at 190 nm and decline at 208 nm. A slight decline at 218 nm is indicative of $-sheets. B) Native MBP-cellulase (10 pM) (orange line)
in sodium phosphate buffer (10 mM; pH 7) exhibited a high tryptophan fluorescent intensity emission at 340 nm. Denatured MBP-cellulase (10 pM) (yellow line) in
sodium phosphate buffer (10 mM, pH 7) with 8 M urea exhibited a low tryptophan fluorescent intensity emission and red shift to 342 nm. Ligand binding with 0.5 %
(w/v) carboxymethylcellulose (CMC; green line) resulted in a blue shift (emission at 335 nm) and lower fluorescent intensity which indicates increased hydro-

phobicity when compared to the native state (orange line).
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Fig. 5. A) Optimal temperature determination of maltose binding protein-
cellulase using the 3,5-dinitrosalicylic acid (DNS) assay (Miller, 1959). The
optimal temperature for MBP-cellulase was found to be 50 °C. B) Optimal pH
determination of maltose binding protein-cellulase using the 3,5-dinitrosalicylic
acid (DNS) assay. Citrate buffer 50 mM was used for pH 4-5 while 50 mM
sodium phosphate buffer was used for pH 6-8. The optimal pH from enzymatic
activity of maltose binding protein-cellulase (MBP-cellulase) was found to be 6.
C) Optimal sodium chloride concentration determination of maltose binding
protein-cellulase using the 3,5-dinitrosalicylic acid (DNS) assay. The optimal
sodium chloride concentration was found to be 500 mM. All assays were carried
out as previously described. Error bars represent the standard deviation of three
replicates (n = 3).

4. Discussion

The medically relevant environmental yeast, C. gattii, is one of the
primary aetiological agents of cryptococcosis [3]. The emerging drug
resistance, pathogenesis and virulence factors of this yeast have been
extensively studied and are well understood [4]. However, the envi-
ronmental physiology of C. gattii and its true ecological niche are points
of contention and remain unclear [43]. A novel gene derived from the
sequenced genome of C. gattii WM276 was annotated as a putative
cellulase [44]. To gain insights into the potential environmental meta-
bolism of C. gattii, and elucidate the functionality of the cellulase pro-
tein, the gene, CGB_E4160W, was codon-optimized (with the signal
peptide omitted) and cloned into a pMAL-c5x vector for recombinant
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overexpression in E. coli T7. The recombinant cellulase, overexpressed
as a fusion protein with an N-terminal MBP, was predominantly present
in the soluble fraction and was subsequently purified in a single step,
using amylose affinity chromatography.

Computational data indicates that despite the presence of a large
MBP tag, the cellulase component of the fusion enzyme should retain a
typical (o/p)s triose phosphate isomerase (TIM) barrel fold associated
with glycosyl hydrolase family 5 (GH5) enzymes [30]. This predicted
structure was subsequently confirmed using far-UV-CD, where
MBP-cellulase exhibited a CD maximum at 190 nm and two CD minima
at 208 nm and, to a lesser extent 218 nm (Fig. 3A). This suggests that the
MBP-cellulase fusion enzyme is primarily o-helical, with the presence of
some f-sheets [45]. The observed peaks are also consistent with the
research of Pimentel and colleagues (2017), who determined that a GH5
endoglucanase generated from a metagenome library, had a CD
maximum at 190 nm and two CD minima at 209 and 219 nm [46].

The theoretical parameters of MBP-cellulase collectively indicate
that the cellulase is acid-tolerant, thermostable and hydrophobic. The
thermostable nature of this enzyme make it a suitable candidate for
utility in the textile and detergent industry [47], whilst this enzyme’s
acid-tolerant nature is advantageous in processes that necessitate acid
pretreatment of lignocellulosic material, among which is the production
of biofuels from agricultural residue [48].

Intrinsic tryptophan fluorescence was used to evaluate the tertiary
structure of the MBP-cellulase [37]. Like other GH5 endoglucanases, in
its native state the MBP-cellulase exhibited an emission maximum at
340 nm after initial excitation at 295 nm (Fig. 3B, orange line) [38,49].
In the denatured state (Fig. 3B, yellow line), the MBP-cellulase produces
a red-shift, which indicates that the tryptophan residues are substan-
tially exposed to the buffer environment, implying that MBP-cellulase
has been entirely unfolded [40]. Finally, a blue-shift (decrease in
emission maximum) and a decrease in fluorescence intensity occurred as
a consequence of the MBP-cellulase’s binding to CMC-Na*, (Fig. 3B,
green line), which indicates increased hydrophobicity, suggesting that
the tryptophan residues are less exposed to the buffer environment and
become more buried within MBP-cellulase’s core [41], which is typical
of conformational changes associated with ligand binding [50].

Despite its large molecular weight, the MBP tag does not seem to
impede its passenger protein’s enzymatic function, since MBP-cellulase
displayed cellulolytic activity towards CMC-Na't (Fig. 4). Similarly,
Jiménez-Guerrero and colleagues (2019) observed that a GH12 cellulase
exhibited similar cellulase activity regardless of whether it was present
as an MBP-cellulase fusion enzyme or a cleaved and untagged enzyme
[51]. Moreover, an endo-acting xylanase, an endo-$-1,4-mannanase and
a cellulase were able to retain their hydrolytic function when fused to an
N-terminal MBP [52-54]. Midiri and co-workers (2020) were able to
readily detect CMC hydrolysis from lysates of E. coli transformed with a
pET-21b vector, harbouring a gene encoding a cellulase from
C. neoformans [55]. This approach enables rapid determination of
enzyme activity, and also mitigates the unpredictable loss of enzyme
function and solubility, as a result of extended processing times during
the purification process [56].

The optimal temperature of MBP-cellulase was found to be slightly
higher than the reported temperature optima of a recombinant cellulase
from C. neoformans, which was 37 °C [55]. This discrepancy is likely
attributed to the fact that the MBP fusion tag is known to enhance the
thermostability of its passenger protein [57]. Generally, however, GH5
cellulases have an optimal temperature of 50 °C [58-60]. The optimal
pH was slightly higher than that reported in previous studies looking at
cellulases from other cryptococcal species [55,61]. Thongekkaew and
co-workers (2008) reported a pH optimum of 3.5 for a recombinant
cellulase from Cryptococcus sp. S-2, whilst Midiri and co-workers (2020)
reported a pH optimum of 4 for a recombinant cellulase from
C. neoformans. Despite the minor discrepancy in optimal pH compared to
other cryptococcal cellulases, cellulases derived from Aspergillus fumi-
gatus, Bacillus velezensis and Rhizopus oryzae all exhibited an optimal pH
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of 6 [62-64]. Lastly, a recombinant cellulase derived from A. glaucus was
found to have a 220 % increase in activity when in the presence of 500
mM NaCl as compared to the absence of NaCl [65]. The halotolerant
nature of this cellulase could make it an attractive target for industry as
the pre-treatment of cellulosic biomass needs strong alkaline agents
followed by acid neutralisation, which generates excessive salinity as a
common consequence [66].

5. Conclusion

To the best of our knowledge, this work represents the first over-
expression, purification, and characterization of a cellulase from
C. gattii. Moreover, this is the first illustration of the structural character
of a cellulase from any cryptococcal pathogen. Overall, these findings
support the notion that woody material, is in fact, the true ecological
niche of C. gattii since the presence of a functional cellulase enzyme
suggests that this pathogen can colonize plant material, successfully
hydrolysing cellulosic substrates for growth.
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