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Abstract

The objective of this study was to purify, characterize, and phylogenetically and structurally analyze the dextranase produced
by the fungus Pochonia chlamydosporia. Dextranase produced by the fungus P. chlamydosporia was purified to homogeneity
in two steps, with a yield of 152%, purification factor of 6.84 and specific activity of 358.63 U/mg. Its molecular weight was
estimated by SDS-PAGE at 64 kDa. The enzyme presented higher activity at 50 °C and pH 5.0, using 100 mM citrate—phos-
phate buffer, was inhibited by Ag'*, Hg?*, Cu**, Mg?*, and presented K, of 23.60 uM. Mature dextranase is composed of
585 amino acids residues, with a predicted molecular weight of 64.38 kDa and plI 5.96. This dextranase showed a strong
phylogenetic similarity when compared to Trichoderma harzianum dextranase. Its structure consists of two domains: the
first composed by 15 f strands, and the second composed by a right-handed parallel B-helix.

Keywords Enzyme - Verticillium chlamydosporium - Purification - 3D structure

Introduction

Dextranases (EC 3.2.1) are enzymes that hydrolyze a-(1,6),
a-(1,2), a-(1,3) and a-(1,4) linkages in dextran polysaccha-
rides. The main products from dextran hydrolysis by dex-
tranase activity are glucose, isomaltose and isomalto-oligo-
saccharides and, thus, dextranases are commonly known as
glucanases. Dextranases comprise a large and diverse group
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of enzymes which differ from one another due to the mode
of action and resulted dextran hydrolysis products (Jaiswal
and Kumar 2011; Picozzi et al. 2015).

Sugarcane, in the field, during transportation and in
industry, is subject to microbial infections that lead to dex-
tran production from sucrose. According to Boil and Wie-
nese (2002), dextran presence in sugar processing results
mainly from post-harvest delay and lack of hygiene in the
factories.

Among the problems caused by dextran in the sugar
industry we can mention sucrose concentration reduction
as a result of its use in dextran production, lower sucrose
recovery as a consequence of crystallization inhibition, and
increase in the sugarcane juice viscosity (Khalikova et al.
2005). Moreover, dextran affects sugar quality, once syrup
removal does not occur properly, forming residues in the
sugar crystals (Batista 2014; Boil and Wienese 2002), as
well as the formation of opaque, irregular, elongated and
caramel-like crystals (Jiménez 2009). In addition to sucrose
loss and worsening final product quality, the presence of
dextran in the sugarcane juice also results in a higher equip-
ment wear and compromise sucrose content quantification,
which is the basis for the sugarcane payment (Singleton et al.
2002).
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Physical separation methods, such as ultrafiltration, dialy-
sis and reverse osmosis are useful methods for polysaccha-
ride removal on a reduced scale, however, on a commercial
scale, their use is not yet economically viable (Boil and
Wienese 2002).

Therefore, in most cases, the methods used to remove
dextran present in sugar solutions utilize enzymatic hydroly-
sis through dextranase use. However, for dextranase applica-
tion to be economical, the availability of a suitable enzyme
for the degree of dextran removal is required, which depends
on time, temperature and dextran concentration (Boil and
Wienese 2002; Picozzi et al. 2015).

Dextranase production was verified in some bacterial spe-
cies, filamentous fungi and a small number of yeasts (Bhatia
et al. 2010; Jiao et al. 2014; Zhang et al. 2016). Recently,
our research group described the first report of dextranase
production by the fungus Pochonia chlamydosoporia, a fac-
ultative parasite of eggs and female nematodes found in the
soil in various regions of the world. This enzyme reduced
the dextran content of sugarcane juice by 75%, with 12-h
treatment (Sufiate et al. 2018).

Thus, the objective of this study was to purify, character-
ize, and phylogenetically and structurally analyze the dex-
tranase produced by P. chlamydosporia.

Materials and methods
Dextranase production by P. chlamydosporia

P. chlamydosporia VC4 (syn. Verticillium chlamydo-
sporium) was obtained from the soil of Vigosa city, Minas
Gerais, southeast of Brazil (latitude 20°45020008S, longi-
tude 42°5204000W), and was maintained on solid 2% Potato
Dextrose Agar medium [2% PDA (w/v)] under refrigera-
tion, at 4 °C. For inoculation in liquid culture medium, four
equally sized disks were removed from petri dishes edges.
These disks were inoculated into 250 mL flasks containing
100 mL of liquid medium previously autoclaved at 121 °C
for 15 min. The liquid medium contained 10 g/L dextran,
5 g/L NaNO;, 4 g/L KH,PO,, 0.5 g/L MgS0O,.H,0, 0.5 g/L
KCl, 0.178 g/L. ZnSO,.7TH,0, 0.18 g/L FeSO,.7H,0 and pH
was adjusted to 5.5. After inoculation, the flasks were kept
at 28 °C and 180 rpm for 7 days. After this period, the flasks
content was filtered and centrifuged at 10,000xg for 20 min.
The supernatant constituted the crude extract.

Enzyme activity and protein quantification

Dextranase activity was measured by evaluating the amount
of reducing sugars through 3.5-dinitrosalicylic acid (DNS)
method (Miller 1959). The enzyme assay was performed
using 370 pL of 100 mM citrate—phosphate buffer pH 6.0,
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100 pL of 1% dextran solution and 30 pL of enzymatic sam-
ple. Reagents were incubated at 50 °C for 10 min, and the
reaction was stopped by adding 500 pL of the DNS reagent.
Samples were heated for 5 min in a boiling water bath, and
then 1 mL of water was added to each sample. Absorbance
readings were performed at 540 nm. In order to obtain the
amount of reducing sugars, a standard curve was constructed
with varying glucose concentrations. One dextranase unit
(U) was defined as the amount of the enzyme that catalyzes
the release of 1 pmol of reducing sugar per minute under the
assay conditions. All enzymatic activity measurements were
performed in triplicate.

Protein concentration was estimated at each fraction from
the chromatographic columns by absorbance measured at
wavelength of 280 nm. To determine the protein concen-
tration in the crude extract and in the pools obtained from
the chromatographic columns, Bradford method (Bradford
1976) was used.

lon-exchange chromatography on DEAE-Sepharose
and CM-Sepharose

A 5 mL crude extract volume was subjected to DEAE-
Sepharose™ Fast Flow (Amershan Biosciences®) ion-
exchange column previously equilibrated in 25 mM cit-
rate—phosphate buffer pH 6.0, connected to an automatic
collector and a peristaltic pump. Flow rate was kept constant
at 0.5 mL/min. After sample application, 25 mL of 25 mM
citrate—phosphate buffer pH 6.0 was applied. Resin-bound
proteins were eluted with 25 mL of the same buffer solution
with increasing linear NaCl concentrations up to 1 M. The
collected fractions contained 3 mL each and those contain-
ing high dextranase activity were selected and assembled to
form a pool.

This pool was subjected to a CM-Sepharose ™ Fast Flow
(Amershan Biosciences®) ion exchange column previously
equilibrated in 25 mM citrate—phosphate buffer pH 6.0,
connected to an automatic collector and a peristaltic pump.
The flow rate was kept constant at 0.5 mL/min. After sam-
ple application, 18 mL of 25 mM citrate—phosphate buffer
pH 6.0 was applied. Resin-bound proteins were eluted with
18 mL of the same buffer solution with increasing linear
NaCl concentrations up to 1 M. The collected fractions con-
tained 1.5 mL each and those containing high dextranase
activity were selected and assemble to form a pool, which
consisted of the purified enzyme.

Page

Samples were subjected to 10% (w/v) polyacrylamide gel
electrophoresis (SDS-PAGE) (Laemmli 1970). Electropho-
resis was performed at 80 V, and the gel was stained with
silver nitrate to allow protein visualization.
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An in-gel activity assay was carried out in order to con-
firm the dextranase activity of the purified dextranase from
P. chlamydosporia. Samples were applied to 10% native
PAGE gel containing 1% blue dextran, and a voltage of 80 V
was used. The gel was incubated in 100 mM citrate—phos-
phate buffer pH 6.0 for 1 h at 50 °C. Dextranase activity was
detected as a clear band on blue background. Subsequently,
the gel was stained with silver nitrate to confirm the enzyme
presence.

Enzymatic characterization
pH and temperature effect on enzyme activity

An assay was conducted using 100 mM citrate—phosphate
buffer with different pH values: 2.2; 3.0; 4.0; 5.0; 6.0;
7.0 and 8.0. Assays were performed under the conditions
described above, using the buffer solution in such pH val-
ues. Dextranase activity was measured at different reaction
incubation temperatures: 30, 40, 50 and 60 °C, keeping all
the previously described conditions.

Thermal stability of the purified dextranase was evaluated
by incubating enzymatic samples at 40 and 50 °C for O to
300 min, before being subjected to the enzymatic activity
measurement.

Effect of metal ions and other reagents on enzymatic
activity

The presence effect of the following ions, initially in saline
form, on dextranase enzymatic activity was evaluated:
ZnCl,, CaCl,, MgSO,, MnSO,, CuSO,, FeSO,, AgNO;,
HgSO,, and EDTA (Ethylenediamine tetraacetic acid) and
SDS (sodium dodecyl sulfate) reagents. Compounds were
prepared at 10 mM concentration in 100 mM citrate—phos-
phate buffer pH 6.0. Enzymatic activity in the absence of
any reagent was considered to be 100%. The other reaction
conditions followed as described in Sect. 2.2.

Kinetic constants

Kinetic parameters Kj; (Michaelis—Menten constant) and
Viax (maximum velocity) were calculated by means of the
velocity curve as a function of the substrate concentration,
Michaelis—Menten model. For this, Curve Expert program,
version 1.4 for Windows, was used.

In silico predictions, molecular modeling
and phylogeny

FASTA sequence of dextranase precursor from P. chla-
mydosporia was retrieved from UNIPROTKB (ID
AOA179FQVY9). The target sequence was searched for

similar sequences using BLASTp (protein—protein Basic
Local Alignment Search Tool) (http://www.ncbi.nlm.nih.
gov/BLASTY/). Signal dextranase sequence was predicted
using SignalP 4.0 server. Theoretical protein isoelectric
point (pI) and molecular weight were calculated using the
pI/MW tool (http://web.expasy.org/compute_pi/).
Dextranase sequences were selected from CAZy (http://
www.cazy.org/GH49_characterized.html) and from National
Center for Biotechnology Information (NCBI). The selected
sequences were: P. chlamydosporia (XP_018144597.1),
Aspergillus niger (BAA18971.1), Lipomyces starkeyi
(AAS90631.1), Talaromyces minioluteus (AAB47720.1),
Trichoderma harzianum (KKO97501.1), Talaromy-
ces cellulolyticus (GAM43713.1), Sporothrix schenckii
(ERS97553.1), Sporothrix brasiliensis (KIH89944.1) and
Penicillium subrubescens (OKP15192.1). Dextranase amino
acid sequences were aligned with ClustalX, and MEGA 7
was used to construct a neighbor joining (NJ) tree. The
3-dimensional (3D) structure for dextranase from P. chla-
mydosporia was predicted by protein modeling with the
SWISS-MODEL server (http://swissmodel.expasy.org/),
using a Talaromyces minioluteus (syn. Penicillium miniolu-
teum) (UniProt Acession no. P48845) dextranase template.

Results and discussion

Purification of dextranase produced by P.
chlamydosporia

Dextranase produced by P. chlamydosporia was purified
to homogeneity in two steps, the first step being anion-
exchange resin chromatography (DEAE-Sepharose), and the
second step a cation-exchange resin chromatography (CM-
Sepharose). The enzyme was purified with a yield of 152%,
purification factor of 6.84 and specific activity of 358.63 U/
mg (Table 1). In the first purification stage, increased total
dextranase activity was observed, which suggests inhibitor
elimination during this step. This, consequently, can explain
the high yield obtained for the process.

In SDS-PAGE (Fig. 1a), there is only a single band, cor-
responding to the purified dextranase molecular weight esti-
mated at 64 kDa by mobility comparison with marker pro-
teins. In the native PAGE prior to staining by silver nitrate
(Fig. 1b) dextranase activity was confirmed in samples from
the crude extract, DEAE-Sepharose chromatography and
CM-Sepharose chromatography. Dextranase activity was
observed as clear bands in the gel. This same native PAGE
was stained by silver nitrate (Fig. 1c) in order to confirm
dextranase presence and to observe other proteins occur-
rence in the samples. After staining with silver nitrate of
native PAGE (Fig. 1c), it was possible to observe the pres-
ence of other protein in the crude extract besides dextranase,
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Table 1 Purification steps of

dextranase from Pochonia Step Tot'al. enzyme Total protein  Specific activity  Yield (%) Pur.iﬁ-
. activity (U) (mg) (U/mg) cation
chlamydosporia (fold)
Crude extract 1397.50 26.65 52.45 100 1
DEAE Sepharose 2224.09 16.02 138.81 159 2.65
CM Sepharose 2120.49 591 358.63 152 6.84

One dextranase unit (U) was defined as the amount of the enzyme that catalyzes the release of 1 pmol of
reducing sugar per minute under the assay conditions

Fig. 1 Purified dextranase
from Pochonia chlamydosporia
on SDS-PAGE stained with
silver nitrate. Lane M: Protein
molecular weight markers
(Thermo Scientific); Lane 1:
purified dextranase (a). Clear
bands, indicated by black
rectangles, showing dextranase
activity on a 10% native PAGE
gel containing 1% (w/v) blue
dextran, prior to staining with
silver nitrate (b), and stained
with silver nitrate (c¢). Lane M:
Protein molecular weight mark-
ers (Thermo Scientific); Lane
1: crude extract; Lane 2: pool
from DEAE-Sepharose; Lane 3:
purified dextranase

66.2

45.0

25.0

18.4

and that dextranase activity band corresponds to the only
protein band in the sample from the second chromatography,
confirming its purification to homogeneity.

This estimated molecular weight is close to the observed
molecular weight values for purified dextranases from
Chaetomium erraticum, Paecilomyces marquandii, Peni-
cilillium aculeatum, Penicillium funiculosum and two
dextranases from Chaetomium gracile, whose molecular
weights were estimated at, respectively, 59, 73, 66.2, 67,
71 and 77 kDa (Abdel-Aziz et al. 2007; Hattori et al. 1981;
Machado 2009; Mahmoud et al. 2014; Virgen-Ortiz et al.
2015).

Enzymatic characterization
pH and temperature effect on enzymatic activity

Purified P. chlamydosporia dextranase showed higher activ-
ity at pH 5.0 (Fig. 2a). In addition, it was observed that
this dextranase has a high hydrolysis capacity also at pH
6.0, with relative activity above 90%, and at pH 4.0, with
a 74% relative activity. Similarly, Machado (2009) deter-
mined that pH 6.0 provides higher activity of dextranase
produced by P. marquandii, and that at pH 4.0, it has 90%
relative activity. Virgen-Ortiz et al. (2015) reported that pH
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5.2 results in increased activity of the dextranase produced
by C. erraticum, and observed relative activity above 85%
in the pH ranging from 4.0 to 6.0. However, when studying
P. aculeatum dextranase, Mahmoud et al. (2014) observed
that the highest activity pH was 4.5, and that from this pH
value, dextranase activity decreased abruptly.

The highest activity temperature of purified P. chlamydo-
sporia dextranase was 50 °C (Fig. 2b). At 60 °C the enzyme
demonstrated only 48% activity, indicating that at this
temperature protein denaturation may occur. These results
are close to the results found by Mahmoud et al. (2014),
which determined that dextranase produced by P. aculeatum
exhibited higher activity at 45 °C, with relative activity of
approximately 75% at 40 and at 50 °C. On the other hand,
Virgen-Ortiz et al. (2015) observed that C. erraticum dex-
tranase exhibited maximum activity at 60 °C and more than
85% of its maximum activity in the temperatures ranging
from 55 to 65 °C, and Machado (2009) reported that P. mar-
quandii dextranase presented higher activity temperature at
55, and at 60 °C it retained 80% of its activity. These results
demonstrate that the dextranase produced by the fungus P.
chlamydosporia presents similar properties when compared
to those already described in the literature.

P. chlamydosporia dextranase thermal stability was
tested at 40 and at 50 °C (Fig. 3), which corresponds to
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Fig.2 pH (a) and temperature (b) effect on the enzymatic activity of
purified dextranase from Pochonia chlamydosporia. 2.43 and 2.44 U/
mL were defined as 100% relative activity for pH and temperature
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Fig.3 Thermal stability of purified dextranase from Pochonia chla-
mydosporia at 40 and 50 °C. 2.44 U/mL was defined as 100% relative
activity

the reaction temperature which resulted in higher enzy-
matic activity. Dextranase showed low thermal stability

at 50 °C, exhibiting 35% relative activity when previously
incubated for 30 min prior enzymatic activity measure-
ment. However, the enzyme was stable at 40 °C, with
48% relative activity when previously incubated for
180 min. Aspergillus penicillioides dextranase showed
little thermal stability, with relative activity close to zero
when incubated at 45 °C for 60 min (EI-Shamy and Atalla
2014). Machado (2009) observed that dextranase pro-
duced by P. marquandii was much more stable at 37 °C,
maintaining 85% of its initial activity after has been incu-
bated for 24 h. On the other hand, when evaluating ther-
mal stability at 55 °C, reaction temperature that resulted
in higher activity, Machado (2009) also observed low sta-
bility, with relative activity, after 30 min of incubation,
of approximately 20%. Although there are dextranases
produced by bacteria much more stable at higher tempera-
tures, the industrial application of these enzymes becomes
impracticable due to the extremely low amount of dextra-
nase produced (Wynter et al. 1995). Thus, despite having
intermediate stability, P. chlamydosporia dextranase has
the advantage of being produced in higher quantity, with
4.82 U/mL activity in the crude extract.

Effect of metal ions and other reagents on enzymatic
activity

Ag'* and Hg?* ions strongly inhibited purified dextranase,
both reducing dextranase activity to 17%. Cu**, Mg?*, Fe?*,
Ca** and Zn** ions reduced enzyme activity to, respectively,
51,60, 71, 77 and 88%. The SDS and EDTA compounds had
little influence on dextranase activity, reducing it to 79 and
81%, respectively (Table 2).

P. marquandii dextranase activity increased by 20 and
15% in the presence of, respectively, Fe?* and Mn*" at
10 mM concentration and decreased by approximately 50%
of its activity in the presence of Cu>* and Pb>* and 40% in

Table 2 Effect of metal ions and other reagents on the enzymatic
activity of purified dextranase from Pochonia chlamydosporia

Compound Relative activity (%)
Control 100.00+10.85
Zn* 87.81+0.77
Ca’* 77.00+8.48
Mg** 59.67 +2.66
Cu?* 51.05+7.29
Mn** 88.96+15.11
Fe?* 70.76 +9.75
Ag'* 17.22+0.02
Hg>* 17.40+0.87
EDTA 80.52+6.92
SDS 79.03 +6.68
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the presence of Ag*, also at 10 mM concentration (Machado
2009). C. erraticum dextranase suffered total inhibition in
the presence of 1 mM Ag* and 77% inhibition in the pres-
ence of 1 mM Cu?* and had its activity increased by 18
and 25% when incubated with, respectively, | mM Ca** and
Co?* (Virgen-Ortiz et al. 2015). Cu** and Hg** completely
inhibited C. gracile dextranase, and Fe3* inhibited its activ-
ity by 40% at 1 mM concentration (Hattori et al. 1981). P.
funiculosum dextranase was totally inhibited by Hg>*, had
its activity reduced by approximately 70% when incubated
with Ag*, and was activated by 2 mM Co?*, Mn** and Cu?*
in 42, 39 and 21%, respectively (Sugiura et al. 1973).

Kinetic constants

The maximum velocity values and the Michaelis—Menten
constant were determined by non-linear data adjustment
to the Michaelis—Menten equation, with correlation coef-
ficient (%) of 0.9935. P. chlamydosporia dextranase pre-
sented Ky, and V. values of, respectively, 1.77 g/L and
2.09 mM glucose/min at 50 °C and pH 6.0 for dextran with
molecular weight ranging from 60,000 to 90,000. Consider-
ing the average dextran molecular weight as 75,000, the Ky,
value resulted in 23.60 uM. This value has the same order
of magnitude of observed Ky, values for other dextranases.
Abdel-Naby et al. (1999) found that P. funiculosum dextra-
nase showed Ky, of 25 pM for dextran with molecular weight
260,000, and Machado (2009) reported Ky, of 7.86 pM for
P. marquandii dextranase.

In silico predictions, molecular modeling
and phylogeny

The P. chlamydosporia dextranase precursor sequence,
deposited in UNIPROTKB (ID A0OA179FQV9), has 601
amino acid residues, with a peptide signal of 16 resi-
dues. Mature protein is composed of 585 amino acid resi-
dues, exhibiting molecular weight and pl of, respectively,
64.38 kDa and 5.96. This predicted molecular weight value
coincides with the molecular weight value of 64 kDa esti-
mated empirically by SDS-PAGE in the present study.

In addition, the dextranase precursor sequence of P.
chlamydosporia (XP_018144597.1) shares a high degree
of identity with other fungi dextranases, with 69, 79, 76,
70, 70 and 67% identity with the dextranases of Lipo-
myces starkeyi (AAS90631.1), Trichoderma harzianum
(KKO97501.1), Talaromyces cellulolyticus (GAM43713.1),
Sporothrix schenckii (ERS97553.1), Sporothrix brasiliensis
(KIH89944.1) and Penicillium subrubescens (OKP15192.1),
respectively.

The selected fungi dextranases multiple sequence align-
ment revealed the occurrence of several conserved regions,
occurring mostly among amino acid residues at positions
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ranging from 82 to 134, 324 to 377 and 403 to 478 (Fig. 4).
Although sequence and structural homology methods are
tools to determine global similarities between compared pro-
teins, the enzyme molecular role is related to its active site.
Thus protein comparisons focusing on global sequence and
structural similarities may neglect proteins with conserved
active sites but divergent sequences and structures (Morya
et al. 2012).

The phylogenetic tree constructed based on protein
sequences using Neighbor Joining method suggested that
dextranases from fungi had one common ancestor (Fig. 5).
Phylogenetic analysis showed that these dextranases cluster
into two subclades. One subclade contains dextranases from
Sordariomycetes, including S. schenckii and S. brasiliensis.
Another subclade consisted of six dextranases, and contains
three clusters. The first cluster is composed by T. minoluteus
and T. cellulolyticus, from Eurotiomycetes, and L. starkeyi
from Saccharomycetes. The dextranase from P. chlamydo-
sporia clusters with the dextranase from T. harzianum, both
species belong to Sordariomycetes, constituting the second
cluster. P. subrubescens, from Eurotiomycetes, was distinct
from others and formed the third cluster. Thus, though the
dextranase from P. chlamydosporia has a distant evolution-
ary relationship with dextranases from some fungi, it clus-
ters with dextranases from others fungi belong to different
orders.

The 3D structure (Fig. 6) of the dextranase from P. chla-
mydosporia was modeled using SWISS-MODEL employing
dextranase structure from Penicillium minioluteum (anamo-
rph: T. minoluteum) (PDB code: 1ogm.1) as template, shar-
ing 75.44% identity. Dextranase from P. chlamydosporia
consists of two domains. The first domain is composed by
211 residues forming 15 f strands. The other domain con-
sists in a right-handed parallel B-helix. The two domains
are connected by several residues from the N-terminus of
the B -helix. Asp395 is the catalytic amino acid residue
from P. minioluteum dextranase, template of the dextranase
structure of this present study (Larsson et al. 2003). This
residue is shown conserved in the dextranases submitted to
alignment, corresponding to the Asp422 residue in the P.
chlamydosporia dextranase with the signal peptide (Fig. 4).
This indicates that this residue may play catalytic role in the
dextranase target of this study, since enzymes Asp residues
are essential to enzyme activity involving glucans hydrolysis
(Wang et al. 2014).

P. chlamydosporia dextranase predicted structure is
similar to that found for dextranases of different species.
The dextranase structure of Arthrobacter oxydans predicted
by Wang et al. (2014) is also composed of two domains,
the first domain consisting of 13 p-strands containing 200
residues and the second domain a right-handed B-helix. In
addition, isopullulanase from A. niger, an enzyme belonging
to GH 49, is also structurally similar to dextranases, having
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T.cellulolyticus 398
L.starkeyi 398
S.schenckii 398
S.brasiliensis 398
P.subrubescens 398
A.niger 398
E * k. kkKkAK:kk KKk s s skkkkkk:: Kkkk ok soo Kok K kK ok kkk
P.chlamydosporia R g 3 E 33 RDIE £ 478
T.harzianum 478
T.minioluteus 478
T.cellulolyticus 478
L.starkeyi 478
S.schenckii 478
S.brasiliensis 478
P.subrubescens 478
A.niger 478
P.chlamydosporia I 558
T.harzianum I 558
T.minioluteus I 558
T.cellulolyticus I 558
L.starkeyi I 558
S.schenckii I 558
S.brasiliensis I F PNES 558
P.subrubescens I F . 558
A.niger ITVR 558

Fig.4 Alignment of the dextranases from different fungi. Asterisk, colon and dot symbols indicate full conservation, and groups of strongly and
weakly similar properties residues, respectively
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Fig.5 Phylogenetic tree
constructed by Neighbor-
joining tree method based

on dextranases sequences
from different fungi species.
Pochonia chlamydosporia

170 [XP_018144597.1],
Aspergillus niger ATCC 9642
[BAA18971.1], Lipomyces star-
keyi KSM22M [AAS90631.1],
Talaromyces minioluteus
MUCL 38929 [AAB47720.1],

Talaromyces minioluteus
[ Talaromyces cellulolyticus

Lipomyces starkeyi

Pochonia chlamydosporia

Trichoderma harzianum
T6776 [KKO97501.1],
Talaromyces cellulolyticus
Y-94 [GAM43713.1], Sporo-
thrix schenckii ATCC 58251
[ERS97553.1], Sporothrix

Trichoderma harzianum

Penicillium subrubescens

Sporothrix schenckii
|: Sporothrix brasiliensis

brasiliensis 5110 [KIH89944.1]
and Penicillium subrubescens
CBS 132785 [OKP15192.1]

0.1

Fig.6 3D structure of dextranase from Pochonia chlamydosporia
predicted using the dextranase from Talaromyces minioluteus as tem-
plate

two domains: one composed of 13 f-strands and the other
domain composed of a right-handed B-helix (Mizuno et al.
2008).
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