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Resumen

Beauveria bassiana es un hongo entomopatéogeno que se ha utilizado ampliamente en
aplicaciones agrondmicas, principalmente como controlador bioldgico. Este hongo emplea
enzimas quitinasas para degradar la quitina, uno de los componentes principales de la cuticula
de insectos y de la pared celular de los hongos. Hasta hace poco, la informacion genémica
sobre los aislados neotropicales era limitada. Se estudiaron seis genomas completos de B.
bassiana de origen neotropical, junto con otras secuencias de referencia, para identificar
genes de quitinasa y sus proteinas correspondientes, las cuales fueron curadas y
caracterizadas utilizando diversas herramientas bioinformaticas. Realizamos un estudio
computacional para resaltar las diferencias y similitudes funcionales de las proteinas
quitinasas en estos aislados neotropicales. Se identificaron once genes de quitinasa 1,
categorizados como quitinasa 1.1 y quitinasa 1.2. Ademas, se identificaron cinco genes de
quitinasa 2. Se determiné que la quitinasa 1.1 y 1.2 son posibles paralogos. Por otro lado, la
quitinasa 2 mostr6 una alta conservacion de secuencia. Todas las quitinasas presentaron el
dominio catalitico de la familia 18 de las glicosil hidrolasas y se clasificaron como quitinasas
tipo II. Ademas, en todas predominaban las estructuras secundarias de alfa hélice y random
coil. Sin embargo, se observaron diferencias en sus caracteristicas fisicoquimicas.
Curiosamente, los pardmetros fisicoquimicos de la quitinasa 1.1 fueron mas similares a los
de la quitinasa 2 que a los de la quitinasa 1.2. Por otro lado, se encontré que CHIT1 posee un
péptido sefial mientras que en CHIT2 esta completamente ausente. Esto implica que CHIT1
podria estar asociada con procesos de infeccion, mientras que CHIT2 podria estar
involucrada en la morfogénesis y el crecimiento celular. Por lo tanto, nuestro trabajo destaca
la importancia de los estudios computacionales sobre aislados locales, proporcionando
recursos valiosos para una validacion experimental adicional. Los cambios intrinsecos dentro
de las especies locales pueden impactar significativamente nuestra comprension de las
interacciones complejas entre patdogenos y huéspedes y ofrecer aplicaciones practicas, como
el control bioldgico.
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Background: The fungus Beauveria bassiana is widely used for agronomical applications,
mainly in biological control. B. bassiana uses chitinase enzymes to degrade chitin, a major
chemical component found in insect exoskeletons and fungal cell walls. However, until
recently, genomic information on neotropical isolates, as well as their metabolic and
biotechnological potential, has been limited. Methods: Six complete B. bassiana genomes
of Neotropical origin and six references were studied to identify chitinase genes and their
corresponding proteins, which were curated and characterized using manual curation and
computational tools. We conducted a computational study to highlight functional differences
and similarities for chitinase proteins in these Neotropical isolates. Results: Eleven chitinase
1 genes were identified, categorized as chitinase 1.1 and chitinasel.2. Five chitinase 2 genes
were identified but presented a higher sequence conservation across all sequences.
Interestingly, physicochemical parameters were more similar between chitinase 1.1 and
chitinase 2 than between chitinasel.l and 1.2. Conclusion: Chitinases 1 and 2 demonstrated
variations, especially within chitinase 1, which presented a potential paralog. These
differences were observed in their physical parameters. Additionally, CHIT2 completely
lacks a signal peptide. This implies that CHIT1 might be associated with infection processes,
while CHIT?2 could be involved in morphogenesis and cellular growth. Therefore, our work
highlights the importance of computational studies on local isolates, providing valuable
resources for further experimental validation. Intrinsic changes within local species can
significantly impact our understanding of complex pathogen-host interactions and offer
practical applications, such as biological control.
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Introduction

Beauveria bassiana (Ascomycota: Hypocreales) is a cosmopolitan fungus with the
ability to survive as a saprophyte in soil and as an endophyte in plants; but can also act as an
insect pathogen (Valero-Jiménez et al., 2016). The potential of this fungus to infect insects
has been utilized in the agricultural industry to produce biopesticides (de Faria and Wraight,
2007). Unlike entomopathogenic viruses and bacteria, fungi do not infect insect hosts by
ingestion. Instead, fungi initiate infection through penetration of the insect’s cuticle
(Mascarin and Jaronski, 2016). To overcome the host’s cuticular layer, B. bassiana produces
several enzymes capable of degrading cuticle constituents, among which proteases and
chitinases stand out (Valero-Jiménez et al., 2016).

The conditions of the insect cuticle are considered adverse due to exposure to solar
radiation, osmotic stress, and the insect’s defense responses. Therefore, rapid degradation of
the cuticle would result in less exposure time to these conditions and thus a higher probability
of infection success (Ortiz-Urquiza and Keyhani, 2016; Valero-Jiménez et al., 2016). For this
reason, hydrolytic enzymes are considered important elements of pathogenesis. Chitinase is
the most important enzyme in degrading the chitin polymer in the cuticular layer, and its
activity has been associated with the virulence of entomopathogenic fungi (Pelizza et al.,
2012; Dhawan and Joshi, 2017).

Chitinases are hydrolytic enzymes that degrade chitin into its oligo and monomeric
components by hydrolyzing the B-1,4 Nacetyl-D-glucosaminide bonds (Le and Yang, 2019).
According to their cleavage pattern, chitinases are divided into endo and exochitinases.
Endochitinases can hydrolyze chitin at any point, generating products of variable size, while
exochitinases do so from the non-reducing end of the chain, producing NN’ -
diacetylchitobiose (Seidl, 2008). Additionally, based on the amino acid sequence, chitinases
can be classified into families GH 18 and 19. These families show no sequence similarity to
each other and differ in their catalytic mechanisms (Seidl, 2008).

Fungal chitinases not only play roles in pathogenesis, but also serve functions in
morphogenesis, cell division, autolysis, among others (Le and Yang, 2019). The implication
of chitinases in pathogenesis has prompted research development to enhance the
understanding of these enzymes during the infection process. Despite numerous studies
quantifying enzymatic production and gene expression encoding chitinases in B. bassiana
(Fang et al., 2005; Pelizza et al., 2012; Al Khoury et al., 2019; Bhadani et al., 2021), there is



still limited information regarding their structural and functional characteristics
(Bhagwat et al., 2021). Several genomic resources are available for B. bassiana including
whole genome sequences (Kim et al., 2016). More recently, eight assembled genomes for
isolates of Neotropical origin have been published (Castro-Vasquez et al., 2022; Solano-
Gonzalez et al., 2023) and can serve as useful tools for comparison, as numerous organisms
from this region are diverse.

The objective of this work was to compare, at an in silico level, gene sequences of
two chitinases from Neotropical isolates of B. bassiana to determine their structural and
functional characteristics to facilitate understanding of their biological functions.
Furthermore, as building knowledge relying on previous genomic assemblies from these
species (Solano-Gonzalez et al., 2023), this study provides resources to further manipulate
genetic sequences of chitinase through future experimental validation as a bottom line aiming
to evaluate the potential of these fungi as biological control agents.

Materials and methods

Data obtention and chitinase coding sequences identification

Genomic sequences from six isolates of B. bassiana (CastroVasquez et al., 2022)
belonging to the entomopathogenic fungi collection of the School of Agrarian Sciences
(ECA) of the National University of Costa Rica (UNA) were used. Additionally, sequences
from strains reported in the NCBI database were included as references
(Supplementary Table 1.1, 1.2).

For the identification of chitinase coding sequences, a local blastx was performed on
the Laboratorio de Bioinforméatica Aplicada (LABAP) computational platform at UNA. All
CHIT1 and CHIT2 protein sequences of B. bassiana reported in the Identical Protein Groups
resource of NCBI (https://www.ncbi.nlm.nih.gov/ipg) were used as the database (Figure 1B).
Matches were filtered based on identity percentage (>90%). Subsequently, sequence
fragments were retrieved using the Bedtools v.2.27.1 tool (Quinlan and Hall, 2010) and
manually mapped within the genomes using Artemis v.18.0.0 (Rutherford et al., 2000)
(Figures 1C, 1D) (Supplementary Table 2.1, 2.2).

To verify the identity of the complete gene and its correspondence with chit/ and
chit? genes, an online blastx was performed (https://blast.ncbi.nlm.nih.gov/Blast.cgi) using
default parameters (Figure 1E). Only the top three hits were considered as they exhibited the
highest identity and coverage percentages (Supplementary Table 2.1, 2.2). Subsequently, a
final selection of these genes was carried out, to exclusively include genes relevant to the
objectives of the study (those most similar to chitl and chit2). The final selection was based
on three criteria: 1) Genes whose identity and coverage percentage were >90 + 3% with chitl



or chit2, 2) Genes already annotated as chitinase 1 or chitinase 2, however, those annotated
differently from chitl or chit2, were excluded, irrespective of whether they met the first
criterion 3) Genes with a size greater than 3000 bp were also discarded regardless of whether
they satisfied the previous criteria (Figure 1F).

Chitinase structural in silico characterization

The structural annotation of the nucleotide sequences associated with chit/ and chit2
from the Neotropical fungal isolates was performed using GSDS v2.0 (http://gsds.gao-
lab.org/). For this purpose, the complete sequences of each gene and their respective coding
regions were used to visualize the location and size of introns and exons (Figure 1G).

Identification of conserved and non-conserved regions in chitl and chit2

Translation of the peptide sequences corresponding to chitl and chit2? genes from the
studied genomes was carried out using the EMBOSS Transeq tool v.6.6.0
(https://www.ebi.ac. uk/Tools/st/emboss_transeq/) using default settings (Figure 1H). These
sequences were used in conjunction with reference sequences to construct a multiple-
sequence alignment using Muscle v.3.8.31. With the aim of visualizing sequence similarity,
a multiple alignment of peptide sequences was performed. The alignments included
sequences from Neotropical isolates and sequences from reference strains, totaling 27
sequences of CHITI and 11 sequences of CHIT2, respectively. The visualization was
performed in Jalview v.2.11.6 to determine conserved and non-conserved regions among the
different sequences (Figure 1I). A distance matrix was constructed using the aligned
sequences of CHIT1 by replacing each amino acid with its numeric value based on relative
entropy (Li et al., 2008). A hierarchical cluster dendrogram was drawn using the hclust
function in RStudio (R Core Team, 2022).

On the other hand, for CHIT2 a Maximum likelihood tree was constructed from chit2
from B. bassiana draft isolates and references. This tree was constructed using Muscle
alignments of 11 chit2 genes, implementing the JTT model and 1,000 replicates for bootstraps
support, depicted in numbers. The tree shows Costa Rican isolates (BV-ECA 0, BV-ECA 26,
and BV-ECA 31), Honduran isolate (BVECA 13), and the Puerto Rican isolate (BV-ECA 43)
in addition to NCBI references.

In silico analysis of physicochemical and functional characteristics

SignalP6.0 (https://services.healthtech.dtu.dk/services/SignalP6.0/) was used to
predict the presence of potential signal peptides in all chitinases.

ExPASy ProtParam tool (https://web.expasy.org/protparam/) was used for the
calculation and analysis of the physicochemical properties of the chitinases such as molecular
weight, isoelectric point (pl), instability index (II), aliphatic index and the grand average of
hydropathicity (GRAVY) were the evaluated.



The functional classification of the sequences corresponding to the Neotropical
isolates was performed through a manual search and review of matches in protein databases
associated with  InterPro, for which its online version (https://www.ebi.
ac.uk/interpro/search/sequence/) was used, implementing the default configuration (all
selected databases). The SUPERFAMILY database (Pandurangan et al., 2019) was also used
to determine the superfamily and subgroup associated with each of the chitinases (Figure 1J).

In addition, the prediction of secondary structures of chitinases was also carried out
using the SOPMA web server (http://npsa-pbil. ibcp.fr/) maintaining the parameters
established by default. Four conformational states were determined: helix, sheet, turn and
coil. A complete schematic view of the methodology is depicted in Figure 1.

« Bedtools
A. Database B. Search for C. Sequence
creation >| matches in genomes > fragment retrieval
. NCBI . Blastx 1
E. Verification of D. Manual + Artemis
F. Gene selection  |¢e———o complete gene «— identification of
identity genes in genomes
« Blastx
G. Structural
—> .
characterization
. GSDS
: J. Insilico analysis of
|| H. Translation of I. Identification of conserved : :
. . ) — physicochemical and
genes 1nto proteins and non-conserved regions :
s functional
—— —— characteristics/Analysis of
* p :lsc = secondary structures
. alview
. SignalP
«  Protparam
. Interpro
o Superfamily
. Sopma

Fig. 1. Schematic view of the methodology used to obtain the target sequences and their
respective analyses. A) Retrieval of chitinase protein sequences CHIT1 and CHIT2 from
NCBI for database construction. B) Identification of matches in the genomes of B. bassiana
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using Blastx. C) Retrieval of sequence fragments using Bedtools v.2.27.1. D) Manual
identification of genes in the genomes using the Artemis tool v.18.0.0. E) Verification of the
identity of the complete gene sequences using an online Blastx. F) Selection of genes based
on coverage and identity criteria, annotation, and size. G) Structural characterization using
GSDS v2.0. H) Translation of genes into proteins using the EMBOSS Transeq tool v.6.6.0.
I) Identification of conserved and non-conserved regions using Muscle v.3.8.31, Jalview
v.2.11.6, and MEGA v.11. J) In silico analysis of physicochemical and functional
characteristics using SignalP, ProtParam InterPro, respectively; and analysis of secondary
structures using Superfamily and SOPMA.

Results

Data obtention and chitinase coding sequences identification

During data retrieval, a total of 50 genes similar to chit/ and 11 genes similar to chit2
were recovered (Supplementary Table 2.1, 2.2). After the final selection process, 27 genes
similar to chitl met the established selection criteria, set as: identity and coverage percentage
of >90 + 3%, absence of gene annotations different from chit! or chit2, as appropriate, and a
size <3000 bp (see Supplementary Tables 1.1, 1.2 and 2.1, 2.2). Of these 27 genes, 11
belonged to the Neotropical isolates. As for the 11 chit2 genes, all met the selection criteria;
and 5 belonged to the neotropical isolates. Selected gene sequences, as well as their
respective protein sequences, were used in subsequent analyses.

Chitinase structural characterization

The structural characterization of the sequences corresponding to the ECA-UNA
isolates shows that gene composition is very similar in terms of the quantity and distribution
of introns. Regarding genes similar to chitl, only gene g5795 from the BVECA 27 isolate,
did not present intronic regions. All other genes contained two introns of 44 and 48 bp or 53
and 59 bp, except for gene g1800 from BV-ECA 31, which had introns of 45 and 75 bp.
Genes g5795 and gl1800 showed the greatest difference in length, at 867 and 1185 bp,
respectively, while all others had lengths of 1274 or 1462 bp (Supplementary Figure 1). On
the other hand, none of the sequences similar to chit2 from the neotropical isolates contain
intronic regions. Furthermore, all these sequences present exactly a 1044 bp size
(Supplementary Figure 2).



Identification of conserved and non-conserved regions in CHIT1 and CHIT?2

Most sequences similar to CHIT1 are grouped into two large clusters (Figures 2A, B).
The first group, hereinafter referred to as CHIT1.1, encompassed 10 sequences, five of which
were from ECA fungal accessions (g3951 BV-ECA43, ¢1021 BV-ECA26, g5905 BV-
ECA, gl141 BV-ECAI13, and g1800 BV-ECA31), while the remaining accessions were
from reference strains. The second group, named CHIT1.2, was composed of ten sequences,
five of these originated from the Neotropical isolates (g8786 BVECA31, g10088 BV-
ECA43, g9108 BV-ECA26, g4716 BV-ECAO, and g899 BVECA13). Sequence alignment
for the first group and the second group exhibited high conservation of residues throughout
the entire peptide chain. On the other hand, the six remaining sequences that were not
grouped show lesser similarity to the sequences of both groups (Figures 2A, B). Hence, these
peptide sequences may also correspond to different chit genes. However, none of the six
remaining sequences correspond to Neotropical isolates. Additionally, the clustering
supported by the dendogram shows CHIT1.1 and CHIT1.2 groups (Figure 2B).
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Fig. 2. Sequence alignment and phylogeny of CHIT1. A) Partial alignment region of
peptide sequences like chitl. Colored sections represent residues that are similar or identical
between sequences. A higher intensity in color indicates a greater conservation of residues
among the sequences. Areas with dashed lines represent gaps. On the left side of the image
is the name of the sequence, consisting of the gene ID followed by the isolate or strain it
comes from. In the figure, two groups of sequences are highlighted by labels, which show
similarity in most of the residues. The Ist block is denoted as chitl.1 and the 2nd block are
denoted as chitl.2. B) Hierarchical cluster dendrogram constructed based on a distance
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matrix from the aligned sequences of CHIT1 by replacing each amino acid with its numeric
value based on relative entropy.

On the other hand, all CHIT2 sequences were highly conserved, with one or two
amino acid substitutions. Therefore, both the peptide sequences from reference strains and
the sequences from Neotropical isolates correspond to the same chit2 gene (Figures 3A, B).
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Fig. 3. Sequence alignment and phylogeny of CHIT2. A) Partial alignment region of
peptide sequences similar to chit2. The colored parts represent regions that are similar or
identical between sequences. A higher intensity in color indicates a greater conservation of
residues among the sequences. On the left side of the image is the name of the sequence,
consisting of the gene ID followed by the isolate or strain. B) Maximum likelihood tree
constructed from chit2 genes from B. bassiana draft isolates and references. This tree was
constructed using Muscle alignments of 11 chit2 genes, implementing the JTT model and
1000 replicates for bootstraps support, depicted in numbers. The tree shows Costa Rican
isolates (BV-ECA 0, BV-ECA 26, and BV-ECA 31), Honduran isolate (BV-ECA 13), and the
Puerto Rican isolate (BV-ECA 43) in addition to NCBI references.

In silico analysis of physicochemical and functional characteristics

The presence of SEC/SPI signal peptides was predicted with a probability greater than
99% in the sequences of the CHIT1.1 group, except for g5795 BV-ECA 27 and g1800 BV-
ECA 31. Additionally, the peptidase cleavage site of these chitinases was predicted between
residues 21 and 22. In contrast with the CHIT1.2 group, the presence of signal peptides was
predicted with a probability greater than 99% in all analyzed sequences, with cleavage site
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positions between residues 17 and 18. No signal peptides were detected in any of the
sequences of the CHIT2 group.

The InterPro database was used to determine the classification and associated
functions of the studied chitinases. All chitinases in the CHIT1.1 and CHIT1.2 clustered
groups were classified as members of the glycosyl hydrolase family 18, except for chitinase
25795 from isolate BV-ECA 27, which was not assigned to any specific family. Additionally,
members of the CHIT2 group were also not assigned to a particular family. However, the
catalytic domain of glycosyl hydrolases was found in all three groups of chitinases.

In terms of functions, chitinases in the CHIT1.1 and CHIT1.2 groups were associated
with the same GO terms: chitin binding and chitinase activity, except for g5795 BV-ECA 27,
which again was not associated with any specific functional term. On the other hand, using
the SUPERFAMILY database, all analyzed chitinases were grouped into the
transglucosylases superfamily and classified as members of the type II chitinase group.
Secondary structures of the chitinases were analyzed using the SOPMA tool
(Supplementary Table 4). When comparing the ECAUNA chitinases with the reference
chitinases of each group, no significant variations were observed in the proportion of
secondary structures, which coincided with the low standard deviation values. CHITI.1
chitinases consistently displayed comparable proportions of alpha helix and random coil
elements (37.82% and 39.76%, respectively), while beta sheets and beta turns were found in
a smaller proportion (15.59% and 6.83%). On the other hand, CHIT1.2 and CHIT2 chitinases
showed a greater difference between the proportion of random coil and alpha helix structures.
In CHIT1.2, 46.88% of random coils and 34.62% of alpha helices were predicted, while in
CHIT2, 44.81% of random coils and 30.23% of alpha helices were observed. Beta sheets
were present in 13.02% in CHIT1.2% and 18.32% in CHIT2, while the proportion of beta
turns was 5.49% and 6.63% in CHIT1.2 and CHIT2, respectively.

Regarding ExPASy ProtParam predictions, these showed chitinases from isolates BV-
ECA 0, BV-ECA 13, BV-ECA 26 had the highest molecular weight (44000.79 Da) for the
CHIT1.1 group, whereas the lowest weight was found in isolate BV-ECA 27 (17344.35 Da),
which did not group to either CHIT1.1 or CHIT1.2 groups. On the other hand, the molecular
weight for chitinases from the CHIT1.2 group was very similar among all isolates, ranging
from 49163.24 to 49198.42 Da. As for chitinase CHIT2, the estimated molecular weight for
all sequences was 38501.57-38533.59 Da (Supplementary Table 3).

The isoelectric point (pI) was below 7 in all studied chitinases. For CHIT1.1, the pl
value ranged from 4.72 to 4.94 among different isolates. For CHIT1.2, values between 5.16
and 5.42 were calculated, while the pl for chitinase CHIT2 was 4.64-4.68
(Supplementary Table 3).

Proteins with an instability index (II) below 40 are considered stable, while proteins
with higher values are considered unstable (Ranjan et al., 2023). All studied chitinases had
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an instability index below 40, except for chitinase CHIT2 from isolate BV-ECA 31 (11 40.90),
being the only chitinase classified as unstable. However, the estimated half-lives for all
chitinases were greater than 20 h, according to the N-terminal rule and using the yeast model
as a reference (Supplementary Table 3).

The aliphatic index (IA) of the CHIT1.1 chitinases varied between 75.43 and 85.37,
while the value fluctuated between 61.60 and 61.83 for CHIT1.2 chitinases. CHIT2
chitinases exhibited IA values between 88.90 and 90.03. This suggests that all chitinases were
considered thermally stable.

Both CHIT1 and CHIT2 chitinases showed negative values in the grand average of
hydropathicity (GRAVY) parameter, indicating all chitinases are hydrophilic (Kyte and
Doolittle, 1982; Uddin et al., 2020).

Discussion

As a first approach toward its future exploitation, our work aimed to compare gene
and protein sequences of two types of chitinases obtained from Neotropical isolates of B.
bassiana. To determine their structural and functional characteristics and facilitate the
understanding of their biological functions, we identified, manually curated and structurally
annotated these sequences, as well as characterized their physical and biochemical
characteristics. From the 16 chitinase genes identified in this study, we determined that
chitinase 2 is more homogeneous than chitinase 1. This was evident based on the multiple
sequence alignment and the dendrogram analysis of the protein sequences. We observed
CHIT1.1 chitinases were similar to chitinases from isolates from South Korea (JEF-350:
GenBank ID GCA _021365345.1) and Denmark (ARSEF8028: GenBank ID
GCA 001682635.1); whereas CHIT1.2 chitinases grouped with isolates from South Korea
(JEF-007: GenBank ID GCA 002871155.1) and China (DI- 5: GenBank ID
GCA_000770705.1). CHIT1.2 chitinases from Neotropical isolates grouped closer together
to CHIT1.1 where isolate ECA-31 clustered with chitinases from other latitudes. This closer
relationship of chitinase 1.1 from isolate ECA-31 suggests the genetic variations of B.
bassiana may not necessarily be related to its geographic origin. In previous research, a low
relationship between the geographic origin and genetic variation in Neotropical isolates of B.
bassiana had been observed, including those analyzed in this study (Castro-Vasquez et al.,
2021; Solano-Gonzalez et al., 2023). It is possible to infer the presence of a potential paralog
of CHIT1 (as seen in the CHIT.1 and CHIT1.2 gene groups). The presence of potential
paralogous is relevant as higher number of copies with pathogenic function will impact the
effectiveness of its infection processes (Gasmi et al., 2021), increasing the virulence of the
fungus, therefore a relevant parameter to assess for future biological control applications.
Chitinase g5795 BV-ECA is considered an outlier because, during the sequence retrieval, a
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frameshift was observed in the open reading frame, resulting in a protein with a start codon
different from methionine. Therefore, to include this chitinase in the analysis, it was decided
to define the start of the sequence at the nearest start codon, resulting in a chitinase with a
significantly lower number of amino acids compared to the others.

Signal peptides are short sequences of amino acids that direct proteins toward a
specific destination to fulfill a biological function (Owji et al., 2018; Teufel et al., 2022). The
presence of the Secretory (Sec) Pathway and Signal Peptide (SEC/SPI peptide) in chitinases
CHIT1.1 and CHIT1.2 indicated that these enzymes are likely secreted extracellularly.
Although the presence of the peptide was not detected in all sequences of the chitinase 1.1
group, there is experimental evidence suggesting the involvement of chitinase CHIT1 in the
infection process, indicating that this enzyme performs extracellular functions (Fang et al.,
2005; Al Khoury et al., 2019). In contrast, none of the CHIT2 chitinases showed the presence
of the signal peptide, suggesting that it may be an endogenous chitinase with functions related
to morphogenesis and cell growth rather than being involved in the infection process. This
could be associated with the high conservation of the CHIT2 sequences observed in the
alignment, as being involved in basic functions for fungal development and might not require
frequent environmental adaptations. We hypothesize that CHIT1 was exposed to greater
evolutionary pressure due to interactions with the host and the environment (Vilcinskas,
2010), which in turn explains the variability among CHIT1 chitinases. Therefore, for the
purposes of biological pest management, researchers and bioproduct developers should focus
on the diverse extracellular chitinases, as these specifically interact with the host.

Functional analysis revealed that chitinases from all three groups (CHIT1.1, CHIT1.2,
and CHIT2) possess the characteristic catalytic domain of glycosyl hydrolase family 18.
Furthermore, they were classified within the same superfamily and subgroup of type II
chitinases. Based on these findings, it is likely that CHIT1.1 and CHIT1.2 chitinases exhibit
conserved functions and are products of a gene duplication event. However, the accumulation
of amino acid sequence variations over time may introduce differences in physicochemical
properties and secondary structures, leading to functionally similar proteins that could
facilitate the adaptation of the fungus to diverse environmental conditions or different hosts.

Observed differences between the sequences of CHIT1.1 and CHIT1.2 are also
reflected in their physicochemical characteristics. The latter is more water-soluble compared
to the former, due to its lower GRAVY value (Kyte and Doolittle, 1982). Additionally,
CHIT1.2 has a considerably lower aliphatic index, suggesting lower thermostability (Ikai,
1980). Differences were also identified in the isoelectric point (pI) and instability index;
CHIT1.2 showed a less acidic pl and a lower instability index, which is associated with a
longer in vivo half-life (Gasteiger etal., 2005). Interestingly, CHIT2 exhibited
physicochemical parameters similar to CHIT1.1. The pI and GRAVY index values did not
show significant differences between these two chitinases, unlike the comparisons between
CHITI.1 and CHIT1.2, or between CHIT1.2 and CHIT2. However, the latter showed the
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highest aliphatic index value, which can be associated with high thermal stability (Ikai,
1980). This characteristic may be of interest for biotechnological applications, as highly
thermostable chitinases better withstand high temperatures and, therefore, have potential
applications in fields such as agriculture, medicine, and the environment (Mathew et al.,
2021). However, as it is likely an intracellular protein, its production may pose a greater
challenge, as it requires genetic manipulation to direct its secretion extracellularly.

Liuetal. (2021) demonstrated that when exposed to different cuticle extracts, B.
bassiana adjusted its infection strategy in response to new hosts. This adaptation involved
differential regulation of chitinase expression within the same subgroup. In other words, the
strain expressed different chitinases depending on the host being infected. Given B.
bassiana’s broad host range (Oda et al., 2014), this plasticity may be linked to the fungus’s
ability to vary its infection strategy. Moreover, this aligns with the results herein, regarding
the abundance of GH18 family chitinases in this entomopathogen (Xiao et al., 2012).

Databases are invaluable resources for understanding the structural and functional
characteristics of target proteins. However, the hierarchical nature of database annotations
often results in non-specific or redundant information, hindering precise functional analysis,
as consistently observed in our study. On the other hand, secondary structure analysis
revealed a similar composition among chitinases from all three groups, suggesting significant
structural conservation. Interestingly, chitinase CHIT1.2 exhibited a secondary structure
composition more closely resembling CHIT2 than CHIT1.1. Previous studies by Bhagwat
et al. (2020) on 15 B. bassiana chitinases yielded similar results, with a predominance of
random coils and alpha helices. Given their shared ancestry, it is likely that the observed
variations in secondary structure reflect the accumulation of changes over time, leading to
functional adaptations.

There is abundant information related to the production of chitinases derived from
fungi, however, reports detailing their purification and characteristics are scarce (Tupe et al.,
2022). One of the study’s objectives was to provide resources to the scientific community
that facilitate the development of future research in genetic and protein engineering. To serve
as a foundation, we initially assessed the intrinsic physicochemical properties of chitinases
knowing these parameters is significant for purification and isolation purposes (Ranjan et al.,
2024), protein folding (led by hydrophobicity features) (Pinnamaneni etal., 2011;
Stoykov et al., 2015), molecule interaction, functionality under variations of temperature
(Islam et al., 2015) and pH conditions (Gomaa, 2021).

B. bassiana 1s a fungus known for its ability to affect a wide variety of hosts. However,
different strains of this fungus show varied levels of virulence (Ortiz-Urquiza and Keyhani,
2016). This variability in virulence can pose a challenge for the commercialization of
mycoinsecticides and their establishment as a strategy in integrated pest management.
Gasmi et al. (2021) emphasized the importance of evaluating the genetic diversity of isolates
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and their effects on fungal performance. Similarly, Zhang et al. (2020) suggested that the
study of genetic variants could be useful for improving the understanding of the different
levels of virulence displayed by B. bassiana isolates towards their hosts. In the present study,
we found possible genetic variants in the CHIT1 and CHIT2 chitinase sequences of
Neotropical isolates. These variants could be the subject of further research to determine their
possible effect on the phenotypic characteristics of the isolates, as well as the level of
entomopathogenic potency among them.
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Anexos
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Supplementary Figure. 1. Genetic structure of chitl in ECA-UNA isolates. The green
color represents the exon while the dashed lines represent the introns.

24596 BV-ECA 43
g4663 BV-ECA 13
g6365 BV-ECA 31
g8065 BV-ECA 26
g8655 BV-ECA 0

§
§
§
i

Legend:
@D CDS W upstream’ downstream

Supplementary Figure. 2. Genetic structure of chit2 in ECA-UNA isolates. The green
color represents the exon while the dashed lines represent the introns (absent in this case).
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Supplementary Table 1.1. Genes recovered from the search for matches between the ECA-
UNA fungal genomes and the NCBI chitinases chit!.

Gen ID Isolate/Str | Gen length | CDS Strand | Anotation
ain (pb) length (pb)
BB8028 0001G11 | ARSEF 2370 1272 forward | hypothetical
780 8028 protein
BB8028 0001G11 | ARSEF 2535 1149 forward | hypothetical
790 8028 protein
BB8028 0005g087 | ARSEF 1888 1524 reverse | hypothetical
40 8028 protein
BB&028 00092006 | ARSEF 1524 1182 forward | hypothetical
50 8028 protein
BB&8028 00092001 | ARSEF 2100 1104 forward | hypothetical
80 8028 protein
BM221 000878 JEF-007 1108 1056 forward | chitinase 1
BM221 007904 JEF-007 1184 1098 forward | chitinase 1
BM221 007855 JEF-007 1322 1086 forward | endochitinase
B1
BM221 010256 JEF-007 1408 1296 reverse | chitinase 1
CRV24 000561 ERLS836 1729 1032 reverse | putative
CRV24 000562 ERL836 1047 996 reverse | chitinase 1
CRV24 001866 ERLS836 1184 1098 forward | chitinase 1
CRV24 001823 ERL836 2372 1035 forward | endochitinase
B1
CRV24 004578 ERL836 1384 1272 reverse | chitinase 1
HC256 001268 JEF-350 801 801 forward | chitinase 1
HC256 001908 JEF-350 1385 1182 forward | chitinase 1
HC256 001864 JEF-350 2345 1104 forward | endochitinase
B1
HC256 008030 JEF-350 1384 1272 reverse | chitinase 1
BBA 06749 ARSEF 1462 1350 forward | chitinase 18-
2860 11
BBA 07942 ARSEF 1010 918 forward | chitinase 18-4
2860
BBA 07899 ARSEF 3179 2166 forward | chitinase 18-3
2860
BBA 10303 ARSEF 4083 2892 forward | chitinase II
2860
BBADI5 g2560 DI1-5 1184 1092 reverse | chitinase 1
BBADI5 g2604 DI1-5 1191 1053 reverse | chitinase 1
BBADI5 g7391 DI1-5 1444 1332 reverse | chitinase 1
BBADIS5 gl12331 | DI1-5 4471 3048 reverse | chitinase 1
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25905 BV-ECA 0 | 1274 1179 reverse | n/a
25948 BV-ECA 0 | 1436 1119 reverse | n/a
28353 BV-ECA 0 | 4469 2994 reverse | n/a
g4716 BV-ECA 0 | 1462 1347 forward | n/a
2899 BV-ECA 1462 1347 reverse | n/a
gl141 ]133\7-ECA 1274 1179 reverse | n/a
gl184 1133\/-ECA 1436 1119 reverse | n/a
g3277 1133\/-ECA 4469 2994 forward | n/a
29108 1133\/—ECA 1462 1347 forward | n/a
g1021 2B6V—ECA 1274 1179 forward | n/a
g977 2B6V—ECA 1436 1119 forward | n/a
24985 2B6V—ECA 4469 2994 reverse | n/a
g4357 2B6V—ECA 1938 1857 reverse | n/a
25795 2B7V-ECA 867 864 forward | n/a
g7494 2B7V-ECA 1737 1284 reverse | n/a
g721 2B7V-ECA 954 951 forward | n/a
26662 2B7V-ECA 4469 3009 forward | n/a
28786 ]331\/-ECA 1462 1347 forward | n/a
g1800 ]331\/-ECA 1185 1062 reverse | n/a
21842 ]331\/-ECA 3188 2175 reverse | n/a
29627 ]331\7-ECA 1436 1119 forward | n/a
23951 A].EV—ECA 1274 1179 reverse | n/a
g4333 A].EV—ECA 4469 2994 forward | n/a
g10088 A].EV—ECA 1462 1347 reverse | n/a
43
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Supplementary Table 1.2. Genes recovered from the search for matches between the ECA-
UNA fungal genomes and the NCBI chitinases chit?2.

Gen ID Isolate/Strain | Gen CDS Strand | Anotation
length | length
(pb) (pb)
BB8028 0001g0869 | ARSEF 8028 1364 1044 forward | hypothetical
0 protein
BM221 000552 JEF 007 1044 1044 forward | chitinase 2
CRV24 000879 ERL 836 1044 1044 reverse | chitinase 2
HC256 000952 JEF 350 1044 1044 forward | chitinase 2
BBA 02017 ARSEF 2860 1044 1044 forward | glycoside
hydrolase
family 18
BBADI15 g5820 DI1-5 1044 1044 reverse | chitinase 2
28655 BV-ECA 0 1044 1041 reverse | n/a
g4663 BV-ECA 13 1044 1041 forward | n/a
28065 BV-ECA 26 1044 1041 forward | n/a
26365 BV-ECA 31 1044 1041 forward | n/a
24596 BV-ECA 43 1044 1041 reverse | n/a

Supplementary Table 2.1. Online blastx results for the verification of the identity of
complete chitl gene sequences.

Blastx
Gene ID Isolate/Stra Hit Quer | Identit Accession
in y | y(%)
cover
(%)
BB8028 0001gl1 | ARSEF endochitinase B. | 99 99,53 | AAN41260.1
780 8028 bassiana
bacterial-type 99 96,69 | AAX19143.1
endochitinase B.
bassiana
chitinase 1 B. |97 95,17 | KGQ02459.1
bassiana D1-5
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BB8028 0001gl1 | ARSEF chitinase B. | 99 92,86 | AIT18868.1
790 8028 bassiana
Chitinase 1I B. |99 91,1 XP_00860362
bassiana ARSEF 2.1
2860
endochitinase B. | 99 84,03 | OAA37162.1
brongniartii RCEF
3172
BB8028 0005g08 | ARSEF Chitinase 1 B. |96 97,96 | KGQ07286.1
740 8028 bassiana D1-5
chitinase 18-11 B. | 96 90,21 | XP_00860006
bassiana ARSEF 8.1
2860
Chitinase 1 B. |94 94,61 | PMB63785.1
bassiana
BB8028 0009g00 | ARSEF Chitinase 1 B. |99 97,96 | KAH8717207.
650 8028 bassiana 1
Chitinase 1 B. |92 99,72 | KGQ11689.1
bassiana D1-5
Chitinase 1 B. |92 98,63 | PMB65707.1
bassiana
BB8028 0009g00 | ARSEF Endochitinase Bl | 99 97,82 | KAH8717156.
180 8028 B. bassiana 1
Endochitinase B1 | 99 95,37 | PMB65658.1
B. bassiana
Chitinase 1 B. |92 99,41 | KGQI1645.1
bassiana D1-5
BM221 000878 JEF 007 hypothetical 99 96,29 | PQK09107.1
protein
BB8028 0001gl1
780 B. bassiana
endochitinase B. | 99 95,71 AAN41260.1
bassiana
bacterial-type 99 94,29 | AAX19143.1
endochitinase B.
bassiana
BM221 007904 JEF 007 Chitinase 1 B. |99 98,36 | KAF1736259.
bassiana 1
Chitinase 1 B. |99 98,9 KGQ11689.1
bassiana D1-5
hypothetical 99 98,63 | PQK17863.1
protein
BB8028 0009g00
650 B. bassiana
BM221 007855 JEF 007 hypothetical 99 95,37 | PQK17814.1
protein
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BB8028 0009g00
180 B. bassiana

Endochitinase B1 | 99 94,55 | KAH&717156.
B. bassiana 1
chitinase 18-3 B. | 92 94,41 | XP_00860121
bassiana ARSEF 8.1
2860

BM221 010256 JEF 007 hypothetical 99 92,31 | PQK15360.1
protein
BB&8028 0005g08
740 B. bassiana
Chitinase 1 B. |99 92,1 KGQ07286.1
bassiana D1-5
chitinase 18-11 B. | 99 92,2 XP_00860006
bassiana ARSEF 8.1
2860

CRV24 000561 ERL 836 Chitinase 1I B. |95 87,67 | XP_ 00860362
bassiana ARSEF 2.1
2860
Chitinase 1 B. |90 82,47 | KGQO02459.1
bassiana D1-5
chitinase B. | 99 98,4 AIT18868.1
bassiana

CRV24 000562 ERL 836 hypothetical 98 98,47 | PQK09107.1
protein
BB8028 0001gl1
780 B. bassiana
endochitinase B. | 98 97,85 | AAN41260.1
bassiana
Chitinase 1 B. |98 96,32 | PMB73455.1
bassiana

CRV24 001866 ERL 836 Chitinase 1 B. |99 98,36 | PMB65707.1
bassiana
Chitinase 1 B. |99 99,45 | KAH8717207.
bassiana 1
Chitinase 1 B. |99 97,81 | KGQ11689.1
bassiana D1-5

CRV24 001823 ERL 836 Endochitinase B1 | 99 98 KAHS8717157.
B. bassiana 1
Chitinase 1 B. |99 95,71 | KGQ11645.1
bassiana D1-5
chitinase 18-3 B. | 97 96,51 | XP_00860121

bassiana ARSEF
2860

8.1
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CRV24 004578

ERL 836

chitinase 18-11 B.
bassiana ARSEF
2860

91

99,74

XP 00860006
8.1

hypothetical
protein

BB8028 0005g08
740 B. bassiana

91

97,94

PQK15360.1

Chitinase 1 B.
bassiana D1-5

91

97,69

KGQO07286.1

HC256 001268

JEF 350

Chitinase 1 B.
bassiana

99

100

KAF1738636.
1

hypothetical
protein

BB8028 0001gl1
780 B. bassiana

99

98,12

PQKO09107.1

endochitinase B.
bassiana

99

97,37

AAN41260.1

HC256 001908

JEF 350

hypothetical
protein

BB8028 0009g00
650 B. bassiana

99

97,96

PQK17863.1

Chitinase 1 B.
bassiana

92

99,45

KAF1736259.
1

Chitinase 1 B.
bassiana D1-5

92

98,35

KGQ11689.1

HC256 001864

JEF 350

Chitinase 1 B.
bassiana D1-5

99

97,71

KGQ11645.1

chitinase 18-3 B.
bassiana ARSEF
2860

97

98,55

XP_00860121
8.1

Endochitinase Bl
B. bassiana

99

98

KAF1736216.
1

HC256 008030

JEF 350

chitinase 18-11 B.
bassiana ARSEF
2860

91

99,74

XP_00860006
8.1

Chitinase 1 B.
bassiana

91

100

KAF1735652.
1

hypothetical
protein

BB8028 0005g08
740 B. bassiana

91

97,94

PQK15360.1

BBA_06749

ARSEF
2860

hypothetical
protein

BB8028 0005g08
740 B. bassiana

92

97,39

PQK15360.1
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Chitinase 1 B.
bassiana D1-5

92

96,91

KGQ07286.1

Chitinase 1 B.
bassiana

92

96,63

KAF1735652.
1

BBA 07942

ARSEF
2860

chitinase B.
bassiana

99

100

AIT18873.1

Chitinase 1 B.
bassiana

97

100

KAHS8717207.
1

Chitinase 1 B.
bassiana

97

99,33

KAF1736259.
1

BBA_07899

ARSEF
2860

Endochitinase Bl
B. bassiana

47

99,71

KAHS8717156.
1

Endochitinase Bl
B. bassiana

46

99,7

KAHS8717157.
1

hypothetical
protein

BB8028 0009g00
180 B. bassiana

47

97,94

PQK17814.1

BBA_10303

ARSEF
2860

chitinase B.
bassiana

98

96,73

AIT18868.1

Chitinase 1 B.
bassiana D1-5

99

91,16

KGQO02459.1

endochitinase B.
brongniartii RCEF
3172

99

80,71

OAA37162.1

BBADI5 2560

DI1-5

hypothetical
protein
BB8028_0009g00
650 B. bassiana

99

99,72

PQK17863.1

Chitinase 1 B.
bassiana

99

98,9

PMB65707.1

Chitinase 1 B.
bassiana

99

98,35

KAHS8717207.
1

BBADI5_g2604

DI-5

Endochitinase Bl
B. bassiana

99

97,71

KAHS8717157.
1

hypothetical
protein

BB8028 0009g00
180 B. bassiana

97

99,41

PQK17814.1

chitinase 18-3 B.
bassiana ARSEF
2860

96

97,93

XP_ 00860121
8.1

BBADI5 g7391

DI1-5

hypothetical
protein

BB8028 0005g08
740 B. bassiana

95

98,82

PQK15360.1
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chitinase 18-11 B. | 95 96,49 | XP_00860006
bassiana ARSEF 8.1
2860
Chitinase 1 B. |91 93,26 | PMB63785.1
bassiana

BBADI5 g12331 | D1-5 Chitinase 1I B. | 88 91,16 | XP_00860362
bassiana ARSEF 2.1
2860
chitinase B. | 87 88,29 | AIT18868.1
bassiana
endochitinase B. | 92 77,98 | OAA37162.1
brongniartii RCEF
3172

25905 BV-ECA 0 | hypothetical 100 98,98 | PQK17863.1
protein
BB8028 0009g00
650 B. bassiana
Chitinase 1 B. | 100 98,47 | KAH8717207.
bassiana 1
Chitinase 1 B. |92 99,45 | KGQ11689.1
bassiana D1-5

25948 BV-ECA 0 | chitinase 18-3 B. |92 97,11 | XP_00860121
bassiana ARSEF 8.1
2860
Endochitinase Bl | 91 97,94 | KAH8717156.
B. bassiana 1
Endochitinase B1 | 90 98,22 | KAH8717157.
B. bassiana 1

28353 BV-ECA 0 | Chitinase 1 B.| 100 87,58 | KGQ02459.1
bassiana D1-5
Chitinase 1I B. | 88 90,01 | XP_00860362
bassiana ARSEF 2.1
2860
endochitinase B. | 91 75,71 0OAA37162.1
brongniartii RCEF
3172

24716 BV-ECA 0 | hypothetical 89 97,08 | PQK15360.1
protein
BB8028 0005g08
740 B. bassiana
Chitinase 1 B. | 89 96,84 | KGQ07286.1
bassiana D1-5
chitinase 18-11 B. | 89 96,11 | XP_00860006

bassiana ARSEF
2860

8.1
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2899 BV-ECA 13 | hypothetical 89 97,08 | PQK15360.1
protein
BB8028 0005g08
740 B. bassiana
Chitinase 1 B. |89 96,84 | KGQ07286.1
bassiana D1-5
chitinase 18-11 B. | 89 96,11 | XP_00860006
bassiana ARSEF 8.1
2860

gll41 BV-ECA 13 | hypothetical 100 98,98 | PQK17863.1
protein
BB8028 0009g00
650 B. bassiana
Chitinase 1 B. | 100 98,47 | KAH8717207.
bassiana 1
Chitinase 1 B. |92 99,45 | KGQ11689.1
bassiana D1-5

g1184 BV-ECA 13 | chitinase 18-3 B. | 92 97,11 | XP_00860121
bassiana ARSEF 8.1
2860
Endochitinase B1 | 91 97,94 | KAH8717156.
B. bassiana 1
Endochitinase B1 | 90 98,22 | KAH8717157.
B. bassiana 1

23277 BV-ECA 13 | Chitinase 1 B.| 100 87,58 | KGQ02459.1
bassiana D1-5
Chitinase 1I B. | 88 90,01 | XP_00860362
bassiana ARSEF 2.1
2860
endochitinase B. | 91 75,71 0OAA37162.1
brongniartii RCEF
3172

29108 BV-ECA 26 | hypothetical 89 97,08 | PQK15360.1
protein
BB8028 0005g08
740 B. bassiana
Chitinase 1 B. |89 96,84 | KGQ07286.1
bassiana D1-5
chitinase 18-11 B. | 89 96,11 | XP_00860006
bassiana ARSEF 8.1
2860

g1021 BV-ECA 26 | hypothetical 100 ]98,98 | PQK17863.1
protein

BB8028 0009g00
650 B. bassiana
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Chitinase 1 B. | 100 98,47 | KAH8717207.
bassiana 1
Chitinase 1 B. |92 99,45 | KGQ11689.1
bassiana D1-5

g977 BV-ECA 26 | chitinase 18-3 B. | 92 97,11 | XP_00860121
bassiana ARSEF 8.1
2860
Endochitinase B1 | 91 97,94 | KAH8717156.
B. bassiana 1
Endochitinase B1 | 90 98,22 | KAH8717157.
B. bassiana 1

24985 BV-ECA 26 | Chitinase 1 B. | 100 87,58 | KGQ02459.1
bassiana D1-5
Chitinase 1I B. | 88 90,01 | XP_00860362
bassiana ARSEF 2.1
2860
endochitinase B. | 91 75,71 | OAA37162.1
brongniartii RCEF
3172

g4357 BV-ECA 27 | hypothetical 65 95,83 | PQK15360.1
protein
BB8028 0005g08
740 B. bassiana
Chitinase 1 B. |65 95,49 | KGQ07286.1
bassiana D1-5
chitinase 18-11 B. | 65 94,44 | XP_00860006
bassiana ARSEF 8.1
2860

25795 BV-ECA 27 | Chitinase 1 B.| 9% 100 KGQ11689.1
bassiana D1-5
Chitinase 1 B. |94 99,5 PMB65707.1
bassiana
hypothetical 94 99,5 PQK17863.1
protein
BB8028 0009g00
650 B. bassiana

27494 BV-ECA 27 | Endochitinase B1 | 29 93,42 | PMB65658.1
B. bassiana
chitinase 18-3 B. | 29 92,11 | XP_00860121
bassiana ARSEF 8.1
2860
Endochitinase B1 | 29 92,11 KAF1736216.
B. bassiana 1

g721 BV-ECA 27 | bacterial-type 99 81,34 | AAX19143.1

endochitinase B.
bassiana
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endochitinase B. | 99 80,6 AAN41260.1
bassiana
hypothetical 99 80,6 PQK09107.1
protein
BB8028 0001gl1
780  [Beauveria
bassiana]

26662 BV-ECA 31 | Chitinase 1 B. | 100 88,73 | KGQ02459.1
bassiana D1-5
Chitinase 1I B. | 89 92,61 | XP_ 00860362
bassiana ARSEF 2.1
2860
endochitinase B. | 92 76,19 | OAA37162.1
brongniartii RCEF
3172

28786 BV-ECA 31 | hypothetical 87 97,25 | PQK15360.1
protein
BB8028 0005g08
740 B. bassiana
Chitinase 1 B. |87 97 KGQ07286.1
bassiana D1-5
chitinase 18-11 B. | 87 96,25 | XP_00860006
bassiana ARSEF 8.1
2860

21800 BV-ECA 31 | Chitinase 1 B. | 100 96,14 | KGQ11689.1
bassiana D1-5
Chitinase 1 B. | 100 95,34 | PMB65707.1
bassiana
hypothetical 100 | 95,87 | PQK17863.1
protein
BB8028 0009g00
650 B. bassiana

g1842 BV-ECA 31 | chitinase 18-3 B. | 100 91,9 XP 00860121
bassiana ARSEF 8.1
2860
Endochitinase B1 | 46 99,71 KAH8717156.
B. bassiana 1
Endochitinase Bl | 46 99,7 KAHS8717157.
B. bassiana 1

29627 BV-ECA 43 | chitinase 18-3 B. | 92 97,11 | XP_00860121
bassiana ARSEF 8.1
2860
Endochitinase Bl | 91 97,94 | KAH8717156.
B. bassiana 1
Endochitinase B1 | 90 98,22 | KAH8717157.
B. bassiana 1
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g3951

BV-ECA 43

hypothetical
protein

BB8028_0009g00

650 B. bassiana

100

98,98

PQK17863.1

Chitinase 1
bassiana

B. | 100

98,47

KAHS8717207.
1

Chitinase 1
bassiana D1-5

B. |92

99,45

KGQ11689.1

4333

BV-ECA 43

Chitinase 1
bassiana D1-5

B. | 100

87,58

KGQ02459.1

Chitinase 11

bassiana ARSEF

2860

B. | 88

90,11

XP 00860362
2.1

endochitinase

brongniartii RCEF

3172

B. |91

75,81

OAA37162.1

210088

BV-ECA 43

hypothetical
protein

BB8028_0005g08

740 B. bassiana

&9

97,08

PQK15360.1

Chitinase 1
bassiana D1-5

B. | &9

96,84

KGQO07286.1

chitinase 18-11

bassiana ARSEF

2860

B. | 89

96,11

XP_00860006
8.1

Supplementary Table 2.2. Online blastx results for the verification of the identity of

complete chit2 gene sequences.

Blastx
Gene ID Isolate/Strai Hit Quer | Identit Accession
n y y (%)
cover
(%)
BB8028 0001g0869 | ARSEF 8028 | Chitinase 2 | 95 100 KGQO08850.1
0 B. bassiana
D1-5
glycoside | 95 99,4 XP 008595336.
hydrolase 1
family 18
B. bassiana
ARSEF
2860
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Chitinase 2
B. bassiana

95

99,1

KAF1738950.1

BM221 000552

JEF 007

glycoside
hydrolase
family 18
B. bassiana
ARSEF
2860

95

99,1

XP 008595336.

1

Chitinase 2
B. bassiana

95

98,8

KAF1738950.1

Chitinase 2
B. bassiana
D1-5

95

99,1

KGQ08850.1

CRV24 000879

ERL 836

glycoside
hydrolase
family 18
B. bassiana
ARSEF
2860

95

99,7

XP_008595336.

1

Chitinase 2
B. bassiana
DI1-5

95

99,1

KGQO08850.1

Chitinase 2
B. bassiana

95

98,8

PMB73132.1

HC256 000952

JEF 350

Chitinase 2
B. bassiana

95

100

KAF1738950.1

glycoside
hydrolase
family 18
B. bassiana
ARSEF
2860

95

99,7

XP_008595336.

1

Chitinase 2
B. bassiana
DI1-5

95

99,1

KGQO08850.1

BBA 02017

ARSEF 2860

Chitinase 2
B. bassiana

95

99,7

KAF1738950.1

Chitinase 2
B. bassiana
D1-5

95

99,4

KGQO08850.1

Chitinase 2
B. bassiana

95

99,1

PMB73132.1

BBADI5_g5820

DI-5

glycoside
hydrolase
family 18
B. bassiana

95

99,4

XP_008595336.

1
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ARSEF
2860

Chitinase 2
B. bassiana

95

99,1

KAF1738950.1

Chitinase 2
B. bassiana

95

99,1

PMB73132.1

28655

BV-ECA 0

Chitinase 2
B. bassiana

95

97,6

KAF1738950.1

glycoside
hydrolase
family 18
B. bassiana
ARSEF
2860

95

97,9

XP 008595336.
1

Chitinase 2
B. bassiana
D1-5

95

97,9

KGQ08850.1

24663

BV-ECA 13

Chitinase 2
B. bassiana

95

97,6

KAF1738950.1

glycoside
hydrolase
family 18
B. bassiana
ARSEF
2860

95

97,9

XP 008595336.
1

Chitinase 2
B. bassiana
D1-5

95

97,9

KGQ08850.1

28065

BV-ECA 26

Chitinase 2
B. bassiana

95

97,6

KAF1738950.1

glycoside
hydrolase
family 18
B. bassiana
ARSEF
2860

95

97,9

XP_008595336.
1

Chitinase 2
B. bassiana
D1-5

95

97,9

KGQ08850.1

26365

BV-ECA 31

Chitinase 2
B. bassiana

95

99,1

KAF1738950.1

glycoside
hydrolase
family 18
B. bassiana

95

99,4

XP_008595336.
1
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ARSEF
2860

Chitinase 2
B. bassiana
D1-5

95

99,4

KGQ08850.1

4596

BV-ECA 43

Chitinase 2
B. bassiana

95

97,6

KAF1738950.1

glycoside
hydrolase
family 18
B. bassiana
ARSEF
2860

95

97,9

1

XP_008595336.

Chitinase 2
B. bassiana
DI1-5

95

97,9

KGQO08850.1

Supplementary Table 3. In silico physicochemical properties of chitinase identified in
Neotropical isolates of B. bassiana ECA-UNA.

Ge |Isol | Prot | Mole | Nu Theor | Negat | Positi | Estim | Insta | Aliph | GR
ne ate | ein | cular | mbe | etical | ively | vely ated bility | atic | AVY
ID weigh | r of pl charg | charg | half- | index | inde
t(Da) | ami ed ed life X
no resid | resid
acid ues ues
s
g59 | BV- | chit | 44000 | 393 | 4.87 57 35 >20 33.25 | 85.3 |-
05 ECA | 1.1 .79 4 0.1
0 83
g11 | BV- | chit | 44000 | 393 | 4.87 57 35 >20 33.25 | 85.3 |-
41 ECA | 1.1 .79 4 0.1
13 83
g10 | BV- | chit | 44000 | 393 | 4.87 57 35 >20 33.25 | 85.3 |-
21 ECA | 1.1 .79 4 0.1
26 83
g7 | BV- | chit | 17344 | 151 | 4.72 24 13 >20 23.34 | 75.4 | -
95 ECA | 1.1 .35 3 0.3
27 93
g18 | BV- | chit | 39609 | 354 | 4.94 52 33 >20 32.11 | 85.3 |-
00 ECA | 1.1 .61 7 0.2
31 55
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g39 | BV- | chit | 44000 | 393 | 4.87 57 35 >20 33.25 | 85.3 |-
51 ECA | 1.1 .79 4 0.1
43 83
gd7 | BV- | chit | 49163 | 449 | 5.16 65 54 >20 26.93 | 61.6 |-
16 ECA |12 | .24 0 0.5
0 65
g89 | BV- | chit | 49163 | 449 | 5.16 65 54 >20 26.93 | 61.6 |-
9 ECA |12 | .24 0 0.5
13 65
g91 | BV- | chit | 49163 | 449 | 5.16 65 54 >20 26.93 | 61.6 |-
08 ECA |12 | .24 0 0.5
26 65
g87 | BV- | chit | 49198 | 449 | 5.42 63 56 >20 28.95 | 61.8 |-
86 ECA | 1.2 | .42 3 0.5
31 71
g10 | BV- | chit | 49163 | 449 | 5.16 65 54 >20 26.93 | 616 |-
088 |ECA 1.2 | .24 0 0.5
43 65
g86 | BV- | chit | 38501 | 347 | 4.68 51 31 >20 38.51 | 90.0 |-
55 ECA | 2 .57 3 0.2
0 30
g46 | BV- | chit | 38501 | 347 | 4.68 51 31 >20 38.51 | 90.0 |-
63 ECA | 2 .57 3 0.2
13 30
g80 | BV- | chit | 38501 | 347 | 4.68 51 31 >20 38.51 | 90.0 | -
65 ECA | 2 .57 3 0.2
26 30
g63 | BV- | chit | 38533 | 347 | 4.64 51 30 >20 40.90 | 88.9 | -
65 ECA | 2 .59 0 0.2
31 36
g45 | BV- | chit | 38501 | 347 | 4.68 51 31 >20 38.51 | 90.0 | -
96 ECA | 2 .57 3 0.2
43 30

Supplementary Table 4. Secondary structure analysis for CHIT1.1, CHIT1.2 and CHIT2

Beta Beta Random
Isolate Gen ID Protein Alpha Helix Sheet Turn Coils
BV-ECAO 5905 chitl.1 38,93 16,03 7,12 37,91
BV-ECA 13 g¢1141 chitl.1 38,93 16,03 7,12 37,91
BV- ECA 26 ¢1021 chitl.1 38,93 16,03 7,12 37,91
BV-ECA 27 5795 chitl.l 36,42 14,57 4,64 44,37
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BV-ECA 31 1800 chitl.1 37,85 16,1 7,91 38,14
BV-ECA 43 3951 chitl.1 38,93 16,03 7,12 37,91
ERL836 CRV24_001866 chitl.1 34,79 15,62 7,67 41,92
JEF350 HC256_001908 chitl.1 38,68 15,01 6,62 39,69
ARSEF8028 BB8028_0009900650 chitl.1 38,68 15,27 6,11 39,95
D1-5 BBAD15_g2560 chitl.1 36,36 15,43 6,61 41,6
JEFQ007 BM221_007904 chitl.1 37,53 15,34 7,12 40
Mean 37,82 15,59 6,83 39,76
SD 1,41 0,51 0,88 2,14
BV-ECAO g4716 chitl.2 34,08 12,69 5,35 47,88
BV-ECA 13 ¢899 chitl.2 34,08 12,69 5,35 47,88
BV-ECA 26 (9108 chitl.2 34,08 12,69 5,35 47,88
BV-ECA 31 (8786 chitl.2 34,08 12,92 5,79 47,22
BV-ECA 43 10088 chitl.2 34,08 12,69 5,35 47,88
ERL836 CRV24_004578 chitl.2 35,7 14,18 5,67 44,44
JEF350 HC256_008030 chitl.2 35,7 14,18 5,67 44,44
ARSEF8028 BB8028_0005908740 chitl.2 34,12 11,83 5,13 48,92
D1-5 BBAD15_g7391 chitl.2 3521 12,87 6,09 45,82
JEFOO07 BM221_010256 chitl.2 35,03 13,46 51 46,4
Mean 34,62 13,02 5,49 46,88
SD 0,71 0,73 0,31 1,55
BV-ECAO 08655 chit2 31,7 18,16 6,92 43,23
BV-ECA 13 04663 chit2 31,7 18,16 6,92 43,23
BV-ECA 26 8065 chit2 31,7 18,16 6,92 43,23
BV-ECA 31 (6365 chit2 30,84 18,73 6,92 43,52
BV-ECA 43 04596 chit2 31,7 18,16 6,92 43,23
ERL836 CRV24_000879 chit2 30,26 18,16 6,63 44,96
JEF350 HC256_000952 chit2 30,26 18,16 6,63 44,96
ARSEF8028 BB8028_0001g08690 chit2 27,67 18,16 6,05 48,13
D1-5 BBAD15_g5820 chit2 27,67 18,16 6,05 48,13
JEF007 BM221_000552 chit2 29,97 18,16 6,05 45,82
ARSEF2860 BBA_02017 chit2 29,11 19,31 6,92 44,47
Mean 30,23 18,32 6,63 44,81
SD 1,53 0,37 0,39 1,87
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Conclusiones

Las variaciones en la quitinasa 1 sugieren la presencia de un posible paralogo,
mientras que las secuencias de quitinasa 2 mostraron mayor homogeneidad. Tanto la
quitinasa 1 como la quitinasa 2 poseen el dominio de las glicosil hidrolasas; sin embargo, la
presencia de un péptido senal en CHIT1 y su ausencia en CHIT2 podria indicar diferencias
funcionales entre ambas. Es posible que CHIT1 esté involucrado en el proceso de infeccion,
mientras que CHIT2 podria participar en la morfogénesis y el crecimiento celular. Esta
investigacion subraya la importancia de los estudios computacionales sobre aislamientos
locales, proporcionando recursos valiosos para la validacion experimental de nuevos
descubrimientos. La caracterizacion de aislados locales permite una mejor comprension de
su potencial biotecnologico y de la interaccion patdgeno-huésped, lo que facilitara mejoras

en el desarrollo de estrategias de control de plagas.
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Recomendaciones

El andlisis bioinformatico puede ofrecer una gran ventaja en la caracterizacion
estructural y funcional de componentes de interés biotecnologico, como las quitinasas de
hongos entomopatogenos, al permitir el procesamiento de grandes cantidades de informacién
y facilitar la interpretacion biolodgica de esos datos. Se recomienda el uso de estas
herramientas para estudiar las propiedades de aislados neotropicales, ya que en la region han
predominado los bioensayos de mortalidad para evaluar su virulencia, pero no se han
aprovechado las ventajas del enfoque bioinformatico que puede brindar aun mas informacion
sobre sus caracteristicas a nivel molecular. Esto permitiria comprender mejor el proceso de

infeccion y sus implicaciones en la virulencia.

Ademéds, se recomienda validar experimentalmente las hipotesis y resultados
obtenidos en estos estudios para corroborar la informacion y profundizar en la comprension
del proceso de infeccidon, asi como del rol individual de los componentes genéticos y
proteicos. Este enfoque puede conducir al desarrollo de investigaciones en ingenieria
genética y proteica, ampliando el panorama sobre como se aborda el control bioldgico a nivel

nacional.

37



Fuentes de financiamiento

Los autores declaran que recibieron apoyo financiero para la investigacion, autoria
y/o publicacion de este articulo. Este trabajo fue financiado por la Universidad Nacional
(https://ror.org/01t466c14) bajo el proyecto SIA-0717-19 y el Fondo Especial para la
Educacion Superior (FEES).

Conflictos de interés

Los autores declaran que la investigacion se realizd en ausencia de relaciones

comerciales o financieras que pudieran interpretarse como un posible conflicto de intereses.

38



