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Abstract
Paracoccidioides brasiliensis and Paracoccidioides lutzii are thermodimorphic fungal pathogens causing paracoccidioidomycosis, a systemic mycosis
endemic to Latin America. Here, we investigated PADG_08285 and PADG_11161, two hypothetical proteins from Paracoccidioides associated with
extracellular DNase activity and potential involvement in neutrophil extracellular trap (NET) degradation. Proteins were retrieved using Biopython Entrez, and
P. lutzii orthologs were identified by local BLAST+ searches. Multiple sequence alignment and maximum-likelihood phylogenetic reconstruction were
performed using MAFFT and IQ-TREE, respectively. Functional domains, physicochemical properties, localization, signal peptides, and structural models were
assessed using InterPro, Biopython ProteinAnalysis, DeepLoc, SignalP 6.0, and AlphaFold. PADG_08285 and PADG_11161 were identified as one-to-one
orthologs of A0A0A2UZ79 and C1H8L0, respectively. Phylogenetic analysis indicated that short- and long-form proteins diverged before Paracoccidioides
speciation. Short-form proteins were classified as TatD family deoxyribonucleases and showed conservation of the predicted catalytic tetrad Glu121, His158,
His184, and Asp232, whereas long-form proteins were assigned to the Exonuclease V family. Neither candidate possessed a canonical signal peptide. Our
findings identify the short-form TatD protein as the stronger candidate for the reported extracellular DNase activity and support further experimental
investigation of its potential role in NET degradation.

1. Introduction
Paracoccidioides brasiliensis and Paracoccidioides lutzii are thermodimorphic fungal pathogens that cause paracoccidioidomycosis (PCM), a systemic
mycosis endemic to Latin America (Peçanha et al. 2022a; de Oliveira et al. 2023). The disease is particularly associated with Brazil, where most reported
cases occur, although infections have also been described in other countries of South and Central America (Agrizzi et al. 2026). PCM is closely associated
with rural and agricultural environments, reflecting the ecological distribution of Paracoccidioides and the frequent exposure of individuals involved in
activities that bring them into contact with soil (Zeminian de Oliveira et al. 2021). The disease predominantly affects the adults and can present with
pulmonary involvement followed by dissemination to other tissues, resulting in chronic disease and substantial morbidity in affected individuals (Shikanai-
Yasuda et al. 2017; Peçanha et al. 2022b; Agrizzi et al. 2026). The ability of Paracoccidioides to survive and adapt within the mammalian host is closely
related to its thermally regulated transition between an environmental mycelial phase and a parasitic yeast phase (Castilho et al. 2014; Chaves et al. 2021).
This transition is triggered primarily by the increase in temperature encountered during host infection and represents an important component of fungal
adaptation and pathogenicity (Venturini et al. 2026).

The establishment of infection requires the fungus to overcome several components of the host immune response. Neutrophils are among the first immune
cells recruited to sites of infection and contribute to fungal control through phagocytosis, production of reactive molecules, release of antimicrobial
components, and formation of neutrophil extracellular traps (NETs) (Desai and Lionakis 2018; Urban and Nett 2019; Klassert et al. 2023). NETs consist of
decondensed chromatin, histones, and antimicrobial proteins. Because the DNA scaffold is central to their structural integrity, it represents a primary target
for microbial nucleases facilitating immune evasion.

The ability to modify or degrade NETs can therefore contribute to microbial survival during infection. Microbial nucleases that degrade extracellular DNA have
been described as mechanisms of immune evasion in several pathogenic organisms. By breaking down the DNA framework of NETs, extracellular nucleases
can reduce the stability of these structures and potentially facilitate microbial escape (Zonta et al. 2021). Fungi are also capable of interacting with NETs,
and extracellular DNase activity capable of degrading NET DNA has been reported in Paracoccidioides (Della Coletta et al. 2015; Urban and Nett 2019; Zonta
et al. 2021). Despite this observation, the protein or proteins responsible for this activity have not been clearly established. The absence of a defined
molecular basis for this phenotype leaves how Paracoccidioides interacts with neutrophil-mediated host defense poorly understood.

PADG_08285 and PADG_11161 are two proteins from P. brasiliensis that have been associated with extracellular DNase activity (Zonta et al. 2021). Both
remain insufficiently characterized, and their annotation as hypothetical or DNase-like proteins does not establish their enzymatic identity or mechanism of
action. The two proteins are also markedly different in size. PADG_08285 contains 332 amino acids, whereas PADG_11161 contains 742 amino acids,
suggesting that they may represent different protein families rather than closely related forms of the same nuclease. This distinction is important because
the identification of a nuclease family can provide information about the likely catalytic mechanism and substrate characteristics of a protein. Establishing
whether these proteins belong to distinct nuclease families may therefore help determine which candidate has stronger molecular support for the reported
DNase activity.

Comparison between P. brasiliensis and P. lutzii allows us to examine the conservation of these candidate proteins. Although both species are associated
with PCM, they represent distinct members of the genus and contribute to the epidemiological and biological diversity of the disease (Teixeira et al. 2014;
Aranteset al. 2015). Conserved proteins involved in host adaptation or fungal survival are expected to retain sequence and structural characteristics across
related species. Identification of corresponding proteins in P. lutzii and assessment of their evolutionary relationships can therefore help determine whether
the candidate nuclease features are conserved within Paracoccidioides. Conservation of a protein family together with residues associated with catalytic
activity would provide stronger support for a biologically relevant function than annotation based only on sequence similarity. The distinction between the
two candidate proteins is particularly important in this context. A protein associated with DNase activity may belong to a nuclease family with a well-defined
catalytic architecture, while a second protein associated with the same phenotype may have a different function or contribute through another mechanism.
Domain and family analysis can therefore provide a more informative basis for interpreting the original DNase-like annotation.

The cellular location of these proteins is also relevant to their proposed involvement in NET degradation (Della Coletta et al. 2015). Classical secretion of
many fungal proteins involves an N-terminal signal peptide, making the presence or absence of such a sequence relevant when assessing the extracellular
DNase hypothesis. However, the absence of a canonical signal peptide does not by itself demonstrate that a protein cannot occur outside the cell. Protein
export can occur through mechanisms that do not depend on classical signal peptides, and computational localization predictions alone cannot establish
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the actual cellular distribution of a protein. For this reason, localization predictions and signal peptide analysis need to be considered together with the
protein's evolutionary and functional characteristics. In the present study, these features were examined for both candidate proteins and their P. lutzii
counterparts. Structural characterization further supports evaluation of the candidate proteins. Identification of conserved catalytic residues from sequence
and domain analyses does not establish whether these residues occupy an appropriate structural arrangement. Predicted three-dimensional structures can
provide additional information about the organization of conserved residues and allow comparison of the candidate proteins across species. For the short-
form protein, structural examination of the predicted TatD-related region can therefore complement the sequence-based evidence and provide a basis for
subsequent experimental investigation (Zhang et al. 2023). This study provides a comparative characterization of PADG_08285 and PADG_11161 from P.
brasiliensis and their corresponding proteins in P. lutzii. Here, we characterized the evolutionary, structural, and physicochemical properties of these
candidates to clarify their molecular identity and prioritize targets for experimental validation. Particular attention was given to the distinction between the
short and long forms and to the extent to which their predicted features support a role in DNase activity. By bringing these findings together, the study
provides a molecular basis for prioritizing candidate proteins for experimental investigation of extracellular nuclease activity and their possible contribution
to NET-associated host defense during Paracoccidioides infection.

2. Materials and Methods

2.1. Computational environment and software
All computational analyses, except subcellular localization and signal peptide prediction, were performed in Python 3.11.15 using the latest available
versions of the respective software and Python libraries at the time of the study. Biopython was used for sequence retrieval, sequence processing, and
physicochemical analysis (Cock et al. 2009). BLAST + was used for ortholog identification (Camacho et al. 2009), MAFFT for multiple sequence alignment
(Katoh 2002), IQ-TREE for maximum-likelihood phylogenetic reconstruction using the Q.MAMMAL+G4 amino acid substitution model as determined by
ModelFinder based on Bayesian Information Criterion (Minh et al. 2020), and InterPro-based analyses for protein domain and family characterization (Blum
et al. 2025). Three-dimensional protein models were obtained from the AlphaFold Protein Structure Database for structural analysis (Varadi et al. 2022).
Subcellular localization was predicted using DeepLoc (Almagro Armenteros et al. 2017; Thumuluri et al. 2022), while signal peptide prediction was performed
using SignalP 6.0 (Teufel et al. 2022; Lisacek 2024; Nielsen 2025). These two analyses were conducted outside the Visual Studio Code Jupyter environment.
The complete computational workflow was implemented through Jupyter Notebooks to facilitate reproducibility.

2.2. Sequence retrieval and ortholog identification
The amino acid sequence of the candidate proteins from Paracoccidioides brasiliensis were retrieved programmatically from the National Center for
Biotechnology Information (NCBI) protein database using the Entrez module of Biopython (Sayers et al. 2021). The retrieved proteins were obtained in FASTA
format and used as input for subsequent analyses.

Orthologous proteins in P. lutzii were identified using BLAST+ protein searches against the P. lutzii Pb01 reference proteome (strain ATCC MYA-826). Each P.
brasiliensis candidate protein was used independently as a query sequence. Candidate matches were evaluated using percentage sequence identity,
alignment length, E-value, and bit score. Reciprocal best-hit relationships were used to support one-to-one orthology assignments (Tatusov et al. 1997;
Moreno-Hagelsieb and Latimer 2008).

To confirm that the identified paralogs represent fixed evolutionary traits rather than strain-specific artifacts, expanded BLASTp searches were conducted
against the broader Paracoccidioides genus (taxid: 12086). This confirmed strict intra- and inter-species conservation across multiple sequenced isolates
and cryptic species, including P. brasiliensis (Pb18), P. lutzii (Pb01), and P. americana (Pb03). Furthermore, to establish an evolutionary anchor, homologous
sequences were identified through an expanded BLASTp search against the Histoplasma genus. Representative outgroup proteins (Histoplasma capsulatum
strain G186AR) were selected based on appropriate evolutionary divergence while maintaining strict conservation of the core functional domains to confirm
the ancestral origin and deep conservation of these distinct paralogs.

2.3. Multiple sequence alignment and phylogenetic reconstruction
Multiple sequence alignment was performed using MAFFT. The candidate proteins and their identified orthologous proteins were included in the alignment.
The resulting alignment was used for maximum-likelihood phylogenetic reconstruction with IQ-TREE. The best-fitting amino acid substitution model was
selected according to the Bayesian information criterion before tree reconstruction. Branch support was assessed using 1,000 ultrafast bootstrap replicates
(Hoang et al. 2018). The resulting phylogenetic topology was used to examine the evolutionary relationships among the candidate proteins and their
orthologs.

2.4. Protein domain and family characterization
Protein domain architecture and family assignments were assessed using InterPro-based annotation. The analysis incorporated the available member
databases within the InterPro framework, including Pfam, PANTHER, PROSITE, Conserved Domain Database, CATH-Gene3D, PIRSF, and SUPERFAMILY
(Sigrist et al. 2010; Marchler-Bauer et al. 2017; Bitard-Feildel and Callebaut 2017; Sayers et al. 2021; Thomas et al. 2022; Blum et al. 2025; Paysan-Lafosse et
al. 2025). The resulting annotations were used to identify predicted protein families, domains, and conserved functional sites. Conserved residues
associated with predicted nuclease functions were examined by comparing the corresponding positions among the candidate proteins and their orthologs.
Conserved functional sites identified through the domain analyses were recorded for subsequent comparative interpretation.

2.5. Physicochemical characterization
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Physicochemical properties were calculated from the amino acid proteins using the ProteinAnalysis module of Biopython (Cock et al. 2009). The parameters
evaluated included molecular weight, isoelectric point (pI), instability index, and grand average of hydropathicity (GRAVY) (Kyte and Doolittle 1982). The
calculated properties were used for comparative characterization of the candidate proteins and their orthologs.

2.6. Subcellular localization and signal peptide prediction
Subcellular localization was predicted using DeepLoc (Almagro Armenteros et al. 2017; Thumuluri et al. 2022). Localization probabilities were obtained for
the cellular compartments included in the prediction framework, including the cytoplasm, nucleus, extracellular space, cell membrane, mitochondrion, plastid,
endoplasmic reticulum, lysosome or vacuole, Golgi apparatus, and peroxisome. The predicted localization profiles were recorded for comparative analysis.
The presence of a canonical N-terminal signal peptide was assessed using SignalP 6.0 (Teufel et al. 2022). Signal peptide and non-signal-peptide
probabilities were recorded for each protein, and the resulting predictions were subsequently compared among the candidate proteins and their orthologs.

2.7. Structural analysis
Three-dimensional protein models were obtained from the AlphaFold Protein Structure Database (Varadi et al. 2022). The predicted structures were
examined to assess the overall structural organization of the candidate proteins and the spatial arrangement of conserved residues identified during the
sequence and domain analyses. Structural models were compared between the candidate proteins and their corresponding orthologs to assess
conservation of relevant structural features.

3. Results

3.1. Ortholog Identification and Evolutionary Topology
Reciprocal BLAST+ searches against the reference proteome of Paracoccidioides lutzii (strain Pb01 / ATCC MYA-826) identified distinct one-to-one orthology
relationships for both Paracoccidioides brasiliensis candidate nucleases. The short-form P. brasiliensis sequence, PADG_08285, comprises 332 amino acid
residues and aligned directly with the uncharacterized P. lutzii target A0A0A2UZ79, which spans 315 amino acids (Table 1). This local alignment showed
97.78% sequence identity across a continuous 315-residue alignment block. The statistical significance of this match is established by an expectation value
of 0 and a bit score of 639 (Table 2). Concurrently, the long-form P. brasiliensis query locus, PADG_11161, encompassing 742 amino acid residues, paired with
the P. lutzii ortholog C1H8L0 (Table 1), is classified under the database description of Exonuclease V. This sequence alignment spans a length of 740
residues, achieving a sequence identity score of 94.47% over a 742-residue alignment block. The structural homology is supported by an expectation value of
0 and an alignment bit score of 1285 (Table 2). Evolutionary relationships inferred via maximum-likelihood phylogenetic reconstruction resolved the
divergence history of these candidate proteins. Phylogenetic analysis separated the candidate proteins into two distinct evolutionary clades. The primary
node separating the short-form group, comprising PADG_08285 and A0A0A2UZ79, from the long-form group, comprising PADG_11161 and C1H8L0, is
supported by an absolute ultrafast bootstrap value of 100 (Fig. 1), confirming the branch separation.

Table 1
Primary sequence characteristics of candidate DNase-like proteins and their identified P. lutzii

orthologs.
Sequence ID Description Sequence Length

PADG_08285 PADG_08285 P. brasiliensis candidate DNase-like protein 332

PADG_11161 PADG_11161 P. brasiliensis candidate DNase-like protein 742

C1H8L0 P. lutzii ortholog 740

A0A0A2UZ79 P. lutzii ortholog 315

Table 2
Local BLAST+ metrics supporting one-to-one orthologous relationships between P. brasiliensis and P. lutzii candidates.

Query Gene Subject ID Identity(%) Align
Length

E-
value

Bit
Score

Protein Description

PADG_08285 tr|A0A0A2UZ79|A0A0A2UZ79_PARBA 97.778 315 0 639 tr|A0A0A2UZ79|A0A0A2UZ79_PARBA
Uncharacterized protein OS=Paracoccidioides lutzii
(strain ATCC MYA-826 / Pb01) OX = 502779
GN=PAAG_12429 PE = 3 SV = 1

PADG_11161 tr|C1H8L0|C1H8L0_PARBA 94.474 742 0 1285 tr|C1H8L0|C1H8L0_PARBA Exonuclease V
OS=Paracoccidioides lutzii (strain ATCC MYA-826 /
Pb01) OX = 502779 GN=PAAG_07101 PE = 3 SV = 1

3.2. Nuclease Domain Classification and Catalytic Architecture
InterPro annotation revealed distinct enzymatic domains for the two protein families. The short-form orthologs, PADG_08285 and A0A0A2UZ79, mapped to
the TatD-related deoxyribonuclease family (Kabsch et al. 1990; Chen et al. 2014). Relevant database identifiers include InterPro IPR001130 and IPR050891,
Pfam PF01026, and Conserved Domain Database cd01310. This family forms a structural clade within the metal-dependent hydrolase superfamily, noted by
CATH-Gene3D G3DSA:3.20.20.140 and SUPERFAMILY SSF51556 (Table 3). Active-site residue profiling demonstrated complete conservation of the core
catalytic machinery across both species. In P. brasiliensis PADG_08285, the active site consists of a conserved catalytic tetrad: Glutamic Acid at position 121,
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Histidine at position 158, Histidine at position 184, and Aspartic Acid at position 232. This configuration is replicated identically in the P. lutzii short-form
ortholog A0A0A2UZ79 at positions Glu121, His158, His184, and Asp232 (Table 4).

Table 3
Functional domain signatures and protein superfamily assignments based on InterPro database mapping.

Protein ID Database Domain Accession Domain Name Domain Type

C1H8L0 interpro IPR019190 Exonuclease V family

C1H8L0 pfam PF09810 Exonuclease V - a 5' deoxyribonuclease Family

C1H8L0 panther PTHR14464 EXONUCLEASE V Family

A0A0A2UZ79 cdd cd01310 TatD DNAse Domain

A0A0A2UZ79 cathgene3d G3DSA:3.20.20.140 Metal-dependent hydrolases Homologous superfamily

A0A0A2UZ79 interpro IPR001130 3'-5' ssDNA/RNA exonuclease TatD-like family

A0A0A2UZ79 interpro IPR018228 Deoxyribonuclease, TatD-related, conserved site Conserved site

A0A0A2UZ79 interpro IPR032466 Metal-dependent hydrolase Homologous superfamily

A0A0A2UZ79 interpro IPR050891 TatD-type Metallo-dependent Hydrolase family

A0A0A2UZ79 pfam PF01026 TatD related DNase domain

A0A0A2UZ79 pirsf PIRSF005902 Mg-dependent DNase, TatD type family

A0A0A2UZ79 prosite PS01090 TatD deoxyribonuclease family signature 2 Conserved site

A0A0A2UZ79 panther PTHR10060 TatD-type Metallo-dependent Hydrolase family

A0A0A2UZ79 ssf SSF51556 Metallo-dependent hydrolases Homologous superfamily

Table 4
Putative active-site residue locations and interspecies conservation.

Protein UniProt ID Feature Type Residue Position Description

PADG_08285 C1GLP4 Binding site 121–121 Glutamic Acid

PADG_08285 C1GLP4 Binding site 158–158 Histidine

PADG_08285 C1GLP4 Binding site 184–184 Histidine

PADG_08285 C1GLP4 Binding site 232–232 Aspartic Acid

P lutzii (Short) A0A0A2UZ79 Binding site 121–121 Glutamic Acid

P lutzii (Short) A0A0A2UZ79 Binding site 158–158 Histidine

P lutzii (Short) A0A0A2UZ79 Binding site 184–184 Histidine

P lutzii (Short) A0A0A2UZ79 Binding site 232–232 Aspartic Acid

PADG_11161 A0A0A0HU65 Binding site 248–248 Aspartic Acid

PADG_11161 A0A0A0HU65 Binding site 389–389 Histidine

PADG_11161 A0A0A0HU65 Binding site 470–470 Serine

PADG_11161 A0A0A0HU65 Binding site 586–586 Phenylalanine

P lutzii (Long) C1H8L0 Binding site 246–246 Aspartic Acid

P lutzii (Long) C1H8L0 Binding site 387–387 Histidine

P lutzii (Long) C1H8L0 Binding site 467–467 Serine

P lutzii (Long) C1H8L0 Binding site 588–588 Asparagine

The long-form proteins, PADG_11161 and C1H8L0, were assigned to the Exonuclease V family, corresponding to InterPro IPR019190, Pfam PF09810, and
PANTHER PTHR14464 (Table 3). Comparative alignment of the putative binding positions within these long-form candidates revealed structural variations
between the two species. The initial binding coordinates show positional conservation, featuring Aspartic Acid at Asp248 in PADG_11161 and Asp246 in
C1H8L0, Histidine at His389 in PADG_11161 and His387 in C1H8L0, and Serine at Ser470 in PADG_11161 and Ser467 in C1H8L0 (Table 4). However, a non-
conservative substitution occurs at the fourth position. At this location, the P. brasiliensis sequence features a hydrophobic aromatic Phenylalanine residue at
position 586, whereas the P. lutzii counterpart contains a polar Asparagine residue at position 588.

3.3. Physicochemical Properties and Biophysical Stability Profiles
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Primary sequence analysis revealed biophysical differences between the short-form TatD and long-form Exonuclease V lineages, particularly concerning
molecular mass and predicted stability. The instability index (threshold < 40) demonstrated that the two lineages generated opposing profiles (Guruprasad et
al. 1990). The short-form TatD nucleases generated instability index values of 29.17 for PADG_08285 and 33.37 for A0A0A2UZ79. The long-form
Exonuclease V targets generated instability scores above the stability boundary, with PADG_11161 reaching 52.51 and C1H8L0 rising to 57.40.

Distinct trends were also observed in overall mass and hydrophobic profiles (Fig. 2). The short-form variants possess smaller molecular masses, calculated
at 37.08 kDa for PADG_08285 and 34.90 kDa for A0A0A2UZ79. The isoelectric points are centered at 6.09 and 5.55, respectively. The long-form variants
exhibit larger molecular masses, determined at 81.46 kDa for PADG_11161 and 81.42 kDa for C1H8L0. Their isoelectric points are calculated at 5.50 and
5.66, respectively. All four candidate proteins displayed negative Grand Average of Hydropathicity scores (Kyte and Doolittle 1982). The short forms scored − 
0.319 for PADG_08285 and − 0.214 for A0A0A2UZ79, while the long forms scored − 0.511 for PADG_11161 and − 0.542 for C1H8L0 (Table 5). These negative
parameters indicate a hydrophilic surface architecture across both groups. The high sequence identity (97.78%) and conservation of the predicted catalytic
residues between P. brasiliensis PADG_08285 and P. lutzii A0A0A2UZ79 support the conservation of the short-form TatD-like protein within the two species
examined. However, the present data do not establish that this protein is a genus-wide virulence factor or that P. lutzii uses a non-classical secretory pathway
to counter NETs. These hypotheses require direct experimental evidence, including demonstration of extracellular localization and nuclease activity.

Table 5
Predicted physicochemical parameters and biophysical stability markers.

Protein ID Sequence Length Molecular Weight (kDa) Isoelectric Point (pI) Instability Index GRAVY Score

PADG_08285 332 37.08 6.09 29.17 -0.319

PADG_11161 742 81.46 5.5 52.51 -0.511

C1H8L0 740 81.42 5.66 57.4 -0.542

A0A0A2UZ79 315 34.9 5.55 33.37 -0.214

3.4. Subcellular Localization Mapping and the Secretion Model
DeepLoc compartmentalization analysis predicted that all four candidate proteins reside within the intracellular matrix, returning preferential distribution
probabilities for the cytoplasm and the nucleus(Almagro Armenteros et al. 2017; Thumuluri et al. 2022). DeepLoc analysis indicated high cytoplasmic and
nuclear probability scores for all candidates, with negligible baseline probabilities for standard extracellular localization (Table 6; Fig. 4). This prediction of an
intracellular destination is supported by the results of N-terminal sorting signal mapping. SignalP 6.0 analysis established the absence of a canonical N-
terminal signal peptide across all four proteins (Teufel et al. 2022). The algorithms assigned probability scores to the non-secretory classification category,
returning a value of 0.999999 for both short-form targets, PADG_08285 and A0A0A2UZ79, and a value of 1.000000 for both long-form targets, PADG_11161
and C1H8L0 (Table 7).

Table 6
DeepLoc subcellular localization probability distributions across ten eukaryotic cellular compartments.

Protein ID Localizations Signals Cytoplasm Nucleus Extracellular Cell
membrane

Mitochondrion Plastid Endoplasmic
reticulum

Lysos

PADG_08285 Cytoplasm|

Nucleus

Nuclear
localization
signal

0.6993 0.6003 0.0314 0.0539 0.3273 0.0524 0.1196 0.139

PADG_11161 Cytoplasm|

Nucleus

Nuclear
localization
signal

0.4869 0.5961 0.0461 0.0797 0.1647 0.0063 0.1071 0.047

C1H8L0 Nucleus Nuclear
localization
signal

0.4735 0.5986 0.0625 0.0848 0.1714 0.0069 0.0951 0.053

A0A0A2UZ79 Cytoplasm|

Nucleus

Nuclear
localization
signal

0.7097 0.5516 0.0186 0.0766 0.2623 0.0321 0.1010 0.173

Table 7
SignalP 6.0 probability distributions for canonical N-terminal signal peptides.

Protein ID SignalP Prob (OTHER) SignalP Prob

(SIGNAL PEPTIDE)

SignalP Prediction

PADG_08285 0.999999 0 OTHER

PADG_11161 1 0 OTHER

C1H8L0 1 0 OTHER

A0A0A2UZ79 0.999999 0 OTHER

4. Discussion
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Figure 1

Maximum-likelihood phylogenetic tree of candidate DNase-like orthologs in P. brasiliensisand P. lutzii. The topology, generated using IQ-TREE, shows a clear
separation between the short-form TatD lineage and the long-form Exonuclease V clade, indicating a gene duplication event prior to speciation. Node values
represent ultrafast bootstrap support (1,000 pseudoreplicates). The scale bar represents evolutionary distance in substitutions per site.

Alt Text:A horizontal phylogenetic tree displaying two distinct main branches. The first branch clusters the short-form proteins PADG_08285 and
A0A0A2UZ79, while the second branch clusters the long-form proteins PADG_11161 and C1H8L0. The deep node separating the two clades shows a
bootstrap support value of 100.

Figure 2

Physicochemical properties of the candidate nucleases. Isoelectric point (pI) is plotted against the Grand Average of Hydropathicity (GRAVY) score for each
sequence. Marker size represents calculated molecular mass (kDa), highlighting the distinct physical clustering of the short- and long-form protein lineages.

Alt Text:A scatter plot with isoelectric point on the x-axis and GRAVY score on the y-axis. Four data points represent the candidate proteins. The two short-
form proteins group closely together with smaller marker sizes representing lower masses, while the two long-form proteins group together with larger
marker sizes representing higher masses. All four points fall in the negative range on the y-axis, indicating hydrophilicity.
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Figure 3

Calculated biophysical parameters of the candidate proteins. The bar chart compares molecular weight (kDa), isoelectric point (pI), and instability index
across the four targets. The horizontal dashed line represents the structural instability threshold of 40; only the short-form TatD variants fall below this
boundary, indicating stable globular structures.

Alt Text:A grouped bar chart comparing molecular weight, isoelectric point, and instability index for four proteins. The instability index bars for the short-form
proteins A0A0A2UZ79 and PADG_08285 are below a dashed horizontal threshold line at 40. The instability index bars for the long-form proteins C1H8L0 and
PADG_11161 extend well above the threshold line. Molecular weight bars are significantly taller for the long-form proteins.

Figure 4

Predicted subcellular localization probabilities. DeepLoc modeling indicates that all candidate nucleases predominantly localize to the cytoplasm and
nucleus, with negligible probabilities for the extracellular space and conventional secretory pathways.

Alt Text:A boxplot displaying probability scores for protein localization across different cellular compartments. The cytoplasm and nucleus categories
display the highest probability scores, grouping tightly between 0.47 and 0.71. Conversely, the extracellular compartment category shows near-zero
probabilities for all four candidate proteins.
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