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ABSTRACT. Advances in biotechnology and molecular biology fields 
have allowed the sequencing of species genomes to improve the 
understanding of their genetics. As a consequence of the large number of 
whole genome sequencing projects, various DNA and protein sequences 
predicted by bioinformatics still without an identified function and are 
annotated in data banks as hypothetical proteins (HPs). Approximately 
30% of the genome of recently sequenced organisms is composed of 
HPs, and these proteins are not included in functional studies due to the 
inexistence of full annotation. The characterization of HPs through 
bioinformatics is an important step to improve the understanding of 
genes and proteins and aims to assign some information to these 
sequences. Here, we used bioinformatics tools to predict the function of 
a hypothetical protein using as a model a protein from the filamentous 
fungus Penicillium rubens (XP_002569027.1). This fungus has been 
extensively studied due its ability to produce a wide range of natural 
products, many of them with biotechnological and pharmaceutical 
applications. The first step was to characterize the physicochemical 
properties of this HP. This protein has a molecular weight of 79.4 kDa 
and a theoretical pI of 5.06; 44.1% of its sequence is composed of 
hydrophilic amino acid residues and it was predicted as an extracellular 
protein. Prediction of 3D structure showed 42.21% of this sequence with 
an alpha galactosidase from Geobacillus stearothermophilus. In addition, 
XP_002569027.1 showed the presence of a glycosylase domain and most 
important amino acids residues in a catalytic site. Thus, we characterized 
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a HP from P. rubens using computational tools and were able to produce 
useful information for future in vivo and in vitro studies, highlighting the 
importance of bioinformatics as a preliminary tool for functional studies. 
 
Key words: Bioinformatics; Hypothetical Proteins; Penicillium rubens; 
Functional prediction; Alpha-galactosidase 

INTRODUCTION 
 
After the idealization and realization of the Human Genome Project, a massive 

amount of data was generated and a lot of information was revealed to the scientific world 
(Lander et al., 2001; Schmutz et al., 2004). This was a milestone in scientific history, which 
is called the Genomic Era. Genomics deals with not just genes, but the whole genetic 
composition of a particular organism; with the dramatic improvement of sequencing 
technologies and the impressive reduction in costs, scientists are facing a “data avalanche” 
(Papageorgiou et al., 2018). 

Sequencing projects started with small genomes and simple organisms, such as the 
bacteriophage MS2, which was the first organism that had its genome elucidated in 1976 
(Fiers et al., 1976). As the techniques improved, it became possible to sequence genomes of 
more complex organisms, such as the human genome. Currently, there are over 50,000 
genomes from eukaryotes, viruses, plasmids and organelles deposited in the National Center 
for Biotechnology Information (NCBI) genome database 
(https://www.ncbi.nlm.nih.gov/genome/). 

The genomic era was driven by scientific interests and a tremendous expectation of 
new opportunities created by availability of genetic information, since the data produced by 
genome sequencing projects could be used by scientists around the world for different 
purposes and in different areas. The large amount of data produced through genome 
sequencing demanded and pushed the improvement of an important area called 
bioinformatics (Hesper and Hogeweg, 1970). This new science field put together two 
important areas: informatics with algorithms and computer software and molecular biology. 
This new field started to solve biological problems as the first demand emerged from 
genomic era: to assemble the genome puzzle and process all genomic information with 
quality and curation (Poliakov et al., 2015; Ge and Guo, 2020). By definition, 
bioinformatics is a science that uses computational tools to analyze genetic material and 
information about the function of genes and proteins in organisms. Nowadays, this 
interdisciplinary science encompasses various areas such as computing, mathematics, 
physics and biology, with the primary objective to answer biological questions (Bayat, 
2002; Srinivasa et al., 2020). 

The availability of genome sequences of a huge number of organisms associated to 
knowledge about the original central dogma of molecular biology (DNA, RNA, Proteins) 
pushed the appearing of two other important eras: proteomic and transcriptomic. Proteomics 
came with large-scale analyses of all expressed proteins and their isoforms present in a 
specific cell or tissue (Mallick and Kuster, 2010) and, in the same way, transcriptomic came 
with analyses of RNA transcripts (Lowe et al., 2017). From this time, the term “omic” 
started to become popular and took part of all genomic derivative products studies, as 
metabolomics, lipidomics, epigenomics and interatomic. 
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All “omic” studies use genes or proteins sequences from public databanks and 
sometimes face with sequences that have not been characterized and did not have functions 
attributed to them (Bernstein et al., 1977). These sequences are annotated in databases as 
unknown or hypothetical genes (HGs) or proteins (HPs), since they were predicted by 
computational tools, but there is no experimental evidence of its function (Mishra et al., 
2013). 

Determination of gene and its encoded protein function is one of the challenging 
problems coped by the post-genome era and demands from bioinformatics to predict 
functions of these sequences by developing efficient tools (Sivashankari and 
Shanmughavel, 2006). The sequencing of the complete genome of various organisms has 
been carried out for a long time, and yet a large part of the genome is still composed by 
proteins classified as hypothetical. Currently, it is estimated that 30% of all newly 
sequenced genes of microorganisms ended up annotated as “hypothetical” (Naveed et al., 
2018). The bacteria Mycobacterium tuberculosis, for example, had its entire genome 
published in 1998 (Cole et al., 1998) and recent studies show that 27% of genes in M. 
tuberculosis genome are still classified as HPs, and there only few studies relating these 
proteins to some function (Yang et al., 2019). 

Elucidate proteins function is an important step to understand the organism 
genetics, and the relevance of its characterization lies on the potential of application of this 
macromolecule in different studies. Nowadays, in silico functional studies have an 
important role in protein function prediction linking a hypothetical protein to one or many 
cellular processes and helping to elucidate its role in metabolic pathways (Ijaq et al., 2019). 
HPs characterization has become an attractive subject of study due to its potential 
importance, leading to creation of some databases where only HPs sequences are described, 
such as HypoDB (Adinarayana et al., 2011). 

The scenario of HPs studies in filamentous fungi is no different. It is estimated that 
there are 1.5 to 5 million species of fungi on earth (Hawksworth and Lücking, 2017) and the 
vast majority of these organisms has not yet been sequenced and characterized (Uranga et 
al., 2017). Filamentous fungi have a great ability to secrete substances to the culture 
medium, such as secondary metabolites and proteins, which is due to the refined secretion 
machinery that these organisms have. Proteins secreted by filamentous fungi are related to 
broad range of metabolic processes in these organisms, like nutrition, resistance and 
pathogenicity (Peberdy, 1994). Such secretion ability is an attraction for commercial 
production of extracellular proteins in these organisms, functioning as biofactories through 
heterologous protein production systems. Fungi of the genus Aspergillus (A. niger, A. 
oryzae) and Penicillium (P. camemberti, P. rubens, P. glaucum) are the main 
representatives of this case (Punt et al., 2002). 

The genus Penicillium has been extensively studied after the discovery of penicillin 
by Alexander Fleming. Filamentous fungi of this genus are used in several processes in the 
food industry, such as cheese, bread and brewery production, for example. With the 
scientific and biotechnological development, the emergence of new techniques has also 
made possible to use these filamentous fungi to produce a range of secondary metabolites 
and proteins of industrial interest (Meena et al., 2018). Specifically, the filamentous fungus 
Penicillium rubens, formerly P. chrysogenum and P notatum (Houbraken et al., 2011), is 
widely used for the production of enzymes (Guzman-chavex et al., 2018), such as proteases 
(Haq et al., 2005), lipases (Ferrer et al., 2000) and mainly glycosylases, such as invertases 
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(Yakimova et al., 2017), amylases (Dar et al., 2015), galactosidases (Aleksieva et al., 2010) 
and xylanases (Chinedu et al., 2008). Although it is an organism widely used for 
biotechnological purposes, a huge number of its proteins are still annotated as HPs, 
reinforcing the importance of an initial in silico characterization to define its functions. 
Moreover, few studies related to proteomics and transcriptomics of filamentous fungus have 
been done (Kim et al., 2007), and the number is even lower for P. rubens, which had its 
complete genome published by Van Den Berg et al in 2008. Most studies with this organism 
are related only to characterization at an expression / excretion level and not at the genomic 
level, highlighting the importance of genomic studies in P. rubens (Jami et al., 2010; Pohl et 
al., 2020). 

Given the importance of study of HPs few genomic studies have been made of the 
filamentous fungus P. rubens, the goal of this study was to perform, through bioinformatics 
analysis, the prediction and characterization of the HP XP_002569027.1. 

MATERIAL AND METHODS 

Nucleotide and amino acid sequences 
 
The nucleotide and protein sequences were retrieved from the complete genome of 

P. rubens Wisconsin available at GenBank (http://www.ncbi.nlm.nih.gov/genbank/) under 
the access number AM920437.1. The sequence XP_002569027.1 was randomly chosen 
using the term “hypothetical”. 

Search for signal peptide 
 
The signal peptide prediction of the HP was performed using the SignalP 5.0 

(http://www.cbs.dtu.dk/services/SignalP/). This tool provides the probability the analyzed 
sequence has a signal peptide when compared to known signal peptides. In addition, this 
tool provides the cleavage sites of signal peptides and differentiate the types of signal 
peptide in Archaea, gram-positive or gram-negative bacteria and Eukarya (Almagro et al., 
2019).  

Physicochemical characterization 
 
 The physicochemical analyses of the HP were performed using two tools: 

ProtParam (https://web.expasy.org/protparam/) and ProtScale 
(https://web.expasy.org/protscale/). ProtParam allows the calculation of molecular weight, 
theoretical isoelectric point, amino acid composition, atomic composition, estimated half-
life, hydropathicity index, among others. ProtScale also provides hydropathicity analyses, 
which is the ratio of hydrophobic and hydrophilic amino acids, where a value < 0 indicates 
a greater number of hydrophilic amino acids and consequently a protein that tends to be 
soluble in water, and a value > 0 indicates greater presence of hydrophobic amino acids, 
indicating water-insoluble protein (Gasteiger et al., 2005). 

Structural analyses 
 
The first structural tool used, called TMHMM, is based on the Hidden Markov 

model (HMM) for predicting probability that the analyzed sequence presents regions that 
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have characteristics of transmembrane helices (http://www.cbs.dtu.dk/services/TMHMM/), 
(Krogh et al., 2001).  To predict secondary structures of the HP, we used GOR https://npsa-
prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_gor4.html), a tool that indicates 
the probability of the presence of alpha helices, beta sheets, turns, random coils, among 
others (Garnier et al., 1996). The last structural analysis tool used was the SWISS-MODEL 
(https://swissmodel.expasy.org). This tool works through the 3D construction of the protein, 
in this case the HP, comparing with 3D structures already deposited in the database. The 
tool automatically selects, among the best candidates, templates to create the prediction of 
the possible 3D structure of the HP (Waterhouse et al., 2018). 

Cellular localization prediction 
 
Cellular localization prediction of the HP was performed using TargetP 

(http://www.cbs.dtu.dk/services/TargetP/). This tool search, in its database, similarity with 
specific regions that indicate cellular localization of proteins, such as signal peptides and 
mitochondrial targeting peptides, for example, presenting the probability of the analyzed 
sequence to have any of these specific regions (Almagro et al., 2019). 

Search for similarity through local alignment 
 
For the similarity analysis, we used the Basic Local Alignment Search Tool 

(BLASTp) ( https://blast.ncbi.nlm.nih.gov/Blast.cgi). This tool searches for regions of local 
similarity between the desired sequence with other sequences already deposited in the 
database and calculates the statistical significance of the correspondences (Altschul et al., 
1990). 

Characterization of functional domains and catalytic residues 
 
The search for functional domains and important regions of the HP was performed 

using InterProScan (http://www.ebi.ac.uk/interpro/). This tool compares the analyzed 
sequence with proteins already described in its database, to provide information about 
conserved patterns, families, important domains and catalytic residues (Jones et al., 2014).  

Global alignment  
 
Five of the 10 sequences that showed high similarity (higher than 75%) with the 

selected HP in previous analyses (BLASTp, item 2.6) were submitted to MultAlin 
(http://multalin.toulouse.inra.fr/multalin/), to align and compare the sequences. Regions 
with similarity between the analyzed sequences and important residues (Corpet, 1988) were 
sought. 

RESULTS AND DISCUSSION 

Selection of a Hypothetical protein from P. rubens 
 
The abundance of hypothetical genes and proteins is an important issue coming 

from Pos-Genomic and Pos-Proteomic Eras. Currently, databases are far from complete and 
errors in sequences in public databanks are expected, keeping in mind how complex is the 
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whole process, starting with genome sequencing, data assembly, annotation and curation of 
sequences (De Simone et al., 2019). Consequently, there is a vast number of HPs waiting to 
be functionally characterized. Therefore, the initial characterization of HPs through 
bioinformatics tools will help to speed up these studies, as they can gather information on 
HPs to guide functional studies. This strategy can help to assign proteins a tentative 
function promoting an important connection between in silico analysis with experimental 
trials (Lubec et al., 2005). 

According to the Genome platform (www.ncbi.nlm.nih.gov/genome), P. rubens has 
a genome of 32.2 Mb, with 12,791 proteins, of which 2,158 are classified as HPs or 
partially hypothetical, representing approximately 17% of total proteins. The hypothetical 
gene (Pc21g20400) and its protein XP_002569027.1 from P. rubens were randomly chosen 
from databank to perform its bioinformatic characterization.  The selected gene has 2241bp 
and encodes a protein with 746 amino acids. 

Identification of the signal peptide 
 
A signal peptide is a sequence of 16-30 amino acids usually located in the N-

terminal region of the proteins and functions as a signal that the protein will be exported to 
different compartments from which it was synthesized, such as organelles or extracellular, 
and it is usually cleaved after protein transport. Alternatively, a signal peptide can be 
located inside the protein and not be cleaved after translocation (Kapp et al., 2009).  

SignalP analysis indicates that there is 89.43% chance of HP XP_002569027.1 
having an N-terminal signal peptide and that this signal peptide consists of the amino acids 
1 to 20, presenting a cleavage site between the amino acids 24-25 (Figure 1), suggesting 
that HP XP_002569027.1 will be exported. After confirming the presence of a signal 
peptide, the first 24 amino acids were removed from the sequence for further analysis, 
leaving a sequence of 722 amino acids. The signal peptide is usually removed in 
bioinformatics analysis because it is not a sequence that is part of the protein after post-
translational processing and can interfere in the following analyses (Choo et al., 2009). 

 

 
Figure 1. Search for the presence of the signal peptide in hypothetical protein XP_002568981. Analysis done by 
SignalP tool, where  (—) indicates probability of finding a signal peptide; (---)  probability to be the cleavage site 
for the signal peptide; (—) probability to not contain any signal peptide. 
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Physicochemical characterization of HP XP_002569027.1 
 
The physical-chemical analyses show that HP XP_002569027.1 has an 

estimated molecular weight of 79.4 kDa, a theoretical pI of 5.06, presenting 86 and 59 
negatively and positively charged amino acids residues, respectively. The ProtParam 
tool also predicts the probable protein half-life time in different cell types, which was 
1.3 hours in in vitro mammal reticulocytes, 3 min in yeast and 3 min in E. coli. In 
addition, it was possible to observe an instability index of 32.39, where proteins whose 
instability index are smaller than 40 are predicted as stable proteins (Guruprasad et al., 
1991), indicating that the HP analyzed is a stable protein in test tubes.  

The importance of analyzing the physical-chemical parameters of a HP is found 
in the transition from in silico to in vitro studies. For example, when analyzing the 
isoelectric point of a protein it is possible to know the pH at which the net charge of 
protein is zero, and this analysis is useful on purification methods, such as purification 
by isoelectric focusing. When knowing the theoretical pI of this HP, in vitro 
experiments that require pH control to be carried out can be done using a 5.06 
isoelectric point as a start and control for in vitro experiments (Mohan and Venugopal, 
2012). 

According to the results of the ProtScale tool, which provides hydropathicity, 
HP XP_002569027.1 has a hydrophilic attribute, since a greater number of amino acids 
is depicted below the red line, with a value < 0 (Figure 2). The result of the 
hydropathicity from ProtScale is similar to that generated by ProtParam, which 
provided a hydropathicity index of -0.227 and has a hydrophilic character. Knowledge 
about the physicochemical characteristics of HPs is of great importance to produce this 
protein to be assayed in in vitro and to plan future experiments (Skolnick et al., 2000).  

 

 
Figure 2. Hydropathicity analysis of hypothetical protein XP_002569027.1. Amino acids that are below the red 
line (value < 0) represent hydrophilic amino acids. Results generated by the ProtScale platform. 
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Production of a 3-D model of HP XP_002569027.1 using comparative Modeling  
 
The transmembrane helices prediction was performed using TMHMM tool. The plot 

illustrated in Figure 3 indicates the probability of portions of sequence to be  intracellular, 
extracellular  or transmembrane, with results ranging from 0 to 1. The line between 1 and 1.2 is 
an overall line that sums the analysis. In this case, it is shown that the whole sequence (722 aa) is 
predicted to be outside the cell (thin pink line), and the overall analyses confirms it (thick pink 
line). According to this results, it is possible to infer that the HP XP_002569027.1 is not a 
transmembrane protein, and that most of the protein is more likely to be outside of the 
membrane, being a possible indication of extracellular protein, which agrees with the presence 
of a signal peptide (Figure 1), likely to be a signal for extracellular export. Although, according 
to TMHMM creators, this tool is not used as a confirmation of cellular location, its only predicts 
if the analyzed protein contain transmembrane helices and if so, which portion of the protein is 
likely to be oriented inside or outside the cell membrane.  The topology analysis is an important 
result which can corroborate with other predictions. In this way, each bioinformatic tool adds an 
additional layer of comprehension about the HP, that can be linked with other results obtained in 
other programs (Tusnady and Simon, 2010). 

 

 
Figure 3. Prediction of transmembrane helices in the hypothetical protein XP_002569027.1. Results generated 
through TMHMM. (—) Probability to be a transmembrane portion; (—)  probability to be an intracellular portion; 
(—) probability to be an extracellular portion. 

 
The GOR tool predicts secondary structures, indicating the probability of the presence 

of alpha helices, beta sheets, turns and random coils. As shown in Figure 4, of the 722 amino 
acids residues, 171 are related to alpha helices (23.68%); 145 are related to beta sheets (20.08%) 
and 406 are related to random coils (56.23%).  

The 3D structure prediction of the XP_002569027.1 was performed by SWISS-MODEL, 
a web-based integrated service dedicated to protein structure homology modelling. Building a 
homology model comprises four main steps: the identification of structural template, the 
alignment of target sequence and template structure, the model-building, and finally, the model 
quality evaluation. When analyzing a protein, a protein structure database is searched to identify 
suitable templates. The similarity between target sequence and protein template library is used to 
select the best templates, and then, the most similar sequences are selected to estimate the 3D 
model of the HP (Bordoli et al., 2009). Figure 5 shows the predicted 3D structure of the HP 
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XP_002569027.1 (blue and red) in contrast to the 3D structure of the GH36 alpha-galactosidase 
protein from Geobacillus stearothermophilus (colored). The HP showed 42.21% identity with 
the template used for prediction. Moreover, other models with lower similarity were found, from 
the 25 models listed, the first 18 that presented higher identity are alpha galactosidases. For 
example, alpha-galactosidases from Geobacillus stearothermophilus, Lactobacillus brevis and 
Lactobacillus acidophilus showed 41.93%, 40,06% and 39.29% of identity, respectively. The 
similarity found between the predicted 3D structures of the HP and the alpha-galactosidase from 
G. stearothermophilus corroborates with a possible function of the HP analyzed. 

 

 
Figure 4. Schematic representation of secondary structures that compose the hypothetical protein 
XP_002569027.1. Results generated by GOR platform, where (h) Represent alpha helical regions; (e) represent 
regions of beta sheets; (c) represent regions of random coils. 

 
Understanding the structural properties of a protein is of great importance, since protein 

primary, secondary, tertiary and quaternary structure are is directly linked with its functionality 
properties (Ji and Li, 2010). The 3D prediction of HPs by comparative modeling is an important 
tool capable of linking the protein to a specific function, since well know proteins, with similar 
structures and defined function are used as templates to create the HP model. Thus, a high amino 
acid identity can indicate a high structure similarity, and proteins with similar structures may 
have similar biochemical function, therefore proteins with similar amino acid sequence usually 
have related functions. Structural analyses are an essential step on HP characterization and 
function prediction (Da Costa et al., 2018). 
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Figure 5. Predicted 3D structural representation of the hypothetical protein XP_002569027.1 (blue and red) 
performed by comparison with the alpha-galactosidase protein AgaA of G. stearothermophilus (color). Prediction 
made by SWISS-MODEL tool. (A) 3D Structural prediction of hypothetical protein XP_002569027.1; (B) 3D 
structural representation of the alpha-galactosidase protein D478A Agaa A355E of G. stearothermophilus. 

Prediction of HP XP_002569027.1 subcellular localization 
 
TargetP tool was used to predict the subcellular localization of HP 

XP_002569027.1. The score 1 indicates the presence of N-terminal pre-sequences: MTP 
refers to the possibility to present the sequence of mitochondrial targeting peptide, SP the 
possibility of the sequence present signal peptide and others refers to the possibility of the 
sequence indicate another subcellular localization. The final results of the analyses generate 
four possible outcomes: C is indicative that the protein is found in the chloroplasts, M is 
indicative that the protein is mitochondrial, S is indicative that the protein is related to 
cellular secretion pathways or - is indicative that the protein is related to any other possible 
location. 

Confirming the results from section 3.2, TargetP prediction indicates that HP 
XP_002569027.1 has a signal peptide (value = 0.805), indicating that it is a protein related 
to secretion pathway, more specifically an extracellular protein (S) (Table 1). As this 
program evaluates the presence of a signal peptide, we used the complete sequence 
containing 746 amino acids. In addition to supporting previous results, it also confirms 
conclusions of previous reports that alpha galactosidases in P. rubens and Aspergillus sp are 
extracellular enzymes, used for substrate degradation and obtaining energy (Manzanares et 
al., 1998; Aleksieva et al., 2010). 

 
 

Table 1. Subcellular localization prediction of HP XP_002569027.1. Results obtained by TargetP 
platform. Modified. MTP: possibility to present the sequence of mitochondrial targeting peptide; SP: 
possibility of the sequence present signal peptide; Others: possibility of the sequence indicate another 
cellular location; Location: (S) indicative that the protein is related to cellular secretion pathways. 
 

Name Size MTP SP Others Location 
XP_002569027.1 746 aa 0.131 0.805 0.036 S 
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Search for patterns of similarity with other proteins 
 
The Basic Local Alignment Search Tool (BLASTp) finds regions of local 

similarity between sequences. The program compares nucleotide or protein sequences 
to sequence databases and calculates the statistical significance of matches. BLASTp can 
be used to infer functional and evolutionary relationships between sequences as well as 
help identify members of gene families. This is one of the most used and reliable tools 
on searching for sequence similarity and identity. Sequence similarity comparison, such 
as for DNA, RNA, and protein, is the base of bioinformatics, and this kind of analysis 
improve the protein function prediction, being one of the most important analysis in 
HPs characterization (Pearson, 2013; Yao et al., 2014). 

 The HP XP_002569027.1 from P. rubens has high amino acid identity with 
other proteins from Penicillium genus (Table 2) as two aldolases form Penicillium 
expansum (87.55%) and Penicillium italicum (87.42%). Aldolases are glycolytic 
pathway enzymes that catalyze the conversion of fructose-1,6-diphosphate to 
dihydroxyacetone phosphate and glyceraldehyde-3-phosphate, thus playing an 
important role on energetic metabolism (Chang et al., 2018). 

 The other class of proteins that showed high identity with the HP 
XP_002569027.1. was alpha-galactosidase, as this protein matches proteins annotated 
as alpha-galactosidases from other species of Penicillium genus as Penicillium 
digitatum (84.05%), Penicillium janczewskii (76.87%) and Penicillium brasilianum 
(73.35%) (Table 2). Alpha-galactosidases catalyze the removal of the α-galactose 
terminal of oligosaccharides and glycoproteins, such as raffinose and stachyose 
(Garman, 2007). This enzyme has several industrial applications in the food industry 
and has great potential applications in soybean-based food (Weignerová et al., 2009). 

In addition, HP XP_002569027.1 also show identity with other members of the 
glycosidases family, showing high sequence identity with proteins from Penicillium 
roqueforti (87.94%) and Penicillium camemberti (87.69%). Aldolases and alpha 
galactosidases are included in the glycosidase family, enzymes in this family catalyze 
the hydrolysis of glycosidic molecules, such as oligosaccharides and glycoconjugates. 
This group of enzymes play important roles in biological processes, highlighting the 
importance of studies for elucidate thess biological process and for industrial 
applications (Kotzler et al., 2014). 

Besides these proteins that have defined functions, the two proteins that showed 
the highest identity with the HP XP_002569027.1. were also HP, one from Penicillium 
flavigenum, named PENFLA_c012G03777 with 98.26% of identity and the other from 
Penicillium nalgiovense, named PENNAL_c0022G06902 and presented 97.86% of 
identity (Table 2). 

The 12 sequences that presented higher identity cited above are all proteins that 
belong to the Penicillium genus, which is expected as closely-related organisms tend to 
share high sequence similarity. 
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Table 2. Search for identity of the amino acid sequence of HP XP_002569027.1 with other proteins in 
NCBI database. Results obtained by BLASTp platform. Modified. 
 

Reference (NCBI) Description Max Score Total 
Score 

Query 
Cover E value Per. Identity 

XP_002569027.1 Pc21g20400 Penicillium 
rubens Wisconsin 54-1255 1535 1535 100% 0.0 100.00% 

OQE22811.1 
Hypothetical protein 
PENFLA_c012G03777 
Penicillium flavigenum 

1515 1515 100% 0.0 98.26% 

OQE86109.1 
Hypothetical protein  
PENNAL_c0022G06902 
Penicillium nalgiovense 

1512 1512 100% 0.0 97.86% 

XP_016597363.1 Aldolase TIM barrel-type 
Penicillium expansum 1376 1376 100% 0.0 87.55% 

CDM31376.1 
Glycosidase, clan GH-D 
Penicillium roqueforti 
FM164 

1375 1375 100% 0.0 87.94% 

KGO76349.1 Aldolase TIM barrel-type 
Penicillium italicum 1372 1372 100% 0.0 87.42% 

CRL28250.1 Glycosidase, clan GH-D 
Penicillium camemberti 1337 1337 96% 0.0 87.69% 

XP_014535717.1 
Alpha-galactosidase C, 
Penicillium digitatum 
putative Pd1 

1335 1335 100% 0.0 84.05% 

KXG52816.1 Aldolase TIM barrel-type 
Penicillium griseofulvum 1317 1317 100% 0.0 87.40% 

ABC70181.1 Alpha-galactosidase 
Penicillium sp. F63 1316 1316 95% 0.0 88.67% 

ACN38386.1 Alpha-galactosidase 
Penicillium janczewskii 1213 1213 100% 0.0 76.87% 

CEJ57078.1 
Alpha-galactosidase 
putative Penicillium 
brasilianum C 

1163 1163 99% 0.0 73.35% 

Identification of Functional domains and important regions in HP 
XP_002569027. 

 
Search for functional domains and important regions is a significant step on HP 

function prediction and characterization. Domains are functional and structural portions of a 
protein, which are usually linked to some specific function or interaction, contributing to the 
functionality of the protein as a whole (Yegambaram et al., 2013). In this sense, 
InterProScan is a resource that provides functional analysis of protein sequences by 
classifying them into families and predicting the presence of domains and important sites. 
To classify proteins in this way, InterProScan uses predictive models, known as signatures, 
provided by several different databases that make up the InterPro consortium (Mitchell et 
al., 2019). Protein families, as the name implies, are groups of proteins that have a similar 
evolutionary origin, which usually results in similarity in their structures and sequences (Yi 
et al., 2012).  

Searching for conserved domains using InterProScan was possible to identify 
elements that corroborate with BLASTp results, showing that HP XP_002569027.1 has 
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domains that are conserved in different families of glycosylases, such as domains of alpha 
galactosidases and aldolases (Figure 6). Specifically, the first four lines of the figure show 
that the HP XP_002569027.1 presents regions of similarity with some proteins of a 
homologous superfamily (Figure 6 -blue H). This indicates not only that the protein may be 
related to glycoside metabolism, but it indicates that HP XP_002569027.1 probably shares 
evolutionary origins with the other proteins in this homologous superfamily. Also, it was 
possible to predict that the HP XP_002569027 have large similarity with proteins in 
Glycoside Hydrolase Family 36 (Figure 6- red F), showing high similarity with an alpha-
galactosidase family named PIRSF005536 (Figure 6 - pink line). Lastly, the InterProScan 
analyses showed that the HP presented similar N-terminal and C-terminal domains (Figure 
6- green D) with proteins in Glycosyl Hydrolase Family 36. 

The association of HPs with families of proteins already described and with defined 
domains works as additional step to conclude the functional prediction, grouping all the 
previous analyzes in an attempt to link the HP to a probable function. This type of analysis 
is important because conserved domains are usually linked with the protein function, 
identify these domains in HPs is an important indication of functionality (Rentzsch and 
Orengo, 2013). Taken together, these results suggests that the HP XP_002569027.1 may be 
a protein related with carbohydrate metabolism. 

 

 
Figure 6. Search for functional domains, families and important regions of the hypothetical protein. Results 
obtained by InterProScan platform. 

Alignment of similar sequences and search for conserved regions and catalytic 
residues  

 
After verifying the homology among HP XP_002569027.1 with other know 

proteins from Penicillium genus, the next step was to obtain these sequences for a local 
alignment (item 3.6.) and perform a simultaneous align of them. To perform this analysis, it 
was used the Multalin, a tool which creates a multiple sequence alignment from a group of 
related sequences using progressive pairwise alignments using the method of multiple 
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sequence alignment with hierarchical clustering. It was selected the protein alpha-
galactosidase from P. janczewskii (ACN38386.1, accessed on 25/09/2019), the alpha-
galactosidase C (putative) from P. digitatum (XP_014535717.1, Accessed on 09/25/2019), 
alpha-galactosidase C from A. flavus (RAQ44733.1, Accessed on 09/25/2019) and aldolase 
from P. expansum (XP_016597363.1, Accessed on 25/09/2019). 

After alignment, regions that have a high consensus, that is, sequences in which the 
amino acids were identical in all proteins, are marked in red. The regions marked in blue 
indicate low consensus, that is, only a few amino acids are conserved. The gray regions 
indicate neutrality, that is, almost no amino acids are conserved in this region. Our results 
indicate that a large number of regions have a high consensus (Figure 7). Moreover, it was 
verified that important catalytic residues are preserved in these sequences (505 and 567) and 
substrate-binding amino acids (216,470 and 545) marked with a green triangle. This 
important residues were automatic annotated by UniProtKB 
(www.uniprot.org/uniprot/B6HKN2, Accessed on 09/25/2019), but literature has shown that 
residues such as serines 216, 470 (Margolles-Clark et al., 1996), glutamine 505 (Moracci et 
al., 1996; Liou and Grabowski, 2009), methionine 567 (Kachurin et al., 1995) and cysteine 
545 (Kumar et al., 2014) are residues that play important roles in catalytic and active sites 
as well as in protein structure stabilization. In addition, of the few regions that are not red 
(high consensus), just a small number of amino acids are presented as very low / no 
consensus, being an indicative of sequence conservation (Figure 7).  

 

 
Figure 7. Global alignment of sequences of the hypothetical protein XP_002569027.1 with proteins that present 
defined functions. Results obtained by MultAlin platform. (X) Represent high consensus regions; (X) regions of 
medium or low consensus; (X) very low or no consensus; ( ) represents amino acids related to the catalytic 
site of the hypothetical protein XP_002569027.1. 

 
To improve our study and provide new information about these similar proteins, we 

conducted physicochemical properties comparison using these five proteins. The results 
presented in Table 3, along with the previous results, show that the HP XP_002569027.1 
have similar physicochemical parameters with these proteins, pointing once again for 
possible glucosidase function. The results showed that the HP XP_002569027.1 probably 
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plays an important role in energetic metabolism of P. rubens, with very similar 
characteristics of proteins that play this role in other related filamentous fungi. 

 
 

Table 3. Comparison of physicochemical properties of the HP XP_002569027.1, alpha-galactosidase from 
Penicillium janczewskii (ACN38386.1), putative alpha-galactosidase from Penicillium digitatum 
(XP_014535717.1), alpha galactosidase from Aspergillus flavus (RAQ44733.1) and aldolase from 
Penicillium expansum (XP_016597363.1). 
 

Property Value 

  XP_002569027.1 
Penicillium rubens 

ACN38386.1 
Penicillium 
janczewskii 

XP_014535717.1 
Penicillium 
digitatum 

RAQ44733.1 
Aspergillus flavus 

XP_016597363.1 
Penicillium 
expansum 

Number of amino acids 722 748 765 751 747 
Molecular weight 79.4 kDa 81.9 kDa 83.9 kDa 82.9 kDa 81.9 kDa 
Theoretical pI 5.06 5.05 5.35 5.01 5.33 
Total number of negatively 
charged residues (Asp + Glu) 86 90 86 87 85 

Total number of positively 
charged residues (Arg + Lys) 59 58 64 58 62 

Instability index 32.39 37.80 33.23 36.54 30.87 
Aliphatic index 81.69 86.87 86.56 78.95 84.32 

 
 
CONCLUSIONS 

 
In this study, we characterized through in silico analyses the hypothetical protein 

from P. rubens (XP_002569027.1) and have attributed some important information to it, 
improving its status from hypothetical to a predicted function protein. Through interface-
friendly bioinformatics tools, the HP XP_002569027.1 was characterized and information 
about its composition, secondary and tertiary structures, subcellular localization, similarity 
with other proteins were predicted. More importantly, we could assign a putative function to 
this protein. The results found here indicates that this HP is involved in glucose/galactose 
metabolism since it showed alpha galactosidase, aldolase and glycosidase domains. To 
confirm the functions here addressed to this hypothetical protein and prove its involvement 
in this metabolism, in vivo and in vitro studies should be performed. The results we 
obtained highlight the importance of bioinformatics as a tool for in silico studies, serving as 
a preliminary screening for in vitro analyses. 
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