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Abstract
PEST-containing nuclear protein (PCNP) is a short-lived novel nuclear protein. It has 
been well evaluated that PCNP mediates the progression of several cancers, but 
the exact mechanisms are still under investigation. In this study, we provided an 
e-science view of PCNP protein from the aspects of protein structure, interactions, and 
bioinformatics-based analysis related to evolutionary features as well as proteomic 
profile. The phylogenetic relationship results reveal that PCNP is closely related to 
Pan troglodytes and the Bovidae family, while being distantly related to the Muridae 
family. The analysis of the physicochemical properties of PCNP demonstrated that it 
is a thermolabile protein which is slightly acidic and hydrophilic in nature. Further, 
coexpression and protein-protein interaction analyses were carried out, which 
demonstrated that the PCNP gene was remarkably expressed with MORF4LI and 
RSL24D1 genes and has close interactions with TRAM1, PSMC6, SRP9, PRKRIR, UHRF2, 
and BMI1 proteins. Gene ontology and pathway enrichment analyses showed that 
PCNP has a high tendency to work in cell cycle regulation. Moreover, among the 
four 3D structure generating tools, I-TASSER-generated structure had the highest 
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1. Introduction
Nuclear proteins (NPs) play a key role in the continuity 
of cell life by regulating the cell cycle and maintaining the 
complex organization of the cell[1]. There are various known 
families of NPs that play very essential roles in various 
cellular functions. With unique structure and functions, a 
family of NPs known as PEST-proteins (PEST-NPs), which 
are rich in proline (P), glutamic acid (E), serine (S), and 
threonine (T) sequences, acts as signal peptides for protein 
degradation[2,3]. PEST-NPs are also regarded as the guardians 
of the cell and are believed to play crucial roles in cell cycle 
regulation, ubiquitin proteasome pathway, glycosylation 
of nuclear pores, hexosamine biosynthetic pathways, cell 
nutrient uptake and cellular metabolism regulation, and 
nucleocytoplasmic transport[4-6]. It has been well reported 
that PEST sequences serve as a proteolytic signal to 
degrade the target proteins through proteasome or calpain 
proteolysis pathways[7,8]. In 2002, Mori et al. discovered a 
novel PEST-containing nuclear protein (PCNP), which is 
involved in vital cellular processes such as cell proliferation 
and mediates tumorigenesis. It is a short-living and small 
NP of only 178 amino acids with two remarkable PEST 
sequences[9]. Since its discovery, its role has been studied in 
several cancers for its relation with cancer progression, and 
now, it is recognized as an oncogenic protein.

PCNP has not been fully explored yet. There are very few 
molecular and genomic profiling studies regarding PCNP 
expression in cancer cells. However, in our previous in vitro 
and in vivo studies, we have exploited the tumorigenic roles 
of PCNP in neuroblastoma, lungs, and ovarian cancers[10-12]. 
It has been found that PCNP is upregulated in human 
lung adenocarcinoma, and mediates the proliferation, 
migration, and invasion of cells. However, knockdown 
of the PCNP gene is able to reverse the result and retard 
the progression of adenocarcinoma in the lungs[10]. In 
another study, we evaluated the PCNP gene expression 
in neuroblastoma using the SH-SY5Y and SK-N-SH cell 
lines. The findings showed that compared to the normal 
control group, the high expression of PCNP decreased the 
growth, migration, and invasion of human neuroblastoma 

through MAPK and PI3K/AKT/mTOR signaling pathways 
and promoted the apoptosis of neuroblastoma. Meanwhile, 
we also observed opposite results after silencing the PCNP 
gene in human neuroblastoma cells. These results were 
further strengthened by xenograft tumor analysis in animal 
experiments which employed both PCNP overexpression 
and knockdown approaches[11]. Recently, we also revealed 
a novel association of PCNP with the Wnt pathway[12]. 
PCNP is overexpressed in both ovarian cancer tissues and 
cells than in para-cancerous tissues and ovarian epithelial 
cells (IOSE80). Through in vitro and in vivo experiments 
on ovarian cancer cells (SK-OV-3 and A2780), it has been 
found that high expression of PCNP promotes growth, 
migration, and invasion of ovarian cancer cells and 
inhibits their apoptosis. Furthermore, PCNP could bind 
to β-catenin, promote β-catenin nuclear translocation, 
and then activate the Wnt/β-catenin signal pathway[12]. 
Based on all these findings, we justify that PCNP can be 
a promising biomarker for diagnosis and prognosis of 
cancer. Moreover, a potent PCNP inhibitor strategy could 
be adopted for exploring PCNP’s role in tumorigenesis.

Therefore, it is essential to explore the mechanism 
of PCNP in cancer progression and its applicability as a 
potential target in cancer diagnosis and treatment. To the 
best of our knowledge, there has been no reported study 
on PCNP structure, interactions, and other bioinformatics 
analysis related to its evolutionary features as well as 
proteomic profile, and this is the first study to present the 
three-dimensional (3D) structural modeling, interaction 
with other proteins, and physiochemical properties of 
PCNP. The in silico analysis performed in this study 
demonstrated the features and properties of PCNP 
collected from different online web servers and software, 
which help increase our understanding of PCNP and its 
functions in cellular activities in tumorigenesis.

2. Materials and methods
2.1. Data retrieval and multiple sequence alignment

The protein ID and FASTA amino acid sequence of PCNP 
were retrieved from the National Center for Biotechnology 

quality factor score. The validation analysis revealed that the I-TASSER-generated structure exhibited the best quality 
factor score with maximum amino acids in the favored region. In addition, molecular dynamic simulation analysis 
approved the stable structure of the PCNP. This is the first study that highlights the usefulness of the understanding 
of the structural and functional analysis of the PCNP, which lays the groundwork for further experimental studies to 
validate the outcome.
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Information (NCBI) (https://www.ncbi.nlm.nih.gov/) 
with accession reference NP_065090.1. To accomplish 
this study, we employed various bioinformatics tools and 
software as listed in Table 1.

2.2. 3D structure prediction

PCNP has no reported structure in the protein data bank 
(PDB) database (https://www.rcsb.org)[13]. Therefore, 
to generate the 3D structure, both protein comparative 
homology and sequence-based structure modeling 
approaches were utilized. We adopted four DeepMind 
learning tools that predict the protein structures, for 
example, AlphaFold (https://alphafold.ebi.ac.uk/), 
RoseTTAFold (https://boinc.bakerlab.org/rosetta/), 
Iterative Threading Assembly Refinement (I-TASSER) 
(https://zhanggroup.org/I-TASSER/), and Robetta (https://
robetta.bakerlab.org/)[14-17]. AlphaFold and RoseTTAFold 
are new computational tools that use deep learning 
algorithms to generate protein structures. Besides, they 
predict the protein structures in cases where no homology 
structure is known by incorporating the limited physical and 
biological knowledge into the deep learning algorithms[18,19]. 
I-TASSER and Robetta are publicly available web-based 
tools that predict 3D protein structure. They use the amino 
acid sequence as input and generate the 3D structure either 
by searching for multiple threading alignments for the 
template from the PDB or using iterative structural assembly 
simulations, a de novo structure prediction method[16,17]. 
Graphical inspection and representation of the models were 
done using UCSF Chimera software version  1.14 (http://
www.cgl.ucsf.edu/chimera/)[20].

Furthermore, the resultant structures from the 
aforementioned tools were further subjected to the 
ERRAT and PROCHECK tools. Both are in-built tools of 
the Structure Analysis and Verification Server (SAVES) 
meta-server version  6.0 (https://saves.mbi.ucla.edu/) that 
determine the quality factors (degree of appropriateness) 
and stereochemical evaluation of the query protein 
structure[21,22]. In addition, the quality model energy analysis 
(QMEAN) was performed using the QMEAN server 
accessed from https://swissmodel.expasy.org/qmean/. It is 
a composite scoring function that estimates the quality of a 
protein structure model by deriving the local (per residue) 
or global (for the entire protein structure) scores in terms 
of a Z-score[23].

2.3. Molecular dynamic simulation (MDS)

MDS of the best scored PCNP protein structure from the 
above-mentioned tools was carried out using GROMACS 
software[24]. In in silico studies, MDS is considered the key 
analysis to identify the interactions of protein molecules and 
their structural characteristics[25]. For MDS run, the PCNP 

Table 1. List of various bioinformatics tools employed in the 
present study.

S. No. Database/tool Functions

1. National Center for 
Biotechnology Information 
(https://www.ncbi.nlm.nih.gov/)

To retrieve amino acid 
sequence of protein

2. Protein Data Bank (https://www.
rcsb.org)

Structure of protein

3. AlphaFold (https://alphafold.ebi.
ac.uk/)

Protein structure 
construction

4. RoseTTAFold (https://boinc.
bakerlab.org/rosetta/)

Protein structure 
construction

5. I‑TASSER (Iterative Threading 
Assembly Refinement; https://
zhanggroup.org/I‑TASSER/)

Protein structure 
construction

6. Robetta (https://robetta.bakerlab.
org/)

Protein structure 
construction

7. UCSF Chimera software version 
1.14

Graphical inspection and 
representation of the models

8. SAVES meta‑server version 6.0 
(https://saves.mbi.ucla.edu/)

To determine the quality 
factors of protein structure

9. Quality Model Energy Analysis 
(QMEAN; https://swissmodel.
expasy.org/qmean/)

Quality of a protein 
structure by deriving the 
local or global scores in 
terms of Z‑score

10. GROMACS software Molecular dynamic simulation 
of protein structure

11. ProtParam tool of ExPASy 
(http://web.expasy.org/
protparam/)

To determine the basic 
physicochemical properties

12. SOPMA (https://npsa‑prabi.ibcp.
fr/cgi‑bin/npsa_automat.pl?page=/
NPSA/npsa_sopma.html)

For the secondary structure 
prediction of a protein

13. GeneMANIA server (https://
genemania.org/)

To check the co‑expression 
analysis of a protein 

14. STRING protein database 
(https://string‑db.org/)

PPI of protein 

15. Cytoscape software version 3.8.2 To construct the coexpression 
and PPI networks

16. Network‑Analyst server (https://
www.networkanalyst.ca/)

To assimilate the biological 
processes, molecular 
functions and cellular 
components, and to enrich 
pathway analysis of protein

17. Enrichr web‑server (https://
maayanlab.cloud/Enrichr/)

To validate the Network 
Analyst results

18. Molecular Evolutionary Genetic 
Analysis (MEGA Home; 
megasoftware.net) 

To construct phylogenetic 
tree of gene

19. Sequence Demarcation Tool 
Version 1.2 (SDTv1.2; http://web.
cbio.uct.ac.za/~brejnev/)

For pairwise sequence 
identity of a gene in 
evolutionary analysis

20. Google Scholar To retrieve the literature

PPI: Protein‑protein interaction
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protein structure was prepared using the GROMOS96 43a1 
force field solvated by the single point charge water model and 
was fixed in a periodic cubic solvated box. Other parameters 
were neutralized by adding the salt (NaCl) concentration 
(0.15 M), energy minimization for 5000 steps of the prepared 
system, and equilibration type NVT/NPT at 300 K and 1 bar 
of pressure. The final MDS step was processed for 50 ns of 
time. The MDS was analyzed by calculating the root mean 
square deviation (RMSD) and root mean square fluctuation 
(RMSF) values of the protein structure.

2.4. Physicochemical characterization and 
secondary structure prediction

The basic physicochemical properties, such as theoretical 
isoelectric point (pI), molecular weight, total number 
of positive and negative residues, extinction coefficient 
instability index, aliphatic index, and grand average 
hydropathy, were computed using the ProtParam tool 
of ExPASy (http://web.expasy.org/protparam/)[26-28]. For 
the secondary structure prediction of PCNP, SOPMA 
bioinformatics tool (https://npsa-prabi.ibcp.fr/cgi-bin/
npsa_automat.pl?page=/NPSA/npsa_sopma.html) was used 
with its default query parameters[29]. This tool uses the self-
optimized prediction method and a neural network method 
(PHD) to predict the secondary structure of proteins[29,30].

2.5. Coexpression and protein-protein interaction 
(PPI) analysis

The coexpression analysis of the PCNP was performed 
by the GeneMANIA server (https://genemania.org/) by 
setting Homo sapiens as the species organism and the 
maximum number of resultant genes and attributes as 10. 
It is a web interface that has a high-accuracy prediction 
algorithm and a large database for gene functional analysis, 
including coexpression, genetic interaction, colocalization, 
physical interaction, pathway interaction, and shared 
protein domains of the submitted query[31]. Furthermore, 
the PPI of PCNP was evaluated by accessing the search 
tool for the retrieval of interacting genes (STRING) 
protein database (https://string-db.org/). The PPI network 
was constructed based on the data from tandem affinity 
purification assay, affinity chromatography technology 
assay, and coimmunoprecipitation assay. The STRING 
database query terms were cutoff at 0.4 and the maximum 
additional interaction was 10[32]. Cytoscape software 
version  3.8.2 (https://cytoscape.org/) was employed to 
construct the coexpression and PPI networks[33].

2.6. Gene ontology (GO) and pathway enrichment 
analysis

To assimilate the biological data of GO, including biological 
processes, molecular functions, and cellular components, 

and enriched pathway analysis of PCNP, the Network 
Analyst server (https://www.networkanalyst.ca/) was 
employed[34,35]. It is a publicly available online tool widely 
used for gene expression profiling, transcriptional factor 
analysis, PPI networks, pathway analysis, toxicogenomics, 
and pharmacogenomics studies[36,37]. In addition, the 
Enrichr web server (https://maayanlab.cloud/Enrichr/) 
was utilized to validate the Network Analyst results[35].

2.7. Phylogenetic analysis

To determine the evolutionary history of PCNP between 
humans and other vertebrates, the phylogenetic tool, 
molecular evolutionary genetics analysis (MEGA) X, was 
used[38]. PCNP has no reported paralogs in the biological 
database (ENSEMBL) or in the available literature. 
Orthologs of PCNP were used for tree construction 
and sequences of eight orthologous candidate proteins 
were retrieved from the NCBI database. Alignment of 
multiple sequences was carried out using the MUSCLE 
program implemented within MEGA X. For pairwise 
sequence identity, Sequence Demarcation Tool Version 1.2 
(SDTv1.2; http://web.cbio.uct.ac.za/~brejnev/) was used[39]. 
The best-fit substitution model was estimated in MEGA 
and selection was done based on the Neighbor-Joining 
Method. The rate of variation among sites was modeled 
with a gamma distribution (shape parameter = 1). All 
positions that contained alignment gaps and missing data 
were eliminated from the analysis. A phylogenetic tree was 
constructed using the unweighted pair group method with 
arithmetic mean, and the validity of the tree generated was 
tested by bootstrap analysis of 1000 pseudoreplicates[40,41].

3. Results and discussion
3.1. Structure prediction

Four tools were utilized to generate the 3D structure of 
the PCNP protein. From the results of all these tools, we 
selected the best score-generating model and subjected it 
to further validation through the ERRAT and PROCHECK 
servers. In addition, the quality model QMEAN score 
was evaluated for the best scoring models. The graphical 
illustration of these four best models is presented in 
Figure 1. Following the 3D model analysis, it was discovered 
that the I-TASSER generated model had the highest quality 
factor score among the four best-scoring models, as shown 
in Figure 1D and Table 2. Moreover, the I-TASSER model 
structure was subjected to MDS for profound validation 
analysis.

3.2. Molecular dynamics simulation

An MDS was conducted for the analysis of the stability 
and flexibility of the I-TASSER-generated PCNP protein 
model. The RMSD and RMSF of the protein structure 
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were calculated using MDS for the 50-ns time interval. The 
results of RMSD and RMSF are presented in Figure 2. The 
RMSD values were observed in the range of 0.2–0.9  nm 
of the protein model. In brief, the results revealed that the 
RMSD value came to equilibrium, maintaining around 
0.6–0.8 nm throughout the MDS run of 50 ns (Figure 2A). 
Although the lack of experimental structure, these MDS 
results suggest that the protein model is dynamically stable 
throughout the MDS period with a slightly higher RMSD 
value. Similarly, the amino acid residue wise fluctuation, 
the RMSF value, was plotted and is shown in Figure 2B. 
The RMSF analysis demonstrated that notable deviations 
have occurred in the first 20–25 amino acid residues, but 
this type of high fluctuation was not observed in other 
residues throughout the MDS period.

3.3. Physicochemical characterization and 
secondary structure prediction

The ProtParam tool, available on the ExPASy server, 
predicts the physiochemical properties of the protein 
under investigation. The PCNP gene encodes a protein of 
178 amino acids (C805H1304N238O280S4) having a molecular 
weight of 18924.88 kDa. The theoretical isoelectric point 
(pI) of this protein was found to be 6.86 with 28 negatively 
charged residues (Asp + Glu) and 28 positively charged 
residues (Arg + Lys). At this computed pI, the PCNP protein 
seemed to be stable and compact and was considered 
slightly acidic. These results will be helpful in preparing 

a buffer system for purification by the pI method[42]. The 
instability index of PCNP protein was computed as 15.56, 
which indicates that the protein may be marginally stable 
as the values are lower than 40. The instability index of a 
protein greater than 40 indicates that the protein is likely 
to be unstable.

In addition, the value of the aliphatic index, which is 
the relative volume of aliphatic side chains, indicates the 
thermal stability of a protein structure. The higher the 
positive factor value, the greater the thermal stability of 
the respective protein. The aliphatic index of PCNP was 
calculated to be 89.93, indicating its stability at higher 
temperatures[43]. The grand average of the hydropathicity 
of the protein was predicted to be −0.463, which indicates 
the hydrophilic nature of the protein and improved 
interaction with water. The detailed results are documented 
in Figure S1.

Of the total 178 amino acids, 58 (32.58%) were found 
in the alpha helix, 11  (6.18%) in the extended strand, 
8  (4.49%) in the beta turns, and 101  (56.74%) in the 
random coil region of the PCNP protein as predicted by 
the SOPMA tool. These results demonstrate that the PCNP 
protein secondary structure has a dominant random coil 
region followed by beta turns and an alpha helix. The 
detailed results are presented in Figure S2.

3.4. GO and pathway enrichment analysis

GO is an efficient machine learning method useful for the 
identification of biological processes, molecular functions, 
and cellular components of a query protein. In the present 
study, a total of 46 biological processes, 10 molecular 
functions, and 10 cellular components of PCNP were 
identified by the Network Analyst server (Table S1). All 
the predicted biological processes results were below 0.05 
(P-value) and considered a significant outcome. The top 10 
biological processes results are demonstrated in Figure 3A. 
In biological processes analysis, our results indicate 
that PCNP has proximate and profound involvement in 
essential cellular activities, such as cell cycle, cycle arrest, 
and cellular catabolic processes (Table S1). Out of the 10 

Table 2. The quality factors‑score values of four structures of PCNP by predicted by various corresponding servers.

Protein SERVER SWISS MODEL PROCHECK PROSAWEB ERRAT

PCNP QMEAN4 Score QMEANDisCo 
Global Score

Favored 
region (%)

Allowed 
region (%)

Disallowed 
region (%)

Z‑score ERRAT

1 AlphaFold2 −9.33 0.34±0.06 61.5 37.8 0.7 −1.71 92.4528

2 RoseTTAFold −2.39 0.42±0.06 80.4 17.6 2 NA 91.3386

3 I‑TASSER −6.37 0.28±0.06 87.2 11.5 1.4 NA 94.7059

4 Robetta −12.32 0.31±0.05 40.4 55.7 3.8 −3.08 82.8244

Based on these results, I‑TASSER model was selected as best structure and subjected to further MDS analysis.

Figure 1. The 3D structures of PCNP protein predicted by (A) AlphaFold, 
(B) RoseTTAfold, (C) Robetta servers, and (D) I-TASSER.

C

BA

D
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Figure 2. Molecular dynamic simulation of coordinate (A) root mean square deviation and (B) root mean square fluctuations of PCNP structure generated 
by I-TASSER.

BA

Figure 3. Gene ontology network of (A) the top 10 enriched biological processes and (B) the 10 enriched molecular functions of PCNP constructed 
by Cytoscape software. In the constructed networks, nodes are color-shaded according to their P-value score i.e., red > orange > yellow for biological 
processes, and dark blue > blue > light blue for molecular functions.
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molecular functions, ubiquitin protein ligase activity, 
small conjugating protein ligase activity, amino acid ligase 
activity, and ligase activity forming carbon nitrogen bonds 
showed P < 0.05. The network of molecular functions 
constructed by Cytoscape software is presented in 
Figure 3B. Similarly, the cellular components results show 
the distribution of PCNP solely in the nucleus of the cell 
(Table S1). Furthermore, the pathway enrichment analysis 
was performed using the Network Analyst server. There 
were no results for the PCNP protein when searching broad 
queries on both servers (Network Analyst and Enrichr) for 
the Kyoto Encyclopedia of Genes and Genomes (KEGG) 
Reactome, and WikiPathways.

3.5. Coexpression and PPI analysis

Co-expression of PCNP was investigated by GeneMANIA 
server. The outcomes of GeneMANIA were subjected to 
Cytoscape software to construct the network based on 
their coexpression score. The coexpression results reveal 
that PCNP has significant expression with MORF4LI and 
RSL24D1 genes, and the least association of coexpression 
with ATF1, NFYB, and CMPK1 genes (Figure 4). MORF4 
(mortality factor on chromosome 4) is a senescence-
inducing gene in tumor cells. The previous research 
has demonstrated that MORF4 protein is found both 
in the cytoplasm and the nucleus of cells[44]. In addition, 
RSL24D1 is a NP involved in ribosomal biogenesis[45]. 
Hence, these findings are the first to confirm that PCNP 
is a NP, and it might be a potent protein that plays a role 
in the regulation of tumor cell progression and ribosomal 
biogenesis through influencing the expression of MORF4 
and RSL24D1 genes.

Moreover, in the present study, the PPI was determined 
based on the data of tandem affinity purification 
assay, affinity chromatography technology assay, and 
coimmunoprecipitation assay. From the results, four 
proteins, namely, TRAM1, PSMC6, SRP9, and PRKRIR, 
were extracted using tandem affinity purification 
and coimmunoprecipitation assays. Using the affinity 
chromatography technology assay, two proteins, UHRF2 
and BMI1, were found to have an interaction with PCNP 
protein (Figure 5). TRAM1 (Translocating chain-associated 
membrane protein 1) and SRP9 (Signal Recognition Particle 
9) are involved in the translocation of nascent secretory 
proteins by facilitating proper chain folding into or through 
the endoplasmic reticulum membrane[46]. To this end, 
it can be speculated that PCNP might be associated with 
endoplasmic reticulum protein transport by making direct 
or indirect interaction with TRAM1 or SRP9. In addition, 
PSMC6 is located in the base region of the proteasome 19S 
regulatory particle and is involved in the translocation of the 
substrates to the core particle. A recent study reported that 

PSMC6 promotes the apoptosis of osteoblasts by halting 
the PI3K/AKT signal transduction pathway. Interestingly, 
a previous research study demonstrated PCNP activity 
through the PI3K/AKT signal transduction pathway. 
Therefore, these results suggest that the cross-talk between 
PCNP and PSMC6 is needed to regulate vital functions 
of the cell through the PI3K/AKT signal transduction 
pathway[47]. Moreover, UHRF2 is also a NP involved in cell 
cycle regulation. It halts cell proliferation and acts as a tumor 
suppressor factor. BMI1 is a member of polycomb-repressive 
complex 1 that is necessary for chromatin remodeling or 
silencing. Importantly, it also plays a role in the self-renewal 
of somatic stem cells[48]. Apart from these PPI findings, 

Figure  4. Coexpression network of 10 common targets of PCNP 
constructed with Cytoscape software. In the network, the size of the node 
corresponds to the coexpression affinity level with the PCNP. The bigger the 
size of the node, the greater the coexpression level with the respective gene.

Figure 5. The protein-protein interaction network of PCNP protein based 
on the experimental models constructed with Cytoscape software. The 
proteins in the green color nodes were collected from the tandem affinity 
purification assay and coimmunoprecipitation assays, and the proteins 
in the pink color nodes were filtered from the affinity chromatography 
technology assay.
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published literature on coexpression of PCNP reveals that 
dolichol-phosphate mannosyltransferase subunit 1 (DPM1), 
a mannose donor in various glycosylation reactions and a 

catalytic subunit of the polyol-mannose phosphate (DPM) 
synthesis complex, is coexpressed with PCNP at the post-
translational modification (PTM) level in patients with 

Figure 6. (A) Phylogenetic tree of PCNP) of human and other mammalian species. The tree was constructed using MEGA7 software by the Neighbor-
Joining method. Different mammalian species along with GenPept IDs are shown. Numbers along the branches refer to the bootstrap value (percentage of 
confidence). PCNP sequence (NP 065090) used in this study is highlighted with red solid circle and out-grouped sequence is represented with black solid 
circle. (B) Pair-wise identity matrix of PCNP sequence of various mammalian species. A color-coded pair-wise identity matrix was generated from PCNP 
protein sequences (species name and GenPept IDs are shown) using SDT program. Each colored cell represents a percentage of identity score between two 
sequences (one indicated horizontally while the other vertically). Species forming different subgroups are demarcated by red box.
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congenital disorders[49]. PTMs refer to amino acid side chain 
modifications in some proteins after their biosynthesis. 
Disruption in PTMs can cause malfunctioning of vital 
biological processes and, hence, lead to various diseases[50]. 
Therefore, considering the DPM1 and PCNP coexpression 
as synchronization of PCNP functions, there is an urgent 
need to predict PTMs in this least explored protein, which 
will provide a clear picture of PCNP functions, especially 
in cancer onset. Based on these already published findings 
and the predicted outcomes of the present study, it can be 
deduced that PCNP might have diverse functions, although 
many of which remain unreported.

3.6. Phylogenetic analysis

The phylogenetic neighbor-joining tree presented in 
this study reveals many interesting characteristics of 
the candidate protein in vertebrates. The human PCNP 
protein phylogenetic tree revealed remarkable similarities 
to Pan troglodytes and Bos taurus. The results indicate 
a close relationship with both species but that they have 
ancestor linkage in a distinguished clade. The generated 
phylogenetic tree of PCNP is presented in Figure  6A. 
Besides, the evolutionary tree shows that the ancestry of 
PCNP protein is closer to the Bovidae family but far away 
from other primates like Mus musculus. The tree also shows 
that in the PCNP phylogeny, Gallus gallus is an out-group. 
Moreover, based on the pairwise sequence identity, the 
PCNP protein from the Bovidae family could be clustered 
as one subgroup. The pair-wise identity matrix of PCNP 
sequences and its eight orthologs in various vertebrates 
is demarcated in Figure  6B. These findings additionally 
support the phylogenetic tree that presents an indication 
of the molecular kinship of PCNP proteins belonging 
to diverse mammalian species. Overall, the in  silico 
results reveal many hidden functional, structural, and 
evolutionary characteristics of the human PCNP protein.

3.7. Scope and limitations of the study

Doubtlessly, the in silico study presented here provides 
a critical, quick, and low-cost structure prediction and 
functional elucidation of PCNP, and it will add more 
literature and understanding of PCNP for the future 
studies. However, there are some limitations to this study, 
such as the fact that it is a computational study. A study 
based on the results that were retrieved from public data-
tools has no affirmation from a wet laboratory study. 
Results generated from software implementation of 
the data have high false positive or false negative rates, 
which restrict us from being fully confident in the results. 
Furthermore, PCNP is the least explored protein, so 
there is a lack of data to validate the molecular dynamics 
experiments and structural stability. Therefore, it is highly 

recommended to perform functional assays in cell lines as 
well as crystallographic analysis to fully understand the 
PCNP structure and its binding abilities.

4. Conclusion
Our study presents an in silico structural and functional 
interpretation of the PCNP by employing various 
bioinformatics tools. We identified the phylogenetic 
relationship of PCNP and then performed structural 
and functional analysis. Overall, PCNP is slightly acidic, 
hydrophilic in nature, and a thermostable protein. The 
protein secondary structure has a dominant random coil 
region followed by beta turns and an alpha helix. Through 
the coexpression and PPI analyses, we discovered that the 
PCNP gene is expressed with MORF4LI and RSL24D1 
genes and has close interactions with TRAM1, PSMC6, 
SRP9, PRKRIR, UHRF2, and BMI1 proteins. The GO 
results are consistent with the previously reported studies 
and endorse PCNP’s involvement in vital cell functions, 
such as cell cycle and cancer progression as an oncogenic 
protein. Among the four different 3D structure generation 
tools, I-TASSER generated a model that had the highest 
quality factor score, which was further validated through 
MDS. To date, this is the first comprehensive study to 
elucidate the structural outlook and functional details 
of PCNP. This computational work, therefore, provides 
an essential perspective of PCNP, which can be useful 
for proteomics or genomic research involving extensive 
in  vivo experimental work on this vital NP, and helps 
deepen our understanding regarding the function of 
PCNP in the nucleus and its potential role as a diagnostic 
and therapeutic target in cancer biology discipline.
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