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A B S T R A C T

The Protein Secondary Structure Visualizer (ProS2Vi) is a novel Python-based visualization tool designed to 
enhance the analysis and information accessibility of protein secondary structures, calculated and identified 
using the Dictionary of Secondary Structure of Proteins (DSSP) algorithm. Leveraging robust Python libraries 
such as “Biopython” for data handling, “Flask” for Graphical User Interface (GUI), “Jinja2”, and “wkhtmltopdf” 
for visualization, ProS2Vi offers a modern and intuitive representation for visualization of the DSSP assigned 
secondary structures to each residue of any proteins’ amino acid sequence. Significant features of ProS2Vi include 
customizable icon colors, the number of residues per line, and the ability to export visualizations as scalable 
PDFs, enhancing both visual appeal and functional versatility through a user-friendly GUI. We have designed 
ProS2Vi specifically for secure and local operation, which significantly increases security when working with 
novel protein data.

1. Introduction

Assigning secondary structures (SS) to proteins’ primary structure (i. 
e., amino acid sequence) is a fundamental requirement for under
standing their biological functions, stability, and intramolecular as well 
as intermolecular interactions. The secondary structures, comprising 
proteins’ amino acids sequence, fold as α-helices, β-strands, β-turns, 310 
helices, etc., describe the secondary structure and, consequently, protein 
folding and functionality [1]. Visualization of the two-dimensional (2D) 
structures of amino acid sequences aids in the interpretation of complex 
molecular data and in explaining proteins’ cellular, biophysical, 
biomechanical, and biochemical functions so that they can be inter
pretable to researchers and academic learners alike. Therefore, practical 
visualization tools are crucial for advancing our understanding of pro
teins’ function as related to their physicochemical properties stemming 
from their small amino acid building blocks [2]. Visualization tools not 
only facilitate our understanding of protein structure but also enhance 
our ability to predict their interactions with other proteins, endo, and 
exogenous substrates, including therapeutical agents, which are pivotal, 
for instance, in drug discovery, medicine, and biotechnology [3].

Several algorithms have been developed to assist biochemists and 
biologists in studying proteins’ secondary structures, each striving for 
greater accuracy — among the renowned algorithms such as STRIDE 
[4], KAKSI [5], and DSSP [6] — the latter often stands out as the 

foundation method. Kabsch and Sander introduced the Dictionary of 
Secondary Structure of Proteins (DSSP) in the early 1980s [6]. DSSP has 
remained a benchmark due to its rigorous methodology based on 
hydrogen bonding interaction patterns. DSSP classifies protein struc
tures into eight types of secondary structures (e.g., helix, strand, H-bond 
turn, etc.), offering a detailed view that is critical for understanding 
protein folding and stability. Comparative studies have been conducted 
among DSSP and other algorithms such as STRIDE and KAKSI, especially 
concerning irregular peptides and complex structures — DSSP consis
tently shows robust performance in accurately assigning secondary 
structures [7]. However, the output from these algorithms is often tex
tual and hard to interpret, which can be a significant barrier for those 
not specialized in bioinformatics. Visualization tools, therefore, play an 
important role in translating these textual outputs into graphical forms 
that are easier to understand and interpret.

Web-based visualization tools such as STRIDE web-server [8] and 
POLYVIEW-2D [9] are valuable for their accessibility and functionality. 
However, they face challenges that may render them less appealing in 
the contemporary context of protein research and cybersecurity. One of 
the main challenges is the security risks associated with these tools. A 
user is commonly required to upload a protein’s structural information 
to an online web server to generate a 2D diagram to demonstrate the 
assigned secondary structure of a protein sequence or exhibit its folding 
in a linear format. STRIDE does offer a downloadable version; however, 
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it only provides textual output, leading to the need to upload protein 
data to STRIDE’s web-based version to produce visual output. Uploading 
unpublished data of a novel protein structure, a newly characterized 
structure either experimentally or computationally, to online web 
servers exposes sensitive data to potential cybersecurity threats, 
including unauthorized data access, data manipulation, and service 
disruptions caused by cyber-attacks such as Denial of Service (DoS) [10]. 
In general, these issues are compounded by the platforms’ sporadic se
curity updates, posing a significant risk when handling confidential or 
proprietary data [11]. Given these vulnerabilities, researchers must 
carefully evaluate the security policies and reputational trustworthiness 
of web-based tools. For those concerned with data security, alternatives 
such as local software solutions can provide more control over data se
curity [12]. To address these concerns, we have developed a new local 
visualization tool using Python as a protein secondary structure visual
izer (ProS2Vi) [13]. The goal has been to address the security concerns 
associated with using web-based visualization tools for protein research 
and studying its secondary structure, folding, and detailed 
three-dimensional structure in a two-dimensional (2D) format.

ProS2Vi [13] is a tool designed to operate entirely on the user’s local 
machine. It significantly mitigates the risks of data breaches, data 
integrity attacks, and service disruptions commonly associated with 
online platforms. ProS2Vi [13] not only enhances security but also offers 
a modern, user-friendly interface and detailed output that leverages the 
greatest in graphical technology, including modern-looking icons and 
high-quality output production for publications or presentations with 
accessible applications for non-technical biochemists, biologists, or for 
teaching protein science courses to students.

By running locally, ProS2Vi ensures that all the protein data remains 
under the user’s direct control without the need to transmit sensitive 
information over the internet. This setup is particularly beneficial for 
handling unpublished or proprietary research data concerning novel 
protein structures being under investigation in vitro using, for instance, 
protein crystallography and NMR techniques, in silico folded protein 
sequences, or novel bioengineered proteins, all of which require a high 
level of confidentiality prior to their publication. Furthermore, ProS2Vi 
[13] is designed to be customizable, allowing researchers to adapt and 
expand its functionalities to meet specific needs, including the visual 
accessibility of 2D structure data. It supports various output file formats, 
such as Portable Network Graphics (PNG) [14], Joint Photographic 
Experts Group (JPEG) [15], and even Portable Document Format (PDF) 
[16].

A defining feature of ProS2Vi is its ability to generate 2D visualiza
tions of the secondary structure of a protein that also includes indices of 
each folded segment of the protein. (e.g., H1, for Helix 1, H2 for Helix2, 
…E1 for Strand 1, E2, Strand 2, etc.). Those are in addition to the pro
tein’s UniProt code [17] and the title of the paper publication associated 
with the protein structure on Protein Data Bank (e.g., RSCB PDB [18]), 
which are not shown in the output of other web-based tools, such as 
STRIDE [4] or POLYVIEW-2D [9] (Figure S1).

ProS2Vi capabilities also set it apart from widely used tools such as 
PyMOL [19], Jmol [20], or Chimera [21]. These tools are excellent at 
rendering 3D molecular structures; however, unlike ProS2Vi, they do not 
focus on 2D representations of protein secondary structure and folding. 
ProS2Vi offers a simplified, highly informative view of protein secondary 
structure that includes annotations of α-helices, β-strands, turns, bends, 
3–10 helices, etc., to enable researchers to quickly view the entire pro
tein pattern without the complexity of 3D models.

2. Tool description

ProS2Vi [13] is a 2D secondary assignment depicter tool developed 
using Python and works using the DSSP algorithm [6] output. It depicts 
the secondary structure of a protein based on the standard protein 
folding representations, including α-helices, β-strands, β-bridges, 
310-helices, H-bonded turns, etc., according to the pertinent descriptions 

of the DSSP algorithm [6].

2.1. Implementation

ProS2Vi [13] accepts protein structure with a Protein Data Bank 
(PDB) [18] “pdb” file format or a macromolecular Crystallographic In
formation Framework (mmCIF) [22] file. It uses Biopython [23] and the 
DSSP executable file to extract the DSSP output pertaining to the 
structure of the protein of interest. The DSSP executable file can easily 
be downloaded on Linux or Windows Subsystem for Linux (WSL) using 
the standard Advance Packaging Tool (APT) [24], which is the default 
user interface working with core libraries to handle the installation and 
removal of software on Linux distributions. Next, the DSSP output is 
formatted in the form of a Python dictionary, where each element rep
resents a separate protein chain — within each protein chain element is 
a Python list containing amino acid residues and their relevant sec
ondary structure predictions, according to the DSSP output. Once this 
Python list is ready and includes all the required information about the 
protein chain identification, amino acid residues, and their relevant 
secondary structures, it is used to populate a HyperText Markup Lan
guage (HTML) table using “Jinja2” [25]. “Jinja2” is one of the fastest 
templating engines, which can be used to create HTML documents using 
Python. Since protein structures can often be quite large, a 
fast-templating engine is necessary. The result is an HTML table, divided 
into separate parts by the chains of a multi-subunit protein structure 
(Fig. 1).

The HTML table contains the protein structure file name or its “pdb” 
ID from Protein Data Bank, a short description of the protein type, and 
the organism. The information in the table is followed by the protein’s 
chain ID and its sequence ID from UniProt (i.e., the resource for the 
protein sequence) [17], as well as other additional protein functional 
information. Each part of the table consists of three alternating rows: i., 
the first row contains secondary structure indices counting the occur
rences of α-helices, β-strands, β-bridges, 310-helices, π-helices, H-bonded 
turns, and simple bends, such as “H1” for the first occurrence of α-helix, 
“H2” for the second occurrence of α-helix, etc. ii. The second row con
tains the secondary structural icons for residues, exhibiting a coil for 
α-helices, 310-helices, and π-helices with different color representations, 
an arrow for β-strands and β-bridges, and cylinders of varying thickness 
for H-bonded turns, simple bends, and unsolved structures and iii. The 
third row consists of single-letter coded amino acids of the protein 
sequence (Fig. 2A).

Once the HTML table is created, it is converted into a PDF or 
rendered as an image. This is carried out via an open-source tool, 
“wkhtmltopdf” [26], to render HTML documents to PDF and various 
other image formats. “Wkhtmltopdf” is an open-source command-line 
tool written in C+ + language. Python libraries (e.g., “PDFKit” [27] and 
“IMGKit” [28] can be utilized to function as wrappers, allowing the use 
of such tools (Fig. 1).

As an example, ProS2Vi can be utilized to study changes in protein 
folding/unfolding in different states of proteins’ conformations in the 
RRM Domain of ETR-3 in 2MY7[30]. ETR-3 is an RNA-binding protein 
acting as an alternative splicing factor that is involved in the stability 
and regulation mechanism of certain RNA messengers [30]. When ETR-3 
is abnormally expressed, it can result in health complications such as 
progressive muscle wasting process in myotonic dystrophy. Thus, a 
detailed evaluation of the protein’s stability, as relates to its foldin
g/unfolding mechanism, is vital to explain the protein’s mechanism of 
action and explore adequate biomedical or pharmaceutical approaches 
to regulate its expression and function (Fig. 2B).

ProS2Vi can also be used to study the folding/unfolding of protein 
conformations generated using computational calculation methods such 
as molecular dynamics (MD) simulations. For instance, an MD 
simulation-resulting conformation of a main building block of Micro
tubule, an essential cytoskeletal protein (5JCO[31]), was analyzed using 
ProS2Vi. Dynamic conformational changes of α, β-tubulin heterodimer 
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were studied using GROMACS [32], a well-known and widely used MD 
simulation package — this indicates the applicability of ProS2Vi to 
analyze the results of in silico calculated or simulated protein atomistic 
coordination data (Fig. 2C).

2.2. Requirements

A Linux machine is preferred to use ProS2Vi [13] since its de
pendencies, including DSSP and “wkhtmltopdf,” are much more 
straightforward to install on Linux than on Windows. To run this on a 

Fig. 1. The flowchart summarizes ProS2Vi’s [13] roadmap from the input structure file entry to the generation of the output image.
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Windows machine, a Windows Subsystem for Linux (WSL) [33] is 
preferred. WSL allows the users to run a Linux environment on Windows 
without the need for a separate virtual machine or dual booting. WSL 
can be downloaded free of charge from Microsoft’s official website and 
is easy to install. Once the environment is set up, the repository con
taining the code needs to be cloned, and the dependencies need to be 
installed. The required dependencies to run ProS2Vi [13] include Py
thon, DSSP, “wkhtmltopdf,” and all other required Python libraries, 
including “Biopython,” “Jinja2”, “IMGKit,” “PDFKit,” “Flask” [34], 
“pdf2image” [35], “CairoSVG” [36], “Pillow” [37], and “Requests” [38]. 
All the Python dependencies are listed in the "requirements.txt" file in 

the git repository and can be easily installed using the Python package 
installer (pip). While these dependencies, along with non-Python de
pendencies like DSSP and “wkhtmltopdf” can be installed manually, we 
have included a shell script in the package to simplify the installation 
process for the average user. This shell script examines whether all the 
required dependencies exist in the system; otherwise, it installs them, 
making the entire installation process automatic and much more 
straightforward than manually installing all dependencies individually. 
Once all the requirements are installed, ProS2Vi [13] can be run using 
either the basic command-line interpreter or the more user-friendly 
Graphical User Interface (GUI) designed for this SS depicter (Fig. 3).

Fig. 2. (A) An example presenting the visualization for protein structure 10GS [29], produced by ProS2Vi [13] using default settings. The output visualization clearly 
shows the file name or protein’s PDB code, along with a short informative description of the protein and its sourced organism. All the chains in the multi-subunit 
protein structure appear along with their amino acid sequences pertaining to the protein identification code (ID) in the database of protein sequences (i.e., UniProt), 
and relevant secondary structure icons on the top row, as predicted by the DSSP algorithm. This example was generated with default settings and icon colors.* (B) 
Three conformations of the ETR-3 C-terminal RRM domain were extracted from the NMR structure with a total of 20 different conformations in 2MY7 [30]. ProS2Vi 
result is shown next to the pertinent conformation of the tertiary structure, characterized using the NMR technique, as it can be seen using the 3D visualization 
software PyMOL [19]. The presented conformations are from frame 1 (green), frame 11 (cyan), and frame 15 (magenta) of the NMR data in 2MY7[30]. ProS2Vi 
clearly and in detail presents the changes in the folding of the protein in each ETR-3’s RRM conformation. (C) A conformation extracted from a Molecular Dynamics 
Simulation trajectory of α, β-tubulin heterodimer (5JCO.pdb [31]), obtained using the GROMACS package [32]. * : Additional options are readily provided to change the 
number of residues in each row or the color of the icons using the color palette in GUI (See Fig. 4).
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2.2.1. Difference between Linux and Windows installation
The installation of ProS2Vi [13] on Linux versus Windows is pri

marily identical, except for the fact that for Windows, the users first need 
to download and install WSL, following the steps on Microsoft’s official 
website [33]. Once that is installed, the user can open the WSL terminal, 
and the next steps are the same as those for Linux. The next step is 
cloning the git repository containing the software and installing all the 
required dependencies, either manually or automatically, by running 
the commands “chmod +x install_dependencies.sh” and “./install_de
pendencies.sh”. Next, the user can use ProS2Vi’s [13] GUI by running 
the command “python3 pros2vi_gui.py” on the terminal, which should 
open a web browser in Linux. In WSL, users might need to manually 
open their web browser and enter “http://127.0.0.1:3000” to access the 
GUI.

2.3. Graphical user interface and customizability

To use the GUI, a Python file named “pros2vi_gui.py” should be run 
using the terminal, which then launches an instance of a web browser 
showing the interface. If the script runs on WSL, the browser might not 
launch automatically. Instead, it needs to be manually opened by 
opening a browser and entering the address shown in the terminal 
subsequent to running the script. It is noteworthy that despite the GUI 
running on a web browser, it is by no means connected to the internet 
(Fig. 4).

ProS2Vi [13] has two input options: “Look-up PDB File” and “Upload 
PDB File.” The first option accepts the protein structure code from the 
protein data bank (PDB) and downloads the file from the database of the 
“Research Collaboratory for Structural Bioinformatics” (RCSB) [39]. 
The second option requires the user to upload a file in either “pdb” or the 
“mmCIF” file format containing the atomic coordination data of any 
protein’s structure. This option is helpful for generating visualization for 

novel protein structures that are not yet available on RCSB. With this 
option, the users have to manually enter the “Title/PDB Code,” “Subti
tle,” and “Source Scientific Name” of the protein structure. If any of 
these input boxes are left empty, then the related heading is omitted 
from the output, providing users with the ability to generate visualiza
tions with no headings.

Once the required structural data inputs are selected, the user can 
customize the ProS2Vi [13] output by entering information in the 
optional fields. The customizations include the ability to change the 
number of amino acid residues that appear per line, which defaults to 
50. The user can also change the file name of the output image and its 
format, where the supported formats include JPEG and PNG. If no input 
is provided in this field, the image name defaults to the protein structure 
code in a PNG output file format. Furthermore, the ability to easily 
change the color of structural icons provides flexibility and custom
ization to suit individual needs and preferences. These colors can easily 
be changed for individual icons by pressing the relevant icon button in 
the GUI, which then opens a color palette, providing the ability to 
choose any of the available colors (Fig. 4).

The command line interface (CLI) version of this script is less flexible 
since it does not support the ability to change the colors of the structural 
icons or access the protein structure files from RCSB; however, it can be 
helpful for technical users because it can be coupled with a shell script to 
generate batch visualizations. For the CLI, the default settings can easily 
be modified by providing optional arguments when running the script. 
More information about the CLI positional arguments can be seen by 
running the CLI with a “–h” parameter, which represents “–help” and 
lists all available commands.

The default settings currently produce a PNG image with a 100 dots 
per inch (DPI) resolution. However, the resolution (DPI) can easily be 
changed in both GUI and CLI versions. It is noteworthy that increasing 
the DPI might significantly increase the processing time for generating 

Fig. 2. (continued).
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the visualization or might not work for significantly larger protein 
structures containing several thousand modeled residues. However, to 
create a higher resolution for larger structures, a PDF version of the 
visualization can be produced.

3. Assessment

The development of a Python-based visualization tool for protein 
secondary structures yields several vital outcomes that significantly 
enhance the analyses and presentation of protein data. We evaluated the 
performance of ProS2Vi’s [13] on different protein structures with 
varying residue counts and chain numbers using “pdb” and “mmCIF” file 

Fig. 2. (continued).
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Fig. 3. The flowchart summarizes the entire installation process for ProS2Vi [13] on both Linux and Windows machines. The use of shell script makes the entire 
installation process much easier compared to manually installing dependencies.
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formats. The following sections provide a detailed analysis of the 
ProS2Vi [13] performance metrics and visualization capabilities.

3.1. Extraction and visualization accuracy

Assessing ProS2Vi [13] showed that it effectively extracted the 
required information from the input structural files, such as amino acid 
sequences and their predicted DSSP-based secondary structure. It 
demonstrated robust performance across various protein structures, 
accurately presenting secondary structures in a 2D format (e.g., α-heli
ces, β-strands, and other motifs) using distinct icons and colors. This 
ability to differentiate between various secondary structures is crucial 
for understanding protein folding and function. The results showcase the 
capability of ProS2Vi [13] to generate precise, high-quality, and detailed 
visualizations that are easy to interpret. For instance, it allows users to 

quickly identify structural elements and their spatial relationships 
within the protein using different colors and icons for various secondary 
structures. This feature is particularly beneficial for educational pur
poses and presentations, where self-explanatory, simple, and intuitive 
visualizations are essential.

3.2. Performance metrics

The efficiency of ProS2Vi [13] was evaluated using various protein 
structures with varying sizes and complexities (e.g., multi-subunit, 
multi-chain). The performance metrics were recorded for both “pdb” 
and “mmCIF” file formats and included parsing and extracting DSSP 
output, creating HTML tables, and converting HTML to images 
(Table 1).

The time required to parse and extract DSSP output varied 

Fig. 4. The Graphical User Interface (GUI) of ProS2Vi [13], demonstrating its layout and the available options. The blue tab at the top shows the current input 
selection. A) the “Look-up PDB file” option can be seen, which only requires an RCSB PDB code to generate visualization. B) the “Upload PDB File” option, which 
allows the user to upload their own PDB file and add their own “Title,” “Subtitle,” and “Source Scientific Name.” If either of the “Title,” “Subtitle,” or “Source Scientific 
Name” is left empty, then that heading is omitted from the visualization.
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significantly between the file formats. For instance, the DSSP parsing 
time for the “pdb” file of a protein with 8RJK retrieving code [40] was 
~58.619 sec, whereas its “mmCIF” file format took ~53.970 sec — it 
indicates that “mmCIF” files generally allow faster parsing. The time 
taken to create HTML tables and convert them to images also varied; 
however, to a lesser extent. For example, creating an HTML table of a 
protein with the PDB 2VDC retrieving code [41] took approximately 
32.943 sec for the “pdb” file format and 31.749 sec for its “mmCIF.”

The conversion of HTML to images was relatively rapid, taking 
nearly 1.679–2.295 sec across different files. The total time to process 
and generate visualizations ranged from a few seconds for a short pep
tide such as 1Q7O [42] to over a minute for a multi-chained system such 
as 8RJK [40]. The faster processing time for “mmCIF” file format 
highlights the advantage of using this format for large datasets (Table 1).

ProS2Vi also demonstrates efficient memory management across 
various stages of processing. For instance, with 10GS [29], with 416 
amino acids count, the total memory increase is only 9.43 MB, of which 
4.9 MB is consumed for parsing the structure and producing DSSP 
output, indicating the tool’s low overhead for less complex structures. 
Similarly, for 3KGV [43] with a 4064 residue count and 2VDC [41] with 
an 11,568 residue count, the total increases are 53.40 MB and 56.46 MB, 
respectively. The most significant memory increase is observed with 
8VRJ, with a rise of 261.66 MB. This memory consumption is justified 
due to the 24,650 residue count of 8VRJ.

3.3. Case study examples

As mentioned, the visualization for 8RJK, a large protein with 19,548 
modeled residues, demonstrated ProS2Vi’s [13] robustness in processing 
complex datasets. The total processing time for the PDB file was 
~88.346 seconds, with most of the time (~58.619 seconds) spent on 
DSSP parsing. The “mmCIF” file processed faster at ~83.371 seconds, 
showcasing the efficiency gains with this format. Furthermore, the 
visualization for 8VRJ [44], the largest size protein structure, in terms of 
its number of amino acids or atoms available to test, with 24,650 
modeled residues, required ~123.025 seconds to process, with most of 
the time (~91.443 seconds) taken by DSSP calculation. This test further 
proves the efficiency of our code, considering the sheer size of the 
protein structure. For a short peptide such as 1Q7O, with only a few 
characterized residues, the tool processed the PDB file in 
~0.805 seconds and the mmCIF file in ~0.597 seconds. This case 
highlights the ability of ProS2Vi [13] to treat minor-size datasets 

quickly; however, it is also well-functional for a wide range of protein 
sizes. The results demonstrate that the Python-based visualization tool is 
highly effective in extracting, processing, and visualizing protein sec
ondary structures. Its performance across different protein sizes and 
formats showcases its versatility and robustness.

3.4. Security and accessibility

ProS2Vi [13], operating locally, eliminates the risks associated with 
uploading sensitive data to online servers, ensuring the confidentiality 
and integrity of proprietary research data. That is essential for handling 
unpublished novel protein structures. Local operation means that sen
sitive data remains on the user’s machine, reducing the risk of exposure 
to cyber threats that are prevalent on web-based platforms. Moreover, 
ProS2Vi runs entirely on local hardware; thus, there is no interruption 
due to server downtime or online service interruptions, which is 
different from web-based tools. That ensures consistent availability and 
reliability of ProS2Vi for users.

3.5. Performance and file compatibility

The tool supports multiple file formats, including “pdb” and 
“mmCIF” ensuring broad compatibility with existing bioinformatics 
workflows and databases, whereas STRIDE and POLYVIEW-2D only 
process files in “pdb” format. This flexibility allows users to work with 
various data sources without the need for extensive data conversion. The 
ability to process both file formats is crucial because it will enable re
searchers to choose the format that best suits their needs, considering 
that “mmCIF” files often provide slightly faster parsing times than their 
equivalent “pdb” counterparts (Table 1).

The length of a protein’s amino acid sequence can significantly 
impact the software’s performance time, potentially increasing pro
cessing times for extensive datasets. That is an essential consideration 
for researchers working with massive structural data that can affect the 
tool’s efficiency and the ability to deliver fast output. ProS2Vi [13] was 
initially created using “WeasyPrint” [45] and “pdf2image” instead of 
“wkhtmltopdf,” “PDFKit” and “IMGKit” to eliminate the dependency on 
“wkhtmltopdf”, and to allow it to generate images with higher DPI. This 
implementation was later changed to use “wkhtmltopdf” instead 
because “WeasyPrint” and “pdf2image” took a considerable amount of 
time to convert the HTML table to a PDF or image, which increased 
significantly with the proteins with a greater number of amino acids or 
more significant structure size. That was tested by comparing the two 
implementations and the time required to visualize specific protein 
structures using the “mmCIF” file format. The time necessary for 
“WeasyPrint” is significantly higher than that for “wkhtmltopdf.” For 
3KGV [43], which contains 4064 modeled residues, “WeasyPrint” takes 
around 245.437 seconds to convert the HTML to an image, whereas 
“wkhtmltopdf” takes only ~0.748 seconds, which shows a significant 
improvement (Table 2).

3.6. Limitations

While ProS2Vi [13] offers significant advantages, there are limita
tions to consider. Currently, the tool can effectively process protein 

Table 1 
Average run time (in seconds) for various protein structures, using both “pdb” 
and “mmCIF” protein structure file formats. These tests were performed on a Linux 
machine with an Intel Core i5-4570 CPU and 16.0 gigabytes of memory.

PDB Code& 
sequence 
length (AA)

Parsing and 
extracting DSSP 
output (s)

Creating 
HTML table 
(s)

Converting 
HTML to 
image (s)

Total 
time (s)

1Q7O ​ ​ ​ ​ ​
3 pdb 0.441 0.035 0.328 0.805
​ mmCIF 0.241 0.034 0.323 0.597
4DX9 ​ ​ ​ ​ ​
3767 pdb 6.437 4.283 0.545 11.264
​ mmCIF 4.310 4.223 0.535 9.068
3KGV ​ ​ ​ ​ ​
4064 pdb 10.601 11.098 0.790 22.489
​ mmCIF 9.447 10.608 0.748 20.804
2VDC ​ ​ ​ ​ ​
11,568 pdb 30.481 32.943 2.295 65.721
​ mmCIF 23.894 31.749 1.679 57.323
8RJK ​ ​ ​ ​ ​
19,548 pdb 58.619 28.208 1.510 88.346
​ mmCIF 53.970 27.914 1.487 83.371
8VRJ ​ ​ ​ ​ ​
24,650 pdb - - - -
​ mmCIF 91.443 29.923 1.658 123.025

Table 2 
The comparison between the necessary time for “WeasyPrint” and 
“wkhtmltopdf” (in seconds) to convert an HTML table to an image.

PDB 
Code

Time to convert HTML to Image (s)

Using “WeasyPrint” and 
“pdf2iamge”

Using “wkhtmltopdf” and 
“imgkit”

1Q7O 0.458 0.323
4DX9 70.892 0.535
3KGV 245.437 0.748
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structures with up to ~25,000 modeled residues due to the restrictions 
imposed by the ability of the DSSP algorithm and Biopython. This 
constraint means that extremely large-sized proteins may require 
alternative methods for secondary structural assignments. Additionally, 
the faster processing times for ProS2Vi [13] currently only work when 
producing images with a 100 DPI resolution due to the limitations of 
“wkhtmltopdf”. When creating an image with a different DPI, the al
gorithm first produces a PDF and then converts it into an image using 
“pdf2image” instead of “IMGKit,” which slightly increases the process
ing times for smaller protein structures. However, for much larger pro
tein structures, the time increases significantly, and some significantly 
large structures (>~6000 modeled residues) might not produce any 
output at all, depending on the machine specifications. Addressing these 
limitations in future versions of the tool will be a priority to enhance its 
applicability and performance further.

The processing time of DSSP and its memory consumption directly 
affect the overall time efficiency of ProS2Vi, particularly for large and 
complex multi-domain protein structures. Future development efforts 
will be focused on optimizing internal processes and improving effi
ciency. However, the inherent performance of DSSP will continue to be 
an essential factor in overall speed and memory usage for ProS2Vi.

3.7. Comparison with STRIDE and POLYVIEW-2D

While some existing online tools, such as STRIDE and POLYVIEW-2D 
could perform faster for specific large-size proteins, ProS2Vi demon
strates competitive performance, especially when considering the test 
environment. The tests were conducted on a Linux machine with an Intel 
Core i5–4570 CPU and 16 GB of RAM — for example, the processing 
time for a protein from the RCSB Protein Data Bank, 8RJK consisting of 
96,701 atoms, required ~43 sec time using STRIDE, ~32 sec with 
POLYVIEW-2D, and ~88 sec using ProS2Vi, which included ~58 sec for 
the DSSP algorithm to run. However, for another protein from the RSCB 
data bank, 3KGV with 20,333 atoms, STRIDE required ~45 sec, 
POLYVIEW-2D ~43 sec, and ProS2Vi completed the task in just ~22 sec. 
Thus, despite the hardware limitations, ProS2Vi delivers efficient results, 
whereas the web-based tools could be offline occasionally due to server 
technical challenges.

In this comparison, it is noteworthy to elaborate on the reasons why 
ProS2Vi can take more time to complete a task than POLYVIEW-2D and 
STRIDE do for specific PDB files. The POLYVIEW-2D and STRIDE 
simplify secondary structure assignments into just four categories, 
α-helices and other helices with only two viewing options, β-strands or 
bridges, and coils. In contrast, ProS2Vi uses a more detailed classifica
tion scheme, visualizing eight distinct structure categories consisting of 
α-helices, 3–10 helices, pi helices, isolated beta-bridge residues, strands, 
turns, bends, and also unsolved structures according to the detailed 
DSSP output. Additionally, ProS2Vi assigns an index to each folding 
element, enabling precise structural tracking and analysis across the 
protein structure visualization. This broad classification provides a rich 
and comprehensive visualization for researchers with precise structural 
insights based on the DSSP algorithm [6].

The tool features a contemporary design with customizable icon 
colors and the ability to export visualizations as scalable PDFs. Modern 
elements of the GUI ensure that users can intuitively navigate the 
application, customize their visualizations according to their prefer
ences, and produce high-quality outputs suitable for presentations and 
publications. Furthermore, the ability to directly download a protein 
structure from RCSB using the PDB code adds to the accessibility and 
ease of use. Even though ProS2Vi can connect to RCSB to download 
protein structures, any uploaded protein structure files are stored and 
used locally, keeping security a top priority.

This modern interface not only improves the aesthetic appeal but 
also enhances functionality, making the tool more approachable and 
easier to use compared to existing solutions such as POLYVIEW-2D [9]
and STRIDE [8]. Neither of these tools accepts a “mmCIF” file format, 

which is essential because some of the larger protein structures are only 
supported by the “mmCIF” file format. Furthermore, neither of the tools 
provides the option to change or modify the color of structural icons, and 
additionally, STRIDE is unable to offer the option to save or download a 
high-quality image of the visualization easily. Most importantly, none 
can be used locally to generate a protein’s secondary structure diagrams. 
Our tool also automatically saves the generated image and can also 
create a PDF document. Additionally, ProS2Vi’s [13] visualization also 
includes the protein structure’s title and source scientific name with the 
help of the RCSB application programming interface (API) [46], UniProt 
ID for each chain using the Proteins API [47], and a legend (i.e., key) 
(Figure S1).

ProS2Vi is designed to integrate into broader bioinformatics work
flows seamlessly. It supports both “PDB” and “mmCIF,” which are 
widely used in bioinformatics pipelines. Furthermore, using the 
command-line interface (CLI) version of ProS2Vi, users can automate the 
visualization process and integrate it into scripted workflows without 
any usage caps; this allows ProS2Vi to be easily combined with other 
bioinformatics tools like annotation pipelines, for high-throughput 
analysis.

Another key advantage of ProS2Vi is that it is open source, allowing 
researchers and developers to collaborate, customize, and extend its 
functionality. This open development model not only encourages im
provements but also facilitates integration with other tools, as users can 
modify the codebase to suit their specific research needs. ProS2Vi not 
only fits well into existing bioinformatics pipelines but also empowers 
the research community to enhance its capabilities through collabora
tion and automation.

For the technical users, the output can be further customized by 
adding changes to the accompanying Cascading Style Sheets (CSS) ac
cording to user preference. This file is named “output_styles.css” and is 
located inside the “templates” folder. The value of the “font-family” 
property inside the “body” selector can be changed to any other font 
supported by the web browser if a user prefers to change the font style. 
Font size can also be easily changed by modifying the values of the “font 
size” appropriately for different parts of the output such as “title,” 
“legend,” etc.

4. Conclusion

ProS2Vi [13], a Python-based visualization tool, offers a secure, 
advanced, and user-friendly solution for visualizing protein secondary 
structures. Its local operation provides enhanced security and control, 
eliminating the risks associated with online platforms, ensuring 
continuous availability without downtime, and enabling compatibility 
with automated workflows through its command-line interface. As an 
open-source tool, ProS2Vi allows collaboration and improvements from 
the research community, fostering innovation and expanding its capa
bilities over time. The modern interface and broad file format compat
ibility make it a versatile tool for researchers and educators alike. An 
intuitive graphical user interface allows users to easily navigate the tool 
and perform complex analyses without requiring extensive coding skills 
or computational background, enabling a broader range of users, from 
students to researchers, to benefit from this tool. The GUI is designed to 
streamline workflow, allowing users to load protein structures, process 
them through the DSSP algorithm, and visualize the results with mini
mal steps.

Additionally, ProS2Vi’s ability to export visualizations as scalable 
PDFs is a significant advantage, allowing users to produce high-quality 
images. This feature ensures that the visualizations can be scaled up 
for presentations and publications without losing image quality. ProS2Vi 
stands out for generating detailed 2D folding visualizations with eight 
structure categories and assigning an index to each fold, providing a 
comprehensive view of secondary structures compared to other tools. 
Despite relying on DSSP for structure assignments, which affects speed 
improvements, ProS2Vi delivers efficient performance, with notable 
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speed advantages for some PDBs, even on modest hardware. Its memory 
management is efficient, given the complexity of its visual outputs. 
Overall, ProS2Vi’s combination of security, customizability, detailed 
visualization, and open-source collaboration makes it an asset in struc
tural biology and bioinformatics research.

The software is readily available at https://github.com/Alis 
araie-Group/ProS2Vi (DOI:10.5281/zenodo.12554830).
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