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Protein-protein ligand is one of the most detection methods used in Nano biosensors. Based on the advantage of
specific docking between two special 3D structures, they have become a potent candidate in bioanalysis and
Nanodiagnostic tools. These tools lease users to do a simple, fast, cost-effective, sensitive, and specific detection
of molecular biomarkers in real samples. Recent advantages of using protein-protein ligand Nano-biosensors

application is remarkable due to its special docking that refers to each protein unique 3D conformation. How-
ever, it challenges different problems such as low rate of docking and hard process for fixation on the basic layer.
These challenges make developers to optimize the structure and functions of proteins. The process has different
Nano scale calculation that could be done with algorithms and solutions are available as bioinformatics tools.
This article aimed to have a short overview of the abilities of bioinformatics tools for modeling and optimization
of physiochemical features of proteins in Nano scale.

1. Introduction

Proteins are complex molecules found in all living organisms. Most
proteins consist of linear polymers built from series of up to 20 different
L-a-amino acids. Each cell has a unique type and different amount of
each protein that makes identity and function of it. Proteins are identity
keys for the ecotype of microorganisms and a substantial part to the
identity of active metabolism in each living cell. All of the proteins in
each cell named proteome which could provide a special characteristic
of the cell. Each protein acts in different functions and plays a consid-
erable role in the cell, such as cell signaling and the pathogenesis process
of disease. Proteins are ideal materials for nanofabrication of rigid
composition because of their unique 3D structure and specific answer to
the existence of a specific cell. Determination of protein 3D conforma-
tion plays an important role in studying a particular disease live agent or
proteins that use as a toxin. The molecular diagnostics based on the
analyses of proteins docking, have offered a highly sensitive and quan-
titative method for the detection of infectious diseases and pathogens
such as SARS-CoV-2. Detection of proteins based on docking method
creates an ultrasensitive procedure that becomes a new area of research

for developing Nano biosensors technology. (see Table 1, Fig. 1)
Recently, nanotechnology has created an integrated concept through
biology, electronics and physics that branch a new field of science, the
Nanomedicine. It is a combination of technology of diagnostic materials
and devices, molecular imaging, drug delivery systems and regenerative
medicine [2]. Remarkably, Nanomedicine enables in vitro and in vivo
non-invasive diagnosis and targeted therapy by novel discoveries in
sensing, processing and operating processes [3]. Currently, Imaging
tools based on Nanotechnology have been medically applied as
non-invasive methods of diagnosis [4-6]. The categories of Nano-
diagnostic technologies, in addition to protein based Nano biosensors,
include DNA-based Nano biosensors, Nano particle-based immunoas-
says, Nano scale visualization, Nano particulate biolabels, biobarcode
assays, biochips, microarrays and combination of multiple diagnostics
technologies [3]. Now, many methods to investigate protein-protein
interactions are exist and each one has its own strengths and weak-
nesses, especially with regard to the sensitivity and specificity of its
approach. A high sensitivity means that many of the interactions that
occur in reality detected by the screen while a high specificity indicates
most of the interactions detected by the screen are occurring in reality.
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Table 1
Components of a Nano biosensor (Modified from Ref. [1]).

Analyte Receptor Transducer Signal output
Enzyme Enzyme >  Electrochemical 4k
DNA/ Antibody Optical
RNA
Antigen Nucleic acid Thermal
Protein Cell Piezoelectric

Measurable signal

Protein-based Nano biosensors have been increasingly used in medical
diagnostic for continuous monitoring of human health against patho-
gens and protein-based toxins [7-9] and to their applications in the field
of food analysis [10], bioterrorism [11], and environment [11-13].
Proteins as biological molecules act directly in metabolism processes
which are one of the unique identities of each cell that could be defined
by their unique reaction to their substrate. One specific method for
detection of a protein as a toxin or live agent identity is their reaction to
a substrate or antibody, this reaction calls docking and creates change in
weight, conformation, and physicochemical features that could be
measured by different technologies from Nano biosensors. Using
extracted natural proteins from organisms, ending with change/s in
conformation and environmental elements decreasing in rate of docking
and unstable fixing due to protein structure, are the causes of problems.
These problems make developers to use synthetic optimized proteins
that should be designed and optimized in details by bioinformatical tools
available online. This short overview engages on the ability of bioin-
formatics tools for optimization and calculation of physiochemical fea-
tures of proteins which might be a candidate for Nano biosensors.
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2. 2D structure prediction

Bioinformatics tools support to predict secondary structures of pro-
teins based on the sequencing of amino acid chain. These tools used
mathematical algorithms to predict available 2D structure like Alpha-
helix and Beta-sheet. Subsequently, an algorithm optimized model ac-
cording to the data base of structures’ studied would be made. The
PSIPRED is a protein analysis workbench that provides many available
analysis tools into a single web based framework [14-16]. It is a
comprehensive tool for prediction of secondary structures with access to
GenTHREADER for protein folds’ recognition and MEMSAT-2 trans--
membrane topology prediction. Other useful tool is COILS [17,18] that
provide a service in prediction of coiled coil region. COILS is a program
that compares a sequence to a database of known parallel two-stranded
coiled-coils and derives a similarity score. By comparing this score to the
distribution of scores in globular and coiled-coil proteins, calculates the
probability that the sequence will adopt a coiled-coil conformation [17].

3. 3D structural features

These tools include services for searching structural motifs,
biochemical features found in protein structures and functional sub
structures such as binding sites. Computed Atlas of Surface Topography
of proteins (CASTp) is one of top index used software [19]. It is a web
server that provides online services for locating, delineating and
measuring these geometric and topological properties of protein struc-
tures. It has been widely used since its inception in 2003 for locates and
measures concave surface regions on 3D protein structures. This tool
shiuld be used to study surface features, binding sites and functional
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Fig. 1. Schematic illustration of the strategies explained in the text.
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regions of proteins. Another tool in this category is an online service
from Andrej Sali’s Lab. It contains various resources for comparative
protein structure modeling and analysis from the Sali’s Lab at the Uni-
versity of California at San Francisco [20].

4. 3D structure comparison

This category contains resources for the comparison of sequences at
the level of tertiary structures. This includes tools for superimposing
structures and structural alignments. One of the best services in this field
is SCOP [21]. It provides a structural classification of proteins. Database
created by a combination of automated methods and manual inspection
and contains a comprehensive ordering of all proteins of known struc-
ture, according to evolutionary and structural relationships [22,23].
One more tool which might be used for comparison of 3D structure is
ProCKSI [22]. It is a multi-layer protein comparison meta-server that
computes structure similarities using various information theory mea-
sures. ProCKSI integrates various protein similarity measures through an
easy to use interface that allows the comparison of multiple proteins
simultaneously. Based on a diverse set of similarity measures, ProCKSI
computes a consensus similarity profile for the entire protein set. All
results can be clustered, visualized and analyzed for users [24].

5. 3D structure prediction

This category aid in protein 3D structure prediction based on the
multiple strategy that each algorithm used to report a prediction. The
top index tools used in this area named Swiss Model [25,26]. It is a fully
automated protein structure homology-modelling server, accessible via
the ExPASy web server, or from the program DeepView (Swiss
Pdb-Viewer) [26]. The purpose of this server is to make different algo-
rithms for protein modeling. The other service used as a top index
interface is MODELLER [27,28]. It is used for homology or comparative
modeling of protein 3D structures [29-31]. The user provides an
alignment of a sequence to be modeled with known related structures
and MODELLER automatically calculates a model containing all
non-hydrogen atoms. MODELLER implements comparative protein
structure modeling by satisfaction of spatial restraints [32,33].

6. 3D structure viewing

One of the major challenges in bioinformatics is to show all calcu-
lation, data, and features in a simple real model. Bioinformatics based on
the Nano scale modelers and 3D structure calculators provide a service
for 3D structure viewing which is using for visualizing of 3D structures.
Swiss-Pdb viewer is an Excellent tool for annotating, comparing, col-
oring, and mutating 3D structures [34]. Other service that provides a
different method of 3D structure viewing is MolProbity [35]. It is a
structure validation web service for diagnosing problems in 3D models
of proteins, nucleic acids or complexes. It adds and optimizes H atoms
(correcting 180° flipped Asn/Gln/His side chains) and then calculates
global and local validation for all-atom contacts (steric clashes, H-bonds,
and vdW), covalent geometry and conformation (Ramachandran and
rotamers for protein, ribose puckers and suite conformers for RNA).
Results are displayed online as 3D graphics and sortable charts [36,37].
The web-native Mol* Viewer assists 3D visualization and streaming of
macromolecular coordinate and experimental data, together with ca-
pabilities for displaying structure quality, functional, or biological
context annotations. High-performance graphics and data management
allows users to concurrently visualize up to hundreds of (superimposed)
protein structures, stream molecular dynamics simulation trajectories,
render cell-level models, or display huge I/HM structures [38].

7. Annotation and function of protein structure

One of the major data requires in Nanoscale modeling and
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optimization is annotating and function prediction, localization and
classification of proteins before doing more experiments. Computational
calculation let us to have a satisfied area of calculated data before ex-
periments. The top index tool is SIFT which is a sequence homology-
based tool that will predict whether an amino acid substitution will
affect protein function [39]. The other tool is InterProScan [40]. It al-
lows users to query using different protein signature recognition
methods to look up InterPro annotations for their sequences [41]. These
annotations result often include gene ontology terms that let user to
associate with their sequence.

8. Biochemical features calculation

This category of bioinfotmatical software includes a protein identi-
fication tools which can give users information on the chemical struc-
tures and amino acid properties of peptide sequences. MASCOT [42] is a
high index online tool that provides a service about protein identifica-
tion by peptide mass; excellent documentation; incorporates code from
MOWSE but allows more search methods on more sequence databases.
Other reliable online tool available open access is EMBOSS [43,44]
which provides multiple independent tools. These tools provide
different calculation methods for analyzing and reporting biochemical
features.

9. Protein databases

Protein databases contain databases of protein sequences, properties,
targeting, motifs, domains, structures, and protein families. Top index
data bases which is available online and open access is Pfam [45]. Pfam
is a database of protein families and domains that uses HMMERS3, the
latest version of the popular profile hidden Markov model package.
Pfam release 24.0 contains 11,912 families. SCOP [46] is another top
reference database that provides structural classification of proteins.
Database created by a combination of manual inspection and automated
methods. Comprehensive ordering of all proteins of known structure
according to evolutionary and structural relationships provided.

10. Domain and motif prediction

An important area in Nano scale optimization in proteins is domain
and motif prediction which is based on primary data available. It can
give information about protein domains and/or predict motifs, domains,
and patterns in peptide sequences. Top index online tool used for this
aim is Berkeley Phylogenomics Group [47] which provides a series of
web servers for phylogenomic analysis: classification of sequences to
pre-computed families and subfamilies using the PhyloFacts Phyloge-
nomic Encyclopedia [48], FlowerPower clustering of proteins sharing
the same domain architecture [49], MUSCLE multiple sequence align-
ment [50,51], SATCHMO simultaneous alignment and tree construction
[52] and SCI-PHY subfamily identification [53]. Other useful service is
COGs [54,55] that provides clusters of orthologous groups represent
ancient conserved protein domains; use COGnitor tool to find COGS in
sequence of interest [56].

11. Localization and targeting

One of the major challenges in developing optimized Nanoscale
modeling is localization and targeting of the protein before and after
optimization. These tools related to predicting sub-cellular localization,
the presence of trans-membrane regions, and/or targeting including the
prediction of signal peptides. Top index algorithms with user-friendly
interface is PSIPRED [14] which provides a protein analysis work-
bench unites available analysis tools into a single web based framework.
An excellent tool for prediction of secondary structure, with access to
GenTHREADER [57] for protein folds recognition and MEMSAT-2
transmembrane topology prediction. Other specialized tool with
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specific use in localization is PSORT.ORG [58] that provides links to the
PSORT family of web-based programs for sub-cellular localization pre-
diction, including PSORTb [59] and WoLF PSORT [60], as well as other
datasets and resources relevant to localization prediction.

12. Molecular dynamics and docking

The most important aim of protein optimization in Nano biosensors
is process of docking between two proteins. Calculation of molecular
dynamics and docking need a Nano scale view and data about structure
and atomic view of each atom reaction in bonding to other proteins. This
category provides resources for molecular dynamics including tools that
can predict the movements of structures and/or conformational
changes. One of top index online tools available is oGNMs [61,62] that
calculates the equilibrium dynamics of any structure submitted in Pro-
tein Data Bank (PDB) format, using the Gaussian Network Model (GNM).
Other useful service is ClusPro [63] which is a tool for automatically
computing the docking of two protein structures supplied by the user (or
as PDB IDs). The result set is a ranked list of putative complexes, ordered
by clustering properties.

13. Networks and interactions, pathways and enzymes

Complexity of life is in atomic scale and complexity of reactions that
create a network of interactions. All of these interactions create path-
ways that controlled and run by series of enzymes. Knowing details
about these may help to detect a special protein that is simple and easy
for detection by Nano biosensors mechanisms. This area of bioinfor-
matics includes tools and resources for enzymes, metabolic and prote-
omic pathways and networks. Many of these resources contain dynamic
pathway diagrams and protein-protein interactions. Top index online
tool is Kyoto Encyclopedia of Genes and Genomes (KEGG) [64-66] that
has pathway maps, molecular catalogs, genome maps, and gene catalogs
that capture knowledge about interactions in terms of information
pathways. KEGG comprises several databases, including BRITE (pro-
tein-protein interactions) [67], PATHWAY (interaction networks for
cellular processes) [68], and LIGAND (chemical compounds and chem-
ical reactions) [69,70]. KEGG Atlas is a new tool for the global analysis
of metabolic pathways. Cytoscape [71] is another online and offline tool
that is a visualization platform for use with molecular interaction net-
works. Interaction data could be integrated with other state data such as
gene expression profiles. The comments to Cytoscape includes lists of
interaction pairs, and tab/space delimited files containing mRNA
expression profiles [72]. The nodes of the interaction networks could be
filtered by such variables as GO annotations and number of interactions
[731.

14. Conclusion

New research and development in Nano biosensors based on protein
detection methods, needs a large-scale data analysis and structural op-
timizations that aimed for better docking and more stability in detec-
tion. All biochemical and biophysical factors affect atomic behaviors in
the docking of protein-protein interactions. These atomic, dynamic, and
static behaviors would be calculated by different algorithms. The cal-
culations and modeling could be categorized in a branch of fields that all
become the science of bioinformatics. Absolutely from one primary data,
branch of result based on calculations with different algorithms
extracted, so it seems that it’s better to precede optimization with
different tools which use the previous database for optimizing protein
conformation based on the previous understandings and experiences.
Bioinformatics tools help us to have an atomic view in modeling and
understanding biological molecule behavior in vivo and in vitro. Thus in
association with Nano sciences, bioinformatics tools could develop a
highly specific technology that can detect toxic proteins or be used as a
diagnostic device for detecting bioterrorism agents or other proteins. In
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addition, it could able us to analysis of therapeutic targets for SARS-CoV-
2 and discovery of potential drugs.

Additional information
This overview is not a part of MSc thesis.
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