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Abstract— Protein engineering is a very helpful approach
in the branch of medicinal science and proteins are the
complex biomolecules which carry out a variety of
functions in our body. Protein engineering is useful tool for
researchers because it modifies the protein through
replacement, addition and removal of amino acid.
Rational protein designing and directed evolution are two
important strategies of protein engineering. Rational
protein designing is a significant approach in protein
engineering which require previous information about
three-dimensional structure as well as the biophysical
records and the function of the protein. Directed evolution
is also recognized as irrational protein design that mimics
the procedure of natural selection to modify protein
structure or nucleic acids to create better results over
rational design. In this review article, we are discussing
about various approaches of rational protein designing,
challenges in rational protein designing and applications of
protein engineering. the approaches of rational protein
design we are discuss here are: fusion protein, split
protein, chemical modification, bioinformatics, active site
moadification, disulphide bonds, cyclization, and computer
modeling.

Keywords— protein, protein engineering, rational protein
designing, directed evolution, approaches of rational
protein designing, and challenges in rational protein
designing.

. INTRODUCTION

A. What is protein?

Proteins are the richest organic molecules that is present in all
the living organisms. In 1839, Dutch chemist G.J.
Mulder was first to describe proteins. The term protein is
derived from a Greek word “proteions” meaning first place.
Proteins are define as the large, complex biomolecules, or
macromolecules, which are made up of amino acids sequence.
In proteins there are one or more, long or complex sequence of
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amino acids and the amino acids are bind each other by a
peptide bond. They do the majority of the work in cells.
Amino acids are organic compounds. It contains mainly two
functional groups as its name indicates amino, amino means.
[-NH2] group is basic in nature and the acid means carboxyl
group [-COOH] is acidic in nature. About 300 amino acids
are occur in nature but out of 300 only 20 of them present in
proteins.
Functions of proteins are:
Maintenance, growth and repairing of body tissues
and cells
Energy source for growth of tissue and cells
Catalyze the metabolic reaction in body
Replicate the DNA
Responding to stimuli
Store other substances in the organism.
Providing structure of cells and organisms.
Transport one or more molecules from one place to
other.
Protein structures
Proteins contains n-number of amino acids. Hence, it is also
known as polymers of amino acids. Individual amino acids are
bind together by a bond known as peptide bond to form the
linear polypeptide chain. This linear polypeptide chains folded
into specific structural conformations or simply structure. A
protein can have up to four levels of structural conformations.
They are designated as:

1. Primary structure

2. Secondary structure
3. Tertiary structure
4. Quaternary structure

Tertiary Protein
Structure
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B. What is protein engineering?

Protein engineering is the process which is used by a
researcher for modifying a amino acid sequence present in
protein through replacement, addition, or removal of amino
acids sequence, intending to achieve modified protein that is
more appropriate for a specific function or reason than the
unchanged protein. Protein engineering main focus on
application sets protein engineering which is separate from the
term “targeted mutagenesis”. Targeted mutagenesis, is a
method in which a particular position was targeted within a
gene sequence is changed. Such modification can be
performed for engineering purposes, as in protein engineering,
or for examining the outcome of a specific alteration in a
gene.

Obijective of protein engineering:

To produce a better quality of enzyme to catalyze the
manufacturing of high-value definite chemicals.

To produce an enzyme in larger quantities.

To produce biological compounds (include synthetic
peptide, storage protein, and synthetic drugs) superior
to a natural one.

Protein engineering is mainly performed by two important
strategies. They are:

1. Rational protein designing, and
2. Directed evolution
Directed evolution: In directed evolution, the random

mutagenesis is implement to protein which alters the
properties of an enzyme or a protein; a selection process is
used to select a variants that have the characteristics which are
required. Further, the rounds of mutation and the procedure of
selection has been done.

There are various libraries of variants which are used in in the
processing of directed evolution. The libraries of variants
avoids the difficulty of choosing variants of desired property.
Directed evolution is also known as irrational protein design
that mimics the process of natural selection to evolve proteins
or nucleic acids to. Its main focuse on specific molecular
properties and it does not create a new molecule.

Rational protein design: it is a very useful strategy of protein
engineering, which is used to make better-quality protein
molecules based on the 3-D arrangement and the correlation
between structure and function, which has developed over the
past years as a branch of protein science.

Firstly, the rational protein designing describes about the 3-D
structure by using x-ray crystallography process which also
provide us graphical and mathematical representation on a
computer. Through computer representation it is easy to made
predictions, preferentially in the region of the result of
mutations on structure-based properties.

It is a easy modeling task but probably the most largely used
to visualize the protein structure in all its spatial detail.
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The final but most important part of rational design is the
capacity to make variants of the native protein by (r) DNA
techniques. The whole interactive scheme is represented in the
below figure. The rDNA technique which is most commonly
used is site-directed mutagenesis, where one amino acid is
replaced by other at a particular place.

Native protein

v

Evaluated properties
“do properties satisfy
success criteria?”

Y

Success

—

ES

Determine structure
Bv x-rav crvstalloaranhv

A

A

Make changes
By r-DNA procedures

Make predictions
By molecular modeling

FIG. 2. RATIONAL DESIGN CYCLE

Once the modified protein was made completely then it will
be purified and evaluated to visualize the required property is
achieved. If the required property is not achieved, then the
information which we achieved in the evaluation process is
used in a second round of crystallography, modeling, and
mutagenesis.

From the first round the structure of variant was determined
and through molecular modeling it is ued to explain the results
of initial choice and also give information about recommended
change for the second round of mutagenesis. For example, if
the targeted property was developed in thermal stability, then
the native structure may demonstrate undesirable amino acid
interactions, which could be decreased by site-directed
mutagenesis. A variant crystal structure would show whether
the intended structure outcome in the original site were
achieved and possibly illustrate new interactions, which were
introduced as an outcome of the first mutation.

Rational design was mostly used to generate hybrid proteins
that are a mixture of pre-existing, but distinct protein domain.
Since the majority of protein domains that confer catalytic or
other properties can fold independently.

Il.  APPROACHES TO RATIONAL DESIGNING OF

PROTEIN

A. Fused protein: - In a fused protein a protein is consisting
of at least two domain which is enclosed by separate genes
which are joined together. So they can be transcribed and
translated as a single protein unit.

According to one of the studies, leprosy was registered
worldwide as a fatal disease. In leprosy mycobacterium leprae
the causative agent is transmitted without being detected. But
after studies, several recombinant antigens are identified
specifically in a leprosy patient. And then chimeric fusion
proteins are used which possess the antibody binding
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properties and this enhances the test development and
enhances the production cost.

—] Gene 1 %—| Gene 2 %
— I | %
Gene 1 Linker Gene 2

Fig. 3.

B. Split protein: - Many proteins are split through rational
deigning and that the proteins are reassembled by covalent
binding which then called functional protein.

In recent studies, Cas9 which is an RNA guided DNA
endonuclease found in clustered regulated interspaced short
palindromic repeats (CRISPR) is involved. According to this
studies Streptococcus pyrogens Cas9 alone or with single
targeted DNA and guide RNA revealed a bilobed protein that
produces a change in binded RNA and DNA to study the
molecular determinants of rearrangement of the molecule.
Cas9 is split in alpha-helical lobe and nucleus polypeptide and
it is recruited by SgRNA which recapitulates in single length
Cas9 which catalyzes site-specific DNA change in Cas9.

Original protein

Substrate

Split

Product protein
Half-proteins
colocalised by
fusion proteins

B

Active split
protein

Fig. 4.

C. Chemical modification:-Maodification of proteins are
problem-solving techniques in research and technology.
Generally, this modification is in the reactive chains of

protein and is predominantly reduction, oxidation,
nucleophilic and electrophilic substitution. Also involves
deterioration like beta elimination, peptide bond scission,
etc. they are modified to get new improved product and the
modified product are more specific and potent to their
work.

For example - one of the protein modifications is the
acetylation of a lysine residue. It is a co-translational and
posttranslational process.

Histone acetylation and DE acetylation had an important role
in gene regulation. The acetylation and DE acetylation on
lysine residue of histone protein at Nitrogen - terminals. In one
of the study increase acetylation of the cytoskeleton protein,
especially microtubule protein in response to reactive oxygen
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.thus, occur clampdown of SIRT?2 aggravate the mitochondrial
dysfunctional.

D. Bioinformatics: - as the traditional method of rational
designing stays that random protein engineering as
opposed to traditional engineered. The bioinformatics
approach is used to identify specific sequence changes that
alter the functional property of an enzyme within a broad
class.

For example:-specifically Bayesian sequence - based-
algorithms PROBE and classifier to identify a strand -turn-
strand motif that increases the thermophillicity in the member
of a serine protease. 16 amino acid was replaced in mesophilic
subtilisin E with bioinformatics generated thermophilic model
sequence the M.P. of subtilin E increased 13 degrees C and
wild type subtilin was inactive at 90 degrees C.

E. Active site modification: - the active site is the region of
any molecule where the substrate is bind. In the case of
protein enzyme is the molecule and active site of the
enzyme is where the substrate is a bind for undergoing a
chemical reaction.

The general objective of modification of active site

(1) Identification of amino acid and ligand-binding site of
regulatory protein along with the identification of
immunoglobulin.

(2) Introduction of the physiochemical receptor.
(3) Labeling to isolate from a multi-component system.

F. Disulfide bonds: - Some proteins do not have disulfide
bonds. So enhancing one particular activity in the protein
the disulfide bond is induced protein by rational designing
which enhances the stability.

For example 1, 3-1,4 beta-glucanase is one of the significant
biocatalysts in the fermenting industry and animal food
industry. Which cuts thermostability and enhances the bid.

The stability of the beta-glucanase is enhanced by introducing
disulfide in protein structure. Protein spatial configuration was
analyzed and exclude residue pair which undesirably
conflicted with structure.

G. Cyclization: - cyclization of protein is done to establish
the stability of the protein.

In the rational deigning of protein. In carcinogenesis, a hippo
pathway is involved in this YAP regulatory protein is central
regulation and this YAP pathway has a function to interact
with the TEA domain transcription factor. And in cancer,
suppression of oncogenicity is by the pharmacological
disruption of YAP — TEA complex and it is a potential
therapeutic strategy.

In this the crystal structure is examined and two hotspots are
examined rationally in this complex interface and this hotspot
termed as PS-1 and PS-2 and they are self-inhibitory peptide.
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From dynamic stimulation, energetic analysis, and flurosense
polarization the intrinsic disorder and the binding affinity is
defined of these two hotspots and then cyclization is done of
this hotspot via sulfide bond.

H. Computer modeling: - De novo synthesis of protein
method which is only a few decades old but it gives very
exciting results and development and it gives a very
significant impact in the field of biotechnology and
chemical biology. In De novo synthesis we designed a
completely new model or structure of the protein which
has no relation to any old known structure.

So in this computational designing method or computational
modeling is very helpful to predict the structure and success of
structure and this is very effective in the implementation of an
idea. Deigned — based paradigm and alteration — the based
paradigm is used to predict the success of structure.

COMPUTER

Fig. 5.

1. CHALLENGES IN RATIONAL DEGINING OF

PROTIEN

Part of Atomic energies to designing protein structurally

For any of the amino acid sequences, it is necessary to
estimate the free energies of protein or the composite of
protein and ligand. It is done by using a physical model of
atomic interaction and empirical data. There are 3 types of
models are defined (a) statically effective energy functions or
based on the information that is mined from protein, its
structure, and sequence databank. (b) Empirical effective
energy functions it includes an accounting of stability of
protein obtained empirically. In this, each term is optimized
for protein design by using a set of empirical data collection
(c) Physical effective energy roles built on the first- principle
picture of interatomic interaction in protein. The above three
models use the same parameterization irrespective of the
target assembly and provide a procedural advance in force
field parameterization. The physical principles governs both
protein properties and small molecules. Models of equally
folded and unfolded conditions are needed as the free energy
takes into the explanation of energetic competition between
folded and unfolded conditions.

[1] In terms of energy - The potential energy functions in
computational protein design are used as it provides applicable
and exact to detention the characteristics of atomic structure
linked to protein structure and its function and also have a
rapid computational implementation.
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According to Gordon et al. [1999] & Harbury [2007] energies
that are related to bonding energies and covalent bonding are
not used in deigning. Internal coordinates like bond angles,
bond length which remain unchanged in the folding process

[2] Folded state modeling - According to the algorithms of
protein design 3-D structures are used as input and analyze the
sequence which has to be used. By this process, we can avoid
the complexity of structure space by using a motionless
sequence. Folded state modeling faces the complexity of side-
chain conformational space. So we solve this by using rotamer
libraries in which side chain is well-defined by the value of
inner dihedral angles.

[3] Unfolded protein modeling- unfolded protein
demonstrating wants since the folding free energy takes into
explanation the energetic competition among folded and
unfolded conditions

For example -on assuming that the denatured state depends on
the composition of amino acid and maintains fixed amino acid
composition.

[4] Entropic contribution - Folding free energy includes the
contribution of the entropy of unfolded and folded states. This
term could rise from a vibrational degree from bonding
interactions, solvation entropy, and conformational entropy.
This type of contribution is an extensively disputed topic and
this is neglected in close packaging of the residue in the
protein.

IV. APPLICATIONS

[1] Food Industry: The kind of food processing enzymes are
used in food industries, for example: amylases and lipase,
through using (r)DNA technology and protein engineering
methodologies the belongings of enzymes was enhanced. The
elimination of innate genes encoding extracellular proteases,
for example, amplified enzyme manufacture vyields of
microbial masses.

a number of huge groups of enzymes like proteases, amylases,
and lipases are imperative for both nutrients and detergent
trades, as they have an extensive series of industrial
applications.

* Proteases are used in numerous applications of the food
industry concerning low allergenic infants formulas, milk
clotting, and flavors. They are also play an important role in
the detergent industry by removing protein stains.

» Amylases are also show a central part in together nutrients
and detergent industries. They are used in the progression of
starch liquefaction that renovates starch into syrup and
saccharification which involves manufacture of glucose and
maltose of starch as well as in alteration of flour and bread
smoothness and size in baking. In the detergent industry, they
are cast-off for the exclusion of starch stains.
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* Lipases are used in nutriment industry for the strength and
acclimatizing of an emulsifier, and also use for giving flavored
to cheese. In detergent industry, lipases are used in the
exclusion of lipid stains.

[2] Environmental applications: it is also another important
field of protein engineering.

erecombinant DNA technology and protein engineering
methods are used for creating new microorganisms two which
are used to remove environmental toxins and to regulate gene
expression to give great catalytic activity under environmental
stress conditions, such as the presence of a toxic compound,
rational changes were also introduced in rigid protein that will
manage catabolic activities and also create new metabolic
routes and combinations.

«it is an also useful application for detoxification of organic
pollutants by using enzymatic oxidation.

*Petroleum biorefining applications such for example fuel
biodisulferization, denitrogenation of fuel, exclusion of heavy
metal etc. by using biocatalyst.

[3] Medical application: medical application is also an
important and diverse field of protein engineering for
researchers.

*The major area of curiosity is cancer treatment studies. The
usage of protein engineering in cancer management is
enhanced the use of pretargeted radio immunotherapy.

*The another application of protein engineering in cancer
management is to change antibodies to target cancer cells.

*Protein engineering also improver pharmacokinetic properties
of antibodies and also produce various sizes of antibody
variants.

[4] Biopolymer production: protein engineering is very
useful applications used for biopolymer production.
Biopolymer also known as peptide-based biomaterials.

Examples pf biopolymer which is produced by protein
engineering are rubber, elstin, lignin, etc.

* Protein engineering technique also used to produce protein
domains which can be utilize for the production of new
biomaterial for medical and engineering applications.

*The example of protein domain which are made by protein
engineering are leucine zipper coiled coil domain, EF-bond
domain, etc

[5] Nanobiotechnology: nanobiotechnology applications are
also becoming increasingly important in the field of protein
engineering.

proteins, carbohydrates, and lipids are biological
macromolecules which are helpful in the synthesis of genetic
tissues in aqueous environments and slight physiological
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conditions, where this biosynthetic process under genetic
regulation.

*The additional exciting application of protein engineering in
nanobiotechnology is nanowire construction by the use of
amyloid fibrils. The amyloid fibrils used as a structural
templates for nanowire creation.

[6] Redox proteins and enzymes: the application of protein
engineering is likewise useful to generate redox protein and
enzyme which are used in biofuel cells, chemical synthesis,
and biosensors.

*Protein engineering of redox proteins pointed out the binary
region of protein engineering of redox proteins and enymes:
novel nucleic acid-based catalyst construction, and
intramolecular electron transfer network makeover.

* The another bid of protein engineering is to produce
cytochrome P450 biocatalysts which is beneficial for medical,
and biotechnological applications.

[7] Other new applications: “Insertional protein
engineering” applications are a new technique becoming more
considerable, mostly for biosensor studies.

«“Zinc finger protein engineering” is another new strategy that
has been developed for gene regulation application and to
control gene expression.

*“Virus engineering” is likewise a one of the greatest used
field in which the virus units are adapted by protein
engineering. Viruses have many important applications in
medicine, biotechnology, and nanotechnology

rtional pro They could be used as innovative vaccines,
molecular imaging agents, and building blocks for electronic
nanodevices or nanomaterials construction.

*"Protein cysteine modifications" are also protein engineering
applications in which cysteine alteration in protein has been
completed which basis varieties in protein roles, cysteine thiol
chemistry has been used for the production of in vitro
glycoprotein

V.

In the past few, there is much advancement in the protein
structure prediction and design but along with this there are
many challenges that remain the same such as the balance
between non-polar and polar interaction, solvation, etc. and
this result in the lowering of the success rates of the model.
Hybrid approaches are also there in which the water molecule
has interacted with the protein but it is still a challenge due to
the computational cost and there is also a difficulty in the
interaction between antigen and antibody because in this the
interface energetics have to be compounded accurately.
Currently, there is a need for new approaches for the
prediction and designing of flexibility and motion. There is a
need for the advancement of machine learning and pattern
recognition.  If the protein designing and prediction will

CURRENT SCENARIO OF PROTEIN RATIONAL DESIGNING
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continuously grow then it is very beneficial for the field of
medicines and biology.

There are many pieces of research and experiments that are
going on currently. Like in July 2019 an article was published
by IISER Pune. In IISER they are working on the self -
assembly of protein in superstructures which has a variety of
applications like in gene delivery, vaccine design, and
diagnostic. 1ISER Pune developed a chemical method for
designing protein to form a micelle.

CONCLUSION

In this article, we studied the approaches, challenges, and
application of protein rational designing. In today's world
where the medicines are evolving as a narrow spectrum,
instant relief, targeted mode of action, and many other
benefits. In this era of modern efforts designing protein
rationally is very beneficial and gives positive results in the
field of medical research and development hence there are
many approaches and challenges of protein rational designing.
The main challenge of rational protein designing is the
complexity of the structure of the proteins and it made the
designing process very difficult. But the challenges are
decreased by computational rational designing. Rational
protein designing is important for research and development.
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