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Abstract— Protein Sequence Analysis is a very important part of Bioinformatics which deals with the study of
amino acids which is the building block of proteins. In Protein sequence analysis we subject a protein or the
peptide sequence to various kinds of analytical methods which compares and contrasts their features in order
to establish various relationships among important factors. In order to implement we are using the Needleman
Wunsch algorithm for performing the pairwise alignment of the two protein sequence. As a result, this
algorithm when paired with local alignment generates a score which is also known as the alignment score of
the two protein sequences. Upon further study multiple inferences can be obtained and used for various
medical and research purposes.
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. INTRODUCTION protein molecule.[1] Each protein has its own

A protein sequence is a unique series of amino acids specific sequence of amino acids, which is
that are linked together by peptide bonds to form a determined by the genetic code stored in the DNA of
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an organism.[2] The sequence of amino acids in a
protein molecule determines its three-dimensional
structure and its function. The study of protein
sequences is important for understanding the
structure and function of proteins, and for designing
drugs and therapies that target specific proteins.[3]
Protein sequence analysis is a critical field in
bioinformatics that involves the study of the amino
acid sequences that make up proteins.[4] Proteins
are complex molecules that play essential roles in
various biological processes, such as catalysis,
others.[5]

Understanding the structure and function of proteins

signaling, and transport, among
is crucial to elucidating their role in various biological
developing

therapies.[6] Protein sequence analysis involves the

processes and new drugs and
use of computational tools to predict and analyze
protein structures, functions, and interactions. The
analysis includes various methods such as sequence
alignment, motif identification, and prediction of
secondary and tertiary structures.[7] additionally,
protein sequence analysis can also be used to
identify potential

drug targets, study protein

evolution, and investigate protein-protein
interactions [8].

The lengths of the protein sequences vary and so a
method needs to advised which can predict and
compare the protein structures in a rapid and
efficient manner, moreover traditional methods
have become outdated as they are not able to deal
with the tremendous temporal complexity. So local
alignment of the two protein sequences can play an
instrumental role in comparing the structures of the
although this

knowledge of the proteins and its constituents failing

proteins requires an extensive

which proper conclusions cannot be drawn.
Adoption of this methodology can prove to be a
boon in the field of Bio-informatics as it can help in
various fields such as drug identification, disease

prediction and protein redesigning.

1. LITERATURE SURVEY

The main aim of protein sequence analysis is to
explore the pattern of body constituents such as
DNA, protein sequences and RNA. This process
involves the sequence alignment of the given
proteins thus extracting the patterns in sequences
which will later aid in classification. This process of
sequence analysis can be performed in various ways
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such as sequence comparison, mutation detection
etc. It also helps in performing evolutionary analysis
and prediction of gene/protein structures. [9]

The current analysis and some theses have proved
that every protein sequence-structure pair shows
distinctive properties and they can be classified
based on that. moreover, a protein sequence can be
used to find or predict the structure of a protein or
vice versa. This will help in showing how a particular
change in the structure of the protein will cause
change in its sequence. [10]

Using only the protein sequence in order to find out
the structure is a tough and hectic task let alone the
prediction of a three-dimensional structure. While
significant progress has been made in recent years,
the accuracy of current methods is still limited,
particularly for large and complex proteins.[11]

The algorithms and methods that are currently being
used consume a large space and time complexity
which is not much efficient. In addition to this
validating and benchmarking the accuracy of new
methods and tools for protein sequence analysis
remains a challenge. While there are established
methods for benchmarking protein structure
prediction methods, developing similar standards for
other types of analysis, such as motif discovery or
functional annotation, is still an active area of
research.[12]

The protein structure and its sequence show a
striking resemblance i.e., through a protein
structure, the sequence can be obtained and in
addition to this sequence can be used to predict the
structure of the Protein.[13]

Predicting the structure of a protein can be made
much more efficient if a large dataset is present for
the prediction of protein structures from their
sequences, presently less sequences are compared
and so the result derived also does not show all the
possibilities, and so to cover every possibility it is
important to cover a large dataset.[14].Protein
redesigning has gained much importance as by
applying it present proteins can be made more
efficient and their properties can also be improved
which will help in tackling diseases with ease as
compared to the normal protein [15].Earlier the
world of protein and its constituents was treated as
model which was thought to be hard to deal and
navigate with as the domain of protein , its related

peptides and amino acids is pretty vast and it is also
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not easy to classify them due to the large extent of

similarities possessed by them.
A

I11. PROPOSED WORK

In our project we want to implement protein
sequence analysis by performing local alignment on
the two protein sequence.

Local Alignment - Local alignment is a method for
that
identifying the regions of highest similarity or

aligning protein sequences focuses on
homology, rather than the entire sequence. This
approach is useful for identifying conserved regions

or domains within proteins that may have different

Fill the

matrix

Input |-
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functions or evolutionary histories than other
regions of the protein.

Block diagram
Fig 1

processes involved in our system, starting from

is the diagrammatic representation of
giving the input to obtaining the result as the output.
This system involves 6 major steps which are served

on the backbone of Needleman Wunsch algorithm.

Scoring

Optical
Result | P

Alignment

~—|Traceback

Fig 1: Block Diagram

Algorithm

The NM Wunsch algorithm or the Needleman
Wunsch algorithm is a dynamic programming
algorithm which is basically implemented in order to
align two protein sequences.

The steps involved in the Needleman-Wunsch
algorithm are:

Step 1. Initialization: The process starts by
initializing or rather creating a two-dimensional score
matrix (score matrix) whose dimensions are (m+1) x
(n+1), where m and n are the lengths of the two
sequences to be aligned. The matrix is filled with
scores and initial values, which depend on the gap
penalty and substitution matrix used.

Step 2. Fill the matrix: The matrix is then filled in
row-by-row, column-by-column order. At each cell
(i,j), the algorithm calculates three scores: the score

obtained from alignment of the ith character of the

sequence A with the jth character of the sequence B
(diagonal), the score obtained from inserting a gap in
the first sequence (left), and the score obtained from
inserting a gap in the second sequence (up). The
score at cell (i, j) is the maximum of these three
scores.

Step 3. Traceback: Once the matrix is completely
filled, the algorithm traces back from the bottom-
right corner of the matrix to the top-left corner,
following the path of highest scores. This path
corresponds to the optimal alignment of the two
sequences.

Step 4. Output: The algorithm outputs the
aligned sequences, along with the alignment score.

It is worth noting that in some implementations
of the Needleman-Wunsch algorithm, step 1 and step
2 are combined into a single step, where the matrix is

initialized and filled at the same time. Identify
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applicable funding agency here. If none, delete this text
box.

C. Methodology

In order to achieve our objective, we are comparing
two protein sequences in order to know the
similarities and differences between them. We are

using the local alignment method in order to reduce

the time and space complexity of the problem, Such ~as machine learning algorithms and
comparing a single protein sequence with the whole ~ Pioinformatics tools.[11]
sequences in the protein database resulted in
excessive time consumption which is not an ideal
scenario. The algorithm that we are using in order to
achieve our objective is the needle man Wunsch
algorithm. Efforts have been made earlier to perform
protein sequence alignment with the help of this
algorithm but that was performed with global
alignment but we have used local alignhment and
pairwise alighment method
Sequence
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IV. COGNITIVE ANALYSIS

The cognitive analysis of protein sequence-structure
relationships involves examining how the primary
sequence of a protein relates to its three-dimensional
structure i.e., the way in which the protein folds and
interacts with itself and other molecules. This analysis
can be done using various computational methods,

o0 02 04 a6
Structural similarity

Fig 2: Structure Sequence Relationship
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V. RESULT ANALYSIS

The results obtained from the protein sequence
analysis are of vital importance as it can help in the
prediction of three-dimensional structure of the
proteins and related peptides.

The comparison of the two structures of protein can
help in determining the extent of damage that a
foreign body or virus can cause on the protein or the
human body at large. The alignment score is used to
resemble the quality or
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goodness of the alignment of the protein sequences.
The algorithm used is developed by keeping in mind
that regardless of the length or the complexity of the
protein sequence, best alignment is obtained. The
efficiency of the algorithm increases when we use
protein sequences who are of similar length i.e.,
which have not undergone massive mutations over
their lifetime. This also shows the importance for
urgency required in the field of Protein sequencing
and analysis as if considerable amount of time has
passed between two mutations than it would be
difficult to establish the relations between them.

Fig 3: Result(A)

The substitution matrix for the alphabet ACGT is:
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11

1 bk

Score of the alignment =
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VI. FUTURE SCOPE

Despite of tremendous leaps made recently in the
field of bioinformatics and protein sequencing and
analysis we are still far off from what could be done
in this field and this was quite evident during the
covid-19 phase as majority of the time was invested
in finding the how the virus is interacting with the
body and how it mutates the constituents of the
body. It can help in early treatment and prevention
of diseases and in addition to this it can help in
producing more efficient medicines and drugs in
order to treat diseases. The analysis of a protein
sequence or a peptide will help in learning biological
properties which will serve as a building block for

2/11 (18.2%), Mismatches =

12 =)

predictive models for solving future biological

problems. As machine learning and artificial
intelligence algorithms continue to improve, they
may be able to analyze large-scale protein sequence
data more efficiently and accurately. This could lead
to new insights into protein structure and function,
as well as the development of new drugs and
therapeutics. Post-translational modifications (PTMs)
are essential for regulating protein function and
activity, but they can be difficult to identify and
analyze. As technology improves, there may be new
ways to identify and analyze PTMs, providing insights
into their role in protein function and disease. The

future of protein sequence analysis looks bright, with
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many exciting developments on the horizon. As new
techniques and technologies are developed, we can
expect to gain a deeper understanding of the
structure and function of proteins, as well as new
insights into the complex interactions that occur
within and between cells.

VIl. CONCLUSION

In conclusion, this study provides valuable insights
into the changing structure of proteins which can
later be used to check for rise in any disease or
prevent a critical situation such as the COVID-19
pandemic. Through a comprehensive review of the
literature and the analysis of various data we found
that the study of protein structure can be very
beneficial in preventing diseases, predicting their
extent, minimizing its effect and drug identification
for a particular disease. These findings can have
important implications for the bioinformatics and
Healthcare sector.

Overall, this research highlights the urgent need for
more research on the intersection of protein
sequences and the diseases affecting human body.
By continuing to investigate these issues we can
better understand the complex relationship between
these important factors and work towards solutions
that promote a world with a cure for every disease.
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