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Abstract. In the last several centuries, biology has accumulated a large number of data, which are
disorganized and hard to be used repeatedly. Bioinformatics, synthesized informatics, statistics and some other
subjects, makes them orderly and much more valuable. In drug discovery, Bioinformatics takes the place of
some conventional ways because of low cast and high throughput. This article introduces the current situation
and application of Bioinformatics in drug discovery and looks forward to the future, hoping to provide a
reference for the development of new drugs.

1 Introduction
The research and development process of new medicines
is mainly the screening of lead compounds, the discovery
of target proteins, the analysis of drug action mechanisms
and clinical trials and so on. The average R & D cycle of
new medicines is about 10 years, and the cost is about
USD 500 million to 1 billion. However, under such highcost input, the output return is not ideal, and it is in urgent
need of methods and tools for cost reduction.
Bioinformatics is a cross-discipline that combines biology,
mathematics, information technology, computer science,
and statistics, and it is an emerging discipline that was
born with the Human Genome Project. It aims to collect
and manage the current large and messy biological data,
and discover the residual value of existing data through
deep learning and data mining. Based on the above
characteristics, bioinformatics is expected to improve the
situation of high drug research and development costs and
long research and development cycles. This article
reviews the application of bioinformatics in the
development of new drugs, and looks ahead to the
prospects in the field of bioinformatics for new drugs.

2
Main
Research
Bioinformatics

Content

of

The morphological characteristics and genetic information
of biology are all contained in the sequence of genes and
proteins. To explore pathogens and solve diseases, it is
very efficient to use bioinformatics for sequence
comparison analysis and protein structure prediction of
target proteins.
2.1. Sequence comparison

Sequence comparison is a relatively basic content in
bioinformatics. It can infer the function of the target gene,
construct and speculate the structure and function of the
protein, reveal the relationship of homology in biological
evolution, and indicate the conserved regions and different
regions between the sequences [1]. Due to the too much
manual comparison workload and the uncertainty in the
sequence, it is difficult to measure the effect of the
comparison, so people often subjectively measure the size
of the difference between the sequences after comparison.
There are three main mathematical models (objective
functions) used to calculate the difference: comparison
sum function, consistency function and tree function [2],
in which, the comparison sum function is most frequently
used. The sum of pairs is usually called the SP value, and
many algorithms are dedicated to obtain a higher SP value.
Sequence comparison can be divided into dual sequence
comparison and multiple sequence comparison. To meet
the demand, multiple sequence comparison which is more
complicated but has a better effect is usually carried out.
[3] Multiple sequence comparison method includes
dynamic programming algorithm, iterative alignment
algorithm, genetic multiple sequence comparison
algorithm, genetic annealing-based comparison algorithm,
etc. [4].
2.2. Predication on protein structure
Protein structure prediction refers to guessing its possible
secondary structure and tertiary structure through amino
acid sequence, so as to understand some functions
determined by the predicted protein structure, which is of
great significance for the study of unknown proteins. The
prediction accuracy of protein secondary structure can
reach 80% [5], but the prediction accuracy of tertiary
structure is still difficult to reach a satisfactory level today,
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development of biological technology, more and more
targets have been discovered. The research and
development of the new medicine firstly needs to find the
most suitable and effective target among many targets and
design drugs for it. Target screening methods include
cDNA array technology, yeast two-hybrid system and so
on. After determining the target, the lead compound can
be designed and searched. Lead compound refers to a
compound selected by bioassay that can have a certain
physical and chemical effect on the target, and its structure
and function have certain plasticity [9]. The identification
of biological macromolecules and ligands and their
interactions are very important. It may have problems such
as weak activity, low selectivity, poor absorption, and
strong toxicity, and cannot be directly put into use, so it
needs to be decorated [10]. There are two ways to find lead
compounds, one is to find compounds with new structure
from natural compounds, and the other is to rationally
design compounds that have an effect on the target. The
former relies on medicinal chemists to extract new
chemicals from natural organisms and to detect and screen
them. This method shows that the lead compound has low
efficiency and poor directivity [11]. However, based on
the data accumulated over a long period of time, this
method still plays an important role. The latter uses more
knowledge of molecular biology and structural biology to
design drug molecules. After screening targets and lead
compounds, the molecular biology and other methods can
be used to design various compounds around the lead
compound, that is, optimize and modify the lead
compound, and finally screen out more effective
compounds to enter the preclinical research stage.

so it is often necessary to be verified and improved
through experimental means. There are three main
prediction methods for the tertiary structure: comparative
modeling, folding recognition, and ab initio prediction
method [classification modeling and recognition of six
protein folding types_Liu Yue (foreign language can be
applied)]. Although the ab initio prediction method has a
higher accuracy, it is more difficult. This article mainly
introduces comparative modeling method and folding
recognition method.
2.2.1. Comparative modeling method
If the measured sequence is more than 30% homologous
to the template sequence, a comparative modeling method
can be used. Therefore, searching the database to obtain
sequences with high homology is a crucial step in this
method [7]. After obtaining the spatial structure of the
sequence with higher homology, the template of the
measured sequence can be established based on this, and
the final tertiary structure to the measured sequence can be
reasonably adjusted by using amino acid deletion.
2.2.2. Folding recognition method
When it is impossible to find a homologous sequence with
a homology higher than 30%, it is often necessary to
model from another angle. Compared with the complexity
and irregularity of protein tertiary structure, the total
number of protein folding types is only more than 1,000
[8], so it is easier to predict the tertiary structure from the
perspective of protein folding. Compared to sequences,
the spatial structure is more conservative in evolution.
Therefore, it is allowed to proceed with the folding type
and model the measured protein through comparing and
learning the spatial structure.

3.2. Preclinical research
Medicines must be conducted with the pharmacology and
toxicology researches before clinical trials to ensure the
effectiveness and safety Safety and effectiveness are the
main factors that determine the success of new medicine
research and development [12]. Pharmacology is helpful
to study the action mechanism of medicines, including the
physiological mechanism, pathological mechanism and
pharmacological mechanism of drugs, so as to give
guiding opinions on clinical medication and improve the
effectiveness of clinical application of medicines[13].
Toxicology helps us understand the mechanism of toxic
and side effects of new medicines during the research and
development process of new drugs, so that we can make a
correct assessment of the safety of new drugs. In addition,
it helps find the strong toxic and side effects of certain
drugs at an early stage, so as to eliminate at as early as
possible and avoid causing great economic loss [14]. Early
detection also allows us to avoid damaging the health of
clinical subjects. However, with the development of
technology and the emergence of toxicology, we can now
evaluate the safety of drugs throughout the process to
further ensure the safety of drugs [15].

3 Introduction of mew medicine research
and development
The research and development of the medicine can be
divided into three stages: the discovery and screening of
the new medicine, preclinical research and clinical
research. The discovery and screening of the new
medicine is mainly drug target confirmation, lead
compound screening, structure-activity relationship
research, etc .; the preclinical research stage is mainly
pharmaceutical, pharmacology and toxicology research;
the clinical research stage is mainly the phase-I clinical
research, phase-II clinical research and phase-III clinical
research.
3.1. The discovery and screening of the new
medicine
In the past three decades, the focus of drug discovery has
shifted from the chemical structure of drugs to targetbased approaches. Target is not limited to protein products,
but also includes certain genetic locus. With the

3.3.Clinical research
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and proteomics research, biomolecules that can be used as
targets are far more than this number. With the further
development of bioinformatics, more biomolecules will be
discovered and used.

Clinical research is mainly divided into phase I clinical
trial, phase II clinical trial, phase III clinical trial and phase
IV clinical trial. The phase I clinical trial is to ensure
human safety and is based on extensive animal testing.
The enrollment of Phase I clinical research is 10 to 100
healthy volunteers (for cancer drugs, the enrollment is
usually cancer patients). The phase II clinical trial is to test
the safety and effectiveness of the drug for human body. It
recruits a certain number of volunteers who are sick. The
phase III clinical trial is to further confirm the
effectiveness and safety of the drug, and its experimental
subjects are often a large number of clinical patients. The
phase IV clinical trial is to ensure that the drug will be
effective and safe when it is widely used after it is
marketed.

4.2. Screening of lead compound
The traditional screening methods for lead compounds
have high requirements on experimental conditions and
funds. However, as the structure of more and more
biological macromolecules is determined and included in
an ordered database, the methods of using bioinformatics
technology to use these data to find lead compounds and
design and modify them have been increasingly used. [22]
In many methods, the role of molecular docking in the
screening of lead compounds is becoming increasingly
important. [23] Molecular docking: For the threedimensional structure or structure-activity relationship of
a specific target protein related to disease, it is firstly
required to find the compound that can produce an effect
from the relevant database through the computer, calculate
the binding force of the two and simulate the binding mode
of the two, and then obtain the candidate compounds by
means of pharmacokinetics, toxicity determination, and
activity evaluation. [24] After the outbreak of the new
coronavirus, Li Leping et al have used the molecular
docking method to discuss the intervention effect of the
main ingredients of Sanren Decoction (betulinic acid and
gingerolide peroxide) on COVID-19. [25] Liu Leping et
al have also studied the affinity of core compounds such
as luteolin and quercetin in the components of Maxing
Yigan Decoction to COVID-19 through molecular
docking. [26] In addition to the molecular docking method,
three-dimensional structure search and new drug design
are also the specific manifestations of using
bioinformatics for lead compound screening. The threedimensional structure search needs to be matched with the
pattern recognition technology of artificial intelligence, so
as to compare the structural information of many
molecules in the three-dimensional structure database
with the structural information of the target protein, thus
finally finding the suitable compounds as candidates. The
new drug design overcomes the limitations of the previous
two methods that require known compounds, and uses
LUDI [27 (Applied Literature 18) Application and
Prospect of Bioinformatics in Drug Development_Feng
Yi], GROW [28 (Applied Literature 19) Application and
Prospect of Bioinformatics in Drug Development_Feng Yi]
and other software to automatically design new drug
molecules matching it according to the structure and
chemical properties of the active site of the target protein.

4 Application status of bioinformatics in
new drug research and development
4.1. Discovery and screening of drug target
Drug targets refer to biological macromolecules such as
proteins and nucleic acids that can be acted on by drugs
and produce certain pharmacological effects to achieve the
effect of treating diseases [16]. The application of
bioinformatics technology can greatly shorten the
discovery cycle of targets and break through a major
bottleneck in the development of new drugs. The
development of various detection technologies has
resulted the accumulation of information related to drug
targets which require further processing, so several
databases such as OMIM [17] and COSMIC [18] have
been established at home and abroad. These databases
collect various information about the targets in the
literature and related databases, such as structural
information, ligand information and disease information
and so on, so that they are systematically presented
according to certain standards for human query and target
discovery in the process of new drug research and
development [19]. In addition to the establishment of
related databases of drug targets, there are many methods
for bioinformatics to solve the problem of target discovery,
such as genomic methods, gene chip methods, proteomics
methods, and metabolomics methods. Their research
objects include receptor proteins, enzyme proteins, and
small molecule transmembrane carriers. The methods of
homology search and sequence comparison can be used to
compare candidate targets with targets of known
characteristics, analyze the nucleotide and amino acid
sequences, understand the physical and chemical
properties of the target targets such as hydrophobicity and
isoelectric point, and preliminary judge the potential of the
candidate target as a target [20], so as to avoid spending a
large amount of money for verification experiments. At
the same time, a lot of research on targets can also promote
the new use of old drugs, that is, the redirection of drugs,
so as to find new targets for existing drugs. Currently,
there are only about seven hundred drug targets that have
been used for treatment [21]. But according to genomics

4.3.Discovery of drug action mechanism
(prediction of pharmacology and toxicology)
With the advent of the era of big data and the rapid
development
of
bioinformatics,
the
British
pharmacologist Hopkins proposed the concept of
“network pharmacology” in 2007 [29]. Network
pharmacology has a holistic and systematic characteristic,
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which is helpful to comprehensively and systematically
analyze the mechanism of action of drugs. Internet
pharmacology emphasizes that diseases are caused by
long-term and complex imbalances in individual
organisms[30], not just single gene and single target
problems. It shifts its focus from single target to multiple
targets, which is consistent with the research of traditional
Chinese medicine.[31] To conduct network pharmacology
research, we first need to filter out the target information
of drug components from the database, build a multidimensional network of drugs, targets and diseases, and
perform pharmacological analysis on each node in this
network, in order to study the signal transduction pathway
of compound action. For example, Zhang Chi et al. used
network pharmacology to study the mechanism of
Lianhua Qingwen in the treatment of new coronavirus
pneumonia [32].
4.4. Clinical trial stage
In the three clinical stages of new drug approval, it is
necessary to recruit a certain number of patients. Qualified
subjects play a vital role in the success of clinical trials
[33]. Traditional clinical recruitment needs to check the
adaptability of volunteers one by one, which is a relatively
long process. With the help of bioinformatics, the health
information provided by the volunteers can be analyzed,
and the volunteers who are not suitable for the experiment
can be quickly excluded, which greatly improves the
matching efficiency and the success rate of the experiment,
and saves the cost of doing more experiments. At the same
time, analyzing the existing huge clinical data can also
optimize the clinical trial process, further saving time and
money costs.

5 Prospect
The development of bioinformatics in the 21st century is
very rapid. Although there are still many imperfections, it
has been able to help people use the huge data
accumulated in the development of new drugs and save a
lot of manpower and material resources for drug research
and development units. Thus, to a certain extent, the
problems of current high drug research and development
cost, low research and development success rate, and low
market return rate are alleviated. We can see from the past
development that the direction of bioinformatics
development is more precise, more reliable and more
multidimensional. Over time, bioinformatics will
penetrate into all aspects of new drug development and
become an indispensable and important force in drug
development.
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