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ABSTRACT: Viruses remain a major challenge in the fierce fight against
diseases. There have been many pandemics caused by various viruses
throughout the world over the years. Recently, the global outbreak of
COVID-19 has had a catastrophic impact on human health and the world
economy. Antiviral drug treatment has become another essential means to
overcome pandemics in addition to vaccine development. How to quickly
find effective drugs that can control the development of a pandemic is a
hot issue that still needs to be resolved in medical research today. To
accelerate the development of drugs, it is necessary to target the key target
proteins in the development of the pandemic, screen active molecules, and
develop reliable methods for the identification and characterization of
target proteins based on the active ingredients of drugs. This article
discusses key target proteins and their biological mechanisms in the
progression of COVID-19 and other major epidemics. We propose a
model based on these foundations, which includes identifying potential core targets, screening potential active molecules of core
targets, and verifying active molecules. This article summarizes the related innovative technologies and methods. We hope to provide
a reference for the screening of drugs related to pandemics and the development of new drugs.
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1. INTRODUCTION

The recent outbreak of novel coronavirus pneumonia
(COVID-19) is undoubtedly an urgent global public health
problem. The mortality and morbidity of COVID-19 are still
rising. The World Health Organization assessed the new
coronavirus pneumonia as a global pandemic on March 11,
2020.1,2 A pandemic is a disease that spreads around the world
with a large number of infections. For example, influenza A
H1N1 in 2009, severe acute respiratory syndrome (SARS) in
2003, and AIDS (HIV/AIDS) first discovered in 1981.3 These
diseases had a serious impact on economic development and
human health.
Vaccination is a safe and effective means of prevention and

treatment in the face of a pandemic. However, there are also
difficulties in developing vaccines, such as long development
time, virus mutation, related technical support, and the need
for large-scale production.4,5 Because of these problems, it has
brought considerable challenges to the research and develop-
ment of vaccines. As biological macromolecules, proteins play a
vital role in the development of the pandemic. On the one
hand, the specific binding of active ingredients can prevent and
alleviate disease. On the other hand, it is an essential receptor
for viruses, participating in virus replication and causing

disease.6 Proteins play a vital role in finding potential
therapeutic targets, developing vaccines and drugs, and
preventing and treating pandemic diseases. Therefore,
exploring the role of protein molecules in pandemic diseases
is of great value for the prevention and treatment of
pandemics.
In summary, this article reviews the pathogenesis of

pandemic influenza and the process of proteins in the body
participating in the disease. This article has a deep under-
standing of the disease from the molecular level. It proposes a
model of “the discovery of potential protein targets, the
screening of active pharmaceutical molecules, and the
confirmation of “active ingredient-core target”: first, using
relevant technology to capture key potential targets for specific
diseases; second, using affinity mass spectrometry and other
technology to quickly and efficiently identify the active
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molecules of the core target;7 and finally, in vitro and in vivo
experiments were used to verify the “active molecule−target
protein” interaction. We hope that the research process of the
techniques and strategies introduced in this review can provide
a reference for the treatment of pandemic diseases (Figure 1).

2. POTENTIAL PROTEIN TARGETS IN A PANDEMIC
As everyone knows, the novel coronavirus pneumonia COVID-
19 has caused huge casualties and serious economic losses,
which has posed a threat to the world. Therefore, it is urgently
necessary to understand the pathogenesis of the pandemic,
including COVID-19, and develop effective medicines to treat
the disease. This part will summarize the pathogenesis of
previous pandemics, such as COVID-19, AIDS, H1N1, SARS,
plague, etc., and the role of proteins in the process of disease.
We hope to have some inspiration on the research of
therapeutic medicines.
2.1. Potential Protein Targets in COVID-19

The novel coronavirus pneumonia (COVID-19), which
attacked in the world in 2019, is now reported to be caused

by a new type of coronavirus (SARS-CoV-2),8 which is a
highly infectious and highly pathogenic acute respiratory
disease. Since its occurrence, the disease has seriously
endangered human health and has been listed as a global
pandemic by the World Health Organization. The pathogen,
the new coronavirus SARS-CoV-2, the severe acute respiratory
syndrome virus SARS-CoV, and the Middle East respiratory
syndrome MERS-CoV virus, belongs to the β-coronavirus
family. Because of the difference in the spike protein (s),
SARS-CoV-2 has a higher transmission efficiency, and through
the spike protein (s) attached to the receptor ACE2 into
human cells, causing serious damage to the heart and lungs and
other organs.9,10 For the exploration of the pathogenesis of
COVID-19, a mouse model is the most suitable. Zhao’s team11

developed the model by replicating the defective adenovirus
(AD5-HACE2) and delivering human ACE2 to the mouse,
which developed pneumonia. In the study, researchers treated
mice with recovered patient plasma and remxavir the day
before infection and found that the virus was cleared faster and
the disease infection was reduced. The establishment of a
mouse model has great significance to study the pathogenesis
of and vaccine against COVID-19. ACE2, an angiotensin-
converting enzyme 2, is widely expressed in the heart, intestine,
lung, and other tissues. It is an important regulatory protein in
the renin-angiotensin system (RAS) to maintain physiological
function, which lyses AngII as Ang (1−7), and Ang (1−7) can
specifically bind to the Mas protein and play an anti-
inflammatory role.12 Sun et al.13 speculated that the
combination of SARS-CoV-2 and ACE2 depleted ACE2 and
inhibited the pathway ACE2/Ang (1−7)/Mas, which led to
the imbalance of the RAS system, increasing inflammatory
factors, which aggravated the deterioration of pneumonia.
Zhao et al.14 found that ACE2 was highly expressed in lung
cells using high-throughput single-cell sequencing analysis
technology, and its wide expression in AT2 may explain the
serious alveolar injury after infection. ACE2 is a key receptor
for viral transmission and an important target for drug
development. In view of this, the development of ACE2
receptor inhibitors and the blocking of virus invasion vectors
will be a potential therapeutic direction. Related studies15,16

Figure 1. Construction of a molecule confirmation strategy based on
the potential direct action target of medicine.

Figure 2. Pathogenesis and complement activation of novel coronavirus pneumonia.
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found that the use of angiotensin-converting enzyme inhibitors
(ACEIs) and TMPRSS inhibitors of s protein bound with the
ACE2 receptor can reduce the probability of lung injury. In
addition, ACE2 was found to be highly expressed in patients’
cardiomyocytes. Lu et al.17 used TargetScan for bioinformatics
search to predict the mirnas that regulate ACE2, and combined
with RT-PCR and Western blot for verification. The final
results showed that Mir-200C could regulate the expression of
ACE2 in myocardial cells, and the researchers reported the first
miRNA candidate that could target ACE2 in myocardial cells.
These results are of reference value for an in-depth study of the
pathogenesis of COVID-2019 and the development of
therapeutic medicines. In addition, complement C3 is a kind
of β2-globulin synthesized from the liver, which is the key
substance of the immune pathway. It was found that18 when
SARS-CoV-2 combined with ACE2, the level of angiotensin II
increased, further activating complement, which was related to
acute respiratory failure (ARDS) and systemic coagulopathy.
Mastaglio et al.19 interfered with AMY-101, a complement C3
inhibitor, which can reduce the secretion of inflammatory
factors during ARDS, indicating that complement C3 is an
important protein in the process of COVID-19 disease. Also,
NSP15 endoribonuclease plays an equally important role in
virus invasion as ACE2. According to studies, NSP15 can
replicate the genetic material of the virus. Chikhale et al. made
use of molecular docking and kinetic studies to screen and
identify them and found that the effective components of
Asparoside-C, Asparoside-F, and Asparoside-D had good
binding ability to the binding domain of this protein. The
screening of antiviral drugs has a certain reference signifi-
cance.20,21 The pathogenesis and complement activation
pathways of novel coronavirus pneumonia are shown in Figure
2.
Cytokine storm is another important factor affecting

COVID-19 disease, which is characterized by the excessive
release of inflammatory factors and chemokines by cells such as
dendritic cells, and an imbalance of immune response, thus
aggravating pneumonia. Huang et al.22 found that the levels of
IL2, IL7, MIP1A, TNF, and other inflammatory factors in ICU
patients in Wuhan were higher than those in non-ICU patients,
and the elderly and patients with complications were more
likely to be infected. The immune response mediated by
cytokine storm is correlated with the development of the
disease, so inhibiting the release of inflammatory cytokines and
enhancing the immune response are effective treatments.
NKG2A receptor is one of the NK cell inhibitory receptors.
Zheng et al.23 studied the overexpression of NKG2A in
patients with SARS-CoV-2 infection, which reduced the
number and function of NK and CD8 + T cells, and destroyed
the immune response. Furthermore, Van et al.24 used
monalizumab, an NKG2A inhibitor, and the results showed
that it prevented tumor growth in mice and brought the
disease under control. On the basis of the above experiments, it
is of great significance to study the inhibitors of the NKG2A
receptor to restore the immune function of NK and CD8+ T
cells. Heat shock protein 60(HSP60), a heat stress protein,
could promote the secretion of inflammatory cells, and is
related to cardiovascular diseases such as hypertension and
inflammatory response. In COVID-19, patients with hyper-
tension have increased levels of heat shock protein 60-
(HSP60), which causes acute heart damage and heart failure
and finally could aggravate their condition. Therefore, the
pharmacological inhibition of heat shock protein 60(HSP60)

could reduce inflammation.25 It is worth noting. Studies have
found that sterol regulatory element binding protein-2
(SREBP-2) plays an important regulatory role in lipid
metabolism. In COVID-19 patients, the SREBP-2 protein
level is increased under the influence of the cytokine storm,
while the total cholesterol level is low. Lee’s team studied the
expression of SREBP-induced cholesterol organism sestrin-1
and PCSK9, which inhibited the inflammatory response
induced by SREBP-2, and added SREBP-2 and NF- B
inhibitors to inhibit the cytokine storm in an infectious
mouse model. These results suggest that SREBP-2 may be a
key therapeutic target for preventing the cytokine storm and
lung injury.26 Besides, the peroxisome proliferator-activated
receptor (PPAR)-γ plays a key regulatory role in anti-
inflammatory responses, and recent studies have shown that
it is a potential target for regulating cytokine storm.27

2.2. Potential Protein Targets in AIDS

AIDS, acquired immune deficiency syndrome, is caused by the
human immunodeficiency virus (HIV), which could be
transmitted through sex, blood, and mother-to-child routes,
leading to the development of infections and tumors.
According to statistics,28 in 2016, the number of people
infected with HIV in the world has reached 36.7 million, and
the number of people dying from AIDS has reached 1 million.
It could be seen that HIV is an infectious disease that seriously
affects human health and the social economy. As we all know,
pathogen HIV is a lentivirus, which is divided into subtypes
HIV-1 and HIV-2. Although the two have similarities in gene
arrangement and transmission mode, relatively speaking, HIV-
1 is highly infectious and pathogenic.29 Diseases caused by
HIV-1 are mainly due to the combination of gp120 protein on
the surface and the CD4 molecule on the surface of the host
cell, which is expressed as a mature virus molecule in the cells
and then leads to infection. This process is mainly related to an
autoimmune response and ERK signaling pathway.30,31 More-
over, Nef is a protein in range of 27−34 kDa, one of the early
HIV-1 expressions of protein. The study found that Nef could
adjust the host cell protein (such as virus receptor CD4
immune receptors, host a restrictive factor, etc.) in the
functional status and the status of the virus replication by many
ways. It is vital for the pathogenesis of the virus, which would
be an important target of antiretroviral drug discovery.32 Betzi
et al.33 found that compounds dlc27 and Nef: SH3 could be
antagonistic to each other. First, 335 compounds were pre
selected from 1420 compounds by using high throughput
docking and gfscore evaluation scores. These compounds were
further clustered by rtlbr based pharmacodynamic filter, and 33
candidates were retained. Ten of them were selected for
experimental evaluation through chemical and geometric
properties. Finally, NMR HSQC experiments confirmed that
dlc27 interacted with Nef at the expected rtlbr. This study is
conducive to finding antagonistic substances against Nef,
which can resist virus replication. Therefore, by blocking the
entry of the pathogen HIV into the cell or any link of its
redevelopment, the way of pathogen infection is interrupted,
which will bring the AIDS condition under control. Therefore,
the confirmation of key proteins becomes the core of the
research. CCR5 (c-c chemokine receptor type 5) is a
membrane protein on the cell surface, which is an important
auxiliary receptor for HIV-1 to invade the human body. More
and more studies have been done on antagonists targeting
CCR5. According to the research, the drug maraviroc (MVC),
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which is the only FDA approved inhibitor drug, has a better
clinical effect than other CCR5 antagonists, such as tak779,
SCH-351125 (SCH-C), and cenicriviroc (CVC or TBR-
652).34−37 CXCR4, a member of the G protein-coupled
transmembrane fragment receptor (GPCR) family, is also a
coreceptor for the invasion of the HIV-1 virus with CCR5,
playing an important role in the pathogenesis and providing a
new method for the treatment of AIDS.38 In the study of
CXCR4 antagonist, in addition to the recognized Plerixafor
(AMD-3100), which has a good inhibitory effect on HIV-1,
dual antagonism has become a new method. For example,
Gama et al.39 isolated cinnamic acid, hexanoic acid, and laurate
from Euphorbia tirucalli and proved that they could antagonize
CCR5 and CXCR4 and have a certain antiviral effect.
Galactose lectin-9 (galectin-9), a member of the lectin
superfamily, plays an important role in physiological and
pathological processes. Recently, it has been found that
galectin-9 has a high concentration in HIV-infected patients
and antiretroviral therapy patients, and activates ERK and
CREB signaling pathways downstream of TCR in an lck-
dependent way, releasing inflammatory factors to participate in
the HIV-1 transcription process.40,41 Currently, there is no
good drug for the treatment of diseases in this field. In the
future, an inhibitor or inhibition of galectin-9 pathway can be
developed to prevent the infection of the HIV-1 virus.

2.3. Potential Protein Targets in H1NI

The outbreak of influenza A (H1N1) in Mexico in 2009, which
infected 290 000 people, was the first influenza pandemic of
the 21st century. In the past, the influenza virus occurred from
1918 to 1920 (Spain), 1957 to 1959 (H2N2, Asia), and 1968
to 1970 (H3N2, Hong Kong). It was a highly infectious acute
respiratory infection, which seriously affected global public
health.42 Fever, vomiting, and muscle soreness were common
symptoms after infection. And pneumonia and organ failure
were usually associated with worse infected patients. The
H1N1 virus binds to glycoproteins or glycolipids on the
surface of host cells via hemagglutinin (HA), then carries out
viral replication and infection of the organism. Related studies
have shown that in the pathogenesis of H1N1, a large number
of inflammatory factors are released and the immune function
declines, which involves the MAPK pathway, toll-like receptor
signaling pathway, apoptosis, and other pathways.43−45 For the
treatment of influenza viruses, neuraminidase inhibitors
(NAIs) are currently effective antiviral drugs, which prevent
virus replication by reducing the surface protease activity of the
virus, such as oseltamivir. At the same time, the virus
replication cannot leave the host factors, according to König
et al.46 using genome-wide RNAi screen for integrated system
methods, 10 proteins related to the process of virus replication
such as FGFR, GSK3B, CAMK2B, and PRSS35. Calcium/
calmodulin-dependent protein kinase type 2 (CAMK2B) is a
serine/threonine kinase, and the inhibitor KN-93 has a certain
inhibition of influenza virus.47 It provides a new strategy to
understand the mechanics of H1N1 disease and find new
therapeutic targets.
NLRP3 inflammasome, a protein complex with a molecular

weight of about 700 kDa, plays an important role in the
immune system and is closely related to metabolic disorders,
multiple sclerosis, inflammatory bowel disease, and other
disease processes.48−50 Jia et al. found that during the H1N1
infection, inflammatory factors such as IL-1β and IL-18 were
secreted due to the activation of NLRP3 inflammasome,

exacerbating lung injury. Meanwhile, the mTOR-NF-κB-
NLRP3 pathway was inhibited by the combination of drugs
to reduce the level of inflammatory factors and slow down the
infection.51 The formyl peptide receptor 2 (FPR2), a member
of the GPCR protein family, is associated with the host defense
and inflammatory response.52 Virus modifiable host factors are
used to suppress host defense systems and enhance their
transmission. Ampomah demonstrated that infection with the
H1N1 PR8 influenza virus leads to increased expression of
FPR2. This study found that FPR2 is regulated by the IFN-
STAT3 pathway, inhibiting STAT3 phosphorylation in mouse
bone marrow macrophages, inhibiting FPR2 induction, and
resulting in a reduction in viral load. Finally, deletion of FPR2
in mouse BMDM resulted in a reduced viral load, indicating
that FPR2 was beneficial to virus replication.53 Also, Rahman54

revealed that the monoclonal antibody FN-1D6-AI and
antagonist WRW4 can significantly inhibit the viral replication
(IAV A/PR/8/34(H1N1) process on A549 epithelial cells,
indicating that FPR2 is an important target protein for the
treatment of influenza virus infection.

2.4. Potential Protein Targets in SARS

Severe acute respiratory syndrome (SARS), which occurred in
2002−2004, is a viral respiratory disease caused by coronavirus
SARS-CoV. This disease caused more than 8000 infections,
more than 800 deaths, and severe economic losses. Similar to
the pathogenesis of novel coronavirus in 2019, the virus binds
to the receptor ACE2 and causes disease, resulting in damage
to lungs and other organs and a decline in immune function.55

Pathogen SARS-CoV and SARS-CoV2 are both β-coronavirus,
and the difference of structural protein S is not as fast as that of
SARS-CoV-2, but the pathogenicity is stronger.56 According to
recent studies, innate immunity and cytokine responses are
involved in the occurrence and progression of SARS,57,58 so
the study of key proteins in the pathogenesis is conducive to
finding new breakthroughs in the treatment of diseases. The
expression of ACE2, angiotensin converting enzyme 2, is
down-regulated during SARS-CoV virus infection, which is the
key link of virus replication. Vincent et al. interfered with
VeroE6 cells before and after infection with chloroquine, which
has been proven to have antiviral drug activity, and found that
chloroquine could destroy the terminal glycosylation state of
ACE2 and had a good effect on the prevention and treatment
of the disease.59,60 TNF-α-converting enzyme (TACE) and
ADAM17 are members of the ADAM protein family. They
promote the binding of the virus to the ACE2 receptor during
the process of viral infection and are particularly important in
the process of disease infection. Haga et al. found that the
expression of ACE2 in the extract of pseudovirus infected
VeroE6 cells decreased, while the expression of 80 kDa protein
in the supernatant increased, but the antibody to the
cytoplasmic domain of ACE2 did not detect the peptide of
80 kDa, and then C peptidase activity was detected in the
supernatant of cultured cells treated with SARS-S. TACE is a
key cytokine in SARS-S-induced ACE2 abscission. In order to
verify this conclusion, it was found that TAPI-0 effectively
reduced the C-peptidase activity in the culture supernatant by
using TACE inhibitors. Further Western blotting analysis
showed that the inhibitor could inhibit SARS-S-induced ACE2
shedding.61 ADAM17 protein has been proven to be a
candidate medium for stimulating ACE2 shedding in another
study. In this experiment, Western blotting analysis and
fluorescent peptide Mca-APK (Dnp) determination were done

Journal of Proteome Research pubs.acs.org/jpr Reviews

https://dx.doi.org/10.1021/acs.jproteome.0c00372
J. Proteome Res. 2020, 19, 4242−4258

4245

pubs.acs.org/jpr?ref=pdf
https://dx.doi.org/10.1021/acs.jproteome.0c00372?ref=pdf


in the extract collected from HEK-ACE2 cells, and it was
confirmed that ACE2 was exfoliated by extracellular domain,
and then this view was confirmed by protein analysis of siRNA
transfected cells.62 At the same time, as shown by Western
blotting, the natural inhibitor NTIMP-3 inhibited ACE2
shedding in a dose-dependent manner. In summary, the
hydrolytic shedding of cell surface proteins is an important
mechanism for regulating their expression and function.
Therefore, the study of TACE and ADAM17 inhibitors may
be helpful to inhibit ACE2 shedding and resist virus binding to
receptors, which is an important protein.
In addition, Pfefferle et al.63 screened host proteins with high

Nsp1 binding index to the nonstructural protein Nsp1 of
SARS-CoV by whole genome analysis (HTY2H), including
PPIA, PPIG, PPIH, FKBP1A, FKBP1B, and FK506, and
intervened with inhibitor CspA in the experiment. The results
showed that these proteins could inhibit the occurrence of
important CnA/NFAT immune regulatory pathways to resist
virus invasion, indicating that these proteins provide a new
target for antiviral infection. However, the mechanism of
action needs to be clarified through further research.

2.5. Potential Protein Targets in Plague

Plague is a natural focus disease caused by Yersinia pestis. The
main modes of transmission are (1) rats and fleas, (2) skin
contact, (3) respiratory tract transmission, high fever, cough,
dyspnea, and toxemia after infection. The pandemic of the
virus appeared in the 6th, 14th and 19th centuries. It is highly
contagious and has a high case fatality rate. It ranks first among
39 legal infectious diseases and is destructive to human
health.64 In the course of disease, T cell signal transduction is
an important pathway of plague. For example, Olson et al.65

found that pathogens activate the MyD88 pathway to release
cytokines such as IL-10 and IFN- β, which promotes lung
growth during pneumonic plague.
Dhariwal et al.66 found that the activation of MyD88 by

TLR7 leads to the increase of the interferon level and
aggravates the infection of Yersinia pestis pathogen. However,
the host cell receptor plays a certain role. On the one hand, it
can promote virus replication, and at the same time, the use of
receptor antagonists can prevent transmission. Formyl peptide
receptor (FPR1), a member of G protein coupled receptor
(GPCR), has been found in which the pathogen Yersinia pestis
binds to FPR1 in immune cells through the T3SS secretion
system, which promotes viral factor replication and infection in
new hosts. At the same time, the use of FPR1 inhibitors such
as mAb can enhance the immune response and alleviate
infection, indicating that FPR1 plays an important role in viral
pathogenesis.67 Recently, Yang et al.68 found that Yersinia pestis
invaded CHO-SIGNR1, but did not infect other CHO
transducers, indicating that SIGNR1 (CD209b) is the core
lipopolysaccharide receptor of Yersinia pestis. In order to verify
the specificity of the interaction between Yersinia pestis and
SIGNR1, the team further proved that SIGNR1 antibody,
mannan, His-Mermaid, and CD66 can inhibit core LPS-
SIGNR1 interaction. It is suggested that type c lectin receptor
SIGNR1 (CD209b) plays a malignant role in virus trans-
mission and is a new receptor for Yersinia pestis binding to host
cells. Previously, the team found that CD207, a type II
transmembrane C lectin with mannose binding specificity, is
also a receptor protein that binds pathogens to host cells.69

This study of receptor proteins will help to find new
therapeutic targets.

Through the review of disease mechanism and related
proteins, it is not difficult to find that immunity plays an
important role in the process of disease. The immune system
of the body is destroyed, the resistance is reduced, and the
release of inflammatory factors will make the disease develop
further, which provides an opportunity for the invasion of
viruses and bacteria. Therefore, improving immunity is
particularly important for disease prevention. At the same
time, in the process of disease, related proteins are important
carriers of the virus, which are closely related to the spread and
deterioration of the disease. Therefore, finding potential
proteins and understanding the mechanism of the disease
will help to find ways to treat the disease.

3. THE DISCOVERY OF POTENTIAL PROTEIN
TARGETS

Biomacromolecular proteins are an important part of
organisms and play an important role in life activities. On
the one hand, they could be used as vitamins or carriers of drug
molecules to maintain normal physiological functions of the
body. On the other hand, they could be used as viral vectors in
a pandemic to disrupt the physiological balance and cause
disease. Protein has gradually become a target that has
pharmacodynamic functions in the body and can be acted on
by drugs. It can effectively improve disease symptoms by
regulating the physiological activity of the target, and the
determination of the target is the core of elucidating the
mechanism of action of Chinese medicine and the key to
constructing the correlation between chemical composition
and pharmacodynamic action, which is the basis for the
development of modern new drugs. In addition, emerging drug
target finding technology can determine the relationship
between drugs and targets and then explore their new uses,
providing new ways for disease treatment. Therefore, using
certain techniques to discover key proteins and to find
potential targets is of great significance to quickly find a
breakthrough in the treatment of diseases.

3.1. Screening Potential Target Proteins Based on the
Large Database

The continuous development of databases and bioinformatics
technology has provided strong support for the development of
network pharmacology in the era of big data. Network
pharmacology, as a high-throughput technology for predicting
drug targets, could quickly and inexpensively predict drug
action targets, which lays a foundation for the application of
medical network pharmacology. This big data network
predicting target breaks through the traditional “single target”
model. Analyzing the biological basis of drugs from a network
perspective provides a research strategy for the screening of
active ingredients. It could link the “full component-target” and
“specific disease-target” networks in a high-throughput manner
to reveal the potential targets and mechanism of action of
active ingredients in regulated diseases. This method conforms
to the overall view of TCM theory and opens up a new
situation for the analysis of “multicomponent-multitarget-
multipath” in the field of Chinese medicine. Wang et al.70 used
network pharmacology to screen 169 potential targets of the
traditional Chinese medicine Ma Xing Shi Gan decoction for
COVID-19, such as heat shock protein 90, RAC-alpha serine/
threonine-protein kinase, transcription factor AP-1, etc., and
enriched to the important inflammatory pathways about the
extent of COVID-19 infection by KEGG. Cheng et al.71 also
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used this method to screen the targets for the antihepatic
steatosis mechanism of calycosin, such as ALDH2, NPC1,
P450, HMGB1, etc., and related targets were further confirmed
by in vivo and in vitro experiments. In addition, Song et al.72

found that celastrol exerted a therapeutic effect on rheumatoid
arthritis by acting on multiple proteins such as MMP-9, COX-
2, and c-Myc.
Therefore, network pharmacology is a powerful auxiliary

method in the field of medical research. However, its platform
still needs to be further supplemented and improved in the era
of rapid data updating. In addition, how to effectively identify
the interaction between multiple drugs and target proteins has
become a problem in development.73,74

3.2. Proteomics-Based Label-free Small Molecule Probes
to Screen Potential Target Proteins

The label-free probe technology is established based on
proteomics. Proteins are in a dynamic equilibrium of different
folding states in the organism, when a certain folding state
specifically binds to small molecule compounds in traditional
Chinese medicine, and the stability of protein fragments will
increase immediately, mainly as an increase in quantity,
enhanced thermal stability, and enhanced oxidation stability.
The main manifestations are increased quantity, enhanced
thermal stability, and enhanced antioxidant stability. At
present, its methods are mainly divided into drug affinity
related target stability technology (DARTS), thermal pro-
teome profiling (TPP), and the stability of proteins from rates
of oxidation (SPROX). Their basic principle is mainly to use
protein separation, qualitative and quantitative analysis to track
and identify specific binding proteins, so as to realize the
screening of target proteins.75−77

DARTS technology is mainly used to analyze the binding
fragments of proteins and small molecules to achieve the
qualitative identification of proteins. In this method, the cells
combined with the drug are lysed, and the total protein is
extracted. Then, the small molecule drug is incubated and
combined with the lysis solution, and an appropriate
concentration of protease is added, and the mixed protein
after the affinity reaction is subjected to enzymatic hydrolysis.
Finally, Western blot, SDS-PAGE, and other methods could be

used to identify the binding protein. (Technical route of drug
affinity related target stability technology as Figure 3.) The
TPP method is based on the increased thermal stability of the
protein affinity small molecule, the protein fragment moves to
the high-temperature end, and the target protein is identified
through the protein abundance and temperature curve. In this
method, drugs are added to the lysed protein, and then the
protein is denatured by heating in a gradient. Finally, mass
spectrometry is used to analyze the protein abundance, and
then the melting curve is drawn to identify the bound protein
fragments. The premise of applying the SPROX method is that
after the protein is combined with the small molecule, there is
methionine in the protein residue. The oxidation rate of
methionine could be regulated by controlling the concen-
tration of protein anticoagulant. According to the curve
relation between oxidized product/nonoxidized product and
the concentration of the anticoagulant, observe whether the
intersection point of the curve moves toward the direction of
the increase of the concentration of the anticoagulant, so as to
judge whether the protein is a specific target protein. However,
if there is no methionine in the protein residues bound to small
molecules, it is impossible to detect. Therefore, the SPROX
needs to combine the DARTS and the TPP to prove each
other. Qin et al.78 used DARTS technology to find that GNF-7
inhibitors target RIPK1 and RIPK3 kinases in combination,
providing an important perspective for the treatment of acute
kidney injury. Kirsch et al.79 found the target protein nucleolar
protein 14 (NOP14) of the anticancer drug vioprolide A
(VioA) through the TPP method, which helps to better
explore the mechanism of action. Li et al.80 reported several
experiments and finally screened out the target targets related
to traditional Chinese medicine by applying label-free probe
technology.
In summary, label-free probe technology could be used to

screen the targets of complex active ingredients. First, full
composition analysis of the compounds in the drug should be
performed. Second, the target group of each chemical
component is taken out, combined with specific disease
analysis to clarify the target of drug action. The label-free
probe technology could screen target proteins in a relatively
large range and is beneficial to reveal unknown targets.

Figure 3. Technical route of drug affinity related target stability technology.
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However, this technique tends to introduce errors into
proteomic analysis, and its screening of target proteins in
complex traditional Chinese medicine extracts has certain
disadvantages compared with single-component target identi-
fication, and it is also difficult to clarify the interaction between
the target and various chemical components.81

3.3. Screening of Potential Target Proteins Based on
Probe-Labeled Small Molecule Technology

Probe labeling technology is that a small molecule substance is
introduced into a group to be modified and used as a probe.
After specifically identifying and binding to a potential target
protein, the functional information on the target protein is
obtained by mass spectrometry and other methods.
Affinity chromatography is the most commonly used

method for target identification of active natural products. In
this method, biotin or agar gel is added as an affinity tag on a
small molecule and incubated with the protein extract. The
target is separated from the unbound protein by elution, and
the protein name is identified by SDS-PAGE analysis mass
spectrometry.82 Chen et al.83 found that the target protein of
ginseng (ginsenoside) with a fatigue-relieving effect in skeletal
muscle tissue was creatine kinase (CK-MM) through affinity
chromatography analysis technology, which was verified by
molecular docking. Therefore, the mechanism of fighting
against asthma action of ginseng is better explained. Zhang et
al.84 used this method to show that the doxofylline and β2-
adrenergic receptors have a high junction and index, which
may be an anti-asthma mechanism. This method has the
advantages of high specificity and easy operation. However, the
introduction of affinity tags with greater steric hindrance can
easily lead to reduced or even lost activity of the compound.
Therefore, we introduced affinity-based protein profiling
(ABPP).
ABPP is currently a relatively mature probe labeling

technology. It uses chemical methods to introduce groups
such as fluorescence, which are used as active molecular
probes, and then covalently binds to the active site of the target
protein to enrich and separate the target protein that interacts
with small molecules.85 For example, Ma et al.86 used ABPP
and bioimaging techniques to reveal cell targets containing five
photoreactive anticancer inhibitors such as ATP1A1, MDR1,
and PARP1. In this technology, the probe synthesis is simple
and could identify physiological targets containing active
electrophilic framework substances. However, the identifica-
tion of nonspecific proteins is the main problem of this
technology development. The click reaction was proposed by
Sharpless in 2001. This method creates a new chemical
combination method based on C-X-C syntheses, such as
copper-catalyzed azido-alkynyl cycloaddition reaction. It has
the advantages of efficient and feasible operation and mild
reaction conditions. For example, Zhang et al.87 achieved
immunofluorescence colocalization with the natural inhibitor
AKT through the click reaction between the probe and the
alkynyl CY5, further illustrating the anti-inflammatory
mechanism of Swertiamarin, the component of honeysuckle.
Jourdan et al.88 found that antimalarial drugs invading
pathogens are a random alkylation process, and using click
chemistry and other technologies found that 25 proteins
changed. However, the disadvantage of using this method is
that the introduction of biorthogonal groups such as alkynyl
groups on small molecules through organic synthesis will lead
to a decrease in the activity of the compound.

3.4. Screening Potential Target Proteins Based on
Information Biochip Technology

Information biochip technology is divided into gene chip and
protein chip technology. It is mainly through the planar
microprocessing technology, which is constructed on the solid
chip and another microsurgery biochemical analysis system. It
can accurately and quickly detect protein, nucleic acid, and
other biological components with high flux and automation.
The basic principle is that after the drug enters the human
body, the pharmacokinetics molecules will interact with the
cells to cause changes in the external (morphology) and
internal (metabolism) of the cells, among which the internal
changes are concentrated on the changes of gene expression or
protein. Therefore, the mechanism of action of the drugs can
be inferred by analyzing the different factors or proteins, and
the drug target can be confirmed.89,90 For example, Wei et al.91

explored the target of Baixiangdan capsule in regulating
premenstrual anxiety disorder based on gene transcription
level and analyzed the differential gene expression profiles of
the hippocampus in each experimental group by gene chip
technology, and the real-time fluorescence quantitative
detection results were consistent with the data shown in
GeneChip, which confirmed the effective target gene of
Baixiangdan capsule. Huang et al.92 used protein chip
technology to identify 69 candidate target proteins in
discussing the effect and mechanism of Celastrol on human
colorectal cancer.
In a comprehensive analysis, the application of information

biochip technology has achieved high-throughput, high-
efficiency, and automated screening of drug targets. However,
as the intermediate medium of carrying genes or proteins, the
chip has shortcomings such as poor reproducibility of
experimental results and the limited scope of target analysis.

3.5. Screening Potential Target Proteins Based on New
Chemical Materials

Magnetic nanoparticles (MNPs) are a new type of material
with high development and application value in recent years,
which are widely used in modern scientific fields such as
biomedicine and nuclear magnetic resonance imaging. MNPs
generally consist of magnetic cores composed of metal oxides
such as iron, cobalt, and nickel and nanoparticles which are
made up of a high molecular polymer/silicon/hydroxyapatite
shell outside the magnetic core. It has magnetic directivity,
under the action of an external magnetic field, and it could
realize directional movement and facilitate positioning and
separation from the medium. Its active polymer groups on the
polymer shell can be combined with various biological
molecules, such as protein and enzyme, etc. Currently,
MNPs have mainly been applied in biomedicine, including
magnetic drug targeting, nucleic acid/protein/virus detec-
tion.93 Wang et al.94 developed a technique for in vivo target
recognition using nanoparticles, which provided a feasible way
for drug target prediction. First, by using the hydroxyl structure
of compound echinacoside and by the epoxy marker on the
MNPs surface, we successfully prepared organ selective and
recyclable MNPs. Then, through intravenous injection of
MNPs in rat body it was distributed to a specific organ, and
then it was swallowed later. The target protein can be captured
in situ by drugs combined with MNPs. When MNPs is used to
target the target, it should first identify the active ingredients,
then classify all the components, and use the special structure
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of various components combined with MNPs to capture the
target protein.
Although MNPs is a star material in the field of nonmaterial

science, it still has unavoidable problems in high-tech
competition. For example, precursors are expensive and
toxic, and their products cannot form stable dispersion
systems. At the same time, many factors affect the size and
performance of nanomagnetic powder. How to synthesize and
control many factors is an important technical measure to
obtain high-performance nanopowder. The identification
technology for finding target protein as Table 1.

4. SCREENING OF ACTIVE PHARMACEUTICAL
MOLECULES

Drug small molecules are closely related to human health.
They could play a role in the treatment of diseases by carrying
biological macromolecules and proteins in vivo. Therefore,
searching for active components from drugs by targeting
potential targets is a key task for treating diseases. Thus, this
part continues to summarize the techniques of searching for
potential active ingredients so as to provide the technical
means for treating diseases.

4.1. Screening Potential Active Molecules Based on
Chemical and Biological Techniques

Affinity mass spectrometry (AFMS) is a kind of bioanalytical
technique that combines affinity ultrafiltration with high-
performance liquid chromatography−mass spectrometry (LC/
MS). On the basis of ultrafiltration, the chemical components
of the affinity target protein are separated and screened. It is
used in conjunction with LC/MS to quickly screen and
identify active small molecules that have affinity with biological
targets. When separating and screening active small molecules
by affinity ultrafiltration, the small molecule compounds at the
active sites of affinity target proteins are specifically bound by
incubating the mixture extract of traditional Chinese medicine
with target proteins, while the nonaffinity compounds are free,
and then the proteins are denatured by acidic organic solvents,
thereby eluting the specific ligand small molecules.95 The
eluent was injected into the LC/MS system for analysis of LC/
MS under the positive and negative ion mode, the elution
solution of traditional Chinese medicine was analyzed
separately, and the total ion flow diagram of each material
was obtained. MassLynx software could be used to check the
chemical composition information on all kinds of Chinese
herbal medicines according to the retention time, the number
of fine quality, and the two level fragments of each chemical
component, and confirm the chemical composition by
standard proofreading.96 Andrographis Herba (AH) has anti-
inflammatory effects, and its main anti-inflammatory active
ingredients are diterpenoids and flavonoids. Cyclooxygenase-2
inhibitor (COX-2) is expressed in large quantities in cells
stimulated by inflammation. Jiao et al.97 used bioaffinity
ultrafiltration combined with UPLC-Q-TOF-MS method to
screen the components of AH that bind to COX-2. The
ultrafiltration method is used to filter out the components that
are not combined with COX-2 in the incubation solution of
AH ethanol extract and COX-2, and the ultrafiltrate containing
enzyme conjugate is separated. In addition, the UPLC-Q-
TOF-MS method was established to analyze the ultrafiltrate. In
the final screening, five active compounds that specifically bind
to COX-2 were found as COX-2 inhibitors. Affinity mass
spectrometry based on the identified core targets to screen

active molecules in Chinese medicine, the target protein, and
Chinese medicine extract are less, and the sample solution does
not need to be immobilized. However, in the process of
screening ultrafiltration technology, the experimental results
may be affected by factors such as ultrafiltration membrane
material, target protein extracts dosage, and dissociation fluid
selection, and there is false positive or false negative
interference. Therefore, when screening the effective substance
base of Chinese medicine with affinity mass spectrometry, we
must take account of all interference factors to obtain ideal
experimental results.98

4.2. Screening Potential Active Molecules Based on
Molecular Biology Techniques

4.2.1. Molecular Biochromatography. Molecular bio-
chromatography (MBC) is based on the principle of molecular
specificity recognition. Using the different binding degree and
affinity of different Chinese medicine components with various
biological macromolecules, and the different retention time of
each chemical component on the chromatographic column, the
active substances of Chinese medicine could be screened out.
In the experiment, the biological macromolecules were fixed on
a certain carrier as the stationary phase of the chromatogram,
the corresponding Chinese medicine extract was added to the
mobile phase, and finally the chemical components of the
traditional Chinese medicine that specifically bound to the
target biological macromolecules were eluted and separated.
The technique has the characteristics of good reproducibility
and fast analysis speed, which provides a new way of thinking
for the basic research of the pharmacodynamic substance of
traditional Chinese medicine.99 For example, Lv et al.100 used
this technology to discover several meaningful phloem
epidermal growth factor receptor antagonists in the traditional
Chinese medicine Marsdenia tenacissima. α1-Acid glycopro-
tein is a plasma protein, and most drugs are quantitatively
bound to plasma protein. Wang et al.101 used molecular
biological chromatography with α1-acid glycoprotein as a
stationary phase to screen the biologically active components
of Salvia miltiorrhiza. The main active ingredients were
separated by the isocratic elution method. Suitable chromato-
graphic conditions for identification and analysis of tanshinone
were chosen, and finally tanshinone IIA was determined as one
of the main biologically active components. MBC could play
an important role in the screening of active ingredients and the
study of the role relationship. But it is not complete in
simulating the internal environment. Moreover, problems such
as difficulty in preparing stationary phase and short life of
chromatographic column need to be solved.

4.2.2. Molecular Docking Technique. The molecular
docking technique could predict the binding pattern between
chemical components and direct target, and could quickly find
the chemical components directly acting on the core target.102

The technology is the use of computer software simulation,
such as Dock and AutoDock, the ligand molecular biological
small molecules (traditional Chinese medicine active sub-
stance) and the receptor macromolecules (proteins, enzymes,
etc.) interaction. According to the calculated parameters, the
binding pattern and affinity of the functional groups and the
active sites of the target receptor of small molecules were
predicted, and the interaction mechanism between the effective
components of traditional Chinese medicine and the target was
elucidated from the molecular level. At present, the commonly
used molecular docking modes for virtual screening of active
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small molecule substances of traditional Chinese medicine are
flexible docking and semiflexible docking. The flexible docking
method requires a sufficiently accurate molecular conforma-
tion; it is computationally intensive but inefficient. During the
calculation of the semiflexible docking, the receptor con-
formation does not change, while the ligand conformation may
change to some extent.103 Therefore, it is a kind of virtual
docking method often used in molecular docking.103 Dioscin
has strong anti-infection, antiallergic, antiviral, and antishock
pharmacological effects. Yin et al.104 used reverse docking
technology to find potential targets of Dioscin in humans, rats,
and mice. They used the automatic molecular docking software
MDdock to molecularly dock the three-dimensional structure
and three-dimensional crystal structure of dioscin. After that,
potential targets were screened from the Potential Drug Target
Database (PDTD), and the MetaCore platform was used to
analyze biological activity, signal pathways, and regulatory
networks. Finally, the most possible targets of diosgenin were
predicted to be DNA topological recombinase I, DNA
polymerase, and so on. In addition, Yu and other teams
screened anti-COVID-19 coronavirus drugs through molecular
docking, which is a good method for discovering antiviral drugs
and analyzing the binding sites of drugs and targets.105−107

Molecular docking technology clarifies the mechanism of
interaction between drugs and target proteins, and provides a
basis for the mechanism of treatment of diseases. But this
technology also has certain limitations. Its result is virtual data,
which still needs to be verified in combination with in vivo
experiments.108

5. CONFIRMATION OF “ACTIVE INGREDIENT-CORE
TARGET”

The mode of action and structure−activity relationship
between protein and drug play a key role in guiding drug
design and synthesis. It is the material basis for rational drug
use in life sciences, chemistry, and clinical medicine. Therefore,
it is of great significance to study the mode of action between
bioactive drug molecules and biomacromolecules. This section
will summarize the technology of different active ingredients-
protein binding methods, discuss their related principles, their
respective advantages and disadvantages, and provide scholars
with ideas for choosing appropriate technologies for experi-
ments and better searching for drugs to treat diseases.

5.1. The Basis of Pharmacodynamic Substance Was
Confirmed by Mass Spectrometry

5.1.1. Matrix-Assisted Laser Analytical Ionization
Time-of-Flight Mass Spectrometry. Matrix-assisted laser
analysis ionization time-of-flight mass spectrometry (MALDI-
TOF-MS) could use a laser to illuminate the cocrystal film
formed by the sample and the matrix. The matrix absorbs
energy from the laser and transmits it to biomolecules. The
ionization process is the process of ionizing biomolecules by
transferring protons to or obtaining protons from biomole-
cules. The ion mass-to-charge ratio is proportional to its flight
time. It is a soft ionization technology for the detection of
mixtures and biological macromolecules. MALDI-TOF-MS has
a high tolerance to salts and detergents in the analyte solution.
Compared with traditional techniques, MALDI-TOF-MS has
high accuracy, wide detection range, and good compatibil-
ity.109 Kallsten et al.110 compared four antibody-drug
conjugates (ADCs) technologies through experiments. Tras-
tuzumab-VcMMAE conjugates with different degrees of

cysteine coupling were prepared. Among them, the spectral
quality of antibody-drug conjugates was analyzed based on
MALDI-TOF-MS. MALDI has a faster data processing speed
and is more suitable for early screening of potential ADC
structures. Because of the limited resolution of TOF for large
ions, the measured peak width is relatively wide. At the same
time, the deviation of the sample application program will
affect the data results. It should be noted that it is necessary to
search in a known spectrum library, so the mass spectrum
database needs to be further improved. When this technology
is used to confirm potential active molecules, the complex of
“active small molecule-target protein” could be subjected to
mass spectrometry to confirm the active molecule based on the
molecular weight assigned. This technique also has disadvan-
tages, such as the need for pretreatment, poor reproducibility,
low signal noise ratio (SNR), and sensitivity, and the sample is
susceptible to matrix interference.111,112

5.1.2. Native Electrospray Ionization Mass Spectrom-
etry. Native electrospray ionization mass spectrometry (native
ESI-MS) is increasingly used for quantitative analysis of
biomolecular interactions. This analytical method could be
used to analyze and detect biological macromolecules under
close to natural physiological conditions, so as to maintain
their complete structure and biological functions. In recent
years, it has been widely used in the study of protein
noncovalent complexes. This method could directly compare
the signal strength of analytes of similar sizes (such as proteins
and their counterparts with small molecules). It is applied to
detect complexes with multiple binding balances and ligands of
different molecular weights. The entire analysis process is
accurate and efficient, so it is an effective method for studying
“small molecule-protein” complexes.113,114 Ma et al.115 used
native ESI-MS, showed that brominated flame retardant and
thyroxin could form a stable complex in ammonium acetate
buffer solution at 37 °C and physiological pH, and analyzed
the binding ratio of them. Gavriilidou et al.116 used ESI-MS to
analyze the combination of compounds produced during
fragment-based drug discovery and two proteins with different
functions. In the native ESI-MS method, if the signal response
of the analyte is not uniform, the peak ratio may be distorted,
so this method is limited in the determination of a large
oligomeric molecular complex.117

5.2. The Basis of Pharmacodynamic Substances Was
Confirmed Based on Spectral Analysis

5.2.1. UV−Visible Absorption Spectrum. The UV−
visible absorption spectrum is one of the most convenient
techniques for the study of small molecule−protein interaction.
Because of a part of the amino acid residues that make up the
protein has UV absorption properties, the conformation of
amino acid residues is determined by the microenvironment of
protein molecules. The change of microenvironment will lead
to the change of protein conformation and the change of UV−
visible absorption spectrum of chromogenic groups.118 Small
molecules and proteins have their own ultraviolet absorption
peaks at different wavelengths. Therefore, according to the
difference of absorption spectra before and after binding of
proteins and small molecules, it could be judged whether the
two have interacted, and judge the dynamic change process of
structure and conformation of protein molecules under the
action of ligands. The UV−visible spectrum is generally
complementary to other technologies. Human serum albumin
(HSA) and bovine serum albumin (BSA) are the most
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abundant proteins in plasma. Shaghaghi et al.119 used the UV−
visible absorption spectrum and Fourier transform infrared
spectrum to analyze the conformational changes of the
antidiabetes drug sitagliptin (SIT) and HSA/BSA protein
and clarify the substance basis of efficacy. The results showed
that the ultraviolet absorption spectrum of serum protein
increased with the growth of the concentration of SIT. Infrared
spectroscopy analysis found that the secondary structure of
serum protein had slightly changed. This showed that SIT
could change the secondary structure of serum albumins. Song
et al.120 showed the binding of copper regulatory protein
CopC to curcumin by UV−visible absorption spectrum and
fluorescence spectrum, and analyzed the negative spectral
characteristics of curcumin-phosphatidylcholine complexes.
And the results showed that protein β-sheet was reduced,
and curcumin changes the conformation of CopC. This was
related to curcumin’s anticancer effect. The UV−visible
absorption spectrum has the advantages of simple operation
and fast speed, but there are still some limitations, such as it
could not be used for substances with a weak UV signal.
5.2.2. Time-Resolved Fluorescence Spectroscopy.

Because the red shift or blue shift of the maximum emission
wavelength of the time-resolved fluorescence spectroscopy
could reflect the polarity change of the microenvironment
around amino acid residues, it is often used to research the
interaction between proteins and drug molecules. Using time-
resolved fluorescence spectroscopy to study the interaction
between the proteins and drug molecules, the complex will
cause static quenching. In order to show the binding strength
of the complex, we could calculate the binding sites at different
temperatures. In the experiment, the difference of wavelength
between the excitation and emission monochromators was
fixed, and the synchronous fluorescence spectrum scan was
performed to obtain the fluorescence characteristic spectrum
reflecting the microenvironmental changes of tyrosine and
tryptophan residues. In the small molecule−protein complex
system, with the increase of the small molecule content, the
fluorescence intensity of the spectrum changes, and the
maximum absorption wavelength of the complex shifts,
resulting in the change of protein conformation.121 Tang et
al.122 researched the binding effect of anthocyanin cyanidin-3-
O-glucoside (C3G) with three proteins, among which the
binding constant was analyzed by fluorescence spectrum,
indicating the effect of free C3G in plasma.
5.2.3. NMR Spectroscopy. Nuclear magnetic resonance

(NMR) spectroscopy is an application of the nuclear magnetic
resonance effect of hydrogen-1 in a molecule to the nuclear
magnetic resonance spectroscopy, which can be used to
determine the molecular structure. This technique could be
used to determine the molecular structure when the sample
contains hydrogen, especially the isotope hydrogen-1. More-
over, it can provide structural information changes at the
atomic level. During the operation, we should prepare a small
molecule solution and small molecule protein recheck solution
and finally put them in the nuclear magnetic tube for hydrogen
spectrum analysis after we set reasonable nuclear resonance
frequency, pulse sequence, scanning times, and other
parameters. In the experiment, more attention should be
paid to the choice of dissolving agent and the interaction time
of small molecule−protein interaction.123 By investigating the
changes of peak area and chemical shift before and after the
proton peak binding, the classification of various atoms could
be determined. Thus, the chemical groups involved in the

coordination reaction when the small molecule substances
bind to the protein could be identified, and their structures
could be inferred.124 α1-Acid glycoprotein (AGP) is one of the
important proteins in an inflammatory response. Becker et
al.125 used the NMR technology to explore many details of the
binding interaction between propranolol and α1-acid glyco-
protein, providing important insights for drug interactions.
Nonspecific interactions that did not distinguish between the
enantiomers of propranolol increase the contribution of the
saturation transferred difference (STD) effect. Nuclear
magnetic resonance spectroscopy has the advantages of fast
detection speed and good sample integrity. With the
improvement of technology, the application of NMR in
various fields has been developed, but it also has some
shortcomings, such as low sensitivity, signal overlap, and so on.

5.2.4. X-ray Diffraction Technique. X-ray diffraction
(XRD) could provide accurate structural information about the
interaction between proteins and small molecules. X-ray
diffraction is to get the distribution of electron density in the
crystal by using the diffraction effect of electrons on X-ray, and
then analyze and obtain the position information on atoms,
namely, the crystal structure. The association of X-rays with
crystallography allows the study of various crystal structures,
especially protein crystal structures. It is currently the most
commonly used method to analyze the three-dimensional
structure of a protein, which could significantly improve the
signal-to-noise ratio of crystal diffraction data, thus improving
the quality and resolution of crystal diffraction data.126 Most of
the antiandrogen drugs used in the treatment of prostate
cancer target androgen receptor (AR). FKBP51 is a positive
regulator of AR, and inhibiting the expression of FKBP51 can
reduce the signal pathway of AR. P-nitrophenol (PNP) exerts
its anti-androgen activity by binding to the estrogen receptor
or androgen receptor, respectively. Wu et al.127 hypothetically
screened the small molecule inhibitors targeting FKBP51. The
structure of the complex between small molecules and proteins
was analyzed by X-ray diffraction, and the binding sites of PNP
and FKBP51 proteins were found. The results showed that
PNP molecules occupy the pocket of PPI catalysis in the FK1
region, making the structure stronger. Finally, the hot amino
acid residues involved in PNP binding were found, which
explained the binding mode of PNP and FKBP51 protein. 3C-
like protease (3CLpro) and papain-like protease (PLpro),
which are regarded as ideal targets for antiviral drugs, can
process nonstructural proteins that are essential for virus
replication. Su et al.128 analyzed the anti-SARS-CoV-2 activity
of Shuanghuanglian preparation in vitro. Baicalein and its
derivatives are potent SARS-CoV-2 3CLpro inhibitors and one
of the flavonoids with the highest content in Scutellaria
baicalensis. The crystal structure of SARS-CoV-2 3CLpro
combined with baicalein was determined by the X-ray
diffraction technique. The analysis showed that baicalein
highly binds to the center of the active site of the substrate by
interacting with two catalytic residues, preventing the peptide
substrate from approaching the active site. In recent decades,
the X-ray diffraction technique is still an important technical
means to determine the protein structure. However, it should
be noted that, as shown in current research, the phase analysis
of X-ray diffraction requires the cultivation of larger protein
crystals. However, many proteins are not easy to crystallize, or
single crystals cannot reach the crystallization conditions
required for analysis, so they are not suitable for proteins that
are hard to crystallize. In addition, this method has a longer
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workflow. In any case, we believe that, with the emergence of a
large number of high-resolution X-ray tools, the analysis of
protein structure will rise to a new level, and X-ray diffraction
technique will show more promising application prospects.
5.2.5. Microscale Thermophoresis Technique. Micro-

scale thermophoresis is an optical method that could
characterize the properties of biomolecules based on physical
principles. In recent years, it has been applied to the
fluorescence chromogenic quantitative technique of bioanal-
ysis. It could monitor the changes of the mass, charge,
hydration layer, and conformation of biomolecules by
measuring the directional motion of particles in the micro-
scopic temperature gradient. The microscale thermophoresis
technique uses the fluorescence labeling method, and at least
one of the above properties will change when the titrated
nonfluorescent molecule binds to the labeled molecule. By
sensitively and rapidly monitoring the thermal migration of
fluorescently labeled molecules in solution or even in a
complex matrix, the binding of target proteins to specific
compounds could be quantified.129 Guo et al.130 confirmed the
combination of Azacoccone E and 3-phosphoglycerate
dehydrogenase (PHGDH) through microscale thermophoresis
and cellular thermal shift assay (CETSA), which provided
evidence for the treatment of cancer with this drug. Peng et
al.131 used this technique to find that lovastatin targeted
binding protein MD-2 relieves neuropathic pain through the
TLR4 pathway. Therefore, this technique could measure the
interaction forces between biomolecules in the natural state
environment, requires low experimental cost and sample size,
could achieve high-throughput and high-efficiency determi-
nation, and could provide research combined with energy free
energy, enthalpy, and entropy, and more parameters, such as
information. However, the high price of the instrument and the
inability to directly determine the specific binding sites are the
main constraints for future development.
5.2.6. Surface Plasmon Resonance Technology. Sur-

face plasmon resonance (SPR) is a biosensor analysis
technology based on the physical and optical phenomena of
surface plasmon resonance. It could maintain the natural
activity of biomolecules without the use of fluorescent labeling
or isotopic labeling. SPR instrument could detect the whole
process of binding and dissociation of biomolecules such as
small molecular-protein in real-time, obtain the binding kinetic
parameters of their interaction, namely, the binding rate
constant Ka, the binding equilibrium constant Ka, and the
dissociation rate constant Kd. Finally, the small molecule-
protein affinity is evaluated. It has the advantages of simple
operation, less sample consumption, and rapid sensitivity.132

Gu et al.133 used SPR technology to study the binding protein
of berberine BBR in the treatment of myeloma, which was
UHRF1. Shao et al.134 used SPR technology to verify that
Ginsenoside Rb3 (G-Rb3) bound to the retinoid X receptor α
(RXRα), which was a potential target for the treatment of
heart failure. In addition, our research group screened liquiritin
apioside (LA), a monomeric component in liquorice, by using
SPR technology, which could strongly bind to the
mineralocorticoid receptor (MR), and combined with other
experiments to prove that the combination of the two could
lead to myocardial fibrosis through the TGF-β1/p38 MAPK
pathway, which was helpful to understand the mechanism of
adverse reactions caused by drugs.135 Although SPR
technology is a recognized technology to confirm the
combination of drug components and targets, it still has

some disadvantages, such as low detection signal, long
detection time, and difficult fixation of small molecules.

5.3. Confirm the Material Basis of Efficacy Based on
Imaging Technology

5.3.1. Atomic Force Microscopy Imaging. Atomic force
microscopy (AFM) has become an indispensable tool in the
field of biomolecular research. It is a kind of image scanning
probe microscope, which shows the surface properties of the
sample by detecting the interaction forces between atoms with
high spatiotemporal resolution. Therefore, it could evaluate the
bonding effect of molecular size according to the different
forces formed between the molecules. Sun et al.136 analyzed
the two-dimensional and three-dimensional morphology
images of the complex of human serum albumin (HSA) and
γ-lactone essences based on AFM. The study showed that the
molecular height of the complex changed significantly, and its
average height was about half of the free HSA. Receptor
tyrosine kinases (RTKs) is a new target for tumor therapy.
Epidermal growth factor receptor EGFR is one of the members
of the RTKs family. EGFR could activate pathways involved in
cell proliferation and cell survival. Zhang et al.137 found that,
with the change of resveratrol concentration, the expression of
EGFR decreased, which further explained the anticancer
activity. AFM imaging not only could avoid the modification
of samples, but also observe the height changes of protein
molecules before and after the combination of small molecules
through different modes (such as tapping mode) and display
the molecular morphology of proteins under physiological
conditions. However, the disadvantage of AFM is its slow
analysis speed.

5.3.2. Cryo-Electron Microscope. After the biological
macromolecules are frozen rapidly, the sample is imaged by
cryo-electron microscope (cryo-EM) at low temperature, and
then the three-dimensional structure of the sample is obtained
by image processing and reconstruction calculation. The cryo-
EM technology, divided into single particle freezing electron
microscopy, electron fault three-dimensional reconstruction,
and electron crystallography mainly, has become an important
method to research structural biology presently. There are
three steps to study the three-dimensional structure of a
protein by cryo-EM technology. First, the sample is frozen and
fixed in liquid nitrogen and low temperature so that the water
molecule transforms the form of a glass state. Then, sample
images are recorded by microscope with a detector and lens
system. Second, after processing the image signal, the three-
dimensional structure is obtained by using the three-dimen-
sional reconstruction technology.138 Compared with other
methods, the advantages of cryo-EM technology are not having
to prepare crystals and keeping the activation of samples, but it
has higher requirements for sample preparation and could not
analyze the sample’s components.

5.4. Confirm the Basis of Pharmacodynamic Substances
Based on Cell Experiments

MTT colorimetry is usually used to detect the activity of
cultured cells.139 The value of optical density measured by
enzyme marker was positively correlated with the number of
living cells, but not correlated with the number of dead cells.
MTT could be used to detect the activity of bioactive factors
and confirm the composition of antidisease drugs. MTT could
verify the balancing effect of active ingredients on diseases
objectively. In cell experiments, the efficacy of active
ingredients could be confirmed by comparing the cell vitality
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and survival rate of the control group, the model group, and
the drug administration group, respectively. However, in order
to confirm whether the specific affinity target proteins of the
active ingredient is effective or not, additional target protein
inhibitor/agonist groups should be added, and the results of
multiple groups should be analyzed statistically, so as to make
clear that the protection of the active ingredient on normal cell
growth is realized by the specific affinity target proteins.140,141

However, according to the comprehensive analysis, the cell
experiment is in vitro verification, which is different from the
vital human signs, so it is necessary to conduct in vivo
verification.

5.5. Confirm the Basis of Pharmacodynamic Substances
Based on Animal Experiments

The main pharmacodynamic effects of drugs require at least in
vivo and in vitro experiments and even two or more
experimental verifications. Animals are used for in vivo
experiments to verify the material basis of the efficacy. The
animal is induced to establish a disease model by
administration, and then the animal’s serum or tissue is
collected. These are used as pharmacodynamic data sources for
the follow-up study of active molecules.
Investigating the effect of active molecules on the expression

of target protein and downstream effector protein could
confirm the mechanism of the two. The relative expression of
genes was analyzed by RT-PCR method, total organ mRNA
was extracted from the organs of animals, and then reverse
transcription was carried out and the cDNA stock solution was
diluted for real-time quantitative PCR reaction. Finally, some
methods are used to analyze the relative gene expression, such
as the 2-ΔΔCt method.142 Western blot experiments could be
used to detect changes in target proteins and downstream
effector proteins.143 After animal organ tissues were collected,
tissue protein was extracted, and protein content was detected.
After the target protein and effector protein were added to the
buffer, SDS-polyacrylamide gel electrophoresis and protein
electrotransfer were performed. After the membrane was
transferred, the primary antibody was incubated, and the
membrane was washed the next day and then transferred to the
secondary antibody for the room temperature reaction, and
finally chemiluminescence was added. The substrate reaction
solution was developed and photographed in the ECL camera
system.144

Rats or mice are generally used as simulated objects for
animal experiments. Qingfei Xiaoyan Wan (QF) is a traditional
Chinese medicine prescription for the treatment of respiratory
diseases. Hou et al.145 used Pseudomonas aeruginosa to induce
acute pneumonia in mice given orally administered QF, and
used quantitative RT-PCR to study the expression of key genes
in the PI3K/AKT pathway and the Ras/MAPK pathway,
which involve inflammation and immune response in the
human body. The activation of transcription factor NF-κB
could trigger the production of inflammatory diseases in the
lungs. Arctigenin (ATG) derivatives, which are NF-κB
inhibitors and the main active molecules of QF, are the main
active ingredients that exert anti-inflammatory effects. Studies
have found that ATG inhibits the expression of all genes, and
the inhibitory effect of ATG is the strongest compared with the
inhibition of other compounds. ATG is the most important
component that inhibits the PI3K/AKT pathway and affects
the expression of downstream genes NF-κB and MAP kinase.
This study used RT-PCR technology to determine that ATG

was the primary anti-inflammatory agent in QF, and
successfully determined the anti-inflammatory mechanism of
QF. Animal experiments have an important guiding role in
inferring the clinical situation, and tests will be conducted on
mice at the initial stage to verify the efficacy. However, because
of the similarities and differences of species, the drug reactions
of animals and humans are not exactly the same. At present,
the target screening of chemical components is often based on
the prototype components of the drug, and what really makes a
difference is the form it takes in the body. Therefore, it is
necessary to combine the metabolism research of the
compound to conduct target screening.

6. CONCLUSION
Pandemics caused by viruses occur around the world. The
mutation frequency, pathogenesis, and pathogenic signal
pathways of influenza viruses need to be explored in depth.
On the basis of the current level of scientific development,
antiviral drug therapy will still be the main means of treating
future viral infections. The development of drugs is a long
process. A clear interpretation of the characteristics of the virus
and the mechanism that causes the disease still requires greater
investment. To find effective therapeutic drugs that can control
the development of the disease, it is necessary to further
understand and clarify the pathogenesis, and to dig deeper into
the potential core targets. Because protein is considered to be a
target that has medicinal functions in the body and could be
acted upon by drugs, researchers are using advanced
techniques to analyze protein structure and find drug-active
molecules that bind to the protein. All in all, protein targets are
crucial in fighting against pandemics and provide a theoretical
basis for unknown pandemics in the future.
The impact of pandemics on mankind is far-reaching, and

effective prevention and treatment methods are still an arduous
task. Various technologies for screening out potential target
proteins and potential active molecules are becoming mature,
but the shortcomings that restrict the development of many
technologies need to be further improved. This requires the
combination of multiple technologies and complements with
other technologies. The techniques and strategies mentioned
in this article help to discover potential target proteins or active
molecules, and we hope will provide certain references for
disease treatment.
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(42) Osztovits, J.; Balaźs, C.; Feheŕ, J. H1N1-influenza-pandeḿia,
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(55) Baéz-Santos, Y. M.; St. John, S. E.; Mesecar, A. D. The SARS-
coronavirus papain-like protease: structure, function and inhibition by
designed antiviral compounds. Antiviral Res. 2015, 115, 21−38.
(56) Rabaan, A. A.; Al-Ahmed, S. H.; Haque, S.; et al. SARS-CoV-2,
SARS-CoV, and MERS-COV: A comparative overview. Infez Med.
2020, 28, 174−184.
(57) Totura, A. L.; Baric, R. S. SARS coronavirus pathogenesis: host
innate immune responses and viral antagonism of interferon. Curr.
Opin. Virol. 2012, 2, 264−275.
(58) Channappanavar, R.; Perlman, S. Pathogenic human
coronavirus infections: causes and consequences of cytokine storm
and immunopathology. Semin. Immunopathol. 2017, 39, 529−539.
(59) Savarino, A.; Boelaert, J. R.; Cassone, A.; Majori, G.; Cauda, R.
Effects of chloroquine on viral infections: an old drug against today’s
diseases? Lancet Infect. Dis. 2003, 3, 722−727.
(60) Vincent, M. J.; Bergeron, E.; Benjannet, S.; et al. Chloroquine is
a potent inhibitor of SARS coronavirus infection and spread. Virol. J.
2005, 2, 69.
(61) Haga, S.; Yamamoto, N.; Nakai-Murakami, C.; Osawa, Y.;
Tokunaga, K.; Sata, T.; Yamamoto, N.; Sa-sazuki, T.; Ishizaka, Y.
Modulation of TNF-α-converting enzyme by the spike protein of
SARS-CoV and ACE2 induces TNF-α production and facilitates viral
entry. Proc. Natl. Acad. Sci. U. S. A. 2008, 105, 7809−7814.
(62) Lambert, D. W.; Yarski, M.; Warner, F. J.; et al. Tumor necrosis
factor-alpha convertase (ADAM17) mediates regulated ectodomain
shedding of the severe-acute respiratory syndrome-coronavirus
(SARS-CoV) receptor, angiotensin-converting enzyme-2 (ACE2). J.
Biol. Chem. 2005, 280, 30113−30119.
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