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Abstract:
Objective: High evolutionary rate by mutation or by re-assortment makes influenza virus a threat to human health.
Recently, many studies have shown that herbal medicine Lonicera japonica is effective against influenza virus
infection. However, owing to the natural herb’s complexity in both components and functions, its molecular
mechanism is not fully understood. Here, we use computational methods to study the molecular mechanism of
anti-influenza activity of organic acids in Lonicera japonica. Methods: Molecular docking was applied
for determining the potential targets of the organic acids. Moreover, the compound-target networks were
constructed to clarify the relationship between organic acids and their relative targets. Results: Each compound had
inhibitory activity against all tested targets. In addition, three molecules (D, E and F) from Lonicera japonica were
predicted as potential inhibitors of the mutants of N1 and N9 subtypes of influenza viruses. Conclusions: Our
study provided molecular evidences on treatment of influenza virus infection with Lonicera japonica and a modern
theory for anti-influenza virus treatment by natural herbs. We confirmed that Lonicera japonica acts synergistically
with multiple components against influenza virus. Three molecules (D, E, and F) were selected and predicted as
potential inhibitors of N1 and N9 as well as their mutants.
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摘要

目的：流感病毒的高突变的特点和多样性导致其对人类健康具有很大的危害。近年来，研究表明中

药金银花能够有效的抗流感病毒感染。然而，由于中药的多成分和多靶点特点，其物质基础和分子

机理不能被清楚认识。本研究中，我们使用计算机模拟的方法研究金银花中有机酸的抗流感病毒分

子机制。

方法：本研究中分子对接方法被用来预测有机酸的靶点。然后构建成分-靶点网络，阐明金银花中的

有机酸与其相应靶点的关系。

结果：研究表明有机酸中的每个成分对预测得到的靶点都具有潜在的抑制效果。而且我们预测发现

金银花中有机酸的 3个成分（化合物 D、E、F）对于流感病毒 N1和 N9的突变型具有潜在的抑制

作用。

结论：我们的研究为金银花抗流感病毒感染提供了分子层面的支持，同时也为中药治疗流感提供了

新的研究思路。我们认为金银花能够通过其多个成分间的协同效应抗流感病毒。其中 3个成分(D、
E、F) 被选择，并且预测其能够作为流感病毒 N1和 N9及其突变型的抑制剂。

mailto:shenxtgyx123@126.com
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Introduction
Pandemic caused by a rapidly evolving virus, influenza,
exists worldwide and influences human health
markedly. Influenza virus causes infections in the
human respiratory tract, leading to deaths and
economical losses nearly every year [1]. For instance,
a newly emerged influenza H7N9 in southeast China in
March 2013 has caused a total of 37 deaths and has
become a major public health concern [2].
Influenza has two major surface glycoproteins [3],

hemagglutinin (HA) and neuraminidase (NA), which
determine its subtypes such as H1N1 [4] and H5N1 [5].
In addition, the following proteins are critical for
influenza virus: M2 protein, a proton channel to
control the pH of the Golgi complex during HA
synthesis [6], and PB2, a viral polymerase protein,
which provides viral RNA-dependent RNA polymerase
activity [7].
As an enzyme present on the surface of the virus,

NA has become an ideal target for designing
competitive inhibitor analysis assays [8]. Studies have
shown that oseltamivir and zanamivir, two influenza
neuraminidase inhibitors, are NA-targeting first-line
therapies for many influenza subtypes [9-11]. However,
such therapies are limited by the emergence of
resistant strains due to the rapid mutations of the
influenza virus [12-15]. Recent studies revealed that
H7N9 strains resistant to NA inhibitors (both
oseltamivir and zanamivir) have emerged [16].
Therefore, there is an urgent need for new approaches
and drugs for pandemic disease control [17].
China has a long history of using herbal medicines

as standard treatments against infectious diseases.
Lonicera japonica was one of the most commonly
used herbs and shown excellent clinical activity.
Lonicera japonica has been recommended for the
treatment and prevention of influenza [18, 19].
Numerous in vitro studies have evaluated the anti-viral
properties of herbal medicines, such as anti-bacterial,
anti-oxidant, and anti-inflammatory activities [20].
However, because of disadvantages of experimental
analyses of natural herbs at a molecular level
(time-consuming, risky, and costly), the molecular
mechanism of Lonicera japonica against influenza
remains poorly understood.
Computational drug discovery approaches are

considered an effective alternative strategy to
overcome these limitations. Structure-based drug
design (SBDD) is one of the computational approaches,
and virtual screening based on molecular docking has
become one of the most widely used SBDD method
[21]. Molecular docking is one solution to explore the
possible binding sites of the target in a non-covalent
fashion [22, 23]. It has been most commonly used in
the field of drug discovery, such as for determining
candidate inhibitors for influenza NA, and is an
efficient approach for elucidating the molecular
mechanism of anti-influenza action of natural herbs

[24].
Lonicera japonica is one of the herbal medicines

with anti-influenza virus activities. Previous studies
have shown that the anti-influenza activity of Lonicera
japonica could be attributed to chlorogenic acid,
isochlorogenic acid, and their isomers [25]. In this
study, we aim to determine the molecular targets of
organic acids in L. japonica and to explore the
pharmacological effect through a multi-component and
multi-target approach. First, the organic acids of
Lonicera japonica were virtually screened to elucidate
their potential targets. As this part of research, all the
vital proteins of influenza virus, such as N1, N2, N3,
N4, N5, N6, N8, H1, H2, H7, PB2 and M2, were
chosen as potential targets for the screening of organic
acids. Second, we constructed compound-target maps
to examine the anti-influenza activity and the
relationship between herbal medicines and their
potential targets. In addition, studies were performed to
investigate as to why Lonicera japonica produces
universal inhibition of influenza virus mutants and has
fewer incidences of resistance. Since N1 and N9
subtypes of influenza virus cause pandemic influenza
worldwide, we chose 3 subtypes of N1 [26, 27] and N9
[28, 29] as the potential targets in our study. In this
study, we explored the potential targets of organic
acids in Lonicera japonica and constructed a network
to elucidate the anti-influenza virus effects of Lonicera
japonica, which will help in the understanding of the
biological basis of natural herbs via a multi-
component and multi-target approach.

Methods
Data preparation
We focused on emerged subtypes of NA as the targets,
which included 3 subtypes of N1, two mutant
substitutions: I223R and H274Y (PDB ID: 4B7J and
3CL0) and one non-mutant (PDB ID: 3TI3). We also
focused on 3 subtypes of N9, two mutant substitutions:
R294K and R292K (PDB ID:4MWW and 2QWA) and
one non-mutant (PDB ID:4MWV); N2, N3, N4, N5,
N6, and N8, 6 different subtypes of NA (PDB ID:4GZP,
4HZX, 2HTW, 3SAN, 2CML, and 2HTQ); H1, H2,
and H7, 3 different subtypes of HA (PDB ID:1RUZ,
2WRO, and 1TI8); M2 proton channel, and PB2
polymerase protein (PDB ID: 2RLF and 4CB6). 3D
structures of all the proteins were retrieved from RCSB
Protein Data Bank (PDB) (http://www.rcsb.org/) [30].
Proteins were prepared for molecular docking by
removal of metal ions, water molecules, cofactors,
additional charges, and hydrogen atoms by using
sybyl-x1.1 software. Energy of the target protein was
minimized prior to molecular docking.
The structures of organic acids in Lonicera japonica

and oseltamivir carboxylate (OTV, the active
metabolite of oseltamivir had inhibitory effect on
influenza neuraminidase) were derived independently
from NCBI PubChem Compound
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(http://www.ncbi.nlm.nih.gov/pccompound) [31] and
TcmSP (Traditional Chinese Medicines for Systems
Pharmacology Database and Analysis Platform
http://lsp.nwsuaf.edu.cn/tcmsp.php ) [32]. Organic
acids used in this study include chlorogenic acid
(compound A), isochlorogenic acid A, B, and C
(compounds F, D, and E), and their isomers
4-caffeoylquinic acid and 5-caffeoylquinic acid
(compounds C and B) (table 1). All 3D structures of
those compounds were built with ChemBioOffice 2008.
Conformations of all ingredients were generated using
Confort™.
Target prediction and validation
Target prediction was performed for organic acids in

Lonicera japonica by using the sybyl-x1.1. Organic
acids of Lonicera japonica were virtually screened.
First, 3D structure construction and modeling were
performed with the sybyl-x1.1 [33]. Second, energy
minimizations were performed using the Tripos force
field with a distance-dependent dielectric and the
Powell conjugate gradient algorithm by using a
convergence criterion of 0.01 kcal/(mol A). PDB Sum
was utilized to determine the binding sites with which
the ligand can bind the receptor. Finally, each
compound was docked to the active sites of different
NA, HA, M2, and PB2 proteins by using Surflex-Dock
Program. The docking scores and binding energies of
docked ligands were estimated to determine potential
targets of each compound. In order to validate the
reliability of docking results, oseltamivir, the known
xxx

influenza neuraminidase inhibitor was used as the
reference standard.

Disease
The therapeutic efficacy of natural herbs depends on
multiple components as opposed to multiple targets.
While, the complexity of the herbs becomes a huge
obstacle for elucidating its molecular mechanisms. To
further clarify the relationship between the ingredients
of Lonicera japonica and their relative targets, we
constructed the compound-target network by using
Cytoscape [34]. Compound–target interactions in
which a compound and a target protein are connected
to each other if the protein is a potential target of the
compound, giving rise to a ‘compound–target
network’.

Results
Predicted targets of organic acids in Lonicera
japonica.
In this study, virtual screening was applied to predict
the targets of each organic acid. The 3D structures of
N1, N2, N3, N4, N5, N6, N8, N9, HA, M2 and PB2
proteins were downloaded from the PDB database. The
structures of organic acids are shown in Table 1.
Normally, docking score ≥ 5 was representative of a
potential target [35]. Based on this, each compound
was found to be effective against almost all the tested
targets (Table 2).

Table 1 Structures of six selected compounds (organic acids) in Lonicera japonica.

Chemical name Structure

Chlorogenic acid (A)

5-Caffeoylquinic acid (B)

4-Caffeoylquinic acid (C)

Isochlorogenic acid A;

3,5-Dicaffeoylquinic acid (F)

http://www.ncbi.nlm.nih.gov/pccompound
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Isochlorogenic acid B;

3,4-Dicaffeoylquinic acid (D)

Isochlorogenic acid C;

4,5-Dicaffeoylquinic acid (E)

Table 2 Virtual binding scores of chlorogenic acid, isochlorogenic acid and their isomers with proteins of
influenza virus; different subtypes of NA and HA, M2 and PB2 proteins.

Proteins
Compounds/total score

A B C D E F OTV

N1a 5.04 5.45 5.52 6.67 10.03 5.90 7.13
N1e 6.82 5.59 7.39 9.19 7.83 8.55 8.93
N1f 6.54 6.45 5.69 5.52 5.63 6.40 7.39
N9v 5.94 6.75 6.26 7.11 7.20 6.06 9.78
N9w 4.73 5.87 6.05 7.17 8.01 6.03 5.71
N9q 6.27 5.86 5.78 8.58 5.94 7.44 6.68
N2 6.07 7.00 5.88 6.93 7.77 4.71 9.04
N3 4.37 6.09 7.40 6.46 5.44 6.57 7.56
N4 4.18 5.59 5.84 7.44 6.31 7.60 6.84
N5 5.69 5.46 3.91 4.22 3.67 3.97 7.77
N6 5.12 5.37 8.86 6.45 6.02 7.56 7.95
N8 5.20 4.45 5.50 7.03 4.92 4.94 6.58
H1 5.08 5.26 5.79 6.37 6.20 6.73 -
H2 2.57 3.78 5.19 3.24 5.80 3.54 -
H7 5.11 6.75 6.56 5.59 4.84 5.05 -
PB2 7.99 6.60 7.24 8.94 7.99 6.14 -
M2 3.59 3.33 2.81 3.06 5.10 3.58 -

Using SYBYL-X Surflex-Dock and influenza virus neuraminidase N1s and N9s crystal structure.
Including three subtypes of N1, two mutants I223R and H274Y substitution (N1e and N1f) and one
non-mutant (N1a) and three subtypes of N9, two mutants R294K and R292K substitution (N9w and
N9q) and one non-mutant (N9v). Total scores were expressed in -log (Kd) units to represent binding
affinities. Chlorogenic acid (A), isochlorogenic acid A, B and C (F, D and E) and their isomers
4-Caffeoylquinic acid and 5-Caffeoylquinic acid (C and B), oseltamivir carboxylate (OTV).
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In order to determine the optimal potential targets of
each compound, oseltamivir carboxylate (OTV), the
active metabolite of oseltamivir was chosen as the
positive control. As shown in Table 2,
the docking scores of E to N1a (10.03) and N9w (8.01)
are much higher than those for the positive control
OTV to N1a (7.13) and N9w (5.71). This showed that
compound E is a better inhibitor of N1a and N9w than
OTV. Moreover, the docking scores of D to N4 (7.44),
and N8 (7.03) are higher than that of OTV to N4 and
N8 (6.84, 6.58). Furthermore, the docking scores of D
to PB2 (8.94) are above 5. Overall, the respective
targets of each compound were discovered. In addition,
some of the compounds showed a better inhibition
when bound to a certain target than OTV. The results
suggested that Lonicera japonica inhibited the
influenza virus in a multi-component versus
multi-target manner.
Compound–Target network for Lonicera japonica.
In this study, we made progress in multi-component
and multi-target analysis of anti-influenza virus
activity of Lonicera japonica. The Compound-Target
network was constructed for the organic acids of
Lonicera japonica and their potential targets (Figure
1). This network comprises 24 nodes and 79 edges.
The global view of this network as in Figure 1 showed
different numbers of interactions of compounds with
their potential targets. For example, most of the targets
were hit by more than one compound: N9w was hit by
five compounds (B, C, D, E, and F) while N6, PB2,
and other subtypes of N1 and N9 were hit by six
compounds (A, B, C, D, E, and F). Similarly, each
compound targeted more than one protein. N1a, N1e,
N1f, N9v, N9w, N9q, N2, N3, N4, N6, N8, H7, H1,

and PB2 are the potential targets of compound D as
well as compound B. However, M2 is an exception in
this network since it has only one compound
interaction. Taken together, our study revealed that
Lonicera japonica inhibit the influenza virus in a
multi-component versus multi-target manner, wherein
two or more active ingredients simultaneously target
multiple proteins. That is, the inhibitory effect of
Lonicera japonica to the influenza virus depends on
multiple components as opposed to multiple targets
Organic acids showed effective inhibition of N1 and
N9 mutants.
Lonicera japonica has been used clinically for the
treatment and prevention of infection caused by
influenza A mutants. To validate this, molecular
docking was performed to compare their binding
modes with that of OTV. The results of docking
organic acids to mutants of N1 and N9 are shown in
Figure 2. First, the binding scores of compound D, E,
and F docking to N1 and N9 showed no statistical
differences compared to that of OTV (P>0.05). We
noticed that some compounds also exhibited better
inhibition of the mutants than OTV. For example, the
docking scores of E to N1a (10.03) and N9w (8.01)
were much higher than those of OTV to N1a and N9w.
The docking scores of D to N1e (9.19), N9w (7.17)
and N9q (8.58) were similar. These results provide
good explanations as to why Lonicera japonica is
effective in the treatment and prevention of infections
caused by influenza A mutants. Furthermore, three
molecules (D, E, and F) from Lonicera japonica were
predicted as effective inhibitors of N1 and N9 as well
as their mutants. These compounds could be crucial in
dealing with the rapid mutation rate of influenza virus.

Figure 1 The Compound-Target (C-T) network of Lonicera japonica organic acids and their potential targets.
A, B, C, D, E and F represent different organic acids. Proteins that considered as their potential targets are
represented by N1, N2, N3, N4, N5, N6, N8, N9, H1, H2, H7, M2 and PB2.
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Discussion
Natural herbs have been used to treat influenza for
hundreds of years in Southeast Asia. In the history of
herbal medicine against influenza virus, Lonicera
japonica has been considered very effective for both
the treatment and prevention of influenza [19, 20].
Numerous studies have been performed to explain and
elaborate the underlying molecular mechanisms of
Lonicera japonica. However, the complexity of

c

component composition in natural herbs has always
been the obstacle to this kind of research. In our work,
we developed and employed a computational method
to study the molecular mechanism of anti-influenza
effect of Lonicera japonica.
Virtual screens were applied to predict the targets of

each organic acid. The result showed that each
compound could inhibit all tested targets (Table 2).
Targets selected herein are vital to the influenza virus

Figure 2 Molecular docking analyses were performed to testify the interactions of organic acids with
mutants of N1 and N9 compared with that of oseltamivir carboxylate (displayed as OTV). Y-axis shows
the binding score of compounds and x-axis shows the different subtypes of N1 and N9. The letters
represent organic acids, chlorogenic acid (compound A), isochlorogenic acid A, B and C (compound F, D
and E) and their isomers 4-caffeoylquinic acid and 5-caffeoylquinic acid (compound C and B). The icons
,◇,,△,0, and represent the total scores (docking scores) of compound A, B, C, D, E, F and OTV
respectively.
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life cycle. These results showed why Lonicera
japonica could be useful for the treatment of infections
caused by different subtypes of influenza virus; the
function of Lonicera japonica has been validated in the
clinics. However, our results showed that different
compounds have different inhibitory activities against
different target proteins. Only some of the compounds
showed a better inhibition than OTV. Moreover, the
inhibitory abilities of 6 organic acids as a whole
showed no statistical difference compared to that of
OTV. This suggested that inhibition by a single
compound against one target might not be enough for
prevention of infection caused by all subtypes of
influenza virus, which might need
multiple components for inhibition. Recently, new
subtypes of influenza viruses have been reported that
could infect humans with a limited infectious ability [1,
5, 36]. It has been proved that Lonicera japonica could
be used to develop an efficient combinatorial
intervention through mechanistic redundancy in order
to deal with the newly emerged mutants. This highly
flexible redundant mechanism that exists in plants will
make herbal medicine one of the most promising and
effective choices in clinical trials in the future.
The combinational therapy with different herbal

medicines against resistant microbes has existed in
China for thousands of years [18, 19]. To uncover the
molecular mechanism of combinational effects of
Lonicera japonica for the treatment and prevention of
influenza virus infection, we developed Compound-
Target network to further clarify multiple compounds
versus multiple targets effects (Figure 1). Further
analysis of the network showed that the organic acids
target not only NA and HA, which is considered as the
most attractive drug targets of influenza virus [3], but
also other proteins (PB2, M2) [6, 7], which is proven to
be vital in the life cycle of the virus. Notably, the
organic acids studied in the present study have been
experimentally proven as the active ingredients in
Lonicera japonica [25]. In addition, it is suggested that
the combination of multiple compounds probably are
effective at low concentration, which is evidently safer
than single-compound drug and causes less potential
drug resistance. It appears that the anti-influenza
virus activity of Lonicera japonica can be attributed to
the synergistic effect contributed by multiple
components and less potential drug resistance.
Influenza virus is difficult to prevent from because

of its high mutation rate as well as rapid acquisition of
drug resistance. The mutants of N1 and N9 subtypes of
influenza virus were found to be the obstacles to
epidemic prevention and control. Many current
therapies do not achieve expected treatment effect
because of the emergence of resistant strains caused by
rapid mutation of influenza virus [12, 15]. The newly
emerged mutated strains of H7N9 that are resistant to
NA inhibitors (both oseltamivir and zanamivir) have
been reported [16]. In this research, three molecules (D,

E, and F) from L japonica were selected and predicted
as effective inhibitors of N1 and N9 as well as their
mutants. Our study explains the mechanism of
anti-influenza activity of Lonicera japonica at a
molecular level. Owing to the diverse compounds and
mechanisms of Lonicera japonica, it could be a
potential candidate for the development of drugs
against the newly emerged influenza virus mutants,
and this could also hold true for other natural herbs.
For years, Lonicera japonica has been proven to be

effective as an anti-influenza therapy. However, the
molecular mechanisms of Lonicera japonica remain
unclear. To elucidate the underlying mechanisms,
computational methods were developed and used for
target prediction and validation. Network analysis and
examining the inhibitory potential against the mutants
elucidated the molecular mechanism of anti-influenza
virus activity of Lonicera japonica. Our results suggest
that organic acids of Lonicera japonica inhibit
influenza by targeting various proteins via a
multi-target/multi-component approach. Such
versatility is vital for providing treatments to the new
emerging virus subtypes and future applications. In
addition to Lonicera japonica, other herbal medicines
have proven to be effective in the clinical treatment of
influenza virus [19]. Taken together, herbal medicines,
which are still widely used in Asia, could be a potential
candidate for the treatment of newly emerged subtypes
of influenza virus mutants.
This study is an attempt to investigate the effect of

anti-influenza virus of the organic acids from Lonicera
japonica. Molecular docking programs use scoring
functions to estimate the binding energetics of the
predicted ligand-receptor complexes. This shows that
the results obtained here through the method based on
the computer simulation, which lack of experimental
verification. However, this research can provide
guideline and the theories basis for the further
experimental study. For instance, we can construct
herbal medicines pharmacology network by
composition screening and target predicting based on
molecular docking, and learn the molecular mechanism
of herbal medicines from the pharmacology network.

Conclusion
As a botanical drug, Lonicera japonica is usually used
to treat influenza in China. This research revealed the
mechanism of Lonicera japonica in the inhibition of
influenza virus through molecular docking. Our results
suggest that Lonicera japonica is useful for the
prevention and treatment of influenza and the
anti-influenza effect can be attributed to its
components. We found that the anti-influenza activity
of Lonicera japonica occurs in a multi-component
versus multi-target manner, through the actions
between components. Moreover, three molecules (D, E,
and F) were selected and predicted as potential
inhibitors of N1 and N9 as well as their mutants.
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Molecular docking was found to be an effective
approach to determining the mechanism of anti-
influenza virus action of natural herbs; in this study,
the activity of certain herbs on influenza viral proteins
was investigated.
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