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c-Jun N-terminal kinase 1 (JNK1) is involved in apoptosis, cell differentiation and proliferation. It has been reported 
that a flavonol, quercetin, induces cell apoptosis and JNK inhibition. In order to understand the interactions of quer-
cetin and JNK1, we performed receptor-oriented pharmacophore based in silico screening and determined a binding 
model of human JNK1 and quercetin at the ATP binding site of JNK1. 5-OH of A-ring and carbonyl oxygen of 
C-ring of quercetin participated in hydrogen bonding interactions with backbone of E109 and M111. Additionally, 
3'-OH of quercetin formed a hydrogen bond with backbone of I32. One hydrophobic interaction is related on the 
binding of quercetin to JNK1 with I32, N114, and V158. Based on this model, we conducted a docking study with 
other 8 flavonols to find possible flavonoids inhibitors of JNK1. We proposed that one flavonols, rhamnetin, can be 
a potent inhibitor of JNK and 5-OH of A-ring and 3'-OH of B-ring of flavonols are the essential features for JNK1 
inhibition.
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Introduction

c-Jun N-terminal kinases (JNKs) are a group of mitogen- 
activated protein kinases (MAPKs) which stress-activated ki-
nases. JNKs bind and phosphosphorylate c-Jun on Ser63 and 
Ser73 within its transcriptional activation domain.1-3 JNKs have 
ten isoforms derived from three genes: JNK1, JNK2 and JNK3 
in mammalian.4 JNK1 and JNK2 are found in all cells and tissues 
of mammalians and JNK3 is found mainly in the brain.5 The 
JNK pathway is related on immune system and JNKs play a 
central role in obesity and insulin resistance.6,7 They are also 
important signaling proteins involved in apoptosis, cell differen-
tiation and proliferation.1,2 The JNKs mediate cell stress res-
ponses as regulation of proapoptotic death signaling events.8-10 
Specially, it is known that JNK1 is involved in apoptosis, cell di-
fferentiation and proliferation, and neurodegeneration.11 There-
fore, inhibition of JNK may provide clinical benefits in diverse 
diseases and this is why JNK inhibitors have been discovered 
and characterized from many researchers.

Flavonoids are common constituents of plants and are widely 
used in medicine for treatment of several human diseases.12-14 
It has been reported that quercetin, the most abundant flavonol, 
inhibit JNK1 and induces apoptosis. It inhibits the phosphoryl-
ation of JNK1.15 Flavonoids show inhibitory activity against 
several kinases and the X-ray complex structure of kinase and 
some flavonoids or flavonoid derived compounds have been 
released.16,17 

In this study, we performed receptor-oriented pharmacophore 
based in silico screening in order to determine the binding model 
between quercetin and JNK1. To find new flavonoid inhibitor 
of JNK1, we conducted docking study with known eight fla-
vonols. This study will be helpful to understand the mechanism 
of flavonol against kinase.

Methods

Receptor-oriented pharmacophore-based in silico screening. 
We compared several X-ray complex structures of inhibitor- 
JNK1 at the center of the ATP binding site. Then, we defined 
specific interactions between JNK1 and its inhibitors. Based on 
this information, we determined three pharmacophore maps 
and we searched a single compound library which included only 
quercetin. Computations were performed on a Linux environ-
ment using the DS Modeling 2.1 (Accelrys Inc., San Diego, 
CA). 

Docking study. Based on the binding model between quer-
cetin and JNK1, determined by in silico screening, we perform-
ed an automated docking study in order to find other possible 
flavonoid inhibitors of JNK1 using AutoDock.18-20 The Lamarc-
kian Genetic Algorithm (LGA) of the AutoDock 3.05 was used 
for docking experiments. MD simulations on the final docking 
structure were performed in the canonical ensemble (NVT) at 
300 K and distance-dependent function of the dielectric constant 
was used for the calculation of the energetic maps in vacuum 
system using the program InsightII/Discover. All atoms of the 
system were considered explicitly, and their interactions were 
computed using the consistent valence force field. A distance 
cutoff of 10 Å was used for van der Waals interactions and 
electrostatic interactions. The time step in the MD simulations 
was 1 fs and MD simulation was performed for 2 ns. Coor-
dinates were saved every 1 ps. The average structure was cal-
culated for the 2 ns trajectory and submitted to final energy 
minimization by performing 20,000 steps of steepest descent 
method.

The scoring functions (LigScore and PLP1) were calculated 
for hits to evaluate the accuracy of docking study using DS 
Modeling 2.1.
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Figure 1. Interaction models of (A) Overall structure of human JNK1. 
(B) five hVEGFR2 inhibitors and hVEGFR2 taken from X-ray com-
plex structures (1JNK.pdb, 1UKI.pdb, 2H96.pdb, 3ELJ.pdb, and 
3KVX.pdb). Red dotted line presented hydrogen bonds between re-
ceptor and inhbitiors.

Lipo
HBA
HBD

Lipo1

Lipo2

HBA1
(M111)

HBD1
(E10

Figure 2. Representation of the interactions essential for inhibition of
JNK1. HBA is hydrogen bonding acceptor, HBD is hydrogen bonding
donor, and Lipo is hydrophobic interaction.
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Figure 3. (A) Binding model of quercetin and JNK1 by in silico screen-
ing. Red dotted line presented hydrogen bonds between receptor and 
inhbitiors. (B) The superimposed surface model of quercetin (yellow)
and rhamnetin (blue) with JNK1.

Results and Discussion 

To compare the interaction model between inhibitors and 
human JNK1, we superimposed several X-ray complex struc-
tures of human JNK1 and its inhibitors (1JNK.pdb, 1UKI.pdb, 
2H96.pdb, 3ELJ.pdb, and 3KVX.pdb).3,21-24 Overall structure 
of JNK1 and the superimposed model of five JNK1 inhibitors 
are represented in Figure 1. JNK1 inhibitors formed commonly 
two hydrogen bonds with backbone amide proton of M111 and 
backbone carbonyl oxygen of E109, respectively. Also, they 
have two possible hydrophobic interactions at the ATP binding 
site as shown in Figure 2. V40 and L168 form the first hydro-
phobic site and I32, N114, and V158 form the second hydro-
phobic site. On the basis of these interactions, we defined two 
pharmacophore maps (Map I and II). Each map consisted of 

three features; one hydrogen bond acceptor (HBA) on M111, 
one hydrogen bond donor (HBD) on E109, and one hydrophobic 
interaction (Lipo1 or 2). We searched the multiple conformer 
library of quercetin and it hit only by map I. Map I include 
Lipo 2 which presented the second hydrophobic site. 5-OH 
and carbonyl oxygen of C-ring of quercetin participated in hy-
drogen bonding interactions with amide proton of M111 and 
carbonyl oxygen of E109, respectively. It is well known that 
these interactions are essential between the inhibitors and JNK1. 
B-ring of quercetin formed a hydrophobic interaction with I32, 
N114 and V158. Specially, additional hydrogen bonding inter-
action was found between the backbone carbonyl oxygen of 
I32 and 3'-OH of quercetin. This is an exclusive interaction 
found only in binding model of quercetin and JNK1.

To find possible flavonoid inhibitors of JNK1, we conducted 
docking study based on the binding model of quercetin and 
JNK1. Since quercetin is classified as flavonol and we once 
evaluated the possibility of flavonols as kinase inhibitors in our 
previous report, we used the set of 8 flavonols for docking 
study.25 Flavonols are a class of flavonoids and present in a 
wide variety of vegetables and fruits.

Among eight flavonols, five (kaempferol, rhamnetin, kaemp-
feride, galangin, and morin) were hit as candidates of JNK1 
inhibitors. Five hits have 3-, 5-, and 7-OH. 5-OH formed a hy-
drogen bond with backbone oxygen of E109. Also, they have 
two hydroxyl groups at the B-ring at 3'- and 4'-position. Interes-
tingly, 3'-OH of quercetin participated in hydrogen bonding 
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Table 1. Structures of flavonols based on the position of their substituents and scoring functions of hit
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Flavonols
Position of Substituents

LigScore PLP1
3 5 7 2' 3' 4' 5'

Quercetin OH OH OH H OH OH H 2.89 62.61
Galangin OH OH OH H H H H ‒3.03 43.01

Kaempferol OH OH OH H H OH H ‒0.51 53.44
Myricetin OH OH OH H OH OH OH - -

Fisetin OH H OH H OH OH H - -
Morin OH OH OH OH H OH H ‒8.25 25.93

Kaempferide OH OH OH H H O-Me H 0.63 52.39
Rhamnetin OH OH O-Me H OH OH H 2.54 64.14
Pachypodol O-Me OH O-Me H O-Me OH H - -

-O-Me = Methoxy group

interaction with backbone of Ile32 and this would be the essen-
tial feature of flavonols to inhibit JNK1. Among the non-hits, 
fisetin does not have 5-OH and two methoxy groups of pachy-
podol may interrupt formation of hydrogen bonding of 5-OH. In 
the case of myricetin, the extra hydroxyl group of 5'-position 
may cause steric conflict with side chain of receptor.

In order to verify the results of the docking study, we calcul-
ated two scoring functions; LigScore and PLP1. The LigScore 
possesses high predictive accuracy of affinity of ligand-receptor 
binding as well as pKi values.26 The PLP1 (Piecewise Linear 
Potential 1) is an empirical scoring function and the higher PLP 
score indicates the stronger binding affinity with the receptor.27 
The 2D structures of 9 flavonols (including quercetin) and 
scoring values of hits are listed in Table 1.

A reference ligand, quercetin, is given a LigScore value of 
2.89 and PLP1 value of 62.61. Only rhamnetin showed similar 
range of scoring values compared with quercetin. This means 
rhamnetin can be a potential inhibitor of JNK1 with similar 
binding affinity of quercetin. The rest of four hits showed much 
lower values for both scoring functions than rhamnetin.

Quercetin has five hydroxyl groups at the position 3, 5, 7, 
3', and 4'. Among these, 5- and 3'-OH participated in hydrogen 
bonding interactions with JNK1 and these interactions can be 
important in its inhibitory activity against JNK1. Rhamnetin 
has four hydroxyl groups (3, 5, 3' and 4') and 7-position is 
O-methylated. 5- and 3'-OH of rhamnetin also formed hydro-
gen bonds with JNK1. Because 7-OH of quercetin does not have 
interactions with JNK1 directly, it can be possible that the me-
thoxy group of rhamnetin does not effect on the binding affinity. 
Interaction model between quercetin and JNK1 and the super-
imposed surface model of quercetin and rhamnetin with JNK1 
are depicted in Figure 3.

The rest of four hit flavonols (galangin, kaempferol, morin, 
and kaempferide) had very low scoring values; LigScore was 
less than 1 and also PLP1 was less than 55, owing to the absence 
of 3'-OH. The lowest ranked flavonol, morin, has 2'-OH. Since 

this hydroxyl group is exposed to the surface, binding affinity 
of morin might be much lower than the other hits.

From the results, we can conclude that 5- and 3'-OH of fla-
vonols are essential for binding to JNK1. Rhamnetin may be a 
potent JNK1 inhibitor with good binding affinities. Antiproli-
ferative activity of rhamnetin is well known against various 
cell lines.28 Therefore, in our further study, we will measure the 
binding affinity of rhamnetin for human JNK1 and investigate 
the mechanism of rhamnetin.

Conclusion

We determined two pharmacophore maps which represented 
the specific interactions between known inhibitors and JNK1. 
This map consisted of three features; one HBA, one HBD, and 
one Lipo. We performed receptor-oriented pharmacophore 
based in silico screening for quercetin with two maps and de-
termined binding model between quercetin and JNK1. 5-OH 
and carbonyl oxygen of C-ring of quercetin participated in hy-
drogen bonding interactions with backbone of M111 and E109, 
respectively. B-ring of quercetin formed a hydrophobic inter-
action with I32, N114, and V158. Additionally, 3'-OH of quer-
cetin formed the third hydrogen bond with backbone oxygen 
of I32. These interactions are the characteristics of quercetin 
to inhibit the activity of JNK1. On the basis of this model, we 
conducted docking study with known eight flavonols to find new 
flavonoid inhibitors of JNK1 and we proposed that rhamnetin 
can be a potent inhibitor of JNK1 with similar binding affinity of 
quercetin based on two scoring functions (LigScore and PLP1). 
5-OH and 3'-OH of flavonols would be the important features 
to inhibit of JNK1. This study may provide a strategy for the 
development of natural flavonoid inhibitors of JNK1.
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