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Abstract

Background: The kinase pocket structural information is important for drug discovery targeting cancer or other diseases.
Although some kinase sequence, structure or drug databases have been developed, the databases cannot be directly
used in the kinase drug study. Therefore, a comprehensive database of human kinase protein pockets is urgently needed
to be developed.

Results: Here, we have developed HKPocket, a comprehensive Human Kinase Pocket database. This database provides

sequence, structure, hydrophilic-hydrophobic, critical interactions, and druggability information including 1717 pockets
from 255 kinases. We further divided these pockets into 91 pocket clusters using structural and position features in each
kinase group. The pocket structural information would be useful for preliminary drug screening. Then, the potential drugs
can be further selected and optimized by analyzing the sequence conservation, critical interactions, and hydrophobicity

HKPocket.html.

of identified drug pockets. HKPocket also provides online visualization and pse files of all identified pockets.

Conclusion: The HKPocket database would be helpful for drug screening and optimization. Besides, drugs targeting
the non-catalytic pockets would cause fewer side effects. HKPocket is available at http://zhaoserver.com.cn/HKPocket/
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Background

Kinase proteins are considered as one of the most at-
tractive drug targets for drug discovery targeting cancer,
chronic neurodegenerative or other diseases [1-4]. Pre-
vious studies have highlighted two major strategies tar-
geting kinases: ATP-binding inhibitors (type I and II)
and non-ATP inhibitors (type III and IV) [3, 5]. Cur-
rently, most developed drugs are ATP-competitive in-
hibitors [6, 7]. Andrea et al. performed a systematic
analysis of catalytic ATP-binding pockets. Their results
showed that ATP-binding pockets are highly conserved
[8]. Therefore, the ATP-competitive drugs may inhibit
most of the kinase proteins and cause side effects, such
as hypertension, hand-foot skin reaction and acute renal
failure [9-11]. Type III and type IV inhibitors are usually
very selective and have fewer side effects because their
targeted binding sites are usually unique to a particular
kinase [3, 5, 12]. Thus, there is an urgent need to
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develop new drugs targeting non-catalytic pockets to re-
duce side effects.

Computer-aided drug design is widely used in drug
development to shorten the time and reduce the cost of
experiments [13-22]. There are several existing kinase
databases with sequence, structure or drug information.
For example, (1) kinase protein databases (the Kinase.
com, the Protein Kinase Resource, the Target Informat-
ics Platform and the KinG database) explore the genom-
ics, evolution and function of protein kinases [23-26];
(2) experimental information databases (the Kinase
Validation Set, the KINOMEscan data, the PhosphoBase,
the KinMutBase, and the Kinase Pathway Database) con-
tain compound bioactivity, phosphorylation and muta-
tion experimental data [27-32]; (3) kinase catalytic
pocket databases (the Kinase Knowledgebase and the
Kinase-Ligand Interaction Fingerprints and Structure
database) studied the structural and sequence features of
ATP-binding and closely nearby pockets [33—35]. How-
ever, most of the drugs in these databases are ATP-
competitive leading to many side effects. In addition, the
available kinase information cannot be directly used in
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the kinase drug study. The well-analyzed kinase struc-
tures are still limited. Thus, a comprehensive and up-
dated human kinase pocket database is urgently needed
especially for inhibitors targeting non-catalytic pockets
with fewer side effects.

Recently, the kinase family is very well covered by
tertiary structures, making it possible to perform a sys-
tematic analysis of potential selective binding pockets.
Here, we performed a systematic analysis of binding
pockets from 255 available human kinase structures to
provide potential selective binding pockets and devel-
oped HKPocket database with sequence, structure,
hydrophilic-hydrophobic and druggability information
for kinase drug design.

Construction and content

HKPocket database construction

The whole human kinome contains a total of 518 ki-
nases with 478 typical kinases and 40 atypical kinases.
The 478 typical kinases were divided into nine groups
(AGC: 63, CAMK: 74, CK1: 12, CMGC: 61, RGC: 5,
STE: 47, TK: 90, TKL: 43, Other: 83) [36]. A workflow
of constructing the HKPocket database is shown in
Fig. 1.

(1) We extracted structures from the PDB (Protein
Data Bank) database [37] based on the human
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kinase UniProt ID [38]. There are 313 human
kinase structures (AGC: 41, CAMK: 43, CK1: 10,
CMGC: 37, RGC: 0, STE: 31, TK: 73, TKL: 34,
Other: 44).

(2) We obtained the kinase protein structures by keeping
high-resolution structures (resolution <4 A) and
removing the short proteins with the length fewer
than 250 residues. We considered the length cut off
based on the following considerations: (i) 90% of
kinase proteins are larger than 250 residues [39, 40].
(i) it is very difficult to determine the pocket
information using short kinase proteins with many
missing residues. For example, pocket information
cannot be extracted from short NEK2 protein kinase
(PDB ID: 6HOO) without Ca-helix and other residues
(Fig. 2) [41]. The structure with the highest
resolution was selected if there are several structures
for the same kinase. There are remaining 255 kinase
proteins showed in Fig. 3 (AGC: 27, CAMK: 36, CK1:
10, CMGC: 37, RGC: 0, STE: 25, TK: 60, TKL: 26,
Other: 34).

(3) All the 255 kinase proteins were optimized to fill in
the missing atoms using the template-based
structure modeling tool SWISS-MODEL [42].

(4) The protein with the shortest sequence length was
selected as the reference structure in each group.
The remaining kinase structures were aligned to the
reference structure in the corresponding group.

piss
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.| 1. The kinase PDB IDs were obtained from
the UniProt ID. There are 332 human
kinases containing crystal structures.

v

2. The short (less than 250 residues) and
low resolution (> 4 I:\) human kinases
were removed. The highest resolution
structure was selected as reference
structure if there are several crystal
structures for a given kinase. There are
255 kinases after this screening step.

v

3. The structures were optimized using
SWISS-MODEL.

4. For each group, the shortest kinase

structure was selected as the reference
structure. Then, other kinase structures
were aligned to the reference structure.

Fig. 1 The workflow of the HKPocket database construction
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Fig. 2 The structure of NEK2 protein kinase. NEK2 (PDB ID: 6H0O) is
an incomplete protein with only 219 residues. Therefore, NEK2 does
not contain Ca-helix and many loop residues. It is very difficult to
identify a pocket using this incomplete structure

(5) All kinase pockets were detected by DoGSiteScorer
which uses a Gaussian filter to detect drug pockets
and define drug pocket features [43, 44]. There are
6347 identified pockets from 255 available human
kinase structures.

(6) The pse files were generated by PyMOL (www.pymol.
org) for kinases and their pockets visualization. The
91 cluster pse files (AGC: 11, CAMK: 9, CKI: 13,
CMGC: 10, STE: 12, TK: 8, TKL: 14, Other: 14)
contain 1717 detected pockets.

(7) The multi-sequence alignment of kinase protein
sequences in each group was performed. The
sequences of pockets were extracted from the
aligned kinase protein sequences. The sequence
conservation of pocket was analyzed and generated
by WebLogo [45]. The overall height of the
sequence symbol indicates the sequence conserva-
tion at the particular position.

(8) HKPocket database is developed in classical MVC
(Model-View-Controller) architecture. The model
layer is the database containing sequence,
structure, and other pocket information. The
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View layer is the online visualization application
implemented by JSmol. The Controller layer
provides search function access to the pocket
data designed using REST APL

The HKPocket database will be updated annually and
provides sequence, structure, and other information,
such as volumes, depths, surface, hydrophilic-
hydrophobic, and drug score. All the information can be
downloaded from the HKPocket database website. In
addition, the HKPocket database provides an online
visualization module. Users can scale and rotate the
structures by cartoon or spacefill representations.

Content

The differences between HKPocket and existing databases
HKPocket database is a comprehensive human kinase
pocket database for drug study against kinase-related
diseases. The following differences distinguish the
HKPocket database from the existing kinase-related da-
tabases (Table 1).

1. The human kinase protein databases

The Kinase.com provides the sequences and evolution-
ary trees of 15 kinomes, such as human kinome, mouse
kinome, and drosophila kinome [36, 46, 47]. The Protein
Kinase Resource includes aligned sequences of 390
eukaryotic protein kinases and a description of 50
protein kinase structures [23]. The Target Informatics
Platform (TIP) provides more than 195,000 high-
resolution protein structures, covering every major drug
target family including proteases, kinases, nuclear recep-
tors, phosphatases, phosphodiesterases, and GPCRs [24].
The KinG database is a comprehensive collection of Ser/
Thr/Tyr specific kinases and their similar sequences and
provides the sequences, functional domain assignments
of kinases [25, 26]. These databases simply provide the
sequence, structure and evolutionary information but
cannot be directly used in the kinase drug study.

2. The human kinase experiment databases

The Kinase Validation Set contains over 3880
molecule structures and corresponding pIC50 data
across three kinase targets (ABL1, SRC, and AURKA)
[27]. The KINOMESscan data is a table of all small mole-
cules in the HMS LINCS collection that profiled by
KINOMEscan, including links to the raw binding data
[48]. The PhosphoBase is a eukaryotic phosphorylation
site database [28, 29]. The KinMutBase contains 251
mutations representing 621 patients in protein kinase
domains [30, 31]. The Kinase Pathway Database provides
functional conservation information, protein-gene/
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Fig. 3 The distribution of 255 human kinases. There is the distribution of 255 human kinases (AGC: 27, CAMK: 36, CK1: 10, CMGC: 37, RGC: O, STE:
25, TK: 60, TKL: 26, Other: 34) in HKPocket database on human kinome tree. The red dots represent each kinase structure

protein/compound interactions in existing databases and
papers [32]. These databases provide the phosphoryl-
ation, mutation, and binding affinity data but without
pocket structural information.

3. The human kinase catalytic pocket databases
The Kinase Knowledgebase (KKB) is a database of kin-

ase structure-activity and chemical synthesis data. This
database contains all crystallized catalytic domain

structures [35]. The Kinase-Ligand Interaction Finger-
prints and Structure database (KLIFS) contains kinase-
ligand interaction information, ligand and catalytic pocket
structures of kinase proteins [34]. Current databases focus
on catalytic pockets (ATP-binding pockets or the pockets
closely located at ATP-binding pockets). However, the in-
formation on ATP pockets is very limited to drug design.
To bridge this gap, we performed a large-scale analysis
of 255 available human kinase structures by systematic
pocket detection and comparison. HKPocket contains
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1717 identified pockets which 85% are non-ATP
pockets. A clustering of non-ATP pockets provides a
framework to decipher pockets for further study. The
major difference between HKPocket and previous work
is that we have performed systematic pocket detection,
comparison, annotation and visualization of non-ATP
pockets.

The features of HKPocket database

We have developed a human kinase pocket database for
kinase drug design study. Currently, it contains 1717
pockets from 255 kinases.

(1) HKPocket database provides the tertiary structures and
the structural topology information (volume, surface,
and depth) of 91 pocket clusters. In addition, we also
provide other quantitative information such as
enclosure, ratios between ellipsoid main axes. Most
drug discovery development approaches are based on
the lock and key model [49, 50]. The pocket topology
information would be useful for preliminary drug
screening. For example, Volkamer et al. [8] studied the
conservation of ATP-competitive pocket in the human
kinome by analyzing the volume, and depth of the
ATP-competitive pocket. Therefore, the specificity
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drug pocket study will promote the development of
specific drugs to reduce drug side effects.

Second, HKPocket provides sequence conservation
analysis, the number of metals and specific elements
(carbon, nitrogen, sulfur, oxygen and other atoms).
The sequence conservation analysis results of
detected pockets are shown in WebLogo format. The
overall height of the sequence indicates the frequency
and conservation at the corresponding position. The
pocket sequences and atomic level information would
play important roles for further drug screening.
HKPocket also provides interaction information of
pockets containing hydrophobic interactions as well
as the ratio of apolar, polar, positive, negative
amino acids and hydrophobicity. These detail
interactions would be helpful for drug optimization,
especially for side chain or group optimization.
Moreover, the drug scores were calculated using a
Support Vector Machine (SVM) model [51, 52].
The drug score represents the druggability of
pocket ranging from O tol which the higher score
indicating a more druggable pocket.

HKPocket provides an online visualization module.
Users can scale or rotate the pocket tertiary
structures by cartoon or spacefill representations.

HKPocket

Home Search Visualization

other modules of the database

Download

Human kinase pocket database for drug design

Pocket Cluster

The kinase pocket structural information is important for drug discovery targeting cancer or other diseases. Although some kinase sequence,
structure or drug databases have been developed, the databases cannot be directly used in the kinase drug study. Therefore, a comprehensive
database of human kinase protein pockets is urgently needed to be developed.
Here, we have developed HKPocket, a comprehensive Human Kinase Pocket database. This database provides sequence, structure, hydrophilic-
hydrophobic, critical interactions, and druggability information including 1717 pockets from 255 kinases. We further divided these pockets into 91
pocket clusters using structural and position features in each kinase group. The pocket structural information would be useful for preliminary drug
screening. Then, the potential drugs can be further selected and optimized by analyzing the sequence conservation, critical interactions, and
hydrophobicity of identified drug pockets. HKPocket also provides online visualization and pse files of all identified pockets. The HKPocket

database would be helpful for drug screening and optimization. Besides, drugs targeting the non-catalytic pockets would cause fewer side effects.

Zhao Group at Central China Normal University

Fig. 4 An example of the Home module. The Home module provides an introduction of the HKPocket database. It also provides navigation to

Links Tutorial Contacts

U

Figure: The sequence WebLogo of one pocket cluster.

Table: The information of one pocket cluster.
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The key residues can be labeled and highlighted in
different colors.

Utility and discussion

HKPocket provides a user-friendly online server. The
server contains seven modules: Home, Search,
Visualization, Download, Links, Tutorial, and Con-
tacts. The detail information for each module is as
follows.
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Home module

The HKPocket Home module (Fig. 4) provides an intro-
duction to the HKPocket database. It also provides navi-
gation to other HKPocket modules.

Search module

The Search module (Fig. 5) consists of two parts: one
pulldown search box and a summary table of pocket
clusters. In the pulldown search box, users can select

Pocket Clusters in HKPocket Database

Group: Catalytic/Non-catalytic: Pocket Cluster: [ select s

Table. The description of pocket clusters.

Submit

Kinase

Group Group Description

Catalytic Pocket Clusters

Non-catalytic Pocket Clusters

Containing PKA, PKG, PKC

i AGC_P 0
families

AGC_P_1,AGC_P_2, AGC_P_3, AGC_P_4, AGC_P_5, AGC_P_6, AGC_P_7,
AGC_P_8,AGC_P_9, AGC_P_10.

AGC

RSK3, AKT1, AKT2, DMPK1, MRCKb, ROCK1, ROCK2, BAPK1, GPRK4, GPRK5, GPRK6, NDR1, PDK1, PKACa, PKCa, PKCb, PKCt, PKCh,
PKCi, PKG1, PKN1, PKN2, MSK1, p70S6K, RSK2, SGK2, SGK1

, YANK1.

Calcium/calmodulin-dependent

Al CAMK P 0 0
protein kinase

CAMK_P_0_1, CAMK_P_1, CAMK_P_2, CAMK_P_3, CAMK_P_4,
CAMK_P_5, CAMK_P_6, CAMK_P_7

CAMK

SgK495, SNRK, Trb1, TTN.

PIM2, AMPKa1, AMPKa2, CaMK1a, CaMK1d, CaMK1g, CaMK2a, CaMK2b, CaMK2d, CaMK4, CASK, CHK1, CHK2, DAPK1, DAPK2, DAPK3,

DCLK1, DRAK2, LKB1, MAPKAPK2, MAPKAPK3, MAPK1, MAPK2, MAPK3, MAPK4, MELK, MNK1, MNK2, PASK, PHKg2, PIM1, SgK085,

Casein kinase 1 CK1_P_0_0

CK1

CK1_P_1, CK1_P_2_0, CK1_P_2_1,CK1_P_3 0, CK1_P_3_1, CK1_P_4,
CK1_P_5, CK1_P_6, CK1_P_7, CK1_P_8, CK1_P_9, CK1_P_10

CK1d, CK1a, CK1e, CK1g2, CK1g3, CK1g1, TTBK1, VRK1, VRK2, VRK3.

Containing CDK, MAPK,

GSK3, CLK families CMGC_P_1

CMGC

CMGC_P_0, CMGC_P_2, CMGC_P_3, CMGC_P_4, CMGC_P_5, CMGC_P_6,
CMGC_P_7, CMGC_P_8, CMGC_P_9.

CDKS, CDC2, CDK2, CDK4, CDK6, CDK7, CDK8, CDK9, CDKL1, CDKL2, CDKL3, CDKL5, CHED, CLK1, CLK2, CLK3, CLK4, CRK7, DYRK1A,
DYRK2, DYRKS, Erk1, Erk2, Erk3, Erk5, GSK3B, JNK1, JNK2, JNK3, p38a, p38b, p38d, p38g, PCTAIRE1, PRP4, SRPK1, SRPK2.

Homologs of yeast Sterile 7,

Sterile 11, Sterile 20 kinases SIEF.0

STE

STE_P_1, STE_P_2, STE_P_3, STE_P_4, STE_P_5, STE_P_6, STE_P_7,
STE_P_8, STE_P_9, STE_P_10, STE_P_11.

PAK4, PAKS, PAKS6, SLK, STLK5, TNIK, YSK1.

MST1, COT, HGK, KHS2, LOK, MAP2K1, MAP2K2, MAP2K4, MAP2K6, MAP2K7, MAP3K7, MST2, MST3, MST4, NIK, OSR1, PAK1, PAK3,

Tyrosine kinase TK_P_0_0

TK P_1,TK_P_2 0,TK P_2 1, TK P_3, TK_P_4, TK_P_5, TK_P_6.

TK BRK, ABL1, ABL2, ACK, ALK, AXL, BMK, BTK, CSK, DDR1, EGFR, EphA2, EphA3, EphAS5, EphA7, EphA8, EphB1, EphB2, EphB3, EphB4,
FAK, FES, FGFR1, FGFR2, FGFR3, FGFR4, FLT1, FLK3, FMS, FYN, HCK, IGF1R, INSR, ITK, JAK1, JAK2, JAK3, KDR, KIT, LCK, LYN, MER,
MET, PDGFRa, PRK2, RET, RON, ROR2, ROS, SRC, SYK, TIE2, TRKA, TRKB, TXK, TYK2, ZAP70.

Tyrosine kinase-like TKL_P_1

TKL

TKL_P_0_0, TKL_P_0_1, TKL_P_0_2, TKL_P_0_3, TKL_P_0_4, TKL_P_0_5,
TKL_P_2, TKL_P_3, TKL_P_4, TKL_P_5, TKL_P_6, TKL_P_7, TKL_P_8.

RAF1, RIPK1, RIPK2, TAK1, TGFbR1, TGFbR2, ZAK.

ILK, ACTR2, ACTR2B, ALK1, ALK2, BMPR1B, BMPR2, BRAF, DLK, HH498, IRAK1, IRAK4, KSR1, KSR2, LIMK1, LIMK2, MLK1, MLK4, MLKL,

Other kinase Other_P_0

Other

Other_P_1_0, Other_P_2, Other_P_3, Other_P_4, Other_P_5, Other_P_6,
Other_P_7, Other_P_8, Other_P_9, Other_P_10, Other_P_11, Other_P_12,
Other_P_13.

AurA, AAK1, AurB, BIKE, BUB1, CaMKK1, CaMKK2, CDC7, CK2a1, CK2a2, GAK, Haspin, IKKb, IRE1, MPSK1, MYT1, NEK1, NEK7, PBK, PEK,
PLK1, PLK2, PLK3, PLK4, SgK223, TBK1, TLK2, TTK, ULK1, ULK3, Wee1, Wee1B, Wnk1, Wnk3.

summary table contains the names of 91 pocket clusters

For more individual kinase pocket information, please visit the "Download" webpage.

Fig. 5 An example of the Search module. The Search module consists of two parts: one pulldown search box and a summary table of pockets.
(1) In the pulldown search box, users can select the pocket cluster by group, catalytic/non-catalytic, and pocket cluster information. (2) The
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1. Sequence WebLogo
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Figure. The sequence WebLogo of P_0 pocket of RSK3 kinase(PDB ID:2Z7Q) was generated by sequences of 27 kinase pockets in AGC group.

2. Pocket Visualization
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Table. The information of P_0 pocket cluster in AGC group.

1 |RSK3 2z7q (P_O 1022.40  1332.68 | 21.47 |0.12 |0.14 | 0.50 | 71 0.47 1 132 [23 |26 |0 1 0.09 0.16 020 |0.52 0.814003
2 |AKT1 4gv1 [P_O 1033.92(976.82 (20.90 |0.10 [0.20 (0.36 (45 0.35 0 151 (27 |39 |3 0 0.16 0.16 0.31 0.37 0.796614
3 |AKT2 106l |P_0_0 [1173.76 | 1200.40 |0.40 (0.00 [0.10 | 0.28 | 56 0.35 2 151 (29 |39 |2 2 0.16 0.16 030 [0.34 0.829669
4 | DMPK1 2vds (P_2 456.45 [42366 (1263 |0.17 [0.15 (0.22 |27 0.51 0 62 |9 1 1 0 0.20 0.05 0.25 |0.50 0.654464
5 |MRCKb Sote [P_0_0 |439.56 [397.21 |13.54 |0.12]0.20 |0.50 |21 0.48 0 63 |5 10 |1 0 024 0.05 019 |0.52 0.608955
6 |ROCK1 Swne [P_0 802.24 |824.83 (20.96 |0.17 [0.10 (0.38 |42 0.46 0 97 |16 |20 |1 0 0.18 0.06 0.27 |0.48 0.835703
7 |ROCK2 416q (P_O 836.48 [889.19 (19.27 |0.19 [0.13 (0.39 |36 0.40 0 95 |17 |23 |2 0 0.19 0.06 0.28 |0.47 0.822279
8 |BARK1 3vsw (P_0_0 |813.79 |769.22 |18.53 |0.07 | 0.33 | 0.46 |42 0.41 0 18 [20 |27 |O 0 0.17 0.12 022 |047 0.774085
9 |GPRK4 4yhj |P_0_0 |511.19 [565.63 [12.55 [0.14 [0.11 (0.20 |22 0.39 0 69 |12 (11 1 0 0.12 0.08 0.33 |0.46 0.534980
10 | GPRKS 4tnd |P_1 856.21 [911.90 |17.11 |0.11 |0.21 |0.25 |27 0.30 1 13 |26 |25 |1 1 0.12 0.12 0.30 043 0.800801
11 | GPRK6 2acx (P_1 451.09 [512.44 (17.68 |0.17 [0.09 (0.14 |16 0.33 0 60 |9 10 |0 0 0.09 0.09 0.27 [0.55 0.771950
12 |NDR1 6bxi [P_0_0 |914.75 |932.84 |0.40 |0.00 |0.16 |0.32 |30 0.28 1 140 (30 |29 |3 1 0.15 0.15 023 |045 0.789109
13 | PDK1 Sivo [P_1 456.96 |468.54 (11.33 |0.19 [0.10 (0.22 19 0.40 0 59 |8 9 1 0 0.15 0.10 030 |0.45 0.611691
14 | PKACa 4wb8 [P_0 763.90 |902.42 |20.69 [0.04 |0.11 |0.76 |32 0.30 2 120 (19 |27 |2 2 0.17 0.07 0.36 |0.36 0.825996
15 |PKCa 4ra4 |P_2 376.51 |380.46 [16.15 (0.17 [0.16 |0.20 |18 0.46 0 51 |6 9 2 0 0.18 0.06 012 |0.65 0.718212
16 | PKCb 2i0e (P_2 476.67 [487.09 (14.98 |0.16 [0.20 (0.50 |33 0.54 0 63 |5 10 |2 0 0.20 0.05 020 [0.55 0.727855
17 | PKCt 1xd |P_O 573.57 [527.01 |16.14 |0.12 |0.16 | 0.55 |23 0.43 0 69 |11 17 |1 0 0.19 0.08 035 [0.38 0.760312
18 | PKCh 3txo [P_O 735.68 |717.02 |19.36 [0.09 [0.09 |0.29 |31 0.42 0 95 |12 (20 |1 0 0.19 0.06 0.19 |0.56 0.831068
19 | PKCi 519 [P_0 752.90 |752.26 (23.30 |0.15[0.09 (0.33 |36 0.44 0 12 (16 |17 |0 0 0.14 0.06 0.31 0.50 0.852769
20 |PKG1 6cOt [P_0_0 |854.59 |728.45 |20.38 |0.09 |0.14 | 0.28 |35 0.38 0 11 (18 |23 |4 0 0.16 0.08 024 [0.53 0.776585
21 | PKN1 4oth |P_0_0 |897.28 [930.44 (27.88 |0.06 [0.11 0.25 |44 0.39 0 143 (23 |27 |1 0 0.15 0.07 0.24 |0.54 0.798518
22 |PKN2 4crs |P_0_0 [545.02 |571.97 [13.94 [0.03 [0.26 |0.84 | 16 0.30 1 82 |12 (14 |1 1 0.19 0.1 019 048 0.630973
23 | MSK1 1vzo |P_0_0 (617.73 |772.55 |17.83 [0.07 [0.20 | 0.69 | 14 0.18 0 85 |16 (21 |0 0 0.17 0.22 022 |0.39 0.429762
24 |p70S6K 4142 |P_0_0 |608.38 |669.97 |13.87 |0.06 |0.15|0.37 |41 047 0 9 |16 [19 |1 0 0.14 0.14 0.31 0.41 0.599929
25 |RSK2 4nw6 |P_0_0 |613.69 [560.32 (1225 [1.00 [0.13 (0.72 |24 0.40 0 il 12 (15 |0 0 0.24 0.08 0.28 |0.40 0.605276
26 | SGK1 2r5t (P_0_0 |718.59 [875.06 |14.96 |0.04 |0.16 | 0.42 |33 0.37 1 9 |14 (22 |O 1 0.17 0.13 0.27 0.40 0.600948
27 | YANK1 4fr4 |P_0_0 |618.05 |671.56 |21.36 |0.09 |0.11 |0.23 |26 0.35 0 9% |15 |20 |2 0 0.16 0.06 0.19 |0.58 0.633597

Fig. 6 (See legend on next page.)
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of cluster pockets

Fig. 6 The pocket information of AGC_P_0. The information of AGC_P_0 pocket cluster contains three parts: Sequence WeblLogo, Pocket
Visualization, and Pocket Information. (1) A WeblLogo plot was generated to show the sequence conservation of the pocket. The overall height of
the residues in WebLogo indicates the frequency and conservation at the corresponding position. For AGC_P_0 pocket, the G3, V8, A9, K11, G28,
R32, D33, K35, N36, and D40 residues are highly conserved. (2) Users can scale and rotate the AGC_P_0 pocket structure. HKPocket provides four
representations: “spacefill”, “wire”, “ball&stick’, and “cartoon”. The key residues can be highlighted in different colors. Users can also generate and
save the picture. (3) A pocket information table contains the structural shape (volume, surface, depth, etc), sequence (negative amino acid ratio,
polar amino acid ratio, etc), atom (the number of metals, carbons, etc.), hydrophilic-hydrophobic, critical interactions and druggability information

the pocket cluster by group, catalytic/non-catalytic,
and pocket cluster information. For example, Fig. 6
shows the detail information for AGC_P_0. (1) A
WebLogo plot was generated to show the pocket se-
quence conservation. The overall height of the se-
quences in WebLogo indicates the frequency and
conservation at the corresponding position. For AGC_
P_0 pocket, the G3, V8, A9, K11, G28, R32, D33,
K35, N36, and D40 residues are highly conserved. (2)
Users can scale and rotate the pocket structures.
HKPocket provides four representations: “spacefill”,
“wire”, “ball&stick”, and “cartoon”. The key residues
can be highlighted in different colors. Users can also
generate and save the picture. (3) A pocket informa-
tion table contains the structural shape (volume, sur-
face, depth, etc.), sequence (negative amino acid ratio,
polar amino acid ratio, etc.), atom (the number of
metals, carbons, etc.), hydrophilic-hydrophobic, critical
interactions, and druggability information.

The summary table contains the information of 91
pocket clusters including 8 catalytic pocket clusters and
83 non-catalytic pocket clusters. The identified pockets
of a given kinase were sequentially numbered by P_0, P_
1, P_2, etc. The pocket can be further divided into sev-
eral small sub-pockets. For example, the pocket P_0 can
be divided into two sub-pockets P_0_0 and P_0_1.
Therefore, there are 11, 9, 13, 10, 14, 12, 8, 14 clusters
of pockets in AGC, CAMK, CK1, CMGC, Other, STE,
TK and TKL groups, respectively.

Visualization module

In the visualization module, users can upload and inves-
tigate the pocket structure. The pocket structure will be
visualized in four representations: “spacefill”, “wire”,
“ball&stick”, and “cartoon”. The key residues can be
highlighted in different colors. Users can scale and rotate
the pocket structures. Users can also generate and save
the picture.

Download module
A summary table was provided in the download module.
Users can download the individual group or all the

pocket information. The download data consists four
files: (1) The tables (xlsx format) with sequence and top-
ology features for 91 pocket clusters; (2) The structure
files (PDB format) with structure information of all
pockets from 255 kinase proteins; (3) The pse files for
structural detail visualization for 255 kinase proteins and
their pockets. (4) The sequences files (txt format) of 255
kinase proteins in the HKPocket database.

Links module

The Links module provides the other useful links of
protein 3D structure resources, sequence alignment, mo-
lecular modeling, molecular dynamics, molecular dy-
namics, molecular visualization/analysis, and kinase-
related database websites. These useful websites would
be helpful to the kinase-related drug design.

Tutorial module

The Tutorial module provides the introduction to use
the HKPockt and the abbreviation for the HKPocket
database.

Contacts module
The Contacts module provides emails for users to com-
ment or ask questions.

Discussion

The kinase protein contains one N-terminal and one C-
terminal lobe. The two lobes form the ATP-binding
pocket. During the cell cycle, the kinase switches be-
tween the active (open) and inactive (closed) states due
to the conformational transition of the DFG-loop. Previ-
ously, Kornev et al. analyzed the active and inactive of
CDK2, SRC, and IRK structures [53, 54]. The results
showed that there are some conformational changes in
the catalytic region while fewer changes in the non-
catalytic region. We analyzed the non-catalytic pockets
of CDK2, SRC, and IRK kinase proteins in both active
and inactive states. The CDK2, IRK, and SRC contain 9,
9, and 7 non-catalytic pockets in active states (Fig. 7).
The results show 77% (6, 7 and 6) of non-catalytic
pockets are very similar between active and inactive
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CDK2 Kinase

SRC Kinase

Fig. 7 The structural analysis of non-catalytic pockets of CDK2, SRC, and IRK in active and inactive states. The active structure is colored in green.
The inactive structure is colored in yellow. The results show 77% of non-catalytic pockets are very similar between active and inactive states

states. Therefore, the pocket information in HKPocket
would be useful for allosteric drug design.

Conclusions

The precision medicine initiative in kinase drug design
is needed urgently due to the abnormal kinase activity
could cause unexpected diseases. Miiller et al. raised this
question in 2015 and pointed out that the human
kinome is now very well covered by the tertiary struc-
ture, making it possible to perform a comprehensive
analysis of potential drug binding pockets for developing
specific kinase drugs. In summary, we developed a well-
analyzed human kinome pocket database with quantita-
tive information of sequence, structure, interaction, and
drug score. The HKPocket allows users to perform a sys-
tematic analysis of human kinase pockets for specific
drug design. We hope the HKPocekt database will be
useful for drug screen and optimization if the targeted
pocket is known.
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