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Description of Additional Supplementary Files

File Name: Dataset S1.xls

Description: The ATP interaction residues of kinase/ATP complex structures were identified using
LigPlot.!-2 The first, second, and third columns represent the kinase group, kinase structure, and PDB
ID. The hydrogen bonding and hydrophobic interaction residues are listed in the fourth and fifth

columns. The Dataset S1.xlIs can be download from http://zhaoserver.com.cn/GSNC/index.html.

File Name: Dataset S2.xIs.

Description: These are 42 residues in the ATP pocket of MAP2K?2 kinase (PDB ID: 1S91%). We re-
numbered column positions of the 42 residues in the 168 kinase sequences alignment file from 1 to
42. Then we have counted the positions of all amino acid residues that interact with ATP to form
hydrogen bonds from 15 complex structures. The hydrogen bonding residues mainly located at four
positions. Two are charged residues located at position 11(K) and position 22(D/E). Another two
residues located at positions 34 and 37 (mostly N/D). The Dataset S2.xls can be download from
http://zhaoserver.com.cn/GSNC/index.html.

File Name: Dataset S3.xls.

Description: These are 42 residues in the ATP pocket of MAP2K2 kinase (PDB ID: 1S91%). We re-
numbered column positions of the 42 residues in the 168 kinase sequences alignment file from 1 to
42. Then we have counted the positions of all amino acid residues that interact with ATP to form
hydrophobic interactions from 15 kinase/ATP complex structures. The hydrophobic interaction
residues mainly located at eight positions. The residues in position 1 are mainly L or I, positions 2/4
are G, position 8 is V, position 9 is A, position 21 are M, F or T, position 23 are F, L or Y, and
position 35 are L or M, respectively. The Dataset S3.xIs can be download from

http://zhaoserver.com.cn/GSNC/index.html.

File Name: Dataset S4.xIsx.

Description: The human kinome information extracted from Kinome Render. Some kinases (JAK1,
JAK2, JAK3, MSK1, MSK2, RSK1, RSK2, RSK3, Tyk2, GCN2, RSK4, SPEG, Obscn) have two
distinct catalytic domains (tagged with ~b). The Dataset S4.xIs can be download from

http://zhaoserver.com.cn/GSNC/index.html.
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Fig. S1 Boxplots of the ATP pockets properties. (A) volume (A3), (B) depth (A) and (C) surface (A2). The box width

represents the number of ATP pockets contained in the respective groups.
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Fig. S2 The sequence evolutionary analysis of ATP pocket. (A) We have statistically analyzed the interactions between
ATP molecule and pocket residues. The result shows four hydrogen bonds and eight hydrophobic interactions. (B) The
surface representation of MAP2K2 kinase (PDB ID: 1S9I%). The ATP molecule, hydrogen bonding residues, hydrophobic

interaction residues, and other MAP2K2 residues are colored in orange, red, blue, and green, respectively.

Fig. S3 The interactions between ATP molecule and pocket residues. (A) Asn132 and Asp145 of CDK2 (PDB ID: 1JST
4y and (B) Asn791 and Asp803 of MAP2K1 (PDB ID: 2Y4T°) examples show that Asn and Asp residues in ATP pocket

(positions 34 and 37 of Fig. 3A) form interactions via magnesium or manganese ions.
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Fig. S4 The disease related human kinases of (A) cancer, (B) acute lymphoblastic leukemia, (C) brain disease, and (D)
endometriosis. Cancer and acute lymphoblastic leukemia are related to almost all kinases. Brain disease and endometriosis

are related to some specific kinase groups.
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Fig. S5 The sequence variation analysis of p2 pocket from CLKI kinase (PDB ID: 1Z57°) in the CMGC group. The
differences between (A) kinome level and (B) CMGC group level shows specificity. The (C) network representative and
(D) surface model of the p2 pocket indicate that the five residues (Ser337, Arg346, Ile352, Trp356 and His387 on position
2,6, 10, 14 and 17, respectively) may be the crucial residues for p2 pocket from CLK1 kinase in CMGC group.
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Fig. S6 The sequence variation analysis of p3 pocket from CLK1 kinase (PDB ID: 1Z57%) in the CMGC group. The
differences between (A) kinome level and (B) CMGC group level show specificity. The (C) network representative and
(D) surface model of the p3 pocket indicate that the five residues (Pro291, Thr342, His344, Tyr345 and Glu371 on
position 4, 6, 7, 8 and 9, respectively) may be the crucial residues for p3 pocket from CLK1 kinase in CMGC group.
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Fig. S7 The sequence variation analysis of p4 pocket from CLK1 kinase (PDB ID: 1Z57%) in the CMGC group. The
differences between (A) kinome level and (B) CMGC group level show specificity. The (C) network representative and
(D) surface model of the p4 pocket indicate that the three residues (His280, Pro462, and Thr467 on positions 2, 7 and
11, respectively) may be the crucial residues for p4 pocket from CLK1 kinase in CMGC group.
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Fig. S8 The sequence variation analysis of p6 pocket from CLKI1 kinase (PDB ID: 1Z57°) in the CMGC group. The
differences between (A) kinome level and (B) CMGC group level show specificity. The (C) network representative and
(D) surface model of the p6 pocket indicate that the six residues (Ser205, Ala329, Thr330, Ser337, Val340 and Trp356
on position 1, 5, 6, 10, 11 and 12, respectively) may be the crucial residues for p6 pocket from CLK1 kinase in CMGC

group.
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Fig. S9 The workflows of (A) non-redundant kinase structure dataset (struKin dataset) and (B) pocket detection and

classification.
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Fig. S10 The probabilities of ATP pocket shared in different groups for different location distance (LD) and shape
distance (SD). (A) The result shows that the probabilities of ATP pocket shared in different groups remain unchanged if
the LD is larger than 8 A. (B) The result shows that the probabilities of ATP pocket shared in different groups remain

unchanged if the SD is larger than 2.5 when LD=8 A.



Table S1 The conservation analysis of ATP pockets, group shared non-catalytic (GSNC) pockets and non-GSNC pockets

for different groups. The continuous conservation scores are divided into a discrete scale of 9 grades with grade 1 for the

most variable positions while grade 9 the most conserved positions. The high average conservation scores suggest that
ATP pockets are highly conserved. The reference kinases of CMGC, AGC, TKL, TK, CAMK, STE and CK1 groups are
CLK!1 (PDB ID: 1Z57°), Aktl (PDB ID: 4GV17), RIPK2 (PDB ID: 5J7B?%), JAK1 (PDB ID: 3EYG®), CaMK1 alpha
(PDB ID: 4FG8'%), MST3 (PDB ID: 3A7I'!) and CK1_alpha (PDB ID: 5FQD!?), respectively.

Group Reference PDB ATP GSNC pockets Non-GSNC pockets
Kinase ID BOSEEty

CMGC CLK1 1257 pO(7.3)  p2(5.7), p3(6.5), p4(5.5), p1(4.3), p5(3.4), p8(4.3)

p6(6.2), p7(5.1)

AGC AKTI1 4GV1 p0(7.6) pl(5.8), p3(5.1), p4(6.8), p2(3.8), p6(5.7), p7(5.6),

p5(5.9), p8(4.7) p9(4.5), pl10(4.6), p11(3.7),
p12(6.3), p13(5.6), pl4(5.2)

TKL PIPK2 5J7B p0(7.2) pl(6.7), p3(5.9), p5(4.7) P2(5.2), p4(5.5), p6(3.9),
p7(4.7), p8(4.9), p9(5.0),
p10(4.6), p11(6.0)

TK JAK1 3EYG  p0(7.2) p1(6.6), p2(8.4), p3(3.9), p4(4.9), p5(3.1), p7(4.9),

p6(5.9), p8(6.0) p9(4.5)

CAMK  CAMKla 4FG8 p0(7.2) pl(6.4), p2(6.7), p3(2.8) p4(4.3), p5(6.6), p6(6.2),
p7(5.7), p8(4.9), p9(3.1),
p10(5.3), p11(4.9)

STE MST3 3A71 p0(7.5) p5(4.7), p9(0.375) p1(4.9), p2(4.9), p3(5.4),
p4(5.6), p6(3.5), p7(4.9),
p8(6.6), pl0(4.4), p11(4.1),
p12(8.3), p13(2.7)

CK1 CKla SFQD  p0(7.4) p1(8.2), p2(5.8), p3(5.0), p4(4.2), p5(3.0), p8(5.5),

p6(3.4), p7(7.1), p12(6.5)

p9(5.3), p10(7.6), p11(6.3)




Table S2 The identified 13 non-catalytic pockets from 6 human kinases (CDK2, CK2, Chkl, MAP14, MAPS and c-Abl)
by Ma et al.!® The average volume, surface and depth size of these 13 non-catalytic pockets are 263.27(x110.58) A3,
414.64(x148.25) A2 and 10.23(£4.75) A, respectively.

Kinase name PDB ID Pocket Volume Surface Depth
CDK2 3PXZ'" P 4 462.78 615.87 14.16
P9 302.59 547.71 10.59
P 10 305.54 359.25 13.98
Ck2a 3H30"
P 11 122.88 211.00 6.95
P 12 186.62 310.60 13.08
P10 256.7 308.59 2.56
Chkl 3JVRI®
P2 213.7 400.95 12.88
P 5 424.9 704.20 17.93
MAP14 3NEW" P 6 249.09 442.57 9.97
P 10 200.06 394.27 10.95
P 7 114.03 221.98 8.59
MAPS 302M"7
P9 395.01 525.00 0.57

C-Abl 3PYY'S P3 188.61 348.32 10.77




Table S3 The druggability scores of the ATP pockets, group shared non-catalytic (GSNC) pockets and non-GSNC
pockets in seven groups. The pocket druggability score ranges from 0 to 1. The higher score indicates the more likely
druggable pocket. The reference kinases of CMGC, AGC, TKL, TK, CAMK, STE and CK1 groups are CLK1 (PDB ID:
1757°), Aktl (PDB ID: 4GV17), RIPK2 (PDB ID: 5]J7B?%), JAK1 (PDB ID: 3EYG®), CaMK1 _alpha (PDB ID: 4FG8!9),

MST3 (PDB ID: 3A71'") and CK1_alpha (PDB ID: SFQD'?), respectively.

Group Reference PDBID ATP pocket GSNC pocket’s ranking  Non-GSNC pocket’s ranking
Kinase

CMGC CLKI1 1257 p0(0.808) p2(0.663) > p7(0.450) > p1(0.822) > p5(0.258) > p8(0.256)
p4(0.441) > p3(0.435) >
p6(0.241)

AGC  AKTI1 4GV1 p0(0.513) p8(0.488) > p4(0.487) > p2(0.799) > p6(0.382) > p10(0.306) >
p5(0.477) > p3(0.449) > p7(0.295) > p9(0.276) > p14(0.242) >
p1(0.109) p13(0.231) > p11(0.224) > p12(0.151)

TKL PIPK2 5J7B p0(0.599) p1(0.494) > p3(0.458) > P2(0.642) > p4(0.433) > p7(0.263) >
p5(0.265) p11(0.223) > p10(0.211) > p6(0.186)

> p9(0.182) > p8(0.168)

TK JAK1 3EYG  p0(0.560) p6(0.396) > p8(0.255) > p4(0.692) > p5(0.475) > p7(0.263) >
p1(0.188) > p3(0.162) > p9(0.181)
p2(0.119)

CAMK CAMKIloa 4FGS8 p0(0.404) p1(0.553) > p3(0.284) > p5(0.528) > p7(0.383) > p6(0.359) >
p2(0.136) p9(0.295) > p4(0.276) > p8(0.234) >

p10(0.200) > p11(0.142)

STE MST3 3A71 p0(0.764) P5(0.337) > p9(0.247) p2(0.705) > p1(0.621) > p3(0.548) >
p4(0.452) > p6(0.310) > p7(0.302) >
p12(0.299) > p11(0.262) > p13(0.208)
> p&(0.187) > p10(0.174)

CK1 CKla SFQD  p0(0.449) p3(0.629) > p7(0.324) > p4(0.625) > p5(0.467) > p11(0.360) >

p6(0.299) > p12(0.210) >  p8(0.336) > p9(0.235) > p10(0.189)

p2(0.180) > p1(0.153)




Table S4 The allosteric kinase small molecules in the PDB database. The closeness values and predicted druggability

scores of pockets are listed in the table.

Group Pocket Closeness  Druggability Molecule
GSNCp2 0.321 0.663 46A(302MY),
GSNCp3 0.371 0.435
GSNCp4 0.339 0.441
CMGC GSNCp6 0.339 0.241
GSNCp7 0.320 0.450 3NE(3NEW!7), 80W(5N63'%), SOH(5N6417),

8ON(5N6719), 8OK(5N6819), 009(4E6A2),
O08(4E6C2%), O0A(4E8A).

Non-GSNCpl 0.333 0.822 NAN
Non-GSNCp5 0.272 0.258 NAN
Non-GSNCp8 0.290 0.256 NAN
GSNCpl 0.371 0.109 NAN
GSNCp3 0313 0.449 NAN
GSNCpé4 0.350 0.487 NAN
GSNCp5 0.367 0.477 NAN
GSNCp8 0.331 0.488 NAN

AGC Non-GSNCp2 0.285 0.799 NAN
Non-GSNCp6 0.308 0.382 NAN
Non-GSNCp7 0.347 0.295 NAN
Non-GSNCp9 0.296 0.276 NAN
Non-GSNCp10 0.310 0.306 NAN
Non-GSNCpl 1 0.299 0.224 NAN
Non-GSNCp12 0.363 0.151 NAN
Non-GSNCpl13 0.360 0.231 1QO(309621), OR4(4EIN2), 6S1(SKCV2)
Non-GSNCpl14 0.307 0.242 NAN
GSNCpl 0.368 0.494 NAN
GSNCp3 0.356 0.458 NAN
GSNCp5 0.325 0.265 NAN

KL Non-GSNCp2 0.322 0.642 NAN
Non-GSNCp4 0.343 0.433 NAN
Non-GSNCp6é 0.291 0.186 NAN
Non-GSNCp7 0.346 0.263 NAN
Non-GSNCp8 0.351 0.168 NAN
Non-GSNCp9 0.325 0.182 NAN
Non-GSNCp10 0.335 0211 NAN
Non-GSNCpl 1 0.350 0.223 NAN
GSNCpl 0.370 0.188 NAN
GSNCp2 0.408 0.119 007(4EBV?), OPE(4EBW2)
GSNCp3 0.324 0.162 NAN

TK

GSNCp6 0.369 0.396 1YZ(4M1225), 1E0(4M1325)



CAMK

STE

CK1

GSNCp8
Non-GSNCp4
Non-GSNCp5
Non-GSNCp7
Non-GSNCp9
GSNCpl
GSNCp2
GSNCp3
Non-GSNCp4
Non-GSNCp5
Non-GSNCp6
Non-GSNCp7
Non-GSNCp8
Non-GSNCp9
Non-GSNCp10
Non-GSNCpl1
GSNCp5
GSNCp9
Non-GSNCpl
Non-GSNCp2
Non-GSNCp3
Non-GSNCp4
Non-GSNCp6
Non-GSNCp7
Non-GSNCp8
Non-GSNCpl0
Non-GSNCpl1
Non-GSNCp12
Non-GSNCp13
GSNCpl
GSNCp2
GSNCp3
GSNCp6
GSNCp7
GSNCp12
Non-GSNCp4
Non-GSNCp5
Non-GSNCp8
Non-GSNCp9
Non-GSNCp10
Non-GSNCpl1

0.356
0.343
0.275
0.319
0.315
0.346
0.357
0.325
0.356
0.375
0.367
0.371
0.336
0.328
0.362
0.298
0.326
0.375
0.332
0.301
0.328
0.367
0.323
0.347
0.371
0.324
0.315
0.395
0.331
0.386
0.347
0.351
0.344
0.356
0.339
0.353
0.323
0.349
0.318
0.391
0.382

0.255
0.692
0.475
0.263
0.181
0.553
0.136
0.284
0.276
0.528
0.359
0.383
0.234
0.295
0.200
0.142
0.337
0.247
0.621
0.705
0.548
0.452
0.310
0.302
0.187
0.174
0.262
0.299
0.208
0.153
0.180
0.629
0.299
0.324
0.210
0.625
0.467
0.336
0.235
0.189
0.360

NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN
NAN




Table S5 The cluster analysis of the group shared non-catalytic (GSNC) pockets at kinome level using cutoff LD =8 A
and SD =2.5. Finally, a total of 14 GSNC pockets (GSNCp1 to GSNCp14 pockets) were identified in the entire human

kinome.
GSNCpl pocket CMGC CK1 TK TKL
GSNCp2 pocket CMGC TKL AGC
GSNCp3 pocket CMGC CK1 AGC
GSNCp4 pocket TK CK1 CAMK
GSNCp5 pocket CMGC AGC
GSNCp6 pocket TK STE
GSNCp7 pocket TK AGC
GSNCp8 pocket CMGC TK
GSNCp9 pocket STE CKl1
GSNCp10 pocket AGC CK1
GSNCpl1 pocket CK1
GSNCp12 pocket TKL
GSNCp13 pocket CAMK

GSNCpl4 pocket CAMK




Table S6 The crucial residues for group shared non-catalytic (GSNC) pockets of CLK1 kinase (PDB ID: 1Z57°) in the
CMGC group.

Pocket Critical residues

p2 S337, R346, L352, W356, Q387

p3 P291, T342, H344, Y345, E371

p4 H280, P462, T467

po S205, A329, T330, S337, V340, W357

p7 W356, P462
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