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Table S1. Summary of the simulated protein kinase systems.

Contour

. PDB ] . Simulation Water . Total

Protein Resolution Chain . ions
Code box size molecules atoms

Na d

CDK2 4ERW 2.00 A 8.70nm x 8.70 nm x 8.70 nm 20335 0 4 65857
ASK1 4BF2 2.11 A 824 nm x 824 nm x 8.24 nm 17149 6 0 55705
IRAK4 2NRY 2.15 A 8.84nm x 8.84 nm x 8.84 nm 21406 13 0 68855
GSK3p 1Q3D 2.20 A 9.33nm x 9.33 nm x 9.33 nm 25164 0 7 81051
DAPK1 1IWVY 2.80 A 852nm x 852 nm x 852 nm 19101 9 0 61750
ITK 1SM2 2.30 A 8.17nm x 8.17 nm x 8.17 nm 16755 12 0 54435
PDPK1 10KY 2.30 A 9.08 nm x 9.08 nm x 9.08 nm 23317 0 3 74688
FES 3CBL 1.75 A 8.17nm x 8.17 nm x 8.17 nm 16730 0 2 54497
LCK 1QPD 2.00 A 856 nm x 856 nm x 8.56 nm 19432 7 0 62691
ZAP-70 1U59 2.30 A 8.72nm x 8.72 nm x 8.72 nm 20493 0 6 65999
FYN 2DQ7 2.80 X  8.63nm x 8.63 nm x 8.63 nm 19941 2 0 64073
LIMK1 3595 1.65 A 9.34nm x 9.34 nm x 9.34 nm 25327 0 7 81046
PRKACA 4C34 1.78 A 850 nm x 850 nm x 8.50 nm 18781 0 8 61438
STK16 2BUJ 2.60 A 9.87 nm x 9.87 nm x 9.87 nm 30344 7 0 95752
STK24 3CKX 2.70 A 820nm x 8.20 nm x 8.20 nm 16784 5 0 54874
PRKCQ 1XJD 2.00 A 8.89nm x 8.89 nm x 8.89 nm 21733 9 0 69706
LYN 3A40 3.00 X  8.33nm x 8.33 nm x 8.33 nm 17731 5 0 57507
CHK1 INVR 1.80 A 9.20nm x 9.20 nm x 9.20 nm 24391 5 0 77571
TAO2 2GCD 1.95 A 821 nm x 821 nm x 8.21 nm 16822 2 0 55428
RPS6KB1 3A62 2.35 A 8.67 nm x 8.67 nm x 8.67 nm 20085 0 9 64916
MAPKAPK2 1NXK 2.70 A 9.34nm x 9.34 nm x 9.34 nm 25419 0 3 81108
ALK 3LCS 1.95 A 8.68 nm x 8.68 nm x 8.68 nm 20070 4 0 64975
CSK 1BYG 2.40 A 842 nm x 842 nm x 8.42 nm 18374 0 0 59274
PIM1 1YHS 2.15 A 819nm x 8.19 nm x 8.19 nm 16806 13 0 54789
SRC 3D7T 2.90 B 8.69nmx869nmx869nm 20332 6 0 65429
SYK 1XBC 2.00 A 8.72nm x 8.72 nm x 8.72 nm 20561 0 1 66125




Table S2. Percentage of water networks in various regions (A-E) for the simulated kinases.

Protein PDB (%) A (%) B (%) C (%) D (%) E (%)
CDK2 4ERW 21.3 6.4 36.2 255 10.6
ASK1 4BF2 18.5 0.0 29.6 33.3 18.5
IRAK4 2NRY 25.0 7.1 17.9 35.7 14.3
GSK3p3 1Q3D 22.7 2.3 52.3 13.6 9.1
DAPK1 1WVY 28.9 13.2 31.6 7.9 18.4
ITK 1SM2 36.0 6.0 16.0 26.0 16.0
PDPK1 10KY 19.6 15.2 26.1 15.2 23.9
FES 3CBL 33.3 6.1 18.2 24.2 18.2
LCK 1QPD 24.3 54 37.8 13.5 18.9
ZAP-70 1U59 29.7 0.0 24.3 54 40.5
FYN 2DQ7 21.4 12.5 35.7 16.1 14.3
LIMK1 3595 15.8 12.3 26.3 24.6 21.1
PRKACA 4C34 25.9 11.1 29.6 18.5 14.8
STK16 2BUJ 15.5 8.6 37.9 24.1 13.8
STK24 3CKX 29.5 6.8 20.5 114 31.8
PRKCQ 1XJD 1.7 15.5 31.0 20.7 31.0
LYN 3A40 6.3 3.1 9.4 31.3 50.0
CHK1 INVR 12.5 4.2 35.4 22.9 25.0
TAQO2 2GSD 23.5 59 17.6 11.8 41.2
RPS6KB1 3A62 6.5 17.4 34.8 8.7 32.6
MAPKAPK2 INXK 30.0 6.7 33.3 16.7 13.3
ALK 3LCS 30.9 12.7 16.4 16.4 23.6
CSK 1BYG 25.0 17.3 23.1 15.4 19.2
PIM1 1YHS 12.8 359 12.8 12.8 25.6
SRC 3D7T 23.3 10.0 28.3 18.3 20.0
SYK 1XBC 12.2 2.0 449 18.4 224




Table S3. (A) Sequence similarity of the D-site among the simulated kinases.

Kinase = CDK2 ASK1 IRAK4 GSK3p DAPK1 ITK PDPK1 FES LCK ZAP-70 FYN LIMK1 PRKACA

CDK2 100 20 40 40 40 40 40 60 60 0 60 40 40
ASK1 20 100 80 60 60 40 20 60 60 40 60 80 80
IRAK4 40 80 100 60 40 60 40 40 80 20 80 60 60
GSK3p 40 60 60 100 40 40 20 40 60 20 60 60 60
DAPK1 40 60 40 40 100 40 60 60 40 60 40 60 80
ITK 40 40 60 40 40 100 60 60 80 20 60 60 40
PDPK1 40 20 40 20 60 60 100 40 60 40 40 40 40
FES 60 60 40 40 60 60 40 100 60 40 60 80 60
LCK 60 60 80 60 40 80 60 60 100 20 80 80 40
ZAP-70 0 40 20 20 60 20 40 40 20 100 20 40 40
FYN 60 60 80 60 40 60 40 60 80 20 100 80 40
LIMK1 40 80 60 60 60 60 40 80 80 40 80 100 60
PRKACA 40 80 60 60 80 40 40 60 40 40 40 60 100
STK16 20 40 40 40 20 40 40 40 60 20 60 60 20
STK24 20 80 60 40 60 40 20 60 60 60 60 80 60
PRKCQ 60 60 60 20 60 60 40 80 60 40 60 60 60
LYN 40 60 60 60 60 60 60 60 80 40 80 80 40
CHK1 20 40 40 20 80 20 60 40 40 60 40 40 60
TAO2 25 60 60 40 40 40 20 40 60 20 60 60 40
RPS6KB1 40 60 60 40 100 40 60 60 60 60 60 60 80
MAPKAPK2 40 60 60 40 80 40 60 80 60 40 60 60 80
ALK 40 60 40 20 80 40 40 80 40 60 40 60 60
CSK 40 60 60 60 60 60 60 60 80 40 80 80 40
PIM1 50 17 33 50 33 33 33 50 50 17 33 33 33
SRC 40 60 60 60 60 60 60 60 80 40 80 80 40
SYK 20 40 40 40 40 40 60 40 40 60 40 40 40

(B) Sequence similarity of the D-site among the simulated kinases.



Kinase = STK16 STK24 PRKCQ LYN CHK1 TAO2 RPS6KB1 MAPKAPK2 ALK CSK PIM1 SRC SYK

CDK2 20 20 60 40 20 25 40 40 40 40 50 40 20
ASK1 40 80 60 60 40 60 60 60 60 60 17 60 40
IRAK4 40 60 60 60 40 60 60 60 40 60 33 60 40
GSK3p 40 40 20 60 20 40 40 40 20 60 50 60 40
DAPK1 20 60 60 60 80 40 100 80 80 60 33 60 40
ITK 40 40 60 60 20 40 40 40 40 60 33 60 40
PDPK1 40 20 40 60 60 20 60 60 40 60 33 60 60
FES 40 60 80 60 40 40 60 80 80 60 50 60 40
LCK 60 60 60 80 40 60 60 60 40 80 50 80 40
ZAP-70 20 60 40 40 60 20 60 40 60 40 17 40 60
FYN 60 60 60 80 40 60 60 60 40 80 33 80 40
LIMK1 60 80 60 80 40 60 60 60 60 80 33 80 40
PRKACA 20 60 60 40 60 40 80 80 60 40 33 40 40
STK16 100 40 20 60 20 40 20 20 20 60 17 60 40
STK24 40 100 60 60 40 60 60 60 60 60 17 60 40
PRKCQ 20 60 100 40 60 40 80 80 80 40 33 40 40
LYN 60 60 40 100 40 60 60 40 60 100 30 100 60
CHK1 20 40 60 40 100 40 80 60 60 40 17 40 40
TAO2 40 60 40 60 40 100 40 40 40 60 17 60 40
RPS6KB1 20 60 80 60 80 40 100 80 80 60 33 60 40
MAPKAPK2 20 60 80 40 60 40 80 100 60 40 33 40 40
ALK 20 60 80 60 60 40 80 60 100 60 33 60 40
CSK 60 60 40 100 40 60 60 40 60 100 33 100 60
PIM1 17 17 33 30 17 17 33 33 33 33 100 33 33
SRC 60 60 40 100 40 60 60 40 60 100 33 100 60

SYK 40 40 40 60 40 40 40 40 40 60 33 60 100
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Figure S1. RMSD curves of the simulated kinases during 2000 ps MD simulation.
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Shape similarity codes

Fm port java.io..
import java.util.~,

import javax.vecmath.Point3d,

+ Bhape Bimilarity
* Input files:
+ Query Btructure © &d files

* Target Btructures - Baved .sd files in D& Geanerate Conformaticns

-

public class ShapeSim_Lig_wat {

static Btring QueryFileMame = "8TU",
static Btring TargetFileMama = "Wat",

static int gatom.
static int tatom:

public static void main(String[] args) throws IOEception {
File dir = new Filel"Ex#¥che minfo##ShapeSim_Lig_Wat").

ifl lgir.exists() || !dirisDiractony()) {
Eystam.cut.printin(" Mot 2 validated diracton);
Systern._exit(0).

File nf = new Fils|"Eff#fcheminfottfaiShape Bim_Lig_Wathffre su tsisd" ),
iflInf.existsl)) {

nf.mkdirst).

K

slsa {
System.out.printin*Remove Results Foldar!™):
Bystamn.axit(0).

]

Btring refllame = QuenyFileMama.

FileRAsadsr fr = ne'w FilsAsadsr] EdtftfchaminfottftShape Sim_Lig_Wat# +reflame+".sd");
Ligand file

Scannarsr = naw Scannaerifr);

while(sr.hasMextline()) {
String line = sr.nextlinel).

ifllina.contains("w20007)) {
BtringTokenzer st = new StringTokenizeriline):
gatom = Integer.parse Int{st.nextTokan()).

Systerm.out.printinirefiame+" atom # is “+gatom).
break;

]

fr.olossl),



fr= new FileResader]” E3cheminfolWEhape Sim_Lig_Wathin +reflame+" sd").

doubls[] g = new doubls [gatom+3]1;
double[] gy = new doubls [gatem+3].
double[] az = new doubls [gatom+~3].

Boannars? = new Scannserifr;

while(sr2 hasMextlina()) {
String line = sr2_nextline();

ifiline .containsl"w2000°)) {
forint gi=0; gi<gatom; gi-+) {
line = sr2.naxtlinal);
EBtringToksnizer gt = naw BtringTokanizeriling);
gx[ai] = Double.parse Double (gt nextToken ().
gv[ail = Double.parse Double(got.nextToken ().
gz[ai] = Double.parse Double(gt.nextToken ().

brazk,
b

¥ /i end while

FileReader fr2 = new FileReader E¥WchaminfotWShapeSim_Lig_Wat
AN +TargetFileName+" sd"),  /f Wat

Bcannsr sr_cnt = naw Scannar(fr2);

Btring line_cnt ="";
int wat cnt=10,
whilai{sr_cnt.hasNextlina()) {
line_cnt = sr_cnt.nextlinel).
iflline_cnt.containsl "v2000°)) {
wat cnt++,

}

tatem = wat_cnt.

sr_cnt.closs();
2. clossl).

FileWriter fw = new FileWriter] E3¢WoheminfoW¥WShapeSim_Lig_WatWresults
wine +raflame+ _"+TargetFieNama+" .cut’); [/ results fils
fr2 = new FileReaderl’ E#WcheminfoWEhapeSim_Lig_Wat
AN +TargetFileName+" sd"),  /f Wat
BuffersdReader 13 = naw BuffaragReadarifr2);
Bcannsr sr3 = naw Scannsr(fr2);

Btring line =",

doubls[] t = new doubls [tatom=31;
double[] tv = new double [tatom+3]:
double[] t= = new double [tatom+3]:

intti=0;

while{sr3 hasMextLine()) {
lina = sr3.naxtlinsl).



if{line.contains "w2000")) {

line = sr3.nextlinsl).

EtringToksnizer st2 = new StringTokanizeriline);
te[ti] = Double.parse Double (st2 nextToken());
ty[ti] = Double.parssDouble (st2 nextToken()):
tz[ti] = Double.parsaDouble (512 nextToken());

T+
K
r
double[] moment] = generateMomentsigatom, ox, gv, gz).
double[] moment? = generateomentsitatom, tx, tv, =)
double sum = 0.
for (int s=0. si<moment] Jength: si4+) {
sum += Math.abs{mament] [si] — moment2[si]).
e
doubls sim = (1.0 /(1.0 + sum/12.0));
fuv writs [QueryFile Mame+"#t"+sim+"%n").
Bystem.out.printinisim);
srd.closal).
fr2.clossl).
fw.closal);

T /) end main
private static Point3d getGeometricCenter(int atomMum, doubls[] %, double[] v, doubla[] =) {

double =i=0:
double yi= 0.
double zi= 0.

forlint =0, i length; i++) {
wi+=x[i]:
vi+=y[il.
zi+=z[il.

b

*i f= atomMum.

vi /= atomMum.

zi /= atomMum;.

return new Point3dixiyizi):

private static float mul{double[] =) {
flzat sum =0
for (double aX - x) {
UM += a¥,
r

return sum J xlength.



private static flzat mu2(doubls[] », doubls mean) {
flzat sum =
for (double 2% @ x) {
sum += [a¥ — mean) * (a¥X — mean).
ks
return sum / {xlength — 1),

F

private static fleat mu3(doubls[] », doubls mean, double sigma) {
flzat sum =
for (double 2% @ x) {
sum += {{a¥ - mean) / sigma) * ((aX — mean) / sigma) + ((a¥ - mean) / sigma).
ks
return sum / x.length.

F

public static double|[] generateMomentslint atomium, double[] =, doubls[] ¥, double[] =) {
System.out.printin{ atomNum):

Pointdd ctd = getGeometricCenter{atomMum, x, ¥, ).
Point3d cst = new Point3d();

Point3d fot = new Point3d().

Point3d fif = new Point3di).

doubla[] distCtd = new doubls [atomMum];
double[] distCst = new double [atomMum].
doubla[] distFct = new doubla [atomNum].
double[] distFif = new double [atomMNum].

int counter={0:
double min = Double MAX_VALUE,
double max = Double MIN_VALUE,

/i dist to ctd

for{int =0, KatomMum; #++) {
Pointdd p = new Point3d{x[il, ¥[il, z[il):
doubls d = p.distancalctd);
distCid [countar++] = d;

ifid < min) {
cEtx = pux,
cEl.y = p.y.
cetz = p.z.
min = di
b
iFid > max) {
fotx = pux,
fot.y = p.v.
foctz=pz
max = d.
¥
s
//dist to cst
counter= 4.

for(int =0, KatomNum; #+) {
Pointdd p = new Point3d{x[i], ¥[i], z[i]):



double & = p.distance(cst).
distCst[countar++] = d;

Sidist to fot

counter= Q.

max = Double. MIN_WALUE!

forlint =0, KatomMum: #++) {
Pointdd p = new Point3d{x[il, v[il, z[il):
double d = p.distance(fct).
distFct[counter++] = d;

if (g > max) {
ftf.x = pox,
fif.y = poye
Z=p.I.
max = d.
¥
s
[/ dist to fif
counter= Q.

forlint =0, KatomMum; #++) {
Pointdd p = new Point3di{x[il, ¥[il, z[il):
double d = p.distance(ff).
distFif[counter++] = .

doubls[] moments = new double[12]:

double mean = mul(distCtd).

double sigma? = mu?(distCtd, mean).

doubls skewness = mu3(distCitd, mean, Math_sart(sigma2z)).
moments[3] = mean.

maments[1] = sigma2;

moments[2] = skewness.

maan = mul{gistCst).
sigma2 = mu2(gistCst, mean):
skewness = mudidistCst, mean, Math.sgrt{sigma2)).
maments[3] = mean.
moments[4] = sigma2;
moments[5] = skewnass.

maan = muT{gistFct).

sigma2 = mu2(distFct, mean):

skewness = mudidistFct, mean, Math.sgrtisigma?)).
maments[8] = mean.

moments[7] = sigma2;

moments[8] = skewnass

maan = rmul{distFtf).

sigma? = mu2(distFtf, mean).

skewness = mudlgistFif, mean, Math.sartisigma2));
moments[8] = mean.

maments[ 10] = sigma2.;

moments[17] = skawnass.

return moments.



