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Appendix 1

a) Theatomname in the pdb file:
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Description of the binding site
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b) The table of how to calculate the coordinates of Pctype (physicochemical) points, and the
mass center of the involved atoms was adopted as the coordinates of the ALI and ARO type

points.

Residue type | Pctype and Atoms for calculating PCtype
Ala ALI (CB)

Val ALI(CG1, CG2)

Ile ALI (CG1, CG2,CD1)

Leu ALI(CD1, CD2)




Met ALI (SD, CE)

Phe ARO (CG, CD1, CD2, CE1, CE2,CZ)

Tyr ARO(CG, CD1,CD2, CE1,CE2, CZ);
HAD (OH)

Trp ARO(CD2, CE2, CE3,CZ2,CZ3, CH2);
HAD (NE1)

Lys HD(NZ)

Arg HD (NH1, NH2)

His HD (NE2); HAD(ND1)

Thr HAD (OG1)

Ser HAD (OG)

GIn HAD (OE1, OE2)

Asn HAD (ND2, OD1)

Glu HA (OE1, OE2)

Asp HA (OD1, OD2)

Pro /

Gly /

SH (SG)




Appendix 2 The algorithm of the geometric hashing

Built a new coordinate (Q) based on the three points (P) pl(x1, y1, z1), p2(x2, y2,
z2), p3(x3, y3, z3): pl is as the origin point (0, 0, 0); vector p2-pl serves as the
x-axis (1, 0, 0); and the y-axis (0,1,0) is the vector p2-p1 turn a 90 degree in the (p1,

p2, p3) plane; the z-axis (0, 0, 1) is defined as the right hand rule.

Math:

Point: p1(x1, y1, z1), p2(x2, y2, z2), p3(x3, y3, z3);

x2—x1 x3—x1
Vector: p2-pl y2-yl p3-pl y3-yl
z22-171 z3-171

x-axis of the new coordinate:

1
X =(p2-pY/| p2-pll=Ax|0
0
Z-axis:
0
Z=(p2-ph)x(p3-pl)/|(p2-pl)x(p3—pl)|= Ax|0
1
y-axis:



0
Y=ZxX=Ax|1
0

X, Y, Z is the 3x1 Matrix, while A is the 3x1 Matrix. It is easy to know that A may
be (XY Z).

Therefore, the transform Matrix is mostly like Al

For any points in the new coordinateq = A™(p-p1)

Matrix calculation:

P=ai+bj+ck Q =a,i+b,j+ck

Then:
|R=ya+b" +¢
b, c¢ C a, b
PlXQl: 1 1|_a1 1j+ 1 1k
bz C, a, G, a, bz
a, &, aj;
A= dy dy Ay
a

Then:
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Example:

The p1 (1, 1, 0), p2 (2,2, 0), p3(0, 2, 0)

The calculationof X, Y, Z

22 V2 V2
I A
2
X=|— Y:—2 Z=|0| and A:—2—20
2 2 2 2
0 0 1 0 0 1
2Nz
% b
2 2
Then A= 5 7 0| a simple check: the p (0, 0, 0) should be (-v/2,0,0)
0 0 1

in the new coordinates,q= A™((0,0,0)-(1,1,1)), the result is (—/2,0,0).



Table S1. The matched binding sites from proteins with similar global folds

Ref e Matched bindine-si
. eference binding-site atched binding-site Mscor | RMSD .Sequ(.ence
Ligand . ) R identity
Protein PDB-ID Protein PDB-ID e (A)
(Q-score)
HIV-1 48%
CGP 53820 1HIH HIV-2 PROTEASE 1HII 0.943 0.23 !
protease (0.9D)
N~2~ n~2~-dime
thyl-n~1~-(6-oxo 349,
-5,6-dihydrophe | Exotoxin A | 1XK9 Cholix toxin 2Q6M | 0.886 2.11 © 6;)
nanthridin- '
2-yl)glycinamide
Cyclin-d
) ye m' cpen Extracellular 37%
Olomoucine dentkinase | 1TWO0X . 4ERK 0.787 1.43
) regulated kinase 2 (0.38)
2-({6-[(3-chl
(t6-I( C. orop Proto-oncoge
henyl)amino]-9-i
sopropyl- ne Casein  kinase i 19%
propy tyrosine-prot | IYOM | | 20ZU | 0683 | 1.77
9h-purin-2-ylja o isoform gamma-3 (0.37)
. ein kinase
mino)-3-methylb
Src
utan-1-ol
Methyl
5,7-dihydroxy-2-
methyl-4,6,11-tri | Nogalonic Aklanonic Acid 669
0X0- acid methyl | 1SJW methyl Ester Cyclase, | 2F98 0.702 7.53 © 9; )
3,4,6,11-tetrahyd | estercyclase aknh '
rotetracene-1-car
boxylate
Cdc2-like 319
(Z)-1h,1'h-[23']b | Glycogen CDK2/CDC28  like | 2QKR | 0.756 1.17 © 4;)
iindolylidene-3,2 synthase 1041 protein kinase '
'-dione- 3-oxime | kinase-3beta Cyclin-dependent 33%
. 1UNH | 0.804 0.89
kinase 5 (0.54)
4-(4-hyd -3-
[, (+hy ;0;(1}7 Hormone
isopropylpheno )
t Thyroid h 84%
xy)-3,5-dimethyl | P00 | INAV Yol OMMONE ! INAX | 0946 | 0.41
. alphal, receptor beta-1 (0.85)
phenyl]acetic
) THRA1
acid
Glucoimidazole | Beta-galactos | 2CEQ Beta-glucosidase 2CES 0.969 0.34 28%




idase (0.58)
A-aminob ) Ornithine Glutamate 219,
-aminobenzoic o
. aminotransfe | 1GBN semialdehyde 3GSB 0.633 2.32
acid . (0.55)
rase aminotransferase
Proto-
N-[4-(3-bromo-p rore c;ncoge
n
henylamino)-qui Epid 1 th 32%
ny al'nmo) e tyrosine-prot | 2HWP pidema &row 2]5F 0.766 2.48
nazolin-6-yl]- - factor receptor (0.56)
acrylamide ein kinase
Y Src
3-alpha, 20
beta-hydroxy Corticosteroid 200
Carbenoxolone steroid 1HDC | 11-beta-dehydrogena | 2BEL 0.438 9.15 © 5;)
dehydrogena seisozyme1 '
se
Mineralocort
) 1f1era 0co Ancestral  corticoid 74%
Aldosterone icoid 2AA2 2Q1H 0.945 0.79
receptor (0.90)
receptor
N-[2-(4,8-dioxo-
1,3-dioxa-6-aza-
281M2})- Carboni 80%
$1"(2}-cupracyc | Carbonic 2FOV | Carbonicanhydrasel | 2FOY | 0.804 | 0.86
looct-6-yl)ethyl]- | Anhydrase II (0.88)
4-sulfamoyl-ben
zamide
toluene,
o-xylene Methane
19%
4-bromophenol | O COVE | qppg | MONOOXYEINAse 1XU3 | 0704 | 2.16
ase component A alpha (0.37)
oxygenase chain
subunit
2,7-bis-(4-amidin
b lidene)- Ti lasmi 40%
obenzylidene)-c | 1. o in pvoN | ooue PISIIOBER | a5y | 0788 | 1.98 !
ycloheptan- activator (0.67)
1-one
Peroxisome
proliferator Peroxisome 589
AZ 242 activated 1171 proliferator activated | 117G 0.778 1.55 €« 7;)
receptor receptor alpha '
gamma
N-acetyl-] Ornithine tati ithi 39%
-acetyl-I-norva utative  omithine o
Y carbamoyltra | 12Q8 | F 2G7M | 0.865 | 1.59
line carbamoyltransferase (0.63)

nsferase




Ig 4mb5.3
) gamma-2A anti-fluorescein 0.24
Fl 1FLR 1X9 0.979 0.40
Horescemn chain C single chain antibody Q (0.531)
region fragment
71%
LXR-beta 1UPV | 0.962 2.59 0.78)
TO-901317 RXR-beta 1UHL 240/
PXR 2091 | 0431 | 2.60 ’
(0.61)
Beta-t i 103F 0.951 0.70 35%
eta-trypsin . .
yps (0.74)
CRA_8696 Thrombin 102G | Urokinase-type 289
plasminogen 105A 0.941 0.53 °
. (0.68)
activator
. 57%
Estradiol ERa 1GWR | ERB 2]7X 0.941 0.40 (0.83)
Diethylstilbest 32%
ICHYISHDESHO 1 gRRy 159P | ER«x 0.875 | 0.56
1 3ERD (0.69)
20%
c-Src 1BYG 0.921 0.59 0%
(0.46)
3-Phosphoinositide 239
dependent  protein | 10KY | 0.881 0.63 °
. (0.46)
kinase 1
Glycogen synthase 34%
1Q3D 0.824 0.91
kinase-3f3 < (0.44)
. 20%
LCK kinase 1QPD 0.795 0.67
0.40
Cvelind CAMP-dependent 1STC 0.756 1.05 21%
St ) dthln- efe.n protein kinase ' ' (0.38)
aurosporine ,en protem 1AQ1 | Death-associated 24%
kinase 2 . 1IWVY 0.821 0.67
protein kinase 1 (0.44)
(CDK2) - -
Protein kinase C, 21%
1XJD 0.911 0.51
theta type (0.45)
Proto-oncogene 239,
serine/threonine-prot | 1YHS | 0825 | 153 | 4;’ )
ein kinase Pim-1 '
Serine/threonine-prot 24%
2GCD | 0.911 1.66
ein kinase TAO2 (0.41)
EGFR 2ITQ 0.811 1.79 19%
) ' (0.33)
Interleukin-1 2NRY 0.867 1.08 27%




receptor-associated

(0.37)

kinase 4
MAP 21
kinase-activated 2PZY 0.818 0.83 © 32)
protein kinase 2 '
Ribosomal protein S6 25
) 277R 0.886 0.75
kinase alpha-1 (0.49)
Tyrosine-protein 21%
3D7T 0.811 0.58
kinase CSK (0.40)
Tvrosine- : %
yrosine-protein IXBB | 0649 | 1159 | 2/
kinase SYK (0.58)
Proto-oncogene 359,
tyrosine-protein 2HYY | 0.918 0.57 0 7;)
kinase ABL1 '
Imatinib c-Kit 1T46 | Proto-oncogene 339,
tyrosine-protein 20I1Q 0.917 1.18 °
. (0.64)
kinase Src
Proto-oncogene 359
tyrosine-protei 2PLO | 0.938 | 0.98 ’
yrosine-protein (0.51)

kinase LCK
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Table S2. The matched binding sites from proteins with different global folds (Set B).

Licand Reference binding-site | Matched binding-site M-sc | RMSD | Q-Score
8 Protein PDB-ID | Protein name PDB-ID | ore A) | (%)
Estrogenic 19
17-B-Hydroxysteroi | 1IOL | 0.375 | 2.83 °
(0.032)
d dehydrogenase 1
Estradiol ERa 1GWR | > . 3%
hormone-binding 1ILHU |[0.490 | 1.16
) (0.0100
Globulin
8%
Sulfotransferase 1A1 | 2D06 | 0.409 | 3.10
(0.031)
Sex Bt .
hormone-bi SHOgENIC . 3%
DHT . 1D2S 17-B-Hydroxysteroi 1IDHT | 0.628 2.87
nding d dehydrogenase (0.024)
Globulin s
Diethylstilbest 7%
HEYSHDESTO | ERRy 1S9P | Transthyretin 1TT6 | 0.643 | 2.92 °
1 (0.018)
Salicylic acid 79
carboxyl IM6E | 0.619 | 2.08 °
(0.022)
methyltransferase
salicylate 7%
Xanthi 2FN1 | 0.615| 2.21
Salicylic acid a'n e 1FIQ synthetase, Irp9 (0.026)
oxidase 6%
(o]
S Ibumi 2127 0483 | 2.93
erum albumin (0.012)
T iptional 129
ranscriptiona 3BPX | 0.483 | 3.91 o
regulator (0.024)
Udp-n-acet
b ace. y Pheromone binding 4%
. lglucosamin . 10W4 | 0.422 | 3.72
1-anilino-8-naph protein (0.023)
thalene i b . | IEYN Adi :
-carboxyvi
sulfonate carboxyv : .1p0c.y e' 9%
nyltransfera lipid-binding 2ANS | 0452 | 3.22
. (0.019)
se protein
5'-fluoro-5'-d d 119
HOTODPEeOYac | acc2 | 0542 | 2.66 o
enosine synthase (0.093)
Molybd
5'-deoxyadenosi | Glutamate oybaenam
119C cofactor 4%
ne mutase . . . 2FB3 0.472 3.39
biosynthesis protein (0.078)
a
Methylmalonyl-coa 4REQ ] 0.729 | 1.06 7%
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mutase (0.17)
Thermolysi THYT |0.619 | 2.99 8%
ermolysin . .
L-benzylsuccinic | Carboxypep 1CBX Y (0.041>
acid tidase Serine 7%,
) IWHT | 0.512 | 2.38
carboxypeptidase II (0.070)
Type I
hl h Hth-t
Chloramphenico C, oramphe y}.)e' 3%
1 nicol 1CLA transcriptional 2UXP | 0.400 | 3.46 (0.038)
acetyltransfe regulator TTGR '
rase
Glutathi
Spnitrobenzyl | Cy 1GLQ | Ure2 protei 1KOC | 0.630 | 3.99 o
s-transferase re2 protein . .
)glutathione P (0.042>
YFYF
Alpha
Alpha- id 4%
Alpha-amylase | amylase, 102Y pha-marmosidase 3D51 | 0.529 | 2.16 °
. 2 (0.022)
pancreatic
Betaeliciti Betaeliciti o
Cholesterol ctaeieltin | 4y Ry cta-elicitin 1ZHY | 0.364 | 3.32 6%
cryptogein cryptogein (0.015)
I 1-1-bet
Zoglr'opy lach © ‘ad Beta-galacto 7YX Galactoside KRU | 0412 | 3.39 8%
-d-thiogalactosi . .
8 sidase o-acetyltransferase (0.0086)
e
Cyclin-depe
) ndent Phosphatidylinosito 9%
Staurosporine . 1AQ1 . 1E8Z 0.606 | 2.55
protein 1 3-kinase (0.025)
kinase 2
Hth-t
. . Chalcone y}?e . 1%
Naringenin 1CGK | transcriptional 2UXU | 0.556 | 2.56
synthase (0.019)
regulator TTGR
>-amino5-deOy | (5 s foreduct lucooligosaccharid 2%
xidoredu ucooligosacchari o
_cellobiono-1,5-1 © INAA | BHEOUEO 2AXR | 0.333 | 2.33
ase e oxidase (0.019
actam
Glyceraldeh
4-(2-aminoethyl) | yde-3-ph
(2-aminoethyl) | yde-3-phosp V-type ATP 8%
benzenesulfonyl | hate 2B4R . 3B2Q 0.381 9.51
. synthase beta chain (0.028)
fluoride dehydrogen
ase
Udp-n-acety
Ami thyl Igl i 6%
NOMETAYICY: | TSHHCOSIMN | 4p1 G | Trypsin 1TNG | 0.833 | 1.56
clohexane e (0.017>
enolpyruvyl

12




transferase

mura
Hypothetica
5'-0-(s)-{[(5s)-5-
AL 7 6 e -
amino-6-oxohex o . Putative DNA g9,
rotein  in
yl]Jamino}(hydro P 24hoc 2HVQ ligase-like  protein 1VS0 0.762 1.58 © 1;)
xy)phosphorylja | 8P Rv0938/MT0965 '
. Intergenic
denosine .
region
Phospholi
4-nitro-2-phenox OSpA; pa 119
e ()
ymethanesulfon S .. | 1ZWP Lactotransferrin' 3E9X 0.600 | 5.70
o VRV-PL-viii (0.029)
anilide
a
Naphthalen-1-yl | Auxin-bindi SKP1-like protein 6%
. : 1LRH 2P10 0.517 | 2.11
-aceticacid ng protein 1A (0.029)
Acetolactat
Merck-kgaa-em | Endothiapep cetoractate 11%
i 1E80 synthase, 1T9B 0.615 | 8.73
d56133 sin . . NA
mitochondrial
Phenylb i Cocai 2%
eny’voromic OmE 1 9jUs | Trypsin 2A32 | 0462 | 471
acid esterase (0.019)
Ym1l
) o Exo-beta-d-glucosa 8%
D-glucosamine secretory 1E9L o 2VZS 0.406 5.35
i minidase (0.041)
protein
N~2~n~2~-dime
thyl-n~1~-(6-
yln-1--(&-0x0 . Poly [ADP-ribose] 5%
-5,6-dihydrophe | Exotoxin A | 1XK9 3CEO0 0.818 0.96
o polymerase 3 (0.084)
nanthridin-
2-yl)glycinamide
Cytochrome Cytochrome  p450 11%
Met 1PHG 1IWO0G | 0.536 | 5.18
CYTAPORE 1 b450-cam 3ad (0.28)
-tri - i Dihydrofl 1 10%
3,5,7 tr1h¥droxy Ph?sph.atldy ihydroflavono 210D | 0388 | 708 0%
2-(3,4,5-trihydro linositol 4-reductase (0.0097)
xyphenyl)- 3-kinase 1E90 Proto-oncogene 99,
4h-chromen-4-o catalytic serine/threonine-pro 2063 | 0.562 | 3.84 € 0;7)
ne subunit tein kinase Pim-1 '
Nicotinate-nucleotid
Catechol --dimethylbenzimi
4-methylcatecho a'ec © ety beram 9%
1 1,2-dioxygen | IDMH | dazole 1L4G 0.591 3.30 0.018)
ase phosphoribosyltrans '
ferase
2-amino-4-triflu | Methioni Methionyl-t 10%
amino-4-triflu e? 1orun‘e 1C22 ethionyl-trna 1PFW | 0400 | 2.04 0%
oromethylsulfan | aminopeptid synthetase (0.0096)
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yl-butyric acid ase
Ribosyldihydronicot 19,
Monoamine- inamide 20MZ | 0.357 | 3.52 ?
) (0.045)
sulfating dehydrogenase
L-dopamine phenol 2A3R S-norcoclaurine 7%
2VQ5 | 0.500 | 4.67
sulfotransfer synthase (0.017)
Phenylalani 9
ase snylalanme 5PAH | 0529 | 5.14 6%
4-monooxygenase 0.024)
(R)-n-(2-methylb
enzyl)-3-[(2s,3s)-
2-hydroxy-
3-(3-hydroxy-2-
thyl 1 HIV P1 di 11%
methylbenzoyl)a 1KZK asmociim 2ANL | 0721 6.61 /
mino-4-phenylb protease malariae (0.12)
utanoyl]-
5,5-dimethyl-1,3-
thiazolidine-4-ca
rboxamide
Quercetin Udp-glucose 6o
Kaempherol | 2,3-dioxygen | IHIM | flavonoid 3-o| 2C1Z | 0.553 | 6.47 © 00096)
ase glycosyltransferase '
3-alpha-hyd
Iso-ursod h teroid 69
50 ur'so e?oxyc FOXYSIETOIT 1 1H Bile acid receptor 10T7 | 0.400 | 8.56 o
olic acid dehydrogen (0.029)
ase
Actinorhodin 70,
polyketide IXR3 | 0481 | 461 | 0;’3)
, Arylamine ketoreductase '
4-(diazenylcarbo .
nyl)pyridine n-acetyltrans | IW6F Cytochrome C VIR 0387 | 6.08 2%
YOPY ferase peroxidase ) ) (0.027)
Ascorbat %
PeoTOee 2VCN | 0519 | 274 3
peroxidase (0.027)
1,4-dideoxy-1,4- Purine .
. . Guanine
mino-1-(s)-(9-de | nucleoside ) 5%
. 1B8N phosphoribosyltrans | 1DQP 0.6 3.86
azaguanin- phosphoryla (0.053)
o ferase
9-yl)-d-ribitol se
D-[(amino)carbo N-carbamyl-D-amin
. | Carboxypep . 8%
nyl]phenylalani ) 1HDU | o acid | 1UF8 0.526 | 5.10
tidase . (0.031)
ne amidohydrolase
YT i . %
(3s,41,51)-3,4-dih | Beta-glucosi 1UZ1 Manb5a, ‘ 1UZ4 0.742 0.95 7%
ydroxy-5-(hydro dase mannosidase (0.20)
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thyl)piperi 14%
xymethylpiperi Endoglucanase 2v3s | 0.581 | 1.46 ;
din-2-one (0.2
Bet id 2V]X | 0.774 | 0.85 1%
-mannosi . .
eta osidase 0.070)
-b l-glutathi | Lactoylglut Glutathi 4%
s-benzyl-glutathi a‘c oylgluta | . -0y utathione 1GUH | 0366 | 6.1 o
one thione lyase s-transferase al-1 (0.020)
(51,61,75,85)-3-(a
nilinomethyl)-5, | Beta-D-gluc
6,7,8-tetrahydro- an g,
5-(hydroxymeth | exohydrolas | 1X39 Beta-glucosidase a 2J7C 0.438 | 4.19 © 0;3)
yl)-imidazo[1,2- | e isoenzyme '
a]pyridine- exoi
6,7,8-triol
Alpha- id 9
PRATMANNONERE 1 3paz | 0531 | 2.96 >%
2 (0.0043)
. 4%
Catrocollastatin 2DWO0 | 0.574 | 2.56
3-(n-hydroxycar (0.014)
b ido)-2-i Lethal i
oxamido)-2-iso etha IPWU Coagglat‘lon factor 6%
butylpropanoyl- factor X-activating enzyme | 2E3X | 0.569 | 3.41 0.013)
trp-methylamide heavy chain '
Vascular 19
(]
tosis-induci 2ERP . 2.4
apop .0515 inducing 0.509 9 0.013)
protein 1
Ornithi
3-aminobenzoic 1jm e Poly  [ADP-ribose] 2%
. aminotransf | 1GBN 2PQF 0.500 | 2.43
acid polymerase (0.021>
erase
N1-carb i Signal iti 3%
CCAPOYPIPEN Cathepsin | IMEM | DB TESOBMEOM | | 0500 | 3.05 °
azine particle protein (0.043)
(21,3r)-2-(3,4-dih
d henyl)-3 | L thy
y roxyp enyl) eulco.an ¢ Dihydroflavonol 5%
,5,7-trihydroxy- | yanidin 1GP5 2C29 | 0.486 | 7.49
) ] 4-reductase (0.015)
2,3-dihydro-4h-c | dioxygenase
hromen-4-one
o ~
Bishydroxy[2h-1 x.y‘gen nee
b ) nsitive NAD(P)H 59,
-benzopyran-2-o
Py NAD(@P)H 100Q | dehydrogenase 2F10 | 0.357 | 4.70 °
ne,1,2-benzopyr . ; (0.027)
nitroreducta [quinone] 1
one]
se
2-deoxy-2-fluoro 5%
Xyl 1E0V Endogl 5A3H | 0.606 | 3.08
“b-d-cellobioside | "7 neogiticanase (0.023)
2-[[3-(trifluorom | Transthyreti | 1IBM7 Aldo-keto reductase 152C 0.412 | 5.98 11%
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ethyl)phenyl]lam n family 1 member C3 (0.020)
ino] benzoicacid
4%
Beta-glucosid 2CBU |0.786 | 0.75
eta-glucosidase a (0.058)
Cast in | Exo-(b)-(1,3 10%
astanospermin | Exo-(b-(13) | 3 poe | Alpha-glucosidase | 2JKP | 0.607 | 2.67 °
e -glucanase (0.057)
S i 2PWG | 0.607 | 3.42 7
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