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Figure S1. Predictive accuracy changing with the K value. (a) The curves

derived from IBK models; (b) The curve derived from J48 models.
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Figure S2. Structures of (a) training set, (b) internal test set, and (c) external test set molecules used for Model 5.
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Figure S4. The learning curve derived from Model 5.
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Figure S5. (a)-(h) Distribution of JGI9, nAtomP, JGI8, HBA_Count, BCUTp-1h, PE-OE_VSA-4,

PEOE_VSA+1, PE-OE_VSA-0 among different classes, respectively.
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Figure S7. Structure of TSN in crystal complex 1C3R.



Table S1. Binding fragments with high frequency in the high activity data set

of Zn*-dependent metalloenzymes.

PDB Ki
MBPID Ligand Metalloenzymes Function
ID (nM)
F6W  6got Carbonic Anhydrase 2 Lyase 0.40
FKE  6h36 Carbonic Anhydrase 7 Lyase 0.45
51] 5aml Carbonic Anhydrase 2 Lyase 0.70
8F3 5n0e Carbonic Anhydrase 2 Lyase 0.83
ANV  5ljq Carbonic Anhydrase 2 Lyase 1.00
WWV  3n3j Carbonic Anhydrase 2 Lyase 1.28
451  5amd Carbonic Anhydrase 2 Lyase 2.80
S5NXV  5nxv Carbonic Anhydrase 2 Lyase 3.50
D7A  3v7x Carbonic Anhydrase 2 Lyase 4.85
FC4 5j8z Carbonic Anhydrase 2 Lyase 5.00
4KB  4z1k Carbonic Anhydrase 2 Lyase 5.22
MBP1-2-88
DF5  4zle Carbonic Anhydrase 2 Lyase 5.70
301 4rfc Carbonic Anhydrase 2 Lyase 6.13
OSP  2qlq Carbonic Anhydrase 2 Lyase 7.00
4KC 4zl Carbonic Anhydrase 2 Lyase 7.60
CQS  6b59 Carbonic Anhydrase 2 Lyase 8.20
4RFD  4rtd Carbonic Anhydrase 2 Lyase 8.90
1ZFK  1zfk Carbonic Anhydrase 2 Lyase 9.17
1EZ 4ilx Carbonic Anhydrase 2 Lyase 9.40
OYQ 3oyq Carbonic Anhydrase 2 Lyase 10.30
3EFT  3eft Carbonic Anhydrase 2 Lyase 12.00
9EB  5ny6 Carbonic Anhydrase 2 Lyase 13.50



AYX  3n2p Carbonic Anhydrase 2 Lyase 15.00
DWH 3mna Carbonic Anhydrase 2 Lyase 16.32
R21  3nb5 Carbonic Anhydrase 2 Lyase 18.00
PIU  1ze8 Carbonic Anhydrase 2 Lyase 21.00
4RUZ  4ruz Carbonic Anhydrase 2 Lyase 23.10
SUO  3ml2 Carbonic Anhydrase 2 Lyase 25.63
4WA  5byi Carbonic Anhydrase 2 Lyase  30.70
OYS  3oys Carbonic Anhydrase 2 Lyase 31.18
9E+08  5ny3 Carbonic Anhydrase 2 Lyase 33.90
S6l  3mzc Carbonic Anhydrase 2 Lyase  40.62
COX 2awl Carbonic Anhydrase 2 Lyase  43.00
1GD  ditp Carbonic Anhydrase 2 Lyase 63.64
FUN 129y Carbonic Anhydrase 2 Lyase 65.00
BOS  2hdé6 Carbonic Anhydrase 2 Lyase 66.45
OFZ  3vbd Carbonic Anhydrase 2 Lyase 76.53
8GE  5nls Carbonic Anhydrase 2 Lyase 81.80
UDP-3-O-acyl-N-acetylglucosamine
5EN  5drr Hydrolase 0.00
Deacetylase 1pxC
UDP-3-O-acyl-N-acetylglucosamine
5EM  5drq Hydrolase 0.01
Deacetylase 1pxC
541 2tv5 ADAM 17 Endopeptidase Hydrolase 0.06
615 3e8r ADAM 17 Endopeptidase Hydrolase 0.18
Anthrax Lethal Factor
OLX  4dv8 Hydrolase 0.58
Endopeptidase
EL8  6g3o0 Histone Deacetylase 2 Hydrolase 0.58
UDP-3-O-acyl-N-acetylglucosamine
L58  4fwb Hydrolase 1.00
Deacetylase 1pxC
MBP2-1-9  50G  5een Histone Deacetylase Hydrolase 1.10



QIX  3eda Insulin-Degrading Enzyme Hydrolase 1.70
4U5  4zyl M17 Family Aminopeptidase Hydrolase 7.20
KL]  4guy Macrophage Metalloelastase Hydrolase 10.00
UDP-3-O-acyl-N-acetylglucosamine
GVR  2ves Hydrolase 20.00
Deacetylase 1pxC
RS2 966¢ Fibroblast Collagenase Hydrolase 23.00
Anthrax Lethal Factor
915  1lyqy Hydrolase 24.00
Endopeptidase
JT6 2jt6 Stromelysin 1 Hydrolase 25.00
7]T 5jf5 Peptide Deformylase Hydrolase 63.00
4TK  4zx3 M1 Family Aminopeptidase Hydrolase 65.00
ZAF  6cpa Carboxypeptidase Al Hydrolase 0.00
BIR  1rlh Neprilysin Hydrolase 1.20
BHX  3bhx Glutamate Carboxypeptidase2 =~ Hydrolase 1.90
11U  4bxk Peptidyl-Dipeptidase A Hydrolase 11.21
MBP1-1-38
5MR  2o0vz Matrix Metalloproteinase-9 Hydrolase 13.00
RXP  1hv5 Stromelysin 3 Hydrolase 2291
3A2  3aho Oligopeptidase Hydrolase 88.90
3A1  3ahn Oligopeptidase Hydrolase 90.10
686 4x3r Glutamate Carboxypeptidase 2 Hydrolase 0.01
J37 4ngq Glutamate Carboxypeptidase 2 Hydrolase 1.57
J42 dngt Glutamate Carboxypeptidase2 =~ Hydrolase 3.89
MBP1-1-12 ]34 4ngs Glutamate Carboxypeptidase2 =~ Hydrolase 7.60
J31 4ngp Glutamate Carboxypeptidase 2 Hydrolase 10.99
J96  4ngn Glutamate Carboxypeptidase2 =~ Hydrolase 28.10
20M  4oc5 Glutamate Carboxypeptidase2 ~ Hydrolase 85.05
5L2  4zx0 Carbonic Anhydrase 2 Lyase 10.00
MBP1-2-81
SG7  3t85 Carbonic Anhydrase 2 Lyase 11.30
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Table S2. Predictive accuracy of models using IBK method with different K

values.
K | AttributeSelectedClassifier IBK IBK
value 1 2 3 4 1 2 3 4

1 68.92 6834 68.13 7136 |70.79 7224 68.12 71.92

2 69.11 6947 69.2 71.83 [69.99 70.88 67.54 72.39

3 7176 7011 69.63 7191 |71.59 73.67 68.48 72.74

4 7212 7175 7047 7244 |69.74 723 7148 72.36

5 71.65 71.62 7041 7399 |68.71 7299 7233 719

6 7179 7231 71.08 7336 [69.81 73 7298 72.36

7 7173 72,67 7098 74.68 |70.66 73.27 7442 72.87

8 72.08 7191 7208 7412 |72.52 73.47 73.68 73.69

9 7173 7282 7178 74.86 |73.83 74.09 74.72 73.46

10 72.02 7208 7284 7439 7293 7226 7447 74.27

11 71.85 7259 7195 7554 |72.65 7496 74.83 73.81

12 7215 7271 73 7439 | 7246 748 7442 74.68

13 71.68 73.06 725 75.6 |72.76 7596 74.87 75.02

14 7248 7287 7295 7524 7344 7578 7494 749

15 7254 7299 7235 7548 7341 759 758 75.54

16 7238 7328 7277 7514 |7426 7498 75.64 75.71

17 7244 7286 7254 7548 | 749 7577 7644 76.11




18 7272 7322 7312 7537 |7541 74.81 75.64 76.11
19 7285 7332 7276 7543 |7547 75.61 76.16 75.93
20 733 73.68 7318 7513 | 7598 7475 75.83 75.58
21 7324 7378 7352 7549 |76.11 75.02 7628 75.7
22 73.58 7397 7382 752 |75.58 7421 7547 753
23 73.82 73.05 73.65 7554 |7547 74.74 75.76 75.59
24 73.58 7352 7352 7537 |7496 7435 7529 7547
25 73.7 7376 7388 7542 | 7479 7439 7554 76.,5
26 73.3 733 7421 75.02 | 749 741 7478 75.89
27 73.75 7329 7427 75.03 |74.84 7411 7547 764
28 73.75 7381 7397 75.02 |75.19 73.88 74.85 75.59
29 73.68 7374 7421 7531 |7495 7393 7542 76.18
30 73.69 7381 74.04 75.07 |75.12 73.42 7496 75.78
max | 73.82 7397 7427 75.6 |76.11 7596 7644 76.5




Table S3. Predictive accuracy of models using J48 method with different Min

Num Obj values.
Min Num | AttributeSelectedClassifier_J48 J48
Obj value 1 2 3 4 1 2 3 4
2 71.73 7448 69.32 7275 | 6851 7242 67.34 71.34
3 714 7408 69.81 7297 |69.13 71.68 68.02 71.54
4 71.82 7542 70.01 73.73 |70.63 7243 67.52 73.32
5 7236 7543 69.81 73.97 |70.88 73.61 67.72 74.02
6 7218 7498 69.28 73.72 |70.72 73.84 67.82 74.12
7 71.68 74.03 6942 7389 |70.02 733 69 7354
8 7207 735 7023 73.19 | 69.8 7274 69.09 73.12
9 71.38 7326 69.82 7254 | 71.3 7199 69.27 72.99
10 7162 735 7024 7246 |71.09 71.75 69.84 73.25
11 7141 7344 69.75 7173 |69.71 71.63 68.96 72.11
12 7099 72,64 7058 7159 |69.39 71.34 69.38 71.51
13 704 7206 702 7135 | 69.85 70.37 69.26 71.62
14 70.1 7239 7079 717 |70.13 7152 69.58 72.15
15 7022 71.77 7149 7142 | 699 7124 70.03 71.33
max 7236 7543 7149 7397 |71.3 73.84 70.03 74.12




Table S4. Information of (a) training set, (b) internal test set and (c) external

test set molecules.

(a)

Ligand  PDB Ligand PDB
No. Ki (nM) Class | No. Ki (nM) Class
name ID name ID

1 DWH 3mna 1632 high | 2 AYX 3n2p 1500 high
3 R21  3nb5 1800 high | 4 CQS 6b59 820  high
5 SU0  3ml2 2563 high | 6 4KC  4z1j 760  high
7  D7A  3v7x 485 high | 8 9E08 5ny3 3390 high
9 BOS  2hd6 6645 high | 10 686  4x3r 001  high
11 J4&2  4ngt 389  high | 12 OYS 3oys 3118  high
13  DF5  4zle 570 high | 14 8F3  5n0e  0.83  high
15 GNQ 2hh5 3200 high | 16 3QR  4riu  50.00 high
17 793  3lea 080 high | 18 3LGP 3lgp 200  high
19 5EM  5drq 001  high | 20  J34  4ngs 7.60  high
21 ANV 5lig 100 high | 22 L58 4fw5 1.00  high
23 1EZ  4ilx 940 high | 24 2QM 4oc5 8505  high
25 S6I  3mzc 4062 high | 26 1GO 4iwz 60.60  high
27 BDL  3ehx 2500 high | 28 8GE 5nls 81.80 high
29  FUN  1z9y 6500 high | 30 5MR 20ovz 13.00 high
31 1ZFK  1zfk 917  high | 32 RXP 1hv5 2291  high

33 FIN 1zvx 1.73 high | 34 IN7 1b8y  14.00 high




35

37

39

41

43

45

47

49

51

53

55

57

59

61

63

65

67

541
4RFD

F6W

FHF

0FZ

QI3

OSP
283
440
50]

DT9

GM6

615

752

BLO

X95

SG7

2fvh
4rfd
6got

3u’

2qlq
2010
3b92

5ef7

3e8r

5lsc

2z3h

2x95

3t85

0.06

8.90

0.40

35.10

76.53

6300.00

7.00

30.40

10.00

1.00

23.64

2100.00

0.18

1200.00

23000.0

11300.0

11.30

high
high

high

high

high

low

high
high
high
high

high

low

high

low

low

low

high

36

38

40

42

44

46

48

50

52

54

56

58

60

62

64

66

68

E37
11U

3IGP

J37

4U5

BON

3A1

QIX
512
1VQ

708

50G

IL5

HA2

3BL1

SRS

GHR

4efs 17.82
4bxk  11.21
igp  22.59
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00

99 PAY 2v77 8700.00 low | 100 OTD 2eg7 1300.00 low
101 FK8 6h29 2400.00 low | 102 1BN 2afx 7100.00 low
15200.0 50000.0
103 PDC 4ih3 low | 104 B5MFR 5mfr low
0 0
7500000
105 FMF 1gx1 low | 106 TLD 2794 1400.00 low
.00
1720000 56000.0
107 23B 4bt5 low | 108 02S 50m9 low
.00 0
249000. 7000000
109  2WW  4pvb low | 110 4H2  4q90 low
00 .00
1400000
111 T™M4 4mlt low
.00
(b)
Ligand PDB Ligand PDB
No. Ki(nM) Class | No. Ki(nM) Class
name ID name 1D
1 5NXV  b5nxv 3.50 high | 2 80M 5uwk 2.30 high
3 Cl1H 3nib 33.47 high 4  WWV  3njj 1.28 high
5 LMS 6c7w 3410.00 low 6 4KB 471k 5.22 high
7 OYQ 3oyq 10.30 high 8 MB2  4kuw 81.00 high
9 5EN 5drr 0.00 high | 10 COX 2awl 43.00 high
11 ELS8 6g30 0.58 high | 12 R4C 4g18 14.85 high




13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

45

47

49

51

53

2Y6D
UDB
FKE
J31
301
TI2
2SD
99
IN9
30]
9EB
CFE
1ZFQ
520
9C2
5DYF
OEV
138
O7U
LWY

6MH

2y6d
3u7l1
6h36
4ngp
4rfc
1gf0
3hkt
Shyg
lusn
300j
5ny6
3lgg
1zfq
dyyt
5nw7
5dyf
3d50
2qdt
307u
3n2c

4q7w

79.00  high
5240  high
0.45 high
1099  high
6.13 high
4200  high

4100.00 low

3324.00 low

18.00 high
65.00 high
13.50 high
0.10 high
30.00 high

21000.00 low
1700.00 low
2300.00 low

17000.00 low
6500.00 low

52.00 high
7500.00 low

2300000.00  low

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

NKX
GVR
2HOC
1GD
4D9W
WZA
3A2
MFS
OIR
915
SMS
0LX
KL]
J96
S8A
720
AHN
HQT
RTD
5MH

YHO

3k2f
2ves
2hoc
4itp
4d9w
2x7u
3aho
3hkn

1r1j

lyqy

leou
4dv8
4guy
4ngn
5clu
2jew
2afw
4q8y
2mb5d
4q7v

3dx1

63.00

20.00

0.65

63.64

54.00

5340.00

88.90

4594.21

2.30

24.00

36.00

0.58

10.00

28.10

78000.00

57.41

17000.00

2300000.00

90.00

260000.00

265000.00

high
high
high
high
high
low
high
low
high
high
high
high
high
high
low
high
low
low
high
low

low




(©)

Ligan Ligan
No PDB No PDB Ki Clas
d Ki (nM) Class d
ID 1D (nM) S
name name
1 0K7 4dhl 33000 low 2 45Y  4zwé6 1900 low
3 61 1a8t 1600 low 4 4T2 47zw8 1100 low
5 PC5 1p6e 1210000 low 6 JT6 2jt6 25 high
4dhw 170000
7 X16 35.1909  high 8 M3S 3fcq low
p 0
9 D66 3q43 43 high | 10 AGF  8cpa 0.71 high
11 KIF 1ps3 5200000 low 12 EO7 6c7x  96.5588 high
13 TD3 3n9r 70 high | 14 ZEB lctu 0.0012  high
1000000
15 CCB  1u3t low | 16 FC4  5j8z 5 high
0
17 24F 3elm 0.19 high | 18 KLH 3rtt 7000 low
19 1B3 4hws 0.979796 high | 20 ZAF 6cpa 0.003 high
21 FOT 2eg8 31800 low 22 PIU 1ze8 21 high
1u3
23 T™™7 4mlx 650000 low | 24 FXY 40000 low
w
25 4WA  5byi 30.7 high | 26 FMS 1bcd 2 high
27 51] 5aml 0.7 high | 28 THO 20sf 148000 low
29 HPR 2ada  0.0001 high | 30 RS2 966¢ 23 high




31

33

35

37

39

41

43

56W

SXS

IT5

LHY

5SWM

451

GOO

5d2r
4cq0
3p5l
lhee
5fdi

5am

3dx4

1500

8106

40.8

4600

18.5

2.8

76

low

low
high
low
high

high

high

32

34

36

38

40

42

PN3
4RUZ
4FH
BIR

UHF

TQI

5jt8
4ruz
4q87
1rlh

3u’n

2y6¢

1428

23.1

14000

1.2

11.2

10000

low
high
low
high

high

low




Table S5. Information on the 34 descriptors used in Model 5.

Descriptor names description Classes
ESP_balance
parameter_Propg Electrostatic potential energy Electrical
en_VAMP
Local distribution of charge values in Adjacency and
BCUT_PEOE_3
PEOE Distance Matrix
petitjean Value of (diameter - radius) / diameter. Descriptors
nBr Number of bromine atoms Atom Count
nN Number of nitrogen atoms Descriptor
Average Broto-Moreau autocorrelation
AATS7s
- lag 7 / weighted by I-state
Average Broto-Moreau autocorrelation
AATSSs
- lag 8 / weighted by I-state Autocorrelation
Centered Broto-Moreau autocorrelation descriptors
ATSCl1s
-lag 1 / weighted by I-state
Geary autocorrelation - lag 5 / weighted
GATS5e
by Sanderson electronegativities
Coefficient sum of the last eigenvector
Barysz Matrix
VE1_Dzs from Barysz matrix / weighted by
Descriptor
I-state
nlow highest polarizability weighted
BCUTp-1h BCUT Descriptor
BCUTS
Largest absolute eigenvalue of Burden = Burden modified
SpMax2_Bhm modified matrix - n 2 / weighted by eigenvalue
relative mass descriptor

ES_Count_ssNH

Calculate the E-state count for atom

Estate Keys




type NH.

Information content index

IC1 Information
(neighborhood symmetry of 1-order)
Content
Modified information content index
MIC5 Descriptor
(neighborhood symmetry of 5-order)
Number of atoms in the largest pi Largest Pi System
nAtomP
system Descriptor
The number of hydrogen bond Molecular
HBA_Count
accepting groups in the molecule. Property Counts
Sum of vi where qi is in the range
PEOE_VSA-0
[-0.05,0.00).
Sum of vi where qi is in the range Local charge
PEOE_VSA+1
[0.05,0.10). descriptors
Sum of vi where qi is in the range
PEOE_VSA-4
[-0.25,-0.20).
Approximation to the sum of VDW
surface areas (A2) of pure hydrogen Pharmacophore
vsa_acc bond acceptors (not counting atoms Feature
that are both hydrogen bond donors Descriptors
and acceptors such as -OH).
SlogP_VSA3 Sum of vi such that Li is in (0,0.1].
SlogP_VSA1 Sum of vi such that Li is in (-0.4,-0.2].
Subdivided
SMR_VSA4 Sum of vi such that Ri is in (0.39,0.44].
Surface Areas
nprl Normalized PMI ratio pmil/pmi3.

vsurf_EDmin3

Lowest hydrophobic energy

pmiX

pmiY

x component of the principal moment Surface Area,

of inertia (external coordinates). Volume and

y component of the principal moment Shape Descriptors




of inertia (external coordinates).

z component of the principal moment

pmiZ
of inertia (external coordinates).
Mean topological charge index of order
JGI2
2
Mean topological charge index of order
JGI6
6
Mean topological charge index of order Topological
JGI8
8 charge
Mean topological charge index of order descriptors
JGI9
9
Normalized Randic-like
VR2_D eigenvector-based index from

topological distance matrix




Table S6. The interpretation and distribution of the eight important electronical-related descriptors in Model 5.

Descriptor w(p—1.960,u+1.960) Correla
P value Classes Interpretation
names high activity low activity tion
0.009 0.004 Average Broto-Moreau autocorrelation - lag 8 /
JGI9 0.44 0 Adjacency and
(-0.003,0.021) (-0.006,0.014) weighted by I-state
Distance Matrix
0.011 0.006
JGI8 0.36 0 Descriptors Local distribution of charge values in PEOE
(0.001,0.021) (-0.01,0.022)
Molecular
3.637 2.061 Normalized Randic-like eigenvector-based index
HBA_Count 0.35 0 Property Counts
(0.178,7.096) (-2.763,6.885) from topological distance matrix
22.841 11.374
PEOE_VSA-4 0.34 0 Mean topological charge index of order 6
(-11.155,56.837)  (-13.565,36.313)
Local charge
57.195 38.923 Geary autocorrelation - lag 5 / weighted by
PEOE_VSA+1 0.31 0 descriptors
(1.004,113.386) (-11.261,89.107) Sanderson electronegativities
46.382 29.62
PEOE_VSA-0 0.30 0 Mean topological charge index of order 9
(-15.378,108.142)  (-18.892,78.132)
11.311 7.316 Largest Pi Average Broto-Moreau autocorrelation - lag 7 /
nAtomP 0.40 0

(1.143,21.479)

(-0.206,14.838)

System

weighted by I-state




Descriptor

BCUT
10.941 10.026 Centered Broto-Moreau autocorrelation - lag 1/
BCUTp-1h 0.35 0 Descriptor
(8.45,13.432) (7.355,12.697) weighted by I-state




Table S7. The structure and activity of 10 compounds obtained by virtual

screening for HDACI.
Compd. Inhibition Compd. Inhibition
Structure Structure
No. Rate (%) No. Rate’ (%)
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* The percentage inhibition was calculated from two measures under the

concentration of 100 uM.



