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1. Description of the SM0G2001 scoring function

Knowledge-based scoring functions take advantage of structural information in a
database of protein-ligand crystallographic structures. In the pairwise approximation, the total
score S can be expressed as a sum over all contacts between the ligand and the protein atoms:

S=Y,%F(0y0) (1)
where the index p runs over the protein atoms of type g, the index / runs over the ligand atoms
of type g; and F (ap, al) is the free energy associated to a specific contact. The distance-

dependent potential F (ap, al) is usually derived from the inverse Boltzmann-like analysis:

AF(o,,0) = —RTln@ )
ref

where f (ap, al) is the frequency of the contact between the atoms of type o, and o; in the
database. Since we are interested in differences of free energy, it is important to take into
account a reference state where f..¢ is the frequency of this contact. It has been shown that a
correct choice of fr..r is crucial for the efficiency of the function'. Contact between atoms is
usually defined with geometric criteria, for example if the two atoms are at less than SA from
each other. The inverse Boltzmann hypothesis assumes that the occurrence of a type of contact
in the database is linked to its free energy contribution. For example, if CH> groups from the
ligands are often found in contact with CH from valines in a database, then this should mean
that a favorable free energy exists between the two atom types (be it electrostatic, dispersion,
dipole, vibrational, etc...).

One of the first knowledge-based protein-ligand potential (SMo0oG96) was developed in
1996 by De Witte and Shakhnovich?. It was then improved in 2001 (SM0oG2001) with the
form!:

S=Xr Zp ZZAF(O-p'O-l'r) A(p,L,7) (3)

where A(p, [, ) is the contact function. In SM0G2001, two shells of contact were used: if the
distance between two atoms was between 0 and 3.5A, a first type of contact was defined with
a given contribution to the energy; if the distance between the two atoms was between 3.5 and
4.5 A, a second type of contact was defined with another energy contribution; if the distance
between the two atoms was greater than 4.5 A, the two atoms were considered to be not in
contact with no energy contribution. To derive the statistics, the following function was used:

N(O'p,a'l,r) ] (4)
C(T‘).Q(Up,dl,r) Zop Zal N(Jpral'r)

AF(ap, oy, r) =—In [

where N (ap,al,r)/ Z(,p Yo N (ap,al,r) is the frequency of one type of contact in a given
interval of distance (the term f (ap, al) in equation (2)). C(r) * 2 (ap, oy, r) is the probability of
this contact in the reference state (f;. in equation (2)) where atomic interactions are assumed
to be zero. C(r) is a normalization constant and Q(ap,al,r) is a term accounting for the

composition of the database in a defined interval of distance:

Q(ap,al,r) = N(ap,r)aN(al,r)ﬁ (5)
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where N (ap, r) and N (gy, ) are the number of atoms of type g;, or g; in an interval of distances.

It was shown that the best correlation is obtained when a=B=0.9'. The aim of this term is to
remove the correlation between the frequency of observation of one contact and the abundance
of the two atom types in the database. C(r) is derived from eq. 6 by taking the average over all
the atom types:

N(op,017)

In[C()] = In g5 N(ap
O Op &0

—)+ Fo(®) (6)

where F,,(7) is a free parameter equal to the average free energy in a given interval of distance,
Fo(r) = (F(0,,0,,7)). The detailed theory behind this function is well described in the
SMoG96 and SM0G2001 papers'? and we point the interested reader to these articles.
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2. Evaluation of different shells for the knowledge-based potential

Table S1. Average correlations on 20 testing sets for the knowledge-based potentials trained
on the corresponding 20 training sets with two shells.

Shells . <R> Shells . <R>
configuration configuration

3.0-4.5 305 1 4.5-5.5 348
3.0-5.0 353 14.5-6.0 365
3.0-5.5 376 | 4.5-6.5 374
3.0-6.0 389 14.5-7.0 383
3.0-7.0 394 14.5-75 391
3.0-8.0 397 14.5-8.0 393
3.0-9.0 397 14.5-9.0 397
3.0-10.0 393 14.5-10.0 .396
3.5-4.5 .262 15.0-7.0 388
3.5-5.0 311 15.0-8.0 .396
3.5-5.5 343 15.0-9.0 400
3.5-6.0 .365 15.0-10.0 398
3.5-7.0 384 15.5-6.5 385
3.5-8.0 393 15.5-7.0 .390
3.5-9.0 396 | 5.5-7.5 395
3.5-10.0 393 15.5-8.0 397
4.0-6.0 362 15.5-9.0 400
4.0-6.5 374 | 5.5-10.0 398
4.0-7.0 384 ]6.0-8.0 397
4.0-8.0 395 16.0-9.0 400
4.0-9.0 398 16.0-10.0 398
4.0-10.0 .396
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Table S2. Average correlations on 20 testing sets for the knowledge-based potentials trained
on the corresponding 20 training sets with three shells.

Shells

Shells

Shells

configuration <R> configuration <R> configuration <R>
3.0-4.5-6.0 377 13.5-4.5-9.0 396 | 4.0-6.5-8.5 398
3.0-4.5-6.5 384 | 3.5-4.5-10.0 394 | 4.0-6.5-9.0 399
3.0-4.5-7.0 .390 | 3.5-5.0-6.0 360 | 4.0-6.5-9.5 399
3.0-4.5-7.5 .396 | 3.5-5.0-6.5 371 | 4.0-6.5-10.0 397
3.0-4.5-8.0 .397 13.5-5.0-7.0 381 | 4.5-5.5-6.5 374
3.0-4.5-9.0 398 |3.5-5.0-7.5 390 | 4.5-5.5-7.0 382
3.0-4.5-10.0 395 13.5-5.0-8.0 393 | 4.5-5.5-7.5 .390
3.0-5.0-7.0 393 13.5-5.0-9.0 397 | 4.5-5.5-8.0 393
3.0-5.0-7.5 .399 13.5-5.0-10.0 395 | 4.5-5.5-9.0 398
3.0-5.0-8.0 399 13.5-5.5-7.0 382 | 4.5-5.5-10.0 396
3.0-5.0-8.5 401 |3.5-5.5-7.5 390 | 4.5-6.0-7.0 383
3.0-5.0-9.0 400 | 3.5-5.5-8.0 393 | 4.5-6.0-7.5 .390
3.0-5.0-10.0 397 |3.5-5.5-8.5 396 | 4.5-6.0-8.0 394
3.0-5.5-8.0 400 | 3.5-5.5-9.0 398 | 4.5-6.0-8.5 397
3.0-5.5-8.5 401 | 3.5-5.5-10.0 396 | 4.5-6.0-9.0 398
3.0-5.5-9.0 401 | 3.5-6.0-8.0 394 | 4.5-6.0-10.0 397
3.0-5.5-10.0 397 13.5-6.0-8.5 397 | 4.5-6.5-8.0 393
3.0-6.0-9.0 401 | 3.5-6.0-9.0 398 | 4.5-6.5-8.5 396
3.0-6.0-10.0 398 | 3.5-6.0-10.0 396 | 4.5-6.5-9.0 398
3.0-6.5-9.0 400 | 3.5-6.5-9.0 397 | 4.5-6.5-9.5 398
3.0-6.5-9.5 399 | 3.5-6.5-9.5 397 14.5-6.5-10.0 396
3.0-6.5-10.0 397 | 3.5-6.5-10.0 395 | 4.5-7.0-9.0 398
3.0-7.0-9.0 400 | 3.5-7.0-9.0 397 14.5-7.0-10.0 397
3.0-7.0-10.0 397 | 3.5-7.0-10.0 395 15.0-7.0-9.0 400
3.5-4.5-5.5 333 | 4.0-6.0-8.0 395 15.0-7.0-9.5 400
3.5-4.5-6.0 .356 | 4.0-6.0-8.5 398 15.0-7.0-10.0 398
3.5-4.5-6.5 368 |4.0-6.0-9.0 399 | 5.5-7.5-9.5 400
3.5-4.5-7.0 379 14.0-6.0-10.0 398 |5.5-7.5-10.0 398
3.5-4.5-8.0 391 14.0-6.5-8.0 394
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Shells

on the corresponding 20 training sets with four shells.

Shells

Shells

configuration <R> configuration <R> configuration <R>
3.0-4.0-5.0-6.0 373 | 3.0-4.5-6.5-8.5 399 | 3.5-5.0-6.5-10.0 396
3.0-4.0-5.0-6.5 381 | 3.0-4.5-6.5-9.0 399 | 3.5-5.0-7.0-9.0 398
3.0-4.0-5.0-7.0 389 1 3.0-4.5-6.5-10.0 397 | 3.5-5.0-7.0-9.5 398
3.0-4.0-5.0-7.5 .396 | 3.0-4.5-7.0-9.0 399 | 3.5-5.0-7.0-10.0 396
3.0-4.0-5.0-8.0 397 1 3.0-4.5-7.0-9.5 399 | 3.5-5.5-7.5-9.5 398
3.0-4.0-5.0-9.0 .399 13.0-4.5-7.0-10.0 397 | 3.5-5.5-7.5-10.0 .396
3.0-4.0-5.0-10.0 .397 1 3.0-5.0-7.0-9.0 401 | 4.0-5.0-6.0-7.0 381
3.0-4.0-5.5-6.5 382 13.0-5.0-7.0-9.5 400 | 4.0-5.0-6.0-7.5 390
3.0-4.0-5.5-7.0 389 13.0-5.0-7.0-10.0 398 | 4.0-5.0-6.0-8.0 394
3.0-4.0-5.5-7.5 .396 ] 3.0-5.0-7.5-9.0 401 | 4.0-5.0-6.0-9.0 399
3.0-4.0-5.5-8.0 397 13.0-5.0-7.5-9.5 400 | 4.0-5.0-6.0-10.0 397
3.0-4.0-5.5-9.0 400 | 3.0-5.0-7.5-10.0 398 | 4.0-5.0-6.5-8.0 393
3.0-4.0-5.5-10.0 .397 1 3.0-5.5-8.0-10.0 398 | 4.0-5.0-6.5-8.5 397
3.0-4.0-6.0-8.0 398 | 3.5-4.5-5.5-6.5 368 | 4.0-5.0-6.5-9.0 399
3.0-4.0-6.0-8.5 400 | 3.5-4.5-5.5-7.0 378 | 4.0-5.0-6.5-10.0 397
3.0-4.0-6.0-9.0 400 | 3.5-4.5-5.5-7.5 387 | 4.0-5.0-7.0-9.0 399
3.0-4.0-6.0-10.0 398 | 3.5-4.5-5.5-8.0 391 | 4.0-5.0-7.0-9.5 399
3.0-4.0-6.5-8.5 .399 | 3.5-4.5-5.5-9.0 .396 | 4.0-5.0-7.0-10.0 398
3.0-4.0-6.5-9.0 400 | 3.5-4.5-5.5-10.0 395 | 4.0-5.5-7.0-8.5 398
3.0-4.0-6.5-10.0 397 | 3.5-4.5-6.0-7.5 387 | 4.0-5.5-7.0-9.0 399
3.0-4.0-7.0-10.0 397 | 3.5-4.5-6.0-8.0 391 | 4.0-5.5-7.0-10.0 398
3.0-4.5-5.5-6.5 383 | 3.5-4.5-6.0-8.5 395 | 4.5-5.5-6.5-7.5 390
3.0-4.5-5.5-7.0 389 | 3.5-4.5-6.0-9.0 397 | 4.5-5.5-6.5-8.0 393
3.0-4.5-5.5-7.5 396 | 3.5-4.5-6.0-10.0 395 | 4.5-5.5-6.5-9.0 398
3.0-4.5-5.5-8.0 397 | 3.5-4.5-6.5-8.5 395 | 4.5-5.5-6.5-10.0 397
3.0-4.5-5.5-9.0 399 | 3.5-4.5-6.5-9.0 396 | 4.5-5.5-7.0-8.5 397
3.0-4.5-5.5-10.0 397 1 3.5-4.5-6.5-10.0 395 | 4.5-5.5-7.0-9.0 398
3.0-4.5-6.0-7.5 .396 | 3.5-4.5-7.0-9.5 397 | 4.5-5.5-7.0-10.0 397
3.0-4.5-6.0-8.0 397 | 3.5-4.5-7.0-10.0 395 | 4.5-6.0-7.5-9.0 398
3.0-4.5-6.0-8.5 .399 | 3.5-5.0-6.5-8.0 392 | 4.5-6.0-7.5-10.0 397
3.0-4.5-6.0-9.0 400 | 3.5-5.0-6.5-8.5 396 | 4.5-6.5-8.5-10.0 396
3.0-4.5-6.0-10.0 397 | 3.5-5.0-6.5-9.0 397

Table S3. Average correlations on 20 testing sets for the knowledge-based potentials trained
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on the corresponding 20 training sets with five shells.

Shells

Shells

configuration <R> configuration <R>
3.0-4.0-5.0-6.0-7.0 388 | 3.5-4.5-5.5-6.5-9.0 396
3.0-4.0-5.0-6.0-7.5 395 | 3.5-4.5-5.5-6.5-10.0 395
3.0-4.0-5.0-6.0-8.0 397 | 3.5-4.5-5.5-7.0-8.5 395
3.0-4.0-5.0-6.0-9.0 .400 | 3.5-4.5-5.5-7.0-9.0 396
3.0-4.0-5.0-6.0-10.0 397 | 3.5-4.5-5.5-7.0-10.0 395
3.0-4.0-5.0-6.5-8.0 397 | 3.5-4.5-6.0-7.5-9.0 397
3.0-4.0-5.0-6.5-8.5 399 | 3.5-4.5-6.0-7.5-10.0 396
3.0-4.0-5.0-6.5-9.0 .400 | 3.5-5.0-6.5-8.0-9.5 397
3.0-4.0-5.0-6.5-10.0 397 | 3.5-5.0-6.5-8.0-10.0 396
3.0-4.0-5.0-7.0-9.0 .400 | 4.0-5.0-6.0-7.0-8.0 393
3.0-4.0-5.0-7.0-10.0 .397 | 4.0-5.0-6.0-7.0-8.5 397
3.0-4.0-5.5-7.0-8.5 .400 | 4.0-5.0-6.0-7.0-9.0 .399
3.0-4.0-5.5-7.0-9.0 .400 | 4.0-5.0-6.0-7.0-10.0 398
3.0-4.0-5.5-7.0-10.0 398 | 4.0-5.0-6.0-7.5-9.0 .399
3.0-4.0-5.5-7.5-9.0 401 | 4.0-5.0-6.0-7.5-9.5 .399
3.0-4.0-5.5-7.5-10.0 398 | 4.0-5.0-6.0-7.5-10.0 398
3.0-4.0-6.0-8.0-10.0 398 | 4.0-5.0-6.5-8.0-9.5 .399
3.0-4.5-6.0-7.5-9.0 .400 | 4.0-5.0-6.5-8.0-10.0 397
3.0-4.5-6.0-7.5-9.5 399 | 4.0-5.5-7.0-8.5-10.0 398
3.0-4.5-6.0-7.5-10.0 397 | 4.5-5.5-6.5-7.5-8.5 396
3.0-4.5-6.0-8.0-10.0 397 | 4.5-5.5-6.5-7.5-9.0 398
3.0-4.5-6.5-8.5-10.0 397 | 4.5-5.5-6.5-7.5-10.0 397
3.5-4.5-5.5-6.5-7.5 387 | 4.5-5.5-6.5-8.0-9.5 398
3.5-4.5-5.5-6.5-8.0 391 | 4.5-5.5-6.5-8.0-10.0 397
3.5-4.5-5.5-6.5-8.5 394

Table S4. Average correlations on 20 testing sets for the knowledge-based potentials trained
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3. Influence of the slope of the contact function

We present below the average correlation of the KBP2016 scoring function with experimental

data made on the 20 testing sets for different intervals Ar of the contact function (see Figure S1
below). This value defines the slope of the function. Only a little influence is observed and we

have kept a value of Ar = 0.2 A. Since this value is the same for all shells, two atoms that are

separated by a distance between r2-Ar/2 and r>+Ar/2 still have a total contact number of 1 if 12
is a distance that separates two shells (for example, the two atoms can be at 60% in one shell
and 40% in the other).

A(r) SMoG2001

A

1__

> I

o

L T T

Figure S1. Contact function for the scoring functions.

N

A(r) KBP2016

A

1__

Table S5. Influence of Ar on the average correlation of the scoring function made with the

shell configuration 3.0-5.0-8.5 A.

Ar (A)

0.1

0.2

04

0.6

0.8

1.0

12

14

1.6

R

0.400

0.401

0.400

0.400

0.399

0.399

0.398

0.398

0.399
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4. Influence of the a parameter on the correlation for hybrid scores with ASASA

Table S6. Influence of the « coefficient on the probability to find the correct rotamer with the
ASASA scoring function. For each target angle, we report the percentage of times the rotamer
with the lowest score falls into the target angle range (%(success)). Amongst the rotamers
which falls into the target angle range, we also report the fraction for which only 1 out of the
36 rotamers has the lowest score (%(g=1)).

6, € {(—10°,10°)

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.35
1.40
1.45
1.50

0,y = 0°

0, € {(—20°,20°)

%(success)  %(g=1)

24
36
40
43
44
45
46
47
47
48
47
48
48
48
48
48
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49

30
53
57
60
62
63
63
64
65
65
65
65
65
66
65
65
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66

%(success)
38
56
58
61
61
62
63
64
65
65
66
67
66
67
67
68
67
67
68
68
68
68
68
68
68
68
69
69
69
69
69

%o(g=1)
54
70
71
72
73
73
73
74
74
74
75
75
75
75
75
75
75
75
75
75
75
75
76
75
76
76
76
76
76
76
76

%(success)
48
66
69
70
71
73
73
73
74
74
75
75
75
75
75
75
75
75
75
75
75
76
76
76
76
76
76
76
76
75
75

%(g=1)
64
74
76
76
76
77
77
77
77
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
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5. List of complexes contained in the testing set (195 complexes)

10gs
1a30
1bcu
1e66
1f8b
1f8¢
11f8d
lgpk
1h23
1hfs
1hnn
ligj
ljyq
kel
11bk
1lol
lloq
llor
Imqg6
Inlm
In2v
Invq

lo3f
1o5b
los0
loyt
Iplq
Ips3
1q8t
1q8u
1qi0
Ir5y
Isln
Isqa
1ulb
1u33
luto
1vso
1w3k
1w3l
1w4do
1xd0
lycl
1295

lzea
2brb
2cbj
2cet
2dlo
2d3u
2fvd
2g70
2gss
2hbl
2iwx
262
2j78
2jdm
2jdu
2jdy
20bf
2o0le
2pdy
2pcp
2pq9
2qbp

2qbr
2qft
2qmj
2r23
2v00
2v7a
2vl4
2vo5
2vot
2vvn
2vwS5
2w66
2wbg
2wca
2weg
2wtv
2x00
2x0y
2x8z
2x97
2xb8
2xbv

2xdl
2xhm
2xnb
2xy9
2xys
2y5h
2yfe
2yge
2yki
2ymd
2zcq
2zcr
2zjw
27wz
27x6
2zxd
3acw
3ag9
3ao4
3b3s
3b3w
3b68

3bfu
3bkk
3bpc
3cft
3¢j2
3coy
3cyx
3d4z
3ddo
3dxg
3e93
3ebp
3ehy
3ejr
3f17
3f3a
3f3c
3f3e
3180
3fcq
3kl
3fvl

3g0w
3g2n
3g2z
3gbb
3gcs
3ge7
3gnw
3gy4
3huc
3i3b
3imc
3ivg
3jvs
3k5v
3kgp
3kv2
3kwa
313n
314u
314w
317b
3lka

3mfv
3mss
3muz
3myg
3n7a
3n86
3nox
3nq3
3nw9
30e5
3ovl
3ow;j
3ozt
3pe2
3pww
3pxf
3s80
3su2
3su3
3sus
3u9q
3udh

3ucu
3uex
3uo04
3uri
3utu
3vd4
3vh9
3zso
3zsx
4del
4de2
4des
4dew
4djr
4djv
4g8m
4gid
4gqq
4tmn
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6. List of complexes contained in the training set (1,038 complexes)

4a7i
3jup
4hw3
In8u
3h78
Syas
3gta
lybo
4mjo
4mfl
4ewn
307u
2£10
2q89
2al4
1w2h
2yoh
leoc
2jg8
lyvm
3hfv
3tay
3poa
2yek
4ad3
2a31
3nti
1174
2797
3rl7
3w
2wq5
3ouj
1u0g
3qvv
3td4
Ixap
4fn5
3shj
4edu
2itp
3nsq
3zpr
2wed
4j03
6cgt
3fsj
2zxb

lupf
1xz8
4b0j
418
966¢
Ingw
4his
4cgi
4dxg
1b55
4fmu
1113
4arb
2z3h
2xtn
2v95
Irpj
3d94
4bxk
3srg
Ism3
1c3x
4da5s
Irdn
1h7a
4b76
2ay9
3upk
3mp6
2wtx
4b5w
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