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1 An Analysis of 3 Contacts Under Different T;s

T, has no significant impact on g contacts if large enough. For example, under Z8 = 75° and in the 396
mutation residues (including backbone atoms), there are 32 involving 8 contacts whose distances are between
2.8 A and 3.3 A, 118 3 contacts with distances between 1.9 A and 2.8 A, and 5760 3 contacts whose distance
less than 1.9 A. Here, 1.9 A is the radius of a water molecule plus 0.5 A. The latter contacts with small

distance predominate in 3 contacts.

2 Discussion of the evaluation
2.1 Statistical Significance of Difference Among Figure 2(a)-2(c)

Paired t-test in MATLAB is used to test the difference among Figure 2(a)-2(d) for the predictions of true hot
spots. This test shows that the p-value of the difference of these predictions between Figure 2(a) and 2(b),
between Figure 2(a) and 2(c), between Figure 2(a) and 2(d), and between Figure 2(b) and 2(c) are 0.016,
0.108, 0.010 and 0.798, respectively. Figure 2(a) of BACV 454 predictions is more significantly different
from the other figures, while Figure 2(b) of ACV 454 predictions and 2(c) of nonSACV 454 predictions have

insignificant difference.



2.2 Evaluation under leave-one-complex-out cross-validation

The performance of SACV 54 and ACV g4 are also evaluated under the leave-one-complex-out cross-
validation where those mutations in each of 22 protein-protein complexes are used for testing and other
mutations for training. Under this evaluation strategy, SACV 454 has a F1 value 0.588 with a precision
0.595 and a recall 0.581, and ACV 454 has a F1 value 0.454 with a precision 0.481 and a recall 0.430. This
performance slightly decreases compared with the leave-one-out cross-validation. But the small performance
decrease is insignificant, and all the conclusions above are still true using the performance of leave-one-
complex-out cross-validation: BACV g4 is still superior to other methods to predict AAG. Meanwhile,
the small performance decrease is reasonable because the number of mutations are not big and leave-one-

complex-out cross-validation has less mutations in training process.

2.3 Discussion of using the 396 mutations

The benchmark dataset used by this work consists of 396 residues. However, under the definition of binding
interfaces by FoldX, only 378 of them are interfacial residues. Therefore, FoldX could make only 378
predictions for alanine mutations. Similar situation happened to Robetta which made only 338 predictions
for the same dataset of 396 residues (details shown in Supplementary Table 3). In fact, some of those residues
not detected by FoldX or Robetta are actually in the rim of binding interfaces (rim mutations for short),
and the other have close contacts with their partner proteins, such as the two mutations of Pro in position
306 of Chain B in 1A22 and Glu in position 80 of Chain M in 1DX5. Although these two mutation residues
are not defined to be in binding interfaces by FoldX and/or Robetta, their smallest spatial distance are
less than 6A to the atoms in their partner proteins. These two mutations can also affect protein binding
significantly: the alanine mutation of Pro has AAG 3.31 kcal/mol, and the alanine mutation of Glu has
AAG 3.4 kcal/mol.

If these two residue mutations were considered to have a small predicted AAG, Robetta would have a
lower regression performance. Nevertheless, only the detected mutations by FoldX and Robetta are used
in their regression performance assessment. In the classification performance comparison, all 396 mutations
are used, and all non-predicted mutations by every classifier are considered to have a small predicted AAG.

This is fair to all of the classifiers.



3 Dataset from BID and the evaluation

The mutations from BID [1] are also used for independent data testing. Those mutations have no explicit
AAG but with the class labels ‘Strong’, ‘Intermediate’, ‘Weak’ ‘Insignificant” and so on. Often, the mutations
with ‘Strong’ are considered as binding hot spots. In BID, we found 22 complexes. However, many of them
are protein binding to a short sequence of peptides, such as with less than 20 residues in Chain E in 1CDL,
B in 1DDM, X in 1dVA, C and D in 1EBP and D in 1JPP, and with less than 40 residues in A in 1DX5, and
P in 1K4U. Protein-peptide binding complexes are not considered in this work, because they have different
physicochemical properties. Meanwhile, some other complexes have very small interfaces (1IHB and 1KTZ)
or have mutations in linear peptide structures (1G3I and 1UB4). They are also not considered because small
interfaces have great effect on interfacial residues’ ASA. 1GL4 is also not used due to the big difference
of the definition of binding hot spots between BID data and the work in [2]. Finally, only protein-protein
complexes are used for testing, including 1ES7, 1FAK, 1FE8, 1IFOE, 1JAT, 1IMQ8, 1INFI, INUN and 2HHB.
This dataset only has 37 mutations with 7 binding hot spots, called BID-propro.

Finally, the prediction results on BID are shown in Table 1. It can be seen from Table 1 that on the small
BID dataset BID-propro, BACV 254 has F1 value 0.571, higher than FoldX’s F1 0.480 and Robetta’s F1
0.556. BACV 454 achieves better performance than the existing methods again, although the number of the
binding hot spots is too small to have a significant evaluation. Table 1 also shows the prediction results on
both protein-protein complexes and protein-peptide complexes in BID with two different binding hot spot
definitions. If only the mutations with the label ‘Strong’ are considered as binding hot spots, FoldX has
highest F'1 value, while Robetta and SACV 454 have higher F1 values if the mutations with the label ‘Strong’
or ‘Intermediate’ are considered as binding hot spots. According the difference between the performances on
BID-propro and BID, it seems that SACV z454 is better to be used to predict binding hot spots for protein-
protein complexes than for protein-peptide complexes. This is partially due to that ASA used in SACV 2454
affects the prediction performance, but ASA of interfacial residues in protein-protein complexes is different
from that from protein-peptide complexes (interfacial residues of protein-peptide complexes might be more
exposed than interfacial residues in protein-protein complexes). The reason is supported by the improved

performance of FACV on BID where ASA is not used.



Table 1: Predictions performance by different methods for protein complexes in BID.

Data set True hot spot F1
labels FoldX | Robetta | SACV 454 | BACV
BID-propro Strong 0.480 0.556 0.571 0.533
BID Strong 0.330 0.288 0.294 0.318
BID Strong, Intermediate | 0.562 0.627 0.626 0.641

Table 2: The used dataset.

PDB Biological Unit 1 Biological Unit 2
ID Chain mutations > 2 Chain mutations > 2
Name(s) kcal/mol | Name(s) kcal /mol
1A221 growth hormone growth hormone receptor
A \ 30 \ 3 B \ 32 \ 5
1A4Y*? ribonuclease inhibitor angiogenin
A \ 13 \ 2 B \ 11 \ 1
1AHW® immunoglobulin fab 5g9 tissue factor
AB | 0 \ 0 C \ 8 \ 1
1BRS barnase barstar
A T 7 | D | 5 | 3
1BXI colicin €9 immunity colicin €9
A \ 17 \ 7 B \ 0 \ 0
1CBW?® bovine chymotrypsin BPTI
GH | 0 \ 0 1 \ 8 \ 0
1DAN® blood coagulation factor VITA soluble tissue factor
HL | 25 \ 0 TU | 35 \ 2
1DFJ* ribonuclease ribonuclease inhibitor
E | 0 | 0 T ] 13 | 1
1DVF3 FV D1.3 FV E5.2
AB | 16 \ 6 CD | 8 \ 3
1DX5 thrombomodulin thrombin
I \ 0 \ 0 M \ 16 \ 5
1F47 cell division protein ftsz cell division protein zipa
A | 9 | 3 B[ 0 | 0
1FC2 protein A immunoglobulin fc
c 1 3 | 1 D 0 | 0
1FCC IGG1 MO61 FC streptococcal protein G
A ] 0 | 0 C ] 8§ ] 1
1GC1 CD4 envelope protein GP120
cC [ 17 | 0 G 1 0 | 0
1JCK T cell antigen receptor staphylococcal enterotoxin C3
A \ 0 \ 0 B \ 9 \ 4
1JRH antibody A6 interferon-gamma receptor alpha chain
HL | 17 \ 3 1 \ 12 \ 5
1JTG beta-lactamase TEM beta-lactamase inhibitory protein
A ] 6 | 0 B ] 4 \ 2
1INMB Fab NC10 N9 neuraminidase
OL | 1 | 0 N ] 0 | 0
Continued on next page




Table 2 — continued from previous page

PDB Biological Unit 1 Biological Unit 2
1D Chain mutations > 2 Chain mutations > 2
Name(s) kcal/mol | Name(s) kcal /mol
1VFB?3 IGG1-KAPPA D1.3 FV hen egg white lysozyme
AB | 14 \ 2 C \ 12 \ 1
2PTC® beta-trypsin trypsin inhibitor
E \ 0 \ 0 1 \ 2 \ 2
3HFM? Hyhel-10 IGG1 hen egg white lysozyme
HL | 12 \ 8 Y \ 13 \ 3
3HHR! human growth hormone human growth hormone receptor
A \ 10 \ 0 BC | 3 \ 0

1

2

: These two complexes have identical protein sequences, but they have different alanine

mutations. Please refer to Supplementary Table 2 for detail.

: Chain C in 1VFB and Chain Y in 3HFM are identical, but they have different binding

sites in 1VFB and in 3HFM.

: Chain A and B in 1VFB and in 1DVF are identical, but their partner proteins Chain C

in 1IVFB and Chain C and D in 1DVF are dissimilar, indicating that 1VFB and 1DVF
possess different interfaces in 3D structures. AAG of alanine mutations for the same
specific residues in Chain A and B are almost different. In detail, AAG for the same
mutations in Chain A are: His'3%:0.8(1.7), Tyr®2:1.3(2), Tyr*%:0.8(1.7), Tyr>°:0.4(0.7),
Trp¥2:1.71(0.3) and Ser®3:0.11(1.2); AAG for the same mutations in Chain B are:
Tyr32:0.5(1.8), Trp2:1.23(4.2), Asp>:1.95(4.3), Asp°%:-0.2(1.6),

Arg?:0.47(1.9), Asp'0:3.1(2.8) and Tyr!%':4(4); the numbers after *:’

are AAG in 1VFB, and the numbers in brackets are AAG in 1DVF.

: Chain B in 1A4Y has dissimilar sequence to Chain E in 1DFJ, and Chain

A in 1A4Y is similar to Chain I in 1DFJ. The latter two similar sequences
have several same mutations but with different AAG as follows:
Trp261:0.1(257:1.3), Trp263:1.2(259:2.2), Ser?82:0(%%5:0.8)), Trp318:1.5(314:1),
Lys320:-0.3(316:1.3), Glu*01:0.9(397:1.3)), Tyr*34:3.3(#30:5.9)), Asp?3°:3.5
(431:3.6)), Tyr*37:0.8(433:2.6)) and Ie*%:0.7(*5%:0.3)). The numbers after *:’
are AAG in 1A4Y and those in brackets are AAG in 1DFJ.

: Chain T and U in 1DAN constitute Chain C in 1IAHW, but Chain A and

B in IAHW have different sequences from Chain H and L in 1DAN.
Chain C in IAHW (Chain T and U in 1DAN) also has different
binding sites in these two complexes.

: Chain I in 2PTC and in 1CBW are identical, but Chain E in 2PTC has

42% sequence identity to Chain G in 1ICBW and 44% to Chain H in
1CBW. Further, Chain I in 2PTC only has two mutations: Lys'®
and Ile'® which has AAG 10 kcal/mol and 4.97 kcal/mol.

In contrast, their mutations have much smaller AAG in 1CBW,

i.e., 1.99 kcal/mol and 1.4 kcal/mol.
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Table 4: Eight atomic types.
Short Name | Atomic names
N_H+ ILEN__ VAL N_LEUN_ PHEN__ CYS.N__MET_N__ ALAN__
GLY_N__ THR.N__ SER.N__ TRP_.N__ TYR_N__ HIS.N__ GLU_N__
GLN_N_ ASP.N__ASN.N__LYSN__ ARG.N_ ARG.NE_ ARG_NH1
ASN_ND2 GLN_NE2 HIS_NE2 TRP_NE1
N+H+ ARG_NH2 LYS_NZ_

O_HO ILE.O__ VAL.O__LEU_O__ PHE_O__ CYS_.O__. MET_O__ ALA_O__
GLY_O__ THR.O__ SER_.O__ TRP.O__ TYR_.O__ PRO_O__ HIS_.O__
GLU_O__ GLN_O__ ASP_.O__ ASN_.O__LYS_.O__ ARG_O__ ASP_OD1
GLU_OE1 ASN_OD1 GLN_OE1 PRO_N__ HIS.ND1
O-HO ASP_OD2 GLU_OE2 ILE_OXT VAL_OXT LEU_OXT PHE_OXT
CYS_OXT MET_OXT ALA_OXT GLY_OXT THR_OXT SER_OXT
TRP_OXT TYR_OXT PRO_OXT HIS_OXT GLU_OXT GLN_OXT
ASP_OXT ASN_OXT LYS_OXT ARG_OXT
O_H+ SER_OG_ THR_OG1 TYR_OH_ HOH_O__

C_NO ILE.C__ VAL.C__ LEU_.C__PHE_C__ CYS_.C__ MET_C__ ALA_C__
GLY_.C__. THR.C__ SER.C__. TRP.C__ TYR.C__ PRO_.C__ HIS.C__
GLU_C__ GLN_C__ ASP_.C__ASN_C__LYS.C__ ARG_.C__ILE_CA_
VAL_CA_LEU_CA_PHE_CA_CYS_.CA_ MET_CA_ ALA_CA_GLY_CA_
THR_CA_ SER_CA_ TRP_.CA_ TYR_CA_ PRO_CA_HIS_CA_ GLU_CA_
GLN_CA_ ASP_CA_ ASN_CA_LYS_.CA_ ARG_CA_ ARG_CZ_ ARG_CD_
LYS_CE_. PRO_CD_ ASP_CG_ GLU_CD_ SER_.CB. THR_CB_ ASN_CG_
GLN_CD_

C_NON MET_SD_ CYS_SG_ LEU_CG_ ILE_CB_. VAL_.CB_ LEU_CB_ PHE_CB._

CYS_.CB_. MET_CB_ ALA_CB_. TRP_CB_. TYR_CB_. PRO_CB_ HIS_.CB_
GLU_CB. GLN_CB_ ASP_CB_ ASN_CB_ LYS_.CB_ ARG_CB_ ARG_CG_
GLU_CG. GLN_CG_ LYS_CG_ LYS_.CD_ PRO_CG_ ILE.CG1 MET_CG_
MET_CE_ ILE_.CD1 THR_.CG2 ILE_CG2 LEU_CD1 LEU_CD2 VAL_CG1
VAL_CG2
ARC HIS_CD2 HIS_CE1 HIS_CG_. PHE_CG_. PHE_CD1 PHE_CD2 PHE_CE1
PHE_CE2 PHE_CZ_. TRP_CD1 TRP_CE2 TRP_CH2 TRP_CE3 TRP_CZ3
TRP_CG_. TRP_.CD2 TRP_CZ2 TYR_.CZ_ TYR_.CG_ TYR_CD1 TYR_CD2
TYR_CE1 TYR_CE2

‘H+’: more than one hydrogen

‘HO’: without any hydrogens

‘N/O_": nitrogen/oxygen atoms without charged

‘N-+’: nitrogen atoms with positively charged

‘O-": oxygen atoms with negatively charged

‘C_NO(N)’: carbon atoms with(out) covalent-bond nitrogen or oxygen

‘ARC’: carbon atoms in an aromatic ring

For ‘XXXYYZZ’ or ‘XXX_YZZ’ or ‘XXX_YZ_ in the second column, XXX represents a residue type, and _Y or YY
denotes an atomic name, while Z or Z_ indicates a specific position of _Y or YY in XXX.
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