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Figure 1. Overview of PLMGraph-Inter. (a) The network architecture of PLMGraph-Inter. (b) The graph representation module. (c) The graph encoder
module, s denotes scalar features, v denotes vector features. (d) The dimensional hybrid residual block ('IN” denotes Instance Normalization).
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Figure 1—figure supplement 1. The graph representation of protein structures. (a) Dihedral angles of the protein backbone. (b) The local coordinate
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Figure 2. The performances of PLMGraph-Inter and other methods on the HomoPDB and HeteroPDB test sets. (a, b) The head-to-head comparison
of the precisions (%) of the top 50 contacts predicted by PLMGraph-Inter and other methods for each target in (@) HomoPDB and (b) HeteroPDB using
experimental structures. (¢, d) The head-to-head comparison of the precisions (%) of the top 50 contacts predicted by PLMGraph-Inter and other
methods for each target in (¢) HomoPDB and (d) HeteroPDB using AlphaFold2 predicted structures.
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Figure 2—figure supplement 1. The head-to-head comparison of the precisions (%) of the top 50 contacts predicted by PLMGraph-Inter and other
methods (a: DRN-1D2D_Inter; b: DeepHomo; ¢: GLINTER ; d: CDPred; e: DeepHomo?2) for each target in HomoPDB and HeteroPDB using experimental

structures.
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Figure 2—figure supplement 2. The head-to-head comparison of the precisions (%) of the top 50 contacts predicted by PLMGraph-Inter and other
methods (a: DRN-1D2D_lInter; b: DeepHomo; ¢: GLINTER ; d: CDPred; e: DeepHomo2) for each target in HomoPDB and HeteroPDB using AlphaFold2

predicted structures.
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Figure 2—figure supplement 3. The mean precision versus contact density for the top 50 contacts predicted by PLMGraph-Inter, GLINTER,
DeepHomo, DeepHomo2, CDPred, and DRN-1D2D_Inter on the HomoPDB test set (a, ¢) and HeteroPDB test set (b, d) using experimental structures

(first row) and AlphaFold2 predicted structures (second row).
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Figure 3. The performances of PLMGraph-Inter when using experimental and AlphaFold2 predicted structures as the input. (a, b) The performance
comparison of PLMGraph-Inter when using experimental structures and AlphaFold2 predicted structures as the input on (a) HomoPDB and

(b) HeteroPDB. (c) The performance gaps (measured as the difference of the mean precision of the top 50 predicted contacts) of PLMGraph-Inter with
the application of AlphaFold2 predicted structures and experimental structures as the input when the protein—protein interactions (PPls) are within
different intervals of DTM-score. The upper panel shows the percentage of the total number of PPls in each interval. (d) The comparison of the precision
of the top 50 contacts predicted by PLMGraph-Inter for each target when using experimental structures and AlphaFold2 predicted structures as the

input.
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Figure 5. The performances of PLMGraph-Inter and other methods on the DHTest and DB5.5 test sets. (a, b) The mean precisions of the top 50 contacts
predicted by PLMGraph-Inter, GLINTER, DeepHomo2, CDPred, and DeepHomo on (a) DHTest and (b) DB5.5 when using experimental structures and
AlphaFold2 predicted structures as the input, where the green lines indicate the performance of DRN-1D2D_Inter. (c) The performance gaps (measured
as the difference of the mean precision of the top 50 predicted contacts) of PLMGraph-Inter with the application of AlphaFold2 predicted structures and
experimental structures as the input when the protein—protein interactions (PPls) are within different intervals of DTM-score. The upper panel shows the
percentage of the total number of PPI’s in each interval. (d, e) The distributions of precisions of the top 50 contacts predicted by PLMGraph-Inter and
other methods for PPIs in (d) DHTest and (e) DB5.5. (f) The mean precisions of the top 50 contacts predicted by PLMGraph-Inter on PPls within different
intervals of contact densities in DB5.5. The upper panel shows the percentage of the total number of PPIs in each interval.

Si and Yan. elLife 2023;12:RP92184. DOI: https://doi.org/10.7554/eLife.92184

110f 16


https://doi.org/10.7554/eLife.92184

e Llfe Research article

Computational and Systems Biology

d

AlphaFold-Multimer

1.0
o DHTest+HomoPDB
0.9{ o DB5.5+HeteroPDB
0.8 1
0.7
0.6 1 o °
g
0 0.5
[
=)
0.4
o
0.3 1
o
0.2 1 . o
o1 © og o © % 1
-4 o
’,_B;:; Co ®o
oo R EE o8 7 | ©

0 10 20 30 40 50 60 70 80 90 100
Top 50 contacts precision (%)

C DHTest+HomoPDB (Top: 50)
301 AlphaFold-Multimer

25 A
20 A
15 4
10 1
5 4
0

DockQ-Failed pTM-Failed precision-Failed

[ PLMGraph-Inter

Precision(%)

Top 50 contacts precision (%)

100 { @00 o @oe@:oe g ©
° I 0 ©
90 1 ° : o ° 5
5 o | o o
5 8018 o DHTest+HomoPDB © s
© © o DB5.5+HeteroPDB o *
2 701, | /;
17 | go o
[ 1 /'
.E 60 1 3° o 9 //’
© o] 1/ (o]
= O o o ’
T %6 6 0 A
[ Pl o o
g S
C 40 ooo o
- [9) ’ o
5 08 oo e °
© 30 0® ! o
s e 1
Q ‘ 8 g e |
2 20+ 7 e lo
o /o 0o 1 o
97 © 1
101 / °© ° | o
s ° o o
/7
0 1 .80 oo ° .:oeo .o
0 10 20 30 40 50 60 70 80
AlphaFold-Multimer
d DBS5.5+HeteroPDB (Top: 50)
AlphaFold-Multimer [ PLMGraph-Inter
20.0 4
17.5 4
15.0 4
R 1251
e
5]
0
‘D 10.0 1
g
[a W
7.5
5.0 1
2.5
0.0

DockQ-Failed pTM-Failed precision-Failed

Figure 6. The comparison of PLMGraph-Inter with AlphaFold-Multimer. (a) The head-to-head comparison between the qualities of the protein

complex structures generated by AlphaFold-Multimer (evaluated with DockQ) and the precision of the top 50 inter-protein contacts extracted from the
generated protein complex structures. The red horizontal lines represent the threshold (DockQ = 0.23) to determine whether the complex structure
prediction is successful or not. (b) The head-to-head comparisons of precisions of the top 50 inter-protein contacts predicted by PLMGraph-Inter and
AlphaFold-Multimer for each target in the homomeric protein—protein interaction (PPI) and heteromeric PPI datasets. (¢, d) The mean precisions of

top 50 inter-protein contacts predicted by PLMGraph-Inter and AlphaFold-Multimer on the PPl subsets from (c) 'DHTest + HomoPDB' and (d) 'DB5.5 +
HeteroPDB’ in which the precision of the top 50 inter-protein contacts predicted by AlphaFold-Multimer is lower than 50% or the DockQ of the complex
structure predicted by AlphaFold-Multimer is lower than 0.23 or the ‘iptm + ptm’ of the complex structure predicted by AlphaFold-Multimer is lower

than 0.5.
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Figure 6—figure supplement 1. The comparison of PLMGraph-Inter with AlphaFold-Multimer. (b) The head-to-head comparisons of precisions of
the top 50 inter-protein contacts predicted by PLMGraph-Inter (using AlphaFold2 predicted structures) and AlphaFold-Multimer for each target in
the homomeric protein—protein interaction (PPl) and heteromeric PPl datasets. (¢, d) The mean precisions of top 50 inter-protein contacts predicted
by PLMGraph-Inter(using AlphaFold2 predicted structures as input) and AlphaFold-Multimer on the PPl subsets from (¢) ‘DHTest + HomoPDB' and
(d) 'DB5.5 + HeteroPDB' in which the precision of the top 50 inter-protein contacts predicted by AlphaFold-Multimer is lower than 50% or the DockQ
of the complex structure predicted by AlphaFold-Multimer is lower than 0.23 or the ‘iptm + ptm’ of the complex structure predicted by AlphaFold-
Multimer is lower than 0.5.
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Figure 7. Protein—protein docking performances on the homodimer and heterodimer test sets. (a, b) The protein—protein docking performance
comparison between HADDOCK with and without (ab initio) using PLMGraph-Inter predicted contacts as restraints on (a) homodimer and

(b) heterodimer. The left side of each column shows the performance when the top 1 predicted model for each protein—protein interaction (PPI) is
considered, and the right side shows the performance when the top 10 predicted models for each PPl are considered. (c) The head-to-head comparison
of qualities of the top 1 model predicted by HADDOCK with and without using PLMGraph-Inter predicted contacts as restraints for each target PPI. The
red lines represent the threshold (DockQ = 0.23) to determine whether the complex structure prediction is successful or not. (d) The success rates (the

top 1 model) for protein complex structure prediction when only including targets for which precisions of the predicted contacts are higher than certain
thresholds.

Si and Yan. elLife 2023;12:RP92184. DOI: https://doi.org/10.7554/eLife.92184

14 of 16


https://doi.org/10.7554/eLife.92184

ELlfe Research article Computational and Systems Biology

Figure 7—figure supplement 1. 3D structure of the homodimer (PDB: 3DFU).
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Figure 7—figure supplement 2. The comparison of HADDOCK (with PLMGraph-Inter contact constraints) with AlphaFold-Multimer in protein complex
structure prediction. (a) The binding configurations predicted by HADDOCK (orange, DockQ: 0.375), predicted by AlphaFold-Multimer (pink, DockQ:

0) and the native binding configuration (blue) for chain B of the protein complex structure in PDB 5HPS. Chain A is shown in the protein surface mode
(green). (b, ¢) The head-to-head comparison of qualities of the (a) top 1 or (b) top 10 model predicted by HADDOCK with using PLMGraph-Inter
predicted contacts as restraints and AlphaFold-Multimer for each target protein—protein interaction (PPI).
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