Tencent

I N -
i O =

Independent SE(3)-equivariant Models for Rigid Protein Docking

Octavian Ganea™, Xinyuan Huang™*, Charlotte Bunne, Yatao Bian,

ETHzurich

- 3. Invariance to Initial
|. Protein Complexes

orientations, anc

* [wo or more proteins interact and form larger machines, 1.e.

complexes. complex
* Involved in most of the biological processes R
* Very important for many problems such as drug design, protein EquiDock |

engineering, anti-body generation, etc.

blacements,
roles of the two

ommi Jaakkola, Regina Barzilay, Andreas Krause

MIT, ETH Zurich & Tencent Al

5. Novel Surface Features
broteins

_Inter residue force
vector w; ;. ,(X; — X;)

Change Identical after 5 o : - SR °¢
Pl?‘cem?nt’ superimposition E: 0B s 0¥ ’:,.":..,:-« os
orientation 0251 % - 025 | a8 Seee i % 025 :..:.::. '..:..%.'.. -
EquiDock o esse: o) DR o1 038 -
=001 C =01 RS
C-RMSD distributions (DIPS test)
We derive necessary & sufficient model constraints for this to always hold. 6 Re >U H:S dnc -
Runtimes o
7))
. . e s = ¥
' . : . Inference running time distributions (DIPS test) o
2. Rigid Body Docking 4. EquiDock Model -
O
. . . e . a) Pairwise independent SE(3)-equivariant message passing neural networks ' C 10
Rigid Docking: Given the structures of the individual proteins, ) P (3)-eq 5¢ P S R ‘
: -~ : : : Gi = V1, &1) Ga2 = (V2,&2) 2 0 -
predict 3D structures of protein-protein complexes. Proteins are @ P £ 10| ATRACT | WDOCK | QLARO  PATCHOOK EQUIBOCK
. - R 18y el 4 2 : istribut
treated as rigid bodies (no assumed flexibility). 1o Ry X, x{ - FAMISD distributions (DIPS teed
: m32 _‘x13' &2—5: |'/);27\| . ' (L) 10" 1
/" . E\-- --/E Hl ’ S Hl 60 4
o . m, 3\i / th\ X | IEGMN | X(L) 10° - -
Iraditional Docking Methods: xiz Yo 27\ 2 , , Y Y , o
. . . . h2 il h6 (L) ATTRACT HDOCK CLUSPRO PATCHDOCK EQUIDOCK (é) 40 |
* Heavy candidate sampling + ranking + fine-tuning H, H; z |
* Very time consuming Qixi+bi - QiX{” +by 5
H,— — HY 10
IEGMN 1
QX3 + by 4 —— QX3 +by 0]
H," HgL) ATTRACT  HDOCK  CLUSPRO PATCHDOCK EQUIDOCK
EquiDock PatchDock ClusPro Ground Truth
b) Keypoints aligned with binding pockets via optimal transport
» keypoints obtained via :
multi-head attention from the IEGMN outputs prediction
o 0.0 error - ligand
RMSD
binding pocket Yo y L MSE
our gOaI: direct prediction Of the protein Complex. ® binding pocket points keypoint alignment | ) CRMSD =7.13 CRMSD = 17.37 CRMSD = 18.00 CRMSD = 18.56 PDB ID: 3DMP
Research questions: e
* Which geometrical and physical constraints for protein-protein < 7 From
. . P* — P* . e l
docking to consider for DL models ? 1= 52 o CauDoc
True docked R - q u I O C < -tO
Co : complex : . . .
* How to inject them in DL models ? True binding pocke: ey CquIBINg
location available undocked |/ unbounded superimposing

during train only keypoints Y, and Y,

input structure

Auxiliary loss for avoiding point
cloud intersection




