
Dima Kozakov
Laufer Center for Physical and Quantitative Biology

Stony Brook University

Kozakov/Vajda and ClusPro team  in CASP/CAPRI 
experiment 



A bit of history

Comeau et. Al 2004; Kozakov et. al Nature Protocols 
2017

Sampling  DOT+ FTDOCK + Scoring (Energy+Cluster size)

Sampling PIPER (multiple weights)  +   Scoring (Energy+Cluster 
size)

…………



Ligand representation (e.g. 
charge density)

Receptor representation
(e.g. electrostatic 

potential)

Interaction energy as a sum of FFT 
convolutions

Padhorny et. al PNAS 2016; Kozakov et. al Nature Protocols 2017;Desta et.al Nature Protocols 2023; Ignatov et. al JACS 
2023 

FFT with learned physics correction

Systematic FFT based sampling 



Ideas  –
Can we sample more if t he model is  not  confident -
How do we combine the samples from different  approaches? 

Ghani. et al. 2021



Pytorch-AF – Customizable Alphafold-stlyle architecture- Local 
refinement 

Jumper et. al. 2021; Glukhov et. al 2024 Biophysical journal; 
Glukhov et. 2024; Averkava et. al in preparation



Global models Peptide and Phosphorylated interactions

Additional  recent complexes model trained on 
recent Data

Glukhov et. al, Biorxiv 2024; Averkava et.al 
in preparation



The  Pipeline 

What we did as human group – keep sampling more (bigger ensemble of monomers for FFT , more 
seeds for
AF models)

Ghani et. al 2021



AcP10_eIF2B_complex, A2B2C2D2E2F2

Green: AcP10 protein
Others: eIF2B complex



In antibody we do the focused sampling in CDRS (special potential). Monomer Ensembles 
from AF models  



Antibody/Nanobody



FFT physics plus deep learning correction  – Improving energy 
function.

Evdw  Ecoul Esolv Ehb 
Ecorrection

Finetuned model for antibody 
prediction

Improved antibody modeling 

Diffusion model on thoric varieties for antibody 
prediction



Human group (MD Sampling starting from   ClusPro followed by AF -
Refinement )

DockQ – (0.69 - >0.71)



ClusPro 3 beta 
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