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Overview

g Introduction

g Information-driven docking with HADDOCK

g A few examples

g Potential and perspectives in crop research
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Understanding life at the molecular level

Applications:
• Disease-causing mutations
• Engineer better molecules for material, 

health or food applications
• Obtain a starting point for drug design to 

combat disease

4

[Faculty of Science
Chemistry]

1vpn

Structural biology of interactions

High-throughput computation vs. High-resolution experiments
computational models are often not trusted by the experimental community

Computation Experiment

NMR

MS

Cryo-EM
X-Ray

SAS

FRET

EPR

Docking

Molecular 
Dynamics

Homology 
Modeling

Threading
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Solving 3D puzzles by molecular docking
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Incorporates ambiguous and low-
resolution data to aid the docking

Capable of docking up to 20 
molecules (new version)

Symmetries can be leveraged

Allows for flexibility at the 
interface

Final  flexible refinement in 
explicit solvent 

One of the best performing 
software in CAPRI

HADDOCK:
An integrative modeling platform

http://www.bonvinlab.org/software
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HADDOCK
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HADDOCK
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HADDOCK

Final score (in explicit solvent)
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ADDOCK
High-Ambiguity Driven Dockingsaxsxl-ms
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Haddock web portal

> 21500 registered users

> 330000 served runs since June 2008

> 55% on the GRID

De Vries et al. Nature Prot. 2010

Van Zundert et al. J.Mol.Biol. 2016

https://wenmr.science.uu.nl

11



4/15/21

6

[Faculty of Science
Chemistry]

COVID19 effect

The HADDOCK workflow machinery was modified to improve its efficiency and meet the increased 
demand (allows to run more processes in // - relevant toward exascale).

HADDOCK: Meeting the increased demand
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• Iron import machinery in 
gram-negative bacteria 
(pectobacterium, plant pathogen)

• First complete crystal 
structure of such a receptor

Iron Piracy:
NMR-based modelling of the FusA-ferredoxin complex
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• NMR chemical shift perturbation experiments define the
binding site on ferredoxin (which carries an iron-sulfur cluster)

à active residues in HADDOCK

Docking strategy 
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• No info for FusA (expect that
the binding occurs in the
extracellular part)

à extra cellular loops defined as 
passive (which does not generate 
an energetic penalty if not 
contacted)

à Definition of passive refined in a 
second docking run

Docking strategy 
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Model of the FusA-ferredoxin complex
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The power of 3D structure for 
understanding biomolecular interactions
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The power of 3D structure for 
understanding biomolecular interactions

ADDOCK
High-Ambiguity Driven Dockingsaxsxl-ms
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Potential and perspectives in 
plant immunity
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Plant resistance (R) genes – the basics

• Most code for intracellular nucleotide-
binding domain (NBD) and leucine-rich 
repeat (LRR) proteins (NLRs)

• NLRs recognize effector proteins derived
from plant pathogens

• A recognized effector protein is also
called an avirulence (Avr) protein

e.g. Ralstonia solanacearum e.g. Tospo virusese.g. Phytophthora specs

Jones et al. (2016) Science, 354

Slide courtesy of Roeland van Ham

21



4/15/21

11

[Faculty of Science
Chemistry]

Potential and perspectives in 
plant immunity

• Predict complexes between R proteins (e.g. LRR domains) and pathogen 
components (from sequence and/or structure)

Nature | Vol 588 | 10 Decem
ber 2020 | 203 
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Potential and perspectives in 
plant immunity

• Predict complexes between immunity proteins (e.g. LRR domains) and 
pathogen components

• Given the knowledge of pairs of protein interacting, identify key residues 
for the interaction (from sequence and/or structure)
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One example

ATR1: Hyaloperonospora arabidopsidis effector 
RPP1: Nucleotide-binding leucine-rich repeat receptor from arabidopsis
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- HADDOCK score LRR (RPP1) [a.u.] 

Dissecting the interaction 
energetics in silico
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Dissecting the interaction 
energetics in silico
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Potential and perspectives in 
plant immunity

• Predict complexes between immunity proteins (e.g. LRR domains) and 
pathogen components

• Given the knowledge of pairs of protein interacting, identify key residues 
for the interaction (from sequence and/or structure)

• Given a mutation in a pathogen protein, can we select/engineer LRR 
domains that would restore binding (and thus induce immune response)?
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Build mutated 
structures

wildtype

mutant

Input Structures Feature Extraction Training 
& Validation Independent test

Buried surface area

Conservation (PSSM)

Energetics

From 3D structure to prediction of the impact of mutations
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+ Experimental hot-spots
* Predicted hot-spots 

Full mutation scanning on MDM2-p53 complex

p53

MDM2

iSEE predicted two hot-spots, which were validated by experimental data.
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Going back to plants…
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- HADDOCK score ATR1 [a.u.] As “pathogen” mutating ASP124 

might help me evade recognition…

WT HADDOCK score: -233.5 [a.u.] ∆HS = 0

ATR1D124S HADDOCK score: -221.6 [a.u.]      ∆HS = 11.9 

RPP1R895D ATR1D124S HADDOCK score:   -228.4 [a.u.] ∆HS = 5.1 
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Potential and perspectives in 
plant immunity

• Predict complexes between immunity proteins (e.g. LRR domains) and 
pathogen components

• Given the knowledge of pairs of protein interacting, identify key residues 
for the interaction (from sequence and/or structure)

• Given a mutation in a pathogen protein, can we select/engineer LRR 
domains that would restore binding?

• Both AI (deep learning) (e.g. Keygene DeepR research programme) and 3D 
structure can help here!
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Knowledge is power!
Structural
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