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HADD®CK: High Ambiguity
Driven DOCKing

A protein-protein docking approach
based on biochemical and/or biophysical data
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Determination of Protein-Protein complexes

¢ Our aim:

Combine biochemical or biophysical data
and docking methods to solve

protein-protein complexes

* HADDOCK package using CNS and python
scripts derived from ARIA (Linge & Nilges)
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Determination of Protein-Protein complexes

e In PDB: >15000 protein structures but <900 structures
of complexes (<100 by NMR) !

* NMR: typically based on intermolecular NOEs and
residual dipolar couplings (e.g. Clore PNAS (2001) 97: 9021)
* Collection of restraints difficult and lengthy process
* Requires complete assignments (side-chains) at the interface

* Ab-initio docking: typically based on theoretical
knowledge and not on experimental data

* NMR titration data that are easily available at the stage
of backbone assignment are typically not used!
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Requisites

* 3D structures of the two partners must be known

* No large conformational change must take place upon
complex formation

* Information available to map the interaction interface of
both partners, e.g.
® Chemical shift perturbation
* Mutagenesis data

* Any other type of data
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Ambiguous Interaction Restraints (AIRs)

¢ Two kinds of residues are considered:

* The active residues
= Known to be involved in the interaction
(NMR data, mutagenesis)
= and high solvent accessibility (>50%)

* The passive residues
= All surface neighbor residues
= and high solvent accessibility (>50%)
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AIRs definition

1. Residues with , 2. Filtering using
large CSP or ék" ' solvent accessi- 4%
from muta- ble surface S
genesis data area ’
3. All surface 4. Filtering using
neighbors o solvent accessi-
ble surface
area

AB/1-03

Ambiguous Interaction Restraints (AIRs)

* AIR defined as an ambiguous distance restraint with a
maximum value of 2-34 between any atom of an active
residue i of protein A and any atom of all active and
passive residues of protein B

dipp®ff

Effective distance d,z¢f calculated as
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HADD®CK docking protocol

Position proteins S & Rigid body energy
1504 away from @ L . minimization:

each other and 3 & o - first only rotations
apply random ‘ ; - then rotations +
rotations ¥ —> translations

Clustering and analysis to 50K) in torsion angle
Sorting of clusters &= Spoce. \
according to the Side-chains at the interface:

intermolecular energies %‘é %’é are allowed to move
i

Final refinement in . . Semi-rigid simulated P
explicit water E e N annealing (from 2000
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E2A-HPr

NMR complex (16GR) .
(Wang et al. EMBO 2000) g2a  Free proteins:
Rmsd from cplx
E2A (1IF36) 0.36 A
HPr (1POH) 0.17 A

# AIR restraints

From E2A: 11 active and 4 passive
From HPr: 9 active and 1 passive
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E2A-HPr docking results

Best of best
cluster (lowest
energy) Backbone 2.34

Interface 2.14
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E2A-HPr new docking results

“single” “ensemble”

Best cluster Haddock | HADDOCK

Rmsd from 166R[A] | 25+ 0.2 | 1.4+0.2

iRmsd from 166R [A] | 2.1 + 0.1 | 1.7+ 0.2

Einter [kecal mol-1] -392 + 49 | -443 : 92

> € 1 |esa 143 1453 + 114 | 1676 + 150
8
[iﬁo; i * 30 start structures for HPr (1HDN)
og * 1 start structure for E2A
° * Ny = 10
& * 1500 conformations at itO (15000 trials)
° * non-bonded scaling
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gp120-CD4 docking from mutagenesis data

gp120: ttu &8 K‘,u i, CD4: Y
4 AIR restraints (active) Eh\\«. R W\‘\:{}L‘ 7 AIR restraints (active) t '
19 additional residues St s L 15 additional residues

at interface (passive) " at interface (passive)

Backbone 0.8 A
Interface 0.8 A

Intermolecular Energy [keal mol-1]
\ I ,
8

500

1 2 3 45 6 7 8 9 10 11 12
iRMSD from 16Ct [4]

Target (16C1)
AB/1-03 (Kwong et al. Nature 1998)
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Subtilisin (savinase)-CI2 complex

A3(**N)

15N-NOESY-HSQC on U-[**N,*3C, 2H] CI2-subtilisin

H B B

R
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1SNI: Subtilisin Novo-CI2 complex 1 2
(C.A. McPhalen & M. N. 6. James (1998), 180 e £ I o I
Biochemistry 27, 6582) -1 17 J‘
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Subtilisin-CI2: AIRs definition

Subtilisin:

- 10 active residues

- 16 passive residues

- 22 starting struc.
(16CT,1IAV,1AH2,1C9M)

\; cr2:

- 7 active residues

; - 6 passive residues

- 21 starting struc.
(2€12,3C12)

Total restraints:
- 17 AIRs from CSP
- 6 ambiguous NOEs: Hy(CI2)-all methyls (subtilisin)
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Subtilisin-CI2: HADDOCK results

Analysis of the 50 lowest energy
structures gives only one cluster
containing 27 structures
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Subtilisin-CI2: HADDOCK vs homologuous
crystal structure 1SNI

RMSDs HADDOCK-1SNI:
- backbone both: 1.5 &
- interface only: 1.7 &
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The End.

Thank you for your attention!

HADDOCK online: www.nmr.chem.uu.nl/haddock
Poster #403 (Saturday)
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