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Rosetta FlexPepDock -
High-Resolution Refinement and
Docking of Flexible Peptides

Barak Raveh & Nir London,
The Furman lab, the Hebrew University in Jerusalem l‘ﬂ

Peptide Folding upon Binding

Receptor:

a globular protein |
Ligand: ]
the flexible peptide

Degrees of freedom:

Peptide flexibility / Rigid body orientation / Side-chains / Receptor
flexibility

{ Goals:

«Model complex structure -> Rosetta FlexPepDock

«Design peptide specificity and peptide inhibitors ‘

i *Model dynamics of peptide binding to proteins - Rosetta PathRover* |
. J

>
* Raveh et al., PLOS CB 2004

First Step: High-Resolution
Refinement Protocol

« In many cases, this is the crucial step:
- Binding site common to diverse peptides
« PDZ domains, SH3 domains, MHC etc.
- Homology receptor models
- Peptide redesign - diverse backbones in same pocket

Variability in
bound MHC
peptides:

R
Peptide-Protein Interactions

« Some of the most prevalent interactions
» Mediate important processes:
- Signaling
- Transport
- Transcription
- Localization

« Systems Biology’ s T
¥fes

‘Olfield et al., Proteins (2005,

Peptide Modeling: Levels of Input
Resolution
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Peptide Docking in Known
Binding Pockets - Previous Work

« Docking study of peptide-PDZ domains:

Niv and Weinstein, 2005

« Docking studies of peptide-MHC proteins:
Tzakos et al. 2004 ;
Bordner and Abagyan, 2006 ;
Fagerberg, Cerriotini and Michielin 2006

« Design of scoring function for flexible protein-peptide

docking with known native (n=25; Go-biased sampling)
Liu, Dominy and Shakhnovich, 2004




v"own/ax/u™

FlexPepDock High-Res Refinement Protocol

/

1 4
3 Input 3 |:> Output
I Structure m ‘ o ‘ Decoy

LY

L

Softer fa_rep
Larger fa_atr . .
gerta fa_atr ramping fa_rep ramping

. 2
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£ Small / Shear backbone
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* Loop modeling step

Degrees of freedom:

I"'optional Flag: I « Rigid body orientation
i Centroid Mode Pre- { | » Peptide backbone
i Sampling, for I « Side-chains (rotamers)

| diversification » (Receptor backbone)

PeptiDB Dataset pepeiill

London et al., 2009 (under review, see poster) _ 'S B _I

« A curated dataset of 103 protein-peptide high-
resolution (<2A) complex structures
- Many also in unbound conformation

» Peptides with 5-15 amino-acids

« Non-redundant (70% seq. identity)

Perturbations Benchmark: What is the Effective
Range of the Refinement Protocol?

Perturbations Benchmark:
126 (89 bound ; 37 unbound) peptide-protein structures from PeptiDB
x45 perturbations of increasing magnitude:
Torsions: 0° / £25° / £50° / £75° / £100°
Rigid-body Translation: 0A / 1A / 3A
Rigid-body rotation: 0° / 10° / 30°

5670 starting structures x 200 decoys for each perturbation with FlexPepDock:
->1,134,000 hi-res decoys (9,000 per complex)

Effective Range: What is the maximal deviation of
start structure from native peptide structure that still
allows effective refinement?

Peptide Backbone -
RMSDs Illustrated:

near-native

Assessing the Effective Range:
Sampling + Ranking

= near-native
decoys not sampled

= near-native
decoys ranked first

Energy score 12

= near-native
decoys ranked in top-5

Interface backbone (bb) RMSD

Effective Range of Refinement: Sampling & Ranking
(bound docking, w/o native side-chains)

near-native (<2A RMSD) sai
backbones (bot

I Success: MAHIFIME B,

Effective sampling range further
increased by recursive
refinement of top-5 decoys

s Success: sub-angstrom bb
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Bound vs. Unbound Docking
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» Sampling performance remains high, but ranking
quality is worse (still reasonable)

+ Complies with observation that backbones of
peptide binding sites are rigid (onon etal, 2009, in review)

The Furman Lab Presents:
“In-Lab Blind Motif Predictions”
1T7R (Androgen growth hormone receptor)

« Residues of the binding motif accurately recovered (FxxLF motif )
« Decoys diverge on non-motif residues

\s
Native ; Top-1 Decoy ;

Native ; Perturbed Start Structure (-84
=» Our guess: FxxLFAG

bb-RMSD ; significant backbone deviation)

[ Baseline for specificity prediction ]

= 4-mers test: <1A All-Atom Modeling
of Four Consecutive Residues

a-merswith near-crystallographic quality \

(<14 heavy-atom RMSD) - bound receptors

Effect of Initial Deviation in Internal Coordinated -
Initial RMSD Doesn’t Tell the Whole Story

*When the initial deviation in internal coordinates (¢,y) is large, it is harder to
find a sub-angstrom decoy for the same initial RMSD

*The protocol effective range is ~+45° in torsion space (a 90° by 90° window
in the Ramachandran plot)

Application: Cross/Unbound
Docking of PDZ Domains

3.0 Flexpepdock
925 top ranking
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« Models within ~2.0A all atom RMSD
(~1.2A backbone RMSD), or even 1A

« Score12 does well: Selected model similar to best sampled model
« Effective Range: starting RMSD -> final RMSD

All atom RMSD

Application: Cross/Unbound
Docking of PDZ Domains

Comparison to PDZ Doc Scheme*  wive weinstein, 2005
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Flexpepdock
top ranking
best sampled

PDZ DocScheme
top ranking

best sampled
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Towards Ab-Initio?

» Assume the peptide structure is not
known, but the approximate binding site is
known

Towards ab-initio: Docking from an
Anchored Extended Conformation

Allsamples

INVR: B-sheet 1ERS: coil

) _! Col

d peptide ;
top-1 decoy

fear-native  Sub-angstrom

Possible solution: use ideal helices /

fragments as start structures (recall

that effective range of protocol is ~90°x90° =

window in Ramachandran plot) .

“Assisted” ab-initio:

FTMap: prediction of ligand binding sites by saturation of small
molecules (Kozakov et al., 2009)

(1) Use FTMap, and other measures, to predict peptide
binding sites
(Dana Attias & Nir London)

(2) Docking extended peptide with FlexPepDock

Rosetta FlexPepDock -
What’s next?

- Loop modeling (multiple anchors, e.g., from FTMap)

— Peptide design

— Prediction of specificity motifs

— Longer peptides

— Aggressive refinement (receptor rela, fragments, etc.)

Design Protocol

Entreropathogenic
type Ill secretion
system (joint work
with Ilan Rosenshine)

Redesign peptide
interactions:

Extract Peptide  FlexPepDock

Design novel
Inhibitory Peptides:

Inhibitory
Peptide

Moving to Longer Peptides -
2 Steps Protocol

InvB (Effector Proteins from Salmonella type IIl secretion system)

Long intrinsically disordered domain, with a core motif (4-5 amino-
acids) revealed by sequence alignment (Lilic et al., 2006)

1. Dock
core motif

2. Adding
perturbed flanks
(22 amino-acids):

Or with loop closure: dock several core motifs with FlexPepDock, and
connect them using loop modeling modules (particularly relevant for this system)
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Bound vs. Unbound Energy Landscape:
az\cknowledgments RMSD of “Global” Top-Ranking Decoy

Ni : Recall we created 9,000 decoys for each complex, for a very wide

ir London (joint work) A A = =

Ora Schueler-Furman range of starting perturbations (0A-15A“) !

Dana Attias > Iré hgw many of the complexes, the “global” top-decoy has a good
RMSD?

Hebrew University, Jerusalem (Hadassah Medical Research Institute) [f

Tel-Aviv University (School of Computer Science) *
Dan Halperin Devla!i{n of "qlubali“ Top-Ranking
Decoy from Native

Boston University:
Dima Kozakov
Sandor Vajda
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Unbound refined to
<2A RMSD

Rosetta Community:
Phil Bradley (FHCRC, Seattle)
And everybody...




