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meilerlab.org 2

Complete 

conformational

space

Target

structure

Protein structures
consistent with sparse

experimental data

Native-biased
energy
function

Native-biased
sampling
strategy



Experimental data takes many forms…
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Site-directed mutagenesis

Cross-linking mass spectometry

Fit into cryo-EM densities
Bender, B. et al. Structure, 2019

Sparse-NMR restraints

Piotrowski, C. et al. Cells, 2020

Small-angle X-ray crystallography

Kuenze, G. et al. Structure, 2019

Seacrist, C. et al. Structure, 2020

Chou, H. et al. Structure 2020



Rosetta Constraints alter the energy function
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Unconstrained Constrained

Real world exampleTheoretical world example



Rosetta supports different types of constraints as also 
different combinations of them
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AtomPair NE2 13 V3 32 HARMONIC 0.0 0.2 

Angle CD2 13 NE2 13 ZN 32 HARMONIC 2.09 0.35 

Dihedral CG 13 CD2 13 NE2 13 ZN 32 CIRCULARHARMONIC 3.14 0.35

AtomPair NE2 13 V3 32 HARMONIC 0.0 0.2

Angle CD2 13 NE2 13 ZN 32 HARMONIC 2.09 0.35

Dihedral CG 13 CD2 13 NE2 13 ZN 32 CIRCULARHARMONIC 3.14 0.35

Constraint type definitions Scoring penalties function

https://www.rosettacommons.org/docs/latest/rosetta_basics/file_types/constraint-file



Rosetta supports different types of constraints as also 
different combinations of them
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AtomPair NE2 13 V3 32 HARMONIC 0.0 0.2 

Angle CD2 13 NE2 13 ZN 32 HARMONIC 2.09 0.35 

Dihedral CG 13 CD2 13 NE2 13 ZN 32 CIRCULARHARMONIC 3.14 0.35

AtomPair NE2 13 V3 32 HARMONIC 0.0 0.2

Angle CD2 13 NE2 13 ZN 32 HARMONIC 2.09 0.35

Dihedral CG 13 CD2 13 NE2 13 ZN 32 CIRCULARHARMONIC 3.14 0.35

Constraint type definitions

• Distance (AtomPair)

• Angle

• Dihedral

• Coordinate

• SiteConstraint

• MultiConstraint

• AmbiguousConstraint

• KofNConstraint

Scoring penalties function

• Harmonic

• CircularHarmonic

• Flat-bottomed Harmonic

• Gaussian

• Sigmoid

• Bounded

https://www.rosettacommons.org/docs/latest/rosetta_basics/file_types/constraint-file



Using distance constraints
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AtomPair CD1 52 CD1 54 HARMONIC 6.0 0.2 

AtomPair Atom1_Name Atom1_ResNum Atom2_Name Atom2_ResNum 

Func_Type Func_Def

Example

Definition



Using angle constraints
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Angle CD1 52 CA 53 CD1 54 HARMONIC 60.0 0.2 

Angle Atom1_Name Atom1_ResNum Atom2_Name Atom2_ResNum 
Atom3_Name Atom3_ResNum Func_Type Func_Def

Example

Definition



Using dihedral constraints
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Dihedral N 52 CA 52 C 52 O 52 HARMONIC 0.0 0.2 

Dihedral Atom1_Name Atom1_ResNum Atom2_Name Atom2_ResNum 
Atom3_Name Atom3_ResNum Atom4_Name Atom4_ResNum Func_Type
Func_Def

Example

Definition



Using coordinate constraints
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CoordinateConstraint CA 1 CD1 54 X Y Z HARMONIC 0.0 0.2 

CoordinateConstraint Atom1_Name Atom1_ResNum[Atom1_ChainID] 

Atom2_Name Atom2_ResNum[Atom2_ChainID] Atom1_target_X_coordinate 

Atom1_target_Y_coordinate Atom1_target_Z_coordinate Func_Type

Func_Def

Example

Definition



Rosetta can work with multiple constraint definitions at once
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MultiConstraint
Constraint_Type1 Constraint_Def1 
[Constraint_Type2 Constraint_Def2 
[...]] 
END

AmbiguousConstraint
Constraint_Type1 Constraint_Def1 
[Constraint_Type2 Constraint_Def2 
[...]] 
END

KofNConstraint k
Constraint_Type1 Constraint_Def1 
[Constraint_Type2 Constraint_Def2 
[...]] 
END

Sum of all constraints

Only the best satisfied (lowest energy) 

constraint is considered

Sum of k lowest energy constraints



Rosetta can work with multiple constraint definitions at once
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KofNConstraint 2

AtomPair CD1 52 CD1 54 HARMONIC 6.0 0.2 

Angle CD1 52 CA 53 CD1 54 HARMONIC 60.0 0.2 

Dihedral N 52 CA 52 C 52 O 52 HARMONIC 0.0 0.2

CoordinateConstraint CA 1 CD1 54 HARMONIC 0.0 0.2

END 



Scoring functions: Harmonic
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AtomPair CD1 52 CD1 54 HARMONIC 6.0 1.0 

HARMONIC 6.0 3.0 

Distance 

P
e
n

a
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y



Scoring functions: CircularHarmonic
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AtomPair CD1 52 CD1 54 CIRCULARHARMONIC 6.0 1.0 

Distance 

P
e
n

a
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Scoring functions: Gaussian
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AtomPair CD1 52 CD1 54 GAUSSIANFUNC 6.0 1.0 TAG

Distance 

P
e
n

a
lt
y



Scoring functions: Sigmoid
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AtomPair CD1 52 CD1 54 SIGMOID 6.0 5

Distance 

P
e
n

a
lt
y



Scoring functions: Bounded
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AtomPair CD1 52 CD1 54 BOUNDED 0.0 4.0 1.0 0.5 TAG

Distance 

P
e
n

a
lt
y



Applying constraints in Rosetta
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• Constraints in the Pose
• Constraint file

• Constraints in the Scorefunction
• Weights file

• Constraint flags

-constraints:cst_file these_are_my.constraints

-score:weights ref2015_cst.wts

Constraint_Type1 Constraint_Def1

Constraint_Type2 Constraint_Def2

...



Constraints alter your score which can be seen in the score file
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<MOVERS>
<ConstraintSetMover name="coordinate" add_constraints="true" cst_file=“./constraint.cst"/>
<Transform name="transform" chain="X" box_size="7.0" move_distance="0.2" angle="20" cycles="500“ repeats="1" 

temperature="5"/>
<HighResDocker name="high_res_docker" cycles="6" repack_every_Nth="3" scorefxn="ligand_soft_rep" 

movemap_builder="docking"/>
<FinalMinimizer name="final" scorefxn="hard_rep" movemap_builder="final"/>
<InterfaceScoreCalculator name="add_scores" chains="X" scorefxn="hard_rep" />

</MOVERS>



And how to get rid of constraint scoring…
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Constraints are added to the score table as additional terms that influence 

the per-residue and total pose score

<ClearConstraintsMover name="(&string)" /> 

<MOVERS>
<ConstraintSetMover name="coordinate" add_constraints="true" cst_file=“./constraint.cst"/>
<Transform name="transform" chain="X" box_size="7.0" move_distance="0.2" angle="20" cycles="500“ repeats="1" 

temperature="5"/>
<HighResDocker name="high_res_docker" cycles="6" repack_every_Nth="3" scorefxn="ligand_soft_rep" 

movemap_builder="docking"/>
<FinalMinimizer name="final" scorefxn="hard_rep" movemap_builder="final"/>
<InterfaceScoreCalculator name="add_scores" chains="X" scorefxn="hard_rep" />

</MOVERS>



Some recent examples of using experimental guided structure 
prediction
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▪ Using NMR restraints

▪ Iterate NMR and mutagenesis to model ghrelin 
receptor interactions

▪ Using HDX-MS data to map antibody on antigens

▪ Modeling into cryo-EM densities

▪ Outlook into integrative structural biology



CS-Rosetta for ab-initio structure prediction guided from 
chemical shift data
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Nerli, S. et al. Prog. Nuc. Mag. Res. Spect. 2018

https://www.sciencedirect.com/science/journal/00796565
https://www.sciencedirect.com/science/journal/00796565


Chemical-shift data help pick better fragments 
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Nerli, S. et al. Prog. Nuc. Mag. Res. Spect. 2018

https://www.sciencedirect.com/science/journal/00796565
https://www.sciencedirect.com/science/journal/00796565


Improvement of structure prediction through incooperation of 
NMR restraints
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Nerli, S. et al. Prog. Nuc. Mag. Res. Spect. 2018

https://www.sciencedirect.com/science/journal/00796565
https://www.sciencedirect.com/science/journal/00796565


Using 
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Kuenze, G. et al. Proteins, 2019



Using paramagnetic tagging for structure prediction 
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Kuenze, G. et al. Structure, 2019



Using NMR chemical shift data to map low affinity contancts
for a peptide-GPCR
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Bender, B. et al. Structure, 2019



Applying constraint-guided docking for epitope-mapping 
with HDX-MS data
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Bennett, M. et al. mBio. 2019 

Constraint-guided 
docking



Rosetta refinement helps to improve cryo-EM density models
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Wang, R. et al. Elife. 2016 



Modeling into low-density cryo-EM maps: RosettaES as 
automated de novo modeling
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Frenz, B. et al. Nat. Met. 2017



Rosetta modeling and density fitting can be used to determine 
large complex structures
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Chou, H. et al. Structure 2020

https://dimaiolab.ipd.uw.edu/software/

Tutorial set from the DiMaio lab:



Phenix_rosetta as tool to refine low resolution densities
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• Phenix, a common software package for model building in densities 

supports a Rosetta refinement option in Molecular replacement 

Adams, P. et al.  Annuv. Rev. Biophys. 2013



An outlook into integrative structural biology
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NMR 
chemical shifts
Paramagnetic 

tagging
HDX-NMR

Site-directed 
mutagenesis

MS 
cross-linking 

HDX-MS

SAXS
SANS

EM
Low resolution 

densities, 
Negative stain 

densities

Computational 
modeling 
through 

incorperation
of

experimental 
data

What ever 
data you can 
come up with 

to inform 
your 

structure!!!!



An outlook into integrative structural biology
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In this tutorial
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▪ We want to find out how we can apply constraints to restrict the 
sampling space in docking. 

▪ We will gradually explore how docking changes when you start having
constraints from experimental data

▪ As use case we take an antibody fragment from STAU-281 (Bennett, M. 
et al. 2019 mBio), which we will dock to its target, the NEAT2 domain 
of  IsdB.

NEAT2

STAU-281


