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De novo Protein folding



De novo Protein folding

• Determination 

of protein 

structure from 

sequence data 

alone

• No template 

structures, 

unlike homology 

modelling

• Useful for small, 

simple proteins 

(<200 residues)
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De novo Protein folding

• Determination 

of protein 

structure from 

sequence data 

alone

• No template 

structures, 

unlike homology 

modelling

• Useful for small, 

simple proteins 

(<200 residues)

Small, globular, 

soluble proteins

Small, simple 

membrane proteins

T4-lysozyme

C-terminal domain

V-type Na+ ATP 

synthase subunit 

…but not large, 

complex proteins

Rhodopsin
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Inputs

• Necessary:

• FASTA primary 

sequence

• Secondary structure 

prediction

• Fragment library files

• Options file

• Optional:

• Native structure 

(PDB)

• Constraints file

Fragment library 

files

PSIPRED secondary

structure prediction

FASTA primary 

sequence



Inputs: fragment library files

• Peptide sequences 

generated from PDB: 

either 3 or 9 residues long

• Introduced to backbone to 

change geometry of 

protein

• High-quality fragments 

identified prior to 

application

• Can be selected using 

NMR data

Image courtesy of Jens Meiler



Getting fragments: Robetta

http://robetta.bakerlab.org/• Online server for 

fragment selection, 

two simultaneous 

jobs per user

• Academic users only

• Alternative: perl

script that is 

environment-specific 

(make_fragments.pl, 

discussed in the 

tutorial)



-in

-file

-native <native PDB file> # native PDB file (optional)

-fasta <primary sequence in FASTA format>   # or command line: -in:file:fasta

-frag3 <3mer fragment file>        # protein 3-residue fragments file

-frag9 <9mer fragment file>        # protein 9-residue fragments file

-psipred_ss2 <PSIPRED secondary structure prediction file> # psipred_ss2 secondary structure 

definition file (required for -use_filters)

-broker

-setup <topology broker file> # topology broker file

-abinitio

-increase_cycles 10 # Increase the number of cycles at each stage in AbinitioRelax by this factor

-rg_reweight 0.5      # Reweight contribution of radius of gyration to total score by this factor

-rsd_wt_helix 0.5 # Reweight env, pair, and cb scores for helix residues by this factor

-rsd_wt_loop 0.5  # Reweight env, pair, and cb scores for loop residues by this factor

-relax  # At the end of de novo folding, do a relax step

-use_filters true # Discontinues refinement if a filter fails

-relax

-fast   # Type of relax protocol.  This has been shown to be the best deal for speed and 

robustness.

Options for AbInitioRelax

options.txt (1/2)



-run

-reinitialize_mover_for_each_job # Job distributor generates fresh copy of its mover 

before each apply (once per job)

-protocol broker # run the topology_broker protocol for de novo folding

-score

-find_neighbors_3dgrid  # Use a 3D lookup table for doing neighbor calculations. For 

spherical, well-distributed conformations

-evaluation

-rmsd <file to compute RMSD against> <column name> <file defining residues over which to compute RMSD>       

# compute CA-RMSD for model comparing to native structure

-out

-output        # use this to tell Rosetta you actually want output

-nstruct 1 # how many structures do you want to generate?

-file

-silent <silent output file> # full path to silent file output

-silent_struct_type binary # we want binary silent files

-scorefile <scorefile> # full path to scorefile

-overwrite      # overwrite any existing output with the same name you may 

have generated

Options for AbInitioRelax

options.txt (2/2)



Introduce 
fragment 
randomly

Score model

Accept 
or reject

Running AbInitioRelax

Fragment library 

files

PSIPRED secondary

structure prediction

FASTA primary 

sequence

Low-resolution 

model
Relax

High-resolution 

model



-fold_cst # use FoldConstraints protocol

-force_minimize # minimize in FoldConstraints protocol

-constraints 

-cst_file <file> # path to your cst file

-cst_weight 4 # factor by which to multiply cst score

-cst_fa_file <file> # path to your cst file 

-cst_fa_weight 4 # factor by which cst score multiplied by

-epr_distance # Use RosettaEPR knowledge-based potential

Adding experimental data

options_cst.txt

<cst type>    <atom1> <res1> <atom2>  <res2>  <cst_func> <RosettaEPR>  <Dcb> <weight> <bin>

AtomPair CB      32      CB      36      SPLINE  EPR_DISTANCE    16.0    1.0     0.5

AtomPair CB      59      CB      74      SPLINE  EPR_DISTANCE    19.0    1.0     0.5

AtomPair CB      62      CB      71      SPLINE  EPR_DISTANCE    19.0    1.0     0.5

Constraint info Constraint Function info

• Constraint type (AtomPair, Angle, etc.)

• Function type (Gaussian, spline, etc.)



Introduce 
fragment 
randomly

Score model

Accept 
or reject

Running AbInitioRelax
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files

PSIPRED secondary
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Evaluating model quality
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Evaluating model quality

Run:  pymol *.pdb

Top 10 Scoring Best Scoring



Conclusions and resources

• Rosetta AbInitio useful for small 

protein structure prediction

• Experimental data can improve 

prediction outcomes

• Additional resources:


