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Introduction to Comparative Modeling 
• Comparative Modeling: 

construction of an atomic-resolution 
model of a protein with no 
experimentally determined structure 
using the 3D structure of a related 
protein 

• Homology Modeling: modeling a 

protein based on a template with 
common evolutionary origin 

 



Identifying Template Structures 
 

• Suitable Templates: ideally have 

>30% sequence identity to target 

 

• Identifying Templates: 
 

– Sequence Similarity: compare 
proteins based on amino acid 
properties alone (BLAST, PSI-BLAST) 

 

– Fold Recognition: using predicted 
secondary structure information to 
detect proteins with similar 3D 
characteristics (DALI, PHYRE) 



Some GPCR templates 
Inactive 
1u19: Bovine Rhodopsine 
2rh1: Human β2-adrenergic 
2vt4: Turkey β1-adrenergic 
3eml: Human adenosine 2A 
3odu: Human CXCR4 
3pbl: Human dopamine D3 
3rze: Human histamine H1 
3uon: Human muscarinic M2 
3v2w: Human sphingosine 1-phosphate 
4daj: Rat muscarinic M3 
4djh: Human kappa-opioid 
4dkl: Mouse mu-opioid 
4ea3: Human N/OFQ opioid 
4ej4: Mouse delta-opioid 

Potentially Active 
2x72: rhodopsin (constitutively active mutant) 
2y03: Turkey β1-adrenergic 
3qak: Human adenosine 2A 
3sn6: Human β2-adrenergic (bound to Gs) 
4iar: Human 5HT-1B 
4ib4: Human 5HT-2B 

Note: Rosetta will sample active and inactive states 
           Both can be used for comparative modeling 



Comparative Modeling Protocol 

• Step 1: Align target sequence 
with sequence of template 
structure 

• Step 2: Thread the target 
sequence onto the backbone 
of the template structure 

• Step 3: Rebuild the loop 
regions of the model 

• Step 4: Full-atom refinement 

• Step 5: Cluster models and 
analyze results 
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Threading 
 

Template:  L  K  R  N  N  H  - 
Target:         L  K   -   -   -   H  V  

(0,0,0)   (1,1,1)    (2,2,2)   (3,3,3)    (4,4,4)     (5,5,5) 

(?,?,?)    (?,?,?)                                                   (?,?,?) (?,?,?) 

  
Target:         L  K   -   -   -   H  V  

(0,0,0)  (1,1,1)                                                  (5,5,5)   (?,?,?) 

Thread 
Coordinates 
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Loop Building is Important 
• Low sequence identity in loop 

regions (gaps) 

 

 

 

 

• Experimental structures often have 
missing densities 

• Loops play important 
functional roles 



Loop Building In Rosetta 

Stage 1: Rebuild 

1. Insert loop fragments (fragment files) 

2. Cyclic Coordinate Descent (CCD) loop closure 

 

Result: Low resolution centroid-based loop 

 

Stage 2: Refine  

1. Kinematic Closure (KIC) 

 

Result: High resolution full atom loops 



Cyclic Coordinate Descent 

• Inverse kinematics method adopted from 
robotic engineering 

• The loop is an arm and the amino acid 
centroids are joints 

• Flexible and computationally fast 

• Can close loops from nearly any starting 
configuration as long as the chain is long 
enough 



Loop Building with Cyclic Coordinate Descent 

Canutescu, A. A., & Dunbrack, R. L. (2003). Protein Science, 12(5), 963‐972. 
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Kinematic Closure (KIC) Refinement 

• Defines and fixes pivot points between which 
3 phi-psi pairs are sampled at a time 

• Samples side chain torsions using polynomial 
resultants providing full atom refinement. 

 

A Kinematic View of Loop Closure, Coutsias et al, 2003 



CCD and KIC 

• KIC may also be used for loop closure 
– Low resolution simulated annealing Monte Carlo 

– Can not sample terminal loops (N and C terminals 
are tethered) 

– More restricted than CCD 

• CCD is designed for loop closure not sampling 
– Does not provide full-atom loops 

– Iterative nature favors large changes in first 
residues of loop 

– Less accurate without KIC refinement 

 

 



Rosetta protein modeling in practice 

1. Target Sequence 
(rhodopsin: 1u19) 

2. Template Structure 
(β2-AR: 2rh1)  

3. Sequence alignment 
 

Threaded PDB 

1. Fragment files 
2. Loop definitions 
3. Constraint Files (optional) 

a. Disulfide bonds 
b. Experimental data (NOE, etc) 

4. Membrane spanning definitions 
5. Rosetta options file 

Thread PDB 
(script) 

Build Loops 
(Rosetta) 

Comparative Models (10,000 – 50,000) 

Model Selection 
• Score ranking  
• Cluster analysis 



1. Target Sequence 

Bovine rhodopsin (PDB: 1u19) 
 

Find this file at /protein_modeling/input_model/1u19A.fasta 

 

>1u19A 

PWQFSMLAAYMFLLIMLGFPINFLTLYVTVQHKKLRTPLNYILLNLAVADLFMVFGG 

FTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALWSLVVLAIERYVVVCKPMSNFR 

FGENHAIMGVAFTWVMALACAAPPLVGWSRYIPEGMQCSCGIDYYTPHEETNNESFV 

IYMFVVHFIIPLIVIFFCYGQLVFTVKEAAAQQQESATTQKAEKEVTRMVIIMVIAF 

LICWLPYAGVAFYIFTHQGSDFGPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRNCMV 

TTLCCG 



2. Template PDB 

Human β2-adrenergic receptor (PDB: 2rh1) 
 

Find this file at /protein_modeling/input_model/2rh1A.pdb 



3. Sequence Alignment 

Find this file at /protein_modeling/input_model/1u19A.2rh1A.aln 



4. Threading 

Find this file at /protein_modeling/input_model/1u19A_on_2rh1A.pdb 



5. Fragment Files 

Find these files at  

/protein_modeling/input_model/aa1u19A03_05.200_v1_3 and 

/protein_modeling/input_model/aa1u19A09_05.200_v1_3 



6. Loop definitions 

Find this file at /protein_modeling/input_model/1u19A.loops 

LOOP 31 38 
LOOP 67 74 
LOOP 106 118 
LOOP 139 169 
LOOP 200 216 
LOOP 244 252 
LOOP 275 279 
LOOP 286 290 



7. Disulfide constraints 

Find this file at /protein_modeling/input_model/1u19A.disulfide 

77 154 



8. Membrane spanning definitions 

Find this file at /protein_modeling/input_model/1u19A.span 

octopus2span.pl 1u19A.octopus 



Rosetta Options File 
Find this file at /protein_modeling/input_loop/ccd.options 

Input/Output Options 
-in:file:s 1u19A_on_2rh1A.pdb 
-in:file:fullatom 
-loops:loop_file 1u19A.loops 
-in:fix_disulf 1u19A.disulfide 
-in:file:spanfile 1u19A.span 
-out:file:silent_struct_type binary 
-out:file:silent 1u19A_on_2rh1A_ccd_test_01.out 
-out:prefix 1u19A_on_2rh1A_ccd_test 
-out:file:fullatom 
-nstruct 2 

Loop Building Options 
-loops:relax fastrelax 
-loops:extended true 
-loops:idealize_after_loop_close 
-loops:fast 
-ex1 
-ex2 
-loops:frag_sizes 9 3 1 
-loops:frag_files <fragment files> 
-loops:remodel quick_ccd 
-loops:refine refine_kic 
-loops:random_loop 

Membrane Protein Options 
-membrane:no_interpolate_Mpair 
-membrane:Menv_penalties 
-score:weights membrane_highres_Menv_smooth.wts 



Why use membrane scoring terms? 
With membrane penalties/weights Without membrane penalties/weights 



Rosetta Membrane 

• Rosetta will assign membrane position based 
on span file. 

• Can visualize membrane position 

• Rosetta output following span file loading: 
core.scoring.MembranePotential: MembraneCenter  -32.747  19.516   7.875 
core.scoring.MembranePotential: MembraneNormal   -0.044  -0.994   0.096 
core.scoring.MembranePotential: ATOM   9999  X   MEM A 999     -32.747  19.516   7.875 
core.scoring.MembranePotential: ATOM   9999  Y   MEM A 999     -33.410   4.600   9.314 
core.scoring.MembranePotential: ATOM   9999  Z   MEM A 999     -32.085  34.432   6.437 

 

Create pdb file with 3 lines and visualize along with model: 

 

ATOM   9999  X   MEM A 999     -32.747  19.516   7.875 
ATOM   9999  Y   MEM B 999     -33.410   4.600   9.314 
ATOM   9999  Z   MEM C 999     -32.085  34.432   6.437 

Find this file at /protein_modeling/output_model/membrane.pdb 



Rosetta Membrane 

• In pymol, shown as spheres and colored:  

Residues listed in span file 
colored in red 



RosettaCM 

• Automated multi-template comparative 
modeling 

 
High-Resolution Comparative Modeling with RosettaCM 
Yifan Song, Frank DiMaio, Ray Yu-Ruei Wang, David Kim, Chris Miles, TJ Brunette, James 
Thompson, David Baker 

 

Structure 

Volume 21, Issue 10, 8 October 2013, Pages 1735–
1742 



RosettaCM: Three Stages 
1.Generate initial models 

from template 
alignments 

2.Explore deviations from 
templates and close 
loops with 2-step MC: 
• Randomly select de novo or template-

based fragment and substitute into 
current conformation 

• Cartesian space full-backbone 
minimization 

3.Full atom refinement 
and final relax 
 

Song, et al. 2013 



Using RosettaCM Locally 

1. Generate config files (python script available 
from supplemental material) 

 
 

Required Input: 

• Target sequence 

• Alignments (clustalW) 

 

2. Run Rosetta with generated config files: 

setup_rosettaCM.py --fasta input.fasta --alignment input.alignment 

rosetta_scripts.linuxgccrelease -parser:protocol rosetta_cm.xml -in:file:fasta input.fasta @flags 



Using RosettaCM online 

• ROBETTA web-based application uses 
RosettaCM to generate 3D models from 
sequence. 

• Completely automated. 

• Generates alignments with Hhsearch, SPARKS-
X, and RaptorX 

 

http://robetta.bakerlab.org/submit.jsp 



Clustering 
• Rosetta Scoring function is too coarse to 

sample deep minimum 

•  Many models have similar folds 

•  Take largest clusters for analysis 



Clustering in Rosetta 

• The Rosetta clustering algorithm is slightly 
unconventional 

• Traditional clustering methods require the 
calculation of a pairwise distance matrix 

– The memory requirements of this method are n2 
where n is the number of models being clustered 

– For large numbers of models, these methods are 
therefore impractical 



Clustering in Rosetta 

Initial cluster 
assignment 

Distance matrix 
for first 400 

models 

Assign initial 
models into 

clusters 

400 is 
hardcoded 
number for 
time and speed 

Based on C-α 
distance. 
Outside radius, 
assign new 
cluster 

Assignment of 
remaining 

clusters 

One structure at a 
time 

Based on C-α 
distance. 
Outside radius, 
assign new 
cluster 



Clustering Options File 

Find this file at /protein_modeling/input_cluster/cluster.options 

 

• -in:file:fullatom #Read as fullatom input structure 

• -out:file:silent cluster.out #Output silent structures instead of PDBs 

• -run:shuffle #Use shuffle mode 

• -cluster:radius -1 #Cluster radius in A for RMS clustering or in inverse 
 GDT_TS for Global Distance Test score clustering.  

 Use "-1" to trigger automatic radius detection 

• -cluster:input_score_filter 0 #Ignore structures above certain energy 

clustering.py: python script runs Rosetta clustering and outputs summary files 
 
Output: cluster_summary.txt;  cluster_histogram.txt 



Clustering: Results 



Tutorials 

Two stand-alone tutorials are included in your 
worksheet: 

• Comparative Modeling with Loop Building 

• Clustering 

 

Tips: 

• If you want to try making files that already exist 
(e.g. input files), write them to a new directory 



Tutorial Results 
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Clustering: Other Options 

• -cluster:gdtmm #Cluster by gdtmm instead of rms 
• -cluster:input_score_filter <float> #Ignore structures 

above certain energy 
• -cluster:exclude_res <int> [<int> <int> ..] #Exclude residue 

numbers from structural comparisons 
• -cluster:radius <float> #Cluster radius 
• -cluster:limit_cluster_size <int> #Maximal cluster size 
• -cluster:limit_clusters <int> #Maximal number of clusters 
• -cluster:limit_total_structures <int> #Maximal number of 

structures in total 
• -cluster:sort_groups_by_energy #Sort clusters by energy 



RosettaCM Energy Scores 

• Incorporates similarity to template structures 
by generating template-derived restraints 

• Restraint weights have been optimized over 
large training set 

• Templates may be ranked with different 
weights based on alignment confidence 


