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We model the FV region 

Fc - the crystallizable fragment 

Fab - the antigen-binding fragment 

Fv - the variable fragment (domain)
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“Diversity in humans on the order of 1013 ” Georgiou et al 2014

http://www.labome.com/


Ig fold

Barclay AN. Proc Natl Acad Sci U S A. 1999 Dec 21;96(26):14672-4
Doi: 10.1073/pnas.96.26.14672



Modeling approaches depend upon comparative 
modeling 

Template search
VH & VL orientation
Canonical loop conformations
Perturbations & Energy Evaluation

CDRH3 built from scratch due to the high diversity 

Dunbar et al Protein Eng Des Sel. 2013



Diversity is highest in loop regions Slide stolen from Rocco Moretti



Canonical Loop Conformations
North/Dunbrack Clustering & new clusters

North B et al. J Mol Biol. 2011 Feb 18;406(2):228-56.
doi: 10.1016/j.jmb.2010.10.030

Loop sequence

Structure



VL–VH orientation metrics

Marze NA,et al. Protein Eng Des Sel. 2016 Oct;29(10):409-418
doi: 10.1093/protein/gzw013

Point 1: located nearer the CDRs than Point 2, along the
first principal component line of the coordinate set used to
calculate point 2

Point 2: centroid of the Cα coordinates of residues L35–
L38 and L85–L88 (Chothia numbering)

Point 3: the centroid of the Cα coordinates of residues
H36–H39 and H89–H92 (Chothia numbering)

Point 4: located nearer the CDRs than Point 3, along the
first principal component line of the coordinate set used to
calculate point 3.



Generalized workflow of antibody modeling 



Generalized workflow of antibody modeling 



Generalized workflow of antibody modeling 



HCDR3 torso

Finn JA et al. PLoS One. 2016 May 16doi:
10.1371/journal.pone.0154811

;11(5):e0154811.



Kink constraints

Weitzner BD et al. Structure. 2015 Feb 3;23(2):302-11
doi: 10.1016/j.str.2014.11.010

Traditional Loop prediction algorithms fail to work on CDR3s
Sequence profile alone can’t predict kink. North et al 2011

Torso region kink contraints



Kink constraints

Weitzner BD et al. J Immunol. 2017 Jan 1;198(1):505-515
doi: 10.4049/jimmunol.1601137

”We developed new geometric parameters that describe the kink, in particular that the C-terminal loop residues form a pseudo dihedral angle, 
a101 (100X–103 using Chothia numbering), of 39˚ and a pseudo bond angle, t101 (100X–102 using Chothia numbering), of 101˚ (2)”



Analysis of Loop design quality 

Weitzner BD et al. Nat Protoc. 2017 Feb;12(2):401-416
doi: 10.1038/nprot.2016.180



ROSIE web server - entirely automated modeling

https://rosie.graylab.jhu.edu/antibody

1. Enter Job name andAb sequences 2. Wait 3. Analyze output files

https://rosie.graylab.jhu.edu/antibody
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Rosetta Antibody Walkthrough

Resources:
• Antibody applicatons background:

• https://new.rosettacommons.org/docs/latest/application_documentation/a
ntibody/antibody-applications

• Antibody Options:
• https://new.rosettacommons.org/docs/latest/full-options-list#antibody

https://new.rosettacommons.org/docs/latest/full-options-list
https://new.rosettacommons.org/docs/latest/full-options-list
https://new.rosettacommons.org/docs/latest/full-options-list
https://new.rosettacommons.org/docs/latest/full-options-list


Jumping over to the pdf tutorial
Open the RosettaAntibody_tutorial.pdf and walk through the exercise



Arguments in the file
-antibody::snugfit true # Adjust relative orientation of the VL-VH
-antibody::h3_filter            false # Filter out things that neither have the kink or extend form
-antibody::h3_filter_tolerance  5 # max number of retries on a filter # not needed if previous value is false
-ex1 - use extra chi1 sub-rotamers for all residues that pass the extrachi_cutoff
-ex2 -use extra chi2 sub-rotamers for all residues that pass the extrachi_cutoff
-antibody:constrain_cter # The option to turn on/off the cterminal constrain penalty in loop scoring function
-antibody::remodel              perturb_kic # option removed 
-antibody::refine               refine_kic # option removed 
-antibody::cter_insert false
-antibody::flank_residue_min true
-antibody::bad_nter false
-antibody:constrain_vlvh_qq
-extrachi_cutoff 0 # extra rotamer considerations if x neighbors are met

#these are standard settings for kic/ngk
-loops:legacy_kic false
-loops:kic_min_after_repack true
-loops:kic_omega_sampling
-loops:allow_omega_move true    ### remove 'true' and loop::?
-kic_bump_overlap_factor 0.36
-loops:ramp_fa_rep #increase significance of fa repulsive term
-loops:ramp_rama #ramp rama over the outer cycles of refinement
-loops:refine_outer_cycles 5 

#These enable the kink constraints.  Increase the weight if you want tighter kink constraints.
-constraints:cst_weight 1.0 #

Marze, N. A., Lyskov, S., & Gray, J. J. (2016). Improved 
prediction of antibody VL-VH orientation. Protein Engineering, 
Design and Selection, 29(10), 409–418. 
https://doi.org/10.1093/protein/gzw013



V(D)J recombination produces diversity

EVQLVESGGGLVQPGGSLRLSCAVSGYSITSGYSWNWIRQAPGKGLEWVASITYDGSTNYNPSVKGRITISRDDSKNTFYLQMNSLRAEDTAVYYCARGSHYFGHWHFAVWGQGTLVTVSSASTKGPSVFPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCHHHHHH
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Diversity in humans on the order of 1013

Georgiou et al 2014


