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• Two protein chains
– Light (L) and Heavy (H)
– 1 Gene locus codes for Heavy chain
– 2 Gene loci code for Light chain 

(Lambda/Kappa)

• 6 Complementarity Determining 
Regions (CDRs)
– Highly variable in length, structure, 

and sequence

• Antibody Framework
– Highly conserved for each gene locus
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Antibody Structure – Full IgG

X-ray crystal structure of an antibody, full-length IgG (PDB ID 1IGT). 

Light Chain – Green/Yellow
Heavy Chain – Red/Blue
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Antibody Structure
Fv Fragment and CDRs

X-ray crystal structure of an antibody, Fv (PDB ID 2J88). 
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• Identifies from Sequence:
– Antibody chains
– Antibody gene
– Germline
– CDR/Framework positions

• Renumbers PDB Structures
– AHo Numbering Scheme
– North/Dunbrack CDR 

Definitions

PyIgClassify:
Antibody Identification



• Qifang Xu

• Updates Bi-Yearly
– Includes all Antibodies of the PDB

• Submit
• Explore
• Download

PyIgClassify:
Server Frontend

Nucleic Acids Research, 2014 1
doi: 10.1093/nar/gku1106

PyIgClassify: a database of antibody CDR structural
classifications
Jared Adolf-Bryfogle1,2, Qifang Xu1, Benjamin North1, Andreas Lehmann1 and Roland
L. Dunbrack, Jr1,*

1Institute for Cancer Research, Fox Chase Cancer Center, 333 Cottman Avenue, Philadelphia, PA 19111, USA and
2Program in Molecular and Cell Biology and Genetics, Drexel University College of Medicine, 245 N. 15th St.
Philadelphia, PA 19102, USA

Received August 15, 2014; Revised October 20, 2014; Accepted October 23, 2014

ABSTRACT

Classification of the structures of the complemen-
tarity determining regions (CDRs) of antibodies is
critically important for antibody structure prediction
and computational design. We have previously per-
formed a clustering of antibody CDR conformations
and defined a systematic nomenclature consisting
of the CDR, length and an integer starting from
the largest to the smallest cluster in the data set
(e.g. L1-11-1). We present PyIgClassify (for Python-
based immunoglobulin classification; available at
http://dunbrack2.fccc.edu/pyigclassify/), a database
and web server that provides access to assignments
of all CDR structures in the PDB to our classification
system. The database includes assignments to the
IMGT germline V regions for heavy and light chains
for several species. For humanized antibodies, the
assignment of the frameworks is to human germlines
and the CDRs to the germlines of mice or other
species sources. The database can be searched by
PDB entry, cluster identifier and IMGT germline group
(e.g. human IGHV1). The entire database is down-
loadable so that users may filter the data as needed
for antibody structure analysis, prediction and de-
sign.

INTRODUCTION

The vertebrate immune system produces a diverse set of an-
tibody sequences and structures for the purpose of recogniz-
ing foreign antigens on the surfaces of microorganisms and
bacteria as well as aberrant self-antigens. The sequences of
antibody proteins are produced by immunoglobulin genes
that have been rearranged by a process known as V(D)J re-
combination at distinct genetic loci that contain multiple
copies of each segment of the final recombined gene, con-
sisting of one choice each of the variable region (V), the di-

versity segment (D, found only in heavy chain genes), and
the joining region (J), which is followed by the constant re-
gion (C) (1). Most mammalian, fish and avian antibodies
consist of a heavy chain and a light chain, each of which
is the product of V(D)J or VJ recombination, respectively.
In each species, the light chain may be generated by one or
more loci, generating additional diversity; for instance, in
most mammals the kappa and lambda loci are used to gen-
erate light chain proteins.

Since the first antibody sequences and structures were de-
termined in the 1960s and 1970s (2–4), attempts have been
made to classify the complementarity determining regions
or CDRs both by sequence and by structure. The earliest
comprehensive attempts on structure were those of Chothia
et al. (5,6), who coined the term ‘canonical structures’ for
the antibody CDRs, indicating that each CDR (L1, L2, L3,
H1, H2, H3) might only adopt a few common structures
based on length and sequence. As more structures were de-
termined, the early classifications were extended in the mid
1990s by Chothia et al. (7) and Thornton et al. (8). These
classifications were updated periodically in the following
decade (9), and other classifications have appeared of sub-
sets of the current PDB (e.g. H3 CDRs or ! chains) (10–12).
Nikoloudis et al. have recently presented a hierarchical clus-
tering of antibody CDR structures, based on the PDB as of
December 2011 (13), but not as a server or a database.

In 2011, we published a comprehensive quantitative clas-
sification of antibody CDR structures, based on a dihedral
angle metric and an affinity-propagation clustering algo-
rithm (14). By 2011, the number of unique antibody struc-
tures was more than 300 and it was possible to perform au-
tomatic clustering on a high-quality data set (i.e. removing
structures with low resolution and/or high B-factors). In
contrast to the Chothia system, we developed a systematic
nomenclature for the antibody CDR clusters such that each
cluster was named by CDR and length, followed by an in-
teger starting with the largest cluster first, e.g. L1-11-1 was
the largest cluster of CDR L1 length 11. Tentative associ-
ations of each cluster with gene locus (heavy, kappa and
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• Cluster: Group of 
similar structures

• Bioinformatic Analysis
– High quality data set
– 72 Non-H3 clusters

– Consensus
• Sequence
• Conformation

• Knowledge-Based 
Antibody Design

CDR Clustering

JMB



RosettaAntibodyDesign (RAbD)
• Knowledge-Based Antibody Design

• Application - Application can be used for many 
antibody design projects
– Affinity Maturation
– Homologous redesign
– Stability improvement
– De Novo design

• Framework - set of components we can use in 
PyRosetta or RosettaScripts



• Monte Carlo Algorithm. 
• Whole CDR Sampling (GraftDesign)

– Sample structures from database
– Insert and optimize peptide bond without CDR 

disruption

– New Graft Algorithm
• 100% Closure

– Roughly mimics 
Somatic Recombination

• Sequence Sampling (SeqDesign)
– Sample amino acid types

• According to CDR Cluster Profiles

– Roughly mimics
Somatic Hypermutation

Antibody Designer:
Overview



• Structure Optimization
– Change/Sample DOF to minimize 

total energy of system
– Integrated binding energy 

optimization instead of total 
energy

• Constraints
– Dihedral constraints

• Circular Harmonic
• CDR Cluster based

– Epitope/Paratope constraints
• Site Constraints

• Lambda/Kappa specific design

Antibody Designer:
Overview



• Allows Tailored Design
– Strategy-based Design
– Redesigns, de novo 

design, etc.

• Simple Syntax
– CDR-Level Control

Antibody Designer:
Optional CDR File Overview



Antibody Designer:
CDR Instruction File Example

ALL GraftDesign ALLOW
ALL SeqDesign ALLOW

ALL CDRSet EXCLUDE PDBIDs 1N8Z 3BEI

L1 CDRSet EXCLUDE Clusters L1-11-1
L2 CDRSet INCLUDEONLY CLUSTER L2-8-1

L3 CDRSet STAY_NATIVE_CLUSTER

First Column: CDR or ALL

Second Column: Option Type

Capitalization Ignored



Example Command-Line
antibody_designer.default.linuxclangrelease –s 
my_ab.pdb -nstruct 500 -seq_design_cdrs L1 L2 
L3 -light_chain lambda –optimize_dG



Top Decoy Examples
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Top Decoy H3 Variability
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2J88 Antibody Improvement

• Antibody binds to Bee Hyaluronidase
– Major allergen of Bee Venom

• Binds at 15.6 nM
– Top design binds 2.5 nM

• Designed L1/L4 (DE framework)
• Designed H2

• Dock/No Dock, only CDRs with profiles



Fig 8. Designed antibodies against bee hyaluronidase.
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CH103 Antibody Improvement

• Antibody binds to CD4 GP120 binding 
site

• ZM176 Crystal 4JAN
• CH103 binds 4JAN at 2.30 x 10-06 M

• Designed L1/L3
• Designed H2



Fig 9. Binding of designed antibodies to HIV gp120.
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Tutorial
• 1) Affinity improvement/Library Design using 

Sequence Design only

• 2) Redesign an antibody using GraftDesign and 
SequenceDesign

• 3) De Novo design using All-CDR Sequence Design and 
GraftDesign of various lengths and clusters

• 4) Custom protocol creation using RAbD components 
in RosettaScripts



Thanks! 


