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CDR-Scanning for Antibody Engineering & New IP
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Comprehensive mutagenesis enables parallel engineering of affinity, 
developability, and patentability

CDR-Scanning Reveals Critical Residues Encompassing Paratope

Case Study GPRC5D: CDR-Scanning for MAb Optimization  

Why Choose Paratope-PLUS  to Optimize and Protect Your Antibody

✓

Quantitative, unbiased scanning of all CDR residues and 
compatible with all protein targets, including membrane proteins  

20+ years expertise in antibody discovery and >1,000 
antibody mapping projects

All IP owned by you, including knowledge of permissive and 
improved variants 

Enabling Multiparametric Engineering USPTO Allowed Antibody Genus Claims

Scanning revealed key functions at each CDR residue

CDR-Scanning for better antibody IP is based on established small molecule strategy

Permissive binding

Improved binding

• Improve binding
• Remove off-target binding
• Introduce pH sensitivity (His substitutions) 
• Improve developability motifs: reduced polyreactivity, oxidation, 

deamidation, isomerization, hydrolysis, glycosylation , etc. 
• Introduce reactivity against non-human primate (NHP) orthologs

A compound of formula 1, wherein: 
   

T is --C(=O)—
R1 is a phenyl group substituted with one 
substituent selected from the group 
consisting of…
R2 is a phenyl, optionally substituted with 
one or more substituents selected from 
the group consisting of….
R3 is a hydrogen

Antibody Strategy: Paratope with CDR substitutions

The paratope is the ‘common structural feature’ of the genus
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Chemical Strategy: Scaffold with R-group substitutions

(adapted from Holman, 2022, Biotech Law Report)

CDR-Scan Library Permissive Variants Antibody Genus

Enablement
   

teaches how to make and use
+ Written Description

   

demonstrates possession

Broad Genus Patent Claims

Claimed Genus
      

Parental antibody 

PLUS all permissive CDR variants 

that permit binding

An antibody comprising a heavy 

chain variable region (HVR) and 

light chain variable region (LVR), 

wherein the HVR comprises an… 

HCDR3 comprising an amino acid 

sequence of X1PX2X3X4WX5, 

wherein X1 is an amino acid 

selected from F,I,L,Y,…

               

       

       

       

    

    

 

 

• Patents claiming only 1 antibody ‘species’ can be easily circumvented, so it is 
preferable to claim a ‘genus’ covering a group of related antibodies

• Antibodies patent strategy using extremely broad functional genus claims is no 
longer viable in the US after the landmark case Amgen v. Sanofi

Because of new USPTO guidance and case law, developers must use a new strategy 
to fulfill antibody patent Enablement and Written Description requirements

✓

✓

✓

Genus claims crafted around all permissive substitutions at every CDR position

Scaffold

Banik et al., Nature Biotechnology, 2025

Engineering Species Cross-Reactivity

Integral Molecular is the industry leader in working with antibodies 
and membrane proteins, backed by 20+ years of experience, 
600+ customers, and 500+ manuscripts using our technologies.
Contact us or visit our Website to access our technologies.

Banik et al., Nature Biotechnology, 2025

v0426

Robust patent protection of your antibody to meet new 
USPTO requirements of Enablement and Written Description

no data (ND),  no expression (NE)

HC %WT Binding Reactivities 
HC 

CDR 
Parental 
Residue A C D E F G H I K L M N P Q R S T V W Y 

HCDR1 152 101 16 72 77 90 91 103 95 111 85 98 97 85 102 98 103 112 70 93 88 
HCDR1 153 82 10 29 37 99 74 177 36 114 28 63 ND 11 71 84 103 54 39 126 128 
HCDR1 154 12 12 8 7 127 20 16 152 59 113 73 56 8 25 19 12 28 68 11 102 
HCDR1 155 9 10 6 6 8 106 7 9 9 9 8 9 6 7 7 6 7 7 7 11 
HCDR1 157 219 32 148 83 13 114 28 223 39 236 177 ND 20 30 9 151 91 72 8 8 
HCDR2 171 82 15 7 7 15 142 8 36 11 67 119 25 9 22 17 57 36 48 8 11 
HCDR2 172 8 8 3 5 11 106 6 8 11 8 ND 7 5 6 6 6 6 7 7 8 
HCDR2 173 25 21 9 25 7 47 19 103 6 ND 78 ND 6 40 7 33 46 76 10 8 
HCDR2 174 29 34 137 9 7 15 8 6 8 7 12 23 6 7 7 14 13 7 7 6 
HCDR2 175 5 8 5 4 6 6 6 5 7 6 9 99 5 5 6 6 5 5 5 6 
HCDR2 176 6 27 5 5 8 9 10 101 10 18 ND 13 8 ND 9 9 124 106 25 8 
HCDR2 177 48 9 11 8 6 106 11 7 11 10 16 ND 6 20 11 61 28 9 9 10 
HCDR2 178 22 7 4 6 12 58 65 25 45 31 28 42 8 ND 93 43 18 18 16 13 
HCDR2 179 ND 9 5 3 42 12 40 6 7 8 18 ND ND 11 7 15 ND 7 14 132 
HCDR2 180 70 42 68 49 127 25 112 79 102 99 122 138 12 78 58 115 107 91 157 154 
HCDR2 181 122 30 25 81 46 105 77 165 264 193 237 170 10 176 233 186 157 77 8 38 
HCDR3 221 5 13 7 8 6 6 7 7 4 6 10 14 107 6 8 ND 7 7 6 5 
HCDR3 222 187 44 11 15 178 19 198 211 175 189 286 96 10 98 188 140 137 17 40 ND 
HCDR3 223 15 112 15 11 17 12 13 11 15 15 14 13 14 11 19 12 12 11 11 13 
HCDR3 224 53 16 17 54 27 36 57 21 ND 67 52 32 7 36 77 115 77 23 25 37 
HCDR3 225 38 10 10 18 7 92 11 12 12 8 28 25 ND 21 35 80 116 11 7 8 
HCDR3 226 9 14 5 4 6 5 7 26 15 12 9 6 15 6 105 6 ND 17 5 5 
HCDR3 227 26 26 103 99 33 125 37 7 13 10 12 15 7 10 14 21 9 7 139 125 
HCDR3 228 10 14 116 44 9 11 11 26 15 108 51 14 9 24 20 25 169 64 10 13 
HCDR3 229 10 132 13 14 10 13 15 11 10 9 17 19 11 ND 13 9 8 18 9 9 
HCDR3 230 7 16 5 15 7 7 7 6 7 6 10 7 9 3 6 7 6 5 106 6 
HCDR3 231 6 11 9 5 11 8 9 6 6 7 8 7 7 5 7 ND 13 5 8 93 
HCDR3 232 15 13 4 12 7 13 12 8 9 5 10 10 10 24 22 119 ND 12 10 12 
HCDR3 233 118 16 6 13 9 17 9 9 11 9 20 11 8 9 15 15 15 14 7 8 
HCDR3 234 148 ND ND 4 13 44 13 12 11 10 8 8 11 9 13 57 10 8 8 7 
HCDR3 235 33 8 5 4 11 132 6 6 7 6 7 ND 6 5 8 32 4 3 12 7 
HCDR3 236 14 7 10 11 38 7 17 129 9 ND ND 9 ND 35 ND 14 10 41 9 32 
HCDR3 237 128 50 101 154 44 97 229 249 ND 152 102 ND 21 264 77 97 77 152 21 68 
HCDR3 238 81 ND 16 67 28 69 ND 131 256 57 62 64 ND 152 66 131 158 145 ND 42 

 

Improved variants may yield better efficacy, developability, and novel IP

Reactivity to specific orthologs can enable testing in corresponding animal models

Human Cynomolgus 
(non-human primate)

• 986 variants tested 
with cyno GPRC5DSingle residue 

substitution

Improvements 
detected at 7 positions, 10 variants 

• 986 variants, heavy + light chain 
variants, human antigen

GPRC5D Genus claims are based on the shared ‘common structural feature’, the 
paratope; single and combination variants allowed by USPTO in patent claims

GPRC5D target,
7-TM GPCR

HCDR1 HCDR2 HCDR3 HCDR1 HCDR2 HCDR3

As described in Banik et al., 2025

Paratope-PLUS  CDR-Scanning

• Critical residues encompassing paratope

• Data describing CDR variations that can yield improved 

binding and developability 

• Draft patent claims

• AI/ML suggested combination mutations

Report Containing All Data

• 19 variants per CDR residue
• Fab or scFv formats

Quantify by ELISA
• Expression
• Binding

Comprehensive 
CDR Mutagenesis

High Throughput 
Binding Assay Detailed Report

Improvements >200% WT 
detected at 6 positions, 14 variants 

Improved Binding: Saturation & Combination Mutagenesis

MAb Variants
(all amino substitutions of amino acid 181)

Up to 30x improved binding 
upon combination mutagenesis 

US Patent 12,545,726 B1
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