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Antibodies play a key role in the immune system
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(variable domain)

Immunogenic
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pathogens

Low
binding

* Therapeutic drugs for affinity
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glycoprotein
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Reducing antibody “liabilities” requires
optimizing a multi-parameter problem

Affinity Stability

Polyreactivity Aggregation

Immunogenicity Expression




Inverse folding models predict sequence from structure

Forward folding

/(Alpha Fold)\A

EVOLVESGGGLVQPGGSLRLSCAASGYDFTH
YGMNWVRQAPGKGLEWVGWINTYTGEPTYAA
DFKRRFTFSLDTSKSTAYLOMNSLRAEDTAV
. YYCAKYPYYYGTSHWYFDVWGQGTLVTVSS
Antibody .

Antibody

Sequence 1o TOSPSSLSASVEDRVTITCSASODISN Structure

YLNWYQOKPGKAPKVLIYFTSSLHSGVPSRF
SGSGSGTDFTLTISSLOPEDFATYYCQQYST

VPWTFGQGTKVEIK
MESM—IH%

Inverse Folding




Inverse folding models predict
mutational tolerance without changing structure
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Possible mutations

Inverse foldin -
g == Without changing structure

Input antibody
probability distribution

Backbone (Ca, C, N)

Adapted from Warszawski et al, PLOS Comp. Bio. 2019



AntiFold is fine-tuned from ESM-IF1
on solved & predicted antibody structures

Inverse folding model

SAD 2,074

Experimental structures

Invariant features

|

The Structural Antibody Database

S|
ol @ OAS 147,458

. Predicted structures
OAQ Observed Antibody Space

ESM-IF1 Antibody variable domain structures (paired VH/VL)

General protein model

ESM-IF1: Hsu et al., bioRxiv, 2022; OAS structures predicted using ABodyBuilder2: Abanades et al., Comms Biol, 2023



AntiFold is trained to predict masked residues

1. Mask structures 2. Train antibody 3. Sample sequences
inverse folding with the same fold
/7 ... TVTGYSGYSATSNW. . .
Predict .. .TVTGYSGETLSSEW. . .
masked
.. .TVTGYSAYNVTTEW. . .

GVP Encoder Decoder

e « TVTGYSXXXXXXXXW. . .

15% of coordinates are masked — mixture of single positions and spans

Selection of positions to mask biased towards variable CDR residues
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AntiFold outperforms general protein and
antibody-specific inverse-folding models
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Performance is maintained when
modelled structures are given as input
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Structures predicted using ABodyBuilder2 (Abanades et al., Comms Biol, 2023)



AntiFold suggests more confident amino acid distributions at
CDRH3 positions, crucial for antibody binding

s AbMPNN
mam Antifold

10 A

Perplexity 67
(lower is better)
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Antibody Heavy Chain CDR3 Positions



Designed antibody sequences re-fold
into similar structures
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AntiFold: Improved antibody sequence design
using inverse folding

1. Improved design of antibodies while
maintaining structure

2. Processes ~15 structures per minute (GPU)

o 3. Downloadable package freely available at:
A m t | O Ld https://opig.stats.ox.ac.uk/data/
downloads/AntiFold/
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https://opig.stats.ox.ac.uk/data/downloads/AntiFold/
https://opig.stats.ox.ac.uk/data/downloads/AntiFold/
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