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Hassabis’ vision for bio-molecular Al & Future of antibody drugs

Small-molecule Drugs Large-molecule Drugs: Antibody
the q
PHARMACEUTICAL JOURNAL — 1
Dec 12, 2024 ‘ Monthlyedion | News | CPD&Learning ‘ Research ’ Pl Jobs Login 41

Home | Feature

ENDPOINTSin FOCUS

Inside Isomorphic Labs: Demis Hassabis’
lab-free vision for biotech’s Al future

@) Andrew Dunn
A Senior Biopharma Correspondent

LONDON — Demis Hassabis has no interest in a laboratory.

“I'won’t name names of other Al biotechs — you know them very well — but I feel
like they always talk about, ‘We just need more data,’ and ‘We don’t have enough da- oudscowryand  Dosigned by Al: the future of antibody

development

ta,” Hassabis said. “It feels like a bit of a crutch. Like, make your algorithms better, drugs
o 21 August 2025
your models better. You do have enough data — if you were innovative enough on S ) ) )
’ ' Artificial intelligence is enabling the next generation of antibody drugs
your ﬂlgOl’lﬂlm side.” By Rachel Brazil — and helping to ‘drug the undruggable’. Meet the start-ups that are

designing these treatments from scratch.

Global Leader Groups in Al-based Antibody Discovery

STAT+  SPECIAL REPORT

Two biotechs say they’re using Al to conjure drugs from Tencent &l O Tencent Al Lab
scratch. Their documents suggest otherwise Founded : 1998 (Tencent Al Lab : 2016)

Experts are skeptical of the grand claims of startups like Absci and Generate Biomedicines

['25.09]
Single target (84pM), used AF3

absci Generate: 7 Nabla B
Founded : 2011 Biomedicines :/ ’:J? zozao Bio
Notable Deal ounded : a0
+ MSD (2022). $610M . Notable Deal Chai Discovery
Dl a8 Targels, ;‘;‘::;?Deza?m + AstraZeneca, BMS, and Founded - 2024
. Takeda (2024). $550M ounaeds:
Drag doc 2 Toget: Derm + Angon 2022) S5OMS1.53 e e
? e 2 + Noarts 2024) $18 [24.11] ['25.06]
Ab design for 1 target (30 nM) 21 targets (nM ~ M), target specificity not validated
I xard
@ EREenie Ga | ux Founded : 2024
Founded : 2012 Founded in 202! % ’ ’
Notable Doal ['24.12, '25.02, '25.09] 2 targets (n\M ~)

+ Ablynx (2021).

['24.11,°25.03, °25.09] 9 targets (pM ~)
Ab opt by autonomous lab
(bsAb, engager, etc)
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STEP 1: DE NOVO DESIGN

* Designs novel antibody.

* Immunogenicity module (T-SCAPE) integrated.
* Uses clinically validated frameworks.

STEP 2: AI-DESIGNED LIBRARY

+ scFvyeast library, 108 diversity.

STEP 3: WET-LAB VALIDATION
+ Screen for desired binders.

A2 5070 ME A -> 10% hit rate
(7 of 8 epitopes)

INTERNAL R&D TARGETS
PLATFORM POC NOVEL EPITOPES EMERGING
PD-L1 FzD7 CLDNG6
HER2 ALK7 ACVR2A/2B
EGFR (S468R) IL-11 CD98hc
. J
-l- )
Zdok2d A AH= AR SHHl A= |=|'k|)
At 1:PDL 2R =248 45 T &8 X =
Affinity ;:‘:;m Cell Based Assay
Antibody Titer rr':l(:ir::(i)t-y re:::’tlxnty Cell Binding  Reporter Assay
Index (mg/L) Eé'(l:SA BLI Fab  Fc (%) (PSR) Assay (Blockade assay,
o (K,gl) ) (0 (Raji cell, ECso) ICsg)
P P (ng/mL) (ng/mL)
Atezolzumab 84 168 128 644 854 96.7 None 170 700
GX-aPDL1-2 295 415 283 722 854 933 None 9% 555
GX-aPDL1-3 448 106 90 761 846 935 None 130 723

GaluxDesign does not explicitly optimize for developability. However, training on high-quality structural dataset may bias designs toward well-

folded, stable protein structures.

* Novel Binding Pose
* Designed-Experimental

iRMSD =1.1A
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A& 2 FZD7 (M ZeHELR] MHER] 1)

Novel Epitope
No reported binders targeting this epitope. Definitive prove
that GaluxDesign is truly capable of generating novel binders.

FZD7-Specific Inhibition of Wnt Signaling Confirmed

TOPflash (Wnt3a, batch #1 0911)

= F2o1
FZD7: WPERLRC ENF g T 0 Fz02
1 [ F2D4
FZD1: WPDTLKC EKF % I F205
E = Fzo7
~ FZD5: WPERMSC DRL $ = 08
éﬁb
FZD7-Selective Binding Confirmed
Designed Abs selectively bind FZD7, distinguishing it from other homologous FZD family members
based on just two amino acid difference.
% (I2) 7R CIRIQL RISH/ERIT S20] 70 1K) 24 A1H) SHE
7 (®2]) 7|2 CIXOL Reh/c ] = 7\ SohZ
-
[ '~ CAR-based
| %\ /%F Immune Cells
L
Mini-
roteins
Modality-Agnostic P
Physical
Principles
Antlbody
(multi-, ADC, RIC)
259 01 EXt A A 2 X3 44 7ts
.
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AlphaGenome=
MUEH T2 3 %

FAl x Aok, :
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2025. 11. 21 (7)

Human genome

DNA sequence
(3.1 billion bases)

Human genome
TlalelslelTlcla uman g

AIT|GICIG|AIC)T

MIBIN

Interpreting the vast non-coding regions has been a major challenge.

GENE or protein-coding regions (1.5%)
+
Non-coding regions (98.5%)

« 15
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DNA sequence to function models

Predicting gene regulatory activity from non-coding DNA sequence

Sequence-to-function model

DNA Gene

. : regulatory
Sl — function

+ Gene expression levels

QG(}\‘\ + Transcription factor binding
¥ GAGTCwMTM(P“‘G "G(.Q * Splicing
41;‘6664664\“ “AAATATC A G C P\\ + Chromatin accessibility
ARATATCATGC + Histone modifications

+ Chromatin contact maps

(image: created with BioRender.com)

Effects of sequence variants on gene regulatory activity

Predicting sequence variant effects on gene regulatory activity

Is the sequence variant disease-associated or pathogenic (causal)?

Reference output

Reference sequence Splicing effect
Comparia} + RNA expression

Chromatin accessibility

Sequence variant
Variant output

0160
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AlphaGenome

June 25,2025 Science

AlphaGenome: Al for better understanding the genome

Ziga Avsec and Natasha Latysheva

L — TE
{  AphaGenome  }—s pieng | — AL LALLT . LY |
" [
-

+ Deciphering functions of non-coding regions at the molecular level
* Predicting effects of sequence variants
+ Multi-modal, long genomic context (1 Mb), high predictive resolution (1 bp)

https://deepmind.google/blog/alphagenome-ai-for-better-understanding-the-genome/

AlphaGenome

T-cell acute lymphoblastic leukemia (T-ALL)
Activation of TAL1

d Non-coding cancer mutations in T-ALL

TSS 7-18bp
3bp
2bp

C->T
o9 TALY C>T 1p
21bp
--------- - —————f——————
chr1: 47212072 chr1: 47230639 chr1: 47239296
(Smith et al. 2023) (Liu et al. 2020) (Mansour et al. 2014,
_ . Liu et al. 2017)
chr1:47209255-47242023 (32.7 kb) T-ALL patient mutation

Z. Avsec et al. Preprint at bioRxiv https://doi.org/ig9rm5b; 2025

17
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T-cell acute lymphoblastic leukemia (T-ALL)
Activation of TAL1
b Predicted ALT-REF differences in CD34+ CMPs
Ref:C
Track: TAL1 9 TSS AAGe € In silico mutagenesis of REF and ALT sequences
0.5 £ ———* ———
RNA-seq j DNase 1j - yn—CATCT cA AA 1 L N TR, S
(2]
g DNase _521 i | HIK27ac j
¥e i K EE—
g HaK2Tac 24 RNA-seq ggg} ] —
9 H3K36me3 0.51 -0.25 chr1:47239296:C>ACG
Q 0.0
1
h H3K4me1 %gj biase Oj ~__Carcti cA AA TTAAC S .
o 2 5 1
- HoKdmes 2] 2| H3K27ac Oj e caliMe: TTMC .
= ; 3l 0.05
:(I H3K9me3 0,00 - e A e e RNA-seq g O[q _cacri_cAiCANGT, T e SRRt
e 0.04- S - R S -025
[H3K27me3| -o'5- T T Y ,
chrl 47209255 47242023 (32.7 kb) chr:47239296 chr1:47239276-47239316 (40 bp) mye: ol
TAL1 overexpression MYB binding
Z. Avsec et al. Preprint at bioRxiv https://doi.org/ig9rm5b; 2025

Sequence-to-function models and Al

ENCODE

== ._\ I Convolutional neural network \l\\\\“,
Lr'\\ Al /\\I I Transformer

g\\\\\=/.// I Supervised model 'r %‘8}
R\\ﬁ I Trained on functional genomic data = §2 ’_8
GTEx  ravows

DeepSEA CNN (2015) Nature Methods

Enformer CNN + Transformer (2021) Nature Methods

Borzoi CNN + Transformer (2025) Nature Genetics
ChromBPNet CNN (2025) bioRxiv
AlphaGenome CNN + Transformer (2025) bioRxiv

(image: created with BioRender.com)
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AlphaGenome and drug discovery

/ Control Patient \

o + Which genetic variant causes disease?
- Diagnosis
- Therapeutic target
I—I + How does the pathogenic variant cause disease?
Genetic variants (including SNPs, SVs) statistically - Therapeutic target
@ociated with specific traits or disease /
Sequence-to-function models * Prioritization of potential functional variants
(ex. AlphaGenome) * Prediction of the functional impact of genetic variants

Limitations of sequence-to-function models

Not perfect

« predicting transcription factor binding and histone modifications
+ capturing cell type- or tissue-specific gene expression
« predicting “trait’-altering variants (functional variants)

Restricted to genetic diseases
Not designed for individual genome prediction

Not for causal prediction

0190
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Causality inference and Al

RNA expression inference using graph neural network

(Kim et al., 2025, Briefings in Bioinformatics)

12'!3.;::.3300 O Landmark transcript node
aE O (O Non-landmark transcript node
Em B
il
L.
ER B
am B
HD W

7
ot
)+
(Predicted) (Ground-truth)
ol X e ik
-

(image: created with BioRender.com)

Predicted RNA-seq values

Al + Genome in biomedical field

Application of
@ Al-based genomic research ‘//“\
N’
P rediie ressach

L=
-

. . Drug
Diagnosis response

i %

|
Synthetic
biology @ Prognosis

Target

discovery
(image: created with BioRender.com)
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Thank you for your attention!
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Prescient Design’s
Lab-in-the-Loop
Therapeutic Antibody Design

Kyunghyun Cho on behalf of Prescient Design, Genentech and Roche
New York University and Genentech

Genentech

A Member of the Roche Group

NYU

Al for Protein Design

f Oultput

Probabilities

Design a metal binding
protein for me, please.

Positional
Encoding

—

[

N Protein Database “Success is guaranteed.”

- Sutskever (2014)

0250
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A protein as as a sequence

Structures inform functions, but sequences encode structures

DNA RNA Protein
Cé%
A
Transcription Translation Folding

A protein as as a sequence

73
§ Z
e Proteins interact with each other as

well as other molecules to perform
biological functions.

Trastuzumab
(Herceptin)

e We can design a protein to interact
with particular target molecules to
artificially induce functions.
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Protein Design as Sequence Optimization

* Perhaps, protein design is nothing but

max F(S)
Sedx---xo

« of: a set of proteinogenic amino acids.
» S: a protein sequence of 10s - 1000s amino acids.

e F: 9l X - X 9 — R:atarget property of a protein S.

Protein Design as Sequence Optimization

Directed Evolution

o-oooo
OOeOe

Directed Evolution by Arnold (1998)

0270
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Challenges in Al for protein design

1. Computation and experimentation work at two different rates.
2. There are multiple, often-competing objectives.

3. Desirable proteins are often few and far apart.

Computation vs. Biology

.28 -
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Two Processes in Protein Design

Computation and experimentation

O.

Computation # ﬂ

Experimentation

w.o.. In bacteria, a one kb gene should take at

maximal transcription rate about 10s and
translation elongation at maximal speed
roughly the same. - Milo & Phillips (2015)

Overcoming the difference

With machine learning surrogate functions

X N ;

x 1

oooooo»

Sequential model based optimization [Jones et al., 1998]

« 29 .
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The Interface between Computation and Biology

» Blackbox optimization is the interface b/w fast computation and slow biology.
* The gap between them is extremely high. We must work on improving;
1. The throughput of experimentation, and

2. Trade-off between sample
complexity and accuracy.

O®O®O0 4 rondecomposasie

N
objective function

() (.DOOOOOOOOOO 0e0e00 [ D

A cardinality
constraint

OOeOee

Multi-objective optimization

0300



[Z=HIZE 3] Al 7]8E S| Mo THu

What should be the objective?

Many competing properties
Expression

How well can they be synthesized?

Binding affinity
Polyreactivity How well do they bind to a target antigen?

How well can they bind to
structurally relevant and
irrelevant antigens?

Immunogenicity
Viscosity Would they induce unwanted immune response?

How well/easily can we deliver the therapeutics?

What should be the objective?

Many competing properties
Find # = {S€ o x - x A |{S' €t x - xA|S'>5} =2}

e "> SiEF(S) > Fu(S) forallk=1,..., K.

« Fi(S) € R: the k-th objective function. >

@ -
@ o
e Because, we do not know the right balance o
among these properties early on. o
L
®

0310
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A Ranking-based Acquisition Function
BOtied: Bayesian optimization with tied multivariate ranks

« We can use CDF for measuring the quality of a given frontier;

I(A) = max F(y)
yEA
Multivariate Ranks

CDF Scores

[Park & Tagasovska et al., 2024 ICML]

Objective 1

Objective 1

More Issues Remain ...

e The existence of multiple objectives poses many challenges:
Known dependencies among the properties [Park et al., 2023]

1.
2. Some properties are too costly to measure; the imbalance in the

How well can they be synthesized?

availabilities of properties.
Expression
° Binding affinity

Polyreactivity
Immunogenicity

How well can they bind to
structurally relevant and

irrelevant antigens?
Would they induce unwanted immune response?

Viscosity

How well/easily can we deliver the therapeutics?

«32 .
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Desirable proteins
are few and far apart

The Space of Proteins is Very Large

- All possible (biologically relevant) proteins of length L ~ O(22F)

* Finding a needle in a haystack: we must narrow down the search space.

1. We explore near where biology has explored.

2. We explore while being guided by property predictors

.33 -
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e Millions and billions of sequenced
proteins from nature.

e BFD has 2B+ protein sequences.

e UniProt has more than 200M+
protein sequences.

e These are footprints of evolution
exploring the space of proteins.

2.30 million 381 « 10¢

Evolution informs us in search

Archaea
931

+
8.96 x 10 1.27 x 107 Euryarchaeota N archaeon )
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Life Domain Kingdom Phylum Species

e Exposure to antigens shapes the
composition and proportion of an
adaptive immune response repertoire
of each individual. §f

* OAS (observed antibody space;
Olsen et al., 2021) contains 1.5B+
unpaired chain sequences and
121K+ paired chain sequences.

Real-time evolution in our bodies

Adaptive Immune Response

4
B4

Figure |. Burnet’s illustration of the CST. Redrawn from F. M. Burnet’s
The Clonal Selection Theory of Acquired Immunity, p. 59, Figure 7 (1959), with per-
mission from Cambridge University Press.

[Silverstein, 2002]
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Antibody design by walk jump sampling

e Frey et al. [2024] have presented this work at ICLR’24.

e Discrete WJS is trained on a small number of binding antibodies (~10Kk)
produced from trastuzumab using CRISPR-Cas9 [Mason et al., 2021].

( Point mutation libraries Deep Mutational Rational library design
by HDM Scanning

Combinatorial mutagenesa
libraries by HDM

Antigen (AF647)

o T
—_—
k 10G (AF488) Enrichment Ratio (6R) = 742

Antibody design by walk jump sampling

» 70% binding rate: close to transtuzumab.

 Almost all sequences were unique.

e This was done with ~1,000 samples. M

« Much smaller than 2210 seg’s. w0

Count

010 015 020 0.25 7.5 8.0 8.5
Expression yield (N = 67) Affinity pKD (N = 47 accepted)
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The Space of Proteins is Very Large

« Combinatorial optimization is by definition difficult; curse of dimensionality!
* We must get help from everywhere we can;

e Evolution and adaptive immune response.

e Property predictors’ ability to capture correlations.

» lterative collection of more data: lab-in-the-loop design!

Putting them all together ...

... Overall ...

Generative
Models of
Proteins

Property
Predictors

Design DB
N

-

objective
Blackbox
Optimization

.36 °
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Does it actually work?

What drives lab-in-the-loop design?

Software and hardware engineering

7~ A Generative
« Compute infrastructure ekl
» Infrastructure software
¢ Model training
e Model serving
e Monitoring
» Data management
* Lab integration

e Front-end interface
g

J

Property
Predictors

objective
Blackbox
Optimization

0370




H75| TAl x Mophgl . EGIS0IM AXMK|, &blo] HAS HCt

Prescient Design: An Engineering-First Drug-Discovery Team

Engineering

IEEI e Infrastructure Engineering
e
.

e Data Engineering
e ML Engineering

Molecular Design

N7 - A/ML
e Biology

* Chemistry

Frontier Research
e Foundational Research

Antibody Design at Prescient Design

The initial development phase

 More than 15 target antigens.

e Many methods for design proposal: WJS, Lambo, ...

* Global selection of sequences at each round with HVI.

e 12+ loops over the 2+ years

for both development as well as design
[Cho et al., 2003]
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Target A

LamBO over 4 loops
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Expression Yield

Target C

All methods
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Yes, we can design antibodies
Hit-to-lead generation & lead optimization

* Prescient Design’s LITL has been and continue to be
tested against a growing number of target antigens.

e Prescient Design’s LITL works with a flexible number of
ML algorithms as well as first-principle-based filters.

e Prescient Design’s LITL explores the Pareto frontier of
multiple objectives over multiple rounds.

e But, it is too early still ...

o o o o
I8N 0N @
a 38 & 8

Expression Yield

°
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Drug Discovery

How close are we to Al-driven drug discovery?

Drug discovery

Clinics

Clinical
Studies

Vo
tion

n
Valida

_J

Molecule
Optimization/
Characterization

4[

.

Molecule
Design/
Discovery

4[

.

Validation

Target
Discovery/

Science
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Science

How close are we to Al-driven drug discovery?

Drug discovery: very far!

In-vivo Clinical Clinics
Validation Studies

Target Molecule Molecule
Discovery/ »1 Design/ »| Optimization/
Validation Discovery Characterization
A Generative

Model of
Proteins

v

objective
Blackbox
Optimization

-

The true goal of Al for drug discovery

Prediction
[/ $
- -
Target Molecule Molecule h-vivo Clinical
Discovery/ »| Design/ »| Optimization/ > . . > X »| Clinics
. i Validation Studies
Discovery Characterization

Validation

Backpropagation
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