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Zero-shot designs from Latent-X2: VHHs (blue), scFvs (red), and macrocyclic peptides (orange) with measured affinities.

Abstract

Drug discovery has long sought computational systems capable of designing drug-like molecules directly: developable and non-
immunogenic from the start. Here we introduce Latent-X2, a frontier generative model that achieves this goal through zero-shot
design of antibodies with strong binding affinities, drug-like properties, and, for the first time for any de novo generated antibody,
confirmed low immunogenicity in human donor panels. Latent-X2 is an all-atom model conditioned on target structure, epitope
specification, and optional antibody framework, jointly generating sequences and structures while modelling the bound complex.
Testing only 4 to 24 designs per target in each modality, we successfully generated VHH and scFv antibodies against 9 of 18 evalu-
ated targets, achieving a 50 % target-level success rate with picomolar to nanomolar binding affinities. Designed molecules exhibit
developability profiles that match or exceed those of approved antibody therapeutics, including expression yield, aggregation
propensity, polyreactivity, hydrophobicity, and thermal stability, without optimization, filtering, or selection. In the first immuno-
genicity assessment of any Al-generated antibody, representative de novo VHH binders targeting TNFL9 exhibit both potent
target engagement and low immunogenicity across T-cell activation and cytokine release assays. The model generalizes beyond
antibodies: against K-Ras, long considered undruggable, we generated macrocyclic peptide binders competitive with trillion-scale
mRNA display screens. These properties emerge directly from the model, demonstrating the therapeutic viability of zero-shot
molecular design, now available without Al infrastructure or coding expertise at https://platform.latentlabs.com.


https://platform.latentlabs.com
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1. Introduction

Drug discovery has long pursued computational systems that directly design lead candidates, generating molecules
that clear developability hurdles and do not trigger immune responses, while avoiding lengthy optimization. We
report that this goal is now within reach. Latent-X2 can generate antibodies that bind with picomolar to nanomolar

a nity, exhibit drug-like developability, and, in the rst demonstration for any Al-generated antibody, show low
immunogenicity in human donor panels, all without post-generation optimization.

Current approaches are costly both in development and clinical failure. Molecules often fail not because they
lack binding, but because binding alone is insu cient when clinical success demands developability and low
immunogenicity. Optimization to address these liabilities frequently fails or produces zero-sum trade-o s, with
some properties improving at the expense of others [1]. This challenge consumes large budgets per clinical program
and leaves critical targets di cult or impossible to address [2].

Recent Al methods demonstrated the tractability of zero-shot binder generation [3 9], and concurrent work has
shown that Al-generated antibodies can clear key developability thresholds [10, 11]. Building on the success of
Latent-X1 [7] for mini-binder and macrocycle design, Latent-X2 advances further: the rst low immunogenicity
demonstration for any Al-generated antibody, and generalization across antibodies, macrocyclic peptides, and
mini-binders in a single system. Computational benchmarking shows improved success rates over Latent-X1 for
mini-binders and macrocycles, see Sec. C.

Fig. 1 | Latent-X2 generates drug-like binders from target structure and epitope speci cation. The multi-

modal prompt comprises target structure (grey) with epitope hotspots (yellow) and an optional antibody framework.
The model outputs binder sequence and structure in complex with the target across multiple modalities, including
VHH, scFv and macrocyclic peptides. Designs exhibit favourable developability and low immunogenicity.
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To achieve this, the model jointly generates all-atom structures and sequences conditioned on multi-modal prompts
that comprise target structure, epitope speci cation, and optional antibody framework. An overview of this work ow

is given in Fig. 1. By directly modelling non-covalent interactions in the bound complex, it produces binders across
variable heavy-chain-only (VHH) and single-chain variable fragment (scFv) antibodies, as well as macrocyclic
peptides, without task-speci ¢ ne-tuning.

We evaluated Latent-X2 against 18 targets, testing only 4 to 24 antibody designs in each modality per target,
achieving a 50 % target-level success rate with high binding a nities. Separately, for K-Ras(G12D) and prolyl
hydroxylase domain-containing protein 2 (PHD2), two challenging protein targets with relevance to oncology and
hypoxia biology, we tested 10 macrocyclic peptides designed with Latent-X2 that matched or exceeded hits from
state-of-the-art mMRNA display screens [12].

Drug-like properties emerged directly from the model. Designed antibodies exhibit high expression yield, favorable
biophysical characteristics, and low polyreactivity, with developability pro les meeting or surpassing approved
therapeutic benchmarks.

Notably, we presentimmunogenicity data for Al-generated antibodies. De novo VHH binders targeting TNFL9 were
assessed across a ten-donor human panel, con rming both potent target engagement and low immunogenicity ex
vivo. While animal studies and clinical trials remain ahead, these results demonstrate that Al-generated molecules
can now clear preclinical hurdles that previously required lengthy optimization.

Our main contributions are:

First de novo designed antibodies with demonstrated low immunogenicity in human donor panels.
Zero-shot design with 50 % target-level success across 18 targets, testing only 4 to 24 designs per modality.
Picomolar to nanomolar binding a nities with developability matching or exceeding approved therapeutics.
A single architecture spanning VHHSs, scFvs, macrocyclic peptides, and mini-binders.

Macrocyclic peptide binders matching or exceeding trillion-scale mRNA display screens.

aprwbhE

Below we introduce the work ow and provide detailed wet lab validation. Apply for access to Latent-X2 on
https://platform.latentlabs.com.

2. Results

Across antibody and macrocycle design, we demonstrated that Latent-X2 produces high-a nity binders in a zero-
shot regime. Testing only 4 to 24 designs in each modality target pair, we experimentally characterized designs
against structurally diverse targets. For antibodies, the model generates potent nanobodies (VHHSs) and single-
chain variable fragments (scFvs) with drug-like biophysical, expression, and polyreactivity pro les from the rst
generation. For the target TNFL9, representative nanobody binders showed no detectable immunogenic response
in ex vivo T-cell proliferation and cytokine release assays. For macrocyclic peptides, Latent-X2 designs high-
a nity binders against K-Ras(G12D) and PHD2 with performance competitive with state-of-the-art experimental
discovery platforms, achieving single-digit nanomolar a nity against PHD2. Together, these results establish that

a single all-atom generative system can achieve drug-like antibody design and high-a nity macrocycle generation
across multiple target pro les and critical preclinical development hurdles.

2.1. High-a nity VHH and scFv binders with drug-like developability

To test generalization, we used Latent-X2 to generate VHH and scFv antibody designs for 18 soluble protein targets.
We selected this panel for its diverse biological functions, biophysical challenges, and therapeutic relevance.
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Fig. 2 | High-a nity VHH and scFv binders with drug-like developability. a) Best binding a nity (K p) per target

for scFvs (red) and VHHSs (blue). Asterisks denote a nities in uenced by avidity e ects. b) Developability pro les
compared to therapeutic benchmarks; grey shading indicates unfavorable regions. The rightmost panel shows the
distribution of binders by number of developability criteria met. ¢) Designed structures with corresponding BLI or

SPR response curves.
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