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Abstract

Introduction: The rapid evolution of antibody discovery, driven by advances in automation, next-generation sequencing (NGS), and
machine learning, has created new opportunities to accelerate identification and development of high-quality therapeutic candidates.
Here, we present an integrated high-throughput platform that combines gene synthesis, antibody production, automated screening
workflows, and Al-driven codon optimization to streamline antibody discovery.

Our platform enables the rapid identification and scalable production of thousands of antibody candidates by integrating in vivo (e.g., B
cells, PBMCs) and in vitro (e.g., phage display) workflows with NGS. Compared to traditional approaches such as hybridoma technology
or random colony screening using Sanger sequencing, NGS enhances sequence diversity and identification efficiency, uncovering more
novel candidates. In addition to IgG antibodies, this platform supports the generation of complex formats, including bispecific and
multispecific antibodies (BsAbs and MsAbs), which can simultaneously target multiple antigens or epitopes. These modalities are
particularly valuable in applications such as cancer immunotherapy, where dual-target engagement can improve specificity and
efficacy. Lastly, to address a critical bottleneck in antibody development - achieving high and consistent protein expression - our
platform incorporates novel Al/ML-driven codon optimization. Traditional codon optimization approaches rely on static metrics such as
codon adaptation index (CAIl), GC content, and minimum free energy (MFE), which do not fully capture the complex, non-linear
determinants of gene expression. Our Al-driven approach integrates a heuristic design framework with deep learning models trained on
large-scale genomic and proprietary high-expression datasets. This enables the identification of sequence patterns associated with
enhanced protein production and more accurately predicts expression outcomes across diverse constructs.

Results: The results of the application of this integrated platform demonstrated significant improvements across both discovery and
expression stages. NGS-enabled workflows consistently yielded 5-50x more unique antibody sequences compared to conventional
methods, substantially expanding the candidate pool. High-throughput screening pipelines successfully identified functional BsAbs
candidates with desired binding profiles in reduced timelines.

In expression studies, Al-optimized sequences outperformed traditionally optimized constructs, resulting in higher antibody yields and
improved consistency across multiple formats, including bispecific constructs. Wet-lab validation confirmed increased expression levels
and reduced variability, enabling more efficient scale-up and downstream development.

Conclusion: These results highlight the power of combining high-throughput discovery technologies with Al-driven sequence
optimization to transform antibody development. By addressing key bottlenecks in both candidate identification and protein expression,
this integrated platform enables faster, more efficient generation of high-quality antibody therapeutics. The ability to rapidly discover
and express complex modalities, such as BsAbs, positions this approach as a robust and scalable solution for next-generation biologics
development.

Machine Learning Enabled Antibody Production

Figure 1. AbXtract Workflow. The bioinformatics pipeline utilizes
ZD(/ machine learning for prioritization of optimal leads starting with

quality filtering of input NGS data followed by annotating the
sequences to identify regions of interest (ROIl) and extract
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Application: Purification of Bispecific Antibodies
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Optimizing Expression of Bispecific Antibodies

Asymmetric BsAbs are a specialized class of engineered antibodies designed to simultaneously bind two different antigens or
epitopes. These antibodies are particularly valuable in therapeutic applications, as they can engage multiple targets with high
specificity. For example, they can simultaneously bind a tumor-associated antigen and a T-cell receptor, effectively recruiting immune
cells to attack cancer cells. This dual-targeting capability enhances therapeutic efficacy while minimizing off-target effects.

IgG-scFv

Production Metrics and Quality Profile Table 1. Production Metrics and Quality Profile for IgG-scFv. Protein yield, concentration

Final Yield 968.76 mg and purity evaluation. This approach enabled the production of a highly purified BsAb
Concentration 7.02 mg/L with strong yield and low endotoxin levels, making it suitable for in vivo applications.
Purity of SEC-HPLC 96.39% Structural integrity and purity were further confirmed using orthogonal analytical
Purity of LC-MS 100.00 % methods, including LC-MS and SEC.
Endotoxin <0.015 EU/mg

Figure 2. SDS-PAGE and SEC-HPLC results for IgG-scFv.
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| Purity: 96.39% e A BsAb required for in vivo studies could not be successfully produced using standard
approaches.
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Synthesis and Cloning

The DNA sequence was re-engineered and optimized for CHO expression using
advanced codon optimization tool to improve expression efficiency and overall construct
performance.
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Expression and Purification
Transient expression was performed in CHO-K1 cells at large scale volume, followed by a
= | custom multi-step purification workflow.
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Despite their potential, the structural complexity of BsAbs introduces significant challenges in expression, including chain mispairing,
formation of undesired byproducts, and lower overall yields compared to monoclonal antibodies. Optimizing expression is therefore
critical for successful development. Our team uses strategic approaches including codon optimization, rational sequence engineering,
and the use of robust expression systems like CHO cells to improve protein folding, assembly and expression efficiency.

Production of Asymmetric IgG-like Bispecific Antibodies

Unlike symmetric BsAbs, which feature identical heavy and light chains, asymmetric BsAbs require the assembly of distinct chains,
making their production significantly more challenging. Leveraging advanced design approaches, robust expression systems, and
customized multi-step purification processes, we consistently generated high-quality BsAbs with exceptional reproducibility. Our
tailored purification strategies effectively eliminate impurities such as homodimers and half-antibody species, ensuring superior purity,
consistency and performance.
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Summary

BsAbs have become highly valuable in areas such as oncology, immunotherapy and targeted drug delivery. However, their structural
complexity introduces challenges in expression, including chain mispairing and formation of unwanted byproducts. Optimized
design, expression and purification strategies are therefore essential for achieving consistent, high-quality production suitable for
research and clinical development. By integrating machine learning, optimized sequence design, CHO-based expression, and
tailored purification strategies, this approach overcomes key bispecific production challenges and enables reliable generation of
high-quality candidates for downstream applications. This integrated solution accelerates the identification and production of high-

quality therapeutic candidates.
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