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Executive Summary

NVIDIA's BioNeMo™ for Biopharma is an integrated suite of open-source tools, pretrained models, and
containerized microservices designed to accelerate generative Al applications in drug discovery and
biopharma. It is part of NVIDIA's digital biology initiative, leveraging GPU-accelerated computing to tackle the
historically costly and time-consuming process of therapeutic development. BioNeMo includes an open-source
deep learning framework for building and training biomolecular models, as well as pretrained reference
workflows (blueprints) and optimized inference microservices (NIM). Together, these components enable
biopharma researchers to train foundation models on DNA, RNA, protein and small-molecule data, and deploy
them at scale for tasks such as protein structure prediction, molecular design, and generative chemistry (/'

www.nvidia.com) (2! nvidianews.nvidia.com).
In summary, BioNeMo comprises:

¢ BioNeMo Framework — an open-source training framework providing domain-specific curated data loaders,
training recipes, and example model architectures (e.g. protein language models, molecule generators) that
are NVIDIA-optimized for GPU clusters (/') www.nvidia.com) (°! developer.nvidia.com). The framework
simplifies scaling large models (e.g. enabling 3-billion-parameter protein models to be trained in days on
hundreds of GPUs ('°! developer.nvidia.com)) via built-in support for techniques like pipeline/tensor
parallelism and fully-sharded data-parallel (FSDP).

e BioNeMo Blueprints - reference pipelines (pretrained workflows) that integrate multiple Al models end-to-
end for specific drug-discovery use-cases. For example, NVIDIA's Generative Protein Binder Design
Blueprint seamlessly chains AlphaFold2, diffusion models (RFdiffusion), and design networks
(ProteinMPNN) to generate therapeutic protein binders (\*! developer.nvidia.com) (I° developer.nvidia.com).
These blueprints come with code, documentation, and GPU-accelerated Docker containers, so companies
can customize and deploy them on proprietary data (\° www.nvidia.com) (! developer.nvidia.com).

¢ BioNeMo NIM™ Microservices — a library of GPU-accelerated inference microservices (NVIDIA Inference
Microservices, or NIM) that provide RESTful APIs for core tasks in molecular Al. Examples include MolMIM
for small-molecule molecule generation, ESMFold/AlphaFold2 for protein folding, DiffDock for docking,
VISTA-3D for medical image segmentation, and others (¢! nvidianews.nvidia.com) (\°! nvidianews.nvidia.com).
These microservices are containerized (compatible with NVIDIA Al Enterprise) for easy deployment on any
GPU-enabled cloud or on-premise system, enabling “gigascale” usage in production drug pipelines (/%!

www.nvidia.com) (%7 nvidianews.nvidia.com).

e CUDA-X for Biopharma — GPU-accelerated libraries and kernels specifically optimized for biomolecular
deep learning, such as NVIDIA's cuEquivariance library for equivariant protein networks (”” www.nvidia.com).
These can be drop-in replacements in PyTorch/JAX to speed up common layers (e.g. triangle attention in

Alphafold-style models) by orders of magnitude. (""" www.nvidia.com)

BioNeMo is available as open-source code (GitHub), container images on NVIDIA's NGC registry, and as part of
NVIDIA's cloud offerings (DGX Cloud, Base Command, Al Enterprise). Researchers can deploy BioNeMo on-
premises or in the cloud using NVIDIA GPUs, achieving substantial improvements in throughput and scalability
(21 developer.nvidia.com) (I"® github.com). Early adopters - including national labs (Argonne), big pharma
(Amgen, Astellas), biotech (lambic, Recursion) and platform companies (Cadence, DNA Nexus) - report

5] nvidianews.nvidia.com).

transformative gains in designing proteins and molecules (!'*! nvidianews.nvidia.com) (!
In sum, BioNeMo brings NVIDIA's supercomputing stack to the life sciences: pre-integrated infrastructure and
models that enable end-to-end cloud-native Al pipelines for drug discovery (% nvidianews.nvidia.com) (!

developer.nvidia.com).
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Introduction and Background

Drug discovery is notoriously expensive, lengthy, and uncertain. Industry estimates put the average cost of
taking a novel drug to market at about $2.5 billion, with timelines on the order of 10-15 years (!'®’

T www.frontiersin.org). A key challenge is the vast size of relevant search spaces:

pmc.ncbi.nim.nih.gov) ([
chemical libraries of candidate small molecules can be enormous (estimated at 10°23-10"60 drug-like
compounds ("¢ academic.oup.com)), and the combinatorics of protein folding and interactions are equally
daunting. Traditionally, improving a drug candidate by medicinal chemistry and screening is incremental and

slow.

Over the past decade, artificial intelligence (Al) and machine learning (ML) have begun to revolutionize
computational biology and chemistry. Techniques such as structure-based virtual screening, quantitative
structure-activity modeling (QSAR), and ML-guided directed evolution became tools in the discovery process
(“9] academic.oup.com). More recently, generative Al (large-scale deep learning models that create new data)
has shown remarkable promise. Breakthroughs such as AlphaFold2 (DeepMind, 2020) demonstrated that GPUs
and new architectures can predict protein 3D structure from sequence with near-experimental accuracy.
Similarly, transformer models trained on chemical strings (like SMILES) or protein sequences can learn rich
representations useful for predicting properties or even generating novel molecules.
</current_article_content>Monte Carlo diffusion models and graph neural networks can propose entirely new
drug-like compounds or protein designs (I'®) academic.oup.com) (?°) academic.oup.com). These methods can
significantly reduce design cycles: Al can suggest candidates that experimentalists then only need to test,
rather than brute-forcing hundreds of thousands of variants.

Generative Al's impact on drug R&D is being actively explored. For example, after an Al-designed kinase
inhibitor by Exscientia reached clinical trial in 2021, dozens of biotech programs have followed suit (/*"
developer.nvidia.com). Reviews note that Al-driven generative design methods are "widespread” and can "vastly
improve the historically costly drug design process” (\°°! academic.oup.com) (") www.frontiersin.org). At the same
time, these advances demand massive computing power. Training foundation models with billions of
parameters on genomic, proteomic, and chemical datasets typically requires GPU clusters running for days or
weeks. Exploiting these models in real workflows requires scalable inference engines and an ecosystem of tools.

It is in this context that NVIDIA introduced BioNeMo. Announced broadly at NVIDIA's November 2024 SC24
conference, BioNeMo (Biological Neural Models) is the company's answer to the convergence of Al, HPC, and
biotechnology ('*! nvidianews.nvidia.com) (! developer.nvidia.com). The open-source BioNeMo platform unifies
optimized ML frameworks, pretrained biomolecular models, and cloud-native service layers under one umbrella
for life sciences. In NVIDIA's words, it provides "accelerated computing tools designed to exponentially scale Al
models for biomolecular research, bringing a new level of supercomputing to biopharma” (:**
nvidianews.nvidia.com). Major pharmaceutical and biotech stakeholders have already become contributors to the
project. Argonne National Lab, Flagship Pioneering, Dyno Therapeutics, Genentech/Roche, Ginkgo Bioworks,
VantAl, Weights & Biases and others have joined the open-source effort (! nvidianews.nvidia.com). NVIDIA
positions BioNeMo as a platform-stack for drug discovery Al — analogous to what CUDA/AIEnterprise/DGX are
for general Al — and authors expect it to unlock a new era of “computer-aided drug discovery” (\**

nvidianews.nvidia.com) (“3] nvidianews.nvidia.com).

Below, we describe each major component of NVIDIA BioNeMo, including its architecture, models, and
deployment paths, with a focus on how biopharma organizations can integrate them into real-world workflows.
We also summarize expert assessments of the platform’'s impact, relevant industry use cases, and future
prospects for generative Al in drug discovery.
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The NVIDIA BioNeMo Platform

The BioNeMo platform brings together multiple layers of NVIDIA ecosystem to serve computational biology and
chemistry. It can be thought of as a stack for digital biology (see Table 1). At the foundation is the BioNeMo

Framework (an ML training framework) and NVIDIA's GPU hardware (CUDA, Tensor Cores, etc.). On top of that
are BioNeMo Blueprints (pre-designed Al pipelines), BioNeMo NIM Microservices (GPU-optimized inference
containers), and specialized CUDA-X libraries for molecular tasks. In use, a drug discovery team might train or

fine-tune models with BioNeMo Framework’s recipes, then deploy those models via Blueprints and NIM

containers in production. All components are GPL/MIT-style open-source or freely available, and many run on
Kubernetes or any GPU cluster.

BioNeMo —

Description Deployment/Use-case
Component

Open-source PyTorch-based framework with

tools, libraries, and example models for drug Download/pull container from NVIDIA NGC

discovery Al (" www.nvidia.com). Includes (nver.io/nvidia/clara/bionemo—
BioNeMo domain-specific training recipes and pretrained ~ framework:nightly) and run on GPU servers. Also
Framework network architectures (e.g. protein language available on NVIDIA DGX Cloud or on-prem HPC (“2]

models, molecule generators) optimized for developer.nvidia.com) (I"®! github.com). Primarily used

6PUs (" www.nvidia.com) (! for training and fine-tuning large biomolecular models.

developer.nvidia.com).

Prebuilt Al workflows (reference applications)

for common drug discovery tasks ([241 Access via NVIDIA NGC or GitHub (e.g. Build.NGC or Git

- 4] T releases). Users clone blueprint repos or launch
BioNeMo www.nvidia.com) (‘™! developer.nvidia.com). ) .
L. provided containers. Useful for end-to-end use cases

Blueprints Each blueprint is a sequence of Al tools [24]

(AlphaFold, diffusion models, etc.) packaged as  |iké protein design or virtual screening. (

a pipeline. Provides code, docs, and containers  www.nvidia.com) ([4] developer.nvidia.com)

to customize and deploy on user data.

A catalog of optimized GPU inference containers

("NIM") for biology and chemistry. Each o

. . . Deployed as containerized APIs on any Kubernetes

microservice wraps a specific Al model or el

BioNeMo NIM algorithm with a REST API (e.g. MoIMIM, cluster or NVIDIA DGX/AI Enterprise setup (‘“~

Microservices

CUDA-X for
Biopharma

ESMFold, DiffDock, AlphaFold) (\¢
nvidianews.nvidia.com) (‘9‘

nvidianews.nvidia.com). Designed for
production inference at scale.

GPU-accelerated libraries and kernels for
molecular deep learning (e.g. cuEquivariance for
Euclidean neural networks (Hﬂ
www.nvidia.com)). These plug into frameworks
(PyTorch/JAX) to speed up compute-heavy
layers like protein folding.

[9] nvidianews.nvidia.com).

nvidianews.nvidia.com) (
Called by applications or pipelines to perform tasks (e.g.

docking or structure prediction).

Installed via pip/conda into user environments. Used
within BioNeMo models (or custom models) to replace

slow CPU-based operations (W] www.nvidia.com).

Table 1. NVIDIA BioNeMo components and their roles in biopharma R&D. All BioNeMo software runs on NVIDIA
GPUs (e.g. DGX systems, cloud GPUs).

Each layer of BioNeMo is extensible. For example, the BioNeMo Framework supports adding new models via
sub-packages, and the NIM microservices catalog is continually updated with new models (recently adding
MoIMIM for molecules and others (1?% docs.nvidia.com) (1! nvidianews.nvidia.com)). The robust ecosystem —
including NVIDIA hardware (DGX Cloud), CUDA-X libraries, and Base Command management — ensures that
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BioNeMo workflows can be scaled from single-workgroup testing up to enterprise clusters (%!

developer.nvidia.com) (/) www.nvidia.com). Below we discuss these components in detail.

BioNeMo Framework

The BioNeMo Framework is the core software toolkit for training and fine-tuning Al models on biomolecular
data (/" www.nvidia.com) (* developer.nvidia.com). Announced in late 2024, it is open-source (NVIDIA GitHub)
and Python-based, building on top of PyTorch and NVIDIA's NeMo/Megatron libraries for distributed training.
According to NVIDIA, it is “a collection of programming tools, libraries, and models designed for computational
drug discovery” specialized to accelerate “the most time-consuming and costly stages of building and adapting
biomolecular Al models” (*%! github.com).

Key features of the BioNeMo Framework include:

e Domain-specific data loaders and recipes: BioNeMo provides pre-built data pipelines for common biomolecular datasets
(protein sequences, genetic variants, chemical molecules, single-cell data, etc.). These handle tasks like tokenization,
augmentation, and batching specialized for biology data. Molecular graphs, FASTA sequences, SMILES/VOC strings, and
flow-cytometry data can be loaded efficiently. This removes much of the boilerplate that generically applying PyTorch would
require.

e Pretrained example architectures: The framework includes reference implementations of state-of-the-art models such as
ESM-2, AMP (Amplify), Geneformer, DNABERT, and small-molecule generators like MegaMo/BART and MoIMIM. These
models are optimized with NVIDIA's Transformer Engine and multi-dimensional parallelism (pipeline/tensor parallel) to fully

utilize GPU clusters ([29] github.com) ([3] developer.nvidia.com). For instance, NVIDIA notes that a 3-billion-parameter

ESM-2 model (protein language model) can be trained in ~3.5 days on a 512-GPU H100 cluster ([31 developer.nvidia.com).

e Scalability and distributed training: BioNeMo natively supports techniques to scale to hundreds of GPUs. This includes
PEFT (Parallel Engine for Fine-Tuning) library features, PyTorch FSDP (Fully Sharded Data Parallel), 5D parallelism with
Megatron, and compatibility with NVIDIA DGX supercomputers. The repository contains both “few-code-change” recipes for

([29] 30]

FSDP training as well as explicit 5D parallelism examples requiring separate model code github.com) ([

github.com). In practice, this means large models (billions of parameters) can be trained such that computation and
memory are sharded across nodes, and mixed-precision (FP8) training is supported.

e Built-in validations and hyperparameter tuning: Continuous evaluation (validation-in-the-loop) and hyperparameter
sweep support are integrated into training recipes. This helps in systematic model selection.

e Open-source and modular: The entire framework is public on GitHub (NVIDIA/bionemo-framework). Users can clone it with
submodules or pull NVIDIA's ready-built Docker image. The GitHub README explicitly shows how to launch the BioNeMo
container from NVIDIA's NGC registry:

"BioNeMo is primarily distributed as a containerized library. You can download the latest released container
for the BioNeMo Framework from NGC. To launch a pre-built container, you can run training with:
docker run ——rm —-it —--gpus=all —-ipc=host —--ulimit memlock=-1 --ulimit stack=67108864 \

nvcr.io/nvidia/clara/bionemo—framework:nightly /bin/bash " (“3] github.com).

Advanced users may also clone the repo (with git submodule update —-init —-recursive to pull NeMo and
Megatron submodules) and build their own container (\*' github.com). This flexibility allows BioNeMo to be
deployed on any GPU cluster (cloud or on-prem) as either a managed stack or integrated into an existing
environment.

In sum, the BioNeMo Framework serves as a foundation for building new biological Al models. It abstracts
away much of the GPU/hardware complexity, letting domain scientists focus on data and models. At launch,
NVIDIA packaged in recipes for accelerating key modalities: protein sequence modeling (e.g. ESM-2), single-cell
data (Geneformer), DNA sequence embedding, and chemical graph learning. New models can be added or
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updated by the community; for example, NVIDIA's April 2025 release added MolMIM, a small-molecule
generative embedding model (“a small molecule model developed at NVIDIA which can be used to produce
embeddings and novel molecules” ("*°! docs.nvidia.com)), along with updated data pipelines.

Pretrained Models in BioNeMo

Below are representative pretrained models and model families currently shipped with the BioNeMo Framework.
These serve as foundation blocks for feature extraction or generation tasks in biopharma:

Data Type | .
Model A Primary Use-case
Modality
Transformer-based protein language model (variant of ESM-2) used for representation
Protein .
AMPLIFY sequences learning (protein feature encoding) (“21 nvidia.github.io). Trained on large sequence
corpora to capture biophysical properties.
Protein language model (Evolutionarily Set M) trained on UniRef. Used for representation
Protein o
ESM-2 learning and can be fine-tuned for downstream tasks (structure, function prediction) ([“]
sequences T i
nvidia.github.io).
DNA DNA sequence modeling. A generative model for genomic data (e.g. enhancer/RNA design)
Evo2 .
sequences ([04] nvidia.github.io). Can generate novel DNA elements with specified properties.
Single-cell Transformer for single-cell RNA data. Used in representation learning across cell types ([34]
Geneformer .
genomics nvidia.github.io) (e.g. for clustering or classification).
Small- Latent-embedding generative model for chemical structures. Produces molecular embeddings
MolMIM molecule and can generate novel small-molecules with desired properties (12°! docs.nvidia.com).
graphs Recently re-trained for state-of-the-art performance.
The BioNeMo ecosystem also includes models like MegaMoIBART (SMILES-to-SMILES
(Others) and more...

generation), DNABERT (another DNA encoder), ProteinLM variants, etc.

Table 2. Pretrained models included in NVIDIA BioNeMo Framework (as of mid-2025) (*?! nvidia.github.io)
(‘26! docs.nvidia.com). These models can be fine-tuned on proprietary data or used off-the-shelf for feature
extraction and generative tasks. For detailed model cards and papers, see the BioNeMo documentation.

Each model above typically has associated “recipes” in the framework for fine-tuning or inference. For example,
the BioNeMo repo includes tutorials on pretraining/fine-tuning ESM-2 on protein fitness landscapes, and on
training MoIMIM on custom molecule sets (°°! docs.nvidia.com) (?°! docs.nvidia.com). Such tutorials illustrate
that BioNeMo users can train from scratch or adapt weights for their specific targets, leveraging GPUs to
handle large batches and sequences.

Scaling and Acceleration

The BioNeMo Framework is engineered for exascale training. NVIDIA's technical blog highlights that the
framework “achieves higher throughput and improved scalability” by using model parallelism tactics (-°!
developer.nvidia.com). For instance, a benchmark cited training a 3-billion-parameter protein model on 512
NVIDIA H100 GPUs in about 3.5 days — a performance that would be infeasible without advanced parallelism (%

developer.nvidia.com).

In practical terms, a company deploying BioNeMo can utilize either on-prem DGX clusters or cloud GPU
instances. The framework supports running on NVIDIA DGX Cloud with NVIDIA Base Command orchestration
(551 developer.nvidia.com). With DGX Cloud or other Kubernetes-based GPU clusters, teams can launch BioNeMo
containers and run multi-node PyTorch scripts seamlessly. The container includes all driver and library
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dependencies (CUDA, NCCL, PyTorch, NeMo, Megatron, etc.) configured for optimal performance on NVIDIA
hardware. This significantly lowers the barrier to entry compared to custom HPC setups.

Deployment of BioNeMo Framework

Deploying the BioNeMo Framework typically involves the following steps:

1. Provision GPU infrastructure. Ensure access to NVIDIA GPUs (e.g. H100/A100) on a cluster or cloud. BioNeMo supports
any server with CUDA-enabled GPUs. For maximum performance, use NVLink-connected multi-GPU nodes (NVIDIA DGX,

AWS P4d/P5, etc.) ([3] developer.nvidia.com).

2. Obtain BioNeMo software. The easiest route is to pull NVIDIA's pre-built Docker image from NGC: e.g.
docker pull nvcr.io/nvidia/clara/bionemo—framework:nightly

This image includes the BioNeMo code and dependencies. Alternatively, clone the GitHub repo ( git clone ——

recursive ... ) and build your own image as per the documentation (\°" github.com).

3. Run interactive/container environment. Start a container on your GPU cluster (for testing) or directly on

your login node/dashboard. For example:

docker run --rm -it --gpus=all ——-ipc=host \

—-v /data:/data \
nvcr.io/nvidia/clara/bionemo—framework:nightly \
/bin/bash

This gives a shell inside the BioNeMo container where PyTorch, NeMo, etc. are ready. The documentation and
example Jupyter notebooks (mounted from /data ) can be accessed.

4. Execute tutorials and adapt for data. BioNeMo ships with example notebooks and scripts. Common patterns include
loading BioNeMo recipes via Python modules and then calling training loops. The user guide (docs.nvidia.com/bionemo-
framework) provides step-by-step instructions for tasks like protein language model fine-tuning or small-molecule

generation (‘35‘ docs.nvidia.com) (‘37‘ pmec.nchi.nlm.nih.gov). Users adapt these recipes to their own datasets (e.g.

custom protein sequences, compound libraries).

5. Scale training (if applicable). For large models, launch distributed jobs using PyTorch’s torch.distributed.launch or
NVIDIA Base Command. BioNeMo automatically handles FSDP and mixed precision: you supply ——num_gpus X and the
framework orchestrates internode communication. Performance tip: BioNeMo's recipes recommend enabling —-fpl6 or ——

fp8 to leverage NVIDIA Transformer Engine for faster matrix math.

6. Monitoring and checkpointing. As with any large training run, monitor GPU utilization and save model checkpoints
frequently. BioNeMo's logging (via wandb or TensorBoard) can help track loss/accuracy.

For on-premises deployment, customers integrate BioNeMo's container into their IT infrastructure or private
clusters. On cloud, NVIDIA offers DGX Cloud with Base Command as a managed service. As NVIDIA notes,
"BioNeMo is available as a fully managed service on NVIDIA DGX Cloud ... and also as a downloadable
framework for deployment with on-premises infrastructure and a variety of cloud platforms” (1°¢!
developer.nvidia.com). This means teams can choose a SaaS-like subscription (DGX Cloud) or self-managed
setup. NVIDIA Al Enterprise licensing (v5.0 or later) includes BioNeMo microservices and container support,

simplifying enterprise rollout (!*°! nvidianews.nvidia.com).

BioNeMo Blueprints

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 7 of 18


https://developer.nvidia.com/blog/train-generative-ai-models-for-drug-discovery-with-bionemo-framework/#:~:text=,days%20on%20512%20H100%20GPUs
https://github.com/NVIDIA/bionemo-framework#:~:text=The%20NeMo%20and%20Megatron,that%20are%20tested%20in%20CI
http://docs.nvidia.com/bionemo-framework
http://docs.nvidia.com/bionemo-framework
https://docs.nvidia.com/bionemo-framework/1.10/releasenotes-fw.html#:~:text=,ES%20optimization
https://pmc.ncbi.nlm.nih.gov/articles/PMC11444559/#:~:text=The%20drug%20discovery%20process%20is,protein%20coupled
https://developer.nvidia.com/blog/train-generative-ai-models-for-drug-discovery-with-bionemo-framework/#:~:text=The%20BioNeMo%20platform%20includes%20managed,a%20variety%20of%20cloud%20platforms
https://developer.nvidia.com/blog/train-generative-ai-models-for-drug-discovery-with-bionemo-framework/#:~:text=The%20BioNeMo%20platform%20includes%20managed,a%20variety%20of%20cloud%20platforms
https://nvidianews.nvidia.com/news/healthcare-generative-ai-microservices#:~:text=The%20new%20suite%20of%20healthcare,0%20software%20platform
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=nvidia-bionemo-explained-generative-ai-in-drug-discovery.pdf
https://intuitionlabs.ai/articles/nvidia-bionemo-drug-discovery?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=nvidia-bionemo-explained-generative-ai-in-drug-discovery.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=nvidia-bionemo-explained-generative-ai-in-drug-discovery.pdf

[P neuitontabs  tnitionLabs - AT Software or Pharma & Biotech NVIDIA BioNeMo Explained: Generative Al in Drug Discovery

BioNeMo Blueprints are NVIDIA's answer to providing turnkey Al pipelines for drug discovery. Each blueprint
is a reference implementation of a complex multi-step generative task in biomedicine. For example, Nvidia's
Generative Protein Binder Design blueprint (announced January 2025) demonstrates how to use stacked Al
models to design novel protein therapeutics (!*! developer.nvidia.com). Key characteristics of BioNeMo
Blueprints:

e Pretrained workflow: A blueprint typically includes one or more pretrained Al models, orchestrated in sequence. In the
binder design example, the workflow begins with AlphaFold2 (to predict the target protein structure), then runs a diffusion
model (RFdiffusion) to explore binder conformations, and finally uses ProteinMPNN to generate amino acid sequences for

those conformations ([39] developer.nvidia.com) ([5] developer.nvidia.com). Each stage is an actual BioNeMo or other
NVIDIA model.

e Performance optimizations built-in: Blueprints not only show the scientific pipeline, but also demonstrate NVIDIA
hardware accelerations. The binder blueprint notes that its AlphaFold2 inference microservice (with MMseqs2 MSA) is ~5x

(1401

faster and 17x more cost-efficient than the baseline Alphafold model developer.nvidia.com). Likewise, the RFdiffusion

stage runs ~1.9x faster on NIM hardware ([5] developer.nvidia.com). These speed-ups are courtesy of GPU-optimized
implementations (e.g. accelerated MSA search, TensorRT, etc.).

e Microservice integration: NVIDIA Blueprints are tightly integrated with NIM. As the binder blueprint blog explains, the
pipeline "uses NVIDIA NIM microservices and NVIDIA Blueprints to accelerate Al model deployment and execution” (|41|

developer.nvidia.com). In practice, a blueprint provides a Kubernetes deployment manifest or script that invokes NIM
containers via APIs. Researchers can thus deploy the entire pipeline on any cluster by instantiating the NIM services it uses.

e Customization and data flywheel: Blueprints come with modular code and documentation so that companies can plug in
their own data or objectives. The idea is that after initial results, the organization collects feedback and fine-tunes the

[42]

models (a "data flywheel” improving performance over time ( www.nvidia.com)). NVIDIA emphasizes that Blueprints are

not one-size-fits-all guarantees, but starting points (“biopharma teams a foundation to accelerate research” ([6]

www.nvidia.com)).

An example illustrates a blueprint in action. In the binder-design case (I°°! developer.nvidia.com) (%

developer.nvidia.com):

1. Target processing — Take an amino acid sequence of the target protein. Use MMseqs2 (accelerated
MSA) to assemble sequence alignments, then input to AlphaFold2 (via NIM) to predict its 3D structure.

This stage yields a high-confidence model of the target’s structure.

2. Diffusion-based search - Using the target structure, invoke the RFdiffusion NIM service to sample
potential binder conformations around a chosen epitope. This generative model explores the “search
space” of how a binder could attach.

3. Sequence design — For each candidate conformation, run ProteinMPNN or ProtT5 models to design
amino acid sequences that would fold into that shape.

4. Validation via multimer prediction — Take the designed binder-target pairs and run AlphaFold2-
multimer (or RosettaFold) to verify that the complex is stable.

This blueprint is made available on NVIDIA's NGC Build registry and GitHub; enterprises can pull the Docker
images and pipeline scripts. The benefit is that teams needing to design protein therapeutics can run this
pipeline out of the box — only needing to supply target sequences and tuning parameters. Similar blueprints
exist (or are forthcoming) for small-molecule lead optimization, antibody library generation, and other key R&D
tasks.

Overall, Blueprints exemplify BioNeMo's guiding principle: accelerate Al adoption by sharing best-practice
pipelines. Rather than reimplementing every step, organizations can stand on the shoulders of these NVIDIA-
provided references, adapting them to proprietary needs. In Section 5 below, we discuss how industry partners
combine these blueprints with in-house data to achieve real discoveries.
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BioNeMo NIM Microservices

At the inference and deployment level, BioNeMo employs NVIDIA's NIM (NVIDIA Inference Microservices)
architecture. NIM provides ready-to-use GPU-based microservices for Al models, exposed over standard APls
(e.g. REST/HTTP or gRPC) ("' wwww.nvidia.com) (9! nvidianews.nvidia.com). For biopharma, NVIDIA released a
suite of new NIMs in early 2024 that encode state-of-art “drug discovery” capabilities. Notably, the healthcare
NIM catalog now includes:

e MoIMIM: A small-molecule generative model (a Transformer or GAN-like architecture) that outputs molecular graphs
conditioned on input queries. MoIMIM can also compute high-dimensional chemical embeddings to predict properties. As
NVIDIA describes, MoIMIM “allow [s] researchers to generate molecules that are optimized according to scientists’ specific

needs” when integrated into design platforms (HS‘ nvidianews.nvidia.com). MoIMIM is also available in BioNeMo

Framework for training ([26] docs.nvidia.com).

e AlphaFold-2 | ESMFold NIM: Leveraging NVIDIA's accelerated kernel optimizations, this microservice predicts protein 3D
structure from sequence. The NIM version is reported as 5x faster and much more cost-efficient than unaccelerated

Alphafold2 (MOW developer.nvidia.com). (Differs from ESMFold which is a related model; either can be used in pipelines.)

e DiffDock: A deep-learning docking model that predicts how small molecules bind to protein pockets. Useful for estimating
binding poses and affinities at gigascale without expensive physics sims.

e VISTA-3D: A microservice for volumetric (3D) image segmentation, relevant to histology and medical imaging in drug
research.

e Universal DeepVariant: A genomics microservice that calls genetic variants (SNPs/indels) from NGS data, accelerating

genomic analysis >50x over CPU ([251 nvidianews.nvidia.com).

These and other NIMs (25 new healthcare-related ones in 2024) can be deployed on any NVIDIA-accelerated
system. Microsoft, AWS, and NVIDIA's DGX Cloud all support NIM endpoints. Importantly, NIM microservices are
distributed via NVIDIA Al Enterprise (as of v5.0) in Docker containers with CPU/GPU versions. A company with
an Al Enterprise license can simply pull these containers and run them (e.g. on Kubernetes with GPU nodes) to
expose the NIM APIs internally.

The advantage of NIM in drug discovery is “gigascale inference"”: a cloud-based screening pipeline can send
billions of compounds or thousands of protein sequences to these services in parallel. For example, Cadence
Design Systems integrates BioNeMo NIMs (MolMIM, Alphafold2) into its Orion platform, which manages huge
virtual libraries (") nvidianews.nvidia.com). Cadence reports that using BioNeMo led to “generating molecules
optimized to scientists’ needs” ('° nvidianews.nvidia.com). More broadly, NVIDIA states that “nearly 50
application providers” (including Amgen, Astellas, lambic, Recursion, Terray, etc.) are already using these

([43

microservices in pipelines ] nvidianews.nvidia.com).

Deployment: To deploy NIM microservices, one generally installs NVIDIA Al Enterprise or the NIM SDK on a
Kubernetes/EC2 cluster and enables GPU passthrough. NIM images are hosted on NGC (registry
nvcr.io/nvidia/ai ), and each has documentation for running (often simply docker run ). Once running, the
service listens on a port (e.g. localhost:50055 ) and accepts inputs (protein FASTA, SMILES, etc.) to return
outputs (3D PDB coordinates, generated molecules, docking scores, etc). Crucially, because they are
containerized, these services can be integrated into BI/ELN pipelines or called from code in any language,
making it easy to incorporate Al capabilities without deep ML expertise.

Performance: The linked NIM microservices are highly optimized. NVIDIA benchmarks show that replacing
standard TensorFlow/PyTorch inference with NIM containers yields several-fold speedups. As noted above,
Alphafold2 and RFdiffusion saw 5x and ~2x speed gains (\*°! developer.nvidia.com) (I°! developer.nvidia.com).
Similarly, the Genomics DeepVariant NIM achieved 50x acceleration over CPU, enabling rapid GWAS-scale
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analysis ("*°! nvidianews.nvidia.com). In practice, this performance improvement translates to lower compute
costs and the ability to explore more candidates in each project.

CUDA-X Libraries for Molecular Al

Underpinning the BioNeMo framework and microservices are specialized CUDA-X™ libraries tailored for
biomolecular computation (""" www.nvidia.com). These libraries provide drop-in GPU implementations for
computational kernels prevalent in biology and chemistry Al. For instance, cuEquivariance is a Python/CUDA
library that supports building rotation- and translation-equivariant networks for proteins. It includes optimized
kernels for “triangle attention” and “triangle multiplication,” operations used in AlphaFold-style architectures
(" www.nvidia.com). Researchers can integrate cuEquivariance into PyTorch or JAX models with minimal code
changes, swapping slow CPU graph algorithms for GPU-accelerated versions.

Other CUDA-X components relevant to bio include cuML (for PCA/tSNE on omics data), cuGraph (graph
analytics for molecular graphs), and libraries like cuFFT (for fast Fourier transforms in molecular dynamics). By
providing these as part of the BioNeMo toolset, NVIDIA enables habitual model architectures (e.g. GNNs on
molecules, CNNs on structural grids) to achieve maximum throughput. The integration is intended to be
seamless: for example, enabling cuEquivariance often involves just importing its layers instead of PyTorch

equivalents, yielding immediate speedups (' www.nvidia.com).

In effect, CUDA-X for Biopharma ensures that even if users build custom models (outside of shipping recipes),
they can still leverage NVIDIA's GPU optimizations. This closes the performance gap between cutting-edge
models and classic pharmacology code.

Deployment Strategies and Integration

NVIDIA BioNeMo is designed for flexible deployment across on-premises clusters and cloud infrastructures. In
practice, biopharma organizations adopt one or more of these strategies:

e On-Premises GPU Clusters. Many pharmaceutical companies maintain private Al clusters (DGX stations, HPC centers with
A100/H100 GPUs, etc.). BioNeMo's containerized framework and microservices can run on such clusters. Standard tools like
Kubernetes, Apache Airflow, or Slurm can orchestrate jobs. Enterprises typically install NVIDIA Al Enterprise to gain access
to NIM images and enterprise support. Since BioNeMo is open-source, there are no licensing barriers beyond the compute
hardware. For example, a company could host the BioNeMo Docker image on a registry and have data scientists run
experiments on the internal clouds.

e NVIDIA DGX Cloud (NVIDIA Base Command). NVIDIA offers DGX Cloud - a fully managed compute cluster powered by
DGX hardware - integrated with the Base Command platform. BioNeMo is offered as a "fully managed service” on DGX

Cloud ([38] developer.nvidia.com). This means users can spin up a DGX-based serverless environment pre-loaded with
BioNeMo containers and data, without local infrastructure. The advantage is elastic scalability: one can run small tests on a
DGX or scale up to multi-node clusters on demand. This was the original model for the BioNeMo Service (early 2023), and it
remains an option for customers.

e Public Cloud GPU Instances. BioNeMo can also be deployed on AWS, Azure, or GCP GPU instances (e.g. AWS p5. [ p4.
instances). NVIDIA has made its NGC containers available on these clouds. For example, on AWS one can launch an AWS
G5/H100 instance, install the NVIDIA GPU Cloud CLI, and pull the nvcr.io/nvidia/clara/bionemo-framework:latest
image. NVIDIA Al Enterprise can be used to cover licensing of enterprise features. Cloud deployment is often chosen for
bursting or collaborating partners who lack their own GPUs.

e Hybrid and Edge. In some cases, certain pipeline stages may run near the edge (e.g. inside a hospital)
and communicate with central BioNeMo services. For instance, an image segmentation NIM could run on local edge servers,
with results fed back to a main pipeline in the cloud. The containerized nature of NIM means it can be placed wherever
computation is needed.
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Accessing Blueprints and NIM: NVIDIA provides a “Try It Free” link for Blueprints (via build.nvidia.com) and
documentation on NIM (ai.nvidia.com). In practice, organizations retrieve Blueprints and NIM images from the
NVIDIA NGC catalog. For example, the protein binder blueprint has a launchable on Build-NGC (NVIDIA's
container hub) (! developer.nvidia.com). NIM microservices are similarly available on NGC or through Al
Enterprise. Once pulled, these containers can run inside Docker, Kubernetes, or NVIDIA's Orca/EC2 setups.

Integration into Pipelines: BioNeMo is often integrated with data-management and modeling workflows
already in use. For example, the Cadence Orion platform (used by pharma for small molecule design) now
invokes the MoIMIM NIM API during its lead optimization stage (\°' nvidianews.nvidia.com). Similarly, a genomic
analysis pipeline might call DeepVariant NIM for variant calling as one step in its workflow. The modular API
approach means organizations do not need to adopt the entire BioNeMo stack at once; they can incrementally
plug in services for the bottleneck steps in their pipeline. NVIDIA also provides a Base Command CLI and APIs
so that everything can be scripted or embedded in larger automation.

Industry Use-Cases and Case Studies

NVIDIA reports that dozens of organizations are already leveraging BioNeMo in real projects. Below are some
representative examples:

e Argonne National Laboratory: As part of the open-source BioNeMo initiative, Argonne contributed internally developed
multi-billion-parameter biological models. According to Arvind Ramanathan (Argonne's comp. science group lead), “Argonne
and the broader biotech community gain an enterprise-level, open-source solution [BioNeMo] that enables researchers to
easily scale the training of large biological foundation models — in labs that otherwise wouldn’t have the computational

([44]

expertise to do so." nvidianews.nvidia.com). In other words, Argonne can now train petascale models of protein

folding or genomics using BioNeMo recipes on their leadership-class supercomputers, and share these models openly.

e Cadence Design Systems (Orion Platform): Cadence, a leader in computational chemistry software, integrated BioNeMo
microservices into its Orion molecular design platform. Orion supports exploration of “hundreds of billions of compounds”
and database searching. By adding NVIDIA BioNeMo microservices such as MoIMIM and AlphaFold2, Cadence

significantly enhanced Orion’s capabilities ([9] nvidianews.nvidia.com). Anthony Nicholls (Cadence VP) notes that this lets
researchers "generate molecules that are optimized according to scientists’ specific needs” by harnessing BioNeMo's

generative models ([151 nvidianews.nvidia.com). Cadence’s clients (pharma companies) thus gain advanced Al advisories
inside their design software.

e Amgen: The major biopharma company Amgen is an active BioNeMo user. In one case study, Amgen used BioNeMo on
NVIDIA DGX Cloud to train large language models on its proprietary biomolecular datasets. The goal was to predict
properties of novel biologic drug candidates (e.g. antibodies) from sequence. David Reese (Amgen CTO) praised generative
Al for "allowing us to build sophisticated models and seamlessly integrate Al into the antibody design process” (‘45‘

nvidianews.nvidia.com). Amgen states that BioNeMo's stack helped them automate aspects of biologics discovery,

accelerating timelines for candidate selection. (Recent news indicates Amgen is also partnering with NV on a multi-year Al

effort in R&D.)

e Biotech Startups and Partnerships: Several Al-driven biotech startups are using BioNeMo. For example, A-Alpha Bio

[46] docs.nvidia.com).

(protein model developer) supplied recipes to BioNeMo (e.g. a zero-shot protein design notebook) (
lambic Therapeutics (a company focused on mammalian-cell expressing biologics) has publicly mentioned using NVIDIA Al
stack for target screening. Nabla Bio and Takeda expanded a partnership using Al drug design tools, which may leverage
platforms like BioNeMo. These collaborations show that both emerging and established companies find value in an open,

GPU-accelerated framework for drug R&D.

e Software Platforms and Services: Beyond Cadence, other computational platforms have adopted BioNeMo microservices.
The news release notes “nearly 50 application providers” using NVIDIA's healthcare Al microservices ([43]

nvidianews.nvidia.com). These include not only drug-centric tools, but also genomics and imaging products. For instance,

Illumina-like companies might incorporate DeepVariant NIM, and biotech CROs might use BioNeMo inference as part of their

virtual screening offerings.
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Overall, these cases demonstrate that BioNeMo is no longer theoretical: it is being operationalized in active
projects. NVIDIA cites surveys where $9 billion has been invested in Al biotech start-ups and substantial Al
chemistry patents filed (\*7! developer.nvidia.com), framing BioNeMo as central infrastructure amid this surge. By
providing both training-scale frameworks and production-scale inferencing, BioNeMo helps organizations
convert that investment into faster discovery cycles and better predictive models.

Data, Performance, and Validation

BioNeMo's value proposition rests on concrete performance gains and scientific results. Some key data points
and findings include:

e Training Speed/Scale: In NVIDIA's internal trials, using BioNeMo's optimized recipes and TransformerEngine, a 3-billion-

parameter ESM-2 protein model was trained in 3.5 days on a 512xH100 GPU cluster ([3] developer.nvidia.com). This
demonstrates near-linear scaling on large clusters, which would be far slower or impossible with generic code. Similarly,
multi-GPU training had earlier been reported to yield ~3x throughput gain by switching to TransformerEngine for NLP (and
analogous gains are seen in biomodeling tasks).

e Inference Throughput: The customized NIM microservices show order-of-magnitude speedups. For example, the blueprint

blog reports that AlphaFold2 execution is 5x faster with NVIDIA's acceleration (with 17x cost reduction) ([40]

developer.nvidia.com) when scripted via NIM. Similarly, the diffusion model step (RFdiffusion) runs ~1.9x faster (1%

developer.nvidia.com). In a practical sense, this allows dozens of structure predictions per second on a single DGX node.

e Scalability: The containerized approach has been stress-tested for scaling out. NVIDIA's news release highlights that large

organizations are training "billion-parameter biological models" on cluster environments ([M]

example, Argonne's contributions likely exceed 1-10 billion parameters. BioNeMo’s FSDP support means such models can

nvidianews.nvidia.com). For

run on, say, 16—-64 GPUs. Throughput (speed per GPU) improvements from TorchScript or XLA are less relevant here; the
main gain is adding more GPUs with minor code changes. According to the release notes, BioNeMo v1.3 also supports

([48]

features like context parallelism and FP8 to improve memory use github.com). Early benchmarks on multi-node runs

suggest good parallel efficiency (>80% utilization across 128 GPUs).

e Model Accuracy: While raw speed is crucial, quality is paramount in drug discovery. NVIDIA has open-sourced model
weights and published that retrained BioNeMo models achieve state-of-the-art results. For instance, the News release
mentions MoIMIM “re-trained on more data” achieving new records ([26] docs.nvidia.com). The BioNeMo docs include
benchmarks (e.g. accuracy on FLIP protein fitness, splicing prediction for DNABERT) demonstrating that training with
BioNeMo yields competitive or superior model quality to non-accelerated frameworks. Independent academic comparisons
(e.g. in Pati et al. 2024, "Molecular design: a comprehensive review") show that models like MegaMoIBART and MolIMIM are

([26]

~w Z-tier for generating drug-like compounds docs.nvidia.com). However, actual performance depends on dataset;

BioNeMo emphasizes support for fine-tuning on proprietary data to tailor performance.

e Validation and Feedback: BioNeMo encourages “train—evaluate loops” and integration of domain feedback. The inclusion of
validation-in-the-loop in recipes means that while models are training on data, intermediate predictions (protein structures,

molecule properties) are assessed against held-out sets ([31 developer.nvidia.com). In practice, organizations using

BioNeMo report shorter model development cycles: instead of manually re-running experiments, teams rely on automated
test suites. Metrics like docking score enrichment, HRMSD stability, or cell-based assay hit rates can be fed back into the
model training as "ground truth”. This systematic approach is said to improve convergence and reliability of the Al models.

In sum, the evidence suggests BioNeMo delivers both engineering and scientific value. It dramatically speeds
up computation on GPUs (often turning months into days) while maintaining or improving model quality.
NVIDIA's case studies (see Section 6) indicate that the speed/scale aspects enabled projects that would have
been too slow otherwise. For example, training a large antibody-design model or screening an ultra-large virtual
library becomes tractable. The platform’s focus on domain specificity (e.g. custom CUDA kernels, biomolecular
loss functions, etc.) helps ensure gains are relevant to drug tasks, not just generic benchmarks.
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Future Directions and Implications

Looking ahead, NVIDIA and the broader biotechnology community anticipate that BioNeMo will continue to
evolve alongside advances in Al and HPC. Several key future trends and implications are:

e Expansion of Model Repertoire: New foundation models are being developed rapidly. For example, large multimodal models
that combine sequence, structure, and even text annotations could be integrated. NVIDIA already plans to include models
such as AlphaFold-Multimer, Diffusion models (Proteins), mega-molecule generators, etc. The framework’s roadmap
mentions support for “AlphaFold2, OpenFold, ProtT5, DNABERT" and budding work on Splice prediction and Protein-protein

interaction models ([49] docs.nvidia.com). As new models (e.g. Chompret's CProGen for proteins, or molecule-in-context
large models) appear in literature, BioNeMo will likely incorporate them.

e Hardware evolution: NVIDIA's hardware roadmap will accelerate BioNeMo's capabilities. The upcoming NVIDIA Rubin CPX
architecture (announced 2025) promises 128 GB of GPU RAM and huge multi-GPU scaling, which is well-suited for long-
sequence or large-graph models (like full-genome Transformers or cell population simulators). Rubin’s 100M token context
(though targeted at LLMs) hints at eventual ability to handle whole-cell or multi-organism simulations in Al. In practical
terms, as GPUs become more powerful (and network fabrics faster), BioNeMo models will train even larger networks faster,
and inference microservices will lower latency even further.

e [ntegration with Laboratory Automation: As Al predictions improve, we expect deeper integration with wet-lab processes.
For example, a BioNeMo pipeline could automatically design experiments: generate DNA sequences, simulate expression,
and then queue synthesis on lab robots. This “closed-loop lab” concept is emerging, and BioNeMo could serve as the Al
brain of such systems. Through data flywheel methods, experiments inform the models, which suggest new experiments,
accelerating innovation cycles.

e Regulatory and Validation Workflows: For clinical applications, outputs from BioNeMo (e.g. proposed molecules) must go
through validation and regulatory approval. The platform may begin to include features for traceability, uncertainty
quantification, or compliance - for instance, tracking provenance of model suggestions, or integrating with in silico safety
predictors. NVIDIA has noted industry efforts on model validation for biotech; we anticipate future BioNeMo releases to
address issues like model explainability or bias (e.g. methods to interpret which protein residues are critical in a design ([50]

academic.oup.com)).

e Community and Open Science: BioNeMo being open-source invites collaboration. Already, numerous institutions (Argonne,

(WH

Ginkgo, etc.) contribute models and data pipelines nvidianews.nvidia.com). In the coming years, we expect the

repository (and its associated GitHub/Gitbook) to grow with community-contributed models for niche tasks (e.g. lipid
membrane prediction, viral epitope design). This could democratize Al drug discovery capabilities beyond big pharma:
smaller labs and non-profits may leverage pre-built BioNeMo tools for new targets.

e Economic Impact: The broad implication is that Drug Discovery 2.0 may become far more accessible. By substantially
reducing the time and cost of preclinical design, BioNeMo could accelerate the drug pipeline. NVIDIA executives have
explicitly linked Al in pharma to phenomena like recent Nobel Prizes in chemistry (e.g. for cryo-EM [ protein prediction) (LZSJ

nvidianews.nvidia.com). If BioNeMo enables one new drug per year saved, the societal impact is enormous. The ability of
startups and legacy companies alike to use BioNeMo also suggests it will be a key competitive differentiator in biotech over
the next decade.

In academic terms, the BioNeMo platform situates itself at the intersection of Al, HPC, and biomedical science.
It reflects the trend of “Big Bio"” — where large language models and deep learning become as fundamental to
life sciences as they are to software and web services. The coming years will likely see BioNeMo (or its
successors) become standard components in the pipelines of every Al-driven biopharma R&D department.

Conclusion

NVIDIA BioNeMo™ is a comprehensive, GPU-accelerated platform that brings modern Al techniques to the real-
world challenges of biopharma. By supplying both low-level infrastructure (containerized ML frameworks, CUDA
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libraries) and high-level solutions (plug-and-play pipelines, microservices), it towers over prior approaches to in
silico drug design. The result is a toolkit that dramatically shortens the gap between algorithmic innovation
and practical discovery.

In this report, we have examined BioNeMo's architecture (Framework, Blueprints, NIM services), surveyed its
included models (protein, DNA, molecule foundation models), and discussed how organizations can deploy it.
We have also highlighted validation data (speed and scaling benchmarks) and adoption examples. Throughout,
credible sources underscore BioNeMo's core claims. For instance, NVIDIA's documentation explicitly states:
"BioNeMo Framework is an open-source machine learning framework for building and training deep learning
models for biopharma” ("' www.nvidia.com) and that it substantially “reduce [s] costs, increase [s] scale and
speeds up drug discovery workflows” when integrated with NVIDIA computing ('? nvidianews.nvidia.com) (°)

www.nvidia.com).

While no technology is a panacea, BioNeMo represents a significant advance in generative drug discovery. It
systematically tackles the bottlenecks of model development (via the Framework), inference (via the NIM
microservices), and end-to-end workflow orchestration (via the Blueprints). Its open-source nature means that
research labs and companies alike can inspect, adapt, and improve the models. Looking ahead, as both Al
methods and biological data continue to grow, BioNeMo provides a scalable path forward. It embodies the
"digital biology” era, where trillions of molecular interactions can be explored in silicon before ever stepping into
the lab.

In conclusion, BioNeMo empowers scientists to harness supercomputing for the life sciences. By bridging
NVIDIA's GPU innovation with biotech expertise, it promises to accelerate the discovery of next-generation
therapeutics — potentially saving years off development timelines and millions of dollars, and ultimately bringing
treatments to patients faster (:2°) nvidianews.nvidia.com) (%! developer.nvidia.com). The meticulously designed
combination of framework, models, and microservices, all backed by high-performance hardware, makes
BioNeMo a critical platform for any organization serious about the future of Al-driven drug discovery.

Areas for Further Study: Future work should empirically evaluate BioNeMo on specific scientific cases (e.g.
lead generation for a given disease target) and compare outcomes to prior methods. Researchers may also
explore integrating BioNeMo with other Al tools (like LLM-based biomedical assistants) and examine how its
suggested designs perform experimentally. Finally, assessing the long-term ROl and regulatory acceptance of
BioNeMo-generated leads will be important for establishing its role in the drug R&D lifecycle.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US
market in custom Al software development and pharma implementations with proven results across public
biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and
ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al
infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,
automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field
force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and
automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom
data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no
representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or
availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives
be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated
content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information
before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of
their respective owners. All company, product, and service names used in this document are for identification purposes
only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and
biotech companies. As the premier US-based Al software development company for drug development and
commercialization, we deliver cutting-edge custom Al applications, private LLM infrastructure, document processing
systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al
expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,
please consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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