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AI as a tool vs AI as a teammate

AI tools

EchoNet

AI teammate



The Virtual Lab

The Virtual Lab is a team of interdisciplinary AI scientists that work with human scientist 
on challenging, open-ended research/development.

AI scientists

Virtual Lab School

Self-learning agents

Swanson et al. bioRxiv 2024



Virtual Lab Design

Agent creation

Team 
meeting

Individual 
meeting



Virtual Lab: team meeting

Guide

Synthesis & Questions

Answer

⨉ N

Agenda Response Response SummaryResponse Critique

Discuss research directions and for all the 
team members to present updates.



Example Virtual Lab team meeting

Kyle Swanson



Virtual Lab: parallel meetings

Individual 
Meeting

Answer

Meeting #1
Summary

Answer

Answer

Answer

Answer

Answer
Merge

Meeting #2

Meeting #3

Meeting #4

Meeting #5

Summary

Summary

Summary

Summary



Words written by different agents



Virtual Lab designs nanobodies for recent COVID variants

Virtual lab created workflow.

ESM2 à selected stable nanobodies
AF-Multimer à predicts nanobody + spike structure
Rosetta à estimates binding energy
3 models combined to select candidates for next round. 



Virtual Lab designed nanobodies experimentally validated

Promising candidates 
showing enhanced 
binding to recent 
JN.1 variant and the 
original Wuhan 
variant. 

John Pak



1. Choose Topics for Agents 2. Self Generate Queries
nanobodies

SARS-CoV-2 spike protein

SARS-CoV-2 variants KP.3 and JN.1

ESM

AlphaFold-Multimer

Rosetta

1. What is ESM?

2. How is ESM used for nanobody design?

3. How are ESM embeddings used?

4. How are ESM log-likelihoods used?

5. How to design nanobodies with ESM?

ESM

3. Search PMC & Select Papers

What is ESM?

Title: ESM for Nanobodies

Abstract: ESM is a tool for…

Title: ESM for Peptides

Abstract: ESM can be used to…

Title: ESM for Antibodies

Abstract: Here we use ESM…

Title: ESM for Nanobodies

Abstract: ESM is a tool for…

Title: ESM for Antibodies

Abstract: Here we use ESM…

Virtual Lab School of self-improving AI scientists



4. Summarize Papers

Title: ESM for Nanobodies

Full Text: ESM is a tool 

for proteins that can be 

used to model nanobodies…

Summary: ESM is good 

for nanobody design.

5. Finetune on Summaries
Summary: ESM is good for nanobody design.

Summary: ESM can’t be used for small molecules.

Summary: ESM log-likelihoods are useful.

6. Evaluate via Q&A

Question: What is ESM good for?

1. Small molecules

2. Nanobodies

3. DNA

Summary: ESM is good 

for nanobody design.
Nanobodies



AI teammates for clinical trial submissions

Silberg et al. NeurIPS Benchmarks 2024

FDA labels 
>100K pages of PDFs

Summarizing 
information

Extracting 
toxicity

Understanding 
FDA criticisms



Virtual Lab: broad roster of AI scientists with deep expertise

AI chemist 
AI data 
scientist 

AI 
pathologist

AI 
immunologist AI tox specialist

…and more!



TextGrad: autograd for AI agents

Yuksekgonul et al. Nature 2025

Systems of agents: 
backprop text feedback 

Standard deep learning: 
backprop gradients



TextGrad: flexible optimization of AI agents

TextGrad improves 
LLM performance on:

1. LeetCodeHard

2. Google-proof QA

3. Treatment planning

4. Molecule opt.

Yuksekgonul et al. Nature 2025



Prompt: 
think step by step

LLM LLM Loss function: 
Evaluate response

Response

Chain rule for text
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Prompt: 
think step by step
and verify each step

LLM LLM Loss function: 
Evaluate response

Response

Chain rule for text



TextGrad designs new druglike molecules

Yuksekgonul et al. Nature 2025



TextGrad optimizes desirable molecular properties

TextGrad
trajectory

Yuksekgonul et al. Nature 2025



TextGrad designs desirable and novel small molecules

Optimizing binders to 58 target proteins
Yuksekgonul et al. Nature 2025



TextGrad improves over previous molecule optimizers

Target protein

TextGrad TextGrad

Yuksekgonul et al. Nature 2025



TextGrad improve radiation oncology treatment planning

Goal: increase radiation in target region while minimizing radiation outside   
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TextGrad improve radiation oncology treatment planning

Yuksekgonul et al. Nature 2025


