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Collaborations Pharmaceuticals, Inc.
Founded in 2015 - Pre-clinical stage company 

Develops software for drug discovery and consumer product 
applications

>20 grants funded (~$21.2M) since 2016

Private company

3 Labs ~2,000 sqft incubator space at NC State University, 

2,700 sqft office space

9 orphan drug designations for rare & neglected diseases 

3 pediatric rare disease designations

1 patent issued, multiple patents filed, 7 trademarks

>150 publications

Our work has been highlighted by: 
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Company overview

• We are a molecule discovery company
– We use artificial intelligence to develop

molecules for consumer product and
therapeutic needs. e.g. molecule design,
sustainable chemistry, toxicology applications

• We are a software company
– We license our internally-developed suite of

machine learning tools allowing for the
generative design and evaluation of
molecules and the building/validation of
brand new models.

• We are a contract services organization
– Using our machine learning tools, we bring

our AI expertise to your enterprise. We do the
work, you keep the results.

Software

Drug Discovery Contract Services
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Software tools
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Finding new molecules or repurposing using 
machine learning

6
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MakeTest

Urbina, Puhl, Ekins et al., 2021 Curr Opin Chem Biol, 65:74-84 



Generative AI

Traditional AI
• Learns from data, makes

decisions based on that
data

• Decisions made within
specific set of rules

• Doesn’t create anything
new

• Pattern recognition
• Alexa, Siri, etc.

Generative AI
• Learns from data, makes

decisions based on that
data

• Decisions can be made
beyond the training data

• Creates new data
• Pattern / image creation
• ChatGPT

What This Means 
• Generative AI will be

used in almost every
industry

• Companies need to
take advantage of this
technology to stay
competitive.

• Drug discovery has
used generative AI for
molecule design

• Other industries could
also use generative AI
for molecule design
with ideal properties
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MegaSyn- Generative AI

• Integrated ML models for targets and off-targets

• Property prediction

• An easy-to-use interface

• Also command line version

• Enables rapid molecule generation

• Starting point for run could be a target molecule or
guided by optimal parameter scores

ADME/Tox 
models
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MegaSyn - Overview 
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Ibogaine, a potent drug for neuroplasticity

• Cameron, Tombari, Lu et. al. proposed, synthesized, and tested new ibogaine
analogs with the following properties in mind:

Ibogaine

• Does not inhibit the hERG channel (avoid this cardiotoxicity)
• Maintains specificity to 5-HT2A (for efficacy)
• Does not induce psychedelic experience (a toxicity)

• tabernanthalog meets these requirements

tabernanthalog

• Can we propose tabernanthalog computationally?
• Challenges:

• Natural product derivative
• Multiple activity models / multiple parameter optimization

Cameron, L.P., Tombari, R.J., Lu, J. et al. A non-hallucinogenic psychedelic analogue with therapeutic 
potential. Nature 589, 474–479 (2021). https://doi.org/10.1038/s41586-020-3008-z
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MegaSyn can generate tabernanthalog

• RNN trained on ChEMBL
• Hill-climb MLE:

• Tanimoto Similarity to natural
products library (CANVASS)

• Activity model 5-HT2A
• In-activity models: hERG

receptor, 5-HT1A, 5-HT1F, 5-HT2C
• Similarity: Ibogaine (Tanimoto >

0.6)
• Lower logP than Ibogaine

• Generated 100,000 compounds
• Took the top 50 by model activity and

parameters score

The top 50 contains Tabernanthalog…
Compound MPO score hERG activity? 2-5HT2A specific?

Ibogaine 3.8 1 1
Tabernanthalog 5.2 0 1

Gen 1 5.4 0 1
Gen 2 5.6 0 1
Gen 3 5.2 0 1
Gen 4 4.8 0 1
Gen 5 5 0 1
Gen 6 5.1 0 1
Gen 7 4.7 0 1
Gen 8 4.8 0 1
Gen 9 4.9 0 1

Gen 10 4.9 0 1
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Case Study: Ibogaine analogs 

Urbina et al., ACS Omega, 2022
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The kick-off: E-mail
Aug 27, 2021

Fabio

Coming soon in Sept 12-15 is a virtual closed conf I have a talk at..

I need some examples please to show how the technology can be "misused" - totally open to ideas because its all virtual..

I wonder if we could pick a particularly 'bad compound' say VX and use the generative approach to show how quickly 
compounds could be designed (we have models for toxicity and Acetylcholinesterase inhibition etc) that are toxic and 
scored for synthesizability..

Additional text redacted

cheers

Sean
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Why did I pick VX?

• Ongoing project funded by DTRA

• Objective:  To develop in vitro and in
silico human metabolism models for
organophosphate (OP) pesticides and
chemical warfare nerve agents (CWNA).
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De novo design of chemical threats using a generative AI 

Therapeutic Molecule Design:
Acetylcholinesterase Inhibition: 1
LD50 Oral Toxicity: 0

Toxic Warfare agent Molecule Design:
Acetylcholinesterase Inhibition: 1
LD50 Oral Toxicity: 1

These molecules are 
all known precursors 
or chemical weapons© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.
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Generative software can design toxic molecules

Generative Model features for scoring:
• Rat LD50 log(mg/kg) – a measure of lethality
• AChE EC50 – acetylcholinesterase – a target for nerve

agents
• QED score – a measure of drug-likeness
• Similarity to VX

6h – created 40,000 virtual molecules 
In the Top 5,000 scoring compounds were known VX analogs 
and other agents + new molecules with increased lethality 
(LD50) and AChE inhibition

VX (LD50 
0.022mg/kg in 
mice)

LD50 Dataset

Urbina, Lentzos, Invernizzi, Ekins, Nature Machine Intelligence 2022
https://www.nature.com/articles/s42256-022-00465-9 
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Open and Commercial software and data collide

• Data/ ML models – AChE Target CHEMBL220, Rat LD50 (CATMoS) dataset (Environ
Health Perspect. 2021 Apr;129(4):47013)

• Software – Many open-source generative tool kits (e.g. REINVENT  - developed by
AstraZeneca – on Github)

• Many other open-source cheminformatics tools (Rdkit, CDK etc), databases
(PubChem etc.)

• Retrosynthesis tools - commercial : SYNTHIA (Millipore Sigma), open source
AiZynthFinder (AstraZeneca) these would help decide how to make a molecule
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Following the presentation, we started a 
collaborations with experts in the field

• Fabio Urbina, PhD.
• Associate Director, Collaborations Pharmaceuticals, Inc.
• Software Development, machine learning, drug discovery

• Filippa Lentzos, PhD
• Reader
• Social scientist critically analysing biological threats, biosecurity

and biorisk management
• Cédric Invernizzi, PhD

• CBRN arms control expert
• Concerned with developments in science and technology and their

relevance to arms control
• Sean Ekins, PhD, DSc.

• CEO, Collaborations Pharmaceuticals, Inc.
• Applications of machine learning for toxicology and drug discovery
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Just the beginning?

• Comment published and went viral
• We have the technology to create massive numbers of

synthetically reasonable molecules using generative
approaches now – we make only a few!

• Unintended consequences of technology to design
molecules as weapons

• How do we regulate /control / limit / monitor this “dual
use potential” of software/data that is Open Source?

• Reputational risk to AI / Pharma industry
• We can erase the virtual molecules
• Need for more discussion at conferences – education
• This is the ongoing story behind it…

Urbina, Lentzos, Invernizzi, Ekins, Nature Machine Intelligence (2022)
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Professional interest
• White House OSTP/NSC - March
• Invited to participate in Rutgers seminar on ethics of mitigating global

catastrophic biological risks - April
• Discussion with MIT CSAIL AI risk group - April
• Talk at Australia Group, Paris - June
• Invitation to speak at OPCW-IUPAC workshop on AI applications in

Chemistry, The Hague - June
• Invitation to present to DTRA - Aug
• Talk at ACS meeting - Aug
• Talk to PNNL - Aug
• Spiez Convergence conference – Sept 2022
• Talk at AAPS meeting - Oct
• Multiple companies, institutes, US Gov orgs. reached out to discuss

collaborations, business ideas
• 2003 - Presented in Brazil on behalf of the US State Dept 2023
• 2003 - Talk NIH CounterACT meeting, G7 group meeting,
• 2004 - various academics, authors etc..
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Follow up articles by others 

Sadasivan Shankar and Richard N. Zare
Nature Machine Intelligence, 2022, 4: 314

Marc-Michael Blum
Nature Machine Intelligence, 2022
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Revisiting our work

Prior examples of dual use all required physically 
making it:
• Synthesis of mousepox
• Synthesis of poliovirus
• 1918 influenza virus
• Gain of function H5N1
• Synthesis of Horsepox

A teachable moment for dual use (Nature Machine 
Intelligence)

2 additional papers

• Discuss recommendations for mitigation
• Putting it in context with scientist response before

and after Manhattan Project

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.
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What we did / did not design
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All compounds are captured by the schedules of the Chemical Weapons Convention as 
Schedule 2B04 (B. Precursors) a 
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10 Recommendations for generative AI:
Preventing AI from creating chemical threats

1. Learn from The Hague Ethical Guidelines

2. Engage numerous AI ethics institutes or other experts to provide guidance

3. Increase ethical training for computing students and raise awareness

4. Increase training of scientists in companies to recognize potential for dual use of generative AI

5. Keep a human in the loop

6. Waitlist restriction (e.g. like GPT-3 was initially) to limit access

7. Use a public facing API to control access and how models are used

8. Federated learning - use encrypted data to train model without decrypting data

9. Disclosure of potential for dual use in publications to encourage recognition of this potential and visibility

10. Regulation of software and applications in industry/academia: limit access to tools, knowledge and expertise

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.
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A small sample of global media interest
The Register
The Verge
Science – In the Pipeline
The Economist
Financial Times
Swiss National Broadcaster SRF
TA media
Radiolab (NPR)
Le Temps
Scientific American
C&ENews
National Geographic
Washington Post
Scientific American
Wired
Forbes
BBC © 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.



Podcasts
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Ekins and Urbina in  
Stakeholder perspectives on the Biological Weapons 
Convention 
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Large Language Models are the new frontier for misuse

• e.g. DALL-E from OpenAI
• AI models trained with billions of data points
• Interface queried with text
• e.g. can perform conversations, write articles, produce

images, invent, etc.

• An organization reached out on…request
slightly changed for confidentiality

• test model in area []? What risks are
there ? How to measure the capabilities
in area []?

• What questions would we ask & and
what risk is there?

• Organizations are testing the
vulnerabilities of AI

• This may create additional unintended
consequences

• Weaponization of AI
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A new problem – Large language models

• How long before we can do the following with a
language model online

• Input – “produce a new toxic molecule that
would be easy to synthesize”

• The software cannot quite draw the exact
structure of the molecule requested currently

• It would be difficult to prevent this form of
misuse – the words used are innocuous

• What About ChatGPT etc

Using DALL E-2
a 3D render of a new molecule 

a 3D render of a new toxic molecule that would be easy to synthesize
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ChatGPT for Biology

“With RF Diffusion, the power of AI can be 
harnessed to create useful proteins in a 
matter of seconds.”

• AI language models for protein design are being developed
rapidly. ProtGPT2, for example, has been trained on 45 million protein
sequences, ProGen on 280 million sequences.

• A protein engineering AI could, say, re-design a protein structure around
its active site, potentially removing any sequence similarity to the original
molecule.

• Anyone working on toxin detection technologies—might find it difficult to
identify new, unseen toxins.

• Established systems to detect and prevent the illegal export of toxins
would not recognize them.

©2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides. 
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Cloaking a protein function

• Take the active site of a protein (e.g. ricin) - remove surrounding
structure and ask a generative AI to hallucinate and inpaint a new
structure

• Sequence homology disappears = undetectable
• How would we detect it?
• Structure of yeast hexokinase (PDB 1IG8) and an inpainted

hallucinated model (backbone generation) was done with
Rfdiffusion – holding the binding site constant

Ekins, Brackmann, Invernizzi, Lentzos, GEN Biotechnology, 2023
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Where does ChatGPT get us synthetically?

• It can get us so far – but its not able to predict
molecules activities

• Not trained on the right data
• Even the synthesis information is too generic
• It may be able to generate molecules as ideas

but there may be zero connection to target

• We can solve this by training on the relevant
data

• Even public databases
• Synthesis information
• Publications etc.
• We can build LLMs on the data alone
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Breaking Bad
ChatGPT

©2024 Collaborations Pharmaceuticals Inc. Non-
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Large Language Models to Translate Complex asks into API 
Endpoints

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.37

• ”I would like a set of 100 drug-like
molecules which are likely to
inhibit the drug-target
Acetylcholinesterase.”

API: MegaSyn
n=100
QED >= X 
Input: IC50 AChE Model

• “Does this molecule
[CN1C=NC2=C1C(=O)N(C(=O)N
2C)C] flag for any of the toxic
endpoints in the liver?”

API: MegaTox
Query: CN1C=NC2=C1C(=O)N(C(=O)N2C)C
input: models tagged: liver

• “I would like to repurpose the
drug aripiprazole, maybe to treat
Alzheimer’s.”

API: AoPs, MegaPredict
MegaPredict Screen

Query:C1CC(=O)NC2=C1C=CC(=C2)OCCCCN3CC
N(CC3)C4=C(C(=CC=C4)Cl)Cl
input: AoP Models for Alzheimer’s

LLM

LLM’s such as Toolformer: https://doi.org/10.48550/arXiv.2302.04761 

https://doi.org/10.48550/arXiv.2302.04761


Global visibility for generative 
AI and challenges 
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AI is Dual Use – Solutions?

• Promote responsible AI R&D
• Develop and agree to ethical guidelines
• Design AI to limit malicious use
• Security
• Diligence when working with international partners
• Look for warning signs
• Respond to risks/ threats in own organizations
• Awareness and education
• Need for international cooperation and regulation
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Summary

• Think about what AI tools you use today
• How might they be misused?
• All life sciences research and applications must be used responsibly
• The deliberate misuse of biological agents and toxins for harmful purposes

is formally prohibited by international law, through the 1925 Geneva
Protocol the 1972 Biological Weapons Convention and the 1993 Chemical
Weapons Convention

• Train your students and staff
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The Original article impact
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Thank you!

Talk to us:

Sean Ekins, CEO
sean@collaborationspharma.com
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