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Company overview

« We are a molecule discovery company

A . Software
— 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.

A
A 4

- We are a contract services organization Drug Discovery Contract Services

— Using our machine learning tools, we bring
our Al expertise to your enterprise. We do the
work, you keep the results.
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Software tools

Our suite of machine learning and generative design tools is
available for your molecule design needs
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Acetylcholinesterase machine A comprehensive database of Prediction of the UV-VIS spectra
learning models for multiple macrolactones and associated for a molecule from structure
species biological data alone

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.

COLLABORATIONS
PHARMACEUTICALS, INC.



Finding new molecules or repurposing using
machine learning

HN

FDA Drugs/ v
Clinical Candidates o
ULl Lenalidomide
Approved drugs for
potential repurposing

Machine Learning
Prioritized list

In vitro/In vivo Clinical
Knowledge-base \ of drugs to testing Patient trials
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Urbina, Puhl, Ekins et al., 2021 Curr Opin Chem Biol, 65:74-84 - TR —
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Generative Al

/ Traditional Al \

 Learns from data, makes
decisions based on that
data

* Decisions made within
specific set of rules

« Doesn’t create anything
new

» Pattern recognition

Clexa, Siri, etc. /

/ Generative Al \

» Learns from data, makes
decisions based on that
data

* Decisions can be made
beyond the training data

» Creates new data
» Pattern / image creation
e ChatGPT

\_ /
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/ What This Means\

» Generative Al will be
used in almost every
industry

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

« Drug discovery has
used generative Al for
molecule design

» Other industries could
also use generative Al

for molecule design
with ideal properties /




MegaSyn- Generative Al

ADME/Tox
models

» Integrated ML models for targets and off-targets
/\ Optimize parameters ﬂ
generate é Y
« Property prediction i 'y o I
(’ ChEMBL RNN-LSTM ::‘Ir::?cted model '
A activity
* An easy-to-use interface similarity to dataset
- S

« Also command line version
« Enables rapid molecule generation

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

Submit

Urbina et al., ACS Omega 2022 May 27;7(22):18699-18713
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MEGASY N

MegaSyn - Overview

Target Optimization Training

Maximize
Above-Threshold
Fraction

Inner Loop
MegaSyn

Train Generate

Top-Scoring SMILES SMILES/Molecules

CNC(=0)CCNCCc1c[nH]c2ccc(F)ccl2
- C#CCCNCCc1c[nH]c2ccc(F)cc12

N#CCCNCCclc[nH]c2ccc(F)ccl2
-HT
Rank Predi
Scoring Model a edict
\_/ Scores <— 5-HT,,

Threshold

Increase
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€nalty Function S
coring
Thresholds
Models
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MEGASYN

Ibogaine, a potent drug for neuroplasticity

Cameron, Tombari, Lu et. al. proposed, synthesized, and tested new ibogaine

analogs with the following properties in mind: —0

* Does not inhibit the hERG channel (avoid this cardiotoxicity) N

« Maintains specificity to 5-HT,, (for efficacy) \

» Does not induce psychedelic experience (a toxicity) H
tabernanthalog meets these requirements Ibogaine
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 \ N—

g
o—\ __/ \
. N
Can we propose tabernanthalog computationally? H

Challenges:
» Natural product derivative
» Multiple activity models / multiple parameter optimization

tabernanthalog
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MEGASYN

« RNN trained on ChEMBL

* Hill-climb MLE:

« Tanimoto Similarity to natural
products library (CANVASS)

 Activity model 5-HT,,

* In-activity models: hERG
receptor, 5-HT 4, 5-HT 5, 5-HT,¢

« Similarity: Ibogaine (Tanimoto >
0.6)
» Lower logP than Ibogaine

* Generated 100,000 compounds

Took the top 50 by model activity and
parameters score

Urbina et al., ACS Omega 2022 May 27;7(22):18699-18713
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MegaSyn can generate tabernanthalog

The top 50 contains Tabernanthalog...

Compound | MPO score | hERG activity? | 2-5HT2A specific?
Ibogaine 3.8 1 1
Tabernanthalog 5.2 0 1
Gen1l 54 0 1
Gen 2 5.6 0 1
Gen3 5.2 0 1
Gen4 4.8 0 1
Gen5 5 0 1
Gen 6 5.1 0 1
Gen7 4.7 0 1
Gen 8 4.8 0 1
Gen 9 4.9 0 1
Gen 10 4.9 0 1
D) o Ibogaine
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MEGASYN

More General More Specific
Primed Models:
Initial Model: Trained on target compound(s)
Trained on ChEMBL
database

Epoch 1 Epoch 3... Epochn

—_—— >
00 @

Exploratory Models:

Trained using Hill-Climb MLE on
composite score function

Urbina et al., ACS Omega, 2022
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Case Study: Ibogaine analogs
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2021 An invitation... |

Spiez CONVERGENCE

N COLLABORATIONS
PHARMACEUTICALS, INC.

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.



The kick-off: E-mail
Aug 27, 2021

Fabio

Coming soon in Sept 12-15 is a virtual closed conf | have a talk at..
| need some examples please to show how the technology can be "misused" - totally open to ideas because its all virtual..

| 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

. . . . 2 COLLABORATIONS
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Why did I pick VX?

« Ongoing project funded by DTRA

BATTELLE

* Objective: To develop in vitro and in
silico human metabolism models for
organophosphate (OP) pesticides and

chemical warfare nerve agents (CWNA).

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.
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De novo design of chemical threats using a generative Al

Therapeutic Molecule Design: Toxic Warfare agent Molecule Design:
Acetylcholinesterase Inhibition: 1 Acetylcholinesterase Inhibition: 1
LD;, Oral Toxicity: O LD;, Oral Toxicity: 1
ML Models
\ S~ J\
o Ry b
g Rat acute o
Training model
oral LDsg \ 0
/\0/\\0
Generate \,0 NN
molecules . ' HO AN
| roperties
C ChEMBL ; Tanimoto similarity o, \/SJ
QED score \0>P\o/ SN \[/
Tep 10% Optimize
SMILES P 40,000 molecules in 6h
parameters

These molecules are
Urbina, Lentzos, Invernizzi, Ekins, J Chem Inf Model. 2023 Feb 13;63(3):691-694 all kKnown precursors

or chemical weapons

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.
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MEGASY N

Generative software can design toxic molecules

Generative Model features for scoring:

+ Rat LDg, log(mg/kg) — a measure of lethality 1004
* AChE EC;, — acetylcholinesterase — a target for nerve
agents
* QED score — a measure of drug-likeness
Similarity to VX 50 -
PO
\l/ ‘\/\Sf” -\5'"
-\ ol
6h — created 40,000 VIrtuaI molecules % 0 1 Generated Compounds
In the Top 5,000 scoring compounds were known VX analogs  ¢p °
and other agents + new molecules with increased lethality W LDg, Dataset
(LDgp) and AChE inhibition ® VX
-50 -
VX Ld,, VX (LD50 .
0 0.022mg/kgin -100 A . | |
B W) 8 o -50 0 50
t-SNE 1
B 0z 03 o4 05 " B % 75 Urbina, Lentzos, Invernizzi, Ekins, Nature Machine Intelligence 2022
i i AOTE preccied E6., i nnoron https://www.nature.com/articles/s42256-022-00465-9

e COLLABORATIONS
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https://www.nature.com/articles/s42256-022-00465-9

Open and Commercial software and data collide

- Data/ ML models — AChE Target CHEMBL220, Rat LD, (CATMo0S) 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

©2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides. T N Bl ARMACEUTICALS. INC.



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

COLLABORATIONS
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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 Al / Pharma industry

We can erase the virtual molecules

Need for more discussion at conferences — education
This is the ongoing story behind it...

B oxewssn|| comment

Dual use of artificial-intelligence-powered drug

discovery

An international security conference explored how artificial intelligence {Al) technologies for drug discovery could
be misused for de novo design of biochemical weapons. A thought experiment evolved into a computational proof.

Fablo Urbina, Fllippa Lentzos, Cédric Invernizzl and Sean Ekins

e Swiss Federal Institute for NBC

{muclear, biclogical and chemical)

Protection —Spiez Laboratory—
canvenes the ‘coovergence” conference
series’ sef up by the Swiss government to
identify developments in chemistry, binlogy
and enzbling technologies that may kave
impEcations for the Chemical and Biclogical
Wezpons Conventinns. Mesting every
two years, the conferences bring together
an international growp of sdentific and
disarmament experts to explare the current
state of the art in the chemical and biological
fidds and their trajectories, to think through
patential security implcations and o
cansider bow these m:phanuus can most
dﬁm:}rhmﬂm@ed

Chrm
mrpands
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Prachetant LY g by

A t-5NE plot visualization of tha LD, datasat and top 2,000 MagaSyn Al-gencratad and predictad
toxic mobacules illestrating WXL Many of tha mokecules genarated ans prediced to ba mom bowc In vive in
tha animal modal thar VX thishogram at right shows: cut-off for VI LD ). The 20 dramical stnacturg of WX

b= showm on tha night.

Mmgmmsfwmmbﬂnd'
dizcustion an the possibilities of harm,
should the iment be there, from catting-sdge
chemical and biclogical technologies.

Owr drug discovery company received an
imvitation to contribute a pressntation on
how Al teckmologies for drug discovery
could potentially be misased.

Risk of misuse
The thought had never previously struck
s We were vaguely aware of secarity
cancerns around work with pathogens or
taxic chemicals, but that did not rebte to
us; we primarily operate in 2 virtual setting.
Our work is rooted in building machine
learning models for utic and toxic
targets to better assist in the design of new
molecules for drug discovery. We hawve
spent decades using computers and Al to
improve human health oot to degrade
it. We were naive in thinking about the
patential misuse of our trade, a5 our
aim had always been to avaid melecular
features that could interfere with the many
different classes of proteins essential to
human life. Even our projects on Ebala and
reurotoxins, which could have sparked
thoughts about the potential negative
implicatiens af aur machire: lrarning
models, had not set our alarm bells ringing.
Our company—Callaborations
Pharmaceuticals, Inc —bad recently

publishad computational machine learning
madels for tnxicity prediction in different
areas, and, in developing cur presentation ta
the Spiez meeting, we opted to explare how
Al could be usad to design toxic molecules.
It was a thought exercise we had mat
considered before that ultimately evolved
into a compatational proof of concept for
making hiochemical weapons.

Generation of new toxic molecules
W had previously designed a commerdial
de nove molecule genemtar that we called
MegaSyn’, which is guidad by machine
learning maoxdel predictions of bicactivity
for the purpese of finding new therapeutic
inhibitors of targets for homan dissases.
This generative model normally penalizes
predicted toxicity and rewards predicted
u:g:tacl:mrr We sunp]vpm]:md to imwert
this bogic by using the mme approach o
design molecules de nowa, but neow guiding
the moded to reward both toxicity and
hicactivity instead. We trained the Al with
malecules from a public database using a
collection of primarily drug-like molecules
(that are synthesizable and likely to be
ahsorbed) and their bicactivities. We opted
to score the designed molecules with an
arganism-specific lethal dose (LD modal’
and a specific model wsing data from the
same public database that would ordinarily

WATURE MACHINE INTELLI GEMCE || wwew.nutusecom. s schirted

e used to help derive compounds for the
treatment of nearslogical dissases (details
af the approach are withheld but were
available during the review process). The
undgrtymgggnenme saftware is built an,

universe af malecules, we chose to drive the
generative mode tewards compounds sach
as the nerve agent VI one of the most toxic
chemical warfare agents developed during
the twenticth centary — a few salt-sized
grains af VX (6-10 mg) is sufficient to kill
a person. Other nerve agents with the same
mechanism sach as the Movichaks have also
been in the headlines recently and used in
poisonings in the UK and slsewiiere’.

I less thiam € Biours after starting on our
in-house server, our model generated 40,000
mealacules that scored within our desired
threshold. In the process, the AT designad
mot cnby WX, but also many ather known
chemical warfare agents that we identified
through visual confirmation with structures
in public chemistry databases. Many new
malecules were also designed that locked
equally plausible. These new moleculzs
were predicted to be more toxic, based an
m:pmdlmdLD.:\ilnu than publichy
kensrwn chemical warfare agemts (Fig. 1).
This was unexpected because the datasets
we used for training the Al did not indude

Urbina, Lentzos, Invernizzi, Ekins, Nature Machine Intelligence (2022)

— COLLABORATIONS
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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 Al risk group - April
Talk at Australia Group, Paris - June

Invitation to speak at OPCW-IUPAC workshop on Al 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..

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.
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Follow up articles by others

correspondence

The perils of machine learning in designing new

M) Check for updates

chemicals and materials

— Machine learning is poised
to revolutionize practice in chemistry and
materials science. Already, machine learning

The scientific establishment has
confronted dual-use problems similar to
this before. When gene editing became

— A Comment piece titled
‘Dual use of artificial-intelligence-powered
drug discovery’ by Urbina et al.’ that was
l recently published in this journal received
considerable attention by several news

| MWy Chack for upd.atasl

COI‘I‘ESPOHdEﬂCE

No chemical killer Al (yet)

for a chemical warfare agent. One of the o \.l/
publicly known agents that is structurally Il

similar to VX but displays a higher toxicity fﬂ“a’;“‘s/ﬂ""/m \l/vx
(about 50%) is EA-3148 (Substance 100A)

(Fig. 1). The United States and the Soviet

is being used to find new pharmaceutical possible, for example, leading scientists and 1x10% outlets including The Economist, Der Union both investigated this compound O\ ﬁ ‘\|/r EA-3148
compounds, including in the fight against ethicists called for a moratorium on clinical 0 Spiegel and The Financial Times. A number in detail under their Cold War chemical ,D’F “sf‘vN (Substance 100A)
the COVID-19 pandemic. This holds great  applications of germline gene editing, o of tabloid papers also ran pieces, with titles weapon programmes, but it was ultimately
g;g]::ise fortlhelift‘ilmi‘tbutti also fife_at Pﬂﬁ}& ;hi]c)h b}gvo}ves :)nheri:abili alteraéionil to | 108 T such as *Killer Al invented 40,000 ‘lethal discarded for stockpiling™. Stability, physical
now, too € attention 1s being pais e oI embryos to ange the pnysical
to the downside, as pointed out in a recent and mental capabilities of newborns. But %100
x 0

Comment by Urbina etal.’,
It is easy to recognize the benefits of

a moratorium also means that we sacrifice
some of the potential advantages that such

1x 10

Marc-Michael Blum

the machine-learning approach to, for advances might bring to society. % o5 24,

example, testing chemicals and materials As machine-learning tools are made "i@o’ 2 j’% ”bc.?“:/a% ”f%"i . .

for toxicity — an area that we work on as more broadly available for communities A NCR Y

a cc_)n'_Lbi.ned team of computer scientists to use m{hel_n makin_g new cm:npounds_a.nd ” s N atu re M aCh I n e I nte I | I g e n Ce ’ 2 022

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

e COLLABORATIONS
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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

[masewss]| correspondence

A teachable moment for dual-use

Dual-use nsearch of
comcrm (DUBC) can be definal as rescarch,
mainky m the lifs sowncas, 1hal has the
petential to e musapphed for harmiul
s’ Ky examphes are the syarhesis
nussepus, the syntheis of pulsosus’,
the genaration of the 1918 infumas v’
gain-od-functien stefles with H5H1 in
lerrets” and the symiBeils of horsepon, the
viral cottsin uf s=alpox’, Thess seminad
svenis imerdved the physcal symtben
of a bislogical apent. Hossever, the time
oy beave comse b alss coredder dual e
he dewelupm ent ol beic gents in
n the light of the alarming reulis
of a computanional expemiment we Tecerihy
perfarmed fea a biennial aree comeral
comberence’; we wsed a generalive artificial
I} apprnach provaouly
drug discovery applications,
couldl easily desgnar
nerve agents indhading VE. The expe
Aemenutrated the abarmemy sped and
ease wikh which smuch software — based on
oprente soaarce toods ared daiasers from ihe
pablic diama coukd b s for bad
prerpses Jlur expersent wan shsequently
sorvared widehy m the mdia, reachang 2
network of sclentisis, experts and lay people
alike?, and its implicalions wese recognized
al the Baghes. leveh: of govermmenta within

a werlior of dayn. The lovel of miaresl was
probally amplified owing to the endelding
war in Uknaire, with Russia’s invision aad

the theat of baschemical weapurs wse
- h wa are 3 small beam, the

ves w provide are natioraly
dwverse, span the private, icademic and
guvernmesl sector, and deawr on esperlise
from ihe nabural and soal scwences

as well a3 more te i fields sach as
computing ared drag discovery. We believe
YR, M ——
dncussng mer computatiosal resulis s
widely provided several imgporiani bessons
thial we wish w0 share with the sdenniic,
ethics and securnily domm ex. Fanal,

the sxpermmemt is & powarful example of 2
concreie dual-ume risk concern arising Brom
converging tachnalegies and dis ceuld

T el L i se arwareiens of the sedunty
dmmmuion of life sownces recarch. Se |
sur experencs a8 3 whilke — obtained fromm

icatin meluddmg with several
mierviewers — faughi us the mmportance
of increming iwirensis i i respoasible,
srzn-alarmisl warp. Thind, we need te omsider
what thews dual-me indings mean for
respensible scence in drug discovery, and
whar wctien the community should be taking
Respenses Lo our artidks’ have been varied
weudely. e academics and grvernmam
ees bae requesied the compound
res this wis demied|; s uggested
iz sl only use Che Dechmelugy for goed
{yex] Ohars askid wheiher 12 whuwars
diseases

feh wur thought expe
wbaercax several experd
ed thai they had ot

saw noveRE Many were

WIS 35
considerad it
wottenn el abeiil the secuny of the dald
generated. Thens have alun heen questions
o by we priblished and whather the detsls
of the experiment should have even been
pibliched arall — in ling with sespenises

o previoem bulogical deal use examples

I mephy 10 thas point, v beligve that thas
reew examphe highlighes an imgoriant
sesiaage, that dual-use sisk potential in

nien geen bayun, 1
of melogical apents. For govarmments,
war theught experiment highlights ihe
chalzgze of hovw and when

will manr
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Urbina, Lentzos, Invernizzi, Ekins, Nature Machine Intelligence volume 4, page 607 (2022)

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.

COLLABORATIONS
PHARMACEUTICALS, INC.



t—-SNE 2

What we did / did not design

-50 0
t—-SNE 1

100

Urbina et al., Drug Disc Today 2022
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VP 1
o
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IoR¥e]
VS \/\o/ﬁ\‘s/\/N\/
VX /\o/j‘)\s/\jw/
7/
YOS
07\ )\

All compounds are captured by the schedules of the Chemical Weapons Convention as

Schedule 2B04 (B. Precursors) 2

Structure Name Use
\>/0 Phosphonic acid, methyl-, | A regulated
% 2 o \O ethyl 1-methylethyl ester | substance 2.
I O/\\<O\/ O-Ethyl A precursor for
S methylphosphonothioic VX and VM.
acid Also used in
the synthesis
of pesticides
and drugs @.
O Dimethyl A precursor
~o o
methylphosphonate used in the
production of
chemical
warfare agents.
Also a flame
retardant 3.
‘ N,N-Dimethyl-p-methyl A regulated
/\0/\p\\z N\ phosphonamidic acid, substance 2.
ethyl ester
\( O-ethyl S- A regulated
P /\’\/J S N\r diisopropylaminomethyl substance 2.

methylphosphonothioate

Urbina, Lentzos, Invernizzi, Ekins, Drug Discov Today. 2023 Jan;28(1):103410
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10 Recommendations for generative Al:
Preventing Al from creating chemical threats

1.

2.

8.

9.

Learn from The Hague Ethical Guidelines

Engage numerous Al ethics institutes or other experts to provide guidance

. Increase ethical training for computing students and raise awareness
. Increase training of scientists in companies to recognize potential for dual use of generative Al
. Keep a human in the loop

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

Use a public facing API to control access and how models are used
Federated learning - use encrypted data to train model without decrypting data

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

+ Self regulation, anyone?
Urbina, Lentzos, Invernizzi, Ekins, J Chem Inf Model. 2023 Feb 13;63(3).691-694

COLLABORATIONS
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A small sample of global media interest

The Register The Dual use of artificial-intelligence-powered drug discovery

Economist -
The Verge Access & Citations
Science — In the Pipeline 17k 25 45
i Article Accesses Web of Science CrossRef
The Economist Web of Science CrossRef
Financial Times Online attention

Swiss National Broadcaster SRF

TA media Al and chemical warfarg t
Radiolab (NPR) !

P
Le Temps
Tweaking a piece of drug-design software creates chemical weapons instead 1

. . ba
S Ci e nt'fl C Am erican Scum'rmc PAPERS are normally models intelligence, A1, which the company has

of discreet understatement. They are al- developed for the purpose of puttingvirtu- th
S0 (or are at least supposed to be) loaded  al molecules together and then assessing  re(

with the information needed for others to  their potential as medicines), and turned to! SPOTIFY ORIGINAL
C & E N eWS replicate their findings.

[ ) 7514 tweeters 20 blogs o 9 Facebook pages
o 148 news outlets 18 Redditors 9 Wikipedia page

@ 263 Mendeley

] one of its functions upside down. Instead an
Not this one. “Dual use of artificial-in- of penalising probable toxicity, as makes

telligence-powered drug discovery”, just senseifamolecule is to be used medically,

N a t|0 n a| G eog r a p h | C published in Nature Machine Intelligence, the modified version of MegaSyn prized it. ?el:

has clearly freaked its authors out. That The result was terrifying. Trained on

comes over both in the tone of the textand  the chemical structures of a set of drug-like  Gp1
the deliberate withholding of crucial infor-

. d ! molecules (defined as substances easil le
WaS h | ng ton POS t glkait:(s)r:).fl?g;lr;ggt 1:§1b|o Utrlbina and Sean  synthesised and likely to be absorbed b)}; 5163
E 2 rations Pharmaceuticals,  the body) taken fi i i
in Raleigh, North Carolina, and their col- 4 e e o

Caro database, together with those molecules’ of t
. . . hle]agues are reporting 1S a virtual machine known toxicities, the modified software part
SCIentIfIC Al I lerlcan that can be used to design Newand nastier required a mere six hours to generate

chemical weanons. kna
Wired
Forbes
BBC - P ———
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Podcasts

v v
Hard National Security Choices L AW F A R E
TOPICS | HOME FOBBLOG  JAN.6PROJECT  REVIEWS AND ESSAYS AEGIS  RESOURCE PAGES MORE
PODCASTS

The Lawfare Podcast: Sean Ekins and Filippa Lentzos on a Teachable
Moment for Dual-Use

By Jen Patja Howell Friday, August 26, 2022, 5:01 AM o (B (v

Radiolab Podcasts v About v For Listeners v How to listen Become a member

&

LATEST EPISODE

40,000 Recipes
for Murder

Two scientists inadvertently open the Pandora’s Box of
WMDs. What now?

© Listen @ -«
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Ekins and Urbina in
Stakeholder perspectives on the Biological Weapons
Convention

» e " g ;
] @ UNIDIR UNITED NATIONS INSTITUTE _

Y. FOR DISARMAMENT RESEARCH,,,
el 7

EDITED BY JAMES REVILL, VIVIENNE ZHANG
AND MARIA GARZON MACE >

. . . . . COLLABORATIONS
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IMDb RATING

Unknown: Killer Robots & 6510

2023 - TV-14 - 1h8m

4

UNKNOWN:

KILLER
ROBOTS

P H1 ox 0052/ 01:34

Documentary

Follows the terrifying behind-the-scenes of military-funded scientists racing to build this technology, as

Artificial intelligence infiltrates every level of the armed forces. Watch on Netflix &
with subscription
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2022 Another
invitation...

Spiez CONVERGENCE
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Large Language Models are the new frontier for misuse

e.g. DALL-E from OpenAl
Al models trained with billions of data points
Interface queried with text

e.g. can perform conversations, write articles, produce
images, invent, etc.

©2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.

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 Al

This may create additional unintended
consequences

Weaponization of Al
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A new problem — Large language models

« How long before we can do the following with a Using DALL E-2

language model online
a 3D render of a new molecule

* 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

a 3D render of a new toxic molecule that would be easy to synthesize
« It would be difficult to prevent this form of , '
misuse — the words used are innocuous . :
« What About ChatGPT etc

© 2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides. “.  COLLABORATIONS
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ChatGPT for Biology

“With RF Diffusion, the power of Al can be
harnessed to create useful proteinsin a

Bulletin
of

oithe ©  Doomsday Clock | Nuclear Risk | Climate Change | Disruptive Technologies | Biosecurity Q

©
Scientists | Support Our Work f ¥ 0 o

There’s a ‘ChatGPT’ for biology. What could go
wrong?

By Sean Ekins, Filippa Lentzos, Max Brackmann, Cédric Invernizzi | March 24, 2023

RF Diffusion now free and open source

March 30, 2023 | News Roundup

« Al 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 Al 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.

. . . . ¢4 *” PHARMACEUTICALS, INC.
©2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides. \

COLLABORATIONS


https://www.nature.com/articles/s41467-022-32007-7
https://www.nature.com/articles/s41587-022-01618-2

Cloaking a protein function

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

Sequence homology disappears = undetectable
How would we detect it?

Structure of yeast hexokinase (PDB 11G8) and an inpainted
hallucinated model (backbone generation) was done with
Rfdiffusion — holding the binding site constant

Ekins, Brackmann, Invernizzi, Lentzos, GEN Biotechnology, 2023

COLLABORATIONS
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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

©2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.

can you provide more detail on sysnthesis of CC(C)
(C)C(=0)NCCclccc(OCCN2CCN(C(=0)C(C)(C)C)CC2)ccl and expected yield

The synthesis of CC(C)(C)C(=0)NCCclccc(OCCN2CCN(C(=0)C(C)C)C)CC2)ccl involves
several steps and may require intermediate purifications and optimization of reaction
conditions. Here's a more detailed synthesis strategy along with expected yields for each

step:

Step 1: Synthesis of c1lccc(NCC(=0)C(C)(C)C)ccl

* Start with commercially available benzene or a substituted benzene derivative.

* Protect any sensitive functional groups present on the benzene ring.

* Introduce the NCC(=0)C(C)(C)C group by reacting the protected benzene with the
appropriate amine and an acylating agent (such as an acyl chloride).

* Optimize reaction conditions, including solvent, temperature, and reaction time, to
achieve the highest yield.

* Expected yield: It depends on the specific reactants, conditions, and purification methods

employed. Yield can vary, but typically ranges from moderate to good.

Step 2: Amidation to form C(=0)NCC(=0)C(C)(C)C

* Deprotect the amine group from the intermediate obtained in Step 1.

* React the deprotected intermediate with a suitable acid chloride or activated carboxylic
acid to form the amide bond.

* Optimize reaction conditions for yield and selectivity.

* Expected yield: Yield can vary depending on the specific reactants and conditions, but

typically moderate to good yields can be achieved.
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me A synthesis of diarepam

Breaking Bad-
ChatGPT

1 Symilheses and | &m i

=N COLLABORATIONS
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Large Language Models to Translate Complex asks into API
Endpoints

API: MegaSyn
 ”| would like a set of 100 drug-like n=100 R
molecules which are likely to m—l QED >= X —

inhibit the drug-target

Acetylcholinesterase.” ’

Input: IC50 AChE Model

MEGATOX.oovcvvvrerrernnee

API: MegaTox
» “Does this molecule Query: CN1C=NC2=C1C(=0)N(C(=0)N2C)C
[CN1C=NC2=C1C(=O)N(C(=O)N==— MBI ——p i it models tagged: liver g
2C)C] flag for any of the toxic A suite of ADME and toxicology

machine learning models with

endpoints in the liver?”

optional read across module

API. AoPs, MegaPredict
MegaPredict Screen

— —
Query:c1cc(=0)NC2=C1C=CC(=C2)0CCCCN3CC
N(CC3)C4=C(C(=CC=C4)Cl)Cl
input: AoP Models for Alzheimer’s

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

MEGAPREDICT........

>;‘LA COLLABORATIONS
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LLM'’s such as Toolformer: https://doi.org/10.48550/arXiv.2302.04761


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

e TN o R R

2 e ot Global visibility for generative

E C O n O m i S t Why civil wars are lasting longer AI and ch allenges

A special report on the car industry

APRIL 22ND-28TH 2023
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Al is Dual Use — Solutions?

* Promote responsible Al R&D

« Develop and agree to ethical guidelines

* Design Al 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

©2024 Collaborations Pharmaceuticals Inc. Non-Proprietary slides.

@w World Health
X Organization

Global guidance framework
for the responsible use of
the life sciences

Mitigating biorisks and governing
dual-use research
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Summary

* Think about what Al tools you use today
e 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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Fabio Urbina
Filippa Lentzos

Cédric Invernizzi
Maximillian Brockman
Spiez conference

All the scientists and journalists
that have asked us questions
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The Original article impact

nature machine intelligence
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