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What are we missing to characterize small 
molecules as systematically as proteins?



AI is changing how 
we study proteins
A protein’s sequence can guide a prediction of its three-dimensional shape.

Nobel Prize in Chemistry 2024
Protein design and structure prediction

Amino-acid sequence

MGLSDGEWQLVLNVWGKVEA 
DIPGHGQEVLIRLFKGHPET 
LEKFDKFKHLKSEDEMKASE…

Human myoglobin
A protein that stores oxygen in muscle

AlphaFold

Predicted 3D structure

200M+
predictions openly available

AlphaFold DB milestone · July 2022

A structural model gives researchers a starting point for experiments.
Jumper et al., Nature (2021) · EMBL-EBI (2022) · NobelPrize.org (2024) · Predictions still need experimental assessment.



What made this possible?
Protein research built a shared foundation that AI could learn from.

A common language

MGLSDGEWQLVL 
NVWGKVEADIPG 
HGQEVLIRLFKG

Sequences we can compare

Shared experiments

Structures we can learn from

AI and computing

128
TPU v3 cores

Original AlphaFold 2 training
Then inference across millions of proteins

Infrastructure makes the data reusable: storage, access and search.

What would it take to do this for small molecules?
Jumper et al., Nature (2021) · EMBL-EBI (2022) · Experimental structure example: PDB 1MBN.
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How many small molecules from 
nature remain undiscovered?



>90% of natural products remain undiscovered 
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While most of the small-molecule drugs are derived/inspired by natural products

Chemotherapy 
drug 



A garden yew offered another route to Taxol
A chemotherapy medicine

Yew bark English yew needles

Taxus brevifolia bark Paclitaxel (Taxol) Taxus baccata 10-deacetylbaccatin III

40–165 mg ≈1,000 mg
Taxol per kg of bark* precursor per kg of fresh needles

Bark harvesting could kill the tree. Needles regrow after careful harvesting.

Chemists could turn this garden-yew precursor into Taxol.

*Historical isolation yields, not a direct concentration comparison. Bark range spans yew species. Denis et al., JACS (1988).



Useful molecules can be hard to obtain from plants
Vinblastine Camptothecin

Catharanthus 
roseus

Anticancer medicine

1,000 kg of dry leaves contain 1 g 
at that concentration

40 mg / kg 1,910 mg / kg

Starting material for 
anticancer medicines

48× more recovered from roots

Nothapodytes 
nimmoniana



Useful molecules can be hard to obtain from plants
Vinblastine Camptothecin

Catharanthus 
roseus

Anticancer medicine

1,000 kg of dry leaves contain 1 g 
at that concentration

40 mg / kg 1,910 mg / kg

Starting material for 
anticancer medicines

48× more recovered from roots

Nothapodytes 
nimmonianaCould we find the important 

connections sooner?



Taxus 
brevifolia

Taxus baccata

Catharanthus 
roseus

Mass spectrometry archive and search engine  

Billions of MS measurements 
from all around the world

Sampling and measurements



Different questions. 
A shared collection of measurements.

Plant chemistry Drug discovery Food chemistry

Which taxanes are 
present in yew needles?

Which plant compounds 
have anticancer activity?

What molecules are 
present in our food?

10-deacetylbaccatin III Paclitaxel (Taxol)

Researchers can share their measurements 
in archives such as MassIVE.



Related molecules can connect 
different scientific questions

Which taxanes are present in yew needles? Which plant compounds have anticancer activity?

10-deacetylbaccatin III Paclitaxel (Taxol)

Semisynthesis

Chemical steps turn 
the precursor into Taxol

A related molecule provided another route to Taxol.



Could another study help 
explain your spectrum?

Your plant sample
An unfamiliar signal

?

Could your signal be related to 
something already measured?Illustrative unknown: real MassBank 

CE000169 reference MS/MS (MPI for 
Chemical Ecology, CC BY-NC-SA)

Unknown 

A vast collection of 
measurements



How do we find that connection at this scale?

Huge transformer neural 
network

Huge amount of training 
data



DreaMS learns by predicting hidden peaks
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Huge transformer neural 
network

Input Output

DreaMS 
(Deep Representations 

Empowering the Annotation 
of Mass Spectra)
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DreaMS

DreaMS representations

DreaMS 
(Each spectrum becomes 

a list of numbers)

1024-dimensional vectors



DreaMS mass spectral similarity
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DreaMS similarity = 0.81
DreaMS 
similarity 
= 0.16
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DreaMS is a state-of-the-art spectral similarity for …

… library 
retrieval

… analog search / 
molecular networking

… comparing spectra 
based on molecular 
similarity



Molecular network 
of 200 million 

mass spectra from 
MassIVE 

“The Internet of 
mass 

spectrometry”

DreaMS Atlas



A skin measurement from a 
psoriasis study

Spectrum MSV000082674

What could this skin signal be?

Your measurement

Unknow signal still can have 
neighbourhood



A skin measurement from a 
psoriasis study

Spectrum MSV000082674

Other skin 
samples

Wallboard

Food sampleFacial-cleanser 
study

Citrus-leaf 
study

Its neighbours come from studies 
asking different questions

Your measurement
What might connect these 

observations?



Navigating the “internet of mass spectrometry”

Does azoxystrobin pesticide provoke psoriasis?
23



(−)-Menthol

Flavouring and cooling Chemotherapy drug

What if you start with a chemical family?
Menthane monoterpenoids Statins Taxanes

Lovastatin Paclitexal (Taxol)

Lowering cholesterol



For small molecules



NPK-0002244 NPK-0004701



Zhang et al., 2008, doi: 10.1124/dmd. 107.018242

CYP3A4





DreaMS Atlas + NPK
Follow a molecule’s spectrum into a wider neighbourhood

Cephalomannine
NPK-0004701 · Taxane diterpenoid

NPK reference spectrum
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MoNA Alkaloids000154 · [M+H]⁺ · m/z 832.35

0.65

0.89

0.85

0.75

Cephalomannine 
Atlas reference

Seawater A

Seawater B

The neighbourhood continues…

Search the Atlas

Could marine organisms 
make related molecules?



Atlas reference spectrum MassSpecGymID0232216
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Cephalomannine
NPK-0004701 · Taxane diterpenoid

Related NPK molecule

Paclitaxel (Taxol)
NPK-0002244

NPK reference spectrum MoNA Alkaloids000154
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DreaMS similarity 0.785 [M+H]⁺ · precursor m/z 832.35

Examples from the reference neighbourhood

Seawater
MSV000085480
Atlas node 528664

Human-sample study
MSV000083559
Atlas node 17797298

So many connections. 
Where do we look next?

Researcher + AI agent
What could explain these connections?

Choose what to test next



Measurements from different studies can help us 
ask a new biological question

Published discovery: Quinn and colleagues, Nature (2020)

Mouse microbiome study

How do microbes change 
the body’s chemistry?

0 100 200 300 400 500

m/z

100

0

Phe-chol reference MS/MS

Earlier mouse liver-cancer study

How does inflammation 
promote liver cancer?

Samples with and 
without antibiotics

Human diet study

How does diet relate 
to our gut microbiome?

American Gut

Proposed agent support

Connect evidence 
across studies

?
Could gut bacteria 
be making these 

molecules?



Could gut bacteria 
be making these molecules?

Yes. Two bacterial strains made new forms of bile acids.

Bacteria produced 
the new molecules in culture

Published experiment: Phe-chol

Why does this matter?

Gut bacteria can make previously unknown 
versions of our own bile acids, and these 
molecules can affect how our cells receive 
signals.

Published discovery: Quinn and colleagues, Nature (2020)

?

After 4 days: bacteria 
produced Phe-chol

Without bacteria: 
little signal

Phe-cholTyr-chol



Our ambition
Turn overlooked connections into testable hypotheses

Find similar spectra Molecules and supporting evidence

DreaMS Atlas
Explore related measurements

Researcher + AI agent
Investigate together

Gather evidence | Assess explanations | Propose an experiment to consider



Our next step

Test hypotheses in real experiments

Find similar spectra
Molecules and supporting evidence

DreaMS Atlas
Explore related measurements Researcher + AI agent

Plan and interpret experiments

A hypothesis to test

0 100 200 300

100%

m/z

?
What could explain this signal?

Wet-lab experiments
Does the explanation hold up?

Sample + control

New measurements → shared evidence

Illustrative signal based on MassBank CE000168



Earlier measurements to revisit

Identified today
A new reference

Every discovery can make 
old data more useful

A new reference can help us 
revisit unexplained spectra from 
years ago.

The measurements are already there. 
Our knowledge keeps growing.
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Wet lab

Seoul National 
University

Plant 🌱 Insects 🐛

Pluskal group

JOO, YOUNGSUNG 



Acknowledgments

Josef Sivic Tomáš Pluskal 

Supercomputers 

39

Industrial partners



Fin


