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For static structures, AlphaFold 2 was the breakthrough

AA sequence

                                                 folded protein
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For short timescale 
movement, 
Molecular Dynamics 
was the norm
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In 1971, Brookhaven National Laboratory and 
Cambridge Crystallographic Data Centre launched 
the PDB as the first open, centralized archive of 
macromolecular structures.

data from www.rcsb.org

AlphaFold 2 success 
builds on availability of 
training data for 
machine learning

4



New PDB structures per year

NMR

X-ray

CryoEM

Data source:
www.rcsb.org/stats

(year 2026 estimated)
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http://www.rcsb.org/stats


Source:
Taylor, W.: “Cloze Procedure”:  
A New Tool For Measuring 
Readability.
Journalism Quarterly, 1953
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Guess the missing words - 
BERT uses this task for 
pre-training, ESM does the 
same with amino acids in 
proteins, HUBERT in speech,
before we even decide what 
we really want to do
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Labeled and unlabeled data points at inference time

Having just 3 data points (x, y) with labels (text), 
which is easier:

● guess label for another 3 data points

● guess label for another 30 data points
?

?x lab



Three labeled 
data points
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Three unlabeled 
data points
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Three unlabeled 
data points

classified as nearest 
labeled one
(mostly wrong in fact)
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Thirty unlabeled
data points
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Thirty unlabeled 
data points

More questions help us 
with answers, we can 
infer shapes of streets!
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Full 
disclosure 
of data
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Even unlabeled data points tell us 
something, and given the price and 
scarcity of labels, unlabeled ones 

can be even more important

:)



ESMFold replaced MSA in OpenFold with ESM PLM
and simplified Evoformer and left out Templates

USE PROTEIN
LM HERE
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Adding noise to ESM LM leads to structure diversity

add bias here to re-orient 
attention heads 18



Adenylate kinase 
4JZK, adding noise 
of magnitude 0, 1, 
2, 2.5 and 4.5 
(different noise 
samples)
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Adenylate kinase “subconscious” 
structures obtained by disrupting
just one layer, clustered by
similarity

influence of individual layers (lower star is bigger influence)

"0.34 L17R10" is a 
structure modified 
by noise with 
random seed 10, 
in layer 17, and 
has a deformation 
size of 0.34 
compared to the 
basic ESMFold 
structure.

Clustering of close layers together 
reveals that the change in fact 
consists in switching one attention 
head by change propagated from 
previous layer



Attention to 
unfocused 
relative 
positions
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Attention to 
fixed positions
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Attention to beta 
sheet contacts
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Make it useful

Trying in on whatever moves in a test tube here...

● LmrS and NorA pumps in S. aureus

● P-glycoprotein pump in cancer cells

● S. a. phosphoethanolamine transferase MCR-1
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LmrS efflux pump, Staphylococcus aureus (top view)

“conscious” static 
structure prediction,

slightly outward open
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LmrS efflux pump, Staphylococcus aureus

“subconscious” 
structure prediction,

more outward open
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LmrS efflux pump, Staphylococcus aureus

“subconscious” 
structure prediction,

yet more outward open
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LmrS efflux pump, Staphylococcus aureus

“subconscious” 
structure prediction,

wide outward open
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(end of the video)
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30

NatA pocket 
opening
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NatA pocket 
opening
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NatA pocket 
opening
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NatA pocket 
opening
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NatA pocket 
opening



(end of the video)
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manyprot project

● have thousands 
conformations in 
files & pytorch

● send only some to 
pymol or Mol*
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Jupymol - control pymol from Jupyter cells

pymol()

%pymol

%%pymol

and some 3D graphics
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Human-computer interface still feels like a bottleneck...

... until you meet prof. Andrea Brancale and see his work on haptic devices



3D printed 3D trackball to control pymol and Avogadro
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Thank you for your attention!

Any questions?

41

slides 
are freely 
available 

here:

https://docs.google.com/presentation/d/1KPunbLtWq9Bn0xkKBHZ8aG-nXKwCvfFM-OlnUnFTpd8/edit?usp=sharing


Some bonus slides for eventual 
discussions follow...



How the Protein Language Model (PLM) works
It uses model structure from natural language processing, just applied to amino 
acid sequences in proteins - and it works great, too. Attention mechanism:

I can’t bear to see that dancebear

I can’t bear to see that dancebear

I can’t bear to see that dancebear
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Interpolate between extreme positions

● Make path smooth in local detail

● Make changes small in global

● This way we can isolate a 

sensible mode (for human eye)

Interpolation: Gradual placement of 

best mid-points between existing 

points on path
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Does the green sentence really 
follow after the orange one in 
the original text?

BERT uses this additional task 
in pre-training.

BERT (Bidirectional encoder representations from transformers) uses the 1953 
method on Internet texts, getting huge amount of training data without manual 
labeling.

Once computers learns to fill in missing words, it virtually knows the language.
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Diffusion needs just a label “cat”, can hallucinate many
trained to remove noise, knowing what is on the picture (cat)

“cat”“cat”“cat”

1 2 3
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Templates used to manipulate shape using OpenFold 2

Templates created by altering the output of the model itself

X X
   DEFORM

X



2007, 2012: word as vector
Tomáš Mikolov in his Ing. and PhD. diploma works stubbornly insists on 
using vectors of continuous numbers to represent words, instead of using 
graph nodes as everybody else.

His work is later released as word2vec, revolutionizing language models. 
Vectors of continuous numbers represent mostly everything now.

king - man + woman = queen


