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PROTEINS

4



https://www.nytimes.com/interactive/2021/health/coronavirus-mutations-B117-variant.html
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pdb101.rcsb.orgProtein Size

Most proteins are smaller than 
the wavelength of light. For 
example, the hemoglobin 
molecule is about 6.5 
nanometers in size.  

Hemoglobin is found in high 
concentration in red blood cells.

A typical red blood cell contains 
about 280 million hemoglobin 
molecules.



pdb101.rcsb.orgShape and Function: DEFENSE

The flexible arms of antibodies
protect us from disease by 
recognizing and binding to 
pathogens such as viruses, and 
targeting them for destruction by 
the immune system.



pdb101.rcsb.orgShape and Function: COMMUNICATION

The hormone insulin (yellow) is 
a small, stable protein that can 
easily maintain its shape while 
traveling through the blood to 
regulate the blood glucose level.

Insulin binds to the insulin receptor (navy blue) and 
triggers an intracellular signaling pathway.

As a result, the glucose transporter (aqua) comes to the cell 
surface creating a channel for glucose (white) to enter the cell.
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pdb101.rcsb.orgShape and Function: ENZYMES

Alpha Amylase (turquoise) is an 
enzyme that begins digestion of 
starches in our saliva.

It binds to a carbohydrate chain (yellow) 
and breaks it into smaller pieces with two or 
three glucose units.



pdb101.rcsb.orgShape and Function: TTRANSPORT

The calcium pump reduces the 
calcium level in the muscle cell by 
transporting calcium ions back to 
the sarcoplasmic reticulum after 
each muscle contraction. 

The ATP causes a change in shape of the 
transmembrane part of the pump, allowing the calcium 
atoms to be pushed further down the channel. 

After the calcium atoms are released to the lumen of the 
sarcoplasmic reticulum, the whole cycle begins again.
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Magnesium primes the pump for calcium intake and 
two atoms enter the pump. 



pdb101.rcsb.orgShape and Function: STORAGE

Ferritin stores iron. It is a 
spherical protein with channels 
that allow the iron atoms to enter 
and exit depending on the 
organism’s needs. 

On the inside, ferritin forms  a 
hollow space with the iron atoms 
attached to the inner wall. 

Ferritin stores iron in the non-
toxic form.



pdb101.rcsb.orgShape and Function: STRUCTURE

Collagen forms a strong triple helix 
that is used throughout the body for 
structural support.

Collagen molecules can form elongated fibrils. The fibrils aggregate to form collagen fibers. 
This type of collagen is found in skin and tendons.
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pdb101.rcsb.org

All proteins are made out of 21 building blocks, called amino acids.

The Building Blocks of Proteins



pdb101.rcsb.orgThe Building Blocks of Proteins

The side chain is the only part that varies from amino acid to amino 
acid and determines its properties. 

Hydrophobic Hydrophilic or polar Charged No side 
chain



pdb101.rcsb.orgProtein Structure: Primary Structure

The primary structure of a protein is the linear sequence of amino acids as 
encoded by DNA.



Protein Structure
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https://en.wikipedia.org/wiki/File:Protein_structure_(full).pnghttps://www.nature.com/scitable/topicpage/translation-dna-to-mrna-to-protein-393/



PROTEIN FOLDING
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Basic Ideas in Folding

1. Quantum Mechanics / Molecular Dynamics (Slow, Small Proteins)

2. Co-Evolution Methods (Needs Homologous [~Similar] Proteins)
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Collect Some Ground Truth
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X-Ray Crystallography (AND OTHERS)

Protein Data Bank (>178’000 Structures)



Co-Evolution Methods
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Multiple Sequence Alignment
(1e5 – 1e6 Homologues)

Distance Map \\ Binary Contact Map (of Residues) 3D Coordinates of Atoms

Statistics Constraint Solving
Optimization

Conceptual 1998
First Done 2012

Cf. Sct. 2 in https://pubmed.ncbi.nlm.nih.gov/31116374/

https://dl.acm.org/doi/10.5555/2008362.2008379

https://pubmed.ncbi.nlm.nih.gov/31116374/


Co-Evolution Methods
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Multiple Sequence Alignment
(1e5 – 1e6 Homologues)

https://dl.acm.org/doi/10.5555/2008362.2008379

Distance Map \\ Binary Contact Map (of Residues) 3D Coordinates of Atoms

Statistics Constraint Solving
Optimization

BETTER FOLDINGS
(2015)

MORE FEATURES (DNN)
2016/2017



ALPHAFOLD
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AlphaFold (2018, CASP13)
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MSA Binary Contact Map

3D Coordinates of Atoms

Statistics
Constraint Solving

Optimization

More Features in MSA
Fewer Hand Engineered Features

CNNs from CV
(Deeper/Better Arch)

Distance / Angle Map
(Not Contacts)

WITH PROBABILITIES

Potential as Function of
Distance, Rotation, Other Stuff

Minimize
(Grad Desc, Annealing, …)



AlphaFold2 (2020, CASP14) – NO PAPER YET
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MSA Binary Contact Map

3D Coordinates of Atoms

Statistics
Constraint Solving

Optimization

More Features in MSA?

Better Arch?
(Transformers?)

End-To-End Differentiable?



AlphaFold2 (2020, CASP14) – NO PAPER YET

26



WRAPPING UP
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Summary & Conclusions

• Protein are little machines that drive life; they are made as follows
• DNA à Amino Acids à Folding à Protein

• They fold up in specific shapes that determine their biological functions

• If you have a mutations, proteins may do wrong things. This is bad! E.g., sickle cell diseases or prions.

• There are ~1.8 million of them, ~170’000 have 3D structures available from X-Ray data

• To treat diseases (hereditary and communicable), we need to determine protein shapes. We’d rather do this without expensive 
experiments. So, let’s use computers!

• Since we have so much data, we know that similar amino acid sequences (“polypeptides”) fold up into a similar shapes. We can exploit 
this in co-evolution methods.

• AlphaFold(2) is an evolution of that. It predicts the 3D positions of atoms in space given an sequence of amino acids.

• Right now, predictions are too coarse to be useful

• Like all co-evolution methods, it also does not do well on proteins that are completely dissimilar to what we’ve observed so far

• Some people think these are merely engineering challenges28
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Teknologi for et bedre samfunn


