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Learning Objectives

• Identify the four different levels of protein structure

• Discuss experimental assays to obtain protein structures: X-ray 

crystallography, NMR, CryoEM

• Interpret relevant parameters for evaluating the quality of protein structure 

determined by X-ray crystallograph

• Identify protein structure databases

• Visualize and manipulate protein structures using PyMol
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Why are proteins so interesting?
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Why are proteins so interesting?
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Why are proteins so interesting? FUNCTION
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Protein’s building blocks: the amino acids
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What are they made of?
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Primary structure
How polypeptide chains are formed?
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Amino acids are chiral (L - amino acids)
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• Carboxyl group 
–COO- <==> –COOH

• Amino group 
–NH2 <===> -NH3

+

• a-Carbon

• Side chain
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How to group the amino acids?

• Charge +/-
– Acid vs Basic

• Polarity (polar/non-polar)
– Type, distribution

• Size
– Length, weight, volume, 
– surface area

• Type (Aromatic/Aliphatic)
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https://upload.wikimedia.org/wikipedia/commons/4/4f/ProteinogenicAminoAcids.svg



DTU Bioinformatics27 September 2022

How to group the amino acids?
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The protein folding problem
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?
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Amino acids are held together by different forces

• Hydrophobicity (Entropy)

• Salt bridges

• H bonds

• Di-sulfide bridges

• Aromatic interactions

Mostly proteins are held together by polar interactions and entropy
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Proteins reach the conformation that minimizes 
their Free Energy
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Can polypeptide chains adopt any conformation?
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phipsi
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Secondary structure: a-helices and b-sheets
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Parallel b-sheet

Right handed a-helix i+4 are the most common a-helices

Anti-parallel b-sheet
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Secondary structure: Turn, loops and bends and 
disordered regions
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Disordered regions are regions with non-stable conformations
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Hydrophobicity and hydrophilicity
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myoglobin

aquaporin

Hydrophobic side chains such as in 

Val, Iso, Leu, Met, Phe, Tyr go into 

the core of the protein or into the 

membrane
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Tertiary and Quaternary protein structure
Tertiary structures are arrangements of 
secondary structure elements within one 
protein chain

Quaternary structures are assemblies of 
multi-chain complexes
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Where do we find protein structure data?
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https://www.rcsb.org/
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How do we experimentally determine the protein 
structure?
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Overview of the X-ray crystallographic method
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Overview of the X-ray crystallographic method
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Nuclear magnetic resonance spectroscopy of 
proteins
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Cryo – Electron 
Mycorscopy EM 
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Umrekar et al. Molecular Microbiology, 2020

• FAST process

• More native structures

• Ideal for large proteins, or 

protein complexes

• Now at high resolution
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The importance of protein structure resolution
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myoglobin
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Quality of the protein structure: 
Goodness of model fitness
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Where do we find the information in PDB?
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Summary: The four levels of protein structure
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https://www.youtube.com/watch?v=qBRFIMcxZNM

RCSBProteinDataBank 

Video link to protein structure

https://www.youtube.com/user/RCSBProteinDataBank

