
Secondary structures

• Secondary structures are repeated local structural elements 
formed by consecutive amino acids with similar φ and ψ values.

• Stabilized by hydrogen bonds between backbone atoms but 
formation of a particular type of secondary structure is dictated by 
protein sequence.

• Formed in the early stages of protein folding following 
hydrophobic collapse.

• Formation of secondary structures allows the packing of polar 
backbone atoms in the hydrophobic core of protein structures.



α helix



The right-handed α helix

• Hydrogen bonds form between residue n and n + 3

• Φ and ψ are around -60° and -50°, respectively.

• 3.6 residues per turn; 5.4 Å between turns 



Helix propensity of amino acids



The helix wheel

• Amphipathic: having both hydrophilic and hydrophobic parts.



The helix wheel



Three types of helices

• 310 helix (φ: -49°, ψ: -26°, n: 3, d: 6.0Å)

• α-helix (φ: -57°, ψ: -47°, n: 3.6, d: 5.4Å): the most stable and common

• π-helix (φ: -57°, ψ: -70°, n: 4.4, d: 5.2Å)



Anti-parallel β sheet (φ: -139°, ψ: -135°)



Anti-parallel β sheet (φ: -139°, ψ: -135°)



Parallel β sheet (φ: -119°, ψ: -113)



An amphipathic β sheet



Loop



Structure motif

helix-turn-helix helix-loop-helix Greek key motif β-α-βmotif



Structure motif

Coiled-coil



Protein domains



Where to find and visualize protein structures?

• Protein Data Bank: https://www.rcsb.org/

• Visualization software:

- Chimera

- VMD

- PyMol

https://www.rcsb.org/
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