
Protein Structure 

Levels of protein structure: 

•Primary structure: Amino acid sequence of the polypeptide chain 
 
•Secondary structure: Formation of regular and stable local 
patterns, i. e. helices, sheets, turns, etc stabilized by hydrogen 
bonds 
 
•Tertiary structure:  3D-structure of the protein, as a collection of 
local secondary structures 
 
•Quaternary structure: Large assembly of several proteins or 
subunits  (hemoglobin) 
 



Primary Structure: Amino acids 

Each amino acid consists of a backbone part that is present in all the amino acid 
types, and a side chain, R, that is unique to each type of residue (except proline). 
  
Because the carbon atom is bound to four different groups it is chiral (except 
glycine), however only one of the isomers occur in biological proteins (-L-amino 
acids).    
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Secondary Structure 
•The secondary structure can be defined by 
the patterns of hydrogen bonds between 
backbone amide and carboxyl groups 

•Formation of regular 
and stable local patterns 

•The secondary structure may be also defined based on the regular pattern of 
backbone dihedral angles in a particular region of the Ramachandran plot; thus, 
a segment of residues with such dihedral angles may be called a helix, regardless 
of whether it has the hydrogen bonds or not. 
 
•There is not a unique criteria to define a particular contact as a hydrogen bond 
(distance between donor and acceptor and angle, energetic criteria, etc…) 



Secondary Structure: dihedral angles 

Peptide bond tends to be planar. It has 
some partial double bond character.  

Dihedral angle 180o Dihedral angles  and  determine the 
secondary structure of the protein 

The dihedral angle is the angle between 
two planes. It defines the relative position 
of a 4th atom relative to the plane formed 
by other  three atoms. 

Three dihedral angles, ( , and ) can be 
defined for each amino acid of the peptide chain. 
They specify the position of the backbone atoms. 



Secondary Structure: Ramachandran Plot 
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Secondary Structure: motifs 

The most common secondary structures are alpha helices and beta 
sheets. Other helices, such as the 310 helix and π helix, are 
calculated to have energetically favorable hydrogen-bonding 
patterns but are rarely if ever observed in natural proteins except at 
the ends of α helices due to unfavorable backbone packing in the 
center of the helix. 
 Other extended structures such as the polyproline helix  are rare 
in native state proteins but are often hypothesized as 
important protein folding intermediates. 
Tight turns and loose, flexible loops link the more "regular" 
secondary structure elements.  
The random coil is not a true secondary structure, but is the class of 
conformations that indicate an absence of regular secondary 
structure. 
 



Secondary Structure: Alpha Helix 

The alpha helix (α-helix) is a right-handed spiral conformation, in 
which every backbone C=O group  makes a hydrogen bond with the 
backbone  N-H group of the amino acid four residues distant in the 
sequence (i+4  i  hydrogen bonding). 



Secondary Structure: Alpha Helix 
•The R groups of the amino acids all extend to the 
outside. 
•The helix makes a complete turn every 3.6 
amino acids. 
•The helix is right-handed; it twists in a clockwise 
direction. 
•The carbonyl group (-C=O) of each peptide bond 
extends parallel to the axis of the helix and points 
directly at the -N-H group of the peptide bond 4 
amino acids below it in the helix. 
•Residues in α-helices typically adopt backbone 
(φ, ψ) diedral angles around (-60°, -45°) (the ψ 
dihedral angle of one residue and the φ dihedral 
angle of the next residue sum to roughly -105°.)  



Secondary Structure: 310 Helix 

•The helix makes a complete turn every 3  amino acids. 
•The helix is right-handed; it twists in a clockwise direction. 
•The carbonyl group (-C=O) of each peptide bond extends parallel 
to the axis of the helix and points directly at the -N-H group of the 
peptide bond 3 amino acids below it in the helix. 
•Residues in α-helices typically adopt backbone (φ, ψ) diedral 
angles around (-49°, -26°) (the ψ dihedral angle of one residue and 
the φ dihedral angle of the next residue sum to roughly -75°.)  



Secondary Structure: beta sheets 

Typically adopt backbone (φ, 
ψ) dihedral angles around        
(-135°, 135°)  



Secondary Structure: Turns 

Turns are classified according 
to the separation between 
the two end residues: 
 
•In an α-turn the end residues 
are separated by four peptide 
bonds. 
•In a β-turn (the most 
common form), 
by three bonds. 
•In a γ-turn, by two bonds 
•In a δ-turn, by one bond 
•In a π-turn, by five bonds 


