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Myth Vs Reality !

For many years, it was thought that proteins were 
colloids of random structure and that the enzymatic 
activities of certain crystallized proteins were due to 
unknown entities associated with an inert protein 
carrier.
In 1934, J.D. Bernal and Dorothy Crowfoot Hodgkin 
showed that a crystal of the protein pepsin yielded a 
discrete diffraction pattern when placed in an X-ray 
beam
The first X-ray structure of a protein, that of sperm 
whale myoglobin, was reported in 1958 by John 
Kendrew and co-workers.
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Yearly growth of protein structure



Protein structure

primary structure

− Linear Sequence

secondary structure

− the helices, sheets, …

Tertiary structure

− the fold of the protein

the quaternary structure

− Multimeric formation of its polypeptide subunits
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Generally, proteins are made up of small units known as 

amino acids which form a polypeptide chain through 

formation of peptide bonds.

20 amino acids in nature that are of L-configuration that 

make up all kinds of proteins and are classified as 

aliphatic, aromatic, acidic, basic, hydroxylic, sulphur-

containing and amidic amino acids.

Protein structure - an overview
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Primary structure

residues

• primary sequence is a series of single letter codes running from left to right 
•Left end constituting the N-terminal (amino group)
• Right end constituting the C-terminal (carboxylic acid group)



Properties of amino acid residues 
commonly found in proteins
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Selenocysteine: 21st proteinogenic amino acid!!!

• abbreviated as: Sec or U, older as 
Se-Cys

• building block of selenoproteins: 
glutathione peroxidases, 
thioredoxin reductases, formate
dehydrogenases ,...

Earl R. Stadtman (1919-2008) and Thressa C. Stadtman (b. 1920) 
Laboratory of Biochemistry, NHLBI, Bethesda



10

Selenocysteine is encoded in a special way by a UGA

codon, which is normally a stop codon!!!

When cells are grown in the absence of selenium, 

translation of selenoproteins terminates at the UGA 

codon, resulting in a truncated, nonfunctional enzyme.

The UGA codon is made to encode selenocysteine by 

the presence of a selenocysteine insertion sequence 

(SECIS) in the mRNA. 

Translational recoding
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in bacteria, the SECIS element is typically located 

immediately following the UGA codon within the 

reading frame for the selenoproteins. 

In Archaea and in eukaryotes, the SECIS element is in 

the 3' untranslated region (3' UTR) of the mRNA, and 

can direct multiple UGA codons to encode 

selenocysteine residues

SECIS
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SECIS
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Secondary structure comparisons of canonical 
tRNAs versus selenocysteine tRNAsSec
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Putative selenocysteine biosynthesis pathways 
in eukarya



15

Model of the function of the SECIS element in 
selenocysteine insertion by Eukarya.
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Pyrrolysine: 22st proteinogenic amino acid!!!

HOW???
• abbreviated as: Pyl or O
• Pyrrolysine was discovered in 2002 at the active site of methyl-

transferase enzyme from a methane-producing archeon, 
Methanosarcina barkeri.

• This amino acid is encoded by UAG, normally a stop codon!!!



The peptide bond



Torsion Angles

Torsion Angles between Peptide Groups Describe 
Polypeptide Chain Conformations



Gopalasamudram Narayana Iyer 
Ramachandran

Born: October 8, 1922, Ernakulam

Died: April 7, 2001, Chennai

Education: University of Madras, 

University of Cambridge

He was an Indian physicist who 

was known for his work that led to 

his creation of the Ramachandran 

plot for understanding peptide 

structure (1963)



The Ramachandran plot

ω has a value of 0 or 180° (Cis Vs Trans)

− Trans conformation (ω =180°) is favoured over the cis

arrangement (ω =0°) by a factor of ~1000

− Proline: an exception!  (trans/cis ratio of ~4)

The allowed values for φ and ψ were first determined 

by G. N. Ramachandran using a ‘Hard sphere model’ for 

the atoms.

− two-dimensional plot of φ against ψ that is called a 

Ramachandran plot



The Ramachandran plot



Gly is an exception



Secondary structure

the local conformation of the polypeptide chain or the 

spatial relationship of the amino acid residues which are 

placed close together in the primary sequence.

Basic units are α-helix, β-strand and turns 



The α-helix

The right-handed α-helix is the most identifiable unit (over 
30% helix structure in globular proteins)

Minimum residue: 4 amino acids
stabilized by H-bonds

− C=O group of one amino acid and the H-N group of the amino acid four 
residues further along the helix

3.6 amino acid residues per helical turn



The α-helix

the α-helix has a pitch of 0.54 nm
The radius of the helix is 0.23 nm
Translation distance per residue is 0.15 nm
The peptide planes are almost parallel with the helix axis
All the amino acids in the helix have negative φ and ψ 
angles, with ideal values of -57 and -47 respectively



The α-helix

the α-helix has a pitch of 0.54 nm
The radius of the helix is 0.23 nm
Translation distance per residue is 0.15 nm
The peptide planes are almost parallel with the helix axis
All the amino acids in the helix have negative φ and ψ 
angles, with ideal values of -57 and -47 respectively



Proline

• proline does not form a helical structure due to the absence 
of an amide proton (NH) which is unable to form H-bond

• the side chain covalently bonded to the N atom restricts 
backbone rotation.



The β strand

2 residues per turn 
translation distance of 0.34 nm
pitch of nearly 0.7 nm



The β sheets

A single β strand is not stable largely because of the 
limited number of local stabilizing interactions. When 
two or more β strands form additional H-bonding 
interactions, a stable sheet-like arrangement is created 
contributing to the overall stability of the β sheets.



The β sheets

Adjacent strands can align in parallel or antiparallel 
arrangements

negative φ and positive ψ

Parallel β sheets: φ = -139 and ψ = + 135

Antiparallel β sheets: φ = -119 and ψ = + 113

Poly amino acids in solution do not form β sheets and 
this hinders the study of their structures
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Dihedral angles, translation distances and 
number of residues per turn for regular 
secondary structure conformations. In 
poly(Pro) I ω is 0◦ whilst in poly(Pro) II ω is 
180◦



Non-repetitive Protein Structure

Turns

Loops

Random coils

Coiled coil

b bulge, helix capping, …



Turn

A turn is a secondary structural element where 
the polypeptide chain reverses its overall 
direction

Cα atoms of two residues are separated by 1 to 
5 peptide bonds

− α-turn: 4 residues, β-turn: 3 residues, γ-turn: 2 
residues, δ-turn: one residue and π-turn: 5 residues

A β-hairpin turn occurs between two H-
bonded antiparallel beta strands in which the 
direction of the protein backbone reverses.



Other motifs

Loop
− occurs between 6 and 16 residues to form a compact globular 

shape of the protein
− contain polar residues
− connect the secondary structure elements of the polypeptide 

chain
− contribute to the formation of active sites for ligand binding 

or catalytic activity
− Loop structures that are random are less stable and referred 

as random coils



Other motifs

Loop

Coiled coil
− 2 to7 α-helices are coiled together
− Its interface is tight with van der Waals 

interactions between side chain groups
− heptad repeat : hxxhcxc

− h: isoleucine, leucine or valine
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Preferences of amino acids for 
different types of secondary structure



Tertiary structure

global three-dimensional folding resulted from interactions 
between elements of secondary structure.

Formed and Stabilized by:
− interactions between the side chain groups :

− Disulfide bridges

− Hydrophobic effects

− Charge-charge interactions

− H-bonding 

− Van der Waals interactions

− post-translational modifications

− Cofactors and Coenzymes

Structural units: Domains & Motifs
(Supersecondary Structures)
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For proteins larger than 150 residues the tertiary 

structure may be organized around more than one 

structural unit. Each structural unit is called a domain.

Three major classes of domains can be recognized:
− domains consisting of mainly a helices

− domains containing mainly β strands

− domains that are mixed by containing α and β elements:
− alternating α/β

− collections of helices and strands (α + β)

The organization of proteins into 
domains
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http://home.rcsb.org
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http://pdb.org



41

Classes of folds found in the protein 
databases
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Protein domains arise by gene duplication and fusion. 

The result is that a domain is added onto another 

protein to create new or additional properties.

Fusion proteins or chimeric proteins



Supersecondary Structures (motifs)

(a) A bab motif,
(b) a b hairpin, 
(c) an aa motif, and 
(d) b barrels; The b barrel 
composed of overlapping 
bab units (far right) is 
known as an a/b barrel.
(e) Greek Key motif,



Quaternary structure

Oligomeric proteins

− Consist of more than a single polypeptide chain (subunits, 

protomers)

− Subunits may be identical or nonidentical

− catalytic or binding sites form at the interface between 

subunits

− A classic example: hemoglobin

The interactions are exactly the same as those 
responsible for tertiary structure, namely 
disulfide bonds, hydrophobic interactions, 
charge–pair interactions and hydrogen bonds, 
with the exception that they occur between 
one or more polypeptide chains.



Subunits Are Symmetrically Arranged



46

Cyclic proteins!

Natural circular proteins
found in bacteria, plants, and
mammals show antimicrobial
activity and exceptional
stability, making them ideal
templates for engineering
better drugs. But just how
they close into loops remains
a mystery.



GOOD LUCK ;)
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