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Peptide Bond

• It has a partial double bond character (40%) that keeps

the entire 6-atom peptide group in a rigid planar

configuration

• The peptide bond length is only 1.33Å, shorter than the

usual C-N bond length of 1.45Å



Resonance of Peptide Bond



• The angle of rotation around the peptide bond (ω) has

the value 180° (trans) and occasionally 0° (cis)

• There are two possible conformations of the planar

peptide bond – 1) Trans- the Cα atoms are on opposite

sides of the peptide bond & 2) Cis- the Cα atoms are on

the same side of the peptide bond



Trans- & Cis- form of Peptide Bond



• The trans- form is favoured over the cis- form because of

steric hindrance. In the cis- form the Cα atom and the

side chains of neighbouring residues are in too close

proximity

• Rotation is permitted about the N - Cα and the Cα – C

bonds. Rotation about bonds are described as Torsion /

Dihedral / Conformational angle

• By convention, Torsion angle for the N - Cα bond is

called Φ (phi) and for the bond Cα – C is called Ψ (psi)



Torsion / Dihedral / Conformational angle



Ramachandran Plot

• Φ and Ψ can have any value between -180° and +180°

but many values are prohibited by steric interference

between atoms in the polypeptide backbone and amino

acid side chains

• The permitted values for Φ and Ψ were first determined

by G.N.Ramachandran

• The permitted values are indicated on a 2-D map of the

Φ – Ψ plane, known as Ramachandran Plot

• It allows us to identify those conformations (for a

particular value of Φ and Ψ) that are sterically favourable

or unfavourable







• Secondary structures spontaneously form as an

intermediate before the protein folds into its three

dimensional tertiary structure

• Secondary structures are stabilized by hydrogen bonds

between the carbonyl and N-H groups in the

polypeptides backbone

• Amino acids vary in their ability to form various

secondary structures

• Methionine, Alanine, Leucine, Glutamate and Lysine

prefer to adopt helical conformations in proteins



• Tryptophan, Tyrosine, Phenylalanine, Isoleucine, Valine

and Threonine prefer to adopt beta strand conformations

• Proline and Glycine are known as “helix breakers” as

they disrupt the regularity of the α-helical backbone

conformation. These amino acids are commonly found in

turns





• α-helix is a rigid, rod like structure that forms when a

polypeptide chain twists (clockwise/right-handed or

counterclockwise/ left-handed) into a helical

conformation

• However, right-handed helices are energetically more

favourable

• There are 3.6 amino acid residues per turn of the helix

and the pitch (the distance between corresponding

points per turn) is 0.54 nm

• Each residue is related to the next one by a rise of 1.5Å

(0.15 nm) along the helix axis



Right handed α-Helix



• A single turn of α-helix involves 13 atoms from O to the H of

the hydrogen bond. For this reason, the α-helix is referred to

as the 3.613 helix

• Length of α-helix is usually 10-15 amino acid residues

• Intrachain hydrogen bonds form between the N-H group of

each amino acids and the carbonyl group of the amino acid 4

residues away

• Except for amino acids near the ends of an α-helix , all the

main-chain CO and NH groups are hydrogen bonded

• The side chains of amino acids extend outward from the helix

• All the H-bonds lie parallel to the helix axis & point in the

same direction





• Many fibrous proteins like hair, skin, nails consist almost

entirely of α-helices

• Stability of α-helices is due to –

• The involvement of all the >NH and >C=O groups in the

chain in H-bonding

• The way in which the side chains project outward from

an α-helix. Bulky side chains therefore do not interfere

with the H-bonding, enabling a fairly rigid cylinder to be

formed







• β-pleated sheets are stabilized by interchain H-bonds

that form between the polypeptide backbone N-H and

carbonyl groups of adjacent strands

• Adjacent strands can be either parallel or antiparallel

• In parallel β-pleated sheet structures, the polypeptide

chains are arranged in the same direction

• However, in antiparallel β-pleated sheet, chains run in

opposite directions

• Antiparallel β-pleated sheets are more stable than

parallel β-pleated sheets because fully colinear H-bonds

form



Parallel & Antiparallel β-strands 



• The secondary structure of silk is the β-pleated sheet

• The primary structure of silk contains the amino acids

glycine, alanine & serine in specific repeating pattern.

These 3 amino acids make up 90% of the protein in silk

• The 10% is comprised of amino acids glutamic acid,

valine & aspartic acid. These are used as side chains

and affect elasticity and strength

• The β-pleated sheet of silk is connected by H-bonds







Supersecondary Structures

• Many globular proteins contain combinations of α-helix

and β-pleated sheet secondary structures

• These patterns are called supersecondary structures or

motifs





Experimental Determination

• Secondary structure content of a biopolymer can be estimated
spectroscopically

• A common method is far-ultraviolet (170-250 nm) circular
dichroism. A pronounced double minimum at 208 and 222
nm indicate α-helical structure, whereas a single minimum at
204 nm or 217 nm reflects random coil or beta sheet
structure, respectively

• A less commnon method is infrared spectroscopy which
detects differences in the bond oscillations of amide groups
due to hydrogen bonding

• Secondary structure contents can be estimated accurately
using the chemical shifts of an initially unassigned NMR
spectrum



Tertiary Structure 

• It is the unique 3D conformation of globular proteins due

to the interactions between the side chains in their

primary structure

• Interactions stabilizing tertiary structure are –

• Hydrophobic interactions (Disulfide bridges)

• Electrostatic interactions (Ionic bonds, e.g., salt bridge)

• Hydrogen bonds (weak ionic interaction)

• van der Waals force (Hydrophobic interaction)



• The fundamental unit of tertiary structure is the Domain

• It is a polypeptide chain or a part of a polypeptide chain

that can fold independently into a stable 3D tertiary

structure

• It is also a functional unit of protein

• Proteins may comprise a single domain or more than 1

domain

• A small protein often consists of only one domain





















Quaternary Structure

• Oligomeric proteins are composed of 2 or more

polypeptide chains and each polypeptide chain is called

a subunit

• Subunits in a multisubunit oligomeric protein may be

identical (homomultimer) or different (heteromultimer)

• Polypeptide subunits assemle to form quaternary

structure and are held together by non-covalent

interactions such as Hydrophobic interactions,

Electrostatic interactions, Hydrogen bonds as well as

covalent cross links



• For a protein to have Quaternary structure –

• The protein should be formed by more than one
polypeptide chain

• The chains cannot be attached by covalent bond among
them

• Therefore, all proteins cannot show a quaternary level of
organization

• Hemoglobin is formed by 4 peptide chains associated
through non-covalent bonds

• Insulin is formed by 2 peptide chains but the chains are
linked by disulfide bonds. Therefore, insulin does not
have a quaternary structure







FOLLOWING YOUTUBE LINKS MAY BE FOLLOWED

• https://www.youtube.com/watch?v=PPJ7C3hcnPw

• https://www.youtube.com/watch?v=nTxvoKspIS8

https://www.youtube.com/watch?v=PPJ7C3hcnPw
https://www.youtube.com/watch?v=nTxvoKspIS8

