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Proteins are polymers of amino acids in 
which the amino acid sequence folds into a 
specific three-dimensional shape. 

Proteins have different levels of structural 
organization:
• Primary structure 
• Secondary structure 
• Tertiary structure 
• Quaternary structure

Each level is stabilized by particular types 
of chemical interactions OR  Bonds





1. Primary Structure —Amino Acid Sequence
The primary structure is the exact linear sequence of amino acids in a 
polypeptide chain extending from the N-terminal end to the C-terminal end. 

Amino acids are joined together through peptide bonds.

Ala ── Gly ── Val ── Leu ── Lys ── Ser ── Phe
      
 └────  PRIMARY STRUCTURE ──────┘

Bond stabilizing primary structure: 
Peptide bond

It is a covalent bond between the carboxyl group of 
one amino acid and the amino group of the next.

The primary structure is extremely important because it determines 
how the protein can fold into higher levels of structure. 

A change in even one amino acid can sometimes alter protein 

folding and function.



2. Secondary Structure —Local Folding

The polypeptide chain does not remain completely straight. 
Parts of the chain fold or coil  into regular shapes.

These regular arrangements are called secondary structures.

The polypeptide backbone begins to fold into regular local structures, mainly:

α-helix 
β-pleated sheet 

β-turns and
loops 

The major stabilizing force is hydrogen bonds between peptide backbone groups.

The two most common types are:
(A) α-helix
(B) β-pleated sheet



The carbonyl oxygen (C=O) of one
peptide bond forms a hydrogen bond
with the amide hydrogen (N–H)
approximately four residues earlier in
the chain.

Some amino acids strongly affect α-helix formation.
• Proline is called a helix breaker
Its rigid ring structure restricts rotation and can disturb the regular hydrogen-bonding 
pattern. Therefore: Proline tends to disrupt α-helices.

• Glycine is very flexible because its side chain is only H.
Therefore, it can also destabilize regular α-helical structure.



Instead of forming a spiral like an α-helix, 
the polypeptide chain becomes more 
extended.

A β-sheet forms when two or more 
stretches of a polypeptide chain lie 
alongside one another.

These adjacent chains are held together 
mainly by: Hydrogen bonds between C=O and 
N–H groups of neighbouring polypeptide 
segments.

Each individual extended segment is called a 
β-strand. Several β-strands together form a 
β-sheet

The distance between adjacent amino acids  is approx. 
3.5 A°

β-strands + hydrogen bonding--- β-pleated sheet

β-sheets can be:   1. Parallel      &  2. Antiparallel

What stabilizes secondary structure?
Main stabilizing interaction

Hydrogen bonds between backbone C=O and N–H groups.

( So more stable )



Secondary structure
(Regular folding of the polypeptide backbone)

α-helix
• Rigid, rod like coiled structure (helical configuration: right or left handed)

• In almost all proteins:  Right-handed (more favourable). 

• 3.6 amino acid residues/turn 
• 0.54 nm/turn 
• 0.15 nm (1.5 A°) distance between adjacent amino acids
• Length of α-helix is usually 10-15 amino acid residues.
• Stabilized by hydrogen bonds 
• C=O of one residue bonds with N–H of four residues ahead 
• Side chains project outward 
• Proline can disrupt the helix 

β-pleated sheet
• Extended polypeptide strands 
• Adjacent strands are held by hydrogen bonds 
• Can be parallel or antiparallel 
• Side chains project alternately above and below the sheet
• The distance between adjacent amino acids  is approx. 3.5 A°



β-TURNS: 3-5 amino acid residues- Third type of secondary 

structure. A β-turn allows the polypeptide chain to reverse its 
direction.

Turns allow large proteins to fold into highly compact structure
 
These short U shaped secondary structure are stabilized by H-Bonds 
between their end residues- often contributes to their stability.

Glycine (lacks large R chain) and proline (Build in bend structure) 
amino acids are commonly present in turns

LOOPS
Loops are irregular regions that 
connect
α-helix ─── loop ─── β-sheet

• They are often found on the 
surface of proteins.

• Loops are longer than turns

Bends in protein structure are regions where the polypeptide backbone changes direction

• They are particularly important in secondary and tertiary structure because they connect α-helices and 
β-strands and allow the protein chain to change direction.

• The term “bend” can refer to several related structural features, especially β-turns, loops

The chain effectively turns back 
on itself, allowing two regions of 
the polypeptide to become close 
together.



3. Tertiary structure 
The tertiary structure is the overall three-
dimensional arrangement of a single polypeptide 
chain. It describes how all the secondary-structure 
elements are arranged relative to one another.

The α-helices, β-sheets, turns and loops fold 
together to form domains and a compact functional 
protein.

Forces stabilizing tertiary structure
Tertiary structure is stabilized by several interactions.
The major ones are:
1. Hydrophobic interactions 
2. Hydrogen bonds 
3. Ionic interactions / salt bridges 
4. Disulfide bonds 
5. Van der Waals forces 



Peptide bonds 
hold the amino-
acid sequence 
together,  while 

▪ hydrophobic 
interactions,

▪ hydrogen 
bonds, 

▪ ionic 
interactions, 

▪ van der Waals 
forces and

▪ disulfide 
bonds 

stabilize higher-
order folding to 
varying degrees.



3. Tertiary structure          cont….. 

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 3-D tertiary structure

A protein domain is a region of a protein that can often fold into a relatively stable structural and 
functional unit.
A protein may contain a single domain or more than one domain. A small protein often consists 
of only one Domain.

Different domains can have different 
functions.

For example:

This is particularly 
important in large enzymes 

and regulatory proteins.



Other examples 
of proteins 

with a well-defined tertiary 
structure

• Lysozyme 
• Ribonuclease A 
• Chymotrypsin 
• Trypsin 
• Cytochrome c
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