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How do protein fold perfectly each time?
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Reversible Denaturation of Ribonuclease A: Christian Anfinsen
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Levinthal’s paradox

If a protein with 100 amino acids, it would have 99 peptide bonds and 198

considerations for φ and ψ angles.

If each of these had only three conformations, that would result in 3198

different possible folding.

Levinthal suggested, proteins must fold by some sort of ordered pathway or set of

pathways in which the approach to the native state is accompanied by sharply

increasing conformational stability (decreasing free energy).
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Energy Landscape Theory (Folding Funnel): 

Polypeptides fold via a series of conformational adjustments that reduce their free energy and entropy 

until the native state is reached

Single largest contribution to the stability of a folded 

protein is ΔS (solvent) for the nonpolar residues. 
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Techniques to Monitor Protein Folding

(1) Circular dichroism (CD) spectroscopy

(2) Pulsed HD exchange followed by 2D-NMR spectroscopy or mass 

spectrometry

(3) Fluorescence resonance energy transfer (FRET).
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Thermodynamics of protein folding
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PROTEIN STABILITY
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Conditions for denaturation

pH variations: alter the ionization states of amino acid side chain

Detergents: hydrophobically associate with the nonpolar residues

High concentrations of water-soluble organic substances such as aliphatic 

alcohols interfere with the hydrophobic forces
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SOLUBILITIES OF PROTEINS

A. Effects of Salt Concentrations

Salting in: The solubility of a protein at low ionic strength generally increases with the salt 

concentration
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Salting out: 

• The solvent’s activity is decreased.

• Solute–solute interactions become stronger than solute-solvent interactions and the solute 

precipitates.

• Ammonium sulfate
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B. Effects of pH
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C. Effects of Organic Solvents

Precipitant : Low dielectric constant

Acetone and ethanol

Solvent: High dielectric constant

Dimethyl sulfoxide (DMSO) or N,N-

dimethylformamide (DMF)

Glycerol
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CHEMICAL KINETICS



LECTURE 1 APPLIED BIOLOGY1
13

Reaction Kinetics

1. Rate of a Reaction
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Factors affecting Rate of a Reaction
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2. Molecularity of a reaction

Number of molecules reacting in an elementary step.

A

A + B

A + B + C

Product

Product

Product
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3. Order of reaction:

How concentration of the substrate(s) affects the rate of reaction
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First order reaction:

Unit of first order rate constant:
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Rate v/s Substrate
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Concentration v/s time

For straight line plot ln[A] with time
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Second order reaction:

Unit of second order rate constant:
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Concentration v/s time

For straight line plot 1/[A] with time
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Zero order reaction:

The rate does not vary with the increase or decrease in the concentration of 

the reactants

Rate =  k
A + B Product

Unit of zero order rate constant:
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Velocity versus substrate

Concentration versus time
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Colligative properties

Properties of solutions that depend upon the concentration of 

solute molecules or ions, but not upon the identity of the solute. 

Solutes alter the colligative properties of aqueous solutions by 

lowering the effective concentration of water. 
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Colligative properties include 

• Decrease in Vapour pressure 

• Increase in Boiling point 

• Decrease in Freezing point 

• Increase in Osmotic pressure
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• Decrease in Vapour pressure and increase in Boiling point 
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• Decrease in Freezing point 
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Increase in Osmotic pressure

The pressure exerted on a solution to prevent osmosis (inflow) with the help 

of semi-permeable membrane
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Osmotic pressure 

Π = i c RT 
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