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Enzymes in nonaqueous media

Enzyme activity in organic solvent was proved in 1930’s 
and rediscovered in 1977

The best solvent is not water miscible acetone or 
methanol, but hydrophobic solvent, such as toluene or 
cyclohexane→ water miscible solvents strip away the 
remaining water, while hydrophobic solvent does not

Advantages

1. Increases of solubility of reactants

2. A shift of equilibrium

3. Easier separation of water and solvent

4. Enhanced stability of enzyme

5. Altered selectivity

Lipase synthesizes ester bonds and is stable at 100 °C in 
organic solvent





Activity

Most of enzymes are active in organic solvent

Activities are decreased orders of magnitude

Some methods to improve activity
Sufficient hydration in organic solvent (1% v/v)

Lyophilization at the maximum activity in water

Lyophilization with protectants (polyol, phenol, …) and 
strong salts such as KCl



Hydrophobicity of solvent

8.7Hexadecane2.7Toluene
4.3Petroleum ether (100-120)2.3Tetrachloroethylene
4.0Heptane2.2Chloroform
3.9Dipentyl ether2.0Benzene
3.8Petroleum ether (80-100)2.0Di-isopropyl ether
3.5Petroleum ether (60-80)1.7Butyl acetate
3.5Hexane1.4Methylene chloride
3.1Cyclohexane0.8Diethyl ether
2.9Dibutyl ether0.8Butanol
2.8Carbon tetrachloride0.7Ethyl acetate
2.81,1,1-trichloroethane0.3Butanone
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Activities versus hydrophobicity

Free enzyme

Immobilized enzyme

Sometimes loss of activity by organic solvent can be offset 
by the shift of equilibrium constant : ex) glucose isomerase in ethanol



Equilibrium





If α is large, 







Separation

Evaporating organic solvent



Importance of water 

The required water molecules per protein is 
several hundreds per protein, which is less than 
monolayer outside of protein

Water activity (thermodynamic term)
Pseudomonas cepacia lipase in n-octanol has maximum 
activity at aw between 0.11 – 0.38

Mucor miehei lipase has maximum activity at 0.55



Strategies using lipase in organic solvents



Extremophile enzymes



More than 20 different
genera are living at the
temperature above 100°C

Most of them are anaerobic
and use peptides as a
source of carbon and nitrogen

Cell architecture and metabolism
are novel (for example, no fatty
acid ester group)



Thermophile enzyme

Advantage

Enzyme reactor in high temp can reduce 
viscosity, inhibit bacterial growth, increase 
solubility of substrates

More resistant to detergents, organic solvents, 
and proteases

Disadvantage

High temp operation can increase energy costs

Certain food industry use heat for inactivation

Many are oxygen sensitive

Difficult to cultivate to high cell density → DNA 
recombinant method



Examples



Other extremophiles

Psychrophiles are living at -1.8 °C

Antifreeze glycoproteins

Maximum activity at 0 °C

Can be used for heat labile substrate

Low temp food processing can reduce 
contamination

Halophiles
Active at low water activity

Can be used for reactions in organic solvent 


