
Biotechnological applications of 
enzymes: lipases



Lipases

• Catalyze hydrolysis and synthesis of acyl-glycerols
• Are stable in organic solvents
• Do not require cofactors
• Have low substrate specificity
• Have high enantioselectivity



Advantages of organic solvents



Evaluation of the chiral purity of products and 
substrates in a reaction catalysed by an enantioselective

enzyme

Enzyme with E = 5        Enzyme with E = 20

Enantiomeric ratio E = (Vmax/Km)fast/(Vmax/Km)slow



Structure of Burkholderia cepacia lipase

Lipases catalyze the 
hydrolysis of esters with a 
mechanism similar to serine 
proteases.

Lipase substrates are 
generally poorly soluble in 
water.

Catalytic activity is
enhanced at the 
water/lipid interface.

Most industrial lipases are 
derived from 
microorganisms.



Reaction mechanism of lipase



Molecular basis of enantioselectivity of Candida 
rugosa lipase

Preference of C. 
rugosa lipase for the 
R isomer of menthol is
due to formation of a 
hydrogen bond 
between His449 and 
the substrate. This
bond can not form
with the S isomer.

Crystal structure obtained in the presence
of a transition-state analogue



Reactions catalyzed by lipase:
hydrolysis and synthesis (transesterification)



Reactions catalyzed by lipase:
chiral substrates and products

To make the 
transesterification reaction
irreversible, esters that give
rise to products that are no 
longer a substrate for lipase
are used as acyl donors.

R1COOCH=CH2 + R2OH
→ R1COOR2 + HOCH=CH2

HOCH=CH2 is unstable and 
decays to CH3CHO



Biotechnological applications of lipases

Hydrolysis reactions
detergent additives

Hydrolysis/transesterification reactions
production of food ingredients
production of cosmetics
production of biodiesel
production of drugs

Kinetic resolution of racemic mixtures
dynamic kinetic resolution of racemic mixtures to 
obtain complete conversion of the substrate



Lipase immobilization techniques



Lipase immobilization techniques

• Cross-linked enzyme crystals (CLEC) with glutaraldehyde. CLECs are 
insoluble, stable in aqueous and organic solvents, highly porous, allow
substrate diffusion and can be easily recovered at the end of the 
reaction.

• Cross-linked enzyme aggregates (CLEA) with glutaraldehyde.
• Entrapment in silica gel modified with alkyl groups CH3Si(OCH3)3 and 

Si(OCH3)4 to create a hydrophobic microenvironment and retain
catalytic activity

• Immobilization on activated silica nanoparticles



Lipase immobilization techniques

• Immobilization on functionalized magnetic
nanoparticles



Biotechnological applications of lipases

Hydrolysis reactions
detergent additives: low substrate specificity

stability to high T, proteases and chemical
denaturation
pH optimum 10-11

Hydrolysis/transesterification reactions
production of food ingredients: poly-unsaturated fatty acids
(PUFA)
production of cosmetics
production of biodiesel
production of drugs

Kinetic resolution of racemic mixtures
dynamic kinetic resolution of racemic mixtures to obtain
complete conversion of the substrate è drugs





Enzymes encapsulated in arabic gum 3-6% and maltodextrin 6-12% 

Detergent A: free enzymes
B: encapsulated enzymes



Polyunsaturated fatty acids

Linoleic acid (18:2) and linolenic acid (18:3) are essential. 
They are precursors of eicosanoids arachidonic acid (20:4) and 
eicosapentaenoic acid (20:5).



Arachidonic acid is the precursor of 
prostaglandins, thromboxanes and leukotrienes



Biological role of arachidonic acid 
metabolites



Applications of lipase for production of 
polyunsaturated fatty acids (PUFA)



Properties and applications fatty acid esters



Applications of lipase for production of 
cosmetic ingrendients

• Lipases as cosmetic ingredients
– Hydrolysis of fats/release of active components

• Lipases for production of cosmetic components:
– Fatty acid esters (emulsifiers, emollients, detergents)
– Sugar esters (tensioactives)
– Fragrances and aromas
– Active ingredients (antioxidants, UV filters, ceramides)

è Enantioselectivity and regioselectivity of lipases
are key for these applications



Components of cosmetics that
can be obtained with lipases



Comparison between conventional and lipase-
catalyzed procedure for production of cosmetic

fatty acid esters



Application of lipase for biodiesel 
production

• Biodiesel is constituted by fatty acid methyl esters (FAME)
• The transesterification reaction of triglycerides with methanol

produces biodiesel and glycerol



Application of lipase for biodiesel production

• Alkaline catalysis (NaOH) vs enzymatic catalysis



Application of lipase for biodiesel production



Application of lipase for biodiesel production

• Purified lipase or microrganisms that produce high levels of the 
enzyme (recombinant or natural)

• Immobilized biocatalyst
• Triglyceride sources: edible vegetable oils (sunflower, soy and 

palm oil) non edible oils,  lipid-rich microrganisms (microalgae, 
bacteria or yeast), waste oils (food, paper and tobacco
manufacture)

• Variables to be controlled: temperature, alcohol (inactivation of 
the enzyme in excess methanol), presence of water and solvents, 
regeneration of lipase, concentration of free fatty acids



Application of lipase for biodiesel production



Application of immobilized lipase for biodiesel 
production



Stabilization of lipase to methanol





Kinetic resolution of racemic mixtures of 
drug precursors

• Non steroid anti-inflammatory drugs (NSAID) are competitive 
inhibitors of cycloxygenase.

• NSAID derived from aryl-propionic acids contain a chiral
center. The S isomer binds the active site of the target COX-2. 



Kinetic resolution of racemic mixtures of 
drug precursors

Naproxen (methyl-2-(6-methoxy-2-naftyl) propionic acid) is a non-
steroid anti-inflammatory drug that contains a chiral center. The S
isomer is 28 times more active than the R isomer. It can be obtained
by enantioselective hydrolysis of the racemic mixture of the ester
precursor of the active molecule.



Reaction rate 
depends on the 
leaving group

C. cylindracea (C. rugosa) lipase shows 
stereochemical preference for the S isomer



C. rugosa lipase immobilization for resolution of 
racemic mixtures of arylpropionic acid esters

Immobilization
method: cross-linked
enzyme crystals with 
glutaraldehyde (CLEC).
Crystallization in 2-
methyl-2,4-pentandiol 
allows to retain
catalytic activity and 
active site 
accessibility.



Strategies for lipase engineering

Which properties do 
you want to improve?

• Enantioselectivity
• Stability in ‘exotic’ 

environment (organic
solvent)



In vitro directed evolution to improve
enantioselectivity of lipase



In vitro directed evolution to improve
enantioselectivity of lipase

The variant obtained at the 5th generation shows mutation S155F and 
4 glycine substitutions that make the enzyme more flexible, modifying
some interactions in the active site and in the oxyanion site.



Site-specific mutagenesis of the active site of 
Yarrowia lipolitica lipase to modify

enantioselectivity



Site-specific mutagenesis of lipase to 
modify enantioselectivity

Substrate: 2-bromo-phenylacetic acid esters, 
intermediates for drug synthesis



Site-specific mutagenesis of lipase to 
modify enantioselectivity



Site-specific mutagenesis of lipase to 
modify enantioselectivity

The size of the 
residue in position 
232 determine
lipase preference of 
one enantiomer.
Small amino acids: S
Large amino acids: R


