
Biotechnological applications of 
enzymes: proteases



Fields of application of proteases



Proteases catalyze the hydrolysis of peptide 
bonds

• Exopeptidases and endopeptidases
• Substrate specificity can be high or low
• 4 classes based on reaction mechanism:

– Serine proteases (chymotripsin, trypsin, elastase, subtilisin)
– Cysteine proteases (papain, caspase)
– Acidic proteases (pepsin, chymosin, HIV protease)
– Metalloproteases (carboxypeptidase A, thermolysin)

Many proteases possess also esterase activity



Reaction mechanism of serine proteases: 
covalent catalysis

Chymotripsin



Aspartic acid proteases: Pepsin



Metalloproteases: Carboxypeptidase A



Substrate specificity of different
proteases



Use of proteases as additives in 
detergents

Proteases used as additives in detergents
must:
• Have low substrate specificity
• Have high activity both at low and high T
• Have high pH optimum
• Be resistant to other agents present in 

detergents (soap, metal chelators, 
oxidants etc.).



Subtilisins are serine proteases
that possess these features



Subtilisins

• Produced by Bacillus sp., they are 
extracellular alkaline proteases

• Serine proteases of about 27 kDa, 
with low substrate specificity and 
high stability

• In the EU > 1000 tons of pure 
subtilisin are produced and/or 
imported per year

• Used as additive in all types of 
detergents

• Subtilisin is one of the most
engineered enzymes: over half of its
275 aminoacids have been targeted
by mutagenesis!



Strategies to improve the properties of an 
enzyme

Which properties do you
want to improve?

• Catalytic activity
• Substrate specificity
• New activities
• Stability
• Stability in ‘exotic’ 

environments (non-
physiologic)



Use of proteases as
additives in 
detergents.

Maxacal is a protease
from Bacillus lentus that
shows high activity at
high pH and is
thermostable.
It belongs to the 
subtilisin family.



Stabilization of Maxacal to oxidation

Maxacal loses activity in 
the presence of oxidants
such as H2O2 or 
peroxyacids that are 
commonly found in 
detergents.
Cysteine and methionine
residues are the main
targets of oxidants.
Maxacal does not contain
cysteines, but it has 3 
methionine residues.



Stabilization of Maxacal to oxidation.
Substitution of methionine 216 makes the protease

more resistant to oxidants

M216Q

wt



In vitro directed evolution to improve the 
thermostability of a psychrophilic subtilisin



In vitro directed evolution of the alkaline protease from B. 
gibsonii to improve activity at low T and thermostability



Use of proteases in the food industry

• To improve nutritional quality and digestibility of 
food

• To decrease allergenicity of protein hydrolyzates
used as nutritional supplements (es. artificial milk, 
wheat flour)

• For production of cheese: chymosin and pepsin for 
casein hydrolysis and rennet formation, mix of 
proteases for cheese ripening

• To soften meat: papain, bromelain





Steps in cheese making



Enzymatic synthesis of peptide bonds: 
transpeptidation

Proteases can catalyze the synthesis of peptide bonds through
two approaches:

1. Thermodynamic approach (inverse of the hydrolysis reaction)
2. Kinetic approach (aminolysis reaction)



Strategies for the synthesis of peptide bonds 
through the thermodynamic approach

The apparent equilibrium is shifted towards synthesis
by removal of the peptide product from the reaction
mixture: precipitation



Strategies for the synthesis of peptide 
bonds by proteases

Chemical groups that block –NH2 and -COOH are 
used to confer directionality to the bond and to 
modify solubility of reagents and products

NH2 group
Z group: benzyloxycarbonyl
Ac group: acetyl

COOH group
Obut group: tert-butyl ester
NH2 group: amide



Strategies for the synthesis of peptide bonds 
through the thermodynamic approach

The apparent equilibrium is shifted towards synthesis
by removal of the peptide product from the reaction
mixture: Biphasic system: water + immiscible solvent



Strategies for the synthesis of peptide 
bonds through the kinetic approach

This approach can be used with serine and cysteine
proteases that form a covalent acyl-enzyme intermediate. 
Esters or amides of amino acids are used as acyl group
donors to form the acyl-enzyme.
Deacylation takes place as competition between hydrolysis
and aminolysis.
The aminolysis reaction is favoured in organic solvents.



Enzymes are able to retain catalytic
activity in organic solvents

Enzymes retain
catalytic activity in 
organic solvents
because they retain
a thin shell of water 
molecules. 

Enzymes maintain
the pre-existing
ionization state 
before transfer in 
the organic solvent

pH memory.



Solvent-mediated inversion of the 
enantioselectivity of an enzyme

Transesterification reaction catalyzed by Aspergillus oryzae
protease in different organic solvents
N-acetyl- (D or L)-phenylalanine-chloroethylester + propanol

Solvente Enantioselettività (VL/VD)
Acetonitrile 7.1
Dimetilformamide 5.7
Acetone 1.3
Toluene 0.26
Ottano 0.24

Binding mode of D substrate is
productive in organic solvent
because the hydrophobic Phe side 
chain is exposed



Strategies for the enzymatic synthesis of 
peptides



Experimental conditions for enzymatic
peptide bond synthesis



Semi-synthesis of human insulin from 
porcine insulin

Human insulin
differs from 
porcine insulin only
for the last residue 
of the B chain:
Thr B30 vs Ala B30.



Semi-synthesis of human insulin from 
porcine insulin

Ala30 is removed by 
carboxypeptidase or by a lysine-
specific protease.
A lysine-specific protease is used to 
form the Lys29-Thr peptide bond.

Procedure patented by Novo in 1982.

Transpeptidation of recombinant
insulin (B chain lacking Thr30) 
produced in S. cerevisiae.



Synthesis of aspartame

Aspartame is a dipeptide formed by 
aspartate and phenylalanine-methylester, 
it is 100-200 times sweeter than sucrose. 
Peptide bond synthesis is catalyzed by 
the metalloprotease thermolysin.

Thermolysin: enantiospecific (D,L-Phe)
regiospecific (a isomer)
thermostable (50-60°C)
no esterase activity


