
Biocatalysts

Immobilization techniques and 
biotechnological applications of 

cells and enzymes



BIOCATALYSTS

Biological catalysts to obtain a product of interest by a 
biotransformation

Microorganisms
the microorganism is grown in medium A
cells are harvested and resuspended in medium B that contains 
the substrate to be transformed
growth and biotransformation conditions must be optimized 
separately

Purified enzymes
membrane permeability problems are solved
side-reactions are avoided
possible stability problems
it is necessary to purify the enzyme!



BIOCATALYSTS
IMMOBILIZED VS SOLUBLE

Può aumentare con 
l’immobilizzazione

?Stabilità 

?Rigenerazione 

?Difficili da 
controllare

Effetti di 
inibizione

Breve (alta [E])Lungo (bassa [E])Tempo di 
reazione

Di regolaImpossibileOperazione in 
continuo

Facile Può essere difficileSeparazione del 
prodotto

Biocatalizzatore 
immobilizzato

Biocatalizzatore 
solubile

Può essere usato più 
volte

Catalytic activity must be preserved in the 
immobilization procedure!



BIOCATALYSTS
IMMOBILIZED VS SOLUBLE



IMMOBILIZED BIOCATALYSTS

• Carrier-free immobilization
• Carrier-mediated immobilization

• Main active groups on the biocatalyst that can be 
used for covalent immobilization:
– NH2 (N-terminal and Lys side-chain)
– COOH (C-terminal and Glu and Asp side-chains)
– SH (Cys side-chain)



Carrier-free immobilization methods 
(self-immobilization)

Cross-linked crystals (CLEC)
Cross-linked aggregates (CLEA)

Cross-linking with 
glutaraldehyde



Methods for immobilization of 
biocatalysts



Carrier formats



Immobilization 
techniques: 
merits and 
demerits

Adsorption
Entrapment
Encapsulation
Covalent bonding
Cross-linking



Support materials for immobilization



Support materials for immobilization

Natural and synthetic organic supports used 
for immobilization of cells or enzymes must 
be stable and unreactive.
Matrices have to be activated.



Activation of a polysaccharidic matrix with 
cyanogen bromide (CNBr) to immobilize -NH2 

groups

Activation
pH 12

Immobilization pH 8-10



Derivatized and activated 
matrices for reaction with 
different groups in 
proteins (-NH2, -COOH, 
-SH, aromatic aminoacids
ecc.)

The presence of a spacer
group on the matrix reduces 
steric problems and favours 
active site accessibility of the 
immobilized enzyme



Carbodiimides: 
cross-linkers specific for carboxyl/amine 

groups

EDC 
1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride

EDC reacts with a 
carboxyl group on 
molecule 1 to form an O-
acylisourea intermediate. 
This intermediate can 
react with an amine group 
on molecule 2, forming a 
covalent bond between 
the two molecules.



Multi-point attachment on Eupergit C

Eupergit: macroporous spheres of acrylamide-derived co-polymers, 
activated with epoxides (preferential reaction with amine groups)



Immobilization methods:
multi-layered encapsulation



Bioreactors

• Polymeric supports: particles, membranes and 
nanofibers

• Packed-bed reactors (biocatalyst ‘packed’ in a column)
• Fluidized-bed reactors (biocatalyst maintained ‘in 

motion’ by a continuous flux of substrate)
• Continuous flow stirred reactors (biocatalyst mixed

with a continuous flow of substrate)
• Membrane reactors (biocatalyst ‘separated’ by a 

membrane)







Biotechnological application of immobilized 
enzymes for aroma production in wine

Many components of wine aroma are volatile terpenes bound to glucose, 
which is linked to another sugar (arabinose, rhamnose or apiose). The 
terpene is released by the sequential action of specific glycosidases.









Linalool Terpineol Geraniol



Biotechnological application of immobilized cells 
for ethanol production

Conversion of 
lactose in whey
(waste product of 
cheese-making
industry)



Application of enzymes immobilized on Eupergit
C for lactose biotransformation



Application of enzymes in starch hydrolysis. 
Properties and applications of hydrolyzed starch 

products



Application of enzymes in starch hydrolysis for 
production of high-fructose syrup

Enzymes involved in the hydrolysis of starch





Application of enzymes in starch hydrolysis for 
production of high-fructose syrup






