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Biological membranes are well organized systems of lipids,
proteins, and carbohydrates.They regulate the composition
of the intracellular medium by controlling the flow of
nutrients, waste products, ions, etc. into and out of the cell.
The function of membrane proteins is mainly to allow the
transport of ions and polar substances that would not
otherwise permeate through the non polar membrane
core.

The combination of artificial membranes with
macromolecules of biological origin allow to obtain hybrid
systems capable to imitate what nature has fine tune
through aeons of evolution. In fact, these systems, based on
their selective transport and catalytic properties, are able
to carry out chemical reactions, selective separation, waste
removal, etc.

The use of membranes and biological tools for improving
traditional production systems is a possible approach for
maintaining a sustainable growth.Typical examples include
novel pharmaceutical products with well-defined
enantiomeric composition; new foods with improved
nutritive properties; medical devices for the care of crucial
diseases; and the treatment of wastes.

Membrane reactors using biological catalysts can be used
for production, processing and treatment operations. The
recent trend towards environmentally friendly technologies
makes membrane reactors particularly attractive because
they do not require additives, are able to function at
moderate temperature and pressure, and reduce the
formation of by-products.

The catalytic action of enzymes is extremely efficient and
selective compared with chemical catalysts; they
demonstrate higher reaction rates, milder reaction
conditions and greater stereospecificity. Many enzymes and
micro-organisms have been used in membrane reactors to
catalyze bioconversions for various application [I-18].
Biocatalytic membrane reactors can combine selective
mass transport with chemical reactions and the selective
removal of products from the reaction site increases the
conversion of product-inhibited or thermodynamically
unfavorable reactions.

In addition to the type of immobilization, biocatalytic
membrane reactors are commonly distinguished on the
basis of their operation mode. For example, ultrafiltration
membrane reactors (UF-MR), two separate phase
membrane reactors (TSP-MR) (or biphasic organic/aqueous
membrane reactor) and so on. Ultrafiltration membrane

reactors are used when the substrate has a high molecular
weight compared with the product, and both are soluble in
the same solvents. Hence, the product can be separated as
it is formed.When the substrate and product have similar
molecular size, they both pass through the membrane.
Therefore, it is necessary to match the transport rate with
the reaction rate to ensure that as the substrate reaches
the enzyme it is converted and the product is transported
to the other side. If the substrate has a different solubility
compared to the product (as in the case of an ester and its
hydrolysis products), then a biphasic membrane reactor can
be used [19].Typical reactions that require biocatalysts
suspended in a solution include: (1) the hydrolysis of starch
(by a- and B-amylase); (2) the fermentation of sugars (by
yeast); (3) the hydrolysis of pectins (by pectinase); (4) the
hydrolysis of K-casein (by endopeptidase); (5) the
hydrolysis of collagen (by protease);and (6) the coenzyme-
dependant reactions [20, 21]. In these cases, the biocatalyst
is continuously flushed along the membrane which
functions as a separative barrier removing the reaction
products while keeping substrate and biocatalyst in the
reaction bulk phase.

Immobilization has proved to increase stability of
biocatalysts, although it may cause changes in the catalytic
activity and enantioselectivity [22-24].This is a common
observation, nevertheless, it cannot be considered a
general rule of the inverse relationship between stability
and activity and enantioselectivity of immobilized enzymes.
Most probably, these effects are related to the interactions
between the chemical groups of enzyme and membrane:
due to these interactions the molecule becomes more
rigid, and therefore more stable, but the loss in flexibility
might damages the specificity and activity.

The progresses made in the last years in membrane
engineering and in the understanding of basic mechanisms
for membrane transport phenomena, have a significant fall
out not only in the industrial separation processes, in
desalination, in gas treatments but also in biotechnology
and in biomedical engineering.

The potential advantages of membrane technology over
more conventional approaches, include higher efficiency
and reduced costs owing to the integration of
bioconversion and product purification, thus reducing
equipment costs and processing steps as today requested
by a process intensification strategy.

Enzymatic membranes is also contributing to the growth of
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new research area, such as nonaqueous enzymology, the
use of antibodies as highly specific catalysts, use of
biomimetic catalysts (such as cyclodextrines) and the
development of novel biosensor for diagnostic purposes.
The results reached in the development of biocatalytic
membrane reactors for the industrial applications and for
the realization of artificial organs are important examples.
Further progresses will be realized by the integration of
these systems, by the study of new more selective and
resistant organic and inorganic membranes, by their further
miniaturization [25].
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