[image: image1.jpg]BIOTECH reports
on biotechnology —
the manipulation of
biological organisms,

@ i systems or processes
| — ¥

| | § for the benefit of
r/:fﬁ man, in areas such
e/ E .

_— as agriculture, food
o \ production and

medicine.

Enzyme
technology

|n both industry and everyday life, enzymes
catalyse vital chemical reactions. They are
used extensively in biotechnology. Since
biotechnology has, at the moment, a poor
public image, the time may have come for
industrial enzymes to step out of the
shadows and into the limelight.

A LITTLE BIT OF HISTORY

The use of enzymes by humans can be
traced back to the earliest references to food
production. Homer, writing over 2000 years
ago, referred to using the stomachs from
lambs or young goats to start the cheese-
making process. In the Far East an age-old
tradition used koji (a mould fungus) to
produce soya-based products — shoyu,
miso and sake. However, the properties of
enzymes — the vital ingredients in both
these processes — were not examined until
the nineteenth century. A series of chemists
studied the nature of fermentation, and in
1876 William Kiihne coined the term
‘enzyme’.

At present, worldwide industrial pro-
duction of enzymes is worth approximately
£530 million per year. The majority of the
enzymes are produced from bacteria and
most are used by the detergent industry.
But the discovery of restriction endonucle-
ases or restriction enzymes and the conse-
quent advances in gene technology mean
that the properties of enzymes can be modi-
fied to become even more useful. Enzyme
technology could be about to enter a golden
age.

Enzyme technology falls neatly into two
categories — that used in industry and that
used in genetic engineering (the restriction
enzymes). The use of enzymes for genetic
engineering is widely publicised (e.g. see
BIOLOGICAL SCIENCES REVIEW, Vol. 11, No.
1, pp. 18-19) but their use in industry is
often overlooked.

EARLY INDUSTRIAL USAGE

Enzymes were first used on an industrial
scale by the textile industry, for desizing —
removing starch paste from fabric. (The
starch is applied to thread to protect it
during the weaving process.) This was
previously done with acids, alkalis or
oxidising agents, but these often discoloured
the fabric. The use of enzyme extracts (from
malt and later from pancreas) was a major
step forward. By 1917 a thermostable bacte-
rial amylase had been discovered, but scale-
up to mass production took much longer.

" At about the same time, other industries
that relied on natural processes, such as the
leather industry, also started to explore the
use of enzymes, but for cost reduction
reasons rather than for any ‘green’ ideals.
Early production of enzymes was inefficient,
and it was not until after the Second World
War that large-scale production became
possible.

MODERN “GREEN’ APPLICATIONS

The waste products from a traditional
tannery are fairly unpleasant! The hair is
removed from animal hides using a lime
(calcium hydroxide) and sodium sulphide
process. In modern tanneries enzymes are
used instead. Proteases help in the removal
of hair. They digest away the protein content
of the cells anchoring the hair follicle. This
gives a number of options to the tannery for
reducing waste — sulphide and lime
requirements can be reduced or the liming
time can be reduced. The removal of fat,
once completed entirely with solvents, can
be carried out with lipases, a far more
environmentally friendly solution, and the
use of surfactants (detergent-like materials)
can be drastically reduced.

The oils and fats industry itself is starting
to use enzyme technology, particularly in
minimising unwanted by-products. Produc-
tion of fatty esters has traditionally been
carried out by chemical catalysis, but often
side-reactions occur, resulting in a poor
product yield or hazardous by-products.
Again, enzymes can now be used and,
because they work in mild conditions, by-
product formation is reduced.

The extraction of oil from seeds usually
takes place using hexane, an organic
solvent. A process currently under devel-
opment at Novo Nordisk, using enzymes,
should allow the extraction process to be
carried out in water, thus removing the need
for hexane.

THE PAPER INDUSTRY

The paper industry is also boosting its
environmental stance with enzyme tech-
nology. Pulps (suspensions of wood fibres),

the starting point for paper-making, can be
made mechanically or chemically. The
chemical process uses chlorine (or a related
compound) as a bleaching agent and, conse-
quently, waste products include chlorinated
organic compounds. To reduce chlorine use,
enzymes have been produced that can be
added before the bleaching process. They
enable more lignin to be washed out of the
pulp (the lignin makes the pulp look brown)
and make the pulp more receptive to the
bleaching chemicals, so less are used.

It is even greener to make new paper
from recycled paper from offices, but this
needs to be de-inked, usually involving alka-
loids. Enzymes such as Novovym 342 from
Novo Nordisk work at a neutral pH. Moving
to a neutral de-inking system employing
enzymes does require some change in the
chemistry of the system, but the process
and the product are improved. Pulp clean-
liness, less deposit and brighter final pulp
are all characteristics of enzyme usage. In
the future, oxidoreductase enzymes will be
available and may completely replace tradi-
tional bleaching agents.

THE TEXTILE INDUSTRY

Over the past two decades or so, enzymes
have been used in the textile industry for
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more than simply desizing. Enzymes have
replaced some of the stones in the ‘stone-
washed’ process and have replaced bleach in
the natural fabric industry, thus reducing
power usage and cleaning-up emissions. A
particular problem when dealing with natural
fabrics, like cotton, is how to remove all the
hydrogen peroxide, which is used as a
bleaching agent before dyeing. The traditional
method is to neutralise the bleach with a
reducing agent, but dose control is critical.
The enzymatic answer is both easier and
quicker, since only a small dose of catalase is
needed to break down the hydrogen peroxide
into oxygen and water. The result is cleaner
waste water or reduced water consumption,
both environmentally desirable.

Away from purely environmental issues, the
use of proteases in the food industry illus-
trates a further application of enzyme tech-
nology. These enzymes have been used to
produce infant milk formulae from cows’ milk
for 50 years. The proteins in cows’ milk differ
from those in human milk, and young babies
who are bottle-fed may develop an allergic
response to cows’ milk. Indeed, cows’ milk is
unsuitable for babies under 6 months old.
Proteases digest the milk proteins into

Malt Barley or other grain
steeped in water, allowed to
sprout and then dried in a kiln.

Restriction enzymes

These occur naturally in bacteria.
There are different kinds and each
type cuts DNA at a specific site.
They are now used widely in
genetic engineering to produce the
pieces of DNA that are used in
cloning techniques.

Catalase An enzyme that
catalyses the oxidation of many
substrates (reactants) by
hydrogen peroxide. In the absence
of a substrate it destroys hydrogen
peroxide, turning it into water and
oxygen.

Fatty esters Fatty acid deriva-
tives which are used in flavour
and fragrance manufacture and

as surfactants in the production

of moisturising creams and
shampoos.

Newly made paper as seen under

the scanning electron microscope.

The individual xylem elements of the
wood used to make the paper are
clearly visible — enzyme technology
now allows us to remove their strength-
ening material (lignin) without the use
of copious bleaching agents harmful
to the environment. (x 1200)

peptides and free amino acids, so reducing
the risk of sensitisation to cows’ milk. The
nutritional value of the treated milk is also
improved when the proteins are degraded into
smaller peptides.

Proteases are also used to extract heparin,
which is used to prevent blood clotting during
surgery. This is extracted from the intestines
of pigs; the lining or mucosa is scraped off,
proteases are added and, from the protein
breakdown, heparin is harvested.

The environmental benefits of enzyme tech-
nology are clear-cut. Their ability to work in
mild conditions and at low temperatures
means that the need for harsh conditions, high
temperatures and chemicals is reduced, thus
saving energy and reducing pollutants.
Perhaps best of all, enzymes are obtained from
natural sources and are themselves biodegrad-
able; and their breakdown products, amino
acids, are non-toxic.

Giles Denny

Giles Denny is Assistant Editor of Helix, an
international biotechnology magazine
published by DMG Business Media Limited.
This article is based on one that first appeared
in Helix.
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