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ntibiotics are substances produced by
microorganisms that can either destroy
other microorganisms or inhibit their
growth (see BIOLOGICAL SCIENCES REVIEW,
Vol. 11, No. 5, pp. 18-20). The key element
in this definition is that antibiotics are
produced by microorganisms, usually by

bacteria but also by a few fungi. But the
definition is not hard and fast. Nowadays
many antibiotics are semi-synthetic —
chemists alter the structure of a naturally
produced substance to make it even more
effective.

Penicillin, the first antibiotic, was a
naturally occurring substance produced
by the mould Penicillium notatum. The
discovery of penicillin was something of a
chance occurrence. Alexander Fleming had
not set out to find an antibiotic, but had
recognised one at work. Soon after the
value of penicillin had been proved, people
took up the challenge of searching for
new antibiotics. The penicillin Fleming
discovered was really a mixture of two
substances, now known as penicillin G and
penicillin V (see Figure 1). Although they
kill bacteria in test tubes, they have disad-
vantages as drugs. Penicillin G is unstable
at low pH, and so is rapidly inactivated
in the stomach; this means that it has to
be given by injection. Penicillin V is stable
at low pH so can be given by mouth.
However, both penicillins are active only
against Gram-positive bacteria, such as the
streptococci that cause sore throats. Both
penicillins are destroyed by penicillinases
produced by resistant bacteria, and can
cause allergic reactions in some patients.
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Penicillinase (B-lactamase)
produced by resistant
bacteria cuts this bond and
deactivates the antibiotic
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Figure 1 Some penicillins. The core of all
penicillins is the four-membered B-lactam
ring fused to the five-membered thiazolidine
ring. By changing the side chain (R), a range
of penicillins with different properties can be
produced. Side chains are added chemically
to the parent molecule, 6-aminopenicillanic
acid, obtained from Penicillium mould.
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vessel (or fermenter) for further pro-
cessing. The fermenter is then cleaned
and another batch started.

The key to successful manufacture
of antibiotics is control, but there is
so much to control: pH, temperature,
oxygen, mixing, nutrients. Each of
these can have profound effects on the
yield of antibiotic, which can vary by
as much as forty-fold between succes-
sive batches. The need to keep the
whole process sterile (to avoid con-
tamination with undesirable micro-
organisms) and the delay between
taking samples and obtaining results
introduce further complications. All
this means that no two batches are
ever exactly the same. Much research
is aimed at a deeper understanding
of the whole manufacturing sequence,
so as to make the behaviour of each
batch more predictable.
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Antibiotic testing. A Petri dish containing
nutrient medium upon which a bacterium
has been streaked. A pellet containing
antibiotic placed in the centre has gener-
ated a clear zone, free from bacteria.

The key to developing more useful peni-
cillins was the discovery of 6-amino-
penicillanic acid, the core of the penicillin
molecule (see Figure 1). To this core
chemists can add a whole family of side
chains to produce molecules with different
properties. Oxacillin, for example, is resis-
tant to penicillinases, while ampicillin,
although sensitive to penicillinases, is effec-
tive against Gram-negative bacteria, such
as Haemophilus, which can cause bron-
chitis or pneumonia. Both antibiotics can
be given by mouth. These antibiotics are
called semi-synthetic because the raw
material — 6-aminopenicillanic acid — is
produced naturally and is then chemically
modified. Their creation has ushered in a
new era of therapy.

In industry antibiotics are made in distinct
batches. A sterile solution (or broth) of
basic foodstuffs is inoculated with a starter
culture of the bacteria or fungi that make
the antibiotic. The broth is fermented (that
is, the microbes are allowed to grow in it),
then the entire batch is removed from the

Technician tending a fermenter unit used for
the industrial manufacture of antibiotics.
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INDUSTRIAL MANUFACTURE

The manufacture of penicillin G, originally
important in its own right and now as a
source of raw material for semi-synthetic
antibiotics, has been considerably im-
proved and makes a useful example. In the
early days, the mould was grown on the
surface of a liquid growth medium, origi-
nally in large glass milk bottles, and the
yield was less than 50 mg dm~3. Nowadays
it is made by deep-culture in vast fer-
menters (see Figure 2) with a capacity of
250m’ and a yield of more than 50 g dm™3.
Yields of 100 gdm3 are probably not far
off. The increase has been achieved by
many small steps and a few larger leaps.
One of the most important changes was
the discovery of a fungus that produced
more penicillin than the original Penicil-
lium notatum. During World War II peni-
cillin was badly needed and improvements
in its production were given top priority by
the US government. Another species, P.
chrysogenum, was taken from a cantaloupe
melon that had gone mouldy. All the strains

Figure 2 Schematic diagram
of a stirred batch fermenter.
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that are used today to make penicillin are
derived from this one isolate. This fungus
grows much more effectively in larger
stirred vessels than does P. notatum. It was
also subjected to X-rays, ultraviolet radia-
tion and chemical mutagens to create new
strains that might be better at making peni-
cillin. Over the course of 21 rounds of
mutation and selection, penicillin produc-
tion increased 55-fold.

As strains have become more produc-
tive, so too have the methods used to grow
them. Oxygen, for example, is vital for the
growth of the microorganism. In big
fermenters air is pumped in at the bottom
and bubbles up through the broth. The
oxygen dissolves out of the bubbles, while
carbon dioxide produced by the microbe
diffuses in. Large impellers stir the medium
to promote mixing and intimate contact
between the bubbles, the hyphae, and the
growth medium. All this introduces enor-
mous complications.

Researchers at Birmingham University
found that even in a vigorously stirred
broth, there can be regions near the walls

of the fermenter that are hardly moving.
Cells stuck there barely grow. New designs
of impeller have improved mixing and
made it more efficient. Mixing is also
affected by the viscosity of the growth
medium and the shape of the microor-
ganism. Fungal hyphae may be straight,
branched, or bunched up into clumps.
A computer-based system developed at
Birmingham can recognise the different
types and relate the proportions of differ-
ent structures to the physical behaviour
of the broth. From that, regimes have
been devised to ensure the most efficient
physical growth of the organism.

NEURAL NETWORKS

One of the most exciting advances in
improving antibiotic manufacture has been
the development of neural networks. These
are computer programs that can take a
complex pattern of inputs, such as the
various physical and biological measure-
ments made on a fermenter, and use them
to predict the eventual result. For example,
a batch of P. chrysogenum makes the most
penicillin G when on the verge of death by
starvation. Researchers at Newcastle Uni-
versity have devised a neural network that
accurately controls the available nutrients,
and so enhances productivity.

Neural networks can also give early
warning of batches that have become con-
taminated. This is an especially important
aspect of control. What makes one batch
yield 20 gdm~3 while another yields only
0.5 gdm=3? Human operators cannot deal
with the complexity of the many variables
involved, but neural networks are being
developed at Westminster University to
recognise what researchers call ‘process
fault signatures’ as early as possible during
fermentation. The hope is that such
networks will assist operators to decide
which batches can be recovered and which
should be abandoned. The changes in
fermentation efficiency from such research
can be small. But on the scale of antibiotic
production, and with such a valuable end
product, even relatively small improve-
ments can have a significant impact. M

FURTHER READING

Robson, G. (1996) ‘Fungi in fermenters’,
Biological Sciences Review, Vol. 8, No. 5,
pp. 35-37.

Jeremy Cherfas

Dr Jeremy Cherfas is a biologist who writes
and broadcasts about science. This article is
based on one that first appeared in a BBSRC
booklet available free from the Bio-
technology and Biological Sciences Research
Council, Polaris House, North Star Avenue,
Swindon SN2 1UM.

38

BIOLOGICAL SCIENCESREVIEW




