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Focus — Biomanufacturing

A New Era for
Plapt- Based
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With the development of new technologies, plants

Medicines
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are finally starting to show their full potential—both as
a source of plant-based drugs and as an expression platform
for the production of recombinant therapeutic proteins:

Plants have historically served as the most significant
source of new leads for pharmaceutical development.
Today it is believed that about one-quarter of our modern
medicines contain plant-derived molecules. Although not
necessarily produced by plants as such, plant-derived
compounds are often discovered in nature before being

partially or totally synthesised through chemical
processes; this was the case with the anticancer drug
Taxotere” (docetaxel, Sanofi-aventis).

It is generally estimated that there are approximately
300,000 species of higher plants; out of these, only a few

Plant-based medicine
Plant extract
Phytopharmaceuticals
Plant expression systems
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thousands are used as medicines. Thus,
there are potentially many more important
discoveries in the plant kingdom to be
exploited for pharmaceutical application. In
fact, there are literally millions of natural
chemical structure types resulting from
nature’s combinational chemistry effort,
supplying almost unimaginable chemical

diversity — and in turn yielding stereochemically complex
structures with diverse functional groups that are ideal for
interacting specifically with biological target molecules.
More importantly, nature has been 'doing’ combinational
chemistry for aeons - not just a decade or two - and has
been selecting products from this natural library that have
specific biological advantage.

Despite this obvious interest in natural plant products,
a brief look at the drugs passing through the approval
process over the last three decades clearly shows

a decline in the development of plant-derived
therapeutics. Concern over the availability of a chemical
entity to put through development, which will meet
market needs, has been the single most limiting factor
for the pharmaceutical industry’s interest in natural
products. Another limiting factor lies in the paradigm
‘one iliness: one molecule’ that underpins modern drug
development.This is clearly to the detriment of plant
extracts that contain virtually thousands of active
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molecules, often displaying synergistic effects. On

r more than one occasion, plant extracts have shown
remarkable potential, but a conventional approach
based on fractionation/isolation of pure chemical entities
has failed to reveal a‘single miracle molecule’ because

e the synergistic association been broken.

A New Era

However, a new era is coming when these limitations will

be overcome. Firstly, as stated in the US FDA's guide to

botanical drugs, identification of the active constituents is

not a prerequisite to drug development.The critical point

for any plant-based drug project lies clearly in the

! reproducibility of, first, the observed pharmacological/
clinical effects, and second, the composition of the plant
extracts that need to be rigorously controlled. Since the
new millennium, the emergence of metabolomics has
given a new tool-set to validate the quality/reproducibility
of a given plant extract. Second, plants or plant parts can
be cultivated under strictly controlled conditions - for
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example, bioreactors or confined
greenhouses. Growing plants under

controlled environmental parameters is a
guarantee that a given plant accession/population
will behave in a predictable manner between two
different cultivation cycles, resulting in extracts of
reproducible quality.

Finally, the new development of plant phenotyping
platforms represents an opportunity to access the
complex chemistry of plants and reveal new molecules
from ‘old’ plants that have received insufficient attention
in the past. Indeed, plant natural compounds are mostly
secondary metabolites (phytopharmaceuticals)
metabolites that protect a plant from biotic or abiotic
stresses. Although their synthesis is usually highly
inducible and triggered by stress factors, most
phytochemical investigations are undertaken on plants
collected in the wild with no special attention given to
environmental conditions and physiclogical state. Hence,
it is highly probable that the collected plant is not placed
in the best conditions to express its pharmacological
potential, Plant phenotyping platforms will help reveal
cryptic molecules that are only produced upon elicitation.

Genetic engineering also offers the possibility to review
a plant’s patential to produce interesting compounds.
Metabolic engineering approaches can be used to
enhance the production of a given compound naturally
present in a plant species — that is, up-regulation of key
genes encoding enzymes directly involved in the
synthesis, or down-regulation of undesired biesynthetic
pathways. Some recombinant DNA technologies can be
used in a more straightforward ‘synthetic biology’
approach where a set of carefully chosen plant genes,
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