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FARMING
FOR PHARMACEUTICALS

Genetically modified crops promise 
a “corn-o-pharmacopoeia.”

Mark S. Lesney
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Today, using genetic engineering techniques, biomedicine
is capable of producing an ever-expanding array of drugs
and diagnostics derived from human genes. These

products, known collectively as biologics, are generally produced
using biofermentation techniques that rely on microbial or animal
cell culture. Other such products are produced en masse from
whole animals (including living-donor or cadaver human tissues).
Examples of such drugs (generally proteins) include vaccines,
blood-clotting factors, monoclonal antibodies, and hormones.

As demand for these drugs skyrockets, the pharmaceutical
industry is looking for alternative means of production. Perhaps
the most promising of these alternatives is found in “molecular
farming,” or “pharming”—the production of human drugs in
plant species through genetic transfer techniques. This is not
merely a vision of future technology but a present-day reality.
For example, in June, the National Institute of Public Health in
Tokyo created a genetically modified (GM) tobacco capable of
synthesizing a human recombinant monoclonal antibody that
binds to hepatitis B virus. These “plantibodies” stimulated cyto-
toxicity similar to antihepatitis B virus human antibodies current-
ly used in clinical practice. Researchers across the globe are work-
ing to create plant-based biologics for everything from edible
vaccines to contraceptives. Proponents claim that by 2015, the
biopharming industry may be worth $100 billion (1).

Old MacDonald’s Pharmacy
With nearly 1000 protein-based therapeutics in various stages
of development, including such approved drugs as Wyeth and
Amgen’s Enbrel, for rheumatoid arthritis, and Genentech’s Ritux-
an for B-cell non-Hodgkin’s lymphoma, the biologics field is
becoming a victim of its own success. Manufacturing facilities
are already being overtaxed (with 75% of current U.S. capaci-
ty being used to produce only four compounds). According to

a report by J. P. Morgan Securities, “By 2005, demand for manu-
facturing will be 2–4 times greater than existing production
capacity” (2).

To make matters worse, according to The Food & Drug Letter,
“Bioreactor facilities are complex and costly. While a conven-
tional pharmaceutical plant can be built in a year or two, it
takes five to seven years to build a biologics facility. A biologics
plant can cost $500 million to $700 million.” Thus, it is no
surprise that pharming is becoming such an attractive alterna-
tive. Growing human genes in corn or tobacco in a farmer’s
field (or even in a contained greenhouse facility) has tremendous
advantages. Raw materials are only one-tenth the price of
“traditional” biotech techniques, and final costs (due to similar
requirements for purification) are estimated to be half those of
using mammalian cell culture for bulk drug production. An
equally important consideration is that scale-up requires only
planting more acres, rather than building a new and costly fermen-
tation facility (2). And because there are no plant viruses known
to infect humans, safety considerations are an added bonus
compared with the inevitable risk of using animal cell cultures.
Plant-based systems have many advantages, according to Sabri-
na Wagner of Biopharm International. “Cultivation conditions
in photosynthetic systems are much more flexible than in animal
cell culture. This includes a broad temperature and pH range as
well as low oxygen content, allowing process optimization accord-
ing to protein requirements. In many cases, plant-made phar-
maceuticals allow patent avoidance” (3).

Edible Vaccines
One of the more intriguing promises of pharming is in vaccine
production. Problems with “traditional” commercial production
of vaccines are particularly apparent this year with the failure of
a major supplier to produce an acceptable product against the



flu. Even in years when production is normal, such vaccines are
snapped up by the developed world—leaving the developing
world dependent on overstocks and charity. This becomes even
more problematic when sufficient doses are not available in the
developed world.

In Southeast Asia, where porcine, avian, and human flu mix
readily among poor farmers and their infected animals, lack of
vaccine helps create the very danger of another “superflu” that
the developed world is trying to prevent. This
lack of foresight is particularly reminiscent of
wealthy city dwellers in the 19th century who
had to be convinced by the Sanitarian move-
ment to provide tax and charitable dollars to
clean up the slums—with the self-interested
motive that slums were the breeding ground
of diseases that did not have the social grace
to remain sequestered in the poorer parts of
town. Given current economics, however, and
the disdain of most commercial enterprises
for developing vaccines for diseases of poor-
er nations, any long-term solution must break
with the current production and distribution
paradigms. This is exactly the promise of
“edible vaccines.”

Edible vaccines involve the production of
antibody-stimulating proteins from disease-
causing organisms in food crops such as
bananas or tomatoes. Eating these foods (under
controlled conditions to ensure appropriate
dose) would provide a needle-free, nonsterile
method of delivering vaccines to large popula-
tions without the phenomenal cost and infra-
structure requirements (sterile needles, refrig-
eration, vaccine-manufacturing plants). As
promoted by pioneering researchers such as
Charles Arntzen at Arizona State University
(www.biodesign.org/about/aboutarntzen.html),
such vaccines could turn the tide on human
diseases in the developing world in an econom-
ical and practical way.

The Problem of Purity
As with any drug product, purification is a major cost and safe-
ty consideration. While expression of the protein in seeds simpli-
fies purification and allows sequestering of the product, it is not
necessarily easier than using plant cell cultures that can be “trained”
to secrete the product into the liquid growth medium. Overall
cost considerations must take into account this ease-of-purifica-
tion issue versus the scale-up issue. Plant cell cultures require
bioreactor facilities; seed production is, to coin a phrase, “dirt
cheap”—at least comparatively speaking.

But plant cells are not perfect. According to Todd J. Menkhaus
and colleagues at Iowa State University, “Plant hosts contain a
unique set of matrix contaminants (proteins, oils, phenolic
compounds, etc.) that must be removed during purification of
the target protein.” For these and other reasons, choice of the
plant host and choice of the location within the plant for
recombinant protein targeting (seed, leaf, or chloroplast) can have

a strong effect on the purification methods required, and an equal-
ly significant effect on the kinds of regulations that may be
required to ensure purity and efficacy (4 ). Each of the major
proposed crop species for pharming purposes—canola, soybean,
rice, corn, and tobacco—has differing amounts of the various
contaminating compounds that must be considered, sometimes
varying widely within each species depending on cultivar.

Typical purification schemes involve processing of the raw plant
material by standard farm techniques such as
cleaning, conditioning, and milling, followed
by a variety of protein extraction and
solid–liquid clarification techniques to remove
spent solids. The supernatant protein fraction
containing the desired compound is then
subjected to more rigorous laboratory purifi-
cation techniques, including a wide variety of
methods of solvent extraction, adsorption,
chromatography, filtration, and crystallization.
The final product must then be subjected to
equally rigorous analysis of identity and func-
tionality [see box, “Mr. Potato Head (Not!)].
Throughout the entire process, issues of safety
and maintaining efficacy must be addressed (4 ).

A Regulatory Morass
But purity is not the unique regulatory
issue faced by biopharming. After all, the
analysis and proof of manufactured drug
purity, from whatever source, have always
been an FDA regulatory staple—whatever
technological enhancements that have had to
be made to bring drugs up to standards of
safety and efficacy.

No, it is not the drug itself but the plant
vehicle that is at issue. It is one thing to
genetically engineer herbicide tolerance or a
human-harmless insecticide into a food crop.
It is completely another to insert a gene
designed to produce an effective and potent
human drug into seeds that might be ground
up to form your luncheon taco. The need to
prevent biopharming contamination of the

food supply, whether through pollen transfer to adjacent fields or
from errors in storage and processing that lead to cross-contam-
ination of seeds, is the biggest regulatory hurdle faced by the new
technology. It is also a captivating source for public fear—the
dream objection handed to an anti-Frankenfood lobbyist—because
it is a specific potential problem, not a nebulous citation of the
precautionary principle against an overall technology that most
scientists and government officials consider safe.

Already, one such incidence of contamination has fueled
demands for stronger regulation. In 2002, in Iowa, a small amount
of the previous year’s corn engineered to produce a vaccine against
porcine diarrhea sprouted in that year’s soybean crop, the tassels
poking above the canopy. The company was ordered to burn 155
acres of contaminated crop—some 500,000 bushels—and pay
a half-million-dollar fine (2).

Zero tolerance is becoming the watchword for both regula-
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http://www.biodesign.org/about/aboutarntzen.html


tors and researchers in this area. PCR testing is becoming ever
more efficient in the detection of genetically modified sequences
in bulk food lots. This means that the likelihood of any incident
of accidental contamination being detected is almost a certain-
ty (if the necessary regulatory monitoring becomes routine). It
also means the near certainty of penalties and public antipathy
against identified corporate offenders. As much of the current
food processing system is not designed to
protect against such contamination, and is
generally out of the direct control of the
producers’ hands, many think that the
current economics of zero tolerance is unac-
ceptable, even if the regulatory logic is not.

Corporate proponents of the technol-
ogy claim that the pullout from pharming
announced in October 2003 by Monsan-
to—originally one of the biggest players—
is a prime example of the chilling effect of
present and projected regulations on the
field. But other companies still see a vibrant
future for molecular farming, and it is
perhaps telling that Europe, with its abhor-
rence of GM foods, has yet found this allied
technology sufficiently acceptable to make
a concerted effort toward its implementa-
tion. The European Union (EU) has dedi-
cated 12 million euro to the Pharma-Plan-
ta consortium (in collaboration with South
Africa) for developing vaccines and other
treatments for diseases such as AIDS,
rabies, and tuberculosis, with the start of
clinical trials aimed at 2009 (5).

Numerous suggestions have been made
to prevent contamination of the food
supply by biopharmed products and the
subsequent regulatory nightmare that
would ensue. These fall into two main
categories—separation by geography and
separation by biology.

Separation by geography involves grow-
ing the crop outside the food-production
region (e.g., corn in Alaska and bananas in
Icelandic greenhouses or even in caves
underground, in one proposal ). Current
methods of separating GM crops from near-
by fields in a growing region, while accept-
able for “harmless” traits such as herbicide
or pest resistance, are considered by most
observers to be too lax for pharmed crops,
because of ever-increasing evidence of the
wide distances gene flow can traverse and
the devastating potential effect cross-contamination might entail.

Separation by biology involves (in increasing order of effec-
tiveness): separation of flowering and pollination time by plant-
ing date, use of male sterility or sterile species that must be clonal-
propagated, and use of nonnative (with no wild relatives), nonfood
species.

With the seemingly overwhelming regulatory advantages of

separating by biology, why is there any debate? Just stop using
food crops for biopharming. Although sound in principle, there
are some good reasons for not eliminating the use of food crops
for molecular farming. Several of these are based on the status of
current technology. For one thing, food crops are, not surpris-
ingly, among the most studied in terms of manipulating their
genetics and their growth; therefore, they are the easiest to work

with and improve. In addition, years of
processing technology have made seeds, like
corn, especially easy to manipulate.

But the most telling and unavoidable
rationale for using food crops has already
been mentioned—edible vaccines. Biolog-
ical separation, in this case, requires that the
appropriate choice of vaccine plants be crops
such as bananas—which can be eaten raw,
can maintain a more defined chain of
custody (compared with grains), and are
incapable, because of their clonal nature, of
cross-contamination in the field to other
cultivars or near relatives. 

A Corn-o-pharmacopoeia?
If the benefits of medical biotechnology
are ever to translate to the vast majority of
humanity, the currently prohibitive costs
of production and distribution must be
eliminated. Barring massive social change
and the complete revamping of the
economic structure of both the developed
and the developing world, technological
solutions that increase supply and decrease
costs of these drugs are the only ones possi-
ble. Today, there appear to be no practical
alternatives being offered that have the
overall potential of molecular farming in
plant species.

When and if global pharming becomes
commonplace depends not just on the
necessary developments in technology, but
also on what extent the politically manip-
ulated terrors of Frankenfood and the
economic foot-dragging of an industry fear-
ing overregulation get in the way. If
anything, the pharm movement, as is the
case in the EU’s Pharma-Planta initiative
and other such programs, may return to
the dawn of agricultural biotechnology for
its impetus, led as much or more by acade-
mia and nonprofit groups as by private
industry.
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Plants are not people, and further genetic
or processing requirements are often need-
ed to create an acceptable protein in its
vegetable home. For example, one problem
in matching the plant product to the human
or animal-derived counterpart is that of
glycosylation—the attachment of the appro-
priate sugar side chains to the protein back-
bone. In moss, at least, complete removal of
the two plant-specific N-glycosylation
enzymes, xylosyl- and fucosyl-transferase,
has been shown possible. And galactosyl-
transferase has been successfully engineered
into a number of plant systems, allowing
terminal galactosylation typical of human-
ized monoclonal antibodies. These steps
allow for a more typical response of the anti-
bodies under clinical conditions (3). When
such modifications are made, however,
whether in vivo or as part of an in vitro
processing step, acceptable purification
procedures must be instituted, particularly
procedures tied to identification of the
correctly modified proteins and potential
isomers.

Similarly, many complex proteins require
active participation of other proteins in order
for correct folding, splicing, coenzyme attach-
ment, or subunit assembly (into functional
dimers or multimers) to occur. This may
require engineering of these accessory
proteins into a foreign cell system for the
creation of an acceptable final product.
Although not beyond the limits of current
technology—in theory—in practice such
subtleties have yet to be worked out. This is
why current pharm products are compara-
tively simple proteins requiring minimal post-
translational processing to be effective.

Mr. Potato Head (Not!)
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