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TO ADVANCE THE FRONTIERS OF BIOLOGY?!
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ABSTRACT

Genetic engineering is likely to bring major advances in biology. The applications of greater
understanding of biological function to agriculture are likely to be extensive. As a result of
genetic engineering, new strategies for approaching and solving problems are available. There
is concern, however, that the potential scientific advances and applications will be delayed
because of lack of understanding and acceptance by society. There is a need to inform
production and consumer groups concerning the advances possible if genetic engineering is

to be used safely and to its fullest extent.
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Biology is on . the brink of undreamed
advances, mainly as the result of extensive
development and use of a new technology:
genetic engineering. Applications of advances in
the understanding of biological function to
agricultural production systems are expected to
be extensive. Completely new strategies for
approaching and solving problems are available
to us and, in many cases, these solutions can
lead to new applications for improving efficiency
of agricultural production. There is, however,
much that is misunderstood by society about
genetic engineering and its applications. There
is serious concern that many of the potential
scientific advances and applications will be
delayed, or will be done by workers in other
countries, or put beyond our reach entirely by
a poorly informed society. It is important that
we recognize the need for actively informing
and involving potential production and con-
sumer groups concerning the many advances
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possible if genetic engineering and related areas
of biotechnology are to be used safely and to
their fullest extent.

Although many advances in biology have
made genetic engineering possible, the following
are some of the most notable (Table 1). One of
the first was in 1944, when Avery, MacLeod
and McCarty at Rockefeller University deter-
mined that DNA carried the hereditary blueprint
of all living animals. In the early 1950’s, some
of the more critical knowledge required was
added by Watson and Crick (1953) when they
found that DNA was chemically organized in
two strands of a double helix. In 1970, several
researchers were involved in developing the
restriction enzymes that cut the DNA strands in
precise locations. This led to the pivotal work
of Cohen and Boyer (1973) at the University of
California at San Francisco, in which they used
the restriction enzymes to isolate fragments of
DNA in one bacterium and insert them into
another. Thus, genetic engineering was born.
Many events since that experiment have led to
several concerns about this technology. Contain-
ment of the re-engineered bacteria was an early
concern, but guidelines were developed, and
fears of the new life forms have lessened. In
1976, Genentech was founded by venture
capitalist Bob Swanson and scientist Herbert
Boyer. This was the first company established
to commercialize this new technology.

The first important court decision on genetic
engineering came in 1980, when the U.S.
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TABLE 1. MILESTONE EVENTS OF GENETIC ENGINEERING

Year Those responsible Event

1944  Avery, MacLeod and McCarthy DNA blueprint for cells

1953  Watson and Crick DNA double helix

1970  Kelly and Smith Restriction enzymes

1973  Cohen and Boyer First transgenic bacteria

1976  Genentech First genetic engineering company

1980  Chackrabarty Patent allowed for first genetically engineered microbe — oil eating
1981  Wagner et al. First transgenic mice

1982  Eli Lilly & Co. Approval of first drug from technology — Humulin

1986  Agracetus First field test of genetically altered plant — tobacco

1987  U.S. Patent & Trademark Office Extended patent protection for higher life forms

1987  Advanced Genetics Science First free release in field test of genetically engineered bacteria

Supreme Court, overturning a policy of the
Patent and Trademark Office, ruled five to four
that an oil-eating microbe developed by a
General Electric researcher could be patented.
Since this ruling, the pace of discovery has
quickened and broadened widely. In 1981,
Wagner and others at Ohio University transferred
genes from other species into mice, apparently
creating the first transgenic animals, and in
1982 scientists at Monsanto Company demon-
strated the first transfer of foreign genes into
plants (Fraley et al., 1983). In 1982, the FDA
approved the application of Eli Lilly and
Company for the marketing of the first drug,
Humulin, a form of insulin, from genetically
altered bacteria. In May, 1986, a biotechnology
company, Agracetus, in Wisconsin, first tested
genetically engineered plants, a form of tobacco
that had been genetically altered. The next
month, President Reagan signed into law a
coordinated set of rules and regulations govern-
ing the testing, use and sale of the products of
biotechnology.

A very important event for the development
of this technology occurred April 16, 1987,
when the U.S. Patent and Trademark Office
decided to extend the patent protection of
microbes to higher life forms and even to
mammals. Also, on April 24, 1987, after 4 yr of
delays because of legal challenges by Jeremy
Rifkin, a public policy activist, the first free
release of genetically engineered bacteria, which
prevent frost damage in plants, was conducted
on strawberries and potatoes outside Brent-

wood, California, by Advanced Genetics
Sciences.

This is some of the background for the
growing interest in biotechnology. There is
much commercial interest, as demonstrated by
Table 2, which was published recently in The
New York Times (June 10, 1987), showing the
leading genetic engineering companies, their
products and their market capitalization. A
tremendous amount of research has gone into
these biotechnological endeavors. Approxi-
mately $3 billion is being spent annually by
government and companies in biotechnology.
This is backed by nearly $100 billion spent by
the government over the last 40 yr, predomi-
nantly in medical research. These developments
have led to the present position of this tremen-
dously powerful technology.

There have been many predictions about the
potential of biotechnology and the ways in
which it will be applied. Many concerns exist
about these potential applications because of
misunderstanding of the technology itself, its
use and the ethics surrounding it, including the
altering of living forms on our planet. Much of
the emphasis has been on improvements for
human health care, but other forecasts are for
the understanding of basic biological responses
and for improving crops. Crop improvement has
tremendous potential for affecting agriculture
because of the value added to seeds and ex-
pected crop production. In 20 yr, an additional
$7 billion in annual sales is predicted due to the
value added to seeds of major crops. Many of
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these predicted events are occurring. The first
genetically engineered tobacco plants with a
marker gene were planted in 1986. The first
tomatoes with introduced genes were planted in
1987 by a group working at Monsanto. These
tomatoes, in one case, included the introduc-
tion of a gene that caused the plant to be resis-
tant to the tobacco mosaic virus. In a second
case, the gene introduced into the tomatoes
caused an increase in the concentration of an
enzyme that is important in making plants
tolerant to an herbicide that can be used to
eliminate unwanted plants; the tomato is thus
made resistant to the effects of the herbicide.
In a third transgenic tomato, the gene was
introduced to produce an insecticide protein to
make the plant resistant to certain insects.
Other plants will be subject to similar testing in
the near future. These examples illustrate some
of the potential for agriculture with the use of
this very powerful technology.

There is much concern about the use of
biotechnology, and it is in spite of many
hurdles that the progress to date has occurred.
Originally, there was immense concern, starting
in 1973, about the first bacteria engineered
with a new gene and how to manage these
microorganisms. Many of these concerns have
been met with adequate guidelines, and now
the emphasis is more on the potential of
biotechnology itself. This issue should be
handled very carefully by the scientific com-
munity, if the potential of this technology, as
well as its application to improve the efficiency
of animal production, is to be used to its
fullest. In addition to those listed in Table 2,
many companies that are not specialized
biotechnology firms have invested huge re-
sources, planning to make use of this technology
for advances in their product areas. Several new
potential products associated with animal
agriculture are the cause of much concern
publicized by certain activists. Much attention
has been given to the production of bovine
somatotropin (BST) by E. coli. This recom-
binant protein is now being produced in multi-
kilogram quantities and is involved in testing in
various countries of the world. This was made
possible by the expression of a gene inserted
into E. coli. The process to develop any drug,
but especially one based on a new technology,
takes many years and tremendous resources. A
number of companies are involved in this.
Bovine somatotropin is a protein that has been
known for many years to have application for
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improving efficiency of animal production.
Even in the 1930s it was known that milk
production could be increased; at that time,
crude extracts were being tested at state farms
near Moscow. Other applications of similar
technologies are being pursued, such as the
production of lean meat, particularly that
from hogs with the addition of porcine somato-
tropin. In spite of the fact that there is interest
in leaner pork, concern has been expressed
about the use of porcine somatotropin, again
because it involves biotechnology being applied
to improve animal production.

We are on the frontier of identifying -the
potential for the use of biotechnology. If we
are able to mainzain, justify and use this power-
ful tool in effective ways, we will be able to
sort out many riddles of regulatory biology and
have a better understanding of the many
peptides that regulate the function of cells.
Many peptides are presently known, but many
others are just being discovered and charac-
terized. Matching each of these “keys” will be
“locks,” or receptors, that are involved in
transmitting this information to functions in
the cell. As a result of this tremendously
powerful tool, these complex molecules can be
produced, characterized, sequenced and studied
in ways that were never thought possible until
this technology became available. And although
it may be especially important in develop-
ing our knowledge base at the subcellular and
cellular levels, even more complex problems can
be approached. These include understanding of
peptides functioning in the brain, either in their
control of the behavior or of the metabolism of
the body. With these powerful tools, extremely
discrete changes can be sorted out and under-
stood. Not only will applications that are cur-
rently ongoing continue (e.g., sorting out
human mental disease problems), but also other
tremendous benefits in understanding animal
metabolism and behavior likely will lead to
additional ways of improving animal produc-
tion.

The introduction of transgenic animals has
sparked some public concern. Although this
work has not yet been as successful in farm
animals as we predicted by the original work on
growth in mice by Palmiter’s and Brinster’s
labs (Palmiter et al., 1982), there is little doubt
that in time it will be possible to have selective
gene expression in specific tissues or organs for
the expression of growth factors, their mediators
or their receptors. To date, this apparently has
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